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" endocrine changes. of hypothyroidism that follow thyroid damage by At

bodily distribution of At

“3a. | UCRL~8026(revised)

INTRODUCTION

. During the course of experiments on the longevity of female rats

'Jthat had been given sublethal amounts of At 211 3 Hamilton et al. (1)

found a striking incidence of mammary tumors. Shellabarger et ale (3)
and Binhammer et al. (L) subsequently demonstrated increased incidence
of maﬁmary twnors in female rats of geveral strains after either sublethal

doses of whole~body x=ray or lethal xqray’doses in animals protected froam

. acute irradiation death by parabiosis.  Crohkite ét ale (5) have recently.
. ghown for dosages from 0 to 500 r that manmary tumor induction is pro-

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

more mammary tumors than rats irradiated at maturihy. Their data further

‘ suggest that ovarian function is another important factor in mammany

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

- servations on mammary tumor incidence'and, in addition, describesvother '

' neoplasms encountered in female rats injected with &t211

211

" The thyroid gland accumulates At in amounts sufficient to produce

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

proportional to the dose administered (1, 6-9). The complex metabolic and
: | | 211
vary in severity with the'extentrof.the damage (6, 9-11)s The general
V 211 is such that tissue§'other ﬁhaqlthe £hyroid
gland'suffer'radiation injury in var&ing degrees (6,7,12’.

it was therefore of interest tovre-examine Hamiltén's'original ob-
servation, and to assess the possible relationships of irradiation and
endocrine function to mammary tumor production. '

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

base)‘the,number and types of tumors that develop in virgin female rats
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(a) partially‘thyroidectonised’with 0.5 UG of At

markéd, weighed, and distributed'ét random into groups. The At

' experimental groupe‘were as followss At"

g
211 per granm ;f body
weight (9,13), (b) similarly injected, but partially proteéted from
excessive irradiation of the"thyfoid élénﬂ by blocking with thyroxine

(lh), and (c) matntained on exogenous- thyroxine after the ag?ll inject-

-ion, at a thyroxine 1eve1 previously dascribed as sufficient to maintain

normal’ pituitary structure in partially thyroidectmnized rats (15).

METHODS )

The animals were female Sprague-bawley rats obtained from the

original colony. When the animals were LO days old they were ear-
‘ 211

' solutiona wera prepared by methods described previously (16,17)s At

211

55 daya of age three groups of rdts, 120 in all, were given At in-

travenausly at a 1evel of 0.5 pul per gram of body weight. Thg threé

211 -injeeted, untreated (At~U)e-

211; At211-injectad,

thyromine-pratreateg (At~TP)-~L0 rats that were given eight daily sub-

60 rats that received only the indeotion of At

‘cutancous injections of 230 ug per kg. of l-thyroxine prior to the

adninigtration of 4471 to reduce the thyrotdal uptake of the At*M (11);

and At 1. -mject.ed s, thyroxine-therapy (At—T‘i‘)-—ZO rats that received

p approximately 1 ug per day of l-thyroxine in their drinking water from

211

the day after the At injection_untll saorifice. 8ixty normal rats

served ag controls.-

~ Five At-TP rats and 5 At-ll rats were sacrificed 18 hours after the
211 1njection. The thyroid .glands were diasected, waighed, and assayed

211

for At eontent according to methods deseribed previously (lh).

"Alllanimals were housed in groups of five in stock cages on wood
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shavings and were fed'Purina Lab Chow and tap water (the'water of the

~rthyraxine therapy group contained Oul pg/mk- 1-thyroxine). A1l animals
Auere weighed ard examined for tumors every 2 weeks for the first 6 months
after the Atan mjaction, and nonthly thereafter.

211

At 7 montha of age (5 months after the At injection), uhite and

red. blood cell counta, hemoglooin, and hematoorit levels were determined

fot l?_rata in ‘the At-U group, 18 rata,from the At~TP,group, and 45

nofmal-éanxroi'ratg. - Standard metéboiio rates (8MR) whre measured accord-

ing to the method described by Watts (10) for seversl aninals from each

group when the animals vere 13.5 months old. Vaginal smaars were taken

for ten consecuxive days on these same rats 1mmediately after the SMR

detarmination.
‘ The'experiment uas”tefﬁinated l'year postinjection (the'animals were |

.14 monthg old) in an attempt to avoid confusion with the: normal tumor

'incidence of this strain, which begins to be significant at about 1

months of. age (18)s During the year tumor~bearing animals were sacrificed

in batcheés of no less than five regardless of the sizes of the tumors or

" the time elapsed since their appearance. Five control raté,were sacrificed

 éach time:tumor'rats were autopsied.,'The'éacrifice procedu;ea-were the

same. for all animalB;i Complete auﬁopsies~warq performed on all rats except

' for six At? 1 injected and six control rats that died of pneumonia.’

V'Twenty-four hours prior to autopsy each rat received 5 to 10 uC of

| 131 4 ntraperitonsally. 'Sacrifiae was performed with chloroform. The

animala were weighed, and the grosa appearancas of the animala and their
internal organs were recorded. Thyroid remnants, liver, spleen, kidney,
ovaries, adrenals, pituitary, and tumors were dissected and weighed.

Specimsna were also takan of 1ung, 1ymph nodes, ‘and uterus.  Thyroid,
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uterus, and ovary were fixed in Bouin'a fluid, the pituitary was fixed
in Zenker-formol, and the remaining tissue apecimens were fixed in 10%
‘ neutral tormaliqg: The thyr@id remnants (in the fixative) were aseayed
gor 181 gamma -a;tivity with a well-type scintillation counter. The
fixed tissues were dehydrated with dioxans, embedded in paraffin, and
" sectioned et 6 i (pitultaries at 4 p), am all vere stained with hemate
oxylin ana'éosiﬁ éxcept the pituitarieé,,which were stained by-tﬁe
Mallory-Azam technique. - |
| RESULTS

' The standard metabolic rates of the experimsntal and‘oont:ol groups

are shoﬁh in Taﬁle I. WVatts (10) reported complete thyroid déatruction

211

after injection of 0.8 uC/g of AtéML, with a 'redﬁction of the SHR to 67%

_ df normal. The SMR's of the At-U group were 75% of normal, indicating .

that 0.5 uC/g of At?ll

effected a greater deg:ee of thyroid destruction,
and consequently of functional ldss; than had been expected. The.Fizher
't-tast (19) indicated that the SMR's of both the AtpU and the At-TT
groups were significantly lowared from the control mean. The diffgrence
betwaen the &MR's of At=TP group and'the normal controls was signifioant
only to the 5% level. There was no correlation betueén SMR and the o
:preéenca.or abséace'of a mammgry tumore | |

. Lgﬂhe?a wé&e few, if any différencesiin ths'méasurements shown in
Table.II_(Il31 uptakes and body and organ gaighta) between tumorous and
nontumorous rabﬁ,withinré.partionlar treatment group; therefore, each
treatment group is discussed as & unit without reference to the presence
or absence of a mammary tumor. | | |

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

'the control woight. The I131 uptakes were reduced to a similar degree;

howaver, the ability of -the remaining thyroid tngue to concentrate 1131
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from irradiation infury by At

to one year after thé At

-Theselobeervatipns indicate that

secrete thyroid hormone.

“T-

) remained relatively high on the average—-?ﬁ% of normal. These results

are in accord 4with previous findings (13).

Although thyroxine pretreatment effected a six-fold reduction in

211

the thyroidal uptake of Atall (see Table III), enough At entered the

v'gland to produce slgnificant radiation damage. The animala in‘tﬁb.ét-TP

group more closely resembled the controls in many respacts, but pre=-

'treatment‘with thyroxine as a method of pgotection of the thyroid gland

211 was less than'aatiszctorj. Six months

211 31

1njectiou the concentration of the

»tracer 1n the thyroid remnants was within normal limits, but the glands

31

were only_one~half normal size, and the uptakes we:e also only one-

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

’ reflected by the SMR which was onLy ons standard deviation below: ths

. normal mean.

Rats that were called severely thyroid deficient (see section on

' patbological findings) tended to have 1ow thyroidal concentrations of the

1131 traaer, but there was no statistical correlation between degree of

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

-the 113 concentration of the thyroid remnants. Thirty-five of the h6

rats (76%) of the At—injected group that showed "thyroidectomy’ or severe

thyroid defipiency changes in the pituitary,.had thyroidal 1131 concen=-
ﬁrationa‘wel; above the iowéx.limit of the normal controls. Nineteen of
the SS nQrmél controis.(BS%), all with normal pituitary cytdlogy, had
tnyroidal‘i13l concentrations below the mean for the At-injected rats.

1131 concentration by the thyroid gland

- .cannot be used alone to aésess the ability oflthe gland to synthesize and

N
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‘The body weights, and the weights of the spleen and adrenals 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
-welights (except for the-ovary) of the At=TP group were uithih ﬁormal.
';limits. The weights of the pituitaries of the At-injected rate were within
tnormal lnnits; the pituitaries of rats whose thyroidshave»been completely

destroyed with 1131 are:r only 17% smaller than those of normal controls (22).

A 60% t,o 65% weight reduction was noted in the ovaries of all At-

injoeted rats regardlesa of their degree of thyroid deficiency. This

striking unifo;mity in the extent of.avarian atrophy suggests some degree

offradiapion‘damgge in the ovaries themselﬁés. From Hamilton's (6) data

for the distribution of Atle in the tissues of rats, the radtation~doaage

" to ‘the ovaries (see Teble IIX) was calculated as 145 rad. If the relative

biological effectiveness (RBE) of alpha particles compared to x-ray is

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

vxsterilizing dose of whole-body x=ray for the rat ovary is still the sube

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

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

}V;Eurther judgments of the relatively low level of ovarian function
were obtained from the vaginal smears, the gross appearance of the uteri,
and the microscopic appearance of the overies (see summaries of micro-

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

. 8mears. taken shortly before autopsy of some of the At-injected animals

showed slightly proloaged but normal estrus cycles in 7 of the 9 controls;

normal cycling was absent in the At»injeqted rats, and even prolonged

) cycles gare,rare.' The 9 At-TT rats tested showed a prepondefance of

#

SR
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cornified cells, as did S of the‘8 At-U rats examined. UNo smears were

‘taken from rats in ihe'At-TP group. Uterine weights were considered
- unreliable;beoause of the large numbers of variable-gized polyps present.
- Grossly, the uteri were either very small and thread-like or were'larée,

.. thinewalled sacs filled with clear watery fluld, Preliminary experiments

1n this’ laboratory demonstrated ‘that young female rats given 0465 uC Atall/g
failed to breed, even when supplemental thyroid therapy was given (26).

The blood counts of some of the At~injected rats and normal controls

"are shown in Table IV. The’normallred blood counte and hemoglobin levels

_ of the At-inaected rats were unexpected in view of the thyroid defieiency

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

.4At-U;groupeindicated_1ncchplete fepair'of the lymphatic tissue (6,28).

: The number andAsites of tumors observed in the Atzll-injected‘and
control rats are shown in Table V. -The incidence of mammary tumore,
adenomas of the anterior pituitary and adrenal glands, and uterine polyps
was striking in all three groups of rats that received At211. Pretreat-
ment. with thyroxine appeared to have Bome . influence on the developﬁeni of
adrenal and pituitary aaenomae and uterine: growths (fewer of these’ tumors
were. observed), but did not affect the development of mammary neoplasms.

The major emphasis is here placed upon the occurrence of mammary

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

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

. B
r:'other tumors were detected only at autopsy or on microscopic examination

of tiesue speeimens.

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

as _either tumorous or nontumorous, regardless of the number of individual
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tumors any;bne ratuposeesseq. A single rat in which two or more benign
tumors were found'uas tabulated as a single entry under tne‘c;assifica-
‘tion of the largest of the tumors.- An animnl that had more then one malig-
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 013331fied ‘as malignant ‘tumor-bearing

animals.,< .
Figure 1 shows the incidence of mammary tumors as a function of the )
age of the animals. The first tumors appeared in the experimental groups

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

_ rats before the 210th day. The age at which the mammary tumors occurred,

and the percentages of animals de#eloping these tumors were cdmpe}able for
alL three experimental groupe, and a compqsite curve is shown in the .
figure. | '

g The classifications of the mammary tumors are given in Table VI.- It

' is apparent from the Table, and from Fige 1, that the administration of

At 211

to young female rats of this strain resulted in a four-fold increase
in mammary tumor incidence regardless of their degree of thyroid deficiencye'
Howeyer, thevproportion of the tunors that were diagnosed as-malignant was .
greater in the At-U and At-TT»groups‘(the“majority-éf‘these~animais!ﬁere-
suffering from severe thyroid deficiency) than in either the normal cOn-'
trols or the: rats uhose thyroid glands had been protected by pretreatment
with thyroxine. The difference between the percentage of malignancies'in~.
the Ai-U:end the At-TP groups was nighly“significant (P <+401) when ‘the -
chi-square test was applied for a 2-by-2 contingency table (19). éecause

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

' apparent increase in the proportion of mal:gnancies in the At-U group -

B T R
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‘oamparod with the controls was not significant when the same stétistical
4test was applied. | | |

- Although the number of mammary tumors clagsified as either benign
‘or malignant varied slightly from. group to group, the same types of tumors
vwere encountered throughout the study. The histological characteristics
of- these tumors have been adequately illustrated by Shellabarger et al.
(3), ‘and no furthor?description is neceasary here.

" In order to assess the possible contribution of the endocrine de-

’ flcienoy to induction of the mammary tumors, the microscopic structure of
the endocrine glands and of several other tissues was examined.

- The cytology of the anterior pituitary has been found to be a very
.:-sensitive indicator of thyroid function (15,29 30), When there_isva‘
slight thyroxine deficiency, as,little‘asAO.l ug'per,100.g‘body weight

per day; the éercentage of basophilic elementa rises, and the granulation
of the acidophilic cells becomes sparee. When funotzonal thyroid tissue
is completely absent, the number of basophilic cells may increase as much
as eight-fold, and the morphology of these cella is altered into a vacuo-
~ lated signet-ring type. A further distinguiahing feature of total thyroid-
ecﬁomy.ia the almost complete absenoo of gramlated acidophils. Thus,
even a rough eell count can distinguish between a complete lack of thyroid
hormone and the presence of very slight amounts of this hormone. '

" In our experience the pitn;taries of animale whose thyroid glands had
been dootroyédsohoued almostcdmpleteiy'dégranulatoo'aoidophils and markedly
increagéd numbers of bésophilé, many of tﬁe signet-ring typé} Those . |
animals designated as markedly thyroid deficient showed partial acidophil
}degranulation and increased numbers of basophils, but no "thyroidectomy.
cells”. o Mild thyroid deficiency was indicated in the pituitaries that
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showed partial degramlation of aoidoéhils and relatively normal numbers
of .basophils. - | >

A suwmary of the microscopic findings is given below; detailed re-
portsthave,appeared (31) and are available ffom‘tho authors upon requeste.

At2* _injected, untreated:

- The microscopic appearance of the rat thyroid gland one year after

211 has been 111ustrated in a previous

tse'administration of O.S'uC/g of At
publxcation (13) and can be briefly described as follows.

The thyroid glands of the majority of animals possessed littla
'funotional tissue. The follicles were, very small, with cuboidal epithe-
1ium, The colloid within the follicles wis semewhat basophilic centrally
?;and more eooinophilic at the periphery; it appearéd”dense. The vacoolation

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

scattered giant cells with pale cytoplasm and vacuolated nuclei (somstimea .

maltilobular); these resembled Hﬁrthle cells. The abundant stroma showed
reduced vasoularity and occasionally edema, The parathyroid was apparently
‘undamagede

: Pituitary cytology, although variable within the group, shouad more X
or loas completely the picture associated with substantial thyroid de-
fioienoy. Acidophils were fewer than normal and were usualLy degranulated.
Bosophilslgere_increased in number; they were often enlarged &nd contained '
droplets of»coiloid; The changes following very nearly complete thyroid
destruction were seen in 28 of 53 of these rats (53%)--18 specimens (Bh%)
showed severe. thyroid deficienoy, and 7 (13%) showed. changes indioating
only a mild degree of thyroid deficieéncy; there were no normal pituitaries

in this group. Ghromophobe adenomas -of microscopic dlmensions were found :

in 15 of the animals in this group.”
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~ Adrenal corticalvatrophy was pronounced, especially in the fasci-

- culate and reticular zones. Alignment of cells'into columns and, deeper,

into a network,'was losi; Vascularity was ﬁsually much reduced, although V
occaqionallyﬁthé sinusomdal'véssels-were digtended with blood. - Cortical |
sdenomas, hemorrhage, degenerétion,'orvéysfs were variably encountered.
The ovaries usually showed evidence of markedly digturbed function,
including deficient intersitial tiasue and reduced vascularity. Follicles,
when present, were small to medium in sizes’ cOrpora lutea usually de=
generating, These changes reflected the severe functional and gross

anatomical ovarian deficiency described earlier. Ovarian cysts and tumors

: were-seen.in & few animals.

The - uterus was usually small and. thin-walled with a hypoplastic en-
dometrium» Polyps waere seen freqaently in the lumen.

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

211

to the At irpadiation. Varying degrees of pnadmonitis were seeny in

_the animals suffering from more severe infection (such as lung abécésses),

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

two pulmonary metastases of mammary carcinomas.

| igmph nodes £rom the mesenteric root varied in structure from normal
to mérkedgy atrophi¢. The lymphatio tigsue of'the epleen&was similarly
vﬁriable.‘ The thymus showed a reduced amount of lymphatic tissnej in
part, this was replaoed by developing fat, and probably represented the
involution commonly seen in older animals.. A large proportion of* the

thymi in this group contained epithelium recognizable as, or reminiscent |

:of,.thyroid tissue (32). .
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_;ggg*ted, tnlgoxine-pretreatedz

Although the thyroid glands of this group were. somewhat less dAmaged

- than’ in the other At-injected groups, no normal glands were seen. Evi-

dences of. secretory activity such as colloid vacuolation and heightened '

epithelium'were more frequently seen. The cells resembling Hifthle cells

’wete'lesa common. The stromal chahges were like those in the At-U group,

although they were usually less severe.

Pituitary eytology reflected the slightly better condition of the

’thyroid glands; in some instances, the- glands vere virtually within normal
- limits. Changes associated with complete thyroid destruction wére seen in

6 of 36 specimens (17%); severe thyroid deficieney was diagnosed in 11 (31%);

mild deficiency was found in 2 specimens (5%); and 17 (47%) were within
normal 11m1ts. The adrenals also appeared health&ar than in the preceding
group,:altﬁough individual variability was such that the groups overlapped

in evidence of daﬁage. Ovarian and uterine structure, although less

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

limits.

Generally, the structura of the lungs, liver, and kidnsys indicated
the likelihood of~adequa$e function, One,lung'contained a qarcznoma.for
which no primary'sitévcouid be found; its structure suggéated a primary
bronchial epithelial origin; |

Lymph nodes, spleeﬁ; and thyms were normal or only‘slightly atrophic.

-Although many thymi contained epithelial remnants, they were seldom so

organized as to suggest thyroid follicles.
211 injeoteql>thyraxine«therqu:

The thyroid glands were more severely-disorganized than in the AteU
animals. Often they were prepqnderantly fibrpua tissue,,with scanty epith-

elium arranged in cell clusters oi'ﬁiny‘fOIIicles. Most of  the §becimens'

‘'showed the giant,‘”Hﬁfthie-type“ celis, although they were seldom in large

numbers.
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Pituitary cytologic changes were, for the most part, intermediate
befween those seen in the two preceding graupse. Complete loss of thyroid _
~,tissue wag diagnosed in L of 16 animals (25%), severe deficiency in 9 rats

(56%), and a mild degree of deficiency in 3 specimens (19%)s there were
no normals inxthis group. In evaluating the pituitary-thyroid relatinn-
ship in this group it is noteworthy that when exogenous thyroxine was
giveu,.ﬁhé impetus'to even partial thyroid repair was not as great as in
the Atguhéroup, On the pituitary the action of thyroxine supplemsnt was
‘at least partially supportive, although at too low a level to maintain |
'normal pituitary structure. | » |

‘Adrénal cérﬁicai structure was highly variéble, and ovariap.structure
was consistently defective. . A

The lungs, liver, and kidneys were much 1like those of other At211
injected animals. One kidney bore & tumor‘which appeared to be a’metaa-
tasis of a milignant mammary tumor. | | _

The- lymph nodes and the lymphatic tissue of the spleen and thymis
were dépleted. The thymiApften contained epitheliu@‘qf rgcognizable
thyroid tyﬁe. - In fact, when fqunﬁ, this tissue was éften ﬁofe represens.
tativerf thyrqid strﬁcture than the thyroid glands invthis'groﬁb.l |

The presence of adenomata of the adrenal'oortex'and'anterio? pitui-
tary glend has not been %eported heéetofore in rats that received whole-
body irradiation, and hence 83 illustrated here. Figs. 2 and 3 are |
typical of the adrenal cortical adenomas encountered. A chromophobe
adenoma of t@e éﬁterioﬁ pituitgry of microsqopié dimeﬁgions is shown in
Fig. le .Figﬁre,g,shows a portidn'of a pituitary adenoma that waigﬁed

28 mg taken from an animal in the At-U group one year after injection.
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_ DISCUBSION
These experiments corroborate the observation ofﬁgamilton, et al.

(6) that a sublethal dose of Al

markedly increases the number of
early-appearing m&mmary-tumors in female Sprague-Dawley rats. A
There is reasonably broad acceptanse of the hypothesis that sublethal
amounts of radiation eaﬁse premature death by aqcelerating biologiéal
. aging processes. Such premature death may often be due to the eariier
onset of certain specific diseases to which the species 1s ﬁighly suge
ceptible that are nomally associated with or promoted by the aging
~process (33), Tumors of the breast (3L) and adenomata of the pituitary
(35;36) éré seldom encountered except in rats of advanced age. Although -
adrenal cortical hyperplasia has been demonstrated ia’aging~femaleALong-
Evans rats (37), we are not aware of any report of the spontansous
'occurrence of adrenal certical adenomas 1nlthie species. In man these
growths are associated with aging (38). S |
Devis et al. (18) reported a 57% incidence of apontaneous mammary
tumors in female Sprague-Dawley rats; 87% of these tqmo:a daveloped atter
the animals were 5&0 da&a 0ld. Pathologio classification was made on about
e~th1rﬂ of the total macroacopioalxy observed tumors. They noted that
12% of all twmors examined were malignant‘ Thn spontaneous ‘tumor incidence
in the same strain of rat may differ under varying conditions of diet and
laboratory care (.18,39)\. Nevertheless, it seemed worthwhile to test the
aignifiéance of the apparent difference betwesn the incidence of mammary
tutiors in our young At-injected rats (less than hzo days old) and ths

spontanaoua tumor 1ncidence as obgerved over the life span of the sama

etrain in Davis' colony. The percentages of tumors in the thres At-injected

groups were almost identical, and the groups wers combined for this come
parigon. In the At-injected groups.B of 107 rate (73%) bore mammary



tumors by the end of tha 12-mnnth observation period. In Davia' group
of 150 normal rat.s, 8s (57%) developed mammary tumors by the end of their
lifa-fe!pans. As a measure of signiﬁ.-gance or the Atgu«smam'xary«vtumor
asgoclation, the chi-square test was epplied (2<by-2 conbingency table)
(19).- The diff@rence in tumor incidenge was significantly above chanse
relationship, x" = 7.1, P = 0.01. ‘We cennot rule out the possibility
that the net effect of treatment with At°'} may be that its rediation
accelerates the narmal‘agihs'pfocessea oflfhe strain. The total éﬁouzan-
eous 'ineideme, homer; is smaner.ﬁxaxi the sum of tumors in the irradiated
animalg, This question is being examined for & larger group of animals.

In two of the three At-injected groups--At-U and At-TP--31 of 51 rats
mx;e ¢laasified as malignant tumor bearers. Of the 71 Jspoxitamcue tumors
examined by Davis. et al. (18), 8ix were diagnoSed as ﬁalignant. The cl';i-.
square test for the independence of these two sets of data indicatéd a
highly significant c'liff'er‘eme-. -x’2 - iz.z and P < 0,0), This differencs in
the psrcentage of malignancies ‘in s’po"n%aneons tumors and those arising

211, a1though probably real, is porhaps mot as

after an injection of At

great as the above statistical taat.' implies. The pathological mtéria.l'
. was examined by separate investigat.ors » 8nd in-apite of efforts by both
groups to adhere to standard aritem for the diagnosis of maligmncy,
there &re bound to be differences of opinion on some points. ,

~ The number of chromophobe adenomaa» af.the anterior pituitéry and

adenomas of the adrenal cortex was Burfpriaihgly 'lgrgo in the At-injected
rats, Large numbers of pituitary tumors- have been found in mice many
monthe after exposure to the mﬁrbns and gamma réya of & muclear detonae
tdon (40) and after partial or complete tyroid destruction with IS1
(h1,42). - This is, to the best of our knowledge, th;,;imti report of
pituitary mnom' in irradiate& rats. Furth and hia co-workers (10,42,43)
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| have implicated thyroid deficiency as well as irradiation in the germesis
of these %umors in mice. | | |

There appeared to be a relationship between the number of pituitary
.humsrs in an At-injected group and the degree of hypothyroidisms In the
most nearly normal group==At-TP-«5,6% of the animals had pituitary tumors;
in the noderately deficient groupqut-TT-19% of the rats bore tumars; and
in the severely hypothyroid groupagﬁt-U«-pituitary:fmmors were found in
27% of the animalso L |

Factors to be considered in mammary tumor inénetian, in what we believe
to be the most likely order of importance, are ag followas (a) irradistion
of the immature marmary ducta and alveolar buds; (b) irradiation of the
ovariess (e) whole-body irradiation; (d) tha'aubstant&al'reduétion in
thyroid hormane following'thgroid gland ¢es££uction; and (e) secondary
functional changes in othar endocrines reauiting fnm@fbhyroxd-défiéiéneyo

The diffnse di&trlbution of the mammary dunta and alveolar buds in
the young virgin rat 1imits calonlat&on of radiation dosage fram radio-
active material deposited in this tissue te a rough appraximation. Auto—.
radiographic studies now in progress indicate a eanoen%ration of Atall in
the immature mammary structuree which is aubsﬁantially greater than in _
the surrounding connsctive tia@ue, 1ymph nades, and fat (20). The concens

211

tration of At°"" was measured in dissected auboutaneous tissues taken fram

211

. the inguinal region; the avarage concantratian of At _was algo measured

in the intact pelt and subcutansous structures 1n,earlierAexp@riments (6)s
The dosages cadlculated from these two values are shown in Table IIL. The
best estimatew%ésvrgd-awas based on an average weighted in favor of the =

At211 concentration in dissected aﬁbcutanéous:tissnes. .

‘The whole-body rediation dose also can . only be approximated because

211

of the wide variations in the At soncentrations in €he¢différén£ tissues



(6)s An estimate of 6L rad was obtained on the basis of uniforn dig-
 tribution of 0:5 uC/g of At?Ml throughout the body with excretion of 15%
of the injected material in the first 2); hours (see Table III). On the
basis of these calculations, a dosage of 0.8 uC/g of Atzll deliverg the
same amount of radiation to the mamnary tissue as to the whole animél.-
Croukite et al. (S5) found that JOO r of x-irradiation induced nesrly the
vsame percentage of mammary tumors in. young Spragne-Dauley rata-?9%»-as we
obaerved following Atall. On the basis of radiation dosage alone, it
would appear then that the alpha particles.of Atall are about six times

- more effective than 250 kvp xsrays in,increasing‘the number~of.mammary
tumors in young femﬁle rats. It should be pointed out that the whole~
body radiation doaage caloculated above appliea to all of the At-injescted -
'grouns, not only those ‘who received Atall before any other treatment, but

also. to those whose thyroid glands had been partislly blocked with thyrnxina. o

The uptake of Atgll in the normsal thyraids 18 hours after 1nsection was
0.US# of the administered dose; the uptake of At?Ml'in the thyroiine-
‘blocked glands was 0.08% of the dose. Thus only an additional 0.37% of ‘the

211 was available for irradiation of tissuas other than the

injeoted At
thyreid in the At-TP rats. .

As has been polnted out, the ovaries sustained severe damage, and at
the time of sacrifice the majority consisted of deficient interstitial -
tissue, a few very small folliclas, and occasional old corpora lutea. HMogt
of the ovaries appeared uholly incapable of reproduction and of sustaining
any but low levels of hormone secretion. Tho results of Parrott et al. (26)
suggest that the ovarian atrophy following Atall is ehiefly:due to irrade
1ation damage and only secondarily to thyrotd deficlencys They found that
the ovaries of sexually mature rats whose thyroids had been removed either

surgicalLy or with Il3} maintaineﬂ & normal ueight for many months, and .
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that over helf of bhege auimaisuweré capable of concgiving ané sustaining
fetuses to normal term. Uptake of M1 4, thyroid remnants and SMR
hsasuramen& indicated that these rats were severely thwroid deficient.
Microscopically, the ovarics of thess surgloally thyroidectonized and 3!
thyroid-ablated rats consisted predominantly of resorbing corpora luzea,
but follicles in. all stages of development ware presentn The gsrminal
epithelium was 1ntact‘andgap§eared aétivé. The vasculature was ﬁithin
nnrﬁai limita, and the interstitisl tissue was Suffioien£1y abuadantq On
the other hand, At-injected rats iﬁ‘the'same_expe:xmsnt poeéessed only
.'ovarian,remnants'of less than one-third normal size, Just ag in the present
experiments. Supplemental thyroid substance which was adequate to maintain
normel ovarian ;;ight, ang to 1mprove littering in surgically thyroidecto-
mizged and radioiodine thyroid~ablated rats, and to -sustain nearLyAgormal
: SMR's in Ate~injeccted rats, only slightly'inareased the size of. the ovaries»
of the At-inaeeted rats, and did not repair their structnre.
| The extent -of th,yrcid deficiensy did not appaar to be a major factor
in determlning the percentage of mammary tumors develeped, 'The aunimals
tha;;recéived the partially protective thyrqzine_pretrea%msﬁt had a:mnre
nearly normal thyfoid status than did the AteU or At~IT groups es evi-
danéed'by,pitu;téry aytplogy, thyroidal‘uptake of & radioiodins trécer,
and mean SMR within the normal rdnges iet this group developeé the same
~ percentage of. nAmMATY tumors ag did the notably thyraid deficient groupss
Chen et al. (Lkh) have shown that rats from which the“thyroid, adrenals; .
ovaries, and pituitaries have been remaved are ableg&o-sustain normal - -
mammar#-developmgnt and evan_laetate_when giveu replacement ovariaég
pituitary and adrensl hormones. They concludéd that thyroid hormone‘égg'

8e has little if any influence on the mammary. tissue.,.
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. Evidence relating the ovaries.énd estrogens to mammary neoplasms
‘has been accumulated from‘elinical experience and animal experimentation.
Much 5£ this work has been re?iewed by Burrows and Horning (LS). Thase
authors .gum up their opinions on the relationship betwsen egtrogens and
breasﬁitumors ﬁs followégA"....the«neoplastic effects of estrogen appear .
to depend less upon its amount then upon its uninterrupted supply and
though an excess of estrogen 13 perhaps ﬁo:e likely than‘a;normal quantity
to cause'neoplaSia, yet.the excess need not be great; The 6rdinary pPro=-
duction of estrogon'hy the ovary is rhythmical, and time 13 available
between each period of abundance for the breast to revert more or Less to -
its resting eqﬁditiqn. When deprived of'tbe interval of rest, it seems
thaﬁ chronic hyperplasia, innocent tumors, and ultﬁn&tely'cancep,are'ap%
_ to follow." | |
The vast majority of spontansous breast tumors occur.in ratsllong'
after the active reproductive period, in apparent comtraﬁietion to the
gfwabcwe hypothesis. However, as Wolfe et al. (35) point out, the '.rat does

not geem to:undergo-é true menopause.with ovarian atrophy and a'deelime in

~ blood estrogen levels. Most of their very old female rats'coniinued'to.

cyuleisporadically every two to thres months. The ovaries of these rats
were small and consisted chiefly of interstitial tissue, but a few old
.eorpora 1utea and some large folliclea were usually present. Ogcasionally,
animals were founﬁ that continued to c¢yele normally anil death, and other
animals were seen in which the ovaries contained persiatent atretic
fellicles; vaginal smears from these latter animals consistently showed
only cornified callse . .

The studies of Cronkita‘ggngl. (S) clearly implicate the ovaries in
the early development of breast tumors in young x-irradiated female

Sprague-Bawley rats; mamhary tumors were found in 79% of their animals at
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12,5 months of age. Fewer breast tumors--195—~developgd inﬂ;nimala
ovariectomized pribr %0 the irradiation. If unexposed ovaries were
_1mplante§'éfter irradiation, or if during tﬁé,irradiation ihe”ovnries'
" were exteriorized and shielded, nearly the same mammary tumor incidence
was achieved as intact 1rradiabed ratge-91% and 62% reapectively.
X-irradiation of the exteriorized ovaries. alone .was without effect’ 1n
inducing mammary twnors. A i
- The constant cqrnificati@n found in the vaginal ameaés of some of

the Atéinjectgd rats indicétéd a sustained estrogen stimulation of unknown
degree. Thelovéries, although without fallicles‘and‘incapable of ropro-
duetion, may 8till hayg'beeﬁ_elaborating‘abme“eétrogen»‘_¢ther"tisaua8,
eegs, the adrehal}glanda, havefpeen found to supply estrogens to gona- -
d@cbomizéd animals, often in large amounts (45). The sizable number of
glendular uterine polyps-in the At-infested rats is also strongly indi-
Vcative of prolonged estrogen atimulatian (L5).

In conolusion, exposure of rats to aublethal amounts of Atall

| _rgaults
in tha early appearanca of large numbers of mammary-tumors, many of themu 
malignant, and in the production of an altered funotional state simulating
menopause. It is evident that the tumor induction is not yet tested for
its associatzon with radiation exposure separately frcm the endocrine

disturbance.
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Table I .-

Standard metabolic rates 10.5 months after &n njection of 0.5 ul/g-of -
astatine-211. Mean is shown with standard errof, S

S ~ fos of de- '.;No- with . BIR .
Oroup . lerminations  mammary tumors . . Calzm /hr
‘Normal T

controls . 8 - o . 5049 % 1.3
Ataniiin,je‘cﬁed. | ' | b
untreated  © 1k ' 7 © . 379 £ .95
atPllinjected, | | |
thyroxine-pre- ' : '
treated T Lo Lhel £ 3uh
A,tzn—'injected, : - . ' o :
thyroxine- » _ R
therapy ok ' - 0 39.6 * 2.4

. -t - .. ) | . . ,l 3 ‘l’lﬁ:“ A |
a ' T 5 =

‘Staddard error, S.Es =[g dev -

b Underlinggi .mea:ns were compared to t.he' control mean by the t- test of
~ Fisher (I%?, and the P value was beyond the 1% level of confidence.
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Table IV.

The number and site of tumors induced in female Spragne-Dawley rats following

O.S pC/g of astatine-211 administered at 55 days of ages
terminated when the rats were 420 days old.

The experiment was

- Untreatdd . -
gontrols

Noe of rats{
autopsied

Total tumors

| Hammary tumor—_h
' bearers(total)

Pituitary adehqma A

Adrenal cortical®

adenoma .
Endometrial
polyps-

Bronchiolar
darcinoma

', Ovarian granulosa
= eell tumor.

. Ovarian
endomatrioma

Uterine. equamous -

cell carcinoma

ay

10

8

.

*

"At-injected,

At-injected,  thyroxine
untreated pnetreated
55 o 36

107 N i
39 27
15 . 2
8 -
7 2 |
- 1
1 -
1 -
1l -

* Ateinjected, .

thyroxine’
therapy

16
28

12

11"

8 Most of the adenomata were very small éndﬂonly detectable'bicroscopicglly.
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Incidance ‘of mammary tumora in female Sprague-Davley rats as a

function of age after an ‘intravenous injection of 045 C of

211

At' = per gram of body weight. Data are &lso shown for intact

: controls. Solid line is the mean incidence for 1l At-indeoted

rats.

Portion of large adrenal cortical tumor. Degeneration; colloide

'H and B X 70.

ijSmall adrénal cortical tumor ehowing campreasion and distortion
o of adjacent cortical tissue. H and E, X 70.

e

Small chromophobe adenoma of the anterior lobe of the pituitary

'gland. Mallory-Azan, X 110,

'Portion of a large chromophobic adencma of the anterlor pituitany

gland,showing vascular dilatation and hemorrhage. Tissue of the

‘ahterior lobe proper has been compressed to a ‘thin rim on the

surface of the tumor. Mallory-Azan, X 110, .
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Fig. 2
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Fig. 3
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Fig. 5.





