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ABSTRACT 

Sexually mature female rats were made thyroid-deficient by surgery or by 

. 131 211 
irradtation of the thyroid gland with I or At . Thyroid hormone was re= 

placed with desiccated thyroid, 1-thyroxineg or 1 =triiodothyronine. Supplemental 

calcium was given orally as calcium gluconate. Animals were mated to test re-

productive capacity 2 to 3 months after thyroid removal thus assuring complete 

elimination of residual thyroid harmone. 

Thyroid=deficient rats had smaller litters and fewer pregnancies, only 

31% compared to normal, 79% pregnancies. All three forms of thyroid hormone 

supplement increased the number of conceptions to 84o/o, and litter sizes were 

~;,.~·t""~'"'''- ·· within control limits. 

Stillbirths, prolonged gestation, and maternal tetany were common in 1
131 

treated groups as well as in surgically thyroparathyroidectomized rats regard­

less of whether or not supplemental thyroid hormone was given. In 46o/o of the 

cases tested the serum calcium level of 1
131

-treated, thyroxine-supported rats 

was less than 6 mgo/o at parturition, whereas the average serum calcium of 

normal controls was 10.5 mg"/o. 

Variable radiation damage to the parathyroid glands of 1
131

-treated animals 

was observed histologically. There was a rough correlation between the extent 
I 

of structural parathyroid damage and a lower than normal serum calcium level. 

Thyroid hormone was shown to be esseniial for normal fertility and preg-

nancy, but its role in parturition, if any could not be demonstrated. The 

difficult labor observed in the 1
131

-treated rats was considered to be due to 

parathyroid deficiency. 
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It 1a pneml.l.y belleved tbat ~ion is f.mpa1red in tbe tl\Y1"014• 

deficient tema.1e mammaJ.. .K<Mrver, e~ 1rmtstt.gat.1on in labora:to17 

rocten.ts ot the apparent rele.ticmshtps among tbe teyroU S).am\1 tbe anterior 

p1tu1t.e.J"f1 &114 the CNa'J:7 has not )let led to tum. concluatons. • extensive 

~r1mental 11te.re.ture on tbJ.s subJect bas been revteved '01 Pa1:ereon !1 !J:.• ( 1). 

Disturbances 1D repzoctuettve rtqtbm GD4 structural alterations in the 

emterlor p1tuitar:f and 1D the female ~ive OIPDB are~ (but not 

1nvuiabJ¥) toUDC1 1n cbrontceJ..:q tll;vro1cl-def1cien't e.ntmeJ.s. · '1'he estrus cycle 

is p~ tD lebor&t0%7 roaents. toll.owlng SUl"Sical ~~ (2,.3) or 

pha.nnaaological $upj)l'eGS1an r4 the sl.an4 (,3,4). Ross (2); Kbude §1 ~· (!)), . . 
U4 -.zur ( 6) among otJ:I$N have reported a. reduatlcm in the D\lllber ot maturi.r!g 

c:M!lrlaa foW:cl.es 1n the ~ rat. P ;.AD (7) end Chu t'm4 You. ( 8) re­

ported ovru1.tm and uter.1ne atropb;f in eurgical.l¥ ~i4ectcll1ae4 :rats rm4 

mbbite. 

Mating tests of tlvroid-de.ticient laboratory rodeDte haVe produced the 

most contradictoey 1'8$Ults1 and 1n a aiDgle species--the rat......obaervats.ona 

ra:oge trc:m ster.Uity to no obvious ~ive ~· \'he won ot Ross 

(a), ~ (3), C1Ul (9), am1 IO:'obn SZ14 White (4) ~the vtev tbat ~­

t!q'toillsm JD&I"kedl.T inte~s 'With :reprod.ucUon in the f'ema1e ~· ICr1chesq 

(10)1 Jones 21 !:1.• (U), s.nd flelson 8D4 'fobin (12) tou.n4 that litters wwe 

$118Jl.er, gestation vas ~ prol.onge6.1 and matings wre occutonall-7 sterile 

vben rats were made tbyroid-dettcient sursicel.l3 or w1 th drugs short~ before 

or 8001'1 after concegtioa. These latter it:rvesttgators, 1'1£MWer1 tid not regard 

their t'tndJ.QSs as clear-<Nt ev1&moe tor a spectttc effect of thyroid hormone 

on reprocluction. 

watts (l}) M4 Oeaill !! !!• (14)1 us1ng the metabol1c rate as an 1nd1• 
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catol"1 found. that e severe leypothyl"()id oond!t1on does not ~t in t.he rat 

untJ.l at ~ 4o dAys &.tt4r ~id glan4 l"$1GV8l. ·'J!le tJme Tilt!J:1' 'be even 

loD4er ~ ~ ~~ 8l14 the ~oe of tbe histological d pre• 

st-.b~ tunct~ antenor-p1tu:ltat-y ebranps aaaoc1.ate4 'tdtb ~4 de• 

t:l.ciency. !he nOl'al sesta.Uon period ot the mt 1s 21 Clays. ~fore1 a 

mt tl'qfro!dectcml.red or ted attt1~ d.l'ulp ~ ~ concept1on or 

e&rlJ 1D ~ will have SQ'1l$ l'8S14ual. tb¥r014 homone 1n tta tissues 

4Ur1Ds the gestation pertod.. 'fbe presence ot residual ~ hol'JIOne vith 

its ~tve acti<m on the CIV'&:r"J' an4 pit~tary gli3.Qd TIJfJi'J partia.1l.y' explaS.n 

the tneld.U\7 of sane 1nvesttptors (lQ-121 15) to dsmt.matrate the~ r&• 

prod\letive ~t which is eeera. tn antmel.s with lang•stendina ~-

tsm. 

cale1um and•..,. ~--the para~ glanc1s are also im;porta.nt 

taators in aucceaeful ~ton. Muur (6) and ~lr¥ ad hta ~Z'l.se:N 

(16 ... 19) ccacludad trcrA their stud:lee of the surgt~ ~dectord.zed 

rat that pam~4 deficietlCY vas the .Un 80'Ut'Ce ot such tiffieultie:e •t 

tem as ~10D ot gest&Uon, stil..1b1rt.ha, M4 matern.el. t:et.emy. Th\ty folm4 

tM.t teta.n7 eoul4 be ~ eza4 nOl!nal. psrturttton pl"GnGted by tee41Ds a 

h1Gh ealc1Uill .Uet 01! b;y inJection ot cal.Ci\11'1 se.lte ne&l" tEmn. 

!L'hese ~a W1'e des18De4 to test the e.pparentl.y sepa.rste intll.ltlmCf!s 

ot the ~4 secretions on fertility and fetal matutauon anA vlabiUty Gild 

ot the ps.ratbyrGtd eeeret1ons on parturition aD4 maternal. SU1"\11val.. 
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~ 

The an1ma.le used were tema.le re.ts ot the Sprague•Dawle7 strain obtaine4 

fran the parent colony mmn 70 days ol4. They were housed on wood sbaviDge 

in metal cages, and were ted Purine. laboratory~ and tap water ad lib. --
lfhe ammal s vere sexually mature (22) when introduced into the eJCI)eriment 

(75 ~s old 1n Experiment I and 110 days old 1n Elq'Jert.merlts II end In). In 

ea.ch of tbl"ee experiments 10 rats were set asicle as controls. ft.w l"e'llltd.n!ng 
4 

an1mals were tby.roidectc:mi.zed aurgtcal.ly or by irradiation vith zl3l or At211• 

Bu.rgtcal. thyroidecttm.Y was carried out according to the method of Farris and 

Griffith (22) • .aadioiocU.ne5 was &4ministered by intravenous inJection at a level 

of 5 joiC per ~ bod;r wisht. 'l'h1s 811l0Unt of r 31 produces severe bypoth;yroidia 

vi th mird.mBl struetu.ral dsmap to other organs ( lj). The At211 vas prepared by 

methods described elsewbere (23) and. w.s administered intrtmmousl.y 1n isotonic 

seJ.1De at a level of 0.62 J4,! per gram bocey' weight. This At211 4oeage was found 

to produce maximal thyroid 4eetru.ction v1 th few- acute ra4iation deaths ( 21). 

'rhree essent1al.ly in4ependent eJq>eriments were carried out. The expert· 

mental design, the ages of the animals, mode of treatment, and group sizes are 

shown in Table I. 

!?Q.Jeriment I 

fen days after thyroidectan;y one•hal.f of each 3TOl.\P was placed on a 

supplement of desiccated thyroid (Armour). A freshly prepared aqueous suspen• 

sion of the ~1c1. substance (TH) was administered intraga.strieal.l.y three times 

weekly. The surgically teyro1c.'!ectanize4 rata received 9 T1J8/veek of active 

'teyroid substa.noo, a.nd the z13l end At211-treated rats received l2 mg/veek. 

standard metabolic rates ( SMR) of the e.ni.mals in each group were determined by 

measuring the time required for the consumption of a m.ea.sured. volaue ot o.xygen 

in a closed system. The apparatus and calculations employed. were essentially 
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Table I 

Group size, mode of thyroid destruction, age at thyroidectomy, age at 
breeding, and eJCperimente.l. treatment. (TH~ccated thyroid 

substance, T 
4 

==l .. thyl:'oxine, T 
3

:::rtr11odothyronine. ) 

Days of 
Mode of DG.y of' age at Gl"O\q) age at 

tbrroidectaml tpy:roidectg Treatment size breed.i~ 

~riment I 

surgery 75 13 160 

SUrgery 75 1.2 160 
r-31 75 ~3 160 
f31 75 TH 12 lEo 
At211 75 10 160 
At2ll 75 12 160 

Controls 75 10 160 

§?W!riment II 
I 131 110 11 220 
z131 110 Calciumb 12 220 
r-31 110 T4 10 220 
f31 110 T 4 + calc1Wt 10 220 

Controls 110 Saline 9 220 

!£?s2er1Illent III 
z131 llO T4 10 200 
;rl3~ 110 T

4 
+ calciumc 8 200 

1131 llO T4 + T3 9 200 
:rl-31 110 T3 9 200 

Controls 110 10 200 

a Desiteated thyroid substance (Armour) • 
b Veterinary calcium gluconate by intubation daily for last 5 ~s of 
c pregnancy. 

Cal.c1Ui11 gluconate, C .p., by intubation daily for last 5 days of 
pregnancy. 
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those described by IO.e1ber (24), Contopoulos et al. (25) and Evans et e.1.(26) ......... _. .....,__ 

as modified by watts ( 13) • Before azq measurements were made 1 the animals -were 

cond1 tioned to tbe apparatus twice Qaily for 30 minutes for e. period of 2 weeks • 

Repeated observations were made over a period of 3 months or until two suc­

cessive observations for individual animals agreed within 5~· 

When the animals were 160 days of age, breeding experiments were initiated. 

The animals vere mated. by exposil'lg each cage of 5 female rats to 14 different 

males over a period of two weeks. At the end of this peri;od the females were 

pl.aee<l in individual cages. As the animals neared term, the cages wre ex­

amined several times each day. A record vas kept ot the n\IBber of young born 

all ve or dead. 

Eleven months after the start of the experiment, all animals were ;iven 

a tracer dose of 20 JJ,C of r-31 
intramuseul.arly. Twenty-four hours later the 

animals were sacrif'iced with chloroform and the tracheas removed. The a;emma­

re.y activity of the :xl-31 in the residual peri tracheal tissue w.s cotmted in 

a well•t)'Pe Nai-i'li scintillating crystal counter. The ova.ries end peri-

t'1"8Cheal tissue wre dissected, fiad in Bouin • s :f'lu1d, and prepared for micro• 

seopic emmination. 

E?§Perim.ent II 

All the animals were thyroidectanized vith Il3l. Five days later 20 of 

tbe 45 x131 .. treate4 rats were placed on e. schedule of daily subcutaneous in• 

ject1ons of 0.1 cc of an al.kallne solution of 60 IJ8/cc Na-l·tb;v'roxine (smith, 

lO.ine & French !Abora.tories). This closa.ge of 1-tbyroxine (T4) bas been tound to 
. . 

sustain a nomal 00\ in the th\Yr01d.ectanized. rat (26 ,27). This more potent form 

of thyroid hormone was administered parentemlly in this and the subsequent ex­

periment. B'o1'!1J.()De dosage could be more closely controlled ( tbe.n when a slurry was 

given by mouth), and irritation of the ~r respiratory tract and aspiration of 

intubated fluid wre avoided. One•half the thyroxine-treated animals, EU1d 
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balf' of the remaining tbyroideetcmized an1mal.e received 1·5 grains of veter1• 

nary calci\18 gl.ueonate (Baver•I.Dekbart I.aboratortes) intrege.strlce.lly once 

each day during the last 5 days of pftgnaney. The 10 inte.et control udmal s 

received c1a1l.y sham inJections of 0.1 cc isotonic sa.une subcute.neou.sly. 

Beginning at 100 l:lqs post~idectaay vag1nal. smears were examined to Q.e ... 

temine the estrus cycle (28). As epithelial cells appeared an adult male 

was placed 1n the cage v1 th the temale. The next morning the appearance of 

motile spersa or a sperm. plug indicated conception bs4 probably occurred. This 

was oons:Wered ~ 1 of pregnancy (29). Si.xty ~ after the l.e.st 11 tter wa.s 

delivered, the animals were autopsied a.s described above. The canpleteneas of 

thyroidectomy vas detemined using a tracer doee of z13l as clescribed in Ex• 

pe:riment I* 

!SP!riment I~ 

Five groups ot 10 rate each vere used. Forty were given thyroid-destructive 

doses of x1' 1 • Similar metabolic effects o~ 1-tbyroxine ('1'4) and 1-tri:i~ 

nine ('1'
3

) have bef!n c.\emonstrated rcepeatedly (261 50.34)_- However, it was con­

sidered possible that these two hoimOnes m1gbt have saue e.s yet unidentified 

independent actions e.nd. tbat either alone would not constitute adequate teyroid 

replacement during the many phases ot reproduction. In this eJQ:1er1ment T4,T
3

, 

and e. mixture of tbe two hormones; T
3 

e.nd T4, were used as St\PP()rtive therapy. 

Tbyroxine vas given daizy at a level of 7 ~per rat (26). Triiodothyronine 

was e.dministerecl. daily at a level of 1.2 s.as per rat, an amount reported to 

suste.in e. normal SMR in the tbyro1d.eetomize4 rat (26,35•37)• A third group 

received a daily inJection of a mixture of 6.:; &.as T4 and 0.12 1.18 T,·-the pro• 

portions used were those found by '1'aurog ( ;8) in the thyroid vein ot the sheep. 

A fourth group on the ..r4 regimen ,.s given 65 mg calcium gluconate (c.p.) 

daily' by gastric intubation during the last 5 day's of pregna.ney. After 60 

- ~ 
.. . " --... ····· ~ '• 
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~ ot bomc:ale 14m1ntstrat1on, metabol1e rates were d$te~. 

The animals were bred by placing a fertile male .ln tbe case V1 th a femaJ.e 

tor scmm consecutive~· Iack of spe.ce restricted mat1Jlgs to 20 at a time· 

Die females were exavdnecl ~ tor indications of pregnancy and later, ouet 

ot labor· The ('1':;>. aa4 the (T4.T;), gl"'l.\pS vbich were tbe :first to be mated. 

showed a. b1gb tnet&mce ot maternal tetany &Dd stil.lb1rths. These obeervatio71s 

susgeote4 e. para~4 cleticlency evident only at tem. ~tore, the remainf.ng 

tm. srou;pe of animals wre eaerific.ed 4ur1ng labor or 11!Ded1ate~ toll.ow1n8 

aeuver:r tor serum cal.otum ~ ami pan~.thyro14 h16'to.l.ogy. With the 8D1mal 

under ether aaaestbesia, blootl vas aspirated fran tbe f.nterior vena cava 1nto a 

~zed ~. Serum cal.Cil.ID. was c1etem1ne4 by the method. of !e.ron ami 

Dell (39). Peritmcheal remnants were prepared tor m1eroaco;p1c emn:tnatton. 
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1'by:roJ4 destruction (in ~ I) v.l.th either of the m4ioe.ct1w 

isoto.Pes1 f.'l or At2ll, caused a Nduct1~ of the SMft to 6;~ of the control 

mean, as sbotm 1n !rable n. vatts ( 13) obtained similar results. Surgical 

removal of tbe ~ glamlreaulted 1n an C!4R ~ 15% bel.ow Il011ll8l. Al• 

tho\.J8h the mean SMa of the su;rgice.Jl;r tby'roiaeetaaized. group was within ane 

~ aevtation of the control mean, the t•test of Fisbar ( 40) izl:1.1eate4 

tl'lat atatistiee.ll,y1 the two means were e1gnif'iamtl.y difterettt (P < o.Ol). 

The xl'1 tracer given 24 hours before sacrif'1ce sbawed that surgical zoe ... 

move..t of the tll¥r014 coul4 be constdered CQJglete in ttve ot n1ne cases; 5 the 

zl'1 upta.1ce 1n peritracheal tissue vas less tban 0.1~. Ra41o1odine u;ptalr.es 

ot the other tour e.nimals ra.t:fS8Cl fran o.~ to 2·~ ot tbe e4ministered tracer. 

There was, however, no detectable oorrelat1on between en uptalta ot tbe xl-'1 

tracer greater thaD o.)$ (1n41cating tbe presence ot f\mcticmal t,'btrol4 tissue) 

and a higber-tban-averaae mm or better-tban-average reproduetiw capecity. 

·'l.'byro14 destruction 'W'! tb zl'1 vas 3uc1ae4 cauplete in all cases; uptalr.e 

ot tbe zl31 ~ranged trcm o.~ to 0.05~ 1n Bxperiments I end n. 
Astatine, as reported p~, vas not as effl.cient an agent tor tb¥r014 

d.eatruation u xl-'1 (21). ~ of tbe t-'1 tracer by the At211-trra41ate4 

rats ranged traa 0.01~ to 1.~ ot the dose. As 1n the SUI'Bical.lJr tl\Yl'Oid• 

eetanized group, there vas no correlation between a ~ upte.ke ot the :rl-'1 

tracer ami an abO"ve-a.verage SMR. 

Desiccated tl\Yroid substance at a level o:t 9 to 12 ms/tTk brouslxt the SMR 

of tbe sursi~ ~dectadzed entmals and the At2l.l·1zorad.1e.te4 animals tW 

to low nomaJ.. However, l2 ms/Vk ot tlqroid. substance vas not sutf:lcient to 

bring the am ot the zl'1·1rre41ated enimal s even to the l.owr l.1m1 t of normal. 

lmms ~ .!!• ( 41) pot.nts out that while 1 1'1(>1' l·~ per da.Y ts not 

enoush to maintain a normal SMR in the temaJ.e rat, 1t is suft1.c1ent to pranote 



I 
...... .... 

I 

Table II 

The effect of ~1d deficiency on the maber of we<:essfu.l eoneept14BB in tbe rat, 
end survival of young and ~'lera; tbe benef'ic1al. ei'"i'eet 1n tbe&e animals 

of thyroid and {or) ealcim t.l:lerapy. 

S.M.R. ± 
Group Std.~V· lfo. at Avg.No.Y~ AVg.No .• Y~ Mothers~ 

treatment CalLm · Lhr I. ~s;ies bom all.vec born dead d.~ lahor 

~riment I 

SUrgery 44.0 :k 5·3 7/1; 4.; ;.o 1 

surgeey {TB) !t{.B :t 5·2 lo/l2. ;.1 :;.o 0 
:rl-31 5:5·8 :t: 5·4 3/13 2·7 1.0 0 

r3l <m> 35·4 :t: 4.0 8/12. 2.2 4.0 2 

At2ll :;;.4 :t: 5·3 0/10 .... .. 0 

At2ll (TB) 45·2 :t: 4.4 0/12 - • 0 

Controls 51.6 :t: :;.8 7/10 7·4 o.o; 0 
~II 

r-;1 Not run 1/ll 6.o o.o 0 
;rl31 (ca)a H n 4/l2 ;.o }.2 0 

zl-31 (Tl) n " 9/10 1.4 5·1 2 

zl-31 (T4 -Ca)a. " n 6/10 11.2 o-..o lf 

Controls n n 7/9 not recorded 0 
l!il;p!t'imellt In 

zl-31 (T4) 41.4 ± 4.5 10/10 10·3 0.1 4 
xl-'1 ('r4 :ca)b 41.4 :t: 4-5 7/8 8.8 2.0 4 

if-3l. (T4 ·'r:;l 4o.:; :t: 5.6 8/9 1·1 2·7 3 
~ (T.3} . 34.4 ± }.0 9/9 6.7 :;.:; 5 
Controls 36·3 :t 5·9 9/10 10.6 . 0 .. 1 0 

a 
b Ve~ cald.s gl.ueoDate by intubation dai~ for lest 5 days of pzoesmney. 
e cal.ei\JD. gl.ut!onate ( C .P. ) by 1ntubat1cm dai~ for last 5 dBp of ~Y. 
d Includes Y'()Ul'lg delivered alive and young f'at.md alive in utero at neeropsy. 
e Includes young born dead end found dead in utero at JJeCrO.PSY. 
f Includes animals in teta.ny sacritieed tor StU'\ID. ealcitm measurements • 

. In ~ arter onq 2 aays treatzaent with cal.cl.ua. 
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noma! skeletal growth and sexual development. The thyroid therapy was 

therefore considered adequate for the purpose of these e~eriments. 

In Experiment III the use of T4 (45·.5 JJS/wlr:.), T
3 

(8.4 !JJ!in), or a miXture 

of 90"fo T4 and 1~ T
3 

as tbyro1d replacement brought the metabOlic rates wll 

T..ri thin the control 11m1 ts. SMR' s were not measured in Experiment II. 'l'he T 4 

tree:trnent was similar in EXperiments II and III, therefore it seems reasonable 

to assume that the animals in Experiment II received adequate thyroid honnone 

replacement. We have no ready explanation for the discrepancy between the two 

values shO'.ro for normal SMR. The :results for each e:x;perimental grou;p were re-

producible and internally consietent. lvatts ( 13) in this laboratory obtained 

a mean SMR for nonna.l rats of this strain and age of 43 ± 3 Cal/m2 /br, almost 

midway between the control means for Experiment I and II· 

Surgical thyroidectomy led to a. reduction in the number of pregnancies; 

only 5!~% of the ma.tings resulted in conception. In the zl31-irra.d1ated groups, 

in Experiments I and II the highest percentage of pregnancies was 33cp, and the 

211 lcmer limit vas less tha.n 1~. No pregnancies were observed in the At -

treated group. The ovaries of this latter group of animals were atrophic on 

histological examinatiozl and had apparently been severely irradiated. 

The reproductive capacity of all thyroid-deficient animals (except those 

211 vhose thyroid tissue had been destroyed with At } was greatly enhanced by 

giving them some form of thyroid hormone. The number of pregnanciez was in-

creased from 31% in the thyroid-deficient animals ( 15 pregnant of 49) to 84~ 

in thyroidectomized animals that received some fom of supplemental thyroid 

homone (6'7 pregnant of 80). In the three control Sl'OUPS 23 of 29 rats or 

T:rf, became pregnant after a similar single mating. The radiation d.e.mage in 

. 2ll the ovaries of the At · -treated rats -was apparently not repaired to any 

significant extent by thyroid therapy. 

As shmn1 in Table II, the thyroid-deficient a.ntmals bore smaller litters--
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4 to 7 pu;ps••tban. did the nol'Jllal contrcls-·7 to 11 ~s. stil.Jl)lrtb.a were rare 

in control Utters, but were eamaon 1n tbe litters ot an1Mls vbose thyro14s 

had been removed surgically or with zl5l_, regardleN ot ~arnot supple• -

mental ~id homone was given. The number ot stillbirths oecasi~ ex­

eee4ed ;~ ot the Utter. 

When tbyroid therapy vas erlq)loyed 1n Experiments I 8Dd n, the l1 tters 

were sJJ.gh:tly larger, ~ 6 or more plq)s. In Experiment m Utters wre 

of nomal size, avere.gtDg 10 P\.WS• 'l'bis larger average litter size 'tfiJJ:I' be due 

to ineN&Sed amounts (or more potent forms) of thyroid hormone, to more fre ... 

qusnt ho1'mone adm1n1strat1on (daily rather ths.n three times a veek), or to DlOl"e 

precise observations, or to a CQD.bination of these factors. 

The hi8h proportion or survivt.n,g ~ 1n :&x;perlment m is barder to 

e~l.a1n, and ~ be SCilleVbat nd.sl.ead1.ng. As mentioned above, the ~14 sup• 

plement had no apparent e:ttect on the proportion of atulbirtha. Frail 50J' to 

75~ of' the pups born to e.nimal s· whose tbyro14 tissue ba4 been ~ surgteal.l¥ 

or with zl31 vel'$ deUverecl dee4, c11ed v.f.thtn a tev IJiinlltes after delivery, or 

wre found 4ee4 in utero. The mothers 1n Experiment m were Ullder almost constant -
observation and most ot them were ld.Ued just before or during 4el1ver.r. A number 

ot live pupa vas generally touo4 !!1 utero. Bed these mothers particu.l.arJ.¥ tbose 

in tetelo' not been vatcbed so closely, many of their fOUD8 might baVe died 4ur1ns 

or after d.ellvery, or cU.ed in utero. In such eases the;r would bave been rec.ori.ec1 -
e.s stillbirths. 

The leftgth of sestation vu observed accurately only 1n ~rlment II· J)ay 

1 of pregnancy ves esta.bllsbed by the method of Blandau (29). 'the gestation 

period of the control an;hrrale a.verasea 23 CJaya (l't\DSe 21"123 .days); zl-31 ('1'4) 

averaged 24 ~s (range 22 to 26 ~), zl'1 (T4.ea) eJ.l delivered on . 
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day 231 z13l (Ce.) averaaed 2-' da;ys (22 to 24 davs), e.ud zl-31, one en1mal only, 

delivered at 2' <iap. 

By canb1tling the 1nfomation fraa a..U ele.[)eriments, it w.s found tbat ll of 37 

untreated tbyroid-defteient an:lmaJs (no thyroid hormone or caleiUD) became preg• 

nant (3afoh one died 1n labor. Fifty-tour of 82 rata that were given teyro14 hormone 

(but no eal.e1un) became pregnant (8~), and J.6 of these e.n1mals (}()%) either d1e4 

in labor or were in tetany when sa.ertficed. No deaths during labor were recorded 

for the 23 control pregmmc1es. 

In Experiments II and III, 17 pregDant rats were given eitber veterinary 

calcium glueonate or calcium gluconate (c.p.) by mouth daily durtDg tbe last 5 

days of pregnancy. F:tve of these ani.malG ( ~) died 1n labor or -were 1n tetany 

when sacrificed. One a.n1mal 1neluaed ill the C!S.te. bad received calc1\1D S].uconate 

tor onlJ' 2 ds\Y's when labor began. Oral edm1nistrat1on of ( e1 tber veterinary or) 

eal.ciun gluconate (C.P.) did not seem to itnprove maternal S\\l'V1val.. Tbere vas, 

however, some indication that the veterinary preparation bad. ec:ne beneficial 

effect on length of gestation and the viab111 ty of the )'OimS. In Exper1laent II 

the eix animals that received both teyrotd hormone and tbe eeleium sl.q)plement 

delivered l.a.rge llttet•s without 1nc1detrt, and no stillbirths vere found. All 

six Utters were succesetully suckled tmtil wea.n1DS· On the other b.e.Dd, half 

of the young born to four thyroid-deficient rats .... zl-31 (Ca) ... were delivered 

dead.. In Elq>eriment III,. materne.l survival was no better, au4 the pe~teae ot 

live young bom to the group that received calcium gl.uconate (c.p.) vas only 

slightly better then for tboae groups that did not receive supplemental calc1UIIl• 

In the third elq)er1mental series 1t was necessary, because of the large 

number of a.n1ma.l.s involved, to breed 20 animals at a time. Although tbe number 

of pregnancies was larger and the litter sizes were cl.ose to normal for the (T
3

) 

and (T4.T
5

) groups, it was obvious that these mrlmals were 4ellver1ng their 
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litters with difficulty. On the average, one-third of the young were delivered 

dee.d, and 8 of the 17 pregnant rats in these two groups died 1n labor. The 

histological specimens fran the two previous elQ;)eriments \N!re canpleted at about 

this time. In sane ot the sections ot peritracheal tissues taken frat:t zl3l., 

irradiated an1mals, the parathyroid tissue, while still grossly intact, showed 

some indications of structural. alteration. The structural changes ot the para-

thyroid are discussed later in cietail. other investtgator.s have commented on 

the absence of damage or have noted minimal damage of the pare:tb;yroid glands of 

rats whose thyroid glands bad been destroyed with minimal doses of I 1' 1 (.2,21, 

42,4;). We had previously reported nearly normal serum calcium levels in rata 

given .tbyroidectanizing doses of Il3l ( 44). These previous observations apply 

only to animals lmder 11 tt.le stress. In the experiments reported herein 1 t 

was considered likely that temination of pregnancy might produce sufficient 

stress to disclose a previously masked partial parathyroid 1mpaiment. The 

remaining experiljmtal and control rata were bred and observed with great care 

so that senan calcium might be measured during or very soon atter labor. Serum 

calcium levels and the stage o:f labor when the blood samples wre taken are 

shown in Table III for 10 noma.l controls, 9 a.n1m.ala in the x131(T
4

) group and 

4 M:J.mals 1n the ·r;1(rr4 •Ca) group. 7 Animals are designated in the Table as 

"in normal labor"--contrs.ctions a.nd(or) vag1nal blee<ling but no pups yet bom; 

"delivering normBlly"--one pl.Q;) bad been delivered, but the mother was sacrifi• 

ced before the placenta was ea:ten; or "post pe.rtum"--sane or all of the pups 

were delivered and placentae eaten. Those an1mals showing convulsions or 

rigidity are designnted a.s "in tets.r:\y." 'l'be range of control values was 9·95 mgfo 

to 12.28 mg of calc1'UJ!l per 100 m1 of serum. The range for the elQ;)erim.ental 

animals was 7 .u mgt/, to 10.49 ~, and for those in tetany the range was 

3 ol2 'llJJl$ to 5 ol6 1Itf/$ • 

Perltrachelli tissue for histology was removed Yith the aid ot dissecting 
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Table In 

Serum calci'Ubl levels in iodine•131 thyroid-ablated rats at term. 

Treatment and 
a.ntme-1 number 

Control 

2.330 

2342 
2328 
2344 

2:5.3.3 
2334 

2353 

23.39 

2~7 

2329 

4 -· 
23.38 
2.358 

2337 

23.35 
2345 
2:;6.3 

2364 
2}48 

2.359 

cr4 ~ aa: ' 
2366 
2369 
23lt6 
2;65 

Con41 tion ot mother 
at lleC!?RGl 

In normal labor 

Post-partum 

Dell vertng norm.ally 

Post.pe.rtum 

" II 

tl fl 

In nomal labor 

De.llvertng noma.J.~ 

Post..opartum 

" fl 

Deli vertng 110l'!Dal.l.y 

In noxmal labor 

Post-part \Ill 

In tetany 

In normal labor 

Post-psrtun 

In tetany 
n " 
" " 

In nonnal lAbor 

" 
In tetany 

tt " 

Serta calc.1um 
level!§$ 

11.08 

9·95 
10.16 

10.~ 

11.82 
]2.28 
10.20 

10.70 

10.8) 

10.67 

8.74 
9·91 

10.49 

3·89 
7·ll 

10.24 

5·16 
3·83 
3·12 
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m1croacope frtn tha 't.byroid region of 18 r'1
-1rre.d1ated a.nimals in Experiment 

I, and tn:m J.,5 r.5l. irradiated rats in ~rlnlent In for Wich a prea.utopsy 

seNU calc:tun measurement ws availAble. Both pa.retbyroide "1-lere identified in 

only a of the 33 specllnens e~; one gland wac seen in a.n &dii.itional 17. 

The nQJ.1lla.l para.~id gland as sb.own 1n ft&• l is highly vascular and densely 

cellulAr, fald tlle cells are a..rre.nged in irregu.l.a.r cords e.nd el'l.illPB supported 

by delicate l'eticular fibers. The gland ie covered by a 4ellce.te oonnectiw­

tisaue ~s\lle. 

Hone of the pare.tcy'roid glands taken frro. I 1.51 ... 1rrad1e.ted rats coul.d., 

upon caret'UJ.. e~llina.t1on, be classed a.a tmd.emased• In general, tbese gl&nd.s 

wre smaller ~ those of tlOl'mal. eorrtrols. They wre sur:rowtded by a thick 

'btuui of t1b:rous connective tissue wbich was. wruaJ.l;y c.onttnuou.s vlth the scar 

t~ that had repl.a.c:ed the thjyroid (Fig. 2). When the pa..•t.:byroid appea.l"ed 

to bliwe been or1S1n&llY located on the surface of the thyroid., the ~tive­

ti&sue capsule was thinner on the outer surface. Qll;y rarely were blood vet~sels 

seen to be penetrating this capsule. The retiaule.r nettmrk of the 1r:rad.1ate4 

glmKI.a vaa conGpiC\lOUa in many specimens end ct~JU)rlsed a luge proportioo of the 

total tissue in sane of tbech 'I'he capilJ.acy network was generally' very 11\llOh 

redu.oed or obscured by the connective tissue. Occasionally two or three large 

blood vessels were seen in a single section. 'l'he cellula.r:l. ty of the i:rradiatecl 

pa.ratbyroid glands varied. fran. a few cells al:"l"anged in unesta" of two to fou:r 

cells separated fran one another by eonnective ... tissue ae,pta (Fig. 3) to <tensely 

Correlat.ion of structtl're with :f"u.nction VB$ not c~-cut, pa.rticul.arl.y 

since only one parat'byroid we usuall,y OOtm· The tw tiny pieces of per:l­

tra.ebeal tiesue f'ran each animal were embedded in the same pa.re,ffin block. The 

bloCkS were not secticmed serte.U.y but WJ:"e cut on~ until two pieces f:Jt tiasue 
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in rats whose thyroid tissue bad been dest-""'yed Vi th r3l when tri1odo· 

thyrOnine or thyroXine wa.a given in amounts sufficient to maintain e. normal 

standard metabolic rate. J\Ulging fran the nunber of pregnancies and the 
' 

Utter sizes of these animals, fertility did not seem to be impaired by the 

absence of the parathyroid glatids, as suggested by Bodans~ and Du:i'f ( 19) • 

We wel"e u.na.ble to demonstrate any beneficial effect of desiccated 

tb;yroid substance, tb;yroxine, or trliodotn;yronine on pa:rturition. An in­

ereaae in protein.-bound iodine has been demonstrated in pregnant -wanen tlet'U" 

tem (52) • 'lb.1s substantial increase in thyroid hol"Ulllle output at the end 

of gestation might have sane effect on parturl tion, but no information on 

this point ws available from these present experiments. 

An acute need tor serum oa.J.citlll at term was not a.nticipe:ted. Previous 

vork gave no indication that severe parathyroid deficiency might be produced 

occasionally during radioiod:l.ne thyroid. ablation. This lack o£ understanding 

of .the difficulties encountered during parturition L'1 the :2-31-tnyroidectomized 

rat "W&G complicated by our ow previous e:JQ?erimente.l work (44)1 ao well a.s the 

observations of others (5,4.5,45,lt6). Following ~'le "discovery" of very low 

aerrm oal.cium levels (less than 6 ~), ·th(t parathyroid glB.nds were specifically 

nought at necropsy, e.nd histological preparations wre made of peri tracheal tissue. 

The level of ce.lcium in the Purina Laboratory Chow ( 1. ;~) 1a apparently 

sufficient to maintain the paratb;yroid-deficient e.nirll.AJ.s Wen not W'lder stress. 

A J..a.rge percentage of this calcium may be in an unutillzable fonn, since 1 ts 

source is fish meal. and vegetable matter. This diet probably does not meet 

the standards for the high calcium diet recanmended by Cox and Imboden (53) 

for B\1BPOrt of pe.ratbyl'oidectanized rats. Augmenting this diet with additional 

calcium in the for.u of oral.ly administered veterinary calcium glucone.te appeared 

to have sane beneficial effect (~riment II) on the survival of the yo'llng• 
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coulA be seen in. the pa.re.tf1n ribbon. Consequently, i&m:titiable paratbyroid 

tissue mls und.oubted.1.y rd.Dse! in many specimens. In apite of this technioe.l 

error1 it we still possible to rll&.ke a rough col~le.tion between the micro.­

&cqpic ~'lee of the pare.thyro1d tissw and the ooruU tion ~ a pO.rticular 

animal at partu.rltion. Even when the identification of each slide wa.a con­

~ed, it WiS pos&S.ble to predict tQl• 10 of 13 specimens fran ~eJ:iment m 
that e. ''nonnal" or "very law~ ~ calciun level vould be found. Pa.rathy'l-oid 

tissue -waa ~~l.y missed <Luri.nS sectioning of one s.pecim.en fran an animal 

\lith a seNn eatciun. of 9·12 ~· In the seoond. ca.ae, on.l.7 one peratb.yroid · 

vas seen, and this vaa a remnant encap&u.'l.ated 'With fiber, and chiefly atll1,poaed 

o:f ti'brcrus tiseue td th a very fw cells J the serum ca.lc1um mw low normal, 

8. 74 WI$• In the third ~, ~again cmJ.y one para.~"I'Oid was found. In this 

spe<:imen one-third of the spee1nlen was .fibrous l'(f,plaoement tissue containing 

e. tw cella with de.rkl;r staining cyte,plasm at the periphery; serum ca.lcium was 

10.49 mg$. 

A tetezl!e animal il.Mirle.b.q ~ a serun ae.lcil.tn level of lese tbe.n 6 mttft• 

'l'he histologic pre;parations tran six a.nime.l.s in tete.rl;y usual.ly indicated tbat 

the pa:ratb.'Yroid.e had orl.ginoJ1y been deeply embedded in t.h.e thyroid tissue. 

The g.l6.ndu.l.ar remnants were surrounded by a thick ftbrous CQ,psule and contained 

amall tight~ cl~ ptlmotic or de.:rkl.y stai n1ng cells in an extensive fibrous 

network. 

There were four animsJ.s that -.re delivering no1"11:l~JJ.ly, whose serum calc1WJ. 

as greater than 8 ~~ end. whose para.th;y:roid. histol.ogy fitted vdth their ae1--um 

oal.oiw level and general. condition. Although fibrou.a invasion w.s prQninent; 

the groupe of oell.s retained their nol'lllSl glandular structure; they had abun­

dant cytoylasm, and the ea.pilla.ry bed waa extensive. Theae tour specimens be4 

at least one parathyroid that appeared to have been on the surface of t:l:le 

th3roii g:trmd before irradiation. !rhia more f'avo~le seanetr:tc location 



-20-

could aeoount for the survival Cil mucll of the tissue "idlich ·we.$ onJ.;y partieJ.ly 

ir.rt.adiated by the 1131• The presence or absence o.f atructu.rv.l ~e cou.l.d 

almost be judged Oll the basiu of the spatial relo.tiousllip of one or both p.ara­

thy:roid$ to tbe t~-roid glAnd (embedded or Ol'l the sun"ace)--et least iu.sotar 
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DISCUSSION 

OUr experiments support the view of many investigators that irradiation 

v.tth z13l is a more effective means of thyroid destruction tban su.rsieal re­

mow.l of the gl.e.nd (43,45,116). However, this radiation procedure is not without. 

side ettects such e.s para~id ~e a.nd ovarian d.amege seen in :rl-31 overdose 

(47, 48). 

The 69$ reduction in fertility in severely thyroid-deficient an1mals 

appears to be directly related to the absence of circulating thyroid hormone. 

Similar observations have been made by several workers (;,4,491 50)1 although 

HBmmet (5) d1d not consider his results conclusive. 

The long physiological life oft~ hormone-..gore than 40 days in tbe rat, 

according to watts ( 13) -·seems to be the source of many of the contre.dictions in 

studies of the relationships betveen tbyroid deficiency and reproduction (10·121 

15). The long life of this hormone may help to explain, for eJQ3mple, the negative 

results o:f Bruce and Sloviter (15). These investigators used mice and bred them 

for the first time only 21 da\YS arur tl:cy'roid destruction with Il3l. Sene Of 

these thyro1dless m1ee conceived and bore as many as six litters. Females were 

mated continuously except during parturition and the l9 days wbil.e e. litter was 

being suckled. 'l'his breec11ng schedule suggests at least one ~lanation tor the 

fertility of their presumably thyroid-deficient females. 'la.urog (51) found that 

1-tbyroxine is norme.lly exereted prlma.rily in the feces of several. species (rat, 

dog, sheep, rabbit). It passes fran the bile through the gastrointestinal tract 

unclJs.nged or a.s an enzymatical.ly lzydrolyzable conjugation product. Ia.ctating 

rodents ha.bituall.y consume the :tecal matter of their nurslings; this would provide 

the thyroidless mothers with a rea.dy source of 1-thyroxt.ne. 

Fertility YaS nearly nonnal in our surgicall.y tbyropara.thyro1dectan1zed 

a.n1male ldlen thyroid supplements were given. !'ertillty was aJ.so Marly nonnal 
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1n rats whose ~d tissue had been destroyed with zl3l when trtiod.o· 

~ine or thyroxine vas given in amounts suttt.c1ent to me.intatn a noxmal 

stanc1ard. metabolic rate. Judging fran the number ot pregnancies and the 

litter sS.zee ot these ea1mals, fertility did not seem to be !mpaired by the 

absence of tbe parathyroid glands, as suggested by Bo4ansq 8Dd Duff ( 19). 

We '-~ere unable to dmonstrate any benefic1al. ettect of 4es1eoated 

teyro14 subst.a.nce~ tbyrox1ne, or trU.~ on parturition. An in• 
' 

crease 1n protein-bOUDd 1ocl11'1e bas been 4emonstl"ate4. in pregmmt waoen near 

term (;2). rus substantial ~ in tbatrOid bo1'mone output at the end 

of geete.tion might bave S<De effect on pa.rturi tton, bu.t no 1nf'OZ'll'Jation on 

this point vas available trcm these present ellp!l"iments. 

An acute need for aenan eal.C1\11'1 at tem vas not ant1c1pe.ted. Previou.s 

vork save no indication that severe pare.t!ryro14 deticteney m1gbt be proclueed 

occassionally clur.1ng re.dioiodine thyroid. ablation. This lack of understandiDg 

ot the ditfleulties encountered. d.u.t1.ll8 parturition in the xl-31-tbyroidectadzed. 

rat we.s caD;Pllcate4 by our own previous exper11DenteJ. work ( 44), as well as t.be 

observations of' others (5,4},4;,1«)). Folloving the r'diseovery" of very low 

serum calciwn levels (less thaD 6 md), tbe parathyroid glands vere speeillcaJ.l¥ 

sought at necropsy, and histological preparations were made of peritracheal tissue. 

The level of caJ.ciun in the Pur1.ne. Laboratory Chow ( 1. 35~) is ep,pa.nmtly 

su.ftieient to ma1nta1n the parathyro14-clef1eient an1mal s wben not under stress. 

A large percentage of this ce.leitm ms.y be in e. unutU1zable f'cmn, since its 

source is tish meal end. vegetable matter. 'l'h1s diet probably does not meet 

the ste.n4e.l'da for the high calcium diet recaraended by Cox and lmboclen (53) 

:for S\4JP(Wt ot paat~qro14eatcld.ze4 rats. AusumentiDB this diet with e.&litionel. 

ce.l.citill 1n the form of orally adm.in1stered veterirt&l'Y eale11.1ll gl.ueomte a.ppee.red. 

to have sane benet1c1al. ettect (Bx,pertrnent II) on tbe SUl"'V'ival. of tbe ~· 
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Calciun gl.u.conate1 c.p., used 1n Elq)er:tment m, did not &14 maternal survi­

val or ~ Utter survival (4 ot 7 animals 1n the ('1'4.ca) group were 1n 

tetany at parturl.t1on). 'l'hese observations suggest that oral Mministmtion 

of eel.cium in the form of pure calc:f.:U!ll gl.UO<mate 1.8 of little use in amel• 

ioratin$ the s;ymptans ot acute pamthyroid det.ieieney. 

An interestillS observation mw made in tbe two ~a of su:t:'giaall;y 

~1deetardzed. animals ot ~t I. Of n total of lt6 )tq)S that survived 

parturition, 24 died before they were more than 2 days old. '!'.be rema1n1ng 22 

pups survived to weaning preceded by 'Wbat a~ to be a 2-<iay period of 

malnut:ri tion. This time period pa.ra.llel.G sane of the investigations of 

Munson ( 47), who f'ound that paratl'.\YrO:!.c!ectany 1n e. J..acte.t:tne re.t cons14enib~ 

reduced the cal.c1Ull content of the mUk for a period of 2 d!cy's. An'.er this 

time the caleium concentration in the milk exceeded the concentration of cal• 

cium 1n the milk of normal lactating rats. 
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1. Work done unde.l.· the auspices of the u. s. Atanic Energy canmission. 

2. Derived. frw work submitted in pa.rti&l ful.f'illment of tl:le requirements 

for too M.A. QBg,ree) university of California • . 
;. Purina lab. Chow contains 1.55~ ca.l.cium by weight derived from. akim milk, 

fish meW., and cerealB· The Ca/P ratio is approximately 1.4 'by weight. 

4. At211 
iG a. radioa.ctive isotope of the heaviest halogen. It emits ~ba. 

particles 'With a mean energy of 6~8 Mev and de~s \i'ith e. bs.lf' life of 

7 •5 lloln·ih The. ~id ~ aelectiveJ.¥ accumul.el.tes At211 
1 and the 

intense alpha.-particle irrat.U.atioo is capable of destroying sufficient 

tb_yroid tissue to produce pe:r.m.&.nent Jl1pot.llyroidiam (20,21). 
_Pl. 

5. oak .R:La.se Na-tional labaN tory ce.rrier•free processed r-.) • 

6.. Fou.r &nimals were l.oilt to autopsy; one animal died on .labor and tl:aree others 

died of pnew.onia. 

7. Fcnu· rats in the~ two gl'O\\pG ei tber bad died d.ur1ng labor or had success• 

~- dellvered t.heir litters before serum samples could be obtained. 
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1. Nozma.l parathyroid tissue taken fran a control en1me.l 1n .E:lqleriment I. 

Note ~aul.e 0'£ loose connective tissue and delicate reticul.Dr network. 

Cells 1n central region are a.rl'Wlged in cords; those at the peripmry 

are arra.nged. 1n clWJ.lP~. secticned f.&t 6 "'' a and n: x 2ZO· 

2. Pe.ratbyro1d fran rat No. 2.}37; serum calcium 10.49 ~ during nor.nal 

del1wr,y. A thick i"i'bl"'US replaoement of the thyroid. Uote the con­

spit.'UOUS :reticulum and reduced cellu.lal"i ty in the region n~st the 

trachea. This gl.aJJd bad. apparently been located on surf'a.ce of thy.roi4.. 

Se-ctioned at 6 !AI H and E X 220• 

;. l?aratbyroid fran rat Ito. 2.31!81 sel"lln oeJ.cium :;.8; '!Illi6· Anim&l in tete.J:q 

attempting delivery. Note thick fibrous capsule, an<t Gmall clusters ot 

ceUs eepa.rated. f.l'Qll each other by connective tissue septa. This gJ.8llCi 

a.pparent:cy bad. been embedded deep within the th)To1d tissue. Sectioned 

at 6 14;~ H and lil x 220. 

4. Paratbyroid rraa rat No. 2,S9J seiW1 calaiw 10.40 mgt, durillS normal 

delivery. Note conspicuous reticulum and vartability crt cellular1ty and 

grouping ot c::elli-cord.e and. sheets at the tq)per right &nd clusters e.t 

the lower lei"t••reminiscent of normal pars:tbyroid tissue. Sectioned at 

6 *'" H and E x 220. 
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