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Abstract

Background: Exendin-4 is a similar peptide to GLP-1 and can interfere with various receptors of GLP-1. Bisphenol A (BPA), as an endocrine disruptor chemical, is used in a
wide range of plastic products.
Objectives: The aim of this study was to clarify several exendin-4 aspects in treatment of metabolic disorders.
Methods: In in vivo condition, the BPA (100µg/kg) and exendin-4 (4 nmol/kg/d) were administered for 20 days in four different groups, and blood glucose, insulin, lipid
profile, adipocyte hormones and oxidative stress markers were examined.
Results: The results indicate that co-administration of exendin-4 and BPA modified hyperglycemia and hyperlipidemia induced by BPA. Bisphenol A reduced antioxidant
level, whereas exendin-4 improved these effects.
Conclusions: The findings of these studies suggest that the use of exendin-4 is useful in hyperglycemia, hyperlipidemia and metabolic disorders, induced by BPA.
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1. Background

Metabolic disorder is a series of risk factors that cause
health complications such as diabetes and cardiovascular
disease (1). Nowadays phenolic pollutants such as Bisphe-
nol A (BPA) are common endocrine disruptor chemicals
(EDCs) that intervene with classic and non-classic recep-
tors of estrogen. Inappropriate activation of estrogen re-
ceptors is associated with problems such as type II dia-
betes and metabolic disorders (2-4).

Bisphenol A, as an EDC, is the constituent unit of poly-
carbonate and epoxy resins, which are used in a wide
range of products such as canned food lining, dental
sealants, thermal papers, plastic packs and indoor air (5-
7). The direct release of BPA to the environment occurs
at the processing step, through release to the air, soil and
ground penetration. According to environmental protec-
tion agency of American, the release of BPA to the sur-
rounding is more than one million pounds around the
globe (8). Thus, it is not surprising that BPA is visible in
foods, polluted air, soil, drinking and ground water.

Exendin-4 is a 39 amino acid peptide that has 53% se-
quence similarity to GLP-1 and can interfere with various
receptors of GLP-1, but exendin-4 effects on metabolism

is more sustained and potent than GLP-1 (9-12). Several
studies have indicated that in hyper and normoglycemic
conditions, exendin-4 augments insulin secretion and glu-
cose homeostasis (13) and by affecting gastric emptying,
appetite lowering and amelioration in insulin sensitivity,
can be useful in treatment of metabolic disorders (14).

Induction of oxidative stress by BPA has been con-
firmed by various studies, so with regards to glucose reduc-
ing effect of exendin-4, which has a direct effect on oxida-
tive damages, it is likely that exendin-4, by good impacts
can heal the side effects of BPA and can be helpful in treat-
ment of metabolic syndrome.

2. Methods

2.1. Animal

One week before beginning the experiment, 32 Naval
medical research institute (NMRI) male mice (25 - 30 g body
weight) aged 2.5-3 months were obtained from the animal
house of Ahvaz Jundishapur University of Medical Sciences
(Ahvaz, Iran). Animals were accommodated in BPA free
cages (22 ± 2°C, under a standard 12-hour light: dark cy-
cle) and allowed standard ad libitum free access to food
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and water, instituted and divided to four groups of eight
mice. The groups included the, control group (received sol-
vent each day), the BPA group (100µg/kg/d BPA for 20 days),
the BPA + exe-4 group (100 µg/kg/d BPA for 20 days with
co-administration of 4 nmol/kg/d exendin-4 in the last 10
days), and the exe-4 group (4 nmol/kg/d exendin-4 for 20
days). All protocols were compatible with standards of an-
imal care, specified by the ethics commission (CMRC-96) of
the Ahvaz Jundishapur University of Medical Sciences (Ah-
vaz, Iran).

Based on others experiments, it was decided to exam-
ine 100 µg/kg/day of BPA (Sigma Aldrich Company, Ger-
many) (15-17) and according to our results in dose response
experiment on insulin secretion of isolated islet, at in vitro
condition, choose 4 nmol/kg/day of exendin-4. The sol-
vent of BPA was ethyl alcohol with a final concentration of
0.1% and solvent of exendin-4 was distilled water. Single
dose of BPA through subcutaneous injection and exendin-
4 via intra peritoneal applied per day. The treatment period
choose according to other previous studies (16, 18).

2.2. Blood Collection and Biochemical Assay

24 hours after last treatment, the fasted animals
anesthetized with ketamine (60 mg/kg) and xylazine (10
mg/kg) mixture at 08:00 - 09:00 am then, blood glu-
cose level assessed by tail sampling using glucometer (El-
egance, Taiwan). Blood sample collected through the car-
diac puncture and centrifuged at 3000 g for 15 minutes
then plasma separated and kept at -20°C. Measurements
of triglyceride, total cholesterol, LDL-cholesterol (LDL-
c) and HDL-cholesterol (HDL-c) concentration in plasma
performed using Pars Azmoon kits and auto-analyser
and VLDL-cholesterol (VLDL–c) concentration calculated by
Norbert formula (VLDL = triglycerides (mg/dL)/5). Serum
adiponectin level evaluated by mouse adiponectin ELISA
kit (BioVendor NO: RD293023100R, Germany) with 2.3% co-
efficient of variation assay. The serum level of leptin as-
sessed by mouse and rat leptin ELISA kit (BioVendor NO:
RD291001200R, Germany) with 2.3% coefficient of varia-
tion assay.

2.3. Measurement of Antioxidant Activity

Pancreas tissue of treated mice examined for Catalase
(CAT), glutathione peroxidase (GPX) and, superoxide dis-
mutase (SOD) activities using microplate format detection
kits (Biocore Diagnostik Ulm GmbH. Germany). The ZELL
Bio Gmbh kit (cat. No: ZB-TAC-A48, V4527, Germany) used
in order to assessment of TAC level in plasma and the re-
sults presented in µM/l plasma and the ZELL Bio Gmbh kit
(cat. No: ZB-MDA-A48, V405, Germany) used for measure-
ment of MDA plasma level and the results presented in
µM/L plasma.

2.4. Statistical Analysis

Normal distribution and homogeneity of the variances
were evaluated using Levene’s test, then one-way analysis
of variance (ANOVA) followed by Tukey’s as post hoc test,
also repeated measurement applied for body weight. Dif-
ferences were considered statistically significant at the P
value < 0.05.

3. Results

All experimental groups presented increase in body
weight compared to the beginning of the study. Further
analysis showed that all treatment groups revealed signif-
icant lower body weight compared to control (Table 1).

In addition, BPA by increase in blood glucose 46% (P
< 0.001), induced hyperglycemia and exendin-4 compen-
sate this effect. The serum insulin level in the BPA group
decreased about 57% (P < 0.01) as compared to the control
group, and co-administration of BPA and exendin-4 com-
pensated this decrease and it was similar to the control
group. Exendin-4 alone did not change serum insulin level
as compared to the control group (Table 2).

As shown in Table 2, BPA caused an increase in triglyc-
eride by 42% (P < 0.01), total cholesterol by 14.7% (P < 0.05),
low density lipoprotein-cholesterol (LDL-c) by 166% (P <
0.01) and decrease in high density lipoprotein-cholesterol
(HDL-c) by 15.3% (P < 0.05), compared with the control
group. Co-administration of BPA and exendin-4 excluding
LDL-c, impaired lipid profile to the normal values. In ad-
dition, exendin-4 alone induced change in the mentioned
parameters.

Evaluation of oxidative parameters showed that BPA
induced a significant decrease in pancreatic plasma glu-
tathione peroxidase (GPX) (P < 0.05), total thiol concentra-
tion (P < 0.01) and plasma level of Total Anti-oxidant Ca-
pacity (TAC) (P < 0.05) and significant increase in plasma
Malondialdehyde (MDA) (P < 0.01). In the current experi-
ment, BPA did not induce any significant decrease in the su-
peroxide dismutase (SOD) and catalase (CAT). In addition,
co-administration of BPA and exendin-4 regulated the TAC,
MDA and GPX as much as the control group. Exendin-4
caused a significant increase in TAC, total thiol concentra-
tion, and catalase as compared with the control group (Ta-
ble 3).

Evaluation of plasma leptin and adiponectin lev-
els in different groups showed that BPA reduced
plasma adiponectin level (P < 0.01). Furthermore, co-
administration of BPA with exendin-4 and exendin-4
alone kept adiponectin level at similar values with the
control group (Figure 1). Assessment of plasma leptin
revealed that BPA increased this hormone (P < 0.01) and
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Table 1. Effect of Bisphenol A and Exendin-4 Alone and in Combination, on Body Weight (g) (n = 7)a

Groups/Days 0 7 14 21

Control 23.14 ± 1.03 24.55 ± 1.46 28.6 ± 1.08 31.54 ± 1.16

BPA 21.05 ± 0.21 23.3 ± 0.93 24.6 ± 0.99b 26.53 ± 1.21b

BPA+exe-4 21.53 ± 0.72 23.13 ± 0.78 24.8 ± 1.20 27.07 ± 1.19b

exe-4 22.65 ± 0.81 24.14 ± 1.04 26.03 ± 1.08 26.89 ± 1.36b

aValues are expressed as mean ± SEM.
bP < 0.05, vs. control.

Table 2. Effect of Bisphenol A and Exendin-4, Alone and in Combination, on Lipid Profile, Serum Insulin and Blood Glucose (n = 7)a

Groups Control BPA BPA + exe-4 exe-4

Triglyceride,mg/dL 50.33 ± 1.45 71.75 ± 6.96b 59.5 ± 2.02c 55.55 ± 4.29

Cholesterol,mg/dL 87.3 ± 1.2 104.5 ± 2.59d 98.25 ± 8.64 97 ± 4.45

HDL-c,mg/dL 74.10 ± 2.30 62.75 ± 2.25d 69.25 ± 4.10 74.04 ± 2.32

LDL-c,mg/dL 10.27 ± 0.32 27.4 ± 1.58b 17.1 ± 1.42c 11.9 ± 0.14

LDL/HDL ratio 0.14 ± 0.03 0.44 ± 0.09b 0.25 ± 0.07c , d 0.16 ± 0.05

Blood glucose,mg/dL 99.25 ± 4.58 145.43 ± 3.91e 115.44 ± 3.36f 103.28 ± 5.76

Serum insulin, ng/mL 1.42 ± 0.04 0.61 ± 0.08b 1.52 ± 0.23g 1.65 ± 0.41

aValues are expressed as mean ± SEM.
bP < 0.01.
cP < 0.05,
dP < 0.05
eP < 0.01 vs. control.
f P < 0.001.
gP < 0.01, vs. BPA group.

Table 3. Effect of Bisphenol A and Exendin-4, Alone and in Combination, on Pancreas and Plasma Antioxidant Defensea

Group Control BPA BPA + exe-4 exe-4

SOD, U/mg tissue 0.3 ± 0.02 0.21 ± 0.03 0.26 ± 0.01 0.36 ± 0.05

Catalase, U/mg tissue 0.55 ± 0.06 0.39 ± 0.06 0.85 ± 0.09b , c 0.89 ± 0.1b

GPX, U/mg tissue 10.7 ± 0.74 7.1 ± 0.89b 10.22 ± 1.62 10.38 ± 0.53

Total thiol,mM/mg tissue 87.28 ± 2.32 59.25 ± 11.58d 98.4 ± 4.42e 110.46 ± 11.1b

TAC,µM/l plasma 103.05 ± 5.9 44.73 ± 4.8b 81.94 ± 10.9 159 ± 26d

MDA,µM/l plasma 2.8 ± 0.49 6.64 ± 1.18d 2.41 ± 0.45e 1. 59 ± 0.53

aValues are expressed as mean ± SEM.
bP < 0.05.
cP < 0.05.
dP < 0.01 vs. control.
eP < 0.01, vs. BPA group.

co-administration of BPA with exendin-4, and exendin-4
alone modified it to normal values (Figure 2).

4. Discussion

The main purpose of this study was to clarify several
aspects of exendin-4 that protect subjects from metabolic

disorders. The general detection of this study indicated
that administration of BPA was related to diabetes and
metabolic disorders. The results showed that BPA by in-
crease in blood glucose, triglyceride, total cholesterol level,
LDL/HDL ratio, plasma MDA and decrease in plasma level
of insulin and HDL-c, TAC, Gpx and total thiol concentra-
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Figure 1. Effect of BPA and Exendin-4, Alone and in Combination, on Plasma
Adiponectin Level
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Pl
as

m
a 

A
d

ip
on

ec
ti

n
 L

ev
el

, µ
g/

m
L

18

16

14

12

10

8

6

4

2

0
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Figure 2. Effect of BPA and Exendin-4, Alone and in Combination, on Plasma Leptin
Level
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**P < 0.01, vs. control. #P < 0.05, vs. BPA group. Data are expressed as mean ± SEM;
(n = 7).

tion might contribute in oxidative stress and metabolic
syndrome. All the above disturbances were not seen in
BPA and exendin-4 co-administration and in the exendin-4
group. Body weight increased in all experimental groups,
however at the end of the procedure, the treated ones with
BPA and exendin-4 had lower weight compared with the
control. Some writers revealed a correlation between BPA
exposure and body weight elevation (19, 20). This result
may be explained by the fact that several important mech-

anisms may affect body weight including, glucose uptakes
and homeostasis, adipocyte deposition, dose and duration
of treatment, gender and species (21). In the current ex-
periment, exendin-4 regulated blood glucose, however Liu
et al. (2013) claimed that regulation of blood glucose is
not always relevant to body weight (22). What is interest-
ing in this data is that exendin-4 alone and in combination
with BPA maintained blood glucose, serum insulin, lipid
profiles, leptin, adiponectin and oxidative markers at the
normal value. Our data also clearly showed that BPA influ-
enced MDA increase in tissue and plasma, which is the final
product of lipid peroxidation, and exendin-4 compensated
these distractive effects. This was consistent with recent re-
ports that revealed clear benefit of exendin-4 in the preven-
tion of reactive oxygen species (ROS) production and mito-
chondrial dysfunction and increase in blood glucose level,
which could increase the production of ROS and could par-
ticipate in oxidative damages (23). It is possible to hypoth-
esis that these conditions are due to either glucose regula-
tory and antioxidative effects of exendin-4.

Furthermore, this study showed that BPA caused a de-
crease in plasma adiponectin and increase in plasma lep-
tin, while exendin-4 maintained these hormones at similar
levels to control. This finding is in agreement with previ-
ous findings, which showed exendin-4 through direct ef-
fect on GLP-1 receptors and protein kinase A (PKA) path-
way, increased adiponectin level (24, 25). The current ex-
periment was consistent with that of Shabani et al. (2015),
which revealed that reduced leptin is associated with de-
crease in blood glucose (26). Recent evidence suggests that
leptin can stimulate ROS excessive formation through in-
crease in nicotinamide adenine dinucleotide phosphate-
oxidase (NADPH) oxidase activation (27). Inflammation is
the common basis for various diseases, and leptin con-
tributes to the increase inflammatory cytokines (28, 29).
Therefore, it can be assumed that exendin-4 via leptin mod-
ification may be influencial on decrease of inflammation,
oxidative damages and metabolic disorders.

The most interesting finding was that exendin-4 im-
proves hyperlipidemia in the treatment group. Many ex-
periments revealed that there are correlations between ox-
idative stress and hyperglycemia and hyperlipidemia (30,
31). Also in 2015 kheirollah et al. showed that increase in in-
sulin secretion and β cell reinforcement by control in glu-
cose level and insulin sensitivity influenced the decrease
in triglyceride (32). Therefore, the current study suggests
that exendin-4 through β cell enhancement, glucose reg-
ulation and finally antioxidant properties modified lipid
profile.

The present study provides additional evidence
with respect to treatment effects of exendin-4 on hy-
perglycemia, hyperlipidemia and metabolic disorders
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induced by BPA, through improvement in adipocyte
hormones and antioxidant defense system. These find-
ings enhance our understanding of exendin-4, confirm
previous findings, and provide additional evidence that
highlight the importance of exendin-4 in metabolic
disorders.
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