UNIFORMED SERVICES UNIVERSITY OF THE HEALTH SCIENCES

4301 JONES BRIDGE ROAD
BETHESDA, MARYLAND 20814-4794

November &, 2014

MEMORANDUM FOR DR )6)
[eY®) |

SUBJECT: IACUC Approval of Protocol — Initial Review

The following application was reviewed and approved by the Uniformed Services
University of the Heelth Sciences (USUHS) Institutional Animal Care and Use Comnmittee
(IACUC) via Designated Member Review on November 6, 2014:

Animal Protocol Title  112) |
® 3 |

USUHS Protoco] Number: E )

Expiration Date: November 5, 2017
Supporting Grant(s) Number: TBD
Name of Principal Investigator: Drfl 7 |
The USUHS has an Animal Welfare Assurance on file with the Office for Laboratory

Animal Welfare {OLAW), National Institutes of Health (NIH). The Assurance Number is
)@) [ 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 trennial review must be compieted prior to the expiration date in order for
work 10 be uninterrupted. Protocol expiration dates may not be extended, and no animal work
may be done without an approved protocol. Although the [ACUC may scnd 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 tricanial review at least 60 days in advance of expimation.

Prior to placing your first animal order, please contact MAJ__6)_Jto schedule a pre-

protocol planning meeting  )(6) | This meeting must occur to ensure animal numbers are
loaded in the CART system and LAM i your needs.

Ph.DD.
Chair, Institutional Animal
Care and [se Commattee

Oéﬁce of Research




O Qocd @

USUHS FORM 3206
ANIMAL STUDY PROPOSAL
PROTOCOL COVER SHEET ACUC Dste Starp

PROTOCOL NUMBER: rb,(ﬁ)

PROTOCOL TITLE:
{B)e

GRANT TITLE (if different from above):
[®3 ]

USUHS PROJECT NUMBER:

FUNDING AGENCY:
Y |

EARLIEST ANTICIPATED FUNDING START DATE:

! 2015

PRINCIPAL INVESTIGATOR:
©) | 9/9r2014
Principal Investigator srgrw/ Deparniment ORice/Lab elephane Daile

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

)

I_ Char |(B)(6) |  9/9/2014

[S 7]

Research Unit Chief / Dept Head Signature Title Telephone Date
Typed Nama. [(b) | |

STATISTICAL REVIEW: A person knowledgeable in biostatistics reviewed this
proposal to ensure that the number of animals used is appropnate to obtain sufficient
data and/or is not excessive, and the statistical design is appropriate for the intent of the
stu(b){6)

St [E y | 10/16/2014
Typed Name. [(B)(6) jPhD

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
relleved by anesthetics or analgesics.

X6)

LAM 1o | eleoid

AttetidingICo: inarian Signature Depariment |(b)(5} | Date
Typed Narkg(b)(6) DVM. MPH
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ANIMAL PROTOCOL NUMBER:

PRINCIPAL INVESTIGATOR:
(b)6)

ANIMAL PROTOCOL TITLE:
(e)(4)

[e)(4)

USUHS PROJECT NUMBER:

CO-INVESTIGATOR(S]:

TECHNICIANS(S):
(b)) |

. NON-TECHNICAL SYNOPSIS:
The propar regulatlon of the hypothalamic-pituitary-adranal (HPA} axis is important for

ction and survivability of an individual{(®)(4) |

[(e)4) I Not only does the HPA axis control hormonal responses to
siress, but its activity also synchronizes physiological systems with environmental cues
and rhythms. When the HPA axis does not function appropriately and circulating
glucocorlicoid levels are inappropriate during the day, there is a correlation with the
dsvelopment of numserous physiological and psychological 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 cancern within the miitary community. The goal
of this study is to examine how circadian disruption alters the HPA axis. Specifically, we
are interested in determining the fundamentai changes that occur in the stress axis
reguiation. Despite known correlations. work environments both in the civilian world as
well as in the miillary does not always allow for the optimal diurnal schedutes. This study
will tell us how changes to the daily circadian schedule may potentially have impact on
the stress physiological systems.

IIl. BACKGROUND:

1.1. Background:
0}
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(b)(4)

I1.2. Literature Search for Duplication:

[1.2.1. Literature Source(s) Searched:
- PubMed

Biomedical Research Database (BRD)
RePORTER - The replacement for CRISP is the RePORTER
{http://projectreporter.nin.gov/reporter.cfim)

il.2.2. Date of Search:
October 6, 2014

I.2.3. Period of Search:

Mo Period Restriction

I1.2.5. 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 thesa
studies focus on the autonomic system and the response of peripheral organs to stress
duning circadian shifts or changes. With the identification of CLOCK genes, many of
these studies switch their focus on how stress m lter K gen

periphery.|(®){4)

(bX4)
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The conclusion of our literature search are: a. this is a unigue apprmoach and b. these
approaches will significantly advance our understanding of the(bX: ]neuronal biclogy
and thus, by defauit our understanding of the stress system.

A simiiar conclusion is made from a review of Biomedical Research Database (BRD) and
the RePORTER.

)X4)

In the NIH RePORTER, a search was conducted in all dates {from 1980 anward) and
search terms included title, abstract and terms. There were 163 “hits" representing
appraximately 50 funded grants. All these studies examine stress in context of hormaonal
response((b)(d) |

. OBJECTIVE\HYPOTHESIS:

[(b}4

'V, MILITARY RELEVANCE:

Whenthdl 2 Jdoes not function appropriately and circulatindTBYZ]

are inappropriate in amplitude or timing, the development of numerous physiological and
psychological disorders is facilitated. These include metabolic disrupfion, cardiovascular
disease, immunological variations, sleep/wake inefficiencies (including reduced
performance in operational environments}, neuropsychiatric disease, neuradegenerative
diseases and putative increased cancer risks. These are all areas of significant concern
within the military community.

V. MATERIALS AND METHODS:
V.1. Expsrimentai Design and Ganeral Procedures:

(b)4)
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(b)(4)

V.2. Data Analysis:

Ir Exp 1a, we base our numbers estimated fromkb)(‘” and from Dr (b)(6) |
|(b ) |

experiment running RNASeq experimants 10 examine global gene expression.

For ) the number of animals per group is based on a cuimination of
ours and others’ previous studies. Group size is determined using a statistical package,
SPSS with an alpha = 0.05, A two tailed test with ad{ )i4) Iwill give a power of 0.8 to
detect differences between group means of 1.33 standard deviations 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
axperiments 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 involv imai here are ng known current cell

rmmsls.nmm.ulanms]dels to|(E |
b)4

_V.3.2, Animal Mode and Species Justification:

(b)(4)
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V.3.3. Laboratcry Animals

V.3.2.1. Genus 8 Species:
V.3.3.2. Strain/Stock:

V.3.3.3. Source/Vendcr:

V.3.3.4. Age:
V.3.3.5. Woeight:
V.3.3.6. §ex;

V.3.3.7. Special Considerations:

V.3.4. Number of Animals Required {(by

Species):

V.3.3.1. Ganus & Species:
V.3.3.2. Strain/Stock:

V.3.3.3, Source/Vendor:

V.3.3.4. Age:
V.3.3.5. Weight:
V.3.3.6. Sex.

LSUHS Form 320€ - Revised Dctober 2008
Previous versions are obsolule

Species #1 Species #2
Mice Mice
4)
2 — 8 months 2 — 8 months
20-45g 20-45g
Male Maila
(b)4}
Specias #3 Species #4
Mice Mice
{b)(d)
2 — 8 months 2 — B8 months
20-45g 20-45 g
Female Female




V.3.3.7. S8pecial Considerations:

V.3.4. Number of Animals Regquired {by (b)(

Species):

V.3.5. Refinement, Reduction, Replacement {3 Rs}):

V.3.5.1. Reflpement:

V.3.5.2. Reductlon:

V.1.5.13. Replacement:

V4. 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 becoms ill.
Under that circumstance, the animais will be euthanized.
The decision to euthanize the sick mouse will be in
~ansultation with the Pl and the Vsterinarian.

)X4)

In experiment 1, we designed the experiment into 2 parts
to significantly reduce the number of mice used. if we
utilize the original 2X2X2X2X3 (48 total treatment groups),
we will utilize a total o mice. By designing the
experiment into 2 parts, we reduced the numbers to

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 be
statistically significant. In addition, every effort has aiso
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 possibie
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 modsling.

V.4.1. Pain / Distress Assessment:

USUHS Fom 3206 - Revised Qctobar 2008
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V.4.1.4.

alternatives (cell or cormputer moceling) to study the effect of

X |a complex stress systern that is regulated by feedback
and through cellular connectivity. The 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 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 circacian
rhythm may alter the stress system. The 20 min restrain{ stress i1s a
commonly used maodel to tes! the respansiveness of the|(b)(4) |

(O] |

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

the protocols.

Unalleviated Painful or Distressful Procedure Justification: NA

V.4.2. Prolonged Restraint: Not applicable

V.4.3. Surgery: Not applicable

V.4.3.1.

V.4.3.2.

V.4.3.3.

V.434.

V.4.3.5.
V.4.3.6.

Pre-surgical Provisions: NA

Procadure: NA

Post-surgical Provisions: NA

Location: NA

Surgeon: NA
Multiple Major Survival Operative Proceduras:

V.4.3.6.1. Procaduras: NA

V.4.3.6.2. Scientific Justification:

V.4.4. Animal Manipulations:

V.4.4.1. |Injections:

V.4.4.2. Biosamples: Entire organs will be harvested during routine
necropsy — brain, pituitary, liver, uterus.
Maximum obtainable trunk blood will be obtained
after euthanasia.

V.4.4.3., Adjuvants: Not appiicable

12
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V.4.4.4. NMonocional A

V.4.4.5. Animal ldentification:

V.4.4.6. Behavioral Studies:
V.4.4,7, Other Procedures:

V.4.4.8. Tissue Sharing:

V.4.5. Study Endpoint:

USUHS Forr 3208 — Revasd Oclober 2008
Frevious versions ara obsoiste

MAbs} Praduction; NA

The animals will be identified an 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 cond: ~ted ysi well
established metnad describad in - )(4) |

| This is a non-
Invasive methog to stage the estrous cycle. An
exception is to use sterite physiologizal saline as
opposed to ddH,0. Daily lavages will be
conducted for at least 2 consecutive estrous cycles.
No anesthesia is required.

Briefly, the mouse is firmiy grasp by the tail to
expose the rearend. The vagina is gently perfused
by gertly placing about 50 ul physiological saline at
the opening of the vaginal caral. Draw the salire
back inta the tip. Repeat 4-5 times using the same
tip. Place the fluid on a glass slide for analysis.

Yes. Excess tissues will he made avaitable 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 foliowed
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 debilltating lllness or adverse reaction, the Pi
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.

13




V.4.6. Euthanasia:
Ali animals will be euthanized by CO2 anesthesia
followed by decapilation or cardiac perfused with
physiological saline and buffered 4%
paraformaldehyde. The mice wili be deeply
anesthetized by CO, prior 1o decapitation. These will
utilize the CO: chambers available at DLAM.
According lo the SOF attached to the DLAM CO,
chamkbers, the mice will be in standard mouse cages
{5L volume) where the flow rate will displace 20% of
the chamber volume per minute by intraducing 100%
CQO,. This translates to 1 L per minute. Deep
anesthesia i1s tested with toe pinch - a fack of
response indicated deep anesthesia. In Exp . 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

hitp./vrww ebiomethods . com/methods/mouseperfu
sion) utilizing a butierly needle (26G) and the
sequential perfusion with physiological saiine
{approximately 20 ml) and buffered
paraformaldehyde {(approximately 100 ml). CO2
anesthesia will be conducted according to USU
Policy 013, "Rodent Angsthesia with CO2 prior to
Euthanasia".

V.5. Veterinary Care:

V.5.1, Husbandry Conslderations: Excapt as notad below, routine animal husbandry
will be provided in accordance with LAM Husbandry SOPs for each species in this
protocol. Routine cage changes will ba conducted by the Pl's (aboratory staff.

v.5.1.1. Study Room:

Building(s) __*_| I{tI?.‘)e:n:im Number(s)| 2
|

V.5.1.2.
Special Husbandry Provisions:

Mice will be house in separate rooms with special light cycies according to the

experimental design. it is requested that the mice be placed in:
i, :D cycle, or

14
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ii. |(b)(4) |L:D cycle.
)

£} ]
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 Veterinary Medical Care:

Mice will be observed at least once daily by LAM personnel and by investigative staff.
Mice will be weighed regulady by investigative personnal. Any mice that becomes ill,
shows a greater than 20% weight loss by visual appraisal and by additional weighing if
necessary, bacomes lethargic, dehydratad, 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 P! and the veterinanan 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, Emargency Veterinary Medical Care: All emergency, weekend, and holiday
care is provided by two animal husbandry technicians, one or more veterinary
tachnicians, and an on-call veterinarian. Essential husbandry procedures and heaith
rounds are conducted by LAM personnel onca daily during waekend and holidays.

V.5.3. Environmantal Enrichment:

V.5.3.1. Enrichment Strateqy: Excapt as indicated below, all animals on this protocol
will be provided with routine environmental enrichment in accordance with LAM SOPs
and IACLIC Policias.

Mice will be group housed {up to 4 mica per cage) for both maie and female mice and all
Enrichment Strategies will be conducted in accordance to USU Policy 008 (Laboralory
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/TRAINING

Protocol activity ar Qualifications 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 yrs rodent handting class,

euthanasia) experience)} 1999)
Basic Training . X6) Greater than 20 years |[(b)(6) |
15

USUHS Farm 3208 - Revised October 2008
Previous varsons arg obacicte










(bi{4)

USUHS Farm 1208 - Revised October 2008
Pravous varsions are obsolete

18




IX. ASSURANCES:

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

A. Animal Use: The animals authorized for use in this protecol 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,

E. Duplication of Effert: | have made a reascnabie, good faith effort to ensure that
this protocel is not an unnecessary duplication of previous experiments.

C. Statistical Assurance: | assure that | 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: | have taken into consideration and made the proper
coordination regarding all applicabie rutes and regulations concerning radiation
protection, biosafety, recoembinant issues, and so forth, in the preparation of this protocol.

E. Training: | verify that the personnel performing the animal procedures /
manipuiations / observations described in this protoccl are technically competent and
have been properly trained to ensure that no unnecessary pain cr distress will be caused
to the animals as a resuit of the precedures / manipulations.

F. Training: | verify that | have attended the USUHS Investigater/Animal User
LR z
(b)(6)

Diate

G. Training: The follcwing personnel will attend the next USUHS
Investigator/Animal User Training Course:

H. Responsibility: | acknowledge the inherent meral, ethical and administrative
obligations associated with the performance of this animal use protocel, and | assure that
all individuals asscciated with this project witll demonstrate a concern for the heatth,
cormfort, welfare, and well-being of the research animals. Addtionally, | pledge to
conduct this study .n the spirit of the faurth "R" that the DOD has embraced, namely,
"Respensibility” for im enting animal use alternatives where feasible and conducting

Principal Investigeter Signature Date
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X. PROTOCOL ABSTRACT:

A,
B.

F. Objective and Approach:

Animal Protocol Number:

Animal Protocol Title:

)
I

Principal Invastigator:
|(h)(6) |

Performing Organization:
Uniformed Servicas University

Funding:
The funding agency raquiras IACUC approval with grani submission.

(b){4)
G. Indexing Terms (Descriptors):
(b)4)
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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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Briefly, mice will 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
acciimated 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 34 times a week. During
handling, they will be weighed.

V.4.4.8. Tissue Sharing: Yes. Excess tissues will be made available to
other investigators upon request.

V.4.5. Study Endpoint:

Based on the respective time-points as described, animals will be euthanized by deep
carbon dioxide anesthesia folliowed 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 wili cansult 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 CO:2 anesthesia followed by decapitation or cardiac
perfusion with physiological saline and buffered 4% paraformaldehyde. The mice will be
deeply anesthetized by COz prior to decapitation. These will utilize the CO:2 chambers
available at LAM. According to the SOP attached to the LAM CO2 chambers, the mice will
be in standard mouse cages {5L volume) where the flow rate will displace 20% of the
chamber volume per minute by introducing 100% CO2. This translates to 1 L per minute.
Deep anesthesia is tested with toe pinch — a lack of response indicates deep anesthesia.

20
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Reference DOD Insiruction 3216.01 & AFRRI instruction 3216.2H

A e ke ol i ol i ol i o i i o e e e el e s v o i e i o i i v e e e i v o i o e i o die sl vl e vl ol i ok o e ol i i ok sie ol o ol v v i i o i ol e i i i e ol ole ol o o ol ok o ok o

Information requested in the following animal use protocol template reflecis the requirements of
the Animal Welfare Act Regufations (AWAR}, the Guide for the Care and Use of Laboratory
Animals, and other applicable Federal reguiations and DOD insiructions.

Wokdhddek bk dedkdededk e khdrk kb kdkkdkdkk ki khkkkkdkkkdhd bk kdkkdrk bk bk kdrdkkdrkkdrkd ik kkdrkdkdkk

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. i
is a companion document to an identical protocol termplate thal dees not have embedded instructions.
Either template may be used to format DOD-sponsored animal research proposals; however, reference 1o
the instructions during protoco! preparation is highly recommended. |f using the templaie with
instructions, the instructions should be deleted prior to submitting the finished protocal for [ACUC review.
Please use Arial, regular. size 12, black font to prepare the protocol. With the axception 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 (SCPs) promulgated by the AFRRI Veterinary Sciences
Department (VYSD) or similar YSD-validated documents that describe specific procedures may be
referenced by SOP number and fitle in lisu of repeating the details in the protocol. However, it is essential
o include general descriptions of all animal manipulations to be carried out under the IACUIC-approved
protocol and fo provide details where no approved references are cited. To do otherwise would constitute
a breach of statutary regulations. Manipulations nol covered in the originally appraved protocol can be
initiated only after IACUC approval of a formal amendmeni adding the new procedures. Additionally,
Principal Investigators (Pls), or other delegated resparch personnel, should maintain accurate
experimental records and be able to provide an audit trail of animat expenditures and use that correlates
with their approved protocol. Profocol Pls will be required to provide this and other information during
annual protocol raviews.

Any supporiing information that may be of use to the |ACUC during iis review may be atiached to the
completed pratocol. Adding subparagraphs within the body of the protoco! tempiate is permissible,
provided that the numbering sequence of paragraphs in the original standard format fa maintained. In
other words, all of the labeled paragraphs 2nd subparagraphs in ihis template musi be retained, with
additional information being presented as sub-numberad paragraphs centaining information that supports
ar complements what is requested.

INTELLECTUAL PROPERTY STATEMENT

Rescarch protocols drafted by Government scienlists include intellectual properly {e.g., concepts,
ideas, experimental approaches, etc.,), some of which /s Innovative or oHginal and therefore
considered proprietfary to the investigators and/or the sponsaring agency. Ali Government and
non-Government personnel handiing this protocal shall exercise EXTREME CARE, to ensure that
the information contained herein is NOT DUPLICATED OR DISCLOSED, in whole or pari, for any
purpose other than to evaluate the protocol, without the writlen permission of the principal
investigalor or the sponsoring agency.
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leukemia by measuring chromosomal aberrations in leukemic and sub-clonal variants.
Bone marrow from animals exposed to *°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 hematopoietic stems cells (FDC-P1 cells). At
7 days post-cell injection, animals will be euthanized. Spleen and bone marrow will be
obtained for analysis. Spleen and bone marrow tissues previously obtained from 5°Co-
and DU- induced leukemic mice will be used for comparison. A comparison to un-
irradiated/non-implanted controls will also be done. Fluorescence in situ hybridization
(FISH) will be used to screen for chromosomat aberrations in Co- or DU- induced
leukemias (obtained from previcus studies/frozen spleen samples) and in the clonal
descendants of control, irradiated, or DU-exposed bone 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.

I.2. Literature Search for Duplication

II.2.1. Literature Sources Searched

1) Biomedical Research Database (BRD); 2) Pubmed; 3) RePORTer replaced Retrieval
of Information of Scientific Projects (CRISP); 4) Federal Research in Progress
(FEDRIP).

I.2.2. Date of Search

BRD 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

BRD 1970-2012
Pubmed 1980-2012
RePORTer 1980-2012

i1.2.4. Key Words of Search

DBA/2, mice, male, female, radiation, depleted uranium, tantalum. Epigenetics, genetic,
methylation, DNA damage, cytosine extension assay, LDso, radiation carcinogenesis,
leukemia, leukemogenesis, toxicity, animal models, survival, lifespan, pain, suffering.

I1.2.5. 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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General Approach: For the DU experiments, animals will be internally exposed to DU,
(high and low doses) for 30 days, injected with non-tumerigenic 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 contemporanecusly
compared to samples previously collected (and stored/frozen) from DU-exposed mice
diagnosed with leukemia. For the 8°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 °Co exposed mice diagnosed with leukemia.

V.1.1. Experiment 1 — Aim 4 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 ®°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 intc 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
%0Co or DU- exposed mice. Methylation status following exposure to a leukemogenic
dose of %°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 hematopotetic 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 $°Co- and
DU- induced leukemic mice will be used for comparison. These mice were diagnosed
approximately 4 to 12 menths post expesure. For Aim 4a, global DNA methyilation in
bone marrew 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, p15Ink4b and
p16Inkdb will be examined using real-time reverse transctiption PCR {RT-PCR) in the
same samples analyzed for methylation. Bone marrow and spleen of control, 5°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, B, C, and D are control
groups (+ FDC-P1 cell injection + 89Co or DU exposure) and will be immediately
euthanized following exposure. Group E will be 5°Co exposed, injected with FDC-P1
cells and euthanized at 7 days post-cell injection. Group F (un-irradiated mice) will be
injected with °Co-irradiated FDC-P1 cells and euthanized at 7 days post-cell injection.
Group G will be DU exposed (30 days), injected with FDC-P1 cells and euthanized 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 1a 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. In Exp 1b, dysregulation of the Wnt signaling
antagonists also known as secreted frizzled-related proteins (SFRPs) and cyclin-
dependent kinase pathway proteins, p15inkdb and p16ink4b 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 ©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 | was also the principal investigator.

Table 1 is on the next page for ease of reading.
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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 ma.) 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-clanal variants. Groups A, B, C, and D
are control groups {+ FDC-P1; £ °Co or DU) and will be euthanized at 7 days post
exposure. Group E will be 5°Co exposed, injected with FDC-P1 cells and euthanized at
7 days post-cell injection. Group F (un-irradiated mice) will be injected with #°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-urany! 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 €9Co- 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.

14 of 32






Teklad, W) and acidified water (with HCL, pH 2.5-2.8) ad /ibitum. 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 aicohol {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 surgetry, 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
apan. 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 littte 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)
huddiing. 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 maonitored after pellet
implantation and the Pl or PI's technician will observe the mice a minimum of 2X daily
for morbidity and mortality. Body weights will be recorded weekly. Maribund 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 COz 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 1A will be southern blot/gel analysis of DNA methy! content. The
endpoint of 1B 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 5Y-guanine
overhang after DNA cleavage that is used for subseqguent single nuclectide 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]JdCTP}. 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 8°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 gquantified 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.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,
hypathermia (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
AltWeb

PubMed

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), sweiling, tissue masses, ruffled fur, eye
discharge, head tilted, excessive salivation, dyspnea, diatrhea, 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 lang. 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
1o require analgesia. Anesthesia will be induced with isofturane {~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 gastrocnermius muscle of each back
leg, spaced approximately 2-4 mm apart. A single surgical site per rear limb will be
cleanad 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 1o 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). 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 wili be 1) limping: 2) not
eating/drinking; 3) ruffled coat; or 4) huddling. Animals will be monitored a minimurn of
2X dazily 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 abnormalities are present. Animal
Observations/assessment of heaith status. Mice will be momnitored after peliet
implantation and observed a minimum of 2X daily for morbidity and mortality. Body
weigh!s will be recorded weekly. Moribund animals (NOT EXPECTED} will be
euthanized immediately and necropsied. Previous studies in our laboratory have
demonstrated that adverse effects iollowing 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
(buprenorphing 0.05/mg/kg, SC back of nack) will be used if necessary. Animails will be
monitored a minimum of 2x daily for duration of experiment.

V.4.3.4, Location
Surgary location ismor other suitable room as designated by VSD staft.

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) Animals will receive an injection of sterite cells (sterile FDC-P1 cells; 2-5 EB
cells/0.1-0.2 mi) immediately (within 3¢ 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 endpgint 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 CQO2 inhalation. Euthanasia will be conducted using a
euthanasia chamber. Compressed CO2 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-isclator 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 vifro analyses will collected and a
necropsy will be performed by project personnel and hematological and molecular
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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.

Vill. ENCLOSURES
None
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Reference DOD Insiruction 3216.01 & AFRRI instruction 3216.2H

A e ol v oo ol o o e e i o il e ol v o o o o e i o i el i ok W o ok W i o e e o e e ol o o e ol e 90 e o o i o s i e ol o ol e o o i o e i e i el ol o o o o ol oY o o i

Information requested in the following animal use protocol template reflecis the requirements of
the Animal Welfare Act Regufations (AWAR}, the Guide for the Care and Use of Laboratory
Animals, and other applicable Federal reguiations and DOD Insiructions.

e o ok ok o ok e ok ool e sk e ol ok ok ol 5 o ke o ok skl vl ook e gk ok o v 3k ok e ok skl e ok ok e ok o vk ok ok e e e ol ol e ok ol e ok e o ol o e e ke ke ke vl ok ok ek ek o ol e e e ek ok

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. i
is a companion document to an identical protocol termplate thal does not have embedded instructions.
Either template may be used to format DOD-sponsored animal research propesals; however, reference 1o
the instructions during protoco! preparation is highly recommended. |f using the templaie with
instructions, the instructions should be deleted prior to submitting the finished protocol for [ACUC review,
Please use Arial, regular. size 12, black font to prepare the protocol. With the axception of section
headings, all paragraphs require a response. Paragraphs that do not apply should be marked N/A. Thers
is na space limitation for respanses to the information requested.

Approved standard operating procedures (SCOPs) promulgated by the AFRRI Veterinary Sciences
Department (VSD) or similar VSD-validated documents that describe specific procedures may be
referenced by SOP number and fitle in lieu of repeating the details in the protocol. However, it is essential
10 include general descriptions of all animal manipulations to be carried out under the IACLIC-approved
protocol and io provide details where no approved references are cited. To do otherwise would constitute
a breach of statutary regulations. Manipulations not covered in the originally approved protocol can be
initiated only after IACUC approval of a formal amendmeni adding the new procedures. Additionally,
Principal Investigators (Pls), or other delegated resparch 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 Pls will be required to provide this and other information during
annual protocol reviews.

Any supporiing information that may be of use to the |ACUC during its review may be atiached to the
completed pratocol. Adding subparagraphs within the body of the profocol tempiate is permissible,
provided that the numbering sequence of paragraphs in the original standard format fa maintained. In
other words, all of the labeled paragraphs 2nd subparagraphs in ihis template musi be retained, with
additional information being presented as sub-numbered paragraphs containing information that supports
ar complements what is requested.

INTELLECTUAL PROPERTY STATEMENT

Resecarch protocols drafted by Government scientists include inteflectual properiy {e.g., concepts,
ideas, experimental approaches, eic.), some of which /s Innovative or oHginal and therefore
considered propriefary to the investigators and/or the sponsoring agency. Ali Government and
non-Governmeni personnel handiing this protocol shall exercise EXTREME CARE, to ensure ihat
the information confained herein is NOT DUPLICATED OR DNSCLQOSED, in whole or parl, for any
purpose other than to evaluate the protocol, without the writlen permission of the principal
investigalor or the sponsoring agency.

Doc 05





















In addition, a second goal of the study is to characterize the time course for biomarkers of scute
phase and ARS organ injuries expressed during the evolution of the clinical case (0- 60 d). Note
that full supportive care treatments involve IV injections likely o affect the plasma levels of
some biomarkers and hematological parimeters. We will request histopathology on §elected
animals and measure ARS severity levels in this model using a NHP ARS severity-scoring
system developed in our laboratory. This will allow us to use biomarkers levels as prognostic
indicators of radiation imury effects. We also plan to include tissue sharing when possible 10
muximize the bepetits from the study.

The planned studies are needed to further discovery and validation of radiation-responsive
hiomarkers and develop a validated biodosimetry device, which represents the major goal of the
biodosimetry program al AFRRL

I.2. Literature Search for Duplication

§1.2.1. Literature Sources Searched

Biomcedical Research database (BRD): http:/fbrd. dtic.mil/

NIH Research Portfolio Online Reporting Tools clectronic resource (RePORTER):
http://prajectreporter.nih, gov/reporter.cfm

PubMed: http:/fwww.nebi.nlm.nih. gov/entrez/query.fegi ?db=PubMed

I.2.2. Date of Search
September 11, 2012; November 1, 2012

1.2.3. Period of Search
BRD: 1998-2000
RePORTER: 1987-2012
PuhMed: 1950 10 9/2012

I1.2.4. Key Words of Search

September 11, 2012:

Guamima-ruys and biomarkers and non-human primates and whole-body: BRD (0), RePORTER
(0), PubMed (0).

Gamma-rays or x-rays or radiation and biomarkers or bioindicators or bioassays or hiological
dosimetry or biodosimetry and non-human primates and whole body: BRD ((), RePORTER
{0), PubMed (1028875).

Gamma-rays and biomarkers: BRD (0), RePORTER (937), PubMed (674).

Gamnma-rays and biomarkers and non-human primates and whole-hody: BRD (€)). RePORTER
{0). PubMed (()).

X-rays and biomnarkers: BRD (0), RePORTER {1214), PubMed ([ 15435).

X-rays and biomarkers and non-human primnates and whole-body: BRD (0). RePORTER (0).
PubMed (0).

Radiation and biomarkers: BRD (0), RePORTER (942), PubMed (14003),

Radianon and biomarkers and non-human primates and whaole-body: BRD {0), RePORTER (0},
PubMed (2).

Radiation and non-human primate and whole-body ond dose response: BRD {(0), RePORTER
(). PubMed (8).



Radiation and pon-human primate and whole-hody and G-CSF: BRD (0), RePORTER (),
PubMed (3).

Radiaticn and non-human primate and whole-body and G-CSF pilot: BRD (0), RePORTER (0),
PubMed (0).

High dose radiation and non-haman primate and whole-body: BRD (U), RePORTER (1),
PubMed (7).

High dose radiation and non-human primate und whole-body and dose response: BRD (0b
RePORTER (0). PubMed (4).

High dose radiation and non-human primate and whole-hody and G-CSF: BRD (0), RePORTER
{0), PubMed (0}.

High dose radiation and non-human primate and whule-body und G-CSF pilot: BRD (0.
RePORTER (), PuhMad (0).

Rodiation and biomarkers and non-human primates and whotle-body and blood; BRD (0},
RePORTER (), PubMed (1).

Radisuion and non-human primate and whole-body and dose response and blood: BRD ({),
RcPORTER (0). PubMed (5).

Radiatien and pon-human primate and whole-body and G-CSF and blood: BRD (0), RePORTER
(0), PubMed (3).

Rudiation and biomarkers and non-human primates and whole-body and urine: BRD (0},
RePORTER (0), PubMed (0).

Radiation and non-human primate and whole-body and dosc response and urine: BRD (0),
RePORTER (0), PubMed (0).

Radiatien and non-human primate and whole-body and G-CSF and urine: BRI (0), RePORTER
{0), PubMed ().

Radiation and biomarkers and non-human primates and whole-body and hair follicle; BRD (0,
RePORTER (0), PubMed (0).

Radiwtion and non-human primate and whole-body and dose response and hair follicle: BRD (0),
RePORTER (0). PubMed (0).

Radiation and non-human primate and whole-body and G-CSF and hair follicle: BRD (),
RePORTER (0), PubMed (0).

lonizing radidation and non-human primates: BRD (8). RePORTER (3), PubMed (19).

Tonizing radiation and non-human primates and whole-body: BRD (0), RePORTER ((}), PubMed
(6.

lonizing radiation und NHP and G-CSF: BRI (0}, RePORTER (0), PubMed ({1},

Gamma-rays and biomarkers and non-human primates: BRD (0), RePORTER (1), PubMed (1),

Non-humian primates and radiation: BRD (0}, RePORTER (59), PubMed { 134).

Non-hunian primates and radiation and whole-bady: BRD {0), RePORTER (8}, PubMed (25).

Radiation and biomarkers and non-human primates and whole-body and nanl clipping: BRD (0},
RePORTER (). PubMed (0).

November I, 2012

Gamma-rays and biomarkers and non-human primates: BRD ((), RePORTER (1), PubMed (1),

Gamma-rays or Xx-rays or radiation and biomarkers or bioindicators or bicassays or biological
dosimetry or biodosimetry and non-human primates: BRD {0), RePORTER (03}, PubMed
(1031838).

Gamma-rays and biomarkers: BRD (0), RePORTER (1189), FubMed (680)).



Gamma-tays and binmarkers and non-human primates: BRD (0), RePORTER (1), PubMed (1),

X-rays and biomarkers: BRD (0), RePORTER {1542), PubMed (11732).

X-rays and biomarkers and non-human primates: BRD (0}, RePORTER {0}, PubMed (3).

Radiation and biomurkers: BRD (28), RePORTER (1216), PubMed {14179),

Radiation and biomarkers and non-human primates: BRD (2), RePORTER (1}, PubMed (10).

Radiation and non-human primates and dose response: BRD (2), RePORTER (15), PubMed
i24).

Radiation and non-human primates and G-CSF: BRD (0). RePORTER (3}, PubMed (5).

Radiation and nan-human primates and G-CSF pilot: BRD {(0), RePORTER (0), PubMed ((}).

High dose radiation and non-human primates: BRD (5}, RePORTER {4), PubMed (16),

High dose sadiation and non-hwman primates and dose response: BRD (1), RePORTER (1),
PubMed (9).

High dose radiation and non-human primates and G-CSF; BRD ((), RePORTER (0), PubMed
{n.

High dose radiation and non-human primates and G-CSF pilot: BRD (), RePORTER (0},
PubMedl ().

Radiation and biomarkers and non-human primates and blood: BRD (2), RePORTER (0},
PubMead (6).

Rudision and nop-human primates and dose response and blood: BRD (1), RePORTLER (8),
PubMed (11).

Radiation and non-human primates and G-CSF and blood: BRD (3}, RePORTER (1), PubMed
(3).

Radiation and biomarkers #nd non-human primates and urine: BRI (0}, RePORTER (0),
PubMed ().

Radiation and non-human primates and dose response and urine: BRD (0), RePORTER (0),
PubMed (1).

Radigtion and non-hwmnan primaies and G-CSF and urine: BRD (0), RePORTER (0), PubMex]
(0.

Radiation and biomarkers and non-human primates and hair follicle: BRD (), RePORTER (0,
PubMed (().

Radiation und non-human primates and dose response and hair follicle: BRD (0), RePORTER
{0). PubMed ().

Radiation and non-human primates and G-CSFE and hair follicle; BRD (0}, RePORTER (),
PubMed ((h.

Ionizing radiation and non-human primates: BRD (11), RePORTER (3), PubMed (19}

lonizing radjation and NHP and G-CSF: BRD (0), RePORTER (0), PubMed (1).

Gamma-rays and biomarkers and non-human primates: BRD ((}), RePORTER (1), PubMcd (1),

Non-human primates and radiation: BRD (0), RePORTER (59), PubMed {1 34).

Non-human primates and radiation: BRD (30), RePORTER (59), PubMed (135).

Radiation and biomarkers and non-human primates and nail elipping: BRD (0), RePORTER (0},
PubMed (0.

1.2.5. Resulis of Search

Scarches were perfarmed using BRI, RePORTER, and PubMced on September 11, 2012,
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Using the above keywords, the literature search of DoD Biomedical Research (BRD) showed no
past or ongoing project that was duplicative to our proposcd study 0 evaluate 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, and the response category severity score of ARS in non-human primate TBI model. In
the literature scarch using the PubMed data base, one of the identilied publications focused 10
comprare the efficacy of antologous cell therapy after imadiation combined with G-CSF injections
with G-CSF treatment alone in a heterogenecus model of irradiation representative of ae
accidentdd situation (Int. J. Radiation Oncology Biol. Phys., Vol 63, No. 3, pp 911-92(}, 2005). In
another PubMed publication two cytokines G-CSF and interleukin-6 (1L-6) were identified as the
candidate bivmarkers of CBLB5(2 s radioprotective/mitigative elficacy (I Pharmacol Exp Ther.
2012 Jul 26). Tn our study the focus is to investigate the moditying effects of cytokine (G-CSF)
treatment on panel of biomarkers in non-human primate TBI model to identify and validate
pancls of protein biomarkers thut can be used in the radiation dose and injury ussessment, ARS
diagnosis. and the influence of cytokine and conventional weatments (i.e., blood transfusion,
antibiotic therapy. etc.).

The search in Rescarch Portfolio Online Reporting Tools electronic resource {Reporter) does not
show any duplicative projects 10 our proposed study.

Searches were perfonned using BRD, RePORTER, and PubMed on November 1, 2012.

The 1 Nov 2012 keyword literature search for duplication. omitting the word “whole body™,
revealed few more hits. Notably, in PubMed search with keyword “radiation and non-humaun
primates and G-CSF”, one study (J. Rad. Res. 2012, 53, 640-853) 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 of 1nnate immung cells during the acute radiation
syndrome (ARS). Another report popped up under BRD database with the keyword “ionizing
radiation and NHP and G-CSF” regarding a stody initiated at AFRRI in 2008. The study was
aimed to determine the ability of G-CSIF and CBLB612 to mobilize stean cells into the peripheral
blood of NHP after transfusion against gamma-irradiation. Later the study was abandaned due to
technical diflicuities and expenses. Other 10 hils with RePORTER-ditabuse with the keyword,
“radiation and non-human primates and G-CSF and blood™ were found to be irrelevant o the
mode of our study,

. CBJECTIVE / HYPOTHESIS

General Hypothesis:

Multiple blood protein biomarkers along with hematological surrogates will provide enhanced
dingnostically useful indices to discriminate between injured and iradiated individuals. A panel
of protein biomarkers, each with different raciation respenses, coupled with peripheral blood cell
counts of hematology sumogates will provide accurate assessment as well as an enhanced
discrimination index of radiation exposure.

Using a NHP total-body radiation model the proposil’s objectives are (o:

1) Estuablish haseline levels of candidate biomarkers (Experiment #1).
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2) Perform a pilot high dose experiment to permit testing ol the measurement of novel organ
specific biomarkers in isolated peripheral blood wsing commercially available antibodies
(Experiment #2).

3) Evaluate the effects of “"Conventional Treatment Supportive Care Therapy (G-CSE, 1V
tluids, antibiotics, blood transfusion, etc.) for radiation injury on the candidate
biomarkers (Experiment #3).

4) Measure biomarker responses in a time- and dose-response study to evalaate the
suitability of the selected biodosimetry hiomarker panel to accurately assess radiation
dose (Experiment #4).

5) Characterize radioresponse of animals following radiation exposure to permit corelation
ol biomarker levels to effect as measured by severity score of hisiopathology or ARS
(Experiments #1-4).

6) Consider tissue sharing (i.e., uring, fingernail clippings, etc.) in these studies to maximize
benefit lrom the study (Experiments #1-4) via subsequent smendments/tissue sharing if
required.

IV. MILITARY RELEVANCE

Radiological terrorist attack or accidental mass-casualty exposures is highly possible. Military
personnel responding to such emergencies can be exposed o radiation. Recognizing
unpredictable mass casualties, U.S. Pepartment of Defense has given top priority. as stated in the
“Defense Technology Objectives (DTO)” to the development of medical countermeasures to
radiation exposurc™ against both early- and late-arising health effects. In the case of mass
casualties, it is difficult to screen out the severely exposed patient [rom the Jess exposed or not
exposed individoals due Lo lack of immediate and convenient dose measurement technology.
This study will determine if the combined proteomic amd hematological approach is feasible for
biadosimetry whobe-body radidtion dose dssessment and also provide an enhanced discrimination
index of radiation exposure 1o effectively manage radiation-casualty incidents or nuclear evenis.
In the case of such an event, rapid and accurate assessment of radiation dose would be necessary
1o guide treatment decisions. This strategy addresses the need for developing a high-throughput
mubtiparametric “Field Radiological Biodosimetry” system and promotes effective command
decisions and lorce struclure planning o ensure mission success. This systein should be
compatible with military field laboratories, homeland security applications, as well as with
radigtion therapy cenfers to assess radiation exposure based on blood protein biomarkers
capubility. In addition, assessment of a population’s exposure in other radiation threats, such as
nuclear asccidents and terrorism mass-casualty scenarios addresses the need for a “Clinical
Radiological Biodosimeiry™ system to provide physicians with the ability to triage radiation
victims, make appropriate treatinent decisions. anel roduce uncertainties associated with the
variablity of individual response to radiation exposure. This proposed study 1s designed to
support a BARDA funding contructor {(MSD) to develop and validate a biodosimetry device. In a
recent survey of requirements from the warfighters conducted by the Joint Requirements Office,
medical diagnostics including radiation biodosimetry was rated with the highest priority (#14)
among the radiological countermeasure requirements (i.e., medical countenmeasures — protectant.
{reatment).

V. MATERIALS AND METHODS
V.1. Experimental Design and General Procedures
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Buseling levels of candidake hiomarkers and an ARS severity score will he measured in all
animals pre-irradiation (Experiment #1). Non-human primates (NHPsi. rhesas monkeys will be
exposed to total-body pumma irradiation in AFRRI's Cobalt Facility. Pilot single high-dose
discovery (Experiment #2) and conventional treatment supportive care therapy {(Experiment
#3) experiments will be performed for discovery and evaluation of promising new biomarkers as
well as for evaluation of G-CSF cytokine treatment and additona supportive care therapy on the
candidate radiation biomarker profile. In support of Experiment #3, six NHPs will be used as
wheole blood donors. These donor animals will be permitied a 30-60 d recovery period and if
they dentonstrate u normal hematology profile, they will be used as study animals in other
experiments. In addition a range of radiation doses (0, 1, 3.5, §, 6.5, and 8.5 Gy at ~0.56 Gy/min)
will be used 1o expiore 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 witl be acquired at a range of time points before and after radiation {as below) to
determine the tme cowrse of the biomarkers 1 Lhis system,

An ARS responsc severity score witl be assessed prior to radiation (baseline. Experiment #13. 3
- 4 times per weck after irradiation, including complete blood counts  with diffcrentials
{CBC/difT), body weights, body temperatures, etc. (see attached ARS Severity Scoring System
sheet, Appendix B). Body widths will be measured prior to irradiation to support accurate
dosimetry. CBC/diff will be deterintned using the VSD clinical hematology analyzer or in
another approved laboratary (e.g.. Bio Reliance}. Other btomarkers will be assessed at multiple
time points &3 deseribed below.

Rhesus macaques (Macaca nmdaita) will be housed singly in stainless steel cages. On the
morning of irradiation, animals will not be fed.

The fimes of emesis for each animal will be recorded during the first 12 h after nradiation ax
described in Appendix B, Each animal will be observed at least twice daily for evidence of pain
or distress hy V8D techs or caretakers during rounds. Rescarch stafl will alsu monitor the status
of NHPs daily. As the animals start £0 become ill, the research siafl wall increase the monitoring
frequency accordingly. A rhesus macague ARS response severity scoring system has been
developed and will be used in these studies (Sec Appendix B). Clintcal assessment of the NHPs
will be conducted throughout the study. This would include such parameters as hydration status.
presence or absence of fever, lethergy or diarthes, assessment of the respiratory and cutaneous
systerns and changes in the CBC. Blood for CBC will be collected and analyzed at 1 and 2 weeks
before irradiation and at least 3 times per weck after irradiation. Body temperature will be
determined 3 times per week using implanted microchips (IPTT-200; BMDS, Seaford, DE) in
chaired monkeys in daily rounds beginning approximately one week prior to the first treatment.
{Balcombe ¢t al. 2004). The tme of each temperature collection will be recorded for cach
monkey. Body weights will be determined at least once prior to radiation exposure and at least 3
times per week uafter irradiation for 60 days. The primary endpoint for the studies is the
radioresponse ol plasma biomarkers. AFRRI's addivonal primary study endpoints will be
mortality {(or mortbundity) along with ARS- subsyndromes biomarkers (i.e., kinetics of
reutraphil, platelet, and lymphocyte counts, othier blood count and differential lcukocyte count
variahles, Gl severity score), acute injury- and ARS organ injury plasma biomarkers, and serum
amylase activity.
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V.1.1, Expériment 1
PRE;

Animals: all animals in the protocol study (36)

Injection: microchips will he injected inte animals under ketamine (10 mg/kg: via intramuscular
{IM) injection using 12 gauge needle and syringe: see Section V.4.4.1.

Radiation doses: NA

Radiation exposure: NA

Treatment; NA

Assays: baseline levels of body weights, body widths, body temperatures, hematology (see
Appendix C), hlood chemistry (see Appendix ), proteomic hiomarker parameters (see
Appendix C), and ARS severity scores (see Appendix B} will he measured prior to irradiation
Time course: 1-2 times per weck, 2-3 weeks (see Appendix C for specific details)

V.1.2. Experiment 2
Pilot high-dose discovery study:

Animals: 2 perdose (n =4)

Radiation doses: 0 and 6.5 Gy [2 doses].

Rudiation exposure: TBI will be piven as a single exposure

Treatment: “Minimmn supporttive care therapy™; See Appendix D [or additional details.

Assays: body weights, body icmperatures, hematology (see Appendix C), blood chemistry (see
Appendix C) proteomic biomarker parameters, and ARS severity scores (see Appendix B) will
he mewsured after iradiation.

Time course: (Pre), 5h, 1, 2,3,4,5,6,7, 10 days and later time-points (2-3x weeks up o 60
days) in survived animals; see Appendix C for speeific details.

V.1.2. Experiment 3
Pilot “Conventional Treatment Supportive Care Therapy™ study:

Animals: 4 per dose (n =8)

Radiation doses: 0 and 6.5 [2 doses].

Exposure: TBI will be given as a single exposure.

Treatment: “"Conventional Treatment Supportive Care Therapy™ including G-CSF treatment (10
pughkg, once a day, 22-25 G needle; SC, |-ml synnge) starting on day | after exposure and
continuing until the recovery of ahsolute neutrophit count (ANC') >= 2,000 uL'for 2 consecutive
days along with “convenfional supportive care therapy” approach that will include mose
aggressive therapy (i.e., adiministration of 1V fluids, whole blood transfusions, etc.): see
Appendices E and H for additional details. In the case of 6.5-Gy irradtated NHPs where we
expeet to perforin whole blood transfusions, we expect the duration of G-CSF treatment to
continue for ~20 days,
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Assays: body weights, hody temperitures, hematology (see Appendix C), hlood chemistry (sce
Appendix C) proteomic biomarker parameters, and ARS severity scores (see Appendix B) wiil
be measured after irradiation.

Titne course: (Pre)l, 5 h, 1, 2, 3. 4, 5, 6, 7, 10 days and later time points (2-3x weeks up to 60
days} in survived animals; see Appendix C for specific details.

Whole blood donor animals: n=6 [Study animads are planped o be useéd for blood donation. Tf
there is a need where study blood donor animais are not available, then Protocol Pls will request
for use of VSD residence pool animals, which have been approved for use tor this purpose].

Radimtion dose: NA

Exposure: NA

Treatment: NA

Assays: baseline levels of body weights, body widths, body temperaturcs, hematology (See
Appendix ), blood chemistry (see Appendix C) and ARS severity scores (see Appendix B) will
be measwred to assure health suitability for blood donation,

Note. Guidelines for blood donations volumes for whole blood transfusions to support the G-
CSF Treatmont Study guidelines (See Appendix E) are shown in Appendix H. Six animals will
be used w this purpose in the early-phase of the study design. Animals selected for donation will
be rotated to assure sufficient recovery period (I month) between repeated whole blood
donations. The recovery period for repeated blood denation 1s cxpécied to be 1 month, which
will be confirmed by a pormal hematology profile.

V.1.2. 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, 1, 3.5, 5, 6.5, and B.5 Gy [6 doses]|.

Exposure: TBI will be given as a single exposure.

Treatment: “Minimum Supportive Care Therapy™; See Appendix D for additional details.
Assays: body weights, body temperatures, hematology (see Appendix C), bload chemistry (see
Appendix C) protcomic biomarker parameters (sce Appendix C), and ARS severity scores will
be meusured after irradiation

Time 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 survived animals; see Appendix C for specific details.

V.2. Data Analysis

All hematology, viial signs (including weights), serum chemistry. plasina protein biomarkers
levels data will be summutized using descriptive statistics on cach assessment time for cach dose
cohort. Continuous variables will be summanzed using sample size, mean, standard deviation.
mintmum and maximum values.

Statigtical software, PC SAS, will be used for statistical analyses. If applicable, analysis of
varianee or multivaniate analysis of variance (MANOY A} will be used for comparison among
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the groups. It significant, appropriate pairwisc comparisons will be used, The signiticance level
will be set at 3% for each test. Linear regression, Fisher's exuct test or McNemar test will be
tsed i applicable, All statistical tests will be two-sided. Adjustment of multiple tests will not be
made.

Justification of sample sizes: for any primary outcome variable in cach experiment, the sample
size of 0 monkeys will give 80% power to defect any difference hetween any two groups, il any,
by assumning that type [ error = 5%, type 1l error = 20%. und delta/sigma at least 1.8, where delta
s equal t¢ the absolute differcnec between the micans of two groups, and sigma = the pooled
standard deviation in the applicable statistical model.

V.3. Laboratory Animals Required and Justification

V.3.1. Non-animal Alternatives Considered

The purpose of this study is to evaluate radiation biodosimetry diagnostics involving use of
organ specilic targets that have been initially evaluated in rodent models, tested in NHP models,
and in selected cases used in human radiation accidents. This technology is expected 10 be used
with human samples in a forward deployment scenario, considering portability, accoracy, and
euse-of-use. 1t is not possible to experimentally irradiatc human sobjects to test this technology.
nor can presently available compuler modeling or cell cultures studies adequalely meet the
research objectives.

V.3.2. Animal Model and Species Justification

The FDA has accepted rhesus macague as an appropriate animal model [or testing radiation
countermeasures under the “Animal Efficacy Rule”, where it cannot be pertormed in humans.
Rhesus macagues are the model of choice for measurements of experimental radiation dose hy
using the cument radiation biomarker panel. The biomarker technelogy has alrcady been
demoustrated in rodent animal radiauon models and in selected cases in NHP radiation models.
NHPs are more relevant 1o humans than other animals. Antihodics for NHP hiomarkers are more
readily available for measuremnent of candidate radiation biomarkers than in the minipig model.
Therefore, this study in rhesus macaques is being undertaken to guide futwe development of the
radiation blood plasma biomarker panel device.

V.3.3. Laboratory Animals

V.3.3.1, Genus / Species Macacu nulatta
V.3.3.2. Strain / Stock N/A

V.3.3.3. Source / Vendor

Animals will be oblaingd [rom Veteninary Seiences Department {(VSDY) approved vender.

V.3.3.4. Age 3o 7.5 yrs
V.3.3.5. Weight 3 o 8 kg

V.3.3.6. Sex Males and Farnales (~50% split requested from vendor)
V.3.3.7. Special Considerations
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Healthy NHPs are ordered in accordance with VSD requirements outlined in the NHP
procurement contract.  NHPs will be pole and collar trained by the vendor.

V.3.4. Number of Animals Requirad (by species)
Rhesus monkey (Macaca mulata): 36

V.3.5. Refinement, Reduction, Replacement {3 R’s)

V.3.5.1. Refinement

Impluntable microchips (IPTT-200; BMDS, Seaford, DE) will be injected for 1D and temperature
measuements (0 lessen animal siress during the observation period. See Appendix I for a
detailed description of the subcutaneous microchip implantation using a needle (12 Gauge) and
syringe like device. The endpoint currently mandated by the FDA for approval of radiation
counterneasures is mortality. Moribundity will be used us a surropate for mortality, and
euthanasia will be used in order to minimize pain and distress, using an extensive set of criteria.
See Appendix G for a delailed description of the clinical observations with criteria for
euthanasia.

V.3.5.2. Reduction

A total of 36 NHPs will be used in this protocol. We have made significant efforts to maximize
reseirch use of this model. Non-irradiated apimals in Experiments #2 and #3 will be reused in
the subsequent Experiment #4. Wc plan to consider tissuc sharing and collahorations, via
IACUC protocol amendments, (0 enhance the benefits of the study. At every stage of lhe
protacol. plans will be reevaluated in light ol incoming data in an attempi to reduce the number
of experiments. If it is determined at any point that the proof of principal studics are
inconclusive, then the rest of the experiments using othér NHPs will not be performed.

V.3.5.3. Replacement
None.

V.4. Technical Methods
v.4.1. Pain / Distress Assessmoent
V.4.1.1. APHIS Form 7023 lkiformation

V.4.1.1.1. Number of Animals

V.4.1.1.1.1. Column C 0 @ of animals)
V.4.11.1.2, Column D __ 0 (#of animals)
V.4.1.1.1.3. Column E 36 (#ofanimals}
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V.4.1.2, Pain Reliet / Prevention
Y.4.1.2.1. Anesthesia / Analgesia / Tranquilization
A. Anesthesia for Subdermal Implantable Microchip Temperature Monitor Insertion

This procedure will be performed by a veterinarian or a tritned veterinary technician with the
primate not fed in the moming,

1. The AFRRI veterinarians will access the general health of the NHPs prior 10 anesthesia o
ensure that each animal is healthy enough to undergo the procedure.

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

3. The primate is scdated with ketamine [0mg/kg via intramuscular (IM) 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. Trangquilization for loading into radiation boxes, transport to “Co facility, measurcment of
mid-body widths, irradiation of NHPs, and transport back to V8D facility.

This procedure will be performed by a veterinarian or a trdined veterinary technician with the
primate Fasied over night prior to procedure,

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

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

3. The pnimate 15 sedated with ketamine 1Omg/kg M and positioned in the radiation box.

4. Additional ketamine tOmgfkg IM is used to scdate animal as necessary during irradiation
and transit to and return from the VSD vivarium to the *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

1. If body temperaturc rises above 104 F, NHP will be administered Rimadyl 2.2mg/kg BID
or 4 4my/kg QDIM, LY PO or 5-10mg/kg PO TID).

2. See Table entitled “Provisions for Both Pre- and Post-Procedural Care™ below and
Appendix D and E for additional details.

D, Analgesic for Radiation-Induced Distress
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This procedure will he performed hy a veterinarian or a trained veterinary technician with the
primate.

1. The anglgesic, Buprénorphrine HCL (0.01 mghkg wp to 0.02 mgkg BID will he
administered to all irradiated {1. 3.5, 5, 6.5, 8.5 Gy) animals from 5 to 35 days after radiation
exposure; See Appendix D and E.

2. The protocol staff will daily meonitor the animals for clinical signs and symptoms
including using an ARS severity scoring system: Sce Appendix B. Animals demonstating an
ARS severity level of 3 will he monitored more frequently as descrihed in the protocol
monitoring plan; See Appendix F. Protocol stafl” will notily the Protocol Pls and AFRRI
Veterinarian of the health status of these animals.

3. The protocol staft will monitor animals for clinical ohservations identilied as criteria for
euthanasia consideration; see Appendix G.

4. The AFRRI veterinarians will access the general health of the NHPs and ordcr analagesic
{Buprenorphrine HCL, 0.01 mg/kg up to 0.02 mg/kg BID, IM 22-25 G needle) for distress if
not aleviated by treatment,

4. Sec Table entitled “Provisions for Both Pre- and Post-Proccdural Care” helow and
Appendix I and E for additional details.

E. Analgesic for Mouth Ulcers or Rloody Stools

This procedure will he performed by a veterinarian or a rdined veteringry chnician with the
primate,

I. The protocol staff  will daily monitor the animals for clinical signs and symptoms
including using an ARS severity scoring system; Sce Appendix B. Animals demonstrating
amouth ulcers or bloody stools will be identified and reported 1o the Protocol Pls and AFRRI
vererinarians.

2. The AFRRI veterinarians will access the general health of the NHPs and order analagesic
{Bupivacaine HCL, 0.1 ml of 25% solution with a dab of surgical labrrcani and administered

locally using a cotton-tipped applicator to a restrained animal.

3. See Table entitled “Provisions for Both Pre- and Post-Procedural Care™ below and
Appendix [} and E lor additional details

F. Anesthesia to caim NHF while in restraing during prolonged IV fIuid treatmenis, blood
denation, aird whole blood transfusion

This procedure will be performed by a veterinarian or a (rained veterinary technictan with the
primate.
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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
Because the principal purpose of this study is to evaluate dusimetric technology (o determine
the radiation dose, there are no altematives to the pradiation. Supporting irformation such as
selection of hematological, proteomic analysis in blond measurement, etc. will help identity the
usclulness o problems associated with the technology going to he tested for detection of early
response after mass-casnalty irradiation scenarios.

Vv.4.1.3.1. Sources Searched

Johns Hopkins Center for Alternatives to Antmal Testing (Allweb): hup:/altweb jhsph.edu/

AGRICOLA: hitp://agricolanal.usda.gov/cgi-
bin/Pwebrecon.cgi?’RESET=bbSearch&P1D=uiY CM3-dk9 | 82GISnrKe AxFRy7C

BIOSIS:http:/froger.uesd.edu/search/ X 2 Sundelined=& Na=1926& Db=& undefined=&xearchsco
Pe=Y&p=&SORT=D

PubMed; http;//www. ncbi.nlm.nih.gov Ire Lusuhs.edu/pubmed

V.4.1.3.2. Date of Search September 11, 2012
V.4.1.3.3. Period ot Search

AllWeb: Up ta Y2012 [whole database avuailable|
AGRICOLA: 1950 10 9/2012

BIOSIS: 1926 10 972012

PubMed: 1950-10/26/2012

V.4.1.3.4. Key Words of Search

Bioassay: Altweh (541 AGRICOLA (5232), BIOSIS (375), PubMed (110177).

Biological and dosimetry: Altweh (03, AGRICOLA (8), BIOSIS (38), PubMed (22354).

Biofogicul and dosimetry and blood: Altweb {7), AGRICOLA (0), BIOSIS (3), PubMed (3053).

Biological und dosimerry and blood and radiation: Altweb (23, AGRICOLA ((0), BIOSIS (1),
PubMed (1615).

Biological and dosimetey and blood and radiation and non-human primate: Altweb (),
AGRICOLA (0), BIOSIS (0), PubMed (1).

Biofogicul and dosimetry und blood and radiation and non-human primate and anslgesic: Altweb
i1, AGRICOLA (), BIOSIS ((3), PubMcd (0).

Biotogical and dosimetry and bload and radiation and nen-human primate and pain: Altweb (0).
AGRICOLA (0), BLOSIS (0). PubMed (O).

Biological and dosimetry and blood and radiation and non-human primate and pain and relief:
Altweb (0), AGRICOLA (0. BIOSES (0). PuhMed {0)).

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

Biologica) and dosimetry and blood and rudistion and non-human pomaie and G-CSF: Altweh
10y, AGRICOLA (0}, BIOSIS (0), PubMed (0).
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Biological and dosimetry and hair-follicle and radiation und non-human primate and pain:
Altweb (0), AGRICOLA (), BIOSIS (0), PubMed (0).

Biologicul and dosimelry and urine and radiation and von-human primate and pain: Altweb (0},
AGRICOLA (0). BIOSIS (0), PubMed (0).

Biological and dosimetry and nail-clipping and radiation and non-buman primate and pain:
Altweb (). AGRICOLA (), BIOSIS (), PubMed (0).

V.4.1.3.5. Results of Search
A thorough search of databuses using keyweords listed revealed no animal alternatives for the
investigation involying total hody imadiation.

V.4.1.4. Unalleviated Painful or Distressful Procedure Justification

One needs ta irradiate animals to study biodosimetric endpoints using a NHP radiation dose-
response model. und to investigate the correlation between these endpoints and dose, ARS
respanse severity response. and survival, There are no alternarive procedures for frradiation
becaise it {5 a unigue stimtiluy that cannort be otherwise duplicaied.

[rradiation itself 15 not a painful process but it induces various changes in the body (i.e., vomiting
and nausea, changes in hematology cells numbers, ete.). Although radition does not induce pain,
animals in these experiments might experience pain and distress prior to death because of
sequelac, Radiztion compromises the womunc systcm, As a result of a compromised imimunc
response, various types of infections can initiate and become painful. The sequelae of nausea,
vomiting, and diarrhea may cause pain and distress in huinans observed in the early post-
trradiation period, when lethal doses are used. All study animals that show any pain from
radiation-induced distress as judged by exhibition of any cuthanasia criteria as listed in Appendix
G will be adntinistered analgesic as desernihed above and in Appendices D and E. I addition,
analgesics (aceraminophen/Rimadyl) are considered as a way of minimizing discomfort during
the omset of opportunistic infections us judged by temperature changes as described in
Appendices D and E. We will humanely euthanize animals when wnrelieved pain and severe
distress accurs as described in Appendix G.

See Section I'V. Military Relevance for additional details. These studies are scientifically justified
based on the national interest 10 identify, optimize. and validate FDA-approved biodosimelry
devices for potential ridiological threaty inclieding mass-casualty incidencey.

V.4.2, Protonged Restraint N/A

V.4.3. Surgery N/A

Y.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

Y.4.3.5. Surgeon N/A

Y.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
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Neupogen is typically used to treat myclosuppression resulting [rom hematologic disease or as a
side effect of chemotherapy regimens (Amgen G-CSF Product Insert).

G-CSF 15 provided as a 300 pg/ml stock and will be diluted in sterile 5% dextrose solution prior
to adminsstration. NEUPOGEN® will be stored in the refrigerator at 2° to 8°C (36° to 46°F).
Avaid shaking. Prior to injection, NEUPOGEN® may he allowed to reach room temperature for
a maximum of 24 hours. Any vial or prefilled syringe delt at room emperature for greater than
24 hours will be discarded. Parenteral drug products will be inspected visually for particulate
nuitter and diseoloration prior to administration. If particulates ar diseoloration are observed, the
container will be discarded.

All other pharmaceutical grade drugs will be obtained from ¥5D.

V.4.4.1.2. Non-Pharmaceutical Grade Drugs

V.4.4.2. Biosamples

Blond will be collected under appropriate SOPs by following the procedure described with
sterile 20-23 pauge needle attached to a necdle holder or stenile syringe from saphenous, cephalic
or any alternative vein as selected by the AFRRI vet; sce Appendices C and H. Manual pressure
will be used o reduce the chances of hematoma lormation after blood collection. Typically
hlood volumes 0.8 to >4 ml are taken routinely for study purposes, Larger bload volumes are
taken in the casc of blood donation as described in Appendix H. For specific animals the blood
volume collected will vary depending on the health seatas of the animal, animal weight, and
guidance from the VSD vetermanans, Biood collection schedule 1y shown in the Appendices C
and H.

V.4.4.3. Adjuvants N/A

V.4.4.4. Monoclonal Antibody (MAb) Production N/A

V.4.4.5. Animal Identification

Animals are identified by the ID number that is tatiooed on the chest or inner thigh and by
implintable microchips.

V.4.4.6. Behavioral Studies N/A

V.4.4.7. Other Procedures

A) Transport Plan: The animals for irradiation will he moved through the first floor hallway to
the High Level Gamma Radiation (HLGR) facility. At no time will the animals be removed from
the irrudiation boxes and secured while outside of the VSD vivarium. Once within the HLGR
facility the animals will be moved (still sedated in the irradiation box) down to the radiation
source area. The animals in the irradiation hoxes will be lifted onto the irradiation platform. The
AFRRI dosimetnsts will assure that the irradiation boxes aré placed accuralely in the radiation
field. During iradiation, the irradiation box will be secured to prevent tnovement, The NHP's
arms and legs will be secured to limit the ability to turn in the collar. Animals are expected to be
tn the irradiation box for no more than 60 minutes. The animals will be closely monitored by
remote TY during the 1rradiution, Alter vrradiatron, the NHPs in their nradiation hoxes will be
removed from the platform and returned to the vivarium along the same route,
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collection will be recorded for each NHP. The general heuwlth of experimental animals will be
gualitatively assessed by the research staff twice daily (a.m. and p.m.) for general behavioral
status and food consumption, in addition 10 ¥YSD's normal health check procedures. If animals
show evidence of severe climeal signs and symptoms of ARS, then VSIX staff will be alerted to
check the animal dnd to asscss the NHPs. Approphate standard operating procedures will be
followed by stalf veterinarians in the event of pain or distress.

The planned number and blood volume draws scheduled will be reviewed by the AFRRI
veterinarians and staff and if determised to place the individual animuls under severe health risk
will be drastically reduced or suspended until the animat shows adequate recovery.

The 5-HT3 receptor antagonists: Ondansetron (1 or 2 mg/kg) or Granisetron (0.25 mg/kg) can be
administcred eitber orally, intravenous {IV), or subcutanecus (SC) atter observation of vomiting
ot signs of emesis to decrease subsequent radiation-induced vomiting in NHPs as deseribed in
paper published by Martin et al. “Anti-emetic Effect of Ondansetron and (ranisetron after
Exposure to Mixed Neutron and Gainnmia Irradiation™ (Radiation Rescarch 149: 631-636 (1998}
Authors demonstrated that two deliveries of 5-HT3 receptor antagonists seem to disrupt
serotonergic transmiission at the brain stem structures and to affect the peripheral release of
serotonin from the gut, thus completely preventing radiation-induced vomiting™.

In the casc of Experuments # 2 and 4 irradiated animals, additional supportive carc should be
minimal; platelet counts may dip below 20.000/u1 for several days, but whale blood will not be
transfused as this would negate the purpose of the study. The exlent of dehydration and diarrhea
will be monitored for cach animal. Based on the ARS response severily score animals’ status will
be graded as: nonnal. mild, moderate, or severe. In the case of mild dehydration and diarrhea,
supplemental oral fluids (type and volume as judged appropriate by the veterinarian) will be
offered when not counter-indicated due to severe drops in platelet counts. In the case of a
moderate dehydration and diarrhea subcutaneous tluids and for over the counter (OCT) anti-
diaerheal {(e.g.. loperamide Img PO BID. bismuth subsalicylate 4dmg/kg PO BID), anti-emests
(Cerenig, Img/kg, SC; 2mghkg PO}, anti-gastric reflux (e.g., Famotidine 0.3mg/kg PO or IM
S1D) or anti-gas (e.g., "TUMS" 1 tablet PO PRN) medications will be sdministered by VSD
staff. It body temperature rises above 103 F, NHP will be administered Carprofen (Rimadyl 2.2
mg/kg, B1D; QD/IM/IV/PQY}; 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" rreatment. In
tho casc of severe dehydration and or disrthea or if pain /distress arc noted, clinical staff
veterinarian will be notified immediately and to ¢valuate the anumal to determine the best course
of medical care under the broud scope ol a study design invelving minimum treatment. VSD
will provide a veterinarian avaitability 24/7 1o provide emergency care as care is needed. There
will be a veterinarian available to provide back-up to the on call vewrerinarian if necessary.
Additiona]l medical diagnostic beyond the described ARS response severity scoring system {(i.c.,
body temperature, hematology, etc.) may be performed as judged by the AFRRI veferinarian.
Symptomatic therapy will be provided with the development of abnormal clinical signs. For
example, fruit or treats may be given in casc of anorextia, topical antizeptics may he used for
open wounds with significant detects following skin necrosis due to subcutancous infzctions.
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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, | acknowledge my responsibilities and provide
assurances for the following:

A. Animal Use: The animals authorized for use in this protocol will be used onty 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: | have made every effort to ensure that this protocol is not an unnecessary
duplication of previous experiments.

C. Statistical Assurance: | assure that | 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 / Safety: | have taken into consideration and made the proper cootdination regarding
all applicable rules and regulations concerning radiation protection, biosafety, recombinant issues, and so
forth, in the preparation of this protocol,

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

F. Responsibility: | acknowledge the inherent moral, ethical and administrative obligations
associated with the performance of this animal use protocoi, and | assure that all individuals associated
with this project will demonstrate a concern for the heatth, comfort, welfare, and well-being of the
research animals. Additionally, | pledge 1o conduct this study in the spitit of the fourth "R", namely,
"Responsibility,” which the DOD has embraced for implementing animal use alternatives where teasible
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): | AM / AM NOT conducting biomedical experiments, which may
potentially cause more than momentary or slight pain or distress 1o animals. If applicable, potential pain
and/or disiress WILL / WILL NOT be relieved with the use of anesthetics, analgesics and/or tranguilizers.
| have considered alternatives to such procedures; however, | have determined that alternative
procedures are not availabte to accomplish the objectives of this proposed experiment.

Principal Investigator {Printed Name) Principal Investigator (Signature) {Date)
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Appendix B; NHP Procedures

“NHP ARS-Response Severity Scoring System (ARS-R5%) PROTOCOL”

Note. Protocol P1(NIO) and co-Pl (WFB) will meet with staff individuils to discuss the ARS-
RS’ protocol and assessment criteria prior to initiation of the study.

Sample Reguirenients,

Annotated ARS-RS? scoring sheet for experimental animals 3-4 times per work week including a
measurement on Fridays. |[Note. In cuses of animal under crisis due to severe ARS. this
frequency may be increased to include weekends, because it contributes o an assessment for
euthunasia decision. |

Prior to Measurements.
. ARS-R?form copies arc made available in the individual NHP cage records.
2. Pre-labeled twbhes (Animal D, Date, Time) tor collection of feces.
3, Pre-labeled wbes (Ammal 1D, Date, and Time) for collection ol blood into serum
separator tubes, and EDTA vucucontainers.
4. Measure weights for chairs; label chair weights.

During Rounds by Vel, Tech. and Animd Cive Taker (wice a day/3-4 times o week) and by
Research Staff {once a day/2-4 times a week).

1. At any time the annnat 1s observed (o be retching /.vemiting, record date and fime,

2. Before any replacement of the cage tray for urine collection, if appropriate. check for

VOt s,

3. Assess for shivermg, fatigue/lethargy. response to stimuli, and piloerection: then record,

4. Count respiratory rate for a full minute and record.

5. Observe for ubdominal distension und wounds: record.

6. Observe and record for consisiency and color of feces; record.

During window of the workday by Research Staff (once a day/3-4 times a week).
1. At any time the animal is observed to be retching/vomiting or there is evidence of
vomitus, record dite and time.
2. Observe and record for consistency and color of feces; record.

During blood draw without anesthesia | NHP will be collared and chaired; frequency as described
in the individual NHP schedule for biosampling].

1. Collect blood inte appropriate tubes and voluime as shown on the schedule for cach
specific NHP and record date and time,
If NHP defecates during blood draw, record consistency and color of Feces.
Weight animal in chair and record NHP body weight.
Observe and record NHP SC' temperarture.

Bow

Procedures done under anesthesia [frequency s described in the individual NHP schedule for
biosampling:
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B 1o

Collect bloud into appropriate tubes and volume as shown un the schedule for each
specific NHP and recort date and time

Weight ammal and record NHP body weight.

Observe and record both SC and rectal emperatures.

Mcasure dehydration status (skin turgor, gum capillary refill. buccal mucosal / tongue
hydration).
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3wk (3X) 0.225 (15d); 1.2 1.35 1.5 1.65 1.8 2.0 2.2 2.35 2.5
(.225 (~20d)
4" wk (3X) — 1.2 1.35 1.5 1.65 1.8 2.0 2.2 2.35 2.5
5" wk (3X) 0.225 (~30d) 1.2 1.35 1.5 1.65 1.8 2.0 2.2 2.35 2.5
6™ wk (2X) 0.225 (~40d) 1.2 1.35 1.5 1.65 1.8 2.0 2.2 2.35 2.5
7" wk (2X) -- 1.2 1.35 1.5 1.65 1.8 2.0 2.2 2.35 2.5
8" wk (2X) 0.225 (~50d) 1.2 1.35 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 25

*Note. For repeated daily blood draws the maximum daily amount of blood volume should be <1% 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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Local infection

continued uniil animal
maintained ANC >500
pL! for 48 h.

Neobacimyn

{Bayini}

As clinically

s s

Topical

- s oy oa -

M

NA

NA

ANC <500 pL!" and
continued until animal
ainined ANC >500
pL™! for 48 h (Baytril}
and 24 h (GentaMax)
with body {emperature

=103°F

Enrofloxacin
{Baytril)

Smg/kg

QD: PO 1V,
M

22-25G

variable

Gentamicin saifate
(GentaMax)

4 mg/kg

QD: IMorlv

22-25G

variable

ANC <500 uL ! and
continued until animal
maintatned ANC >500

uL"! with body
temperature >103°F
when mictobial
resistance demonstrated
to enrofloxacin or

tacky mucus
membranes without
signs of gastrointesiinal
{GI) distress: Use of
isutonic suline provided
only if platelets >10 x
10°7L

Primaxin

supplementation

5-10 mg/kg:

BID: ™

battles

22-25G

variable

Isotonic saline

10-15ml/kg

Slow IV push

18-23 G

variable
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Moderate- mild criteria Flavored fluid NA Use of water NA NA
plus dry mucous, supplementation botiles
sunken eyes with signs along with
of GI distress; Use of antidiarrheal
isotonic saline provided treatments
platelets >10x 10°/L Isoronic saline 20-39 ml/kg Slow 1V push 18-23 G Variable
Severe — Any of mild Flavored fluid 1545 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 trcatments
extremities, lethargy, or , -
rapid breaching; Use of ]Sm(_’ i f‘e_i]'"e:
isotonic saline pmvgded reitr:'l.:ur::latl:l;giie
platelets >10 x 10°/L. allowed to awaken,
and sedated
{Midazalarm HOL A
iy s SRR P e . .
[ AETTETY T TN
O IoiCICWS 1858 il 75U YYRIWVIC LU i LAY 1Y Udiliy dii FO~& 7 8 YAl idrne

100 x10%/L or
uncontralied
hemorrhage

{exposed 10 20 Gy)

trans{usion

18p blood
fiiter (Hemo

Nat Filrer,
LUtah Medical

Products)

*See Appendix H for additional details regarding whole blood transfustons.
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whole blood
transfusions (24h after
transfusion)]

or as nceded

| ) ___Appendix F. Protocol Monitoring Plan o _
Time Window Animal Care Vet. Tech Vets (VSD) Research Techs (P{} Principal
Takers (VSD) (VYSD) Investigators
ARS Severity Careside Careside
Assessments {(+ | Observations Observations*®
M-»F Twice aday Twice a day As needed Once a day Once a day Once a day
{ <6:30 am; (~Qam; 2- {(AM) (Afternoon) {TBD)
~lpm) 3pm)
Sat, Sun, Holidays Once a day Once a day On call NA Once on Once on Sun or SAT
(6:30am- (afterncon) SAT or SUN and Holidays
Noon)
M->F Twice a day Twice aday | Asneeded or Once a day Once a day Once a day
{ <6:30 am; (~Qam; 2- on cail (AM) {Late (TBD) or as needed
~1pm) 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
[Rontine] (6:30am- {afterncon) needed (TBI>} SAT of SUN {TBD)
Noon) (T8D)
Sat, Sun, Holidays Once a day At least once On call as Onee a day Once a day Once a day
[NHPs with ANC <500 {6:30am- a day needed {AM) (Afternoon/E | (TBD) or as needed
ul': NHPs given Noon) (alternoon) arly Evening)
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*Note. If a NHP exbibits clinical observations with criteria of “morbid”, then Rescareh Techs & PlIs will monitor animal late at night,
| for a minimum of 3 to 4 times a day, to include weekends.




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 discbarge; Paralysis of one or more extremities;
appearance | Mildly to moderate dehydrated (aggressively treag)*; 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 stoots (treat)* treatment
Bleeding Mild generalized petechiation on the body with no signs Uncontrolled bleeding
of active bleeding*; Precipitous drop ol bematocrit (>20% in 48 bours)
Platelets < 50x10°/uL; Hematocrit <15% and platelets <3x10°/uL. with lethargy
Hematocrit <30%
Respirator | Mild dyspnea (shortness of breath with rapid and shallow | Gasping/open mouth breathing
¥ rate breathing;
Mild abdominal breathing
General Decreased mobility; Weakness/inability to obtain food or water;
bhehavior Mild inappetence (eats treats, cats parts of meals), Inappetence 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 trom anesthesia has recovered from anesthesia;
Weight loss | 10-20 % of baseline body weight More than or equal to 20% from the baseline weight
Core body | Uncontrollable fever (>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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and chemistry purameters. AFRRI' s Veterinarian will be notified if any unusual weight
tends, body lemperature, ahnormii complete biood coants (CBC) or ahnormal serum
chemistrics are observed. See Appendix H - Attachment B for the conditions and blood
volumes withdraw lor this purpose.

. Anesthesia. Animals will be anesthetized with ketamine (10 mg/kg. IM in the guadriceps
mwsele using a 22-25 pauge needle) for transport to the treatment roons, clinical
obgervations requiring unimal compliance, bluod donation, and bleod transfusion.
Isoflurane gas {2% in O2) will be administered via mask as determined by the AFRRI
Veterinuriun, per the request of AFRRI's Veterinarian.

. Physiologic Measurements. Body temperatures will be monitored using the injected

microchips on days when the animals ure biosampled or ussessed lor ¢linical
observations. Body weights will be obtained each day the animals are anesthetized for
other pracedures. The body weight is obtained prior to administration of any flaids
support including fluid replacement at time of blood donaion. Protocol staff will notify
AFRRI's Veterinarian of any abnormal body temperatures or weights.

Phichotomy.

#) Peripheral Biood for Routine Health Monitoring. VSD staff will assist. as able. the Pi
and P! staft to obtain blood samples if advanced preparations are made and sufficicnt
VSD personne! are availuble. Blood will be collected under appropriate SOPs by
following the procedure described with sterile 20-23 pauge needle attached to a
needle holder or sterile syringe from saphenous. cephulic or any altemative vein as
sclected by the AFRR! Veierinarian, Manual pressure will be used to reduce the
chances of hematoma formation alter blood collection. Typically blood volumes <]
ml are taken routinely. For specific animals the blond volume collected will vary
depending on the health status of the animal, animul weight, and guidance from the
VSD veterinarians, Blood collection schedule for donor unimals is shown in
Appendix H - Atlachment B.

b Peripheral Biood for Blood Donaiion and LRS infusion. Put an sierile gloves.
Venipuncture site is prepared by cleansing with Betadine, allowed to dry, then cleun
the aren with an alcohol swub and allow it to drv. Repeat this process for a total of 3
serubs, Blood will be collected under appropriaic SOPs by followimg the procedure
deseribed with stenibe 20-23 gauge needle attached 10 a needle holder or stenle
syringe from saphenous. cephalic or any alternative vein as selected by the AFRRI
Veterinarian. Manual pressure will be used to reduce the chances ol hematoma
formation after blood collection. Label a 30ml syringe containing 3ml of citrate
phosphate dextrose (CDP-a) anticoagulunt “NHP blood: with the animal D, date
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collected, time of donation. and expiration date. Then withdraw no more than 27 ml
of blood nto a 30-ml syringe. The filled syringe will be removed from the mtusion
set and capped. Prepare a syringe with lactated Ringer’s Solution (LRS) with volumes
as descsibed in Appendix H - Attachment B. Atiach the syringe containing the LRS 1o
the infusion set and infuse this solution. The infusion set will be removed and
pressure will be applied over the venipuncture site with giuze until bleeding stops.

G. Blood Donation.
Healthy unimals will be selected from the donor pool. Donor animal will be anesthetized
with ketumine (10 mg/ke, IM in the quadriceps muscle using a 22-25 gauge needle). The
body temperature and weight will be obtaincd. Blood will be collected (19-23 gaupe
needle) for a CBC (0.4 ml). If CBC levels are within acceplable himits, then withdraw
whole hlood volumes from the animals and infuse LIRS volumes as described in
Attuchment B from the animals as described in “Peripheral Blood for Blood Donation™
section above. The date and amount of blood withdrawn during each phichotomy
procedure 18 recorded. As donations are required, the donor animals will be selected on a
roetating basis (e.g., animals who have donated most recently will be at the end of the
ratation) and evaluated as 4 possihle donor according to the dute and amount of previous
donations and estahiished biood draw volune Fimits.

H. Processing and Storage of Donor Blood.
I'ypically whole hlood is administered within 18 hours of donation. Donor hiood will be
trradiated prior to transfusion into the recipient NHP or betore refrigeration storage,
Research staff wall use all appropriate personal proiective equipment {gloves, mask,
goggles. Tub coat, et} and the blood will be processed under a biosalety cabinet prior to
and following irradiation (25 Gy).

TheSO-mil tube(s) is labeled “NHP blaed” with the animid’s identihication number, date,
and time of donation, and cxpiration datc. Using sterile technique a cell strainer (70 micro
[Rn ) will be opened and placed on an open 50ml centrifuge tube and the donor bloed
from the syringe will be slowly transferred into the S0m] tube. The tube is capped and the
top {s wrapped with parafilm and placed on a mechanical mixer until it is irradiated.
Whale bloud eapires 48 hours afier collection and will be discarded i€ not used using
biohazard safety guidelines. Tf whoele blood is not needed immediately, then it is stored in
a chilled centrifuge tube.

The NHP donor blood in the 50mi centrifuge tube will be placed into a secondary 250ml
tube and then into a spill proof transpon container for sranspont to and return from the
Irradiation Facility. Irradiation will be to a dose of 25 Gy to ¢liminated donor stem cells
andl lymmphocytes that could result in donor cell-initiuted hematoposeric engraftment,
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After resolution/improvemnent of signs, the translusion muy be re-started at 12 to 143 the
original rute.
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Appendix H - Attachment A (List of Supplies)

Equipmuent
1. VSD scale for measurernent of imimal hady weipght
2. Temperature wiund
3 Temperawire contnolled centrifupe with approprisiely sced rotwors
4. Mechanical mixer

3. Reivigerator
Personal Protection Equipment

1. Glaves

2. Musks

3. Goggles

4. Lubcont

5 Sleoves

6. Hairnets

7. Fool boutics
Supplies

. Hazardous waste containegs
2. Preprinted lubels for syringes and centrifuge tubes
3 [ce buckets
4 Secondary transport container
Chenicils
I. Xylozine
2. Ketamine
3. Medacal grade lactated Ringers Solution

4. Stenle saline

5. Dexamethasone icorticosteroids)

6. Diphenhydramine (antihisramine)

7. Citralc-phosphate-dextrose with adenine (CPD-A) [Sigma]

Blood Collection Supplics
. 19-25 Gauge needles

2. Winged catheter infusion set

3. EDTA wbes

4. Serum separator tubes

5. 1 mL syringes

6 30 mL syringes

7. Syringe caps

R S0 ml. tuhes

Y TN ] tuhec iseeondans cantaiaees [Mencille Scieniific C-3411.

10. varasinn
L1. 70 micron cell sirainer [BD Biosciences]
12. 18 micron blood filter [Utah Medical Productsi
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Appendix H — Attachment C. Platelet counts tn NHPs TBI to 6.5 and 8.5 Gy with “®Co y-rays (DARPA study results)
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Reference DOD Insiruction 3216.01 & AFRRI instruction 3216.2H

Fr vie i o e i ol e ol ol o o e i o sl ol e i ol i o i o o i W i o ol ol i ol e ol o O S i e ol o ol ol eyl e ol o 9 i o i o e ol e i o o i o o i i ol s el e sl o ol o o O

Information requested in the following animal use protocol template reflecis the requirements of
the Animal Welfare Act Regufations (AWAR}, the Guide for the Care and Use of Laboratory
Animals, and other applicable Federal reguiations and DOD insiructions.

ok ok o ok e ok ool e sk e ol ok ok ol o o ok o ok ool ol o ok ok ok ok o ol 5 ok e ok ok ol e ok ok ke ok o o ok e e e ok ke ol e ok ok e o o ok ol o e ol ok ok ok e ok ok ol e ok o ok e o e e ko

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. |
is a companion document to an identical protocol termplate thal dees not have embedded instructions.
Either template may be used to format DOD-sponsored animal research proposals; however, reference 1o
the instructions during protoco! preparation is highly recommended. |f using the templaie with
instructions, the instructions should be deleted prior to submittng the finished protocal for IACUC review.
Please use Arial, regular. size 12, black foni to prepare the protocol. With the axception 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 (SCOPs) promulgated by the AFRRI Veterinary Sciences
Department {¥SD) or similar VSD-validated documents that describe specific procedures may be
referenced by SOP number and titte in heu 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 IACLIC-approved
protocol and io provide details where no approved references are cited. To do otherwise would constitute
a breach of statutary regulations. Manipulations nol covered in the originally appraved protocol can be
initiated only after IACUC approval of a formal amendmeni adding the new procedures. Additionally,
Principal Investigators {Pls), or other delegated research personnel, should maintain accurale
experimental records and be able to provide an audit trail of animal expenditures and use that correlates
with their approved protocol. Profocol Pls will be required to provide this and other information during
annual protocol raviews.

Any supporling information that may be of use to the |ACUC during iis review may be atiached to the
completed protocol. Adding subparagraphs within the body of the profocol tempiate is permissible,
provided that the numbering sequence of paragraphs in the original standard format fa maintained. In
other words, all of the labeled paragraphs 2nd subparagraphs in ihis template must be retained, with
additional information being presented as sub-numbered paragraphs containing information that supports
ar complements what is requested.

INTELLECTUAL PROPERTY STATEMENT

Rescarch protocols drafted by Government scienlists include intellectual properly {e.g., concepts,
ideas, experimental approaches, efc.), some of which Is innovative or oHginai and therefore
considerad propriatfary to the investigators and/or the sponsaring agency. All Government and
non-Governmeni personnel handiing 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 other than to evaluate the protocol, without the writien permigsion of the principal
investigalor or the sponsoring agency.
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been approved by the FDA, partly due to the fact that the mechanisms of radiation injury
and recovery are-poorly understood[_JAithough elements of the hematopoietic lineage
have been studied in isolation.® another approach is to study hematopoietic signals
expressed by other celi types; this resufted in a successtul FDA IND application tor
CBLB502, based on a protein made by microorganisms.® The approach of identifying
potential drug targets based on signals in non-hemalopoietic cells can be applied to
cells making up the BM microenvironment, which regulates survival, proliferation, and
differentiation of HSPC.” Hematopoietic factors are induced in BM in response to
radiation injury,? and one of these, G-CSF, is now the standard treatment for radigtion
casualties.? We examined interactions between irradiated HSPC and ostecblastg ~fnd-
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'-14 These are important in normal
hematopoiesis, and EC enhance recovery of HSPC from radiation, ™' 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 stern 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
ineages.'’ They reside within specific BM niches that suppor maintenance,
differentiation, and proliferation:” the osteoblastic or “bone” niche. and ihe perivascular
niche. The perivascular niche comprises mesenchymal progenitor cells, reticular cells,
megakaryocytes, and EC. These celis reguiate HSPC survival by secreting factors,
and/or expressing receplprs and/or ligands that signal upon cell-cell contact.’® In
addition to osteobiastsﬁ)g'z' recent work suggests that EC7-1872.23 play critical roles.®
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-3, IL-8, IL-11, CXCL12, FGF-4, and Ang1/2
(see Appendix 1 for list of acronyms).2® Mice deficient in CXCL12 display a defect in the
hematopoietic colonization of the BM during embryogenesis,® a defect that could be
rescued by enforced expression of SDF-1 in vascular EC, suggesting EC in BM are
gssential for colenization of fetal BM by HSPC.% Isolated BMEC contribute to
hematopoiesis and suppart the proliferation and ditferentiation of HSPC via cytokines
and possibly by physical contact.2-3 BM sinusoidal EC provide a platform for
differentiation of progenitors, such as megakaryocytic progenitor celis.> Recent work
showed the activation state of EC upregulates factors which support HSPC expansion
via Akt or maintenance and differentiation via p44/42.52 HSPC may also exert direct
effects on EC. This is supported by the observation that HSPC VEGF-A stimulates EC
prokiferation *

Effects of EC on hematopoiesis after radiation injury
Radiation exposure leads {0 myelosuppression via apoptosis ol hematopoietic cells as
well as effects on the BM vasculature. There is no hematopoietic regeneration without
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vascular reconstitution of BM.”3 Damage to EC within BM is followed by incomplete
repair and cell death.3® In addition to endothelial apoptosis, radiation induces
endothelial NF-xB activation, alters chemokines and adhesion molecules, tissue factor,
and thrombomodulin,*¢ and induces release of von Willebrand factor, promoting a pro-
inflammatory response. Radiation upregulates PDGF {A-D) in EC.%” VCAM-1
upregulation and P-selectin downreguiation in BM microvessels were observed after
TBI, and this led to increases in hematopoietic progenitors adhering to vessels.%
Damage to EC causes an increase in circulating EC after irradiation.?® Reestablishment
of EC activity improves hematopoietic recovery and survival of irradiated mice.?®
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.'> Pleiotrophin expressed in human brain EC is a hematopoietic factor and
its administration results in expansion of HSPC in vivo in mice.*? Endogenous
pleiotrophin in BM EC regulated retention and self-renewal of HSPC in BM.'2 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.

I.2. Literature Search for Duplication
I1.2.1. Literature Sources Searched: BRD, NIH Reporter, PubMed
I1.2.2. Date of Search: January 18-20, 2013

I1.2.3. Period of SearchAll available years:

BRD: FY2005-FY2009

NIH Reporter: 1988-2013 (Projects and Publications)

PubMed: includes MEDLINE (1966-present) and OLDMEDLINE (1950-1965).

I1.2.4. 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 io find possible projects and papers that are duplicative of the proposed
work.

I1.2.5. Resulis of Search

Most of the projects revealed in the searches of the three databases did not deal with
transplantation of EC for addressing ARS. They addressed use of EC to expand HSPC
in vitro for subsequent transplantation of HSPC, other types of transplants, and radiation
injury to EC.

BRD: 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.'21540 Endothelial progenitor cells (EPC) were shown previously by
this group to promote hematopoietic reconstitution in vivo after total-body irradiation.*’

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.*?

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.'®
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.*' 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 additicn to the previous three issues, the current project is part of a long-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.'® 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 ftransplantation by Zeng et al.*® was discovered in this search. Our
proposal is not duplicative of the Zeng project because we are using EC, not EPGC.
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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fil. OBJECTIVE / HYPOTHESIS 1. The primary hypothesis to be tested in this protocal
is that postexposure administration of mouse BM EC will enhance survival of mice
irradiated at doses that cause the hematopoietic syndrome.

2. A secondatry, 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 progenilors 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 ncn-toxic radiation countermeasures.
Developing countermeasures to radiation exposure is a top priority for the US
Depariment 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 opticns available to fieid 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: “Etfective mitigation of health consequences will {1) reduce
casualty load at medical treatment facilities, (2) sustain a more effective cperational
force after a ractiation exposure event, (3} aliow commanders to conduct operations in
radiation field envimnments without undue risk of decremented performance of
personne! due to acute lissue injury ..., and {4) reduce the nagaltive 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 according to previously published methods, following AFRRI

_standard operating procedures|- |Animals will be placed into well-ventilated Piexiglas

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 the irradiated mice {transport to radiation facility,
placement inte Plexiglas box), minus the radiation exposure.

[sclation of BM EC from donor mice
BM aspirates from femurs of male CD2F1 mice will be washed and seeded in
gelatn-coated flasks containing EC media, and cells in suspension will be separated
4-6 h iater. 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 celis are near cenfluence, they will be trypsinized, and
incubated with Dynabeads® {Invitrogen, Inc.) CD31 EC isolation beads following the
manufacturer's protocol. The identify of the CD31-enriched cells will be verified, celis
expanded and tested for possible Mycoplasma contamination in-house vsing a
commercially available kit (MycoAlert, Lonza, Inc.), and vsed 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 [V injections, and
to specifically determine the maximum dose and injection schedule of BMEC. Three
different doses of BMEG (2.5X10°, 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 LD 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 1o ensure that there is no reaction to the cell injection. Based on
the results of this study, the highesi dose eficiently 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=2.5X10° BMEC, 3=4X10° BMEC, 4=5X10° BMEC)
Mice/Group: 8

{terations: 2

Training mice (tor perfecting iv injections): 50

Note; training mice will also be used for donor mice.

Toetal number calculated by multiplying cells:

Radiation | Treatment | Mice/
Doses Groups | Group Iterations | Total

2 4 B 2| 128

Total mice for Experiment 1: 128 + 50 =178

V.1.1, Experiment 2 Effect of administered EC on survival {moribundity}

All mice {except donor mice) will be expose radiation at a dose that causes 70%

mortality in our laboratory, currently 3.25 G here wilt be three experimental groups.. (24
differing by what 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 celis 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.'® but may

be altered based on preliminary results. Foliowing Chute et al, ' £C will be used after
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no more than 5 passages, and washed twice and resuspended in HBSS + BSA just
before injection.

The expermental endpoint will be 30-day mouse survival (number of mice reaching 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 ireatment, 2. HBSS, 3. EC): 3
Mice/Group: 20

lterations: 2

Total number calculated by multiplying cells:

Radiation | Treatment | Mice/
Doses Groups | Group lteratlons | Total
1 3 20 2] 120

Danor mice far EC for Group 3 (2 iterations): 40
Total mice for Experimeni 1 = 120 + 40 = 160

v.1.2. Experiment 3 Effect of administered EC on hematology {peripheral blood
elements and BM HSPC

Mice (except donor mice) will be exposed to a sublethal dose of radiation low enough to
allow sufficient gells in circutation and BM for analysis during the first two weeks after
exposure: 3 G o0 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) ag described for Experiment
2,

The experimental endpoints wili be 1} guantitation of peripheral blood elements using
CBC-diffs, and 2) quantitation of BM progenitors using clonogenic assays standard in
our laboratory.** 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

lterations: 2

Total number calculated by muttiplying cells:

Radiation | Treatment | Mice/
Doses Groups | Group [Iterations | Total
2 3 15 2 192

Donor mice for EC for Group 3 (2 iterations): 40
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V.3.2. Animal Model and Species Justification We considered computer models and
tissue culture as alternatives to animals. Both aiternatives 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 invoive complex
information-processing networks comprising hundreds of cell types and biclogical
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 culiure to study these phenomena in vitrg, a
scenario that would have its own ethical issues and would blur the distinction between
“Iin 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 signhaling molecules necessary to construct a model of radiation
injury and countermeasure mechanisms. It is also important to understand thatitis a
fallacy to assume that high level “emergent” phencmena 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 / Species: Mice {(Mus musculus)

V.3.3.2. Strain / Stock: CD2F1. Origin: female BALB/c x male DBA/2

V.3.3.3. Source / 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 regulariy 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, Kiebsiella 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 (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/GDVII}, Encephalitozoon
cunicufi, 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.

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,*®”3 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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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 ARS, and iv injections of EC. Theretore, 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: n¢ 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.®’ For a discussion of aiternatives 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 kngwn 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 N/A
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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 N/A

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 Frederick® and AAALAS® 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 alcohcl 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 minutes®. 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 needie. 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
needie inserted into the vein at a minimal angle, in the proximal 1/3 of the tail. The
needle will be advanced to approximately ¥z (~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 pL in volume or less and
will be delivered at a rate of less than 6 uL/sec. 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 gentie pressure using
sterile gauze will be applied directly to the injection site (approximately 5-10 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.®
Most users try to limit the injection to 0.25 ml, a standard veterinary reccmmendation,
but for cell injections, over-concentration may lead to embolism in lung capillaries and
death of the recipient.® If moderate to severe dyspnea is cbserved 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 cbserved 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.4.5. 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 for 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 Isofturane
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 CO2 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 fibitumn. 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 Letter #10)
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Appearance:

Normal {(smooth coat, clear eyes/nose) 0
Hunched and/or fluffed 1
Qculer discharge, and/or edema 3
Emaciated, dehydrated (skin tent} ** 5
Soft stools (lecal mater aroung anus) 5
Bloody diarrhea 9
Respiratory rate:
Normal breathing 0
Increased breathing (double normai rate, rapid. shallow) 6
Abdominal breathing (gasping +/- open mouth breathing)* 12
General Behavior:
Normal {based on baseline observations) 0
Stretching of hind limbs with abdominal motion (writhe) or grimace (App. B and C) |
Decreased mobility 2
Ataxia, wobbly. weak** 6
Inability to stand* 12
Provoked Behavior:
Normal {moves when cage is disturbed, runs from hand {mice) or investigates (rat)} 0
Subdued; responds to stimulation {moves away briskly) |
Subdued even to stimulation (moves away slowly) 3
Unresponsive to gentle prodding ** 6
Daes not right when placed gently on side within 5 seconds® 12
TOTAL
Definitive eriteria for morbidity: Definitive eriteria for moribundity:
Weight Loss up to 10% baseline {if available)** Weight Loss > 20% OR <|5g (adult mouse)®
Pale, white mucous membranes/ skin * * Blue mucous membranes/ skin (cyanosis)*
Fever > |04F/40C (il available)** Cool to the touch or <86F/30C (if available)*
** Regardless of score, notify appropriate person * Regardless of seore, immediately euthanize
immediately. (death is imminent)
Score:

<6 Normal

6-9  Morbid: Monitor at least 3 times per day: notify appropriate personnel immediately

> 10 Moribund: Notify responsible personnel immediately for emhanasia (if no single criteria is 12*}
Any single criteria of 12* euthanize immediately; consider as ‘found dead’

(Note: This form does not have to filled out for every individual 3 every observation, so long as the criteria are used in informing
decisions on incrensed monitoring and/or cuthanasiz. This form may be uscd to make a spreadsheet for greater case ol multiple
aninal observations. as long us the criteria and numbering system are exacthy copicd.)

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 singie 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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APPENDIX 1.

ACRONYMS

ARS = 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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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
isoflurane anesthesia or (2) CO. overdose from 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; ane is %4 of MTD as
determined from expt 1 and one dose higher {i.e. Ve 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 V4 of MTD as
determined from expt 1 and one dose higher (i.e. 1% of MTD}.
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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
N/A

V.4. Technical Methods

V.4.1. Pain / 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 betow in Appendix A: Clinical Observations with
Criteria for Euthanasia (Rodent):
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vih. Appendix A: Clinical Observations with Criteria for
Euthanasia {(Rodent)

DATE: Time: Animal 1D# Score
Appearance:
Normal {smooth coat, clear eyes/nose) 0
Hunched and/or fluffed 1
Ocular discharge, and/or edema 3
Emaciated. dehydrated (skin tent) ** §
Sofft stools (fecal master around anus) 5
Bloody diarrhea ¢
Respiratory rate:
Normai breathing ]
Increased breathing (double normal rate, mpid, thallow) [
Abdominal breathing {gasping +/ open mauth breathing) * 12
Generat Behavior:
Normal (based on baseline cbservations) 0
Suewching of hind limbs with sbdominal motion (writhe) or primace (App. Band Cy |
Decreased mobility 2
Alaxia, wobbly, weak®* 6
Inability to stand* 12
Provoked Behavior:
Normal {moves when cage is disturbed, runs from hand {mice) or investigetes {rat)) 0
Subdued; responds to stimwulation (maves aveay briskly) |
Subdued even to stimulation {moves away slowly) k|
Unrespansive to gentle prodding ** [
Dwoes not right when placed gently on side within $ secomnds® 12
TOTAL
Deftnitive criterin for morbidity: Definitive criteria for moribundity:
Weight Loss up to 10% baseline (if available)y** Weight Loss > 20% OR <15g (adult mouse)*
Pale, white mucous membranes/ skin * * Blue mucous membranes’ skin {cyanosis)*
Fever > 04F/40C (if available)** Cool 10 the touch ar <86F/20C (if availabley*
** Regoardicas of score, notify appropriate person * Regardless of scors, immediately euthankze
immediately, {denth I3 imminent)
Score:

<6 Normal

6-9  Morbid: Monitor at least 3 times per day; nolify appropriate personnet immediately

LR ) Maribond: Notify responsible persomnel immedialely for euthanasia (if no single criteria is 12*)
Any single criteria of | 2* euthanize immediately: consider as *found dead”

[Mote: This form does mot have to filled oul for every individual sl every abscrvaticn. so long us the criteria are used in informing
decisions on increased monitoning and’or euthanasia. This form may be used 1o make a spreadsheet for preater case of muhiple
animal nhservations. as long ot the criteris and numbering system wre exaclly copied.)

Aupnst 2012, supersedes October 2010 wersion
4of 7

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 monbundity
(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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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 iliness 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 hematopoietic 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 resuits 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

keywards Hits
AGRICOLA
(NAL catalog) AltWeb | PubMed
Nanoparticies 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 9] 0 0
Nano-GT3 4] 0 0
Micro-GT3 0 0 0
Radioprotection AND pain 9] 0 5
Radiation AND humane 0 28 8
Pain AND analgesia AND mice 0 21 1656
Radiation AND mouse AND pain 0 & 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-
(3T3, 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 CQO, 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) 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
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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),
R (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 veritying 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 #10 “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 reqular 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 CO2 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 CO. inhalation and
cervical dislocation as described by VSD SOP, by trained investigators or technicians in
accordance with current AVMA Guidelines on Euthanasia. Compressed COz 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

19 of 24


















Reference DOD Instruction 3216.01 & AFRRI instruction 3216.2H

Fr e e ol v vl vl e ok o o o e i o e e v v ol v o o o e i o i vl i vk e vk ol W i o e e o e eyl v e ol o R e o i i o s ol e ol vk i e o o i o e i e i e ol ole o e o o ol oY o o i

Information requested in the following animal use protocol template reflecis the requirements of
the Animal Welfare Act Regufations (AWAR}, ithe Guide for the Care and Use of Laboratory
Animals, and other applicable Federal reguiations and DOD insiructions.

ok ok o ok e ool ol e vk ke e ok ok ol 5 o o o ke el ol ook ke ok ok oo o ok e ool e ok okl ok o o ok e e e sk ke ol o ke ok ok o o ol o e ol ke ok e ok ok ek e ok ok e e ok e ek

This document is intended to be an zid in the preparation of DOD-sponsored animal use protocols. |
is a companion document to an identical protocol template thal does not have embedded instructions.
Either template may be used to format DOD-sponsored animal research propesals; however, reference 1o
the instructions during protoco! preparation is highly recommended. |f using the templaie with
instructions, the instructions should be deleted pyior to submitting the finished protocol for [ACUC review.
Please use Ariai, 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. Therg
is no space limitation for responses to the information requested.

Approved standard operating procedures (SCOPs) promulgated by the AFRRI Veterinary Sciences
Department (YSD) or similar YSD-validated documents that describe specific procedures may be
referenced by SOP number and fitte in hieu of repeating the details in the protocol. However, it is essential
o include general descriptions of all animal manipulalions to be carried out under the IACUC-approved
protocol and io provide details where no approved references are cited. To do otherwise would constitute
a breach of statutary regulations. Manipulations nol covered in the originally appraved protocol can be
initiated only after IACUC approval of a formal amendmeni adding the new procedures. Additionally,
Principal Investigators {Pls), 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. Profocol Pls will be required to provide this and other information during
annual protocol raviews.

Any supporling information that may be of use to the IACLIC during ils review may be atiached to the
completed protocol. Adding subparagraphs within the body of the profocol tempiate is permissible,
provided that the numbering sequence of paragraphs in the original standard format fa maintained. In
other words, all of the labeled paragraphs 2nd subparagraphs in ihis template must be retained, with
additional information being presented as sub-numbered paragraphs centaining information that supports
ar complements what is requested.

INTELLECTUAL PROPERTY STATEMENT

Rescarch protocols drafted by Government scienlists include intellectual properly {e.g., concepls,
ideas, experimental approaches, etc.,), some of which Js innovative or original and therefore
considerod propriofary to the investigators and/or the sponsoring agency. Al Government and
non-Government personnel handiing this protocol shall exercise EXTREME CARE, to ensure that
the information confained herein is NOT DUPLICATED OR DISCLOSED, in whole or parl, for any
purpose other than to evaluate the protocol, without the writien permission of the principal
investigalor or the sponsoring agency.
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I.2. Literature Search for Duplication

11.2.1. Literature Sources Saarched BHD, RePOHTER, FubMed
1.2.2. Date of Search February 24, 2013

11.2.3. Period of Search

BRD 1998 - 2009

RePORTER: 1998-2012

Pubmed: 1998-2012

Il.2.4. Key Words of Search
Swine OR minipig

AND Radiation

AND supportive caro

AND total body

1.2.5. Results of Search

BRD database:
Keyword Swine ... 776 results
Kayword Swine+ radialion: . ....oce e iivnnineen.. 4 BSUIS

1} Implantation Techniques and Specitic Absorption Hates lor Swine (Sus scrofa) in Directed Energy
Health and Safety Studies

2) Pilot study: Development of Galtingen minipig [Sus scrofa domestica) as radiatian injury maodel

3) NIRVANA: Non-tcnizing Radiation Vision for a New Army

4) Extended Electro Magnetic Medical Advisor: A Diagnoslic Tool for Casualty Triage by Cembat Medics

Keyword Swine + supperive care: 129 resubis {nole retevant for this siudy)

For these projects, animals are used 1o train medical practitioners in skills {surgical emergency care.
catheter implaniation, etc) vitai for peacelime medicine, baltlelield operations, combal casualties,
traumastrauina-hemoirhagic patienis.. Alternatively, animats are used for Iraining of new veterinary staff

Keyword Swine+ radiation+ supportive care: .................... 1 results (not relevant for this study)
1) Extended Electro Magnetic Medical Adviser: A Diagnostic Toal for Casualty Triage by Cambat Medics

Keyword Minipig. . .25 resulls
Keyword Minipig + radiatmn ................................. 4 resulis

} Pilot study: Develapment of Gottingen minipig (Sus scrofa domestica} as radiation injury modet

y Determination of Thermnal Injury Thresholds in the Yucatan Minipig Using Radio Frequency Radiation
} Datermination 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

1
2
3

Keyword Minipig + suppartive care 1 results (not relevant for this study)

1) Exploratory Assessment of Immediate Behavioral Effects O TASER:-Like Devices On Swine

Keyword Minipig + radiation + supportive Care.........ceceeviniininiinemeeees 0 rosults
RePORTER dalabase:

Keyword swine: T, ...838 Hesulls

Keyword sw ne+radlatlon .......................... 108 Resulis

Keyword sw ne+ supporlive care: 3 rasults {no! relevant fo this study)

1} Modulating secondary damage foflowing traumatc brain injury in the child
2) See. reach, ireal fumor-oplimized transarterial chemoembaolization 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 io this project)

1. DEVELOP RADIATION INJURY MODEL: GOTTINGEN MINIPIG (SUS SCROFA DOMESTICA)
2. DEVELOP RADIATION INJURY MODEL USING THE GOTTINGEN MINIPIG

3. COUNTERMEASURES AGAINST RADIOLOGICAL AND NUCLEAR ATTACK - AFRRI/IAA

4, COUNTERMEASURES AGAINST RADICLOGICAL AND NUCLEAR ATTACK

Keyword Minipig+radiation: ..........c..cooveennee 4 results
1. DEVELOP RADIATION INJURY MODEL: GOTTINGEN MINIPIG (SUS SCROFA DOMESTICA)
2. DEVELCP RADIATICN INJURY MODEL USING THE GOTTINGEN MINIPIG
3. CCUNTERMEASURES AGAINST RADIOLOGICAL AND NUCLEAR ATTACK - AFRRI/IAA
4, CCUNTERMEASURES AGAINST RADIOLOGICAL AND NUCLEAR ATTACK
Keyword Minipig+ supportive care 0 results
Keyword Minipig + radiation + supportive care........................ccc...o. 0 results
PUBMED database:
Keyword SWINe ..o 175608 rasults
Keyword Swine + supportive care......................... 30 results (not relevant to this study)

Publications focused on brain death, kidneyfiver/ung injury (non radiation-induced), thoracic trauma,
animal welfare, H1IN1, sepsis/infections (non radiation-induced), influenza, poisoning from ingested
agents, seplic shock, respirators/surgical masks, ischemia/oxygenation, burn care, hypenatremia, fetal
surgical protocals.

Keyword Swine + radiafion: ... 4257 rasults
Keyword swine + radiation + intestine + supportive care 0
Keyword MiniPig:....coivviiiiii e verneieenees 5952 resulis

Keyword minipig+ supportive care 2 results (not relevant)

1) High-sodium crystalfoid solution for treatment of hypernatremia in a Viethamese pot-betlied pig.
2) Fetal surgical protocols in Yucatan miniature swine.

Keyword Minipig+radiation....................coooe 229 results

Keyword minipig+radiation+ supportive care......... 0
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lll. OBJECTIVE / HYPOTHESIS

Qur preliminary data show that doses 2 2 Gy are 100% lethal and that morbidity was reached £14 days
after exposure to radiation. In the Gl tract, villar blunting and fusion are observed, but no foss of crypts or
decline in ptasma 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 staring 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 1o the LD100/30.

IV. MILITARY RELEVANCE

According to the DoD Chemical and Biologicat 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 Middte 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 radiclogical dispersal devices (RDD) and radiological exposure devices {RED) pose a significant
potential threat especially in the hands of non-siate groups ... Contamination and recovery issues
associated with operating in a radiological environment remain significant concerns for mililary operations
and underscore the need for robust detection, protection, and decontamination systems.”

Currently, there is no safe and non-toxic radiation countermeasure available. Military personnet are
potentially exposed to radiation in various scenarios. Both earty and late health effects of radiation
exposure are major concerns for the military. Develaping countermeasures to radiation exposure is a top
priority for the US Department of Defense. Effective countermeasures would expand the options avaifable
to field commanders operating lonizing 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 heaith consequences [of IR] witl (1) reduce casualty toad at medical treatment
facilities, (2) sustain a more effective operational force atter a radiation exposure event, (3) allow
commanders 1o conduct operations in radiation field environments without undue risk of decremented
performance of personnel due to acute tissve injury, and (4) reduce the negative psychological impact an
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 NHP's 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 avaitable large animal radiation injury models would
facilitate development of promising countermeasures.

V. MATERIALS AND METHODS
V.1. Experimenial 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 Gl 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 1AW VSD SQP 2(H9, 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 frained and cerlified personne!l. Secondary
data-points will be standard hematelogy measurements in peripheral biood (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 coliected for histopathology and tissue repository.

An implantable Micro Identification transponder with programmable Temperature Transponder (Bio Med
Data System) will be implanted subcutaneously to manitor body temperature (see section V.4.3.1. Pre-
surgical Provisions). A Vascular Access Port (VAP) PMID or MID model (Instech Solomon, PA}, wilt be
used to improve ease of btood draws and facilitate administration of supportive care (fiuids 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 siles 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 protocots. Animals will 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 Gl-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
wiil allow us to obtain data on 30-d survival in the dose range 2.0 — 3.0 Gy in the presence of two leveis of
suppartive care.

We will imptant VAPs in mate Gottingen minipigs to facilitate blood sampling and administration of
supportive care. Three weeks after VAP implantation, we wili expose minipigs to irradiation {Cobalt-60,
total body, bilateral, 0.6 Gy/min). Two cohorts of 8 animals each wilk be used for Experiment 1; animals
will be irradialed and administered supportive care, as described in Table 1. Survival will be followed for
30 days.

Table 1; Supportive care Radiation levels Totai

study design no.
20Gy |25Gy | 3.0Gy | animals

Exp 1a. Part | Per harmonized 4 4 8

1 protocol, including VAPs

with antibiotics, IV fluids.

Exp 1a. Part | Asin Part 1, with blocd 4 4 8

2 products added
Total no. of animats Exp 1a 16
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Experiment 1a Part 2 is contingent upon results from Experiment 1a Par 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 1a Part 1) do not survive »14 days, we will break
down to Exp ta Part 2 into 2 sequential experiments (Exp 1a Part 2a and Exp ta Part 2b}). We wili first
irradiated 4 animals at 2.5 Gy and we will administered suppoytive care PLUS blood products added. If
these animals survive »14 days, we will proceed to irradiating at 3.0 Gy (Exp 1a. Part 2}; if the 2.5 Gy
irradiated animals, receiving supportive care and blood, do not survive mare than 14 days, the remaining
4 animats 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).

Evp 1aPart 1
All Zrimas surylve 2.0 By wradiated arimals do MNOT survive
Exp laPan 2 iB animals, Ewp 13 #art la
4 2.3 Gy + 4@ 3.0Gy) [4 anirma s Irradiated at
2.5 By + lood produtt)
Some o all anmats sareve All animals dis
Eup 1a Part 2b Esp 1aPart 2k
14 animals rradiated at 3.6 ‘dammals Irradiated at <2.5 Gy +
Gy + 0loQd produtt| bigod product)

follows harmonized minipig protocol guidelines. Whole, anti-coagulated (ADC). blood wilt be
purchased from commercial companies, shipped overnight on wet ice, irfadiated, 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 mi/hour, unless otherwise directed by V5D veterinarians.

The regimen of suppaortive care is described in Table 2 (see section V.4.4. Animal Manipulations); it
@)4)

TABLE 2: Regimen for supportive care

Treatment Regimen Admin route Start/end
Antibiotics Enrafloxacin 5-7 mglkg SID PO {or tMor IVit | 3-30d
(Baytril) FO not possibie)
Amoxicillin 10 myrkg BID PO (or tMor Vil | 3-30d
FC not pogsibie)
Antipyretic/anti- | Carprofen 2.2-4.4 mgkg BID | IV, {or POor IMIf | 3-30d
inflammatory (Rimadyl) PO not possible
Dietary Moistened/iiquid 3-30d
Supplementation | food, Metamucil,
pumpkin mash
IV fluids Lactate Ringers 10-30 ml/kg slow [V push Starl day 3, every 1-3
Solution | {10-20 min} cays®
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Blood product Whote blood Up to 7-14 mikg, Once a week, starting
support ) v on day 7-8.

* Depending on the hydralion state of the animal, in consuitation with VSD
** Tatal volume will depend upon HCT and platelets count, in consLitation with VSD

Muitiple blood draws may be performed, with the following schedule (with day of irradiation or sham
irradiation as "day 0"): blood will he collected -14, -7, -1 day (before irradiation! and on days ¢, 1, 2, 3, 7,
10, 14,17, 20, 23, and 30 {after irradiation). Shifts in blood draw days and reduction in the numhber of
bleeds may be made as contingencies arise. Time points for single blood draws after day 17 after IR may
be subtect fo changes of up 16 +/-48 hours. Volume of blood taken will not exceed 1% of total binod
volume {65mlkg in case of swine) or 6 mi, whichever is less.

ANIMALS FOR EXPERIMENT 1: 16 animals

V.1.2. Experiment 2 — Mortality probit curve study.

Based on results in Experiment 1, AFRRI will perform a 30-day survival probit study over several radiation

levels in the presence of supportive care, as suggested by resuits from Experiment 1a and in consultation
e com—

The probit curve will be constructed from 7 separate groups of 8 animals sach (56 animals), at doses
(TB1, 0.6 Gy/min) 1o be determined based on results of expedment 1a, in the AFRRI cobalt facility. The
primary data-points of the study will be 30-day survival; secondary data-poinis will be CBC counts,
histology of the Gl fract {smali howel representative areas} and hone marrow {sites noted above), and
tissue and biood microbiology at necropay. The binod draw schedule and supportive care regimen will be
those established in pilot study 1.

T L ANIMALS FOR EXPERIMENT 2: 7 % 8 animals/ =56

TOTAL ANIMALS FOR EXPERIMENT 1+2: 56+16 = 72

V.2. Data Analysis

Survival in Exp 1a Part 1 with supportive care at 2.0 Gy will be compared against historical conlrols with
no supporiive care.

Susvival in Part 1a 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 hlood 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 Expla Part 1. 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.

Fot the generation of the survival curve, the LD30, 50 and 70 will be estimated us.ng the probit

method. This method allows for construction of confidence intervals to describe the precision of the
astimated lethal doses. The width of the confidence interval depends on the number of doses, numbaer 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 morality raies ol 5, 20, 35, 80, 65, 80 and 95 percent for the seven
doses, the cxpected width of the 55% confidence intcrval for the LDB0 will be 0.57 Gy, and the expected
widih of the 85% confidence interval for the LD30 and LD70 will be .72 Gy. We anticipate that most dose-
response curves will be steeper and therefare will yield even more precise estimaies of the LD30, 5¢ and
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70. Expected confidence interval widths are based on the average of 1,000 simulated data s&ts 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
modet or tissue culture that can mimic the effect of radiation on the whole organism and predict lethality.
Survival depends on an inlricate network of organ cross-talks and cellular microenvironment that cannot
be recreated in vitro. Consequently, administration of supportive care to cellutar components grown in
vitro will not allow any assessment on survival.

We do not know ali of the celi 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 arl 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 smail and
large mammals before granting approval for drug 1esting in humans.

V.3.2. Animal Model and Species Justification

We have been deveioping the Gottingen minipig as an additional large animal mode! for the study of the
ARS and advanced development of radiation countermeasures. Large, long-lived, non-rodent animal
modeis are required for drug studies submitted to the FDA for licensure applications. The current study
will help characterize the model in ferms of natural history of ARS. The close similarity to humans in
anatomy and physiclogy 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 physiclogical, molecular and genetic level of
the minipig is tikely to occur, thus increasing acceptance of this model and facilitating advanced drug
developmeni. Our previous studies have employed male Gottingen minipigs to develop a probit curve;
fernale minipigs of 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 Animais

V.3.3.1. Genus / Species Sus scrofa domestica

V.3.3.2. Strain / Stock Gottingen

V.3.3.3. Source / Vendor Marshall BioResources/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 Consideralions NA

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

Exp 1+2: 72 animals
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tate. Following tracheal intubation, pigs will be maintained under general anesthesia using isoflurane gas
{Abbott Laboratories, North Chicago, /L) at a maintenance rate of 1% to 3% and oxygen flow rate of 1 t0 2
I/min.

IRRADIATION

Prior to irradiation, animals will be sedated with Telazol® (Telazol, 6-8 mg/kg M, 100 mg/ml, Fort Dodge
Laboratories, |A). Alternatively, Telazol® (4.4 mg/kg M), in combination with dexmedtomidine (0.05-0.1
mg/kg M) or ketamine (20 mg/kg #M)/xylazine (2 mg/kg M) can also be used for sedalion. Atropine {0.05
mg/kg SC, IM or IV, atropine suifate, 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 /M (same volume as dexmedotmidine) to
facilitate recovery.

V.4.1.2.2. Pre- and Post-procedural Provisions

Body weights will be determined at teast once prior to treatment, on the first day of treatment, and on
days of blood collection. Body temperature will be determined daily between 8 am and 12 noon. The time
of each temperature collection will be recorded for each minipig.

IRRADIATION

Pre-Irradiation: Animals will be fasted overnight (approximately 16 — 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. Hearl rale and temperature wili 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 inie stings in pelyvinylchloride 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-lrradiation: 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.q. Bair Hugger blanket) if necessary. Atipamezole /M
(same volume as dexmedotmidine) may be used to reverse the anesthetic effect of dexmedetomidine,

BLOCD SAMPLING

Preparation of the animatls: 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 bloocd sampling and administration of supportive care with Midazotam (0.1-0.5
mg/kg s.¢.or iM), or acepromazine (1.1 mg/kg iM),10 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 ctosed and the blood has clotted.

V.4.1.2.3. Paralytics N/A

¥.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 aspecls of the study refevant te aliernatives o painfut 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:

swing, radiation, ARS, sequelae, pain, distress, alernatives,

V.4.1.3.5. Results of Search

AGRICOLA

Swine AND radiation AND pain:............oooeoviiiiiiniees 0 results found

Swine AND radiation AND distress:..............cocevnvens 0 results found

Swine AND radiation AND alternatives..................... 5 results (not relevant)

1) Energy for swine {acilities || Alternative sources of energy

Fehr, AINAL Catalog (AGRICOLA)

2) Evaluation of a porcine lens and ftuorescence assay approach for in vitro ocular toxicological
investigations

Oriowo, Om NAL Catalog (AGRICOLA)

3) Molecutar characterization, chromosomal location, alternative splicing and polymarphism of porcine
GFAT1 gene

Liu, K. NAL Cataleg (AGRICOLA)

4) Evaluation of alternative techniques to determine park carcass value

Akridge, JENAL Catalog (AGRICOLA)

5) Genomic structure, chromosomal localization and expression profile of a porcine long non-cading RNA
isolated from long SAGE libraries

Ren, H. NAL Catalog (AGRICOLA)

Swine AND ARS AND pain:..........c..ooooiieens 0 results found
Swine AND ARS AND distress:........coccovennvnnnn. 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:.............coco e, 0 results found

Swine AND radiation sequelae AND distress:.......cc.covvvieierienne 0 results found
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O A Soave. Am J Public Heaith Nations Health. 1967 September; 57(9): 1621-1626.

12) Arthritis in Cattle. J. L. Shupe. Can Vet J. 1961 October; 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 Celi 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:...........c..ccoceenil 13 results found (not relevant for this study)

1) Advances in Swine Biomedical Model Genomics. Joan K. Lunney

Int J Biol Sci. 2007; 3(3): 179-184.

2) Pacing-Induced Regicnal Differences in Adenosine Receptors mRNA Expression in a Swine Model of
Dilated Cardiomyopathy Silvia De! Ry, Manueta Cabiati, Vincenzo Lionetti, Giovanni D. Aguaro,
Alessandro Martino, Letizia Mattii, Maria-Aurora Morzles

PLoS Cne. 2012; 7{10):

3) Experimental Infection of Pigs with the Human 1918 Pandemic Influenza Virus

Hana M. Weingartl, Randy A. Afbrecht, Kelly M. Lager, Shawn Babiuk, Peter Marszal, James Neufeld,
Carissa Embury-Hyatt, Porntippa Lekcharoensuk, Terrence M. Tumpey, Adolfo Garcia-Sastre, Jirgen 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 (HIN1) — A Report
from the Hospital das Clinicas of the University of Sao Paulo. Ludhmila Abrahao Hajjar, Denise Schout,
Fitomena Regina Bartosa Gomes Galas, David Everson Uip, Anna Sara Shafferman Levin, Hefio Hehl
Caiaffa Filho, Pedro Takanori Sakane, Carlos Alberto Sustik, 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-incompetent Live Attenuated Influenza Virus Vaccine for Protection against Pandemic
Virus Strains. Rong Hai, Adolfo Garcia-Sastre, David E. Swayne, Peter Palese

J Virol. 2011 July; 85(14}: 6832-6843.

7) Deletions in the Neuraminidase Stalk Region of HZN2 and HIN2 Avian Influenza Virus Subtypes Do
Not Affect Postinfluenza Secondary Bacterial Pneumonia

Ashok K. Chockalingam, Danielle Hickman, Lindomar Pena, Jianqgiang Ye, Andrea Ferrero, Jose R.
Echenique, Hongjun Chen, Troy Sutton, Daniel R. Perez J Virol. 2012 April; B6(7): 3564—

8) Safety assessment of probiotics for human use Mary Ellen Sanders, Louis MA Akkermans, Dirk Haller,
Cathy Hammerman, James Heimbach, Gabriele Hérmannsperger, Geerl Huys, Dan D Levy, Femke
Lutgendarff, David Mack, Phoukham Phaothirath, Gloria Solano-Aguitar, Elaine Vaughan. Gut

Microbes. 2010 May-Jun; 1(3): 164-185.

9) Epidemiology of Human Infection with the Novel Virus Influenza A (H1H1) in the Hospital das Clinicas,
Saop Paulo, Brazil — June—September 2009. Denise Schout, Ludhmila Abrabao Hajjar, Filomena Regina
Barbosa Gomes Gatas, 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
Barcne, Milton de Arruda Martins, 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 Radiat Biol.

2011 August; B7(8): 851-E68.
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11) Safety, Inmunogencity and Efficacy of a Cold-Adapted A/Ann Arbor/6/60 (H2N2) Vaccine in Mice and
Ferrets. Grace L Chen, Elaine W Lamirande, Hong Jin, George Kembie, Kanta Subbarao. Virotogy. 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 aiternatives..................... 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. Mot Ther. 2010 February; 18(2): 327-333.
3) Comparison of dkg8-linked intergenic sequence ribotyping to DNA microarray hybridization for
assigning serotype to Salmonelia enterica. Jean Guard, Roxana Sanchez-Ingunza, Cesar Morales, Tod
Stewart, Karen Liljebjeike, JoAnn Kessel, Kim Ingram, Deana Jones, Charlene Jackson, Paula Fedorka-
Cray, Jonathan Frye, Richard Gast, Arthur Hinton, Jr. FEMS Microbiol Lett. 2012 December; 337(1): 61—
72.

4) Society of Nematologists 2011 Meeting: Abstracts: Alphabeticaily by first author. J Nematol. 2011 Sep-
Dec; 43(3-4); 223-297.

5) Antimicrobial Susceptibility to Azithromycin among Sa/manelfa enterica Isolates from the United States.
Maria Sjélund-Karlsson, Kevin Joyce, Karen Blickenstaff, Takiyah Ball, Jovita Haro, Felicita M. Medalla,
Paula Fedorka-Cray, Shachua Zhao, John A, Crump, Jean M. Whichard. Antimicrob Agents

Chemother. 2011 September; 55(9): 3985-3949.

6) ABSTRACTS J Nematol. 2010 September; 42(3): 230-279.

7) A critical analysis of disease-associated DNA polymorphisms in the genes of cattle, goal, sheep, and
pig. Evetine M. Ibeagha-Awemu, Patrick Kgwatalala, Aloysius E. Ibeagha, Xin Zhao

Mamm Genome. 2008 April; 19(4): 226—245. Published online 2008 March 19.

8) Compelitive exclusion treatment reduces the mortality and fecal shedding associaled with
enterotoxigenic Escherichia coli infection in nursery-raised neonatal pigs.

K J Genovese, R C Anderson, R B Harvey, D J Nisbet. Can J Vet Res. 2000 October; 84(4): 204—207.
9) SOCIETY OF NEMATOLOGISTS 46" 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 agricuiture 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:.............c.oeeeveeeinn. 157 resuits 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, Michae!
Flentje, Matthias Guckenberger. Radiat Oncol. 2013; 8: 7.

2) Emerging Local Ablation Techniques Michael J. Stone, Bradford J. Wood Semin Intervent Radiof. 2006
March; 23(1): 85-98. doi: 10.1055/5-2006-939844

3) Minimally invasive surgery and cancer: controversies part 1 Meianie Goldfarb, Steven Brower, S. D.
Schwaitzberg Surg Endosc. 2010 February; 24(2}: 304-334.

4 }Dental Implant Systems Yoshiki Oshida, Elf B. Tuna, Oya Aktdren, Koray Gengay
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Int J Mol Sci. 2010; 11(4): 1580-1678

5 Yaginal cuff dehiscence in laparoscopic hysterectomy: influence of various suturing methods of the
vaginal vault M. D. Blikkendaal, A. R. 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-CPERATIVE MORBIDITY ON DISEASE-SPECIFIC SURVIVAL AFTER HEPATIC
RESECTICN FOR COLORECTAL METASTASIS (CRM) Abstracts HPB {Oxford) 2006; 8(52): 3-256
10) RNA STABILITY REGULATES DIFFERENTIAL EXPRESSION OF THE METASTASIS PROTEIN,
OSTEQOPONTIN, 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 MCRBIDITY AFTER MAJOR HEPATECTOMY IN
PATIENTS WITH COLORECTAL LIVER METASTASES RECEIVING PREOPERATIVE
CHEMOTHERAPY Abstracts HPB {Oxford) 2008; 10(S1): 7- 28.

13) Myiasis Fabio Francesconi, Omar Lupi Clin Microbiol Rev. 2012 January: 25(1}: 79-105.

14) Q Fever M. Maurin, D. Raocult 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, Jefirey Southard, Janine
Carlson, Jonn 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 5. Graham, Robert P. Chilcott, Paul Rice, Stephen M. Milner, Charles G. Hurst, Beverly |.
Maliner J Burns Wounds. 2005; 4:

17) Food systems: perspectives on demographics and affluence, food supply and consumption.

G T Molitor Environ Health Perspect. 1990 June; 86: 201-223.

18) Endocarditis Due 1o Rare and Fastidicus Bacteria P. Brougqui, D. Raouit Clin Microbiol Rev. 2001
January; 14(1); 177-207. doi; 10.1128/CMR.14.1.177-207.2001

19) The Mycaobacterium avium complex. C B Inderlied, C A Kemper, L E Bermudez

Clin Microbiol 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 2008 November 25.
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Swine AND radiation sequelae AND distress AND alternatives ...8 results (not relevant to this study)

1) Minimally invasive surgery and cancer: controversies part 1. Metanie Goldfarb, Steven Brower, 5. D.
Schwaitzberg. Surg Endosc. 2010 February; 24(2): 304-334.
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1o 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 Microbiol Rev. 2012 January; 25(1): 79-105
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19 of 28



HPB (Oxford) 2008; 8{S2): 3-256.

5) BLUE LIVER SYNDROME INCREASES MORBIDITY AFTER MAJOR HEPATECTOMY IN PATIENTS
WITH COLORECTAL LIVER METASTASES RECEIVING PREOFPERATIVE CHEMOTHERAPY Abstracts
HPB (Oxford) 2008; 10{S1): 7-228.

6) O Fever M. Maurin, D. Raoult Clin Microbiol 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
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Published in final edited form as: J Toxicol Enviren 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 modeis, 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 animats after the irradiation procedures,
since they are known to interact wilth the immune system (see references in Jacobsen, K. O., 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 supporlive care is expecied to miligate 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 tor blood coilections 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
wili be cleaned with a fowel 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 (approximatety 16 — 18 h) prior to VAP implantation surgery.

For antibiotic, Cefazolin sodium 20 mg/kg /V or ampicillin sodium 10-20 mg/kg /V will be given just prior to
the surgery, or intra-operativety, 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 (SoloPort subcutaneous access port, either PMID or MID model; Instech Solomon, PA) will
be surgically imptanted in the right external jugular veins under general anesthesia according 1o the
principles of aseptic surgery. Animals will be tying on their back; vitat signs wili 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 inserlion of the VAP
catheter, it will be flushed with locking solution (heparin lock flush solution, 100 IL/ml}. Prior to securing
the VAP catheter within the vein, 1 preplaced 3-0 polydioxanone (PDS} suture (Ethicon, Somerville, NJ)
wilt be used to ligate the vesseél 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 resesvoir and catheler will be flushed
again with 6 ml saline and locked with 3 ml of a heparin lock flush solution (100 [U/mi) all subsequent lock
solutions will be heparin (100 1U/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 Il {polydioxanone suture; Ethicon). Skin incisions will be closed with 2-0 PDS 1l (Ethicon) in a
continuous intradermal pattern. Tissue glue (VeiBond, 3M, St Paul, MN) may be used to help seal
surgical sites as necessary to help prevent contamination. Cefazolin sodium 20 mg/kg /V or ampicillin
sodium 10-20 mg/kg V' will be given just prior to the surgery, or intra-opetatively, for prophylaxis.

V.4.3.3. Post-surgical Provisions
VAP SURGERY

Postoperative inframuscular buprenorphine (0.01 10 0.02 mg/kg; Buprenex, Reckitt Benckiser, Richmond,
VA) or Carprofen (2.2 mg/kg) will be provided foranalgesia before full recovery from anesthesia (12).
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 PI.
Alternatively, fentanyl transdermal patch at Smcg/kg/br 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. Suppiemental heat may be provided in the home cage
post-operatively (e.g. Bair Hugger warm air btanket

After surgery, 25-50 mg/kg trimethoprim-suifa PO (500 mg PO for 10 kg pig or Smg/hg M), SID, will be
given for 5 days or more as determined by veterinarian to lessen the risk of post-op infection.
Alternativety, enrofloxacin 5-10 mg/kg /W 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 wilt 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 /M, s¢, using sterile needles (23 — 21 gauge)
and syringes, or IV through the VAP using Huber needles or PO.

V.4.4.1.1. Pharmaceutical Grade Drugs

Lidocain {5%]), topical

Telazol®

Ketamine/xylazine

Atrapine atropine sulfate

Cefazolin sodium

Ampicillin sodium

Heparin lock, IV

Saline

Ibuprenarphine

Carprofen

Fentanyl transdermal patch, topical
Metamucil

Enroflaxacin

Baytrit

Amaoxicillin

Carprofen

Rimadyl

Midazolam

Acepromazine

Cetacain topical spray

All the drugs listed above are crdered 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 sampie
will be a maximum of 6 ml in volume or less than 1% total blood volume (whichever is less) and wilt 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 Technigues and Noninvasive
Procedures). We wilt obtain blood samples using Solomon Instech 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 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 aleohol until all gross debris is removed (310 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 mi heparin lock flush
solution (100 1U/mt) will be infused into the porl and catheter as a locking solution. A standard protocol
wilf 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 porl to ensure the tip of the needle is all the way through the
septum and into the reservoir, Second, high-pressure turbutent 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 needte will be replaced; at times
the needle may be clotted. Fourth, if the described series of interventions fails 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 coilection from alternate vessels (peripheral vesseis, marginal ear
veins, possibly femoral if animals have recovered from irradiation), the animals may be anesthetized for
restraint following the recommendations of an AFRRI 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 itis
considered nonfunctional. In the previous pilot protocol, cotlections from the VAPs have been 99%
successful.

Animal may be sedated at the time of blood sampiing and administration of supportive care_with
Midazolam {0.1-0.5 mg/kg s.c.or IM}, or acepromazine (1.1 mg/kg M}, 10 minutes prior to venous access,
or Telazol if necessary

Tissue and histological samples:

Tissue sampies, to include organs, blood and hairs, may be taken at the time of euthanasia for slide
preparation as welt 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 1o irradiate minipigs.

V.4.4.3. Adjuvants NA
V.4.4.4. Monoclonal Antibody (MAbD) 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 Gottingen Minipigs from Marshall Bioresources and
shipped overnight to AFRRI on wet ice. When avaitable, blood from siblings of animals that have been
irradiated at AFRRI will be provided by Marshall Bioresources. Donars 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.

Heulth Monitoring Report According 1o FELASA Recommendations

MNume and address of the hreeder: Marshall Farms USA, Galen Rd Norfh Rose, NY

Date of issue: Seplemtbwr 2012 Unit N Marshall Farnis, Examinution date : August 2012
Gulen Rd - PF

Spevics: Porcine Strain: Goningen Minipg Rederivation:

Popututed: August 2003
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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
superticial 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 Endpoeint 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 1o 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 expected weight (based on Marshall Bio-resources growth chart —weight vs age-
and day Q baseline percentile).

Non-absolute

Hyper/hypothermia

Anorexia (skip 3 consecutive BID meals)

Anemia/pallor, CRT »2 seconds. CRT will be performed behind the ears.
Petechiae/ecchymosis

Vomiting/diarrhea

Lethargy

Seizures or vestibular signs (falling, circling or head tilt)

Uncontrollable hemorrhage

LN OA LD

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 /M) or ketamine (20 mgtkg IMy/xylazine
(2 mg/kg M. 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 canfirmed by VSD veterinarian or veterinary technician via auscuhation 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. Buring 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 ona 12:12
h light {0600 1o 1800) dark cycle with the temperature set to 27 1o 29°C and 30% to 70% relative humidity.
Commercial diet (Mini-Swine Diet 87563, Harlan Teklad Diets, Madison, W) will be provided. Water will be
provided ad libitum.

V.5.1.1. Study Room

Minipigs will be located at AFRRI {or 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 transporl 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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Reference DOD Instruction 3216.01 & AFRRI instruction 3216.2H
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Information requested in the following animal use protocol template reflecis the requirements of
the Animal Welfare Act Regufations (AWAR}, the Guide for the Care and Use of Laboratory
Animals, and other applicable Federal reguiations and DOD Insiructions.

o ok ok o ok e ok ol ol e vk ke e ok ok ol 5 o o o ok el ol ook ke ok ok oo 3 ok e ok vl e ok ol ok o o s ok e e e sk ke ol o ke ok e ok o ok ol o e ol Sk ke ok e ok ok ek e o ok ok e ok e e ek

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. i
is a companion document to an identical protocol termplate thal does not have embedded instructions.,
Either template may be used to format DOD-sponsored animal research propesals; however, reference 1o
the instructions during protoco! preparation is highly recommended. |f using the templaie with
instructions, the instructions should be deleted prior to submitting the finished protocol for [ACUC review.
Please use Ariai, 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. Therg
is no space limitation for responses to the information requested.

Approved standard operating procedures (SCOPs) promulgated by the AFRRI Veterinary Sciences
Department (VYSD) or similar YSD-validated documents that describe specific procedures may be
referenced by SOP number and fitte in heu of repeating the details in the protocol. However, it is essential
1o include general descriptions of all animal manipulations to be carried out under the IACUC-approved
protocol and io provide details where no approved references are cited. To do otherwise would constitute
a breach of statutary regulations. Manipulations nol covered in the originally appraved protocol can be
initiated only after IACUC approval of a formal amendmeni adding the naw procedures. Additionally,
Principal Investigators {Pls), or other delegated research personnel, should maintain accurale
experimental records and be able to provide an audit trail of animat expenditures and use that correlates
with their approved protocol. Profocol Plg will be required to provide this and other information during
annual protocol raviews.

Any supporling information that may be of use to the IACLIC during ils review may be atiached to the
completed protocol. Adding subparagraphs within the body of the protoco! template is permissible,
provided that the numbering sequence of paragraphs in the original standard format fa maintained. In
other words, all of the labeled paragraphs 2nd subparagraphs in ihis template musi be retained, with
additional information being presented as sub-numbered paragraphs centaining information that supports
ar complements what is requested.

INTELLECTUAL PROPERTY STATEMENT

Rescarch protocols drafted by Government scienlists include intellectual properly {e.g., concepls,
ideas, experimental approaches, etc.), some of which /s Innovative or original and therefore
considered propriefary to the investigators and/or the sponsoring agency. Al Government and
non-Government personnel handiing this protocol shall exercise EXTREME CARE, to ensure that
the information confained herein is NOT DUPLICATED OR DISCLOSED, in whole or parl, for any
purpose other than to evaluate the protocol, without the writlen permission of the principal
investigalor or the sponsoring agency.
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Il.2. Literature Search for Duplication

11.2.1. Literature Sources Searched BRD, RePORTER, PubMed
11.2.2. Date of Search February 24, 2013

11.2.3. Period of Search

BRD: 1998 ~ 2009

RePORTER: 1998-2012

Pubmed: 1998-2012

I1.2.4. Key Words of Search
Swine OR minipig

AND Radiation

AND supporlive care

AND total body

11.2.5. Results of Search

BRD database:
Keyword SWINe ........ocoiiiiii e 776 results
Keyword Swine+ radialion: ........covvveiiiiiiiiiinnnens 4 resulis

1) Implantation Techniques and Specific Absorption Rates for Swine (Sus scrofa) in Direcied Energy
Health and Safety Studies

2) Pilot study: Development of Gottingen minipig (Sus scrofa domestica) as radiation injury model

3) NIRVANA: Non-lonizing Radiation Vision for a New Army

4) Extended Electro Magnetic Medical Advisor: A Diagnostic Tool for Casualty Triage by Combat Medics

Keyword Swine + supportive care: 129 resulis {noie 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, batilefield 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: ... e 25 results
Keyword Minipig < radiation: ........................o. 4 results

1) Pilot study: Development of Gottingen minipig (Sus scrofa domestica) as radiation injury modei

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 Inmediate Behavioral Effects Of TASER-Like Devices On Swine

Keyword Minipig + radiation + supportive care.................cocoeeevvvad 0 results

RePORTER database:

Keyword SWiNe: .........ooci i e 838 Results
Keyword swine+radiation: ........................... 108 Resulis
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 io this project)

1. DEVELOP RADIATION INJURY MODEL: GOTTINGEN MINIPIG (SUS SCROFA DOMESTICA)
2. DEVELOP RADIATION INJURY MODEL USING THE GOTTINGEN MINIPIG

3. COUNTERMEASURES AGAINST RADIOLOGICAL AND NUCLEAR ATTACK - AFRRI/IAA

4, COUNTERMEASURES AGAINST RADICLOGICAL AND NUCLEAR ATTACK

Keyword Minipig+radiation: ..........c..cooveennee 4 results
1. DEVELOP RADIATION INJURY MODEL: GOTTINGEN MINIPIG (SUS SCROFA DOMESTICA)
2. DEVELCP RADIATICN INJURY MODEL USING THE GOTTINGEN MINIPIG
3. CCUNTERMEASURES AGAINST RADIOLOGICAL AND NUCLEAR ATTACK - AFRRI/IAA
4, CCUNTERMEASURES AGAINST RADIOLOGICAL AND NUCLEAR ATTACK
Keyword Minipig+ supportive care 0 results
Keyword Minipig + radiation + supportive care........................ccc...o. 0 results
PUBMED database:
Keyword SWINe ..o 175608 rasults
Keyword Swine + supportive care......................... 30 results (not relevant to this study)

Publications focused on brain death, kidneyfiver/ung injury (non radiation-induced), thoracic trauma,
animal welfare, H1IN1, sepsis/infections (non radiation-induced), influenza, poisoning from ingested
agents, seplic shock, respirators/surgical masks, ischemia/oxygenation, burn care, hypenatremia, fetal
surgical protocals.

Keyword Swine + radiafion: ... 4257 rasults
Keyword swine + radiation + intestine + supportive care 0
Keyword MiniPig:....coivviiiiii e verneieenees 5952 resulis

Keyword minipig+ supportive care 2 results (not relevant)

1) High-sodium crystalfoid solution for treatment of hypernatremia in a Viethamese pot-betlied pig.
2) Fetal surgical protocols in Yucatan miniature swine.

Keyword Minipig+radiation....................coooe 229 results

Keyword minipig+radiation+ supportive care......... 0
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lll. OBJECTIVE / HYPOTHESIS

Qur preliminary data show that doses 2 2 Gy are 100% lethal and that morbidity was reached £14 days
after exposure to radiation. In the Gl tract, villar blunting and fusion are observed, but no foss of crypts or
decline in ptasma 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 staring 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 1o the LD100/30.

IV. MILITARY RELEVANCE

According to the DoD Chemical and Biologicat 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 Middte 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 radiclogical dispersal devices (RDD) and radiological exposure devices {RED) pose a significant
potential threat especially in the hands of non-siate groups ... Contamination and recovery issues
associated with operating in a radiological environment remain significant concerns for mililary operations
and underscore the need for robust detection, protection, and decontamination systems.”

Currently, there is no safe and non-toxic radiation countermeasure available. Military personnet are
potentially exposed to radiation in various scenarios. Both earty and late health effects of radiation
exposure are major concerns for the military. Develaping countermeasures to radiation exposure is a top
priority for the US Department of Defense. Effective countermeasures would expand the options avaifable
to field commanders operating lonizing 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 heaith consequences [of IR] witl (1) reduce casualty toad at medical treatment
facilities, (2) sustain a more effective operational force atter a radiation exposure event, (3) allow
commanders 1o conduct operations in radiation field environments without undue risk of decremented
performance of personnel due to acute tissve injury, and (4) reduce the negative psychological impact an
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 NHP's 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 avaitable large animal radiation injury models would
facilitate development of promising countermeasures.

V. MATERIALS AND METHODS
V.1. Experimenial 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 Gl 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 1AW VSD SQP 2(H9, 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 frained and cerlified personne!l. Secondary
data-points will be standard hematelogy measurements in peripheral biood (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 coliected for histopathology and tissue repository.

An implantable Micro Identification transponder with programmable Temperature Transponder (Bio Med
Data System) will be implanted subcutaneously to manitor body temperature (see section V.4.3.1. Pre-
surgical Provisions). A Vascular Access Port (VAP) PMID or MID model (Instech Solomon, PA}, wilt be
used to improve ease of btood draws and facilitate administration of supportive care (fiuids 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 siles 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 protocots. Animals will 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 Gl-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
wiil allow us to obtain data on 30-d survival in the dose range 2.0 — 3.0 Gy in the presence of two leveis of
suppartive care.

We will imptant VAPs in mate Gottingen minipigs to facilitate blood sampling and administration of
supportive care. Three weeks after VAP implantation, we wili expose minipigs to irradiation {Cobalt-60,
total body, bilateral, 0.6 Gy/min). Two cohorts of 8 animals each wilk be used for Experiment 1; animals
will be irradialed and administered supportive care, as described in Table 1. Survival will be followed for
30 days.

Table 1; Supportive care Radiation levels Totai

study design no.
20Gy |25Gy | 3.0Gy | animals

Exp 1a. Part | Per harmonized 4 4 8

1 protocol, including VAPs

with antibiotics, IV fluids.

Exp 1a. Part | Asin Part 1, with blocd 4 4 8

2 products added
Total no. of animats Exp 1a 16
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Experiment 1a Part 2 is contingent upon results from Experiment 1a Parl 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 1a Part 1) do not survive »14 days, we will break
down to Exp ta Part 2 into 2 sequential experiments (Exp 1a Part 2a and Exp ta Part 2b). We wili first
irradiated 4 animals at 2.5 Gy and we will administered suppoytive care PLUS blood products added. If
these animals survive »14 days, we will proceed to irradiating at 3.0 Gy (Exp 1a. Part 2}; if the 2.5 Gy
irradiated animals, receiving supportive care and blood, do not survive more than 14 days, the remaining

4 animats 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).

Evp 1aPart 1
All grimaig surylys 2.5 Gy rraciated arimats do NOT survave
Exp laPan 2 iB animals, Ewp 13 %art 2a
4 2.3 Gy + 4@ 3.0Gy) [4 anirma s Irradsated at
2.5 By + blood produtt)
Some or all anmats saneve Al animats dis
Eup 1a Part 2b Esp laPart 2k
14 animals rradiated at 3.0 ‘Adammals Irradiated at <2.5 Gy +
Gy + Dlo9 produtt| bigod product)

The regirmen of suppaortive care is described in Table 2 (see section V.4.4. Animal Manipulations); it
fu!loarmonized minipig protocol guidelines, Whole, anti-coagulated (ADC), blood wilt be
purchased from 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 mihour, unless otherwise directed by V5D veterinarians.

TABLE 2: Regimen for supportive care

Treatment Regimen Admin route Startend
Antibiotics Enrafloxacin 5-7 mgikg SID PO {or Mor IVit | 3-30d
(Baytrit) FO not possibie)
Amoxicillin 10 mgrkg BID PO (or iMor Vil | 3-30d
PO not pogsible)
Antipyretic/anti- | Carprofen 2.2-4.4 mgkg BID | IV, {or POor IMIf | 3-30d
inflammatory (Rimadyl) PO not possible
Dietary Moistened/liquid 3-30d
Supplementation | food, Metamucil,
pumpkin mash
IV fluids Lactate Ringers 10-30 mlrkg slow IV push Start day 3, every 1-3
Solution | {10-20 min} cays®
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Blood product Whote blood Up to 7-14 mikg, Once a week, starting
support ) v on day 7-8.

* Depending on the hydralion state of the animal, in consuitation with VSD
** Tatal volume will depend upon HCT and platelets count, in consLitation with VSD

Muitiple blood draws may be performed, with the following schedule (with day of irradiation or sham
irradiation as "day 0"): blood will he collected -14, -7, -1 day (before irradiation! and on days ¢, 1, 2, 3, 7,
10, 14,17, 20, 23, and 30 {after irradiation). Shifts in blood draw days and reduction in the numhber of
bleeds may be made as contingencies arise. Time points for single blood draws after day 17 after IR may
be subtect fo changes of up 16 +/-48 hours. Volume of blood taken will not exceed 1% of total binod
volume {65mlkg in case of swine) or 6 mi, whichever is less.

ANIMALS FOR EXPERIMENT 1: 16 animals

V.1.2. Experiment 2 — Mortality probit curve study.

Based on results in Experiment 1, AFRRI will perform a 30-day survival probit study over several radiation

levels i~ the presence of supportive care, as suggested by results from Experiment 1a and in consultation
with[2) |

The probit curve will be constructed from 7 separate groups of 8 animals sach (56 animals), at doses
(TB1, 0.6 Gy/min) 1o be determined based on results of expedment 1a, in the AFRRI cobalt facility. The
primary data-points of the study will be 30-day survival; secondary data-poinis will be CBC counts,
histology of the Gl fract {smali howel representative areas} and hone marrow {(sites noted above), and
tissue and biood microbiology at necropay. The binod draw schedule and supportive care regimen will be
those established in pilot study 1.

T L ANIMALS FOR EXPERIMENT 2: 7 % 8 animals/ =56

TOTAL ANIMALS FOR EXPERIMENT 1+2: 56+16 = 72

V.2. Data Analysis

Survival in Exp 1a Part 1 with supportive care at 2.0 Gy will be compared against historical conlrols with
no supporiive care.

Susvival in Part 1a 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 hlood 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 Expia Part 1. 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.

Fot the generation of the survival curve, the LD30, 50 and 70 will be estimated us.ng the probit

method. This method allows for construction of confidence intervals to describe the precision of the
astimated lethai 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 morality raies ol 5, 20, 35, 80, 65, 80 and 95 percent for the seven
doses, the cxpected width of the 55% confidence intcrval for the LDB0 will be 0.57 Gy, and the expected
widih of the 85% confidence interval for the LD30 and LD70 will be .72 Gy. We anticipate that most dose-
response curves will be steeper and therefare will yield even more precise estimaies of the LD30, 5¢ and
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70. Expected confidence interval widths are based on the average of 1,000 simulated data s&ts 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
modet or tissue culture that can mimic the effect of radiation on the whole organism and predict lethality.
Survival depends on an inlricate network of organ cross-talks and cellular microenvironment that cannot
be recreated in vitro. Consequently, administration of supportive care to cellutar components grown in
vitro will not allow any assessment on survival.

We do not know ali of the celi 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 arl 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 smail and
large mammals before granting approval for drug 1esting in humans.

V.3.2. Animal Model and Species Justification

We have been deveioping the Gottingen minipig as an additional large animal mode! for the study of the
ARS and advanced development of radiation countermeasures. Large, long-lived, non-rodent animal
modeis are required for drug studies submitted to the FDA for licensure applications. The current study
will help characterize the model in ferms of natural history of ARS. The close similarity to humans in
anatomy and physiclogy 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 physiclogical, molecular and genetic level of
the minipig is tikely to occur, thus increasing acceptance of this model and facilitating advanced drug
developmeni. Our previous studies have employed male Gottingen minipigs to develop a probit curve;
fernale minipigs of 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 Animais

V.3.3.1. Genus / Species Sus scrofa domestica

V.3.3.2. Strain / Stock Gottingen

V.3.3.3. Source / Vendor Marshall BioResources/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 Consideralions NA

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

Exp 1+2: 72 animals
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rate. Following tracheal intubation, pigs will be maintained under general anesthesia using isoflurane gas
{Abbott Laboratories, North Chicago, /L) at a maintenance rate of 1% to 3% and oxygen flow rate of 1 t0 2
I/min.

IRRADIATION

Prior to irradiation, animals will be sedated with Telazol® (Telazol, 6-8 mg/kg M, 100 mg/ml, Fort Dodge
Laboratories, |A). Alternatively, Telazol® (4.4 mg/kg /M), in combination with dexmedtomidine (0.05-0.1
mg/kg M) or ketamine (20 mg/kg M) xylazine (2 mg/kg M) can also be used for sedalion. Atropine {0.05
mg/kg SC, IM or IV, atropine suifate, 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 /M (same volume as dexmedotmidine) to
facilitate recovery.

V.4.1.2.2. Pre- and Post-procedural Provisions

Body weights will be determined at teast once prior to treatment, on the first day of treatment, and on
days of blood collection. Body temperature will be determined daily between 8 am and 12 noon. The time
of each temperature collection will be recorded for each minipig.

IRRADIATION

Pre-Irradiation: Animals will be fasted overnight {approximately 16 — 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. Hearl rale and temperature wili 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 inie stings 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-lrradiation: 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.q. 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 animats: 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 bloocd sampling and administration of supportive care with Midazotam (0.1-0.5
mg/kg s.¢.or iM), or acepromazine (1.1 mg/kg iM),10 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 ctosed and the blood has clotted.

V.4.1.2.3. Paralytics N/A

¥.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 aspecls of the study refevant te aliernatives o painfut 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:

swing, radiation, ARS, sequelae, pain, distress, alernatives,

V.4.1.3.5. Results of Search

AGRICOLA

Swine AND radiation AND pain:............oooeoviiiiiiniees 0 results found

Swine AND radiation AND distress:..............cocevnvens 0 results found

Swine AND radiation AND alternatives..................... 5 results (not relevant)

1) Energy for swine {acilities || Alternative sources of energy

Fehr, AINAL Catalog (AGRICOLA)

2) Evaluation of a porcine lens and ftuorescence assay approach for in vitro ocular toxicological
investigations

Oriowo, Om NAL Catalog (AGRICOLA)

3) Molecutar characterization, chromosomal location, alternative splicing and polymarphism of porcine
GFAT1 gene

Liu, K. NAL Cataleg (AGRICOLA)

4) Evaluation of alternative techniques to determine park carcass value

Akridge, JENAL Catalog (AGRICOLA)

5) Genomic structure, chromosomal localization and expression profile of a porcine long non-cading RNA
isolated from long SAGE libraries

Ren, H. NAL Catalog (AGRICOLA)

Swine AND ARS AND pain:..........c..ooooiieens 0 results found
Swine AND ARS AND distress:........coccovennvnnnn. 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:.............coco e, 0 results found

Swine AND radiation sequelae AND distress:.......cc.covvvieierienne 0 results found
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O A Soave. Am J Public Heaith Nations Health. 1967 September; 57(9): 1621-1626.

12) Arthritis in Cattle. J. L. Shupe. Can Vet J. 1961 October; 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 Celi 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:...........c..ccoceenil 13 results found (not relevant for this study)

1) Advances in Swine Biomedical Model Genomics. Joan K. Lunney

Int J Biol Sci. 2007; 3(3): 179-184.

2) Pacing-Induced Regicnal Differences in Adenosine Receptors mRNA Expression in a Swine Model of
Dilated Cardiomyopathy Silvia De! Ry, Manueta Cabiati, Vincenzo Lionetti, Giovanni D. Aguaro,
Alessandro Martino, Letizia Mattii, Maria-Aurora Morzles

PLoS Cne. 2012; 7{10):

3) Experimental Infection of Pigs with the Human 1918 Pandemic Influenza Virus

Hana M. Weingartl, Randy A. Afbrecht, Kelly M. Lager, Shawn Babiuk, Peter Marszal, James Neufeld,
Carissa Embury-Hyatt, Porntippa Lekcharoensuk, Terrence M. Tumpey, Adolfo Garcia-Sastre, Jirgen 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 (HIN1) — A Report
from the Hospital das Clinicas of the University of Sao Paulo. Ludhmila Abrahao Hajjar, Denise Schout,
Fitomena Regina Bartosa Gomes Galas, David Everson Uip, Anna Sara Shafferman Levin, Hefio Hehl
Caiaffa Filho, Pedro Takanori Sakane, Carlos Alberto Sustik, 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-incompetent Live Attenuated Influenza Virus Vaccine for Protection against Pandemic
Virus Strains. Rong Hai, Adolfo Garcia-Sastre, David E. Swayne, Peter Palese

J Virol. 2011 July; 85(14}: 6832-6843.

7) Deletions in the Neuraminidase Stalk Region of HZN2 and HIN2 Avian Influenza Virus Subtypes Do
Not Affect Postinfluenza Secondary Bacterial Pneumonia

Ashok K. Chockalingam, Danielle Hickman, Lindomar Pena, Jianqgiang Ye, Andrea Ferrero, Jose R.
Echenique, Hongjun Chen, Troy Sutton, Daniel R. Perez J Virol. 2012 April; B6(7): 3564—

8) Safety assessment of probiotics for human use Mary Ellen Sanders, Louis MA Akkermans, Dirk Haller,
Cathy Hammerman, James Heimbach, Gabriele Hérmannsperger, Geerl Huys, Dan D Levy, Femke
Lutgendarff, David Mack, Phoukham Phaothirath, Gloria Solano-Aguitar, Elaine Vaughan. Gut

Microbes. 2010 May-Jun; 1(3): 164-185.

9) Epidemiology of Human Infection with the Novel Virus Influenza A (H1H1) in the Hospital das Clinicas,
Saop Paulo, Brazil — June—September 2009. Denise Schout, Ludhmila Abrabao Hajjar, Filomena Regina
Barbosa Gomes Gatas, 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
Barcne, Milton de Arruda Martins, 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 Radiat Biol.

2011 August; B7(8): 851-E68.
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11) Safety, Inmunogencity and Efficacy of a Cold-Adapted A/Ann Arbor/6/60 (H2N2) Vaccine in Mice and
Ferrets. Grace L Chen, Elaine W Lamirande, Hong Jin, George Kembie, Kanta Subbarao. Virotogy. 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 aiternatives..................... 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. Mot Ther. 2010 February; 18(2): 327-333.
3) Comparison of dkg8-linked intergenic sequence ribotyping to DNA microarray hybridization for
assigning serotype to Salmonelia enterica. Jean Guard, Roxana Sanchez-Ingunza, Cesar Morales, Tod
Stewart, Karen Liljebjeike, JoAnn Kessel, Kim Ingram, Deana Jones, Charlene Jackson, Paula Fedorka-
Cray, Jonathan Frye, Richard Gast, Arthur Hinton, Jr. FEMS Microbiol Lett. 2012 December; 337(1): 61—
72.

4) Society of Nematologists 2011 Meeting: Abstracts: Alphabeticaily by first author. J Nematol. 2011 Sep-
Dec; 43(3-4); 223-297.

5) Antimicrobial Susceptibility to Azithromycin among Sa/manelfa enterica Isolates from the United States.
Maria Sjélund-Karlsson, Kevin Joyce, Karen Blickenstaff, Takiyah Ball, Jovita Haro, Felicita M. Medalla,
Paula Fedorka-Cray, Shachua Zhao, John A, Crump, Jean M. Whichard. Antimicrob Agents

Chemother. 2011 September; 55(9): 3985-3949.

6) ABSTRACTS J Nematol. 2010 September; 42(3): 230-279.

7) A critical analysis of disease-associated DNA polymorphisms in the genes of cattle, goal, sheep, and
pig. Evetine M. Ibeagha-Awemu, Patrick Kgwatalala, Aloysius E. Ibeagha, Xin Zhao

Mamm Genome. 2008 April; 19(4): 226—245. Published online 2008 March 19.

8) Compelitive exclusion treatment reduces the mortality and fecal shedding associaled with
enterotoxigenic Escherichia coli infection in nursery-raised neonatal pigs.

K J Genovese, R C Anderson, R B Harvey, D J Nisbet. Can J Vet Res. 2000 October; 84(4): 204—207.
9) SOCIETY OF NEMATOLOGISTS 46" 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 agricuiture 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:.............c.oeeeveeeinn. 157 resuits 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, Michae!
Flentje, Matthias Guckenberger. Radiat Oncol. 2013; 8: 7.

2) Emerging Local Ablation Techniques Michael J. Stone, Bradford J. Wood Semin Intervent Radiof. 2006
March; 23(1): 85-98. doi: 10.1055/5-2006-939844

3) Minimally invasive surgery and cancer: controversies part 1 Meianie Goldfarb, Steven Brower, S. D.
Schwaitzberg Surg Endosc. 2010 February; 24(2}: 304-334.

4 }Dental Implant Systems Yoshiki Oshida, Elf B. Tuna, Oya Aktdren, Koray Gengay
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Int J Mol Sci. 2010; 11(4): 1580-1678

5 Yaginal cuff dehiscence in laparoscopic hysterectomy: influence of various suturing methods of the
vaginal vault M. D. Blikkendaal, A. R. 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-CPERATIVE MORBIDITY ON DISEASE-SPECIFIC SURVIVAL AFTER HEPATIC
RESECTICN FOR COLORECTAL METASTASIS (CRM) Abstracts HPB {Oxford) 2006; 8(52): 3-256
10) RNA STABILITY REGULATES DIFFERENTIAL EXPRESSION OF THE METASTASIS PROTEIN,
OSTEQOPONTIN, 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 MCRBIDITY AFTER MAJOR HEPATECTOMY IN
PATIENTS WITH COLORECTAL LIVER METASTASES RECEIVING PREOPERATIVE
CHEMOTHERAPY Abstracts HPB {Oxford) 2008; 10(S1):; 7- 28.

13) Myiasis Fabio Francesconi, Omar Lupi Clin Microbiol Rev. 2012 January: 25(1}: 79-105.

14) Q Fever M. Maurin, D. Raocult Clin Microbiol Rev. 1999 October; 12(4): 518-553.

15) Persistent CT nephrograms following ¢ardiac catheterisation and intervention: initial observations
Richard W. Katzberg, Wayne L. Monsky, Nicolas D. Prionas, Vishal Sidhar, Jefirey Southard, Janine
Carlson, Jonn 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 5. Graham, Robert P. Chilcott, Paul Rice, Stephen M. Milner, Charles G. Hurst, Beverly |.
Maliner J Burns Wounds. 2005; 4:

17) Food systems: perspectives on demographics and affluence, food supply and consumption.

G T Molitor Environ Health Perspect. 1990 June; 86: 201-223.

18) Endocarditis Due 1o Rare and Fastidicus Bacteria P. Brougqui, D. Raouit Clin Microbiol Rev. 2001
January; 14(1); 177-207. doi; 10.1128/CMR.14.1.177-207.2001

19) The Mycaobacterium avium complex. C B Inderlied, C A Kemper, L E Bermudez

Clin Microbiol 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 2008 November 25.

Swine AND radiation sequelae AND distress:......................... 62 resuits 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. Metanie Goldfarb, Steven Brower, 5. D.
Schwaitzberg. Surg Endosc. 2010 February; 24(2): 304-334.

2 YPrinciples of Bone Marrow Transplantation (BMT): Providing Optimal Veterinary and Husbandry Care
1o 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 Microbiol Rev. 2012 January; 25(1): 79-105

43} EFFECT OF POST-OPERATIVE MORBIDITY ON DISEASE-SPECIFIC SURVIVAL AFTER HEPATIC
RESECTION FOR COLCRECTAL METASTASIS (CRM} Abstracts
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HPB (Oxford) 2008; 8{S2): 3-256.

5) BLUE LIVER SYNDROME INCREASES MORBIDITY AFTER MAJOR HEPATECTOMY IN PATIENTS
WITH COLORECTAL LIVER METASTASES RECEIVING PREOFPERATIVE CHEMOTHERAPY Abstracts
HPB (Oxford) 2008; 10{S1): 7-228.

6) O Fever M. Maurin, D. Raoult Clin Microbiol 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 Enviren 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 modeis, 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 animats after the irradiation procedures,
since they are known to interact wilth the immune system (see references in Jacobsen, K. O., 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 supporlive care is expecied to miligate 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 tor blood coilections 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
wili be cleaned with a fowel 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 (approximatety 16 — 18 h) prior to VAP implantation surgery.

For antibiotic, Cefazolin sodium 20 mg/kg /V or ampicillin sodium 10-20 mg/kg /V will be given just prior to
the surgery, or intra-operativety, 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 (SoloPort subcutaneous access port, either PMID or MID model; Instech Solomon, PA) will
be surgically imptanted in the right external jugular veins under general anesthesia according 1o the
principles of aseptic surgery. Animals will be tying on their back; vitat signs wili 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 inserlion of the VAP
catheter, it will be flushed with locking solution (heparin lock flush solution, 100 IL/ml}. Prior to securing
the VAP catheter within the vein, 1 preplaced 3-0 polydioxanone (PDS} suture (Ethicon, Somerville, NJ)
wilt be used to ligate the vesseél 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 resesvoir and catheler will be flushed
again with 6 ml saline and locked with 3 ml of a heparin lock flush solution (100 [U/mi) all subsequent lock
solutions will be heparin (100 1U/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 Il {polydioxanone suture; Ethicon). Skin incisions will be closed with 2-0 PDS 1l (Ethicon) in a
continuous intradermal pattern. Tissue glue (VeiBond, 3M, St Paul, MN) may be used to help seal
surgical sites as necessary to help prevent contamination. Cefazolin sodium 20 mg/kg /V or ampicillin
sodium 10-20 mg/kg V' will be given just prior to the surgery, or intra-opetatively, for prophylaxis.

V.4.3.3. Post-surgical Provisions
VAP SURGERY

Postoperative inframuscular buprenorphine (0.01 10 0.02 mg/kg; Buprenex, Reckitt Benckiser, Richmond,
VA) or Carprofen (2.2 mg/kg) will be provided foranalgesia before full recovery from anesthesia (12).
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 PI.
Alternatively, fentanyl transdermal patch at Smcg/kg/br 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. Suppiemental heat may be provided in the home cage
post-operatively (e.g. Bair Hugger warm air btanket

After surgery, 25-50 mg/kg trimethoprim-suifa PO (500 mg PO for 10 kg pig or Smg/hg M), SID, will be
given for 5 days or more as determined by veterinarian to lessen the risk of post-op infection.
Alternativety, enrofloxacin 5-10 mg/kg /W 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 wilt 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 /M, s¢, using sterile needles (23 — 21 gauge)
and syringes, or IV through the VAP using Huber needles or PO.

V.4.4.1.1. Pharmaceutical Grade Drugs

Lidocain {5%]), topical

Telazol®

Ketamine/xylazine

Atrapine atropine sulfate

Cefazolin sodium

Ampicillin sodium

Heparin lock, IV

Saline

Ibuprenarphine

Carprofen

Fentanyl transdermal patch, topical
Metamucil

Enroflaxacin

Baytrit

Amaoxicillin

Carprofen

Rimadyl

Midazolam

Acepromazine

Cetacain topical spray

All the drugs listed above are crdered 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 sampie
will be a maximum of 6 ml in volume or less than 1% total blood volume (whichever is less) and wilt 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 Technigues and Noninvasive
Procedures). We wilt obtain blood samples using Solomon Instech 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 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 aleohol until all gross debris is removed (310 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 mi heparin lock flush
solution (100 1U/mt) will be infused into the porl and catheter as a locking solution. A standard protocol
wilf 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 porl to ensure the tip of the needle is all the way through the
septum and into the reservoir, Second, high-pressure turbutent 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 needte will be replaced; at times
the needle may be clotted. Fourth, if the described series of interventions fails 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 coilection from alternate vessels (peripheral vesseis, marginal ear
veins, possibly femoral if animals have recovered from irradiation), the animals may be anesthetized for
restraint following the recommendations of an AFRRI 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, cotlections from the VAPs have been 99%
successful.

Animal may be sedated at the time of blood sampiing and administration of supportive care_with
Midazolam {0.1-0.5 mg/kg s.c.or IM}, or acepromazine (1.1 mg/kg M}, 10 minutes prior to venous access,
or Telazol if necessary

Tissue and histological samples:

Tissue sampies, to include organs, blood and hairs, may be taken at the time of euthanasia for slide
preparation as welt 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 1o irradiate minipigs.

V.4.4.3. Adjuvants NA
V.4.4.4. Monoclonal Antibhody (MAbD) 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 Gottingen Minipigs from Marshall Bioresources and
shipped overnight to AFRRI on wet ice. When avaitable, blood from siblings of animals that have been
irradiated at AFRRI will be provided by Marshall Bioresources. Donars 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.

Heulth Maonitoring Report According 1o FELASA Recommendations

MNumé and address of the hreeder: Marshall Farms USA, Galen Rd Norfh Rose, NY

Date of issue: Seplemtwr 2012 Unit N Marshalf Farnis, Examinution date : August 2012
Gulen Rd - PF

Spevics: Porcine Strain: Gouingen Minipg Rederivation:

Popututed: August 2003
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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
superticial 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 Endpoeint 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 1o 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 expected weight (based on Marshall Bio-resources growth chart —weight vs age-
and day Q baseline percentile).

Non-absolute

Hyper/hypothermia

Anorexia (skip 3 consecutive BID meals)

Anemia/pallor, CRT »2 seconds. CRT will be performed behind the ears.
Petechiae/ecchymosis

Vomiting/diarrhea

Lethargy

Seizures or vestibular signs (falling, circling or head tilt)

Uncontrollable hemorrhage

LN OA LD

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 /M) or ketamine (20 mgtkg IMy/xylazine
(2 mg/kg M. 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 canfirmed by VSD veterinarian or veterinary technician via auscuhation 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. Buring 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 ona 12:12
h light {0600 1o 1800) dark cycle with the temperature set to 27 1o 29°C and 30% to 70% relative humidity.
Commercial diet (Mini-Swine Diet 87563, Harlan Teklad Diets, Madison, W) will be provided. Water will be
provided ad libitum.

V.5.1.1. Study Room

Minipigs will be located at AFRRI {or 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 transporl 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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Reference DOD Instruction 3216.01 & AFRR! instruction 3216.2H

A i e o e e ol o e el e e o o o e ol e ek e e i e R il o o W e sl o o o o e i e sl e sl ol o o o or o

Information requested in the following animal use protocol template reflecis the requiraments of
the Animal Welfare Act Requlations (AW AR}, the Guide for the Care and Use of Laboratory

Animals, and other applicable Federal regulations and DOD Instructions.
Y T YI122223 2222222332223 23 133223332233 FR 32222222 LSRR 2332230142330 2 020 )44l

This document is intended to be an aid in the preparation of DOD-sponsored animat use protocols. It
is a companion document to an identical protocol template that does not have embedded instructions.
Either templaie may be used to format DQD-spansored animal research proposals; however, reference to
the instructions during protocol preparation is highly recommended, If using the template with instructions,
the instructions should he deleted prior to submitling the finished protacol far IACUC review. Please use
Arial, regular, size 12, black font 1o prepare the protocol. With the exceptian of sactian 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 requesied.

Approved standard operating procedures (SOPs) promuigated by the AFRRI Veterinary Sciences
Department (VSD! or similar V3D -validated documents that describe specific procedures may be
referenced by SOP number and title in lieu of repealing the details in the pratocol. However, it is essential
to include general gescriptions of all animal manipulations to be carried out under the IACUC-approved
protocel and to provide details whete no approved references are cited. To do otherwise would constitute
a breach of slatutory regulations. Manipufations not covered in the onginaly approved protocol can be
initiated only after IACUC approval of a formal amendment adding the new procedures. Additionally,
Principal Investigators (Pls}, or other delegated research personngd, should maintain accurate
experimental records and be able to provide an awdit tral of animal expenditures and use that correlates
with their approved protocol. Protacol Pls will be required to provide this and other information during
annual protocol reviows.

Any supporling information that may be of use to the IACUC during its revlew may be attached to the
completed protecol. Agding subparagraphs within the body of the protecel template 1s permissible,
provided that the numbering sequence of paragraphs in the original standard lormat is maintained, In
olher words, all of ihe labeled paragraphs and subparagraphs in this lemplate must be retained, with
additional information being presented as sub-numbered paragraphs conhtaining information that supports
ar compiements what is requested.

INTELLECTUAL PROPERTY STATEMENT

Research protocols drafted by Government scientists include intelectual property {e.g.,
concepts, ideas, experimental approaches, etc.}. some of which is innovative or original and
theretore considered propristary to the investigators and;ar the sponsorng agency. All
Government and non-Government persennel handling this protocol shall exercise
EXTREME CARE to ensure that the information contained herein is NOT OUPLICATED OR
DISCLOSED, in whole or part, for any purpose cther than to evaluate the protocal, without
the wrilten permission of the principal investigator or the spansoring agency.
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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 48 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 (SI1V), 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 PI, 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 resuits 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 bloed 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 bloed draw and injecticns. 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 facility in a covered cart to reduce the excitement of
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the attending veterinarian or when a diagnosis of infection has been determined by
blood cuiture 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/plL) 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/uL and will be continued until the ANC is 2500/pL for two consecutive days. Bloed
collection will occur every day after Baytril is administered. Gentamicin will be initiated
and administered for two days only, if FN (ANC <500/uL and body temperature 2103 °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 gastrointestinal flora.

For microbial evidence of infection, blood (at least 1.0 mL) wili 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 (ANC <500/uL and body
temperature = 103 °F) is observed or any day the body temperature is 2103 °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 Thrombocytopenia and Anemia: Whole
blood for transfusions will be obtained from a pool of approximately 10 healthy aduit
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 complications afthough this
is minimal in NHPs. Packed RBC will be obtained from a commercial source and kept
for @ minimum period based on blood bank procedures and will be administered in
preference to whole blood when PLT counts are satisfactory (2100,000/uL 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) cr isopropyl alcohol before inserting the needle. Providone-iedine 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 protecoel 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 weekiy 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 cne 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 AFRRI'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, ioud and
persistent vocalization, avoidance of social interaction, and grooming. Gastrointestinal
injury may be associated with abdeminal 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 focd and water intake
will be monitored closely. Further, response to familiar personnel and changes in
willingness 1o cooperate may also indicate pain, which will be closely menitored 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 fram 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), absclute 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 of Plan for Medical Management and Medicalion Use

Allowed medication orf

Drug class supportive care agents Indication and/or criterion for administraiion
Anesthetics Ketamine 10 £ 5 mg/kg, 1M Anesthesia during procedures:
= Administered belare animal manipulations tg
minimize stress and anxisty.
Sedatives Xytazine (Rompum®} 7 £0.5 Sedation during procedures:
mg/kg, aither IM or SC When animals are restrained a mild sedative may
Diazepam 1 + 0.25 mg/kg, IM, | be administered as required.
Analgesics Buprenorphine 0.01 Pain Management:
and non- mgkg/dose BID, IM, IV, or SC | « Rimadyk® {Carprofen) can be administered as

stergidal anti-
inflammatory

Marcaine (0.25%

an alterrtative to buprenorphine when evidence
of pain is present.

drugs bupivacaine), topical
Camrofen (Rimadyl®)
2.04.0S8!Dor BID, Moy IV
Fever {temperature 2 104 °F):
Acetaminophan (Tylenol) 5-10 | - Carprafen or acetaminophen will be
mg/kg PO BID-QID administered untii the temperature remains
below <104 °F for 2 consecutive days.
Parenteral Equal volume of Ringer's Dehydration:
fluids lactate and Ringer's lactate + Mild to moderate dehydration (Grade 1).
with 5% Ringer's lactate and Ringéer's lactate with 5%
Dextrose; eachat5+ 25 dextrose eight via siow IV push.
mL/kg body weight via slow IV | = Severe dehydration {Grade 2). Ringer's lactate
push: twice daily depending on by 'V drip.
extent of dehydration; or + Pedlalyte® or Gastrolyte® or similar commercial
Ringer's lactate at 40 + 5 solutions centaining sodium, petassium, and
mLkg body weight by IV drip glucose may also be used if |V access is difficult
over 2 hrs. or precluded.
See Table footnote for definitions of severity grade.
Pedialyte® or Gasirolyte®
orally 15 + 5 mUkg of body Féever (temperature 29103 °F):
weight
Anti- Loperamide hydrochloride Diarrhea:
diarrheal (Imodium}, initial dose 0.04 + At ihe first sign of soft to loose stools: Imodum
mg/kg PIOID Diphenoxylate will be administered up to twice derly and shoulkd
HCFatropine suitate (Lomotil), continue for 3 days. # may be stopped earlier
0.1 mg/kg, (2.5 mg/tablet) will than 3 days if the diarrhea resalves.
be administered BID, PQO. The | «+ Severe dinrrhea or if imodium has been
2.5 mg tabiet first wifl be administered for 3 days, Lomotil, up to BID, PO
dissolved in 5 mL of tap water. for 3 days. It may be stopped eatrlier than 3 days
Then, 1 mL of the Lomaotil if the diarrhes resolves. If the diarrhea does not
solution (0.5 mg/mL) will be resolve the imodium tréatment will be repeated.
added 10 510 mL tap water,
with Oral Ringer's selution or
liguid nutrition for 3 days.
Anti-ulcer Carafate 1g/day. (0.5 g BID) Far treatment of possible ulcers of the stomach or

daily from days 5-30, PO

proximal small intestine
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Antibiotics Enrofloxacin (Baytril®) 5 + 2 Evidence of infection (microbial culture,
mg/kg, IM or IV or PO, SID neutropenia, and FN): Antibiotics will be
administered when:
Gentamicin, 3 £ 1.5 mg/kg, IM | « Pre-nadir febrile neutropenia (FN) {ANC
or IV BID <500/uL, body temperature 2103 °F) is
observed.
Clavamox, 6.5-13.5 mg/kg, » When ANC <500/l with the expectation of the
PO, QID or development of a prolonged, severe neutropenia
15 mg/kg, PO, BID {ANC <100/uL).
» Standard veterinary practice warrants
administration, e.q., open wound,
Imipenem-cilastatin » Body temperature = 103 °F following a posilive
{Primaxin®) 10 £ 1 mg/kg, IV blood culture.
or IM, BID » Pending blood culture results, regardtess of the
ANC.
Cefepime hydrochloride Antibiotics will cease when:
{Maxipime®) 40 mg/kg IV QID | * No fever is observed and ANC increases
=500/uL for two consecutive days
« Fever is observed, blood culiure for aerobic
microorganism is negative and ANC increases
21,000/uL for two consecutive days.
Anti-emetics Ondansetron {1-2 mg/kg), IM, » Administered pre-and post-radiation to
IV or PO 25-90 minutes prior sUppress emesis
to irradiation and 30-45
minutes following irradiation to
SUppress emesis or
Granisetron (0.25 mg/kg), PO
or IV
Blocd Whole btood or packed red Whote blood will be transfused if:
products blood celis will be abtained » PLT counts are <20,000/ 1 and hemoglobin

from a commercial source or
obtained from donor animals
and blood product irradiated
@ 2500 cGy with a source in
USUHS prior to transfusion
Whole blood at 7 — 14 mL/kg
or Packed red blood cells
{RBC).

Fluid replacement policy:
Volume replacement with
fluids will be subject to clinical
decision.

Note: Repeat blood collection
from donor animats will be
defined on the total volume
collected each time, recovery
petiod and other criteria as
described by Diehl et al 2001

{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 Het of 5 25%,;

s 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
abtained; or

» [f there is obvious avidence of uncontrolled
hemaorrhage.

¢ An animal experiences a 7-10 unit decrease in
Hct in a 24-hour period; or

s An animal’'s Hct is s 25% for 2 consecutive days
and PLT counts are <3,000/L.

Packed RBCs will be administered in preference to

whole blood when PLT counts are satisfactory

(2100,000/ with no clinical bleeding) but the Hgb

of Het remain low (Hgb <7 g/dL or Het <20 g/dL).

= PLT counts are satisfactory (2100,000/CL with
no clinicaf bleeding) but the Hgb or Het remain
low (Hgb <7 g/dL or Hc <20 g/dL).
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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 mi) 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 opiocids 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 intertere with the overall cutcome 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 staft 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. Resuits of Search: See tabie below

AGRICOLA PubMed

Keywords 1974-present | 1946-present Altweb
alternatives to painful procedures 2 119* 148
primates + bone marrow harvesting 0 79* 7
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Premedication: Ketamine {10-15mg/kg IM + Atropine: 0.05 mg/kg IM), or
Glycopyrrolate (0.005-0.01 mg/kg IM)

Induction: 3-5% Isofiurane in 100% oxygen by mask
Maintenance: 1-3% Isoflurane in 100% oxygen via endotracheal tube or mask

Anesthesia monitoring: At least SpO2, heart rate, respiration rate, and temperature
will be monitored and recorded throughout the procedure.

Antibacterial prophylaxis: Gefazolin 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 mli/kg/hr via an |V 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: Subcutanecusly 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 pan 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 principies 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 fo
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 (100IU of heparin/ml). The surgical site will be
closed using the standard technigue using the layer suture technigue 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- biood could be drawn at this first flush but would have abnormal
bloed parameters and post-cperative 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:

e General anesthesia
o Premedication-ketamine: 5—15 mg/kg IM
o Induction:; 3-5% isoflurane in 100% oxygen by mask
o Maintenance: 1-3 % lsoflurane in 100% oxygen by endetracheal tube or mask

¢ Anesthesia monitoring: At least SpO2, 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
needie 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 cf 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.

e The incision will be closed with tissue glue or a suture after bone marrow collection.
Either a non-absorbable nylon or absorbable menocryl suture will be used to close
the skin.

¢ Additional precautions will include:

o Antibacterial prophylaxis—Cefazolin intravenous (IV) eor 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 cnce 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 Pricr 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
needie/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. MuRtiple Major Survival Operative Procedures No major muttiple 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 Injectiens (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. Biosamples Chair restraint of rhesus primates for 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 PI'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 bloed 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)
CFU/chemistry/

Time of blood draw (O.F;Ifnl) (Dc.:ssrcril) cytokine gu(;t::; Total blood, ml
(0.5 mi)
-7d + + + 1.5
-3d + 0.5
—2d + + + 1.5

Day —1
{pre-TBl injection}
Irradiation (Day 0)
Day 1 (post-TBI injection
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No

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.
Minimal or absence of response to stimuli (animal does not move when prodded),
assuming the animal has recovered from anesthesia.

Core body temperature: below 35.9 °C following a period of febrile neutropenia

(<500 x 10° cells/pl), monitoring by way of microchip will be done on a daily basis.

Severe acute anemia: (<40 g/L hemoglobin, <13% hematocrit).

Infection documented by blood culture (septicemia) and accompanied by severe

systemic signs of illness,

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 life-threatening 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 Neuronal: CNS depression, seizures, paralysis of one or more extremities.

8.5 Integumentary: 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 staft veterinarian. After euthanasia
solution has been administered, the animals will be examined by ¥SD 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 Animais. 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 guarantined for 4-6 weeks on arrival and chair-trained during the
guarantine 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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Code 6 = Implantation {provide details)
Code 7 = Others—Provide protccol specific manipulations or procedures for e.g., retro-orbital bleeding, tail vein injection, or drug
delivery
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Reference DOD Instruction 3216.01 & AFRR! instruction 3216.2H
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information requested in the following animal use protocol template reflacts the requirements of
the Animal Welfare Act Regulations (AWAR), the Guide for the (are and Use of Laboratory
Animals, and other appiicable Federal reguiations and DOD Insiructions.
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This doeument is intended to be an aid in the preparation of DOD-sponsored animat use protocols. It
is a companion document to an identical protocol template that does not have embedded instructions.
Either tamplale may be usad 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.
Pleass use Arial, regular, size 12, black font to prepare the profocol. With the axception of section
headings, all paragraphs require a response. Paragraphs that do not apply should be marked N/A. There
is no space limitation far responses to the information requested.

Approved standard operating procedures (SOPs) promulgated by the AFRRI Veterinary Sciences
Department (VSD! or similar VSD-vatidated documents that describe specific pracedures may be
referenced by SOP number and title in tieu of repeating the details in the protocol. However, it is essentiat
to include general descriptions of all animal manipulations to be carried out under the IACUC-approved
protocol and lo provide details where no approved reterences are cited. To do otherwise would constitute
a breach of statutory regulations. Manipulations not covered in the onginally approved protocol can be
initiated only a‘ter IACUC approval of a formal amendment adding the new procedures. Additonally,
Principal Investigators {Pls}, or other delegated rescarch personnd, should maintan accurate
eaperimental records and be able to provide an audit tral of animal expenditures and use that correlates
with their approved protocol. Protocol Pls will be required to provide this and other information during
annual protocol reviews.

Any supporling information that may be of use to the IACUGC during its review may be aftached to the
completed protocol. Adding subparagraphs within the body of the protocel template 1s permissible,
provided that the numbering sequence of paragraphs in the original standard lormat is maintained, In
olier words, all of ihe labeled paragraphs and subparagraphs in this lemplale must be retained, with
additional information baing presented as sub-numbered paragraphs containing information that supports
or complements what is requesied.

INTELLECTUAL PROPERTY STATEMENT

Research protocols drafted by Government scientists include intelfectual property (€.q., concepls, ideas,
experimental approaches, etc.), some of which is innovative or original and therafore considered
proprietary to the investigators and/or the sponsoring agency. All Government and non-Governmant
personnel handling this protocal shall exercise EXTREME CARE, to ensure that the information
contained herein is NOT DUPLICATED OR DISCLOSED. in whale ar parl, for any purpose other than (o
evaluate the protacal, without the written permission of the principal investigatar ar the spansoring
agency.
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and guide us to further characterize the effects and mechanisms of tilorone-induced
survival in y-irradiated mice.

II.2. Literature Search for Duplication

ll.2.1. Literature Sources Searched: BRD, NIH Reporier, PubMed, FEDRIP
I1.2.2. Date of Search: June 20-August 27, 2013

I1.2.3. Period ot Search

All available years. BRD: FY1998—-FY2011; NIH Reporter and PubMed: includes
MEDLINE (1966-present) and OLDMEDLINE {1950-1965); FEDRIP (up to August 27,
2013)

I.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

1.2.5. Results of Search: Anticles for all tilorone studies = 407

Anticles for tilorone and radiation studies = 9

Articles for tilorone and ionizing radiation studies = 4

Articles for tilorone and hematopoietic cells studies = 10

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 = 0

Articles for titorone 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)
reporied 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, K et 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 1o 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, Indianapaolis, IN)
will be used in all experiments.

Animals wilt 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-I). 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 AFRRI’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-radiation 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 poal. After irradiation, mice will be returned to their specific
cages, thereafter animals will be monitored for 30 days after 7, 9 or 10 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 Gl 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, naive, 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 tilocrone
(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 ditferent 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 blocd 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. Immuno-
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 HSPGC and spleen
cell lysates will be evaluated using cytokine array and ELISA assays. Leveis of
hematopoietic cytokines and inflammatory cytokines including G-CGSF, FIt-3 ligand, IL-1,
IL-4, IL-6, IL-8, IL-10, and interferon will be measured.

V.1.3. Experiment 3
Examine the radioprotective and mitigative/therapeutic effects of tilorone on
mouse gastrointestinal (Gl) tract

At different time points {12 h, 3.5 days, or 10 days after radiation), blood and jejunum
tissue will be collected from tilorone-treated and vehicle-treated mice after sham- or y-
irradiation (10 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 Gl 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 cytokine
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 perfarmed on days 10-12
after exposure to 10 or 12 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 cbserved 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:
Naive, vehicle- and tilorone-treated (24 h before, 6 h and 24 h after TBI) = 5 groups x 7,
9, 10 or 12 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 8 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 = 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 ¢
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 AFRRI’s drug-screening program, the
preliminary data of the effect of tilorone on anirmal 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 Gl 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. AFRRI'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¢

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 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 (Reo 3}, Mouse Adenovirus (MAD-
1, MAD-2), Mouse Cytomegalovirus Virus (MCMYV), 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/GDVII),
Encephalitozoon cuniculi, CAR bacillus, Mycoplasma pulmonis, and Clostridium
piliforme. Endoparasite- and ectoparasite-free.
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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 irradiaticn. 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 bloed collection. Blood alse 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 mi of blood sample to run ail the tests for
our experiments in the preposed study. However, there is no other alternative available
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to obtain 1 mi 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% Isoflurane in 100% oxygen. Once they are recumbent
and sfart 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 needie forward and medially toward the heart. Approximately 1 ml of blood will
be collected by gentle pulling of the plunger. At the end of bicod 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 ELU/mg; the FDA limit is
0.15 EU for a 30 g mouse™. 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 animais 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 witl 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.

! Limit for endotoxin is 5.0 Endotoxin Units {EU) per kg for the maximum dose to be administered in a one
hour period. Genter for Drug Evaluation and Research, “Guideiine 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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vil. Appendix A: Clinical Observations with Criteria for
Euthanasia (Rodent)

DATE: Time: Animal ID# Score
Appearance;
Normal {(smooth coat, clear eyes/nose) 0
Hunched and/or fluffed 1
Ocular discharge, and/or edema 3
Emaciated, dehydrated (skin tent) ** 5
Soft stools (fecal marter around anus) 5
Bloody diarrhea 9
Respiratory rate:
Normal breathing 0
Increased breathing (double normal rate, rapid, shallow) 6
Abdominal breathing (gasping +/- open mouth breathing)* 12
General Behavior; '
Mormal (based on baseline observations} 0
Stretching of hind limbs with abdominal motion (writhe) or grimace (App. B and C) |
Decreased mobility 2
Ataxia, wobbly, weak** &
Inability to stand* 12
Provoked Behavior:
Normal (moves when cage is disturbed, runs from hand (mice) or investigates (rat)) 0
Subdued; responds to stimulation {moves away briskly) I
Subdued even to 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: Definitive criteria for moribundity:
Weight Loss up to 10% baseline (if available)** Weight Loss > 20% OR <15g (adult mouse)*
Pale, white mucous membranes/ skin * * Blue mucous membranes/ skin (cyanosis)*
Fever > 104F/40C (if available)** Cool to the touch or <B6F/30C (if available)*
“* Regardless of score, notify appropriate person * Regardless of score, immediately euthanize
immediately. {death is imminent)
Score:

<6 Normal

6-9  Morbid: Monitor at least 3 times per day; notify appropriate personnel immediately

> |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 COz 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 willbe 1, 7, 14, 21 and 28 days post-irradiation; and for Experiment 3 it
will be 12 h, 3.5 and 1012 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 V3D 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 V5D 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 (PI) 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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Reference DOD Instruction 3216.01 & AFRRI instruction 3216.2H

Fr e ol v vl vl ok o o e i o e e e vk ale v o o o o i o i vl o vk e vkl W i o e e o die eyl o o e ol e 90 e o i i o die o e i o ol e o o i o e i i i el ole o e o ok o oY o o i

Information requested in the following animal use protocol template reflecis the requirements of
the Animal Welfare Act Regufations (AWAR}, ithe Guide for the Care and Use of Laboratory
Animals, and other applicable Federal reguiations and DOD insiructions.

o ok ok o ok e o ool e sk e ol ok ok ol o ok ke o ke kel ol skl e gk ok o v 3k ok e ok skl e ook ko ok o v sk ke ok e e ke ol ol o ok ol e ok e ok ol o e e ke i ol ook e ek o o e e de ke ok

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. i
is a companion document to an identical protocol template thal dees not have embedded instructions.
Either template may be used to format DOD-sponsored animal research proposals; however, reference 1o
the instructions during protoco! preparation is highly recommended. |f using the templaie with
instructions, the instructions should be deleted prior to submitting the finished protocal for [ACUC review.
Please use Arial, regular. size 12, black foni to prepare the protocol. With the axception 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 (SCOPs) promulgated by the AFRRI Veterinary Sciences
Department (YSD) or similar YSD-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
1o include general descriptions of all animal manipulations to be carried out under the IACUIC-approved
protocoi and io provide details where no approved references are cited. To do otherwise would constitute
a breach of statutary regulations. Manipulations noi covered in the originally appraved protocol can be
initiated only after IACUIC approval of a formal amendmeni adding the naw procedures. Additionally,
Principal Investigators (Pls), or other delegated resparch personnel, should maintain accurate
experimental records and be able to provide an audit trail of animat expenditures and use that correlates
with their approved protocol. Proiocol Pls will be required to provide this and other information during
annual protocol reviews.

Any supporiing information that may be of use to the |ACUC during iis review may be atiached to the
completed pratocol. Adding subparagraphs within the body of the protocol tempiate is permissible,
provided that the numbering sequence of paragraphs in the original standard format fa maintained. In
other words, all of the labeled paragraphs 2nd subparagraphs in ihis template must be retained, with
additional information being presented as sub-numberegd paragraphs centaining information that supports
ar complements what is requested.

INTELLECTUAL PROPERTY STATEMENT

Research protocols drafted by Government scientists include inteflectual properiy (e.g., concepts,
ideas, experimental approaches, etc.) some of which Js innovative or oHginai and therefore
considerod propriofary to the investigators and/or the sponsaring agency. Al Government and
non-Governmeni personnel handiing this protocol shall exercise EXTREME CARE, to ensure that
the information confained herein is NOT DUPLICATED OR DISCLOSED, in whole or parl, for any
purpose other than to evaluate the protocol, without the writien permission of the principal
investigalor or the sponsoring agency.
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molecule will be used as a control in experiments with antibody fragments for
comparison

Fuli-length IgG monoclonal antibedies are large (150 kDa), multivalent proteins.
Recombinant proteins consisting of only the antigen-binding pertion of monoclonal
antibodies (the variable heavy (Vv) and light (VL) chain regions) have been generated
that retain antigen binding compared to the parent monoclonal antibody, while
displaying, in cases where Fc portions are not required for immuncemodulatory function,
equivalent biologic activity. These Fab and single-chain fusion proteins (referred to as
scFv proteins), contain the parent antibody Vu and Vi 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 s¢ administration) and higher tissue
permeability than immunocglobulins, 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 wouid be administered in triage to potentially large
populations following a radiation disaster.

I.2. Literature Search for Duplication
1I.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. BRD — DOD Biomedical Research Database

¢. CRISP - Computer Retrieval of Information on Scientific Projects, now known as
'‘RePORTER'.

II.2.2. Date of Search

PubMed - 6/20/2013
BRD - 6/20/2013
CRISP/ RePORTER - 6/20/2013

11.2.3. Period of Search

PubMed - 1965-2013
BRD - 1998-2013
RePORTER ~ 1988-2013

1.2.4. Key Words of Search

Anti-ceramide AND Radiation

Ceramide AND Radiation

Gastrointestinal syndrome AND Radiation
Anti-ceramide AND Gastrointestinal syndrome

LN
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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 radioprotectior for
the Gl syndrome: H2A2 (1000 pg/ml) and recombinant antibody fragments of H2A2
(Fab or scFv, 100 pg/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 Gl 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 d after
irradiation, and jejunum will be harvested after euthanasia for analysis by microcolony
assay of Withers and Elkind as a quantifiable surrogate for Gl 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 (cne 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 (for details please see V.4.4.1. Injections) to C57BL/6
mice 12-48 h following Gl 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 Gl 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 quaniifiable surrogate for Gl
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 respense: Four groups (0, 500, 750, and 1000 ug for H2A2 and 0, 25, 50 and 100
ug 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
SARRP 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 IgM 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 Gl 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 d after
radiation exposure for survival. Moribund mice (details discussed under section V.4.5.
Study Endpoint, displaying ciinical 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 antibedy 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
C57BL/6 mice after the Gl 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 d after 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

Tetal 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 Gl
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 wil! die from sepsis. All mice with unprotected
Gl tracts that did not receive H2A2 will die from the radiation gastrointestinal syndrome.

Antirmnicrobial therapy.: 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 laboratery 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.o. (peros) means by mouth, orally, commonly used in
medical practice, in case of mouse — feeding needle will stay in mouth and fluid will be
gjected slowly).

Aminopenicillin: Amoxicillin (AMX}) [300-325 mg/kg p.o. g.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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Anticeramide antibody {whole Dependent on
molecule- H2A2, fragments - Fab results of

Experiment7 | @"d ScFv) experiment 4
Levofloxacin {LVX), Levofloxacin p.o.
(LVX)

v.2. Data Analysis

Mean with standard errars, 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) Wiiks' 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 ditference between two groups if
any, given type | 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
wouid 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 biclogical 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 repreducing their in vivo relationships. One
would have to reproduce much of an entire mammalian organism in culture to study
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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/GDVII), Encephalitozoon cuniculi, 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
eftects 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 gquestions proposed in this 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.......... 0
V.4.1.1.1.2. Column D.......... 10
V.4.1.11.3.ColumnE.......... 1,396

V.4.1.1.1.4. Pain Category Assignments

Experiments Total C D E

Experiment 1 112 0 0 112
Experiment 2 48 0 0 48
Experiment 3 48 0 0 48
Experiment 4 576 0 0 576
Experiment 5 64 0 0 64
Experiment 6 256 0 0 256
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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 required for this protocol 1466 0 10 1456

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 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 5-10 mg/kg via ip administration. Total
volume of injection will not exceed 0.5 miy/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. Isoflurane 3-4% in 100% oxygen for induction in a chamber. 1 - 3% Isoflurane
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 disiocation. 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 VED 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

16 of 29



AGRICOLA
PubMed
VIS

V.4.1.3.2. Date of Search

AGRICOLA - 6/20/2013
PubMed - 6/20/2013
IVIS - 8/20/2013

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

“Anti-ceramide” AND “Pain”
“Ceramide AND pain”

“lonizing radiation” AND “pain”
“lonizing radiation” AND” mice”
“lonizing radiation” AND “alternatives”
“lonizing radiation” AND “toxicity”

V.4.1.3.5. Resuits of Search

“Anti-ceramide” AND “Pain”
AGRICOLA: 0

PubMed: 0

IVIS: 0

“Ceramide” AND”pain”
AGRICOLA: 0

PubMed: 76

IVIS: 5

“lonizing radiation” AND “pain”
AGRICOLA: 0

PubMed: 427

IVIS: 21

“lonizing radiation” AND" mice”
AGRICOLA: 283

PubMed: 427

IVIS: 14

“lonizing radiation” AND “alternatives”
AGRICOLA: 2

PubMed: 127

IVIS: 2

“lonizing 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: 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

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 will 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 needie will be removed and the eyelid will be
¢losed. 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 5-10
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Amerisource-Bergen, Glen Allen, Virginia, Tel. 1-800-262-8470 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 mi/bottle, Amoxicillin for Oral Suspension, USP
(Sandoz, Broomfield, Colorado 80020, 250 mg/5 ml as trihydrate, NDC 0781-6041-55);
or 100 ml/ 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), LEVAQUIN Oral Solution {25 mg/mL, 16 ¢z. [480 mL], Crtho-
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
will 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 isofiurane (for blood collection — biood
will be stored for future reference), followed by cervical dislocation immediately before
tissue (jejunum and femur bone) collection. Gl 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: N/A

20 of 29






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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wvil. Appendix A: Clinical Observations with
Euthanasia (Rodent)

DATE:

Appearance:

Respiratery rate:

Time: Animal IDw

Normal (smocth coal, clear eyes/nose}
Hunched and/or NuiTed

Ocular discharge, and/or edema
Emaciated, dehydrted (skin tem) **¢
Soft stoo!s {fecal maner 2round anus)
Bloody diarthea

Normal breathing
Increased breathing {double normal rae, repid, shallow)
Abdominal breathing {gasping +/- open mouth breathing)*

General Behavios:

Normal (bazed on baseting ohservations)

Seretehing of hind limbs with abdeminal motion (writhe) or grimace (App. B and C)

Decreased mobility
Ataxia, wobbly. weak**
Inubility to stand*

Provoked Behavior:

TOTAL

Deflnitive criteria for morbidity:

Weight Loss up 1o 10% bascline {if available)**
Pale, white mucous membranes/ skin * *

Fever > 0F/40C (if available)*™

** Regardiless of score, notily appropriate person

immediately.

Score:
<& MNarmal

6-0 Morbid:

Mormal (moves when cage is disturbed. runs from hand (mice) or investigates (rat))

Subdwed; responds to simulation (moves away briskly)
Subdued even to stimulation {moves away slowly)
Unresponsive o gentle prodding **

Dwoes not right when placed gently on side within 5 seconds®

{death s imminent)

Manitor at least 3 times per day: nolify appropriate personne! immediately

Criteria for

- Ch D DA LA D

(&

—_—h -0

b

R =1

[

Definitive eriteria for moribundity:

Weight Loy » 20% OR <15 (adult mouse )™
Blue mucous membranesy’ skin (cyanosis)*
Cool to the touch or <B6F/30C (if available)*

* Regardless of score, Immediately euthankze

= 10 Moribund: Notify responsible personnel immediately for euthanasia (if no single criteria is 12*)
Any singke criteria of 12* emmhanize immediately; consider as “found dead”

{Note: This form does aol have to filled out for every individuat o every obsorvation. so long as the crileria are used n inferming

on

¥

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
COz2 euthanasia will be used for mice that have survived beyond experimental duration
(30 day post-irradiation) or for moribund mice, if any. Compressed COz2 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 CO2 overdose as a secondary method of euthanasia.

V.5. Veterinary Care

ing andier ¢uthanasia, This Forma mas be usad 10 make & spreadsheet lor greater case of multiple

animill observalions. as long s the critera amd numbering syslem are exsclly copied.)

V.5.1. Husbandry Considerations
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Code 6 = Implantation (provide details)
Code 7 = Others - {provide protocol specific manipulations or procedures for 6.g., retro-orbital injection)

VIl. BIOHAZARDS/SAFETY

There is no plan to use any potential biochazard. Standard laboratory safety
precautions will be observed throughout this study

Vill. ENCLOSURES
Form 310
List of references
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Reference DOD Instruction 3216.01 & AFRRI instruction 3216.2H

Fr e e ol v v vl e ok o o i o e o v vk ol v o o o i o i vl vk e vk ol W i o e e o e eyl i e ol o R e o i i o s ol e ol vk i e o o i o e i e i e ok ole o e o ok ok oY o o i

Information requested in the following animal use protocol template reflecis the requirements of
the Animal Welfare Act Regufations (AWAR}, ithe Guide for the Care and Use of Laboratory
Animals, and other applicable Federal reguiations and DOD insiructions.

ok ok o ok e o ol ol e vk ke e ok ok ol 5 o o o ke el ol ook ke ok ok oo o ok e o ol e ok ok ok o o ok e e sk e ol e ke ok ok e o ol o e ol s ke ok e ke ok ek e ok ok e ek e ek

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. |
is a companion document to an identical protocol template thal does not have embedded instructions.
Either template may be used to format DOD-sponsored animal research propesals; however, reference 1o
the instructions during protoco! preparation is highly recommended. |f using the templaie with
instructions, the instructions should be deleted pyior to submitting the finished protocol for [ACUC review.
Please use Ariai, reguiar. 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. Therg
is No space limitation for responses to the information requested.

Approved standard operating procedures (SCOPs) promulgated by the AFRRI Veterinary Sciences
Department (YSD) or similar YSD-validated documents that describe specific procedures may be
referenced by SOP number and titte in heu of repeating the details in the protocol. However, it is essential
o include general descriptions of all animal manipulalions to be carried out under the IACUC-approved
protocol and fo provide details where no approved references are cited. To do otherwise would constitute
a breach of statutary regulations. Manipulations nol covered in the originally appraved protocol can be
initiated only after IACUC approval of a formal amendmeni adding the naw procedures. Additionally,
Principal Investigators {Pls), or other delegated research personnel, should maintain accurale
experimental records and be able to provide an audit trail of animal expenditures and use that correlates
with their approved protocol. Profocol Pls will be required to provide this and other information during
annual protocol raviews.

Any supporling information that may be of use to the IACLIC during ils review may be atiached to the
completed protocol. Adding subparagraphs within the body of the profocol tempiate is permissible,
provided that the numbering sequence of paragraphs in the original standard format fa maintained. In
other words, all of the labeled paragraphs 2nd subparagraphs in ihis template must be retained, with
additional information being presented as sub-numbered paragraphs centaining information that supports
ar complements what is requested.

INTELLECTUAL PROPERTY STATEMENT

Rescarch protocols drafted by Government scienlists include intellectual properly {e.g., concepls,
ideas, experimental approaches, etc.,), some of which Is innovative or originai and therefore
considerod propriofary to the investigators and/or the sponsoring agency. Al Government and
non-Government personnel handiing this protocol shall exercise EXTREME CARE, to ensure that
the information confained herein is NOT DUPLICATED OR DISCLOSED, in whole or parl, for any
purpose other than to evaluate the protocol, without the writien permission of the principal
investigalor or the sponsoring agency.
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Il.2. Literature Search for Duplication

11.2.1. Literature Sources Searched BRD, RePORTER, PubMed
I.2.2. Date of Search , July 14, 2013

11.2.3. Period of Search

BRD: 1998 ~ 2009

RePORTER: 1998-2013

Pubmed: 1998-2013

I1.2.4. Key Words of Search
Minipigs OR swine AND Radiation AND pediatrics OR pedialric OR juvenile

Il.2.5. Results of Search

BRD database:

Keyword Minipig.....c.ocooiviiiii e i 25 results {not refevant)

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 Gotlingen Minipig: Low-Leve!
Threshold Effects and Lethality

3) Inhalation Toxicity of Sarin (GB) and Cyclo-Sarin (GF} Vapor in the Gotlingen Minipig: Low-Leve!
Threshold Effects and Lethality

4) Pilot study: Development of Gottingen minipig (Sus scrofa domestica) as radiation injury mode!

5) Inhalation Toxicity of Sarin (GB) and Cyclo-Sarin ({GF} Vapor in the Gotlingen Minipig: Low-Leve!
Threshold Effects and Lethality

6) Determination of Thermal Injury Threshalds in the Yucatan Minipig Using Radio Frequency Radiation

7) Inhalation Toxicity of Sarin {GB} and Cyclo-Sarin (GB) Vapor in the Gotlingen 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

10) Determination of Thermal Injury Thresholds in the Yucatan Minipig Using Radio Frequency Radiation

11) Miotic and Lethal Effects of VX Vapaor 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 Inmeciate Behavioral Eftects Of TASER-Like Devices On Swine

18) Effects of Vasopressin Infusion on Systemic Organ Perfusion in a Porcine (Sus scrofa) Model of
Vasodilatory Shock

19) Expioratory Assessment of Immecdiate Behavioral Effects Of TASER-Like Devices On Swine

20) Effects of Vasopressin Infusion on Systemic Organ Perfusion in a Porcine (Sus scrofa) Model of
Vasodilatory Shock

21) Exploratory Assessment of Immediate Behavioral Effects Of TASER-Like Devices On Swing

22) Characlerization of Freeze-Dried Plaielel-Rich Plasma for Use in Hemosltasis and Wound Healing ol
Oral and Maxillofacial Trauma

23) Characterization of Freeze-Dried Plalelel-Rich Plasma for Use in Hemosltasis 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 scrofa domestica) as radiation injury mode!

3) NIRVANA: Non-lonizing 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 Minipig + radiation+pediatric:..................... 0 results
Keyword Minipig + radiation+juvenile:......................0 results
Keyword SwWine:..........oco v 223 resuits
Keyword Swine + radiation: ..........cc..oovvviiienneannn, 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 Gotlingen minipig (Sus scrofa domestica) as radiation injury model

3) NIRVANA: Non-lonizing Radiation Vision for a New Army

4) Extended Electro Magnetic Medical Advisor: A Diagnostic Tool for Casualty Triage by Combat Medics

Keywotd Swine+ radiation+pediatrics:
Keyword Swine+ radiation+pediatric:
Keyword Swine+ radiation+juvenile:

RePORTER database:

Keyword Minipig: ..., 8 results (4 not relevant to this project)

1. DEVELCP RADIATICN INJURY MODEL: GOTTINGEN MINIPIG (SUS SCROFA DOMESTICA)
2. DEVELOP RADIATICN INJURY MODEL USING THE GOTTINGEN MINIPIG

3. COUNTERMEASURES AGAINST RADIOLOGICAL AND NUCLEAR ATTACK - AFRRI/IAA

4, COUNTERMEASURES AGAINST RADIOLOGICAL AND NUCLEAR ATTACK

Keyword Minipig + radiation: ..........ocivciiiinns 4 results {same as above)

Keyword Minipig + radiation+pediatrics:................... 0 results

Keyword Minipig + radiation+pediatric:................c.... 0 results

Keyword Minipig + radiation+juvenile:......................0 results

Keyword SWINe ...........cooooieeiiinieee e 10742 results

Keyword Swine+ radiation: .........ccooeiviiiiiininnnn. 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+pediatric:...................... 5 results (not relevant to this project)
1) EARLY DETECTION OF NEONATAL & PEDIATRIC EXTRAVASATICNS (1999)
2) EARLY DETECTICN 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 (MSRTP)

Keyword Swine+ radiation+juvenile:...........cccovevnis B resulls (not relevant to this project)

1) SHORT COURSE: INTEGRATIVE 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 CRGANS

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 .....ooeeee e 5959 results

Keyword Minipig + radiation: ............coevininen 232 results {)

Keyword Minipig + radiation+pediatrics:................... 0 resutts

Keyword Minipig + radiation+pediatric:.................. 0 results

Keyword Minipig + 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 trangplantation in miniature swine. . Development and function of the "thymokidney".

Keyword Swine ... 178021 results

Keyword Swine+ radiation: ..., 4334 resuits

Keyword Swine+ radiation+pediatrics: . ..10 results (not relevant to this project)

1) Evalualion of ultra-low dose CT in the dlagn05|s of pediatric-like fractures using an experimental
animal study.

2) (EZ)-Cyclabitirubin formation from bilirubin in complex with serum albumin derived from various
species.

3) NADPH oxidases and reaclive 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.

9) Reactive oxygen species from NADPH oxidase contribute to altered pulmonary vascuiar responses in
piglets with chrenic 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) Lightinduces peroxidation in retina by activaling prostaglandin G/H synthase.

10) 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--ultra-low-dose CT with an effective dose equal to that of radiographs.

3) Evalualion of ulira-low dose CT in the diagnosis of pediatric-like fractures using an experimental
animal siudy.

4) Enhanced endothelialization on surface modified poly(L-lactic acid) substrates.

9) RF ablation at low frequencies for targeted tumor heating: in vitro and computational modeling
results.
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8) (EZ)-Cyclobilirubin formation from bilitubin 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 resulis.

8) NADPH oxidases and reaclive oxygen species at different stages of chronic hypoxia-induced
pulmonary hypertension in newborn pigtets.

9) Diffuse oplical monitoring of hemodynamic changes in piglet brain with closed head injury.

10) Tyrosine phosphorylation of neurcnal nitric oxide synthase (nNNOS) during hypoxia in the cerebrai
cortex of newbaorn piglets: the role of nitric oxide.

11) Reaclive oxygen species from NADPH oxidase conlribute to altered pulmonary vascular responses in
pigtets with chronic hypoxia-induced pulmonary hypertension.

12) Dexamethasone prevents alteration of tight junction-associated proteins and barrier function in
porcine choroid ptexus 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 hepatic resection.

15) Evaluation of a reduced dose protocol for respiratory gated tung 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 percutanecus gastrostomy,

18) 18-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 kaltikrein-4 activation, glycosylation, activity, and expression in prokaryotic and eukaryotic

hosts.
Keyword Swine+ radiation+juvenile:...........................s 21 results {not retevant 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
juvenitehairlessness 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 sofl-tissue fillers in an animal model: part 2.

7) Eftects of monopolar radiofrequency treatment over soft-tissue filfers 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 juvenite farm pigs
and Yucatan mini-pigs.

10) Histopathologic alterations after endovascular radiation and antiproiiferative stents: similarities
and differences.

11) Decreased adventitial neovascularization after intracorcnary irradiation in swine: a time course
study.

12) Differential remodeling after balloon overstrelich injury and either beta- or gamma-
intraccronaryradiation of porcine coronary arteries.

13) Radicactive beta-emitting solution-filled balloon treatment prevents porcine coronary restenosis.

14) Thymic fransplantation in miniature swine. |. Development and function of the “thymokidney”.

15) Effects of intracoronary radiation on thrombosis after balloon overstretch injury in the porcine
model.

18) The human intrinsic factor-vitamin B12 receptor, cubilin: molecular characterization and
chromosomal mapping of the gene to 10p within the autosomal recessive megaloblastic anemia
{MGA1) region.
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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) Intracoronary irradiation: dose response for the prevention of restenosis in swine.
20} Intracoronary irradiation markedly reduces necintimal proliferation after balloon angioptasty in

swine: persistent benefit at 6-manth follow-up.
21) Intracoronary irradiation markedly reduces restencsis after balloon angioplasty in a porcing

model.
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lll. OBJECTIVE / HYPOTHESIS

Hypothesis: it is possible to establish a pediatric minipig mode! of ARS (corresponding to humans 1-12
years)

Objectives:
{i) establish profocols and procedures for handiing and housing of minipigs <3 months of age at AFRRA!

{if) safely obtain multiple blood samples from pediatric minipigs for 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 overali number of nuclear weapons continues to dectine 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 stockpited several nuclear weapons from plutonium produced at Yongbyon. Non-
nuclear radiotogical dispersal devices (RDD) and radiological exposure devices (RED) pose a significant
potential threat especiaily 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 for involving also civilian populations, including children. The use of sarin
gas on the civilian populaticn in Damascus, Syria, on August 21 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. Deveioping 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 lonizing Radiation (here defined as IR)
threat environments, and improve the morale of personnetl at risk of exposure to IR. 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 o NSAID and vomiting. The addition of miniature swine
to available large animal radiation injury models would facititate development of promising
countermeasures.
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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 multipte 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/ditferential 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 ransponder with programmabte Temperature
Transponder (Bic Med Data System} will be imptanted subcutaneously to moniter 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.Biosamples “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 minipigs (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 o reflect instilutional and project requirements, as
described below.

Quarantine and housing {see V.5.1. Husbandry Considerations): animats wil! 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 YAP 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 singie
housed. Parameters such as food intake need to be manitored on a single animal basis, as anorexia is
one of the criteria used for euthanasia. This would not be possibte 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 wilh a milk supplement for the first 2-4 weeks after weaning.
This procedure will be continued until 8 weeks of age, when the piglets will be gradually transitioned 1o 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 wil!
receive alter 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 %2 - 1 inch above the top of the pig / piglets shoulder. It is very
imporlant to make routine adjustments (weekly) in the height of the water nipples as piglets grow.
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V.1.2. Expariment 2: to establish procedures for catheter Implantalion, blood draw and
measurgment of animal growth in animals 5 weeks old and older.

Blood courts and the dose that cause 50% of lethality (LD50} are among the most usetul teems tor ARS
comparsan acrgss categaries (species, age, co-morbidities ett). indication of blaod counis alter
irradiation together with the determination of the LDS0 will be critical in the characierization of a pediatric
modci of ARS. The minipig is cmerging as a valid altermative to NHP and dogs as o large animal model
for 1he ARS. We have oplimized the implantation and patency of Yascular Access Port (VAPs) in animals
>4 months old, in order to obtain serial blood samples. By this age, skeletal growth rate has slowed down
and an internal catheter can be safely lefl in place for at least 3 monthg (4}. For animals of age <4
months. use of a VAF for long period of time may nof be leasible. Growth rate of minipigs is highest
between birth and 4 months of age (Figure 1); use of an intermal catheter may require frequent
adjustments in the catheter length aiter just a few weeks after implantation. In the case of irradiated
minipigs. where blocd cytopenia and susceptibility to infection and bleeding are amang the leading
causes ol dealh, any major surgical inlervenlion is expecled to negalively impac! the culcome.
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Fig. 1. Body woight (BW) ard average daily growth curvas expressed as perceniage of ine maximum BW tor
Gomningen minipig, Yorkshire pig, Young Hair goat, and Suffolk sheep. Growih curves acquired from Gompenz or
Richards growih juncihion a& determined in the literature. From: Alex K. Roth, Reb Begie. Eva Jacobs, | Jacobus J.
Arls, Lodewijk W. van Rhijn, Large animal models in fusionless sceliasis cortecdian researck: a literature review. The
Spine Journal 13 {2013) 675-6588.

Qur long term goal 1s to be able to collect sufiiciant amount of blood for CBC counts and other
experiments from irradiated pediatric animals and age-matched sham-controls, within allowed limits, (“Afl
nonterninal biood collection without repfacernent of fluids is limited up fo 10% of lotal circulating biood
volume in healthy, normal, aguft animals on a single occasion and collection may be repeated after 3 to 4
weeks. In case repented blood samples are required at short intervals, & maximum of 0.6 mikg'day or
1.0% of an animal's total blood volume can be removed every 24 hour"), up 1o thres 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 peried. A 7-day rest penod must be observed whenever the maximum afowable 21-day
volume has been attained.

Table 2:; Relatronship betweean age, warght and circulatmg blood volume.
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Total circulating 1% total circulating 10% total circulating

Age Weight (kg} bleod volume (mL) blood volume (ml) blood volume (mL)
4-5 Weeks* 2-4 130-260 13-26 13-26
5-6 Weoks* 2-4 130-260 1.3-26 13-26
6-7 Weeks” 35 168-330 approx 2-3 approx 20-30
7-8 Weeks* 3-5 198-330 approx 2-3 approx 20-30
2 - 3 Months 57 330-462 approx 3-4.5 approx 30-45
3 -4 Months 79 462-594 approx 4.5-6 approx 45-60
4 - 5§ Months 9-11 594-726 approx b-7 approx 60-70

O average, the tolal cergulating blood wvolume s squal to 5.5 -7.0 % (66 mikg} of the animal's body weight,

Blood sampling: blood may be used for CBC counts, and, if time and resource atlow it, for in vitro/ex vivo
studies (i.e. biodosimetry assays, mechanistic studies, immunaophenotypic charactetization of immune cell
subsets etc}.

In Experiment 2, we propose to: (i) evaluate alternative ways to obtain serial btood samples, and (i}
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, V5D personnel will attempt to sonographically guide the
placement of an intravenous catheter in the jugular or femaoral vein, for serial blood sampling, as
described in {5) (see section V.4.4.7. Other Procedures). Ulirasound 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. V5D personnel will perform this technique- sither a veterinarian or a properly trained
technician, We would likely sedate with telazof the same as for irradiation, though it can be performed in
the awake animal. Alternatively, if placement of the catheter fails and/or cathster loses patency, we will
collect biood from peripheral veins such as auricular, femoral, cephalic, saphenous ete, with the animal
under sedation (see section V.4.4.7. Other Procedures}. Blood wilt be coliected once before irradiation,
and, with day 0 being the day of sham-irradiation, on days 0, 1, 3, and once a week after that, up to 60
days. Biood coliccted will not exceed 1% of total blood volume.

Experiment 2.2): Measurement of normal animal growth

-Body weight and skeletal deveiopment. At least once a week, we will measure body weight and take
measurements of skeletal development such as: height (cm, from shouider 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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Tahkla A QtiiAu mentamsl

Group 1 (survivab- blood draws} B anmals (3x 1.6 Gy, + 3x2.0) B animals (3x 1.6 Gy, + 3x 2.0

z anlmals 1.6 Gy
+ 2 animak 2.0 Gy

2animak 1.6 Sy

Group 2 (gurvivat+ blpod drawa) 5 animals (3x 1.6 Gy, + 3x2.0) 6 animals (3% 1.6 Gy, + 35 2.0)

Group 3 (survival+ blood draws} 6 animals {dose th.d} § animals {doge th.d) + 2 animaks 2.0 Gy
Group 4 (survivai+ blood draws) & animals jcose tb.d) § animals (dose tb.d) . g::iinn::: ;g g:
Group § (survivai+ blood drawa) o animais [gose (b.d) 6 animals {dose th.d)

TOTAL (72) ae ag 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.

Animais will be observed for @ minimum of 45 days and up to 60 days after irradiation.

Signs and symptoms: vitals {T, HR and RR}, body weight, and standard animat health check status (i.e.
hydration status, hair coat. skin quality etc)

Measurement of animal growlh will be taken ag described in Experiment 1.2}

Supportive care: Animals wilt be administered minimum supportive care (defined here as antibiotics,
antipyretic/anti-inflammatory, and dietary supplementation} ¢n a standardized regimen. No IV fluids will
be provided. Trealment schedule is ¢chosen based on our historic dataset with TBI at doses 1.6 -12 Gy
and reflects time to recovery of bone marrow after irradiation.

Table 4: Supportive care

Treatment Regimen Admin route Starifend
Antibictics Enroficxacin (Baytril} | For animals 3- 3-30d
10 kg, 3 ml of
0.5% oral
solution SID” PO {or IMor Vi
FC not possibie)
For animals
>10kg, 57
mg'kg SID
Antipyretic/arit- | Carprofen (Rimadyl) | 2.2-4.4 mg/kg | PO (or IMor Vit | 3-30d
inflammatory BiD PC not possible)
Dietary Age-appropriate Throughout study, as
Supplementation | food, milk/formula, necessary
Pedinlyle,
Metamucil, canned
fruits and
vegetables. NO

if dosage is inadequate to cope with challengas from radiation

S S £ 75

V.2, Data Analysls

The dose response relationship {DRR) will be plotted as prabit percent morality versus linear dose. Probit
regression analysis will be used to generate the probit curves, using the PASW Siatistic 18 software,
SPSS Inc, IL, USA and preliminasy vaiues for LD30, LD50, and LD70will be obtained. Survival data from
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the probit curve generated in Expetiment 3 will be compared to our historical probit curve generated in the
absence of supporlive 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 letha! 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 widih of the
95% confidence interval for the LD30 and LD70 will be .5 Gy. Expected canfidence interval widths are
based on ihe average of 1,000 simulaied data sets using the study design and morlality parameters
indicated.

Survival data from young adult animals, administered identical supporive care as the pediatric
popuiation, will serve two purposes: to gain preliminary insight into the effect of age on sensitivity {o
radiation (group 1 vs group 2), and to gain preliminary insight into the efficacy of supportive care on
survival {group 2 vs group 3).

Table 5: Group comparison for data analysis

Group 1 Pediatric animals + supporlive care This study
Group 2 Adult animals + supportive care This study
Group 3 Aduit animals - supportive care Historical data

V.3. Laboratory Animals Required and Justification
V.3.1. Non-animal Alternatives Considered.

The purpose of this project is (o determine the effect of age and supporlive 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-falks and cellular microenviranment that
cannot be recreated in vitro. Consequently, administration of supporive 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 invelved 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
repraducing the in vivo relationships. Computer modeiing is simitarly 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 Justitication

We have been developing the adult Gottingen minipig as an additional large animal model for the study of
the ARS and advanced development of radiation countermeasures. Currently, there is no pediatric animal
model to study the ARS. Large, long-lived, and development-maiched models are required for drug
studies submitted to the FDA for licensure applications. Comparison between adult and pediatric
Gotlingen minipigs will help characlerize the effect of radiation on the pediatric poputation, for
countermeasure development and drug testing. The close similarity to humans in anatomy and physiclogy
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

17 of 34



increasing acceptance of this model and facilitating advanced drug development. Qur previous studies have
employed male Gottingen minipigs 1o 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
witl continue to use male minipigs for this study.

V.3.3. Laboratory Animals

V.3.3.1. Genus / Species Sus scrofa domestica

V.3.3.2. Strain / Stock Gottingen

V.3.3.3. Source / Yendor Marshall BioResources/Marshall Farms Group Ltd

V.3.3.4. Age 5 weeks to 5 months

V.3.3.5. Weight 2-13 kg

¥.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 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 oniy be performed by trained personnel. We have
considerable experience in the care and handling of minipigs. Exiensive 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 animais will be gradually acciimated to the slings for
these procedures.

V.3.5.2. Reduction

Contrel animals used 1o optimize protocols for animal handling, housing and blood draw will be used also
to obtain data on growth of narmal animals, and to set up dosimetry for future studies and to obtain
baseline CBC data in pediatric animals. For irradiated animals, blood samples eobtained 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 animats needed for this study.

V.3.5.3. Replacement NA

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 __0_ (#of animals)
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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. 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

V.4.1.3.2. Date of Search
¥.4.1.3.3. Period of Search All avaitable

V.4.1.3.4. Key Words of Search The aspects of the study retevant to alternatives to painfut or distressfui
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, alernatives

V.4.1.3.5. Resulis of Search

AGRICOLA

Swine AND radiation AND pain:.......cccooo i, 0 results found

Swine AND radiation AND distress:......................... 0 results found

Swine AND radiation AND alternatives..................... 5 results (not relevant)

1) Energy for swine facilities 1| Alternalive sources of energy

Fehr, RINAL Catalog (AGRICOLA)

2) Evaluation of a porcine lens and fluorescence assay approach for in vitro ocular toxicological
investigations

Oriowo, Om NAL Catalog (AGRICOLA)

3) Molecutar characterization, chromosomal location, alternative splicing and pelymorphism of porcine
GFAT1 gene

Liu, K. NAL Catalog (AGRICOLA)

4) Evaluation of alternative techniques to determine pork carcass value

Akridge, JtNAL Catalog (AGRICOLA)

5) Genomic structure, chromosemal localization and expression profile of a porcine long non-coding RNA
isolated from long SAGE libraries

fen, H. NAL Catalog (AGRICOLA)

Swine AND ARS AND pain:......cc.cooiiiiiiiinee, 0 results found
Swine AND ARS AND distress:..........ccoveeeninnnnne 0 results found
Swine AND ARS AND alternatives..................... 2 results (not relevant)

1) Environmental Prevalence and Persistence cof Salmonella spp in Ouidoor 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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10) Lymphocyte subpopulations in the human small intestine. The findings in normal mucosa and in the
mucosa of patients with aduit coeliac disease. W S Selby, G Janossy, M Bofill, D P Jewell. Clin Exp
Immunot. 1983 April; 52(1): 219-228.

11) IV. Animat experimentation leading to better care of laboratory and pet animals.

O A Soave. Am J Public Health Nations Health. 1967 September; 57(9): 1621-1626.

12) Arthritis in Cattle. J. L. Shupe. Can Vet J. 1961 October; 2(10); 369-376.

13) Presidential Address. D'Arcy Power. Proc R Soc Med. 1926 December; 20(2): 85-30.

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 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:..........cocvvevevninns 13 results found (not relevant for this study)

1) Advances in Swine Biomedical Model Genomics. Joan K. Lunney

Int J Biot Sci. 2007; 3(3): 179—184.

2) Pacing-Induced Regional Differences in Adenosine Receptors mBNA Expression in a Swine Model of
Dilated Cardiomyopathy Silvia Def Ry, Manueta Cabiati, Vincenzo Lionetti, Giovanni D. Aquaro,
Alessandro Martino, Letizia Mattii, Maria-Aurora Morales

PLoS One. 2012; 7(10):

3) Experimentati infection of Pigs with ihe Human 1918 Pandemic Influenza Virus

Hana M. Weingartl, Randy A. Albrecht, Kelly M. Lager, Shawn Babiuk, Peter Marszal, James Neufeld,
Carissa Embury-Hyatt, Porntippa Lekcharoensuk, Terrence M. Tumpey, Adolfo Garcia-Sastre, Jirgen A.
Richt J Virol. 2009 May; 83(9): 42874296,

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 Sdc Paule. 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 Sustik, 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-Incompetent Live Attenuated Influenza Virus Vaceine for Protection against Pandemic
Virus Strains. Rong Hai, Adolfo Garcia-Sastre, David E. Swayne, Peter Palese

J Virol. 2011 July; 85(14}: 6832-6843,

7) Deletions in the Neuraminidase Stalk Region of HZN2 and HI9N2 Avian Infiuenza Virus Subtypes Do
Mot Affect Postinfluenza Secondary Bacterial Pneumonia

Ashok K. Chockalingam, Danielle Hickman, Lindomar Pena, Jiangiang Ye, Andrea Ferrero, Jose R.
Echenique, Hongjun Chen, Troy Sutton, Daniel R. Perez J Virol. 2012 April; 86(7): 3564—

B) Safety assessment of probiotics for human use Mary Ellen Sanders, Louis MA Akkermans, Dirk Haller,
Cathy Hammerman, James Heimbach, Gabriele Hérmannsperger, Geerl Huys, Dan D Levy, Femke
Lutgendorff, David Mack, Phoukham Phothirath, Gloria Solano-Aguiiar, Elaine Vaughan. Gut

Microbes. 2010 May-Jun; 1(3): 164—185.

9) Epidemiology of Human Infection with the Movel Virus Influenza A (H1H1) in the Hospital das Clinicas,
S&o Paulo, Brazil — June—September 2008. Denise Schout, Ludnmila Abrahao Hajjar, Filomena Regina
Barbosa Gomes Gaias, 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, Immunogencity and Efficacy 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. 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): 311-338.

13) Weekly Reports far JANUARY 2, 1914

Swine AND ARS AND alternatives..................... 11 results (not refevant)

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 Ptasmid Administration
Versus Daily Growth Hormone Injections in Young Pigs. Amir S Khan, Ruxandra Draghia-Akli, Roman J
Shypailo, Kenneth | Eilis, 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 Liliebjetke, JoAnn Kessel, Kim Ingram, Deana Jones, Charlene Jackson, Paula Fedorka-
Cray, Jonathan Frye, Richard Gast, Arthur Hinton, Jr. FEMS Microbiol Lett. 2012 December; 337(1): 61—
72.

4) Society of Nematologists 2011 Meeting: Abstracts: Alphabeticaily by first author. J Nematol. 2011 Sep-
Dec; 43(3-4): 223-297.

5) Antimicrobial Susceptibility to Azithromycin among Salmonelia enterica Isolates from the United States.
Maria Sjdlund-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

Chemaother. 2011 September; 55(3): 3985-3989.

6) ABSTRACTS J Nematol. 2010 September; 42{3): 230-279.

7) A crilical analysis of disease-associaled DNA polymorphisms in the genes of catile, goat, sheep, and
pig. Eveline M. Ibeagha-Awemu, Patrick Kgwatalala, Aloysius E. Ibeagha, 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, R C Anderson, R B Harvey, D J Nisbet, Can J Vet Res. 2000 October; 84(4): 204-207.
9) SOCIETY COF NEMATOLOGISTS 46" ANNUAL MEETING, SAN DIEGO, CALIFORNIA July 28—
August 1, 2007 J Nematol. 2007 March; 39(1): 67-104.

10) Hazardous sofid 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, Poily Walker Environ Health Perspect. 2002 May; 110(5):
445-4586.

Swine AND radiation sequelas AND paini........cocovveceeiini 157 resuiis found

Swine AND radiation sequelag 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 3iDental Implant Systems
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5 YVaginal cuff dehiscence in laparoscopic hysterectomy: influence of various suturing methods of the
vaginal vauit

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 FREOPERATIVE
CHEMOTHERAPY

15) Persistent CT nephrograms following cardiac catheterisation and intervention: initial observations
Richard W. Katzberg, Wayne L. Monsky, Nicolas D. Prionas, Vishal Sidhar, Je#frey Southard, Janine
Carlson, John M. Boone, Tzu-Chun Lin, Chin-Shang Li Insights Imaging. 2012 February; 3(1): 49-60.
16) Wound Healing of Cutanecus 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 |,
Maliner J Burns Wounds. 2005; 4.

17) Food systems: perspectives on demographics and affiuence, food supply and consumption.

G T Molitor Environ Health Perspect. 1990 June; 86: 201-223.

18) Endocarditis Due 1o Rare and Fastidious Bacteria P. Brougqui, D. Raouit Clin Microbiol Rev. 2001
January; 14(1}: 177-207. doi: 10.1128/CMR.14.1.177-207.2001

19) The Mycobacterium avium complex. C B Inderlied, C A Kemper, L E Bermudez

Clin Microbiol 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:...................coeeee 62 resuits 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
1o 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 Microbiol Rev. 2012 January; 25(1}: 79--105

4 EFFECT OF POST-OPERATIVE MORBIDITY ON DISEASE-SPECIFIC SURWVIVAL AFTER HEPATIC
RESECTION FOR COLORECTAL METASTASIS (CRM} Abstracts

HPB (Oxford} 2006; B(52). 3-256.

5) BLUE LIVER SYNDROME INCREASES MORBIDITY AFTER MAJOR HEPATECTOMY IN PATIENTS
WITH COLORECTAL LIVER METASTASES RECEIVING PREOCPERATIVE CHEMOTHERAPY Abstracts
HPB (Oxford) 2008; 10(S1): 7-228.

6) O Fever M. Maurin, D. Raoult Clin Microbiol 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
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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 retated to swine flu, medical imaging, mice models, ablation techniques, medical surgeries, bane
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 animails after the irradiation procedures,
since they are known to interact with the immune system (see references in Jacobsen, K. O., V. Villa, V.
L. Miner, and M. H. Whitnall. 2004. Effects of anesthesia and vehicle injection on circulating blocd
elements in C3H/HeN male mice. Conternp 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 expecied to mitigate the pain associated 1o 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 Maniputations
V.4.4.1, Infections

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

Lidocain (5%, topical

Telazol®

Kelamine/xylazine

Atropine atropine sulfale

Haparin lock, IV

Satine

Carprofan

Metamucil

Enroflaxacin or baytril

Rimady!

Midazolam

Acepromazine

All the drugs listed above ace ordered from veterinary product distributors by ¥SD and they all are
pharmaceutical grade drugs.
Atipamezole (Antisedan, Pfizer)
Dexmedtomidine (Dexdomitor, Plizer)

V.4.4.1.2. Non-Pharmaceutical Grade Drugs NA

¥.4.4.2. Biosamples

Collection ol blood samples. We will obtain blood samples from the externalized catheter or from
peripheral veins. If the catheter fails or needs to be removed, he sample will be collected from accessible
peripheral vessels (see section V.4.4,7. Other Procedures}. Mean blood volume for pigs is 65-67 mbkg.
Up to 1% of total blood will be drawn per time peint, depending upon the frequency ot previous bleeds

(W alter Reed Army Institute of Research. 1997. Investigators' Handbook, Section |: Handling Techniques
and Neninvasive Procedures).

Tissue and histolegical samples. Tissue samples, to include organs, btood and hair may be taken at
the time of euthanasia for tissue blocks and for frozen tissue repository.

V.4.4.3. Adjuvanta NA

V.4.4.4. Monoclonal Antibody (MAD) Production NA

Vv.4.4.5, Animal Identification Tattoos or ear tags and cage cards/tags

V.4.4.6, Bahavioral Studies NA

V.4.4.7. Other Procedures

Catheter implantation
Catheter implantation w'li be done foliowing the Seldinger fechnigue, Br.efly, the procedure is descnbed

- E_W_ ...

Plagemen]
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Clip and aseptically prepare site. Right Jugutar vein in the neck area or the right/left femoral vein
in the inner thigh may be used for catheter placement.

2. Inserl the introducer needle into the vessel {gauge needle: 18-24).

3. Whilsl steadying the needie use the adaptor to straighten the jwire and insert it into e needie.

4. Advance the wire into the vessel.

5. Remove the ncedic and the wire cover making surc the wire does not advance eny further into
the vessel.

6 Whilst holding the wire steady advance the dilator over the wire 110 1 5 inches inle 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. Bemove the ditator.

8. Advance the catheter over the wire into the vessel.

9. Remove the wire,

10 Flush he catheter and secure the catheter to the palienl with sutires

11, Attaeh fluid delivery equipment to the catheter,

12. Cover with sterile dressing and a light bandage.

Care and maintanance
1. Ensure the catheter site is kept clean and trcated aseptically throughout use
2. Check suture integrity at regular intervals

Catheter to be used will be single lumen indwelfing catheter in Polyur¢thane material which provides
strength during insertion and alsc softens at body temperature to conform Lo the bedy tissugs. The
complete set of central venous catheter kit for catheter implantation consists aof
Indwelling catheter

« Catheter hoider

« Catheter holder clamp

« Extension line clamp

+ Injechbon cap
+ Introducer needle
s J-Tip quide wire
s Luer logk syringe
« Scalpel
s Vessel dilator

The scft Flexible J-Tip Guide wira provides good torque to ensure firm insertion and aiso prevents vessel
perloration, The tip is epecially designed for smooth and easy insertion of catheter. Clear and definite
marking facilitates correct placement of catheter tip. The catheter is radio-opaque for proper placement
using ultyesound imaging. Animals will be sedated during the procedure. (Sedation procedure has been
described in the anasthesia section V 4.1.2.1}. After placement, the wound will be protacted with aerosol
bandage aid and the catheter will be covered with slasticon tape.

Temperatura transponder At the time of catheter implantation, a temperature microtranspander
{implantabte Electronic 1D Transponder IPPT-300, Bio Medic Data Systems. Seatord, DE) will be
implanted subcutaneously behind the neck. over the shoulder opposite to the site of YAP surgery, to
facllitate body temperature measurements.

Blood draw from externalized catheter. Catheter will be flushed with 5 ml safine and the first 0.5 ml of
blood wilt be discarded. Biood samples will e collected using a new syringe. After btoad collection,
cathotor will be flushed again and locked with 3 ml of heparin lock (100 U).

Blood draw from peripheral veins. Alternatively, if placement of the catheter {eils and’or catheter loses
patency, we will collect blood from penpheral veins such as auncular, temeral, cephalic, saphencus etc.
Animals may be sedated at the time of blood sampling and admiristration of supportive care [see section
V4.1 2.1} it necessary following the recommendations of an AFRRI velerinarian. All procedures will be
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entered into the experimental record. Lidocain (5%) may be applied topically to the site of venipunciure to
minimize discomfort to the animals about 15 minules before starting the procedure; site will be cleaned
with betadine and alcohol. Blood will be collected once before irradiation, and, with day 0 being the day of
sham-irradiation, on days 0, 1, 3, and once a week after that, up to 60 days. Coflection of samples wiil 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 siatus {hydrafion status, hair coat, skin quality, vitais} wili
be delermined at least once prior to freatment, 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-Producis

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
motibundity 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 (< 36 2C)

Non-absolute

Hyperthermia (=41 *C}

Anorexia (skip 3 consecutive meals)

Anemia/pallor, CRT »2 seconds. CRT will be performed behind the ears.
Petechiae/ecchymosis

Vomiting/diarrhea

Lethargy

Seizures or vestibular signs (falfing, circling or head tilt)

Uncontrotlable hemorrhage

woNMO;MLN A

At the time of euthanasia, the attached cbservation 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 eutnanized according to current American Veterinary Medical Association {AVMA)
guidelines. Animals will be sedated with Telazol® (6-8 mg/kg M} or ketamine (20 mgkg IMY/xylazine (2
mg/kg /M). Animals will then be euthanized with and injecied IV Euthasol® {sodium pentobarbital, {1
ml/4.5 kg IV or IC) or another commercial euthanasia solution.

Alternative (only if the petipheral 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. Hushandry 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 1o 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 aliow individual
assessment of feed consumption and fecal/urine/blood production. Rooms will be maintained ona 1212
h light (0600 to 1800) dark cycle. For piglets 1 — 2 months in age {(weaned) room temperature should be
maintained between 75 — 78 degrees F / 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/formuta
supplement, per piglet, 2 times daily, mixed with approximately ¥z 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 pigtets will be gradually transitioned to a grower
maintenance diet {only dry pellets). We may continue to offer 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 propetly to prevent bactetial 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 animals, accordingly to Table 1. Age-
appropriate liquid food and/or moistened pellet wili be offered if observed that the sick animal prefers it to
dry food. Water is offered ad libitum to piglets from & days of birth and clder via automatic watering. The
proper height for automatic water nipples is about ¥z - 1 inch above the top of the pig / 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 pigtets accompanied with the automatic water for at least 3 days post
weaning or untif 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 pigtets 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 V8D surgical suite
for catheter placement, in transit to and from the cobalt facility in a covered iransport 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 controtled 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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Reference DOD Instruction 3216.01 & AFRRI instruction 3216.2H
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Information requested in the following animal use protocol templale reflecis the requirements of
the Animal Welfare Act Regufations (AWAR}, the Guide for the Care and Use of Laboratory
Animals, and other applicable Federal reguiations and DOD insiructions.

o ok ok o ok e ok ok ol e sk e ol ok ok ol 5 o ke o ok skl vl ook e g ok o v 5k ok e ok skl e ok ok e ok o vk sk ok ok e e e ol ol g ok ok e ok e ok ol o e e ke ke ke ol sk ok ek ek o o e e e ek ok

This document is intended to be an aid in the preparation of DOD-sponsored animal use protocols. |
is a companion document to an identical protocol template thal dees not have embedded instructions.
Either template may be used to format DOD-sponsored animal research proposals; however, reference 1o
the instructions during protoco! preparation is highly recommended. |f using the template with
instructions, the instructions should be deleted prior to submitting the finished protocal for [ACUC review.
Please use Arial, reguiar. size 12, black font to prepare tha protocol. With the axception 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 (SCOPs) promulgated by the AFRRI Veterinary Sciences
Department (VYSD) or similar YSD-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
o include general descriptions of all animal manipulations to be carried out under the IACUIC-approved
protocot and o provide details where no approved references are cited. To do otherwise would constitute
a breach of statutary regulations. Manipulations nol covered in the originally appraved protocol can be
initiated only after IACUC approval of a formal amendmeni adding the new procedures. Additionally,
Principal Investigators (Pls), or other delegated research personnel, should maintain accurate
experimental records and be able to provide an audit trail of animat expenditures and use that correlates
with their approved protocol. Profocol Pls will be required to provide this and other information during
annual protocol reviews.

Any supporiing information that may be of use to the |ACUC during its review may be atiached to the
completed pratocol. Adding subparagraphs within the body of the protoco! tempiate 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 ihis template musi be retained, with
additional information being presented as sub-numbered paragraphs centaining information that supports
or complements what is requested.

INTELLECTUAL PROPERTY STATEMENT

Resscarch protocols drafted by Government scienlists include intellectual properly (e.g., concepls,
ideas, experimeniai approaches, eic.), some of which Is Innovative or original and therefore
considered propriefary to the investigators and/or the sponsoring agency. All Government and
non-Government personnel handiing this protocol shall exercise EXTREME CARE, to ensure that
the information contained herein is NOT DUPLICATED OR DISCLOSED, in whoie or pari, for any
purpose other than to evaiuate the protocol, without the writlen permission of the principal
investigalor or the sponsoring agency.
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V.4.3.6. Multiple Major Survival Qperatlve 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, Injoctions

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 fiuid therapy
with a 25- to 27-G sterile needie fitted to a sterile syringe after sham-operation,
irradiation, wounding, and irradiation followed by wounding, i.e., combined injury. LSP
grade saline wiil 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; OFIRMEY w
equivalent} will be purchased from AmerisocurceBergen (O Ol .. cocc e i@
sources selected in consultation with a veterinarian) and given i.p., 150 mg/kg. Le., 3.75
mg/25-g mouse, in 0.5 m! sterile saline for inection, USP (Davis J.A. Mouse and Rat
Anesthesia and Analgesia Curr. Protoc. Neurosci, 42:A.4B.1-A.48.21. 2008, John
Wiley & Sons, Inc.; Coen M et al.. An Integrated Metabonomic Invesiigation of
Acetaminophen Toxicity in the Mouse Using NMR Spectroscopy, Chem. Hes. Toxicol.
2003, 76, 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 applled topically daily from day 1 to day 10 for 10 consecutlve days via a sterile swab
No attempt will be made to gquantify or measure the amoun! 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 1o 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 {LVX), 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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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 Rl 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 upen 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 crder to elicit
behavioral or physiologic changes other than Rl and CI.

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 cbtain 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 respend
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 afterncon. 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 10 will be euthanized with
COz. 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 inanition. If any single category is above 12 (e.qg., 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 CO2 because use of this procedure is to avoid
possible adverse effects of inhaled COz, 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, blocd 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 coliected 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 CO:z 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 COz and cervical dislocation.
Briefly, the method of euthanasia for animals surviving the experimental procedures will
be exposure 10 a regulated flow of CO2 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.qg., cervical dislocation or induced pneumothorax).

We follow the guide in the IACUC policy, a Rodent Intervention Score Sheet (Tabie 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 categery 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 immedrately. 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 menitored 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.,
11:00a.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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Appendix 1.

Table 1. Rodent Intervention Score Sheet.

Rodent Intervention Score Sheet

response when pinch the paws

PARAMETER DESCRIPTION SCORE
Normal {coats smooth, eyes/nose clear) 0
Appearance Reduced grooming OR minor hunching 1
chlar/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 g9
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 stimutated (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

“‘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: B6D2F mice found to have lost greater than 20% of their body weight (relative to weight at start
of experiment} will be brought to the attention of VSD staff. Those mice that inse more than 20% of initial

body weight will be euthanized and scored as deceased.
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Search string 1: We found 9 references, none of which addressed the questions o 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 dees not address the questions to be
tested in this protocol.

Search string 10: We found 2 references none of which addressed the questions te 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 0 references.

BRD

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 0 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 0 references.

FEDRIP

Search string 1: We found 0 references
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 0 references
Search string 6: We found 0 references
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Experiment 1
Experiment 2
Experiment 3
Total NMP reguired for this protocol 2

V.2. Data Analysis

Mean with standard errors, or percentages, will be reporned if applicable. The
significance level will be set at 5% for each test.

QM|

For experiment 1 to analyze the significant difference in the biomarker
expression betwaen 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 ¢
test, when comparing two groups to determine significant difference among sampling
time. Values of p < 0.05 wiil 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 groupsin
survival rates by performing pair-wise comparisons. Four NHPs (n = 4) per group would
have 80% power to detect a significant difference between twa graups if any, given type |
errar of 5% and delta/sigma of the differences between two group at least 2.4, where
sigma is the common standard dewviation. and delta is the mean ditference (26).

V.3, Laboratory Animals Required and Justification
V.3.1, Non-animal Aiternatives Considersd

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 biclogica