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flrItODUCTlON 

• During the course of experiments on the longevity of female rat3 

that had been given sublethal amounts of At 211 ,3  Hamilton et a],. (1) 

fouid a striking incidence of maxwuary tumors. Shellabarger at a]. (3) 

and 8inhainmer et al. (Ii)  subsetuently demonstrated increased incidence 

of mammary tumors in female rate of several strains after either sublethal 

doses of whole-body x-ray or lethal x-ray doses in animals protected from 

acute irradiation death by parabiosia. Cronkite A al. () have recently 

shown for dosages from 0 to 500 r that mammary tumir induction is pro. 

poitional to, the x-ray dose, and that immature irradiated rats develop 

more mainnzary tumors than rats irradiated at maturity. Their data further 

suggest that ovarian function is another important factor in mammary 

tumor production in irradiated rats. This report augments previous ob-

servations on mammary tumor incidence and, in addition, describes other 

neø].asms encountered in female rats injected with 4*211 0  

The thyroid gland accumulates At211  in amounts sufficient to produce 

marked radiation damage, and the ability of the gland to recover is roughly 

proportional to the dose administered (1, 6-9). The complex metabolic and 

en1ocrine changes. of hypothyroidism that f011ow thyroid damage by 211 

vary in severity with the extent of the damage (6, 9-1.1) • The general 

bodily distribution of At211  is such that tissues other than the thyroid 

• 	 gland suffer radiatiOn injury in varying degrees (6,7,12.). 

It was therefore of interest to re-examine Hamilton' a original ob-

aerv-ation, and to assess the possible relationships of irradiation and 

endOcrine function to mammary tumor production. 

These experiments were designed to compare (with normal rats as a 

base) the number and types of tumors that develop in virgin female rats 



(a) partily(thyroidectomizedl*with  0.5 1C of At2ll  per grain of body 

weight (9,13), (b) similarly injected, but partially protected from 

excesive irradiation of the thyroid gland by blocking with thyroxine 

(11), and (a) maintained on exogenous thyroxine after the At 211  injects 

ion, at a thyroxine level previously described as sufficient to maintain 

normal: pituitary struàture in partially thyroidoctomized  rate  (15). 

A. 

The anima].a Were female SpragusisDawley rate obtained from the 

original colony. When the animals were 140 days old they were ear-

marked, weighed, and distributed at random into groups. The At 211  

solutions were prepared by methods described previously (16,17)4 At, 

55 days of age three groups of rate, 120 in all, were given At 211  in-. 

travenously at a level of 0.5 14 per grain of body weight. The three 

211 experimental groups were as follows: At-injeoted, untreated (At-U)-- 

60 rate that received only the injection of At211 ; At211-injected, 

thyroxine-'pretreate4 (At4P)--.140 rate that were given eight daily sub- 

cutaneous injections of 230  1Lg per kg. of 1-thyroxine prior tO the 

• 	ainiStration of At2U  to reduce the thyroidal uptake Of the At211  (1)4); 

and At21k.in jected, thyioxine-thera (At-TT)--20 rats that reóetved 

approximate]. I lig . per day of 1-thyroxie in their drinking water from 

the day after the At211  injection until sacrifice. Sixty normal rats 

served as controls. 

Five At-TP rats and 5 At4j rats were sacrificed 18 hours after the 

At211  injection. The thyroid glands were dissected, weighed, and assayed 

for At211  ontent according to methods described previously (114). 

AU animals were housed in groups of five in stock cages on wood 
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shavings and.were ted Purina Lab Chow and tap water (the water of the 

.thyrcine therapy group contained 0.1 '&g/ml. 1-thyroxine). All animals 

ereweighed.and examined fortumors every 2 weeks for the first 6 months 

after. the At211  injection, and monthly thereafter. 

At7 months of age (5 months after the At211  injection), white and 

red blood cell counts, hemoglobin, and hernatoortt levels were determined 

• 	for 17  rats in 'the At-U group, 18 rats from the At..'I'P group, and 16 

normal control rats • Standard metabolic rates (81R) wihre measured accord- 

• ing to the metbód'desc' bed byWatts.(l0) for several animals from each 

group when, the -animala were 13.5 months old. Vaginal smears were taken 

for ten consecutive days on these same rats immediately after the S1 

determination. 	 . 

The apartment was teiinated I yaar postinjeotion (the animals were 

• . 14 months old) in an attempt to avód confusion with the' üormal tumor 

• 	incidence off this strain, which begins to be significant at about lI 

• 	months of.. age (18). During the year tumor-bearing aninals were sacrificed 

in batches'of.no lsss than five regardlsss Of the sizes of the'tums or 

the time elapsed 'since their appearance. Five control rate, were sacrificed 

each time tunor rats were autopsied. The sácrif ice procedures were the 

same. br all animalS. Complete autopsies were performed on all rate except 

for six At211-injected and six control rats that died Of .pnsunoflia. 

. . Twsntyfour hours prior to autopsy each rat received 5 to 10 1.0 of 

1131 'intraperitonal1y. SacrifIce was performed with chloroform. The 

animals were weighed, and the gross appearances of the animals and their 

internal organs were recorded. Toid remnants, liver, spleen, kidney,, 

ovaries, adrenale, pituitary, and tumors were dissected and weIghed. 

Specimens were also taken" of lung, lymph nodes, "and uterus. Thyrid, 



uterus, and ovary were fixed in Bouin'e I hid, the pttuitary was fixed 

in Zenker-formol, and the remaining tissue specimens were fixed in 10% 

ntttrai formalix The thyroid remnants (in the fixative) were assayed 
• 	

for1131  gama activity with a we ll.type scintiU.atton counter. The. 

• fixed tissuea were dehydrated with dioxane, embedded in paraffin, and 
sectioned at 6.p 

 (pituitaries at li &), and all were stained with hemat- 

OaWlin .and eosth except the pituitaries, .wtich were stained by the 

• 	 Mallory..Azan technique. 

• 	 RSULTB 

The standard metabolic rates of the experimental and control groups 

are shown in Table I. Watts (10) reported complete thyroid destruction 

after injection of 0.8 .C/g of At 211
, with a reduction of the SNE to 61% 

of normal. The SMR's of the At..0 group were 75% of normal, indicating. 

that 0.5 C/g of At 211  effected a greater degree of thyroid destruction, 

and consequently of functional idsa, than had been expected0 The Fisher 

ttest (19) indicated that the SMR'e of both the At.tt and the At-TT 

groups were significantly lowered from the control mean. The difference 

between the 8Zs of At-TP group and the normal controls was significant 

only to the 5% level. There was no correlation between SMR and the 

presence or absence of a mammary tumor. 

Tsre were few, if any differences in the measurements shown in 

Table .11 (1131 uptakes and body and cirgan weights) between tumorous and 

nontumorous rats within a. particular treatment group; therefore, each 

treatment group is discussed as a unit without reference to the presence 

or absence of a mammary tumor. 

The thyroids of the At-U and At-TT groups were small--only 35% of 

131 the control weight. The I 	uptakes were reduced to a similar degree; 

however, the ability of the remaining thyroid tissue to concentrate 13131 
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remained relatively high on the average-78% of normal. These results 

are in accordvwith previous findings (13) ,  

Although thyroxine pretreatment effected a ejit-fol deduction in 

the tIiyro±dal uptake of At211  (se Table III), enough At
2li  entered the 

• gland to produce significant radiation damage. The animals in the At-TP 

• 	group more closely resembled the controls in many respects, but pre- 

treatment with thyroxine as a method of protection of the throid gland 

from irr4diation injury by At 211  was lees than satisfactory. Six months 

to one year after the At2U  injection the concentration of the 1131 

•tracer in the thyroid remnants was within normal limits,. but the glands 

-131 were only one-half normal size, and the I 	uptakes were also only one- 

half of normal. The somewhat milder degree of thyroid deficiency was 

reflected by the SMR which was only one standard deviation below the 

norm 1 mean. 

Rats that were called severely thyroid deficient (see section on 

pàthologial findixgs) tended to have low thyroidsl concentrtions of the 

• 	I 1.  tracer, but there was no Statistical correlation between degree of 

• thyroid deficIency (based on pituitary cytology or lowering of SMR) and 

the concentratiOn of the thyroid remnants. Thirty-five of the 146 

rats (76w) of the At..injected group that showed thyroidectomy or severe 

thyroid deficiency changes in the pituitary, had thyroids]. I concen-

trations well above the lower, limit of the normal controls. Nineteen of 

the 5 normal controls (35%), all with normal pituitary cytology, had 

131 thyroidsl I 	concentrations below the mean for the At..injected rats. 

These ob8ervatiOns indicate that 1131 concentration by the thyroid gland 

cannot be used alone to assess the ability of the gland to synthesize and 

secrete thyroid hormone. 



-8-. 

The body weights, and the weights of the spleen and. arenals of the 

At-U and' the At-TT groups were less than the corresponding control values, 

although not statistically different from them. The body and organ 

weights (except for the ovary), of the At-TP group were within iormal 

limits. The weights of the pituitaries of the At-injected rats were within 

normal limis; the pituitaries of rats whose thyroids have been completely 

destroyed with I'ae' only, 17% smaller than those of normal controls (22). 

"A' 60% to 6% weight reduction was noted in the ovaries of all At-

injected rats regardless of their degree of thyroid deficiency. This 
• 	striking uniformity in the extent of ovarian atrophy suggests some 'degree 

of radiation damage in the ovaries themselves. From Hamilton's (6) data 

for the dietrit'utiori of At 211  in the tissues of rats, the radiation dosage 

to the ovaries (see Table III) was calculated as.li5 rad, If the relative 

biological effectiveness (ABE) of alpha particles cOmpared to x-ray is 

close to four, the ovaries received 570 rem. Although the permanently 

sterilizing dose of whole-body x-ray for the rat ovary is still the sub-

ject of considerable controversy (23), 0  recent experiments indicate much 

irreparable damage following x-ray doses greater than 400 r (24,25). 

•rurtIer judgments of the relatively low level of ovarian function 

were àbtained from the vaginal smears, the gross appearance of the uteri, 

and the microscopic appearance of the ovaries (see dummaries of micro-

scopic findings which appear in a 'later section). A series of vaginal 

anieara taken. shortly before autopsy of some of the At-injected animals 

shd slightly prolonged but normal estrus 'ycles in 7 of the 9 controls; 

normal cycling was absent in the At-.thjected rats, and even prolonged 

cycles were , rare. The 9 At-TT rats tested showed: a preponderance of 
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cornified cells, as did 5 of the 8 At-li rats examined. No smears were 

taken from rats in the At-TP group. Uterine weights were considered 

unreliable, because of the large numbers of variable-sized poiyps present. 

• Grossly, the uteri were either very small and thread-like or were lage, 

• thin-walled sacs filled with clear watery flaid.' Preliminary experiments 

in this laboratory demonstrated that young female rats given 0.65 	At2 11/g 

failed to breed, even when aupplemental thyroid therapy was given (26). 

The,bld counts of some of the Atinjected rat8 and iormal controls 

are shown in Thble IV. The 'normal. red blood counts and hemoglobin levels 

of the At-injected rats were une4ected in view of the thyroid defiOiency 

of. these animals (27,28). The significantly low white cell counts of the 

At-U group .indated incomplete repair of the lphatic tissue (6,28). 

The number and sites of tumors observed in the At 211-injected and 

control rats are shown in Table V. The incidence of mammary turnor8, 

adenomas of the anterior pituitary and adrenal glands, and uterine pol.yps 

was striking in all three groups of rats that received At211. Pretreat-

ment with thyroxine appeared to have some influence on the development of 

adrnal and pituitary adenonias and uterine growths (fewer of these tumors 

were. obsorved), but did not affect the development of ntamnary neoplasms. 

'The 'major emphasis is here placed upon the occurrence of mammary 

tumors because they were grossly detectable, and because. the age at which 

they first appeared and their growth rates were easily determined. All 
II, 

other tumors were detected only at autopsy or on micràcopic examination 

of tissue spimena 

Rats were classified according to the method of Davis et al. (18), 

aseither tumorous or nontumorous, regardless of the number of individual 
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tumors anyone rat..possessed. A single rat in which two or more benign 

tumors were found was tabulated as a single entry under the classifica-

tion of the largest of the tumOrs. An animal that had more than one inalig-

nant tumor was classed as a single entry according to the most anaplastic 

of the tumors present. In a few cases rats possessed both benign and 

malignant tumors; these animals were classified as malignant tumor-bearing 

animals. 	 . . 	. 

Figure 1 shows the incidence of maimnary tumors as a funt ion of the 

age of the animals. The first tumors appeared in the experimental groupS 

just prior to the 150th  day of life; no tumors were found in the control 

rats' before the 2 10th day. The age at which the mammary tumors occurred, 

and the percentages of animals developing these tumors were comparable for 

all three experimental groups, and a composite curve is shown in the. 

figure. 	. 	. 	 . 	. 	. 

The classifications of the mammary tumors are given in Table VI. ' it ....... 

is apparent from the Table, and from Fig. 1, that the administration of ...... 

At211  to young female rats '.f this strain resulted in a four-fold increase 

in mamnary tumor incidence regardless of their degree of thyroid deficiency. 

However, the proportion of the tumors that were diagnosed as' malignant was. . :.. 

greater in the At-ti and At-TT groups' (the majority of these 	, 

suffering from severe thyroid deficiency) than in either the normal con-

trols or the 'rats whose thyroid glands had been protected by pretreatment 

with thyroxine0 The difference between the percentage of malignancies in . 

the  At-U and the At-TP groups was highly'signitieant (P <-.01) 'when.the.... 

chi-square test was applied for a 2-by-2 cántingency table (19). Because 

of the small number of tumor bearers in the normal control group, the• 

apparent increase in the px'oportion of malignancies in the At-U group ..- . - ... 
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compared with the controls was not significant when the same statistical 

test was applied. 

Although the number of mamnary tumors claasified as either benign 

or malignant varied 8iightly iroin group to group, the same types of tumors 

were encountered throughout the study. The histological characteristics 

of these tumors have been adequately tiluetrated by Sheilabarger et al. 

(3), and no further description is necessary here. 

In order to asseas the possible contribution of the endocrine de-

ficienoy to induction of the mammary tumors, the microscopic structure of 

the endocrine glands and of several other tissues was examined.. 

The cto1og of the anterior pituitary has been found to be a very 

sensitive indicator of thyroid function (15,29,30).  When there is a 

slight thyroxine deficiency, as, little as. 0.1 g per 100 g 'body weight 

per day, the percentage of basophilic elements rises and the granulation 

of the acidophilic cells becomes sparse. When functional thyroid tissue 

is complot.e].y absent, the number of basophilic cells may increase as much 

as eight-fold,' and the morphology of these cells is altered into a vacuo- 

].ated signet-ring type. A further distinguishing featttre of total thyroid-

ectoTWis .the almost complete absence of granulated aøidophils. Thus, 

even a. rough cell count can distinguish between a complete lack of thyroid . 

hormone and the presence of very slight amowts of this hormone. 

In our experience the pituitaries of animals whose thyroid  glands had 

been destroyed showed almost completely degraniziated acidophils and markedly 

increased numbers of basophils, many of the signet-ring type. Those 

ánimáls desigited as markedly thyroid deficient showed partial acidophil 

degranulation . and increased numbers of basophils, but no 8 thyroidectómy. 

•cells. Mild thyroid deficieüy was indicated in the pituitaries that 
45 



showed partial degranulation of acidophils and relatively normal numbers 

of ..basophila. 	 S  

A summary of the microscopic findings is given below; detailed re-

ports have appeared (31) and are available from the authors upon request. 

At 211-trjeoted, untreated: 

The mIcroscopic appearance of the rat thyroid gland one year after 

the administration of 0.5 pC/g of At 211  has been illustrated in a previous 

publication (13) and can be briefly described aafollows:• 

The thyroid glands of the majority of animals possessed Little 

functional tissue. The follicles were, very small, with ouboidal epithe-

'liwn. The .colloid within the follicles tide somewhat baeophilio centrally 

and more ooainophilic at the periphery it appeared dense. The vacuolation 

associated with colloid resorption was seldom seen. A few glands possessed 

scattered giant cells with palo cytoplasm and vacuolated nuclei (sometimes 

muttilobalar); these resembled Hirthle cells. The abundant stroma showed. 

reduced vasoularity and occasionally edema. The parathyroid was apparently 

undamaged. 

Pituitary cytology, although variable within the group, showed more 

or loss completely the picture associated with substantial thyroid de-

ficiency. A.ophils were fewer than normal. and were usually degzanulated. 

Basophils' were increased in number; they were often enlarged .nd contained 

droplets of colloid. The changes following very nearly complete thyroid 

destruction were seen in 28 of 53 of these rats (53%)--l'8 specimens . (34%) 

showed suere thyroid deficiency, and 7 (13%) showed, changes indicating 

only .a mild degree of thyroid deficiency; there were no normal pituitaries . 

in this group. Chromophobe adenomas of microscopic dimensions were found 

in 15 of the animals in this group. 



-13- 	- 

Adrenal cortical-atrophy was pronounced, especially in the fasct- 

• cu.late and reticular zones. Alignment of cells into columns and, deeper, 

into a network, was lost. Vascul-arity was usually much reduced, although 

occasionally the sinusoidal vessels were distended with blood. Cortical 

adenomas, hemorrhage, degeneration, or cysts were variably encountered. 

The ovaries usually showed evidence of markedly diturbed function., 

including deficient Intersitial tissue and reduced vascularity. Follicles, 

when present, were small to medium in size; corpora lutea usually do-

generating. These changes reflected the severe functional and gross 

anatomical ovarian deficieucy described earlier. Ovarian cysts and tumors 

were seen in a few animals. 

The- uterus was usually small - and, thin-walled with a hypop'].astic en-

dometrium. Po].yps were seen frequently in the lumen. 

The lungs, liver, and kidneys showed no damage directly attributable 

to the At211  irradiation. Varying degrees of pnewnonitis were seen; in 
4 

the animals suffering from more severe infection (such as lung abscesses), 

parenchymatous or vacuolar degeneration was seen in the liver. There were 

two pulmonary nietastases of mammary carcinomas. 

Lymph nodes from the mesenteric root varied in structure from normal 

to matkedly atrophic. The lymphatic tissue of the spleen was similarly,  

variable. The thymus - showed a reduced amount of lymphatic tissue; in -: 

part, this was replaced by developing fat, and probably represented the 

• 	 Involution Oommonly seen in older animals. A large proportion of,  the 

thyini in this group contained epithelium recognizable as, or reminiscent 

of, thyroid tissue (32). 
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• 	At21 -injected., throxine-2retreat4 

AlUiough the thyroid glands of this group were somewhat less damaged 

than in'the other At-injected groupi, no normal glands were seen. Evj-

dences of. secretory activity such as colloid vacuolation and heightened 

• epithelium were more frequently seen. The cells resembling Htlthle cells 

were less common. The atromal changes were like those in the At group, 

although they were usually less severe. . .. 

Pituitary cytology ref leted the slightly better condition of the 

thyroid glands; in some instances, theglands were virtually within normal 

limits.. Changes associated with complete thyroid destruction vibre seen in 

6 of 36 spec ens (17%); se'ere thyroid deficiency was diagnosed in 11 (31%); 

mild deficiency was found in 2 specimens (S%); and 17 (147%) were within 

normal limits. The adrenai.s also appeared health4r than in the preceding 

group, although individual variability was such that the groups overlapped 

in evidence of damage. Oitarian and uterine structure, -although less 

severely affected than in the preceding group, was below normal functional 

Limits. 	 . 	. 

Generally, the structure of the lungs, liver, and kidneys indicated 

the likeithood of adequate function. One lung contained a carcinoma .f or 

which no primary site could be found; its structure suggested a primary 

bronóhial epithelial origin. 

Lymph nodes, spleen, and thymus were normal or only slightly atrophic. 

Although nany tbyini contained epithelial remnants, they were seLdom 80 

• organized as to suggest thyroid follicles. 

At2ll 	thyroxine-therpy: 

The thyroid glands were more severely disorganized than in the At-U 

animals. Often they were preponderantly fibrous tissue, with scanty epith-

elium arranged in cell clusters or tiny follicles. Not of the s1pecimeno 

showed the giant, "Hfthle-type" cello, although they were seldom in large 

numbers. 
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Fitaitary cytologic changes were, for the most part, intermediate 

between those seen in the two preceding groups. Complete loss of thyroid 

tissue was diagnosed in 14 of 16 animals (25%), severe deficiency in 9 rats 

(56%), and a mild degree of deficiency in 3 specimens (19); there were 

no normals in this group. In evaluating the pituitary-thyroid relation-

ship in this group it is noteworthy that when exogenous thyroxine was 

given,, the impetus to even partial thyroid repair was not as great as in 

the At-U group. On the pituitary the action of thyroxine supplement was 

at least partially supportive, although at too low a level to maintain 

normal pituitary structure. 

Adrenal cortical structure was highly variable, and ovarian structure 

was consistently defective. . 

The lungs, liver, and kidneys were much 'like those of other At
211-

injecte4 animals. One kidney bore a tumor which appeared to be a metaa-

taste of a milignant mammary tumor. 

The lymph nodes and the 'lymphatic tissue of the spleen and thymus 

were depleted. The thymi often contained  epitheiiuin of recognizable 

thyroid type.. In fact, when found, this tissue was often more represen-

tative of thyroid ,strueturè than the thyroid glands in this group. 

The presence of adenomata of the adrenal cortex and anterior pitul-

tary gland has not been reported heretofore in rats that received whole-

body iri'adiation, and hence t3 illustrated here. Figs. '2 and 3 are 

typical of the adrenal cortical adenomas encountered. A chromophobe 

adenoma of the anterior pituitary of microscopic dimeipns is shown in 

Fig. 14. Figure  5 shows a portion of a pituitary adenoma that weighed 

28 mg taken from an animal' in the At-U group one year after injection. 
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SCU8SiON 

These oxperiments corroborate the observation of amtlton, et a].. 

(6) that a sublethal doae of At2U  markedly increaaeè the number of 

early-appearing maz ry tumors in female $pragueDawle rats. 

There is reasonably broad acceptance of the hypotheals that sublethal 

amounts of radiation cause premature death, by accelerating biological 

• 	 aging 'processes. Such premature death may often be due to the earlier 

Onset of certain specific diseases to which the species is iigh1y sus-

ceptible that are normally assooiated with or promoted by the aging 

process (33). Tumors of the breast (314) and adenomata of the pituitary 

4 	 (3506) are seldom encountered except in rate of advanced age. Although 

adrenal cortical hyperplasia has been demonstrated in aging female Long. 

1vane rats (37 )', we are not aware of any report of the spontaneous 

occurrence of adrenal oortical adenovzas in this species. In man these 

growths are associated with aging (38).. 	' 	•' 

Davis eta].. (18) reported a 57% incidence of spontaneous mammary, 	' 

tumors in female Sprague...Dawloy rats; 87% of these tumors developed after 

the animals were 5140 days old. 'Pathologic classification was made cxi about 

one-third of the total 'macroscopioaiiy observed tumors0 They noted that, 

12% of all tumors examined were malignant. The spontaneous'. tumor incidence 

in the same strain of rat may differ under varying c'onditionè of diet and 

laboratory care (18,39). 'N9vertheless, it seemed worthwhile to test the 

significance of the apparent difference between the incidence of 'mammary 

tumor' in our young At-injected rate (less than 1420 days old), and the 

spontaneous tumor inoidence as observed Over the life span of the same 

strain in Davis' oo1ony. The percentages of tumors in the threø At.injected 

groups were almost identical, and the groups were, combined for this Corn-

parison. In the At-injected groups8 of 107 rats (73%) bore mwrmary 
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tumors by the  end of the '12-nth observation period. In Davia group 

of 150  normal rats, 815 (57%) de eloped rmnary tumors by the end of their 

U.fGpans. AØ a measure of signifigance of the At211.mammary.tumor 

aocittou, the chiaquare tet was applied (2aby.2 contingency table) 

(19). The difference in tumor incidence was significantly ab' chance 

relationship, x 2  7.1, P 0.01. We. cannot rule out the possibility 

that the net effect of treatment with 211  may be that its radiation 

accelerates the nozna1 aging' processes of the strain, The total santan 

eons incidence, however, is smaller. 'than the sum of tumors in the irradiated 

animals. This question is being examined for a larger group of animals. 

In two of the three At-injected roupe.u.-At-Uand At-T..31 of 51 rats 

were classified as malignant tumor bearers. Of the 71 spontaneous tumors 

examined by Davis. et al. (18), stz were diagnosed as malignant. The chi 

square test for the independence of these two sets of data iàdioatèd a 
highly significant difference, z2  - 12.2 and P <O.Ot. This difference in 

the percentage of malignancies in ópontaneoua tumors and those arising 

after an injection of 211 
 although probably real, is perhaps not as 

great as the' above etatistical test implies. The pathological material 

was examined by,  separate investigators, and in 'spite of eftort by both 

groups to Sdhere to étandard criteria for the dianoeis of malignancy, 

there are bound to be differeüoes of opinion on some points. 

The number of chz'omophobe adencaisa of the anterior pituitary and 

adenomas of the adrenal cortex was eurprioingjr large in the At-injected 

rats. Large numbers of pituitary tumors have been found in mice mair 

months after exposure to the neutrons and gamma rays of a nuclear detona-

tion (ho) and after partial or com1ete thyroid destructjon with 1131 

(41,42). This is, to the best of our knowledge,. tJe first' report of. 

pituitary adenomas' in irradiated rate. Furth and his coworker'a (140,142,43) 



have implicated thyroid deftciency as ieU as irradiation in the gersis 

of these tumors. in mice. 

There appeared to be a re1attonehp between the number Of ;pituita'y 

tumors in an At,tnjected group and the degree of hypothyroidism.  In the 

most nearly normal group—At.-?P.5. 6% Of the animals had pituitary tumors; 

in the moderately deficient g p.Atfl-.49% of the rate bore tumas; end 

in the severely hypothyroid group....At-Upituitary tumors were found in. 

27% of the animals. 

Factors to be considered in rnatnary tumor induction, in 'hat we believe 

to be the most likely order of importance, areas followa: (a) irradiation 

of the immature rnanmiary ducts and alveolar bwle; (b) irradiation of the 

ovaries; (c) whole-body irradiation; (d) the substantialredu4tion in 

thyroid hormone following thyroid gland destruction; and (e) secondary 

functIonal changes in other ezztocrines resulting froc, thyroid deficiency. 

The diffuse distribution of the mammary ducts and alveolar buds In 

the young virgin rat limits calculation of radiatIon dosage from radio' 

active materIal deposited in this tissue to a rough approximation. Autow 

radiographic studIes now in progress indicate a conoentratlon of At211  in 

the immature mammary structures which is substantially gater than in, 

the surrounding connective tissue, 2yuph nodes, and fat (?O). The ooncen. 

tratton of At211  was measured in dissected 'subo taneous tisuea taken frc' 

the inguinal region; the average concentratIon of At211. was also measured 

in 'the intact pelt and subcutaneous atruotureG in earlier: experiments (6)• 

The' dosages calculated from these,  two values are shown in Table LXI.'The 

bast estIrnatei6 rad--was based on an average weighted in favor of the 

At211  concentration in dissected subCutaneous t.ssuze3.  

The whole body radiation dose also can only be approximated because 
2 11 of the wide variatIons in 'the At 	concentrations in the, 4ifferent tiasueG 



(6). An estimate of 64 red was obtained on the basie of uniform tie.. 

tribution of 0.5 ijC/g of At2li  throughout the body with excretion of 15% 

of the injected material in the first 24 hourg (see Table lI1) On the 

basis ofthese oalóulations, é dosage of 0.5  .C/g of MU delivers the 

same amount of radiation to the rnarmary tissue as to the whole animal. 

Cronkite et al. (5) found that 100 r of x..trradiatjon induced nñrLy the 

same percentage of mammary tumors in young prague..Dawtey rata--79%--ae we 

observed following At211. On the basis of radiation dosage alone, it 

would appear then that the alpha particles, of At211  are about' six time 

more effective than 250  kvp x-rsye in .thoreasing' the number of mammary 

tumors in young female rats. It should be pointed out that the whole.. 

body radiation dosage calculated above applies to all of the At-injected 

oups, not only those who received At211  before any other '.treatnent, but 

a1so 'to those whose thyroid glands had been partially blocked with thyrc'. 

The uptake of At2U in the normal thyroids 18 hours after injection was. 

0.15% of the administered dose; theuptake of 4t211  'in the  thyro*ine- 

blocked glands was 0.08% of the dose. Thus Only an additional 0.37% of the 

injected At211  was available for irradiation of tissues other than the. 

thyroid in the At..TP rats. 

As has been pointed out, the ovaries sustained severe damage, and at 

the time of sacrifice the majority Cons ited of deficient intert1tinl . 

tissue, a few very small follicles, and occasional old corpora lutM. Most 
of the ovaries appeared whofly incapable of reproduction and of sustaining 

any but low Levels of hormone secretion. The results of Paz'rott et al, (26) 

suggest that the ovarian atrophy following At 1  is chiefly due to irrad.. 

iat ion damage and only secondarily to thyroid' deficiency. They found that 

the ovaries of sexually mature rats whose thyroids had been removed either 

surgically or with 1131  maintained a normal weight for many morths, and 
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that over half of these anima].a:were capable of eonceiiring and sustaining 

fetuses to norrad tdet 	Uptake of 1 131 in thyroid remnanta and SNR 

measurement indicated that these rats were severely thyroid deficient. 

• Microscopically, the ovaries of these surgical1y thyroi.deotomized and 131 

thyroid-ablated rats oonai8ted predominant1r of reaorbing corpora lutes, 

but follicles in. all stages of development were present. The gertthl 

epithelium was intact and: appeared active. The vasculature was within 

normal Uflite, and th5 interstitial ttssue vas sufficiently abundant, On 

the other hand,. At-injected rats in the same experiment possessed only 

ovarian remnants of less than one-third normal size, just as in the present 

experinenis. Sufplernentat thyroid substance. .whoh was adequate to matntain 

normal ovarian eight, and to improve littering in surgically thyroideoto.'. 

mized and radiotodine thyroid-ablated rats, and to sustain nearly normal 

SMR' in At-injected rats, only slightly 'increased the sizi ofthe Ovaries 

of the At-injected rats 1  and '±14 not repair their structure. 

The extent of thyroid deftciency did not appear to be a major factor 

in determining the percentage of mammary tumors developed. The animals 

that received the partially protective thyroxine jretreatment bad a more 

nearlr normal thyroid status than did the At-U or At.TT grops as evi-

denced' by, pituitary cytology, thyroidal  uptake of a. radiotodins tracer., 

d mean &NR within the normal range. Yet this group developed the same 

• 

	

	 percentage of marmnary tumors as did the notably thyroid deficient groups. 

Chen et at. (iih) have shown, that rats train .hioh thtbyroid, adrenale. 

- 	 ovaries, and ptuitartes have been removed are able to sustain normal. 

mamary dev,e].opnertt and even lactate when given replacement ovarian,' 

pituitary and adrenal hormones • They àonol*ded • that thyroid hormone RIEr 
se has little' if any influence on the manmary. tia sue. 



Frtdence relating the ovaries and estrogens to mammary neoplams 

has been ascmiulted from clinical experleo and animal expeimentation. 

Much of this work has been reviewed by Burrows and Horning (45). These 

authors wa up their opinions on the relationship betieozi estrogens and 

breast. tumors as follows': "...1therieoplastic effects of estrogen appear 

to depend leøs upon its amount than upon its uninterrupted upply and 

though an excess of estrogen is perhaps more likely than a normal quantity 

to cause neoplasia, yet the excess need not be great. The ordinary pro-

ductIon of estrogen by the ovary is rhythmical, and time is available 

between eaoh period of abundance for the breast to revert more or less to 

its resting condition. When deprived of' the interval of rest, it' seems 

that chXonic hvperplacia, innocent tumors, and ultimately cancer. are apt 

to foilcw.' 

The vast majority of spontaneous breast tumors occurs in rats long 

after the active reproductive period, in apparent contradiction to the 

-abave hypothesis. Howvet, as Wolfe at a).. (35) point out, the rat does 

not seem to undergo a true menopause .with ovarian atrophy and a decline in 

blood estrogen levels. Most of their very old female rats continued to 

cycle sporadically every two to three montha • The ovaries of these rats 

were small and consisted chiefly of interstitial tissue, but a few old 

corpora lutes and some largefollicles were usually preaent Occasionally, 

animals were foind that continued to cycle normally until death, and other 

animals we're seen in 'which the ovaries contained persistent atretic 

folliies;. vaginal smears from thGae latter animals consistently showed 

only cornif led cells. 

The studies of Cronkite et al. (5) clearly,  implicate the ovaries in 

the early developnent of breast tumors in young x-iz'radiated female 

Sprague..Daw).ey rats; mammary tumors were found in 79% of their animals at 



22- 

l2 months of age. Fewer breast tumors-49%—deYelOpd in animals 

variectomzed prior to the irradiation. If unexposed ovaries , were 

implanted after irradiation, or if during the, irradiation the ovaies 

were extsridx'tted and shielded, nearly the same mammary tumor incidence 

was achieved as intact irradiated ratsai ,91% and 62% respectively. 

X-irradiation of the exteriorized ovaries alone iras without effect in 

inducing mammary tumors. 

The constant cornification found in the vaginal smears of some of 

the Atalnjeoted rats indicated a sustained estrogen stimulaton of unknown 

degree. The ovaries, although without follicles .and incapable of ràpro-

ductior, may still have been elaborating some estrogen. G.thar 'ttøeuee, 

e.g., the adrenal glands, have been found to supply estrogens to gona-

dectomized animals, often in large amount,S (15). The sizable number of 

glandular uterine polypa -in the At-injeäted rats is also strongly indi-

cative of prolonged estrogen stimulation (145). 

In conclusion, exposure of rats to sublethal amounts of At2U  results 

in the early appearance of large numbers of mammary tumors, many of them - - 

malignant, and in the production of an altered funot-onal state simulating 

meriopausso It is 'evident that the tumor induction is not yet teats- for 

its association with radiation exposure separately from 'the endocrine 

disturbance. 

1• 
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table I 

Standard metabolic rates 10.5 months after an ieotion of 0.5 	C/g of 

	

astatine-211. 	.Mean is shown with standard errors. 

	

- 	- 	-- - 	 - 	 ---- - 	 -' '- --- 	 --- 

[o. 	of -do- 	- . -NO. 	th 2 	- 
Gro 	terminations 	maminay tumors CalJm /hr 

Norma]. 
cntö1a 	' 	6 	' 	 .0 	' . 	50.9 ± 1.3 

At211-injeeted, 	- - 	b untreated 	S 	 - 	 7 	- - - 	37 0 9 ± 	95 	- 

At211--injected, 
 

thyroxine-pro-  
'treated 	 7 	 14 - -1414.1 	± 314 

• 	At211-injected, 	- 	 - 	- 	 - -. 	 - 	- 	 - 

thyroxine- 	 - 	 - -, 	 - - 	- 	- 

therapy 	- 	14 	- 	 2 	- 39.6 ±2.14 

• 	 S 	 ' 	 ' - 

a 
Standard error s  S.E. 	dev 

b 	Underlined means were cómpamd- to the control mean by the t- test of  
Fianer (19), and the P value was beyond the l 

-- 	 --- 	 - 	-- 	 - S 

level of confidence. 

--' 	 - 	5- 



cc 

CS 

10 

to 

0 

4, 

00 

I 
'-I 

I. 
'0 

44 
0• 

ro 	0 

44 	
44 

0$ 

•0 
U) 

p.4 

.3. 

.0 

	

4 	 1.4 

	

cf-4 	•—.- %.~ S.-.  

co . 

	

I 	 I 	 • 
N- - 
r4 

	

.4 	I 

	

N- 	 0 

J .  
r4 

..— 	—.' 
'-4 

c 	(II 
- 	 1-4 

W 0 

0 	• t.4 	 C.J 	 c'J 

.4.4 
0 

4' 
WI 

I 

	

ru 	o 	N- - 

(i  

	

C" 	• C' 

I—' 

V 	v-4 	 I 0 	 S 

	

H 	 CI 	 tA 

IN  

0 
k 

	

* 	 a 	 S 

co 

9 

N- 

UI 
, c'J 

54) 

a1 

-.5 

5- 

0 
5- 

a'. 

•1 
I: 

('a  
• S C 

co 
S S I 

-4  
-4 

co 

('a 
.0 

1'- 

Nt' 

• 
0' 

.0 
('I 

('3 ('1 ('a 

HI U!1  

I 	 I 
WI 	WI 

* 	• 	I 	 .. 

	

I 	 il i 
4'W 	 4 

	

Fl 	 WO 	W 	.0W0  
•r.' 	 4$.I 	 4-Cj 

+ D E 	+ Q) c 	+ c> 

4 	 . 	 )Q) 



Ii 

H 
H 
H 

0 

I 

5.. 

J1 

0 
"-I 
43 

I 

'-4 
1-4 c'J4,  

43 

U 

05.. 
044 

0 bO+) 
£4 00 
43 
r14' 0 

0 
4) 	43 

43 

Ow 
5i'f4 	0 

00 
04 

192  U) 

a 	'dO 
0043 

•1•4 	0 

cdrl,-I si 

4)E'i 00 U) c 

uu 
O+4 0-4 

o Ott 0 
- '0 - - 
f U\ r4 (J 

4) 

'-4 
U 

10 
U • U 

'-. .4 
N .4) 

U   

00 
1-0 

I  

0 

I0 

C) 	 140. 

0 
WV 

U) 

4) 

0 	 o — • 	..ic coo 
0 	0 i4 

00. m •  
43440) 4) 

AA 

110  .0) 
0)0 	 0 

4rI 	C) 
0043 .0 

0)
Ilk  4f40) 	00) 	0 	U 

O43 	_c 	.r4C,-4 
0 

0)140 	00 
,-4 	dOcO 

O, 	4)ø 	0.14 
(000 	0(0 

rut 

co 

p... 

• 	4 	U) 
14 	0 	.14 

a 
a 

U) 
-.4 	 N 

ON 43 
Ei-40 •0 
Oo4) Si 

14 
• E-' 	-i-I V\ 

	

- 	00 

	

.C'J 	b0414 
bE 	I 

043 'LAO4) 
. 
	co 

	

g- 	• 4 • j .0 

"0.-I 1. 
C).rlr 	00 0 

c - 
•.0 4)00 
oO_. 	m 

cr 

	

443 	 0 
(0.r4(0 r-t 

• 

'0 	tsjø Cu 
•- C) 043.0 

4) 

	

0Ir 	O..4 ) 

Olo 'oao 0 

	

i 	0.14-14 0) +34)4) ._ 
o  43.4.4  

4-3  

E 
_k 0)00 tr 

	

(0 	40 	-.4 	• 
E r4 	C) '0 
E 00 

Nz 

14 

CH 

DLi4 .14 	E -' 
J30)$4 
..b0O 

.E 
140) 

• 

ON U) 
cob .043.0 
t) E4) 

0.0 



TableIV 

T 	number and site of tumors lixiuced in female SpraguerOawley rats following 
0.5 	C/g of astatine-211 administered at 55 days of age. 	The experiment was 

terminated when the rats were 420 days old. 

At-injected, Ainjected, 
Untreated. At-injected, thyroxine thyroxine 
controls untreated pretreated therapy - 

No. of rats 
autopsied 	 46 55 36 16 

Total tumors 	10 107 47 28 

Memrnary tumor- ... 	 - •.. . 

bearers( total) 	8 39 	. 27 12 

Pituitary adenomaa 15 2 3 

Adrenal corticala 
 

adenonta 	 . . 	 . 	 . 	 . 

Eridometrial 	. 	 . . . 

polyps 	 2 . 	 . . 	 17 JI 

Bronchio]'ar . 

oarcinoma  

0varian granulosa 	- 	 . . . .. 	 . 

eell tumor--  

0arian  
endornetroma  

Uterlue- equainous -. 
cell carcinoma  

Most of t he adenomata were very email and only 
0 

detectable raicrosooploally. 
0 
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FIG1JE LEGENDS 

Incidence of mamnhry• tumors in female Sprague-.Dawley rats as a 
function of age after an intravenous injection of 0,5 C of 
At211 

 per gram of body weight. Data are also shown :for intact 
controls. 8olid line is the mean tncidenoe for ll! At-injected 
rats. 

Portion of, large adrenal cortical tumor. Degeneration; colláid. 
H.andE,X70. 

34 SinaU adrenal cortical tumor showing compression and distortion 
f adjacent cortical tissue. R and E. X 70. 

It. Small chkomophobe adenoxna of the anterior lobe of the pituitary 

gland. Mallàry-Aan, X UO. 

5. ?o't1on of a large ohromophobic adenama of the anterior .  pituitary 
• 	 •gland.showing vascular dilatation and hemorrhage. Tissue of the 

• 	 aifterior lobe proper has been compres8ad to a thin rim on the 
atu'faoe of the tumor. $allory..Azan, X 1100 	• 
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