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INTRODUCTLON

During the course of experiments on the longevity of female
211 2

rats that had‘been 7iven sublebhal amounts of At Hamilton et al.

(1) found a striking ‘incidence of mammary tumors. Shellabarger et al.

(3) and Binhammer et al. (h) subsequently demonstrated inoreased in-

 cidence of mammary tumor in female rats of several otrains after elther '

sublethal doses of whole-body x-ray or lethal x~ray doses 1n animals

et

(5) have recentl shown that mammary tunor induction is proportional to ‘,vf5 - ,

T 88,

the x~raj dose, and th_t immature irradiated rats davelop more mammary

tumors than rats irradiated at maturity. Their data further auggest

) that ovarian functlon is another important factor in mammary bumor pro-

duction in irradiated rats. Phis reoort augments previous observations

on mammary tumor anidence and," in additlon, descrlbes other neoplasms

enoountered in female rcts injected thh At211

“The thyroid gland accumulates AtZIl in amounts Sufficient to

produce marked damage, and the abillty_of thevgland to-recOVervis‘roughly'“

oroportional to the dose administered (1, 1649).‘ Thé'complex metabolic

and eadocrine changses of hypothyroidism that follow thyroid damage by

Atzll vary in sevority with the extent. of t.e damage (6 9~ll)- fhﬁ

general bodily distributlon of A 211 is such that tissues other than the‘A.
thjrf)ld ‘gland sutfer radiation injury m varyi.ns’ degreeq (6 1 12) '

It was tnerefore of interest to rewexamine damilton's original
obaervatlon and to assess the possible relationshlps of irradlation and i" .
endocrine functlon to mammary tumor produotion.-. ;v | |

" These experiments were designed to compare (wltn normal rats as

a oase) the numoer and types_oi tumo:s that deyalop in vipgin female.rats
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(a) partially thyroidectomized with 0.5 uC of At” ~ per gram of -body
weight (9,13), \b) similarly injected, but partially protected r;-bm

excessive irradiation of bhe thyroid . gland by biocking'ﬁith thyroxine .

(1), and (c) malntained on exogen018 thyroxxne aiter the Atzll in-

| Jection, at a thjraxine level orevioasly deacriued as suiticxent to

malntaln norwal pituitary structure 1n partiallj th/roidectomlzed rats

ilb).

MELYODS

0 weabe ot O

Thae animals em?lbyéd were female Spragué;ﬂawley.rats obtained
from the original colnny. . When thé animéls weré hO'da&slald they were

earmarked, weighed, and distributed at random into groups. ‘The Atz;;

solutions were prepared by mpthods dﬂacribed orevlouslj (16 17). At h
55 days of age three.wroups of rats 120 in all, were flven Athl

intravenously at a level of 0.9 gC per gram of body weight. Ehe three

experlmontal groups were as followst Atall-laJected untreated (Qt-U)--_ . {*pb"”a

6) rats that recelved only the 1njectlon of At211; '_ 2;,-injected,

thyroxlne-oretreated (At LP)--hO rats that were given eight suocutaneousi‘“

injections of 23) we of 1-th,roxine prior to the administration of At211.

21

' to reduce the thyr01dal uptake of the At211 (lh) and-At -injected,

thyroxlnq~tnerapy (At-xT)-»ZO rats Lhat received appro&1matelj l e per
211

injection until sacri”ice. Sixty normal rats served as controls.

All animals were housed in vroups of five 1n stock cages on. wood

shavings and were fed Purina Lab Chow and tap water \the water of the

thyroxine therapj group contained O.l,ug/ml 1-thyr3x1ne)‘ AlL animals -

Were weighed and examined for tumors evary 2 weeks for the first 6 months

211 injection, and monthl; there&fter.
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At 7 months of age (5 months after the At iﬁjoction),”whito o

and red blaod cell counts, hem0§lobin, and hamatocrlt 1evels were de—;

| termined for 17 rats in the At-d group, 18 rats frOm the At—TP ,roup, .

and LS nornal control ratse Standard metabolic rates (SMR) were

“measured aocordlng to the method descrioed by Watts (10) ‘for sev“ral '

animals from each group when the animals were 13 b months old., Vag1nal"
smears were taken for ten conoecutive days on these same rats immodiately DR
Ihe exv)ez?ifnent was terninated 1 yéar poétihjéctién;(thé anmals”

wero 14 months old) in an. attempt to av01d confusion with vhe nornal tumor

incidence of thls gtrain, which begins to e’ sigqliioant ‘at - abOut 1h nonths

of age (18). Durlng the year tumor~bear1n5 animals were sacrificed in
batches of no less than flvo regardless:of the SiZQSHOr{thG tumors or the
time elapsed since their'aoﬁoafance. 'Five-control rats were Sacrificod

each time tumor rats were autopsied. The sacrljice procedures were the

same for all animals. Camplnte aut0931es ware periormed on-all rats except‘

for six Atzll-injected and axx control rats that died of pneumonia.»

rwantyuijur houro prlor to autopsy each rat recnlzed ‘1o lO pC
131

of T 1uoraneriton ally.. oacrlfice was performed w1th chloroform. " The.
anlmals were weighed, and the gross appearancesaf the animals ‘and their

internal organs were recorded.v Thyroid remnants, liver, spleen, kidnay, n‘

~ovaries, adrenals, pituitary; and tumors-were dissected'and weighed., -
f Specimens wore also taken of lung, lymph nodes, . and. uterus. Thyroid,lutéiuS}ﬁ

rand ovary were fixed in 3ouin’s,fluid, the‘pituitary was fixéd in Zenkerw

formel, and the remaining tissue specimenS‘were»fixed in~ldﬁfneutfal;formalin.

131

The thyroid remnants (in the fixabive) were assayed for I zamma-act@Vity
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with a well~tjpe scintillation counter. The fixed tissues were de-
hydrated with dioxane, enoedded 11 paraffin, and sgctioned atvé‘u '
(pituitaries at ) u), and all wera stained with ﬁematoxylin and eosin

‘except the pituitaries, which were stained by the Mallory-Azan technique.

RWSULTS | |
The standard metabolic rates of the experimental and contrql'
groups are shown in (Table I). Watts'(10),raported'comp}ete thyroidectomy

211

after injection of 0.8 uC/g of 421, Gith a reduction of the SR to 67%

of normal. The»SMR's of thefAt-U gfoup wefe 75iﬂof nprmal; indioating that

0.5 uC/g of At2iL

ef”ecté a'greatef‘degrae of‘thyroid desi?hcﬁion,'and
consequeutly of functional loss, than had bepn expected. fhe Fiaher't-test
(15) indlcated that the SMR's of both: the At u and the At-PT groups were .
51gnif1cantL/ lowered from the control mean. The difference oetween the
SMR's of At-TP :roup and the normal controls was significant only to the
5% level. There was no- correlatiap'between SMR and the presence or.absence'?
of a-mammary tumor, ;, | - |

There were few, if any, diffarsnces in the measurements shown in

(Table 1I) (1131

uptakes . and body and organ weights) be tween tumorous and ,
ndntumorous rats within a particular treatment_grpup; therefore,~each treatment
group is discussed as a;uﬁit without ieference to the presence or absence.of

'~ a mamnary tumor, | 4. | A ‘b H

The ihyroida of the At-U and At—TT:grdués:were éﬁalld-ionlyABS% |

of the control weight. The 1131

uptakes were feddéed{tb a similar degreé;'
however, the ability of the remaining thyfoid tissue to concentrate Iljl,v
remained relatively higﬁ on the average--78% of normal. These results:are,
in accord with previous findings (135. Although the animals in the At~TP

group more closely resembled the controls in many respeéts, pretreatment with
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thyroxine as a method of protection of the thyroid gland from irradiation :

21l 131

injury by At was less than satisfactory. lhe I concentration of

‘the thyroid remnants was within normal limits, but the glands were only

one-half nornal size, and the 1131 uptakes were alao only 50% of normal.,
The somewhat milder degree of thyroid deficiency was reflected by the SMR
which was only onse standard deviation below the normal meanm |

ftats that wefe called severely thyroio doficient (see hectionvoﬁ
pathological findings) tended to have low thyroidal concentrations of the

traccr, but there was no statistlcal correlation between degree of

thyroid deficiency (based on pitutary oytology or lowering of s*»m) and the

3 concentration of the thyroid remnants. 1h1rty~f1ve of the h6 rats. (765)

of the At-injected group that showed thyroxdectomy or severe thyroid de=

31

ficiency changes in the pituitary, had xhyroidall concentrations well - __}

above the lower liﬁit of the normal éontrols.'ﬁindxxnl of the<55 normal ‘

131

controls (35%), all with normal pituitary cytology, had thyroidal I con=

centrations below the mean for the Ataiﬂjected rats. rheae observations

indicate that 113 concentration by the.thyroidrgland cqﬂnot-beiﬁsed;éthe"

to assess the ability of the gland to s&nbhesihe'and secfeté thyroid'hormone.

The body weights, and the weibhts of tbe spleen and adrenala of the -

At-U and the At-TT vroups ‘were less than ‘the correspondlng control values,';
although not statistically dxfferent from them. The body and organ weights
(except for the ovary) of the At—Tx’ E;rcmp were within nomal li-nits. . ‘The
weights of the pituitaries of the At-LnJeeted rats were’ wlthin normal limits,
the nitultaries of rats completely thyroidectomized with I 131 are only l?ﬁ

smaller than those of normal controls (20).
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A 60% to 65% weight reduction was noted in the ovaries of’ all
4t-injected rats regardless of their degree of thyroid deficxency. This

strlking uniformity in the axtent of ovarian atrophy suggests some degree

of radiatton-damage in the ovaries themselves.j From Hamilton‘s,(6) dabe'
211

for the distribution of At 1n the tissues of rats, ‘the radiation doaage

to the ovaries was calculated as 580 rad (670 rep)3 'Although the permanently

sterilizing dose of whole body x-ray for the rat ovary is‘still the.subjeet.

of considerable con‘or&érsy ( 2‘2),:“ i‘ecént. expéi:iments indicate that a .hig_h

degree of irreparable damage is produced.by‘dBSGs greater than 40O r (23,24).
Further judgmente of the relatively low level of ovarian function

were obtained from the vaginal smears and the gross appearance of the uteri.

A series of vaginal smears taeken shortly befon@_autopsy of_the animals showed

slightly prolonged but normal estrus cycles in the controls; normal-cycling

-wag absent in the At~in3ecteﬁ rats, and even véry pnolonged chlea wefe:rare.

Uterine weights were considered unreliable because of the large numbere of
variably sized polyps present. urossly, the uteri were either very small aﬁd
threaa;like or were large, thin-walled sapslfilled with clear watery fluid.»
Preliminary experimenﬁs'in this laboratory demonstfated:that youﬂg female
rats given 0,65 uC Atall/g failed‘tb;breed, even ﬁhen-édbpiemental thyroid
therapy was given (25). . ' o o |

The tlood counts of soma of the At-lnjected rats ana norﬂal controls
are shown in Table III. The normal red blood counts and hemoglobin levels of
the At-iﬁjected rats ﬁare somewh§t sgrprlslng in:view of_tbe thyroiq deficiency
of these animals’ (26,:27)3 The sigdi.fii}aﬁtly‘ l_o,w" white cell édunté of t‘he At-lvlb
group indicated incompleté repair of-the raﬁi&tion-daméged l/mphatic tissus
(6,27)s | |

The number and sites of tumors observad in the At21. ~-injected and

control rats are shown in Table IV, Lhe incldence of mémmary tumora, adenomas
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voi the enterior pituitary and a&renal glands, and uterine polyps uae .:
striking in all three groups of rats that received At211ﬁ Pretreatment
with thyroxine appeared to have some influence on the devalopment of adrenal
and pituitary adenomas and uterine growths (fewer of these tumors were ob—
: aerved), but did not’ affect the development of mamnary neoplasms. ~_,
The major emphasis is here plaeed upon the occurrence of mammary
tumors because they were grossly detectable, and because the age at. which
they first aopeared and their grawth rates were eaaily determined. All :
other tumors were detected only at antopay or on routine microaoopic examin~
ation of tissue speclmens.' |
Kats were clasaifled according to ‘the method of Davis et al. (18),
" as either tumorous or nontumorous,_regardless of the number of individual
tumors any one rat possesseds A single rat in'ﬁhibh7two §r m6fe‘6enign
tumors were found was tabulated as a single entry under the classification '
‘of the largest of ‘the tumors. An animal that h.dd more than ‘one 'qalignant
tumor was classed as a single entry according to the most anaplastic of .the
tumors present. ln a few cages rata possessed both benign and malignant tumors,_
these animals were»classified as malignant tumor-bearing animala.
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 juet
prior to the 150th day oi‘ lifes no tumors were found in the control rats before
the 210th daq,'. The age at which the mammary tmnors accurred, and the peroentages
of animals developing these tumors Were comparable for all three experiment&l
groups, and a composite curve is shown in the figure. o | )
The classifications of the @ammary tumors are giveh in Table Vo It
is apparent from the. table, and‘from Fig.,l,vthét the admlnistration of Atall

"to young female raté'of this étrain resulted in a four-fold increase in mammary
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tumor incidence regardless of their degree of thyroid deficiency. Houeiar,
the proportion of the tumors that were diagnosed as malignant was greater -A4
'in the At-U and At+TT groups (the majority of these animals were suffering
from severe thyroid defioienoy)'than in either' the normal controls or the
rats whose thyroid glands had been protected by pretreatment with thyroxine.'
The difference between the percentage of malignanciea in the At«U and the
At-TP groups.was highly significant (P < .01) when the chi-square test was
applied for a 2-by-2 contingency table (2@). Becouae of the sgall number
of tumor bearers in the normal’ gontrol éroup,.tho appareot increase in the
proportlon of nalignanoies 1n the AteU group conpared with the eontrols wag .
not significant when the same stat.ﬂstioal test was applieds o

Although the number of mammary tumors chissified as;éither bonignl
or mﬁlignant varied slightly from group to. group, the same types of tamors -
were engountered throughout the study. The histological characterlstics of
these tumors have been adequately’ illustrated oy Shellabarger et. al. (3),
and no further doacription 13 necessary here. ) o _

In order to assess the possible eontribution of the endocrine de-
ficioncy_to 1nduction of-tho manmary tumora, the m;croscopicustruoture o£
the endocrine glands and of se#eraleﬁﬁer tigsues'ﬁas examined. |

The eytology of the anterior pitnitar§‘hos'beenAfOUnd to be a veryl B
8énsitlve indicator of thyroid funotion {lS,jO,ji);vvﬁhgo there is a slight
thyroxine deficiency, asilittlé as 0.l ug'peo'lOO g bodyvﬁaigot per day, the
percentage of basophilic elementa rises, and the granuls%ion of the acido-
philic cells becomes sparse. When functional thyroid tissue 1is completely
absent, the number of'baéophilic cells may inoreaso as much as{eight-fold,
ond‘the morphology of £hese'cells is altored_into a vacuolated}signep-riog

type. A further distinguishing feature of total thyroidectomy is the almost

-y
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' complete absence of granulated acidophile. Thus even a rough cell count
can distinguxsh ‘between & complete lack of thyroid hormone and the presence
of very slight amounts of this hormone.' -“ .

In our experience the pituitarles of anxmala diagnosed as thyroid- '__,
ectomized showed almost completely degranulated acidophils and markedly in-
creased numbers of basophils, many of the signet-ring type.' Those animals desig-f
natnd as markedly thyroid deficient showed partial acidophil degrannlatlon
and increased numbers of basophila, but no athyroidectomy cells®. Mild
thyroid deficiency was indicated m the pitultaries that showed partial de-’
granulation of acidoohils and ralatively normal’ numbers of basophils.

A summary of the mxcroscopic findings is given Delaw, detaiied
reperts have appeared (29) and are-availab;e from the authora upon requeste

Atzll-injectedl untreatedi_

' The microscopic appearance of thé)rat'ih&roid gland 1 year'afteff

the administration of 0.5 uc/g of At211

‘has been illustrated in e previous
publicaﬁion (13) and can be briefly dascribed as followsz

The thyroid glands of the maJOrity of animala possessed little -
© functional tissue. The follicles were very-small with cuboidal apithelium. _
he colloid uithin the follioles was somewhat basophilic centrally and wore
eosinophilic at the periphery; it appeared dense.. The_vaouolationvassociated
with colloid resorption was seldom séena A few glands possessed écattéred :
giant cells with pale cytopiasm’#nd.vécuoléted nuclei (sdmetimgs:multilobuiar);
thes~ resembled Hirthle cells, _Thé‘abuhdant stroma_éhowed reduced vascularityv
and occasiénally edema. The parathyroid ﬁéa apparenﬁl} undamaged.L

Pituitary eytology, although-varggble ﬁithin the group, showed more
or less completely the p@cturq.aasociated with ﬁubstantial thyroid deficiency.
Acidopiiils wers fewer than normal and were usually degranuiated. Bgsophils

were increased in number; the} were often enlarged and contained droplets of
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Icolloid. The changes foilowing very neafly_dompiete thyroidectomy were
seen in 28 of 53 of these rats (53%)--18 specimens (3L%) showed se¢er¢
thyroid deficiency, and 7 (13%)véhowed‘changesfindicating only a mild degree
_of thyroid deficienoy; there were no normal pituitaries in this roups
Chromophobe adenomas of microscopie dimenéions wére~encountéred with'some
frequency in this groupe. . , |
' The adranal glands showed cortical atrophy and disorganized archi-
,técture, especially in the faaciqula&e‘and.geticulgr zones.. Cortical ‘adenomas,
( hemoirhage, aégéneration,,or cysts veré véfiably encountereds
| Tﬁs ovaries usually showed e?idéncé of markgdly'disturbed function,
 including deficient ‘m.;rsnif.m tissue and"reducéd‘ véseularuy. Follicles, B
when present, were amall to medium in size; corpora lutea were usually de-
generating. Ovarian cysts and tumors were seen in a few animals.
. The uterus was'uauaily small and thinawalled with.a hypoplaétio

endométrium.v Polyps were seen frequently in’ the lumen._

The lungs, liver, and kidneys showed -no damage dlrectly attributable
to the At211 1rradiation. Varyin degreea of pneumonitis were. sean; in the
‘ animals suffering from more severe infection (such as lung abscesses), paren-’
ehymatous or vacuolar degeneration was seen in the liver, Thare were two
_pulmonary metastases of mammary carcincmas. ;- , | ’

Lymph nodes from the mesenterio root varied.i:xatructure from normal
to markedly atrophie, The lymphatic ;issue of the spleen was similarly‘variable.
The thymus showed a'rédﬁced amount of'lym§hatiC»§iséue; in part,'this was re~
placed 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)



A -

—-'- 2. . .. UCRL-8026

At2 -injected, tl_:grfxine—pretreawdz

Although the thyroid glands of this group were aomewhat 1ess damaged
than in the other At~injected groups, no. normal glands were seen. Evidancea '
of secretory activity such as colloid vacuolation and heightened epithelium
were more frequently seen. . The cells rasembling Hﬁrthle cells. were less
common. The stromal changeSywere:like those i tha At»U gronp, although they
were usually less severes o ' ' '

Pituitary cytology reflected the slightly better condition of the
thyroid glands; in gone 1nstances the glands were virtually within nonnal limits.
Thyroidectomy ghanges were seen in 6 of 36 apecimens (17%)3 severe thyroid de~
ficiency was diagnosed in 11 (315); mild deficiency was found in 2 specimens
(5%)3 and 17 (L7%) were within normal limits. The adrenals also appeared
.healthier than in the preceding group, although {ndividual varlability was
“such that the groups overlapped in -evidence of damage. Ovarian and uterine |
’atracture, although leas severely affected than in the preceding group, was
below norﬂal funetional limits. _

Generally, the atructure of the lunga, liver, ana kidneyé'indicated

the likelihood of adequate function. One lung contained a carcinoma for which
no primary site could be found; lts structure suggested & primary bronchial
epithelial origine | |
| Lymph nodes, Spleen; and thymua were normal or onay slightly atrophie.
Although many thymi contained epithelial remnanta, they were aeldom 80 organ- :
ized as to suggest thyroid folllcles. - |
At2 injected, thyroxine-therapy: }
, The thyroid glands were moro severely disorganized than in‘the'ﬁt-U-‘l
animals. Often they were preponderantly fibrous tissun, with scanty epithallum
arranged in cell clusters or tiny follicless Most of the speoimens shoued the

giant, “Hﬂ}thleAtype“‘cells, although they were seldom in large numbers.
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Pituitary cytologio changas were, for ‘the most part, Lntermediate
baetween those seen in the two greceding groups; sugg;sting that the- exogenous
thyraxine supplement was - at least partislly suppcrtive, although at too low .l
a level to maintain normal-pituitary structure. Thyroidsctomy was diagnosed |

in L of 16 animals (25%), severe daficienoy in 9 rats (56»), and a mild

degres of deficiency in 3 specimsns (19%); there were no normals ‘in this group. '

Adrenal cortical struoture was highly variable, and ovarian structure was con-
sistently defectives . |

The lungs, liver, and kidneys were much 11ke those of other At211
| «injected animals. One kidney bore a tumor which appeered to be a metastasis
of a malignant mamnary tumor. ‘ ‘ ‘ '1

The lymph aodes'and the 1ymphatié'tisoué of the spiean and'ihymna'
were depleted. ‘The thymi often contained epithelium of recogﬂizable thyroid
type. In fact, when found, this tissue was often more repreaentatlva of thyroid

structure than the thyroid glands in this group.

nmcuesxox | | 0

These exper;ments completely substantiate the observation by
Hamilton et al. (1) that a sublethal dose of Atz results in a marked incro@ser
in ear1y~appearing mammary tumors in female rats of the Sprague-Dawley stroigg
All the At-injected groups markedly oxceeded‘normal in the incidence of thesé\;'
mammary tumors, and the percentage of mammar& tumor-bearers in each treatmentz>

.\\‘

group was the same regardless of whether or not exogenous thyroxine was ad-

211

ministered, either before or after the At injection. It is of interest to

note that Chen et al. (33) have been able to sustain- normal mammary develop—
\

ment and even to induce lactation in thyroidlese rats supplemented with

pituitary, adrensl, and ovarian hormones. Their results indicate that thyroid

hormone Der se has little 1nfluence on the mammary tissue.

s

f
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It was difficult to assess tha separate contribution of either
radiation injury or endocrina disturbance to the obaerved 1ncreaae in tumor
induction, because of the abno;mal‘endocrine'status of all the Atfindected
groups. Hemilton's (6) data on the bodily distribution of At 21l in the

rat shows,ihat there are wide variations .in the tissue concentratiohs and -
211

the relationships betwsen the concentration of At-77% in a'particular tissue and .-

the time after injectlion. Therefore, any estimate of the uhole-body radiation

dose must be considered only an.approximation. Assuming a uniform distributxon

of Atuzl} and 15% exoretion in 2l hours, the'ﬁhole-body'radiatioh doge from
0.5 uC/g of At-211 1s 270 rad (RBE = ). This value is close to the 100r of
x-ray found by Cronkite et al. (5) to induce the sama percentage of mammary
_tumors in L3-day old rats of the same strain.

The work of the Brookhaven group (5) suggests that in addition to the
radiation dose.and the age at the time of irradiation, MAMMALY tumprrinductioa
in irradiated female rats is 3150‘depéndent On'thé'ptésénoe’éf "funétioning“
ovaries. However, in our studies ovafiéh functibn and‘structure were so dé-

~ ranged, that any definitive relationship between ihefovafy agd the incidence
of mammary tumors in the At-injected rats was not clear. - o

As stated previously, the endocrine status of the different groups

was not as completely separated as had been hoped. Neverthelesa, Q“alitative

differences were observed in the thyroidapituitary'relationships and in tbe

endocrine organs dependent upon them, Adanomata of the anterzor pitultary -

- gland and &drenal cortex, gnd endometnial polyps, Lasiona which may be partially‘

due to endocrine disturbances and which aré found with gome freqaency in animals

of advanced age (3L), were more common in'the‘At~injec;ed,‘untreated rate whose

endocrine state was highly deranged. A lérger’proporiion of the mamﬁary ngo=~
plasms was benign and the inoiﬁonce of adenamata and endOmetrial polyps was

lover (more nearly that in'intact rats), when protective or supplemental thyroid
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tharapy was.given. ﬁowever, the endocrine status of all the At-injected
animals was sufficiently complex that one could not say'whgther these findings
" were attributable to the improved funétion'of a single gland (or more likely)

to a slightly better balagae of hormones.

" SUMMARY
A total 5f 120 female,Spragﬁe~Dawley-fats 55 days old were given
0.5 uC per gram of body weight of‘AtZI% intfavenously. Sixty rats received
only the ar?tt injection; LO received eight daily injections of 230 ug of |

l-thyroxine prior to the Atzll injectian to reduce the thyroidal accumulation

of Atall, and 20 rata were given 1 ug/day -of 1-thyrex1ne in their drinking

211 ingection and continuing until

'water starting immediately after the At
gacrifice. Sixty noninjected rata of the s ame age sarved as controls. Be=-
tween‘aﬁout 6 and 11 months aftar injection, standard metabolic rates were
meaaured, and serial vaginal smears and complste blood counts were taken on
representative lots of the three experimental groups and the oontrole to
assess thyroid atatus, ovarian function, and reaidual radiation damage.
Animals were sacrificed as mamary t.umoms appeared, and t.he experiment was
terminated one year after the Atzl; 1nject1on.‘ A'tracer dose of 1131 aé
givéﬂ Zh‘hours 5efore sacrificeb Complete autopsias were performad on all
'animals; tumors, major organs, lymphatie tissues, and endocrine glands werev”
examined microacopically. | ‘

Study of the endocrine status revealed that. (a) pretreatment with

: thyroxine (although affording some protectlon) did not comnletely orevent

21

thyroid damage by the At alpha particlas , and (b) tha level of the thyroxme ;

supplsment given in the. drlnking water was not sufficient to maintain normal .
pituitary structure. Although in better condition bhan their untreated, At211
-injected counterparts, the above groups were definitely thyroid-deficlent as judged

by standard metabolic rata and pituitary cytologya The uptake of a tracer,dose
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of Imxg} by thevremnants'of the radiation-damaged thyroid glands was, by'f'

itselr, an unreliablé measure of the ability of these remnants. to synthesize .

and gecrete thyrold hormone.

The ovaries of all the At—injected rats were uniformly atrophic-
At the time of sacrifice t.he very low level of ova.z'i.an mnction was indicated
by (a) the small ovarlan size, (b) the absenoe of follicles, (e¢) the absence
of normal estrus cycles (on- the basis of vaginal smears), and {d) the de-
ficlent state of the uteri. B | N '
Seventy—three percent(;f the Atninjected rate developed a variety

of mammary tumors (almost exnlusively of duct origin and. often multiple)

. prior to the L420th day of life;‘l?;S% of’ ths controls had” dsveloped mammary
| tumors during the experimental period. The percentage 1ncidance ‘of mAmmATry

tumors and the age at which they appeared ware . the same for all three At-injeoted
groups, w1th no apparent relationship between tumor incidence and the degree of

thyroxd deficiency. In the oontrol rats 38% (3 of 8) of the mammary tumors

were malignant, and in the At—injected, untreated group 6% (25 of 39) malig-

nancies were observed. The injected rate that received thyroxi.ne, either

protective or supplemental, had fewer malignant tumors, more nearly the per=

centage found in the intact controlse

The At-injected, untreated rats possessed a high percentage of
endometrial polyps (75%), of adeéomata of the anterior pituitary (27%), and
of adrenal cortex (15%). The percentage incidence of these lesions was lewer

in the thyraxxne—treated groups. :
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FOOTNOTES

lThis work was pertomsd under the auspioes of the Unn.ed States Atom

Energy Commission.

2Astatine-211 is a radio isotope of the haaviest halogen. It emitg alpha ‘ "
particlas with a mean energy of 6.5 Mev and has & half life of 743 hours (2)._

3AasumingAa uniformvdistribution of At2 L An the ovaries and a relative
biological effectiveness of alpha particles equel to four, one finds “the

dosage to the ovaries is:

. rad = (51.2/Hev/h0/g/day)(6.5 Mev)(aO uC)(l.Z x lO'Z/G)(O L8 day)(h)n 580 (21).



',

’ "23_‘_

Tabie I

UCRL-8026 .

Standard metabolic rates 10.S months after &n
astatine~2ll. Mean is shown with standard errof*™

.1gaec§ion of 0.5 uC/g of )

No. of de~
Oroup terminations
Normal -
controls 8v
at?oingected,
untreated 1)
At osngected,
thyroxine-preo- .
treated 7
12 injected,
thyroxine- - ,
therapy L

NO..witb

mammary tumors -

0

5049 2 1.3

37,9 & ,95

BMR

Cal/n’/nr

b

Lhiel £ 3al.

‘l3906 4 2oh )

—

a T ==
Standard error, S.E. clg d.evz ,

_ " nin-

b

Underlinéd means were compared tq‘the‘controi mean by the t-'téét of
Fisher (20), and the P value was beyond the 1% level of confidence.
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"Table III.

.§ormed_eleménts of the blood § months after the administration of
‘astatine-2ll at a level of 0.5 uC/g body weight. Mean values
are shown with standard errors. - ’

| | 211 , At linjected,
Normal Gontrols At"""-injected ~ thyroxine pre-
(W) . (A7) . ireated (18)
White cell coynt A | o o
© (thousands/mm ) 13.3 £ 0.6 o 8.43 % 0.54 © 1042 t 0.6
Red cell couxnt 3 _ : :
(millions/mr) - 7.15 +0.08 © 7.0L £0,2 7.17 % 0.1k
Hemogloﬁin ‘ o SR -
(g/100 ce) .3 £ 0.1 13.8 £ 0.1 1l £ 0.1
Hematocrit N

(ec RBC/1002 ce ' i o '
whole bloog) 56 £ Q.7 o 1_;6 t 0,5 « | h& * 0.5
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Table V

,,azm classification of mammary tumors induced by astatine-211

: o S a1, 211 |
, 211 At" T -injected At " "-injected
qnﬁdm&.@@ B >,d , thyroxine~ ’ "~ thyroxine ’
| controls Hm.umn.vma pretreated therapy -
No. of rats autopsied - Amm - 55 - 36 16
Mamary tuwmor incidense($) - 8(17.§) . . 3%(71) - | 27(75) 22(75)
| Total beaign tumors(%) . 5(62)% . W(35)  18(671) 6(50)
. Adenoma and fibroadenoma 3 | A N .. 1k 6
. .ngomwvn.oaw 1 o, 6 : | -

" Total malignant tumors(%) 3(38) 25(6k) © .- 9(137) 6(50)
Ademosarcinoma - . 2 . _. | 1 S .5 | B
Miseellsneous carcinoma 1 T 1 2 .3
Sarcoma - 'k : 2 . -

8 . Includes one fibroma
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