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Abstract

Background Objective: Bisphenol A (BPA) is an endocrine disrupting chemical used on a wide range in the industry. Studies
on BPA suggests that both low and high doses of BPA affects plasma hormone levels There is increasing evidence that exposure
to BPA, impair normal thyroid function, reduced bound circulating and tissue thyroid hormones but the effect of BPA varies
at different levels of the thyroid system. The present study aims to investigate the effect of BPA on the thyroid gland of female
rats. Materials and Methods: The rats received a daily oral administration of BPA (0.05 - 1.0 mg/kg for 13 weeks). Thyroid
stimulating hormone (TSH), Thyroxine (T4) and Triiodithyroxine (T3) were assayed using Autochemical analyser and data
obtained were subjected to statistical analysis with the SPSS software.

Results: It was found that BPA at the eleven studied doses induced a significant increase in the thyroxin stimulating hormone
(TSH), free thyroxin (FT4), total thyroxin (TT4) level, while the bound thyroxin is low compared to the control. The free
triiodothyroxine (FT3) and total triiodothyroxine (TT3) were initially low at group 1 but at the other doses it were on the
increase. The bound triidothyroxine are lower when compared to that of the control throughout the studied time intervals.
Conclusion: These results suggest that BPA has thyroid toxic effects which are mediated by the oxidative stress resulting from

the overproduction of free radicals, BPA may also participate in the thyroid gland function disturbances.

Keywords: Bisphenol A; Thyroid Gland; Thyroid Stimulating Hormone; Thyroxine (T4); Triiodithyroxine (T3); Free
Thyroxine (FT4); Free Triiodithyroxine (FT3); Bound Thyroxine; Bound Triiodithyroxine

Abbreviations: BPA: Bisphenol A; TSH: Thyroid
Stimulating Hormone; T4: Thyroxine; T3: Triiodithyroxine;
FT4: Free Thyroxin; TT4: Total Thyroxin; FT3: Free
Triiodothyroxine; TT3: Total Triiodothyroxine; HR: Heart
Rate; TMB: Tetra Methyl Benzidine; TPO: Thyroid Peroxidase;
TRp: Thyroid Receptor 3; TR: Thyroid Hormone Receptor.

Orally Administered Bisphenol A Impairs Normal Thyroid Functions Altering Thyroid Hormones

Homeostasis in Female Wistar Rats

Introduction

Bisphenol A, is an organic compound that has two
phenol functional groups. It is prepared by the condensation
reaction of acetone and two equivalents of phenol Liu J, et al.
[1] with hydrochloric acid Silver MK, et al. [2] (Figure 1).
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(CH,),CO + 2C,H.OH (CH,),C(C,H,0H), + H,0
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Figure 1: Structure of Bisphenol A.

Bisphenol A has a phenolic odour with melting point
of 155°C and specific gravity of 1.060-1.195g/cm [3,4]. It is
soluble in nonpolar solvent [5]. Aerobic biodegration and
biodegradation half-life for BPA in river water and soil is
about 4.5 days Teppala S, et al. [3] and the photo-oxidation
half-life for BPA in air is about 4 hours [6]. It is known
that the global population is subject to repeated exposure
to BPA is via the diet LaKind JS, et al. [7] with detectable
metabolites in the urine [8]. Daily dietary intake of about
0.2pg/kg body weight in breast-fed babies and 1.5pg/kg
body weight in adults Xiaogian G, et al. [9] relevant doses
of BPA causes increases in weight and size of the prostate
gland, decreases in sperm efficiency, earlier puberty Shelby
MD [10], and abnormalities in the oocytes [11]. Invernizzi P
[12] showed that BPA trigers ductal and alveolar structures
proliferations, development of ductal hyperplasia Murray TJ,
et al. [13],.modifications of the mammary gland architecture
Moral R, et al. [14], mammary carcinogenesis Jenkins S, et al.
[15].inflammatory cytokine dysregulation Jonathan ERB, et
al. [16], and mitochondrial mediated apoptosis [17]. Health
implications associated with BPA exposure include diabetes
Lang IA, et al. [18], cardiovascular disease Meeker ]D, et al.
[19], altered liver enzymes activities Oguazu CE, et al. [20]
and obesity-promoting effects [21]. BPA alters glucose
homeostasis, increased pancreatic insulin and induced
insulin resistance Magdalena PA, et al. [22], BPA induces
oxidative stress Mourad IM, et al. [23], coronary artery
disease Melzer D, et al. [24], activates Maxi-K ion channels
Asano S, et al. [25], increased BP and decreased heart
rate (HR) Bae S, et al. [26], increased risk of hypertension
Erickson B [27], decreased efficiency of sperm production
Mourad IM, et al. [23] and increased ovarian cancer cell
proliferation [28]. According to this, Miyagawa et al. [29]
reported impaired memory, increased aggressiveness Jones
BA, et al. [30], alters anxiety Donald GS, et al. [31], loss or
reduction of sexual dimorphisms Christensen KL, et al. [32],
loss of sex difference in corticotrophin-releasing hormones
Funabashi T, et al. [33], reduced the number of tyrosine by
dioxylase-immunoreactive [34]. Studies on BPA suggests
that both low and high doses of BPA affects plasma hormone
levels There is increasing evidence that exposure to BPA,
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impair normal thyroid function, reduced bound circulating
and tissue thyroid hormones but the effect of BPA varies at
different levels of the thyroid system. Epidemiologic studies
have revealed an association between BPA exposure and
altered thyroid hormones Wang T, et al. [35], increased
thyroid function [35]. The NHANES study also reported a
suggestive inverse relationship between urinary BPA and
total T, and TSH [36]. Another survey observed a significantly
negative correlation between serum BPA and FT4 level, but
BPA was associated with TSH Sriphrapradang C, et al. [37]
and reduced bound T, women and decreased TSH in male
[38]. BPA have several in vitro effects on the thyroid receptor
B (TRP), such as repressing the transcription of the thyroid
receptor 3 Sheng ZG, et al. [39], and having an antagonistic
role on the thyroid receptor . There is an interference on
the negative feed-back that the thyroid hormones carry out
on TSH release Zoeller RT, et al. [40], accelerated embryonic
development and advanced hatching through its effect on the
thyroid receptor Ramakrishnan S, et al. [41], and interfered
with T, action during metamorphosis processes [42]. BPA
exposure up-regulate genes involved in the synthesis of
thyroid hormones in the thyroid follicle Gentilcore D, et al.
[43], decrease in serum bound T, level Du Y, et al. [44] and
increase in free T4 levels [40]. The aim of this study is to
establish the possible effects and physiological disposition of
Bisphenol A on sex and thyroid hormones, in female wistar
albino rats.

Materials and Methods

Study area

The study was carried out at Applied Biochemistry Lab,
Nnamdi Azikiwe University, Awka, Nigeria and Biochemistry
Lab, Gregory University Uturu, Abia state, Nigeria from June-
September, 2021.

Methodology

Total 60 non-pregnant female rats of 5 weeks age were
acclimatized inthelaboratory for 7 daysand randomly divided
into 11 experimental groups of 5 rats each and respectively
administered; 0.05, 0.1, 0.2, 0.3, 0.4, 0.5, 0.6, 0.7, 0.8, 0.9,
and 1 mg of BPA/kg bw/day. The first group which served
as control did not receive any treatment, but distilled water
instead. The graded doses of BPA were dissolved in distilled
water and administered by oral gavage using an intubation
cannula (Lars Medicare Pvt. Ltd, New Delhi, India). Blood
was obtained from the tail of the various groups by capillary
action, weekly, after BPA administration for 13 weeks. Blood
samples were processed for clinical assay.

Animals were housed in aluminum wire-mesh cages in
a well-ventilated animal house with a 12 h dark/light cycle
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and at room temperature and were provided commercial rat
pellets (Vital feed from Vital group of Company, Nigeria) and
water ad libitum.

At the end of the experiments serum TSH, Thyroxine
(T4) and Triiodithyroxine (T3) were assayed using an
Autochemical analyser (Lx 20 pro Autoanalyser, Beckman
Coulter, Woerden, Netherland and Chemwell chemical
Analyzer, Manufacturer: Roche Hitachi, GMI.). All reagents
were commercially obtained as already prepared kits. The
kits for TSH, Thyroxine (T4) and Triiodithyroxine (T3) were
purchased from Phoenix Pharmaceuticals, Burligame, CA;
Enzo Life Sciences Inc, Boulevard Farmingale, NY; Diagnostic
automation/Cortez Diagnostics Inc, Calabasas, CA. Individual
tests were carried out according to the kit specifications as
follow:

Thyroid Stimulating Hormone (TSH) Assay

Principle: The TSH ELISA test is based on the Principle of
a solid phase enzyme linked immunosorbent assay. The
assay system utilizes a unique monoclonal antibody directed
against a distinct antigenic determinant on the intact TSH
molecule. Mouse monoclonal anti-TSH antibody is used for
solid phase immobilization. A goat anti-TSH antibody is in
the antibody-enzyme (horseradish peroxidase) conjugate
solution. The test sample is allowed to react simultaneously
with the two antibodies, resulting in the TSH molecules being
sandwiched between the solid phase and enzyme-linked
antibodies. After 60-minute incubation at room temperature,
the wells are washed with water to remove unbound labeled
antibodies. A solution of TMB reagent is added and incubated
for 20 minutes, resulting in the development of a blue color.
The color development is stopped with the addition of stop
solution, changing the color to yellow. The concentration of
TSH is directly proportional to the color intensity of the test
sample. Concentration is measured spectrophotometrically
at 450 nm.

Kit Reagent

e Murine Monoclonal Anti-TSH-coated microtiter wells.
e Set of Reference Reagent.

¢ Enzyme Conjugate Reagent.

e« TMB Reagent (One-Step).

e  Stop Solution (1N HCI).

Procedure

1. The desired number of coated wells was placed in the
holder.

2. 100 pl of blank, specimens, and controls were dispensed
into appropriate wells. After which 100 pl of enzyme
conjugate reagent was added into each well. The
mixtures were thoroughly mixed for 30 seconds. And
incubated at 25°C for 60 minutes.
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3. The incubation mixture was removed by flicking plate
contents. The microtiter wells were rinsed and flicked
5 times with distilled water and sharply striked onto
absorbent paper towels to remove all residual water
droplets.

4. 100 pl of TMB reagent was dispensed into each well. The
mixture was gently mixed for 10 seconds and incubated
at 25°C for 20 minutes.

5. The reaction was stopped by adding 100 pl of stop
solution to each well and mixed for 30 seconds.

6. The concentrations were read at 450 nm within 15
minutes.

Thyroxine (T4) Assay

Principle: To measure T4 by competitive immunoassay
techniques, a sample of serum or plasma containing the T4
to be quantified is mixed with labeled T4 and T4 antibody.
In this T4 EIA, antibody to T4 is coated on a solid phase
(microtiter well). A measured amount of patient serum and a
constant amount of T4 labeled with horseradish peroxidase
are added. During incubation, T4 in the patient sample and
enzyme-labeled T4 compete for the limited binding sites
on the T4 antibody. After 60-minute incubation at room
temperature, the solid phase is washed with water to remove
unbound-labeled T4. A solution of tetramethylbenzidine
(TMB) is added and incubated for 20 minutes, resulting in
the development of a blue color. The color development is
stopped with the addition of 1N HCI, and the resulting yellow
color is measured spectrophotometrically at 450 nm. The
intensity of the color formed is proportional to the amount
of enzyme present and is inversely related to the amount of
T4 in the sample.

Kit Reagent

Antibody-Coated Wells.
Enzyme Conjugate Concentrate.
Enzyme Conjugate Diluent.
Reference Set.

TMB Reagent.

Stop Solution.

Procedure

1. The desired numbers of coated wells were placed in the
holder.

2. 25puL of blank, specimens, and controls was pipetted into
appropriate wells. Then 100 pL of working conjugate
reagent was added into each well and was thoroughly
mixed for 30 seconds. The mixture was incubated at
25°C for 60 minutes.

3. The incubation mixture was removed by flicking plate
contents into a waste container. The microtiter wells
rinsed and flicked 5 times with distilled water and the
wells were striked sharply onto absorbent paper towels
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to remove all residual water droplets.

4. Then100puL of TMB reagent was dispenced into each well
and was mixed gently for 5 seconds. Again, the mixture
was incubated at 25°C, in the dark, for 20 minutes.

5. Stop solution (100uL) was added to each well to stop the
reaction. The content of the wells were gently mixed for
30 seconds.

6. The concentration was measured at 450nm within 15
minutes.

Triiodothyroxine (T3) Assay

Principle
Competitive Enzyme Immunoassay - Analog Method for Free
T3
The essential reagents required for a solid phase enzyme
immunoassay include immobilized T3 antibody, enzyme-T3
conjugate and native free T3 antigen. The enzyme-T3
conjugate should have no measurable binding to serum
proteins especially TBG and albumin. The method achieves
this goal.
Upon mixing immobilized antibody, enzyme-T3 conjugate
and a serum containing the native free T3 antigen, a
competition reaction results between the native free T3
and the enzyme-T3 conjugate for a limited number of
insolubulized binding sites. The interaction is illustrated by
the followed equation:

k"l

&

Enzag + Ag + Abew —= AgAbew + F'ZAgAbew

k.,

Ab c.w. = Monospecific Immobilized Antibody (Constant
Quantity)

Ag = Native Free Antigen (Variable Quantity)

EnzAg = Enzyme-antigen Conjugate (Constant Quantity)
AgAb c.w. = Antigen-Antibody Complex

EnzAg Ab cw. = Enzyme-antigen Conjugate -Antibody
Complex

Ka = Rate Constant of Association

k-a = Rate Constant of Disassociation

K =ka / k-a = Equilibrium Constant

After equilibrium is attained, the antibody-bound fraction
is separated from unbound antigen by decantation or
aspiration. The enzyme concentration in the antibody-bound
fraction is inversely proportional to the native free antigen
concentration.

Kit Reagent
e Serum References
e T3 -Enzyme Reagent
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T3 Antibody Coated Plate
Wash Solution

Substrate A

Substrate B

Stop Solution

Procedure

1. The desired numbers of coated wells were placed in the
holder.

2. 50 pl of the appropriate serum reference, control and
specimen was pipetted into the assigned well. 100ul of
fT3-enzyme reagent solution was added to all wells. The
microplate was swirled gently for 30 seconds to mix; it
was then covered and incubated 60 minutes at 25°C.

3. The content of the microplate was discarded by
aspiration. Then 300l of wash buffer was added to each
wells and aspirated. The wash process was repeated two
additional times for a total of three washes.

4. 100ul of working substrate solution was added to all
wells and incubated for 15 minutes at 25°C.

5. 50 ul of stop solution was added to each well and mixed
for 20 seconds.

6. The concentrations in each well were measured at
450nm.

Statistical Analysis

Differences between obtained values (mean+SD) were
carried out by one-way analysis of variance (ANOVA) using
SPSS software version 20.0 followed by the Tukey-Kramer
multiple comparison test. At p<0.05 was taken as a criterion
for a statistically significant difference.

Results

Thyroid Stimulating Hormone

The experimental groups that were administered with
0.2-1 mg/kg bpa showed dose dependent significant increase
in the concentration of thyroid stimulating hormones when
compared with the control (Figure 2), the increase over
time appeared to be relatively constant except 0.6mg/kg
bpa test group that showed a constant increase in TSH with
time and 1mg/kg bpa test group that showed high levels of
thyroid stimulating hormone at week 13. The test exposed
0.05mg/kg bpa showed a nonsignificant increase in TSH
that remained relatively constant with time. The group that
received 0.1mg/kg bpa responded different during the study,
it was observed that at the first week of exposure there was
in increase in TSH, which gradually decreased through week
3, but suprisingly a consistant rise in the concentration of
TSH was record from week 4 to 13. All the weeks of exposure
showed a characteristic dose dependent effect of BPA on
TSH, as the administered dose increases, the effect of BPA on
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TSH increases. The weeks of exposure showed sensitivity at exposure.
two point (0.1 and 0.6) but was constant at other points of
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Figure 2: Graphical representation of thyroid stimulating hormone level.
Total Thyroxine (TT4) kgbpa decreased relative to those of 0.4mg/kg, again those
of 0.6mg/kg test group decreased further relative to those of
All the experimental groups that were administered 0.5mg/kgbpa test group. All the weeks of exposure showed a
with (0.05-1mg/kg) BPA showed significant increase in characteristic high but not dose dependent effect of BPA on
the concentration of TT4 when compared with the control TT4. The weeks of exposure showed nonsensitivity response
(Figure 3), amidst the increase TT4, the test groups exposed with the lest observed effect at point 0.9.
to 0.05-0.4, and 0.6-1mgkg showed a dose dependent effect,
while the TT4 level of the test groups exposed to 0.5mg/
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Figure 3: Graphical representation of total Thyroxine (TT4) level.
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Free Thyroxine (FT4)

All the experimental groups that were administered with
(0.05-1mg/kg) BPA showed significant increase in the
concentration of FT4 when compared with the control
(Figure 4), that appears to be relatively constant with time of
exposure. Amidst the increase FT4, the test groups exposed
to 0.05-0.4, and 0.6-1mgkg showed a dose dependent effect,
while the FT4 level of the test groups exposed to 0.5mg/

kgbpa decreased relative to those of 0.4mg/kg, again those
of 0.6mg/kg test group decreased further relative to those of
0.5mg/kgbpa test group. All the weeks of exposure showed
a characteristic high and dose dependent effect of BPA on
FT4 on the 0.05 - 0.4 doses of BPA. The weeks of exposure
showed decrease response at piont 0.5 -06. mg/kgbpa and
tend to rise from 0.7-1mg.kg.
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Figure 4: Graphical representation of Free Thyroxine Ft4 level.
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Conjugated Thyroxine (BT4)

All the experimental groups that were administered with
(0.05-1mg/kg) BPA showed significant noncharacteristic
decrease in the concentration of conjugated thyroxine (BT4)

when compared with the control (Figure 5). All the weeks
of exposure showed a noncharacteristic low but not dose
dependent effect of BPA on BT4. All The weeks of exposure
showed slight sensitivity response with the highest observed
effect at point 1mg/kg.
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Figure 5: Graphical representation of conjugated thyroxine.
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Total Triiodothyroxine (TT3)

The experimental groups that were administered with
0.1-1mg/kg bpa showed dose dependent significant increase
in the concentration of total triiodothyroxine (TT3) when
compared with the control (Figure 6), the increase over time
appeared to be relatively constant except 0.7 and 0.9 mg/
kg bpa test group that showed a decrease in TT3 relative
to 0.6 and 0.8mg/kg bpa test group respectively. The test

exposed 0.05mg/kg bpa showed a nonsignificant decrease
in TT3 that remained relatively constant with time (Figure
6). All the weeks of exposure showed a characteristic relative
dose dependent effect of BPA on TT3, as the administered
dose increases, the effect effect of BPA on TT3 increases.
The weeks of exposure showed low level of TT3 at 0.7 point,
falling below the control at point 0.05 .
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Figure 6: Graphical representation of total Triiodothyronine (TT3) level.
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Free Triiodothyroxine (FT3)

The experimental groups that were administered with
0.1-1mg/kg bpa showed non dose dependent significant
increase in the concentration of free triiodothyroxine (FT3)
when compared with the control (Figure 7). The test exposed

0.05mg/kg bpa showed a nonsignificant decrease in FT3 that
remained relatively constant with time (Figure 7). All the
weeks of exposure showed a characteristic relative effect of
BPA on FT3. The weeks of exposure showed low level of FT3
at 0.7 point, falling below the control at point 0.05 .
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Figure 7: Graphical representation of Free Triiodothyronine Ft3 level.
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Conjugated Triiodothyroxine (BT3)

The experimental groups that were administered
with 0.1-1mg/kg bpa showed significant decrease in
the concentration of conjugated triiodothyroxine (BT3)

when compared with the control (Figure 8). All the weeks
of exposure showed a characteristic relative nondose
dependent effect of BPA on BT3.
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Figure 8: Graphical representation of conjugated Triiodothyronine (BT3) level.
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Discussion

In this research, it was observed that the thyroxin
stimulating hormone (TSH), free thyroxin (FT4), total
thyroxin (TT4) level were higher than that of the control,
while the bound thyroxin is low compared to the control. The
free triiodothyroxine (FT3) and total triiodothyroxine (TT3)
were initially low at group 1 but at the other doses it were
on the increase. The bound triidothyroxine are lower when
compared to that of the control. There is increasing evidence
that exposure to BPA, can impair normal thyroid function.
From this experiment, BPA alters bound circulating and
thyroid hormone concentrations and BPA were observed to
alter thyroid hormone status.

Previous studies have revealed that BPA exposure
altered thyroid hormones by increasing free triiodothyronine
concentrations (FT3) Wang T, et al. [35], increased thyroid
function Wang T, et al. [35], altered total T4 and TSH Meeker
JD, et al. [36], altered FT4 level, and TSH Sriphrapradang C,
et al. [37], reduced bound T4 [38]. Almudena VL, et al. [45]
showed an increase in free T3 levels. Du, et al. [44] revealed
decrease in serum bound T4 level. Zoeller, et al. [40] reported
plasma free T4 increase.

BPA elicits its effect on the T4 hormone of the thyroid
system as proposed: BPA inhibits the activity on the thyroid
peroxidase (TPO) enzyme of the thyroid follicles, a key
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enzyme involved in the synthesis of T3 and T4 [39]. BPA
affects the thyroid receptor  physiology (TRp), by repressing
the transcription of TRB and having an antagonistic effect
on the TR, thereby interfering with the negative feed-back
that the thyroid hormones have on TSH release. Again, BPA
alteration of thyroid hormones could be due to its ability
to bind competitively with thyroid hormone transport
proteins, and induce UDP-glucuronosyltransferase activity
which amplified biliary excretion of thyroxine [46]. Also,
BPA causes direct damage to the thyroid gland*%. Increase
estrogen trigers decreases serum bound T4, as proposed by
Zhai, et al. [47].

For triiodothyroxine (T3) the effect of exposure to BPA
could be explained by an increase of free T, synthesis in the
thyroid follicles and a higher T4 deiodination in the liver.
BPA up-regulate genes involved in the synthesis of thyroid
hormones in the thyroid follicle Gentilcore D, et al. [43]
that gives support that BPA could trigger an increase of T,
synthesis. Also, considering the similar structure of BPA and
T,, BPA could impair thyroid hormone action by inhibiting
T, binding to the TR and by suppressing its transcriptional
activity. The BPA may silence or inhibiting the expression of a
number of genes that govern normal thhyroid development.

BPA have a direct effect on thyroid follicular cell and

leads to an altered expression of the genes involved in
thyroid hormones synthesis. Other potential mechanisms
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for the effect of BPA on thyroid hormones include inhibiting
thyroid hormone pathways Heimeier RA, et al. [48] and
thyroid hormone receptor (TR) transcription suppression
Sheng ZG, et al. [39], competitive binding with thyroid
hormone for the thyroid plasma transporter [49]. Also, BPA
act as an antagonist of thyroid hormone receptor because
of its structural similarity to thyroid hormone. BPA inhibits
thyroperoxidase activity, and accordingly block thyroid-
induced metamorphism [42]. At receptor level BPA bind to
thyroid hormone receptor as a ligand and act as antagonist,
Inhibiting TR-mediated transcriptional activity [50,51].
BPA displace TH from serum binding proteins and because
it can displace TH from these binding proteins, it causes a
decline in the bound serum hormone levels [5,44]. Zhai, et
al. [47] suggested another explanation to these results, is the
enhanced T, glucoronization in the liver and excretion of T,
into the bile, decreasing the amount of bound T, in plasma.
Another explanation could be an increase of T, synthesis in
the thyroid gland, driven by higher TSH levels induced after
BPA exposure as observed in the study:.

BPA have effects on the thyroid receptor B (TRp),
by repressing the transcription of the thyroid receptor
B Sheng ZG, et al. [39], and having an antagonistic role on
the thyroid receptor B. There is an interference on the
negative feed-back that the thyroid hormones carry out on
TSH release Zoeller RT, et al. [40], accelerated embryonic
development and advanced hatching Ramakrishnan §, et al.
[41], and interfered with T, action during metamorphosis
processes [52].There is increasing evidence that exposure
to BPA, impair normal thyroid function Hatch EE, et al. [53],
reduced bound circulating and tissue thyroid hormone
concentrations [54,55]. Bisphenol A have shown high affinity
for TTR and prealbumin, competing with thyroid hormones
for these plasma transporters and decreasing plasma bound
thyroid levels [5,56]. BPA alter thyroid hormone status
Esseboom CK, et al. [57], increased thyroid function [35].
An inverse relationship between urinary BPA and total T,
and TSH have been reported [36]. There is a significantly
negative correlation between serum BPA and FT4 level [37].
BPA exposure up-regulate genes involved in the synthesis
of thyroid hormones in the thyroid follicle Gentilcore D, et
al. [43], reduced bound T4 and decreased TSH Chevrier ], et
al. [38], decrease in serum bound T4 level Du Y, et al. [44]
and increase in free T4 levels [40]. Studies have shown that
BPA can compete with T, to bind with the thyroid plasma
transporter, which could lead to a decrease in plasma bound
T, [49]. BPA impair thyroid hormone action by inhibiting
T, binding to the TR and by suppressing its transcriptional
activity. Heimeier, et al. [48], showed that doses of BPA
affected the gene expression that is controlled by T,
hormone. BPA altered the expression of many genes known
to be turned on by thyroid hormone. BPA has the potential
to affect genes that are regulated by thyroid hormone during
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human development. BPA also altered T, gene expression.
Also, according to Heimeier, et al. [48], BPA represents a
serious risk to human development through disruption of T3
signaling pathways.

Conclusion

In conclusion, BPA is a potent inhibitor of thyroid
hormone, which directs development. BPA alters a subset
of important genes controlled by T3 that contribute to
proper development, represents a serious risk to human
development through disruption of TH signaling pathways.
The study confirms past research showing BPA interferes
with thyroid hormone activity. This research provides
additional evidence into the fact that BPA interferes primarily
with thyroid hormone level in addition to estrogen signals.

Significance Statement

BPA perturb thyroid hormone action throughout the
body and interferes with thyroid hormone functions and
homeostasis by inhibiting hormone synthesis, altering
serum transport proteins, or increasing catabolism of thyroid
hormones. Suggestively, the altered thyroid functions can
lead to thyroid abnormalities, the risk for developing thyroid
nodules and obesity. This study will help the researcher
to uncover the critical areas of Bisphenol A toxicity on
thyroid activity and thyroid hormone receptor that many
researchers were not able to explore. Thus a new theory on
the association between BPA exposure and thyroid function
may be arrived at.
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