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ABSTRACT. Female rats were mated and thyroidectomized
(T') on the same day and divided into four groups. Three groups
were subsequently treated daily with 1.8 g 1.-T4/100 g body wt:
1) for the first 12 days [T + T, (I)]; 2) from the 12th day until
death [T + T, (II)]; or 3) for the entire 21-day study [T + T, (I
+ II)]. The other T animals were maintained without treatment
(T), and another group of mated rats were sham operated (C).
Maternal body weight increase during gestation did not differ
between T + T, (I + II) and C dams, whereas it was smaller in
T dams from the 7th gestational day onward. Neither interrup-
tion of T, treatment in the T + T, (I) rats after the 12th day
nor treatment initiated at that time in the T + T, (II) group
modified their body weights. At day 21, the weights of the
maternal conceptus-free body and liver, the placenta, and the
fetuses were lower in the T and T + T, (II) animals than in
either the C and the T + T, (I + II) animals. Maternal plasma
T, and pituitary GH content were reduced, and plasma TSH

was enhanced in both T and T + T (I) dams. In fetuses, plasma
TSH concentration was augmented in T and T + T (I) rats and
unchanged in T + T, (II) animals when compared with those of
T + T, (I + II). Pituitary GH content was reduced in T and T
+ T, (II) fetuses and unchanged in the T + T, (I) group. We
propose that maternal thyroidectomy greatly decreases the thy-
roid hormone levels in embryonic structures during the first half
of gestation and inhibits normal maternal metabolic changes
during this period. In addition to interfering with normal fetal
development, these effects reduce the quantity of maternal sub-
strates available to fetuses during the last phase of gestation. In
contrast, when maternal hypothyroidism occurs during the sec-
ond half of gestation, the effects are not as detrimental because
fetal thyroid gland activity is adequate, and maternal catabolic
adaptations are not impaired. (Endocrinology 122: 450-455,
1988)

HE PATHOGENIC mechanism involved in the

development of endemic cretinism is not yet com-
pletely understood. Under normal physiological condi-
tions, the variables of thyroid function in the newborn
show no correlation with those of the mother, whereas
the infants of hypothyroxinemic mothers have an in-
creased risk of lower mental development (1) and, if the
hypothyroxinemia is caused by severe iodine deficiency,
of being cretins (2), which suggests that maternal thyroid
status plays a decisive role. This hypothesis has been
substantiated by studies in regions with very severe
endemic goiter (3), although other possible effects of
goitrogenic substances acting directly on fetal thyroid
function and/or placental iodide transport cannot be
dismissed. In pregnant rats both iodine deficiency and
thyroidectomy have been reported to cause fetal growth
retardation (4-7) and permanent postnatal alterations
(8), although some studies indicate no changes (9-11). It
has recently been shown that both maternal iodine de-
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ficiency and maternal thyroidectomy cause a substantial
thyroid hormone deficiency in embryonic tissues (4, 5).
This condition is most pronounced during the first half
of gestation, both before the onset of fetal thyroid func-
tion, which occurs some 17-18 days after conception in
the rat (12), and before the appearance of thyroid hor-
mone receptors, which occurs after the 12th day of ges-
tation (13). In addition to the possibility that early
thyroid hormone deficiency in the fetal tissues may delay
fetal development, the maternal hypothyroid condition
may also intervene adversely. Metabolic adaptations dur-
ing gestation involve a substantial increase in maternal
carcass fat in the first half of gestation (14), a phase that
has been called anabolic (15) and which lasts until the
onset of rapid conceptus growth. The present study with
T, treatment during specific gestational periods of thy-
roidectomized pregnant rats was performed to determine
whether maternal hypothyroidism during only the first
12 days of gestation causes delay in fetal development
and alters the normal maternal metabolic adaptations in
the gestational state.

Materials and Methods

Animals and experimental design

Female virgin Wistar rats from our own colony, weighing
180-200 g, were housed in a temperature-controlled room (22
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+ 1 C) with 12-h light, 12-h dark cycles, and fed a Purina Chow
diet (Panlab, Barcelona, Spain). Animals were mated (day 0 of
gestation, as confirmed by the presence of sperm in vaginal
smears), and surgically thyroidectomized (T) under ether anes-
thesia. Care was taken to spare the parathyroids. Another group
of pregnant rats was subjected to sham operation and used as
intact controls (C). Starting the day after surgery, three groups
of rats received a daily ip injection of a solution containing 1.8
ug T4/100 g body weight for different specified periods: 1) for
the first 12 days [T + T, (I)]; 2) from the 12th day until death
[T + T, (II)]; or 3) for the entire 21-day study [T + T, (I + II)].
The T, dose was chosen on the basis of our previous laboratory
experience (16, 17) which showed that it produces a euthyroid
metabolic state. A daily ip injection of 0.5 ml 0.9% NaCl was
given to all animals not receiving T, [the C and T groups during
the entire study and both the T + T, (I) or T + T, (II) group
when they were not receiving T,]. On the 21st day of gestation,
at a time corresponding to 22-24 h after the last T, or saline
injection, the rats were decapitated, and their blood was col-
lected from the neck onto dried, heparinized plates. The two
uterine horns were immediately dissected out and weighed with
their content to obtain the whole conceptus weight. Fetuses
and placenta were excised, and after weighing the fetuses were
decapitated for bleeding into heparinized tubes. The plasma of
all the fetuses from the same dam was pooled and processed as
a single sample. Maternal and fetal pituitaries were removed
and homogenized in 1 ml distilled water. The plasma and
pituitary homogenates were stored at —80 C until assay.

Processing and analysts of the samples

Pituitary and plasma GH and plasma TSH contents were
measured by specific rat RIAs which were kindly provided by
the Rat Pituitary Hormone Distribution Program of the
NIADDK. Plasma T, was determined with the highly sensitive
and specific RIA described by Weeke and Orskov (18), as
modified for the rat by Obregon et al. (19).

Statistical analysis

Mean values + SEM are given. The significance of difference
between means of two groups was obtained with Student’s ¢
test and for more than two groups with the Newman-Keuls’
test (20).

Results
Body weight change during gestation

Increases in body weight during gestation in C and T
dams, treated with 1.8 ug T,/100 g body wt for different
periods or untreated, are compared in Fig. 1. These
changes were similar in C and T dams receiving T,
treatment throughout the entire gestational period [T +
T4 (I + II)]. When T, treatment was discontinued in T
dams from the 12th to the 21st gestational day, normal
body weight increase was not modified [T + T, (I), Fig.
1]. On the contrary, when T dams received no T, treat-
ment (T), their weight gain was greatly diminished and
their weight was significantly lower (P < 0.05) than those

of Cand T + T, (I + II) dams from the 7th day after
thyroidectomy onward (Fig. 1). T, treatment of T dams
starting on the 12th gestational day [T + T, (II)] did not
improve their poor body weight increase as compared
with T animals (Fig. 1). In all the groups body weight
changes from the 12th gestational day were parallel, so
that when the weight value at day 12 was considered as
100% for all groups, no significant differences among
them were detected up to the 21st day, indicating that
from day 12 of gestation the mother’s body weight is
independent of her thyroid hormone supply. Body weight
change during gestation has both maternal and concep-
tus components. These two were distinguishable in the
T animals because whole conceptus weight was estimated
in some rats from each group. As shown in Table 1, body
weight change through gestation in both the T and T +
T, (II) dams was significantly lower than in T + T, (I +
IT) rats, whereas no difference was detected between T
+ Ty (I) vs. T + Ty (I + II) dams. These intergroup
differences were due more to maternal structures than
to conceptuses, as both net (conceptus-free) maternal
body weight increase and maternal liver weight were
lower in T and T + T, (II) animals than in T + T, (I +
IT) rats, from which T + T, (I) rats did not differ (Table
1). Conceptus weight was similar in all groups, whereas
placental and fetal weights in groups T and T + T, (II)
were lower than in T + T, (I + II) (Table 1). Although
not systematically measured, the number of live fetuses
per dam was lower in T (8.4 = 0.9, n = 5) than in T +
T, (I + II) dams (11.1 =+ 0.2, n = 5) (P < 0.05), which,
together with the above mentioned findings, indicates
that the amount of amniotic fluid was greater in the
former group. No differences were found in any of these
variables between T + T, (I + II) and C animals (Table
1).

Maternal Ty, TSH, and GH concentrations

As shown in Table 2, values of both plasma T, and
TSH concentrations and pituitary GH content were sim-
ilarin T + T4 (I + II) and C dams, indicating that the
former were euthyroid. The T dams showed a greatly
reduced plasma T, concentration and pituitary GH con-
tent, whereas their plasma TSH concentration had risen
markedly. While these hormone concentrations were
very similar in T and T + T, (I) dams, values in T + T4
(IT) were almost normal and did not differ from those of
T + T4 (I + II) rats.

Fetal TSH and GH concentrations

Plasma TSH concentration and pituitary GH content
in fetuses from all the groups studied on the 21st day of
gestational age are shown in Table 3. It can be seen that,
when compared to the T + T, (I + II) group, fetuses
from T and from T + T4 (I) dams showed an augmented
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FiG. 1. Percentual body weight changes throughout gestation in T rats treated daily with T, (1.8 ug/100 g BW) from day 0 to 12 of gestation [T
+ T, ()], from day 12 to 21 [T + T, (II)], or throughout the gestational period studied [T + T, (I+ II)] and in sham-operated controls (C).
Differences in the mean weights of the T and T + T, (1I) and those of C and the T + T, (I) group were statistically significant from the 7th day
of gestation and thyroidectomy, by the Newman-Keuls test (P < 0.05). Absolute body wt values at day 0 of gestation for the groups were: 195 + 4
for C, 209 £ 5 for T + T, (I + I1), 201 £ 5 for T + T, (I), 189 + 6 for T + T, (II), and 207 % 6 for T. For simplification, weight recorded during
the first 12 days in which two groups received the same treatment were pooled in pairs: T + T4 (I + II) and T + T, (I); and T and T + T (II). In
all cases, data corresponding to days under T, treatment are shown as black triangles (A-- .. - A), and data from untreated rats are shown by open
triangles (A--~A), whereas intact controls are shown by black circies (@—————@).

TABLE 1. The weight of maternal and conceptus structures on the 21st day of gestation in untreated T rats or rats treated with 1.8 pg T,/100 g
body wt for different gestational periods

Body wt change. Net mgternal Maternal Conceptus Placental Fetuses
(A) through gestation body wt increase .
Group liver wt wt wt wt
(wt day 21-wt day 0) (A-conceptus @) @ @ ©)
(g) wt)

C 1336+ 54 40.7 £ 52 9.51 £+ 0.53 68.7 + 6.2 0.52 = 0.02 5.61 £ 0.09
T+ T, (1I+1I) 1283 5.5 379+ 43 8.70 = 0.47 76.1 £ 4.2 0.47 = 0.01 5.29 + 0.10
T 96.8 + 5.0° 21.2 + 5.5 7.35 + 0.28° 72.7+6.3 0.43 £ 0.01° 4.46 + 0.18°¢
T+ T (D 131.8 + 5.6 524 + 48 9.09 = 0.52 74.8 £ 6.0 0.51 + 0.02 5.01 £0.13
T + T, (II) 104.5 + 4.5°¢ 15.9 = 2.6° 7.10 + 0.32° 751179 0.40 = 0.02° 4.89 + 0.14°

Data are mean * SEM of 6-12 rats per group. T pregnant rats were treated daily with T, (1.8 ug/100 g bw) from day 0 to 12 of gestation [T +
T, (D}, from day 12 to 21 [T + T, (II)], or throughout the gestational period studied [T + T, (I + II)], or received no T,. C, Sham-operated
controls. Footnote symbols correspond to the statistical significance with respect to data from T + T, (I + II) dams.

¢ P < 0.001.
® P <0.05.
°P<0.01.

plasma concentration of TSH, whereas in those from the Discussion
T + T, (I) dams the values did not differ from those
from T + T, (I + II) dams. Pituitary GH content was
significantly lower in fetuses from both T and T + T,
(II) dams than in fetuses from T + T, (I + II) dams,
whereas values in fetuses from T + T, (I) dams did not
differ from those of the group treated throughout preg-
nancy. It is interesting to notice that these intergroup  build up her own metabolic stores during the anabolic
differences in fetal pituitary GH content parallel those = phase of gestation, and this could diminish her ability to
of fetal body weights (Table 1). fulfill normal fetal metabolic needs during the phase of

In addition to confirming the adverse effects of mater-
nal thyroidectomy on fetal development (5-7), the pres-
ent findings show three main points which contribute to
our understanding of the possible mechanisms involved:
1) the hypothyroid mother has an impaired capacity to
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TABLE 2. Maternal plasma concentration 6f T, and TSH and pituitary
GH content on the 21st day of gestation in untreated T rats or rats
treated with 1.8 ug T,/100 g body wt for different gestational periods

Group Plasma T, Plasma TSH  Pituitary GH
(ug/dl) (ug/ml) (ug/gland)
C 2.32 + 0.49 0.56 £ 0.06 132 + 14
T+T,(I+1I) 1.66+0.19 0.87 + 0.29 143 £ 16
T 0.05 = 0.02¢ 5.20 + 0.80° 1.40 % 0.50¢
T+ T, (D) 0.08 + 0.05° 3.56 = 0.19° 6.90 = 0.80°
T+ T, ) 1.46 + 0.29 0.93 £0.14 142 + 42

Data are mean + SEM of 6-12 rats per group. Experimental condi-
tions are as indicated in Table 1.

¢ P < 0.001.

b P <0.01.

TABLE 3. Fetal plasma TSH concentration and pituitary GH content
on the 21st day of gestation in untreated T rats or rats treated with 1.8
ug T4/100 g body wt for different gestational periods

Group Plasma TSH Pituitary GH
(ug/ml) (ug/gland)
C 0.195 + 0.022
T+ T, (I+1I) 0.190 + 0.011 0.810 = 0.111
T 0.306 = 0.020° 0.248 + 0.119°
T + T, (I) 0.335 = 0.031° 0.530 % 0.101
T + T, (I) 0.228 + 0.030 0.280 + 0.130°

Data are mean + SEM of 6-12 rats per group. Experimental condi-
tions are as indicated in Table 1.

P < 0.001.

¢ P <0.01.

¢ P < 0.05.

maximal fetal growth; 2) a reduction in the availability
of maternal thyroid hormones for embryonic tissues be-
fore fetal thyroid function permanently and negatively
affects fetal development, as clearly shown in the reduc-
tions of both fetal pituitary GH content and body weight,
which were not normalized by maternal treatment with
T, during the second half of gestation; 3) although the
fetus detects and responds to maternal hypothyroidism
occurring during the second half of gestation (an increase
in fetal plasma TSH concentration was found), the ef-
fects of maternal hypothyroidism on late fetal develop-
ment are negligible, in spite of this being the phase of
maximal body weight increase.

Impaired capacity of the hypothyroid mother to fulfill
normal metabolic adaptations

In physiological conditions, the pregnant mother
builds up metabolic stores during the first half of gesta-
tion (14, 21, 22), a period in which fetal development is
very slow. The present results show that conceptus-free
maternal body weight increase is greatly impaired during
this gestational phase in the T pregnant rat, and the
impairment is maintained during the second half of
gestation. It is well known that thyroid hormones are
required for normal anabolic pathways (for a review see

Ref. 23). The observed reductions in body and liver
weight in the untreated T rats indicate that maternal
hypothyroidism during the first half of gestation impairs
the anabolic changes that normally occur during this
phase, therefore impeding metabolic adaptations during
the second half of gestation when the fetal pumping of
substrates from the mother is maximal.

Reductions in the availability of maternal thyroid
hormones for the embryo during early gestation

Whereas the present experimental design did not allow
determination of thyroid hormone concentrations in em-
bryonic tissues, Morreale de Escobar et al. (5) have
recently reported that maternal thyroidectomy reduces
both T, and T; concentrations in embryotrophoblasts,
the effect being heaviest before day 17 of gestation. The
present findings on reductions of pituitary GH content
in 21-day-old fetuses from both untreated T dams and T
dams receiving T, treatment from the 12th day of ges-
tation are in agreement with the hypothyroidism evident
during the first stage of intrauterine development in
embryos of T mothers. The observed restoration of pi-
tuitary GH content in fetuses from T dams receiving T,
treatment only during the first 12 days of gestation
indicates that reduced availability of maternal thyroid
hormones during the second half of the gestational period
may be partially offset by the onset of fetal thyroid
function in this phase (12). This compensation is possible
under certain conditions, as in this experiment, in which
the diet was not iodine deficient and the fetal gland could
synthesize sufficient amounts of thyroid hormones. At
late gestation, fetuses from T rats have higher than
normal T, and T concentrations in some tissues such as
lung and brain (5) and plasma (7), suggesting a fetal
hyperthyroid condition. Qur findings of higher plasma
TSH levels in fetuses from both untreated T dams and
T dams treated with T, until day 12 of gestation agrees
with this, and may represent a way of supplying the
hypothyroid mother with T,, as suggested by Gray and
Galton (24). This compensatory reaction of the fetal
thyroid gland to maternal thyroidectomy when there is
no iodine deficiency may explain why fetal growth is not
as severely inhibited as could be expected. Although most
studies, including the present, show a moderate reduction
in fetal body weight in T pregnant rats (5-7), others
report no change (11), indicating some compensatory
action. This compensation may not occur when maternal
hypothyroidism is associated with an iodine-deficient
diet and/or with the presence of goitrogenic factors, as
occurs in certain areas of severe endemic goiter (3, 25,
26). These factors hinder adequate fetal thyroid activity
and cause marked thyroid hormone deficiency in embry-
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onic tissues throughout intrauterine life, as recently
shown in the iodine-deficient pregnant rat (4).

Normal fetal development when the mother becomes
hypothyroid during the second half of gestation

Maternal hypothyroidism (documented by reductions
in plasma T, and pituitary GH content, and an increment
in plasma TSH) limited to the second half of gestation
was found not to affect conceptus-free maternal body
and liver weights, indicating the presence of normal
endogenous metabolic stores which adequately fulfill fe-
tal needs. This conclusion is also supported by the nor-
mal levels of circulating metabolites (glucose, glycerol,
triglycerides, ketone bodies, amino acids) found in these
animals at late gestation as well as their normal meta-
bolic response to starvation (our unpublished results),
which is, however, decreased in rats that have been
hypothyroid since the onset of gestation (27). During the
last part of gestation, catabolic manifestations are en-
hanced in the mother (15, 28, 29) indicating that thyroid
deficiency does not impair these metabolic adaptations.
This conclusion agrees with previous reports of normal
or even enhanced lipolytic activity in the starved T
nongravid rat (17, 30), and suggests that whereas the
hypothyroid condition greatly impairs anabolic pathways
(which play an important role in the first half of gesta-
tion), 1t does not affect the catabolic adaptations required
in late gestation.

In summary, the present results show that maternal
hypothyroidism produced by thyroidectomy adversely
affects fetal development, and this damage is produced
during the first stages of embryonic life by affecting both
fetal and maternal structures. When maternal hypothy-
roidism occurs during the second half of gestation, and
in spite of this being the period of maximal fetal growth,
the effects are not as detrimental because normal mater-
nal catabolic adaptations are not impaired and the fetal
requirements for thyroid hormones are met by the activ-
ity of the fetus’ own thyroid gland. These conclusions
are still based on circumstantial evidence, and it is not
yet possible to evaluate the relative importance of the
different mechanisms that might be involved.
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