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ABSTRACT

The discharge of industrial, agricultural and domestic waste into the environment results in the pollution of aquatic
systems. Among several pollutants, Bisphenol - A (BPA) attains much concern because of its persistence in aquatic environment
and estrogen mimicking properties. BPA is a breakdown product of epoxy resins and polycarbonate plastics. The discharge of

BPA into the aquatic environment from the domestic waste may interfere with the functions of aquatic organisms. The present

study designed to assess the biochemical parameters in the liver of pearl spot fish (Etroplus suratensis) from Vembanad lake
water containing BPA. The observed level of BPA in Vembanad lake is 0.0066 pg/ml. Increased oxidative stress and
histopathological changes were observed in pearl spot from the Vembanad lake. The study concluded that further analysis may
need to confirm the BPA related hepatotoxicity of pearl spot fishes in Vembanad lake.
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The contamination of surface waters including
river and wetland ecosystems can take place from the
industrial and household products such as plasticizers,
pesticides and non-ionic surfactances. Bisphenol — A
(BPA) may be released into the environment as a
breakdown product of epoxy resins and polycarbonate
plastics (Vandenberg et al., 2007). BPA (Cy5H;60,) is the
key monomer used in polymer products (Krishnan et al.,
1993). BPA appears to be more resistant to environmental
degradation. Temperature, UV radiation, alkaline
treatment or intensive washing influence the release of
BPA from consumer products in to the water resources
(Howdeshell et al., 2003).

Wang and his colleagues (2017), revealed that

thermal hydrolysis  depolymerizes micro plastics
containing ester groups and release building block units
like BPA in to environment. Many industrial and
agricultural processes have contributed to the micro plastic
contamination of wetland eco systems. High levels of
micro plastics deposition have been noticed in certain
hotspots of the Vembanad lake, largest wetland ecosystem
in Kerala (Sruthy and Ramaswamy et al., 2017). The
Vembanad lake is most prominent with more than 70
edible species which include mullets, pearl spots, crabs,
oysters, clam, cat fishes etc. Out of the above species,
pearl spot (Etroplus suratensis) has an outstanding position

among the fish eaters (Kurup and Samuel., 1985).

Fishes are highly sensitive to contamination in
their environment and are served as bio-indicators of
environmental pollution. Fitzgerald and his collegues
(2004) have suggested that fish consumption is one of the
sources of human exposure to BPA and reported higher
level of BPA in human tissues, serum, and milk. Pearl spot
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is a common edible fish of Kerala and have high economic
value than other fresh water and brackish water fishes. The
consumption of pearl spot fish is high in Kerala. So there
is a chance for BPA contamination, if the water is polluted
by BPA containing products. Hence the present study was
conducted to identify BPA in Vembanad lake and in pearl
spot fishes.

MATERIALS AND METHODS
Sample Collection and Analysis

The water and pearl spot fishes were collected
from Vembanad lake, a famous tourist place in Kottayam,
Kerala, India. The lake is situated between Lat. 9°30°46°’-
10°11°11”” N and Long. 76°09°48’- 76°25°45”’. An area
of 398.12 km? of Vembanad lake is located below the
mean sea level (Verma et al., 2002).

Water samples (6L) collected from Vembanad
lake filtered and stored in -20°% until analysis. The
collected fishes (n=6) were ice packed and brought to the
laboratory and hepatic excised and
subsequently used for biochemical analysis. Sample
preparation and analysis for water and tissue samples were
accordance with the Rezaee et al., (2009) and Aristiawan
et al., (2015) methods respectively. Fishes for comparison
were obtained from fish hatchery, Neendoor, Kottayam,
Kerala. Water samples were also taken for analysis.

tissue was

Biochemical Analysis

The levels of lipid peroxidation (Beuge and
Aust., 1978) and the activities of antioxidant enzymes
such as superoxide dismutase (Kakkar et al., 19995),
catalase (Aebi 1984), glutathione (Ellman., 1959) were
estimated from liver homogenates. The serum ALT and
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AST were analyzed accordance with manufactures
instructions from Agappe diagnostic kit, India.

Histopathology

Gross appearance and color change in the internal
organs were checked in the sacrificed fishes using a
magnifying glass. Histology assessment of hepatic tissue
was done with hematoxylin and eosin staining. The slides
were examined under phase contrast microscope
(Olympus, India)

Data Analysis

The data were analyzed by using one way
analysis of variance in SPSS 16 software (Chicago, IL,
USA). The results were represented as means + standard
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deviations (SD). Values were considered significantly
different if P<0.05.

RESULTS
Quantification of BPA from Vembanad Lake Water

Identification and quantification of BPA from
lake water was made by comparing HPLC retention time
of sample peak in Fig.1 (a) with those of the authentic
standard in Fig.1 (b). The BPA concentration was
measured from the regression equation y = 6866 x + 2247.
The regression coefficient (R”) value of the calibration
curves was 0.997. The obtained BPA concentration from
Vembanad lake was depicted in Fig.1 (c).
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Figure 1: HPLC analysis for bisphenol-A (a) Chromatogram of standard bisphenol-A (b) Chromatogram of
bisphenol-A from Vembanad lake water (¢) Comparison of bisphenol-A concentration from Vembanad lake and
hatchery.
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Identification of BPA from Pearl Spot Liver mode of LC QTOF analysis. The mass chromatogram and

The identification of Bisphenol A from the fragmentation pattern of BPA was shown in the Fig.2.

hepatic tissue was done under the negative ionization
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Figure 2: Chromatogram and Mass spectrum of Bisphenol A: (a) Chromatogram of BPA standard (b)
Chromatogram of bisphenol A from hepatic tissue (¢c) The mass spectrum of BPA exhibit the molecular ion peak at

m/z 228.
Biochemical Analysis of Hepatic Tissue pearl spot fishes collected from Vembanad lake and
. hatchery. The obtained differences in the parameters were
The level of MDA (malondialdehyde) and N
showed in Fig.3.

antioxidant enzymes in hepatic tissue was assessed from
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Figure 3: Analysis of lipid peroxidation and antioxidant enzymes. (a) MDA (b) GSH (c) CAT (d) SOD.
(**” P<0.05 Pearl spot fishes from Vembanad lake vs Neendoor. The data represented as mean = SD, n=6)

Serum Hepatic Markers fishes. The obtained differences in the AST and ALT level
were depicted in Fig.4. A significant (p<0.05) increase of
hepatic markers was observed in the hepatic tissue of pearl
spot collected fromVembanad region.

The AST and ALT level of the hepatic tissue was
assessed from the Vembanad lake and Neendoor pearl spot
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Figure 4: Serum hepatic markers in pearl spot fishes (a) ALT level (b) AST level;
(“*’p<0.05, Vembanad lake vs Neendur)

Liver Histology contaminated Vembanad water samples shows severe
hepatic cell damage. The distortion represented as
cytoplasmic vaculation (green arrow) and enlarged
interlobular duct (red arrow).

The H& E stained sections of liver shows normal
architecture for pearl spot collected from fish hatchery.
While the hepatic tissue of pearl spot collected from BPA
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Figure 5: Light photomicrographs of hepatic sections from different experimental groups of pearl spot fishes.
Hematoxylin and Eosin stained microscopic sections, magnification as 20x. (a) Pearl spot fish from hatchery (b)

Pearl spot from Vembanad lake water.

DISCUSSION

Analysis of Vembanad lake water revealed the
presence of BPA. The level of BPA found to be higher in
Vembanad lake (0.006pg/ml) compared to hatchery
(<LOQ). The results may reflect the contamination of
Vembanad water ways with BPA containing domestic
waste and it might be higher than the artificial ecosystem
like hatchery. When xenoestrogens like BPA is released
in to the aquatic bodies there may be an immediate impact
on the fishes. The low level discharge may activate the
xenobiotic mechanisms in fish liver. Studies have shown
that BPA conjugate with glucuronide and are excreted
immediately (James 2011). But presence of BPA is
detected in pearl spot fish from Vembanad lake. Exposure
of endocrine disruptors like BPA to aquatic organisms can
enhance reactive oxygen specious production with a
subsequent damage to lipid bilayer membrane (Wu et al.,
2011). The MDA serves as a convenient index for
determining the extent of lipid peroxidation. The present
investigation exhibited elevated level of MDA in pearl
spot liver.

The peroxidation reactions in the cellular
pathogenesis can exert by depleted status of antioxidants
like superoxide dismutase (SOD), catalase (CAT) and
glutathione (GSH) (Farombi et al., 2007). The analyzed
hepatic tissue of pearl spot shows decreased activities of
SOD, CAT and GSH. Superoxide is the primary free
radical produced from membrane peroxidation, which
converts superoxide anion radical in to hydrogen peroxide
(Alvarez et al., 1987). Enzymes responsible for the
reduction of H,O, also include CAT and GSH. The present
study showed decreased activity of SOD, CAT and GSH

level. The reduced activity of SOD and CAT may reflect
inability of liver cells to eliminate the hydrogen peroxide.
The excess H,0, can increase superoxide level via
NADPH oxidase pathway (Gauduel et al., 1989). The
generation of superoxide radicals may exaggerate the level
of MDA. Therefore, we assume that the cellular level
peroxidation rate in pearl spot fish liver is augmented by
the depletion antioxidant enzymes.

The consequences of elevated MDA level have
been considered in relation to oxidation of pyridine
nucleotide and uptake of calcium. The intake of excess
calcium leads to the release of hydrolytic enzymes from
lysosomes and decrease plasma membrane integrity can
contribute to further damage to hepatocytes (Poli et al.,
1987). The elevated serum level of hepatic markers in our
study may relate the hepatotoxicity in pearl spot fishes in
Vembanad lake. The obtained histopathology of pearl spot
liver reflects severe hepatic damage. The cytoplasmic
vaculation and enlarged interlobular duct are the main
characteristics of liver injury (Dahi et al.,1971).

The study results conclude that, Pearl spot
(Etroplus suratensis) fishes in Vembanad lake is highly
susceptible to oxidative stress related liver damage.
Further studies are needed to clarify the role of BPA in
hepatotoxicity.

ACKNOWLEDGEMENTS

This work was financially supported by
Department of Science and Technology, New Delhi. We
thanks to Department of Biotechnology, Government of
India for the excellent research facilities supported through
the DBT-MSUB-IPLS (BUILDER) programme. We also

Indian J.Sci.Res. 19(2): 49-55, 2018



ARATHI ET. AL.: EVIDENCE FOR THE PRESENCE OF BISPHENOL A IN PEARL SPOT FISH...

thank to Mr. Dineep Vasudevan, Inter University
Instrumentation  Centre, School of Environmental
Sciences, Mahatma Gandhi University for technical
assistance on this work. We express our sincere gratitude
to Swadeshi Science Movement, Kerala, India.

REFERENCES

Aebi H., 1984. Catalase in vitro. Methods in
enzymology, 105: 121-126.

Alvarez J.G., Touchstone J.C., Blasco L. and Storey B.T.,
1987. Spontaneous lipid peroxidation and
production of hydrogen peroxide and superoxide
in human spermatozoa Superoxide dismutase as
major enzyme protectant against oxygen toxicity.
Journal of andrology, 8: 338-348.

Aristiawan Y., Aryana N., Putri D. and Styarini D., 2015.
Analytical Method Development for Bisphenol a
in Tuna by Using High Performance Liquid
Chromatography-UV. Procedia Chemistry, 16:
202-208.

Buege J.A. and Aust S.D., 1978. Microsomal lipid
peroxidation. Methods in enzymology, 52:302-
310.

Dahi M.G.C., Gregory M.M. and Scheuer P.J., 1971. Liver
damage due to methotrexate in patients with
psoriasis. Br. Med. J., 157: 625-630.

Ellman G.L., 1959. Tissue sulthydryl groups. Archives of
biochemistry and biophysics, 82: 70-77.

Farombi E.O., Adelowo O.A. and Ajimoko Y.R., 2007.
Biomarkers of oxidative stress and heavy metal
levels as indicators of environmental pollution in
African cat fish (Clarias gariepinus) from Nigeria
Ogun  River. International  Journal  of
Environmental Research and Public Health, 4:
158-165.

Fitzgerald E.F., Hwang A.S., Langguth K., Cayo M.,
Yang B., Bush B. and Lauzon T., 2004. Fish
consumption and other environmental exposures
and their associations with serum PCB
concentrations among Mohawk women at
Akwesasne, 94: 160-170.

Gauduel Y., Menasche P. and Duvelleroy M., 1989.
Enzyme release and mitochondrial activity in
reoxygenated cardiac muscle: relationship with
oxygen-induced lipid peroxidation. Gen Physiol
Biophys, 8: 327-340.

Howdeshell K.L., Peterman P.H., Judy B.M., Taylor J.A.,
Orazio C.E., Ruhlen R.L. and Welshons W.V.,
2003. Bisphenol A is released from used
polycarbonate animal cages into water at room
temperature. Environmental Health Perspectives,
111: 1180.

James M.O., 2011. Steroid catabolism in marine and
freshwater fish. The Journal of steroid
biochemistry and molecular biology, 127: 167-
175.

Kakkar R., Kalra J., Mantha S.V. and Prasad K., 1995.
Lipid peroxidation and activity of antioxidant
enzymes in diabetic rats. Molecular and cellular
biochemistry, 151: 113-119.

Krishnan A.V., Stathis P., Permuth S.F., Tokes L. and
Feldman D., 1993. Bisphenol-A: an estrogenic
substance is released from polycarbonate flasks
during autoclaving. Endocrinology, 132: 2279-
2286.

Kurup B.M. and Samuel C.T., 1985. Fish and fishery
resources of Vembanad Lake. Harvest and Post-
Harvest Technology of Fishes. Central Institute
of Fisheries Technology (CIFT) and Society of
Fisheries Technologists (SOFTI), Kochi, India:
pp.77-82.

Poli G., Albano E. and Dianzani M.U., 1987. The role of
lipid peroxidation in liver damage. Chemistry and
physics of lipids, 45: 117-142.

Rezaee M., Yamini Y., Shariati S., Esrafili A. and
Shamsipur M., 2009. Dispersive liquid—liquid
microextraction combined with high-performance
liquid chromatography-UV detection as a very
simple, rapid and sensitive method for the
determination of bisphenol A in water samples.
Journal of Chromatography A, 1216: 1511-1514.

Sruthy S. and Ramasamy E.V., 2017. Microplastic
pollution in Vembanad Lake, Kerala, India: The
first report of microplastics in lake and estuarine
sediments in India. Environmental Pollution, 222:
315-322.

Vandenberg L.N., Hauser R., Marcus M., Olea N. and
Welshons W.V., 2007. Human exposure to
bisphenol A (BPA). Reproductive toxicology, 24:
139-177.

Verma A., Subramanian V. and Ramesh R., 2002.
Methane emissions from a coastal lagoon:

Indian J.Sci.Res. 19(2): 49-55, 2018



ARATHI ET. AL.: EVIDENCE FOR THE PRESENCE OF BISPHENOL A IN PEARL SPOT FISH...

vembanad  Lake, West Coast, India.

Chemosphere, 47: 883-889.

Wang L., Zhang J., Hou S. and Sun H., 2017. A Simple
Method to Quantify PC and PET Microplastics in
the Environmental Samples by LC-MS/MS.
Environmental Science & Technology Letters.

Wu M., Xu H., Shen Y., Qiu, W. and Yang M., 2011.
Oxidative stress in zebrafish embryos induced by
short-term exposure to bisphenol A, nonylphenol,
and their mixture. Environmental Toxicology and
Chemistry, 30: 2335-2341.

Indian J.Sci.Res. 19(2): 49-55, 2018



