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ABSTRACT
The present investigation was carried out for 21 days to explore the sub-lethal toxicity of bisphenol 
A (BPA) of concentration 0.714, 1.428 and 2.142 mg/L (1/10, 1/20 and 1/30 % of 96 h LC50) on 
haematological and serum biochemical parameters of Heteropneustes fossilis. Routine haematological 
parameters like total erythrocyte count (TEC), total leukocyte count (TLC), haemoglobin content 
(Hb), haematocrit (Hct), erythrocyte indices, total serum protein, alanine aminotransferase (ALT), 
and aspartate aminotransferase (AST), albumin, globulin, uric acid, and creatinine were examined 
as toxicological endpoints. The findings of this study revealed that BPA had a negative effect on 
both the haematological and serum biochemical parameters of Heteropneustes fossilis. The study 
revealed a significant decrease in red blood cell count, haemoglobin concentration and haematocrit 
percentage (anaemia) while white blood cell count showed a significant increase in all treatment 
groups (p < 0.0001). The erythrocyte indices like MCV and MCH in the exposed groups reduced in a 
dose-dependent manner but BPA treatment increased MCHC values (p > 0.05). The results of serum 
biochemistry in BPA exposed fish showed enhanced serum AST, ALT, urea, uric acid and creatinine 
but decreased serum total protein and albumin. This might be due to the possible disruption of 
haemopoietic tissue or impairment of liver and kidney function. Based on the results, we conclude that 
BPA is toxic to Heteropneustes fossilis and its occurrence in the environment may threaten the health of 
aquatic species. Accordingly, it suggests that haematological and serum biochemical parameters could 
be effectively used as reflective bioindicators in ecotoxicological studies.   

INTRODUCTION

Bisphenol A (BPA), a synthetic chemical substance and 
extensively used in the production of synthetic plastic pol-
ymers, has appeared as a universal pollutant in the aquatic 
environment (Pal & Reddy 2018). Because of its widespread 
use, BPA is released into aquatic environs through sewage 
and affects the aquatic organisms (Krishnapriya et al. 2017, 
Faheem et al. 2019, Hassan et al. 2020).

Fish species are very sensitive to aquatic pollution and 
specific haematological and biochemical biomarkers of fish 
were demonstrated as direct indicators for assessing the 
ecological status of an aquatic environment. Many investi-
gations have been conducted using fish as an experimental 
model for assessing contaminant-induced toxicity (Reddy 
2012a,b, Reddy & Baghel 2012, Reddy & Rawat 2013, 
Reddy 2018, Sharma et al. 2019). The affinity between BPA 
and haemoglobin, as well as erythrocytes, is an important factor 
in understanding the mechanism of the BPA toxicity (Sangai et 
al. 2018). Like other toxicants, BPA can exert toxic effects 
on survival of fish and its accumulation in tissues may affect 

the metabolic processes like glycolysis, protein and lipid 
profile of the organism and cause oxidative stress (Javed et 
al. 2017). The energy requirements of organisms increase 
in stress condition and biomolecules like glucose, fats, and 
proteins pull together to meet the energy demand depending 
on the intensity of stress (Javed et al. 2017). 

The study of serum biochemistry reflects the metabolic 
condition of several biochemical processes and the health 
status of the organism. A number of researchers used hae-
matological and serum biochemical parameters effectively as 
reflective bioindicators in ecotoxicological studies (Lavanya 
et al 2011, Atli et al. 2015, Javed et al. 2017, Narra et al. 
2017, Pandit & Kumari 2018, Ullah et al. 2019). These 
studies reveal internal alterations before the animal show 
any external signs of toxic stress (Osman et al. 2010). The 
in vivo research work of Roy et al. (2011) confirmed the 
degenerative effects of Bisphenol A on the liver of Heter-
opneustes fossilis. Hussein & Eid (2013) found significant 
disruptive hepatotoxic changes in the liver of mice. Aiswarya 
& James (2016) found a significant decrease in RBC, and Hb 
concentrations and an increase in WBC content in H. fossilis 
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exposed to 0.1g/L of BPA for 72 hours. The 28 days treatment 
with various sublethal concentrations of BPA significantly 
altered histopathological changes in liver, kidney, and serum 
biochemical parameters of H. fossilis in a dose-dependent 
manner (Pal & Reddy 2018). Several ecological stressors may 
alter serum biochemical parameters in fish. Serum biochem-
ical parameters like AST, ALT, ALP, glucose, urea, creatine, 
total protein and albumin of fish serum may reflect health 
status and several biochemical pathways in the metabolism 
(Yousef et al. 2006, Pal & Reddy 2018, Nourian et al. 2019).

The present research on alteration in haematological and 
serum biochemistry has a more extended scope because of 
its probable advantage in the health diagnosis of the indi-
vidual. Accordingly, many animal models under different 
experimental and ecological conditions are conducted to 
explain the toxic mechanisms of BPA but most of them 
are from mammalian models. Therefore, the current study 
assessed the use of a series of biomarkers in H. fossilis to 
measure the health status of fish exposed to different sub-
lethal concentrations of Bisphenol A also and to determine 
most potentially used parameter as a biomarker of BPA 
intoxication and fish health status. The haematological and 
biochemical parameters bioindicators used in this study will 
provide necessary information on the impact of Bisphenol A 
(BPA) on fish health. With this perspective, we incorporated 
haematological and serum biochemical parameters as health 
indicators. 

MATERIALS AND METHODS

The ethical committee of the University approved the exper-
imental design and all procedures used in the present study.  

Materials: Healthy and adult Heteropneustes fossilis were 
collected from local fishponds and acclimatized to the 
laboratory backgrounds for 15 days. Bisphenol-A2, 2-Bis 
(4-hydroxyphenyl) propane (CAS No: 80-05-7. EC No: 
201-245-8. Purity: 99.99%) was obtained from Chemex 
Chemicals, Mumbai (India). 

Experimental design: The after acclimatized fish were 
categorized into four sets comprising of three replicates con-
taining eight fish (average weight is 35.96g) in each aquarium 
of 40L capacity. The selection of sublethal concentrations of 
BPA for this experiment is based on our earlier study (Pal 
& Reddy 2018). One control group and three exposed sets 
containing three  concentrations, i.e., 0.714mg/L (1/10th), 
1.428mg/L (1/20th) and 2.142mg/L (1/30th) respectively of 
LC50 value (7.14mg/L) (Pal & Reddy 2018). Both control 
sets and BPA treated groups were maintained under the same 
environmental conditions during the experimental period. No 
fish mortality was recorded during the experimental period. 
The fish were exposed under normal laboratory conditions 

for 21 days. Aquarium water along with BPA was entirely 
substituted once every two days by transferring the fish into 
freshly prepared BPA solutions. Control and experimental 
fish received a commercial prawn fish feed (Univar cure, 
Thane, MH, India). 

Collection of blood sample: At the end of experimentation, 
fish was stopped feeding 24 h before blood sampling.  Blood 
samples were collected from three fish of each experimental 
group randomly by puncturing the caudal veins with the 
help of a heparinized 2cm disposable syringe. The blood 
sample was mixed lightly and used for the estimation of 
haematological indicators like erythrocyte count (RBC), 
haemoglobin concentration (Hb), haematocrit (HCT), white 
blood cell (WBC) count, mean corpuscular volume (MCV), 
mean corpuscular haemoglobin (MCH) and mean corpuscu-
lar haemoglobin concentration (MCHC).

Biochemical analysis: Blood samples were collected by 
puncturing the caudal region of fish without rinsing the 
heparinised and stored in clean and dry Eppendorf tubes. 
The blood samples were allowed for 1h to clot at room 
temperature followed by 30min incubation at 4°C. Serum 
was obtained by centrifuging the blood samples at 3000g for 
10 min at 4°C. Plasma total proteins, serum albumin, and 
globulin values were estimated by using a commercial kit 
obtained from Qualigens Fine Chemicals, Mumbai. Plasma 
glucose was assessed using a commercially available kit from 
Diatek, Kolkata. Serum creatinine and uric acid were estimat-
ed by the standard procedures given in the commercial kit 
supplied by Tulip Diagnostics (P) Ltd, Mumbai.  All serum 
values were analysed statistically by Students’ t-test by Mi-
crosoft Excel add-in program. Serum glutamic oxaloacetic 
transaminase/aspartate aminotransferase (SGOT/AST EC 
2.6.1.1) and serum glutamic pyruvic transaminase/alanine 
aminotransferase/serum glutamic pyruvic transaminase 
(SGPT/ALT EC 2.6.1.2) were determined by the protocol 
given by Reitman & Frankel (1957) using a commercial 
diagnostic kit (Merck, Germany). 

RESULTS

The sublethal concentrations of BPA did not cause mortality 
in H. fossils during the experimental period. Increased mucus 
secretion, altered swimming behaviour, and irritability were 
important changes noticed in some exposed fish during the 
experimental period. These alterations were severed at the 
end experimental periods and in fish exposed to higher doses.

Haematological parameters: The mean values of haemato-
logical parameters of H. fossils exposed to various sublethal 
concentrations of BPA are given in Table 1.  Results revealed 
that RBCs, HB and HCT were decreased significantly in 
fish exposed to BPA in all exposed fish in a dose-dependent 
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manner when compared to the control group (p < 0.05). 

The RBC count reduced significantly (p < 0.05) in the 
fish of Group II, III and IV with counts of 1.16 ± 0.08, 1.09 ± 
0.07, 1.65 ± 0.94 ± 0.06 and 1.31 ± 0.09 count × 106 mm3 for 
the control respectively. In contrast, the total WBC count was 
elevated significantly (p < 0.05) in all experimental fish in a 
dose-dependent manner. Similarly, a significant reduction in 
HB% and Hct% were found between the treated and control 
fish (p < 0.05).  Haematological indices like MCV, MCH, and 
MCHC are vital biomarkers in the diagnosis of anaemia type. 
The MCV and MCHC are the indicators of erythrocyte size 
and shape. Their values reflect the normal or abnormal cell 
division during erythropoiesis. In the present experiment, 
both MCV and MCH values in H. fossilis were increased 
in all experimental fish compared to the control group (p > 
0.05). Conversely, MCHC values decreased in exposed fish 
compared to the control (p < 0.05). 

Biochemical parameters: The mean values of serum bio-
chemical parameters of H. fossilis exposed to various suble-
thal concentrations of BPA for 21 days are given in Table 2. 
Significant differences were observed in serum total protein, 

albumin, globulin, creatine, uric acid, AST and ALT levels 
of fish exposed to BPA compared to control fish produced 
lowest values of those variables as compared with those of 
the control in dose dependent-manner (p < 0.05) (Table 2). 

Results evidently revealed a significant increase in 
plasma glucose (mg/L) concentrations in dose-dependent 
manner (p < 0.05). Conversely, the total plasma protein 
levels of H. fossilis exposed to sublethal concentrations of 
BPA shown a significant reduction (p < 0.05) compared to 
the control group. Likewise, both albumin, globulin and 
A:G ratio was also declined expressively in dose-depend-
ent manner (p < 0.05). The renal biomarkers of both urea 
and creatine levels were significantly (p < 0.05) increased 
in all experimental fish exposed to BPA. The activities 
of alanine aminotransferase (SGPT) and AST (SGOT) were 
significantly increased (p < 0.05) in all BPA exposed fish in 
dose dependent manner.

DISCUSSION

Haematological and serum biochemical parameters in 
fish have proved to be a valuable tool in ecotoxicological 

Table 1: Mean values (± standard error) of haematological parameters of H. fossilis exposed to BPA. 

Parameter (Group I Control) Group II Group III Group III

RBC (×106/mm3) 1.31 ± 0.09 1.16 ± 0.08* 1.09 ± 0.07* 0.94 ± 0.06**

WBC (×103/mm3) 188.4 ± 19.22 202.5 ± 19.4* 219.7 ± 22.3* 236.8 ± 23.8*

Hb (g/dl) 9.7 ± 0.9 9.0 ± 0.8 8.4 ± 0.7* 7.2 ± 0.6**

Hct (%) 33.2 ± 3.1 27.6 ± 2.1* 22.3 ± 2.4* 16.4 ± 1.4**

MCV (fl/cell) 172.30 ± 3.7 179.4 ± 5.2* 186.5 ± 6.5 194.7 ± 3.6**

MCH (pg/cell) 53.45 ± 2.6 56.6 ± 3.1* 63.6 ± 2.2 69.6 ± 1.8**

MCHC (g/dl) 268.8 ± 8.2 255.6 ± 7.7 228.8 ± 6.8* 198.7 ± 6.8**

Values are characterized as (mean ± SE) of six individual values. *Indicate values, those are significantly different from control and exposure (p < 0.05).

Table 2: The serum biochemistry of H. fossilis exposed to sublethal concentrations of Bisphenol A.

Parameter Group I  Control Group II Group III Group III

Plasma protein(µg/mL) 9.77±0.95 8.34±0.24* 6.56±0.63* 4.58±0.61**

Plasma glucose (mg/dL) 98.2±2.11 106.8±2.87* 124.5±3.69** 143.5±4.56**

Albumin (g/dL) 2.58± 0.08 2.18± 0.06* 2.07± 0.05 1.82± 0.04**

Globulin (g/dL) 3.23± 0.23 3.08± 0.22 2.84 ± 0.18* 2.46± 0.2**

A:G ratio 0.80± 0.02 0.70± 0.01* 0.72± 0.02* 0.74± 0.01

Creatinine (mg/L) 1.89 ± 0.02 2.1 ± 0.03* 3.4  ± 0.03** 4.9 ± 0.05**

Uric acid (mg/L) 5.71 ± 0.9 9.9 ± 0.8* 10.7 ± 0.8** 14.6 ± 1.2**

AST (SGOT) (U/L) 61.45± 1.1 72.3± 2.5* 86.6± 2.5 119.7± 3.7**

ALT (SGPT) (U/L) 30.2± 1.5 36.3± 2.5* 42.3 ± 3.1 51.4± 3.4**

Means within the same row carrying different *superscripts are significant at p < 0.05.
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research for evaluating the health status of fish exposed to 
various pollutants (Saravanan et al. 2011, Krishnapriya et al. 
2017, Kumar et al. 2019). BPA intoxication in fish known 
to induce negative impacts on fish health (Canesi & Fabbri 
2015, Cano-Nicolau et al. 2016, Pal & Reddy 2018, Wang 
et al. 2019).

In the present study, the total erythrocyte count, the Ht, 
and Hb percentage, and the secondary indices of RBCs of 
Heteropneustes fossilis exposed to BPA were significantly 
lower than that of the control group. The reduced RBC 
count generally also leads to low Ht and Hb levels (Javed et 
al. 2016). The reduction in RBC count, Hb and Ht specifies 
the anaemic condition of the exposed fish, which could be 
due to the damage of haemopoietic tissue (kidney/spleen) or 
inhibition of erythropoiesis. The dose-dependent decrease in 
haemoglobin concentration in experimental fish might be the 
consequence of injury or cellular damage or suppression of 
haemopoietic tissue of the fish (Kumar & Banerjee 2016). 
The obvious haemorrhage or haemolysis caused microcytic 
anaemia, as regenerating small and immature erythrocytes 
formed in response to BPA stress, constitute the majority of 
cells in outer circulation (Clauss et al. 2008). The anaemia 
in experimental fish might be due to decreased erythropoie-
sis caused by the intoxication of BPA on haematopoietic 
tissues (kidney/spleen). The results of the present study are 
in agreement with the result of Keum et al. (2005) in Korean 
rockfish, Sebastes schlegeli, Aiswarya & James (2016) in H. 
fossilis, and Yaghoobi et al. (2017) in yellowfin seabream 
(Acanthopagrus latus) and Krishnapriya et al. (2017) in 
Labeo rohita, exposed to various sublethal concentrations 
of Bisphenol A. The reduction in RBCs, Ht and Hb levels 
in BPA exposed H. fossilis indicate hypochromic microcytic 
anaemia (Narra et al. 2017) which might be due to both the 
inhibition of haemosynthesis, erythropoiesis or osmoregu-
latory dysfunction or rapid erythrocyte destruction in the 
haematopoietic organ (Narra et al. 2017, Kumar Maurya et 
al. 2019, Yonar et al 2020). In the same way, the substantial 
reduction in Hct value indicates the anaemic condition of 
the fish due to BPA toxicity, which is a common reaction 
in fish under stress conditions (Krishnapriya et al. 2017). 
The reduction in secondary indices of RBC specifies the 
shrinkage of RBCs due to the toxic stress prompted by BPA. 
The significant decrease in Hb percentage may perhaps lead 
to a reduction in MCHC value (Sarma 1990). The present 
experiment also exposed that the sublethal concentrations of 
the BPA may affect the Hb synthesis in H. fossilis resulting in 
a significant decrease of MCHC value. The higher values of 
MCV and MCH in the present study indicate the macrocytic 
condition and low values as microcytic conditions (Javed 
et al. 2016). In the present study, BPA exposure induced 
macrocytic anaemia as MCV values showed higher levels as 

compared to the control fish. The macrocytic anaemia occurs 
when a cell is unable to produce an adequate amount of DNA 
quickly as compared to cell growth (Javed et al. 2016). Our 
results are in agreement with the findings of Aiswarya & 
James (2016) and Yaghoobi et al (2017). The study of Keum 
et al. (2005) has demonstrated that BPA can induce adverse 
impacts on haematological parameters and serum biochemical 
parameters in the Korean rockfish, Sebastes schlegeli. The 
results of Krishnapriya et al. (2017) have shown that BPA 
exposure modifies the haematological and biochemical pa-
rameters in fish, L. rohita. Similarly, the study of Yaghoobi 
et al. (2017) also showed an inverse correlation of BPA with 
RBC, Ht, Hb, and secondary indices in yellowfin seabream 
(Acanthopagrus latus). Kumar Mourya et al. (2019) found 
a significant reduction in the RBC count, Hb and Hct per-
centage in H. fossilis exposed to the industrial wastewater 
at various concentrations. 

Leucocytes play a major role in the non-specific immu-
nity of the fish defence system. Assessment of total leuco-
cyte count (TLC) is acknowledged as an important tool for 
assessing fish health conditions (Maceda-Veiga et al. 2010). 
WBCs mainly involve in nonspecific immunity of fish. In the 
present experiment, the BPA intoxication caused a significant 
increase in the total WBC count of experimental fish in a 
dose-dependent manner, which might be a general immune 
response and a protective reaction to BPA stress. Another 
possible reason for an increase in total WBCs count is due 
to the BPA induced toxic stress which might stimulate the 
leucocytosis/lymphopoiesis from lymphomyeloid tissue for 
effective defence against BPA toxicity. The higher values 
of total WBC might be due to increasing lymphopoiesis 
and/or higher release of lymphocytes from lymphomyeloid 
tissue. Such response in fish happens due to tissue damage 
by the accumulation of toxic materials, which consequently 
stimulated the non-specific immune system to produce more 
number of leucocytes. The increase in total leucocytes count 
in the present experiment may be endorsed to an adaptive 
higher immune response to protect the fish effectively from 
the BPA induced stress. Our results are in agreement with 
the results of Kumar & Banerjee (2016) in Clarias batrachus 
exposed to sublethal concentrations of arsenic. The reduc-
tion in erythrocyte count and Hb concentration along with 
increased WBC count were also observed when the same fish 
was exposed to different concentrations of BPA (Aiswarya 
& James 2016 and Pal & Reddy 2018). Srinivasa Rao et al. 
(2018) also found decreased values of RBC, Hb, Hct, and 
increased values of WBC in the fish Ctenopharyngodon idella 
exposed to lethal and sublethal concentrations of synthetic 
pyrethroid deltamethrin and 11% Decis.

Serum biochemistry in fish is extensively used in the 
assessment of dietary status, health status, and the compe-
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tence of fish for adaptation to the external environment (Fırat 
et al. 2011, Acharya & Mohanty 2014, Sharma et al. 2017, 
Pandit & Rani 2019). In the present experiment, all the serum 
biochemical variables in fish were significantly affected by 
BPA treatment. In the present study, BPA treatment caused 
the elevation of glucose level and inhibition of total serum 
proteins in a dose-dependent manner in H. fossilis. The 
increase in plasma glucose level reflects the enhanced gly-
cogenolysis and inhibited glycolytic pathway in BPA treated 
fish. Our outcomes are analogous with those of Pal & Reddy 
(2018), Sisodia et al. (2018), in BPA exposed H. fossilis and 
El-Sayed et al. (2007) in Nile tilapia exposed to deltamethrin. 
The elevated levels of glucose in the present study might be 
due to the stress caused by BPA, which enhanced the syn-
thesis of adrenocorticotropic hormone (ACTH), glucagon, 
and decline in the synthesis of insulin (El-Sayed et al. 2007, 
Provvisiero et al. 2016). As a result, glycogen from hepatic 
tissue is rapidly converted into glucose and entered into 
blood circulation. Accordingly, the clarification of this BPA 
induced temporary stress effect in all experimental groups 
of H. fossilis may be endorsed to either reduction in the 
synthesis of the above-cited hormones or to higher energy 
demand, that stimulates the use and consumption of glucose 
(El-Sayed et al. 2007).

The protein synthesis is of great indicative importance 
as it is involved in the synthesis of enzymes, hormones and 
antibodies. Therefore, the effects of BPA on plasma total 
protein levels of H. fossilis have taken into consideration to 
assess the toxic effects of BPA. Serum total protein, albumin, 
and globulin experiments in fish are used to monitor the 
health status, liver disorder and impaired kidney function 
(Banaee 2013). In the present study, the values of serum total 
protein, albumin, and globulin were reduced significantly in 
fish exposed to BPA. The reduction in total serum protein, 
albumin, and globulin contents may be due to undernourish-
ment and chronic liver disease as in rainbow trout (Onco-
rhynchus mykiss) exposed to diazinon (Banaee et al. 2011). 
Other researchers also found in the reduction of serum total 
protein, albumin and globulin in the fish exposed to various 
pollutants (Bhanu & Deepak 2015, Javed & Usmani 2015, 
Javed et al. 2017, Banaee et al. 2019). The reduction in the 
serum total protein concentration is accredited to low syn-
thesis or increased loss of plasma proteins (hypoproteinemia) 
as in yellowfin sea bream, Acanthopagrus latus (Hedayati 
et al. 2011). Loss of protein, both albumin and globulin, 
occurs with haemorrhage and external injuries. The decrease 
of total serum protein, albumin, and globulin and albumin/
globulin ratio particularly at the higher BPA doses reflects 
the hepatic dysfunction and immunosuppressive effect of the 
BPA. The decrease in total protein content of exposed fish 
perhaps due to either ceased metabolism or use it to create 

new cells or enzymes to reduce the stress. Our results are 
in agreement with the findings of El-Sayed et al. (2007) in 
Nile tilapia, Oreochromis niloticus exposed deltamethrin and 
Hedayati et al. (2011) in yellowfin sea bream, Acanthop-
agrus latus exposed to mercury chloride. The decrease of 
total serum protein content in the present experiment could 
be due to the conversion of blood and structural proteins to 
meet the higher energy demands on exposure to different 
BPA concentrations. However, some researchers endorsed 
to liver disorder or/and renal excretion for the reduction of 
serum protein in fish (Mutlu et al. 2015). The reduction in 
serum total protein, albumin and globulin may perhaps also 
be due to a higher haemodilution under the toxic stress of 
BPA (Kumar et al. 2011).

It is observed that BPA exposure significantly increased 
serum AST, ALT, urea and creatinine values. The obtained 
outcomes perhaps due to the toxic effects of BPA, which is 
known to induce several pathological processes in different 
fish organs (Pal & Reddy 2018, Manisha Sisodia et al. 2018, 
Faheem et al, 2019). It is well-known fact that AST, and ALT, 
are often used as a diagnostic tool to identify the damage 
in various tissues caused by pollutants (McGill 2016, Lala 
& Minter 2018). The higher AST and ALT activities point 
out the higher rate of transamination of proteins and subse-
quent consumption of free amino acids in the glycogenic 
pathway. Pal & Reddy (2018) and Manisha Sisodia et al. 
(2018) have given evidence that even a moderately elevated 
level of AST in serum is linked with liver damage. Similarly, 
urea and creatinine are traditional diagnostic tools for renal 
structural integrity and function. The reactive oxygen spe-
cies (ROS) formed during BPA metabolism in can enhance 
the permeability of hepatic cells which results in leakage of 
AST, and ALT, enzymes into the blood circulation (Hamed 
& Abdel-Tawwab 2017, Pal & Reddy 2018, Sisodia et al. 
2018, Mahdavinia et al. 2019, Faheem et al. 2019). Faheem 
et al. (2019) reported a similar increase in serum AST and 
ALT activities in Catla catla exposed to BPA. Alterations in 
AST and ALT activities directly point out cellular damage 
in hepatic tissue (Pal & Reddy 2018, Sisodia et al. 2018). 

The values of serum creatinine and uric acid in verte-
brates reflect the status of renal health, function, and muscle 
health and purine metabolism (Hamed & Tawwab 2017). 
Glomerulus damage, impair metabolism of carbohydrates 
and increased damage of muscle tissue may cause increased 
creatinine levels in the blood (Hadi et al. 2009).  In the present 
study, a significant increase was recorded in serum creatinine 
and uric acid level of BPA exposed fish specifies that BPA 
affects muscle and purine (nucleic acid) metabolism as in 
Channa punctatus exposed to industrial effluent (Javed et 
al. 2016). This increase may also be due to the damage of 
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renal tubules. Degeneration and necrosis of glomerulus and 
a decrease in haematopoietic tissue in Catla catla after BPA 
exposure was reported by Faheem et al. (2019). This decrease 
in haematopoietic tissue may be a cause of an increase in 
serum uric acid. Similar results were reported in Nile tilapia 
(Oreochromis niloticus) exposed to copper sulphate (Mutlu 
et al. (2015), BPA exposed Nile tilapia, Oreochromis nilot-
icus (Abdel-Tawwab & Hamed 2018) and in Catla catla 
(Faheem et al. 2019). The toxic effect of BPA in the kidney 
is endorsed to its role in declining glomerular filtration rate 
(GFR) that is specified by a substantial increase in serum 
creatinine (Abdelkhalek et al. 2017). Faheem et al. (2019) 
observed a significant increase in serum urea and creatinine 
after BPA treatment in Catla catla. Jyothi & Narayan (2000) 
found a significant elevation in serum urea and creatinine 
after pesticide intoxication in a freshwater catfish, Clarias 
batrachus. Hamed et al. (2019) found a significant reduction 
in RBC’s count, Hb, Ht, MCHC, platelets, and WBC’s count 
and increase of creatinine, uric acid, AST, ALT, ALP, glucose, 
cholesterol, total protein, albumin, globulin, and A/G ratio in 
Nile tilapia (Oreochromis niloticus) exposed to microplastics 
for 15 days. The results confirm that BPA caused functional 
and structural damage in the kidney, which was reflected in 
the increased urea and uric acid levels with impairment in 
their excretion. 

CONCLUSIONS

The current study thus confirmed that haematological pa-
rameters are very responsive parameters for evaluating toxic 
responses of the fish following exposure to BPA. BPA in-
toxication reveals the anaemic condition in fish species. We 
believe that alterations in haematological indices and serum 
biochemistry may be a protective mechanism against BPA 
toxicity. Overall, the present study offers supplementary 
shreds of evidences for the usage of serum biomarkers in 
assessing the health of fish. The study also confirms the 
appropriateness of H. fossilis as experimental species and 
underlining the need for additional research to validate the 
presence of xenobiotics or other environmental toxins.  
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