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ABSTRACT

Bisphenol A (BPA) is one of the common environmental endocrine disruptors with estrogenic properties and is the building 
block of carbonate plastic and a component of resin coatings. The present experiment was designed to make a systematic 
study of experimentally induced BPA toxicity in both male and female Wistar albino rats at 500 and 250 mg / Kg b.wt. to 
groups II, V and III, VI respectively by mixing in sunflower oil for 12 weeks. In the present study significant increase in 
thiobarbituric acid reactive substances and decrease in antioxidant enzyme levels like catalase, superoxide dismutase, reduced 
glutathione and glutathione peroxidase were observed in liver of all BPA treated rats when compared to corresponding controls. 
Histopathologically, the liver revealed binucleated cells, hyper chromatic nuclei, karyomegaly, extensive bile duct proliferation 
with dysplasia and proliferation of endothelial cells in BPA treated groups in dose dependent manner. Histochemically more 
intense alkaline phosphatase reaction was noticed in hepatocytes around central vein, Immunohistochemically increased 
expression of VEGF was observed in hepatocytes around central vein, Ultra structurally, hepatocytes of BPA treated groups 
revealed decreased mitochondria with degeneration, fragmented endoplasmic reticulum and clumping of nuclear chromatin.
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Bisphenol A (BPA) is one of the common environmental 
endocrine disruptors with estrogenic properties and is 
the building block of carbonate plastic and a component 
of resin coatings. It is being used in a wide variety 
of consumer products, including food and beverage 
packaging, compact disks, eye glass lenses, dental sealants, 
artificial teeth, cans, drums, reinforced pipes, adhesives, 
nail polish and carbonless papers used in receipts making 
BPA a ubiquitous part of our daily life (Richard et al., 
1987; Vandenberg et al., 2007). Wide spread use of BPA 
in consumer products has led to great public concern since 
adverse effects of BPA on human and animal reproduction 
are suspected due to its estrogenic activity. BPA has high 
affinity to estrogen related receptor (ERR -γ) which may 
be related to its ability to function as endocrine disruptor 

(WHO, 2009). Considering the limited availability of 
information the present study was undertaken to know the 
toxicological effects of BPA on liver in rats.

MATERIALS AND METHODS

Wistar albino rats with body weight around 150g 
(procured from Laboratory animal facility, Chennai) were 
used for the present experiment. Rats were acclimatized 
to the experimental conditions for one week, after 
acclimatization the animals were grouped and housed in 
standard poly propylene rat cages (three rats in 1 cage) 
during the experiment. They were maintained at 25±1oC 
and a 12:12 hour interval light/dark cycle throughout the 
experimental period for 12 weeks by taking necessary 
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precautions and providing standard laboratory hygienic 
conditions and laboratory animal feed and water adlibitum. 
The approval of the institutional animal ethical committee 
was obtained prior to commencement of the experiment.

The Bisphenol A (4, 4’ – dihydroxy – 2, 2 – diphenyl 
propane) with a laboratory reagent grade was procured 
from the Sd Fine chemicals, Bombay with 98.70% 
purity. In the present experiment, BPA was fed to Wistar 
albino rats at 500 mg / Kg b.wt. and 250 mg / Kg b.wt. 
to male (Groups II & III) and female rats (Groups V & 
VI) respectively by mixing in refined sun flower oil for 
12 weeks. To the Groups I (male) and IV (female) rats, 
sunflower oil was given and were kept as controls. Six 
rats from each group were randomly sacrificed at every 
fortnight intervals after starting the experiment i.e. 2nd, 4th, 
6th, 8th, 10th and 12th weeks.

Oxidative stress

At each sacrifice, tissue pieces of liver were collected and 
stored at –200C until use to analyse oxidative stress.

Tissue preparation

Tissue pieces of liver were minced separately and 
homogenized in 0.05M ice cold phosphate buffer (pH 7.4) 
by using a virtis homogenizer to make 10% homogenate. 
The homogenate was mixed with 10% trichloroacetic acid 
in the ratio of 1:1, centrifuged at 15,000 rpm for 60 min at 
4oC and the supernatant obtained was used for estimation 
of thiobarbituric acid reactive substances (Yagi, 1976), 
super oxide dismutase (Marklund and Marklund, 1974), 
catalase (Caliborne, 1985), reduced glutathione (Moron 
et al., 1979) and glutathione peroxidase (Rotruck et al., 
1973) in liver of all rats in all groups.

Gross and histopathology

A detailed postmortem examination was conducted on all 
the sacrificed rats in all the experimental groups. The gross 
lesions were recorded and representative tissue pieces 
from liver were collected and preserved in 10% neutral 
buffered formalin for histopathological studies. Fixed 
tissues were processed by routine paraffin embedding 
technique. Sections of 5 to 6 microns thickness were cut 
and were stained with routine Haematoxylin and Eosin 
method (H&E) (Culling, 1974).

Histochemistry

Pieces of liver from both experimental and control groups 
were collected in chilled neutral buffered formalin. Frozen 
sections were taken and the alkaline phosphatase activity 
in liver was demonstrated by the Gomori’s method 
(Bancroft and Cook, 1994).

Immunohistochemical studies

VEGF (Vascular Endothelial Growth Factor) marker 
was used to know the endothelial proliferation in 
liver of both experimental and control groups. For the 
immunohistochemical studies, the primary and secondary 
antibodies were procured from BioGenex company. 
(Sujatha et al., 2013).

Electron microscopic studies

The specimens (subjected for TEM examination) were 
rinsed in 0.1M phosphate buffer pH 7.2 (PB) to remove 
blood from the surface. Liver tissues greater than 2 cm 
long were minced into smaller pieces of approximately 3 
× 3 mm and were fixed in 3% glutaraldehyde, buffered 
with phosphate buffer for 3 hours. It was rinsed twice with 
phosphate buffer for 10 minutes per rinse. The tissues were 
then fixed in 2% aqueous osmium tetroxide for 2 hrs and 
rinsed in 3 changes of distilled water for 10 minutes. Each 
dehydration was accomplished by immersion in a graded 
series of ethanol solutions of 25, 50, 75, 95 and 100%. 
Infiltration with propylene oxide and embedding with 
increasing concentrations of propylene oxide followed by 
dehydration were carried. Thin sections (600 nm) were 
obtained by use of Ultra microtome and were placed on 
a copper 200 – mesh grid. They were stained with uranyl 
acetate and lead citrate. Two blocks were prepared for 
each specimen and two grids/ blocks were observed. 
Thereafter, four grids were observed for each specimen.

Statistical analysis

The results were analyzed statistically by performing one 
way ANOVA (Snedecor and Cochron, 1967).

RESULTS AND DISCUSSION

Oxidative damage

There was a significant (P<0.05) increase in Thiobarbituric 
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Acid reactive substances (TBARS) and decrease 
in catalase, super oxide Dismutase (SOD), reduced 
glutathione and glutathione Peroxidase (GPx) values in 
BPA treated groups in dose dependent manner in both 
male and female rats when compared to controls (Group I 
and IV) and the results were shown in Table 1. There was 
no significant difference between corresponding male and 
female BPA treated rats.

Similar results were reported by Bindhumol et al. (2003), 
Chitra et al. (2003) and Kabuto et al. (2003).The decrease 
in antioxidant enzymes activity might be due to BPA 
induced generation of reactive oxygen species (ROS).

Gross and histopathology

In the present study liver revealed moderate enlargement 
during 2nd and 4th weeks. Moderate to severe enlargement 
of the liver with paleness (Fig. 1) and focal areas of 
hemorrhages were observed from 6th week onwards in all 
BPA treated groups in a dose dependent manner. European 
Union (2003) studies also revealed pale livers in BPA 
treated rats.

Microscopically, liver revealed diffuse areas of congestion, 
thrombus formation, sinusoidal dilatation and sinusoidal 
congestion in majority of rats throughout the experimental 
period. By the end of 2nd week, livers of Group II and V 
rats revealed mild sinusoidal dilatation with congestion, 
degenerated hepatocytes, focal loss of hepatocytes with 
MNC (Mononuclear cell) aggregates, mild to moderate 

perivascular and periductular infiltration of MNCs and 
mild periductular fibrosis.

Fig. 1: Liver: Group II to III: Mild to moderate enlargement and 
paleness

In addition, binucleated hepatocytes, anisokaryosis, 
karyomegaly, mild vesicular fatty change in paracentral 
hepatocytes, mild proliferation of bile ducts, moderate 
proliferation of Kupffer cells and perivascular infiltration 
of MNCs and periductular and perivascular fibrosis were 
more prominent in all rats and were more evident in some 
of the rats by the end of 4th and 6th week. At 8th week, 
diffuse areas of congestion and binucleated hepatocytes 
with hyper chromatic nuclei were noticed in majority of 
the rats. Moderate diffuse vesicular fatty changes, focal 
areas of necrosis, increased number of apoptotic bodies, 

Table 1: Effect of BPA on oxidative stress in liver

Groups TBARS (nM of MDA / g 
of tissue)

Catalase (nM of 
H2O2 decomposed /
min/mg of protein)

SOD (U/min/mg of
protein)

Reduced glutathione 
(µg GSH / g tissue)

GPx (U/min/mg of 
protein)

I 494.22 ± 22.93a 0.27 ± 0.02a 14.34 ± 0.52a 518.65 ± 13.94a 29.14 ± 1.52a

II 1100.23 ± 165.18e 0.11 ± 0.03de 7.55 ± 1.17de 294.43 ± 38.31e 15.84 ± 2.15e

III 879.45 ± 113.05bcde 0.14 ± 0.03cde 8.87 ± 1.35bcde 355.18 ± 39.57cde 16.95 ± 2.00cde

IV 504.4 ± 24.36a 0.26 ± 0.01a 13.18 ± 0.26a 520.20 ±14.34a 27.76 ± 1.64a

V 1081.38 ± 155.72de 0.11 ± 0.03e 7.09 ± 1.6e 306.86 ± 34.35de 16.15 ± 1.78de

VI 923.87 ± 141.15cde 0.15 ± 0.03bcde 8.58 ± 1.45cde 357.84 ± 33.08bcde 17.71 ± 1.64bcde

Mean values with different subscripts differ significantly (P<0.05)

SE - standard Error
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severe sinusoid dilatation with hemorrhages, extensive 
bile ductular proliferation with dysplastic changes around 
bile ducts as well as in parenchyma (Fig. 2), periportal 
fibroblast proliferation and MNC infiltration were 
observed during 10th week of BPA feeding. In addition, 
severe vesicular fatty change as well as at places focal 
areas of necrosis, perivascular MNC infiltration, prominent 
apoptosis, proliferating blood capillaries and proliferation 
of endothelial cells were evident prominently. When frozen 
sections were stained with Oil Red ‘O’ stain, the areas of 
fat filled hepatocytes and Kupffer cells were stained red 
indicating fatty change and it was more conspicuous in all 
the rats by the end of 12th week.

Fig. 2: Liver: Group II: Section showing extensive bile ductular 
proliferation with dysplasia. H & E: × 280

Histopathologically, by the end of 2nd and 4th weeks the 
livers of majority group III and VI rats, revealed focal 
areas of congestion, mild sinusoidal congestion and 
dilatation, binucleated hepatocytes, hyper chromatic 
nuclei, anisokaryosis, karyomegaly, periportal infiltration 
and mild bile ductular proliferation and the lesions were 
more conspicuous in 6th and 8th weeks. Dilated sinusoids 
with moderate congestion, bile ductular proliferation with 
dysplasia and periportal fibrous tissue proliferation were 
more evident in the rats exposed for 10 weeks. Mild to 
moderate vesicular fatty change (Fig. 3), Kupffer cell 
proliferation, apoptosis and endothelial cell proliferation 
were more striking by the end of 12 weeks. There was 

no difference in histopathological changes between 
corresponding male and female BPA treated rats.

Fig. 3: Liver: Group II: Section showing vesicular fatty change 
in hepatocytes and Kupffer cells. Oil Red ‘O’ stain: × 280

NTP (1982) observed congestion, inflammation, fibrosis, 
fatty metamorphosis, focal cellular change, eosinophilic 
cytochange, multinucleated giant hepatocytes, 
hyperplasia and inflammation of bile duct in rats treated 
with BPA. Tyl et al. (2002) and Yamasaki et al. (2002) 
observed chronic hepatic inflammation in rats. Increased 
proliferation/ apoptosis ratio in both epithelial and 
stromal compartments in rats, an increased number of 
hyperplastic ducts, augmented stromal nuclear activity in 
liver and stroma associated with hyperplastic ducts with 
signs of desmoplasia and presence of increased number 
of mast cells suggesting a heightened risk of neoplastic 
transformation were noticed by Milena et al. (2007). These 
changes might be due to increased lipid peroxidation in 
liver by the BPA metabolites and decreased antioxidant 
enzymes.

Histochemistry

Alkaline phosphatase activity was detected in liver using 
Gomori method. In sections, areas with brownish to black 
color development indicate enzyme activity. In present 
study, more intense reaction was observed in hepatocytes 
around central vein (Fig. 4). Increased activity of alkaline 
phosphatase in hepatocytes around central vein might be 
due to increased oxidative damage caused by BPA.
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Fig. 4: Liver: Alkaline phosphatase:Group II: Note intense 
reaction in hepatocytes around central vein. Gomori stain: × 70

Immunohistochemistry

Immunohistochemistry was carried out for detection of 
VEGF using monoclonal antibodies against VEGF and 
a place where the brown color develops indicate the 
presence of antigen. The intensity was higher in cytoplasm 
of hepatocytes around central vein and peripheral 
hepatocytes (Fig. 5).

Fig. 5: Liver: Immunohistochemistry: Group II: Note reaction in 
hepatocytes in hepatic lobule.VEGF: × 280

This increase could be related to hypoxia caused by 
oxidative damage which results in releasing of hypoxia 
inhibition factor (HIF) that in turn stimulate the release 
of VEGF that causes neovascularization. This VEGF 
plays an important role in aiding growth of some tumors 
by promoting both tumor angiogenesis and stromal 
generation (Nagy et al., 1998; Dvork et al., 1991) and also 

involved in developing of striking alterations in vascular 
permeability and changes in neovascularisation in the 
processes such as embryonic development, neoplasia and 
wound healing (Brygida et al., 1992; Xinghua et al., 2001). 
Increased capillary proliferation was noticed prominently 
and consistently in almost all organs of BPA treated rats.

Ultra structural studies

Examination of transmission electron microscopy of 
Group II and V hepatocytes revealed detached cytoplasmic 
organelle from cell membrane (Fig. 6), decrease in the 
number and size of endoplasmic reticulum (Fig. 7), reduced 
size of mitochondria and degenerated mitochondria with 
chemical deposition in cytoplasm (Fig. 8), cytoplasmic 
vacuolation in both hepatocytes and Kupffer cells and 
disrupted nuclear membrane, clumping and margination 
of nuclear chromatin in majority of hepatocytes and 
Kupffer cells (Fig. 9). Where as in Groups III and VI rats, 
few hepatic cells revealed reduced size of mitochondria 
and decreased endoplasmic reticulum in majority of cells.

Examination of transmission electron microscopy of 
hepatocytes in higher dose of BPA fed rats (Groups II and 
V) revealed detached cytoplasmic organelles from cell 
membrane, decreased quantity and size of endoplasmic 
reticulum, reduced size of mitochondria and degenerated 
mitochondria, cytoplasmic vacuolation in both hepatocytes 
and Kupffer cells. Majority of hepatocytes and endothelial 
cells revealed disrupted nuclear membrane, clumping and 
margination of nuclear chromatin, whereas in lower dose 
of BPA fed rats (Groups III and VI), few hepatic cells 
revealed reduced size of mitochondria and decreased ER 
in majority of cells. All the results might be due to ER 
stress. The ER stress might be due ROS production and 
is independent of estrogen receptors (Junpei et al., 2010).

In the present study toxic changes were noticed in liver. 
Severe congestion, proliferation of endothelial cells of 
blood vessels and increased expression of VEGF indicates 
that BPA is having effect on expression of endothelial 
cells. Ultra structural changes in liver indicated the toxic 
effects of BPA at sub cellular level. It was concluded that 
BPA at 500mg/Kg b.wt was highly toxic to rats. More 
extensive studies are required to know the molecular 
mechanisms involving in the production of these changes 
in liver caused by BPA.
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Fig. 6: Liver: Transmission Electron Microscopy: Group II: 
Note decreased number of mitochondria (M), margination of 
nucleus (N) and Kupffer cell (K). Uranyl acetate: × 2685

Fig. 7: Liver: Transmission Electron Microscopy: Group II: 
Section showing decreased quantity of Endoplasmic reticulum 
(ER). Uranyl acetate: × 17900

Fig. 8: Liver: Transmission Electron Microscopy: Group II: Note 
reduced size of mitochondria (M) and degenerated mitochondria 
with chemical deposition (D) in cytoplasm. Uranyl acetate: × 
5370

Fig. 9: Liver: Transmission Electron Microscopy: Group II: 
Section showing cytoplasmic vacuolation (V) in both hepatocytes 
and Kupffer cells and disrupted nuclear membrane, clumping 
and margination of nuclear chromatin in of hepatocytes and 
Kupffer cells (K). Uranyl acetate: × 4060
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