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INTRODUCTION

:Thé study here reported wds started as an investigation
of the influence of hypo- and hyperthyroidism on the repro=
ductive performance of the sdult female guinea plge During
the céﬁr&e-oﬂ the work it was found, in confiﬁmaﬁion~cf
earlier work. (Albrieux, Estefan and Gonzales, 1946; Websber,
19&9&), that tréatment of pregnaﬁb‘guinea pigs-with anti=
,}thyroid drugs leads to the dévelopment of hyperplastic
thyrmids in the newborns It was felt that~thﬁ clarifioation -
~ of the menner in which these golters are produced would be -
‘e contribution to the knowledge of the pharmacology of the.
antithyrold drugss ‘To this shd a study of the problem of
the premeabiliﬁy”of»thé piaéenta for-thyrﬁtrophih,upropﬁlﬂ',
thiOuracii'an&'thyroxineiiﬁ‘ﬁhe gﬁinea pig was underfakeﬁ;"
In the intarests of elarity these twn studies will be

discussed separately.



Part I. Tha Thyrold and Hepreduchive Performance in the
" Adult Female Guines ?1g |

Ei'he general bellef that the thyroid is ralated to re=
pro&uctive functinn in the human‘female arose from thﬁ | v
obs&rvabions that the thyroid<enlarges at puberty, at mensu* .
bruation and,during pregnangy (Garnier, 1921' Marina, 1935;~"
Naumann, l?S?, and others)4 This opinicn waa strengthanea U
1) vy repcrbs that aterility is frequently assoaiabed with
8 baaal metabalic rabe of 10 or lower (Litzenberg, 1926,:
-ﬁitzenbarg and Cavey, 1929) and 2) that pregnency often . ;‘
occurs after treatment with thyroid preparaﬁions (Hertoghe,'
191h; Vail, 1917; Huntington, 1929, Breckenridga, 19323 .
Musssy,,1938; King and Herring, 1939, Mason, 19393 Niccdemus
and Riminez«;» 1945). Hypothyroidiem hasbeen ineriminated
as a causahive factov in secondary amenorrhea and menorrhagia
(Hertagh&, 191&, Garnier, 1921,YF1uhmann and Murphy, l?hl).
These and a*her manstrual irregularitiea ere often alleviated
by thyroid therapy (Breckenridge, 1932~ Mussey and Haines,
l?Bh,-Mason, 1939§«Mnssay 19393 Eoster_and Foster, 19“13',
Lisaér; 19&2;‘§hompsan; Thnmpéoﬁ and*Jepp8on, 19&7)‘ Current
¢linical opinionAwith respect t6 £he'ba1at1onahiy‘betweén the
thyroid and repreductien in the human femele is expressed by
Means (19&8): “Thyroid ghould be prescribad in any case of ;
infertility not,traceable to some définite local cause;‘ This'4
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,applias whether the basal metabolle rate is substandard or
standard,” Davis (1951) states: "Thyroid medication should
be tried in all women with ovarian failure for, at the present
time,kit'ié the most useful endocriné preparation we have
clinicallya“ '  - |
- Deapite the a’bun&ant eviaem'.a in support of the belief
that aatisfacﬁory raproductive perrormance dep@nds on & 7,
nnrmally funstianing,thyraid, there are cnnflicting reporta.
'Baumgartner {1?&2) states: “Although the incidence of sterili«
ty is high among hypethgroid women the ract ramaina that they
do became pregnant.; rarkin and Greene (19&3) aiba fiva cases»t
in,whiah.pr@gnanay aaourred in myxadematous woman without
benefiﬁ of thyroiﬁ thﬁrapy. Hamblen (1940) states that there :
ia no evidence fnr bhe efféetiveness of thyroid aubstance
in aarraeting ovarian failure and continuesz "*..,thyroid
aubstamce, .*;, haa recaiveﬂ 1esa critical study of its gyne~
calogie rola than any of &ha various gonadotropins or sex
sterols sees” |
Byperthyroiaiam in the humen femala is not conaidered
incompatible with preghancy but pregnancy nften.makes the
hyperthyroid condition worse, in\aome cases necessitating ‘
tharapeﬁtic abortion (Frazier and Ulrich,'1932; Taussig; 19363
Eaumgartnér;'l9u2§ bavis, l?hh)ui'Wﬁbn'disturbances in
ovarian and menstrual function are asgociated with elevated
metabolism they are sometlimes favorably affected by thyroid~
ectomy or entithyroid therapy (Wilson and Bourne, 19223
Bram, 1936; Astwood, 1951).
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The relation between the thyrbid and repraduation in
labaratary and other ﬁomaaticated mammals has received much
attantinn;_ Many iﬁvestigatars have reported that thyroid=
ectomy cauaas ovarian degeneration, arrested folliculogenesis
~and failura ef ovulation (rat-- Hammett, 1923, Salmon, 1936;
Rasa, 1?38* Sccw and 3impsan, 19&5, Leatham, 195l; rabbit~~'
ﬁofmeistar, 1893 Tatum, 3.913; Kunde, Carlson and Proud, 19a9gv."
. Chu,y 19&5, Fradriksan and Rydin, l?h?, ggiggg{g_gwn Willimms,
| Phelps and Buyeh, 19&1)* As manJ or more report no effeat on
‘the . avary fcllowing thyraid removal or suppression wiﬁh antl-
:thyroia drugaf{§g§¢ﬁ Baaansky‘gnd‘ﬁaoke, 1937,.Lsonard and
>1Leonm~d; 1937'; Folley, 1938; Jones, Delfs and Foote, 1%.6;
Krahn and White, 1950, rabblt-- Bensen, 1902, Sax and Laibson,‘
\'1937, Krahn, 1951, e Dragsﬁedt, Sudan and Phillips, 192ug»r
Friedmann, 1933; Binawanber, 193é)._ Cyclia activity becomes
irregular, pralongeﬁ or even’ abolished aftar thyrcidectomy
- adminiatra%ion of Lha antithyroid drugs (ratwu Lee, 1925;
Richhar, 1933, Van Horn, 1933; Freedman, Wright and Webster,
19353 Ress, 19383 smtmom, 19145, Krohn and White, 19505
. mouse=~ szm, 191;73 guinea m—»» Williems, Phelps and Burch,
‘»-19h5§ COW=~. Bredy and Frankenbach, 19&2; monkey-~ Engle,
194k Arancw, Engle and Sperry, 19&6)., Evans and Long (1921&)
and Tobin (19&2)’iﬂéicate that an anestrous peglod after the;;;f
aparatién.is followed by the»resﬁmption of normal cycles.
_'mhefimplicatien~contain9d‘in mich of the clinieal:liter~ )
ature, tha# the hypothyroid femgie is usually stqrile, does |
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not received complete support fromlﬁhe resulbs of experiments
on iabcratéry"msmmals; ﬁver$§ll fertility may be reduced,
but mény af'ﬁhe females rsproducéd‘in splte of thyroideztdmy
an&, in inatances when measuremants were made, & lowered
’matabnlic rate (ratww Henmett, 19223 Bodansky and Cooke, 1936,;
Nelson and Qubin, 1936; Folleys 1938 Rosa, 19383 Prenheim,
19403 Karnofsky, 19&2, Krohn and White, 1950; rabbit~~ Parhon
and’ Marza, 192&, Patterson, Hunt and Nicodamua, 1938; Krohn,
1951, gginea>2_gf~ Knaus, 19243 Marza and Marga, 1929) Thﬂ
antithy#oid‘drugs"appa?ently have'p more serioﬁa‘effebt;’atu
léast”iﬁ the rat (Gbldémithg*éordong and Charipper, 19453
“Jones, Delfs and Faate, 19&6‘ Barker, 1949) . Névertheléss
littera wers born even after 10 montha of treatment (Hughas, 3
" 194k; Krohn and White, 19503 Leathem, 1951). “

/ ';Kaparbsfof,tha effeots,cr,hyperthyroidism on the ovary
are cohtradictary;' Halpern andﬁﬁeﬁdrysoﬁ‘(IQBS)'and Efshéff ‘
(19&5) 5tate that thare was & deerease in ovarian waight in
the rat,v Eerring (1917) and Korenschvesky, H&ll and Clapham |
(l9h3) natad that:thay were,hgyartpophied. The disorepanaiee
- may be‘explaineﬁ by;diffarenGGS“in'dbéage‘and length of tréat¥
ment inasmuch aé:Mathmoto (cited by Hayashi, 1929) found that
whén“small doses of th&roid wére feé;'an initlal inerease in
overian weight was foilowed by étraphyé-‘ o

Eiperimeﬁtal'hyperthyroidism;leads to the development of

irregular cycles {rat-- Reiss and Perény, 1928; Weicharﬁ; o
1930; Richter, 19335 Hal@érn and Hendryson, 19353 Drill,
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Ofermﬁn éﬁd‘ieathamg 19&3;‘gggggf~:¢§marén and Amles, 19263
Reiss and Perény, 1928). Th§’ifregu1ariﬁy appeais to be -
part ef a genaral metabolle efrect inaamuch as’ it occurred
only when 1arge doses wera given (Evans and Long, 1921b' ,
Hayashi, 1929), ”reaﬁmenﬁ wiﬁh dﬁsiaeated thyroid or thy~
rﬁxina during pregnancy is reparted to lead to & high in~x' 3
cidance of abortmon and f@tal de&th in the rat, rabbit andk“‘-t‘
guinsa pig (Heskina, 1910; Gudernatseh, 1915; odarlein, o
1928, 1929, Kﬁnﬂa, Garlaan and’ Proud, 1929; Welchert, 1930;}; s
:Theresa, 1939).v Ghideater anﬂ Inako (1929) and Kraatz ;'}
(1939), on the ethﬁr hand stata that pregnancy was not praw  ‘f 
§ venued or intarrupted¢ ‘ " | |
| whan tha subject was considsre& as a whole the need far‘»~
,elarificatian was obvlous. It seamed however that any new
inyestigatien‘should bs attemptea by procedures that ara
aomewhat &ifferent from many that have been used prevmouslya
-~ They shculd invwlva the effects of hypa~ and hypertnyrcidism
on.all aspecta af repraduction from mating ‘behavior through
gestaticn, and both aexes shnuld be studied simnltaneously.
Most imporbant would be the relating of the reproductiva f
parfarmance of in&ividuals to the level of hhyroid activity
a8, estimate& fram the rata ef oxy@en consumption and heart
rate or some aﬁher m@asura of thyroid aotivity, Prcvided
axtremag of hvp0~ and hyperbhyroidism were found to be. incom~   

patibla with reproduction, such & study would lead noﬁ only



. T
to the identification bf the parﬁ 61* perts of ‘the reproducﬁi\}e
proces& thaﬁ are most clnaaly aasociate& with thyroid functiun,
but also te th& establishment of the range of thymid aotivity
wii;hin whiah repmduatian is normal. | Data for the male guinea
pig have been mmmarized !Yaung, Ra:mer, Peterson and Brmm,
1952,‘ )L”oung and ?&terscn, 1952). Those obtained for tha female

gulnea pﬁ.g' ar*e p&eaaﬁt’ad heres



 MATERIALS AND METHODS

;:i Fcr any study of total reproductive parformanoe, the
guinsa pig presents advantagaa that are net possessed by
’ other small 1aboratory mammals‘ The character of the eatroua
eynle an& the pattersa af mating beh&vior are well known, as
they are in the rat and other speciea (Ybung, 1941; Hartman,
19L5)» The guinea pig 1s unique, howevar, in two. importanh |
réspécts. ovulation 1s spontanamus and, wiﬂhout the stimulua
offoéitas, is follawed by the develcpment of & fullwaunctionw
el ﬁerpus 1uteum‘ Except fcr the primatas, the geatation |
periad of 68 to 70 days is lonyar than that of any other 1abow
f ratory'mamma1.  About the end of thﬁ first trimester there B
}18 a transition fr@m the ovarian to the plaeental control of
pregnaney (Herriak, 1928, Nelson, 193#3 Ford, Webster end
Ybung, 1951), as thﬁre is even earlier in the monkay and "
human famale (H&rtman, 1939). The result is s seﬂuence of
evenbs frem follieulagenesis thrcugh rartilizationuand the
1ung gegtatian period which bears & claae regsemblance to ﬁhat
in the primaﬁas. Theoretieally,.tharefcre, the relatiﬁnship
of’sﬁehta faatér aé ﬁﬁﬁ‘leﬁeilaf thyféié aoﬁivity to thé 1
phaaes of reproductimn characteristic af primates can be
better tested with the guinea pig than with any othar commonly
used;subprimata speciest , '
The animals used in this study were healthy sexually o

.mature females, bred in our colony and weighing at 1east
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500 gm; at the beginning of the experimentss The témperaturel
of the laboratory was maintained between 70° and 75°F. Fobd
and wataﬁ were availablé}at all times. The diet consisted
of a mixture of oats and rabbit pallets supplemented with
alfalfa nay and fresh green vegetablea daily.

In one part of the invegﬁigation, reproductive capaaity
unaer ecndibions of hypOw and hyperthyraidism was studiedu\t
Surgical tbyreidectamy was parformed on & group of females at
1east 30 days prior to their use experimentally. The operatian
was aarried out under nembutal anesthesia (30 mg/kg) with s
the aid af e binncular &isaeeting microggype. Anveleetric
,cautary w&s uaad in tae dissection.r Care was taken tO;évdid
injuring the recurrent laryngeal nervegy'Nb‘éttémpﬁ waé’madé
to disaeet the parathyroiﬁs fres from ‘the thyroid, but quite ,i
often extsrnal‘parathyroida were seen‘at same distance from
ﬁhe tthoid‘and‘were left i@tacﬁg 'A& a~pﬁecaution against'
the deéelépmeﬁéiaf tétéﬁy5’1” céiéium lactate wasplaaadkin‘
the drinkinu for 2 W@@ks follawing the Qperations Fif%y#hiné‘
females survived the aperaticn an& contributed datas At“
autopsy h5 Qf these were found to be frse of visible thyroid .
restse - ”

The effect of propylﬁhiouracil-induced hypothyroidism on
raproductiVS performanca was investigaﬁed in 39 females. The‘L
propylthiauracil was aaministered as a 0. 1% solution in very |
fdilute ammcnia. From records of the daily water consumption,

the average consumptioh of the dﬁug~was found to‘be 25 hgg‘pér
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'ahimal;éériaéys In previous work (Brown end Young, 1932) 1t
wasg fcund that ﬁh@ amnonia had no toxic effectse Ths drug was
\,adminiatere& for an aver&ge of 7 months; Teasts of repraductive
.cap&city wera started 60 days after the beginning of treatmﬁnt‘f
by which.tima the bhyroiaa were enlarged‘ ;jﬁ“ e

Byperbhyﬁuidism was. aimulated in 38 enimals by ﬁubcutane«fi
ous. injeations of thyrcxinas Ths animals,were weighed daily
and th& interval between doses adjusbed 1ndividua11y/so.that
‘the w&lght was mamntainad at about BS to 90% of the iniﬁial i
w aight except that allnwance was made for welght-gains during ; '
pragﬁanay¢ Gns tﬁnth.milligram d~1 thgroxine, diasolved in N
'.saline, injected.every 3 to u days was a aatiafactory doge -
laval and was continued for 8 months. Experimants were. start~ 
,ad after 30 d&ysfof treatmept,~ Thirty*seven.untreat&d females
served as controls. _ = ‘

Moat of the anﬁm&ls wers observed daily for behavioral
signs of estrus (Young, Dempsey, Hagquist and Boling, 1937).
When a female wasg found in heat sha was plaoed with a normal
male and observed until copulation occurred {Young and Grunt,
f,1951) or until she was no longer rasponaiva to the males
Wated femalaa ‘were seﬂre ated and in arder that the fertility
of the mating cov*d be cstablished and any abortions detected,,‘
the famales were observed at fraquent intervals during o |
pragnancys <Experimenta1 treatment was contlinued thraughéuf

pregﬁancyg Thirteen thyroidectomized females and 1u'cbntbdlé
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comgriaing the balance of ‘bhe animals were confined with me.les
of known fertility from 2 ta lt months . |

Detemimtims o:f the rate of oxygen consumptien and hearh
rate wem maﬁe on some animals in each group at -the end of
the axperiments. The rate of axygen consumption was measured
by use af the apparatua shown in figura 1, which is a madifiaaw
tion of that deaeribaa by Williams, ‘Phelps and Burch (1941).
The unit of‘ anmpariaan was the cc. of oxygen consumed per
100 gm caf body waight per h,om», carrectad to standard con&iu
ticmﬁy- I‘he avamge of thres consistent determinations was |
takenﬁas i:im iréﬁe.éf é:x;«,rgen dom:mnp‘tion Dr éac\h animals The
pro’aécéi*ﬁse‘& m re éa‘rtiing and aalcﬁla‘cing the rate of oxygen
aonmunption is shmm in Tabla 1. Heart rates were oalculated
from electroeardiograms ﬁaken aftar ‘the animala wm'e anesi:hetw =
‘ized with nembutal (30 m&/k&)‘ noops of stainlaas steel wire
fastena& armgly armmd the distal pa:c'tian of each 1imb served
o8 elqc‘tmdes. 8 The reeor&s were t;aken with a Sanborn v1so-

Cardlette.
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| : RESULTS |
Alterations in the measures of thyrold activity that
rasuite&'fémm the experimental ﬁéeaﬁmenta are swmearized in
Table'a; Although.ﬁha oxygen consumption rate was ﬁeprésaea
only 6. h% below the control value by thyroidectomy and propylu*'
thicuracil treatment, it was conaidared that a hypothyroid
eonditien existad inagmuch as the heart rate was decreased
about 16% by'boﬁh treatments. The degree to which the.
measures of thyraid activity were elevated by thyroxine treah- ’
ment alaarly indieates that a condltion of severe hgperthyroia~‘,
18m waa achieveds |
Gynlic aetivity as indicated by the frequenay of vaginal
openings was,not aignificantly,affacted.by the treatments,
buﬁ‘it'w&s7lowest in the ﬁh&roidaatdmizad animals (Table'B)#‘;;
The per. cant af animala found in heah was reduced by thyroid~3u
ectomys Gf ﬁhe control and hgputhyroid females found in e
haéb, approximaﬁely 90% mateéi Tha animals~givan thyroxine
tendad to ba axcltable and samﬁtimes bacame refractory to
}tha mala aarly in ‘the testa Possibly bacause of this, cnly
80:6% of tha thyroxinewtrcated females found in heat mated.
There were no sterila'm&tings exaept,among»the»thyroidéatom* ,
ized femaless I G
The per cent of pragnaneies terminat¢ng the aixtyssixﬁh;t
day or_l&ter waa not influenaed.byAhypo*‘or hyparthyr&idimn |
(Table h)$  Tha length of gestationland litter size were
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1ikaw15e unaffecteds The per aént of cffsprihg born alive
was markedly reducad by thgruideatomy of the mother thus
inﬂicating further {mpairment in the ability of such animals
to reproduae. On the other hand, ths per cent of young born
alive to tha thyroxine-treated mathers was significantly
highsv than in the aontrolsn This increase is of interest in
aanneabian wiﬁh a study by Chu (19&5)¢ ﬁa found that tha
’; adminiatraﬁian of desiccated. thyreid to- thyraidectomized |
rabbits 1n whiﬁh auperavnlation had been induced by chori~ |
onic gonadotraphin was effectiva in retaining tha supernormal‘
~'numbar of fetusaa in = nnnmal condition until verm.. Withuut
~ the thyreid treatment the number of fehusea at term was
normal but a high per cent WQ“Q benn deadt

Prapylthicuraail,alﬁhaugh suppressing oxygen consumption
and heant rate to paints acmparable wibh these measures of
thyromd aetivity in surgically thyroideabomized animals, was
wi%hnut effect on repro&uetion exaept fov the condition of
the young*= The newborn had extremely enlarged thyroids
,3imilar ta those deseribed by‘Albrieux, Estefan and;Gonzalez ‘
(19&6) ana Wbbstar {19&9&)» Tha development of these gaitera  

- is attributed to the placenﬁal passage of propylthiouracil

(demonsﬁrataa in & separate study, Part II of this theais
PP (19 30) | :

| In the analysis of the data aa & whole 1t seemed - e
ddsirable~ta ccmpare the.level of thyroid activity in females'
that éeproduoed with the level in females'which did not :
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rapraéﬁce_(?ablé 9)3 When the 6xjgéﬁ consumption and.haégtV‘ 
ra£a 6f,thé~énima1a that failedfté reproduce are compared
with:thesé~méaaures of thyroid acﬁivity in animals that ra~ﬂ 
praducad, it 15 seen that they were often,very similar«;* 
Glearly, tharafore, 1ndividuals react differently to given D
levels. af thyroid harmanaaA 'The data also reveal something
nf the range of thyreid activity within which raproduction isrﬂ
paasibla.};y f' , : ’ o
In the lh thyraiéeotomized,females in which thyroid rests
| w@ra faund ah auhopsy, oxygen eenaumption and heart rate
were intermediata between the controls and the thyroidectamw
ized animala thah wera free af thyroid tissue, They rabained
this &ntenmﬁéiata pasition,with resPect tu the per. cent of
cyelie vaginal apeninga, ﬁhe per aent found in heat, and. tha
‘pav uent ef fertil& mabingsﬁ In other raspects they were

mora nearly 1ike @ha eontrols. a;ﬂf4p
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| nxsézus'szon |
, Tha ﬁata presente& above are believed to have a signi£i~ ;
aance for tha prahlem of the. ralationship between the thyroid
end raproduativa p&rformanee in the female guinea pig that
faan ba summarized briefly. The degree of hyperthyroidism bhat
waa attaina&, whiah'w&s clese to ﬁhe limits of tolerance for
many animala, seems to have had no daleﬁarious action on any
phasa af repraduc%ianhfrom falliculogeneais through mating
and tha eeuraa of gestationa On the other hand, the per canﬁ
',;of ynung born aliva o f&maies given thyroxine was much |
‘ h1gher than &n any other group. | | ‘, ' 
Impairmﬁnt of‘rapraductian was seen in many but nat all‘
hgpathyrei& femalas, alﬁhough ths natura of the effect de- C
penéeﬁ an hhe manner in whiah hypothgroidiam waa producedﬁl"
In tha surgic&lly thyrcidact&mized eanimals the rrequenay of
cyelie vaginal apening was low, the per cent of animals |
fcund in hﬁat was reducad, the per cent of sterile matings
was inereasad, and the per cent of young born aead was high«:
;Wha enly detectable effaet of propylthiouracil«inﬁucad | |
hypothyraidiam, which,depresse& thyroid activity bo the same’
‘1eve1 as aupgieal thyrai&eatamy, can be attributed tc the :
Placantal passame of the drugu‘
Gamparisan of these results with those abtained during
- work with tha male (Ybung, Raynsr* Petarson and Brown, 1952,

vYoung ané ?eherson, 1952) ia of interest. InAnéither sex
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did the dagree of hyperthyroidism.produoed have any effect on
over-all. raproéuctiV$ performance, but in both sexes fertility
was dacraasea fallowing surgical thyPOidéctmeb The decrease B
was greater in the female than,in th@ male, although thyroid
aetivity~was depreased,more in—the males This would seem o
indiaétéVthaﬁ éépra&uctivé prQGQSSé$ are more dependent on
narmal‘thyroid funetion in the femaléﬁ ;

@he results obbained when the male was belng studled
1nd£aaﬁed that the range of thyroid activity within which re-
pro&ucticn ean occur ia wide, and that individuals react
differently to low levels of ﬁhyroid hormone. w1thin the
1imit that ‘the l&vel of thyroid activity has been varied in
ths famale the sama conclusions are suggested, but we eannot
be e&rtain af ‘the raaotian of the female to the extreme hypo~
thyrniaism_produced in the maie (Ybung end Peterson, 1952) ‘
uuntil camparable experiments have bean‘performed»

A poinz for point acmparigan of tha raaults obtained
during thissxudy with those reycrted by other investigators f
~wou1d be &iffieult* bub certain generalizaticn 1s suggested. X
The aonclusion that in thﬁ guinea pig chronie hyperthyroidism
is without effect whereas hgpathyroidism impairs reproductiva ‘
perfanmanne ia congistent with much of" the experimental and
:clinical 1iterature we have citeds We are Ampressed, howevev, E
by the. reports that hypothyroid females of other Speaies
;reproduce (Folley, 1938, Krohn. and White, 1950, Krohn, 1951'
Leatham,ﬂIQSl). These reports anﬁ the numeroua older Qontra-]

- dictory claims cannot all be ascribed to inadequate controls :
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and spmies dﬂ.fferanws. Were attempt:a made in4a comparative
study 01’ a numbar af apecies to define the 1imits of thyroid
aativity beyaad wb.i.ab. repwduetiun is impairad or faila, and
to determine *bhe nature ef the impairment ag these limits are

:appmached, it 15 believaﬁ that clarimcation of the problem
migh’l; ba achieve&. | :
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. SUMMARY AND CONCLUSIONS |
| Tha reproductive perféfmance'df adult female guinea |
pigs undev conditians of hypewand hyperthyroidism was stud;ed..
The degree of alteratien in. %hﬁ level ol thyroid activity was :‘
‘eatimate& fram nygen aenaumption and heart rate ﬂaterminations;
urgical thyruidectamy which decreased the rate of
- exygen~eonsnmpticn.é.u% and heart rate 18% decrsased the
. frequéﬁc#'af éyclie vagiﬁal apeﬁingé, the per cent of enimals
‘faund in heat, the per cent of fcrtile matings, and the per |
~cent of young born allves :
Prmpyltaiauraail~;nduced hgpothyroiaism, which re&uoe&
the meaaures 0¢ thyrwid aativity to a degr@e eomyarable with
that fallawing,%hyroidectﬁmy, was without detaatable effect
on repvoduetiva performanae except that large goitavsAwera
presant in the young bcrn to guch femalea‘ |
The reproductivelparfarmanee of females made hyperthyroid
‘ by aosas af thyroxina elase ho the limits of toleranoe waa it
anything battsr than in the cmntrola, particularly with resnect
%o ‘the par aenﬁ of young born alive.p- .
There is a wiée range of thyroid aativity compatible wiﬁh ‘
r&production, and individuals react differently to given |

levels. of thyroid activity.
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Part II. The Problem of Placantal Permeability far Thyrotrom

phin, Prepylbhiauraeil and Thyroxine in tha Guinea
Néﬁl ‘ B ;
Many investigators have reported that the thyrmidg are

,enlarged in offspring from mothera treated with antithyroid
agants during pregnency (mouae»» Kaufman, Hurst and Turner,
19483 rat-- Hughes, 19 I Goldsmith, Gordon and ohampper, -
..19h5, ﬁﬁéﬂﬁﬁbgﬁgf- Albrieux, Estefan and Gonzalez, 19&6;
'Webst@r anﬂ Ybung, 1948‘ gL”~f~ Schultze and Turner, 19%5, 3
manﬂ- Bavis and Fcrbegg l9h5, Baton, 19&5)a, Tnia hasg been |
”takan es. evidance for the planental paaaaga ef an antithyroidi
affeet. - ‘ |
| The plaoen%al paasave of the antithyraid effect coul&
oceur in ona or more of three ways (Goldsmith, Gordon and
\Gharippar, 19&5). Thyratroghin (TQH) fram tha maternal
piﬁuitary might nross tha plaeenta ta affect tbe fetal B
,thyroi&.‘ D'Angelo and Gardcn (1956) have aince shown that
‘aéministrabian of prcpylthiaurasil is followed‘by increaaaa

- connanbration of Taﬂ in thﬁ sarum.; Second, the goitrogen

might pass the placanta to inhibit thyroid hnrmone producticn"
in the fetus.‘ This would lead to stimulation of the fstal |
thgroid by TSH secreted by its own pituitary¢_ The ﬁhird

altern&tive is suggestsd by the fact that the antithyroi&

1 ;Pv‘.blished _irn Endocrinolory 50: ;.218_225, 1952,
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arug decreases praéuaticn of ﬁhvroid hormone by the maternal
thyraid. The fatal thyroid migﬁt then undargo hyperplasia
Gand supply tha hormenal needs of the moﬁher.

Wha 1iberatura concerning the passage of bhyrotrcphin
across the placenta is ﬁiffiealt to interpret, Daderleiu
{1933); using tha-guinaa.pig,jandfmhérésa (1939), wsing. the
rat, state that TSH passes the placenta and stimlates the
fetal thyrolds, Aron (1930), Sohittenhelm and Eisler (1935)
and Grumbreaht'anﬁ Loesger (lQBS), an‘tha other hand, found
no canaistent evidence for stimnlation of the thyroids in
guinea pigs born to mothers treataﬁ with TSHeactlve pituitary
extracts during pregnancys | ‘ . ,

The permaability of ths'plaaehta of the rat for methy1; ﬁt
thiouraé¢il has been proved bj{bibégSay of the fetuseaj(Freiéaé.f
leben and Kjérlufsaangen; 19&73§:f?h&;passage of other antie
thyrold agents scross the ﬁiacanﬁai.barrier has been suggested
but'not‘aenclusively demanstrateﬁu(ﬂugheé, A9hh; Goldsmith, |
Gorden anﬁ Gharippar, 19453 &1brieux, Estefan and Gonzalez,
1946)5... "'

Thaugh i% is not concerned with the trensmission of the
antithyreid\affect to the fetus, we felt that passage of
thyroxine from,mother to fetus shOuld be 1nveatigateﬁ. Thﬁre

are r@parta relative to the transfer of thyroid hormonse, but“fﬁ
they‘a#a eontradiatory;,'Gourrier én& Aron (1929) concluded
that the placenta of the dog is 1m§éﬁméable to thyroid |
hnrmoneg' grumbrecht and Loeser (1938) and Thgﬁgsa'(l939},
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hgwevsr, state that this hnrmane paaaea tha plaaenta in ﬂhe

guinea pig, rat, and rabbit. ‘ ,

xa a aingle stuay we hava aﬁtempted to clarify ﬁhe prob»’
1am cf the parmeabilityf;f the guinea pig plaaenta fcr
thyrotraphin, prapylthioﬁraoil and thyroxine'
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MATERIALS AND METHODS |

wbrking under the assumption that the placental passage
of the antithyreid effect is dus to one or more of three
passibilitieg, the falluwing series of experiments was per~
farmeﬁ¢

Thgroidectomy of the mnthar removes the endcgenaus ‘
supply of thyroid hormones It 18 presumed from the work cf‘
E'Angelo and Gordan (1956) on the female guinea pig that pro*
‘duation cf TSR by the maternal pituitary would thns.be released
from inhibition and éla#ate the:iével of eirculahing TSHx
The levsel af Taﬁ can be further raised by injectian of this
harmonﬂ., Ir TSH were to pass the placenta of a pregnant
animal SO»treatsd, the - thyroida from the offspring ahould
show somé‘ohangea To. tesb this hypobhesis, 8 female guinea
pigs were thyroideatomize& at 1east 30 days prior to matings
Beginning‘ﬁhe 38%& dayfafter copulatian they were given dai1y~5
subcutaneous iﬁjéctiéns;of~0-5 égﬁaof purif1ed thyrotrdphia ,
‘harmqne.frOm a prepafatimn'cdntéiniﬁg lb'Junkm&nn&Schballer
units peé‘mg., If there were no changes in the fetal thyroid,'
the placenﬁal passage of antithyroid effect could nnt be due
to;the transfer of TSH frommther to fetua, - Furtharmora,
the pcssibiiityrthat 1h'héd unﬁérgéhs hyperplasia and compén4k 
sated for the deficiency bf thyraid h@rmane in the mather =
would be eleminated.

It is known that the thyrmids cf offspring from propyluf
thiouracil~treated guinea pilgs are hyperplastia (Webster j
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and Young, 19&8; Webster, 1949a)+ The hyperplasia could be
" ghown to be due to the placental passage of propylthiouracil,
prévidad thara wers no hyperplasia of the fetal thyroiﬂs |
'fellowing traatment of thyroideetomized mothers with Tsﬁ. In
.order to maka this . emmparison, 11 pregnant guinea pigs were
. givan appreximately 25 ngs propylthiouracil per day in the |
gérinking w&tev from the 38th day of pragnancy until parturition.
-?ha.yroblam,af the passage ¢rwthyr03ine from mother to o
’~fétua ﬁas 1nve§t1gataaLinanotherfééfiaa of experimentss
. inempéeynénﬁ'Aétﬁéad-(l?kB? demoﬁstfatad ﬁhat-the effects of
" thiéuraéii oh tha‘ﬁhyroid uf,thﬁfgdnlc rat cen be counterw
: ;actsd‘by'émailyaaily“d@aeﬁ of thyrcxine} If it were éhown'
 that propylthionraail aats &irectly on the fetus, an amelio~
raﬁion 0f hhe antithyroid effaah by thyroxine aamtnistere& tm
ﬁha mathar during gestabion wauld be convineing evidenae
that thyrmxine can.anter the fetal circulation from the
nothers To ‘test this hypohhasis, h pregnant animals wers
wgiveﬁ-zs ngs. af prapylﬁniouraailrper day in the drinking
watev and’ 1njacted daily with OeQQS mg. thyroxine in ealine
baginning the BBth day of pregnancy' '
Tha placenﬁal passage of thyroxine might be shown: in.
.anathar waya The amminiabratian of thyroid hormone to an
intaat adult animal eausea flattening of the thyrcid epitheli»'l
- &ﬁd enl&rgemant of the follicles {Courrier, 1928; Ad&ms |
and Jensen, 194}). Ir thyroxine passes the placental barrier;~
the admiﬁistration of this substance to pregnant guinea pigav
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might cause similar éhangas in tﬁe fetal ﬁhyroids. This
posaibility*was tested in two groups of 5 females eaoh. Both
were treahea with airfarent doses of thyroxine for at 1east
30 days~bef0re mating and throughont pregnancys One group :
redéivéd~sﬁbuutaneaua injectiana'af 0+10 mgis thyroxine every
b &ays*t‘ﬁhé éﬁh&r‘wasfiniected‘with 0;15 mg@ thyroxine aveﬁy' 
3} dayss | |
Tha offspring from 13 untreated pregnant guinea piga
aerVQ& as ontrol& for all of the abova experiments. “
, Gn the day of delivery ‘the thyroids and pituitaries
fram ?1 affspring frcm treated and 38 offspring from untreatad,
mathars wers ramcved, disseated free of excess fat, weighed k
on & toraien balauﬁe, and. fixea 1n Dawson's fixative (Dawson
‘and Friadgaod, 1938)‘ The thyreids were dehydrated and
embeﬁdaa by the dioxanwparaffin.mathed, seotioned at 7 micra,
ahainad with hemataxylin and eosin, and exemined microscapic~» ;
‘allym | | |
The guinea plgs used in this study were from our own
stock kept under the fallawing conditions! The temperatura
 of the laboratory was maintained between 70° and 75ﬂF* Fcod
and water were available at all times., The diet eonsisted of  ¥
& nixture or oats and rabbit pellets supplemented with
Palfalfa.hay and fraah cabbage once daily.
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‘ RESULTS

Three of the 8 thyroideotomized«TﬂH»injeatad females
delivered 1iv1ng 113terst, On gross examination at autopsy
no regensrateﬁ thyroid tissue was found in these mnthers.
The thyraids of their offspring showed neigher an increase in
welght (Table 6), nor any histolagiaal eviéence of TSK stimw
ulatinn (eompara ?1gsﬁ E &. 3). Thus, there 1s no evidence
that tha antithyrni& effect in the fetus 15 due to passage
of TSQ from tha ‘mother or o hyperplasia of the fetal thyroid
whiah mgm have supplied thyx-aid hormone to the mcther. L

| ﬁa in othar work {Wabster and Young, 19483 Webster, |

19&9&), a&mimiatrabian of prapylthiau“acil to the mpther
'ﬁuring pragnanay‘causea extrema hypertraphy and hyperplasia'
_of thﬂ fehal thyraid.(Table 6 & Fig. ). Since no auch
affect was found in offspring from thyroidectomizeﬂ females
treated wiﬁh TSH, the thyrnid enlargement in offspring from
propylthinuracilwtreated mothers mnsb hava been due to '
‘plaeental passage of the antithyroid drug. The stimulation
of the fetal thyroid by thyrotrophin from its own pituitary .
'13 bnrne aut by the fact that the fstal pituitaries showed.
a simultaneous increass in weight (Table 6). |

whan prapylthiauracil and thyroxine were administered
.simultaneously during pragnaﬁay, the fetal thyroids were
1arger_than normal, but aignifieantly amaller than in the
grbuﬁ feaeivihg tha'&ntithyroidfé?ug aiona (Table‘é)i'
Histolngiaa11y ﬁhéy showed less drastic effects. Although
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the eﬁithélium.was high, colloid-containing follicles were
.formaﬂ (eampare Figss W& BYe The pituitaries were of normal .
weight* All 0£ this inﬁiaatea a partial inhibition of the
praductian of TSH by tha fetal plbuitary in eonsequenee of
the yassage of the injecbed thyroxine across the placenta.
%hecretieally, if suffieient thyroxmne were administered with
the prapylthiouracil, the fetal thyroide ghould be normal. e

' Further avidence ‘for the passage of thyroxine across.
bha plaeanta is considered tc be given by data from ﬁha |
 ’@ff3pring of thyraxina«breated mﬁthers. The thyroid epitheli~ “
unm was nat flattened nor was. ‘there enlargement of the folli~
elas as we mighﬁ have expaete& from ‘the work of Gouvrier 1
(1928} and Aﬁams ‘and JenSan (19&&), but the thyroids were .
&ignificanhly smaller than these of’ eontrol newborn (Table
6)e .The greater\tha‘dose~ofrthyrcxine, the smaller were
ﬁhé thyb0idE;,fﬁhe-yihﬁitaries’showéd;corfaﬁponding chaﬁges
in wezgit’; Hiétblogiealw’, the thyrolds of offspring from
hhyrexineutreated mothers were similar to the controls
axcapt Iar the prsaenoe of smaller follicles and relatively
more intarfollioular cells an& connective tissue (compare B
Figs. 2, 6, & ?). sinca the pituitariés and thyroids of
ﬁhesa 0f£apring were: signifieantly smaller than those of
the eontrol n@wborn, it is assumed that thﬁ TSH production
by the fotal pituitary exerts an lnfluenca on the normal

prenatal development of the thyroid.
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| DISCUSSION | |
- The data indicste that the ehlargemsnt of the th#roids‘ ',
In. affspring from propylthinuracil~treated female gulnea plgs 5 
1s due neithﬂr ba passage of TSK from tha mether to the fetus
nor to hgperplasia of the fetal thyroid whieh.migh$ aomp@nsate';
for tha defici@ncy of thyrmid hormons in the mother, It has |
been consludad, tharafore, that cf the three hypotheses which
‘nmight hav@ aceounted far the tranamission of the antithyroi&
”raffaat~ta»ﬁhe fe%us, the lacental passag& of propylthiouracil
13 mmst in aacaﬁ& with the datae
This aanclusicn i& consistent with.the Opininns of
Vsevaral investigators who- have studied one or more aspecta
"of the subjaet (Freiesleben ana Kjerluf~5enaen, l9h7, far
the geiﬁrogen methylthiauraail in the rat' Arony 1930, Schittenw
~helm and Eislem, 1935, Grumbz»echt and }:.eeser, 1938, for TSH
in ﬁhe guinaa p g3 Grumbrecht and Loeser, 1938, Th&resa, 1939,
for %hyrcid hormane in the guinaa pig end rabbit)s
| An explanatian for the conﬁradictory reports of the .
fplacental paasage of thyrotrophin and thyroxlne is not eaey. )
Doderlain {1933) stated that TSH passes the placenta ho cause 5
ﬁhypertncphy cf the fetal thyroid in the guinea,pig. In our
npinion, hia data do not supgort this eonclusian. Fréﬁ a
ﬁcampariaon of bia figures of alleged TSH stimulation with W
hig control figure, it might seem tbat the conclusion was R
juatifiedu 01055 examinaticn of the thyroid of the newborﬁ

control hs chcse for compariaon.(hia Fign Za) reveala, o
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hQW$VBr, that the epithelium is squemous and that the folliclea
~are ﬁistanéea* This is & ennﬂition we have not seen in any
‘one cf a larga number of . nermal newborn guinea plgss Mare~
aver, _the appearance of the fetal thyrcids which he believed B
to have been subjecteﬁ to. TSH stimulation wea not different
frcmgthat.in.ourjcontrclsg, Species differences may account
‘forgtha‘ﬁaparﬁg&fpaQSage‘6f TSH through the placenta of th@
/vrat5fThérésa;’1939),‘énd'for the non~passage of thyrbid‘

~hoﬁmona aarass the placenta of the dog (Courrier and Aron,‘
f1929)t i | '
: ﬁince it is clear that thyroid hormone and at least two
‘antithyroid agents pass the placentag the long tenm effects
.on the young. frem.femalea treated with these substanees during
yregnanﬁy become of~interest. _Rather s6vVere chronic hyper~

. thyi#aidizatiéh of the préguant ret has been peported t&
proﬁuca'cfé%émbiﬁ;prégeny (Guﬁﬁinghém, 19&l)@‘~Thé retarded
growth 0f'£hé crsﬁeﬁ6id«ra€s WQS‘§VQré¢meﬁbyifhe'administrga

. tion of thyroxina. ‘We'hévé 9éen:ﬁ6 huchvconditi6n in the
gninea pigi\ The walght of newborn animals from mothers given
thjroxine during pregnancy vag nct less then that of the
 cantrmls (Table 6)» Following another study of thyroxine-
traateﬁ pregnant gnlnea piga (Peterson, Rayner, Brown and
Ybung, 1950), the davelmpm&nt of 9 mala and 18 female off- ‘
sping was obaerved for 3 to h.monﬁhs after blrth, Their |
growth and aexual maturatian were not different from the s

controlas
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Changes in the golters in the offspring of propylthiour-
aail~tﬁeaﬁed femels guinea pigs have been followed (Webster,
l?hQE;bx‘?ha thyroids underwent afrapid involution, but were
s%ill}énlarge&faven after B%rmonthss The presence of these
gﬂitera;héd ha apparent effect on growth and sexual maturation.
Thus, evenuihuugh'the wéight of the thyrolds and pitultaries
in affépfing from animals treated similarly differed signifi-v
cantly from normal (Tabla 6), there was no other effect on
postnatal devalopment.

Antiﬁhyroi&'aganta have been used in the treatment of
hyperthyroidism complicating pregnency in the human females
‘Varié&”éﬁfectéfbn the fetﬁs and newborn have beenkrepérté&é
‘Davis and Forbes (1945) found mv'amarged thyroid glend in
& sgixemonth fetus from & mother treated with bhiouraoils VAn
infant observed by Eatén;{EQ&S)fhad e groasly enlarged thyroid*j
uhiah*fagéessedﬁin'aise until it~§as no lenger visible by '
the third monﬁha Whitelaw (19&7) found little difference
from nonmal in tha thyroid cf a male monster born to a |
mother who had recelived thiouracil during the 1atter part af |
pregnanoys Oaren (1949) stabes that there were no ill~effeats
of thiéuracil on the fetus or 1£slsﬁb5equent davelopmenh.‘ We
suggeat from our work on tha guinea pig that the thyrcid
enlargement in some infants born to mcthers treated with
antithyroid drugs can be attributad to placentalfpassage
of the drugs | | |
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SUMMARY AND CONCLUSIONS

E’hé ‘thyroids and pii:uif:arieé of ‘offspring from thyrold=
ecﬁomizad famale gulinesa pigs treated with thyrotrophin during o
pragnancy did not differ in weighi: from thosa of controls,
nor was thax*e any higbologieal sign of ’chyro‘arophic stimus
laﬁian of thev fetal ‘thyroid. Administra‘aion of propylthiouz-- :
aeil dur:mg pregnancy causes hyperplasia of both the fetal
%;hyrcaid and pituitary which can ba counteracted by aimul* |
taneous a&ministratinn of thyroxine. - Both the fatal thyroid'
and pibuitary are supressed in .dsvelopmen’@; when thyroxine‘
alone s .m;maa'mw pregnant animsls. Such result‘s‘ in
‘diaatéu that %ﬁé placenta of the guinea pig is impermeable to
thymtmpm.n, but is permeable to both propylthiouracsil and
thyroxir&a-



‘ Tahle 1'ﬁamDﬁ$tbatéa,'with‘thafrehﬁita'c£5aﬁ"aatu&1"
debenminaticﬁ;”fhs ﬁethnﬁ‘uséd fdr rébbﬁﬁihg:ﬁhé ﬁath'&hﬁ”
caluulating bha rate of Qxygen aonsumption¢ In the first
thres uolumna are raaorded the chamher temparatura (G T)
in dagveas centigrade, the baramatrio pr@ssure (BY in T

Hges an& the voluma of water (vy) 1nbroduced from the

buratte* respeetively» The sﬁapwatch readiﬁg ia ccnvertad_j‘

to 168 aquivaleuﬁ daaimal part of an hour (T}. The wWater
veapor yreswure (v P) is subtraated fram the baramehric )
pressure tc obtain tha carrected praasure (?1}a With the
aarrection factor ¥y ‘the oxygen veluma <v1) is raduaed to
*1#5 corresponding voluma (v2) at sﬁandard eonditians.  The

axygan cdnsumptionkrate (Q ¢) Xn>¢c/iee gm/hr¢ 18



TABLE 1.

METABOLISM RECORD

WEIGHT

DATE 12713/51 TREATMENT FASTED. INTO CHAMBER PRE-FAST T 7o
\ NUMBER 3304 T UE-EFS%?_EED NO 9’00 AM_ | gggT’.TTEES;-‘f‘W‘
: OUT OF CHAMBER. 2| 2340
CYCLE g DAYS OBSERVER 9:50 AM w _1170
AFTER HEAT = RR.P. R | o
AGE |8 MO.
¢T | B v TIME T vv P |B-VP=P}| F (Vi XF)=Vp (va'mom:oc REMARKS
- 1w
290 |736.4 7:52.4 ‘ | ~ , _ - ;
|1 29.0 [736.4(100.0 0.131 | 30.0| 706.4 [0.8402| 840 54.8 | NO MOVEMENT
55.0 7.87 : | —
29.0 |736.4 2502 | | | .
29.5 |736.4|100.0 0.130 | 30.5| 705.9 |0.8389| 83.9 55.2 | " )
2925 1 7.83
29.5 |736.4 7.534
30.0 {736.4(100.0 0.132 | 31.4| 705.0 |0.8368| 837 | _54.2 | " "’
29.75 7.89 - - 3l164.2
54.7
o




TABLE 2. EEASGRBS ﬁF THYROID ﬁCTIVITY IN HYPO~ AND HEPER?%ZRGIE
FEEALE GGI%E& ?IGS

Treatment

'Hmber“

of

| females

QQ SQBSnmp%ian. E

, ce/lee @n/hr

 'Heart rate

in

 beats/min.

Controls = o
Thﬂoiﬁgc ﬁé@
Propylthiouraell
Thyroxine |

37
22
P
10

'53.9 * 1.0

96 % 147

-

- enx se2
2281 9.7
-}_23111;i359*%
33*93.'. 648

Tha * va}.uss are. the standard az*rors of the meanse -

&% The ciifference frnm tha control value is significant e.t 1}% (“t"

teat}u

et



TABLE 3. EFFECT OF HYPO- AND HYPFRTHYROIDISM ON CYCLIC ACTIVITY
| AND FERTILITY OF THE FEMALE GUINEA PIG bR

Treatment

Number

of

fgmales

 Number and % showing

" vaginal

epenings'

heat

responses .

‘ﬂuﬁbérf

- matings

Per cent
. fertile
- -matings

.cgntrols‘

' ,Thgroidectomy

Propylthioaraeil -

., Thyraxine

e 39
45

-39

38

37
37
38

heog
80.0%
'gh;q%7#'

109%

33,;3ﬁ?3%ﬁ’
26% 57.88
35 89.7%
36 kTR

30

it,jice%‘_;
100% ‘
'mo%

# The differenae from ths control value is significant at 2% {X2 test);

o The difference from ths cantrol value is signifiaant at 1% (Xg test).,



TABLE h. EFFEGT OF HYPO= AND HE?ERTHER@IBIS& IN FEMALE GUINEA ?I&S ON THE
GGUQSE GF GESTATION AND THE HEEBER &ﬁﬁ CONDITION OF THQ QPFS?BI&G

_ ‘Number and %
, .. pregnancles
Treatment

tsﬂminatingi

- hbth aay or

later .

?“&varage s
length of

- gestation
“in deys

. Average

litter

o 8133 -

ﬁumberfi

ol
young

~Per cenbt

born
“alive

fGantrola f;.yr

Thyroidectomy

Propylthieuracil -

Thyroxins :

26 92.8%
8 B8.9%
27 '90¢&%f

e 66;37
69

6Tl

"362 

2.7 |

| 3’;-1;

%2 .

100

;1;733&5
4B
. 6TF
',; '98aG%§§

## The difference from the control vaiuelisféignificanﬁ atfi%-ﬁxg téét)e‘

11'5



. TABLE 5i MBASURES OF THYROID ACTIVITY IN FEMALE GUINFA PIGS THAT
* REPRODUCED AND IN THOSE THAT FAILED TO REPRODUCE

Reprodueed IR Faiiec'i to reproduce

Treatment  Noe Ug cnnaumption Teart rate Wos U, conswmption Heart rate

cc/100 gm/br  beats/min. ce/lGG gm/br baats/min.

‘Controls |  ‘ 28 . B2.9 ¥ 1.2 2725; 636 9 . 53.3 + 2. _': 268[ * 6;& g
Thyroidectomy ; 9 - 50;9 ;_i; 2v5258 A 12.6 13 -‘I;"} 3 + 2.13.;}:'5 202 & 6e9Bn
Propylthiouracil 4. sl 2:;3~‘7_ ['{;238 +251 2 . 16T % + 0.7 222 % 5.2
‘Ehyraxine il 6 9345 % 30 ;316 + 8.3‘_ u ;‘,{792;;1 + 2.7; 330 % 1.2

The * values are ‘bha standard errors oi‘ t;he means. : ‘ :
#% The difference from the eorresponding value for animals ’rhat reproduced is

significant at 1% ("%" test)s

19



TABLE 6. EFFECT oF TRQATﬁEET OF THE MOTHER ON THE WEIGHT ﬂ? THE THYROID
AND. PITUIT&HI oF THE NEWBORN GUINEA PIG . B

",’ﬁumbaz»

| Thyroid

Pituitary

o . i . Number )
- Treatment = . - ef . ef ,Birth ‘welght - weight
co mothers . young ‘w31ght {mgfiﬂcgm) _{mg/iaagm)
ﬁnﬁreated contrals if1?,fx~~ 13  -f;38 oo 93,8 28.7 % 50“',A5§$;if0a1 |
Thyroidectomized plus 5 J-S units = 3 5 112.h 27.1 + 3;;[1:_, 5.0 * 036
TSH daily for 30 days o o : , o
| Propylthiouracil, ZS'mg daily ,. 11 20 vf 9h.9 2990@3;ig301;3¥ Bab.i;ﬁakﬁ
for 30 days N ; . SR _ o ‘;~f,] . o
Propylthiouracil, 25 mg and 0. 025 L | 1 977 267‘§‘it‘50;8% ST * 0e3
mg thyroxine daily fcr 30 &ays ' e : ’ LT
" Thyroxine, 0. 10 mng every k days ' 5 j, 20 - 9.8 21;5;tr' 0.8% ‘&‘8 + 0.2
throughout pregnancy . 4'7‘ ' SRR
Thyroxine, 0.15 mg every 3% days 5. 12 . 101s1 17+ Lads Be3 + 0.3

throughout pregnancy

The * values are the standard errors of the meanss

# The difference from the conbrol value is significant at l%'(“t” test)‘r

ot



Flgure 1. Diagﬁhm of respiratimn appératuse An animal
is placed in tha chamber (c) ‘which aontaina goda lime in perw
forated copper b&skens (D)a The pyrex baking dish (N) is
gsealed againsb 8 sponge rubcar gasket (Q) by tightaning web
gtraps K. Oxygan is aémitted from rubber balloon E by openw
ing sbo@ﬂocks P and G. The ammunﬁ af maranry (M) in the
‘:in&icatlng,manomater (A) 15 80 adjuated Lhat it makea contact
with electrode P when both arms of tha manomeber are open to
atmospheria pressure.‘ The m&rcury compleﬁes the circuit
through the transformer (T} which lighhs tha aignal 1amp (L)«
After a rest yerioa of 10 minutas, time triala are taken
with»more ‘than 190 Mln 09 oxvgan in tha prsaaur@ bentls (J)
and with stcpaocks P and H ¢losed anﬁ ¢ apan.‘ When the
glgnal lamp comﬁs on 8 aﬁcpwatch 18 started aﬁ& 100 ml. cf
water is allcwed £o alowly run from tha burstte (B) into the
pressure bottle;  As prasaur& 1n tha system riaas the singal
lamp turne off. Whﬁn,the lamp again comes on- “the stopwatch
is stopped and the time required to consume a volume of
oxygen equal to tha valume of water added is racoraed* The
volume of oxygen is reduced to standard ccnﬂitions from 10cal
barometric: presaure end the temperature inaida the animal |
¢hamber (from thermometer I)» Determinationa may be repeatad
~ several times without disturbing the animalt- When the |
prossure bottle becomes full, water may be forced out by

'closing stopcock G and openlmg ¥ and H.
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Figure 2; Thyrold of an offspring from sn untreated control
female. X 150« - L |

Flgure 3¢ Thyrold of an offspring from a thyroidectomized
© female injectéd with 5 J-S units TSH daily the
,.Zﬁlaéﬁzsojdays.of gestgtiani,Xglﬁaa‘



Figure 2.

Figure 3.



Figura:h. Thyrmid of an effspring from a famale hreated with
o “ 25 mge prayylthiauranil daily the l&st 30 days uf
geabaﬁion¢., 150' '

Rigure 5.‘ whyroid of an affapving rrcm a female treaﬁed
. ‘with 5 mgu prapylﬁhiouraeil an& 0.025 mge |
thyroxine daily the laat 30 daya af gestabien.
| ‘x 150. | |






Figure 6. Thyroid af- an offspring fx;am a female injected with
0 10 mgs. thyroxina every l; days thrmugghout gesfsatian.
X 150« .

Figure 7; , 'fhyraid Qi‘ an offSpring from 8 female injeetad
. with 0.15 mg. thyroxina every 33~ éays thmughaut
geatation. X 150. '




F‘igure 6o

Figure 7.
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