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ABSTRACT: Bisphenol A (BPA) is a synthetic compound of carbon with chemical formula (CH3)2C
(C6H4OH)2. In this study 20 adult male rats were selected and divided into 4 groups of 5including group I
(Control), group II (Shame) and groups III and IV(receiving BPA at doses of 5 and 50 μg/kg/day
respectively).  BPA was given to rats by gavage for 15 days and blood samples were collected. Serum lipids
(Triglyceride, Total Cholesterol, HDL and LDL), Serum liver enzymes (AST, ALT and ALP) and serum
glucose values were measured. According to the data, using BPA at 2 doses caused a significant reduction
(P<0.05) in liver enzymes level and a significant increase in LDL level, but had no effect on lipids and blood
sugar. BPA at the low dose caused a significant increase in Triglyceride. Therefore within these doses and
during the research (2 weeks), BPA does not cause fatty liver.
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INTRODUCTION

Xenoestrogens are synthetic estrogens widely used in
the industrial compounds and they are different
chemically with the natural estrogen made by the
body's endocrine system, but their estrogen effects are
almost the same on living organisms (Wolstenholme et
al., 2010). Xenoestrogens literally composed of the
prefix "Xeno" meaning foreign or alien and estrogen
which is the importantly reproductive hormone of the
female sex (Keri et al., 2007). Other disparate groups
with estrogenic effects are phytoestrogens (estrogenic
compounds in plants) and mycoesrtogens (estrogenic
compounds in fungi, including mycotoxin) (Smith et
al., 1998). Pervasive presence of the estrogens has
created a major concern for the health of individuals
and populations. These chemicals accompanied with
wastewater of houses or factories enter the water cycle
and pollute the plants and aquatic. Researches have
proved the presence of Xenoestrogensin the several
medical failures. In the last ten years scientific studies
have showed the adverse effects of these chemicals on
human health (Vidaeff and Ramin, 2005). One of
environmental Xenoestrogens is BPA. It is an
inexpensive synthetic organic compound with chemical

formula C15H16O2, that was used in the production of
polycarbonate plastics and epoxy resins, drink bottles,
glasses, contact lenses, furniture, utensils disposable
and etc (Hajszan and  Leranth, 2010).

Scheme 1. BPA (Kang et al, 2006)

Since 1950, BPA has been widely used in
manufacturing plastics polycarbonate, epoxy resin,
some dental materials and as a non-polymeric additive
in plastics (Wolstenholme et al., 2010). BPA is a
compound with similar structure of natural steroids of
the body that is replaced with them and destroyed  the
construction and operation of steroid hormones. Also it
may disrupt steroids function in the process of liver
(Yasutake et al., 2009; Assy et al., 2008). BPA can
interfere in the synthesis and clearance of hormones and
also change the hormone receptor gene expression and
activity of genes of the target tissues (Maclusky et al.,
2005).
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Fatty liver is a reversible disease characterized by the
accumulation of triglyceride and other fats in liver cells
and liver inflammation. In this disease, usually more
than 5% of liver weight is fat (Sherlock et al., 2002).
Most patients are 40-60 years old people. Fatty liver is
more common in women and also in children older than
10 years can be created. This liver dysfunction is
chronic and will remain stable for many years (Zelber-
Sagi et al., 2006).
Two main types of fatty liver are:
1. Alcoholic fatty liver: This condition may occur in
people who consume alcohol. Alcohol increases blood
fats level by accumulating of fat in the liver and causes
fatty liver disease, but in Iran this problem has other
reasons.
2. Non-Alcoholic fatty liver: Nonalcoholic fatty liver is
known as a major health problem. In fact, non-alcoholic
fatty liver is a chronic liver disease which includes a
wide range of clinical symptoms (from asymptomatic to
severe inflammation of the liver with fibrosis and
cirrhosis sometimes). NAFLD can be diagnosed
through increasing the level of liver enzymes (alanine
aminotransferase and aspartate aminotransferase), as
well as by ultrasound and MRI (Magnetic Resonance
Imaging) (Angulo., 2002).
Most effective parameters that causes NAFLD involve:
Obesity, hyperglycemia, type 2 diabetes and
hyperlipidemia (Pagano et al., 2002). Studies have
shown more than 75% of obese people have this disease
(Hamaguchi et al., 2005). NAFLD in the northern and
southern parts of United States, Australia and New
Zealand, the Middle East and Europe has a high
prevalence rate from 10 to 24 % (Angulo et al., 2002).
Around 20 to 30 % of adults in developed countries
have increase in fat accumulation in liver (Bedogni et
al.,2004; Bellentani et al., 2000). The half of these
people have diabetes and around 80 % of them are
obese (Gupte et al., 2004; Del Gaudio et al., 2002). The
results of studies in Iranreveal about 2.04-2.09 %of
people have NAFLD (Pourshams et al., 2005;
Sotoudehmanesh et al., 2006; Sohrabpour et al., 2010).
Studies have shown that the incidence of many
diseases, including type 2 diabetes, coronary heart
diseases, normal growth weakness, cancer particularly
in the reproductive organs, memory impairment, IQ
neurological  are related to the use of BPA (Singleton et
al., 2003).
Due to the important effects of this substance on human
health and little researches in this area, especially in
Iran, the main aim of this study is to evaluate of the
effect of oral administration of BPA on Serum lipids
(Triglyceride, Total Cholesterol, HDL and LDL),
Serum liver enzymes (AST, ALT and ALP) and blood
glucose values in rats.

MATERIALS AND METHODS

The recent study is a prospective clinical trial in which
20 male rats of the Sprague-Dawleyrace, the aged18
weeks and weighing 220-300 grams were treated by
gavage for 15 days.  Before the research, all the animals
were kept in standard Plexiglas cages in order to adapt
to conditions for two weeks. Water and food were
freely access to them. First, nasogastric tube which
known as esophageal or gavage needle was used. The
reason of the use of metallic gavage was that rates
could not chew it. Metallic gavage pipe sizes 8, 5 and
5.2 cm was determined based on the distance between
the lips of the animal to the last gear. Animals at
condition of controlled temperature of 22 ±
2°C,humidity of 60 ± 5 % , 12 hours of light and 12
hours of darkness were kept (lamps were on from 6 am
to 6 pm). Animals were randomly divided into 4 groups
of 5 as follows:
Group I: A control group without the use of any
particular matter
Group II: A shame group consist of sesame oil and
alcohol (as a solvent for BPA)
Group III: A group receiving daily 5 μg/kg/day of BPA
for 2 weeks
Group IV: A group receiving daily 50 μg/kg/day of
BPA for 2 weeks
Appropriate volume at doses 5 and 50 μg/kg/day of
BPA solution were administered for 2 weeks. In any
promise gavage 4 ml drug and solvent were fed. During
gavage, no anesthetic or anesthesia was used and all the
rats were awake. At the end of the gavage period,
immediately blood samples were taken from rats heart,
all the animals were killed. The rats did not use any
food 6 hours before blood sampling. Blood sampling
was done at the amount of 1-1.5 ml. The sample was
transferred to a test tube containing EDTA and
immediately was frozen at -18 to -20°C. Then the
specimens were centrifuged by Rotofix centrifuges at
3000 rpm for 15 minutes and the separated plasma with
an average volume between 0.5 to 0.7 ml was collected
with a pipette and transferred to microtube. Plasma was
placed in Selectra device and the data was measured.
This device is consists of two parts, in one part solution
is poured according to Pars test field pre-built solution
and in another part solution of the enzyme or the other
measurable lipid is poured. Serum lipid of LDL and
HDL are two solutions of pre-built solutions of Pars test
field. Hypochlorous acid 9% is used to rinse through
plasma fatal. Measured numbers based on a defined
wavelength in the device are read in different kits.

Statistical analysis: In this study, data was analyzed by
using statistical program (SPSS version 19). For
statistical analysis, the statistical test of (One way-
ANOVA) and Tukey,s test were used.
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Also the numbers were considered as Mean ± SEM and
the significance level of (P<0.05) in the results section.
The values are quantitative variables and are known as
dependent or response variables. On the other hand, the
two control groups have been considered as the
variable, which determine the groups under study. Data
are presented as mean ± standard error in the results
section.

FINDINGS

According to the findings of this study AST, ALT and
ALP in groups III and IV have had significant decrease

(P<0.05) comparing with the group I. In addition, there
was no significant difference (P<0.05) between groupie
with groups III and IV (Fig. 1).
Also in this study, results showed that triglyceride and
LDL cholesterol of the group III have had a significant
increase comparing with group I (P<0.05). But group
IV compared with the groups I and II had no significant
difference (P>0.05); furthermore, the serum total
cholesterol, serum HDL and serum glucose in groups
III and IV not shown significant different (P>0.05)
compared with the groups I and II (Fig. 2 and 3).

Fig. 1. Effect of oral administration of PBA on liver enzymes ALT, AST and ALP.

Fig. 2. Effect of oral administration of PBA on triglyceride, total cholesterol, LDL and HDL serum.
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Fig. 3. The effect of oral administration of BPA on serum glucose.

The study of obtained photomicrographs of rats liver
proved that groups I and II don't have change in the
tissues. Destruct in the cytoplasm and the nucleus of
hepatocytes was observed in normal mode (Fig. 4A and

B). BPA administered at dose of 50 μg/kg/day increases
hepatocyte polymorphism comparing to other groups
(Fig. 4D).

A B

C D

Fig. 4. Photomicrographs of rats liver tissue. A) group I, B) group II, C) group III, D) group IV (H & E, × 100).
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DISCUSSION

According to the results of this study, in groups III and
IV a significant decrease in amount of liver enzymes
AST, ALT and ALP was observed compared with the
group I. Also, there was no significant difference
between group II with groups III and IV. It seems that
properties of sesame oil have reduced the amount of
AST enzyme. In a study done by Hassan and
colleagues, 4 doses of BPA 50, 10, 1, 1%μg/kg/day
were fed to the rats for 4 weeks. The group that
consumed dose of 50 μg/kg/day showed a significant
increase in liver enzymes of AST and ALP than the
control group (Hassan et al., 2012). In the research
done by Sangai and Verma, within 30 days of the
consumption of doses of 60 and 120 μg/kg /day of BPA
a significant increase were observed in liver enzymes
AST, ALT and ALP (Sangai et al., 2012). In a research
conducted by Mourad and Khadrawy on the rats
receiving doses of 25 and 10 μg/kg/day of BPA for 6
and 10 weeks, 5 days per week, the results showed the
group which received 6weeks dose of 25 μg/kg/day had
significantly increase in liver enzymes AST and ALT
than the control group. But in the group which
consumed the dose 10μg/kg/day for 6 and 10 weeks,
there was no significant difference (Mourad et al.,
2012). In the research conducted by Helal et al,
subcutaneous injection at the amounts of 10 and 30
μg/kg/day of BPA after 15 and 30 days significantly
increased (p <0.01) the liver enzymes level of ALT,
AST and ALP (Helal et al., 2013). It seems that the
difference in level of liver enzymes in our study with
the previous studies is due to the longer exposure of rats
to BPA in the previous studies (4-6 weeks) than the
present study (2 weeks) and also the difference in the
less amount of BPA prescribed (5 μg/kg/day) in this
study. According to the results of this study, in group
III significant increase in triglyceride level not observed
compared to groups I and II. In the study done by
Kukkonen and Rahamaa, at dose of 50 μg/kg/day of
BPA for two weeks significant difference in serum
triglyceride level was not observed and this confirms
the validity of the research (Nieminen et al., 2002). In
research conducted by Helal et al, subcutaneous
injection at the amounts of 10 and 30 μg/kg/day of BPA
after 15 and 30 days significantly increased (p <0.01)
serum triglyceride level. BPA mimics estrogen activity
and can be cytotoxic (Mourad et al., 2012). According
to the results of this study, comparing serum total
cholesterol in groups III and IV with groups I and II do
not show significant difference. In the study conducted
by Kukkonen and Rauhamaa, at dose of 50 μg/kg/day
of BPA for two weeks significant change in serum level
of total cholesterol was not observed (Nieminen et al.,
2002). According to the research of Helal et al,
subcutaneous injection at the doses of 10 and 30 μg
/kg/day of BPA after 15 and 30 days significantly
increased (p <0.01) serum total cholesterol level. BPA

can have different effects on rats in each race (mother
and son) (Wyatt, 2011). According to the results of this
study, in the groups III and IV significant difference
was not observed in amount of serum HDL compared
with groups I and II. It seems that the administration at
these doses of BPA and the duration of treatment had
no effect on serum HDL level. In the study carried out
by Kukkonen and Rauhamaa of consumption at dose 50
μg/kg/day of BPA for two weeks significant different in
serum level of HDL was not observed (Nieminen et al.,
2002). According to the research of Helal et al
subcutaneous injection at doses of 10 and 30μg/kg/day
of BPA  after 15 and 30 days caused a significant
decrease (p<0.01) in serum HDL level (Mourad et al.,
2012). It seems that the difference in the amount of
serum HDL in our study and the research of Helal et al
(2013) can be related to administration of BPA (orally
or by subcutaneous injection). The research of Gail and
colleagues shows the ways administration of BPA
orally or subcutaneously are effective on the
metabolism and absorption by the body (Prinsa et al.,
2011).  According to the results of this study, in groups
II, III and IV a significant increase was seen in LDL
cholesterol level compared to group I. This shows that
the consumption of sesame oil and BPA increases LDL
cholesterol value. In the study conducted by Kukkonen
and Rauhamaa, the consumption at dose 50 μg/kg/day
of BPA for 2 weeks led to a significant increase in LDL
cholesterol (Nieminen et al., 2002). According to the
research done by Helal et al, subcutaneous injection at
the amounts of 10 and 30 μg/kg/day of BPA after 15
and 30 days significantly increased (p<0.01) of LDL
cholesterol level (Mourad et al., 2012). According to
the research conducted by Wyatt BN in male rats, the
consumption of BPA increased adipose tissue but there
was not observed significant difference in the female
rats (Wyatt, 2011). The results of our study exhibited
that serum glucose level don't have significant
difference in groups III and IV than groups I and II. It
seems using at these doses of BPA and the duration of
treatment had no effect on the blood sugar level.
According to the study done by Jayashree and
colleagues, administration at doses 20 and 200
μg/kg/day of BPA for 29 days did not have a positive or
negative effect on the value of serum glucose
(Jayashree et al., 2013). The natural amount of glucose
in rat is 106-278 μg/dl. BPA can change the function of
pancreatic beta cells through nonclassical membrane
ER (ncmER), in vitro (Ropero et al., 2002). According
to the research conducted, using at doses 3.5, 35 and
350 μg/ kg/day of BPA for 6 weeks significantly
decreased blood sugar level in strains of female rats but
significant effect in male rats was not observed (Wyatt,
2011). It seems that the difference in the results of the
level of serum glucose with the previous studies is due
to the rats' longer exposure to BPA in the previous
studies (6 weeks) than the present study (2 week).
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CONCLUSION

The results suggest that administration at high and low
doses of BPA have been significantly decreased the
liver enzymes and it has not cause any significant
change in serum total cholesterol, serum HDL and
serum glucose levels, but has led to the increase of LDL
cholesterol level.
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