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ABSTRACT

The effects of hypothyroidism and hypoparathyroidism and
replacement therapy on reproduction have been studied in the rat.

Hypothyroidism was produced by surgery or by irradiation
with Il3l.or AtZM, . Replacement therapy was attempted with calcium
gluconate, desiceated thyroid substance, thyroxine, triiodothyronine,
and a mixture of 90% thyroxine and 10% triiodothyronine. . Radioisotopes
were admmlstered in sufficient quantity to produce highly s1gn1flcant

depressions in metabolic rate and thyroidal uptakes of a tracer dose of
131

w1 . Enough time was allowed to elapse to permit complete metabohsm

of residual thyroid hormone before any attempt was made to breed the
animals. _

The number of pregdancieé was drasticaily reduced in the_
hypothyroid animals. Thyroid supplement brought the number of con-
ceptions to well within the normal limits. No difference in fertility
was observed when TH, T4, or T3 were used as the thyroid replacement.

Still births and prolonged gestation were common in surgi-
cally thyroparathyr01dectom1zed animals and in animals whose thyr01ds

had been destroyed with'I 31 . The number of fetal deaths was reduced

- and the 1ength of gestation was reduced to the. normal 23 days by

intragastric administration of veter1nary calcium gluconate daily for

at least 5 days before term in.the I 131 -irradiated,. thyrox1ne -treated

‘an1mals Calcium gluconate (C.P.) was apparently ineffective when

given by mouth.
_ Serum calcium levels were depressed to less than 6 mg%h
during parturition in I 131 -thyroidectomized, thyroxine -supported

animals (46% of the cases tested).



It is concluded that the thyroid gland is essential for the
maintenance of the reproductive system in order to permit normal con-
ception and pregnancy. However, its exact role, if any, in partufition
could not be determined. It must be assumed that destruction of, or
damage to the parathyroid glands was a major contributor to the diffi-

culties observed in parturition.

A
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INTRODUC TION

The purpose of this series of studies is to test the
apparently separate influences of the thyroid.and parathyrmd secretlons
on conception, gestation, and parturltlon in rats.

Disturbances in reproductive rhythm of rats have been ob-

served by Ro‘ss1 following surgical thyroidectomy, by Barker2 'folldwing

.suppression of the gland with thiouracil, andby Krohn and'White?’

following either surgical thyroidectomy of pharmacological suppression
of the gland. - Aranow et al have observed stefility in monkeys and
women with chronic hypothyroidism or following preconception thyroid-
ectomy. ' 7 ' '
| ‘Structural changes in the female reproductive organs of the

rat following thyroidectomy have been observed by many investigators.

. Reduction in the number of follicles present in the ovaries of rats were

seen by Rossl, Knude 9_1‘,3_1. 5, and Ma:i:uré, while uterine and ovarian
atrophy and rare evidence of ovulatiori were observed by Gorbman after
thyro1dectom1z1ng mice with 113I L by P' An after surgical thyroid-
ectomy of the rat and rabbit, 8 and by Chu and You following surgical -
thyroidectomy of the rabbit. 9 The direct influence of thyroid hormone
on the hypophyseal secretion of luteinizing and follicle-stimulating

hormones has been suggested by P'An u31ng the thyroidectomized rat

-and rabbit 8, by Chu and Youg- and by Chu 10 using thyroidectomized
‘rabbits, and by Krohn and White in the thyroidectomy of the rat. 3

This influence could not be demonstrated by Smith, using the procedure
of pituitary implants in immature mice from thyroidectomized rats ,

or by Krichesky12 and Krohns13 who thyroidectomized rabbits during

pregnancy. The last three investigators base their conclusions on a

thyroidless state of rather short duration.

The observationé on a single species, the raf, range from
failure of ’concept_iohli’ th'o no obvious impairment of reproductive
cépacity. 12,14,15 In the latter case, the investigators found normal
gestation wher.l_thyroidect'omy or an a'ntithyroid drug was used near the
time of conception. v | .

Data presented by Watt516 and Gemmill et al. b7 on the

metabolic rate of rats following Il?’1 thyroidectomy indicate a hypo-

thyroid condition does not exist in the rat until it has been



thyro1dectom1zed for at least 40 days, aimost twice the normal gestation
period for this an1mal It is evident that a rat, thyr01dectom1zed near
or during pregnancy, will have cons1derab1e residual thyr01d hormone in
the tlssues during gestatlon 1nd1cat1ng one of the p0531b1e sources of
error in the 1nterpretat10n of data. ;

Calcium and, by inference, the parathyr01d glands are also
cons1dered by many workers to be important factors in reproductlon
Calclum metabolism in thyr01dectom1zed animals has been studied
dur1ng partur1t10n and lactation but not as extensnrely as the thyr01d it-
self. Mazur and Bodansky and co- Workers18 19,20, 21, in their
studies on the surgically thyroidectomized rat considered parathyroid
.def1c1ency as the main source of such d1ff1cu1t1es at term as prolongation
) .of gestatlon, st111 b1rths, and maternal tetany. These 1nvest1gat0rs
_ 'found that tetany could be prevented and normal parturltlon promoted by
feedlng a diet high in calcium or by injection of ca1c1um salts near term.
: In reahty, there is uniformity in the ava1lable data. 1f one '

: _cons1ders such 1mportant factors as {a) the rather long 11fet1me of
thyr01d hormone {b) the mode of thyro1dectomy9 {c) the concomltant
removal of the parathyr01d glands during thyr01d surgery, and (d) the
dletary level of calcium and phosphorus Rather, the 1ssue is the
dlffermg 1nterpretat10n of data by many authors, some of whom fail to
cons1der one or more of the above factors in drawing their conclusions.

We first became 1nterested in the reproductive capac1ty of
the hypothyr01d rat when it was found that a thyroid-destructive dose

b
of radioactive Atz11 22,23 rendered the young female rat sterlle

* .0 .211 . . . . . : .
- At is a radioactive isotope of the heaviest halogen. It emits

| alpha particle with a mean energy of 6.8 Mev and decays with a half

life of 7.5 hr. The thyr01d gland selectively. accumulates At211 and

' the intense 'alphav—parncles irradiation is capable of destroying
sufficient thyroid tissue to produce permanent hypothyroidism.

22,23
Hamilton et al. ’
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- In an initial atfempt to examine both endocrine and radiation
effects on reproductlon, rats were made hypothyroid by surgery or by
treatment with At 21l 1131, For several weeks before breeding was
initiated, desiccated thyroid substance (TH) was given regularly to half
of the rats in each grbup fo're-establish normal standard metabolic
rates (SMR). Very few pregnancies were observed in the rats thyroid-
ectomized surgically or with 11310' These findings agreed with those of
other workers who studied similar time intervals between thyroidectomy
and breeding. 1,2 A significantly larger number of the TH-fed rats
conceived, but several of these rats died during delivery or delivered

still-born young. Gestation was prolonged in all but the normal control

-group. The possibility of parathyroid deficiency was considered, al-

though thyroidectomizing doses of either At211 1131 are g‘eneraily

7,23,
reported to produce little structural damage in the parathyroid glands.

25,26 Serum calcium was determined on groups of rats thyroid-

131

‘ectomlzed surgically or with I . Serum calcium was low in the surgi-

cally thyroidectomized animals corresponding to the levels reported

19

s e s 1
by Bodansky and Duff” ", but was within normal limits in the 113 -treated

rats. 27

Because of the difficulties of administering accurately known
amounts of a slurry of desiccated thyroid substance, pure £ -thyroxine v
(Smith, Kline, and Frénch Laboratories) was used in furthef experiments.
It was also. considered that adequate thyroid replacement might not be"
achieved using pure £ -thyroxine alone, since it was conceivable that the
two active thyroid hormones, thyroxine ’(T4)) and triiodothyronine (T3)
working together not only influenced the integrity of the reproductive
organs, but affected calcium metabolism é;c well. The participation of

i

thyroid hormones in skeletal maturation and other phases of calcium

28-30

metabolism has been established. The processes involved in

parturition and their regulatlng forces are poorly understood, but the

need for:oxytocin, relaxin, and calcium has been demonstrated. 10, 31_34

Thyroid hormones have been shown to affect the production of a number

of the secretions of the anterior pituitary. 8,10, 11 The high concentration

of T4 and T3 in the hypothalamus35_38, which was probably the phe-

nomenon of hormonal concentration, suggested the possibility that 'T3 :



might have some independent influence on the production of posterior-
pituitary secretions such as oxytocin. Many investigators have demon=:
- strated similar metabolic actions for T4 and. T3. 39-44
In the following experiments, female rats were made hypo-
211 131
or I .
was replaced with desiccated thyroid substance (TH), lFthtyroxiné (T4),
I-triiodothyronine (T,), or a 10% T,-90% T,

replacement was given to achieve standard metabolic rates within normal

thyroid by surgery or by irradiation with At Thyroid hormones

mixture. Sufficient thyroid

limits. The time interval between thyroid removal and breeding was long
enough to allow for complete utilization of the thyroid hormone present in
the tissues at thyroidectomy. Veterinary or C.P. calcium gluéonate was
administered by motuth to some of the anifnals for the last five daYS of
pregnancy to test the ability of calcium compounds to promote normal
parturition in thyroidéctomized rats. The functional state of the para-
throids at parturition was studied by measuring the level of serum

calcium in rats whose thyroids had been destroyed with 1131.
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- METHODS

The animals used in these expérirhents were female rats .
of the Spraigue—Da.wley strain obtained from the parent colony when 70°
days old.. They were housed on onod shé.v'ings‘ in metal cages, and were
fed Purina L'aboratory Chow’!< and tap w_é.ter ad lib. FWhen the‘ animals
were 110 days old (75 days old in Experiment I) they were ear-marked,
weighed, and the lightest and heaviest 10% of the group were discarded.
In each of three experimeﬁts 10 rats were set aside.as controls. The
remammg animals were thyrmdectomlzed surgically or by irradiation

with I or At 211. Surgical thyroidectomy was carr1ed out accordlng
to the method descr1bed by Farris and Griffith. 45 Thyroid ablation
with radioiodine was accomplished by an intravenous injection of

Lf per gram of body weight, an amount found.

5 microcuries (pC) of I13
to be sufficient to produce severe hypothyroidism w1thout any apparent
damage to other organs. 16 Thyroid destruction with I 1 is essentially ‘
complete, whereas the’ occasional small fragments rema.lning after
surgical fhyroidectomy can become quite active through compensatory
hypertrophy. 46 Active extrathyroidé.l tissue which has been found to
occur in the rat is most likely also destroyed by 1131., 47 ‘The At"211

was prépared by methods described elsewher'e48 and was administered
~intravenously in isotonic saline at a level of 0.62 1C per gram of body
.weight. This level has been found to produce maximal thyroid destruction
with few acute radiation deaths. 23 Three essentially independent experi-
ments were carried out. The general design of these three experiments,
thg ages of the animals, mode of treatment, and group sizes are éhown

in Table I.

Purina Laboratory Chow contains 1.3% calcium by weight derived from

skim milk, fish meal, and cereals. The Ca/P ratio is approximately
1.4 on a weight basis.

¥ Carrier-free 1131 was obtalned from Oak Rldge National Laboratory,
Oak Ridge, Tennessee.
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Table I

Group size, mode of thyroid destruction, age at thyroidectomy, at .
breeding, and.experimental treatment. Substances used ihclude (TH)
desic¢cated thyroid substance, ,(T4) ‘ﬂ -thyroxine, and (T3) ' ‘

£ -triiodothyronine.

Mode of " - Age at : ., ‘Group Average age

thyroidectomy thyroidectomy treatment size at breeding
' (days) (days)
Experiment I o
Surgery 7 o 13 _ 160
Surgery 75 | TH® 12 160
3t 75 13 160
'3t 75 ' TH 12~ 160
at?tt 75 10 160
211 ' . o
At : 75 TH 12 160
Controls 75 10 160

- Experiment II
131

I 110 | 11 220
13! | 110  Calcium® 12 220
1131 110 T, 10 - 220
3t 110 T tcalciunP 10 220
Controls . 110 | : 9 220
Experiment III .
1131 110 T, 10 200 -
13! | 110 T +calciuns 8 200
1t31 110 T, +T, 9 200
3t 110 T, 9 200
Controls - 110 o 10 200

%Desgiccated thyroid substance (Armour).

bVeterinary calcium gluconate by intubation daily for last 5 days of
pregnancy.

“Chemically pure calcium gluconate by intubation daily for last 5 days

of pregnancy.
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Experiment 1

Ten days after thyroidectomy one-half of the animals in
each thyroidectomized group were placed on a supplement of desiccated
beef thyroid {TH)(Armour). A freshly prepared aqueous suspension of
the thyroid substance was administered intragastrically three times
weekly. The surgically thyroidectomié.ed rats received 9 mg/week of
active thyroid substance and the 1131 and A’cz‘11 thyroidectomized rats
received 12 mg/week. Standard metabolic rates ‘(SMR) of the animals
in each group were determined by measuring the time required for the
consumption of a measured volume of oxygen in a closed system. The
apparatus and calculations employed were essentially those described
by Kleiber49 and by Contopouio's et al. ?O as modified by Watts. L7
Before any measurements were made, the animals were conditioned to
the apparatus twice. daily for 30 minutes for a périod'of two weeks.
Repeated observations were made over a period of three months or
until the observations agreed within 5%.

When the animals were 160 days of age, breeding exper1ments
were initiated. A vigorous male rat of the same strain was placed in a
cage containing five females. On the following day each rhale was moved
to the next cage to avoid sterile matings. This proéedure was repeated
'for 14 days; then the males were removed. .The females were.examined
daily for-indications of pregnancy, and obviously pregnant rats were
placed in individual cages. As the animals commenced to litter, the .
cages were examined s'eve‘ral times each day, and any dead pups were
removed. A record was kept of the number of young that were bornalive

- dead.. - The pert1ment results of Experiment I appear in Table 1I.

Eleven months after the start of the experiment, all animals
were given 20 p.C of 113,1 intramuscularly. Twenty-four hours later the
animals were sacrificed with chloroform and the tracheas removed.
The radioiodine content of the residual peritracheal tissue was measured
~ to determine completeness of thyroidectomy. The gamma—ra.y activity
of the 1131 was counted in a well-type Nal-TI1I scintillating crystal
_counter. The ovaries and uterii were dissected free, examined, .fixec'ﬂ.

in Bouin's fluid, and prepared for microscopic examination.
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- Experiment II

All of the auifnals except the controls were thyroidectorniged
with I13 as previously described. Five days after thyrmdectomy,
' daily subcutaneous injections of 0 lcc of a solution of 60 pg/cc of
Na-£ -thyroxine (Smith, Kline, and French Laboratories) were started
on 20 of the 45 thyroidectomized animals. This doéz—ige of £ —therXine
has been found to sustain a normal SMR in the thyrmdectomlzed rat. >1, 43
One-half of these animals and half of the remaining thyroldectomlzed
animals received 1.5 grains of veterinary calcium giuconat:e {({Haver -
- Lockhart Laboratories) intragastrically daily during the last 5 days‘ of
’.pregnancy. Ten intact untreated animals received daily sham injections
of 0.1 c ¢ isotonic saline subcutaneously and served as controls.

Two of the 1131 thyroideetomized animals, and one of the
control animals died of pneumonia during the course of the experiment
and are not included 1n the data. |

At 100 days post- thyro1dectomy the animals were examined
by vagmal smear to determme the estrus cycle. P2 With the appearance -
of epithelial cells, a normal fertile adult male of the same strain was
placed in the cage with the female The following morning the appearance
of motile sperm or a sperm plug indicated conception had probably
occurred, and the male was removed. This was then considered day 1-
of pregnancy.'53 The results of the breeding appear in Table II. At the
conclusmn of all pregnancies the thyroxine was w1thdrawn .All sur -
viving animals were sacr1f1ced 60 days later. W1thdrawa1 of the thy-
roxine was necessary to avoid thyroidal blocking of a tracer dose of

1131 used to determine the completeness of thyrmdectomy as prev1ously'

" described. >4, 55

Experiment III

Five groups of animals, 10 animals per group, were used.
Forty of them were thyroidectomized with 1131 by previously described
methods and dosages. The remaining 10 animals served as coutrols.‘
The first group received 1.2 pg of friiodothyronine (T3), an amount

reported to sustain a normal SMR in thyroidectomized rats. 43,56-58
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The second group recelved a mixture of 6.3 pg of thyroxine and 0.12 pug

+T ) -- the proportions of these two hormones

4
belng those found by Taurog in the thyr01d vein of the sheep. 5? The

of triiodothyronine (T

. third ( 4:) and fourth groups (T +Ca) were g1ven 7 ug of ll thyrox1ne 43
The hormones were adm1n1stered da11y by subcutaneous 1n3ect10n In
'addltlon, the last group (T +Ca) was glven 65 mg of ca1c1um gluconate
_(C P ) 1ntragastr1ca11y dally durlng the last 5 days of pregnancy

After 60 days of administration of the hormones, metabolic -
rate determlnatlons were made as prev1ously descrlbed The results
' appear in Table I1. |

The animals were bred by placmg a male of proven fert111ty
in the cage with the female for seven consecutive days. " Lack of space ‘
restrlcted breeding to only twenty at a time. The females were examined .
dally for signs of pregnancy and time of onset of labor Abnormal partu-
rition was obvious soon after the breeding schedule was underway; there-
fore, -as many of the rema1n1ng anlma.ls as possible were sacr1f1ced as
soon as they went into labor and serum calcium was measured. The
blood was taken during labor, ‘immediately following delivery or during
the final stages ‘ofvtetany, The animals were anesthetizedj with ether and
the abdomen opened., Ten cc of blood were aspirated from .th‘e inferior |
‘vena cava into a hepariniaed syringe. The animals were then sacrificed
by an overdose of ether. Red cells were separated by centrifugation,
and serum calcium was determined by the method of Baron and Bell, 60
The total number of fetuses and the number of dead fetuses were

recordedu The results appear in Table IIl.
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Table III

‘Serum calcium levels in iodine~131 thyroid-ablated rats at term.

Treatment and
animal number

Condition of mother

at necropsy

Serum cé.l_cium |
level (mg%)

2365

In tetany -

- Control L
2330 “In normwal labor 11.08
2342 Post-partum 9.95
2328 Deli\_("ei'ir_lg'-normdllyi 10.16
2344 Post-partum 10.08
2333 Post-partum 11.82
| 2334 Post-partum - 12.28
-~ 2353 In normal labor 10.20
2339 ‘Delivering normally 10.70
12367 Post-partum 410.83
2329 - Post-partum 10.67
2338 Delivering normally 8.74
2358 In normal labor 9,91
2337 ._Post-partum o 10.49
2335 .. In tetany 3.89
2345 'In normal labor 7.11
2363 Post-partum - 10,24
2364 In tetany . ' 5.16
2348 - In tetany 3.83
2359 “In tetany - 3.12
:T4:+ Ca
2366 In normal labor H 9.12
2369 In'norma;l. labor 8.85
2346 In tetany | 4.08
- 4.46
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' RESULTS

Completeness of Thyrmd Removal

In Experlment I, thyr01d destruction with ei‘the‘r‘ of the

radioactive isotopes, 1131 or At 211 lowered the standard metabolic

rate to 65% of the control value (Table II), an observation in agreement

~with the findings of Watts. 16 Surgical removal of the thyroid lowered

the metabolic rate to only 85% of the normal mean. The range of SMR

~values of the surgical group overlapped the normal range; however, the

t test of Fisher indicates that these two means are significantly

different (p<01) Surgical removal of the thyfoid; gland was considered
complete in five of the nine rats given an I 131 tracer 24 hr before

* ) '
sacrifice; 1131_ uptake in peritracheal tissue was less than 0.1%. The

113-1’uptakes of the other.four animals ranged from 0.83% to 2.18% of

the administered. dose; however, there was no correlation between high
uptake of the 11»31 tracer (indicating.the presence of fu'nctioh_al thyroid
tissue) and a high SMR or better-than-average ability to conceive.

‘Thyroid destruction with 1131 was >judged'comp1ete in all
cases, as indicated by the average uotake of ‘the 1131 tracer of less
than 0.1% (range 0.004% to 0.05%) in Experiments I and IIL

As reported previously, At211 was not-as efficient an agent
131.'23. The mean uptake of the 1131. tracer
by the A'c211 irradiabted animals was 0.4% (range 0.01% to 1.4%). As in
the group. Whose thyroids were removed surgically, the At 1—treated
rats showed no correlation between a higher-than- average uptake of the

1131 tracer and a higher-than- average SMR.

One animal died during labor, and three others succumbed to
pneumonia before they could be autopsied.
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Adequacy of Thyroid Replacement Therapy

‘Desiccated thyroid substance at a level of 9 mg per week
in the surgicalrly thyroidectorhized animals, and 12 mg per week in the
211
At

within the normal range, while 12 mg per week was not sufficient to

. , ) _ '
-thyroidectomized animals brought the standard metabolic rat_es :

'brin;g' the 1131—thyroidect6mized animals to this level. Evans points

out that 1 pg of thyroxine per day is sufficient to maintain the integrity
of the pituitary and to promote normal growth and development.’ " The
thyroid therapy was therefore cdnsidered adequate for the purpose of
these expérindents. The number of pregnancies in this group, 8 of 12
rats, suggests that the amount of thyroid hormone needed for normal
réproduction is"_lebss than fhatArequired to support a‘l..normal standard
metabolic rate. ‘

' In 'Expériment I11, the use of -T4 (45.5 pg per week), T3

(8.4 g per week), or a mixture of 90% T, and 10% T, as thyroid
replacement brought the metabolic rates well within the control limits.
Standard metabolic rates were not measured. in Experiment II; however,
the T4 treatment was essentially the same as in Experiment III; and for
the purposes of this paper, the animals in Experiment Il were considered

to be receiving adequate thyroid-hormone replacement.

Reproduction Following Thyroid Destruction or Removal

Surgical thyroidectomy led to the least reduction in number
of pregnancies, in that 54% of the matings resulted in concéption. The

highest per'centage of pregnancies in any 1131-irra‘diated group in

. Experiments I or 1I was 33%, and the lower limit was less than 10%.

No pregnancies were observed in the Atle'—treated group. It is note-
worthy that the ovaries of this group of animals had apparently been

severely irradiated, and were atrophic on histological examination.
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Reproductlon Follow1ng Thyroid Replacement Therapy

The reproductive capacity in all thyr01d deficient animals

_(except those thyroidectomized with. At 211

) was considerably enhanced

by giving them some form of replacement thyroid hormone. - The

number of pregnancies was increased 31% (15 pregnancies in 49 thyroid-
deficient animals) to 84% (67 pregnancies in 80 thyro1dectom1zedammals et
. received supplemental thyroid hormone). There were 23 pregnancies

in 29 rats (79%) in the three control groups. The radiatioh damage to

‘the ovaries of the At 11-trea‘ced rats was apparently not repalred to

any significant extent by thyroid therapy.

Average Litter Size and Vlablhty of Offsprlng
F ollowing Thyroid Destruction or Removal '

Litters of the thyroid-deficient animals.were semewhat
smaller-—four to seven animals per litter--than those of the control
animals--six to thirteen pups per litter. Very frequently, st111b1rths

were delivered by animals whose thyroids had been removed surgically
or irradiated with I 31. In most of these cases the number of young
~delivered alive was only 50% of the total litter. Still births were rare

in the control groups, as shown in Table 1L

Viability of Offspring and Average Litter Size Followmg Thyr01d Therapy .

When thyroid therapy was emplowed the litter sizes were
closer to normal averaging six or more pups per litter in Experiments
I and II. Daily thyroid treatment in Experlment I 1ncrea.sed the number
of pups per litter.to the control average. The average number of still
births per litter was very high even when animals were maintained on a

thyroid supplement. Still births ranged from approximately 30% of the

pups delivered by the 1131+ T4+ T group. in. Expemment Im to 75% in
1131+ T group of Experiment I1I. The higher proportion of live "births"

in the 1 31 4 ETOUp of Experiment III is somewhat misleading. Most

of these Iatter animals were sacrificed during parturition for serum

calcium determinations, and only total litter size should be. considered.

The numbers of surviving pups in the 1131 + T, + T, and 1131+ T, groups
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ai'e higher than for the other thyroid-therapy animals in the two 'earlier
experiments. - When the aniﬁals in. Experiment III were found to:be
going into tetany (e constaot'vigil being kept on their progress), they
were eutopsied, and a number of live pups were generally found in
utero.  Had these animals not been watched so closely, the fetuses
would most likely have died shortly after the.death of the mother, and

they would have been recorded as dead in utero.

Length of Gestation

The 1ength of gestation was observed accurately and
"recorded only in Experiment II. Day - 1: of pregnancy was established

by the method of Blandau. >3 The gestation perlod of the control animals

averaged 23 days (range 21 to 23 days); the 1 31 4 gToup averaged 24
days (range 22 to 26 days); 1131+T4+ Ca all dehvered on day 23; 1131+C

averaged 23 days (22 to 24 days), and 1 131 (one an1mal only) was 23 days.

Maternal Survival

!

By combining the deta from all experiments, it was found
that, of the 11 thyroid deficient rats that became pregnant, one died in
labor. Fifty-four rats that were given thyroid hormone became pregnant,
and 16 of these animals (30%) either died in labor or were in extreme
tetany when sacrificed. There were no deaths durlng labor recorded for

the 23 control pregnanc1es

' Effect of Exogenous Calc1um on V1ab111ty of Young and Survival of Mothers

In Experlments I and III, 17 pregnant rats were glven
e1ther veterinary or C.P. calcium gluconate by mouth dally during the
last five days of pregnancy. Five of these animals (30%) died in labor
~ or were in active tetany when sacfificed Included in the data is one
animal that received ca1c1um gluconate for only 2 days when labor began.
Oral adm_;nlstratlon of either ;vetermary or C. P. oalcm.m gluconate did
not improVe maternal survival. Tﬂere was, however, some iodication
that the veterinary preparation had some benef1c1a1 effect on length of

gestation and the viability of the young. In Exper1ment II, the anlmals

i
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- that received both thyroid hormone and the calcium éupplement delivered
‘large litters without incident, and no still borns were found. - All six of
these litters were‘:_success‘fully suckled until weaning. On the other hand,
- half of the young born to the four ‘thyroid deficient ra.-ts——.l.131 + Ca--
were delivered dead. In Experiment III, maternal survival was no
better, and the ‘percentage of live young born to the group that received
calcium gluconate {C. P.) was only slightly better than for those groups

that did not receive supplemental calcium.

Serum Calcium Levels-at Term

In the third expenmental series, it was necessary, because
of the large number of animals involved, to breed them one group at a
time. Although the number of pregnancies was high, and the litter sizes
were close to normal for the T, and T, + T groups, it was immediately
obvious that these animals were having considerable difficulty in delivering
- their litters. Omne-third of their young, on the average, were delivered
dead, and eight of the 17 pregnant rats in these two groups died in labor.
The histological specimens from the two previous ekperiments were
completed at about this time. In some of the sections of perltracheal
tissue taken from I 31-1rrad1ated animals, the parathyroid tissue, while
still grossly intact, showed some indications of structural alteration.
The parathyroid structural changes are discussed in detail in the next
section. The observations of others concerning absence of d;mage or
minimal damage to the parathyroids, as well ae our own previous
measurement of nearly normal serum-calcium levels in rats whose
thyroid gland‘s'had been destroyed with 1131, applied strictly to animals
under little if any stress. It was considered quite likely that termination
of pregnancy m1ght produce sufficient stress to disclose a part1a1 para-
thyroid impairment. The remaining experimental and control rats were
bred and observed with great care so that blood samples for serum-calcium
rnea.surern’ent:might be taken during or very close to labor. Serum-
calcium levels, and the etage of labor when the blood samples were taken
are shown in Table 111 for ten normal controls, nine anlmals in the

1131 + T4 group, and four animals in the I131 T4 + Ca group. *

sk
"Four rats in these two groups either had died or successfully delivered
their young before blood samples could be obtained.

-
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Animals are designated in the Table as "in normal labor''--contractions
and (or) vaginal bleeding but no pﬁps lborn; "delivering normally''--one
‘pup delivered, but mother was sacrificed before the 'piacénta was eaten;
or ''post partum''--some or all of the pups delivered and placentae eaten.
Some animals showed convulsions or rigidity--these are designated as

: "iﬁ,tetany". The range of control values was 9.95 to 12.28 mg of 7
calcium per 100 ml of serum. The range for the experimental animals
was 7.11 mg% to 10.49 mg%, and for those in tetany, the range was '

from 3.12 mg% to 5.16 mg%h.

Histology of the Pérathyroid

Tissue remnants were taken from the thyroid region of

! -irradiated animals in Experiment I, and from 13 I131 -irradiated

18 13
rats in Experiment III for which pre-autopsy serum calcium measure-
ments were also available. Both par,athyrbids were identified in only
nine of the 31 specimens examined. The normal parathyroid gland as
shown in Fig. l.is highly vascular and dénsely cellular, and the cells.
are arranged in irregular cords and clumps supported by delicate
reticular fibers. The gland is covered By a delicate connective-tissue
‘capsule. _ | o
‘ None of the parathyroids taken fro’m 1131 -irradi’atéd rats
could, upon careful examina.tion, be claseéd as undamaéed, In general,
these glands were smaller than in the normal controls. ‘They were sur-
rounded by a thick band of fibrous connective tissue which was usually
_conﬁnuous’with the scar tissue that had replaced the thyroid (Fig. 2).
When thé parathyroid appeared to have been originally located on the
surface of the thyroid, the connective-tissue capsule was thinner on the
surface. Only rarély were blobd,ve{ssels seen to be penetrating this
cépsule. The reticular nétwork of the irradiated glands was very con-
spicuous in many specimens and comprised a 1arge proportion of the
total tissue in some of them. The capillary network was generally very
much reduced or obscured by the connective tissue.- Occasionally two
or three large blood vessels were seen in a single section. The cellu-
larity of the irradiated parathyroid glands varied from a few cells

arranged in ''nests'' of two to four cells separated from each other by
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Fig. 1. Normal parathyroid tissue taken from a control animal in
Experiment I. Note capsule of loose connective tissue and
delicate reticular network. Cells in central region are arranged
in cords; those at the periphery are arranged in clumps.
Sectioned at 6, H and E, x 220,
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Fig. 2. Parathyroid from rat No. 2337; serum calcium 10.49 mg%
during normal delivery. There is a thick fibrous replacement
of the thyroid. Note the conspicuous reticulum and reduced
cellularity in the region nearest the trachea. This gland had
apparently been located on surface of thyroid. Sectioned at
6 u, H and E, x 220.
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,connective tissue septa (Fig. 3) to densely cellular, deeply stammg
tissue with a structure rem1nlscent of normal parathyrmd (Flg 4)
' Correlation of structure with function was not clean cut
particularly since only one parathyrmd was usually seen The two
pieces of peritracheal t1ssue from each ammal were embedded in the
same paraffin block. ‘The blocks were not sectloned serially but vvere
cut only until two- pieces of tissue could be seen in’ the sectmn of the
paraffin ribbon. Consequently, identifiable parathyrmd tissue was un-
doubtedl';r missed in many specimers. In spite of this techmcal error,
it was still pos sible to make a rough correlatlon between the m1cro-~-
scopic appearance of the parathyroid tissue and the condltlon of a particular
animal at partur1t10n When the 1dent1f1cat10n of the slides was covered,
10 of 13 spec1mens from Experiment IIIl were correctly d1agnosed as
probably hav1ng a ""normal' or ''very low' serum calcium'level. In those
for whlch no correlation could be established, one animal with a serum
calcium of 9.12 mg%, the parathyroid tissue was ap’parently'r‘niss‘ed
du'r'ing;sectionin'g.' In the second case, only one parathyroid was seen,
and" this was a r_efnnant enca'p‘s‘ulated with fiber and chiefly composed of
fibrons tissue with a very few cells. The serum calciutn was low normal
at 8;7_4"m_g%. In the third case, again only one parathyroid was fovnnd.
_On{e-thii'd of the tissue was fibrous replacement There were a few
per1phera1 cells w1th darkly staining cytoplasm A normal serum calcium
0f-10.49 mg’ was found. A tetanic animal 1nvar1ab1y had a serum-calcium
level of less than 6 mg%. The histologic preparations from six animals
in tetany usually indicated that the parathyroids had originally been . - -
- embedded in the thyroid tissue. The glandular remnants were surrounded
by avthick fibrous capsule and contained small tightly clumped pyknotic or
darkly staining cells in an extensive fibrous network. There were four
animals that were delivering normally whose serum calcium was greater
than 8 mg% and whose parathyroid histology fit Witn their serum calcium
level and general condition. Although considerable fibrous invasion was
seen, the groups of cells retained their normal glandular structure.
They had abundant cytoplasm, and the capillary bed was extensive. These
four had at least one parathyroid' that appeared to have been on the surface
of the thyroid gland before irradiation. This favorable geometric location

could account for the survival of much of the tissue which was only
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Fig. 3. Parathyroid from rat No. 2348; serum calcium 3.83 mg%.
Animal in tetany attempting delivery. Note thick fibrous capsule,
and small clusters of cells separated from each other by

connective-tissue septa. This gland apparently had been embedded
deep within the thyroid tissue. Sectioned at 6 p, H and E, x 220,



=26=

ZN-2295

Fig. 4. Parathyroid from rat No. 2369; serum calcium 10.40 mg%
during normal delivery. Note conspicuous reticulum and
variability of cellularity and grouping of cells-~cords and sheets
at the upper right and clusters at the lower left--reminiscent of
normal parathyroid tissue. Sectioned at 6 p, H and E, x 220.
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partially irradiated by the 11'3-1'.. The presence of absence of considerable

damage could almost be judged on the basis of the spatial relationship of
. one or both parathyroids to the thyroid gland, at least insofar as this :

rél'ations,hip could be reconstructed.
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DISCUSSION. 4 . . =

Our exper1ments support the results obtained by many
‘1nvest1gators—-thyro1d ablation w1th 1'% is'a far more effective means
of thyroid destruction than surgical removal of the ‘gland. 25,26, 62 How -~
ever, this procedure does not necessarily preclude parathyroid damage,
as ‘will be discussed later. ' ' |

The long life of thyroid hormone in the anlmals——greater than 40
days according to Wattslv- --has lead to many of the contradictions in
studies of the relationships between hypothyroidism and reproduction. The
fallacy in neglecting the long life of this hormone is demonstrated by the
experiments of Bruce and Sloviter on mice. 63 They state: "'Irx the present
study, the complete loss of thyro1d t1ssue had no s1gn1f1cant effect on the
ability of the mice to mate and conceive young. " They also state: ''Gorb-
man found reproductlon is virtually halted' in female mice given enough
I131 to destroy all thyroid tissue', and further, 'he describes the ovaries
as being 'devoid of ova''', which is contrary to their findings. ''There is v
“no obvious explanation for the differences in results except that different

strains of mice and different basal diets were used." The apparent error
arises in their statement: '"The observations on reproductive function in
the present investigation were made relatively soon after induction of the 7
thyroid-deficient state".’ This statement is quite obviously true, since
their results show the animals were bred only 21 days after thyroid-
ectomy. The hypo-or,.preferably, athyro1d condition thus would not be
established until the 19-day gestation perlod had already been completed.

The obvious reduction in fertility shown in our experlments
appears to be directly related to the absence of circulating thyroid hormone.
Similar observations have been made by several workerszf , 64 and not

admitted by another.

Fertility was nearly normal in surgically thyro-parathytroid-
ectomized animals when given thyroid supplements and did not seem to
be impaired by the absence of the parathyroid glands as suggested by
Bodandky and. Duffj Fertility was also close to normal in I 3,1-thyroid—

ectomized rats when tr11odothyron1ne or thyroxine were given in sufficient

amounts to maintain a normal standard metabolic rate.
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- We were unablé to demonstrate any beneficial effect of
desiccated thyroid substance, Athyroxine_, or triiodothyronine therapy
on parturition. An increase in protein-bound iodine has been demon-
strated in pregnant women near term. 66 This substantial ‘increase in
thyroid hormone output at the end of gestation fnight have some effect
on parturition,:bl_lt it was not seen in these experiments. . .

The lack of understanding of the difficulties encountered -

131

during parturition in the 1"~ -thyroidectomized rat was apparently

complicated by our own exp‘erimvental workz? as well as that of other

. . 5,25,26,62
investigators.

An acute need for additional serum calcium
at term was not anticipatéd, Previous work gave no indication that
severe parathyroid deficiency might be produced occasionally during
radioiodine thyroid ablation. Following‘the '"discovery' of very low
.serum-calcium levels (less than 6 mg%), the parathyroid glands were -
specifically sought at necropéy, ‘ and histological preparation were made
of peritracheal tissue. , | | | |

The level of calcium in the Purina Laboratory Chow (1.35%)
is apparently sufficient to maintain the parathyroid-deficient animals
when not under any kind of stress. A large percentage of this calcium
may be in a nonutilizable form since its source is fish meal or vegetable
matter. Thus, it would not meet the standards of the high-calcium diet
recom‘mended by Cox and Imboden for support of parathyroidectomized
rats. 31 Augmenting this diet with additional. calcium in the form of
veterinary calcium gluconate appeared to have some beneficial effect
(Experiment II) on the survival of. the young. Calcium gluconate (C. P.)
used in Experiment III (T'4A,‘+ Ca in which four of seven animals were in
tetany) did not aid maternal survival or markedly improve litter survival.
These observations suggest that oral administration of calcium in the
form of calcium gluconate‘ is of little LliSé in ameliorating the symptoms
of acute parathyroid de.ficiency. '

An interesting observation was made in the two groups of
surgically thyroidectomized animals of Experiment I. Of a total of 46
pups that survived parturition, 24 died before they were more than 2 days
old. The remaining 22 pups survived to wéaning preceded by what

appeai‘ed to be a 2-day period of malnutrition. This time period parallels
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some of the investigations of Munson who found‘'that parathyroidectomy
in a.lactating rat reavuced considerably the calcium 1C;Qn:tentlc‘)f the milk

for a period of two da,y.s; 6_7 At t_his time, the ca.lciumv returned to a '
concentration that exceeded that of the milk of normal lactating rats.

- Some mechanism appea,r-s_t'o_ble ope'rati{fe ddring lactation
that comes into play in the absence of the parathyroid glands. This
poses an interesting problém: _ Is there a'mechanism'associated with
lactation responsible for an aﬁsolute increase in absorption of dietary
calcium, or an increase in d'ie‘ta,r}} intake of calcium by stimulation of

food intake while the absolute absorption level remains constant?
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