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. DEHJNsTRATION OF THE_ CONCENTRATION OF ASTtTIR&-211 
. - . IN THE MAMMARY. TISSUE OF THE RAT · 

C.· Wlllet Asling., Patricia W. Durbiil, Muriel E. Johrlston, and 
· · · · Marshlill w. Parrott 

!· .. 

- - .; 'Univer811iy of California .Radiation Laboratoey, am the 
~e~nte .of Ana1i0my arx1 MeditAl P~ic's, Berkele7, Calitor.nta 

. ~UL . J9.5~ 
. ~ODtJOTION 

:< ·. · . When .. S5-.4q oid tamale SpragUe...nawley rats were . g1 ven o.s ~e/ gm. · body . . . . '2 . . . . . . : 

· .. we~t. _of At21+ (i) 1 • 15'/, o£ the. At-irijected rats .daveloped matnma:ey tum.ors 

-~ily-<?f' duet or1g1D during· the ensuing year. Onl.y' 17% ot non-injected 
·!,· .. ·· 

cOnt.~(rat.s de~l.oPed ~·tumors dving this. smne interval (2-3). 'tn 

t.ne.-elucidatiQri .of the cause· or this augmente<l tuinoi' 'incitience, it was of.' 
- - • ' • • 0 • • • 

. }lar~ount ·importance to itiVestiga,t~- the possible roie or direct alpha-. 

~ible.:t:rrQdMtion or the·iJnnta.ture ~ :ttssue •. There were .1nd1catto~. 
f~~--.eariier ~k that Atf11 !)light ~ncentrate fn manmary tissue (4). The. . . 

.tabi;l1.8m .of. At2U: rese~les that of rJl ~ maey respects, and gross ~ssa.ya 
had $hoW11 tha~ .·bOth halogens. tenctect. to. eoneent.rate in the ski;n anc1·· subcutan-

t . . 

eotis.tiss1les (4}• hrther, Rugh {S) am. Brown-Grant (6) have demonstrated 

the capac~ty of the m~mmary gl.aild to eoooentrate Il3l arid to secrete it in 

m11k •. ·. 

Anatomically; the br&aat ties~. ~£.'the virgin- ra1i consists of a simple 

d~ct system terminating . in tiny alveolar buds, embedded 1n6 and aurr~ 

by a ct»piotis ama~ ot connsct.ive tissue and fat (7). Grose _dissection of 

virginal· ~mmary parenctcyma iS virtually impossible; thus radioactive ass~ 

wa~ inconclusive for· assessing the concentration of At211 in mammary tiss~e.

The ·At211 found in the mammary region might merely be associated with blood 
. . 

. ~ssels, lymphatic tissue 1 or .fat. Autoradiographs, hOW'ever 1 provide a means 

by wh1oh the p~se~e of At211 in the ~ parellCh3ma can be denM,nstrated 

,. visually. Because of the possibility of mO"'ement of At211 rrom its site ot 
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depOsition in the living tissue during the proces.ses of fixation and de• 
. . . . . . 2ll 

hYdration, it was also necessary to study the distribution or At in the 

lactat~g mammary gland a:nd to determine whether At211, like IlJl, 1s 

secreted in the milk. 

MErf{ODS 

.· .. At2ll was prepared by the method of Parrott ~ .!!· (8}. Three 43-day 

old rtrg1n rem8le Sprague-Dawl~y rats and two lactating ~ng-EVans rats e~h 

. received. 206 ~. of At211 intraperitoneally. After injection, the lactating 
. . 

rats were returned t-o their litters. Foilr ho~ later all the At-injected , 

·rats a~ ·the nurslings of .the inj~cted mothers were sacrificed .with chloro

rom. Th'-s. ~Xpe~1ment was ~pea ted with identical groups of v1tg1n and . . . 

. ·laCtating rats; except that the an~ls were t;acrificed three hours-after 

. the ·At2i~ ~ection. _Samples of m~ tiss~ were dis-sected rrom both in

~al regi<mS of each of the injected rats; am. were .fixed in Bou.in's fluid. 

·One Po.rtion • dehydr~ted ~th dioxaJlfh eilibedde~ ·in paraffin, sectioned at 

4t, ~.mounted ~ Eas •. 's 1~ NTA stripping fUm ·for autoradiographs. The 

remaining portions of the ma.mma.t7 ti.sa~ Were w_eighed· tmd assqed ·for A_t2ll· 

x-rq activity with a Nal-TII crystal s~intlllation counter.· 

·The gastrointestinal tract& and thyroids of 4 nurslings from the ~t,;ters 

1n Experiment l were dissected and a-ssayed, and when present, bladder urine 

was also assayed. To exclude the possibility that .any radioactivitY, present 

' :was due· to external con ta.mination, . the remaining nurslings were skirined, .and 

oa.roasses were assayed separately. In. the second experiment all the nurslingS 

were skinned and the gastrointestinal tracts dissected. These samples •. and 

the residual carcasses toJere assayed separately. 
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RESULTS 

The measurements of At2U radioactivity in mammary tissue of virgiil 

8nd lactating rats are shown in Table 1. The 1-hour.difference 1n post-
·. . 2ll 

injection interval did not affect the At concentration, per~ent of in-

jecte~ dose per gram of wet tissue (%/gm.), in ·the virginal tissue. The 

mean for all animals was 0~38%/gm. On the other hand, the At211 ooncen• 

tra,tion _in the lactating mammary tissue was appreciably higher at th~r. ·· i\ : .. 
. . . . . . 

earlier· interval• This. difference is reflected in the amount of At211 

tr;1nsferred to the nurslings at the· 2 intervals (See Table 2 ). The total 
~ ... ·~ . ~' '.·' 

pa$sed t.o tbe litters was twice as much 4 hours after injection as after 

) ho~. At the J-h~ur ~terval the gastrointestinal tracts contained 35% 
211 . . 211 

of the. At found in the young. One hour later, while the total At in 
. ""'" . . . ~· 

the nurslings had doubled, the gastrointestinal concentration was reduced 
. . . 2ll . . . . . 

to 2$%, indicating rapid absorption of At from the infant gastroin-

testinal tract. The relatively low skin concentrations indicated .that . 

oontamiilation from such sources as the mother's urine was negligible, and 

211 . . 
.that nearly all of the At found in the young had been transferred 1n ··the 

-milk. 
. . . 2ll 
The distribution of At in the mammary glands was studied ··aui.oradio-· 

graphically. In the glands from the virgiual rats the tissue was pre

ponderantly adipose. Scattered about within this stroma were small_ducts 

~d alveolar buds of epithelial structure. Small aggregates of iymphoid 

tissue were sometimes seen. The autoradiographs showed that the alpha

particle tracks· most commonly arose from the epithelium, whether ductal 

(Fig~ 1) or alveolar (Fig •. 2 ). Tracks were very rare in the lumens of these 

structures. The adipose tissue also showed some At211 , but ·tracks were · 

only about one-fifth as frequent. They arose from within the fat-containing 

space of the adipose cells. Tracks were also seen arising directly from 

the fibroblasts of the stroma. Blood vessels were scanty in this non-
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sect'eting giam. ou.t tracks. could sometimes be seen arising 1n tha lW!aeD 

ot small vessels. The l.¥mpha.tic tissue showed no tracks. 

In a typicci.l autoradiograph from a lactating rat (Fig. 3) the .. tissue 

was predominantly glandula~; the stroma contained an abundant vasculature 

and s'canty adipose tissue. The acini of the glands were in varying stages 

. tit ae,cr~tion., some being composed ,of heightened epithelium and a relatively ···. . . . . 
. . . . . 

smali'lumen, while in others the cells were lower, and the acini were dllated 
~ . ) . 

~lth sec~tton. In some. acini tall cells ·we1re seen whose dis~ ·portion 

.. {i~·e:. • to-~ t~e lumen) was distintegrating in the tyPical ·raahion of apo-
- -~ .' • ' , • ' • • ' • e ' -

.:· .~ 

. · ~i.n(r :se.c~tio~ .L1JUphatic t1ssue cou.l.ci also 0e seen 'in these gla.n:is •. . . .. ~ .-. . . . - ' 

·. . ., ~Th~ ~toradiog~phs showed tracks originating in the ~inar. epithelium • 

. ·,~·the ·.cells showing.disint.egration Of the ;dis~l portion,. trackS were often• . 
. ~ : ~ 

· . <.fot:md ~ri,g¥tatihg in· thi:!9 ·~··or the cell. C~spandingly, some· tx:aela! 

.·. ~Z!·.:~e~~ ~·the ·l~,n When 1~ ·con~ined.seoretion. Tracks c()Uld al~o· be. 

· $aen· arislng .tt:Q~· c~lla whi"Oh were (1ot yet. actUally releaSing secretion. 

'·~~"_bl~ ~ss:e~~, ~ft~rf ~~~d a tew .traolcs .ori;girultiilg ill the lWile~ am 
. OijtiM:ionaUt rr~.-the t~sue or t.~ -waris ... Tra..cka' were rarely found.· in ·.f'at 

. '~· ' . . ' ' '. 

cells •... "J'he· lade of ·tracks aX!lsing· from ."J.ymphatic tissue of either· group; 
. ·.· . . ' :, . . . 

provided ·e~~~e that no appreciable transloaation of the ·At2U .had 'ocCurred 
~ . . . . ' . . 

during the technical manipulations. 

DISCUSSION 
. . . . .·. 2U · ·· .·· · 

The localization or At · ill lactating glandular tissue and its .trans-

fer to nursing young via the tnilk. parallels d.emQnstrations o£ radioiodine 

1n milk. : It· is, o£ course, well est.ablished that casein may be iodinate<! 
,·.. . . 

.("' it -;...a 1,.. :C... ibl. tha At211 · ~.-:.-A ·, · . · ·· ~ v ro, ww.. ~or· o~.a poss . e t l.S _ uuwa.L 1n comparable tashicm. 
. . 

However, the possibilit,y that it is associS.ted with the fat of milk should 

not be neglected. 
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.. The· epithelial localization ·iti· the· non-lactating, virginal gland is 
: . . . 

of ·substan~i.al·.interest .in view o£ ttte.· frequency of oceurrenee o£ neo-
. 211 . . . . . . . 

plasma of duet or.igin when such anim8ls receive At • Of no less interest 

is' .the· ·oCCasional Uptake by fibrob~sts in such animals, for .fibromata and 

sarcomata are not Wrequentlt seen, ~· tumors showing bOth epithelial 

. a'nd. COill'ltlCtiiye tissue h1P9rplaSiti Qre va~y ·common •. 

·.... ; 

1.·· 

' . . . . 

--
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· FOOTNOTES 

'l 
·'l'h1~·-work vas performed under the auspices of the u. s. Atomic Energy 

Co~sion. 

. ·it··decal8 by>.emission of alpha particles with a 1$1n enerQ 6t 6.3 -Mev 

~ ~ '·~l~ctron_ ~pture (1). ~ ~e lat~ .process 80 ·~~-~-r~. are 
•, ' 

:~t.~ aU<Nmg ·~be· d~ctioD of· tbi.s .isOto~ with t1hotosenstt.!~ · 
-

. sC:int~~ion eq_uiJIIl9!1~ · 
.. ;.• 

. ·' 
•' • .~ • •c .... - ... t •• " ... 

":" '-

•,. . :' __ ..; .. 

"• "-:'· 

~ ' ' 
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Table 1. DEPOSITION OF AT211 IN TISSUE FROM THE MAMMARY LINE .. OF 
IMMATURE VIRGIN FEMALE RATS . AND LAOTAT INO RATS 3 TO 4 HOURS . 

AFTER INl'RAPERITONEAL INJECTION 

PostinjecUon Sample % ~ected At211 Concentration 
Interval Wt. ,Om. At 11 1./gm. 

Virgil'l · 
rats 

a 3 bourG .25 .oa .)l 
b It II .2$ .ll& .$7 
c It n .68 .27 .40 

d 4 hours .)$ .13 .36 
e tt n .)3 .10 .29 •t <,· ... It .49 el7 .J4 

Mean .36 

Lactating rats 
/ 

a 3 hours 1.69 1.47 .87 
b~ It " 1.34 1.01 .7$ 
;· 

4 hours .9$ .48 o;. .so 
d . ft n .82 .)2 .40 
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Table 2. MATERNAL TRANSFER OF At211 BY WAY OF THE MILK 

Experiment. 2 (3 hours) Experiment 1 (4 hours) 

No. ot :£ or Mother's No. ot % oi Mother's 
Litt$:t . Sl2!cimens At2ll dose Spec~ns At 11 dose 

I / a. o. 
Whole nurslings 6 1.21 2 2.63 

Skin on.ly 6 .12 2 .32 
GI Traot 6 .78 4 .90. 
Thyroid 4 .«.01 
Bladder urine 4 .02 

Total ptlssed. 
(6) t.o .··utter 1·3 1S•8 

•, 

ti. I 
d. . 

Whole nutsliDgs 6 .sa 8 .84 
Skin·-only 6 .07 8 •11 
GI Tract 6 .33 4 .3S 
Thyroid 4 <.01 
Bladder urine 4 . <.01 

Total passed 
to Utter (6) 3.) (12) 10.1 
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. ABSTRACT 

Con~ntration -~£ At2ll in the manmary tissue o£ virgin and lactating 

female , rats has been demonstrat~d both by gross radioactive assay am by 
. . . . 2U . - · 

autoradiography •. Secretion of At· ·in the milk was shown by its presence 

in ·the gastroiritestina.l tracts and carcasses· of nurslings and by· the pre

sence ~i ~lp~~icle tracks in glandular ~umens in autorad.iographs. In 

virgin. mammary tissue At211 was chiefly ass.ociated with the p&re.ncbyma, 

althOugh small .amounts could also be folllJi in the stroma. 

'· .... 



FIGURE LEGENDS 

.. F1g. 1 8t,ripptng film a.utoradiograph (NI'A) or 
A t2ll localization in mammal"Y tissue or S5-da1 old 

· virginal t-at. .g and E counterstain) magnification 
300 X. Concentration in ducts and periductal tissue j 
sparse tracks in adipose conneCtive tissue. 

Fig. ·2. Assoeiation .ot At211 with acinar tissue 
ot ~ gland or SS~ old virginal rat •. Technical 
data. as 1n Figure 1. 

F.ig. ,). · At211 localization in mammary tissue of 
. lactating rat. Note tracks .in stroma. apitheliwu a= 

· . ·l~ns. Techn1cal data as in Figure l • 

. . . 
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Fig. 2 
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Fig. 3 


