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ABSTRACT

Used worldwide intermediately for the production of polycarbonate plastics and epoxy resins,
Bisphenol A (BPA) has found its way into the aquatic ecosystems via leaching. With studies already
confirming the endocrine-disrupting capability of BPA, the present investigation was focused on
the effects of different sublethal concentrations (0.1 ppm, 0.2ppm and 0.4 ppm) of BPA on the
haematological, and physiological parameters of freshwater murrel, Channa striata on the 7" and
21* day of its exposure. To assess the impact of BPA, it’s lethal concentration (LC50) was determined
first and was found to be 4.13ppm. The study here reports the capability of BPA to depress the
haematological parameters of the fish studied. BPA exposure also elicited a significant decrease in
the level of protein as well as cholesterol in the muscle and liver. Dose-dependent degenerative
changes were also observed in the architecture of BPA exposed fish liver. In conclusion, BPA
induced stress conditions were found to adversely affect the functioning of Channa striata.
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INTRODUCTION

Since the rediscovery of Bisphenol A (BPA) in the
early 1950s for the development of polycarbonate
plastics (Schnell, 1959), its production has been
increasing tremendously and is estimated to reach
approximately 10.6 million metric tones by 2022
(Research and Markets, 2016). BPA, a xenoestrogen,
has become ubiquitous in the environment despite
its short half-life (2.5 to 4 days) due to its
continuous release (Oehlmann et al., 2009). Used
worldwide in the production of a multitude of
products like paper coatings, food and beverages
packaging, electronic components, flame retardants,
building materials, and adhesives, BPA has found
its way into various components of the environment
via leaching from these products under normal
conditions of use (Markey et al., 2002).

With aquatic ecosystems being the ultimate sinks

of most anthropogenic chemicals, BPA has been
detected in different waters at varying
concentrations such as in the effluents of wastewater
treatment plants (0.097- 370.0 pg L), drinking water
(882.5 ng L), soil leachates (128.0-200.5 pg L),
landfill leachates(less than 17.2 ng L) as well as
surface waters (nondetect to 56 ng L) (Corrales et
al., 2015; Li et al., 2017; Given that fishes occupy a
major part of the aquatic ecosystem, they are
considered the primary risk organisms most likely
exposed to BPA which may then pose serious threats
to their nutritive quality as well as their
physiological functions.

Most of the studies conducted in fish related to
BPA toxicity have focused on the endocrine-
disrupting and estrogen-mimicking capability of
BPA (Caballero-Gallardo et al., 2016; Qiu et al., 2016;
Wang et al., 2019; Weber et al., 2015). With respect to
such studies, very few data have been published on
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the changes in the haematological, histological and
physiological profile of fishes exposed to BPA
(Faheem et al., 2016; George et al., 2017b; Makinwa
and Uadia, 2017). Moreover, the bioaccumulation of
BPA is found to be species-specific (Lee et al., 2015).
The striped snakehead, Channa striata, being one of
the most prized freshwater food fish species is
found widely distributed in different parts of
southern Asia, southern China, Indochina, and the
Sunda Islands (Courtenay Jr. and Williams, 2004).
However, very little information is available
regarding the toxicity of BPA on Channa striata and
hence the present study is conducted to evaluate the
effect of short term exposure of BPA on the
haematological, and physiological profile of Channa
striata. These investigations may be used as
indicators to determine the health of the species,
status of water quality and potential risks they
might face.

MATERIALS AND METHOD

Experimental Model: The adult fish Channa striata
(Order: Perciformes, Family: Channidae) procured
from a farm at Changanassery was initially treated
for 3 mins with 0.05% KMnQO, solution to get rid of
any dermal infections. They were then transferred to
concrete tanks filled with dechlorinated freshwater
for 1 week and fed with minced goat liver so as to
get them acclimatized to the laboratory conditions.
The experimental models were maintained under
standard conditions (26 +3°C, pH 7 +0.37, 12 hr
light/dark cycle) on a recirculating water system.
The water was replenished every 24 hours to
remove leftover food particles. Dead fish were
promptly removed. Healthy fish irrespective of sex
but of comparable body length (20 = 2 cm) and
weight (80 + 4 g) were selected for the study.

Test substance: Bisphenol A (C,;H,,O,) (Molar mass:
228.29 gm/mole) for the toxicity study was
produced from the Central Drug House, Mumbai
(Product No. 028643, Purity 97%).

Estimation of median lethal concentration (LC,):
Acute toxicity tests were conducted in order to
calculate the 96 hr LC, for BPA, using probit
analysis (Finney, 1971). Group of 12 fish was
exposed to different concentrations of BPA for 96 hrs
during which the test medium was not renewed.
The test concentrations were prepared by serial
dilution and it included those concentrations which
killed all the fish within 24 hrs and those which did
not kill any of the fish within 96 hrs. The probit
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value of percentage mortality on the y-axis was
plotted against the logarithm of test chemical
concentration on the x-axis and the LC, was
determined by fitting a regression equation as well
as graphical interpolation using the Microsoft Excel
Software (Fig. 1). The LC, value of BPA for Channa
striata was found to be 4.13 ppm.

LC50 of BPA for adult fish Channa striata
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Fig.1. Log concentration for 50% mortality was found
via probit analysis to be 0.616

Experimental Protocol for the exposure study:
Experiments were conducted in 20 L Aquaria
fiberglass tanks containing 10 L chlorine-free water
with different sub-lethal concentrations of BPA (i.e.,
0.1 ppm, 0.2 ppm and 0.4 ppm) and control (no
BPA). Laboratory acclimatized healthy fishes were
introduced into these gently aerated semi-static
systems. Each of the short-term exposures (7 and 21
days) were conducted in triplicate for the control as
well as three of BPA concentrations. Each tank
housed 6 fish (n=6) and feeding was allowed
throughout the experimental period. Every 24 hr,
half of the water was siphoned and settled fish
waste was removed. This was replaced by clean
water with the same BPA concentrations.

Blood sample collection and haematological assay:
By the end of the experimental period (7 and 21
days), fish were killed by decapitation and the blood
was collected in Eppendorf tubes containing EDTA
anticoagulant. Fresh unclotted blood was used to
find the number of erythrocytes (RBC) and
leukocytes (WBC) by the Neubauer hemocytometer
using Shaw’s solution (Hesser, 1960). Hemoglobin
(Hb) content was determined by Sahli’s
haemoglobinometer based on acid haematin
method. Blood samples taken from the caudal fin
without anticoagulant was quickly smeared onto a
glass slide and stained using Giemsa stain for
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counting of lymphocytes. Lymphocyte numbers
were then determined by direct counting under the
microscope with the aid of the Neubauer chamber.
Mean cell volume (MCV), Packed cell volume
(PCV) and Mean cell hemoglobin (MCH), the
derived haematological indices, were estimated
using standard formulae (Jain, 1993).

Biochemical assay: Muscle tissues and liver were
removed and blotted free of blood for the estimation
of protein and cholesterol. Folin — Ciocalteu method
(Lowry et al., 1951) was used for the quantification
of protein using photoelectric calorimeter. The
estimation of cholesterol was made using
spectrophotometer based on the modified
Yoshimatsu reaction method (Negrin, 1969).

Histopathological analysis: Liver of fish were
dissected out and preserved in Bouin’s fixative. The
preserved tissues were dehydrated by treating them
in various grades of alcohol followed by clearing
them with xylene. The samples were then
embedded in paraffin wax and using a microtome,
sections were cut at 5Smm thickness. The sections
were double-stained with haemotoxylene and
eosine. The stained slides are examined with the
help of a compound microscope. Photomicrographs
were taken using a camera fitted to a binocular
compound microscope (Leica DM750).

Statistical analysis: All data pooled through this
study were expressed as means + standard
deviation (X + SD). A minimum of six replicates was
taken for each parameter. For all parameters
analyzed, differences between means of the control
and BPA exposed groups were determined using
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Student’s t-test. All statements of significance were
defined at p<0.05.

RESULTS

Effect of Bisphenol A on serum haematological
variables: From the study, the main haematological
response of Channa striata to different sublethal
levels of BPA exposure (0.1 ppm, 0.2 ppm and 0.4
ppm) was a reduction in RBC count, WBC count
and lymphocyte count compared to the control
groups. BPA exposed fish had a significant decrease
in its haemoglobin content also. The derived
haematological indices, packed cell volume, mean
corpuscular volume and mean corpuscular
haemoglobin content, also depicted reduction in
BPA exposed groups with respect to the control
group. Significant reduction in the haematological
parameters was reported in the 0.2 and 0.4 ppm BPA
exposed fish (Table 1).

Effect of Bisphenol A on biochemical variables:
BPA has been observed to significantly lower the
protein levels in the muscle and liver of exposed fish
in a dose-dependent manner when compared to the
control fish group. Evaluation of the muscle and
liver cholesterol levels has also been found to
significantly decrease in the BPA exposed groups of
fish (Table 2).

Effect of Bisphenol A on histochemistry of liver:
Fig 2. A depicts a photomicrograph showing the
histology of the control group fish liver. The control
liver exhibited a normal architecture and there were
no pathological abnormalities. The hepatocytes

Table 1: Hematological parameters (X + SD) in control and BPA exposed fish.

Parameter Days Control 0.1ppm 0.2ppm 0.4ppm
RBC Count (millions/mm?) Day 7 3.633+0.07 3.433+0.13 2.733+0.34 *1.156+0.09
Day 21 3.633+0.07 2.733+0.07 2.083+0.06 *1.234+0.08
WBC Count (cells/mm?) Day 7 14203.33+41.44 10169+18.240 9268.5+36.98 *8731.5+75.82
Day 21 14203.33+41.44 9388.83+67.95  *7518.83+165.58 *3300.16+204.11
Hemoglobin (g%) Day 7 13.75+0.09 12.26+0.31 *8.31+0.05 *7.7+0.04
Day 21 13.75+0.09 11.26+0.09 *6.15+0.22 *4+0.17
Lymphocyte (%) Day 7 97.83+0.52 97.33+0.36 95.83+0.43 93+0.4
Day 21 97.83+0.52 96.16+0.52 94+0.4 *90.5+0.46
Packed cell volume (%) Day 7 37.5+0.83 35.83+0.33 34.83+1.24 32.33+0.73
Day 21 37.5+0.83 27.33+0.92 *26+0.4 *21.33+0.46
Mean cell volume (fL) Day 7 117+0.77 116.16+0.59 109.33+0.67 *93.83+0.52
Day 21 117+0.77 107.66+0.92 *96+0.63 *91.66+0.61
Mean cell hemoglobin (pg) Day 7 36.66+0.832 35.83+0.95 32+0.8 *29.33+0.36
Day 21 36.66+0.832 36.66+0.61 31.83+0.65 *28.5+0.836

*significant (p<0.05)
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Table 2. Biochemical parameters ( + SD) in control and BPA exposed fish

Parameters Days Control 0.1ppm 0.2ppm 0.4ppm

Muscle protein (mg/g) Day 7 18.05+0.44 17.31+0.18 15.48+.34 *13.18+0.51
Day 21 18.05+0.44 16.60+0.05 14.53+0.07 *12.43+0.05

Liver protein (mg/g) Day 7 14.65+0.06 13.31+0.05 10.51+0.08 *8.42+0.03
Day 21 14.65+0.06 12.57+0.04 *8.59+0.06 *6.343+0.05

Muscle cholesterol (mg/100g) Day 7 90.79+3.39 83.43+4.22 *74.97+2.15 *63.3+2.15
Day 21 90.79+3.39 80.74+2.39 *69.13+2.41 *61.99+1.70

Liver cholesterol (mg/100g) Day 7 202.55+8.56 193.19+6.60 *172.04+2.82 *160.66+3.52
Day 21 202.55+8.56 192.79+4.02 *168.86+2.43 *154.77+2.07

*significant (p<0.05)

Fig. 2. Histological changes in the liver of experimental
fish Channa striata. (A) Section of control liver
depicting normal trabecular hepatocytes (X 40
magnification) (B) liver histology of 21 days
bisphenol A (0.2 ppm) treated fish showing slight
necrosis (n), congestion (c), and vacuolization (v)
in hepatocytes (X 40 magnification) (C) Liver
histology of 21 days bisphenol A (0.4 ppm) treated
fish showing disorganization (d) and widespread
necrosis (n) in hepatocytes (X 40 magnification)

present had a homogeneous cytoplasm and large
central or sub-central nucleus. Only fish exposed for
21 days to BPA (0.2 ppm and 0.4 ppm) showed
variations from the normal histology of fish
liver.Treatment with 0.2 ppm BPA for 21 days
resulted in slightly congested architecture as well as
localized cytoplasmic vacuolization and necrosis of
hepatocytes (Fig. 2 B). 21 days exposure to 0.4 ppm
BPA showed widespread necrosis of hepatocytes.
Disorganization and congestion of hepatocytes were
also observed at this sublethal concentration (Fig. 2
Q).

DISCUSSION

Blood being the medium of intercellular and
intracellular transport, which comes in direct
contact with various organs and tissues of the body,
is capable of reflecting the physiological state of an
animal at a particular time. Red blood cells (RBCs)
in addition to being transporters of oxygen and
nutrients from lungs to tissues are important
interorgan communication systems (Kuhn et al.,
2017). In order to find out the effect of BPA on the
ability of RBC to carry out these functions, the RBC
count, haemoglobin concentration and mean
corpuscular haemoglobin (MCH) concentration
have been measured in BPA exposed and the control
fish group. The study found BPA exposure to cause
a decrease in the RBCs of all BPA exposed fish
groups with a significant reduction in the highest
sub-lethal concentration (0.4ppm) studied. The
results were found to be consistent with data from
the study of Keum ef al., (2005). This decrease in the
RBC might be probably due to the capacity of BPA
to induce oxidative damage to bone marrow cells
which are responsible for the production of
erythrocytes (Tiwari and Vanage, 2017) or might be
due to the promotion of haemolysis. Studies have
demonstrated the capacity of BPA and its analogs, in
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humans, to promote eryptosis (RBC programmed
death) by increasing the translocation of
phosphatidylserine into RBCs along with an
increase in the activity of calpain and caspase-3
(Macczak et al., 2016). BPA being an endocrine
disruptor, another possible mechanism is the
impairment of erythropoiesis via inhibition of the
secretion and signaling of glycoprotein hormone
erythropoietin (Pal et al., 2017). The results in our
study suggests that BPA exposure probably induced
anemic hypoxia and carbon dioxide toxicity in the
tissues of exposed fish.

Fish haemoglobin found in erythrocytes, has the
same molecular architecture as that of mammalian
haemoglobin, with a heme content and under most
conditions tetrameric (Giardina et al., 1973). In our
study, BPA exposure resulted in a marked reduction
in haemoglobin concentration. The reduction in
erythrocytes, as found in this study, is the obvious
reason for the reduction in haemoglobin
concentration. BPA probably induced haemolysis of
RBC, releasing Hb out to the plasma, where it gets
catabolised to bilirubin and gets finally excreted out
(Hastuti et al., 2019). Our results, of BPA induced
reduction in Hb concentration, is in line with those
observed in other studies (Kaliappan et al., 2017;
Keum et al., 2005). The significant decrease in
derived haematological indices, PCV, MCV, and
MCH, imply further the possible shrinkage of RBCs
as a result of BPA induced toxic stress.

WBCs are the main warriors of the fish immune
systems that help fight infections and also defend
the body in the presence of foreign materials. WBC
count would help assess the impact of BPA on the
immune system. Typically as seen in other studies
(Kaliappan et al., 2017; Rogers and Mirza, 2013), in
the presence of a toxic substance (such as BPA), an
increase in the concentration of WBCs as a result of
activation or stimulation of the immune system
would be expected. However, our study reports
contradictory results, showing a significant
reduction in the WBCs of BPA exposed fish which is
indicative of a suppressed immune system. Studies
have demonstrated the immunotoxicity of BPA
exposure with results indicating reduction in the
number of macrophages and lymphocytes due to
the exposure (Sugita-Konishi et al., 2003). Invitro,
BPA has been shown to hinder the mitogenesis of
lymphocytes (Sakazaki et al., 2002) and the
production of monocyte chemoattractant protein- 1
(MCP-1) (Inadera et al., 2000). In our study also,
BPA exposure resulted in a slight decrease in
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lymphocyte counts. Even at lower doses BPA was
found to affect the immune system by disrupting
the immune system cell and cytokine levels
(Ozaydin et al., 2018). This is possibly due to the
xenoestrogen activity of BPA, whereby it binds to
estrogen receptors o (ER-o) and B (ER-f3) (Bauer et
al., 2012) which are found on immune system cells
including dendritic cells, macrophages, and
lymphocytes (Nalbandian and Kovats, 2005). The
potential of BPA to alter macrophage adhesion
thereby inhibiting the functioning of macrophage
has been demonstrated in-vitro (Segura et al., 1999).

Proteins serve several functions including
providing architectural support via protein mass, as
enzymes which help catalyze metabolic reactions, as
signaling molecules within and between cells and
also as fuel to support survival. Protein synthesis
and degradation are closely regulated and gets
affected by physiological and pathophysiological
conditions (Liu and Barrett, 2002). To examine the
effect of BPA on the protein involved physiological
functions, the protein content of the muscle and
liver tissues were examined in all BPA exposed and
control groups. Significant reduction in protein
content was observed in the highest sublethal dose
exposed (0.4 ppm). Depletion of protein content due
to toxicant stress has been reported in several
studies (Ahmed et al., 2015; George et al., 2017a,
2017b). BPA was found to induce endoplasmic
reticulum (ER) stress-associated apoptosis, thereby
interrupting protein synthesis (ER is an important
organelle for protein synthesis) (Asahi et al., 2010).
Another plausible explanation for the marked
reduction in protein content is the downregulation
of translation elongation factors vital for protein
synthesis as a result of BPA induced oxidative stress
(Chienwichai et al., 2018). The mechanistic target of
rapamycin (mTOR) signaling pathway is an
important pathway in the protein synthesis
machinery. Several studies have reported BPA to
interfere with mTor regulation in different cell types
(Boucher et al., 2014; Goodson et al., 2011; Ribeiro-
Varandas et al., 2014), in turn affecting the protein
synthesis.

Balanced cholesterol levels are important in
maintaining good health as they are necessary for
the production of hormones, vitamin D, bile as well
as maintaining the structure of cell membranes. In
order to study the impact of BPA exposure on the
metabolic functions of the fish, the cholesterol levels
in the liver and muscle tissues were measured.
Significant reduction in the cholesterol level was
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observed during the exposure period. This might
probably be due to the impairment of cholesterol
biosynthesis in the liver or due to the reduced
absorption of dietary cholesterol. Several studies
have reported a decrease in cholesterol levels upon
exposure to toxic substances (Binukumari and
Vasanthi, 2014; Shakoori et al., (1996) states that this
decrease might be due to the use of fatty deposits
instead of glucose for energy purposes. A similar
effect of decreased cholesterol was observed in
Korean rockfish, Sebastes schlegeli when subjected to
10 mg BPA per body weight (Keum et al., 2005).
The liver is one of the most common targets for
cytotoxicity and tumorigenesis, mainly due to
biotransformation reactions occurring in it which
enhances toxicity of metabolites (Faheem et al., 2016;
Hinton et al., 2017). Histopathological investigation
of the teleost liver would reflect the overall health
status of the fish studied and is found to be an
accurate way to assess the impact of any pollutant
on the fish. BPA exposure in fish is found to result in
the generation of oxygen free radicals in its liver,
thereby inducing lipid peroxidation and modifying
the antioxidant status consequently exerting toxic
effects in a time-dependent manner (Chitra and
Maiby, 2014). In the present study the control liver,
as expected, exhibited a normal architecture and
there were no pathological abnormalities. The
section of control liver depicted normal trabecular
hepatocytes, while that of 21 days BPA exposed (0.2
and 0.4 ppm) groups showed hepatocellular
necrosis, congestion, and cytoplasmic vacuolization
as well as disorganization of hepatocytes. Changes
in the normal architecture of the fish liver may be
attributed to the loss of structural protein upon
toxicant exposure (Faheem and Parvez Lone, 2017).
Vacuolation of hepatocytes, which indicates an
imbalance between the rate of synthesis of
substances in the parenchyma cells and the rate of
their release into the circulation (Gingerich, 1982), is
found to be a non-specific response of fish after
exposure to a toxicant (Roberts, 2012).
Accumulation of lipids and glycogen in hepatocytes
as a result of aquatic pollution might also cause
widespread vacuolization. Similar deposition of
glycogen in the hepatocytes is commonly found in
stressed fishes, as glycogen acts as a reserve of
glucose to supply the high energy demand
occurring during such situations (Hinton and
Lauren, 1990). The excessive detoxification done by
the fish liver to get rid of the BPA from its body
might be the possible cause for necrosis of
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hepatocytes noticed in BPA exposed fish liver. The
inability of the exposed fish to regenerate new liver
cells might be another possible reason for the
widespread necrosis. Similar degenerative changes
to hepatocytes were observed in Catla catla (Faheem
et al., 2019), Heteropneustes fossilis (Sisodiya et al.,
2018) and Oreochromis mossambicus (Deepa et al.,
2017) upon BPA exposure. The histopathological
changes noted in the present study is in accordance
with observations made in fishes during exposure
to different endocrine disruptors as well as other
toxicants (Abdel-Warith ef al., 2011; Faheem and
Parvez Lone, 2017; George et al., 2017a; Kumar and
Nandan, 2014).

Considering the results obtained from the
present study, it can be concluded that BPA
exposure impaired the haematological as well as
physiological functions of the freshwater murrel,
Channa striata.
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