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FOREWORD
(Nentechnical summary)

Median lethality studies are conducted at the Armed Forces Rauiolioiogy

Research Institute (AFRRI) using a variety of mammalian species and radiation

sources, In these studies, groups of animals are irradiated at selected doses

o throughout the lethal range (that range of doses resulting in deaths of 1 to 499 percent

f of the exposed animals6 within 60 days).

If a large number of groups is irradiated over the entire lethal range, an
"S'" shaped response curve is produced when the percent of animals that die is

i plotted versus radiation dose, Only that portion of the curve between 10 ard 90
§i

1 percent response is generally linear. However, there is a mathematical trans-

; formation which changes the entire curve to a straight iine. Such a line can be

; readily fitted to experimental data by a statistical method.

The surviving fraction of animals can be predicted for any dose by use of the

response curve, The greater the number of animals involved and the nearer the dose

Pty gy
PR,

to the 50 percent response point of the curve, the more accurate the prediction tends

to be,

The LD5 0 dose is a frequently used parameter obtained from analysis of
lethality data. It is that dose of radiation required to kill, within a specified period,

! 50 percent of the individuals in a large group of animals.

There are several applications for the information derived from this research

at AFRRI. By comparing the results of median lethality studies in a variety of

mammalian species, important trends or patterns may be discovered which could
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aid in anticipating man's response to similar exposures. The LD50 and other charac-
terizing features of the dose response curves are also used as buse lines for evaluat-
ing response modifying factors such as protective agents, partial body shielding,
changes in depth dose distribution, variations in dose rate, and combinations of
injuries. In addition, new radiation sources can often be described from the stand-
point of biological citecis hy median lethality studlies.

The research reported herein provides dose response curves (I'igure F-1)
for beagies exposed to 250 kVp x rays and TRIGA reactor (mixed gamma-neutron)
radiations delivered at 17 rads/min. The 60-day median lethal doses (LD50 /'60)
were calculated to be 206 + 3.6 and 218 * 3.0 rads (midline tissue) for the x rays
and mixed gamma -neutron radiations, respectively. In addition, some clinical signs

associated with acute radiation injury were followed in the study and are discussed,
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Figure F-1, Dose response curves
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ABSTRACT
Beagle median lethality studies were conducted using 250 kVp x rays and
TRIGA reactor (mixed gamma-neutron) radiations. Purebred beagles were irradi-
ated at midline tissue doses from 166 to 292 rads. The dose rates were approximate-
ly 17 rads/min, and exposures were Class A uniform. LD50/60 values of 206 t 3.6
and 218 ¢ 3,0 rads were obtained for the x rays and the mixed gamma-neutron radi-
ationa, respectively. The RBE of the mixed gamma-neutron radiations was 0,94,

Hematological values, clinical symptoms, and survival time data were alsc collected.
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I. INTRCDUCTION

Radiation lethality stndics in mammals are au important portion of the
research conducted at the Armed Forces Radiolbiology Rescarch Institute (AFRRD,
An objective of these studiecs is to establish acdian Tethality values (I‘DSO'S) in
several species with respect to the radiation tvpes, energics, and dose rates avail-
able at this laboraiory. The LD5, end point is important in cvaluating response
modifying factors such as protective agents, sensitizing agents, changes in distribu-
tion of dose, variations in dose rate, and combined injuries.

The purebred beagle is the experimental animal of choice in a number of
studies at the AFRRI because it is a well standardized and easily handled breed of
dog, and becausc many hematological parameters of the dog are quite similar to
those of man., The research herein reported was undertaken as an essential phase
of portraying the beagle's response to ionizing radiations. It represents a further
step in the orderly progression of median lethality data cccumulation on mamimals
of various body sizes.

An LDgq value for beagles exposed uniformly to mixed gamma-neutron radi-
ations at 17 rads/min was calculated from the data obtained in this study. In addition,
the corresponding LD, for 250 kVp ~ rays was determined for use as a comparisorn
standard and as base line information for future research efforts,

Other laboratories have conducted similar studies. Ainsworth et al. ! have
recently reported an LD50/30 midline tissue dose of 203 rads for mixed gamma-
neutron radiations in mongrel dogs (40 rads/min, uniform exposure). The gamma/

neutron ratio of the radiations used in their research differed significantly from that
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available at this laboratory (0.19 vs 1.5) even though similar TRIGA reactors served
as sources. Furtiermore, differences in experimental animals, dosimetry tech-
niques, exposure conditions, and the wide 95 percent confidence interval (183-219
rads) indicate theix LD5 0 value would not be applicable to beagles exposed to the
mixed gamma-neutron radiations at AFRRI without independent corfirmation. Alpen
et al. 2 and Bond et al.5 have reported LD50 values for dogs with respect to 250 kVp
x rays. However, differences again exist in animals, exposure conditions, and
dosimetry techniques which necessitate an independent evaluation of that L050 before

it is used as a reference in other studies at AFRRI.

II., METHODS AND MATERIALS

Animals

The animals used in this study were healthy, purebred, AKC registrable
beagles, 2 to 3 years of age and equally divided as to sex. They were bred and
mainained in a ¢ivs~d colony at Richard E. Saunders, Inc., Richmond, Virginia.
While at that facility, the dogs were immunized against distemper and rabies. At
least 4 weeks prior to irradiation the dogs were transferred to temperature con-
trolled animal rooms at the AFRRI. The dogs were then examined for parasite infes-
tations, blood specimens were analyzed at least twice, and necessary veterinary care
was provided. They were maintained individually in stainless steel cages (which
were washed daily and sanitized weekly), fed kibbled laboratory dog food supplemented
once a week with a high protein canned meat ration, and provided with fresh water

ad libitum. During the 2 weeks immediately preceding exposure, animals received

no medication nor were they subjected to any form of manipulation.
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Radiation Exposures

A radial beam generator was used for the x irradiations., It was operated at
a tube voltage of 250 kVp and a current of 30 mA. The total filtration of 0.95 mm Cu
and 1,2 mm Be resulted in a half value layer of 1.9 mm Cu,

For the x-ray exposures, beagles were restrained in a Plexiglas* box and
positioned in a circular arc about the x-ray generator as illustrated in Figures 1 and
2. Variation in the exposure rate throughout the center line of the box was less than
8 percent from the mean., The Pl<..rlas box was adjustable in width and constructed
to maintain the animal's center line normal to the primary x-ray beam minimizing
any variation in the distance from x~-ray source to beagle center line. Limited move-

ment of the head was, however, possible. The box was secured to a turntable and

X-RAY :\
SOURCE
s\
) CM
S — & ‘
‘B’ METERS
EXPOSURE

MIDLINE
6 METERS
Figure 1. Animal array in x-ray exposure Figure 2. Plan view of x-ray
facility facility

* Trade name for the transparent acrylic plastic manufactured by Rohm and Haas
of Philadelphia, Pennsylvania.




midway through irradiation, animals were rotated 180° to provide bilateral exposure
conditions.

The absorbed dose rate at the center of the animal was calculated from three
factors. First the exposure rate, free-in-air, was determined at the position occupied
by the center line of the animal. A Victoreen Rate Meter was used for these measure-
ments. Second, the ratio of the exposure rate in a heterogeneous tissue equivalent
beagle phantom to the exposure rate, free-in-air, was determined. Miniature tissue
equivalent ionization chambers were used for these measurements. Third, the
conversion factor, f, of 0.95 for muscle and for this quality of radiation was obtained
from the International Commission on Radiological Units and Measurements (ICRU)}
Report 10b. § The product of these factors gave the absorbed dose rate at the center
of the an nal. This dose rate was 16.8 rads/min.

The depth dose measurements indicated that the exposures were Class A,

uniform as defined in ICRU Report 10e° (Figure 3).
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Figure 3. Dose profiles in beagle phantom (midchest
level) bilaterally exposed to x rays and to mixed
gamma-neutron radiations




St 1)

Eighty-two animals were exposed, 4 or 5 at a time, to a total of 8 midline

Jowl <1

tissue doses. The doses ranged from 175 to 271 rads. In addition, 10 control
animals were sham irradiated.
The AFRRI-TRIGA reactor and expesure facilities, described in detail else-

11 L .
where, were used for the mixed gamma-neutron irradiations. Animals were

positioned in an arc with their midline 292 ¢m from the reactor core center line,

Figures 4 and 5. The same Plexiglas boxes, turntables, and bilateral exposure

o protocol of the x-ray studies were used for the mixed gamma-neutron irradiations.
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i Figure 4. Animal array in reactor Figure 5. Plan view of reactor
exposure room exposure room

The absorbed dose rate at the midline of the animal was calculated from two

factors. First, the tissue kerma rate, free-in-air, was obtained from measurement

3

with a 50 cm" cavity tissue equivalent plastic walled ionizatior. chamber. Second,

the ratic of the absorbed dose in the center of the beagle phantom to the tissue kerma,

free-in-air, was obtained; miniature tissue equivalent ionization chambers were used

T




for these measurements. The product of these two quantities gave the absorbed dose
rate at the center line of the animal.

Approximately 60 percent of the tissue kerma measured free-in-air was due
to gamma radiations, 30 percent to neutrons with energies greater than 10 keV, and
10 percent to slower neutrons. The effective gamina energy was between 1 and 2 MeV.

A total of 83 animals was exposed in grouns of 4 or 5 at 10 midline tissue
doses of mixed gamma-neutron radiation. Doses ranged from 166 to 292 rads,
Twenty control animals were sham irradiated.

Depth dose measurzments indicated that the gamma-neutron exposures were
also Class A uniforra (Figure 3). The distribution of dose from nose to tail along the
midline of the phantom varied less than 5 percent from the mean.

Clinical Observations

Irradiated animals were checked at least once each 6-hour period during the
experiment to determine the time of death, and particularly during the 1st day
postexposure, to detect clinical signs of radiation injury. The observations were
continued until all dogs in a group had died or until 6C days had elapsed since
irradiation.

Three ml of blood for hematological examination were withdrawn from a
jugular vein of all dogs two or more times prior to irradiation. Hematology base
line values were established and the condition of the animals was monitored. After
irradiation, blood specimens were collected at regular intervals from approximately
one~-third of the animals 2 males an: © females from each dose group of 10 dogs),

and hematological values were measured. Rectal temperatures were measurad
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whenever blood waa obtained. Postmortem examinations were carried out on approx-

imately half of the decedents with representative animals from each group in which -

deaths occurred,

III. RESULTS

Mortality Response

Beagle mortality data collected in this study are presented in Table I. The

data were analyzed by digital computer using a modification of a United States

Department of Agriculture program which computes a weighted linear regression

line of the mortality probit response on the logarithm of the dose. The maximum

Table I. Beagle Mortality Data
Radiation Midline® Tissue Number of Animals Percent Mean Survival Survival Time
type Dose (rads) in Group Mortality Time (days) Range (days)
250 kVP 271 4 100 13.5 12,75 - 14,75
x rays 241 10 99 14,25 9.75 - 16.75
237 4 100 15.25 14.7¢ - 16,25
228 10 70 14.5 12 - 20
215 10 70 15 13 -17.25
203 24 50 18 14,25 - 22,5
189 10 20 15.5 14,75 - 16,25
175 10 0 -
Mixed gamma- 292 1G 100 13.25 10.5 - 15.25
neutron radia- 284 4 100 12,75 10.5 -15
tions 263 10 100 14,5 10 -24
235 10 100 16 12,5 -19
227 10 60 16 14 -20,5
215 4 0 -
211 11 27 15.5 13.75- 16,5
207 10 30 15.75 13.76-19.75
195 10 10 15.5 15.5
166 4 0 -
SHAM (controls) 30 0 .

* Roentgens of x rays measured at the midexposure volume were multiplied by 0,95 (rads in air,‘R) and by 0,95
(rads midphantom/rad in air) to obtain midline tissue dose.

Rads of mixed gamma-neutron radiations to a small tissue sample measured at the midexposure volume were

multiplied by 0. 81 (a factor arrived at in depth dose studies and calibration procedures) to obtain midline tissue
dose




likelihood estim.ates of the essential parameters of a distribution as described by
Flnney7 are thus obtained.
Lethality values and the corresponding 95 percent confidence limits from the

i analysis are shown in Table II

Table II. Results of Beagle Mortality Data Analysis

Mixed gamma-neutron radiation 250 kVp x rays
Percent Mortality
Midline Tissue 95% Confidence Midline Tissue 95% Confidence
Dose (rads) Limits Dose (rads) Limits
10 200 186 - 207 180 162 - 189
30 211 202 - 216 19% 184 - 202
50 218 212 - 225 206 198 - 214
70 226 220 - 238 218 210 - 230
90 238 230 ~ 259 236 225 - 260
| Slope of regression 13.6 21.6
{ line .

More than 95 percent of the deaths occurred during-the period from 10 through
20 days postirradiation. Exceptions were: 1 dog died on day 9, 1 on day 21, 1 on day
23, and 1 on day 24. No difference in survival time was noted between corresponding
x and gamma--neutron irradiated groups of animals. Mean survival times appeared to
decrease slightly with increasing dose, However, ranges of survival times overlap
for all dose groups (Figure 6) and no statistically significant dependence of survival

time upon dose was detected.

A - e e ————e e ——n -




e gl i

SURVIVAL TimE DAYS)

A rmrn
! @ WXED CAMMA-MEUTRON RADIATIONS
; i T
1 L RANGE OF OASERYATIONS |
. 3 1 L 1
s ] m 150 s 00

sOLINE TIZIUE 0OSE (RADS)

Note: Tha svaber of soimaly regeessnind by
' Yo pletted aeas voloy Iy omiqured
fur soch paint

i Figure 6. Beagle survival times

A

Vomiting

R

Vomiting has been a consistent clinical symptom in large mammal studies at
\ this laboratory. In order to evaluate its usefulness as an indicator of radiation
injury, the x-ray exposed animals and the last 40 dogs exposed to mixed gamma-
neutron radiations were checked for vomiting at least hourly during the 1st day
postirradiation,

From the information collected, no significant differeace was detected in

occurrence or frequency of vomiting between survivors and decedents considered
* in toto, The dose group in which all animals survived had the lowest (30 percent)
vomiting incidence. Vomiting was noted in 50 to 90 percent of the dogs in dose

groups where deaths occurred, but no dose dependent pattern was detected. Vomiting

was seen in 50 percent of the animals that died later in the experiment.




Episodes of vomiting were seen throughout the 24-hour observation period;
however, 30 percent of the episodes ocrurrcd between 2 and 4 hours postirradiation,
In addition, approximately two-thirds of the animals that vomited had done so at
least once within the first 4 hours after exposure.

Hematology

Blood specimens were taken from approximately one-third of the beagles
after exposure to mixed gamma-neutton radiation (three times during the first week
and once a week during the remainder of the experiment), It was important to deter-
mine if this procedure had a significant effect on survival of the animals. Therefore,
the mortality data of the dogs from whom specimens were obtained were separately
analyzed from the data from the unsampled dogs. The results are shown in Table III.
The LDSO’ LD,¢» and LDy, values obtained were nearly identical in all cases and the
confidence limits overlapped extensively. Similar results were obtained from the
x irradiated dogs. In this latter case there were too few data for the programmed

computer to calculate a significant regression line for the dogs from whom blood was

Table III. Comparison of LDgg Values for Mixed Gamma-Neutron Radiation
in Dose Groups where Blood Specimens were Obtained from
Some Animals Throughout the Experiment

LD, 85% Confidence Slope of

(nui? Limita regression line
All Boagles 217 210 - 224 33.4
Sampled* Beagles 217 206 - 230 34.4
Unsampled Beagles 216 207 - 227 4] 32.4

¢Bampling consisted of withdrawing 3 ml of blood from a jugular vein 3 times
during the firat week postirradiation, and once a week thereafter.
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drawn. However, the calculations for the unsampled dog data agreed with the results
from the pooled data.

A marked fall in white blood cell count was noted 1 day after irradiation for
all dogs examined (lymphocytes averaged 25 percent of normal values and neutrophils
approximately 75 percent). Minimum lymphocyte counts occurred either on day 1 or
day 2 postexposure, Subsequently, lymphocyte counts increased slowly, and after 60
days, were still much less than preexposure values. The 2-week postexposure speci-
mens contained the minirium number of neutrophils found. At 3 weeks postexposure
the start of a rapid increase in circulating neutrophils was seen in survivors; however,
preirradiation levels were not reached within the 60-day observation period. In the
dose groups where all animals died, circulating neutrophils had essentially dis-
appeared by the end of 2 weeks and lymphocytes were only 20 to 30 percent of normal
values,

Neutrophil values remained higher in animals surviving an exposure than in
those whose injury resulted in death, For example, in the 203-rad x-ray group
where death occurred in 4 of 8 animals from whom postirradiation hematological
values were obtained, minimums found for survivors averaged 965 cells/mm3
(range: 500 to 1700). The corresponding minimum for the 4 decedents was 131
cells/mm3 (range: 0 to 420).

Platelet counts were scen to fall rapidly after 1 week. Minimum values were
found at 2 weeks postirradiation. Return to preirradiation levels was complete for
all survivors within the 60-day experimental period. In dose groups where 100 per-
cent mortality occurred, the last platelet counts prior to death were less than 1 per- ’

cent of normal,

11
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In the survivors, red blood cell (RBC) miniii'im counts occurred approxi-
mately 4 weeks postirradiation. Return to normal values was seen by the end of the
60-day observation period. In many of the survivors an increase in reticulocytes
was noted after 4 or 5 weeks, In the 100 percent mortality groups the last RBC
counts prior to death were about 65 percent of normal. Although the RBC count was
depressed, in no case did it reach a level that would be representative of clinical
anemia. The depression is most easily explained by normal attrition of the cells
and a transient cessution of hemopoiesis.

Pathology

Approximately 60 percent of the decedents were weighed immediately after
death, The average loss of preirradiation weight wae 17 percent.

Hemorrhagic and infection associated lesions were the most prominent gross
changes seen at necropsy. Hemorrhagic lesions, petechial and larger, were
commonly found associated with many organs. Subepicardial hemorrhages were
seen on the heart, Subendocardial hemorrhages were encountered routinely in the
right atrium and less frequently in the other chambers of the heart. Subpleural
hemorrhage, emphysema, and adhesions of the lungs were often evident, The
gastric mucosa was generally hyperemic with occasional submucosal hemorrhagic
lesions. Submucosal hemorrhages and occasional ulcers were seen in the small
intestine. Extensive hemorrhage with ulceration and erosion was usually found in

the colonic mucosa. The cortices of the kidneys were often congested; and occasional

subcapsular hemorrhagic lesions were noted,

12

T——— e e - R e T e & A A e o -




Rectal temperatures were measured in the contrel animals and in the dogs
exposed to mixed gamma-neutron radiations from which blood specimens were
obtained. All decedents had temperatures above 104°F prior to death, Less than
half of the survivors exceeded this value, and the highest temperature recorded for

control animals was 102, 4°F,

. IV, DISCUSSION
The LDSO obtained for 250 kVp x rays, 206 rads (midline tissue dose), is in

good agreement with the 212 rads (midline tissue dose) quoted hy Ainsworth et al. 1

for mongrel dogs. There is no statistical difference between these values at the 0.3
level. If the variation is real, it could be the result of their use of anesthesia durin,
L irradiation and/or the diffcrence in dog strains used.

The 242 + 4 rads (average absorbed dose) reported by Norris et al. 10 45 the
1 LD.SO value for 60, gamma rays in bilaterally exposed purebred beagles is signif-
icantly different from our results for 250 kVp x rays at the 5 percent level of confi-
i ) dence. If their average absorbed dose is considered equivalent to the midiine tissue
dose used at this laboratory, *he RBE of 60Co gamma rays compared to 250 kVp

x rays is 0,85 for median lethality in the beagle, This value is in agreement with

that obtained by Sinclair12 using a variety of end points.

The LDg, obtained for mixed gamma-neutron radiations of 218 rads differs

A A e—

from the LD50 for 250 kVp x rays at the 10 percent level of confidence. The RBE of
AFRRI-TRIGA mixed gamma-neutron radiatious is accordingly 0. 94 for median

lethality in the beagle. There is no significant difference between our results for

13
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mixed gamma-neutron radiations and those of Ainsworth et al.l at the 5 percent level

of >onfidence because of the overlap of their 95 percent confidence limits (183-219

rads) with those calculated for this study (212-225 rads).

Other research!3:14 at this laboratory, produced median lethality end point
RBE values of 1.7 in rats and 1,3 in monkeys for the mixed gamma-neutron radia-
tiona. It thus appears the RBE of the mixed gamma-neutron radiations decreases as
& function of body size. The 0.94 value is, therefore, not unreasonable. Further-
more, it is in agreement with the work of Bond et al. 3 and Alpen et 31.3 who also
used mixed radiation fields (predominately neutrons) and found the RBE to be less
than 1 for median lethality in dogs when 250 kVp x rays were used as the standard for
comparison,

The slopes of the dose response curves indicate that response among indi-

viduals is less variable to mixed gamma-neutron radiations than to x rays. This

effect has been noted in other animals at this laboratory 13,14 as well as by other

1avestigators, 3,5

In addition, the beagle response curves tend to have steeper slopec than
those for mongrels., 1,2,3,5 Tpat result agrees with Andrews'? observation that
""A homogeneous population such as an inbred strain will have a narrower [lethal]
dose range than is found for a more heterogeneous group.”

Hemograms developed in this study appeared similar to those of Alpen et al.2
particularly with respect to platelets and levkocytes. Changes noted at postmortem

examination were not unique and have generally been reported.

14
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V. CONCLUSIONS
The effects of whole body exposure to x rays and mixed gamma-neutron
radiation in the young adult beagie were studied. The following conclusions were
reached:

1. The beagle LD for 250 kVp x rays (1.9 mm Cu HVL} at 17 rads/
min was 206 rads (midline tissue dose). The corresponding LDy dose for mixed
gamma-neutron radiations from the AFRRI-TRIGA reactor was 218 rads. The
mixed gamma-neutron radiations, when compared to 250 kVp x rays, had an RBE
of 0.94 for median lethality in the beagle.

2. Survival time of the decedents in this study was not a function of
the type of radiation nor was it shown to be dose dependent over the lethal range.

3. Survival times, hematology studies, and changes seen at necropsy
indicate that injury to the hematopoietic system was the primary cause of death in
this investigation,

4. Vomiting was not dose dependent in the groups of dogs in which
deaths occurred. However, a majority of the beagles irradiated at midtissue doses
from 189 rads to 292 rads vomited, Vomiting occurred most frequently between
2 and 4 hours postexposure,

5. The collection of blood specimens from irradiated animals did not
affect survival in this study.

6. Individual response to the mixed gamma-neutron radiations was

less variable than was the response to x rays.

15
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