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FORE WWC '

(Nontechidc I summary)

The aclute mortality of ebinchill s eirnot d to Ionizing radiation was studied at

the Ar ad Forces Radiobiology hesearch instiw., (AFRRI) as Prw-t of an effort to

characterize the biological effect of mnixed gamma-neutron radiations from die AFBRI-

TRIGA reactor.

Chinchillas were expose to Le mixed gamma-neutron radiations or to 250 kVp

x rays at selected doses throughout the lethal range (that range of doses resulting in

death of from I to 99 percent of the expobed animals within 30 days). In addition, sonle

animals were irradiated at higher A~oses to obtain slirviva time data in the dose range

exp _Aed to cause 100 percent mortality within 10 days. All exposures were whole

body, unilateral, and delivered at approximately 20 rads/m in. Midline_ tissue doses

ranged from, 200 to 639 rads for mixed gammia-neutron radiations wsd from 357 to

1786 rads for x rays.

Ch1inchilla deaths were recorded daily and the resulting data subj)ected Lo mortal-

ity and survival time analysis. A statistical method (p'obit analysis) was used to

obtain dose-mortality response curves and associa'"d jaramieters including the medlInn

lethal dos&. (that dose which will kill 50 percent of the animals in a large group).

in this study the 30-day median lethal doles (LD 91/3) for the mixed gamma-

neutron radiations and for 250 kVp x rays were calculated to be 295 and 490 rada,

respectively, by comnparing the LD 5V0values, ie RBY (Relative Biologictai Effi (

tiveness) of the reactor radiatiors wafn found to be- 1.7,



I n previous radiation lethalfty studies, survival time Spragu,-P' wley rats

was reduced from ap~proxim~ately 10 days to less 0=a 5 days by increasing tiv' dose

from the lethal range to ab-cat twice tLe LD This result was not obtained when

50/30'I' chinchllas were similarly treated.

ivIv-



ABSTRACT

The chinchilla's acute mortality response to mixed gamma-neutron r;dations

of the AFRRI-TRIGA reactor and to 250 kVp x rays wa: studied. Unilateral whole

bod: irradiations were accoimplished at doses from 200 to 639 ifads of mixed gamma-

neutron radiations and frcm 357 to 1786 rads of & rays. All radiations were delivered

at approximately 20 rads/in, and doses are reported as midline ti.:sue doses. 'The

LD values calculated for he mixed gamma-neutron radiations and for the x rays
v/30

were 295 and 490 rads, respectively. Using 30-day median lethality as the end poont,

the RBE of the mixed gamma-neutron radiations was 1. 7, The wioe lethal dose 'nge

obtained was attributed to a high degrc- of variation in age of the chinchilias. in con-

trast to pevious experience in rodents, the chinchilla showed a relative resi,4tal to

the classically described gastrointestinal iiodality of radi.ion death.
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SINT'O DU CTION

A comparison study was initiated &-nong several manrwu1ian species to as&3ss

the biological effectiveness of mLned gamma-neutron radiations from the AFRI-

TRV A Mark F -actor. The reference radiation was 250 kVp x rays, and the 30-day

median lethal dose (LD/3 was selecttd as the biological end point for comparison.

In the course of tMs research, an opprtiit, arose to study the reaponse of chinchillas

to ionizing radiations.

The chinchilla has many uniqoe anatomical and physiological characteristics,

therefore, its mortality response to icnizing radiations seemed especially worthy of

study. This rodent hes a 28-day estrous cycle and a ll--day gestation period, 1

12- r, 20-yeai ,Jespan, 7 fine hair Ltat can te painlessly plucked ,ith as rrrny as 50 -

60 hairs exiting from -ch hair follicle, and a metabolism which results in odoress

~14
urine and feces.

The moiality results of chinchiiia exposu, es. to mixed ga,rnmma-neutron radia-

tions from the TRIGA reactor or x rays are tie subject of tuh.: repr;,

1I. MLATERIALS AND MET-IODS

Adult chinchila.s* of aniger strain were colleet'd itx,aliy, from raoehe

tfhro..: ;hout the U.T'ikwd States. After a nmi.nurium conditioning peri(.d of 12 w'eeks, te

chincilLas .ere transferred to environment-controlle d animal roo- s at this Lalora-

tory. They .- " individuali} caged ,.climatiz(-d an additional 4 weerks before

* These chinchiltas represent snc!:- discarded by the breedero because of their ''fur

chewing" tentlencies. 7- ail other rc.pects these animna were no-mTal and healthy.

National C".inchila Breeders of Aner,ca, inc. Chinchilla .,-. sr. Testing Center,

Behs&q arln indstr



ibeig irradiated, During this period, the chinchillae were weighed twice weekly and

hose animals exhibiting weight loss or &ymptoms of disease were excludcd from the

study. Food and water were available ad ibitnu. The diet conelsted of guinea pig

chow* a d rough clover hay, supplemented t-wice weeldy with apples.

In the initial series of exposures, a total of 512 chinchillas was tuqed (Table 1).

Animale wer6 assizned to dose groups in a random fashioD, biased only by the fact

'tat each group of 3. was equally dividec as to sex. To test the repror.ucbility of the

initial results, an additional 22? ,hinchilrs were groiped randomly (16 or 20 a Jimals

Table !. Chtnchiila Mortality Data
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*Ralston Puriw Co., St. Louis, Missouri
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per vroup) and were similarly irradlAfted (I'able 1'. Exposures were extendied futo the

supralethial dose range to periIt a comDarison with~ results 6htained by e-poeing rats

to cOmparable doses.

At the time of irradiation, the age- of the chinchillas ranged fror- 24 weeks to

approximately 8 vc.rs* and their weights varied from -15 to 644 grams. All exposures

were unilateral and empioyed niniral scatter conditions. Plexiglast bo.,:es (3-718"

wvide x 8-7/S811 long x , 51 high)j constructed fromn sheets 11/8" thick, were ufs-ed to ccn-

fine the ch' &hillas during -xposure, Depth dose zmeasulrements were made in chin-

chilla piantorns (Fiurc 1) using mitniature tissue equivalent, (T. E.) iouization cham-

bers~. 6The phantons were fabricaited from Plexigias tubing (3-1/4"' 0. D'. - 2-~7/8"

I. D. 1 and filled with tissue equival -7t fluid. 17The phantoms were representative of

F igure 1. Chichls, phantom showing placertent of
mninature tissue equivalent ionizatiun chambers

* Te precise ages of the chinchillas were unknowm. The reported age range is based
on the available growth curves 1 9 and estimated 'longevity9 of these rodp"nts.

t Acrylic plastic. ktohrn and Haas Co., Philadelphia, Pennsylvania



the averare weight and size of the chir 'Ailnas in this study. Twe alorn,,tdinal grooves,

diametrice1iy opposing each other, were centered on the :-'rdace of tY heamtvm. Each

grwve ield three miniature T. E. chambers used ' D meagure entrance or exit doee.

Depth dese measurements at 1/4, 11/2, and 3/4 the diameter of the pharitom were made

with T.E. chaimbers positioned ina Plewiglas txu.es (5/16"' O.D. - 3/16" 1. D.) traversing

the len&t of the cylind_ r. All depth dose n asurements in the phantoms were made

using the ftme expo~iure conditions as for the an-i-al irradiations4.

The results of depth dose meaqurements made in the chinchilla phantcms are

sawn in Figure 2. Categorizing the irradiationa according to degree of Uniformity of

11absorbed dose within the volume of int~erest, both the x-ray and r-Lxed gamma-

eutron irradiations were Class B nonuniform expoaures.

I's
X RAYS
XGGVAAO"1

so 1
an2.5 3

IOTMMI

igue2 oeDci nuiaeal

exposedchinchila panom

4~0



Tlve x-ray exposulen wnre accomnplia"i3d with the 360 ~'da beam from a 250

kVp x-ray generator oerudid at 30 mA. The iniherent (1. 2 mmn beryliuni and sadded

(0. 95 nuTn copper) filtration result,. 4 in a hatf vahlu layer (HVL) of 1. 9 MM of COpper.

Exposure box~es wer: placed in the radiation field so that the midline of each animaLI

was 1 r-eter from the x-rfty target (Figure 3).

Flgu .e 3. X-ray exposure array for chinebil".

'I ue absorbed &dre at the center of the animal was calculated from three

factors, First, a Victoreen Roentgen Chamber was used to determine th-e exposure,

free-in-air, at the~ potdtion to be oc'-upied by the center !L.,ne of the animal. Position8

were selected so that the variation in this quantity w s than 4 percent from the

mean. Second, tfle ratio of the dose at the inildine~ of ni phantom (simulating the

'4



cnnvchilla in the ix iadirotion position) to the exposu: free-in-ar, was cbtain.!,d

..nUg miniatare iontization chambers. Third, the conversion factor (f) of 0, C. for

muscle and for this quality of radiation was obtained from the ICRU Report ].)b,

rhe product of these three factors gave the absorbed dose at the cent-, line (:)f the

animal. The dose rate in all exposures was approximately 21 rads/irin. .'1_ose rate

was monitorc- continuously during each exposure with a ') ictoreen rate metbar in

order to detect any changes in the output of the x-ray unit.

Figure 4 illustrates the array used for the exposures to -xrIxed gam'na.-oal e--on

radiations. The exposure boxes were positioned eo that the midline of each anim.al

wAs on an arc 292 cm from the vertical center line of the reactor core. Tis arc,

located approximately in the middle of the exposure room, was in an eMpos-re field

in which the tissue kernia, free-bi-air, did not vary by rmore than 4 percent h m

the mean.

0-1.
Figure 4. Re,,&,Csr exposure "rray for chinchilias



The absorb ed d3e at the midline of the anL al was ca.-ulated from two factors.

Fi'-st, the tissue kerinz. free-in-aL, was calculates ;rom measurements with a 50
!3

cm cavity tissue equivalent plasitic * walled ionization chamber. Seconu, the ratio

of the absorbed dose tn tae center of the phantom (simulating the chincnilla in the ir-

radiation, position) tc tte tissue kerma, free-in-air, was obtained. The pi -duct of

these two quantities gave tL? absorbed dose at the center line of the animal. The

absorbed dose rate o r ai exposures was 'nproximately 19 rads/min.

Approximately 0 percent of u,%c t.ssue kerma, free-in-air, is attribut, ' to

gamma rays, 30 percent to neutrons of t.aergis greater than 10 keV and 10 percent to

neutrons of lower energies. The effective energyt of the gamma coniponent wab, be-

tween 1 aiA 2 MeV. Details of the reactor characteristics and methchs of dos, " etry

used ic this Diixe, radiation field have been previously described, S, 20

Chinchilla death wer'e recorded daily for 30 days following irradiation. The

ID values werc calculated by subjecting the :-,sulting data to probit analysis

using a rraxnimum likeihhood vietnod programmed for a digital compvlter. The resul -

tant regression lines f1.oni the initial and second series of exposures were tested for

homo~geneit 5 'd parallelism, and the LI) values were tested -or differences.50 ':io

The mean survival trne for the decedent'- of each group was plotted arO a "least

squares" me'-od -nipleyed to determine the l"st fitting lines. The 95 percent

I Plastic supplied by Dr. F. Ri. Shonka, St. Procopius College, lisle, Illinois.
((,oniposition by weight: 7f6.I percent carbon. 10. 1 perce..' hyorogen, 5. 2 percent

oxygen, 3.5 percent nitrogen . 0 percent silicon, 2 , p0 rcent ,calcium and 2. 0

percent fluorine.

Depth dose studies, using Plexiglas rat phantoms, indicate that the deposition of

energy by the -amrna component of the reactor radiations 1-as simiiar to that of60Cga a a3.



confidence band each re-ession line as a whole was computed using the method

described by Natrella)1

No significant differences were found when the dose response regression lines

and LD values from the initial exposurc&3 were tested against their counterparts
50/30

.om the second series of expssures, nor was any significant difference found be-

tween the radiosensitivity of males and females. Since the results of the iWitial and

the second series of exposures were similar, the data were combined and analyzed

to simplify presentation.

ill. RESULTS

Table I on page 2 summarizes the mortality data for the chinchillas. The raw

data used fr probit analysis ana the resultant dose-response regression lincs

with -eir 95 percent confidence bands ire dispiayed graphically in Figure 5.

04 I low
L ~

~~1~ ~ Ma M#4 L0-4 AA14A~K#( I
i,, - -. MO , - ; -_. 'y 

-

Figur,- 5, D-ose-response regression lineg and associated
95 percent confidance bands for ;'ie chinchilil as calcukted
by probit anaysib. Plotted points r resent maw darts and

5sa-rows indicate the dosaes associated with 100 percent
m0rtaiity.
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The results of probit analy is an.. the caicula& .Ai. .. bioiogical effectiveness

(RBE) ior the ryixed g&A,,ma-neutron radiations Pre ahown in Table ii. The meam

survival time regressio, li3s and their 95 percent ?onfidenoe bands for chinchillas

exposed to x rays and mixed garmcma-neutron radialions are shown in Figure 6.

Tabie 11. Probit At alysis of Chinchilla 30-Day Mortality Data

- C1culatod iefh d vaIue1 e O R& fcr
Radiat on _c___ -v regroAion LD50/30,
source LDIO L-) D !LD7O0 - -

xray I280 390 4 1616 858 5.3
(209-33rP (323-4311 (435- 53 1) (574-6.58) j(7 8Q-971)

gamme- 168 234 295 370 I 515 5.3 1,7Ineutron (69-227) (137-292) (212-360) (299-487) (413-899)

radiqf ions
* Midline timaue dose (ra&d)

* 250 kVp x rays uied as atandard, r llerewe acurc:
s 95 pjrcent cernid.ic- d ImIts sh'zv in p-ent e5c

..,

t<.1
4|

-AAS"I.. T* __T J

__j _______

r igure 6. Survival time regression lines and associated
95 percent confidence litits for the chiochilla. The

plotted points represent the mean values for each

dose group lis!ed in Table I.



t rable In, the tuortality resp-nse of chinchillas t-xposed tu supralethal des of x rays

is t,;w,,p9r ed with tLe respective mcrta ty response previously obtained in rats A

similar comparison after exposure to mixed gamma-neutron radiations is shown ',,Able IV.

Table Ii. Dose-Response Data of Rats and Chinchillas Exposed to
Supraletbal Doset, of 7 rays

MI(I INE NUMBER POSTRRADIATION DAY OF DEATH 30-DAY MED[AN
TISSUE OF - PERrv r SUPViVAL.
DOSE ANIMALS , -0 LITY TiME

(RADS) - 0 15 20 25 (DAYS)

2052 48 7 1 0 . .
0 N UMBER OF DEATHS

I- ON DAY- INDIC .I C
31 48 4.

2 4 1 2 1, RAT i00.

1 7 I

rab'e IV. FDose-Res.ponse Iaia of Ratas and Chinchila Expose'd to
Supralethal i-oases of Mixed Gamma-n~~Neutron Radiations

M1DLIN[- NUM,.ER POSTIRADATON DAY OF DEATH 1 30-DAy MIEDiAN
TiSSiJE __F_-. ____PERCONT SURV VAL
DO E ANIMALS j%4ORTALrTY Thk4E

(! AD) S 0 1 20 b I D\YSr17 k, 16 T I 100 0

1648 -4 ~ f~ TR 00. 07.

.. . ... 2.. .- T _o _4 11 . .

' 0 ' : 4. l ! oo~o I .

3- 32 2 _ _ _ _I5 1_ 69

T IV R a o8

K)



1"'. DPSCUSSION

D~ose -inortallity and survival-time values for the chinctiffla in.Ijcaie that the

response of this rodent tW doses of ionL.ing radiationp it the lethai lange is similar to

41 2
that of mice and rats. The i..thal dose r'-ngc for the chinchillas used in this study

wvas much wider than for mice and rats. The increaseo width of the lethal ranee indl-

cates that the chinchillas represented a hetcrogeneou' polulation. This heterogeneity

is reflecte.' in the s.lopes of the probit regression. lincs (Figure 5)~ and the width of the

associated 95 percent confidence bands (Table JI). The 'Iopes of the probit regression

2- 2*
'lines ar.e less than half of the values reported for rats Z and mice. it has been

shown that the radiosen.,iti.'ity of micu changes with age- I iisuming that this is also

truei for other rodents, thE -ide range of ages of th- chinchilas ir th's study could

fo.~t r much of the hete rop-envitv that was observed.

TeR1t-?11 deas (prior to -:- nostir.Aaindv observed in chirnehillas

"X!.)t to Si.xt orto I xeCd ganmma- -n eut rn ra Ia t; ionsTbebi h eu

rangge apparecntly riesulted frona a ntural character -tir ot the spwcre- ra ther thanr an

Affurt of cadialitor-. Chineh~I>L-,, aIrC eXtrrnLv scnX . to :ow orms of stri' .5 An

anima1-'l 1a a -12V IIi11 Q Ulb V norn .1 1 an 'A thi 1) i ci ute c die, troml Sthock i11du1ced h 0co!!vj -

tions ord inar~ 11i, lx noT-11ncit'de ri ia lv st rs sfa u.th gross patholicg.- seen at the

I crps A a n iSIz d-, inki ea1 I- kas inar to thm d sc ibk by T FI*- H" m10s o

ehinchis v,1h oh dv rih,,.ck and vwas niot characteci .- ic Of rdainliuzcx These

ca civ tletat-S wverc- Inclutded" tnu th p hi an v m m n') rlign r a effort on the

mo-urta Ii t xa ns rala i ed in this s udy.



A unique characteristic of tle chinchila found in this study 04 its apparent

Srudorestaan(e to the gastrointestinal zkrodlilty oi .ieaO, when compared to the Sprague~-

D&~vley rat, For example, it has beer, our repeated observaliou that Sprague-Dawley

ratt, ar,., within the 500- to 700-rad (lose range of mixed gamnma-nieutron radiations

(Table IV), quite susceptible to the gastrointestinal modality of death. (Other inveati-

gatora have made similar ooservations in mice following exposure to neutron or modi-

fied fiaMfn spectrunt radiatiur -doses of less thaii 500 rads. z), 24) wever, th?

chinchilla 'di~d not demonstrate this susceptibility when subjected to ihe same rfixed

gammia-neutron radiatiwos and comparable dose range. -he rtsistance of the cl'inchil-

la to the gastrointestinal mode -if death was te~ted furthier by irradiatinig animals at

doses as high as l-6rads of 50 kVP x rayb iTable 111),;..2 mortahitv result.- inldi-

cated that the st')ralet.1%c doses of x rays used did not shift the chinchillai deaths into

the gas trmlnte tiaai temiporal range. T-he nmortalityv rc. !onsek of the chinchilla Un the

supralethal dose range &w's not agree- %4th the res-uits rep, rted f,,; ni'- and rats

wherein eb kstc gdastrointe ;mutij-A deaths are fmvnd in smnall rcklonts exoe to "000

4, 3.It). 1 S
or mnor of nma or x rays.

Mear Elurvival ofor Cie decedents of each exposed group .4a piotted aanst

dose and regre,%s ion li-nes fitted to the data points Lor- each radiation. tvWjt i igre 63'.

For those portiors of the regression lines whero, eqUPl dose-' can h coni.paro3d. the

cilinchil~as expod to radiations fh on'i the reator hav igiinlyhrtrsvil

-mres than th. exposed to x ravs. Simila~r results ,ker, reported frmc

-rdi ratAi.



V. SUMMARY

Chinchilias were uilatjerally exposed to whoAe bc d; doses of -mixedi gamlma-

neutron (reactor)~ radiations or 2,bO kVp -- rays. Dose rates were approximnately 20

radls/min. MWIdL. tissue d,, i-s from 200 to 639 rado of mixed garmnrr -neutron

radiations and frr i357 to 17 86 rads (if x rays were used. Fhe LD0,'3 alles were

calcuLated to be 29 .. rds for the ixed gaima-neutron zadiatioris anid 490 rac~ for the

~ ay. aigthe LD~ vau Iz icodont hriative bioo'gcal e~2 ctivcnuis

(RBE) of the reaictor radiations wa.; 1. 7. The beterrageneitv~ in agc- of the chinchIililas

,was irnterpreted as Lking res-oonsibic 'or the rather w ide variai'.ns -n mortalit

response, At comnparable suvra' thai doseq, chinichilla sltmvival timies were not as

miarkedly reduced as lthe catl survivai tws
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