AD

Award Number: W81XWH-08-2-0082

TITLE: A Blast Model of Traumtic Brain Injury iIn Swine

PRINCIPAL INVESTIGATOR: Dr. Samuel Panter

CONTRACTING ORGANIZATION:

REPORT DATE: February 2011

TYPE OF REPORT: Final

PREPARED FOR: U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

DISTRIBUTION STATEMENT:

Approved for public release; distribution unlimited

The views, opinions and/or findings contained in this report are
those of the author(s) and should not be construed as an official
Department of the Army position, policy or decision unless so
designated by other documentation.



REPORT DOCUMENTATION PAGE OMa N Dhon o188

Public reporting burden for this collection of information is estimated to average 1 hour per response, including the time for reviewing instructions, searching existing data sources, gathering and maintaining the
data needed, and completing and reviewing this collection of information. Send comments regarding this burden estimate or any other aspect of this collection of information, including suggestions for reducing
this burden to Department of Defense, Washington Headquarters Services, Directorate for Information Operations and Reports (0704-0188), 1215 Jefferson Davis Highway, Suite 1204, Arlington, VA 22202-
4302. Respondents should be aware that notwithstanding any other provision of law, no person shall be subject to any penalty for failing to comply with a collection of information if it does not display a currently
valid OMB control number. PLEASE DO NOT RETURN YOUR FORM TO THE ABOVE ADDRESS.

1. REPORT DATE (DD-MM-YYYY) 2. REPORT TYPE 3. DATES COVERED (From - To)
01-02-2011 Final 15 Apr 2008 - 14 JAN 2011
4. TITLE AND SUBTITLE 5a. CONTRACT NUMBER

A Blast Model of Traumtic Brain Injury in Swine

5b. GRANT NUMBER
W81XWH-08-2-0082
5c. PROGRAM ELEMENT NUMBER

6. AUTHOR(S) 5d. PROJECT NUMBER
Dr. Samuel Panter

5e. TASK NUMBER

E-Mail: sspanter@hotmail.com 5f. WORK UNIT NUMBER
7. PERFORMING ORGANIZATION NAME(S) AND ADDRESS(ES) 8. PERFORMING ORGANIZATION REPORT
Northern California Institute for Research and Education NUMBER

San Francisco, CA 94121

9. SPONSORING / MONITORING AGENCY NAME(S) AND ADDRESS(ES) 10. SPONSOR/MONITOR’S ACRONYM(S)
U.S. Army Medical Research and Materiel Command
Fort Detrick, Maryland 21702-5012

11. SPONSOR/MONITOR’S REPORT
NUMBER(S)

12. DISTRIBUTION / AVAILABILITY STATEMENT
Approved for Public Release; Distribution Unlimited

13. SUPPLEMENTARY NOTES

14. ABSTRACT
The purpose of this study is to develop a survival model of blast-induced traumatic brain injury (BI-TBI) in swine. Two air guns

were constructed, each having different lengths, air chamber volumes and barrel diameters. Air velocity was measured with a
ballistics chronometer over a series of firings at different blast pressures. Calibration curves show linear and reproducible
results through a range of firing pressures. Under anesthesia swine received BI-TBI with either one of the air guns at two
different pressures and recovered for 7 days. Swine injured with the larger gun at the higher pressure took longer to return to
normal behavior compared to the control or lesser blast animals. These animals demonstrated circling behavior, un-coordination
increased startle reflex, and hyperactivity during the recovery period. In a novel object test these injured animals took longer to
start to investigate and the object was novel for a longer time. They showed electrocardiogram changes on Day 7 post blast
indicating coronary ischemia and injury. The results show that this swine model of blast induced traumatic brain injury will
provide a needed tool for the development of treatment for traumatic head injuries, rehabilitation and improvements in military
and civilian protective body.

15. SUBJECT TERMS
Traumatic Brain Injury, Swine, Blast, Model Development

16. SECURITY CLASSIFICATION OF: 17. LIMITATION 18. NUMBER 19a. NAME OF RESPONSIBLE PERSON
OF ABSTRACT OF PAGES USAMRMC
a. REPORT b. ABSTRACT c. THIS PAGE 19b. TELEPHONE NUMBER (include area
u U U uu 14 code)

Standard Form 298 (Rev. 8-98)
Prescribed by ANSI Std. Z39.18



Lo Yo HUT w3 A o o SO

B O ot e e e e e e e e e

Key Research Accomplishments.........ccooiiiiiiiiiiii i e,

RePOrtable OULCOMES ... i ittt e et e e e e e et e e e e e e e e e e e

(@ 0] 1e3 10T o] o S

R O BN C S .. et e e e e e e e

AP P ENAICES . it e e e e e e e

Table of Contents

13

14

14

14

14



Final Report for project W81XWH-08-2-00A blast model of traumatic brain injury in
swine.

INTRODUCTION:

Blast-induced traumatic brain injury (BI-TBI) is a significant cause of morbidity and behavioral
dysfunction in service men and women returning from Irag and Afghanistan. Laboratory models
are needed to study the mechanisms underlying this critical injury and develop new therapies to
treat survivors. Many TBI models are performed in rodents, and data from these models have
been used as a basis for several disappointing Phase Il clinical trials in humans with TBI. The
failure of these trials may, in part, be due to differences between the rodent and human (or pig)
brain. The development of a large-animal model of BI-TBI will revolutionize the study of this
pressing clinical problem and rapidly facilitate the development of novel therapies to treat
injured military personnel. Therefore, the purpose of these experiments is to develop a survival
model of BI-TBI in swine.

BODY:
Protocol Approval:

The protocol was submitted to the local IACUC and approval received on 20 March 2008. The
protocol was then submitted to DOD on March 2008. The protocol PT 08-18-01 (ACORP) was
approved by the ACURO on 7 July 2009.

Methods and Materials:

Calibration of air guns:

Two air guns were constructed from PVC piping, each having different lengths, air chamber
volumes, barrel diameters and both designed to hold up to 100 pounds per square inch (psi) of
pressurized air. The smaller gun has a 40-inch barrel with an internal diameter of one inch. The
compression chamber has an outer diameter of 4 inches and is 26 inches in length. The larger
gun has a barrel 54.25 inches in length with an inside diameter of 2.5 inches. The compression
chamber is 4 inches in outside diameter with a length of 36 inches.

The air velocity was measured with a digital ballistics chronometer over a series of firings with
controlled pressures in the air chambers. A digital ballistics chronometer measures the speed of
an object such as a bullet, pellet, or an arrow through its sensing field. To characterize the guns
and determine the velocity range, each gun, using room air and an air compressor, underwent
two sets of 10 firings at 60, 70, 80, 90, and 100 psi in the air chamber. Air velocity in
meters/second was measured at a distance of one foot from the end of the gun barrel.

Animals:

Ten female Yorkshire swine were obtained in 2 sets, 4 in the first set and 6 in the second set.
The animals were acclimated in the animal care facility for at least one week prior to blast injury.
The average body weight on the day of blast injury was 24 Kg, range 21 to 27 Kg. Animals
were housed on wood shaving bedding together in groups of 3 or 4, water provided ad libidum
and fed twice a day. Animals were fasted for 12 hours prior to blast injury.

Blast Induced Traumatic Brain Injury:
On the day of the blast injury animals were pre-medicated with ketamine i.m. (20 mg/kg) and



glycopyrrolate i.m. (0.1 mg/kg) then masked with 4% isoflurane to achieve a deep plane of
anesthesia. The animals in the first set were intubated with an endotracheal (ET) tube and the
animals in the second set remained masked with a nose cone. Anesthesia was maintained with
isoflurane (1-4%) using standard anesthesiology apparatus to deliver inhalation anesthetics.
Once deeply anesthetized, the animals were placed in lateral recumbency and immobilized
firmly on a table with 2-inch-wide nylon straps. The heads of the animals were capable of
movement. The animals were monitored for blood oxygen saturation and electrocardiogram
(ecg). Protective padding was placed over the swine’s eyes. The air gun was secured to a
nearby table and positioned with the barrel perpendicular to and centered between the ears and
eyes of the swine with the barrel opening 5 cm from the top of the skull. Immediately prior to
firing of the gun, the ET tube was disconnected from the anesthesia apparatus or the nose cone
removed from the animal. The gun was fired, then the anesthesia tubing was reconnected or
nose cone was replaced. The blast caused an acceleration/deceleration injury to the swine
brain. The animals in the second set were given ketorolac (30 mg) s.c. for analgesia. The
anesthesia was gradually reduced and the animals were moved to a mobile pen to recover from
anesthesia. Animals were observed for 7 days post injury and weighed on day 7. The following
photograph shows the equipment and animal prepared for the BI-TBI.

Four female Yorkshire swine were used in the first set of blast injury experiments, two were
injured with the smaller gun at 100 psi, one was injured with the larger gun at 80 psi and one
sham (no injury). In the second set of six animals, two pigs were injured with the larger gun at
80 psi, three pigs were injured with the larger gun at 100 psi, and one sham (no injury —
anesthetized and strapped on table for same length of time as animals receiving blast).



Behavioral/learning/memory evaluation:

A learning/memory paradigm was used for the second set whereby the animals were given five
minutes in a pen with three identical bins of different colors: stainless steel, pink, and blue, all
containing a food treat, a piece of apple. Only the pink bin could be opened to retrieve food.
The animals were expected to learn and remember to go directly to the pink bin and open it to
obtain food, without attempting to open other bins. The time taken to complete the task
(maximum 300 seconds) during each session was recorded, and a performance score was
calculated as follows:

+2 = opens pink bin

+1 = touches pink bin but does not open it
+1 = does not approach the other two bins
+0 = smell either of the other two bins

-1 = tries to open either of the other two bins

The maximum score possible was +3 (opening of pink bin without approaching the other two
bins). Each false attempt earned a negative score (no maximum). The trial ended as soon as
the pink bin was opened or at 300 seconds. The order of the bins was changed with every trial
so the animals had to associate color and not the position of the 3 bins. Prior to the blast injury
the animals were trained and then scored for three trials. They were then tested on day 1 after
injury with two trials. On day 2 or 3 after injury, the animals were tested for relearning by
changing the color of the bin that could be opened. The pink bin was secured closed and the
blue bin was enabled to open. The animals were given 3 trials. Scores per trial for each animal
were averaged for each session, pre-blast, post-blast, and relearning.

A novel object test was used on day 1 following injury for the second set of animals to measure
inquisitive intrinsic exploration directed at stimuli of little biological consequence. Exploration
decreases during exposure as the novelty decreases. Normal, uninjured pigs possess a high
level of curiosity promoting inquisitive exploration. After injury the animals were individually
placed in a pen with a novel object, an empty plastic water bottle, and the length of time taken to
start investigating the object and the duration of the investigation was recorded.

The animals for the second set were assessed for neurological status daily utilizing a
neuroscore based on a 75-point scale (75 = normal; 21 = brain dead). The parameters
assessed included level of consciousness, behavior, feeding, drinking, cranial nerve reflexes,
motor and sensory function, co-ordination, and locomotion. Animals in the first set were
observed daily but not given a score.

Euthanasia:

On day 7-post injury the animals were euthanized. The first set of 4 animals were transcardially
perfused and the brain fixed. After sedation with ketamine, 20 mg/kg, i.m., the animals were
deeply anesthetized with 1-4% isoflurane. A sternal incision was made, the sternum cut with a
bone cutter, and a rib spreader used to open the sternum and expose the heart. The right
ventricle was catheterized and approximately one liter of blood was removed. The animals
were then perfused with heparinized ice-cold saline, and Zamboni’s fixative. The second set of
6 animals were deeply anesthetized with isoflurane, then were euthanized with an i.v. injection
of saturated KCI. When all cardiac activity ceased, the brains were removed and prepared for
histology.



Results:

Calibration of air guns:

The test results of the first set of 10 rounds show the small and large guns produced a mean
velocity in meters/sec of 73.9 (+ 4.67) and 499.8 (x 63.02), respectively, using 60 psi; 88.6 (+
6.69) and 573.2 (+ 26.14) at 70 psi; 109.7 (x 3.37) and 656.3 (+ 36.24) at 80 psi; 123.2 (+ 7.76)
and 733.7 (x 39.45) at 90 psi and 137.1 (£ 4.63) and 817.2 (+ 54.37) at 100 psi. The test results
for the second set of 10 rounds show the small and large gun produced a mean velocity of 75.1
(£ 2.78) and 491.1 (+ 26.67) at 60 psi, respectively; 91.7 (+ 6.23) and 577.5 (+ 48.10) at 70 psi;
105.0 (= 3.29) and 672.1 (+ 42.47) at 80 psi; 116.0 (£ 6.99) and 736.1 (+ 49.32) at 90 psi and
133.4 (+ 5.63) and 792 (+ 43.46) at 100 psi. Figure 1 shows the mean velocity in
meters/second for both sets of rounds for the small gun and Figure 2 shows the results for the
large gun. These calibration curves show linear and reproducible results at known air velocities.



Body Weight:
There was no difference in body weight or weight gain between the groups. The control pig in
the first set was not weighed seven days prior to euthanasia. The weights are shown in Table 1.

Table 1. Individual animal and group mean body weights (kg) on day of blast, day 7
post-blast and weight gain from blast to day 7.

Control-no blast 100 PSI small gun | 80 PSl large gun 100 PSl large gun
At Day At Day At Day At Day
Blast |7 Gain | Blast | 7 Gain | Blast | 7 Gain | Blast | 7 Gain

210 |230] 20 | 270 |[320| 50 | 250 | 26.0 | 1.0 | 240 | 27535
250 | 320 | 7.0 | 245 | 275 | 30 | 265 | 285 | 2.0

22.0 | 240 2.0 225 |1 24520

Mean | 21.0 | 23.0| 20 26.0 | 320 | 6.0 23.8 | 25.8 2.0 243 | 26.8 | 2.5

Clinical Observations:

First set of animals: One swine injured with the smaller gun recovered quickly, was extubated 7
minutes post injury, did not need analgesia and was returned to the pig run 42 minutes after
injury. The second swine injured with the smaller gun had a slower recovery, was extubated 14
minutes post injury, was given 100 mg carprofen IM one hour post injury because of the slow
recovery although did not display signs of pain and was returned to the pig run 3 hours post
injury. The swine that was injured with the larger gun at 80 psi was extubated 12 minutes post
injury, showed signs of pain by excessively grinding teeth and was given 100 mg carprofen one
hour post injury. The swine were observed daily for 7 days for behavioral and coordination
abnormalities. All observations were normal.

Second set of animals: The control swine was pre-medicated, anesthetized and strapped to the
table following the same protocol and for the same length of time (approximately 30 minutes) as
the BI-TBI animals, but did not receive a blast. The control swine had a normal recovery,
started chewing and opened eyes 18 minutes after anesthesia was discontinued, sat up at 55
minutes and stood at 60 minutes post anesthesia.

Two animals were injured with 80 psi using the large gun. Both animals recovered normally,
one started chewing 15 minutes after anesthesia was discontinued and the other in 21 minutes.
They displayed normal curiosity, sniffing and investigating their surroundings.

Three animals were injured with 100 psi using the large gun. One animal started chewing 12
minutes after anesthesia was discontinued and had a normal recovery. The second animal
started chewing 7 minutes post-anesthesia, had difficulty standing, was unsteady walking, and
circled, flailing and stumbling, in the recovery pen. She vocalized with distressed grunts even
though she could see and touch noses with the swine in the adjoining pen. Two hours after the
blast her balance was improving but still a little unsteady. Four and one half hours post injury
she appeared normal and was returned to the pig run with the others. All of the swine in the
study were offered pig chow as soon as they were sufficiently awake to safely eat
(approximately one hour after anesthesia) and all the pigs promptly ate except this second 100
psi injured animal who did not eat until she was returned to pig run. The third animal also
started chewing 7 minutes after anesthesia was discontinued. When food was offered she was
startled and unable to get her footing, flailing, kicking the sides of the pen. She circled in her



pen, unsteady on her feet for five minutes before starting to eat. She was steadier on her feet
one and one half hours post blast and was very active in the recovery pen and overly startled by
stimuli. She appeared normal and was returned to the pig run three and a half hours post injury.
In summary, two of the three animals in the 100 psi blast group had a slower recovery to
normal, displaying circling behavior, increased startle reflex, hyperactivity, flailing, kicking,
unsteady on feet, and vocalizing, compared with the other animals in the study.

The injured animals in the second set were given ketorolac (30 mg) s.c. for analgesia prior to
discontinuing the anesthesia. None of these animals required or were given additional
analgesia during recovery.

The amount of time for each animal to awaken from anesthesia was measured from the time
anesthesia was discontinued until the animal started chewing and swallowing. Results are
shown in Figure 3. For the second set of animals, injured with the large gun, the amount of time
taken for the animals to stand up after anesthesia was discontinued is shown in Figure 4.
Animals awoke sooner with increasing blast injury but took longer to stand up.



Learning and Memory Test: There was no difference in scores between the 80 psi and 100
psi blast groups or between the pre-blast, post-blast or relearning. The sham injury animal and
one in the 100-psil-injury group performed poorly during the pre-injury training, being more
concerned about being separated from the other animals than obtaining the food treat. By the
third session, the re-learning, both were motivated and did not exhibit separation anxiety. The
individual animal scores (average of trials per session per animal) and the group mean scores
are shown in Table 2.

Table 2. Individual animal and group mean scores for Learning and Memory Test

Sham 80 PSI Blast 100 PSI Blast
Pre Post Re- Pre Post Re- Pre Post Re-
Blast Blast | learn Blast Blast | learn Blast | Blast | learn
0 0.5 2.3 2.3 2.5 2.0 2.7 2.0 2.0

2.7 2.5 2.3 1.0 15 2.7

2.7 2.5 2.7

Group
Mean |0 0.5 2.3 2.5 2.5 2.15 2.13 2.0 2.47

Novel Object Test: Each animal was placed individually in an empty pen with no bedding
except for a novel object, an empty plastic water bottle. The animal was timed from when she
was placed in the pen until she touched the object. This was defined as the time to start
investigating. She was then timed until she lost interest in the object because it was no longer
novel and left it. The time required to investigate the object increased with increasing blast
injury. The sham injured animal lost interest and left the object sooner than the blast injured
animals. The results are shown in Figures 5 and 6.
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Neurological Assessment: Neurological assessments were done after the animals were
returned to the home pig run. Animals in the first set were observed daily but not given a score.
All animals were normal. All the animals for the second set scored 75 points (75 = normal; 21
= brain dead) at each daily observation.

Electrocardiography: Lead Il of a 3-lead electrocardiogram was recorded immediately prior to
the blast, during the blast, at 5 and 30 minutes post-blast and prior to euthanasia on Day 7 post-
blast for the animals in the 100 psi large gun and control groups. The control animal showed a
normal ecg. The animal that had an uneventful recovery (Swine #2) from the blast showed an
abnormal ecg with an inverted T wave at 30 minutes post-blast and ST segment elevation and T
wave elevation at Day 7. The tracings are shown on Figure 7A. Of the two animals that had a
slower recovery (displaying circling behavior, increased startle reflex, hyperactivity, flailing,
kicking, unsteady on feet) the first animal had a normal ecg and the second animal (Swine #4)
had ST segment elevation at Day 7, shown on Figure 7B. Cardiac dysfunction can occur
following acute neurologic injury. The most common repolarization abnormalities seen on ecg
following brain injury include ST segment changes and T wave inversion. These changes can
indicate coronary ischemia and injury.

Histology: Brains have been fixed. Histology has not been performed to date.
Problems: The larger gun had a design deficiency that caused a failure during the first set of

animals. This deficiency was corrected and a second set of animals was then tested using the
larger gun.
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Figure 7A. Electrocardiograms, Lead Il, Swine #2, 100 psi large gun, taken pre-blast, at 30
minutes and 7 days post-blast.
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Figure 7B. Electrocardiograms, Lead I, Swine #4, 100 psi large gun, taken pre-blast, at 5
minutes and 7 days post-blast.
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KEY RESEARCH ACCOMPLISHMENTS:

Protocol submitted to IACUC and approved on 3/20/2008.

Protocol submitted to DOD March 2008.

ACURO approval received on July 2009.

Calibration of two different size air guns at 5 pressures completed on May 2008.

Eight swine and two sham control swine underwent blast-induced traumatic
brain injury using two different size air guns at two different pressures.

*  Behavioral/learning/memory testing was performed.

»  Dalily neurological assessment for one week following blast-induced traumatic

brain injury.
»  Swine brains perfused in situ and prepared for histology.
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REPORTABLE OUTCOMES:

An abstract and data from the air gun calibration experiments was submitted to the Military Health
Research Forum September 2009.

CONCLUSION:

The blast air gun calibrations showed linear and reproducible results that quantify known air
velocities. Swine received blast induced-traumatic brain injury with air guns of two different
sizes at two different pressures. Two of the three animals injured with the larger gun at the
higher blast pressure,100-psi, had a slower recovery to normal, displaying circling behavior,
increased startle reflex, hyperactivity, flailing, kicking, unsteady on feet, and vocalizing
compared with the other animals in the study. Animals awoke sooner from anesthesia but took
longer to stand with increasing blast pressure injuries. Two of the three animals injured with the
larger gun at the higher blast pressure showed abnormal electrocardiogram changes on Day 7
following blast that indicate coronary ischemia or injury. The results of the study show that this
swine model of blast induced traumatic brain injury will provide a needed tool for the
development of treatment for traumatic head injuries, rehabilitation and improvements in
military and civilian protective body gear.

Future directions: Transferring the model to miniature swine would allow the follow up period
to be extended for months to evaluate treatments in the timeframe of human TBI and
rehabilitation. The addition of complicating physiological conditions such as dehydration,
stress, hyperthermia, other injuries, and multiple blasts can be useful in tailoring treatment for
real world conditions.
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