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INTRODUCTION 

The study here ·reported was· started as an investigation 

of the 1nt.luenae of hypo~- and hyperthypoidism on the rep:ro-

duotiv~ -- p~rformanoe -of the adult tamale guinea pig~ Dul'ing 

the course of th~ wo,:,k :ttwas round, in conf':Lrmation ot 

earlier work. _ (Albrieux,. Esteran>and Gonzalez, -·1946; Webstett, 

1949a}, that trea~pien:t ot pregnant o,guiriea pigs , with anti-, 
thyroid .drugs leads to the developm.ent ot hy-perplastic 

' . . •. .. ' ,, 

thyroids iti. the newborn. It was felt that the clarifioat.ion 

of the manner . in which ~hese go! ters . are pi'od~oed would be -· 

a contr;bution to th~ k-nowledge of· the pharmacology· of the 

antithyroid drugs. ·~o tb1.s end a .. t:Jtudy· of the problem of·. 

the premeabilfty · ·o:r the placenta. fol' thyr~oti:-ophln; ,, Propyl~ 

thicn.traoil . and · thyroxine in the 'g~1nea .ptg wa,s undertaken~ · 

In the interests of clarity these two stud;~es will be 
.. 

discussed s~para.tely. 



Part I. The Thp:bid and Reproductive Performance .!!! .the 

Adult Female Guinea Pig 
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Tlle , g~rteJJai' 'b'e1:fet t~a.t 'the 'tbytaoid 1s reia.ted . to 1:-'e'~ . ' 
' ' , . - -.·- . _.. . ' 

pl:'oduotl~e function in J;he·_human temal:e $.rose ·:from .the 

<>b.1~:rva.ti.ons· . . that .. the thyroid enlarges. at puberty, , at •. me_ns ... 

trµa.3/ion anµ during .pregnancy (Garnf$r, 192:LJ )!wine, .19~5J 
N~umannj /.l9'3l;···_and· othe:r~) • -Th{s -·opinion w~s. ~treng~hene~ . 

. -_ ... '. : - . -~ -. . ' . . 

ll_ b,- repo_r'bs Jhat ·stertl1 tr 1s· trel}Uently a.saoo1~ted: __ w1-th 
-~. baaai metabolic z;ate ot':~10 or lowe~ {~1 tzenberg, 1926; 

~:1tzenberg and ·carey, .1929'j _ and ir, ~hat .pregnancy often ... 

~oou:r.s art·er treatment with thyroid preparations (Hertoghef · 

1911.U ,Ve~1,. i917l Huntington., 1929; Breckenridge, , 1932; ·. 

Mussey, 19381 King.and Herring, 1939; Mason, 1939; Nlcode~us 

and Ritmiller:~ -194$) ·• · Hypo~hyroidlem he.a . been in9rimina. ted 

· as a eausat1ve:·.ra~::tor in seo·onda~y -.amJnorrhee. ·and _menorrhe..gla 

(He:ratoghe,. l9lli.; Garnier., 1921; :Fiuhm~ and Mur_ppy, . 19!µ.). 
. • . 

These and .~the1i menst;r,lal i~regularl ties are often alleviated 

by thy:roid therapy (B!'eokenr1dge, . 19.)2; Mussey and Haines, 

l934f.M&.son, l.9.39J Mussey 193%./1,oaier $lid Poster; l.94ii ·· 

Lisser~ 1942f .Thompson, 'rhom:paon·and Jeppson, 1947), Ourrent 

clinical op1ru.<>ri with respeot to the relationship between the 
. . 

thyroid and reproduction in. the h~an female is expressed by 
. . - . 

Means }1948)J -"Thy:Poid should be ; prescribed in any case ot 

infertility not . traceabl'e to some de.finite local cause. This 



3 
applies whether. the basal metabolic rate is substandard o:tt 

standard'•" .l)_avis (19.'1) states>: ttmhyroid. medication should 

be tr:ied -in a.ll .vtomen '111th ovarian failure to·rt, at the · present 

time·, . it is the :most useful e-ndocrine preparation we have 

c+in1ce.lii~•" 
De.spite -t;he .abundant evidence 1n suppo:rt of the beliet 

that. aaJ;d .. sfa¢tory reproductive ·p.erf'ormanoe depends on 

nox-:mal.l.y' fw.i¢tiontng thyroid, there .are con£lict1ng r,epo:rts. 

Baumgartne:r:- ·(19~2) states; "Although .the _incidence of sterili~ 

tY is high .among . hypothyl"oid ·womeri - the .fact remain.a· that .they-

do become p?tegnan.t," Plt:rld .. n and Greene (194.3) oft&' five cases · 

iri which pregnancy occurred in rnyxedematous women without 

benefit or t~yztold therapy. Ha.niblen (.1940) states tha~ there 

;tq no evidence ·'' tor ~he er.teotivenese pt thyroid s.ubste.noe 

in eorre(r~ing ovarian fa.ilu3:e and' cont!nues.J u, ·•, thyroid 

substance, '-i ••'• ; ,has. reaei~ed l.e·st .critical study or 1ts .gyne~ -

CQlog1c ~ole than any ot: the various gonadotrop1ns or sex 

Hyperthyroidism in the hum.an female 1a not considered 

1n6ompat:1ble-with ·pregnan¢y but<pregnanay Otten makes the 

hyperthyroid eondi tion worse,t in sorne aasea neoessita.ting 

therapeutic abortion (Frazier and uirtch, ·1932; Taussig, 19.36; 

Batilnga.rtx:ufr.1942; 1'Ja.v1s, .1944).. t~.rhen distu.llbanoes in 

ovarian .:and .menstrua.l function 11:r-e ass.ociated with elevated 

metabolism they are sometimes favorably ~,feoted by thyroid• 

eetomy or antithyroid therapy (Wilson and Bourne, . 1922; 

Bram, l936; Astwood, 19$1):. 
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The re1a tion between ... th~ thyroid and reproduo tion in 

laboratoPy .and othe:r domesticated mammals has received much 

attention·~ Many investigators have l:'eported that thyroid• 

ee·tomy o·ausas ova~ian degeneration, arrested tollioulogenesis 

a.nit tail1ll?a:· of ovulation (.rat-- ttamn;e~t, 194.3; Salmon,. 19.36; ,. 

Rents,. 1938; Seo~ and $Impson, l945; :Leathem, 1951) rabbit--

B'ofmeist~•r, ' .1894-J 'l'atum., 1913; Kunde,· Carlson and Proud, 1929J: 

, Chu, 19.lt-5; Fredrikson ·and Rydin, ... 19471 Sui.nee. E:S•.;. Williams, 

l'helps /and ·Buroh, l94ll, ·.A.$. many or more report. no effect on 

•:the :ovary toi1owing thyr~id ·rem.oval or suppression. with anti• 
. ' 

thyroicl.d.ltUgs ·(rat-•Bodan$ky-and Cooke, 19371 Leonard .and 

, )~~·onard.,. 19371 f¢lle:v, : 19J8l Jones,· Delf!i : and. Foote, l946J 

Kro~<11u1d White, l'95o; rabb.it•4: ?ienaen, l902J Sa.Jt and Leibson, 

·19:.37) Krohn, 1951; do5••· Dre.g~ted.t, Sudan and Phillips, 1924J . 
. '·,(·, · ,, ' 

. 

Fr1.edmann, 19,33; · i1naw~e:r, · i9,36) • · ·cyolio aot1v1ty becomes 

!t-J?egular., prolonged· oreven ia'boli~hed after thyroidectomy-

· or administration ot th~ ant:1t~void d~ugs (~at-• Lee, 192$; 

Richter, ·:1.9:3,3;· Vim Hor11, l933J Freedman, Wright and Webs·te:r, · 

1935; RossJ .19381 .Snd.thaQrs, 1945.; J{rohn and White, 19.50; . 

tnotise:-~ ·'1{r6llli1 +947l ··suinea;:l!la··: Williams, Phelps :and Burch, , 
. ' . : . . . . 

194;;; . cow .. ~i.13:rody:.~and .Fr.ankenbe.9h, · 194aJ .monkey;•- · Engle, . 

1944# Ara.now, .Engle s.hd Sperry,: ·1946). · - Evans and Long (1921a) 

and Tobin (.i942) indicate that an artest:rous pe:r1od e.fter tht 

·operation. 1$ followed. by the r~sumptl.,on. of no;rmal cycles • 

. The 1mpl;cat1on contained .in muoh of the cliniaal liter-

ature, that the hypothyroid female is usually sterile, does 



nc>t rece:t~ed complete suppox-t trom the :results of experiments 

on l.aboratory ~ala~.·. Over•all fertility may be reduced• 

but :many ,o.f the . females reproduced in spite ot thyroidectomy 

and~ in . Instance_s when measurements were made, a lowered 

metabolie ,t-ate (rat•• Hammett, .· .. 1922; ·Bodanaky and Cooke, l9.36J 

Nelson $.nd To.bin, 1936j Folley~ 19J8f Ross,.: 1938; . Prenheim, 
. ,. ' ' ' 

1940; Karn.otsky, :i.942; ·· t{rohn a.nd Whtte, 1950J rabbit•• Parhon· 

'arid'Marza, : 1924; _Patterson• . Hunt :and .Nicodemus, 1938; Krohn.; ·. · 

1951; guinea. .2te;~- ;Knaus, 1924; Marze. and Marza; 1929) ·~ The 

an'.tithyro.id , drugs app9.1:ently have a more serious effeo t, .. at . 

l~a.st 'in / the rat (Goldsmit~- Gordon- and Charipper, 1945; 

' Jones, Delfs il.mi: . .r10otej l91t.6; · BarkeI';t' 1949) •· Nevertheles$ 

lit'~ers .;,e:r?e born,' eveii ·after 10 ,rnonths:, of treatment (Hughes,· 

· ·. l.9441 Krohn ' and ;White~: l950J : t.e:a,.them, · l9S1J •· 

,:Repor·ts· of ,': the · erteots .ot hyp.er.thyroidism on the ovary . 
. ' ' 

are eontr8:diet·ery~ · Halpern and Mendryso~ . (1935) and E;~hoff 

(i94$J ·state. that . the~& was ·$. · de·o~ease .. in ova:rian weight ·1n 

the ra:ti , ,He~ring . fl9:I. 7) .. and Korenschveskyj : Hall ·and ·Claphain 

(194.3) no•ted that -'.they we:re,: hyp~~t~ophied, The discrepancies 

may be explained by d.ifferenees' ··11f dosa.g·e and length of treat• 

ment inasmuch asMatsumotc> fc:tted ·by Hayashi; 1929) f~und that 

when small doses of thyroid were fed, ' an initial increase ·1n 

ovarian weight ·waa tollowed by atrophy.· 

.Experimental · hyperthyroidism leads to the •development of 

irregular cycles· {I'at-- Reiss and Per~ny, ·i928J Weiohettt1 

1930; .Richter, 1933; Halpern and Hendryson, 19.35; Drill, 
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Overman and , Le.a.them, 1943; mouse-• Cameren arid ·A..lllies, .1926; · 

Reiss artd .·Per~ny, 1928h The irregularity appears to b;e 

part .. ot ·a g$nera.i metabolic effect . inasmuch as · it . occurred 

onlj- when ~a.rge doses were gfven .(Eva.ns and Long, 1921b; 
. · '• '.. ,'. .· __ . 

fre.atment with.: .. dt3siocated thyroid or tlly-

l."O;xine . during pr~gne.no¾ is 'repo?lted• to . lead to 8. high in ... 
lliden~, ot ;bl>l".ticm ~lld hta.1 . dtS-th in '. the r4t; i-abbit and .·•·• 

. ' ' •, . .>. •· . ·. . :. . . ' ;_ :. :· . ; . ' . . .. u . . . . 
gu.1nsa,. pig _: (Hosldils,. · 1910; : <;fude~na.ts~~, 1915; Doderlein, . 

· 1928, .:1929; '.;1ttind~,. Ottrl'aOn and ·})~oti.d,. 1929; Weichert, · 1930; 

(1939);· on ·tl:u:, other hand state;. ·t~at pregnancy was not pre~ 

vente~l :or interrupted~ 

When the .sul;>jeot was considered as a whole the · need tc>r 
. . ·.: . ..-:,' •' \ . , . 

. clarl.f:toa.t1on was ohvlous. It' ae~ed howeve:i- that any new 

1hvest18ation should ·oe . attempted 't>1 · proo edures that are 

:somewhat d.itfet?en~· t~om many •. ·that have been used previously. 
. . . 

• They should· invr.,ive . the E)ffectEJ, of hypo• . and. hyperthyr-oid:t,$m 

on all ~speat.s o:f' rep:rpdu.ct1on from. mat,1ng behaviox- through 

gestation, and both. eexes ;shouid he .studi.ed simultaneously. 

Moat important would .be .the relat1ng ' Of the repr.oductive 

per.formanoe.·ot .. tndividuals to .the<level ·or thyro,id aot.ivlt1-· 

:as . estimated .from th.~,· ;rat~·· of 6:x:ygeri consumption .and heart 

rate o:r some othernia~aure or th~oid aotivity~ Provided 

extrenies· of 'hypo• and hyperthyro:1.disrri' were found to be . inaom• 

patible with reproduction, such a study :would lead not only 



to the :tdentitication ;ot the part or pat'ts of the reproductive 

processthatax-e .most pioaely ass~oiated wlth thyttoid function, 

but also to ;the este.bllshment of the range ot thyroid aotivity, 

within '.whichrept'oduetl()n is normal~ Data tor the male ' guinea 

pig 
1

have ·bee1t stunrna.rlted fYoung; · Rayne:tt, Peterson and Brown, 

'1952.f Young ··and Pete~·son; 19$2).,, Those obtained for the :fem.ale 

guinea. p11l are p~esented het-e.\ 



· MATER!AI,S AND METHODS 

> For any atudy ot _total reproductive performance, the 

gu1ne~ 1pig presents advantages that are not possessed by-

8 

other small laboratory mammal~1. The charaoter ·01: the estrous 

cycle.and the pattersn of niatingbehavio~ are well known, as 

they · a~e in the rat ·.and other steeies (Young, 1941; Hartman, 

l94Sl-: The guinea pig is unique, however, in two . important . 

respects.:_ Ovula'tion ·t, spontaneous .and., without the . stimulus 

or oo:ttui(, is followefd bf the development of a fully ·tunctfon• ' 

1.11 eorpus .l :u..teum. ·Except fo:tt the primates, the gestation· 

p'erlod ot 66 t;, 70 days is ~onger . than that o.f any other labo--
• / a ' < • ' ' • 

vato:-eyma.mmal. · About the end of the first trimester there 

is a. tran.si t.:ton fronl the ovarian to the plao ental control ot. · 
. . . . 

pregnanc7 (:a:e·:rx-~ok, 19281 .Nelson, · 1934J Ford, , Webster and 

Y9ung, .19,$1}, as ther,e is •ven · ea.:r11er in. · the monkey and 

human femalE) .(1tar~ni 1939),.. . The re$ult la a ·sequence of 
. . ' ' _. ·._ . ' 

events-fvom·tollieulogenesis through fertilization e.nd the 

1ong gestation. period which hears a close resemblanQe to that 

in the pr11nates. '?he·oretteally, · theitefore, the relationship 

of such·· a :rac tor- a.s the level o.f .. thyroid ao ti vi ty to the 

phe.~es of :reproduc.t1on oharaeteristic of primates can pe · 

better tested -vrith · the Suin~a pig than :with .any other commonly 

used su.bprimate species. 
,. . ' . , 

The. animals used in this study were healthy sexually 

mature .females, bred in our colony and weighing at lea.at 
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$00 gm• at the. beginning ot the experiments.. The temperatUI'e 

of the laboratory was ma.lnta.ined between 70° and 75°F. Food. 
and water were available at a.ll times. 'l!ht, di<,t consisted 

ota.mixture ot oats and.rabbit pellets .supplemented with 

alfalfa. hay 'and tr_esn green vegetables daily• 

•In one part of the investigation, reproductive capacity 

under cond!tion,s of hypo• .and hype:rthyroid1sm wa.s studied. 

Surg:t.oal. thyroideetomy was performed on a group ot females at . , 

least JOf days prlor to their usEr · experimentally•· The operation 

was carried. out under nembutal anesthesia. (30 mg/kg) with 

the a.i<i' of a b1n0oula:r disseoti.ng m1aroao_,9P8• An eleet:r-1c 

oautery ,1aa used in ~he_ d.isaeotion •. Care was taken to -avoid 
,· ..:i,' .- ' ., ' 

injuring the recurrent ls.i--yngeal 11.er.ve, No attempt was made. 

to di.saeotthe> parathyroids free :f;r-om the thyroid, but quite 

often external parathyroids lfere seen _at some distance from 

the thyroid and were left intact. ,Aa a precaution against 

the development or tetSl'lY,. 1% calcium lactate was· plaoed in 

the drinking for 2 week$ following ·the· op~ra.tion. Fi:t'ty-i.nine 

females survived the operat1o'n .and contributed data. At 

autopsy >+5 ot:theae were found ··to be free of visible thyroid . 

:ttests. 

The effect of.propylthiouraoil~:induced hypothyroidism on 
reproductive performance was investigated in .39 females. The 

propylthioui-aoil was administered a·s s. 0.1% solution in very 

dilute annnortia. From records of tlie.da11y·wate1' consumption, 

the average·eonsum.ption of the drug was found to be 2$ mg .. per 
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e.tiimal 'per d.a.y. In previous work (Brtown and Young,· 1952) 1t 

waa fo1.md .. that th~ ammon1a: had no toxic e£f'ects. 'fhe 'drug was 

. :admin!'stered for · an ave~age ot .7.\montlia. · ·. Teats or ··reproductive . 

. ce.pacity>were sta.~ted· 60:·days · $..tier the beginning ot treatment 

'by Wlrl.Ch t1nie' the thy1,oids ·were .. enlarged;·· ' 
. . 

liyperthyroidimn was· aimulated:.: 1n 38 .· animals by- subcutane- : . 

cus. _:tnjectlons :Of thyrox1n~, .· . . 'I'll.a. anime.ls1 were 1~e1ghed dail:r 

ahd .the fnterys.l between doses adjuste4. individually-·· so that .. ... 

-the weight.·;·wa.$ maintained at : about .a5 to ·90% o.f the ·initial· 

:weighi:.'exo:ept· that allOt-tanoe watf ~ade . for weight•gaina during 
pre~oyt .. ·• One·:.tenth. .m1Jligrnm ': d .. l ?t~ox1ne, dissolved ··1rt ·••. 

sa,1lne,·_•; iliJ,ct~d ,.every . 3:;to .4··:a.a.ys . was ·a . satisfaotorJ-dose 

level and. iras ::oontinued tor ·a :mon.ths:•·' 'Experiments· were start•· 
ed .a.rte~: ,30·· eta:yso' of treittment. )::Th:frty•seven.. untveated. females 

serv~cfias dbntt1ols• · 

Most of the animals wa:r-e observed daily tor behavioral 

signs .. of•, estru.s ··(Young, . Dempsey; Hagquist .and Boling,, 1937). 

When ··a. remai~ · wa.a · found in heat . she waa ·: pl~oed w:i th a normal , 
/.' :•; 

malean.d cibserved·until copulation occuvred (Young and Grunt, 

1951) or i1.nt1r· ahe waa no longer responsive . to the lila.le. 

lated · .females ·viere segr~gated a.rid in :order tha.t the~ fertility 

or the mating 0011!.d . be r;•gtablished .. ~nd any abortion;s · detee.ted1 
~:· ---\ ·-.. 

. the females \fere observ5d at frequent· inte:rvals during 

pregnancy. E?tperimental treatment was continued tbrottghoil.t 

pregnancJ• Thirteen thyroideotom1zed .f'emales and. 14 ·contr,ols 
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oompr1s1ng the .be.lane~ otthe a.niltl8.ls were oontined withmal.es . 

ot known fertility trom2 ~o 4 months~ 
. DE:JterJD1nat1ons ot the rate of oxygen consumption and heart 

rate tfere ma.de on some ,antnials in each group at -the end ot 
the e:xpe:rim.enttt* The. rate of oxygen consumption was measured 

by use ot. tha· •ppa.ratua $hown l~ t'igUPe 11 whioh 1~ a moditioa.i;. 
1. ' - - -· -. ' 

tion' b.f·. that: d~~cr1bed b7 .. 'Wil.li~s .. ~Phelps a~d Buroh ( 1941) ., 

The unit ot <Sompar1$tin wa.s th~ co. of oxygen consumed per 

100 sm• of body .weight per: hour,. corrected to standa,:;d condi• 

tionsi the ave1-age of three consistent ·determinations 1'18.s 

taken .. as 'the ~ate or o.1tygen consumption 1b:r each animal• The . 
. ' 

proteool us$d.' 1n :recording and calculating the rate or oxygen 

constllllpt:tori lij shown in fable 1 Heart rates welJe oalcula.ted 

.t~om el$c:ttrocattdiograms taken· after the animals were ·anesthet•· 
,--: . - .-' 

· 1zed with: nE:)mbuttt.l (30, mg/kgJ~, . Loops or· ·stainless steel wi1.1e 

tastened srtu~ly ·ar~ili"l.d ·the d1ste.t' ptirtibti of eaoh limp served 

as electrodes; .Whe :records were.t~en -with a. Sanborn Viso•, 
Cardiette. · 



RESULTS 

Alters:tione :tn the measures or thyroid aet:tv:Lty that 

resulted i'~om the experimental. ·treatments are summai-ized in 

Table. 2. Although th& oxyg~n consumption rate was depressed 

onl.16~41' :b~low tne ·oont~ol value by. thyro!deotomy and p:ropyl~ 

thiouracil treatment, it. was considered that a hypothyroid 

Qondit1on . exiErbed 1nssmuch aa the hea:rt rate was decreased 

about ·:t6% hi both t :reatments. The degl1'ee t;Q which the.-. · 

.measures ·of thyroid activity were. elevated by thyroxine t:reat .... 

ment c.learlJ- !:n¢l~oatea that a. condition of aevel'~ hyperthyroid~ 

ism was ·achieved,: 

· tlyei~c :aetivity as. ~ndioated. by the trequenoy -of' vaginal 
' "·-· 

openings wa.s· not s1gn1fieantl:y .. atre0:ted by the t~eatments, 

but it wa.s .. :loweat in the tbyroideotomizecl animal~ ( Table 3). 
, . 

The, pe:r -. cent or· ~1mai$ found tii.: p.e·a.t we.s reduced by ·thyroid• ··· 
. . ·, . -· ... 

ectomy .• -: ·. Ot. 'the; control. . . and. hypc>"thyrt>id females found ln 

heit, app~ox.1ma:tely .90$ mat$d., :·-rhe an.1ma;s given thyroxine 

tended to be exoi table and soxn.et\tmes : beoE:lme :retrac tory- to 

the male· early ln. the test• Posslbly ·beoauee o.f this, only · --
80• 69' ot the thyroxine-t:reated females: found in b.eat ,mated, 

· The·re .were no ·sterile 'me;.tings except among the thyroidectom•, 

1ted f$maletf• 

Thtfr~ pett cent ot pregnancies. terminating· the · sixty-.;·sixth 

day or. later was not influenQe.d . by . hypo• or hyperthyroidism 

(Table 4 .. ), .. The length of gestation ,and .litter site were 
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likewise u.naffE)Cted. 'J1he per oent ot offspring born alive 

·was markedly reduced by thyr,oideatomy of the mother thus 

indicating further· impai:t'ment in the ab111 ty· ot such animals . 

to reproduce•· On the othe:r hand, the per cent of young born 

il1ve to thfl thyrox1ne•t~eatedmothers was significantly 

higher- than.in the. controls. This inorease is of interest in 

qonnection witli .. a study .by Qhu (l,9lt5l• Re round that the · 

ad.inin.i~t~atio~ o:f deaiaoti.ttd . thyx-oid to · thyroidec to11lized 

rabbits. 1ti,. whloh . supe~ovulation. had been induced by ohori-
/ ' . ·. ," ' ' ' · i . • •,,, , : ' .. ··.,·-

oni¢ gdnadtiiropfu.nwas effective ln:tteta.ining the ~upe:rnormal 

.number or ~etusea in a. noI'lJla.l condition until term.. Without 

· . the thyroid t~eatment. the :numbe·I' ;of fetuses at term was · 

normn1·•but a .high. per:<ient wepe bo:rn dead, 
f:ropylth~ourae111 al.though suppressing oxygen consumption 

. and l:leavt rate to ~oints ciomparable) w~_th these measures or 
thyroid a¢tivlty in surgioa;11 thyroideotomizad animals, was 
w:tt.llo:ut effect O>:l. reproduction ·,~~o~pt .fol" the condition of 

' " ' ·• . 

the :youn~•···· 'Pfle newborn . ha~i extremely ~nla:rged . thyrpids · · -

s1mil-a1tto .th.011e described .by Alprteu.lt, EstE3.tan · and Gonzalez 

(1946) : arid .. OWeb~tett (l949e.)~:: The .development o:r th~13e goiters 

ls a.ttrib~tecl -: ~o . t~e ··pl.aoental·.•pa.s'sa.ge or· propylthlouracil' 

( demori~~zta·t'?d J .. n a• separate s tt,td'i~ ·:)Part II or this thesis 

·PP f .19·.30).· -·-. :· ' :-. . . 

In the · ari.alyEiia or the data .aa . a . :whole it seemed 

desirable .. to .com.pa.re th.ei·level. or thyroid activity in females 

that .reproduced with the level in £em.ales which did not 



rtpI'oducEt . ('1.'able Sli When the t>xygen consumption and heart 

x-e.te .of .the animals that tailed· to repx-oduoe are eompared 

with these measures of thyr<>id activity in animals that :re• · 

· produced• i ·t .:!s seen that they were otten .very similar • 
• . :c . 

Cl1ea.rl.Y, theretore, .• 1nd1v1dual.s react differt,ntly '·to ·given 

level ·, .·:of .. thyroid hormon•~-. · The da. ta also reveal something 
. . _ -_ ' .' -·. · . .· . , " . . 

ot thex-Qnge ofth-yroldaot1vity within which reproduction is 
I poaid.ble·~-··, . · !. · 

._-- ' ·- . · . _, . , 

, · In· th.ti :.• 14· 'thyro1de.otomized ·taniaies in which thyroid res ts 

wtra ·;ttSu.rid. ::af:afrtopayf ·oxygen co:hiu.mption _ and .heart re.t·e .. _.·· ·: 

we~e --i11teritledi.ate.· between .tJ.le control's ·and the thyroidectom• 

lzed ~l.s: tha:t, 11are : tf!ee · ot .,th~oid tissue.,. ·. The,- ~etained · 

th!•. intermediate pt·1tttcn w1thi),.esp.ect tb the per cent of 

#101:tc. vagina.! _:'opentng~:• th, •. per : cntnt found · in he~t,: ·and .· the.' 

,~, o~n.~. :ot fe:rt:f.le· mat.tngs:f>, In other respects ·tbey were 

more nearlt,-llke . 
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.PXSOUSSION 
Tht. data prt1sented above are believed to have -.. s1gn1t1• 

Qance to~ -- ·the . pre>bl.em ·ot the . x-elatlonship .between the thyroid 

ailci rep~oduo ti ve . performe.nc e in .the female guinea pig that 

qm,. be ,sUlllnltmlted briefl.1-~- -:t'he deg:r-ee or hyperthyroidism that 

was e.tta1riedt wh1e,.h we.a o~os~ t.o the l1m1 ts or tolerance tor 
I . • .," , • 

many ~inials~. seems to h&ve, had no de,leterious action o~ aey 

:p.hflse · ot .; r•ep~oduet!.on frc,m tollioulogenesis through xnating 

and the cortr$e' ot gestation •., On the, othe~ hand~ the . per cant 
. , .. , ' .. . 

or .young •b()rn ·alivt to .feJne.les given thyroxine was much · 
.. · .highe,, truti"l in··,any 'otlie.r group~ .. 

lmpe.:1rment of ~eproduotion. was seen :tn m!l,ny but not ail 

hypoth~oid females, a.l.thottgb th.a: nature ·ot the err eot de• 

pended. 'orf i>hEt ,ni&p;).n.ex- 'in :: whioh h;vpothyro:ld1$ll'l was p:;~duoed~: . 

. lrt the eurgi~'a.li:1 thyroideo~omlaed ,~niluals the frequency of 
<lf¢lio vagin~l' opening wa:s , l.o!', .the· per· ¢en~ of animals 

found 111 heaif 'W8.$ reduced~ · th$ pez- oent of sterile · mati~gs 

was 1nol'&asect, a.n.d the . pel' · cent. :(.).r young born d_ead was high• . 

The .onlt · ae:tecita.bl.Et -effect of . propylthiouracil•induoe·d ·· 
. . . , ' ·. ' 

hypothyroid.tam• which dltJp:rese~d th'Yl'oid fl.etivityto 'the same 

level as aurg1oa.l tb.yroideotomy, ean be attributed to the 

placental . pas-sage ot· the- drug• 

Comparison of the$e ·~esultsw1tb. those obtained during 

work with /the male (Youns, Raynet'J. Peterson '1nd· · Br6wn• 19521 

.Young: and '.:fete:rson1 19$a) ts of -lnte:rest. ..In .n_~,1 thet' .sex 
-.. r · t :1 .- \~~\ -~ . ·-::~/ -
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did the d.egr,,ee of hype.rthyroidlsm. pr.oduaed have any etr act on 

over--a.ll .reproduct!veperformanoe, but in both sexes fertility 

was. decireased· following $Urgieal thyroldectomy-. •. The p.ecrease 

was . greater ·in •· the female than in . the me.le, al though th:vroid 

a~t1v1ty wal d~preased mo~e in .the male. '.t'his would seem to 
1ndi.eate: that r-eproduot1va pI•ocesses _are more dependent on 

nornif1l thyro~dfu.net1Qnin the female~ 

tt.'he reattlts obtain:ed.. when the ma1e was · being studied 

ind.icatea.· -tp.Jt ; ·the ;tange of .thyroid. ·activity within which tte'-. · 

•i production.:·can oo-cur i$ wide, and ·that individuals res.ct 

d~fterent'lt to.· low levels ot thyroid hornione~" Within the 

liniit . that · the level . of thyroid .. ao ti vitf has bet,n varied· ln 

the female ths aam.e oon,oluslons .a~~ ·suggeate·a., but we oanne>t 

··be . certain• ot _the· ·~aact!on ot\ th~ .female ·to the extreme hypo•· 

thyrold.1sfu -_p:rodttced in the male .(Young e.nd PeteXAson,. 1952) 

. unt11 .·oomparable experiments hav$ ·been performed• 

.A . point for-• point comparison .ot· the. res-ult$ ·obtained 

d:uring ·.th1$ study witli those repox-.,~ed . by ·.other investigators ·: 
, , 

would. be · d!t.rlault, but oertairt ·gene1"al1~a.t1on. :ts suggested.· 

The con.olualbn that tn ·the guinea .pig·ohronie hyperthyroid1Qm 

:ts without·· err~at whereas.hypothyroidism impairs reproductive 

performance is · ¢.onsis.tent with mu.oh ~t . the · experimental and 

·. clfn;tcal iite:rature we have cited •. : . We are impressed• howevel't 

·by the ,reports that hypothyroid females -ot othel' !species 

:reproauc::e ·{:Folley; i9)8J Irrob,n a11.dfute1· 1950; ltl'ohn• 19$1; 

Lee.them, 19~1). These repo:Pts arid: ·the numerous older contra• 

dioto:rr claims cannot all be asoribed .. to inadequate oontrols, 
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and species. d1fferenees.. were .attempts made in a compa·rat.ive 

study . or <a nUll'lb~r ot epeo1e.s to define the ... limits of thyroid 

act1vitY' beyond which repr~duot1on is impaired ov fails ',:. an4 

to determine the na.ture of: the impairment a.a _ these limits ru:-e 

approaohed1, 1t · t.s bel1e~ed. that olar1r1·ca tion of the problem. 

might ·be·· aphieved• 



.SUMMARY AND CONCLUSIONS 

'l.'he.reprHttdu.otfve performance or adlllt female ·guinea 

pig.a unde:tt .con<:\:ttions ot hypo•and hyperthyl .. oidism was ·stu.died. 

The de.gree of alteration in :'the ievei of thyroid activity was 

~st1mated. .r~o1n oxygen o.onaumpt1on. and heart .. ra ta determ:tnatio~s:, 
' 

Su~g1oal thyroideoto:m:y- which decreased the rate of 

r,;qgen oonsumption 6.i+i and heart rate 18% decreased the 

.:rpequenct-··ot. eyol.1q vag:t-natl· openings, the per cent o:r a.nima.la 

found tnhea.t1•the peroen.-bot fertile me.tingsj and the pe:r 

eent otyoung bo-rn alive. 
Propyltlliou.raoll-:tnduced. hypothyroidlsm1 which reduoed. 

the meas~es o.t thyroid. a.c.t1vity-. to a degree comparable with 

that·toliowing thyro1.deotomy., was without detectable .effect 

on reproduotlvE,•·•pertorm;anoe &~e.ept. that ,large goitex-s·. were 

pre.sent 1n the· young. :bol'n to such fe1na.l.es. 

The :repx-oductiv-G perrorma.noe ot.tema.les.made hyperthyroid 

·01 doi:1>es ot thyro:x::tn.e. cloa.e to the ·limits . or tolerance was lt 

anything bette:ra than in the oont~ols, pa.t'ticularly with respect 

to the per.cent or yottttgborn alive. 

There· ls ·a Wide· r,s.nge ot thyroid activity compatible with 

reproduotion, and individuals react ·d.ifferently to given 

levels ot thyroid act1v1t,-. 
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Part II .. · .,he Problem bf Placental Pe:timea.bilit:y: to~ Thyrotro.• 

:phinj Prop:ylbhioura.oil and .Thyroxine !:,a .the .Guinea 
. ·•.l .. P15 ·. 

Many .fnvestig.ators have. t'.eported the.t the thyroids are . 

enlatged -inorteprlrig-frommotherstrea.ted with antithyroid 

agents during pregnancy (mouse-- .Kaufman, Hurst .and Turna:c-, 
' - .. : . .- . . , .. - __ . . . ' . 

-1948;. ra.t-.-. .. ·Hugh.es, 191w.; Goldsmiiih, Gordon ind · Charipper., . 

. l9l1 . .$1 ( stifi1e~ Eis~,;. 'Albr.1.eux, Este:f'an and Gonzale~, 1946; 
Webste~, and You.ng,1948; 5oat.... Schultze and Turner .r 1911-5 j 

man~• D'ttvis And Forbes·, ,194$'; . }ilatoll, 1945).·. This has been 

taken as evidence for the placental .passage of an antithyroid 

effect. 
The. placental pas$age of the antithyroid efteot could 

occur in one. or more of .. three ways _{Gold.smith, Gordon ·and 

. Oba.rippe:r-,; 191+5). Thyrotrophin ·:(TSU) fl."9111 the· maternal 

p1tui.tary \night cross the placenta ·to . affect the .fetal 

th;1ro1d. ·n•Angal.o and Gordon (19.$0) have .since shown that. 

admit1is'tr~tiot1 :or. propyl;hiou.rac:ti·· is :rollowed . by inc;eased .. 
concentration oi:. T~II 'in the aartUn:~·:/Seeond, ' the goitroSen 

might pafJS ',the .. pla68nta .,to · 1nh1bit'. ,:thyroid h0l.11110ne pr-oduction 
. . . ' .. '• ' 

in -the. fetus •. This would lead .t6 ·s:timule.tion -of the teta.1 

. ' 

alternative is suggested by: the .fact .that the antithyroid 
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drug decreases production ot thyroid ho:rmone by the maternal 

thyt'oid. The fetal thyroid. m.ight then undet-go hyperplasia 

and supply the hormonal needs of the mother~ 
. .'..· ' . · . 

'rh& ltter:atura conoe.~ning ·.the p~ssaga of thyrotrophin . 
ff 

a.cross the pl.seen.ta. ls d1f't.1oult to interpret~ Doderlein 

(.l93Jl, using ... the .guinea pis, and The:r~.sa (1939), using. the 

ra.t,.c stat~ ilhat isH pas$es thr:, :f>lacenta and stimulates the 

fetf.il th:VX-6ids.. A.ron (19.30}, S~hittenhelm and Eisler (1~3$) 

and. .Grum'btt$oht and Loe.aer (19.38),. on the other hand, round 
' . 

110 .coi1:siat&nt. iv1denc,e fox- st1mulatlonqf the thyroids in 

guinea. pigs .born to mothers treat-ad with TSH~act:tve pituitary 

extttac.ts during : pl'egnanoy ..• 

The permeability ot the plao.enta ot the rat tor.- methyl--

thiourac:11 htts .been pt-oved by bi.0E1,~say of the tetus$s (Fre-ies• 

leben and KjePl.ut"'Jens.en, 194.7.) • 9?he .. ~aasage of othe:a:- anti• 
' . - · . . 

thyrold a.gents :·across the placent~t ·barrier has 'been suggested 

but not c-onol.us1vely dc:,monstrJt~d· (Hughes,. l.944; CJo;f.dsmith, 

.Gordon and .. Qnaripper., .l945J Alb;r1eux, ... Estefan a_nd ·oonzalezi· 

1946) •Af' ., ··. 

Though -it ls not eonaE:lrne<i w.t·th the transmission of the 

antithyroid. e;t'feet to the .fetus, ,WEf felt that passage :ot 
. ,' 

thyroxin~ 'from :mothe:r tQ fetus should be investigated. There. 
' . 

ar& reports relative to the transte:r or thyroid hormone, but ·, ·· 

they at'e contradiotory~ Oou~rier and Aron (19.29) ooncluded · 

ths.t _the pla.-centa of the dog :ts impermea.b]..e to thyroid 

hormone. ·_ Grumbreeht and Loeser (19.38) and Th'risa · {1939),-
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however, :s.ts.te that this hormone passes the _placenta in the 

gu:lnea pis,: I'&.t, and rabbit,. 
In ·a ·s1ngle ·study we have attempted to clarity the pr.ob-. 

·1em of • the' :~e:rmeabili t~-:~fflt t~• guinea , pig placenta, to~ 
thyrotroplli.n, .- propylthiou:rs.o:1"1 and -thyroxine~ 
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MATERIALS-AND ~1E'1HODS 

Workingunde~ the assumption that the placental passage 
or · the an1H.tllyro1d effect is due to one or more ot three 

pqas1b!l:tt1esf the following series -or experiments was· per ... 
formed. --

Thyroideatomy ot the mother removes the endogenous 
supplf or thyroid hormone~ It is presumed from the work. of 
:o•Angelcr ana Gordon (1950) o_n the fems.le -guinea pig that_ -pro~ 

. -
' . . 

duetion ot'TSHby thematernal pituitary would thus•be released 
.from inhibition. e.lid. elevate the leyel of oiroulatirtg TSih 
The level of TSH can be fu1"ther raised by injection or this 
hormone, ._ :rt TSH were to pass the plaoenta of a pregnant 

animal so treated, the · thyroids .. from the offspring should ,, 
show .. some .change. · to · teat t;his hypothesis, 8 female · guinea 
pigs .were thy:eo.ldeotoxnited at lea.at 30 days prior to mating~, 

' - . . . . ' . . . 

Beginning the .;8th day ·ar.ter copiua.tion they were given dail7 · 

subotitaneousinJeetions ot o.5 mg • . of purif'ied.thyraotrophic 
ho:rmone from ·a preparation~eontatning 10 .Junkmann•Schoeller 
u.nits per mg. ·zt there were no changes , in the fetal thyroid, 

. -. . . . 

the placental passage of antithyroid effect eould not be due 
to the transfer of TSH ft-omnother to .fetus .. :Furthermore, 

the possibility-that it' had undergone htperpl~sia and , compen•· 

sated. fol' the dei'ioienoy 0£ th~oid hormone in the mother 
would ·ba elem1nited. 

lt is knowit that the thyroids of o!'fs.pring trom p?'opyl~ 

thiou:raoil-treated guinea·pigs are hyperplastlo (Webster 

' . 
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and Youns, l948J We'ti$ter, l.94-9a). The hyperplasia could be 

shown to be .due .to _the placental. passage. of propylthiourao11» 

_prov:1ded the:t'e were no .hyperplasia or . tho .r etal thypoids 

toltowin.g t:r·eatment . ot thyroideotomized ·mothers -with TSH., . In 

'ttt'del.'·.to' m,ake :this comparison, .ll pregnant guinea pigs were 

g1ven·•·•. a.ppl'oxirna.tely .. 2$ mg.i . p~op-yl.thlouraofl per day in the 
1d:rinkin.~-·-.rater ,from the, .. 38th day of pregnancy · until parturition.: 

;·-_-. _. . ' _. . 

.'!he :pt'cib'l.em or the_ passage of. thyroxine :f'rom mother t.o 

· tetus ·was 1nvest1gated. .1n\ another ·sez-ies ot ·experiments.~ 
•·, ' :, : ' 

· : :l)empsey··ancf<Astwood (l.CJ!fl) demonstrated that ·the effects ot 
, __ ·.•_ . ·: . . ' 

thiouracl1on: t}le ·thyroid o·t.the >adult rat oan be counter.-, 
. . ' . 

-acted by small da:fJ.7 doses or thyroxine.- ::er it were shown 
that propjlth1ou.re.o11 a.ctaJ direo'.tlY. on the fetus, a.n amelio• _ 

.. :ration of. the ··anti thyrold etree.:ti by · thyroxine · admil}istered to 
•. . . '. . . . . -. 

the mother· :during gestation would be convtnolng e.vid~noe 
' , 

that thyroxine can enter the fetal circulation from the 

mother. To. teat .· this h:vpotl1.esis, 4 pregnant animals were 

·given , 2$. mg,., of pJ?opylth:1.ou:racll_.p~r day in the drinking 
. . . . ' ' . . . 

. · 11a.te:r aha. .tnj ~ct~a . d!ilY 'With 04025 ~s .. · thfroxine ·in · saline 

beginning the · 38th dJy of pregn.Emoy •. 
. . .. , 

Th~ ·pla.oen:bal. .passage ,of thyroxine might be shown in . 

a.nothex- · way.· · The· adtn;·n1stration o.r· thyroid hormone to an 

'int,act ?1du1t: ani~a.1 caus es flattening · of .the thyroid epithel1~., 

tun : ~nd ~ritargement ot th<a- follicles {Courri'er, · 19Z8; Adams 

and Jensen, 1944). · It thyroxine passes the placental barrier,· 

the administration 0£ this substance to pregnant -guinea pigs 



might cause similar changes in the .fetal thyro.ids. This 

possibility c' wa.s tested. in two groups of 5 females each.: · Both 

were treatetl with different doses or thyroxine :for at least 

,30 da.7s b'efore mating and tlu-oughout pregnancy. One group · 
' ' ' 

reo:e1ved -subou.taneous !njections ··o:r a•.10 mgt. ·thyroxine every 

,4 days. -:t'h.e other was· .1tt3E:>eted with 0.,15 mg:~ thyroxine a.very 

Ji days·~ 

!th&· <>ffsp:ring trom 13 untx,eated pregnant guinea pigs 

serv-ed ·as ._controls for•·· all. or the ·above experitnents. 

0~ ·the day of d~livery: _the thyroids and pituitaries 

t.~_?m, 71 of.tsp:rtng i';o,m. treated and 38 off spring from untrea:bed 

ln.others werEt ·removed, dissected tree .ot ' excess tat, weighed 

on a_·. to:r_ $ion b_a, l.ancfj} and. fixed . in Dawson• s r1xa.t1ve- (Dawson 
. ,.1r · · 

alid }it:t!;e'.dgoo·a, ·19.38) .•: · The thyro~ds ,~erEi dehydrated and : 

embedded bf-the\ .d1oxan•parart1n .~~th.od, sectioned at 7 micra,,: 

stained. with hema.tozjrlin ·.and :eos;ini . and examined microscopic;.. - . 

ally~ •-

Tlie gu.1nea>p1gs used in this . study were !'rem ·our own · 
stoc~keptunde:r the follow1~g oondlt1ons1 The temperature · 

of th~ lahoiiato~y wa$ maintained: b·etw.~en 70° and 75°-,.. Food 

and wate~ W'ere avallal)le at all time~. The diet consisted c:,f . . 

a mixture of oats and ~a.bbit pell~ts supplemented with 
·l 



RESULTS 
Three of the 8 thyr:-oldeotomized•TSH•injeoted females 

. d.el1vered living litters. . On gross examination at autopsy 

p.o reg~nerated thyroid tissue was found in the~e mothers~ 
·,,_ .·, ' .· _'·, i 

'1'h$ thyroids ot their ot.f$pr:1.ng showe~ neig~e:c- an increase in 
, ·. ' ::, \ 

rteig'.ht \ (Table 6) 1. nor . any histological : evide~o& of TSH atim-. 

u:Latj_on, (compare Figs •. 2· & . .3) • .JChus 1 there is .no evidence . 

that the an~ltb:yro1d effect . in the fetus ts due to passage 

o.f !SH f~om tht mother o~ . to hyp~rpla.si$ ot the tet~l thyroid 
' • . 

which.i?111ght. have supplied thyroid hormone to the mother. 
':: .. -.-. ; 

. As in .othar work (Webster .~d · Young., 194-81 Webster, 

l.949a'), adm:tnistrationot propylthiouraci.l to the mother 

during pregrifl.rtcy caused extreme·hypertrophy and hyperplasia 
. ,·· ' .. ·, .' ' 

of the tetai,· thyroid-. ('l'abie 6- & Fig. ,·4). Since no such 
; __ -._.-_, . ·. ' ,· ·- .. 

eftectwas found in otfspl'ing from· thyroideetom1zed females 
. . . . 

treated .with TSH, the th~o1d enlargement in of.fsprin.g .from 
' ·' ' ,', . 

prop:ylthio'llracil,-.treated. mothers must have been due to· 

plaoental paisage of th':l antithyroid :drug. The stimulation 

or the fetal thyt'O;l.d by th1!'otX'ophin · from 1 ts own .lli tui tfU't · 

is borne .out 'by· the f·act that the tetai pitu1tru:-ies showed 

a simuita11~6ua 1:no:vease 1n: weight fTaple 6). 
'Wht:,n pPopylthiouraoil and thyroxine were a.dm.inis,tered 

aimu.l·taneously during pregnano·y, : the fet~l thyroids were 

la:rge:v than no:rnna.11 but sign:tficantly $tnaller than in the 
group receiving the antithyroid drug aione (Table '6). 

Histologiaally . they .showed less· _dz,astic effects. Although 



the epithelium was high, .eolloid•con~a1ning :rollioles were 

formed ( oomp'$re· Figs. 4: ·& J) • The· pitu:t. taries were of riorma.l . 

W$1ght~ .. Ail 0£ thi.s indicates :a partial lnhi bition of the 

production ot- TSR by the· te'tal •pituitary · in consequence 'ot 

the passage .·(ri! the injected thyro:xine across · the pla.oent~. · 

'Jheoretlca:llyj ·lf sufficlent thyroxine were administe:redwith 

'th$ propy:ltthi'~uracll» ·the feta1 ·. thyroida should be norma.1,·· 
.:~ther~ '·:~~idenoe \ror the passage . or thyroxine across . 

• · .. ; --·. ' . . ' . -.· .. · .. _-_, __ --.: _- '_ ; 

tht placenta. .· fs· considered . to be ~iven by de.ta. from. the· · 

:·o.rtapfting ·or thyrox1ne--t~eate'd mothers. . The thyro·id epi theli• 

. ·uin was . not ·:.rlai%ened no:r was there enlargement of the f 611!-• 
. . 

cl~s ,·a.$ we ·-might have E,~'J)eoted trom . the work of Oou~rie~ 

(l.928}.a.nd. Ada.ma and J'ensen .··(19)+4)_, ···but the thyrot'dtt · we~$ 

11·1gnifio.e.ntly ·smaller than· those of· control newborn (Table 

6);• · The greate~. the dose ,Qt: · thyr0Jtine1 the smaller we:re 
. . . , . . 

The pituita:rles showed corresponding oha.nges 
, ' .. 

1.n we:tght:. }U.atolog:toaJ.ly, . the ·• thyroids. of of'fspr!ng :from 

thyroxine~treate4 ·mothers were similar to the controls · 

exeept ·f'or the presence of smaller ,f ·ollioles and :reiati vely 
. . . . 

more· 1.nt'erfolliou.lar oeila ancl oo:nneotive tisal.i<f (comps.re 

Figs. ·2, 6, !& 7l• S:triae the' pituitar!es and thyroids ·of 

these offs1p;lng were ··slg~ifieantl·f smaller than those . of 

the . dontrol newborn; it is. assumed . that -the TSH production· 

· by the 1.fet.al . pitl.1:Ltary exer·ts an 'influence on the normal 

pl'enatal de-velopment of . the thyroid. 
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Dl:SOUSSION 
The data indicate that the enlargement ot the thy?Joids 

in -of.f$pr:f.ng 'from propylthiour·acfl•\t~ea·ted female guinea pigs . 

ts ·due .neither t~ passage or TSH trom the mother to the fetus 

nor to b:yperplasia <ot the f etai thyroid _which might eompensat~ 

for the deiB.o.ien¢.y or thyroid ho:rmone in the mother., Xt has 

bee·n conalude<J.f thePet'ore, tha.t -t>f ~he t~ee hypotheses which 

might hs.vtf a.ocomited to~ t~e -tx-ansmission of the ~ntt~h:yroid -

-· • eftEtct .>'tG-the -r~tu.aJ. the placental. passage -or propyl.thiourac.:t\ . -

' ·· .. · .,: ·,.. ·. '. 

sever~l i nv~stlg~tors 11ho _have ~tu~ied orie ,' Ot;t more 8.sp~c. ta 

Qt t .h$ $tibject (Freie~le-ben .a~d:)cJerluf~Jenaen, 191.t.7, 'for 
the goitt»ogen m~thyltbioµracil_ ln -~he rat; Aron, . _1930. Schitten• 

; helm· arid, Eisle:Pj :J.93$, Grwnbreoht ' and .Loeser, 1938, for' TSH 
,• •. < • < · ... ·.···· ..... , . • . •· . . ' .. ·. . ,. :. :•• ,: • K , • . . / .... , , , . , ' 

in the .gul n~a· pigj Grumbreoht an:,a :L()eser, 1938, The1.:..esa,· 19,39;· 

for .thtroi~ . hormon.e· .1n the guine~· pig .and ·.rabbit)• 
- . . 

·.An: explana:bion .for the con~r,dietory reports of the 

pl.acehtai.pa:~sageor thyrotropb.i~#ill thy'rodne is noteaf.lY• 
ff 'i _ . . ·. . - ,, . ' '; ·. . .. ··.. ·.· < - . - . : . _:. •. - ', 

Bode:rle:tn·. (193.3) stated .. that TSH. passes the placenta to ·cause 
. . _. \ ·" . . 

- . 

. hypertnophy of the tetlll thyroidin ·tbe guine~ pig. In our 

opinion, his d.attt do not support this conclusion. From 
-. . .. 

,·, comparison .or his figu:res of : alleSed TSH stimulation w.ith 

his coritro·l .. .figur;e, 1 t ndght · seem .t~t the conclusion wus 
justif1ed4 . Q.loae ex$lllina.tiQn 6£ .the ?tpyroid ot the newborn 

' . . -: ";. ·;.· . . . , . 

oont:rol he ohose :fo-r -·compar1oon : (his ·: :Fig, 2a) reveals, -· 
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I 

.ar& distended .. . !!'his ,1a .J1 o.ondition we have not· seen in any 
' ,; • .. . ' • . ' . ' ; • \ f ' • ' 

:one·.·. qf .El · .. large number of .normal ,newborn guinea· pigs •,·, . . .Mo.re--
. . . . .. . 

~Ve'!!/ ·. the• appears.nee of , the ·:retal ·thyroicfs which he beiieved 

to kve· .1.1e:e•n :~ubj~et~d ttrman stimulation was not ·dittex-ent 

· from ,tha~. in.;.our .contr61s,: , -Spetd.e.s Yditferenoes may , account 
• I 

· tot, .. tne :f ·$pd:rt.ed · passage c,f. !SH' .through:_th~ . placenta " of th~ 

, ,:ritt··('rchev·Jffai 19.3.9) • lnd , fQr the non-passage . of. ·thyroid . 
horxn.onEf aortjstr the plaoenta of the dog . (pourrier t:tnd A1.1on·· 

.. ; _: l929Ji>:'. · · 
·; ,· :;: :,'' 8intie<it-,_ 1s ,olear that. ·thyt-oid hormone , and· at · lea.at two 

. • . . - . 

' arit1thyz,o1d agents pas a . the· ··ple.eenta.1 .the, long te:t'm . :eff eots 

ott- the .young: f;r:•orn femal~~ - tree.ted·•wfth.· these substances ,during 

· -p~egnanoy beoome qf .. inter:est.. Ra:ther ·sev.ere plu?oriic·. hyper~ 
- ' ' 

. , .th~oidizatlQtl :of the . pregnant rat ·· has been reported. to 

· produce .oretari6id ·· progeny ( Ounninghara, · 1941.) , · The retarded 

. growth of' .. ·th~ ereten.oid. .. ;tJa.ts l1as· .: overc6nie. by: the admin:tstra-

.· · tion. i bf .th:yrp.xinei ·vre ·· nave, seen -:no ·such· Q9no.ftion :tn the 

g1U.tiea. 1'):tg~ '. Tbe'i : ~~1ght ot. tiGwJ:>O'.rn ·. Einflnfih . trom lll0th8l'a. giv&n 

thyroxine dti.rib.g . pregn~ncy · was· not le'$s th$n that clt'-the 

controls {Table .. 6l• Following anhther . stu(ly: ot thyroxine-
' . : ' -_ ·_· .... •. . . ' 

treat~d-:::pregnant gulnea ·pigs · [Pet~rson,· . Rayner, , Brown and · · 
: • < .• - , ; ' 

Young, ~956)1 the development of 9 male and 18 female otr-\ · 
aping. was· observed.· f.(YJ) J · to 4 mo~ths ar·ter birth. 'Tb.eix, 

growth and se.x.ual <matura.tion .. we:r-enot differe~t trom the 

controls-. 
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Qhe.nges in the goiters in the ottspl'ing of propylthiour-- . 

aot.1-treated female gu1nea pigs have been followed (Webste1l:, 

l949aj1G). ~he thyroids underwent a rapid lnv.olution. but were . 
' ' 

still enlarged even after Si· months- The presence. Qf these 

goiters had :no appa,:-ent effect on growth $'.lid sexual ·maturation•· 

~hua,: even. though. ·tht weight ot .. the thyroids and pi:tuitar1es 

1n otfsprlng ftf~m animals treated. similarly· d1:rf e:red t3ign1f1• . · 

cantly fxapmnormal (Tab~e:; 6)., there was no other effect on 

pc,stnatal divij:Iopm.ent • 

Ant~thyroid. agents have been used in the treatment ot 

·hyperthyroidism complica,ting pregnancy .. 1n the:r human female.· 

Va.:r1ed. effects: on. the .. fettis anti newbol'n have been reported.., 

·· Davis< and Forbes . ( l.94Sl tound an enlarged thyroid gland. · in 

$l ·$1X•rttonth fetus from ·a mothe?J treated with thiouracil •. An .. 

infElnt obs.e:rved •.by"· Eaton (194S) .; had a groasly enlarged thyroid 
~- . 

' . . . -

··which :regreseed in. size until ft was no 'longer .visible by 
_ , 

tho. thi:rcl month.. Whitel.aw (1947) :r'ound .. li'ttle difference . 

from norlnal 1n thEl thyroid ot a:_zn~le ·xnonster bo:t-n to a . 

111oth~ 'who had rei.,f)ivf)d thl.oW"aliil all.l'1ng . the. latter p!lrt. Qt . 

pregnancy. ,·oaren (1949) . states that· there w~:re no 111 effects. 

of $h1owacll . on thet .fetus or its subsequent development_-. We 
. . 

suggeet from otl1" work on the su;nea pig that the thyroid 

enla.rgem.ent :tn som.e :t:ntarit;s boi'tl .to mothers tx-eated with 

e.nt1thyro14 drugs can be attributed to placental passage 
9;C the -drug.-
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SUMMlutY AND· .-OONOLUS!ONS 

The thyroids and pituitaries or ortspr:tn~ trom thyrold.• 
EJctomiz.aa. female guinea. pigs treated with thyrotrophin during 

pregnancy did. not <titter in weight rrom those. ot oorit~ols• 

not was there a:ny histological sign of thyrotrophic stimu• 

~at1on.or the fetal thyroid~ ,Administration of propylth:tour• 
a.oil dtu:ttng · pregnancy causes hyperplasie. of bot~ the teta1. 
th:yroicr and. p1tU1te.ry whic..h ·can be oounteraoted by 'simul• 

taneous administtration of thyroxine.. Both the fe.te.l thyroid. 

and p1tu1ta:Py are au.pressed in developmen~ when thyroxine 

alone · 1s :tnjec ted inter pregnant animals.. such 1'saul ts in• 

dio•te that tneplacenta. or the.guinea pig is irnpe:rmeable to 
thyrot:roph1n., but is permeable to both propylthiouraoil and. 
th7Pox1:ne • ., 



' . . 

d~term1natio:n; :>the methQd ·used for r ;tlP·or:d.'ing· 'the 'cta'ta' ancf . 
. . . . . . 

caloulatlng :the r9:te . ;i• o:,cy,g·en _ e-onsilrtlp'ti'on~/ · · ·zn 'the' tir·s'if · 
tlu'ee . colU11Uls ·are ·r .~corde~ ··the' : onainb'e1:fi;:~t;~111ptfra'.tur'ti '(O' 'ir \'· --
tit' deg~~es o~ntigrade, the barometric Jir1J1fsl#•e' '(B)' 'in _rtmi · ; 

.Hg.~ .· ~d f.:he Voliiin~ of' Wlltel' (Vt} 1ritx,Oal1Ced· b.>Olll the 

buretta, reapectively:. The·· stopwat~ll l'fiadii+S' ls _aonve)?teQ;_ 

-·to 1ts et;tuival:enb <l&a1ma1 1iar'1i' of/ e.ii :b.our· ttrr.;: , Wlte wat'er . 

-vapot p~esf1we (V 'pr ls subtract.ad. . troili',-~he bax•ome't~,:L:e 
' .· · . ·,. · ., 

·pressure ·tcS•·· __ obt~1n -.tbe· Qorr·ec.'ted. iire's'~tirEf :flt)·•· . With •t111· 

Correo t1'6n t.a.ctor 11',:·. the ~xyge'ri . :t 'blume' (VjJ' i's ~~duped "to 

· its PortellPCnd1ng . Vo;tume ftz} ~t i1tit.t'l~/ifod bori\lttie>ni3.• ·· [lb.fl 

oxygen oonsunip'tfon ·:r:,ite: 'fO .U) tn cc/:to:e>': ·gnv~:, is' 

c~loula ted. aeo:·ci:rdthg ·to. 'the· 'l'as't ·equa.t':t'on' shown. . 



DATE 12/13/5'1 

NUMBER 3304 T 

CYCLE 6 DAYS 
AFTER HEAT 

AGE 18 MO. 

C T B v, 

29.0 736.4 
29.0 736.4 100.0 
29.0 
29.0 736.4 
29.5 736.4 100.0 
29.25 
29.5- 736.4 
30.0 736.4 100.0 
29.75 

TABLE 1. 
METABOLISM RECORD · 

TREATMENT 
UNTREATED . 

FEMALE 

OBSERVER 

R.R.P. 

TIME T 

7:52.4 
0.131 

7. 87 

7:50.2 
0.130 

7.83 

7:53.4 
0.132 

7.89 ' 

V p 

30.0 

30.5 

31-.4 

FASTED ·. 

NO 
INTO CHAMBER 

9:00 · AM 

OUT OF · CHAMBER 
9:50 AM _ 

(V2)(IOO) 

WEIGHT 

PRE-FAST . 
PRE-TEST . l I 70· 
POST-TEST I I. 70 

2 I 2 3 40 
w 11 70 

B- V P=Pt F (V1 )(F)=V2 (WHT) =OC REMARKS 

. 706.4 0.8402 84.0 54.8 NO MOVEMENT 

- . 

705.9 0.8389 83.9 55.2 II II 

705.0 0.8368 83.7 . 54.2 u II 

3 I I 6 4.2 
54.7 

.. 

\...v 
I-' 



'-'ABLE· 2. MFASURES" OF 'I'HYROID. ACTIVITY m- mo~, -A}ID .HY.PERTHYROIO 

FEMALE· -GUINEA -· PIGS 

lfreatment 

Controls . 
l 

Thyroideetomy 
Jropylthiouraeil -
Thyroxine .. 

NumbeJ!i! or -, 
fem.al.es. a 

37 -
22 

6 

10 

02 consumption -
· in 

·cc/100 grn/'rm 

49.6: .± 2.4 
q.9.6 + .. 1.17 -

,:Rea.rt rate· 
in 

beats/min. 

271 -+ $.2. -



··TABLE. J:.EFFECT OF ·, HYJ>O .... AN!) ff.PERffinOIDISM o» · CYCLIC · AO'lIVIfi · · 

AND FERTILITY OF· .. ·.·tfHE. FEMALE .'GUI?tEA· PIG 

Treatment · 

.Control.a 
. Thyroidectomy ·· 

·Propylthiourac11· 

Thyroxine < 

Number' or· 
females, 

39 
·4.s 
39 
.38 

!tumbeli and %- showing 
vaginal heat 
openings: i-esponsett', 

·-

3.6 ·· ao.oi.;-.. 
· 37· , 94~9$ 

.l3 .· 84i·.6,:· .· 
26* .$7-~. 8'}£ 

·-• . ' .35 '' ,•• 5:9.7$ 

·wumber· 
ot , : 

inatix;gs -

···Jcl ·· 
·a~, -. 

• ~ : • ~- J.. 

.·31; .. , 

, Pei--· eent .. 
, , ' 

.. -te.i-tile . 
matings: 

l.001& 
. <69 .• 6j?~ 

··10.01 

* 'the di;l';renae i'rom the control: 'v;1ll.tb signi.fieant. at 'i{()[2 ~est)• · 
** .. The . -.difrerence .from · the.· control?.value ,is -·significant·· at .. 1.if•<';~• _;~sp). 



1.-ABLE· 4,.; EFFECT OF: .:fIYPo-. Affll · RYPERTHYRO!DISM IN FEMALE GUINEA PIGS, ON THE. 

COURSE · OF GE.STATION' AMP !HE. NW~iBER AID GONDITION OF . m.E OFFSPRii'G 

Treatment 
-'!lumber: and ·" · ... ·p:regnano1e~ 
. terminating ·.· 
b6tn .. day· or 

late~ .. ,:. ·· 

C'ontrola · 26 92.8~ 
Thyroideeto:my 8 88 •. 9;( · 
Propylthiouracll 27 90.01' · 
Thyroxine ·· ·. · ·,24- 82.816 -

A;~ragf . 
·1.ength of' 

- s.~stat:l.on 
··in :daJ"S . 

. 68-~8 

· . -66:.a . 
. '69.4 

67•4 ' 

.Average' 
-11tte'X'· · ;itze 

).:2 
·3 •. ·1 

2.7 
3.4 

.·.· »-umber 
· :of< 
young 

·, _ 

100· 

:Per cent 
born 

·aliv~ 

73.6'1,. 
·4a_.9;t~ 
67.4,; 
98.0~• 

iHt· ~e dif.ferenoe from the· control value is- ~1gnif1eant at i~ (x? .t _eat}. , 



'.?ABLE 5~> MEASURES OFJI'HYROID ACTIYITY-IN FDIALE . GUINEA :PtGS · '!'HAT 

BEPBODUCED-AND.IN ffHOSE'fHATIAILBD~O REPROillJC& 

Treatment 

Controis 
Tb.yroidaetbmy 

Propylthiourac:tl · 

'fhyroxine · 

· · \ ._· .· •·· .......... ReproduQed ... __ ·. • - Fa1.l:ed· to reproduce 
No. 02 eon.sumption •· Heart -~ate Bo. - o2 eonsmnptlon lieart_.rate 

ea/l.OO gm/hr beats/min. -co/100. sg.n/br. beats/min. 

9 50.0 + 2..5 -
4· , 51·.-.o + 2·.3· -

·272 6 •. 6 

,258-~ 12~0 

238 ._+ 2$-.1 ·, 
: .·· .. ·'-

·. 316~+ 8:.3 
- .. · -

,._ -$J\> zt.· 2.0 26cf ± 6.4 
13 . 14-i}3·,i 2~i: · - 202 ±. 6. 9~ 

• : -... -s., • - __ .: . -_ ·: __ ; _- ___ :· < ·::_· 

2. 46~•7• ± . 0.1·. < 222 ± '· $.2 

4. -94:.1 z_ ·2.:7 . _·3.30 .?.. 1.2 

The + values a.re the standard errors 0£ the means:., 
. -

-t:-§-. The -diftere11oe from the corresponding va~ue :t:or anima~s -.that reprocfueed is 

significant at 1% (l1 ttt test}-. 

•.t 



!ABLE 6.
1
·EFFEGT OF TRFA:'!'MENi' OF' THE MOTHEil Ofl' .i'BE imIGm·: OF. THE· THYROID 

ANJl ?ITUI'l'AR'Y QF .. 'J.'lll3. NEWBORN- GUINEA. PIG ... 

. _Treatment 
Number ··_ 
of 

mothe~s 

Untreated controls 13 
Thyro1deotom1zed o_" pl:u,s ·$J-$·un1ts 3 
~SHdailyEor 30;- da.ys 

. . . 
Propylthiouracil.,_. 25 mg daily . 
£-or -30 d,_~ys 
Propylthioura.cll, 25 mg and, o~.025 
mg thyroxine daily for _.30 days, 

. . -~ 
Thyroxina.0.10 mg·every4 days 
t~oughout pregnancy .· · · 

Thyroxine, 0.15 .mgevery .3½ days 
throughout pregnancy 

ll 

5 

5-

. :Htm1be~ o:r . 
young _ 

20 

. 20 

12 

The·+ values B.t'e the -standard errors of. the -means .. -· 

, Birth~ 
we~ght 

9.3.8 
; :ll.2-.4 

101.1 . 

· Th:YI'Of-d . 
_:· __ : :Weight - . · 
. (mg/l.OOgm) 

2.1::i_·_ ·,··_+·: ·.1.·_ ·c_.1 ._._ .. · l:'.','"o+ 0 "-6 ... :;>-•. ' ....,... , . • . 

2090.3 _+ 301:.3* ··- · " 
8. 1. · + . o· ., •· __ :x .... •4-..,. . •'-P" 

* The dirference .from -the control value is -significant at ·1$ (ttttt tes-t)-~ 



Figure . 1. Piag;·am ot respiration ap:paratu.s.-• An animal. 
ls placed in --the -, chamber (Ol which -contains · soda lim& in-. per• 

' . - t• 

forated copper baaketfC (D). !he pyrex ·baking dieh Ol) 1s-

s·ealed ·· e.ga111st _a . sponge rubber gasketlO) ·by .tighte!)nirig web: 
, . { . 

straps K., · Oxygen: is aiimitted· tr.om. X1ubb~r ba.llooil -~ bt open•· 

i?ig stopcocks F and· G~ fhe emountr :: o~ mer.oury (M) .tn the 
. . . . . ·• , 

ind1ca.tlhg manometer i (A) it:1 >so adjusted. ,that it make$ :<,onta<.rb 
' . . . . 

'With eleot~ode P· ·when both. '.S.J?iµ.s- of thti .mariometer are open to 

atmospheric pressure... The· mercury 06:nipietee -· ths 61rou1t 

through the trarisforllit,h1 '('?) . which .11gbts. :the•- s:tg·na.'1 lamp (.L)i 

Attar a rast period of.-lo minutes, · tima trial.a .a:,e taken. 
' ·"" -·_ . . . . __ : . _. , 

"' I- r 

with more . 'than :too nu. o! (txygen iti ·.the :>pressure bottle (I) 

and 'With Jtopo()oks Fand R C:101:1ed nJ~.~tb;~ri. · When thEI 

signal 1tilnp ooines. on a ftopw-t1teh :is ,tstarte~ and 100 ml• or 
water 1s allowed to slc;wly rUll .troni_ the· buvette (B) 1nto the . 

pressure bottleii As pressure in the 1:i"ys:t :em ri'$.e.$ the stnga1 

la,mp turns . ot;t.(l. When the -lamp agabt oofues on: the stopwatch · 
f -

is stopped .and> the time t1equire.4 ·to ··consume ·a volume of 

-oxygen equal to the· volum$ of water added ls record.e,d.~ ~he 

volume of .oxygen. is · :r~duoed -to standard. , con.di tS.-on.$ t:rom loca.i 

barometric pressure and :' ths te.tnperature ihsidt> the animal 
. . 

chamber (.:from ·therni.Jl'iii·te:t' Il) • Determine.ttons· may b$ repeated 

several . times _without disturbing .the-,ru.11.mal. _. ·When the 
. . . ' .. ·, . -

p4-ai3ssur·e bottle becom.es full., wate:r may be foreed .ou.t by 

closing stopoook G and openiiig 'F: and H. 



B 

...... ..J 
2 
0 
0 

A 

L 

Figure l • . 

2V 
_AC 

110 V 
AC 

( I I I Iii Ii I --
I 

C 



Pigure a.. ·' ihyrol4 of an otfapr:tng friom. ·an untre$.ted control . 
1 . 

"'. I 

· PlgUre 3, · Tlly-rofd ··or a11 offspring from .. a.: thyroid.ee tom1zed. 

.f~aie lnjec.tif~d wlt~ 5 :l•S' units 1.t'SH d.a.flyr the 
.· ; . . ' ·, . -.-. . . . 

. l _ast :)O\days .ot . ge1.ttation. : t 1$0. 
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Figure 2. 

Figure 3. 



. . ' 

:Figure 4~ · 'l:'h.yroia of a.n ·offspring· r;-om•-·-·a tamale treated. t-t1th 

2$ mg. propylthiom1aoil da.il.7 the tairt' 30 day$ Qr 

ges tit~on. .:X :t.$0, · 

t«'iPI ~, '.thyrold ·or ·a.a CJffspring t:von1 .. a.· female treated 

with 25 me; •. -ptiopy-J.thiourao11 __ -•and '0.02_5 mg.,. 

thyroxine daily the last 3o·e1ay-a ot gest-lJ.t1on. 

· x· i.So,i 
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Figure 4. 

Figure 5. 



Figure. 6-, .· 'l!hyroid or m1 o.ftsprlng tr~m a .female: l:njeoted with 

0,10 .~g• thyroxine eve1f1 4: daJ.SJ · tbroughc:rut geste.t~on. 

X 150. -

Figui,e · 7, : Thyroid of an: ~ffspririg f~om , _,_ female. 1~Jeeted 

wit.h_.-. ___ .. o:.d5. mg. thyx-oxtn• e'veir, 3¼ d~:,1:1 thro,ughout 
. ' ' ' ... ', . ·· ·, · •, ' ' ' .. ' ' 

gestation • . ,. X 150, 
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Figure 6. 

Figure 7. 
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