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a b s t r a c t

Because bisphenol A (BPA) has been detected in animals, the aim of this study was to investigate the
possible effects of maternal BPA exposure on the fetal endocrine system (thyroid-adipokine axis). BPA (20
or 40 mg/kg body weight) was orally administered to pregnant rats from gestation day (GD) 1e20. In both
treated groups, the dams and their fetuses had lower serum thyroxine (T4) and triiodothyronine (T3)
levels, and higher thyrotropin (TSH) level than control dams and fetuses at GD 20. Some histopatho-
logical changes in fetal thyroid glands were observed in both maternal BPA groups at embryonic day (ED)
20, including fibroblast proliferation, hyperplasia, luminal obliteration, oedema, and degeneration. These
disorders resulted in the suppression of fetal serum growth hormone (GH), insulin growth factor-1 (IGF1)
and adiponectin (ADP) levels, and the elevation of fetal serum leptin, insulin and tumor necrosis factor-
alpha (TNFa) levels in both treated groups with respect to control. The depraved effects of both treated
groups were associated with reduced maternal and fetal body weight compared to the control group.
These alterations were dose dependent. Thus, BPA might penetrate the placental barrier and perturb the
fetal thyroid adipokine axis to influence fat metabolism and the endocrine system.

© 2016 Elsevier Ltd. All rights reserved.
1. Introduction

Endocrine-disrupting compounds (EDCs), including many
agents of chemical or natural origin, are able to imbalance
hormone-driven processes in animals and humans (Gore et al.,
2015; Ahmed, 2016a; Ejaredar et al., 2016). Among these prod-
ucts, bisphenol A (BPA, 2,2-bis (4-hydroxyphenyl) propane) is a
high-volume production chemical compound routinely detectable
in humans (Leung et al., 2016; Muhamad et al., 2016). The US
Environmental Protection Agency (EPA) and US National Toxicology
Program (NTP) assigned BPA as the third highest Toxicological
Priority Index (ToxPi) score of the 309 chemicals examined based
on its ability to interact with a number of signaling pathways
(Vandenberg et al., 2013). It is a ubiquitous industrial chemical used
mainly in the manufacture of food packaging, including poly-
carbonate plastics and epoxy resins lining metal cans, as well as in
thermal papers or flame retardants (Johnson et al., 2015; Ahmed,
2016a; Sharma et al., 2016). The vital route of BPA exposure ap-
pears to be oral from food contact materials (Thayer et al., 2015),
and daily intake for adults is estimated at 0.4e1.4 mg/kg/day (Food
a_ahmed@yahoo.com.
and Agriculture Organization of the United Nations, World Health
Organization, 2010). Notably, bio-accumulation of BPA has been
revealed to be higher in fetal tissues compared to maternal tissues
(Poimenova et al., 2010). Furthermore, in humans, BPA is mainly
stored in the adipose tissue, with an elimination half-life of
approximately 6 h (Rochester, 2013).

Previous evidence has demonstrated that human and wildlife
populations are exposed to levels of BPA (xenobiotics/xenoes-
trogen) which cause developmental defects in a number of
different wildlife species and laboratory animal models (Popa et al.,
2014). Also, rodent studies suggest that early-life BPA exposuremay
result in an anxious, hyperactive state (Rebuli et al., 2015; Ling et al.,
2016) and impact numerous physiological functions (Li et al., 2016),
including the developmental pituitary-thyroid axis (Franssen et al.,
2016; Soriano et al., 2016) and immune system (Fischer et al., 2016).
On the other hand, in animal and human examinations, EDCs have
been shown to disturb adipocytokine, body weight, energy
expenditure and fat depots (Ahmed, 2013; Ariemma et al., 2016).
However, studies on potential connections between BPA and adi-
pokine concentration changes associated with thyroid dysfunction
during the gestation period are limited.

As BPA can be distinguished in human umbilical cord blood,
amniotic fluid, urine samples (National Health and Nutrition
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Examination Survey) and maternal milk (Wei et al., 2011; Behnia
et al., 2016), special consideration has been paid to exposure dur-
ing the gestation period. During this period, most functions of the
organism are immature and considered particularly vulnerable to
adverse environmental factors, including EDCs. Thus, the objective
of this studywas to evaluate the effect ofmaternal BPA exposures on
aspects of the development of the fetal thyroid axis and adipokine
markers in albino rats during the gestation, specifically at GD 20.

2. Materials and methods

2.1. Experimental animals

Mature white albino rats (Rattus norvegicus, Wistar strain) were
obtained from the National Institute of Ophthalmology, Giza, Egypt.
24 mature virgin females weighing about 160e180 gm and 12
mature males for mating only were used in this study. They were
kept under observation in the department animal house for 2
weeks to eliminate any intercurrent infection and adapt to the new
conditions. The animals were kept in stainless steel separate bot-
tom well aerated cages at the normal atmospheric temperature
(23± 2 �C), constant daily 12 h light/12 h darkness each (lights on at
6 h) and 50 ± 5% relative humidity in the animal house of my
department. They were received a free access to tap water (drink ad
libitum) and standard rodent pellet diet manufactured by an
Egyptian company during the experimental period (Ahmed et al.,
2015; Ahmed, 2016b). All animal procedures were in agreement
with the general guidelines of animal care and the recommenda-
tions of the Canadian Council on Animal Care (Olfert et al., 1993). All
efforts were made to diminish the animal suffering and to reduce
the number of animals used.

Daily examination of the vaginal smears of each female was
carried out to determine the estrous cycle. Estrous females dis-
played the presence of cornified cells in vaginal smears by the
microscopic examination (Goldman et al., 2007). Mating was
induced by housing proestrous females with themales in a separate
cage at a ratio of two females and one male overnight for 1 or 2
consecutive days. The presence of sperm in vaginal smear deter-
mined the 1st day of gestation (Marcondes et al., 2002). Then, the
pregnant females were moved into separate cages without males to
start the experiment.

2.2. Experimental strategy

Non-anesthetized pregnant rats received two doses of BPA (20&
40 mg/kg bw/day) orally by gastric intubation and daily from
gestation day (GD) 1 to GD 20. BPAwas dissolved in corn oil vehicle.
The vehicle control group received the same amount of corn oil
during the same period. These doses were previously reported by
Nakamura et al. (2012) and Aloisi et al. (2002), respectively. In the
United States (the US Environmental Protection Agency, USEPA),
Europe (the European Food Safety Authority, EFSA), and Canada (the
Health Canada), regulating bodies have determined that 25e50 mg/
kg bw/day of BPA exposure is the recent tolerable daily intake (TDI)
for humans, based largelyon rodentmultigenerational, sub-chronic,
oral toxicity studies, measuring endpoints such as body weight and
developmental deformations (Rochester, 2013; Kinch et al., 2015).
Also, pharmacokinetic experiments, taking into account the alter-
ations in BPA metabolism between rodents and humans have
assessed that exposures to 400 mg/kg bw/day produce bioactive BPA
concentrations in their blood, within the range of recorded human
blood concentrations (Vandenberg et al., 2012).

The maternal body weight gain and fetal body weight were
determined before decapitation. Dams and their fetuses were
decapitated under mild diethyl ether anesthesia in the early
morning and sampled at GD 20 (before the delivery). The maternal
blood samples (6 per group) were taken from a jugular vein. Fetal
blood samples (6 per group) were collected directly from the um-
bilical cord at ED 20. Serum was separated by centrifugation at
3000 rpm (1006.2 g) and 15e24 �C for 30 min. The clear super-
natant sera were rapidly removed, divided into three portions for
each individual animal, and kept at �70 �C until use for different
hormonal assays. In addition, the thyroid glands of fetuses were
fixed in 10% neutral buffered formalin (Bancroft and Stevens, 1982).
All reagents were of the purest grades commercially available.

2.3. RIA examination

Maternofetal serum T4 (Thakur et al., 1997), T3 (Maes et al.,
1997) and TSH (Mandel et al., 1993) levels and fetal GH (Reutens,
1995) and IGF1 (Dauncey et al., 1993) levels were detected quan-
titatively by RIA at the Diabetic Endocrine Metabolic Pediatric Unit,
Center for Social and Preventive Medicine, New Children's Hospital,
Faculty of Medicine, Cairo University, Egypt. The kits were obtained
from Calbiotech INC (Spring Valley, CA, USA).

2.4. Histological examination of fetal thyroid glands

Thyroid tissue samples, intended for histological investigation
by light microscopy, were immediately fixed in 10% neutral buff-
ered formalin and processed through a series of graded ethanol
solutions. Then, they were embedded in paraffin, serially sectioned
at 6 mm, and stained with hematoxylineeosin at the National
Cancer Institute, Cairo University, Egypt. The sections were cut
parallel to the longitudinal axis of the trachea. The slides were
examined under a light microscope for the presence of any histo-
logical changes.

2.5. ELISA examination

Serum fetal leptin, ADP, insulin, and TNFa levels were detected
by ELISA andmeasured with a microplate reader (Spectra Max 190-
Molecular Devices, Sunnyvale, CA, USA) in biochemistry depart-
ment, faculty of medicine, Cairo University, Egypt. Commercial kits
were utilized for the measurement of leptin, ADP, and insulin
(ELISA kit-Millipore, St. Charles, MO, USA). TNFa kit was purchased
from Invitrogen Corporation 542 Flynn Road, Camarillo, CA 93012
(USA).

2.6. Calculations and statistics

The experimental data were retrieved and processed with the
software PC-STAT (University of Georgia, 1985). The data were
evaluated by one-way analysis of variance (ANOVA) followed by
LSD analysis to discern the main effects and compare various
groups with each other. F-probability for each variable expresses
the general effect between groups. The data were presented as
mean values and standard error (SE) and the statistical differences
at P < 0.01 and P < 0.001 were considered statistically highly sig-
nificant and very highly significant, respectively.

3. Results

3.1. Maternal BPA-induced a maternofetal hypothyroidism

Both dosage administrations of BPA (20 and 40 mg/kg) to preg-
nant rats from GD 1 to GD 20 resulted in a profound decrease (LSD;
P < 0.01) in serum T4 and T3 levels and a significant increase (LSD;
P < 0.01) in serum TSH level at GD 20 with respect to control
(hypothyroid state) (Table 1). Also, the levels of T4 and T3 were



Table 1
Effect of BPA in thyroid functions [thyroxine (T4, ng/100 ml), triiodothyronine (T3, ng/100 ml), T4/T3 ratio and thyrotropin (TSH, ng/100 ml)], and body weight gain (g) of
pregnant rats during the gestational period.

Day BPA (mg/kg) Serum T4 Serum T3 T4/T3 ratio Serum TSH Body weight gain

GD 20 0 20.96 ± 0.13a 6.78 ± 0.15b 3.09 12.69 ± 0.24c 70.79 ± 0.63a

20 13.45 ± 0.33b 3.11 ± 0.16a 4.32 17.51 ± 0.33b 63.61 ± 0.93b

�35.83% �54.12% þ37.98% �10.14%
40 8.11 ± 0.13c 1.92 ± 0.17c 4.22 18.78 ± 0.25a 54.84 ± 0.88c

�61.30% �71.68% þ47.99% �22.53%
ANOVA P < 0.001
LSD 5% 0.2730 0.2016 0.3470 1.7793
LSD 1% 0.3775 0.2788 0.4799 2.4607

Data are expressed as mean ± SE. Number of animals in each group is six. Values which share the same superscript symbols are not significantly different. ANOVA (F-
probability) expresses the effect between groups, where P < 0.001 is very highly significant. Where, GD is gestational day.
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found to be decreased about 7.51 and 3.67-fold in the 1st treated
group (20 mg/kg BPA) and about 12.85 and 4.86-fold in the 2nd
treated group (40 mg/kg BPA), respectively, whereas the level of TSH
exhibited about 4.82 and 6.09-fold increase in the 1st treated group
and 2nd treated group, respectively when compared to respective
control values. The increase of maternal T4/T3 ratio was greater in
both treated groups as compared to the control group during the
considered day. Also, in these dams, the mean body weight gain
was significantly (LSD; P < 0.01) lower in the 2nd treated group
than that in the 1st treated group or control group at examined day
(54.84 vs. 63.61 or 70.79, respectively) (Table 1).

In fetuses of both treated groups, the increase in serum TSH level
was associated with a marked reduction (LSD; P < 0.01) in serum
T4, T3, GH and IGF1 levels at ED 20 with respect to the control
group (Table 2). The value of fetal TSH in the high dose group (14.18
ng/100 ml) was very high if compared to the levels in the age-
matched normal control (6.97 ng/100 ml) or in the low dose
group (10.65 ng/100 ml). Fetal T4/T3 ratio was higher in the high
dose group than the control or the low dose group (7.00 vs. 4.04 or
4.20, respectively), while GH and IGF1 levels were lower in the high
dose group (�64.77%&�71.90%) or in the low dose group (�47.72%
& �34.71%) than the control group (Table 2). A one-way analysis of
variance (ANOVA) showed that the effect between the groups on all
previous parameters was very highly significant (P < 0.001; F-
prob.) at examined day (Tables 1 and 2).
3.2. Maternal BPA-induced a fetal thyroid dysgenesis

Fetuses of both treated groups did show some differences in the
thyroidal histology when compared with the control group (Fig. 1).
The fetal thyroid glands of the control exhibited a normal distri-
bution, morphology, and architecture of follicles and parafollicular
cells at ED 20 (Fig. 1A). The lumina of these follicles varied from
irregular rounded to a tubular shape and had a single layer of
cuboidal cells lining the epithelium. Both maternal dosage
Table 2
Effect of maternal BPA in fetal thyroid functions [thyroxine (T4, ng/100 ml), triiodothyroni
ng/100 ml), and insulin-growth factor-1 (IGF1, ng/100 ml) during the gestational period

Day BPA (mg/kg) Serum T4 Serum T3

ED 20 0 10.96 ± 0.33b 2.71 ± 0.23a

20 6.18 ± 0.28c 1.47 ± 0.49b

�43.61% �45.75%
40 4.27 ± 0.39a 0.61 ± 0.29c

�61.04% �77.49%
ANOVA P < 0.001
LSD 5% 0.4203 0.4412
LSD 1% 0.5813 0.6102

Data are expressed as mean ± SE. Number of animals in each group is six. Values wh
probability) expresses the effect between groups, where P < 0.001 is very highly signific
administrations of BPA led to the histopathological alteration of the
fetal thyroid characterized by follicular hyperplasia in the low dose
group (Fig. 1B) or in the high dose group (Fig. 1C). These follicles
were damaged, and their lumina exhibited a degree of degenera-
tion in the high dose group (Fig. 1C). There was also fibroblast
proliferation between the follicles, oedema, and luminal oblitera-
tion at ED 20 (Fig. 1B and C). Importantly, the follicles became very
irregular and abnormal, also, both maternal BPA administrations
led to thyroid dysgenesis.

3.3. Maternofetal hypothyroidism-induced by maternal BPA altered
the fetal adipocytokines levels and body weight

Both maternal dosage administrations of BPA affected the fetal
serum adipocytokine levels and body weight at ED 20 (Table 3).
These administrations had a severe effect on the ADP level and body
weight, where their percentage index was �31.81% & �28.87%,
respectively in the low dose group, and �72.72% & �49.15%,
respectively in the high dose group. However, the leptin, TNFa, and
insulin levels were detectably increased in both treated groups in
comparison with the corresponding control. Their elevations in the
low dose group were þ117.07% for leptin, þ168.96% for TNFa,
andþ80.15% for insulin. These variabilities becamemore significant
in the high dose group. Based on one-way ANOVA of these param-
eters, it was found that the general effect between the groups was
very highly significant (P < 0.001; F-prob.) at ED 20 (Table 3).

4. Discussion

In the present study, the levels of maternofetal serum T4, T3,
and TSH have supported the pregnancy and fetal development. This
state may be required to prevent the appearance of any thyroid
disorders during the embryonic or fetal periods (Ahmed, 2013;
Bourgeois et al., 2016; Nieto et al., 2016; Sanjay et al., 2016). Also,
the associations between the levels of fetal serum GH, IGF1, ADP,
ne (T3, ng/100 ml), T4/T3 ratio, thyrotropin (TSH, ng/100 ml)], growth hormone (GH,
.

T4/T3 ratio Serum TSH GH IGF1

4.04 6.97 ± 0.57c 0.88 ± 0.04a 1.21 ± 0.14b

4.20 10.65 ± 0.61b 0.46 ± 0.03b 0.79 ± 0.27a

þ52.79% �47.72% �34.71%
7.00 14.18 ± 0.80a 0.31 ± 0.01c 0.34 ± 0.16c

þ103.44% �64.77% �71.90%

1.0396 0.0474 0.1036
1.4377 0.0656 0.1433

ich share the same superscript symbols are not significantly different. ANOVA (F-
ant. Where, ED is gestational day.



Fig. 1. Sagittal sections in the thyroid gland of fetal rats at ED 20 in control (A), 20 mg
BPA (B) and 40 mg BPA (C). (H. & E. stain, 400 � ). Where, C: colloid; CCLE: cuboidal cell
lining epithelium; DD: destructive degeneration; FCLE: flattened cell lining epithelium;
FP: fibroblast proliferation; Hyp: hyperplasia; LO: luminal obliteration; O: oedema and
PFC: parafollicular cell.
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leptin, TNFa and insulin at ED 20 could mediate the actions of
developing thyroid hormones (THs), and in general the prenatal
development (Ahmed et al., 2015; Candelotti et al., 2015; Cremaschi
et al., 2016). This might support the normal appearance of thyroid
tissue and intact follicular structure as noted in the current study.
This was accompanied by normal values in the maternal body
weight gain and fetal body weight. In addition, the aforementioned
markers were significant hormones regulating the fat mass storage,
appetite, and energy homeostasis, and could, therefore, be
Table 3
Effect of maternal BPA in serum concentrations of fetal leptin (ng/dl), adiponectin (ng/dl

Day BPA (mg/kg) Leptin Adiponectin

ED 20 0 0.41 ± 0.03c 1.10 ± 0.01a

20 0.89 ± 0.07b 0.75 ± 0.06b

þ117.07% �31.81%
40 1.56 ± 0.29a 0.30 ± 0.13c

þ280.48% �72.72%
ANOVA P < 0.001
LSD 5% 0.2178 0.1046
LSD 1% 0.3012 0.1447

Data are expressed as mean ± SE. Number of animals in each group is six. Values wh
probability) expresses the effect between groups, where P < 0.001 is very highly signific
fundamental components of the perinatal adaptation (Hytinantti
et al., 2008; Palcevska-Kocevska et al., 2012; Lee et al., 2016). This
synergistic action may be simplified by the maternofetal hypo-
thalamic pituitary thyroid axis (HPTA) and required for the devel-
opment of fat metabolism, regulation of energy balance, and
glucose homeostasis.

In the current study, both maternal dosage administrations of
BPA affected thyroid structure and function during gestation. These
administrations caused a thyroid dysgenesis and exhibited some
histopathological changes, such as fibroblast proliferation, hyper-
plasia, luminal obliteration, oedema and destructive degeneration
at ED 20. These histopathological alterations were associatedwith a
remarkable decline in the levels of maternofetal serum T4 and T3,
and a clear increase in the level of maternofetal serum TSH at GD 20
as compared to a control group. These alterations were dose
dependent.

The previous results of many authors suggested the following
mechanisms in the impairment of thyroid histo-functional features
by BPA: (1) BPA (50, 100 & 200 mg/kg bw/day) altered the size of
the thyroid follicles (flattened thyrocytes) with vacuolated colloid
and thickening of para follicular cells (Hernandez-Rodriguez et al.,
2007); (2) A tall cuboidal cell lining with rounded nuclei and
depletion of thyroid colloid were noticed in BPA-treated rats (5, 10
and 100 mg/kg bw) (Kaur et al., 2008); (3) BPA significantly
impaired the thyrocytes transcriptome in a time-dependent
manner (Porreca et al., 2016) and caused a subclinical hypothy-
roidism (Wang et al., 2015). Similarly, 2,3,6-20,5’-pentachlorinated
biphenyl (PCB 95) administration induced a hypothyroidism via
thyroid dysgenesis (hyperplasia of the epithelia in follicles, colloid
content reduction, vascularization, and lymphocytic infiltration in
the perifollicular areas) and dyshormonogenesis (Ahmed, 2013;
2016a). (4) BPA disrupted the thyroid hormone receptors (TRs),
androgen receptor (AR), estrogen receptors (ERs), peroxisome
proliferator-activated receptor-g (PPARg), and other endocrine-
relevant signaling pathways (Wetherill et al., 2007); (5) BPA
interfered with the TH functions and homeostasis by inhibiting
hormone synthesis (suppressed the transcriptional activity by
inhibiting T3 binding to the TR and by recruiting N-CoR on the
promoter), reducing the ability of THs to bind the transport proteins
(transthyretin) in the bloodstream (Wetherill et al., 2007), or
increasing catabolism of THs (Evans et al., 2014); (6) BPA-induced
uridine diphosphate glucuronyl transferase (UDP-GT) activity in
European polecats (Nieminen et al., 2002); (7) BPA potentially
altered the thyrotropin-releasing hormone (TRH) that induced TSH
secretion and inhibited sodium iodide symporter (NIS)-mediated
iodide uptake in a concentration-dependent manner (Wu et al.,
2016); (8) BPA changed the DNA structure by adding methyl
groups to DNA (vom Saal et al., 2007), and impaired the non-
genomic pathways of THs (Wetherill et al., 2007); and (9) BPA
disordered the normal pituitary development (Brannick et al.,
2012). These disturbances may be a substantial risk factor for
), insulin (ng/dl), TNFa (ng/dl), and body weight (g) during the gestational period.

Insulin TNFa Fetal body weight

1.26 ± 0.27b 0.29 ± 0.05c 7.10 ± 0.12a

2.27 ± 0.04c 0.78 ± 0.03b 5.05 ± 0.17c

þ80.15% þ168.96% �28.87%
3.41 ± 0.55a 1.84 ± 0.01a 3.61 ± 0.43b

þ170.63% þ534.48% �49.15%

0.4413 0.1398 0.3459
0.6102 0.1933 0.4784

ich share the same superscript symbols are not significantly different. ANOVA (F-
ant. Where, ED is gestational day.



Fig. 2. Effect of maternal BPA on the developmental thyroid-adipokine axis.
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thyroid diseases (Tang et al., 2013). Although it is not clear which
among these probable mechanisms are most significant for facili-
tating the effects of BPA on circulating levels of THs, it is possible
that all are important to some extent in experimental models.
Based on these results, it can be suggested that the administration
of BPA might act antagonistically with developmental HPTA and
this may lead to adverse developmental defects.

In view of the present study, a potential decrease in the levels of
fetal serum GH and IGF1 in maternal BPA-hypothyroid groups was
noticed at ED 20 in comparison with control. Previously, BPA has
been shown to suppress GH release and GH-mRNA expression
(Ramakrishnan and Wayne, 2008), and cause a growth retardation
(Golub et al., 2010). This suppressionwas attributed to the elevation
in protein disulfide isomerase (PDI) (Okada et al., 2007) and alter-
ation in ER-receptors (ɑ and b) pathways (Wetherill et al., 2007) or
in ion transport (Richter et al., 2007; Wetherill et al., 2007). Also,
this deterioration can be potentially linked to the disturbances in
the actions of THs, in the synthesis and release of growth hormone-
releasing hormone (GH-RH), IGF1 and in their receptors (Ahmed,
2013; Osfor et al., 2013). It is also relevant to mention that the
diminution in the level of IGF1, in the current study, might be
correlated to the variations in the actions of THs and insulin that
may delay the growth. It is proposed that the BPAmight disrupt the
GH/IGF1 axis during the gestation period via HPTA.

Although the levels of fetal serum leptin, insulin and TNFawere
highly significantly increased, the level of serum ADP was highly
significantly decreased in maternal BPA-hypothyroid groups at ED
20 in comparison with their corresponding control. It was also
depicted in the current study that the high dose of maternal BPA
administration exerted its most potent effect on these markers as
compared to the low dose. This is possibly due to the disruption in
the hormonal homeostatic mechanisms at this embryonic day.

In accordancewith the current study, the level of plasma leptin in
mice was elevated during gestation after subcutaneous BPA treat-
ment (Alonso-Magdalena et al., 2010). This elevation may partially
result from the hyperinsulinemia, insulin resistance or adipocyte
synthesis (Wei et al., 2011). Also, this hyperleptinemia might be
elucidated by the reduction in the leptin turnover and degradation
(Ahmed, 2013, 2016a), or stimulation the HPTA in response to low
TH levels in rats, canine and human (Mazaki-Tovi et al., 2010). In
agreement with the present study, a negative correlationwas found
between the level of ADP and BPA (Kidani et al., 2010). In parallel,
Ben-Jonathan et al. (2009) reported that BPA has the capacity to
inhibit ADP by (1) Binding differently to the ligand binding domain
of ERs and recruiting a different set of co-regulators; and (2)
Inhibiting the PDI. Also, the reduction in ADP (Bastard et al., 2006;
Ahmed, 2016a), and disruption in its receptors (AdipoR1 and Adi-
poR2) (Tsuchida et al., 2005) with hypothyroidism (Schultz et al.,
2011) are related to several diseases such as hypertriglyceridemia,
hypertension, and metabolic syndrome (Cinar and Gurlek, 2013). In
other studies, the gestational BPA is associated with a diversity of
metabolic dysfunctions in adulthood, including hyperinsulinemia,
glucose intolerance and insulin resistance (Whitehead et al., 2016)
by induction of oxidative stress (Moghaddam et al., 2015) and al-
terations in DNAmethylation (Ma et al., 2013). Also, this seems to be
ERɑ-dependent and includes signaling through a non-genomic
pathway via extracellular regulated kinase1/2 (Alonso-Magdalena
et al., 2008). The controversy in these markers might reflect the
maternofetal thyroid dysfunction due to BPA. Thus, any factor that
suppresses the release of ADP could lead to insulin resistance and
metabolic diseases (Hugo et al., 2008).

The present results are also in accordance with the previous
publications which supported the positive association between the
level of fetal serum TNFa andmaternal exposure to BPA. Previously,
the exposure to BPA promoted the production of proinflammatory
adipokine, such as TNFa and interleukins (IL-6 or IL-12) by infil-
trating macrophages (Ben-Jonathan et al., 2009), stimulating both T
and B cells (Yoshino et al., 2004) and transactivating the nuclear
factor (NF)-kappaB transactivation (Wetherill et al., 2007). Also,
BPA caused a rapid response via non-genomic mechanisms by
activating membrane-anchored ERs (Watson et al., 2007), estrogen
related receptors-g (ERRg), unidentified non-classical membrane
ERs (Alonso-Magdalena et al., 2005), calcium uptake (Wozniak
et al., 2005), G-protein-coupled receptor (Filardo and Thomas,
2005) or cAMP-responsive element-binding protein (CREB)
(Quesada et al., 2002). In similar, TNFa is amplified in patients with
thyroid dysfunction (Cinar and Gurlek, 2013). Interestingly, the
parallel disruption in TNFa and insulin actions, in the current study,
might be responsible for the HPTA dysfunction. Thus, BPA might
change the development through its effect on the expression of
some cytokines and the immune function.

According to the study herein, the maternal administrations of
BPA produced a considerable decrease in the maternal weight gain
and fetal body weight at examined day as compared with that of
the control group. Formerly, a high dose of BPA-induced a sub-
stantial decline in the body weight, fat depots, energy metabolism,
and feeding efficiency of rats (Nunez et al., 2001), mice (Li et al.,
2016), children with exposed mothers (Miao et al., 2011) and
ewes and fish (Ramakrishnan and Wayne, 2008). BPA might harm
the fetal growth by disrupting the TH pathway (Ramakrishnan and
Wayne, 2008), placental connection (Troisi et al., 2014), steroid
hormone synthesis and metabolism (Padmanabhan et al., 2010),
intracellular signal transduction pathways (changes the trans-
activational activity of nuclear hormone receptors) (Wetherill et al.,
2007), cytokine networks (Benachour and Aris, 2009), genotoxicity
(Tayama et al., 2008), cell death (Cantonwine et al., 2010) and
oxidative stress (Cho et al., 2009). However, some animal studies
have revealed that BPA exposuremay have a role inweight gain and
obesity development through several mechanisms, including its
action on preadipocytes, ERRg, TH and PPARg (antagonistic
behavior), and pancreatic endocrine functions (agonistic behavior)
(Shankar and Teppala, 2011). On the other hand, earlier studies did
not find a relationship between birth weight and maternal BPA
exposure in utero (Wolff et al., 2008). These studies had deviating
results, including negative, positive or no associations. This incon-
sistency could be dependent on differences in the design, experi-
mental models, developmental period and animal species. To sum,
the evidence of BPA affecting birth weight is ambiguous. Thus, a
loss of bodyweight due to BPAmight cause a developmental defect,
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metabolic disease, and other health disorders during the perinatal,
childhood, and adult (Rochester, 2013), which can be vital in the
interpretation of thyroid effects in energy homeostasis.

In conclusion, this study provides in vivo evidence that both
dosage administrations appear to induce maternofetal hypothy-
roidism via thyroid dysgenesis and dyshormonogenesis. This state
seems to alter the fetal adipokine axis, fat metabolism and, in
general, prenatal development. Also, the maternal administrations
of BPA seem to cause fetal thyroid-adipokine dysfunction (Fig. 2).
These changes may be either directly or indirectly related to
maternofetal TH action. It should be noted that the toxicity of BPA
can be attributed to the period of exposure, developmental period
and the species involved. Thus, further studies are necessary to
explicate the prospective associations with human health.
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