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Introduction

Numerous studies investigated the effects of ioniz-
ing radiation on neuronal, gastrointestinal, and he-
matopoietic functioning in the guinea pig (Bond and
Robertson, 1957 ; Batchelor et al ., 1973 ; Lorenz et
al., 1952 ; Lamarque and Gary-Bobo, 1956 ; Bond
and Sugahara, 1968 ; Ellinger, 1945) . Previous stud-
ies, the most recent of which was conducted nearly
25 years ago (Batchelor et al ., 1973), reported
LD50/30 gamma-radiation doses ranging from 2 .5 to 6.5 Gy.
The purpose of this work is to provide preliminary
data for studies designed to assess the impact of
sublethal gamma radiation and nerve agent exposure on the
seizure threshold . The efficacy of current therapy in

humans before or after exposure to a nerve agent is
more closely mimicked in the guinea pig than in any
other animal model . The guinea pig model of nerve-
agent-induced seizures has been extensively studied
and currently is used in the development and testing
of anticonvulsant drugs by the U .S . Army Institute
of Chemical Defense . Given the wide variability in
the LD50/30 doses for gammaradiation in guinea pigs pre-
sented in previous reports and the improvements in
animal husbandry techniques over the past 25 years,
this study was conducted to determine a physiologi-
cally relevant dose of gamma radiation for use in our
gamma-radiation/nerve agent seizure threshold studies .

1





Methods

Animals

Male Hartley guinea pigs (Harman), certified patho-
gen-free, were quarantined on arrival for 2 weeks
and screened for disease before being released into
the colony . Guinea pigs were housed six to a cage,
and there was no evidence of fighting . Guinea pigs
were fed with commercial guinea pig chow and acid-
ified water (pH 2 .5-3) ad libitum . Animal holding
rooms were maintained at 21'± 1 °C with 50% ± 10%
relative humidity using at least ten air changes per
hour of 100% conditioned fresh air . Full spectrum
lights were used to maintain a 12-hr light-dark cycle
that commenced at 0600 . Guinea pigs weighed 350-
450 g at the beginning of the experiment .

Radiation Procedure

Guinea pigs were irradiated in a bilateral y radiation
field of the AFRRI 60 Co facility (Carter and Verrelli,
1973) . For irradiation, guinea pigs were placed in
well-ventilated acrylic plastic tubes . Animals were
habituated to the plastic tubes for 1 hour daily for the
5 days before irradiation . The midline tissue doses
to the animals were 1, 2, 3, 4, or 5 Gy and were
delivered at a fixed dose rate of 1 Gy/min . An acrylic
plastic stand holding the tubes in a stacked position
allowed simultaneous irradiation of six animals .

Before irradiation, the dose rate was established in
an acrylic guinea pig phantom using a 0 .5-cc tissue
equivalent ionization chamber (calibration factor
traceable to the National Institute of Standards and
Technology). The tissue-to-air ratio was 0 .95, and
the field was uniform to within ± 2% . Dosimetric
measurements were made in accordance with the
American Association of Physicists in Medicine
protocol for the determination of absorbed dose from
high energy photon and electron beams (AAPM
TG21). Sham irradiations consisted of animals being
placed in restraining tubes and held in the cobalt
facility exposure room for the same amount of time
as the irradiated animals, with no radiation source
present .

Data Collection and Analysis

Guinea pigs were weighed once daily (Monday
through Friday) 5 days before irradiation and 29 days
after irradiation . Statistical differences in weight
gain during the observation period for each of the
dose groups was determined using one-way
ANOVA . Initial weight was used as a covariate in
ANOVA of weight gain because the initial weights
for the dose groups were significantly different . The
number of animals surviving in each group was used
to determine the LD50/30 by probit analysis .
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Results

LD50 and Lethality Timecourse

	

Table 1 . Deaths and percent survivors by dose after
irradiation .

Guinea pigs were exposed to a range of doses of
gamma radiation (1-5 Gy) that was consistent with the
range of previously reported LD50/30 doses . The
health of the animals was monitored for 30 days after
radiation. Probit analysis of the number of survivors
from each dose group at the 30-day endpoint re-
vealed that the LD50/30 for y-irradiated test animals
was 2 .2 Gy (1 .5 Gy-2 .7 Gy, 95% confidence inter-
val). Dose dependence is exhibited by the percentage
of animals surviving 30 days postirradiation (table
1). All animals exposed to 1 Gy of gamma radiation sur-
vived through the 30-day test period ; however, none
of the animals exposed to 5 Gy survived more than of deaths due to irradiation in each dose group are
9 days .

	

presented in table 1 .

Survival is presented in figure 1 . In each of the
radiation dose groups, no deaths occurred until the

	

Body Weights
sixth day after irradiation, and no deaths occurred
after 11 days, suggesting that the window of days

	

Body weights before and after irradiation (mean ±
6-11 after irradiation is the most critical . The days

	

standard error) for the exposure groups are presented

	

. . . . . . . . . . . . . . . . . . . .
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Fig . 1 . Animal survival following -y irradiation . Guinea pigs were exposed on day 0 (at arrow) to I Gy (o, n=6), 2 Gy (0, n=1 1), 3
Gy (A, n=1 1), 4 Gy (o, n=11), or 5 Gy (V, n=5) or sham radiation (+, n=1 I obscured from view by squares (1 Gy)) . Animal survival
is expressed as percent of surviving control animals for 30 days following 7 irradiation . Arrow depicts day of irradiation .
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Dose
(Gy) postirradiation

survivors

postirradiation)

1 - 100%

2 9-11 55%

3 6-9 27%

4 9-11 8%

5 7-9 0%



Table 2 . Mean body weights (g) ± standard error .

Dose (Gy)

	

Day 0

	

Day 4

	

Day7

	

Day 15

	

Day 29

Sham

	

401 ± 16 .4

	

444+ 13.8

	

481 ± 15 .2

	

504 ± 33 .6

	

661 ± 16 .0
n=11	n=11	n=11	n=11	n=11

1

	

440 ±10 .1

	

448 ± 10 .1

	

482+ 10.6

	

564+ 15.2

	

605 ± 19 .9
n=6

	

n=6

	

n=6

	

n=6

	

n=6

2

	

362±26.7

	

384±25.1

	

408±26.5

	

468±21 .7

	

613± 11 .6
n=11

	

n=11

	

n=11

	

n=6

	

n=6

3

	

403 ± 16 .8

	

418 ± 16 .1

	

456 ± 17 .9

	

418 ± 26 .8

	

579 ± 43 .8
n=11

	

n=11

	

17=10

	

n=3

	

n=34

4

	

399 ± 13 .5

	

423 ± 12 .1

	

443 ± 11 .0

	

456 ± 5 .2

	

574 ± 23 .9
n=11

	

n=11

	

n=11

	

n=2

	

n=2

5

	

345+2 .8

	

385 ± 3 .8

	

408 ± 4 .5

	

ND

	

ND
n=5

	

n=5

	

n=2

	

n=0

	

n=0

ND, not determined

in table 2 and figure 2 . Weights before irradiation

	

the average starting weight of animals from all groups
were significantly different for the six groups (p =

	

(399.5 g) for all additional analyses .
0.053) . The 1-Gy group had the largest average
weight (440 ± 10.1 g), and the 5-Gy group had the On days 4 and 7 after irradiation, weight gain was
smallest average weight (345 ± 2 .8 g) . Average analyzed. Days 4 and 7 were chosen because they
weights for each group, therefore, were adjusted to

	

were several days after irradiation and before many
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Fig. 2. Weight gain in guinea pigs following 'y irradiation : I Gy (o, n=6), 2 Gy (0, n=1 1), 3 Gy (A, n=11), 4 Gy (0, n=1 1), or 5 Gy
(V, n=5) ; sham-irradiated (x, n= 1 1) . Animals were weighed regularly for 29 days. Weight (average ± standard error) for each group
is expressed as function of the day after irradiation .
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radiation lethalities occurred . By day 4, significant
differences in weight gain were found among the
sham vs . radiation groups (p < 0 .001). There were no
significant weight gain differences, however, among
the five radiation dose groups (p = 0.1) . The average
adjusted weight gain of irradiated animals was 20 .0
± 1 .6 g, and that of the sham irradiated animals was
43 .8 ± 3.1 g. On day 7, the effect of radiation also
was significant (p < 0 .001) . The average adjusted
weight gain of irradiated animals was 48 .7 ± 1 .8 g
and that of the sham irradiated animals was 80 .7 ± 3 .7
g . Statistical comparisons among groups after day 7
were not feasible due to deaths of irradiated animals,
but qualitative results suggest that the difference in
weight gain between irradiated and sham-irradiated
animals is consistent for all time points . There was
no correlation between preirradiation body weight
and lethality within the dose groups .

Pathological Observations

Lethality after y irradiation occurred exclusively dur-
ing the second week after exposure, with no animals
dying until 6 days postirradiation . To establish the
likely cause of death, several animals from each of
the dose groups were necropsied . The most promi-
nent lesions observed during the time period of maxi-
mum mortality were thin, watery blood (anemia) and
mild pinpoint hemorrhages (petechiae) within both
the mucosa of the gastrointestinal tract and the paren-
chyma of the lungs . During necropsy, mild hemor-
rhagic diarrhea was noted segmentally within the
lumen of the small intestine of some animals, but no
clinical signs of diarrhea were observed . Most major
internal organ systems appeared pale, a consequence
of anemia resulting from the hematopoietic syndrome .
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Discussion

The LD50/30 for guinea pigs exposed to gamma radiation in
this study (2 .2 Gy) is less than expected from reports
published through 1968 . A review of the literature
indicated that the LD50/30 for guinea pigs exposed to
gamma radiation was between 2 .5 and 6 .5 Gy. We predict-
ed that the LD50/30 for guinea pigs exposed to gamma ra-
diation in this study would be nearer to 6 .5 Gy than
2.5 Gy because of improvements in animal hus-
bandry techniques and, consequently, laboratory an-
imal health since the 1960s. Surprisingly however,
in the present study, guinea pigs were as susceptible
to the effects of radiation as they were before 1968 .
It is possible that the low LD50/30 reported here may
represent a decrease in immune competency of the
guinea pigs due to closed colony breeding and/or a
more sanitized housing environment .

Deaths after gamma irradiation occurred between postirra-
diation days 6 and 11 . A similar time pattern of death
and the hematopoietic state has been described by
Newton and Ter-Pogassian (1960) after gamma irradiation
of guinea pigs . Similarly, Rosenthal (1955) reported
a coagulation defect in guinea pigs after doses of
radiation in the LD10/30 to LD100/30 range. Hemor-
rhages were most prominent on days 9-13 after expo-
sure and were closely related to thrombocytopenia .
These factors tend to establish the importance of

hematopoietic damage as the major factor leading to
radiation deaths in guinea pigs . In this study, the
observed difference between weight gain in irradi-
ated versus sham-irradiated animals might be ex-
plained by the presence of gastrointestinal lesions in
animals exposed to 2-5 Gy doses of gamma radiation .

Future studies will be conducted to evaluate whether
gammaradiation decreases the threshold for nerve-agent-
induced seizures in guinea pigs . Based on the present
findings that identify 2 .2 Gy as the LD50/30 radiation
dose and days 6-11 as the most critical time period
following gamma irradiation, our future studies on the
combined effects of radiation and nerve agents on
seizure threshold can be planned . For those studies,
guinea pigs will be exposed to 2 .2 Gy gamma radiation,
and seizure thresholds will be examined on post-ir-
radiation day 7 or postirradiation day 15 . Examining
the effects of radiation on the seizure threshold im-
mediately before the period when a predicted 50%
of guinea pigs will not survive provides us the op-
portunity to evaluate the effects in eventual "survi-
vors" and "nonsurvivors." Studies done on day 15
postirradiation will provide data for the effects of
radiation on seizure threshold in an almost exclusive
"survivor" population .
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