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Bisphenol A [BPA; 2,2-bis-(4 hydroxyphenyl)
propane] is an environmental estrogenic and endocrine-disrupting compound that
exerts its destructive effects through increasing oxidative stress, but the mechanisms
underlying this effect have not yet been fully explained. This study evaluates BPA
toxicity in muscle cells and the therapeutic potential of adiponectin (APN) and
quercetin (QUER).

Confluent L6 rat muscle cells were exposed to BPA (50 and
100 uM) with APN (10 and 100 ng/ml) and QUER (10 and 25 [IM) for 24 and 48
hours. Cell viability, pro-oxidant/antioxidant balance (PAB), catalase (CAT) activity,
and KEAP1/Nrf2 gene expression were analyzed using desired methods.

BPA in high doses (100 [IM) significantly reduced the viability of the
muscle cells, while APN and QUER increased cell survival in a time-dependent
manner. The effect of QUER also was dose-dependent, while APN in high doses
decreased the viability of the muscle cells. APN and QUER also reduced BPA-
associated oxidative stress. These changes were significant in the case of QUER. The
CAT activity was reduced in BPA-treated cells, which was notably increased with
APN and QUER treatment. A decrease in Nrf2 gene expression of BPA-treated
muscle cells improved by treatment with QUER and APN in a dose-dependent
manner.

Our results hinted that APN and QUER could modulate BPA-induced
oxidative stress in muscle cells through KEAP1/Nrf2 pathways. Accordingly, it can
also be concluded that APN in low doses and QUER may significantly reduce
muscle toxicity caused by BPA.

Adiponectin, Flavonoid, Oxidative stress, Muscle cell toxicity,
Bisphenol A
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Introduction

In the last decade, environmental estrogenic

increasing oxidative stress and decreasing antioxidants

compounds such as bisphenol A (BPA) or [2,2-bis(4-
hydroxyphenyl) propane] have raised public health
concerns due to their adverse effects in animal models
(1). BPA, a potential endocrine-disrupting chemical, is
used in factories that produce polycarbonate plastics,
epoxy resins, food packaging and coating, rubber
chemicals, and dental sealants (2). Human studies
suggest that BPA may be associated with type 2
diabetes and cardiovascular diseases. Recent studies
also have shown that oxidative stress induced by BPA
can lead to insulin resistance (3). Previous studies have
shown that BPA exerts diabetogenic effects by
diverting insulin signaling to skeletal muscle and
adipose tissues. BPA may induce its toxic effects by
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(4).

Evidence shows that cell damage caused by
oxidative stress is involved in the pathogenesis of more
than a hundred diseases (5, 6). Reactive oxygen species
(ROS) are produced in skeletal muscles at rest and
during contractile activity. Besides, it has been
reported that oxidative stress plays a crucial role in
muscle cell pathology through multiple routes,
including  mitochondrial ~ dysfunction, increased
ubiquitin-proteasome  system  activity, increased
myonuclear apoptosis, decreased protein synthesis
pathway, and deregulated autophagy. These conditions
finally lead to cachexia-skeletal muscle atrophy (7).
Myogenic cells have antioxidant enzymes such as
superoxide dismutase, catalase (CAT), glutathione
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peroxidase, and Heme oxygenase-1. These enzymes
affect the viability and proliferation of muscle satellite
cells and myoblasts' differentiation (5).

According to the literature, flavonoids such as
quercetin (QUER) delay cell death and oxidative
damage by scavenging free radicals (8). Previous
studies have shown that up to 100 mg of QUER per day
is well tolerated in humans and has no side or harmful
physiological effects. Moreover, it effectively reduces
the risk of cardiovascular disease by reducing oxidative
stress (9). Meanwhile, studies have revealed that
QUER, as a powerful antioxidant, coordinated its
antioxidant effects in the presence of high levels of
oxidative stress. QUER can inhibit oxidant
biomolecules that can alter antioxidant defense
pathways in vivo and in vitro (10, 11). Adiponectin
(APN) is an endocrine factor directly released from the
adipose tissue and suppresses the harmful effects of
oxidative stress (12). APN utilizes protective effects on
heart tissue against oxidative stress induced by the
remodeling process in cardiomyocytes by activating
AMP-activated protein kinase (AMPK) and restraining
regulatory kinases with extracellular signals and the
NF-kB pathway (13).

To cope with stressful conditions, mammalian cells
have developed complex defense mechanisms to adapt
to these conditions, including the Keapl / Nrf2
pathway (14). Under stress-free conditions, Nrf2
(nuclear factor erythroid 2—related factor 2) binds to the
KEAP1 (Kelch-like ECH-associated protein 1) protein
in the cytosol. It is ubiquitinated and degraded after a
few hours. Several cysteine amino acids are oxidized
during cellular stress to alter KEAP1 conformity. Nrf2
is separated from KEAP1 by the conformation change
and transported to the nucleus. It will bind to the ARE
promoter region, leading to the specific gene
expression that causes increased cellular resistance to
various stresses (15, 16).

Considering the inevitability of human exposure to
BPA in current societies and its related health issues,
this study aims to investigate the effect of BPA on
muscle cells (Rat skeletal muscle myoblast) and
evaluate the therapeutic potential of APN and QUER
by studying KEAP1/Nrf2 pathway and downstream
enzyme activity.

Materials and Methods
Experimental Design

This study was performed on the L6 (Rat skeletal
muscle myoblast) cell line purchased from Pasteur
Institute, Iran. The BPA (Merck, Germany), APN
(Abnova, Taiwan), and QUER (Sigma, USA) were
purchased and prepared in different concentrations.
The cells were divided into the following groups: cells
with no treatment as the control group, cells treated
with BPA (50 and 100 uM) (17), cells treated with
BPA (50 and 100 uM) and QUER (10 and 25 [1M)
(18), cells treated with BPA (50 and 100 pM) and APN
(10 and 100 ng/ml) and cells treated with BPA (50 and

Volume 32, January-February 2024

100 uM), QUER (10 and 25 uM), and APN (10 and
100 ng/ml)

MTT Assay

The L6 cells were cultured in DMEM supplemented
with 10% fetal bovine serum and 1% antibiotics
(penicillin/streptomycin) (Gibco, USA) in a humidified
atmosphere containing 5% CO2 at 37 °C to reach 70%
confluency. L6 cells were seeded in a 96-well plate at
a density of 7x103 cells per well. After 24 hours,
culture media was replaced by the new media
containing BPA, QUER, and APN according to the
mentioned groups, and cells were incubated for 48
hours.  After this period, 100 pl of 5 mg/ml
concentrated MTT (4,5-dimethylthiazol-2-yl)-2,5-
diphenyltetrazolium bromide) was added to each well
and then the plate was incubated in 5% CO2 at 37 °C
for 3 h. DMSO was used to dissolve the blue crystals
derived from yellow MTT in live mitochondria,
leading to a color in each well. The spectrophotometric
absorbance of the samples was measured using the
microtiter plate (ELISA) reader at the wavelength of
570 nm. Cell viability was calculated as relative
absorbance compared with the control and expressed as
a percentage of the control.

Prooxidant-Antioxidant Balance (PAB) Assay

The PAB test has been performed in two different
reactions: enzymatic and chemical. In the enzymatic
reaction, the pro-oxidants oxidized the chromogen
TMB to a color cation, while in the chemical reaction,
the antioxidants reduced the TMB cation to a colorless
compound. First, by dissolving the TMB powder in
DMSO, the TMB/DMSO solution was prepared. Next,
1 ml of TMB/DMSO solution was added to the acetate
buffer (50 mL, pH 4.5). Chloramine T (175 uL, 100
mM) was then incubated in a dark place for 2 hours at
room temperature to prepare the TMB cation solution.
16.5 pL of peroxidase enzyme was added to the
solution and placed at -20 °C. The TMB solution was
prepared by adding 200 uL of TMB/DMSO to the
acetate buffer (10 mL, pH 5.6). As the working
solution, the third solution was prepared by adding 1
ml of TMB cation solution to 10 ml of TMB solution
and, after 6 minutes of incubation in a dark place at
room temperature, was freshly used. Also, the standard
solutions are obtained by mixing different ratios of
hydrogen peroxide at a concentration of 500 pM (as
peroxidants) with a solution of 3 mM Uric acid in 10
mM NaOH (as antioxidants).

To perform the PAB test and evaluate the oxidant
and antioxidant activity of the cells, 50,000 cells were
cultured in 24 well plates according to the mentioned
groups for 24 and 48 hours. 200puL of the working
solution was added to each well and incubated in a dark
place at 370C for 12 minutes. Then, 5 pL of HCL 2N
was added to the wells, and the optical density (OD)
was read at 450 nm (the reference wavelength was 620
nm).

Catalase Activity Assay
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For CAT activity evaluation, hydrogen peroxide and
ammonium molybdate solutions were prepared.
Briefly, 102 pl of 30% hydrogen peroxide solution
(Mw: 34.01, 9.79 N) was diluted with PBS to 50 ml,
and 10 g of ammonium molybdate was diluted to 250
ml with distilled water to prepare 20 mM of hydrogen
peroxide solution and 324 mM of ammonium
molybdate, respectively.

The reagents were gently mixed with the vortex.
After 3 minutes of incubation at 37 °C, 4 ml of
ammonium molybdate (32.4 mM) was added to the
tubes, and absorbance was read at 374 nm using a
spectrophotometer. Formula 1 is used to obtain the
activity of the CAT enzyme based on (KU / L) KU.

CAT activity=2.303/t x(log (SO) / (S-M))xVT/VS
(19)

Formula 1. Calculating CAT activity, in which t is
time, VT is the total volume of test tube reagents, SO

is standard absorption, S is sample absorption,and VS
is the test sample volume

gReal Time-PCR

L6 cells were cultured and treated with BPA, APN,
and QUER for 24 hours. According to the protocol
instruction, the total RNA was extracted using the
trizol Reagent (Total RNA Isolation Reagent). The
purity and amount of RNA was measured by
NanoDrop 2000c (Thermo Scientific, Pittsburgh, PA,
USA). Complementary DNA (cDNA) was synthesized
using a cDNA synthesis kit (Yektatajhiz, Co, Iran) for
real-time PCR. RealQ Plus 2x Master Mix green was
used for real time PCR analysis based on its instruction.
RTQPCR was done using Applied Biosystems Real-
Time PCR Instrument. The expression levels of Nrf2
and KEAP1 genes were normalized against GAPDH.
PCR primer for target cDNAs was: Nrf2:
5ACAACTGGATGAAGAGACCG3' (forward) and
5TGTGGGCAACCTGGGAGTAG3 (reverse);

KEAP1: 5'CAGCGTGGAGAGATATGAGS3
(forward) and 5'AGTAACATTCTGCCGAGTT3'
(reverse). GAPDH:

5TGACTGTGCCGTTGAACTTGS3' (forward) and 5'
GAGACAGCCGCATCTTCTTG3' (reverse).

Real time-PCR was performed for 10 minutes at 95
°C for enzyme activation, followed by 35 cycles of 15
seconds for denaturation at 95 °C, 60 seconds for
annealing at 54.5 °C, and 25 seconds for the extension
at72°C.

The AACT method was employed to compare the
relative gene expression of different groups.
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Data Analysis

SPSS wversion 19 was used to analyze the data
reported as mean * standard deviation. The one-way
analysis of variance (ANOVA) and Tukey’s test (for
Post Hoc analysis) were carried out to compare the
means of different groups. A p-value less than 0.05 was
considered statistically significant.

Results

Viability of L6 Muscle Cells Under BPA
Condition

The viability of L6 cells in the presence of BPA (50
and 100 uM) before and after treatment with APN and
QUER was evaluated using the MTT assay, and the
results are shown in Figure 1. Based on the results, 50
UM of BPA had no significant effect on the L6 cells’
viability after 24 hours. The results also showed that
the viability of L6 cells treated with 50 uM of BPA in
the presence of APN 10 and 100 ng/ml, QUER 10, and
25 UM after 24 hours was not remarkably different
from the control group (Figure 1A).

After 48 hours of L6 cells being treated with the
mentioned groups, the results showed that only BPA
(50 uM) + APN (100 ng/ml) significantly reduced the
cells' survival compared to the control group (p <0.05)
(Figure 1 B). In actuality, BPA (50 uM) in the presence
of APN 100 ng/ml after 24 and 48 hours, had the lowest
cell viability. According to Figure 1 (A, B), APN in
low concentration and QUER in high doses, showed
the highest viability among experimental groups.

According to the results shown in Figure 1C, it was
found that BPA (100 uM) led to no significant effect
on cell survival in any APN and QUER treatments after
24 hours, except BPA (100 puM) with APN (100 ng/ml)
which decreased cell viability strikingly.

After 48 hours of L6 cells treatment with BPA (100
pM), the cell survival in BPA (100 pM), BPA (100
pM) + APN (10 ng/ml), and BPA (100 uM) + APN
(100 ng/ml) had significantly decreased compared to
the control group (p <0.05) (Figure 1D). Furthermore,
BPA (100 uM) + QUER (10 pM) with APN (100
ng/ml) showed a decrease in cell survival after 48
hours. According to the results in Figure 1, APN (10
ng/ml) with QUER (25 pM) showed the highest cell
viability among experimental groups after 24 and 48
hours.
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Figure 1. Investigation of cell viability by MTT assay. (A) L6 cells viability treated with 50 pM BPA in the
presence of APN (A) and QUER (Q) after 24 hours. (B) L6 cells viability treated with 50 pM BPA in the
presence of APN and QUER after 48 hours. (C) L6 cells viability treated with 100 pM BPA in the presence of
APN (A) and QUER (Q) after 24 hours. (D) L6 cells viability treated with 100 pM BPA in the presence of APN
and QUER after 48 hours. Data expressed as mean £+ SD. * Present significant difference at P< (.05 compared

to control.

Effects of APN and QUER on Catalase Activity in
L6 Muscle Cells

The CAT activity of L6 cells was examined, and the
results are shown in Figure 2. The results have revealed
that BPA decreased the CAT activity of L6 cells in all
treated groups. However, QUER (25 mM) and APN
(10 ng/ml), along with QUER (25 uM), had the
opposite effect on BPA impact (Figure 2 A).

The toxic effect of BPA on CAT activity also was
seen after 48 hours. In this situation, QUER (25 mM)

Volume 32, January-February 2024

and APN (10 ng/ml) with QUER (10, 25 puM)
diminished BPA effects (Figure 2 B).

CAT activity after 24 hours of treatment with 100
puM BPA in all groups was significantly reduced
compared to the control group (p <0.05) (Figure 2 C).
Furthermore, 48 hours after treatment, all groups
demonstrated significantly less CAT activity than the
control group (p <0.05) except BPA (100 uM) + APN
(20 ng/ml) + QUER (10, 25 pM) (p <0.05) ( Figure 2
D).

Journal of Advances in Medical and Biomedical Research
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Figure 2. CAT activity in experimental groups. (A) L6 cells CAT activity with 50 pM BPA in the presence
of APN (A) and QUER (Q) after 24 hours. (B) L6 CAT activity treated with 50 pM BPA in the presence of
APN and Q after 48 hours. (C) L6 cells CAT activity treated with 100 pM BPA in the presence of APN and
QUER (Q) after 24 hours. (D) L6 cells CAT activity treated with 100 pM BPA in the presence of APN and
QUER after 48 hours. Data expressed as mean = SD. * Present significant difference at P< 0.05 compared to

control.

Effects of APN and QUER on Pro-
oxidant/Antioxidant Balance in L6 Muscle Cells

The results of the PAB analysis of BPA-treated L6
cells (50 and 100 uM) in the presence of APN and
QUER are shown in Figure 3. The results showed that
24 hours after cell treatment with BPA (50 uM), PAB
had a significant increase compared to the control
group (p <0.05). According to the results, the presence

of APN in high concentration showed a significant
increase in PAB compared to the control group (p
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<0.05) (Figure 3 A). The minimum amount of PAB
was seen in APN (10 ng/ml) with QUER (25 pM).

BPA (50 uM) leads to a significant increase in PAB
compared to the control group after 48 hours (p <0.05).
A combination of BPA (50 pM) + APN (10 ng/ml),
BPA (50 uM) + APN (100 ng/ml), BPA (50 uM) +
APN (100 ng/ml) + QUER (10 pM) and BPA (50 puM)
+ APN (100 ng/ml) + QUER (25 puM) also showed a
significant increase in PAB compared to the control
group (p <0.05) (Figure 3 B). The maximum amount of
PAB was seen in APN (100 ng/ml), and the minimum
prooxidant status was seen in QUER (25 puM) + APN
(10 ng/ml).

Journal of Advances in Medical and Biomedical Research
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Figure 3. Pro-oxidant/antioxidant balance in experimental groups. (A) L6 PAB treated with 50 pM BPA in
the presence of APN (A) and QUER (Q) after 24 hours. (B) L6 PAB treated with 50 pM BPA in the presence
of APN and QUER after 48 hours. (C) ) L6 PAB treated with 100 pM BPA in the presence of APN (A) and
QUER (Q) after 24 hours. (D) L6 PAB treated with BPA (100 nM) in the presence of APN and QUER after 48
hours. Data expressed as mean £ SD. * Present significant difference at P< 0.05 compared to control.

Regarding BPA (100 uM), the results after 24 and 48
hours showed that the PAB value of all treatments
increased compared to the control group (p <0.05)
except BPA (100 uM) + APN (10 ng/ml) with QUER
(25 uM) (Figure 3 C and D).

KEAP1 and Nrf2 Gene Expression in Response to
APN and QUER Under BPA Condition

The expression of KEAP1 and Nrf2 genes in L6 cells
was examined after the treatment with BPA (50 and
100 uM) and in the presence of different concentrations
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of APN and QUER, and the results are shown in
Figures 4 and 5. The results showed that the expression
of the KEAP1 gene treated with BPA (50 uM) had a
significant increase only in the BPA (50 uM) + APN
(100 ng/ml) group compared to the control group (p
<0.05) (Figure 4 A). Nrf2 gene expression in BPA (50
pUM) + QUER (25 pM) and BPA (50 uM) + APN (10
ng/ml) with QUER (25 uM) groups was significantly
higher than the control group (p <0.05) (Figure 5 A).
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Figure 4. (A) Expression of the KEAP1 gene in L6 treated with 50 pM of BPA in the presence of APN (A)
and QUER (Q). (B) expression of KEAP1 genes in L6 cells treated with BPA (100 pM) in the presence of APN
and QUER. Data expressed as mean £+ SD. * Present significant difference at P< 0.05 compared to control.

However, cells with BPA (100 uM), BPA (100 uM) +
APN (10 ng/ml), BPA (100 uM) + APN (100 ng/ml),
and BPA (100 pM) + APN (100 ng/ml) with QUER (25
M) showed a higher expression of KEAP1 genes than
the control group (p <0.05) (Figure 4 B). Nevertheless,
obvious differences were observed in the expression of
A
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KEAP1 genes in cells treated with 100 uM of BPA.
The results showed that in BPA (100 uM), BPA (100
HM) + APN (100 ng/ml), and BPA (100 uM) + QUER
(10 uM) Nrf2 expression was exceptionally reduced
compared to the control group (p <0.05) (Figure 5 B).

B 154

Figure 5. (A) Expression of the Nrf2 gene in L6 treated with 50 pM of BPA in the presence of APN (A) and
QUER (Q). (B) Expression of the Nrf2 gene in L6 cells treated with BPA (100 pM) in the presence of APN and
QUER. Data expressed as mean + SD. * Present significant difference at P< (.05 compared to control.

Discussion

It is well known that environmentally toxic
compounds such as BPA have a role in the
pathogenesis of many metabolic disorders. This
suggests that antioxidants may be an optimal option for
encountering them. The ROS produced in response to
toxic compounds can disrupt metabolic regulation and
enhance metabolic diseases such as insulin resistance
locally in adipose tissues and insulin-target tissues such
as skeletal muscle and the liver (20). Flavonoids like
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QUER can postpone cell death and oxidative damage
through free radical scavenging (21-24). According to
previous studies, APN plays a protective role in
metabolizing many tissues, including heart tissue,
skeletal muscle, the liver, and adipose tissue, by
reducing ROS levels (25, 26).

Based on the results of our study, the toxicity effect
of BPA on muscle cells was dependent on
concentration and time. 50 uM of BPA did not
significantly impact cell viability for up to 48 hours. On
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the other hand, while 100 uM did not show any toxicity
on the cells for 24 hours, it significantly reduced cell
survival after 48 hours. Increased BPA concentration is
associated with an increased risk of cardiovascular,
hepatic, and renal diseases such as coronary heart
disease, fatty liver disease, and chronic kidney disease.
In this regard, BPA has been shown to cause various
cytotoxic, genotoxic, and carcinogenic effects in vitro
and in vivo. In line with our findings, Podlich et al.
studied the cytotoxic effects of BPA on HEK293 cells.
They showed that the incubation of HEK293 with 100
puM or 1000 uM of BPA resulted in a significant dose-
dependent reduction in renal cell viability (27).

Moreover, BPA-treated cells incubated with APN
and QUER showed that treatments with QUER (at both
concentrations) could overcome BPA-induced toxicity
after 48 hours. Sangai NP et al. showed that QUER
decreased ROS production and increased total
antioxidant capacity in rat kidneys (28). Using QUER
can reduce the production of free radicals and play an
essential role in improving the antioxidant/oxidant
balance (29). However, QUER has another therapeutic
property that inhibits lipid peroxidation and has been
shown to inhibit H202-induced lipid peroxidation even
at a low concentration (2 uM) (30).

Our study also evaluated CAT activity, and the
results showed that cell treatment with BPA (50 and
100 uM) momentously reduced the cells' CAT activity
at 24 and 48 hours. Shirani et al. also showed that BPA
reduced catalytic activity in rats (31). CAT is an
enzyme found in almost all living organisms exposed
to oxygen that catalyzes the breakdown of hydrogen
peroxide into water and oxygen. This enzyme is crucial
in protecting cells against oxidative damage by ROS.
Our study showed that QUER is almost more
compelling than APN in increasing cell CAT. Shirani
et al. reported similar results on the effect of QUER on
CAT activity (31). Demkovych et al. also reported
increased catalytic activity due to QUER treatment in
rats (32).

PAB, as an index of oxidative stress, was evaluated
in BPA-treated cells. The results showed that BPA at
both concentrations significantly increased PAB. BPA
disrupts cellular oxidative homeostasis by altering the
dynamic balance between oxidative mediators and the
activity of antioxidant enzymes, thereby predisposing
the cell to apoptosis (33). Moghaddam et al. reported
that exposure to BPA (0.5 and 2 mg/kg /day) for four
weeks in male mice significantly disrupts the dynamic
balance of enzymatic antioxidants (34). Regardless of
the presence of the antioxidant system, excessive or
unbalanced production of ROS due to exposure to
chemicals may lead to several clinical disorders. For
example, BPA can cause liver damage due to
disrupting the oxidation state of cells (35). Our study
showed that BPA exposure induces oxidative stress by
upsetting the balance between ROS and the antioxidant
defense system in muscle cells, which aligns with other
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studies. Our results also showed that QUER reduced
the effects of BPA on PAB. It seems that using
compounds with potent antioxidant properties, such as
QUER, can reduce BPA-induced production of free
radicals and toxicity in the body and play an essential
role in improving the antioxidant/oxidant balance (36).
Mahdavinia et al. examined the effect of QUER on the
oxidative toxicity of BPA in the liver. They found that
QUER could prevent BPA-related hepatotoxicity and
mitochondrial stress in rats (36).

In the present study, we also investigated the
expression of KEAP1 and Nrf2 genes and found that
BPA at 100 uM concentration increased KEAPI
expression and decreased Nrf2 expression. Nrf2 is a
transcription factor that mediates an essential signaling
pathway that prevents injury and disease. Under
normal circumstances, Nrf2 is found and degraded in
the cytoplasm attached to KEAP1. Following oxidative
stress, Nrf2 is cleaved from KEAP1 and transported to
the nucleus, activating the transcription of protective
genes to defend against organ damage (37). Our results
found that BPA in L6 cells causes oxidative stress by
activating KEAP1 and suppressing Nrf2. Similar
results were reported by Zhangshan Gao et al.,
regarding the effect of BPA on laying hens and
acknowledged that BPA disrupts ovarian redox
homeostasis by activating Keapl and suppressing the
Nrf2 signaling pathway (38). Our study showed that
combining QUER (25 pM) and APN (10 ng/ml) could
increase Nrf2 expression to a normal level. In a parallel
study, Li-LiJi et al. investigated the effect of QUER on
the Nrf2 pathway expression in hepatotoxicity toxicity.
They showed that QUER increased the expression of
Nrf2-dependent antioxidant genes by inhibiting Keapl
binding to Nrf2 and inducing p62 expression (39). In
another study, Ghazizadeh Darband et al. showed that
QUER reduced oxidative DNA damage through the
Nrf2 signaling pathway in rats with colorectal cancer
(40).  According to the results, APNs in low
concentration played an effective protective role in
muscle cells.

On the contrary, a high concentration of APN (100
ng/ml) imposed a toxic effect on muscle cells (decline
in cell viability, CAT activity, and Nrf2 gene
expression), which can be ascribed to the pro-
inflammatory feature of APN at high concentration.
According to the literature, inflammatory diseases,
such as chronic kidney disease (CKD), type 1 diabetes,
cystic fibrosis, and systemic lupus erythematosus can
be associated with high doses of APN (41). Choi et al.
showed that the CKD patients with high concentrations
of APN also had high levels of Toll-like receptor 4
(TLR-4), a C-reactive protein, and IL-6 compared to
the healthy subjects. Since TLR-4 is a critical mediator
of innate immunity, activation of TLR-4, which could
be associated with high concentrations of APN,
enhanced inflammatory responses in CKD patients
(42). According to a recent study and considering the
results of other studies mentioned above, APNs at high
concentrations can have proinflammatory potential.
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This issue should be considered in studying various
metabolic diseases in human populations.

Conclusion

Due to the destructive effect of BPA in metabolism,
and because BPA plays as an endocrine-disrupting
agent, understanding the precise mechanism of action
will be beneficial for applying useful preventive or
treatment strategies. According to our results, BPA
targets antioxidant system in muscle cells and uses
QUER as an antioxidant, suppressing BPA-associated
oxidative stress in low and high doses. APN also acts
as a suppressor of BPA-induced oxidative stress.
However, considering that APN had harmful effects in
high concentrations (100 ng/ml), using different doses
of APNs in invivo and invitro experiments should be
done with caution. In conclusion, QUER and APN are
increasingly looked upon as support against toxic
compounds. However, additional clinical
investigations are needed to be accomplished to prove
the effectiveness and safety of APN and QUER.
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