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Abstract: Bisphenol A (BPA) is a well-known estrogenic endocrine disruptor that is used as a monomer in the production
of polycarbonate plastics and epoxy resins and leach to salt and freshwater habitats. Histological investigation and gel
electrophoresis analysis are generally used as a valuable tool for monitoring the effects of environmental toxic chemicals
to animals. Liver is the detoxification organ and essential for both the metabolism and the excretion of toxic substances
in the body. So this study was designed to assess the sub-lethal effects of BPA on liver architecture and protein profile
of a freshwater fish, Oreochromis mossambicus. Laboratory acclimatized fish were exposed to sub-lethal concentrations
of BPA (2, 4 and 6mg/l BPA) for 7, 14 and 28 days. After stipulated periods of BPA exposure, histological study of liver
by H & E staining and hepatic protein profile analysis by SDS PAGE was done. Vacuolation, congestion of blood,
melanomacrophages infiltration, disrupted hepatopancreas, degeneration of hepatic tissue, nuclear pyknosis, and presence
of edematous fluid and enlarged sinusoids were observed in liver of BPA treated fish. SDS-PAGE analysis revealed that
liver protein profile of BPA exposed fish showed remarkable changes when compared to control fish. These newly
assumed protein bands having molecular weights 71.16, 72.66, 71.53, 71.72 and 70.70 kDa are assumed to be the heat
shock protein, Hsp70 and molecular weights 87.64, 86.73, 85.61, 85.17, 89.25 and 90.19 kDa are assumed to be
Hsp90. Alterations in the architecture of liver and hepatic protein profile of fish exposed to BPA may be considered as
a potential biomarker for endocrine disruption by BPA.
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INTRODUCTION
Many anthropogenic chemicals currently entered into
the environment are endocrine disrupting compounds
(Vanderberg et al., 2009). The effects of endocrine
disrupting chemicals on the aquatic ecosystem are a
major concern because they are a heterogeneous
group of substances either natural or synthetic that
may interfere with the endocrine system of organism.
Among endocrine disrupting chemicals,
xenoestrogens received major attention owing to their
capability to mimic natural estrogens (WHO/IPCs;
2002; Binitha, 2009; Amrutha, 2014). Bisphenol A
(BPA, 4, 4’ – isopropylidene diphenol) is an
estrogenic endocrine disrupting chemical and it is a
commercially used chemical, an additive in the
production of polycarbonate plastics as a developing

agent in manufacturing of thermal paper and epoxy
resins. BPA is also present in dental sealants, water
bottles and baby bottles, paper coatings, adhesives,
flame retardants, food and beverage packaging
(Staples et al., 1998).
    Bisphenol A is one of the highest volume chemical
produced worldwide and its demand is increasing
due to the ever increasing demand and production of
plastic products. This chemical has been studied
mainly with regard to its effects on animal
development and reproductive systems (Yokota et al.,
2000; Kang et al., 2002). Because of its endocrine
disrupting activity there is concern over human and
animal exposed to BPA. Since aquatic environments
are the ultimate sink of all anthropogenic chemicals,
aquatic animals including fish are often exposed to
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these estrogenic compounds. Recent studies revealed
that BPA exposure induced oxidative stress and
reproductive toxicity in freshwater fish, Anabas
testudineus (Aruna, 2013; Jayalekshmi et al., 2014),
and mitochondrial enzymes activity in A. testudineus
(Gireesh and Sunny, 2014).
  The fish liver is a vital organ concerned with basic
metabolism and is the major organ of accumulation,
biotransformation and excretion of toxic chemicals
in fish (Figuiredo et al., 2006). Because the liver of
fish can be considered a target organ to pollutants,
alterations in its architecture can be significant in
the evaluation of fish health and it is considered as
an indicator of aquatic environmental pollution
(Myers et al., 1998, Soufy et al., 2007). Hence in
the present study aimed to evaluate whether exposure
to BPA induced histoarchitectural changes in liver
and alteration in the hepatic protein profile of
freshwater fish O. mossambicus.

MATERIALS AND METHODS
Experimental design
Test chemical
 Based on the acute toxicity studies LC50 – 96 h value
of the Bisphenol A to Oreochromis mossambicus of
body weight 40±5g was found to be 9.5 mg BPA/l by
Probit analysis. Hence sub-lethal doses of BPA such
as 2, 4 and 6mg/l were selected for the experiments.
Fish and Aquaria
The fish, O. mossambicus used in the experiments
were collected from fish farm, Thiruvananthapuram
and brought to the laboratory. Fish were acclimated
to the laboratory conditions in large cement tanks
containing well aerated dechlorinated tap water at
an optimum temperature of 26±20C in natural
photoperiod. Fish were fed daily on feed prepared in
the laboratory.
After acclimatization, fish weighing 40±5g were
divided into 10 groups of 8 each in separate glass
tanks. The first group of fish were maintained in
dechlorinated tap water and served as control. Fish
in group II, III and IV were exposed to 2mg BPA/l of
water for the periods 7, 14 and 28 days respectively.
Similarly, the groups of fish V, VI and VII were
exposed to 4mg BPA/l of water and groups of VIII,
IX and X were exposed to 6mg BPA/l of water for a
period of 7, 14 and 28 days respectively. Water sample

having the specified doses of BPA were replaced in
each tank every third day.
Sampling
The fish were starved for twenty four hours before
sacrifice for  getting optimum experimental
conditions. After stipulated periods of exposure fish
from the experimental groups were separately
sampled and killed by spinal concussion. The liver
excised, rinsed in physiological saline and fixed in
Bouin’s fluid for  histological analysis. For
electrophoretic analysis fresh liver was surface dried
with filter paper, thoroughly washed with 50mM
phosphate buffer (pH 7.4) and 100 mg liver tissue
was homogenized in 1 ml sucrose solution (258mM)
and centrifuged 10,000 rpm for 10 min at 40C in a
refrigerated centrifuge (Eppendorf, Germany). The
supernatant thus collected was used for SDS-PAGE
analysis.
Histological Examination
After fixation in Bouin’s fluid the liver tissue were
passed through graded alcohol series (30%, 50%,
70%, 90% and 100%) for dehydration and finally
cleared in chloroform. After clearing, the tissue was
subjected to infiltration by embedding in paraffin wax
(560C) for 20 min. After embedding, block sectioning
was carried out. Sections were cut at 5µ thickness
using rotary microtome (Leica, Germany). Sections
were spread on a clean glass slide coated with
Mayer ’s albumin. The slides were rendered
transparent with xylene and subjected to hydration
through graded alcohol series (100%, 90%, 70%,
50%, 30% and distilled water). Then they were
stained with haematoxylin and eosin. After staining
they were subjected to dehydration (30%, 50%, 70%,
90% and 100%) and then cleared in xylene allowed
for air dry. The dried slides were mounted in DPX.
The stained sections were observed under a binocular
research microscope attached with CCD camera
(Labomed, USA). Appropriate sections and portions
of tissues were photographed using MICAPS 3.7
image analyzer software.
SDS- Poly Acrylamide Gel Electrophoresis
Qualitative hepatic protein profiling was performed
according to the method of Laemmli (1970). SDS-
Polyacrylamide gel electrophoresis was carried out
at 25mA (constant current) in the mini vertical gel
unit (miniVE, Amersham Biosciences, USA). Before
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electrophoresis, liver supernatants were diluted with
reducing sample buffer (125mm l-1 Tris/Hcl, pH
6.8,0.2mmol l-1 dithioreitol, 4% SDS, 40% glycerol,
0.04% Bromophenol blue, 5% β-mercaptoethanol)
in the ratio 4:3 and boiled for 3 min. Fifteen microliter
of diluted liver sample in sample buffer was loaded
in to each well on the gel. The gel was stained with
Coomassie Brilliant Blue, R-250. Molecular masses
were determined by comparing the mobility of the
polypeptide in the sample with those of standard
protein (SDS-PAGE Molecular weight standards,
Broad Range, GeNei TM). The protein bands in gel
were visualized and photographed using Gel doc
apparatus (Gelstan, Madicare, Germany) and
analyzed by LABIMAGE PLATFORM software.

RESULTS
Histopathological alteration in liver
The liver of control fish exhibits a normal architecture
and there were no pathological abnormalities (Fig.
1A&B). The hepatocytes were normal in appearance,
with central nuclei, arranged in cords around central
vein. Cords of hepatocytes were separated by
sinusoids. The liver of fish exposed to 2mg/l BPA
for 7 days demonstrated infiltration of
melanomacrophages, vacuolation, congestion of
blood, enlarged hepatocytes, loss of contact between
hepatocyte and pancerocyte (Fig. 2A&B). Similarly,
the liver of the fish exposed for 14 days also resulted
infiltration of melanomacrophages, vacuolation,
congestion of blood, enlarged hepatocyte and
disrupted hepatopancreas (Fig. 2C&D). Important
abnormalities noticed after 28 days exposure of BPA
were disrupted hepatopancreas, nuclear pyknosis,
altered hepatocytes, vacuolation, increased
infiltration of melanomacrophages into
hepatopancreas and loss of contact between
hepatocyte and pancerocyte (Fig.  2E&F).
With the concentration of 4mg/l BPA, enlarged
sinusoids, altered hepatocytes, destructed blood
vessel, infiltration of melanomacrophages and
numerous vacuoles were observed after 7 days of
exposure (Fig. 3A&B). After 14 days exposure, the
changes observed were destructed blood vessel,
degeneration of hepatic tissues, vacuolation,
disrupted hepatopancreas, altered hepatocytes, blood
congestion, presence of melanomacrophages and loss
of contact between hepatocyte and pancerocyte (Fig.

3C&D). After 28 days of exposure the liver was
damaged with altered hepatocytes, disrupted
hepatopancreas, degeneration of hepatic tissue,
increased vacuolation and infiltration of
melanomacrophages and presence of edematous fluid
were also observed (Fig. 3E&F).
  When the fish were exposed to 6mg/l of BPA for 7
days, congestion of blood, enlarged sinusoids, altered
hepatocytes, numerous vacuoles were observed in
liver (Fig. 4A&B). After 14 days, the pathological
changes in the fish’s liver revealed, disrupted
hepatopancreas, destructed blood vessels, enlarged
sinusoids, altered heaptocytes and the contact
between hepatocytes and pancerocytes found to be
lost (Fig. 4C&D). Assessment of liver in the fish
exposed for 28 days, revealed infiltration of
melanomacrophages, disrupted hepatopancreas,
nuclear pyknosis, congestion of blood, degeneration
of hepatic tissue, intense vacuolation and presence
of edematous fluid (Fig. 4E&F).
Hepatic protein profile analysis by SDS PAGE
The electropherogram of liver of adult fish revealed
the appearance of new bands in gel doc analysis (Fig.
5 & Table 1). The 1 and 2 indicate as the marker and
the control respectively and lanes 3 to 11 are different
sub lethal doses of BPA exposed to different time
span as indicated in the electropherogram. Fish
exposed to 2mg/l BPA showed the appearance of three
new protein bands (105.99, 79.80 and 22.69 kDa )
after 7 days, five new bands (106.27, 98.03, 87.64,
81.27 and 22.87 kDa) after 14 days and four new
bands (106.27, 98.80, 81.06 and 22.98 kDa) after 28
days in liver when compared to control. The fish
exposed to 4mg/l BPA observed the appearance of
three protein bands after 7 days (107.66, 81.48 and
23.04 kDa) and six protein bands with molecular
weights 108.79, 99.83, 86.73, 81.48, 71.16 and 23.16
kDa after 14 days, and 105.44, 99.31, 85.61, 80.43,
72.66 and 23.04 kDa in 28 days exposed liver sample.
Six new protein bands with molecular weights
108.50, 100.09, 85.17, 81.06, 71.53 and 25.53 kDa
were detected in the liver of fish after 6mg/l BPA
exposure for 7 days,  108.79, 101.93, 89.25, 82.12,
71.72 and 23.65 kDa after 14 days 107.38, 96.76,
90.19, 79.18, 70.79, and 23.71 kDa after 28 days.
The molecular weight of Hsp70 in fish is 68-73 kDa,
hence the newly appeared protein bands with
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Fig. 1. Photomicrographs of the control liver of
O. mossambicus (A&B) showing Hepatocytes
(HC), Sinusoids (S) and Hepatopancreas (HP).

Fig. 2. Photomicrographs of liver of O. mossambicus
exposed to 2mg/l BPA (A&B: 7 days, C&D: 14 days
& E&F: 28 days exposure) showing Loss of contact
between hepatocytes and pancerocyte (LHP),
Vacuolation (V), Infiltration of melanomacrophages
(M), Blood congestion (BC), Enlarged hepatocytes
(EH), Disrupted hepatopancreas (DHP), Altered
hepatocytes (AHC), & Nuclear pyknosis (NP).

molecular weights such as 71.16, 72.66, 71.53, 71.72
and 70.70 kDa in the liver of fish exposed to 4 and
6mg/l of BPA is assumed to be Hsp70. The molecular
weight of Hsp90 in fish is 85-90 kDa, accordingly
the protein bands with molecular weights such as
87.64, 86.73, 85.61, 85.17, 89.25 and 90.19 kDa in
liver of fish exposed to BPA 2, 4 and 6mg/l was
assumed to be Hsp90.

Fig. 3. Photomicrographs of liver of O. mossambicus
exposed to 4mg/l BPA (A&B: 7 days, C&D: 14 days &
E&F: 28 days exposure) showing  Enlarged sinusoids
(ES), Altered hepatocytes (AHC), Destructed blood
vessel (DBV), Infiltration of melanomacrophages (M),
Vacuolation (V),  Degenration of hepatic tissue (DHT),
Disrupted hepatopancreas (DHP), Loss of contact
between hepatocytes and pancerocyte (LHP), Blood
congestion (BC) & Edematous fliud (EF).
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Fig. 4. Photomicrographs of liver of O. mossambicus
exposed to 6mg/l BPA (A&B: 7 days, C&D: 14 days &
E&F: 28 days exposure) showing  Blood congestion
(BC), Enlarged sinusoids (ES), Altered hepatocytes
(AHC), Disrupted hepatopancreas (DHP), Destructed
blood vessel (DBV), Infiltration of melanomacrophages
(M), Vacuolation (V),  Degeneration of hepatic tissue
(DHT), Hepatocyte degeneration (HD),  Loss of contact
between hepatocytes and pancerocyte (LHP), Nuclear
pyknosis (NP) & Edematous fliud (EF).

Fig. 5. Electropherogram showing protein profile of liver
of Oreochromis mossambicus exposed to Bisphenol A

DISCUSSION
Histopathological investigations have long been
recognized to be reliable biomarkers of stress in fish.
These can be used as biomonitoring tools of health
in toxicity studies of aquatic ecosystem. The organ
most associated with the detoxification and
biotransformation process is the liver and due to its
function, position and blood supply (Van der Oost et
al., 2003). Several histological alterations were

reported in liver of fishes exposed to endocrine
disruptors (Binitha, 2009; Aruna, 2013; Soorya,
2014; Amrutha, 2014). In the present study, marked
histopathological alterations were observed in the
liver of O. mossambicus exposed to different sub
lethal concentration of BPA. Such marked
histopathological alterations are infiltration of
melanomacrophages, vacuolation, congestion of
blood, enlarged hepatocytes, loss of contact between
hepatocyte and pancerocyte, disrupted
hepatopancreas, nuclear  pyknosis, altered
hepatocytes, destructed blood vessel, degeneration of
hepatic tissues, enlarged sinusoids and presence of
edematous fluid. The hepatic damage observed in
the present investigation is in accordance with the
observations made by different researchers during
exposure to different endocrine disruptors.
  Infiltration of the melanomachrophages is generally
related to important hepatic lesions (Pacheco and
Santos, 2002) such as degenerative and necrotic
process. The macrophages are mostly filled with
brown melanin pigment. An increased number of
macrophagic aggregates can be found in liver, kidney
and spleen in fish exposed to chemical pollutants,
bacteria, parasites and fungi (Roganovic- Zafirova
and Jordanova, 1998). Aroclor -1254 exposed liver
of A. testudineus shows the presence of
melanomacrophages (Amrutha, 2014) and diffusion
of melanomacrophages observed in Tilapia zilli
exposed to aluminium (Hadi and Alwan, 2012).
Vacuolation of hepatocyte is a nonspecific response
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Table 1: Gel documentation of electrophoresis of hepatic protein of O. mossambicus exposed to Bisphenol A

of fish due to toxic conditions (Roberts, 1978). The
vacuolization of hepatocytes might indicate an
imbalance between the rate of synthesis of substances
in the parenchyma cells and the rate of their release
into the circulation (Gingerich, 1982). Pacheo and
Santos (2002) described increased vacuolization of
the hepatocytes is a signal of degenerative process
that suggests metabolic damage, possibly related to
exposure to contaminated water. Vacuolaization
observed in hepatic tissue of fish Cyprinus carpio
exposed to chromium ( Parvathy et al., 2011), Salmo
solar exposed to tributylin (Bruno and Ellis, 1988)
and Dyk et al (2007) who found the changes in liver
of O. mossambicus after cadmium exposure included
heaptocyte vacuolation and cellular swelling.
Braunbeek et al. (1990) referred that alterations in
size and shape of nucleus have often been regarding
as signs of increased metabolic activity but may be
of pathological origin. The acute toxic injury usually
includes cloudy swelling or hydropic degenerations
and pyknosis, karyorrhexis and karyolysis of nuclei
(Hinton and Lauren, 1990; Visoottviseth et al., 1999;
Jiraungkoorskul et al., 2003).
Abdel- Warith et al (2011) observed the histological
changes in the liver  included hepatocyte
degeneration, nuclear pyknosis, cellular swelling,
and congestion of blood vessels of Nile Tilapia
exposed to zinc. Catla catla exposed to aluminium
chloride induced the pyknotic nuclei, vacuolation,
enlargement of hepatocyte and congested blood vessel
in liver (Maharajan and Pararukmani, 2012) and
damage of blood vessels leaving large empty space
and enlargement of nuclei when O. mossambicus was
exposed to mercury (Akkilendr et al., 1983). These
similar changes were observed in the present study.

Enlargement of sinusoids and degenerative changes
observed in liver of Anabas testudineus exposed to
copper toxicity and cadmium exposed Asian sea bass
(Girish and Bijoy, 2014; Thanomist et al., 2013).
Loss of contact between heaptocyte and pancerocyte
in liver observed by Muttapa et al (2015) in O.
mossambicus exposed to chlorpyrifos and O. niloticus
exposed to lead acetate (Mokhtar and Abd-Elhafeez,
2013). BPA exposed liver of Catla catla shows the
edema of hepatocytes, congested central vein and
degeneration of hepatocytes (Faheem et al., 2016)
and disrupted hepatopancreas, swelling and
degeneration of epithelia cells and ruptured blood
vessel in liver of sewage exposed A. testudienus
reported by Soorya (2014). The above mentioned
previous studies and the present study clearly
indicates that environmental pollutant have ability
to induce alteration in the structure of liver. So liver
is the major metabolic and detoxify organ and any
structural changes in this organ affects the
physiological functioning of organism and
subsequently leads to mortality of organism.
The SDS - PAGE analysis is useful tool for identifying
protein profile in response to stress due to
environmental pollutants (Paruruckumani et al.,
2015). Electrophoretic separation of protein showed
appearance of certain protein bands in the liver tissue
of adult fish exposed to BPA. The changes in the
protein subunit band patterns may be due to the
synthesis or degradation of various proteins
(Paruruckumani et al., 2015). In the present study it
is assumed that the most of the protein bands
appeared in the treated liver may be the stress
proteins, which were formed due to the influence of
BPA.
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Khalid et al (2006) reported that fractions of liver
proteins were changed in the fish, Tilapia zillii when
exposed to agricultural and industrial drainage water.
Tripathi and Shukla(1990) detected alterations in the
cytoplasmic protein pattern of fish Clarias batrachus
by performing electrophoresis of the cytoplasmic
protein fractions of the liver and the skeletal muscle
exposed to endosulfan and methyl parathion for 28
days. Paruruckumani et al (2015) observed changes
in protein profiles of muscle, gill and liver tissues of
the fish Asian sea bass exposed to copper. The study
by Mohamed et al (2016) showed unusual protein
bands in liver protein profile of the fish, Variola louti
caught in the polluted area. Recent study from our
laboratory reported appearance of new protein bands
in the liver of Anabas testudienus after administration
of aroclor 1254 (Amrutha, 2014) and sewage
exposure (Soorya, 2014).
In the present study, the appearance of new protein
bands with molecular weights ranging from 70.79 -
72.66 kDa and 85.17- 90.19 in liver of BPA exposed
fish are assumed to be Hsp70 and Hsp90 respectively.
Heat Shock Protein (HSP) have been demonstrated
to play a critical role in the stress response of fish
and it has been extensively studied that expression
profiles of HSP families can be modulated by abiotic
(Iwama et al., 1998; Basu et al., 2002), biotic, heavy
metal (Iwama et al., 1998) and organic pollutants.
These proteins have been classified into several
families based on their molecular weight such as
Hsp90 (85-90 kDa), Hsp70 (68-73 kDa), Hsp60,
Hsp47 and small Hsps (12-43 kDa) (Park et al., 2007;
Hallare et al., 2004). Increased levels of various Hsps
have been measured in tissues of fish exposed to
industrial effluents, polycyclic aromatic hydrocarbons
(Vijayan et al., 1998), pesticides (Hassanein et al.,
1999) and arsenite (Grosvik and Goksoy, 1996).
Heikkila et al (1982) found that the new proteins of
68, 70 and 84 kDa in response to metal exposure
and Das et al (2006) reported that increased level of
hsp70 expression in liver of Labeo rohita exposed to
higher temperatures. Currie and Tufts (1997)
reported that rainbow trout rbcs synthesize Hsp70
and 90 kDa heat shock protein in response to heat
shock and anoxia. All these findings strongly
supported the present study. Variations in the hepatic
protein profile can be used as important biomarker

of stress response in fish caused by environmental
pollutants.

CONCLUSIONS
The present study revealed that BPA impaired the
normal architecture of the liver in O. mossambicus.
SDS PAGE analysis of protein profile revealed the
appearance of certain protein bands with molecular
weights equivalent to Hsp70 and 90 in the liver of
fish exposed to BPA.  Therefore, hepatic damage and
change in protein profile may be used as an early
warning signal of endocrine disruption in O.
mossambicus.
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