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Abstract

Background: Bisphenol A (BPA) is a monomer used in the production of a multitude of chemical products, including
epoxy resins and polycarbonates. The purpose of this study was to consider the biochemical, histological, genetic, and
molecular alterations induced by BPA in adult male albino rats. They were orally subjected to BPA (20 and 100 mg/kg
body weight) mixed in olive oil once a day for 30 days. At the end of the experiment, liver, testis, serum, and bone marrow
were collected.

Result: A significant increase in the level of malondialdehyde (MDA), with a significant decline in the content of superoxide
dismutase (SOD) and reduced glutathione (GSH) in rats’ livers and testes after administration of both doses of BPA occurred.
Also, there was a significant decrease in the testosterone activity in both treated groups. Histopathologic effects of bisphenol
A on livers and testes of male rats showed that the treatment with both doses of BPA resulted in deleterious effects on livers
and testes. The frequency of the micronucleus (MN) in polychromatic erythrocytes (PCEs) in bone marrow cells at both
doses was significantly increased as compared to control group, while no changes were observed in polychromatic
erythrocytes/normochromatic erythrocytes (PCEs/NCEs) ratio. Finally, BPA caused a suppressive effect on spermatogenesis-
associated 7 (SPATA 7) gene in a dose-dependent manner.

Conclusion: Exposure of rats to both selective doses of BPA leads to many adverse effects on liver and testis tissues. Also,
an increase in frequency of the micronucleus in bone marrow cells was shown and suppression in the expression of SPATA

7 gene.
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Background

Numerous pollutants harmfully affect development and
physiology by interfering with normal endocrine functions
(e.g., phthalates, alkylphenolic compounds, polychlorinated
biphenyls and dibenzodioxins, organochlorine pesticides,
and different metals) (Gray Jr et al, 2001). The disturbing
news is that these “endocrine-disrupting chemicals” (EDCs)
have become everywhere in the environment and are usu-
ally found in the tissues of humans and wildlife.

One of the environmental contaminants and a famous
estrogenic endocrine disruptor is the bisphenol A (BPA)
which is used in the creation of polycarbonate plastic (e.g.,
water bottles, baby bottles) and epoxy resins (e.g., inside
coating in metallic food cans) and as a non-polymer pre-
servative to other plastics (Chitra, Latchoumycandane, &
Mathur, 2002; Hernandez-Rodriguez et al., 2007).

* Correspondence: Afafhendawy@women.asu.edu.eg
Zoology Department, Faculty of Women, Ain Shams University, Cairo,
Egypt

@ Springer Open

BPA is also found in polymers used in dental materials
(Chapin et al., 2008). However, recent evidence also point
to that exposure to BPA may occur through dermal contact
with thermal papers widely used in cash register receipts
(Biedermann, Tschudin, & Grob, 2010). Therefore, it
becomes an included part of the food chain (Vandenberg
et al, 2010; Huang et al., 2011).

BPA has been detected in the urine and serum samples
from reference population of 394 adults in the USA (Calafat
et al, 2005). Accumulation of BPA in early fetuses and
significant exposure during the prenatal period (Ikezuki,
Tsutsumi, Takai, Kamei, & Taketani, 2002) must be consid-
ered in evaluating the possibility of human exposure to
endocrine-disrupting chemicals. Also, it is recognized in
placental tissue and in the milk of lactating mothers (Schon-
felder et al, 2002). All these studies incorporated that
indeed, human beings are getting exposed to BPA. This has
raised a great fear regarding human health and environmen-
tal exposure to BPA.
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The harmful effects of BPA are largely associated to its
estrogenic activity (Kurosawa et al., 2002). The exposure of
animal to BPA elucidates multiple effects on the male and
female reproductive system in various animal models. Dif-
ferent doses of BPA (2 pg to 200 mg/kg) caused inhibition
in spermatogenesis and seminiferous tubule in male chicks
(Furuya, Adachi, Kuwahara, Ogawa, & Tsukamoto, 2006).

BPA caused a decrease in sperm count and motility and
also affected sperm morphology of adult male rats (Sakaue
et al,, 2001). BPA has been associated with declined semen
quality and increased sperm DNA damage; this also sup-
ports the toxicity of BPA on germ cell (Meeker et al., 2010).

Low doses of BPA show oxidative stress in livers of male
rats (Bindhumol, Chitra, & Mathur, 2003). The liver is the
primary organ responsible for BPA metabolism in humans
and animals.

On activation, Kupffer cells (KCs) located in the lumen
of the liver sinusoids release different cytokines and play a
vital role in the pathogenesis of various liver diseases (Wu,
Chuang, Yang, & Lin, 2010). KCs have been concerned as
the source of the inflammatory response, because they are
well-known to generate proinflammatory cytokines, such
as interleukin (IL)-1beta and IL-6 when activated (Kopf,
Bachmann, & Marsland, 2010).

Hussein and Eid (2013) demonstrated that BPA expos-
ure for male Swiss albino mice increased hepatic oxida-
tive stress and proinflammatory cytokines and decreased
the antioxidant catalase enzyme activity.

The genetic toxicity of BPA in somatic cells has been
reported in vitro using micronucleus test in hamster
V79 cells (Pfeiffer, Rosenberg, Deuschel, & Metzler,
1997), human MCL-5 cells (Parry et al., 2002), human
lymphoblastoid cell lines, and Chinese hamster V79 cell
lines (Johnson & Parry, 2008).

BPA is a potent meiotic aneugen, specifically, in female
mice. Short-term, low-dose exposure during the final
stages of oocyte growth is sufficient to elicit detectable
meiotic effects (Hunt et al., 2003). BPA caused micronu-
clei formation in different organisms’ organs like mussel
gills (Barsiene, Syvokiene, & Bjornstad, 2006) and fish
erythrocytes (Bolognesi, Perrone, Roggieri, Pampanin, &
Sciutto, 2006). Additionally, some studies have indicated
that BPA has the possibility to induce point mutation.
Takahashi et al. (2001) suggested that treatment of human
RSa cells with bisphenol A at concentrations ranging from
1x107 to 1 x 107 M lead to increase of K-ras codon 12
mutations. Also, Tsutsui et al. (2000) examined the trans-
forming and genotoxic activities of four types of bisphe-
nols (BP-2, BP-3, BP-4, BP-5) in Syrian hamster embryo
(SHE) cells and compared them with BPA; the most aneu-
ploidogenic activity of bisphenol was BPA due to its
chemical structure.

Nakagawa and Tayama (2000) reported that BPA
induced mitochondrial dysfunction, including a decrease
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in mitochondrial transmembrane potential and altered
cellular oxidation-reduction in the isolated rat hepato-
cytes and in human HepG2 cell (Huc, Lemarie, Gueraud,
& Helies-Toussaint, 2012), suggesting that mitochondria
are a board of BPA at organelle level. It is recognized
that mitochondria play a vital role in apoptosis by releas-
ing the intermembrane space proteins, such as cyto-
chrome ¢ (Cyt c), which is a key mediator of apoptosis
for activation of caspase in the cytosol (Kroemer,
Galluzzi, & Brenner, 2007, Vaux, 2011). Recently, Xia,
Jiang, Li, Wan, and Liu (2014) showed that BPA induces
mitochondria-mediated apoptosis in hepatic cells.

The present study aims to investigate the hazardous
effects on male albino Wistar rats after exposure to BPA
(20 and 100 mg/kg body weight) for 30 days through bio-
chemical assessment by measuring the content of “super-
oxide dismutase” (SOD), reduced glutathione (GSH), and
malondialdehyde (MDA) in the liver and testis; also,
serum testosterone level was determined. Moreover, histo-
pathological examination of liver and testis tissues was
studied, in addition to genotoxic analysis and the level of
SPATA 7 gene expression level using RT-PCR.

Methods

Animals and treatment

Thirty male albino rats of Wister strain average body
weight of 120-200 g were used in the present study. Ani-
mals were housed in the vivarium of the animal house of
Medical Research of Bilharizia Center, Faculty of Medicine,
Ain Shams University. They were kept under controlled
environmental circumstances. Animals were allowed stand-
ard pellet diet and water ad libitum for the whole period of
the experiment. The animals were left at least 1 week
before the beginning of experiments for acclimatization to
laboratory condition.

Bisphenol A (BPA) (2,2-di(4-hydroxyphenyl) propane)
of 97% purity was purchased from Sigma chemical Co.
and diluted with olive oil to obtain a final concentration of
20 and 100 mg/kg body weight (bw). The doses were
selected according to Jayashree et al. (2013). The oral
LDsy of BPA in rats was 3250 mg/kg body weight as
described by MSDS (2004).

Animals were divided into three groups, each of ten
animals as follows:

group I: control group (olive oil alone), group II: low-
dose BPA (20 mg/kg bw), and group III: high-dose BPA
(100 mg/kg bw). All treatment were given to animals
orally for a duration of 30 consecutive days. At the end of
the experiment, rats were sacrificed 24 h following the last
given dose. Blood samples were withdrawn and collected
in glass tubes; serum was separated by centrifugation at
1800xg for 10 min and stored at 4 °C to determine serum
testosterone. Livers and testes were rapidly dissected,
washed with isotonic saline, and divided into two halves.
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One half of each organ was instantly homogenized to give
10% (w/v) homogenate in ice-cold medium containing
10 m mol/L phosphate-buffered saline pH 7.4. The hom-
ogenate was centrifuged at 1800xg for 10 min in cooling
centrifuge at 4 °C. The supernatant (10%) was separated
for biochemical analyses. The other half of each organ was
fixed in formalin buffer for histopathological investigation.

Measurement of biomarker of oxidative stress
Malondialdehyde (MDA) content was determined in liver
and testis by using TBARS assay kit purchased from Cell
Biolabs, Inc. Co., according to the method described by
Armstrong (1998).

Assay of antioxidant enzymes

The content of superoxide dismutase (SOD) in the liver
and testis was estimated by using SOD assay kit pur-
chased from Trevigen, Inc. Co. according to the method
described by Lu and Finkel (2008). Reduced glutathione
(GSH) in liver and testis was determined by using Total
Glutathione (GSSG/GSH) Assay Kit purchased from Cell
Biolabs, Inc. Co., according to the method described by
Mpytilineou (2002).

Serum testosterone level

Serum testosterone level was assayed by ELISA technique
using testosterone assay kit purchased from Kamiya
Biomedical Co., according to the manufacturer’s instruc-
tions provided with testosterone assay kit.

Histopathological investigations

Tissues were fixed in 10% buffered formalin, processed for
microtomy, and stained with hematoxylin and eosin, for
histological study (Bancroft, Stevens, & Turner, 1996).

Micronucleus test (MNT)

Bone marrow preparations were made after the end of
experiment, and slides were prepared by employing the
modified method of Rao, Rahiman, and Koranne (1983).
The air-dried slides were fixed in methanol and stained
with May—Grunwald—Giemsa. One thousand polychro-
matic erythrocytes (PCEs) were counted in each slide. In
addition, PCEs/NCEs ratio was recorded per animal to
evaluate bone marrow toxicity.

Detection of spermatogenesis-associated 7 (SPATA 7)
gene expression by reverse transcriptase polymerase
chain reaction (RT-PCR) analysis

Total RNA was extracted from testis homogenate using S
V total RNA isolation system (Promega, Madison, W I,
USA), according to the manufacturer’s information. The
RNA concentration was determined with the NanoDrop
ND-1000 spectrophotometer, and RNA purity was deter-
mined by means of the absorbance ratio at 260/280 nm.

Page 3 of 9

The integrity of RNA was assessed by electrophoresis on
2% agarose gels. One microgram of RNA was used in the
subsequent cDNA synthesis reaction, which was per-
formed using the Reverse Transcription PCR kit (strata-
gene, USA). Total RNA was incubated at 70 °C for 10 min
to avoid secondary structures. Then, RNA was supple-
mented with MgCl, (25 mM), RTase buffer (10x), ANTP
mix (10 mM), oligo d(t) primers, RNase inhibitor (20 U),
and AMV reverse transcriptase (20 U/ul). After that, the
mixture was incubated at 42 °C for 1 h.

Quantitative real-time PCR

qPCR was performed with an ABI PRISM 7500 fast se-
quence detection system (Applied Biosystems, Carlsbad,
California) and universal cycling conditions (min 95 °C,
40 - cycles of 15 s at 95 °C and 60 s at 60 °C). Each
10 pl reaction contained 5 ul SYBR Green Master Mix,
0.3 pl gene-specific forward and reverse primer (10 uM),
2.5 pl cDNA, and 1.9 ul water nuclease free. The sequence
of primer used for RT-PCR was forward: 5'-GCAGGACA
GAACGACTCAGGCGGG-3" and reverse: 5'-TCCT
GCGGGAACTGCTGGTGGTGTAG-3" as reported by
Livak and Schmittgen (2001). Expression of housekeeping
gene GAPDH served as the control.

Statistical analysis

Our data were analyzed with one-way analysis of variance
(ANOVA) using the statistical package for the social science
(SPSS) program, version 11 followed by least significant
difference (LSD) to compare significance between groups
(Armitage & Berry, 1987). Difference was significant when
P value was < 0.001.

Results

Level of MDA, SOD, and GSH in the liver

The results of MDA,SOD, and glutathione (GSH) recorded
that MDA level was significantly increased (P < 0.05) in the
liver tissue after oral administration of both doses (20 and
100 mg/kg bw) of BPA for 30 days showing 20.50 and
52.30 nmol/g tissue, respectively, when compared to the
corresponding control group. SOD and GSH content
exhibited significant decrease (P < 0.05) in their levels of the
liver tissue after oral administration of both two doses of
BPA for 30 days as compared with the corresponding con-
trol group 4.33 and 1.25 U/g tissue, respectively, for SOD
and 2.04 and 0.90 pumol/g tissue, respectively, for GSH as
shown in Table 1.

Level of MDA, SOD, and GSH in testis

The effect of BPA on the oxidative stress biomarkers is
presented in Table 2. The data indicated that there was a
significant increase (P < 0.05) of MDA content in testis tis-
sue of animal group treated with both low and high doses
of BPA for 30 days which recorded 7.60 and 20.13 nmol/g
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Table 1 The effect of BPA on the liver MDA, SOD, and GSH level
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Table 3 The effect of BPA on serum testosterone level

Group Parameter Parameter Group
MDA SOD GSH Control Low dose High dose
Control 702+1.24 10.16 £0.92 453+047 Testosterone 360 + 041 1.70 £ 0.14* 0.72 + 0.09*
Low dose 20.50 + 2.44* 4334+048* 204+021* Data are represented as mean + SD, for 10 rats/group
. *P < 0.001 significantly from control group
High dose 5230+501* 125+ 0.15% 0.90 £ 0.09*

Data are represented as mean + SD, for 10 rats/group
*P < 0.001 significant from control group

tissue, respectively, when compared to control group.
However, a significant decline (P < 0.05) in the content of
SOD and GSH in the testis tissue are shown after oral
administration of BPA at low and high doses recording
1.12 and 0.41 U/g tissue for SOD and 0.82 and 0.12 pmol/g
tissue for GSH, respectively.

The effect of BPA on the level of serum testosterone
Table 3 shows that oral administration of BPA at both
low and high doses for 30 days caused a significant
decrease (P <0.05) in the testosterone activity recording
1.70 and 0.72 ng/ml, respectively, as compared with the
control group.

Histopathological analysis

In comparison with control (Fig. 1a), histological exam-
ination of liver sections from the low-dose BPA treated
rat revealed early degenerative changes in parenchymal
cells and mild sinusoidal congestion. Signs of multifocal
vacuolar degeneration and lymphoid aggregates were
apparent (Fig. 1b). However, hepatic histopathological
sections of the rat treated with high doses of BPA have
increased inflammatory cells, distended blood sinusoids,
and vacuolized swollen hepatocytes, with pyknotic nuclei
(Fig. 1c, d). In addition, increase in Kupffer cells (Fig. le),
eosinophilic material, infiltration of inflammatory cells,
and distorted hepatic architecture was evident (Fig. 1f).
In addition to pyknotic nuclei, Kupffer cells, and widen-
ing of the blood sinusoids, hyaline material was present
in between hepatocytes (Fig. 1g).

Histopathological sections of testes from rat group admin-
istrated BPA at low dose exhibited marked irregular outline
of seminiferous tubules that appeared damaged including
detached degenerative primary spermatogonia from the wall
of seminiferous tubules and congestion of interstitial blood
(Fig. 2b, ) as compared to normal control (Fig. 2a). On the

Table 2 The effect of BPA on testis MDA, SOD, and GSH level

Group Parameter

MDA SOD GSH
Control 217 +034 360 £ 041 153 +£0.12
Low dose 7.60 + 1.20% 1.12 + 0.06* 0.82 + 0.09%
High dose 20.13 + 1.88* 041 + 0.04* 0.12 £ 0.01*

Data are represented as mean + SD, for 10 rats/group
*P < 0.001 significant from control group

other hand, in the experimental group receiving high dose,
the rats’ testes showed marked distoration of the seminifer-
ous tubules with thin and folded basal lamina, destruction
of walls of seminiferous tubules, and separation of germinal
epithelia (Fig. 2d). Edematous fluid between seminiferous
tubules and destruction in the wall of some seminiferous
tubules showing arrest of spermatogenic layers were also
observed (Fig. 2e).

Micronucleus test (MNT)

A significant increase in number of MN-PCEs was illus-
trated in rats treated with BPA at low dose (20 mg/kg)
and high dose (100 mg/kg) as compared to control as
shown in Table 4. The cytotoxic effect of BPA on bone
marrow cells was experienced by assessing polychromatic
erythrocytes/normochromatic erythrocytes (PCEs/NCEs)
ratio. As far as PCEs/NCEs ratio is disturbed, it remained
well within the acceptable range and the ratio was near to
the control.

Expression of spermatogenesis-associated 7 gene

BPA caused a significant decrease in SPATA 7 gene
expression with administration of low dose 20 mg/kg
body weight (0.78 + 0.009), while high doses (100 mg/kg
body weight) exhibited very highly significant decrease
(0.485+ 0.0098) when compared with control group
(1.01 £ 0.03) (Fig. 3).

Discussion

BPA has been confirmed in both in vivo and in vitro
experiments to act as an endocrine-disrupting chemical
liberated into the environment (Richter et al., 2007). In
view of the present results, rats administered BPA
displayed a significant increase of MDA content in liver
and testis tissues in all treated groups when compared
with control group. These results are in agreement with
the finding of Korkmaz, Ahbab, Kolankaya, and Barlas
(2010) who reported an increase in thiobarbituric acid
reactive substance (TBARS) level in the liver of rats exposed
to BPA. Nandi, Patra, and Swarup (2005) showed that the
increase in TBARS level and decreased GSH concentration
indicates an increased generation of reactive oxygen species
(ROS) that lead to lipid peroxidation in the liver.

These clarifications are in accordance with the report of
Mourad and Khadrawy (2012) who demonstrated signifi-
cant increase in lipid peroxidation levels in the liver and
testis after daily oral administration of BPA. Also, Tiwari
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Fig. 1 a Photomicrograph of liver section from control rat showing
normal hepatic architecture with cords of hepatocytes radiating
from the central vein and separated by blood sinusoids (H&E x400).
b Photomicrograph of liver section from treated rat of low dose
revealing vacuolar changes (arrow with two heads), inflammatory
cells (black arrow), and distended sinusoidal space (white arrow)
(H&E x400). ¢ Photomicrograph of liver section from treated rat of
high dose showing increased inflammatory infiltration (black arrow)
and distended sinusoidal space (arrow with two heads) (H&E x400).
d Photomicrograph of liver section from treated rat of high dose
showing pyknotic nuclei (black arrow) and swelled vacuolized
hepatocyte (black arrow with two heads). e Photomicrograph of
liver section from treated rat of high dose showing an increase in
Kupffer cells (black arrow with two heads) (H&E x400).
Photomicrograph of liver section from treated rat of high dose
showing eosinophilic material (black arrow), infiltration of
inflammatory cells (black arrow with two heads), and distorted
hepatic architecture (H&E x400). g Photomicrograph of liver section
from treated rat of high dose showing distorted hepatic
architecture, pyknotic nuclei (white arrow), hyaline material (black

arrow), and inflammatory cells (black arrow with heads) (H&E x400)

et al. (2012) mentioned that BPA treatment caused a sig-
nificant increase in the levels of lipid peroxidation. These
effects reveal a state of oxidative stress in testicular tissue.
It is obvious from the present data that both the high and
low doses of BPA could induce oxidative stress in the
testis. This may be due to the fact that the testicular mem-
branes are rich in polyenoic fatty acids that are prone to
undergo peroxidative decomposition (Rosenblum, Gavaler,
& Van Thiel, 1989).

The non-enzymatic levels of antioxidant GSH and
enzymatic antioxidant (SOD) activity were measured to
estimate the stability of ROS production in the liver. In the
current study, the oral administration of BPA (low and high
doses) revealed a significant decrease of SOD and GSH in
liver and testis tissues of male rat treated groups as com-
pared to control group. The decrease in GSH level with
increased BPA concentration may be due to increased con-
sumption of glutathione for the scavenging of ROS. These
results are consistent with that of Hassan, Elobeid, Virk,
Omer, and ElAmin (2012) who showed that BPA caused a
significant decline in the levels of GSH, along with a
decrease in the activity of SOD. In accordance with the
present results, Wu, Xu, Shen, Qiu, and Yang (2011)
showed a significant decrease in the levels of GSH and
SOD in BPA group; this decrease indicated liver tissue
damage. In rat liver, BPA declines the activity of the male-
specific cytochrome P450 isoforms, testosterone 2a and 63
hydroxylase (Hanioka, Jinno, Nishimura, & Ando, 1998).
The reduced cytochrome P450 has been shown to provoke
ROS that impair sperm function (Griveau, Dumont,
Renard, Callegari, & Le Lannou, 1995).

Presently, BPA administration produces a significant
decrease in serum level of testosterone when compared
with control group. Similarly, serum testosterone level
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Fig. 2 a Photomicrograph of control testis showing normal
testicular architecture with an orderly arrangement of differentiating
spermatogenic and sertoli cells in the wall of these miniferous
tubules and Leydig cells in the interstitial space (H&E x400). b
Photomicrograph of testis section from treated rat of low dose
showing separation of germinal epithelia of seminiferous tubules
(black arrow with two heads) and congestion of interstitial spaces
with blood (black arrow) (H&E %200). ¢ Enlarged section of b
showing detached degenerative primary spermatogonia from the
wall of seminiferous tubules (black arrow with two heads),
congested interstitial artery (star), and thickening of its wall (black
arrow) (H&E x400). d Photomicrograph of testis section from treated
rat of high dose showing separation and destruction of walls of
seminiferous tubules (black arrow with two heads) (H&E x200). e
Photomicrograph of testis section from treated rat of high dose
showing pinkish edematous fluid between seminiferous tubules
(black arrow) and arrest of spermatogenic layers of seminiferous
tubules (black arrow with two heads) (H&E x400)

was significantly decreased in BPA treated groups
(Jayashree et al., 2013).

Also, Kawai et al. (2003) reported that serum testoster-
one levels decreased in male mice following fetal expos-
ure to BPA. These results are in agreement with that of
Nakamura et al. (2010) who stated that BPA decreased
the expressions of steroidogenic acute regulatory (StAR)
protein and steroidogenic enzymes like cholesterol side-
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chain cleaving enzyme P450scc (CYP11A1), P45017_,
and 17_-HSD mRNA dose dependently. Therefore, the
decreased expression of steroidogenic enzymes and StAR
protein concerned in testosterone synthesis might be
primarily related to the decreased testosterone levels as
a result of BPA treatment.

In the current study, hepatic damage induced by BPA
may be due to accumulation of BPA toxic metabolites
and ability of the generation of ROS in the liver. Hepatic
histopathological sections of the rats revealed vacuolar
degeneration, necrosis, widening of blood sinusoids,
vacuolization swelling in hepatocytes, and pyknosis in
nuclei with increased number of Kupffer cells. These
data are in harmony with Hassan et al. (2012), Hassan,
Ismail, and Khudir (2013), and Eid, Eissa, and EL-Ghor
(2015). Degenerative changes in hepatic cells were also
noted by Boshra and Moustafa (2011), Roy, Kalita, and
Mazumdar (2011), and Mourad and Khadrawy (2012).

Moreover, a study by Verma and Sangai (2009) showed
that treatment with bisphenol A lead to cell and membrane
damage of human erythrocytes which was due to oxidative
stress. The degree of cellular infiltration and number of
Kupffer cells is gradually increased with high levels of
administration BPA. It was evidenced that hepatic macro-
phages and Kupffer cells are vital players in the propagation
of acute liver injury. These cells attracted much attention
recently in the context of chronic liver inflammation due to
their dual pro- and antifibrotic qualities (Zimmermann &
Tacke, 2011).

An increase of pro-inflammatory cytokines disturbs the
homeostasis of oxidants/anti-oxidants and also DNA repair
enzymes, all of which illustrate the inflammatory processes
related to BPA (Yongvanit, Pinlaor, & Bartsch, 2012).

In the present study, the testes of rats exposed to BPA
showed separation of germinal epithelia, obliteration in
the wall of some seminiferous tubules, and eosinophilic
material between seminiferous tubules, a finding that co-
incides with Hassan et al. (2013).

ROS are cytotoxic agents that cause significant oxidative
damage by attacking biomolecules such as membrane
lipids and DNA in cells (Kabuto, Hasuike, Minagawa, &
Shishibori, 2003). Antioxidants defuse ROS by acting as
scavengers, helping to avoid cell and tissue damage that
lead to cellular damage and disease (Halliwell, 1996).

Table 4 Micronucleated polychromatic erythrocyte (MN-PCEs)
in the bone marrow of male rats exposed to BPA

Groups Dose (kg/bw) MN-PCEs (%) PCEs/NCEs ratio
1 Control (olive oil) 097 £ 1.36 0.83 +£0.04
2 20 mg/kg BPA 3.036 + 2.16* 0.88+0.03
3 100 mg/kg BPA 10.15 + 5** 0.80+0.07

MN-PCEs micronucleated polychromatic erythrocytes, PCEs polychromatic
erythrocytes, NCEs normochromatic erythrocytes
**p < 0.005, *p < 0.001
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Fig. 3 Effect of bisphenol A on spermatogenesis-associated 7 (SPATA 7)
expression in the testis of adult male albino rat

MNT has the capability to identify both clastogenic
(structural) and aneugenic (numerical) chromosome
alterations respectively (Fenech, 2000).

To validate the genotoxic effect of BPA, the MNT was
used. In the present study, a significant increase in the fre-
quency of MN/polychromatic erythrocytes in bone marrow
cells of male rats exposed to BPA was recorded as compared
to control group. These data are in accordance with Masuda
et al. (2005), where they found that nitrosylated BPA could
induce MN in the bone marrow cells of mice. One of the
possibilities of the existence of micronuclei could be due to
the aneugenic effects of BPA (Hunt et al, 2003; Quick, Parry,
& Parry, 2008). Also, BPA was evaluated for its ability to in-
duce MN in cell types such as the human lymphoblastoid cell
line MCL5 (Parry et al, 2002), human lymphoblastoid cell
line AHH-1, and Chinese hamster V79 cells (Johnson &
Parry, 2008). In each case, BPA caused chromosome separ-
ation anomalies of non-disjunction and MN, in a dose-
dependent manner. Pfeiffer, Rosenberg, Deuschel, and Met-
zler (1997) confirmed an aneuploidogenic possibility of BPA
and four of its analogs in cultured Chinese hamster V79 cells.

Spermatogenesis is a complex process involving multi-
gene interactions (Eddy, 2002; Vanderhyden, 2002), and
the study of spermatogenesis may lead to illumination of
the physiological and pathological processes of fertility
(Nakanishi, 1995).

A significant suppressed effect on SPATA 7 gene in
male rats after 30 days of oral administration of BPA
was showed. Such results are matching with the previous
data, made by Schonfelder et al. (2002) who reported
that human exposure to BPA at its levels present in the
environment has harmful effects. Blood BPA levels in a
group of pregnant mothers and their fetuses ranged
from 0.3-18.9 and 0.2-9.2 ng/ml, respectively, implying
that human exposure to low BPA levels may exert
adverse biological effects.

Akingbemi, Sottas, Koulova, Klinefelter, and Hardy
(2004) demonstrated that exposure to environmentally
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relevant BPA levels has adverse effects on testicular
function by decreasing luteinizing hormone and pituitary
secretion and reducing Leydig cell steroidogenesis.

Conclusions

This study showed that exposure to the two doses of BPA
(20 and 100 mg/kg bw) induces dysfunction in the physio-
logical and histological structure of the liver and testis
tissues. It also led to suppressor effect on SPATA 7 gene
which is responsible for fertility in males. Finally, we
recommended the limit of using products containing BPA.
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