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Abstract: Background: Hypothyroidism has been related to low-weight births, abortion and prematur-
ity, which have been associated with changes in the content of glycogen and vascularization of the
placenta. Since hypothyroidism can cause dyslipidemia, it may affect the lipid content in the uterus
affecting the development of fetuses.

Objective: To investigate the effect of hypothyroidism on the lipid levels in serum and uterus during
pregnancy and their possible association with the size of fetuses.

Method: Adult female rabbits were grouped in control (» = 6) and hypothyroid (n = 6; treated with
methimazole for 29 days before and 19 days after copulation). Food intake and body weight were daily
registered. At gestational day 19 (GD19), dams were sacrificed under an overdose of anesthesia. Mor-
phometric measures of fetuses were taken. Total cholesterol (TC), triglyceride (TAG), and glucose
concentrations were quantified in blood, uterus and ovaries of dams. The expression of uterine 3[3-
hydroxysteroid dehydrogenase (3p-HSD) was quantified by Western blot.
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Results: Hypothyroidism reduced food intake and body weight of dams, as well as promoted low ab-
dominal diameters of fetuses. It did not induce dyslipidemia and hyperglycemia at GD19 and did not
modify the content of lipids in the ovary. However, it reduced the content of TAG and TC in the
uterus, which was associated with uterine hyperplasia and an increased expression of 3f-HSD in the
uterus.

Conclusion: Hypothyroidism alters the lipid content in the uterus that might subsequently affect the
energy production and lipid signaling important to fetal development.
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1. INTRODUCTION been reported that hypothyroid induces a low body weight
at birth in rats, a high content of glycogen in the fetal and
maternal placenta, and a low expression of vascular endo-
thelial growth factor (VEGF) [13, 14]. However, the influ-
ence of hypothyroidism on the dams and fetuses is not yet
fully understood. We have studied the effects of hypothy-
roidism on the fertility of rabbits, body weight of dams and
fetuses, and its possible link to the content of lipids and
glucose in serum, ovary and uterus of dams, as well as the
histological characteristics of the uterus.

During pregnancy, the elongation of the uterus requires a
high content of lipids and glucose. Pregnancy involves a
major steroidogenesis and energy production, an increase in
the prostaglandins synthesis and an activation in the cell sig-
naling [1]. Although the uterus receives nutrients from blood
[2], it also accumulates glycogen and lipids [3, 4]. High se-
rum concentrations of glucose and lipids during pregnancy
have been associated with preterm birth and alterations in the
development of the placenta [5-9].

Clinical and subclinical hypothyroidism have been

associated with pregnancy loss, intrauterine growth restric- 2. MATERIALS AND METHODS

tion, fetal death, premature birth and low birth weight [10-
12]. Actions of thyroid hormones on fertility, pregnancy
and fetal development in animal models are scarce. It has
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Nine-to-eleven months old breed-chinchilla European
virgin female rabbits (Oryctolagus cuniculus) were gruped
in control (C; n = 6) or hypothyroid (H; » = 6). The num-
ber of dams per experimental group was determined
according to previous studies [14] and recommendations of
the Ethics Committee of our University. Rabbits were
housed in individual cages of stainless-steel at 20 £ 2°C
room temperature under artificial lighting conditions (16:8 h;
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light:dark). Hypothyroidism was induced by oral admini-
stration of 0.02% methimazole (10 mg/kg) in the drinking
water [14] from 30 days previous pregnancy to 19 days
after conception (Fig. 1a). We previously confirmed the
presence of hypothyroidism in virgin rabbits after 30 days
of the dose, showing low triiodothyronine (T3) and thyrox-
ine (T4), as well as high thyrotropin (TSH) levels [14] Fe-
males copulated with sexual experienced males for 4 times
to guarantee fertility [15] and the day of copulation was
taken as the day 0 of gestation (GDO).

Female rabbits had continuous access to water and were
fed with 180 g/day pellet chow for 1 month before copula-
tion and with 250 g/day during pregnancy. The food intake
per day was measured. At the end of the methimazole-
treatment (GD19), rabbits were deeply anesthetized with
sodium pentobarbital (60 mg/kg, i.p.) and then, euthanized
with an overdose. The Ethics Committee from the Universi-
dad Auténoma de Tlaxcala approved this experimental de-
sign, according to the Guidelines of the Mexican Law for
Production, Care and Use Laboratory Animals.

2.1. Characteristics of Fetuses

Left and right horns of the uterus were longitudinally
opened, and the number of fetuses and resorptions counted.
Fetuses were removed for their yolk sacs and the body
weight and length from head to rump, and abdomen and head
diameters were measured (Fig. 1b).

2.2. Lipids Quantification

At day 20 of pregnancy, after 12 h fasting, blood samples
of anesthetized female rabbits were obtained by cardiac
puncture. Serum was stored at -80°C until assayed. Total
cholesterol (TC) and triglyceride (TAG) levels (mg/dL) were
measured using standard enzymatic methods (Elitech,
France; CHSL-0507 and TGML-0427) [16].

A middle portion of the right uterus (inter-implant) was
frozen at -80°C for biochemical analysis. Right ovaries were
weighed and frozen at -80°C for biochemical analysis. Both
TAG and TC of the uterus and ovaries were extracted by the
method of Folch and their concentrations measured as mg/g
of tissue using standard kits (Elitech; see above) [17].

2.3. Glucose and Glycogen Quantification

The glucose concentration in serum was measured
(mg/dL) by the glucose-oxidase method (Elitech; GPSL-
0707). The content of glycogen in the uterus was extracted
and determined by the acid-hydrolytic method [16], using the
same commercial kit used for serum glucose. It was meas-
ured as pmol of glucosyl units/g of wet uterus weight.

2.4. Uterine Histological Characteristics

A middle portion of the longitudinally opened left uterus
(inter-implant) was histologically processed and cut at 7 pum
in a microtome. One section per rabbit was stained with
Masson Trichrome method. Photomicrographs were taken
using a microscope Zeiss Axio Imager Al and the morpho-
logical variables were measured by the software Axiovision
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4.8 (Carl Zeiss Micro Imaging, Inc. Germany). On each sec-
tion, 1) the thickness of the endometrium and myometrium at
8-12 points per section using a 4x objective, 2) the external
cross-sectional area (CSA) of 614 closed glands uterine for
the C and 690 for the H group in 8 fields per section using a
10x objective, 3) the number of vessels (vascular and lym-
phatic), and 4) the projected area by these capillaries using a
40x objective were obtained.

2.5. Expression of 3p-hydroxysteroid Dehydrogenase (33-
HSD) in the Uterus

Tissue samples of the right uterus horns of C and H rab-
bits, weighing approx. 50 mg, were lysed as reported else-
where [17]. The total protein per sample was obtained and 80
pug of protein extracts was resolved using SDS-PAGE and
blotted to nitrocellulose membranes (Enduro Labnet Interna-
tional, USA). Membranes were incubated overnight at 4°C
with polyclonal anti-3BHSD antibody (1:50; sc-30820, Santa
Cruz Biotechnology, USA), followed by incubation with a
secondary goat anti-mouse horseradish peroxidase-
conjugated antibody (1:2000; sc-2005, Santa Cruz Biotech-
nology) at room temperature for 45 min. Proteins were im-
munostained using a chemiluminescence kit (West Pico Sig-
nal, Thermo Fisher Scientific, USA) and analyzed with a
chemiluminescent signal analyzer (MyECL Imager, Thermo
Fisher Scientific). Two bands between 32 and 46 kDa were
considered positive for 3B-HSD. The expression of 3f-HSD
was measured by densitometry and normalized as the ratio
between the 3f-HSD band density and the density of bands
covering at least 90% of the length of each Ponceau’s Red-
stained lane [17, 18], using the ImageJ software (National
Institutes of Health, USA).

2.6. Statistical Analysis

Data are mean + SE unless otherwise is stated. Student t-
test or Mann-Whitney U-test was used to test variables dif-
ferences between groups. Kolmogorov-Smirnov test was
used to check the normality of distribution. Percentages were
compared with Fischer tests. Statistical analyses to test sig-
nificant differences (P < 0.05) between variables and ex-
perimental groups were carried out with the program Prism
v.5 for Windows (Graphpath Software, USA).

3. RESULTS

Food intake in the days previous to pregnancy was simi-
lar between C and H dams, but it significantly decreased in
H dams at GD1-5 (t = 2.3; df = 10; P = 0.04), and at GD16-
19 (t=2.5; df = 10; P = 0.02; Fig. 1¢). The body weight of
dams at PDO (4.2 + 0.06 kg in C vs. 4.2 £ 0.1 kg in H dams)
and PD30 (4.3 + 0.05 kg in C vs. 4.1 = 0.1 kg in H dams)
was similar between groups. At GD19, it decreased in H (4.1
+ 0.07 kg) with respect to C dams (4.4 + 0.07 kg; t = 2.7;
df = 10; P = 0.02; Fig. 1d). Both in the right and left uterine
horns, no significant differences between the number of im-
plants, resorptions and fetuses in C and H groups were found
(Table 1). Morphometric characteristics of fetuses, such as
body weight, body length (from head to rumps), and abdo-
men and head diameters were similar between both groups
(Table 1). The averaged percentage of H fetuses with abdo-
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Fig. (1). a. Protocol of untreated control (C) and methimazole-treated hypothyroid (H) dams. b. Picture shows a control rabbit fetus at 19
pregnancy day (GD19) and the locations where the head-rump length (blue line), and head (yellow line) and abdomen (green line) diameter
measurements were done. ¢ and d. Food intake and body weight of control (white bars; n=6) and hypothyroid (black bars; n=6) rabbits be-
fore (PD) and during pregnancy (GD). At all ages, food intake was less in hypothyroid dams, but it was significantly reduced at GD1-5 (20

%) and at GD16-19 (38 %). (*) P < 0.05.

men diameter > 11.1 mm from left and right horns was lower
than in controls (Table 1).

Serum concentrations of glucose, TAG and TC were
similar between C and H dams (Table 2). Also, the levels of
TAG and TC in the ovary and glycogen in the uterus were
similar between groups (Table 2). In contrast, TAG and TC
uterine levels were lower in H dams than in controls (Table 2).
The thickness of the endometrium was similar between C
(797.5 £ 62.0 pm) and H (1065.2 + 144.2 um) dams Fig. 2a).
Due to variability in the endometrium thickness, we obtained
the percentage of endometrium segments > 900 um being
35.6 + 8.4 for C and 64.5 + 11.7 for H dams (Fig. 2b) but it
did not reach a statistical significance. However, the thick-
ness of these wide segments in H (1259.2 = 102.1 um) was
significantly greater than in control dams (1075.5 £ 31.1 pm;
U = 5; P = 0.04; Fig. 2¢). No differences between groups
were found in the myometrium thickness (Fig. 2d), uterine
gland CSA (Fig. 2e), capillaries number (Fig. 2f) and pro-
jected area (Fig. 2g) per field. In contrast, the uterine 3f3-
HSD expression was significantly higher in H dams (220%)
than in controls (U = 0.0; P = 0.02; Figs. 3a-c).

4. DISCUSSION

Our results show a decreased body weight in H pregnant
dams at GD16-19, possibly due to a low food intake. The

reduced food intake in H dams can be related to an increase
in the perception of the bitter taste of methimazole, promoted
during pregnancy [19]. Other studies have shown that hypo-
thyroidism decreases the body weight and food intake in
male rats associated with a regulation of the in the protein
content of orexigenic neuropeptide Y (NPY) and anorexi-
genic proopiomelanocortin (POMC) in the arcuate nuclei, as
well as a leptin resistance [20].

The minor body weight in H dams is probably one of the
most important underlying causes of low TAG and TC con-
tent in the uterus and the decreased percentage of fetuses
with large abdominal diameter. Additionally, H dams
showed endometrium hyperplasia and an increased 3p-HSD
expression at the inter-implant sites. These effects may im-
plicate direct actions of thyroid hormones because endo-
metrium and placenta express type II and III deiodinases,
thyroid hormone receptors, and monocarboxylate transport-
ers (MCT) 8 and 10 [21-25].

As previously reported, methimazole-treatment during 30
days reduces serum levels of thyroid hormones and increases
thyrotropin levels in virgin rabbits [14]. This treatment in-
creased the thickness of oviduct epithelium [14] and reduced
the size of antral follicles in the ovary [16]. Considering that
female rabbits were under methimazole treatment during 49
days in the present study, we can assume that they have
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Table 1. Number of implants and resorptions in left, right and both uterine horns, as well as morphological characteristics of fe-
tuses. The abdominal diameter was similar between control and hypothyroid fetuses, but the percentage of abdominal di-
ameter > 11.1 mm significantly decreased (42.8 % decrease) in hypothyroid fetuses. Non-significant, ns.

- Control n=6 Hypothyroid n=6 Significance Between Groups

Right horn of the uterus
Total of implants (resorptions and fetuses) per dam 46+1.0 56+0.6 ns
Number of fetal resorptions per dam 03+£0.2 0.6+0.3 ns
Body-weight of fetuses (g) 23+0.1 2.2+0.05 ns
Head diameter of fetuses (mm) 10.0+0.5 10.0+0.1 ns
Abdominal diameter of fetuses (mm) 11.1+0.1 10.7+0.08 ns
Body length of fetuses (mm) 31.0+0.7 304+04 ns

Left horn of the uterus
Total of implants (resorptions and fetuses) per dam 5.7+0.7 3.6+03 ns
Number of fetal resorptions per dam 0.1£0.1 03+0.2 ns
Body-weight of fetuses (g) 2.3+0.1 2.3+0.05 ns
Head diameter of fetuses (mm) 10.0+0.2 10.0+0.1 ns
Abdominal diameter of fetuses (mm) 11.0£0.1 109 +£0.1 ns
Body length of fetuses (mm) 31.0+0.7 31.1+0.3 ns

Both uterine horns
Total of implants (resorptions and fetuses) per dam 9.8+£0.8 9.3+0.7 ns
Number of fetal resorptions per dam 0.5+£0.2 1.0£04 ns
Body-weight of fetuses 23+0.1 2.3+0.05 ns
Abdominal diameter of fetuses (mm) 11.1+0.1 10.8+0.1 ns
Body length of fetuses (mm) 31.0+0.7 30.8+0.3 ns
Percentage of fetuses with weight>2.2 g 75.0 % 80.0 % ns
Percentage of fetuses with abdominal diameter > 11.1 mm 60.7 % 26.0 % 0.0004

Table2. Metabolic variables in serum, ovary and uterus of control and hypothyroid dams at 19 days of pregnancy. Total choles-
terol, TC; triglycerides, TAG.

Variable Control (n=6) Hypothyroid (n=6) Significance Between Groups
Serum glucose (mg/dL) 108.1 +£10.2 1083+7.9 t=0.015; df=10; P=0.9
Serum TAG (mg/dL) 100.1+3.3 122.5+17.5 U=11.5;P=0.3

Serum TC (mg/dL) 50+04 6.9+0.8 t=1.9; df=10; P=0.08

TAG in the ovary (mg/g of tissue) 23.7+2.5 27.1+4.1 t=0.7; df=10; P=0.4

TC in the ovary (mg/g of tissue) 18.8+3.9 114+2.0 t=1.654; df=10; P=0.1

Glycogen in the uterus (umol glycosyl units/ g of tissue) 0.4£0.08 0.5+0.1 t=0.7; df=10; P=0.4
TAG in the uterus (mg/g of tissue) 22.6+4.0 75+1.3 t=3.5; df=10; P=0.005

TC in the uterus (mg/g of tissue) 94+13 48+0.9 t=2.7; df=10; P=0.01
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Fig. (3). Hypothyroidism increases the expression of 3B-hydroxysteroid dehydrogenase (3f-HSD) in the pregnant uterus. a. Immunoblot
showing the expression of 3f-HSD in the uterus of control (C) and hypothyroid (H) dams. b. Ponceau's Red stained membrane. c. Relative
3B-HSD expression in the uterus of C and H rabbits. Note that the 33-HSD expression in H rabbits is 220% greater than in controls. Four
animals per group were averaged. (*) P =0.02.

reduced serum concentrations of thyroid hormones and in- and survival of fetuses and pups [28], suggesting that female
creased thyrotropin as it has been reported in shorter treat- rabbits might have a very active and specific placental me-
ments (30 days) [14]. Despite hypothyroidism is a risk factor tabolism to provide the requirement of nutrients to their em-

for pregnancy [26], the fertility of H dams was not modified bryos. Although methimazole-induced hypothyroidism did not
after methimazole treatment for 49 days, possibly owing to the affect the body weight of fetuses, it reduced their abdominal

increased TC and glycogen contents in the ovary [17]. Inter- diameter. In agreement with this, hypothyroidism affects the
estingly, both the number of re-absorptions and the body organogenesis of ovine fetuses [29]. Moreover, modifications
weight of fetuses were unaffected in H dams [11, 13, 27]. This in the development of the placenta of hypothyroid rats have
may be related to the physiology of rabbits. Since female rab- been reported [30].

bits, differently to rats, can simultaneously be pregnant and

) ; et . ! The serum concentration of glucose was similar between
lactating without significative changes in the number, growth

H and C dams at GD19, but lower than those previously re-
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ported for non-pregnant rabbits [31]. A possible explanation
of this reduction is the use of glucose in organs or tissues,
including the uterus, which might require a major intake of
circulating glucose during pregnancy [32]. In humans, gesta-
tion is associated with dyslipidemia, particularly with in-
creased TAG concentration at term [33]. In agreement with
this, the TAG concentration in serum and ovaries at GD19
was similar between C and H dams, but these levels were
higher than those reported in non-pregnant rabbits [16, 17].
This may result due to either an augmented intake of free fat
acids or a decreased lipolysis in the ovary of H dams. In con-
trast, an increased lipolytic activity in the adipose tissue has
been reported in pregnant rats [34]. The low content of TAG
in the uterus of H dams suggests a major lipid peroxidation
[35], probably as a compensatory effect against lipid accu-
mulation in the placenta. This is common in the placenta of
patients with preeclampsia [36], a condition associated with
hypothyroidism [37]. Furthermore, low TAG uterine levels
in H dams may alter the prostaglandin synthesis, affecting
diverse functions of the uterus including the myometrium
contractions [38]. In fact, hypothyroidism reduces the con-
traction amplitude of the uterus of rats [39]. Whilst, thyrox-
ine treatment favors myometrial contraction in women [40].

Hypothyroidism can induce dyslipidemia in adult hu-
mans and animals [16-18, 41], which promotes the accumu-
lation of lipids in the ovary [17]. Consequently, H dams had
hypercholesterolemia at PD30 (prior matting). However, TC
in serum decreases in both C and H dams after copulation,
and no significant differences between groups were found at
GD19. In contrast, the TC content in the ovary at GD19 in-
creased in C but not in H dams, suggesting a possible disrup-
tion in the ovarian steroidogenesis [16]. The TC level in the
uterus of nonpregnant rabbits is unknown. We have found
that TC level at GD19 is low in H compared to C dams. The
serum concentrations of progesterone and estradiol are unaf-
fected in non-pregnant H rabbits [14], suggesting that a re-
duction of uterine TC in pregnant rabbits might affect the
local steroidogenesis. Cholesterol is the precursor of steroid
hormones progestogens, estrogens, androgens, and glucocor-
ticoids in both uterus and placenta [42]. Accordingly, an
increased 3B-HSD expression in the uterus of H dams at
GD19 was observed, which participates in the synthesis of
progesterone and androstenedione.

Progesterone participates in the endometrial proliferation
[43] and the uterine hyperplasia is accompanied by a high
expression of 3B8-HSD [44]. Our data suggest that the in-
creased endometrial thickness observed in the uterus of H
dams might have a causal link to increased 3p-HSD levels.
In agreement, hypothyroidism is a risk factor for endometrial
hyperplasia [45] and enlargement of the uterus [46]. How-
ever, further studies should be done to analyze the role of
thyroid hormones on the progesterone content in the uterus
and the expression of their receptors.

CONCLUSION

Hypothyroidism affects the lipid content in the inter-
implant zones of the uterus. This can be related to steroi-
dogenesis and hyperplasia of the uterus, as well as the re-
duced size of fetuses. Present results may help understand
the association between hypothyroidism and low-weight at
birth observed in humans.
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