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ARTICLE INFO ABSTRACT

Bisphenol-A (BPA) is an artificial compound that has been widely used in milk and water bottles,
medical equipments, food containers. It is known to be toxic to mammalian cells. Extensive studies
have suggested potential links between BPA exposure and diseases including cancer, obesity,
diabetes and disorders of the reproductive, neuroendocrine and immune systems. Recent evidence
has also identified the renal system as a potential target of BPA. These findings suggest that BPA
exposure may be a risk factor for a range of renal abnormalities such as renal injuries & renal
dysfunction. The present study investigated the ability of BPA to cause renal toxicity via aberration
in the expression of oxidative stress, histopathological, apoptotic changes in pregnant rats. 2nd and
3rd groups of pregnant rats were orally administered BPA at 50mg/kg/b.wt/day (2ndgroup) &
500mg/kg/b.wt/day (3rd group) for gestational day 8th to 15th. The first group was given sesame oil
with vehicle. The aim of this study was to determine the effects of BPA in kidney of pregnant rats.
The activities of antioxidant enzymes like- SOD, catalase and glutathione peroxidase were seen to
be decreased significantly in both doses; while, the level of MDA, a biomarker of lipid peroxidation,
was increased in BPA treated rats. Histo pathological alterations were observed in the sections of
treated kidney tissues. Caspase-3 activity levels were increased & Bcl2 activity levels were
decreased in treated group’s kidney tissues as compared to control group. The study showed that,
BPA induced nephro toxicity through oxidative stress and by altering the apoptotic path way
involved. In this review, we discuss these recent findings that point to the potential nephro toxicity
of BPA, and highlight the knowledge gaps in this growing research area.

INTRODUCTION

Bisphenol-A is one of the environmental contaminants, it is
currently one of the highest volume chemicals produced
worldwide, with a global production capacity of 11.5 billion
pounds in 2008 (Burridge, 2008). It is widely used in the
manufacture of water bottles, baby bottles, inside coating in
metallic food cans and as a non–polymer additive to other
plastics (Hernandez- Rodriguez et al., 2007). Hence, it
becomes an integrated part of the food chain (Huang et al.,
2011). BPA has an abnormal effect of low dose exposure
depending on non-monotonic dose responses and acts like a
hormone, altering cellular function at very low concentrations
with maximum safe levels of 5mg/ kg/ day (Vandenberg et al.,
2010). BPA absorbed in gastrointestinal tract, may affect
reproduction and development and has also seen found in
human blood. It is conjugated by glucuronic acid in intestine
and liver excreted in urine as BPAglucorinide (Dekant and
volkel, 2008) can also disrupt immune system and maybe
carcinogenic (Prins et al., 2008). The potential risk that BPA

posses to the human health have attracted much attention from
regulatory agencies and the general public, and have been
extensively studied. An emerging and rapidly growing area in
the study of BPA’s toxicity is its impact on the kidney system.
Recent epidemiological studies have shown that higher urinary
BPA concentration in humans is associated with various types
of kidney diseases.

Experimental studies have demonstrated that acute BPA
exposure shows short term & subchronic toxicity in pregnant
rat kidney. The underlying mechanisms may involve oxidative
stress, histopathological changes and apoptotic protein activity.
The role of BPA as an oxidative stressor in heart, kidney, brain
and other tissues has been reported in rat and mice models
(Chitra KC, 1995; Gong Y and Han XD, 2006). They
suggested that BPA induces the formation of reactive oxygen
species (ROS) in the cells (Bindhumol V, 2003; Kabuto H,
2004). Moreover, the study of Bindhumol et al, revealed that
low doses of BPA generate ROS by decreasing the activities of
antioxidant enzymes and increasing lipid peroxidation thereby
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causing oxidative stress in kidney of rats. An increase in
oxidative stress is considered an important pathogenic
mechanism in the development of various complications like
kidney diseases. Apoptosis is cell death to remove aberrant
cells and involves two main families of proteins cystein
proteases called caspase enzymes and Bcl-2 family (Pio et al.,
2013). There are 2 major apoptosis signaling pathways,
mitochondrial and death receptor pathways. The mitochondrial
apoptotic pathway is initiated within the cell in which pro-
apoptotic proteins are released from mitochondria to activate
caspase proteases triggering apoptosis (Lessene et al., 2008).
Apoptosis can result from multiple stimuli, including free
radicals (Pio et al., 2013). Reactive oxygen speices are formed
by exposure to several agents, causing oxidative damage in
tissues may lead to mitochondrial injury consequently playing
an important role in the apoptotic mechanisms (Al-Shobaili et
al., 2013). The aberrant production of reactive oxygen species
due to contact with chemicals may result in a number of
clinical disorders (Roy et al., 2012). While several studies have
reported the toxic effect of BPA on reproductive, neurological
and endocrine tissues in animals, accordingly the aim the
present study was to investigate the toxic effect of BPA in the
kidney of pregnant rats.

MATERIALS AND METHODS

Maintenance of Experimental Animals

Healthy rats of Wistar strain were purchased from authorized
vendor (M/S Raghavendra Enterprises, Bangalore, India). All
rats were housed in polypropylene cages (18” 10”x 8”) lined
with sterilized paddy husk, and provided filtered tap water and
rat food ad libitum in an air-conditioned environment (25±2°C)
with a 12-h light and 12-in dark cycle. The experiments were
carried out in accordance with the guidelines of the committee
for the purpose of control and supervision on experiments on
animals.

Reagents and Chemicals

All the reagents used were of analytical grade. Bisphenol-A
(BPA) was purchased from Sigma-Aldrich, oxidized and
reduced glutathione, were procured from SRL, India. Eosin and
Hematoxylin were procured from Merck, India.

Experimental design

Female Wistar rats (Rattus norvergicus) three months old,
weighing 200g to 300 g were used for the experiment. The
status of estrous cycle stages were determined every morning
between 8:00 and 9:00 a.m by collecting of vaginal secretion
with a plastic pipette filled with 10 μL of normal saline (NaCl
0.9%) by inserting the tip into the rat vagina. One drop of
vaginal fluid was placed on glass slides the unstained material
was observed under a light microscope, without the use of the
condenser lens, with 10 and 40 x objective lense. Two females
of pro-estrous stage were paired with a male overnight and the
next morning, males were removed and females were assessed
for the presence of sperm in the vaginal flush. Animals with
positive sperm in the flushes are designated as day 1 of

gestation. Six pregnant rats were used in each experimental
group.

Treatment

BPA was given orally on 8th to 15th day of gestation period
(total 8 days) of female albino rats. All pregnant rats were
scarified on 15th gestational day using a CO2 inhalation
chamber. Tissues from animals receiving 50 and 500 mg /day
of BPA and from vehicle-infused control animals were frozen
in liquid nitrogen and stored at -800c for enzyme assay,
determination of malondialdehyde, histopathology and further
analysis of various proteins.

Homogenate preparation

Segments of kidney from all the experimental groups were
excised separately and minced in ice-cold saline. A known
weight of tissue was homogenized in 10ml buffer (0.1M
phosphate buffer, pH 8.0) with 2 mM EDTA and 0.5% Triton-
X-100 by a tissue homogenizer on ice. The tissue homogenate
was then centrifuged and the supernatant was collected and
stored at -20°C for further study.

Biochemical assay

Superoxide dismutase (SOD) activity was measured as per the
protocol of Marklund and Marklund, 1974. 1 unit of SOD was
defined as the enzyme activity that inhibits the autooxidation of
pyrogallol by 50%. Catalase (CAT) activity was measured
following the protocol of Sinha et al, 1972 with slight
modifications. Glutathione peroxidase (GPX) activity was
estimated by the method of Rotruck et al, 1973. The amount of
Malondialdehyde (MDA) was estimated according to the
protocol of Devasagayam and Tarachand, 1987.

Histological technique for the morphological study of the
kidney tissue

NBF fixed and paraffin impregnated kidney tissue sections
were stained with normal hematoxylin-eosin stain according to
the method of Bancroft et al, 200328 with slight modifications.
Briefly, 5μm paraffin section was kept sequentially in xylene
and graded ethanol and stained with hematoxylin for 2 minutes.
After removing the excess colour the slide was counterstained
with eosin and then the stained slides were dehydrated with
graded ethanol, cleared with xylene and mounted with DPX
and were observed under the microscope (400X magnification).
Images were obtained by digital SLR Olympus Camera (E-620)
fitted with Olympus light microscope (CH20i).

Western blot analysis

Tissues collected were homogenized with ice-cold
homogenizing buffer (50mM Tris-HCl, 150mM NaCl, 1mM
EDTA, and 0.5mM Triton X-100, PH 7.4). Kidney protein
lysates (50 μg/well) were separated by SDS-PADE (12.5%)
under reducing conditions with bovine serum albumin as a
standard and transferred to a Nitrocellulose membrane (NCM)
membrane. Blocking of membranes was performed with TTBS
buffer (20 mM Tris [pH7.4], 150 mM NaCl, and 0.05% Tween
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20) containing 5% non-fat dry milk for 1 h and then washed
with TTBS buffer. For the detection of proteins on
nitrocellulose membrane, antibodies to Bcl-2 (catalog no. SC-
492), caspase-3 (catalog no. 9961), were diluted 1:1000
respectively. Polyclonal beta-actin antibody (catalog no. SC-
9104) and monoclonal heat shock protein 60 (HSP60)
antibodies (catalog no. SC-13115; Santa Cruz Biotechnology)
were used at a dilution of 1:1000. Blots were exposed to
horseradish peroxidase-conjugated anti-rabbit IgG (caspase-3,
Bcl2), secondary antibodies (diluted 2000- to 5000-fold) for 1
h. The anti-rabbit IgG secondary antibody was purchased from
Santa Cruz Biotechnology. The blots were rinsed, and the
enhanced chemiluminescence reagent (ECL kit) was added and
incubated for 1 min and then exposed to Hyper film ECL. The
intensity of specific immunoreactive bands was quantified by a
Image J software. All replicates from each group were run in
one gel, and the proteins are expressed as a ratio of protein
signal to the beta-actin signal.

Statistical Analysis

The mean, standard deviation (SD), percent change and one
way analysis of variance (ANOVA) (Steel and Torrle) were
performed using the Statistical Package for Social Sciences
(SPSS) Package programming techniques on “Intel Core 2 Duo
Processor” personnel computer. Probability values less than
0.05 were considered significant (Snedecor and Cochron,
1967).

RESULTS

Effect of BPA on antioxidant enzymes (Super oxide
dismutase, Catalase, Glutathione peroxidise, Lipid
peroxidise) in rat kidney tissues

In the present study, super oxide dismutase, catalase,
glutathione peroxidise activities in tissue of BPA treated rats
(lower dose or 50mg/kg.b.w/day and higher dose or
500mg/kg.b.w/day) showed significant variations (P<0.05),
(Fig-1),

when compared to control group.   On treatment with BPA rats,
showed significantly decreased super oxide dismutase, catalase,
glutathione peroxidise activities, and significant elevated levels
of malondialdehyde activity were found in the treated tissues,
the gradual increased malondialdehyde activity was found in
the tissues of higher dose, lower dose BPA treated groups.

Histological study

We found distinguishable degenerative changes in tissues of
the hematoxylin-eosin stained tissue sections of treated rats
(Figure: 2a-2c).

The tests of the BPA-treated animals exhibited morphological
changes compared to the control group (Fig.2a). BPA at the
low (50mg/kg/day) & high (500 mg/kg/day) doses cause
dilation Bowman's space and hypercelluarity of glomerulus
(Fig-2b & 2c). Also we observed that BPA induced
degeneration of epithelial of proximal tube.

Effect of BPA on expression of proapoptotic protein caspase-
3&anti apoptotic protein Bcl2 in kidney tissues

Various degrees of active caspase-3 & Bcl2 expressions in the
kidney tissues of all groups (BPA treated and untreated control
rats) were detected by Western blotting analysis (Fig-3). Image
and statistical analyses showed that there was a significant
difference in relative expression levels of active caspase-
3&Bcl2 between the control and treated groups (Fig-4). In the
low & high dose treated rat groups, expression levels of active
caspase-3 were increased & decreased Bcl2 when compared to
corresponding controls. Moreover, expression of active
caspase-3 was significantly increased with the increasing BPA
dose and normal level of expression in untreated rats.Fig-1 Superoxide dismutase, Catalase, Glutathione peroxidase,

Malondialdehyde activity levels in different kidney tissues of albino rats
exposed to BPA

0

1

2

3

4

5

6

Super oxide
dismutase

Catalase Glutathione
peroxidase

Malondialdehyde

U
ni

ts
 o

f 
Su

pe
r 

ox
id

e
di

sm
ut

as
e,

 C
at

al
as

e,
 G

lu
ta

th
io

ne
pe

ro
xi

da
se

, M
al

on
di

a
ld

e 
hy

de
 (

m
 m

ol
es

 /
 m

g 
of

 t
is

su
e/

 h
r) Control

Low dose

High dose

Fig-2 Morphology of kidney tissue: Photomicrographs of a rat kidney
tissue (a) is control, (b)-50 mg/kg/d BPA & (c)-500 mg/kg/d BPA are

injured kidney tissues, the arrow 1: showed degeneration of proximal tubule
epithelium and symptoms of cell's nucleus piknosis, the arrow 2: showed
glomerulus given to the dilation of Bowman's space and hypercelluarity

(stained by hematoxylin - eosin, magnification × 400).
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DISCUSSION

Exposure to several chemicals and environmental contaminants
has been reported to increase oxidative stress in body by
disturbing the prooxidant/antioxidant balance of cells (M.
Aydogan, et al., 2008). BPA was previously reported to induce
oxidative damage in several tissues (A. Korkmaz et al., 2011).
Some free radicals are generated as by product of metabolism
and are extremely reactive. However, biological systems have
evolved endogenous defense mechanisms against these free
radical induced cell damage. SOD, CAT and GPX are the
primary antioxidant enzymes which directly eliminate reactive
oxygen species via hydroxyl radical, superoxide radical,
hydrogen peroxide etc. The stress conditions depend on the

degree of production or inactivation of these antioxidant
enzymes (Krutz F, et al., 2002). Our aim was to study the
effects of BPA on antioxidant defence mechanisms in kidney
tissue. In the present study the activities of antioxidant enzymes
like SOD, CAT, GPx, were decreased and the amount of
malondialdehyde, a biomarker of lipid peroxidation, was
increased in BPA treated rats compared to the respective
vehicle control group of rats.

From our study it is suggested that BPA might induce the
oxidative stress in renal tissue by inhibiting the activities of
antioxidant enzymes as a result of the accumulation of reactive
oxygen species (ROS) in the heart. The accumulated ROS in
turn induces lipid peroxidation in the biological membranes
(Sato M, et al., 1996) as revealed by the increase in MDA level
in our study. In order to study the oxidative stress induced
kidney tissue damage we have studied the degenerative
changes in the tissue in histological sections of kidney in BPA
treated animals. The sizes of the nuclei were enlarged and the
shapes were rounded &degeneration of proximal tubule
epithelium in BPA treated rats. This result suggests that BPA
inhibits the function of kidney presumably by inducing the
tissue damage through elevation of ROS levels in cells as a
result of inhibition of antioxidant enzymes. Oxidative stress
plays an important role in kidney pathogenesis (parlakpine et
al., 2005). The aberrant level of antioxidant enzyme activities
in kidneys in the BPA group exposed to low & high doses
showed that BPA may cause nephrotoxicity via free radical
generation.

The present study results revealed that the relation between
BPA concentration and cell death pathways in kidney tissue of
pregnant rats, proapoptotic protein caspase-3 & antiapoptotic
protein Bcl2. The caspase-3 protein expression levels were
significantly increased & decreased Bcl2 activity in low & high
BPA concentration group of rats, which may be activate of
apoptotic path ways and alter the Bcl2 activity. This is in
agreement with the previous study of Lin et al, (2013) that
found BPA suppressed cell viability and disturbed insulin
secretion in a dose dependent manner. BPA also has cytotoxic
actions on various cells and tissues through multiple signaling
pathways (Wetherill et al., 2007). Kluck et al., (1997)
observed that, an alteration in the ratio of anti-apoptotic
protein-Bcl2, resided on the outer membrane of mitochondria,
may modulate the release of apoptogenic proteins.  BPA-
induced apoptosis has been demonstrated in cultured liver cells
reported by Nakagawa et al., (2000).

In conclusion, the results of this study revealed that oral BPA
administration induced adverse oxidative effects on the
exposed animals as evidenced by the recorded abnormalities in
the investigated biochemical parameters. In addition, there
were histopathological alter-ations and expression of apoptotic
protein in the investigated organs.
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