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ABSTRACT
Bisphenol A (BPA) is one of major industrial chemical and known endocrine disruptor. The present study was
intended to assess the biochemical and haematological effects of BPA in a catfish H.fossilis. Healthy fishes of
36.78g in weight were exposed to various concentrations of Bisphenol A to calculate the medium lethal
concentration LC50 value using probit analysis method and it is found as 7.1443 mg/l. Fish was exposed to different
sublethal concentrations i.e. to 0.714 mg/L (1/10), 1.428 mg/L (1/20) and 2.142 mg/L (1/30%) (Group II, III and
IV) using ten specimens in each aquarium for 45 days. After termination of the experiment fish were dissected and
liver was taken out for histopathological and biochemical observations. Blood sample was collected by severing the
caudal peduncle and processed for various primary and secondary blood indices. Total plasma protein content was
also estimated.
The results confirmed that BPA was moderately toxic to the fish Heteropneustes fossilis and toxic effects are found
to be depend on both time and concentration dependent. The treatment of sub lethal concentrations of BPA induced
significant changes in the histopathology of liver. After an initial increase in all experimental groups, the RBC,
WBC and Hct contents fallen a significant decrease in all exposed groups. Exposure to graded concentrations of
BPA showed reduction in plasma protein levels in response to various BPA treatments. The reduction in
haematological parameters may be due interference of BPA in the synthesis of haemoglobin or might have caused
erythrolysis or it may be binding with to alter the secondary structure of haemoglobin. The decrease in RBC count
may be due to destruction of synthesized RBC or due to impaired synthesis of RBC or may be due to the toxic
effects of BPA on cell membranes. The present study confirms that sub lethal concentrations of BPA induced
various histopathological, haematological and metabolic anomalies in H.fossilis. In conclusion, we recommend the
use of biochemical and histopathological studies as bioindicators of EDC contamination for better understanding of
EDC exposure.
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INTRODUCTION
India has 16 per cent of the world’s population and four per cent of its fresh water resources. Several fresh water
sources in India are facing rapid eutrophication due to filling of surplus nutrients, sedimentation, acidification and the
introduction of industrial and municipal toxicants (Reddy, P.B and Baghel, B.S, 2012, Kumar, D. and Thakur, M.K.,
2017). Overall, water pollution effects living organisms that live in these water bodies and the harmful effects are not
only to the individual species but also to the natural biological communities. It happens when contaminants are
discharged directly or indirectly into water bodies without adequate treatment (Reddy, P.B. and Rawat, S.S., 2013). The
entry of these pollutants into aquatic systems involves a major threat to water quality and biological characteristics of
the aquatic ecosystems.
Bisphenol A (BPA) is one of the major industrial chemical and known endocrine disruptor. Owing to its major uses in
the production of plastic and food and beverage containers people are indisputably exposed to BPA in daily life.
Research on bisphenol A (BPA) as an endocrine disruptor and ecological pollutant has now major regulatory
implications toward the ecosystem health (Canesi, L. and Fabbri, E., 2015). Like several other industrial chemicals,
fresh water basins are the major sinks for bisphenol A (BPA) (Reddy, P.B. and Baghel, B.S., 2012, Reddy, P.B., 2012a,
b, Reddy, P.B., 2013, Srivastava, B. and Reddy, P.B. 2017). According to a report of U.S. Environmental Protection
Agency (USEPA), one million pounds of BPA are released into the atmosphere per annum and found in municipal
wastewater in low quantities (Erler C, Novak J (2010).
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The results of on-going laboratory research also raised the concern about the probable threats of BPA (Bisphenol A) as
an endocrine disruptor as it closely mimics the structure and function of the hormone estradiol by binding to and
activating the same estrogen receptor as the natural hormone(Takayanagi et al, 2006,Takahashi et al, 2018). Therefore,
the present study was designed to determine haematological, biochemical and histopathological changes in liver of a
catfish, H. fossilis to assess probable effects of Bisphenol A.
MATERIALS AND METHODS
Healthy adult fish were picked up during spawning season of 2016 from local commercial aqua culture ponds and were
acclimatized to the laboratory conditions for 15 days.Bisphenol-A2,2-Bis (4-hydroxyphenyl) propane (CAS Number:
80-05-7)97% pure was procured from Shreeji Pharma International, Vadodara, Gujarat, India. Groups of 10 healthy
fishes (mean wt. 36.78g) were exposed to different concentrations of Bisphenol A to calculate the medium lethal
concentration LC50 value using probit analysis method (Finney, 1952). The LC50 of BPA for H.fossilis in this
experiment was found to be 7.142 mg/L. The fish was exposed to different sublethal concentrations of BPA (0.714
mg/L (1/10), 1.428 mg/L (1/20 and 2.142 mg/L (1/30%) i.e. (Group II, III and IV) for 45 days using ten specimens in
each aquarium. After the termination of experiment, fish was dissected and liver was taken out for histopathological
examination. Blood samples were collected from all experimental fishes through caudal vein puncture by using
Ethylene diamine tetra acetic acid (EDTA) as an anticoagulant.
Hematological Analysis:
An aliquot of the blood was utilized for the estimation of various haematological parameters like erythrocyte count
(RBC), haematocrit (PCV), haemoglobin (Hb), and Leucocyte count (WBC). The secondary indices like mean
corpuscular haemoglobin (MCH), mean corpuscular volume (MCV), mean corpuscular haemoglobin concentration
(MCHC) was calculated from the average values of Hb %( Dacie and Lewis, 1984). RBC count was made by using a
Neubauer crystalline counting chamber as described by Blaxhall (1972).Haemoglobin concentration was measured by
the cyanmethaemoglobin method using a commercially available kit (Span, India).
Haematocrit (Hct %) (Packed red blood cell volume) (PCV) was assessed immediately by Wintrobe method (Wintrobe,
1974).International Normalized Ratio (INR) was measured based on blood clotting time. The total plasma protein
content was assessed according to modified standard method by (Lowery et al., 1951).
Histopathology:
Fixed liver tissue was processed for in graded ethanol series, cleared in xylene and finally embedded in paraffin wax
(melting point 60oC). The embedded block were sectioned at 6µ on a rotary microtome, mounted on glass slides, dried
and stained with haematoxylin and eosin (H&E). Sections were examined under a light microscope (NIKON ECLIPSE
E 400, USA) and photographed by using digital camera attached to the microscope.
RESULTS
Determination of Lethal Concentration (LC) 50 of Bisphenol A for Heteropneustes fossilis:
Results according to probit analysis showed the median lethal concentration LC 50 of estimated Bisphenol A to
Heteropneustes fossilis for 96 h of exposure to be 7. 114 mg/l, the lower bound and upper bound 95% lethal
confidence limits for BPA indicated a wide range of values (5 to 10 mg/L).
Effect of BPA on hematological parameters:
The results of hematological values of both control and experimental groups in H.fossilis (means ± SEM) for RBC’s
and WBC’s count, haemoglobin (Hb) values and haematocrit (Hct) rates, mean erythrocyte volume (MCV) and mean
corpuscular haemoglobin concentration (MCHC) are shown in Table 2. After an initial increase in Group II, the values
of all blood indices like RBC, WBC and Hct contents significantly decreased in exposed groups. Exposure to graded
concentrations of BPA showed significant reduction in plasma protein levels also.
The INR (International Normalized Ratio, for reporting the results of blood coagulation (clotting) values are also
followed similar trend in all experimental groups.
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Minimum
Maximum
LC50
Hill coeff.

BPA
mg/

-0.225589 +/- 0.4154 (184.2%)
10.9621 +/- 0.781 (7.125%)
7.1443 +/- 0.5814 (8.138%)
2.40789 +/- 0.4516 (18.75%)

Figure 1. Determination of LC50 value of Bisphenol A for Heteropneustes fossilis (http://www.ic50.tk/).

Table.2. Changes in the hematological parameters in H. fossilis treated with sub lethal concentration of
bisphenol A.
Parameter
RBC (million/cu mm)
WBC (1000/cu mm)
Haemoglobin (g/dl)
Hematocrit (%)
MCV(fL) femtoliters
MCH (p g /c el l)
MCHC (g /d L)
Plasma protein(µg/ml)
INR (sec)

Control (Group I)
1.72 ± 0.058
25.17 ± 0.748
4.595 ± 0.100
17.46 ± 0.722
106.81±3.1
32.55±0.75
38.86±0.65
9.77±0.95
11.2 ± 0.33

Fig.2. Effect of sub lethal concentrations
of BPA on plasma proteion values in
H.fossilis
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Group III
1.44 ± 0.024
42.06 ± 0.624
2.692 ± 0.071
10.84 ± 0.515
83.61±1.7
26.36±0.61
31.12±0.82
6.56±0.63
38.7 ± 1.09

Group III
1.58 ± 0.086
49.59 ± 0.327
2.21 ± 0.041
9.52 ± 0.193
77.27±1.4
22.33±0.96
25.16±0.76
4.58±0.61
75.8 ± 2.1

Fig3. Effects of sub lethal concentrations of
BPA on INR values in H.fossilis
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1.9 ± 0.104
43.02 ± 0.299
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13.14 ± 0.201
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21.3 ± 0.51
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Histopathological studies: The results of histopathological examinations are summarized in Fig.2. Fish liver from
control group showed normal architecture. However, the liver exhibited several histopathological changes in a dosedependent manner in exposure to various sublethal concentrations of BPA. Fish exposed to 0.714 mg/L (Group II)
sublethal concentration of BPA illustrated vacuolation, necrosis, degeneration, ruptured central vein and few broken
hepatocytes. Aggregation of melanomacrophages (MMC) and higher amount of glycogen granules was also seen. Liver
of fish exposed to 1.428 mg/L of BPA (Group III) exhibited nuclear vacuolation, cytoplasmic degeneration, cellular
rupture, congestion of blood vessels, nuclear degeneration, pyknotic nucleus, bile stagnation. Glycogen granules are
less in amount. Massive number of macrophage penetration was also seen. As the dose increased, decrease in glycogen
granules was observed with complete absence in the fish group IV exposed to of 2.142 mg/L of BPA. In Group IV, the
changes were extreme with vacuolated and pyknotic nucleus. Nuclear and cytoplasmic degeneration and
melanomacrophages aggregates were also found. The histopathological signs resulted in the sub-lethal treatment of
BPA evidently implies that the BPA is capable to modify the liver histology in fish.

FIG. 2. Effects of sub lethal concentration of BPA on histopathology of liver of Heteropneustes fossilis. A. Control fish
show normal structure. B. Liver from Group II showing swelling. (x 1000) C. Histology of liver of Heteropneustes
fossilis from Group III. Showing acute cellular swelling, hypertrophy and pyknosis .D. Showing acute cellular swelling,
hypertrophy and pyknosis).Secondary infections in between hepatocytes are also seen. (All sections are H&E Stained
x400).
DISCUSSION
Bisphenol A contamination in the aquatic environment may be due to untreated wastewater from industrial units (Kang
et al., 2007). In general, the LC50 values of Bisphenol A range between 3-15mg/L for fresh water teleosts (Caspers,
1998). The LC50 values of Bisphenol A (99%) for the fish Heteropneustes fossilis for 24, 48, 72 and 96h in static
exposure are 18.1 mg/L, 15.11mg/L, 14.80 mg/L and 7.114 mg/L respectively. However it is 6.48mg/L in Cichlid fish,
Etroplus maculatus (Asifa and Chitra 2015), 6.8 and 8.3 mg L in adult male and female Japanese medaka, Oryzias
latipes (Kashiwada et al, 2002), 6.669 mg/L in zebrafish, Danio rerio (Mai, 2016) and 6.323 mg/L a freshwater fish,
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Ctenopharyngodon idella (Faheem and Lone, 2017).The variation in LC50 value of the same substance against same or
different species, or the LC50 value of different chemicals against same or different fish species is maybe due to the
design, formulation and stereochemistry of the toxicant or their active molecules (https://ehs.unl.edu/). The intensity of
toxicity also depends on water quality parameters, health, size, weight, age and dietetic status of the fish (Reddy 2012a,
2016b).
Earlier, studies have confirmed the severe effects of various anthropogenic toxicants including BPA on various organs
of fish (Faheem et al., 2016; Reddy, 2017; Ratn et al, 2018).The information of hematological features is an important
tool and an effective sensitive index for the assessment of physiological and pathological changes in fishes (Reddy,
2012, Reddy, 2013). The results of the present study, revealed that there was a significant (P < 0.05) reduction in
hematological (haemoglobin, haematocrit, mean corpuscular volume, mean corpuscular haemoglobin) and biochemical
(protein) parameters in the BPA treated fish compared to control fish. The reduction in haematological parameters may
be due interference of BPA in the synthesis of haemoglobin or might have caused erythrolysis or it may be binding
with to alter the secondary structure of haemoglobin, which sequentially leads to the decrease in the oxygen carrying
capacity of the blood. The reduction in the haemoglobin content will finally leads to oxygen stress causing numerous
lethal effects to the organism (Aiswarya et al, 2016). The decrease in the RBCs number may be due to decrease in
haemoglobin content of blood. The decrease in RBC count may be due to destruction of synthesized RBC or due to
impaired synthesis of RBC or may be due to the effects of BPA on cell membranes, which caused injury or apoptosis to
the blood cells. Our results are in agreement with many workers (Reddy, 2013, Mekkawy et al, 2011, Aiswarya et al,
2016).The erythrocyte deformations might cause low oxygen level and caused respiratory dysfunction or stress which
might alter the erythrocyte number and morphology as in African catfish (Clarias gariepinus) treated with sub lethal
concentrations 4-nonylphenol (Mekkawy et al, 2011). Nevertheless, to understand the changes in the values of blood
parameters is quite difficult as they are affected by both internal and external factors (Bastami et al, 2009, Xu et al,
2013, Huggett, R.J., 2018).The reduction in RBC, Hb and PCV subsequently led to reduction in oxygen carrying
capacity of blood and causing to anaemic condition in the fish. Our result confirms the findings of Adhikari et al,
(2004), Witeska (2015), Bhatnagar et al, (2017) and Osman et al, (2018) who confirmed the anaemic status, may be
because of inhibition of erythropoiesis, damaged erythrocytes and haemosynthesis in haemopoietic organs.
Furthermore, reduction in RBC, Hb and PCV may be endorsed to haemolysis/haemodilution, which is a mechanism of
diluting the haem concentration to reduce the effects of toxicants (Shahi, J., et al, 2013, Narra, M.R., et al, 2017,
Olchowik-Grabarek, et al, 2018).
Haemoglobin (Hb), mean corpuscular haemoglobin (MCH) and mean corpuscular (MCV) levels were significantly
increased initially in Group I fish compared to control fish, which is probably due to the initial oxidative stress of
BPA in the exposed fish. However, the level of these parameters was lowered in Group III an d IV because of the
adaptation of fish. Overall, BPA exposed fish showed, a higher WBC count compared to control fish. This means
that BPA can stimulate some non-specific immune factors in fish resulting in a better condition for the fish to resist
potential pathogens. In the present investigation, the total WBC count is noticeably increased in BPA treated
(experimental) fish, which may be due to initiate the defence mechanism of the fish to combat the stress induced by
toxicant. The higher values of WBC may be to enhance wound healing, inflammatory disease, parasitic infections and
viral diseases. Due to limitations of the adaptive immune system, poikilothermic nature, inadequate stock of antibodies
and the slow maturation, proliferation and memory of their lymphocytes the innate immune response in fish is
desperately wanted to combat pathogens (Whyte, 2007: Uribe et al, 2011).An inverse relationship between WBC and
RBC counts was observed in the control and experimental groups. Nevertheless, the differences in various blood
parameters may be endorsed to several biotic (such as age, season, maturity, pathogens) and abiotic (including water
temperature, pH, dissolved oxygen content) and in particular to stress (Sharma et al, 2017; Zhelev et al, 2018).
In the present investigation, it was evident that there were delays in the blood coagulation times, as well as decreases in
elasticity of the clots formed, after the exposure of the fish (H. fossilis) to sub lethal concentrations of BPA. The
findings of this study confirm that BPA is very toxic to H. fossilis and caused liver damage. The liver is also
responsible for the production of coagulation factors. The International Normalized Ratio (INR) measures the speed of
a particular pathway of coagulation, comparing to normal. In the present investigation, the INR values were high and
increased gradually in dose dependent manner in all experimental fishes. It clearly indicates that due to the damage of
liver in fish of polluted zones the synthesis of vitamin K- dependent coagulation factors have been impaired hence
clotting time was delayed. Reddy and Baghel (2012), observed similar results in Mystus tengara exposed to industrial
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effluents. Nussey et al, (1995) in Oreochromis mossambicus (Cichlidae) after exposure to sub lethal concentrations of
copper sulphate.
Histopathological investigations have been evidenced as sensitive tool to identify direct toxic effects of chemical
compounds within target organs of fish both in laboratory and field investigations (Reddy and Singh, 2011, Reddy,
2012, Reddy and Baghel, 2012, Reddy and Kusum, 2013, Reddy and Rawat, 2013).Liver is the key player and
linked with the detoxification and biotransformation process (Reddy, 2012, 2013, Ratn et al, 2018).The fish, H.
fossilis exposed to different sub lethal concentrations of BPA exhibited changes in the normal architecture of liver,
dilated blood vessels and sinusoids, congestion of central vein, increased vacuolization and necrosis. Change in
normal liver architecture with dilated sinusoids may be due to loss of structural proteins. Abnormal liver structural
changes were observed in the fish Siganus rivulates exposed to heavy metals (Abdelaziz et al. 2006). Vacuolation of
hepatocytes in the present study may be a nonspecific response of fish due to BPA toxicity (Faheem et al, 2016). The
vacuolization of hepatocytes might indicate unevenness between the speed of synthesis of substances in the
parenchyma cells and the rate of their release into the circulation (Faheem, M., et al, 2016, Kanwal et al, 2018).
Cellular degeneration and necrosis in hepatocytes in the present study may be due to the congestion of central vein.
Results of the present study clearly revealed that chronic exposure to BPA induces abnormal development and
disrupted metabolism as in other teleosts (Canesi and Fabbri, 2015; Sadoul et al, 2017; Pandey et al, 2018).
CONCLUSION
H. fossilis is a hardy fish and capable of booming against various antagonistic environmental conditions. Still, the
present research confirms that sub lethal concentrations of BPA induced various histopathological, haematological and
metabolic abnormalities in H.fossilis. The improvement and standardization of biochemical and histopathological
assays can be employed as bioindicators of EDC contamination for better understanding of EDC exposure. Further
research at molecular level with multiple biomarkers is necessary to support the data. The present research could be
very much helpful to treat affected fish to improve health and quality of fishes and other organisms in polluted aquatic
system.
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