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FOREWCRD
{Nontechanica! ®nmmary)

Mortality data are reported for CF7 L mace . .nd Spra~ue-Dawley rats exposed
to cither mixed gamms -neutron radistions from the A FRRI-TRIGA reactor or 25¢ kVp
x rays. "hese data were collected as a part of the program to characterize the hio-
logical effecis of the reactor radiations and to provide refereuce information for future
studies.

Groups of rats and mice were exposed to radiation doses over a range estimated
to produce ¢ to 100 percent mortality during the first 30 days foliowiiJ irradiation.
Deaths were counted daily, and at the end of the 30-day observation pericd the percent
mortality was calculated for each group of mice and rats.

When these kinds of data are plotted as percent mortality versus dose, one
ordinarily obtains a sigmoid (S-shaped) curve. Such a curve can be converted to a
straight line by a mathematice cansformation called probit analys:is. The mathema-
tical transformation simplifies the analysis of the data.

Many investigators summarize their mortality results by reporting a single

value, the median lethal dose (1.D_). The LDSO gerves as an estimate of the sensi-

50
tivity of the animal spe-'ies to the set of exposure conditions ur~d. The LDSO is that

dose required to produce mortality, within a specified time period, in 50 percent of
the individuals in a large group of exposed animals. The first 30~-day postirradiation

period is used by many investigators and the results reported as an LDSO/{BO'

In this study, the LD midline tissue doses for mice exposed to either x

50/"30

rays or reactor radiztions were found to b= 589 and 432 rads, resp._ctively. The

iit




corresponding values for e rat exposures were 740 and 434 rads. With the LDSO/'% 0
values as the end points for comparison, the reactor radistions were 1.4 and 1.7
times more effective in mice and rats, respectively, than were X rays. In addition,

apaly-is of the survival times indicates the ruice and rats exposed to v.actor radia-

tions died significantly eariier than those exposed to similar doses of X rays.

iv
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ABSTRACT

s ]

Mortality data for C57BL mice and Sprague-Dawley rats were collected as =
part of the program to biologically characterize AFRR1 TRIGA reactor radiations
and to provide reference information for future studies. Unilateral whole body ex-
posures to mixed gamma-neutren radiations from the reactor or to 250 kVp x rays
were carried ov* over a range of midlin. tissue doses from 370 to 875 rads. The

30-day median lethal doses were calculated to be 589 and 432 rads for mice exposed

to the x rays and to the reacter radiations, respectively. The corresponding values
for the rat exposures were 740 and 4°%4 rads. Using the LDSG /30 values as the end
points for comparison, the reactor radiations vore 1.4 and 1.7 timea more effec -
tive in mice and rats, respectively, than were the x rays. The survival (imer of

the mice and rats exposed toreactor radiations were significantly less than those of

the animals exposed to muanilar doses of x rays.
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I. INTRODUCTION
Median lethality rrudies were initiated in different mammalian species in order

to accumulate base iine data and (0 assess the biological effectivenesgs of ihe mixed

gamma-neutron radiat:ons from the AFRRI-TRIGA reactor. Mammals with body

’*
masgses ranging from that of the mouse to that of miniature swine are being investi- ‘
gated. 1 J

Comparable exposures were made using a 250 kVp x-ray unit as a r-fercnce ,f; i-;
source, to facilitate ralculation of the binlogical effectiveness of the reactor radia- H i
tions and to permit (nterlaborator y comparisons of results. The results of rodent "7 J

exposures to these radiation sources as well as the technigues utilized are the sub-

jects of this report

. MATERIALS AND METHODS

Biological Considerations

Male and female C57BL mice® (15-22 grams! and Sprague-Dawley rata”

(250-350 grams), 3-10 weeks of sge, were ovtained commercially, housed as pairs

of the same sex, and acclimatized for 2 weeks pricer to exposure. During this

period they were weighed twice weekly and those animais which failed to gain weight
or otherwise appeared unhealthy were excluded rrom the study. Throughout the experi-
ment, all animals had {ree access t¢ a commerciel pathogen-free baked diet? and to

tap water,

* Microbiological Associates, Inc., Bethesda, Marviand
+ Simonser. Laboratories, Inc., While Bear lake, Minnesota

t C L. Baking Co., Frederick, Maryland. D & G Research Animasl Lauoratory Diet
for Rats and Mice -- Specific Pathogen Free




Groups of mice and rats wers exposed to one of a series of graded doses from
either radistion scurce. Individual animals were randomly ag2igned 0 dose groups
which were selected for x or mixed gamma-neutron (reactor) irradiations. There
were egqual numbers of esch sex for each dose group sid type of radiation. The number
exposed at each drse and with each type of radiation is given in Tables [ and II. A con-
cemitant objective of the study was to check tbe biological response io the radizticns
from two different reactor cores. The doges listed in bold print in these tables denote
groups exposed to radiations {rom the originsi reactor core (aluminun clad fuel efe-
ments) and their x irradiated counterpsris. The corresponding exposures made after
instaliation of the new reactor core {stainless siee! clad fuel elements) are italicized.
Three rat x-ray doses were repeated twice at the time the exposures were made
using the cew reactor core to «biain an indication of the degree of biological variability
between similar exposures at different times. Control animals were sham irradiated
in the appropriate exposure facility.

Deaths were recorded dsily for 30 days foi’owing irradiation. Probit
analysis was used *0 obtain the best fitting dose-mortality regression line for each
species and ex. .l type of radiation. The estimated LD5 0/30 value was obtained from
each regression line. Since identical dcies o1 x ray and mixed gamwma-neutron radia-

‘one were not used, the survival times after these irradiations were not compared
directly. The mean survival time for e decedents of each group was nlotted as the

‘ogarithm of the '8¢ and a "least squares'' method employed to determine the best fit

regression line for = h type of radiation. Confidence bands (95 percent) for the lines




as a whole were calculgted. Comparison of the regression lines indirectiy compared
the mean survival times.

No significant difference was found when the homogepeity of the regression
lines of the exposures made with the original reactor cor: was tested against the
couaterpart from the exposuies made with the new core, por was there any significant
difference bhetween the radiosensitivity of males and females. The resulis of the rat
expoaures conducted on the same day were not significantly different. Since the
results of the exposures made with the original and new reactor cores were not found
to differ, the data were combined for probit analysis.

Physica: Consideraticns

All animals were subjected to unilateral, whole-body exposures conducted under
minimal scaiter conditions. Exposure containers copsisted of trans;zrent Plexiglas*
rectsngular boxes. The rat boxes were fabricated from 1/8" thick Plexigias sucets
and measured £-7, 8" wide x 6-5/38" long x 3-1/8" high. For mouse irradiatiens,
partitions were added to the rat exposure boxes so that four mice could be positioned
in each hox.

X-ray exposures {(Figures 1 and 2) were accomplished with the 3600 radigl)
beam from a 250 kVp gencrator operated at 30 milliamperes. The f{iltration used,
inherent (1.2 mm beryilium) and addea (0.95 mm copper), resulted in a balt value

layer (HVL) of 1.9 mux of copper. Exposure boxes were positioned so that the midline

* Acrylic plastc (poelymer of muthyl methacrylate; composition by weight: 60 per.-
cent carbon, 8 percent hydrogen and 32 percent oxygen). Rohm and Haas Co.,
Philadelphia, Pennsylvania.

=]




of each animal wss 1 meter {from the x-ray source. The sbscrbed dose at the center
of the animal was calculated irom three facters. First, the expesure, {ree-in-air,

was determired st the position to be occupied by the center line of the animal,

Figurc 1. X-ray exposure
array for mice
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Figure 2, X-ray exposure
acray for rats




Positions were selected so that the variaticn in this quantity was less than 4 percent
from the mean. Second, the ratic of the dese in a Plexigias phantom (simulating
each animal ir the irradiation osition) to the exposure, free~in-air, was obtained
. L . 4 , , = .
using miniature jonization chambers. Third, the conversion factor, (f), of 0.95 for
. . « , o : SO . 9
soft tissue and for this quality of radiation was obtained irom ICRU Report 10b.
The product of thesc factors gave the absorbed Cose at the center of the animal. The
absorbed dose rate in all exposures was approximately 21 rads per minute. The ex-
posure rate was monitored continuously during each irradiation by a Victoreen rate
meter to detect any changes in the output of the x-ray unit.

The mouse and rat arrays used for the mixed gamma-neutron {reactor) expo-
sures are shown in Figures 3 and 4. Arrayvs were positioned so that the midline of
each animal was on an arc 292 centimeters {rom the vertical center lire of the reactor
core. This are, located in the middle of the exposur~ room, formed an exposure field
‘n which the tissue kerma, free-in-air, did not vary by more than 4 percent from the
mearn. The absorbed dose at the midline of the animal was calculated from two factors.
First, the tissue kerma, free-in-air, was obtained from measurement with a 50 cm
cavity tissue - yuivaient plastic* walled icnization chamber. Second, the ratio »f the
dosc in the conter of a Plexiglas phantom (simulating the animal in the irradiation
position) to the tissue kerma, free-in-air, waus obtaired. The product of thesc two
quantities gave the abserbed dose at the center line of the animal. The absorbed dose

rate for aill exposures was approximately 20 rads per minute,

* Plastic supplied by Dr. F. R. Shonka, St. Procopius College, Lisle, Illinois.
{(Composition by weight: 76.1 percent carbon, 10.1 percent hydrogen, 5.2 percent
oxygen, 3.5 percent niivogen, 1.0 percent silicon, 2.0 percent calcium and 2.0

pe ent tluorine.)




Figure 3. Reactor expo-
sure array for mice

Figure 4. Reactor expo-
sure arrsy for rats




Approximately ) perceni of the tissue kerma, free-in-air, was attributed to
gamma rays, and 40 percen: (o newirens. The effective energy* of the garama com-
ponent was hetween 1 and 2 MeV. About 75 percent of the neutron dose was attributed
to fast neutrons {greater than 10 keV). The remaining 25 percent was from neutrons
of lower energice. Details of the reactor characteristics and methods of dosimetry
. . , L . _ . . 6,16
in this mixed radiation field have been previously described.

The cylindrical, homogeneous Plexig'ss phantoms used to make depth dose

measurements are shown in Figure 5. The rat phantom weighed about 280 grams and

the mouse phantom about 26 grams. A 3/18" diameter hole was made through the long

Figure 5. Mouse and rat phantoms with mini.ture
tissue equivalent ionization chambers in piace

* Depth dose studics, using Plexiglas rat phantoms, indicated that the deposition of
energy by the gamina component of the reactor radiations was similar to that seen
with ®YCo gamma rays.




axis of both phantoms and two grroves were longitudinally centered on the surface of
each cylinder, diametrically opposing each oiher. Miniature tissue equivalent ioniza-
tion chambers were placed in each sarface groove to measure the entrauce and exit
doses. The midline tissue dose was determined from the readings of the chambers
posiv.oned at the longitudinal axes of the two phantoms.

According to the criteria set forth by the recommendations of the International
Commission on Radiological Units and Measurements for the classification of
irradiations, 10 the radiation sources utilized in this study produced Class A expocsures

in mice and Class B moderately uniform exposures in rats.

HI. RESULTS
Tables I and {I summarize the mortality data {or mice and rats. The raw data
used for prc' | analyeis and the resultant dose-response regression lines are displayed
graphically in Figures € and 7. The results of probit ai.alysis and the calculated
relative biological effectiveness (RBE) for b mixed gamma-ncutron radiations are
shown in Table IIll. The mean survival time regre. sion lines and their 95 percent

confidence bands for mice and rats are shown in Figures 8 and 9, respectively.
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Table I. Mouse Mortality Data
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Table II. Rat Mortality Data
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Figure 6. Dose-response regression lines for
the mouse as calculated by probit analysis.
Plotted points represent raw data and arrows
indicate the doses associated with 0 or 100
percent mortality
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Figure 7. Dose-response regression lines for
the rat as calculated by probit analysis.
Plotted points represent raw data and arrows
indicate the doses associated with 0 or 100
percent mortality
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Table III. Probit Analysis of 30-day Mortality Data
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associated 95 percent confidence bands for mice
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Figure 9. Survival time regression lines and
associated 95 percent confidence bands for rats

IV. DISCUSSION

It has long been rec . rized that the resul.s obtained from mortality studies
conducted on various species of mammals are dependent upon the biological (age,
weight, diet, vendor, etc.) and physical (exposure geometry, source characteristics,
methods of dosimetry, etc.) factors of each individual study. The variation which
exists in reported results is evident even in the same strain of animals, as can be
seen in Tables IV and V. These tables list the reported LD50 /30 values for C57BL
mice ard Sprague-Dawley rats, as well as some of the reported exposure conditions
of each study.

In order to make valid interlaboratory comparisons of results it is necessary
that :écnucal conditions be utilized or enougﬁ information given so that the proper

correction factors can be applied to express the results in terms common to different

" studies. Identical exposure conditions, although theoretically possible, appear

13



Table IV. Reported L5, 35 Velues jor C57BL Mice and
Associaled Physical and Biological Factors

FRysics!
and
ticlogics!
frctore

T

I
! Mixed gamme- seutron roiativas

Kapuan and
Brown !

Kohkn and

13
P

Ly 30 @@

kVp or gemms -
asutron raiic

HYL (mm Cu)
TMD® (o

Doec rate
Exposure geamelry
Dove reporied as
ex

Age weeka)

Weight (grama)

150 Rymin

unilateral

roiditne aiy

30, 30

S5 R, 32 K min

untlateral

mesAUred n 8w

Ju-107 ¢~

23-3% R mwin

un:laters!

average tissug

rabn and

Pregen?

-

Mewisgenits |

Preseat
iy

190

21 rads min

tatera!

427 rads

~1:9

i34

12 rzds min

unilaterai

midiies tirsue

p—

Distance {rom targst to ammat’'s midline

LDgg 4o davs

Twe . "»rent x-raY sources were uged and the vesulis combined

Lhgg, s days

- Distancs {ro:. larget io gkin
Pgihogen free C57BL. 6 mice
ts Digtance from rekctor corc center to animal’s midline

Table V. R.ported LDgp 3y Values for Sprague-Dawley Rats and
Associated Physical and Biological Factors

Phy

hiclogweal

X ray

Mixed gamma-neutron cadiations

—

Hagen ana
Simmons?

Swift end
Taketa!d

Present

atudy

Swift and
Takeis 9

Present

study

Llgp,30 daye

ki'p or gnmms -
neutror ratio

HVL (mm )
TMD® wm)

Dose rate
Expoaire geometry
Dose reported as
Sex

Age (weeks)

Welgl grams)

00 R

200

0,88

REY

12 R min

bilaterst

midline air

180-220

714 rads

250

102

55 R,/ min

hifateral

midiine tiasue

KR Y]

2ad-300

T4C rads

250

1.9

100

2} rads/min

unilateral

midline (isaue

10-12

250-350

250 rads

<1:9

bilatern!

midline tissue

ARCEI N

250-350

434 rads

~3:2

292+

20 rads/min

unilateral

midline tirgue

i 250-350

* Distance from rget to anumal’'s midline
+ Diotance from reactor core center to aramal’s midline




limited to the individual Iaborateries from which the initial! work was reported.
Experimental and desimeiric details needed to determine the necessary correction
factors have been omitwed or inadeguately described in many reports. The intor-
iaboratory comparison of results, in these cases, depends upon the interpretation of
a-ailable information. Because of these problems, no exhausiive aftempt was made
{c compare the results of this study with those of similar studies reported in the
literature. In general. it can be stated that the results are consistent with the range

of values reported by ~ther investigators for the same rodent =necies and strains

The temporal distribution of death for mice (Table Ij and rats (Table I} indicates
thai the mice and vats exposed to reaclor radiations have shorter survival times than
their x-ray exposed counterparts. Valid comparison of survival times for animals
exposed to different sources requires that the results {rom egual doses of these radia-
tions be used. Since equal doses of the two radiations were not used in this study, the
survival time regression lines for both radiations were compared for the two rodent
species. Figures » and § show that the mice and rats exposed to reactor radintinns
have significantly shorter survival times than their x-ray exposed counterparts over

the dose range ihat was used in this stwdy. Similar results were previously reported

DR
[ ]

) : 1 Y , ) .

by some investigators but not by ali. The earlier mortality of mice and rats
irradiated with neutrons as compared with x- or gamma-irradiated micc and rats has
becn attributed to greater gastrointestinal damage and earlier onset of bacteremia.

Under the conditions of this s*udy, the reactor radiations were 1.4 and 1.7 times

more effective thar the x rays in caucing mortalities in mice and r. 3, recpectively.

15




These values are consistent with the RBE values reported for other rodent straing
{Table VI).

Tabkle VI. Reported RBE Values* {or Fast Neutron Radiations
Relative to 250 kVp x rays

1

RBE | Strain Radiation source corxt(z;:::.:::ion Reterence s
MICE

1.8¢% g CF #1 General Atomiec TRICA Mark F Reactor 167 3

1.6 CF #1 Crocer Radiation laboeratory 60-inch Cvolotron <107 3

1.7 CF#1 Brooknaven Reactor using Uzss "converter plate” 7 3

1.5 CF#1 Ios Alames "Godiva” Reactor <5'% 18

2.0% CF #1 Argenne Naticnal Laboratory Cp-3' Heavv Water Reactor ~77 21

2.3 C3H Crocker Rediation Laboratory $0-inch Cyclotron <10'Y 13

2.7 RF Los Alamos "(n...va"” Reactor 1'% 37

. 1.5 RF Onk Ridge National Laboratory 86-inch Cyciotron smali amount 20

1.3+ C37BL/6%) ITAL Reactor 1.2°¢ 14

1.4 C57BL/6 | AFRRI-TRIGA Reactor ~&0'% present study
RATS

2.8 Sprague- | Crocker Radiation Laboratory 60-inch Cyclotron % 19
Dawley

1.7 Sprague- AFRRI-TRIGA Reactor i ~ 4 I present study
Dawley ! l‘

* LDgg, 3 values compared .

Reported RBE value obtained by comparison with 500 results. Authors divided by 1.4 to normalize to an
RBE value having 250 kVp x rays as the standard.

Recaiculated on basis ..f improved ncitron dosimetry

Pathcgen free

&

P

V. SUMMARY
;;. C57BL mice and Sprague-Dawley ruis were ernosed tn whole-body doses of
mixed gamma-neutron radiations or 250 kVp x rays. Radiations were delivered 2

the rate of approximately 20 rads/min. All animals were irradiated unilaterally:
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" wever, using the ICRU classification, exposures were Class A for mice and (Class

B moderately uniform for rats., The LD5 /50 {midiine tissue Guses) were calculated
[ ]

to he 589 and 432 rads for mice exposed to x raye and reactor radiations, respec-

tively.  ¥or the rat exposures, correspondi- g values were 740 and 434 rads. From

these sesulls, the RBE s calculated for the mixe ! gamma-neutron radiations were

1.4 for mice and 1.7 for rats. Mice and rats exi osed to reactor radiations survived

. shorter time than those mice and rats exposed to similar doses of x rays.
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