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ABSTRACT
Bisphenol A (BPA) is an industrial chemical used in the
production of epoxy resins and produced worldwide at the
highest volume. Polycarbonate compounds are commonly used
in food packaging and manufacturing products. BPA is released
from polycarbonates by exposure to UV light, ageing or heating
and contact with either acidic or basic component. This research
was performed to investigate in vitro genotoxic, cytotoxic and
oxidative potentials of BPA in human blood lymphocyte
cultures with and without metabolic activation using
cytokinesis-block micronucleus test, Cytokinesis block
proliferation Index and single cell gel electrophoresis analysis,
respectively. Three doses of BPA (0.063µg/L, 0.128µg/L ve
0.32µg/L) were applied to lymphocyte cultures from 3 donors.
There is a statistically significant difference between all the
doses of BPA and negative control in both with and without
metabolic activation cultures (p<0.01) for Micronucleus test,
Cytokinesis block proliferation Index. Two parameters
including genetic damage index and damaged cell percent were
evaluated in single cell gel electrophoresis analysis. We found a
significant difference between all the doses of BPA and
negative control in both with and without metabolic activation
cultures (p<0.001). Our results indicate that BPA is able to
induce cytotoxic and genotoxic and oxidative damage in human
blood lymphocytes cultures.
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INTRODUCTION
Bisphenol-A (BPA) [2,2-bis (4-hydroxyphenyl)] is an industrial compound synthesized by
condensation of two phenol groups and one acetone molecule at low pH. BPA is an important
precursor chemical in the production of polycarbonates and synthetic resins. Bisphenol A
(BPA) has received much attention due to its widespread human exposure (Vandenberg et al.,
2009; Izzotti et al., 2009). One such estrogenic chemical is bisphenol A (BPA), is a monomer
used in plastics manufacturing, including consumer products (e.g., food packaging materials,
internal coatings of cans and drums, reinforced pipes, adhesives, flooring, and nail polish
(Naik and Vijayalaxmi, 2009). Chemicals released into the environment can affect the
endocrine functions of animals and humans, mimicking natural hormone action (Kavlock and
Perreault, 1994). Such endocrine disruptors may represent a major toxicological and public
health issue (Markey et al., 2003). Genotoxic and non-genotoxic effects of BPA have been
reported (Naik and Vijayalaxmi, 2009; Hilliard et al., 1998; NTP report 1982; Schweikl et al.,
1998; Honma et al., 1999).
The production of BPA within a year is almost 1.7 million kg. BPA can be dispersed in
environment by various ways such as production, transport and application. This dispersion
mostly has occurred by discharging to surface waters through waste waters without cleaning
of wastes occurred during production or by leakage take placed in BPA storages (ECB 2003).
In some studies, it is indicated that the level of BPA was 8-11 ng/ml in rivers which supplied
of city water of Germany, Belgium and Holland (Staples et al., 1999). Humans are exposed
to BPA via foods. BPA can be metabolized in living organisms. BPA metabolism in
mammary is two pathways, glucuronidation and sulfation of BPA. BPA is glucuronidated by
liver microsomes. Yokota et al. (1999) reported that the glucuronidation was mediated by
UDP-glucuronosyltransferase (UGT) in the rat liver. The hepatic glucuronidation is slightly
less in pregnancy than in nonpregnancy because of multidrug resistance-associated protein II
and UGT decrease in pregnancy (Inoue et al., 2004). Moreover, the UGT levels in the human
fetal liver are lower than those in the adult liver (Cappiello et al., 2000; Matsumoto et al.,
2002; Strassburg et al., 2002). Matsumoto et al. (2002) indicated that the activity of UGT
toward BPA and its protein and mRNA contents are not detected in the fetal rat liver.
Sulfation of BPA by sulfotransferases in the liver is also included in the BPA metabolism
pathway in mammary (Suiko et al., 2000; Nishiyama et al., 2002).
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There are studies indicating the relationship between mutagenicity, genotoxicity or toxicity
and BPA exposure in both in vivo and in vitro.
Today, S9 mix activation system has been applied in many in vitro cell cultures by many
researchers (González Borroto et al., 2002; Marques et al., 2002; Eke and Çelik, 2008). Many
mutagens require oxidative metabolism to reactive species before demonstrating
mutagenicity.
Considering that, and the lack of data on the cytogenetic status induced by Bisphenol A, the
aim of this study was to assess the genotoxic potential of bisphenol A and its metabolites in
vitro in human peripheral blood lymphocytes with and without metabolic activation of S9.
MATERIALS AND METHODS
Donors and collection of blood samples
The study was carried out by using blood samples from three healthy, non-smoking male
donors, aged 20, 21 and 23 years. Approximately, 10 ml of blood was collected, by
venipuncture, into syringes containing sodium heparin as anticoagulant. Blood was taken the
same day of the initiation of the experiment between 9.00 and 9.30 a.m. to minimize possible
confounding effects of dietary factors.
Test chemicals
BPA (CAS No. 54–64–8) was obtained from Sigma (Figure 1). Mitomycin C (MMC, CAS
No: 50-07-7, Kyowa). Methanol, acetic acid, potassium chloride, sodium chloride, trisodium
citrate-2-hydrate, di-sodium hydrogen phosphate-2-hydrate, potassium dihydrogen phosphate
and Giemsa dye were obtained from Merck (Darmstadt, Germany). Colchicine was
purchased from Fluka (Buchs, Switzerland). Phytohaemagglutinin (PHA, M form) was
obtained from Gibco BRL Life Technologies (Paisley, UK) and prepared according to
supplier‘s instructions. Heparin was purchased from Braun (Melsungen, Germany. In the
cultures without metabolic activation, the positive control was MMC at 2 µg/ml for
treatments in cultures without S9. For cultures with metabolic activation (S9),
cyclophosphamide (CP, CAS No. 6055-19-2, Sigma) was used as positive control at 1.4
µg/ml for testing MN. Hydrogen peroxide ( cultures without S9) and Benzo-a-pyrene (with
S9) were used as positive control for comet analysis,
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Dose selection
The dose range was selected according to serum concentrations (0,063µg/L, 0,128 µg/L and
0,32 µg/L) of people exposed to bisphenol A.
Metabolic activation
S9 from (Cat No: 452591) ‗‗BD Biosciences‖ was used as metabolic activation system. The
rats used to produce the S9 were not given arochlor, phenobarbital, or other chemicals.
The S9 mix freshly prepared, consisted of 1 ml of S9, 0.33 ml of 1 M KCl, 0.32 ml of 0.25 M
MgCl2_6 H2O, 0.25 ml of 0.2 M glucose-6-phosphate, 1 ml of 0.04 M NADP, 2.10 ml of
distilled water and 5 ml of phosphate buffer (pH 7.4).
Genotoxic evaluation
Lymphocyte cultures and Cytokinesis block Micronucleus Assay in peripheral blood
lymphocytes
The study was carried out by using blood samples from three healthy non-smoking male
donors. In three donors, results of clinical routine laboratory analyses were within normal
range, and the absence of exposure to known genotoxicants was considered. Lymphocyte
cultures were prepared according to the technique described by Scarpato et al. (1996) with
slight modifications. Heparinized whole blood (0.8 mL) was added to 5 mL of culture
medium RPMI 1640 (Sigma), supplemented to 20% with fetal calf serum (Sigma), with 0.2
mL phytohemagglutinin (Sigma), and with antibiotics (10,000 IU/mL penicillin and 10,000
IU/mL streptomycin). A final concentration of 6 μg/mL of cytochalasin B was added to
cultures 44 h later to arrest cytokinesis. At 72 h of incubation, the cultures were harvested by
centrifugation at 2000 rpm for 10 min. Then, to eliminate red cell and to keep the cytoplasm,
the cell pellet was treated with a hypotonic solution (4–5 min 0.075 M KCl at 37°C). Cells
were centrifuged, and Carnoy's fixative (methanol: acetic acid, 3:1, v/v) solution was freshly
added. This fixation step was repeated five times. Next, cell pellets were resuspended in a
small volume of fixative solution and dropped onto clean, cold slides. The slides were stained
with 10% Giemsa dye solution.
In general, the same procedures were used for the assays conducted with and without
metabolic activation. Nevertheless, in the case of cultures with metabolic activation, 24 h
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after the initiation of cultures, 0.5 ml of the S9 mix were added together with the test agent,
BPA (0,063µg/ml, 0,128 µg/ml, and 0,32 µg/ml). After an incubation period of 3 h at 37 0C,
the test chemical and S9 mix were removed from the culture. Concurrent cultures, treated for
3 h without the activating system, were also set up. The pellet of lymphocytes was washed
twice with 5 ml of RPMI 1640 medium and resuspended in complete medium and, after that,
the cultures were incubated until the entire period of 72 h at 37 0C.
Lymphocyte cell collection for Comet Analysis
The experiments were performed on peripheral blood lymphocytes obtained from three
healthy donors, peripheral blood mononuclear cells were isolated by Histopaque-1077
density gradient centrifugation, according to the manufacturer‘s instructions. Lymphocyte
cultures were set up by adding 0.5 ml of lymphocyte suspension in 4.5 ml of RPMI 1640
medium supplemented with 20% fetal calf serum, 2mM l-glutamine, 10 mg/ml
phytohemagglutinin, 100 U/ml penicillin and 100 mg/ml streptomycin. Cells were incubated
for 72 h at 370C.
Alkaline comet assay
Comet assay was performed with lymphocytes from two donors according to Singh et al.
(1988). Firstly, lymphocytes from three donors were treated with BPA at three different
concentration

(0,063µg/L, 0,128 µg/L, and 0,32 µg/L ). Briefly, 100 µl of cell suspension

was mixed with 200 µl of 2% low melting temperature agarose at 370C and then placed on a
slide pre-coated with the thin layer of 0.5% normal melting agarose. The cell suspension was
immediately covered with a cover glass and the slides were kept at 4 0C for 5 min to allow
solidification of the agarose. After removing the cover glass, the cells were lysed in a lysing
solution (2.5M NaCl, 100mM EDTA, 10mM Tris, 1% Triton X-100, pH 10) for 1 h. After
washing in re-distilled water the slides were placed in a horizontal gel electrophoresis
chamber. The chamber was filled with cold electrophoretic buffer (1mM EDTA, 300mM
NaOH, pH 13) and slides were kept at 4 0C for 40 min to allow the DNA to unwind.
Electrophoresis was conducted at 200C using 25V and 185mA for 20 min. After
electrophoresis, the slides were washed three times with neutralization buffer (0.4M Tris, pH
7.5). All preparative steps were conducted in dark to prevent additional DNA damage. The
slides were stained with etidium bromide (0.1 mg/ml, 1:4) and analyzed with a fluorescence
microscope (Olympus BX 51) equipped with a video camera CCD-4230.
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Comet Slide scoring
Comet images were analyzed according to Collins et al. (1995). One hundred comet images
were scored for each treatment by one scorer (S.Y.E.) visually under fluorescence
microscopy (BX51 OLYMPUS). An intensity score from class 0 (undamaged) to class 4
(ultra high damage) [Sun et al., 2004] was assigned to each cell. The method of the
observation was barred in a blind way during which the observer had no knowledge of the
identity of the slide. Fifty cells per slide and two slides were examined per sample to evaluate
DNA damage for each culture treated with/without S9. In comet assay, two different
parameters were evaluated 1. Damaged cell percent (DCP), 2. Genetic damage index
(GDI=AU). The arbitrary unit (AU=GDI) was used to express the extent of DNA damage and
calculated using the following formula. The slides were blinded to the scorer. The cells were
classified by eye in the five categories on the basis of the extent of DNA migration,
undamaged (class 0), very little damage (class 1), moderate damage (class 2), high damage
(class 3) ultra high damage (class 4).
4

AU   i  N i
i 0

Ni = the number of scored cell in i level, i = the level of DNA damage (0, 1, 2, 3, 4).
DCP was expressed via following Formula;
DCP=class 2+ class 3+ class 4
RESULTS
Cytokinesis Block Micronucleus Assay and Comet Asay
Table 1 represents MN frequency in the binucleated cell with one/two MN, CBPI values of
control and each dose groups and DCP, GDI values measured in comet assay performed in
cultures with /without S9. All the dose of BPA caused the increase MN frequency and the
decrease in CBPI values. There are significant differences between negative control group
and BPA doses groups (p<0.05) in cultures and with/without S9 for MN frequency. Such
values are much lower than those induced by the positive control,

Mitomycin C and

hydrogen peroxide or benzo-a-pyrene.
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Table 1 shows DNA damage level (class 0-class 4). All the doses of BPA significantly
induced the frequency of micronucleus and DNA damage in dose-dependent manner in
human peripheral blood lymphocytes. Figure 2 and 3 represent micronucleus and comet
views (level 0-4). There is a significant difference between both dose groups and negative
control and among all dose groups (p<0.05).
DISCUSSION
The possible health effects of BPA have been a matter of concern because of the potential
wide human exposure consequent to the widespread use of this chemical as plastic bottles,
compact disks, dental sealant, food cans and bonding agents. We evaluated the effects in the
base on genotoxicity of BPA using cytokinesis-block micronucleus test and single cell gel
electrophoresis analysis (COMET) in human peripheral blood lymphocyte cultures
with/without S9 metabolic activation system. We found that BPA induced micronucleus
frequency in cytokinesis-block micronucleus test and increased DCP and GDI in comet
analysis, besides decreased the CBPI value in peripheral blood lymphocyte cultures both with
S9 and without S9.
It is seen that many environmental chemical substances induced DNA breaks in many
investigations in such as in vitro and in via studies in many organisms and tissue cultures. In
many studies, it is seen that Comet assay or single cell gel electrophoresis ascertains lesions
such as DNA strand breaks and alkali-labile sites (Gajovik et al., 2013; Çelik et al., 2013; Eke
and Çelik 2016). Due to BPA is one of the highest volume chemicals produced worldwide
and has been used in the chemical industry for the production of products containing
polycarbonate it is important to investigate the effects on the environment. BPA exposure can
occur on different routes. BPA can be leached from plastic products and food- and- drinkpackaging. Especially, in many studies, it is indicated that there are reports on the
contamination of BPA from canned food (Goudson et al, 2002; Kang and Kondo, 2003).
BPA can be metabolized by enzymes existing in plant and animals. In BPA metabolites, BPA
glucuronide is characterized as a major metabolite of BPA via liver microsome pathway.
Other metabolites such as BPA sulfate conjugate, BPA diglucuronide, were also identified.
Jaeg et al (2004) reported that there are nine metabolites from the metabolism of BPA by
mice liver microsomes and S9 fractions. Atkinson and Roy (1995 a,b) reported that BPA
metabolite, bisphenol-o-quinone, could bind DNA in vivo and in vitro. Therefore, several
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studies reported that the metabolic products of BPA can form the damages on DNA (Tsutsui
et al., 1998; Tayama et al.,2008)
For BPA, there are also several published studies indicating its possible genotoxicity.
Gajovik et al., (2013) reported that BPA induced DNA strand breaks in lung cells of mice
exposed to BPA for 2 weeks at two different doses (5mg/kg and 10 mg/kg) using alkaline
comet assay and evaluated the genotoxic effects of BPA in peripheral blood and bone
marrow reticulocytes of mice using the micronucleus test. They found that there is a
significant increase in the number of MN in peripheral blood reticulocytes after only 2-week'
exposure to doses of 10 and 20 mg/kg BPA compared to the control group but no increase in
MN frequency in bone marrow reticulocytes. They reported that both doses caused nearly
twice as many micronuclei as in control and explained that the reason for a lower incidence
of MN in bone marrow reticulocytes may be the dislocation of reticulocytes from bone
marrow to peripheral blood to transform into mature erythrocytes. Iso et al. (2006)
investigated the potential oxidative damage of PBA on the DNA in MCF-7 cell cultures using
comet analysis and ɤH2AX method and found that BPA increased comet tail length and DNA
double-strand breaks. They showed that BPA caused DNA damage depending on MCF cells,
although higher concentrations of BPA were needed. In another study performed in mouse
lymphoma cells, it is found that BPA caused the genotoxicity but Lee et al. (2003) concluded
this effect may be false positive due to cell death because 4x10-6-4x10-4M BPA was
cytotoxic. Hovewer, Iso et al.(2006) informed that the genotoxicity of 10-6 and 10-4M
concentration of BPA was depending on cytotoxicity. In our also study, BPA is both
cytotoxic and genotoxic, we concluded that probably cytotoxicity and genotoxicity is
mutually dependent. In the present study, All the concentrations of BPA decreased the CBPI
value in peripheral blood lymphocyte cultures both with S9 and without S9. In many studies,
CBPI is used as cell kinetic parameter for cytotoxicity. Suárez et al (2000) investigated the
cytotoxic effects of Bisphenol A diglycidyl ether and its hydrolysis products in peripheral
blood lymphocyte under culture conditions with/without S9.

They found that these

compounds decreased CBPI values and increased the micronucleus frequency in both culture
conditions. In the present study, we also investigated the genotoxic and cytotoxic effects of
BPA using cytokinesis-block micronucleus test. We measured the genotoxic effect by
evaluating micronucleus frequency and found that BPA induced the micronucleus formation
at three concentrations under culture conditions with/without S9 in peripheral blood
lymphocytes in vitro. In biomonitoring studies, many researchers investigated the exposure
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to BPA, for example, Battal et al.,(2014) analysed the total urinary BPA concentrations in
200 urine samples (children: 57; male: 74; female: 69) obtained from residents of a
Mediterranean city, Mersin using high-performance liquid chromatography-tandem mass
spectrometry (HPLC-MS/MS).They evaluated environmental exposure to free BPA and its
major metabolite bisphenol A glucuronide (BPAG) in human urine and reported that
determined amount of total BPA in the study performed by Battal et al.(2014) study is lower
than the results of similar studies conducted in developed countries. Al-Saleh et al. (2017)
evaluated the genotoxic effects of BPA and phthalate esters (PAEs) in TK6 human
lymphoblast cell line treated samples from several wastewater plants. They found that BPA
and some PAEs in the treated wastewater might have the potential to induce genetic damage
in TK6 human lymphoblast cell line, despite their low levels. Kabuto et al. (2003)
investigated the modifications in endogenous antioxidant capacity, including superoxide
dismutase (SOD), glutathione peroxidase (GPx), catalase, oxidative stress index, reduced
glutathione (GSH), glutathione disulfide (GSSG), and thiobarbituric acid-reactive substance
(TBARS) in the brain, liver, kidney, and testes of mice under bisphenol A (BPA), an
endocrine disrupter, treated for 5 days. They reported that the injection of BPA induces
overproduction of hydrogen peroxide in the mouse organs and therefore BPA may show the
toxicity by increasing hydrogen peroxide. BPA acts both a prooxidant and an antioxidant
because BPA has antioxidant activities structurally, its metabolites show prooxidant activity.
Although BPA monoglucuronide is the major metabolite of BPA, it was indicated that BPA,
in part, is metabolized to hydroxylated BPA via a bisphenol semiquinone by peroxidase
(Knaak and Sulivan, 1966). It was shown that quinone and semiquinone metabolites of BPA
are able to form DNA-BPA adducts (Atkinson and Roy, 1995a, b) via mutational changes in
nuclear genome through inhibition of replication. Oxidative damage might be induced by
free-radical generation via metabolic redox cycling between quinone and hydroquinone forms
of BPA. The further studies are necessary to determine at molecular level the relationship
between genotoxicity and cytotoxicity or whether BPA affects DNA repair system in
eucaryotic organisms under in vitro or in vivo conditions.
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Table 1: Frequency of micronucleus and cytokinesis-block proliferation index values
and DNA damage level (damaged cell percent and genetic damage index) in BPAtreated peripheral blood lymphocytes cultures
1 MN
mean±SD

2 MN
mean±SD

CBPI
mean±SD

DCP
mean±SD

GDI
mean±SD

NK

3,00±1,00

0,33±0,58

2,54±0,01

12,67±1,00

54,67±5,77

0,063

5,33±0,58*

1,33±0,58*

2,35±0,03*

21,33±5,14*

76,67±14,22*

0,128

7,00±1,00**

4,00±1,00*

2,10±0,08**

27,00±2,65**

100,00±2,65**

0,320

7,67±0,58**

6,00±1,00**

1,80±0,05**

31,67±2,52**

120,33±6,81**

PK
MMC(2µg/ml)

9,33±1,15***

7,33±0,58**

1,48±0,03***

90,67±4,16**

324,00±19,70***

NK

3,67±0,58

1,67±0,58

2,54±0,02

8,00±1,00

40,67±3,21

0,063

5,33±0,58*

1,67±0,58

2,30±0,03*

23,00±1,00*

78,00±4,58*

0,128

6,67±0,58**

3,00±1,00*

2,08±0,04**

27,67±1,53**

102,67±4,16**

0,320

7,33±0,58**

5,00±1,00*

1,88±0,02**

37,67±1,53**

123,67±2,52**

PK
MMC(2µg/ml)

9,67±0,58***

7,33±0,58***

1,48±0,03***

91,00±4,36***

315,00±4,58***

S9-

S9+

CBPI: cytokinesis block proliferation index;DCP; damaged cell percent;GDI: genetic damage
index; MN: micronucleus;
NC: negative control; PC: positive control.
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