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lt b&e been established that a single, sub-lethal, total body x .. 

or ga11!Rla ray expoeu.re. o£ the young, female, Sprague-Dawley rat results 

ln the n1.e.tive1y euly appearance of mamDlfU"Y neoplasia ( 1-3). Since 

this neoplastic re&ponse·of mammary tissue appears to be related to the 

do" i·n a linear fashion, within the limits oi 25r and 400r (4), the dose 

that produced· the mL""<insm incidence of l'&ts with mammary neoplasms was. 

selected to study the· neoplastic potential Of this a.mount of radiation 

given either a.a a ~in,1le dose or as mu}.tiPle dose&. Tbls report presents 

data that indicate that the neoplastic potential of sub-lethal, total 

body radiation ts not changed by f ractionat~ng and protracting the 

exposu~e within the ltmits studied. 

One hui'ldr~d and _twenty-four, litter.mate, female, Sprague-Dawley 

·rats were aesignBd to foul' groups of 31 rats each so that approximateiy 

equal m.smbttrs of litter-mates appeared l~ each group. They were exposed 

. as follows.: One group teceived 400r on the. 40th day of age 1 another group 

received 400r given iii five equal, daily doses of 80r on the 38tb through 

tbe 42n4 · da}tsof age; one group received 400r giv,en in 18 equal, daily doses 

o£ 22.2r given. on the 32nd th.rough Qae 49th day~ of age; and one gfoup was 

· reseS"Ved as rton-exposed controls. All raciiation exposure& were given a.t the 

same dose rate, 'WPi'ox£mately 60r per minute, and the s&me total dose of 

~SO kvp X-rays wae given to all of the expo.sect groups, using a therapy X-ray 

machine operated at 30 ma with o.s mm Cu and 1.0 mm Al filters with a TSD of 

60 cm. The rats were exposed in groups of 1 or 8 in lucite boxes placed on 

l inch o£ masonite on an aluminum ~ota.ting table. The dose was measured in 

air using at least a bal.f scale reading on a .100.r Victoreen Chamber under the 



same statter conditions as in the actual exposure(s) a.t a point corresponding 

to the midpoint o£ tbe animals. 

The tats were studied for a period of one year after exposure, taken as 

the 40th c:tay of age. 1'ur!ng this time they.were housed 7 or 8 rats per cage, 
•• %..; ·;;:.~··~, • • ~ • • 

at ·n.0 + ·f.J . .,.,· aoo given commerci~l rat chow and water ad Ubl.tum. The rats 
'M' .. , -

were examined frequently for the_ presence of neoplasia o£ the breast. When 

$UCb a neopl~ waf!I found, tt was allowed to grow until it reached a .2-3 cm 

size at which time it ~ removed and the rat .returned to the experiment • 

. One yeaf after exposuro a.11 rate still alive were killed. and examined for. 

evidence of gross neopla.$ia. Only af~er histological verification were the 

neoplasms eeeorded as being neoplasms and t·abulated as such. All mammary 

ne0pla8m$ were. tabulated as montbs post-exPQBure when first found. U 

mammary neoplasms were found at different sites they were recorded as 
. .. ···-· 

successive .neoplasms; if they occurred at sites of previous neoplasms 

they were called re-occurrences and not tabtilated. ltach mammary neoplasm 

wae given a classification of either ade.nocarcinoma, adenofibroma, fibro­

. adeaoma, or fibrosarcoma. Photomicrograpbs of these b.ave been published 

previously ( 1, S) and are not included in this report. 

RH$ULTS 

The ·m~'°' of. rats exbi.b.!tin, m~v ~eQPl\\&UlS and the total number of 

mammary ·ileoplasmS was higher in the 'exposed groups than in tbe non-exposed 

group· (Table 1). Although the incidence of rats with mammary neoplas:la .ranged 

from. 58 to 77 per cent among the exposed gr-0ups, there were no statistically 

signi£icant differences, as Judged by the c:hi-equue test (6), among the 3 

exposed groups. Just how different the response of the f ra.ctionated and 

protracted. groupe would bave had to be in order that their response would 

have been ~t,atistlcally dtfferfnt from the response oi the group that received 

400r in a singl~- itxposunt is indica~ed by tbe shaded portion of figure 1. 
• :I' • 
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ne total number of mammary neoplasms observed in tbe 3 exPt>sed groups 

ranged from 38 to 43 and this difference was not considered to be of 

significance (Table 1, Figure 2) . Suppo!'ting the conclusion that fraction­

ation and protraction of the 400 r dose produced little change in the 

mammary neoplastic response was the fact that no regular progression of 

responses was noted with incteasing proiraction of smaller and smaller 

doses. In fact, the zesponse noted in the 22.2r x 18 group was usually 

closer to tbe response found when the 400.r dose was given as a single 

exposu~.e than were the results 'Wllen the 400r dose was given in S fractions. 

n was· clear that the exposed groups exhibited mammary neoplasia nruch 

Sooner (at a younger age) than d~~ the non-exposed animals, both on a 

pe-rcentage basis of rat~ with IJUlmmal'}' neoplasms and on the basis of the 

total mamber of mammary neoplasms (figures 1-2). Ther~ were no large 

differencea noted among the exposed groups ln these responses and in fact, 

·the period of 2 lllonths between radiation exposure (taken as the 40th day 

of age in all cases).and appearance of. the.first mammary neoplasm was the 
' 

same in au exposed 1•oups. When the incidence of rats with mammary neo­

pl aaia wa& c:or.rected on a life table basis ( 7) by taking into account the· 

number of animals at risk at any monthly period no differences were found by 

this method ··0£ ~aiysie as compared to the analySis of the HM data. Here 

again, there was no progression of response noted as fractionation increased, 

nor ~$ there atty correlation of survival rate with the t.ype of exposure. 

AU three of the mammary neoplasms that oceurred in J of the non-

expo&e4 rats were classified as either ad.enofibromu or fibrotldenomas. 

on the oth-e~ hand, among the exposed groups there were 103 mammary neoplasms 

lound in 61 rats and 72 of these mammary neoplasms were ciassif ied as either 

adenofibromas or £ibroadenoma.s, 25 were classified as adenocarcinomas, 2 

we.-e classi£ied as fibrosarcomas, aftd 4 did not fall into any of these 
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classiiications. There were no 1arge differences in types of mammary neo­

plasms among the 3 exposed g~oups that could be correlated with fractiona­

tion and protraction. 

'Ihe incidence of neoplasia of non-mammary tiseue origin approximated 

6 per cent in the- exposed group& and 2 ]!>er cent in the non-exposed group. 

Thie· smau difference was not an~lyzed .further. 

DISCUSSION 

lt ls clear from the data here reported arid from previous reports 

(1-4) that the young, female, Sprague-Dawley rat sbows a rapid and relatively 

l~rge mammary neoplastic response to sub-lethal, total body, X-ray exposure. 

The situation studied in the present eXg>eriment revolves around the 

question, "If the same total. dose is sustained, but if tli!s dose is fraction­

ated and protracted, will the mammuy neoplastic response be changed?" 

The present experiment involves only a modest fractionation of the dose 

spread over a relatively short period of time. The protraction was limited 

for 2 reasons. first, it is not easy to analyze the results if the rad­

iation exposure.is spread over long periods of time because of the difficulty 

of selecting a time period to be used as the reference point to begin the 

tabulation ol the neoplastic response. Mathematical ways to circumvent this 

c.1.iffic:ulty a..H ~v~lable, but these methods are complex and it was decided 

to purposely limit the exposure to the 40tb day of age plus or minus 9 days 

for a total o£ 18 days so that all measurements of neoplastic: responses 

could be tefiened back to the mid-point of this e,q>osure period. Thus, 

all mmnmary neoplasms were tabulated as occurring in the neuest month 

following the 40th day of age althoup th~ actual exposure~ took place at 

exti-emes of the 32nd to the 49th day of age. On this ba.eis, there appeared 

to be no effect of a small fractionation and protraction p~ocedure, as com­

pared to a single exposure. 'lbere are iflSut'tident data, however, to allow 



predictions of hm1 the neoplastic response might vary if the same total dose 

was spr,~ad· ovel' longer exposure pedods. 

A second limitation was p1aced upon tbe extent of protraction in the 

present ~~riment because oi the possibility that the sensitivity of the 

neoplastic.response .might change with the age of the animal being exposed. 

Although there is no evidence fer changes of sensitivity with age for this 

neoplastic reeponse in this strain 0£ rat, nonetheless the period of exposur-e, 

in terms of .age of the animals, was restricted to tbi! period between 32 and 

4C) days o£ age. Similarly, &ince lt is known that the incidence of mammary 

neoplasia ineteu•a with age in th~ nonexposed female rat (3) this incidence 

of oeoplaaia not du~ to radiation could confuse the interpretation of the 

data from expo"d anlmals. This "aglng0 complication was obviated by 

etUdyi.ng only youftl anltoals at an age t>eiore tbe contrel incidene~ became 

appreciable. Here, again, the present findin& of a lack of effect of a 

limited protraction reg!.men can not be used to predict what might happen to 
I 

neopla&ia incidence ov~r long, i.e., life time, fractionated exposures. 

Ano~er limitation on the extent o£ fractionation and protraction wae 

f.q>osed because it is likely that fractionated and pro~racted exposures 

produce. leis severe effects o.n life shortening than do single exposures C 8) . 

. Thus, U the p~oceduree of fnctione.tion ~. pl'otttaction were to act to 

allow the animals to live lon,er than those animals exposed to the same 

. total dose given as a single exposure, a larger neoplastic response '!f the 

remaining la.rplr aroup of older animals might be expected. In the P.resent 

experiment, tbe mortality rates w~re not dissimilar in all exposed groups and 

a "life-sparing'• effect cannot acc·ount for the similar mammary neoplastic 

response noted in animals ~xposed to the same total dos:e given as a single 

exposure or as multiple exposune. 
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The direct comparison of fractionated and protracted exposures with a 

single exposure of the same total do~ of total body l'.'adia.tion on the induction 

of neop1asia in the rat has been mad~ only infrequently (9). Lamson, et al . --
( 10) report that when rats were exposed to total body t.adiation un~r hypoxic 

conditions and studied until death, 9 of 22 rat$ that survived a single dose 

oi 800r exhibited neoplasia largely of mammazy origin while 10 o£ 11 rats 

exposed to 2 doses 0£ 400r exhibited mainmazy 11eoplasia. Although.these 

investigators suggest that total bedy irradiation delivered as a fractionated 

exposure may be a more potent stimulus to early· appearance of neoplasia than 

a single exposure, they also paint out th•t the incidence of nephtosclerosis 

obstirved in these r.ata may complicate tM inte11>retaU.on. Lamson, Meek 

and Bennett (10) further suggest that the finding of an apparent larger 

neoplastic response in the case of fractionation t~an in the case of single 

exposure argues against the single-hit theory of direct .f.rtadiation effects. 

If, however, th.e suggestion of Bond, et al ( 11) is correct that carcinoge.nesis 
. . --

induced by radiation is more than a one-step process, then the augges~ton of 

Lamson, !! !! that their results negate the single-hit theory of neoplasia 

induction needs further e'~amination. Certainly, it is true that the animals 

of Lamson, et al received the same dose to th~ breast tissue whether oiven 
-- I:) 

· as a single or as a f raction~ted exposure but it is reasonable. to assume that 

the effect of single e.nd fractionated exi>osures on ovarian function might 

di££er. 'Ibence, the different hoJl'l!lOrial Stimulation that the mmmna.ry tis.sue 

received under different exr>osu.te con.ditiona might .well account for, the 

difference in neop1asia response following sj:ngle or fractionated expo$ures, 

(2, 11). It should be pointed out also that while the doses were fn.c:U.onated 

in the present eY.pedments, the instantaneous dose rate was eesenti.ally the 

same in all exposui-es, 60r/min. Thus considerations appllc:able to lower dose 

~ates, or possible recovery over a matte~ of hou~s (12), do not necessarily 

apply. 
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Other CoJlU)a.dsons of frtiu:tionated and protra~ted exposures on neoplasia 

induction i~lude tbe following. Cole, et al ( 13) has studied the effects of 
. ...... .-.. 

6901' o£ x .. ray in eithel' single or divided doses on the induction of lymphoma-

leukem1a and ovarian adenoma in miee. This study was compUcated by the fact 

tbat the irradiated animal& did not live 68 long as their nonexpo&ed controls • 

. The incidence of lymphoma-leukemia. was no bigher in the irradiated animals 

than in the non-irr:adiated anitmua, and the incidence of ovad~ adenorna sh.owed 

no nplu cJwnge with increasing fl'&ctionation. Bruee, !! !.! (14) and Kaplan, 

!! !! ( lS) have shown that to ~uce le.~ttemia in the mouse an optimal fraction­

ation and spacing of exPQsures iot"6 more effective than the eeme dose given as 

a single exposuu. lt would appea.i' £:ram su.bMquent experiments of Kaplan and 

Brow (16) that the htduction of mouse leukemia is by an indlrect mechanism 

and thus may repi-esent, as pointed out below, a special rather than a general 

case of radiation carc!nopmesf.8. While not; strictly total body radiation 

expetiment&, the npos-ts of Renshaw, et al (1?) and Glucksmann (18) on the 
. ~---

induction of skin tumore by beta a~ electron beam exposures do not provide 

data suitable for comparison of tumor r~sponse at comparable total doses. 

Chronic t'ad!ation exposure etudies usually !nvn lve the comparison of large 

and different total doses, and in addition the concept of "wasted radia.tion" 

may make any ditrect comparl.soo oi the neop1aotic responses at equal dose 

levels imJ)(lee4.ble ( 19). 

The finding that fractionation and p,rotraction did not i-educe the 

neoplastl~ potential of total body radiation, in the present study, has' 

important i.inPl:Lcations concerning the mechanism of the induction of mammary 

neoplaaia in the r~t. A.11 of the reports co~emed with the induction of 

mammary neoplasia in the rat presently av~ilable are consistent with a direct 

meehanism that somewh·at reselllbles the genetic changes induced by radiation. 
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In studies with partial body exposures the mammary neoplastic response appears 

to be a direct effect of the radiation exposure since almost all of the neo­

plasm& appear in the exposed area and not in the nonexposed area ( 11). Further, 

t~ere appears to be a linear relation&bip be~ween dose and resPonSe within 

the limits studied (4). And now, with linlited fractionation and protraction 

proeedures, the mammary neopl&&tic response appears to take on the chara.cter­

istics of a cummulatlve response. 'nlll last two findings need further sub­

stantiation att4 experiments are in progress to re-evaluate the e££ecte of 

increasing doses and more widely spaced fractionation and protraction. How­

ever. at the present time, all of the results obtained with ~~Y neoplasia 

of the rat are not inconsistent with a non-threshold, direct me~banism for the 

"pdmuy evnt" leading to neopla&ia induction by sub-lethal, total body 

l'tM\.U. at ion • 

Whidl is the more general pheMmenon, the i~tf.on of mammary neoplasms 

in the rat by a pre8Umed d·ire<t mechanism that a.ppeus to be dependent upon 

tbe total dose and appeairs to be indeptmdent o£ tbe d~sage achedul~, or the 

indirect mechanism of mouse thymonia-leukemia induction that depends upon a 

rigid dose spacing schedule? The question cannot be answered with any great 

degree of confidence at the present time.' Kaplan (20) has chosen the indirect 

mechani•m as being the mon U.·kely to rep~$(!nt the s~neral situation, as has 

Brue& (21). The me.in argume.nt leveled asainst the direct mechanism seetn.s to 

stem from the absence of lineat' dose response relationships. Mole (22) baa 

pointed out that th~ failure to observe a linear dose response re lationehip 

doea not prove that a linear dose respont)e relatiortShip does not exist, 

especially since it has bee.n pointed out that the absence of an obvious linear 

dose response relationship may be predicted if a "two step" mechanism o£ 

radiation carcinog:eneets is opere..tive ( 11). It should be pointed out that since 

there is now at least one situation--tbe induction oi mammary neopluia ln the 

rat ... -that appears to fit the cdteda for a direct mechanism underlying the 
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production oi ~adiation carcinogenesis, this direct niechanism should not be 

disregarded too hastily as having a ~nezal appUca.Uon in radiation c&rc:ino­

genests. 

SUMMARY 

lbree groups of 31 female, Sprague-Dawley nts were given a total body 

expo8ure of 400t of 250 kvp X-rays, m.ccotding to the followin3 schedule: 

22.21.' da~ly from the 32nd th~ougb the 49th day 0£ age; 80r daily from the 

38~h through tbe 42nd day of age; 400r on tbe 40-tb day of age; or no exposure. 

The£inal CtSmul~tive incidence of rats with one or more bistologically verified 

neopl~ of m~ origin at 12 months after tile 40th day of age was: 22.2r 

x 18, 61$1 80r x $, 58$; 400r x l, 773; control, 103. A$ judged by the chi­

sqvate. test, the response was not different among the 3 exposed groups but 

the inci.dence ol each exposed group was gl'eater than that of the c-ontrol group. 

Theee n.aults were interpreted to iaean that the .neoplastic response of rat 

inamllaey tissue to total body radiation ie ind~pen~nt of i'l'w:tionation and 

protraction within the limits of the do$8.tJe schedules studied. Since the 

e>CPe·riment wae t~tminat~d at· one year ~tef' eXJ)oSUre, any effects on shortened 

life span were obv.iated and nothing ~a lea.rned about. the final or life span 

incidence of mammary neoplasms. The incidence of non.mammary tissue neoplaeia 

did not exc~ 63 in an.y group; thus no conclusions could be drawn about the 

effect of .frac.tionatf.on and protraction on this response. It was pointed out 

~t the failuri ol frac:tionation and protraction to reduce the neoplastic 

potenti31 of sub-lethal total body radiation, taken together with previously 

publiShed repo.rts suggests that the neoplastic response of mwnm·ary tissue of 

the tat Ls not inconsistent with a non-threshold, direct mechanism for the 

prim&trY event leading to necplasi& induction by sub-lethal, total body radiation. 
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TABLE I 

The number o£ rats, ·~ number o£ rats suniving 12 montbs (post exposure and/or the 
40th day of age), the ntulibe:r and percentage of t:'&ts with mamina.ry neoplasms, and the 
total number and pathological ·types of the mammary neoplasms for ea.eh experimental group. 

Number 0£ Rats 

12 month 
Treatment St:artiM survivors 

Mone 31 

400 r x 1 31 

80 r x s 31 

22.2 r x u 31 

flS, fibrosarcoma 
AC, adenocarcinoma 
AF, •no.fibrama 
PA, fib.roadenoma 
M, Mixed 
0, Other 

.22 

23 

17 

15 

with mammary 
aeoola:sms 

3 

.24 

19 

18 

'* Corr.e~ted by the life table techni·que (7) 

Pes- c~nt 0£ rate wt.th Nt.U!lber and type of 
mammary neQplasms mammary neOJ>lasms 
Raw Corrected w Total AC PA or FS M or 

AF 0 

10 13 3 3 

Tl -82 43 11 29 2 l 

61 ·-79 .32 s 25 2 

58 71 - 28~ • is 1~ 



Figure 1. 

Figure ·2. 

FIGURE LIDEND 

Number of rate with one or more mammary neoplasms plotted 
against the months post-exposure and/or the 40th day of age 
for 3 exposed groups and one.non-exposed group. The shaded 
portion ind;cates the minimum contrast need to be statistically 
different, at the S per cent level of confidence, from the 
response of tbe 400 r group, as judged by the chi-square test 
(6). Starting number, 31 .rats per group. Neg. No. 11-433-61. 

Nwnber of mammary neoplasms plotted against the months 
post-exposure and/or the 40tb day of age for. ea.ch experiment 
group. St.arting number of rats, 31 per group. 
Neg. No. 4-882-60. 
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