O013-9227/81/1291-0210805.00/0
Endocrinology
Copyright © 1991 by The Endocrine Socisty

Wol. 128, Mot
Printed in LA

Maternal Hypothyroidism during the First Half of
Gestation Compromises Normal Catabolic Adaptations of

Late Gestation in the Rat*
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ABSTRAUT. Female rats were mated and thyroidéctomized
on the same day. Some animals were kept without treatment
and killed on day 12 0r 21 of gedtation (1), Others were subse.
quently treated daily with 1.8 pg 12 1./100 ¢ BW for either the
first 12 daws and then not treated from that time until day 21
TERT 101 orelse not treated for the first 12 davs and then
treated from dave 12-20 {THTA0+ID] A final group received
treatment during theentire 21-day study [T+ LI+ ] and was
used as the control The net maternal body weight inereased
until dayv 12 of gestation i T rats, but not in T
animals. On day 21 net maternal body weight was sigrificantly
lowerin Fand THT U0+ than i T+T, (01D rats. Lipoprotein
lipase activity 1o the lumbar fat pads increased fron days 010
12 of gestation and deereased onday 21, whereéas in the heart
the change was in the opposite divection, and these changes were
greater in THTIH) rats than in Trats Incorporation of [U=

YClglucose administered tin pivo into liver [YClfatty acids or
[MClelveogen was  significantly lower in. T orates than tin
TAT (1T o either the 12¢h or 218t day of gestation. The
response of plasma triglveeride, glyeerol; or O-hydroxyhbutyrate
levels to 24 h of starvation was similar in 12-day pregnant rats
regardless of whether they were treated with T, whereas on day
21 the change was greater in T T (10 or THTI140) animals

than in Toor T T (0] animvals: Results show that maternal

hypothyroidism during the first half of gestation impaired the
anabolic events occurring during this phase and compromised
the normal catabolic response during late gestation even when
Titreatment was restored. However, once maternal metabolic
stores were built up normally during the first half of gestation;
maternal hypothyroidism during late gestation did not affect the
mother's normal metabolic adaptation, mncluding the aceelerated
respanse to starvation: (Endocrinology: 1289: 210-216,-1991)

MATERNAL hypothyroidism s known to affect the
development of offspring adversely. Women hv-
g in areas of severe iodine deficiency maintain low
serum T, levels during pregnancy (1), and this maternal
bypothyroxinemia plays an lmportant role in the broad
spectrum of congenital abnormalities associated with
severe iodine deficiency. Perinatal mortality and morbid-
ity inerease as maternal plasma Ty decreases (2).1n the
rat, maternal bypothyroidism also alters fetal body and
brain weights (3) and reduces the number of fetuses (4
Tt has been suggested that thyroid hormone deficiency in
the developing embryo even before the onset of fetal
thyroid function (5] contributes to the adverse effects of
maternal hypothyroidism on the progeny.

Metabolic adaptations taking place in the mother dug-
ing gestation may also be modified and contribute to
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altered fetal development. We have previously shown
that thyroidectamized pregnant rats treated with substi
tutive doses of Ty from day 12 of gestation, but no earlier,
have smaller fetuses on day 21 than those receiving the
T, treatment between days 012, but no later (8), During
the first half of ‘gestation, when f{etal development is
alow, the mother iz in an anabolic condition where fat
stores are accumulated for use in the later part of gesta:
tion when the rate of fetal aceretion is maximal (7). The
possibility, therefore, exists that maternal hypothyvroid-
ism during that first half of gestation could impair the
anabolic changes in the mother addressed 1o building up
her fat stores and limit the proper availability of sub:
strates to sustain the normal catabolic events that sup-
port the rapid fetal development that takes place during
late gestation. This alteration may be especially manifest
during the periods of food restriction, when accelerated
starvation is known to be an intrinsic condition of nor-
mal prégnancy (8). To test that hypothesis, the present
study has repeated an experimental desien we have pre-
viously dsed to detérmine TSH and growth parameters
in fetuses (6) in which pregnant rats were thyroidecto.
mized on day D of gestation and treated with exogenous
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Ty for-different: periods; but here it is the ‘maternal
metabolic condition under fed or 24-h fasted conditions
at both midgestation (day 12) and late gestation (day 21)
that is studied:

Materials and Methods
Animals and experimental design

Virgin female Wistar rate from our-own ecolony, weighing
200-220 ¢, were housed in a temperature-controlled room (22
#3100 with 2 12-h on-off light schedule and fed-a Purina chow
diet (Panlab, Barcelona, Spain). The care and handling of the
animals throughout the study followed ‘the current law for
Animal Care of the European Common Market (Strasburg
March 18, 1986). Animals were mated, and the same day that
spermn appeared in vaginal smears (dav U of gestation) they
were surgically thyroideetomized (T} under ether anesthesia,
with care taken to spave the parathyroids. The day after thy-
roidectomy animals were divided into six groups. Four groups
received a daily ip injection of 1.8 up »-T./100 2 BW for
different specified periods of time; the first 11 davs of gestation
were considered period 1 and the second half of gestation (days
12<21) were considersd period 1L In group T T (140, T rats
received 1 treatment forthe first period and not for the second
and were killed at the end of period 1 (day 21). Group
THT A0 received T only during period 11 and were killed
at the end of period L In group T+T (1411, the animals
received T in both periods and were killed at the end of period
. Finally, group T+ animals received T only during
period [ and were killed at theend of period | (day 12). The T,
dose was chosen on the basis of our previous experience (9, 10)
and because we have previously shown that it produced a
euthyroid state in pregnant rats (6), Taking this into account,
both T4+ and THTW(D were considered as controls for
Torats killed at 21 and 12 days, respectively, since we havealso
previously found that neither hody weight nor endoerine pa-
rameters in these animals differ from those in intact pregnant
animals (6). The two remaining groups of T rats did not receive
Ty treatment: one was killed on day 12 of gestation, and the
other on dav 21 One additional group of virgin rats was studied
i parallel with the pregnant animals for purposes of compari-
son (V). Bats were always killed 24 b after the last T, treatment,
and some of them were studied after a 24-h fasting period,
After decapitation their blood was collected from the peck
wound into dry heparinized tubes. The two uterine horng were
mmediatly dissected and weighed with their content to obtain
the whole conceptus weight, which was subtracted from the
mother s whole weight to obtainthe net maternal body weight.
The heart and huobar fat pads were excised immediately placed
into lguid B, and stored at 80 C until assay for lipoprotein
bpase (LPL) activity.

Processing and analysis of the samples

Aliguots of whole blood were deproteinized with Ba(OH);
and Zn 80, 111}, and supernatants wers used for glucose (12),
B-hydroxybutyrate (13}, and glveerol (14) determination. Al
guots of plasrna were used for the analysis of triglyeerides (151,
BIA of insulin (16) was performed using a RTA kit specific for

rats generously provided by Nove Industri/AS (Copenhagen,
Denmark), and BIA of THH was performed by a specific-rat
RIA kindly provided by the Rat Pituitary Hormeone Distribu-
tion Program-of the NIDDK: Plasma Ty was determined with
a highly sensitive-and specific RIA (17). Intra- and interassay
coefficients of variations for the RIA determinations were 5.1%
and 9.8% for insulin, 8:2% and 11.9% for T8H, and 5.0% and
6.8% for T, respectively. LPL activity was measured in ace-
tore/diethyl ether extracts in aliguots of the tissues kept in
Higuid N, ds previously described (18), To avoid interassay
variations, all TPL determinations from the same tissue were
runin the same assay. The intraassay coeficient of variation
was 5.6%,

Administration.of [T-2C]glucose

Some fed animals received 1 pCi [U-"Clglucose (8A, 257
wCi/mmol: Radiochemical Center, Amersham,; United King-
dom) digsolved in 25074l saline 10 min before death via iv
adiministration. Livers were removed and placed in liquid N,
Aliquots of the liver were used for [MClglveogen determination
(19) and lipid extraction and purification (20), Teotal lipid
extracts were saponilied and fractionated to messure “C:la-
beled fatty acids; as previously described (213,

Statistical analvsis

Themean & sEM are given. The significance of the difference
between the means of two groups was obtained with Student’s
ttest;and for more than two groups with Newman-Keuls test
(223,

Hesults
Plasma Ty and TSH levels

Plasma T and TSH levels were measured as an index
of the thyroid condition of the animals at the time of
death, As shown in Fig, 1, onday 21 of gestation plasma
Ty levels were signtficantly lower in Thand T+T(14+0)
than in TP+ rate nsed as controls; whereas T,
levels in TH+T (0411 did pot differ from those in
THTE+) The oposite changes were found for plasma
TeH levels,

Maternal net body weight sam during gestation

Az shown in Table 1, the maternal het body weight
gain (free of conceptus) during the first 12 days of
gestation was higher in T vats treated with 18 g T/100
g BW . day {T+T{1}1] than in these that were untreated
(1) orin age-matched virgin females (V). On day 21 of
gestation; maternal net body weight gain in T rats re-
cerving treatment for the entive period (1+11) was slightly
but not significantly loweér than that in V rats. In T
animals net body weight was significantly lower than in
either V. or T T 1+11) rats, and this was also the case
when T rats received the T, treatment only during the
second half of gestation [T+, (0+1D); Table 11, On the
contrary, as alsoshown in Table 1, when T rats received
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Fio. 1o Plasma concentrations of Ty and TEH on day 21 in pregnant
untreated T rats or rate treated with 1.8 ug T,/100 ¢ BW for ditferent
gestational periods. Asterisks correspond to the statistical significance
with respect to data from THTI+1D) dams (7% P <0001} Data are
the mean & SEM of 6-12 rats/group.

Ty treatment from davs 0-12, but not later [THT(I+0)],
their net body weight appeared higher than that in either
Voand THT(LD control rats, although the difference
was statistically significant only with the latter group (P
< .05}, : :

Plasmao glucose and insulinlevels

Ag also shown in Table 1 regardless of whether T,
treatment was given, the plasma glicose concentration
was Jower in 12- and 21-day pregnant T rate than in
virgin animals, Whereas no difference was found between
Toor THT(0+11) rats and the T+T1+11) controls, on
day 21 the plasma glucose level was significantly lower
in T+T(04+0) rats than in the THTI+1]) control rats.
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TaprLe 1:.-Maternal net body-weight-increase and: plasma glucose and
radioimmunossayable insulin levels during gestation in untreated T
rats or rate treated with 18 pg T0/100-2. BW for different gestational
periods
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Ageimatched intact virgin rats {V) were used for comparison. Data
arethe mean £ siM of 6-12 rats/group. T pregnant rats studied on
day 12 of gestation were treated daily with T, [T+ and these
studied on day 21 were treated from davs 012 of gestation [T#7T}
00 from days 12221 [THTH0+11, or for the entire period [T4+T,
(BRI or received no T
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P G010 peo THTHD or T+ T (11,

CP= 005 s DT or TR T

On the contrary, insulin levels (determined by R1A) had
increased on dav 12 in rats receiving the T treatment
for.the whole period and returned to below basal levels
{day 0) on day 21 of gestation [T+ (1+1D] whereas in
T animals insulin levels did not change significantly on
day 12 of gestation compared to those in V animals, and
this value was still stable on day 21 Treatment with T,
or interruption of treatment during the first or second
half of gestation did not modify these differences in
plasma insulin levels on the 215t day ol gestation in any
of the groups compared to those in Vorats.

LPL activity in lumbar fat pads and heart

As shown in Fig. 2, on day 12 of gestation in
T+, (1+11) rats, there was a significant increase in lum-
bar fat pad LPL activity, which later declined to values
significantly below those in virgin animals on day 21 of
gestation. This effect was not modified even if the T
animals receiving Ty treatment did not receive T, alter

Cthe 12th day of gestation [T+T, (1+0)] In T rats the

in¢rease in adipose tissue LPL on day 12 was slivhtly
smaller than that in TH+1T 1) animals (Fig. 2). whereas
on dav 21 those values also declined in this latter group,
and no significant difference was observed between the
different T pregnant animals. The change in LPL activ:
ity in the heart is the opposite of what occurs in adipose
tissue (Fig. 2}, since the activity in the heart declines on
day 12 in T eontrol rate receiving Ty treatment for the
entire period and increases on day 21 to the levels found
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< 001 s%oew, P o< 0.001), and those between treated and untreated
groups by crosses (+, P < 0.05).

on day 0 of gestation (vivem arumals). The drop in heant
LPL activity on day 12 of gestation does not appeat in
T rats, so the difference in the mean values of the two
groups at this gestational time is significant. although 1t
disappears on day 21 independently of whether the ani-
mals received T, treatment from day 12 (Fig 2}

Invive utibzation of [U-Clglucose

The in vive conversion of [U-"Clglucose to liver | 'C]
fatty acids and ["'C]lelycogen was studied in the T rats
receiving or not receiving T treatment, and results are
summarized in Fig. 3. The synthesis of both fatty acids

HC-ERITY ACIDS

apmirario®

1 T
¢ 12 15
derys o gesialion

H4C-GLYCOGEN

; dpm/g/if}“’

i 15
dave ol pestoton
6.4 Appearance of Yo labeled {atty acide and glycogen in Hver 10
i after the v administration of [ Clelucose in T pregnant
mw {reated daily wnh T ( B/ 100 o BW: XXy orireceiving no 1
statistical significance with
tion, and crosses fo the comparison hetween

in Torate than in

and glycogen was ruch lower
T control rats: 1t was already significantly
tower on day 12 of gestation and remained so on the 21st
dav.

Fffect of 24-h starvation on the plusma steady state
concenirations of different metabolites

When a mother s hypothyreid. reduction of her body
metabolic stores may impair her capacity (o respond (o

_ starvation normally. To test this posaibility, Lhe ateady

state concentrations of plasma metabolites in fed and
24 h fasted animals were studied. Since the response to
starvation is normally accelerated during late gestation
(8], the group of intact virgin animals was studied in
parallel for companson, Values are summarized in Table
2, where i 18 shown that on day 12 of gestation fed T
rats, whether or not treated with I\, show lower plasima
triglyeeride and G-hydroxvbutyrate levels than virgin
animals, although thelr glveero]l level s significantly
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TaBLE 2. Maternal plasma level o triglycerides, glyeerol, and 8-hydroxybutyrate in fed and 24:h fasted-antreated ] rats or rats treated with 1.8

wg T/ 100 e BW- for ditferent gestational periods

Plasma tri-

~Plasma f-hydrox-

Group “Ilia‘y‘f)f glycerides Piafma gfyc,tczmi vhutyrate (pmol/
gestation (mmol/L) (pimiol/ L) L)

Vofed 2874030 91.3+9.9 BTB-5.6
THT (1), fed 12 1:08.2.0.2¢ 148.2 + 8.6 48,7+ T8
T, fed 12 172 % 0:10¢ 134:7 % 1020 439 £ 9.0¢
T+, fed 21 502 & 1030 15614163 1706 2001 8¢
T, fed 21 4474 0.9 474 #010:17 124:94.268
T (I0), fed 21 4.20 4 0.5 1831841280 144835 260"
THT0+1D, fed 21 4,35 4:00,5% 189, 419.0% 18048051
Wy 24-h fasted 2:19 40,2 15301697 8104 987
T+ 24-h fasted 12 SEG 08 2045 £ 9559 1066 = 68"
T, 24-1 fasted 12 8210 1772 13.8 BO01 008
THT ), 24-hfasted 21 875 4085 2215 10 8! 2000 £ 166
T, 24:-h fasted 21 Hib0 060 141042192 918+ 23817
THTHIH0); 24-h fasted 21 TAd o186 T80 % T.67 9119 4 938k
THT ) 245 fasted 21 720k 1200 16174164 1260 =+ 225°

Age-matched intact virgin rate {V) were used for comparison. Data are the mean '+ SEM of 612 rats/group: Groups are defined ss in Tabls 1.

P 05 ve Viof same distary status:
PP 0.0 ves Vol same dietary status,
CPEC0001 ps Vool same distary status,
P 007 s fed grovips:

P 0,001 vsifed groups.

LP e 0,05 vs fed groups:

higher than that in the virgins. On day 2L plasma
traglveeride, glveerol, dnd g-hyvdroxvbutyrate levels were
higher in the fed pregnant T rats whether or not treated
with T than in the virgin adimals. No difference was
found in these parameters hetween the groups of fed T
animals, but the response to 24-h starvation differed
substantially between the groups. Although plasma tri-
glyeeride levels did not change with starvation in virgin
animals, they ipereased ind2-day pregnant T orats
whether treated [T+ 10D} o not teeated with T, {1,
although the difference between values in fed and not
fed rats was not significant for the latter group. This
change was much greater on day 21 of gestation in
THTAHID, T 040), and P10+ rats, whereas
the values did wnot change with starvation in the T
animals, Plasma glyeerol levels significantly increased
with-starvation i vi ats and on dav 12 of gestation
in pregnant T orats regardless of whoether they réceived
Tutreatment. These levels also increased with starvation
on day 21 of gestation in the T4+ T U+1D or THT (140
anirmals, but they did not change significantly in 21-day
pregnant Toor THT (0411 rats. Starvation enhanced -
hydroxvhutveate levels in all groups, but the effect was
pivich greater in the 21:day pregnant TH O+ or
T TIH0) rats than in any of the other grovps studied
{Table 2. 1t is remarkable that the elfect of starvation
on plasma G-hydroxyvbutyrate levels was much lower in
the 21-day pregnant T or T {0411 rats than in either
the THTL I+ or TP 140) groups despite the fact
that the latter group, but not the T+1T (0411 group, was

hypothyroid when studied, according to the animaly’
plasma T and T8H levels (Fig. 1)

Discussion

Present results inrats demonstrate that hvpothyroid-
s oceurning only during the first 12 days of gestation
and ot during the second half of gestation impairs the
maternal capacity to build up metabolic stores and com-
promises both the possibility of g normal catabolic re-
sponse during late gestation and the adeguate metabolie
realionments necessary for accelerated starvation: These
findings agree with the reduced fetal growth previously
found by us in rats subjected o similar experimental
conditions of hypothyroidism cireumscribed to the first
half of gestation (6]

A maternal hypothvroid condition is known to reduce
the availability of thyroid bormones to the fetus (5, 23,
and this eliect could contribite to the reduced fetal
growth in the T rats not receiving I treatment for the
whole gestational perind (61, However, the mothers hm-
ited capacity to manifest normal metabolic adaptations
during late gestation, rather than a deficiency of thyroid
hormones, seenis to be the major factor miting normal
fetal growth in these T rats receiving substitutive Ty
treatment from just the 12th day of gestation (6). This
possibility is Rurther sustained by the normal plasma
TEH levels previously found in growtheretarded fetuses
of T T U041 mothers (6), which indicate that these
fetuses are not thyroid deficient.
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From previous studies we know that most of the in-
cregse in net maternal body weight during gestation
corresponds to fat stores (7, 24). Here we show that this
net maternal body weight ineresse is impaired on-day 12
of gestation when the mother s hypothyroid up to that
day, and the effect cannot be corrected even though
animals are treated with T, from that time on. Increased
maternal body weight gain during the second hall of
gestation in rats in which hypothvroidism I8 cireums
scribed to that gestational phase rather than to the first
half indicates that the eatabolic chapges normally occur-
ring during late gestation are decreased, thereby allowing
maternal fat stores to be preserved. These data demon-
strate the kev role of the anabolic vondition normally
accurring in the mother during the first half of gestation,
when fetal developrment is minimal, for ensunng both
the normal catabolic changes that oceur during late
gestation and the proper availability of substrates to
sustain normal fecal growth,

At midgestation, LPL activity decreases in the heart
and increases in adipose tissue, as was seen in our control
animals [ U100+ ] These changes permit circulating
triglyeerides to be driven 1o and faken up by adipose
tissue and. topether with enhanced Hpogenesis probably
contribute to the fat accumulation normally seeriin the
maother at this stage of gestation (7], We have seen here
that some of Lhese changes did not vecur and others were
milder in pregnant rats that were kept hypothyrod dur-
ing the first half of gestation compared to those receiving
T treatiment for the whole period: This together with
their decreased liver glveosen synthesis indicates that
the anabolic manifestations seen during the first half of
gestation in control animals are greatly impaired in our
hypothvioid rats,

The mechanism through which these negative effects
are produced can not be justified by low thyroid hormone
levels alone, since other endocrine disorders are known
to aceompany the hypothvroid condition. We have seen
here that on day 12 of gestation plasma insulin levels in
hypothyroid pregnant rats are vuuch lower than those in
euthyroid animals. Insulin is known to both positively
modulate adipose tissue LPL activity and have a negative
effect on the same énzyme 1o the heart (20, 26} Thie
fustifies not only the slightly decreased LEL activity
found in the lumbar {3t pads on day 12 of gestation in
the hypothvroid rats compared to the euthvroid enes,
but also the unchanged LPL activity in their heart, in
contrast to the reduced activity found in the euthyroid
animals, ‘

Accelerated starvation i a normal feature during late
gestation in both women (27) and rats (28). This change
facilitates proper substrate availabiliv to the fetus under
conditions of food deprivation. As an index of this, we
have seen here that circulating triglveerides, glveerol,

and f-hydroxybutyrate increase “more dn - thyroidecto-
mized pregnant rats receiving substitutive T, treatment
for the entire period than in virgin control animals,
although this response appedred impaired in pregnant
rats that were kept permanently hypothyroid, This re-
dhiced response to starvation could be the result of either
the thyrowd hormone deliciency in itself or a secondary
consegquence of the reduction in available resources for
moebilization. The starvation response was tmpaired dur-
ing late gestation in'pregnant rats that were hypothyroid
during the first half of gestation but suthyroid during
the second hall [THT(0+D] and normal in those that
were under the opposite experimnental condition (euthy-
roid’ during the first half and hypothyroid during the
gecond hall of gestation, when the animals were studied
[T+ 0] This indicates that an insufficient availa-
bility of metabolic resources, rather than the -thyroid
hormone deficiency itsell s the major factor that reduces
the maternal capacity to respond to the fasting stimulus.

Sinee the metabolic response to starvation in 12-day
pregriant rate appeared similar in hyvpo- and euthyroid
amimals and did not differ from that in virgin rats; the
impaired response in certain groups during late gestation
indicates that this effect is circumseribed to the acceler-
ated starvation that occurs at this specific gestational
period, when the rate of fetal aeoretion 18 maximal,

The present findings together with earlier ones (6)
emphasize the lmportance of the anabolic changes oc-
curring in the mother during early gestation in support-
ing the metabolic adaptations that take place during late
gestation, which are mainly addressed to assuring the
proper availability of substrates to the fetus even during
periods of food deprivation. The results also show that
maternal hvpothyroidism during the first stages of ges-
tation has negative effects on maternal structures, which
last until late gestation even when substitutive thyroid
hormone therapy is established. In addition to the poten-
tial direct negative effects on embrvonal development of
thyroid hormone deliciency during the first gestational
stages, it is proposed that the effect of reduced maternal
fuel stores may contribute to the pathogenic manifesta-
tions in the offspring of hypothyroid mothers,
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