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ABSTRACT
Sexually mature female rats were made thyroid-deficient by surgery or by
irradiation of the thyroid gland with 1131 or Atzuo Thyroid hormone was re-

placed with desiccated thyroid, 1-thyroxine, or l-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 hermone.

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 84%, and litter sizes were

=i - within control limits.

Stillbirth's. prolonged gestation, and maternal tetany were common in 1131-

treated groups as well as in surgically thyroparathyroidectomized rats regard-
less of whether or not supplemental thyroid hormone was given. In 46% of the
cases tested the serum calcium level of 113l -treated; thyroxine-supported rats
was less than 6 mg% at parturition, whereas the éverage serum calcium of
normal controls was 10.5 mg%.

Variable radiation damage to the parathyroid glands of Il3l-treated animals
was observed histologically. There was a r_ough correlation between the extent'
of structural parathyroid damage and a lower than normal serum calcium level.

Thyroid hormone was shown to be essential for normal fertility and preg-
nancy, but its role in parturition, if any could not be demonstrated. The

difficult labor ebserved in the 1131 -treated rats was considered to be due to

parathyroid deficiency.



-3-

nmmmwummtmpmeummwmmw
deficient female memmal. However, experimentel investigation in lsboretory
rodents of the spparent ralstionships smong the thyroid glend, the anterior
- pitultary, and the overy has not yet led to fim conclusicne. The extensive
experinental literature on this mmmmnmmwm‘ggﬁ (1).

DMeturbances in reproductive rhythnm and etructurel alterations in the |
enterior pitultary and in the female reproductive organs are usuelly (but not
fuvarisbly) found in chronicelly thyrold-deficient enimals. The estrus cycle
is ymlonga& in leboretory rodents folloving surgical tiyroldectomy (2,3) or
pharmacological suppreseion of the gland (3,4). Ross (2), Khuds et al. (65),
MW(G)mMmWaWi&sm%mmofmtm
ovarian m.:ie:m in the hypothyroid rat. P'An (7) and Chu and You (8) re-
Wmmmamwmwmmwmmamwamtsm
rebbits. |

Mating tests of thyrold-deficient lsborstory rodemts have produced the
most contredictory results, and in a single species--the Imt~-chservetions
renge fram sterility o no obvious reproductive impoiment. The work of Ross
(3). Barier (3): Chu (9), and Krohn and White (h) supports the view that hypo-
thymiéiam mrimd}y mharfamg with reproduction m the feamle ret. Krichesky
(19), Jones ¢t 1. (;u), end Nelson and Tobin (12) found that litters were
amaller, gestaticn vas aemwxmt mlcm@aﬁ, and mtmgs vere occasionally sterile
vhen rats were made thyroid«deficient surgically or with drugs shortly before
or soon after conception. These latter imvestigstors, however, &id not regand
their findings &s clear-cut evidence for & specific effect of thyrold hormone
on raproduction.

Watts (13) and Gesmill et al. (14), using the metabdolic rete as an indi-
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cator, found that o severe hypothyroid condition does not exist in the ret
wtd) at least 40 deys after thyroid gland removal. The time may be even
longer betwepn thyroid removal and the sppesyrsnce of the histological and pre«
sumsbly functional enterior-pitultary changes associsted with thyroid de-
ficlency. The normal gestation period of the ret is 21 days. Therefore, &
rat thyroidectonized or fed sntithyroid druge shortly before comception or
early in pregnency will heve same residusl thyroid humone in its tissues
during the gestation pericd. The presence of residusl thyrolid hommone with
its supportive action op the ovary and p:l.tu_im gland may partially explain
the inebility of some investigstors (10-12,15) to demomstrate the marked res
productive tupairment vhich 1o seen in animals with long-stending hypothyrotds

iem.
factors in succsssful reproduction. Mazur (6) and Bodansky and his co-workers
(16~19) concluded from their studles of the surgically thyroparethyrotdectonized
mt tnat parathyrodd deficlency was the main source of such difficulties st
 term as prolongstion of gestation, stillbirths, and materns) tetany. They found
that tetany could be prevented end novmal parturition promoted by feeding &
high calefum diet or by injection of caleiunm salte near temm.

These e:@ﬂmwbs were designed to test the apparantly separete influences
of the thyroid secretions on fertility and fetal matwation and visbility snd
of the parsthyrold secretioms on parturition snd maternal survival.
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The =nimals used were female rats of the Sprague-Dawley strain obtained
from the parent colony when 70 days old. They were housed on wood shavinge
in netal cages, and were fed Purina Iabmtoryﬂhowsandtapwatergggg.
The enimals were sexually meture (22) when introduced into the experiment
(75 days 014 in Experiment I and 110 days 0ld in Experiments IT end III). In

each of three experiments 10 rets were set aside as controls. The remsining

M
enimals were thyroidectonized surgically or by irrediation with IM' or at?ll,

Surgical thyroidectomy was carried out according to the method of Farris and
Grifeith (22). Redioiodine’ was administered by intrevenous injection at & level
of 5 uC per gram body weight. This amount of IH’1 produces severe hypothyroidiem
with minimal structural damsge to other organs (13). The AP g prepared by
methods described elsevhere (23) and was admi.nistex;ed Mtravenously in isotonic
saline at a level of 0.62 ul per grem dody weight. This AY® doaage was found
to produce maximal thyroid destruction with few acute rediation desths (21)

Three easentiauy independent experiments were caxried out. The experi-
mental design, the ages of the animals, mode of treatment, and group sizes are
shown in Teble I.

Bmeriment I

Ten days after thyroidectomy one-half of each group was placed on &
supplement of desiccated thyroid (Ammour). A freahly prepared agqueous suspen-
sion of the thyroid substance (m) was adminis‘aemd intregastrically three times
weekly. The surgically thm'oideetmizeﬁ rats received 9 mg/week of active

21l ¢ reated rats received 12 mg/veek.

thyroid substance, and the 1151 and At
Standard metebolic rates (SMR) of the snimels in each grouwp were determined by
neasuring the time required for the consusption of e measured voluue of oxygen

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

RN Y
Group size, mode of thyroid destruction, age at thyroidectomy, age at
breeding, and experimental treatment. (Tﬁedeﬁécated thyroid

substance, T, =1-thyroxine, TB’::triiodothyronine )
Days of
Mode of Day of age at Group age at
thyroidectony thyroidectony Treatment size breeding
Eperinent I
Surgery 75 _ 13 160
Surgery 5 T 12 160
75 13 160
Lt 5 TH 12 160
APl 5 10 160
A= 75 T™H 12 160
Controls 75 10 160
Experiment II
3t 110 1 220
IJ‘3 1 110 Calcimb 12 220
ot 110 T, 10 220
1 110 T, + calciu 10 220
Controls 110 Saline 9 220
Experiment ITI |
il 110 T, 10 200
it 110 T, + caletun® 8 200
3t 110 Ty + Ty 9 200
31 110 T, 9 200

Controls 110 10 200

% Desiteated thyrotd substance (Armour).
Veterinary calclua gluconate by iptubation daily for lest 5 days of
. pregnency.
Calciun gluconate, C.P.; by intubsiion daily for lsst 5 days of
pregnancy.
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those aescrxbed by Kletber (zu), Contopoulos et al. (25) and Evans et el. (26)
as nodified by Watts (13). Before any measurements were mede, the enimals were
conditioned to the Wm twice daily for 30 minutes for & period of 2 weeks.
Repeated observations were made over a period of 3 months or until two suce-
cessive obaervétions for individual animals agreed within 5%.

When the animals were 160 days of age, breeding experiments were initlsted.
The animals were mated by exposing each cage of 5 femsle rats to 14 different
nales over a period of two weeks. At the end of this perdod the females were
placed in individusl cages. As the animsls neared term, the cages were ex-
amined several times each day. A record was kept of the number of young born
alive or dead.

Eleven months after the start of the experiment, all animale were given
a tracer qose of 20 uC of IB 1 intramuscularly. Twenty~four hours later the
animals were sacrificed with chloroform and the tracheas removed. The gamua-
rey activity of the I™" in the residual peritrachesl tissue was counted in
a well-type Nal-T1lI scintillating crystal counter. The ovaries and peri-
tracheal tissue were dissected, fixed in Bouin's fluid, and prepared for micro- ‘
scopic examination.

Experiment II

All the enimals were thyroidectomized with 1. Five days later 20 of
the 45 ') treated rats vere placed on & schedule of daily subcutaneous in-
Jections of 0.1 ¢c of an elkaline solution of 60 ug/cc Na-l-thyroxine (Smith,
Kiine & French I.aboratories) This dosage of lethyroxine (Th) hes been found to
sustain & normal SMR in the thyroideetanized at (26,27) This more potent form
of thyroid hommone was aduinistered parenterslly in this end the subsequent ex~
periment. Hormone dosege could be more closely controlled (then when a slurry was
given by mouth), and irritation of the upper respiratory tract and aspiration of
intubated flu:ld were avoided. One<half the thyroxine~treated animals, and



-8-

| Balf of the remetining thyrotdectamized animsls received 1.5 grains of veterde
nary caleium gluconate (Haver-lockhart Isaboratories) intrsgastrically once
each day during the last 5 days of pregnancy. The 1'0 intect control animals
received dally sham injections of 0.1 c¢c isotonic saline subcutanecusly.
Beginning at 100 days post~thyroidectomy veginal smears were examined to de-
termine the estrus cycle (26). As epithelial cells appeared an adult male
mspheedht&mgeﬂth%f%h- The next morning the eppearance of
motile sperm or a sperm plug indicated conception had probsbly occurred. This
was considered Day 1 of pregnancy (29). Sixty days after the last litter was
delivered, the animals were eutopsied é.s described sbove. The completeness of
thyroidectomy was detemined using 8 tracer dose of 1:1:5 1 a8 described in Ex~
periment I.

Experiment IIX

Five groups of 10 rate emch were used. Forty were given thyroid-destructive
doses of T'71, Simtlar metabolic effects of l-thyroxine (T,) and 1-trifbdothyro=
nine (TB) have been demonstrated repeatedly (26,50-34). M\rer, it was con-
sidered possible that these two homones might have some es yet wnldentified
independent actions and that either alome would not constitute adequate thyroid
replacement during the many phases of reproduction. In this experiment 'I'u,'l‘ »
and e mixture of the two hormones, ‘1’3 and 'ru, vere used as supportive therapy.
Thyroxine was given deily et a level of T ug per rat (26). Tritodothyronine
was administered dally at a level of 1.2 ug per rat, an émount reported to
sustain a normal SMR in the thyroidectomized ret (26,35-37). A third group
received & daily injection of & mixture of 6.3 ug T, and 0..12 ug Tjwthe Pro-
portions used were those found by Tsurog (38) in the thyroid vein of the sheep.
A foxn-th group on the T, regimen was given 65 mg calcium gluconate (C.P.)
dedily by gastric intubstion during the last 5 days of pregnancy. After 66
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days of hormome sdministration, metsbolic rates vere dstermined.

The animals were bred by placing a fertile male in the cage with & female
for seven consecutive days. leck of space restricted metings to 20 et & time.
The females were examined delly for indications of pregnancy and later, onset
of lsboxr. The (‘1‘3) and the (Th'TE) groups vhich were the first to de mated
showved o high mei&nee of me:bam&l teteny and stillbirths. These cbeervations
suggested o parsthyroid deficlency evident only at term. Therefore, the remainting
three groups of enimals were eacrificed during lsbor or immediately following
delivery for serum calciun measurement and parethyroid histology. With the animal
under ether ansesthesis, blood was aspirated from the inferior vens cave into a
heparinized syvinge. Serum calciun was determined by the method of Baron and
Bell (39). PFeritrachesl remnants were prepared for microscopic exsmination.
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RESULRS

Thyroid destruction (in Experiment I) with either of the redioactive
ssotopes, TOF or At2L, caused s reduction of the SMR to 65% of the control
mesn, &s shown in Teble IT. Watts (15) cbtained similar resuits. Surgical
removal of the thyroid gland resulted in en SR only 15% below nomal. Ale
though the mean SMR of the swrglcally thyroldectomized group wes within ome
sbandard deviation of the control mean, the t-test of Fisher (40) indicated
that stetistically, the two means were significently different (P < 0.01).

The T™* trecer given 24 hours before sacrifice showed that sm-gmal re-
movel of the thyrotd could be considered camplete in five of nine cases;’ the
11 \ptake in peritracheal tiseue was less then O.1%. Rediolodine uptakes
of the other four animals ranged from 0.8%4 to 2.2% of the adninistered tracer.
There was, however, no detectsble correlation between en uptalke of the I
tracer greater than 0.1% (indicating the presence of functional thyroid tissue)
and a higher-than-everage SMR or better-then-average reproductive capacity. I

Thyroid destruction vith T™T vas julged canplete in all cases; uptake
of the I' ! trecer ranged from 0.00U$ to 0.05% in Experiments I ernd II.
Asfati.ne, 82 reported previously, was not ss efficlent en agent for thyroid
destruction 8s T (21). Uptake of the I tracer by the At°  -irrediated
rats renged fram 0.01% to 1.4% of the dose. As in the surgieally thyroid-
ectanized group, there was no correlation between & higher uptake of the I'O-
tracer and an above-average SMR.

Desicosted thyroid substence at a level of 9 to 12 mg/wk brought the SMR
of the surgically thyroldectanized animels and the At*l.irredisted snimals wp
to low normal. However, 12 mg/wk of thyroid substance wes not sufficient to
bring the DR of the I .irradieted animals even to the lower limit of normal.
Evans et al. (Al) points out thet while 1 ujpf L-thyroxine per day 1s riot
Wmmammmmmmme, it is sufficient to promote



-11-

The effect of thyroparathyroid deficlency on the mumber of successful conceptions in the rat,
epd survival of young and mothers; the beneficial effect in these cnimals
of thyroid end (or) calcium therepy.

o
232 ()
2
a1 ()
Controls
Experiment 1T
ot
9t (ca)?
£t (7))
2 (z,.0a)®
Controls '
Experiment ITI

ot (z,)
2t (7, ca)®
ot (z,.7,)
ot (z)

Controls

S.M.R. &
Stdo Ve

Cal EE hrs
h.0 £ 5.3
B7.8 ¢ 5.2
33.8 £ 5.4
3B.h 2 4.0

35.b %2 5.3

.2 % b.h
51.6 £ 3.8
R&t run

1] n

” "

.4t LS
M. 2 b5
40.3 £ 5.6
3h.b 2 3.0
3632 5.9

7/13 b3 3.0 1
10/12 3.1 3.0 0
3/13 2.7 1.0 0
8f12 2.2 4.0 2
o/10 - - )
of1z - - 4]
7/10 T.h 0.03 0
i/ 6.0 0.0 o
W/12 3.0 3.2 o
g/10 1.k 5.1 2
6/10 1n.2 0:0 if
7/9 not recorded 0
10/10 10.3 0.1 4
7/8 8.8 2.0 L
8/9 7.7 2.7 3
9/9 6.7 3.3 5
of10 - 10.6 01 0

Hoepooe

Veterinary calcium giuconate by intubation dally for last 5 dayes of pregnancy.
Calciun gluconate (C.P.) by intubation daily for last 5 days of pregnancy.
Includes young delivered slive and young found alive in utero st necropsy.
Includes young bomm dead end found dead in utero at necropsy.
Includes animals in tetany sacrificed for serum calciun measuremen

. In tetany after only 2 days trestment with calcium. '
m - R RIS e e . A Eem e i L L T e S o s S g i S e - B g A £ i St s et s
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normal skeletel growth and sexuel) development. The thyroid therapy was
therefore considered‘adequate for the purpose of these experiments.

In Experiment III the use of T, (45.5 ng/wk), T, (8.4 ug/wk), or a mixture
of 90% Th and 109 T3 as thyroid replacement brought the metabolic rates well
within the control limits. SMR's were not measured in Experiment II. The Th
tréatment vas similar in Experiments II and IXII, therefore 1t seenms reasonable
to assume that the animals in Experiment II received adequate thyroid hormone
replacement. We have no reedy explanation for the discrepancy between the two
values shown for nomal SMR. The results for each experimental group were re=-
producible and internally consistent. Watts (13) in this laboratory obtained
a mean SMR for normal rats of this strein and agé of 43 5 Cal/n°/br, almost
nidway betweenv the control means for Experiment X end II.

Surgical thyroidectomy led to e reduction in the number of pregnancies;
only 54% of the matings resulted in conception. In the le -irradiated groups,
in Experiments I and II the highest percentage of pregnancies was 33%, end the
lower limit was less than 10%. No pregnancies were observed in the AteLL.
{reated group. The ovaries of this latter group of animsls were atrophic on
histological examination and had apparently been severely irradiated.

The reproductive capacity of all thyroid-deficient animals (except those
whose thyroid tissue hed been destroyed with AtZ'') was greatly enhanced by
giving them some form of thyroid hormone. The number of pregnancies was in-
creased from 1% in the thyroid-deficient animals (15 pregnant of U49) to Si%
in thyroidectomized animels that received some form of supplementel ﬁhyroid
hormone (67 pregnant of 80). In the three control groups 23 of 29 rats or
79% became pregnant after a similar single mating. The radistion demage in

ll»treated rats was apparently not repaired to any

the ovaries of the At2
significant extent by thyroid therepy.

As shown in Table II, the thyroid-deficlent animals bore smaller litters--
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4 to 7 pups~~than d4d the normel controls--7 to 1l pups. Stillbirths were rare
in control litters, but were camaon in the _:l.itters of enimals whose thyroids
hed been mmdmeauyorwithrﬁl, regardless of whether or not supple- -
mental thyroid hommone was given. The mumber of stillbirthe occasionally ex-
ceeded 50% of the litter.

When thyroid therapy was employed in Experiments I and II, the litters
were slightly larger, ususlly 6 or more pups. In Experiment IIT litters were
of normal size, avereging 10 pups. This larger averege litter size may be due
to increased amounts (or more potent forme) of thyroid’ hommone, to more fre-
quent hormone aduinistration (dally rather then three times a week), or to more
precise cbeervaticms, or to a combination of these factors. .

The high proportion of surviving young in Bxperiment III is harder to
explain, end may be scmevhat mislesding. As mentioned above, the thyroid swp-
 plement had no apparent effect on the proportion of stillbirths. From 30% to
75% of the pups born to snimals whose thyroid tissue had been removed surgically
or vith I vere delivered deed, dled within a fev minutes after delivery, or
were found deed in uteroc. The mothers in Experiment III were under almost constant
observation and most of them were killed just dbefore or during delivery. A number
of live pups vas generally found in utero. Had these mothers particulerly those
in tetany not been watched so closely, meny of their young might have died Quring
or after delivery, or died in utero. In such cases they would have been recorded
s gtillbirths.

The length of gestation was observed accurstely only in Bxperiment II. Day
1 of pregnancy was established by the method of Blandau (29). The gestation
period of the control animels ade 25 days (range 21-23 Wa), Iljl ('I‘u)
averaged 2h days (range 22 to 26 days), 31 (Th.ca) all deliveréd on |
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day 23, TF (Ce) averaged 23 days (22 to &k days), and I %, one enimal only,
delivered at 23 days |

By combining the informmation fram all experiments, it was found that 11 of 37
untreated thyroid-deficient animels (no thyroid homone or calcium) became preg-
nent (30%4); one died in labor. Fifty-four of 82 rats that were g.ivén thyroid hormone
(but no @cim) became pregnent (874), and 16 of these animals (50%) either died
in labor or mré in tetany when smriﬂced. No desths during labor s;ere recorded
for the 23 control pregnancles.

In Experiments IX end III, 17 pregnent rgts were gilven either veterinary
calcium gluconate or caleium gluconate (C.P.) by mouth daily during the last 5
dsys of pregnancy. Rive of these animals (}6%) died in lebor or were in tetany
vhen sscxrificed. One animel included in the (w:ba had received caleium gluconate .
for only 2 dsys when lsbor began. Oral edministration of {either veterinary or)
calciun gluconate (C.P.) did not seem to i.nmrove matesmal survival. There wes, |
however, scme mdicatioﬁ that the veterinary preparation hed eome beneficlal
effect on length of gestation and the visbility of the young. Ian Experiment II
the six animals that received both thyroid homone and the caleium supplement
delivered large litters without incident, and no stillbirths were found. All
gix litters were successfully suckled umtil weaning. On the other hand, half
of the young born to four thyrofld-deficient rets -- IO (Ca) -~ were delivered
dead. In Experiment III, maternel survival was no better, ami ‘the pementage of
live young born to the group that received calcium gluconate (C.P.) was only
slightly better then for those groups that did not receive stxpplanéntal calcium.

In the third experimentsl series it was necessary, because of the large
nunber of animals involved, to breed 20 animals at a time. Although the number
of pregnencies was larger and the litter sizes were close to normal for the (Tj)
and (Th.%) groups, it was obvicus that these animsls were delivering their |
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litters with difficulty. On the average, one~third of the young were delivered
dead, and & of the 17 pregnant rats in these two groups died in labor. The
histological specimens from the two previous experiments vere completed et about
this time. In some of the sections of peritracheal tissues taeken from Il5 L.
irrediated animals, the parathyrold tissue, while still grossly intact, showed
scme indications of structural alteration. The structural changes of the para-
thyroid are discussed later in detail. Other investigators bhave commented on
the sbsence of demage or have noted minimal damege of the parathyroid glands of
rets whose thyroid glands had been destroyed with minimal doses of IO+ (2,21,
42,43). We had previously repbrted nearly normel serum calcium levels in rate
given -thyroid.ec‘bmnizing doses of 1 (44). These previous cbservations apply
only to animals under little stress. In the experiments reported herein it
was considered 1likely that temminetion of pregnesncy might produce sufficient
stress to disclose a previously masked partial parathyroid impairment. The
remaining experizental and control rats were bred and observed with great care
50 that serum calcium might be measured during or very soon. after labor. Serum
calciun levele and the stage of labor when the blood samples were taken are
showvn in Table III for 10 normel controls, 9 animals in the Iljl(Th) group and
4 enimels in the ‘1151('?&-0:&) group.! Animals are designated in the Table as
"in normmal labor"--contractions and(or) veginal bleeding but no pups yet born;
"delivering nomm"u-cne pup had been delivered, but the mother was sacrifi-
ced before the placenta was esten; or "post partum”"--some or all of the pups
were delivered and placentae eaten. Those animals showing convulsions or
rigidity are designated as "in tetany." The range of control values was 9.95 mg%
to 12.28 mg of calcium per 100 ml of serun. The range for the experimental
animals wes T.11 mgh to 10.49 mg®, and for those in tetany the range was
3,12 mgh to 5.16 mghe

Peritracheal tissue for histology was removed with the aid of dissecting
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Table III

ISR ARSI

e

_ M

Serum calcium levels in iodine-l31 thyroid-ablated rats at tem.

Trea:tmeht and

Condition of mother

Serum caleiun

animel number at_necropsy level w
Control
2330 In normal lebor 11.08
23k2 Post-partuz 9.95
2326 Delivering nonsally 10.16
2544 Post-partun 10.08
- 2333 " " 1.8
233k " " 12.28
2%53 In normal lisbor 10.20
2339 Delivering normally 10.70
2367 Post-partum 10.83
2329 ¥ " 10.67
@)
2333 Delivering normally B8.74
2350 In nommal labor 9.91
2337 Post~partun 10.49
2335 In teteny 3.89
2345 In normsl lsbor Te1l
2363 - Post-partun 10.24
2364 In tetany 5.16
2346 "o 3.83
2359 "o 3e12
F, <) '
2366 In normal labor 9.12
2369 " " " 8485
2546 In tetany L.08
2365 " " hol6
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nicroseope from the thyroid region of 18 Il3l~irradiaxad snimpls in Experiment
I, and from 15 I00e irredisted rats in Experiment ITI for which e presutopsy
serun calciun messurement was available. Both parathyroids were identified in
only O of the 33 specimens examined; one gland wac seen in an edditionsl 17.
The nowmal parathyroid gland es shown in Fig. 1 is highly vesculaer and densely
celiular, snd the cells are arranged in irregular cords end clumps supported
by delicete reticular fidbers. The gland is covered by e delicate connective-
tissue copoule.

None of the parethyroid glands talen from I') -irradiated rate could,
wpon careful exsainaticon, be classed as undemaged. In general, these glands
were smaller than those of normal controls. They were suryounded by a thick
band of fibrous comnective tissue which vas usually continuous with the scer
tissue that had veplaced the thyroid (Fig. 2). ¥When the parathyroid appeaved
to have been originally located on the surfaée of the thyroid, the commective-
tissue capsule was thinner on the outer surface. Only rarely wvere blood vessels
sean t0 be penetrating this cepsule. The reticular network of the irrsdiated
glanda wes conspicuous in meny specimens end comprised a lsrge proportion of the
total tissue in saue of them. The capiliary network wes generally very much
reduced or cbscured by the comnective tissue. Occasionally two or three large
blood vessels were seen in a single section. The cellularity of the irrasdiated
parathyroid glands varied from a few cells arvanged in 'nests” of two to four
cells separated from one anovther by commective-tissue septa (Fig. 3) to densely
cellular, deeply steilning tissue with a structure more reminiscent §f normgl
perathyroid (Fig. 4). | |

Correlation of‘structure with fumction was not clesn-cut, particularly
gsince only ome parathyroid was usually seem. The two tiny pieces of peri-
tracheal tissue frum each animal were ambedded in the same paraffin block. The
blocks were not sectiomed serielly but were cut only until two pieces of tissue



in rets whose thyroid tissue hed been destroyed with I-T when trilodo-
thyronine or thyroxine was given in amounts sufficient to maintain & nommel
standard metsbolic rate. Judging fraam the number of pregnancies and the
litter sizes of these animals, fertility aid not seen to be impaired by the
absence of the parathyroid glands, as suggested by Bodansky and Duff (19).

We were ungble to demonstrate any beneficial effect of desiceated |
thyreid szmswnce? thyroxine, or triiodothyronine on parturition. An ine
crease in protein-bound iodine has been demonstrated in pregoant women near
tern (52). This substantial increase in thyroid hormone output at the end
of gestaimn might have sone effect on parturition, but no informstion on
this point wac availsble fram these present experiments.

An acute need for serum calciuwm at term was not anticipeted. Previous
work geve no indication that severe parathyroid deficlency might be produced
oceasionally during radioiodine thyroid sblation. This lack of wnderstanding
of the difficulties encountered during parturition in the I’ -thyroidectomized
rat wee complicated by our own previcus experimental work (U44), as well as the
observations of others (5,43,45,46). Following the "discever&" of very low
serum calcium levels {less than 6 IBé‘}“, the parathyroid glands were specifically
sought &t necropsy, end histological preparations were made of peritracheal tissue.

The level of calcium in the Purina Laboratory Chow (1.35%) is spparently
sufficient to maintain the parsthyroid-deficient animals vhen riot under stress.
A large percentage of this calcium may be in an unutilizable form, since its
gource is fish meal and vegetable matter. This diet probably does not nmeet
the standards for the high calcium diet recamended by Cox and Imboden (53)
for support of parathyroidectumized rats. Augmenting this dlet with e.dditional
caleium in the form of orrlly administered veterinaery calcium gluconate appeared
to have some beneflcisl effect (Experiment II) on the survivel of the young.
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could be seen in the paraffin rivbon. Consequently, identifisble parathyroid
tissue was undoubtedly nmissed in many specimens. In spite of this technical
error, it wes still possible to make & rough correlation between the micro-
scoplc appearance of the parethyroid tissuve and the condition of a paxrticular
animal st parturition. Even vhen the identification of each slide was cone
cealed, it was poseible to predict for 10 of 13 5pecimené frau Experiuwent III
thet & "noymal" or "very low" serum caleium level would be found. Parathyroid
tissue wea spperently missed during sectioning of cone specimen fyan an snimal
with a serun celeiwn of 9.12 mgH. In the second case, only cne parathyrodd
vas seen, and this was & remant encapsulated with fiber, and chiefly composed
of fibrous tisgue with o very few cells; the serum calcium was low normal,
8.7k mg%e In the third cese, agaln only one parathyroid vas found. In this
gpecimen one~third of the specimen was fibrous replacement tissue conteining
e few cells with derkly staining cytoplasm at the periphery; serus calcium was
10449 ngd.

A tetenic animpl imveriebly hod a serum calcium level of less then 6 mgh.
The histologic preparations from six animels in tetany ususlly indicated that
the pavethyrolds hed originelly been deeply embedded in the thyrold tissue.

The glandulsr rempants were surrounded by & thick fibrous cabsule and contained
cmall) tightly clumped pylmotic oxr darkly staining cells in an extensive fibrous
network.

There were four animals that were delivering nommelly, whose sexrum calciun
was greater than O mg®, end whose parathyroid histology fitted with their serum
caleiun level and general condition. Although fibrous invesion was prominent,
thé groups of celils retained their nomal glandular airucture; they hed abun-
dent cytoplasm, and the capillery bed was extensive. These four specimens hed
st least one pareathyroid thet appesved to have been on the swlace of the
thyroid glend before irredistion. Thie more favoursble gecmetric location
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could sccount for the survivel of much of the tissue which was only partielly
irrediated by the Ilﬁl. The presence or ebsence of structurel deausge could
alnost be Judged on the besls of the spatial reletionship of one or both para-
thyroids o the thyroid glend (embedded or on the surface)--at least ilusofar

as this relstionship could be reconstructed.
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DISCUSSION 4

Our experiments support the view of many imvestigators thet irredistion
with I131 is & more effective means of thyroid destruction than surgical ree
movel of the glend (43,45,46). However, this rodiation procedure 1s not without.
side effects such &8 parathyz;oid demiage and ovarian damsoge seen in 115 1 overdose
(47, 48).

Thé 69% reduction in fertility in severely thyroid-deficient animale
appears {0 be directly related to the absence of circuleting thyroid hormone.
Similar observations have Abeen made by several workers (3,%4,49,50), although
Hermet (5) 444 not consider his results conclusive. |

The iong physiclogical life of thyreid hormone~-more than 40 days in the rut,
according to Watts (13)--seems to be the source of masny of the contradictions in
studies of the mlatioﬁahips between thyroid deficlency and reproduction (10-12,
15). The long life 6f this hormone may help to explain, for exsmple, the negative
méults of Bruce end Sloviter (15). These investigators used mice and bred them
for the first time only 21 daye after thyroid destruction vith I>. Same of
these thyroidless mice conceived and bore as many as gix litters. Females were
mated continmuously except during perturition and the 19 days vhile & litter was
being suckled. This breeding schedule suggests at lesst one explanation for the
fertility of their presumsbly thyroid-deficient femanles. Taurog (51) found that
1-thyroxine is normally excreted primerily in the feces of several séecies (rat,
dog, sheep, rebbit). It passes from the bile through the gastroin‘bestinal tract
unchanged or as an ‘enzmticauy hydrolyzable conjugation profuct. ILactating
rodents habitually consume the fecal metter of their nurslings; this would provide
the thyroidless mothers with a resdy source of l-thyroxine.

Fertility wes nearly nommel in our surgically thyroparathyroidectomized
eninals when thyroid supplements were given. Fertility was also nearly normel
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in rats whose thyroid tissue hed been destroyed with I™ ' when triiodo-
thyronine or thyroxine was given in emounts sufficlent to maintain s nommal
standard metebolic rate. Judging from the nuwber of pregnancies and the
litter sizes of these enimals, fertility Aild not seem to be impaired by the
sbsence of the pm'bhymm glands, ac suggested by Bodansky end Duff (19).

We were uneble to demomstrate any beneficlal effect of desiceated
thyroid substance, thyroxine, or triiodothyronine on parturition. An ine
ecrense in protein<bound iodine has been demonstrated in pregnant women near
tem (52). This substantisl increase in thyroid hormone output at the end
of gemﬁion oight have some effect on parturition, but no ianformation on
this point was aveilsble from these precent experiments.

An acute need for serun calcium at tem was not anticipated. Previous
vork gave no indication that severe parathyroid deficiency might be produced
occassionally during redioiodine thyroid adlation. This lack of understending
of the difficulties encowntered during parturition in the I > -thyroidectamized
ret was complicated by our own previocus experimental work (k4), as well as the
observations of others (5,45,45,4). Following the "discavers;" of very low
serun calcium levels (less than 6 u@%), the parathyroid glands were specifically
sought at necropsy, and histological émpamﬂona wvere made of peritracheal tissue.

The level of calcium in the Purina lLeboratory Chow (1.35%) is apparently
sufficient to maintain the parathyroid-deficient snimals when not under stress.
A large percentage of this calciwum may be in & unutilizable form, since its
source is fish meal end vegetable matter. This diet probably does not meet
the standards for the high calciun diet reccmmended by Cox end Imboden (53)
for support of parsthyroidectamized rats. Augumenting this dlet with edditimal
calciun in the form of orally administered veterinary calciws gluconate sppeared
to have same beneficial effect (Bxperiwent II) on the survivel of the young.
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Calctumn gluconate, C.P., used in Experiment III, did not sid maternal survi-
val or improve litter swrvival (4 of 7 animals in the (T).Ca) group were in
teteny at parturition). These ohservations suggest theb onai&ﬁﬁﬂnietratiaa
of ecalefum in the ﬁonﬁ of pure calelun gluconate is of little use in amele
foreting the symptoms of scute paramthyroid deficiency.

An interesting observation was made in the two groups of surgically
thyroidectomized animals of Dxperiment I. Of o total of 46 pupe that survived
parturition, 2L dled before they were more than 2 days old. The remaining 22
pups survived to weaning preceded by what appeered to be & 2-day period of
melnutrition. This time period parallels some of the investigations of
Munsan (47), who found that parethyroldectomy in & lacteting ret considerebly
m@umﬁthée&lcimmtufﬁmmﬂ.kforapemmofaﬁays. After this
time the calcium concentration in the milk exceeded the concemtration of cal-
cium in the milk of normal lactating rats.
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FOOTHOTES
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for the M.A. dsgree, Universily of Ca.l.ifom'ia.

Purina Lab. Chow contains l1.35% calcium by weight derived from skim milk,
fish meal, and cereals. The Ca/P ratio is epproximately 1.4 by weight.
at®* 15 & redicactive isotope of the heaviest halogen. It enmits slpha
particles with & mean energy of 6.0 Mev and decays with & half life of

7.5 bours. The thyroid glend selectively accumulstes AtoT™

intensce alpha-particle irradiation is capable of destroying sufficient
thyreid tissue to produce permanent hypothyroidiasm (20,21).

Osk Ridge Hational Lsboratory carrier-free processed o,

Four anlmals were lost to autopsy; one animal died on lsbor end three others

died of pueuwacuie.

_ Four rats in these two groups elther had died during labor or had successs

fully delivered thelr litters before serum samples could be cobtained.
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FIGURE LBGENDS

Rormal parathyrold tissue taken fyam a control enimel in Exgperiment I.
Nﬁte capsule of loose connective tissue and delicate reticulsr network.
Cells in central region are arraanged in cords; those at the periphery
are azrranged in clumps. Sectioned at 6 u, H and T x 220.

Pargthyroid from rat No. 2337; serum calcium 10.49 mgh éuring norizal
delivery. A thick fibrous yeplacement of the thyroid. Hote the con-
spicuous reticulum and reduced cellularity in the reglon neavest the
trachea. This gland hed apparently been located on surface of thyroid.
Sectioned at 6 u, H and B x 220.

Parathyrold from rat No. 2548; serum caleium 3.83 mgh. Animal in tetany
attempting delivery. Hote thick fibrous cepsule, and amall clusters of
cells separated fraa emch other by commective tissue septa. This gland
apparently had been embedded deep within the thyrold tissue. Sectioned
at 6 u, H and E x 220.

Parathyroid from rat No. 2369; serum calcium 10.40 mgd during normal
delivery. Note conspicuous reticulum and varisbility of cellularity and
grouping of cells~-cords and sheets et the upper right and clusters at
the lower left--reminiscent of normal perathyroid tissue. Sectioned at

6 up H and B x 220.
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