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 Abstract: Endosulfan is the most commonly used polychlorinated pesticide against leptoteran and dipteran insects 

in cotton, grains and vegetable cultivations. Three different concentrations of Endosulfan (120 ppm, 150 ppm and 

180 ppm) toxicity was studied on freshwater adult female fish Oreochromis niloticus (n=6, 96 h). Erythrocytes, 

leucocytes, lymphocytes, haemoglobin and haematological indices (MCH, MCHC, MCV) were studied by standard 

procedures. Liver and muscle tissues biochemical (Total protein, Total glucose, Total cholesterol) and tissues 

damaging enzymes (AST and ALT) were analyzed. Triplicate results were statistically analyzed. Endosulfan treated 

O. niloticus hematological parameters revealed the significantly decreased blood cells and their indices than 

compared to the control fish. Decreased WBC and lymphocytes (P<0.05) with increased neutrophil in treated 

groups were due to the high impact stage in the tissues which resulted in the migration of phagocytic leucocytes to 

the affected tissues. Endosulfan treated fish biochemical levels were significantly (P<0.01) decreased due to cellular 

stress in liver and muscles. Increased tissue damaging enzyme indicated the high degree of cellular damages 

especially on the membrane system as well as altered cellular metabolism. Our study concluded that Endosulfan 

concentrations (120 ppm, 150 ppm and 180 ppm) showed toxic effect on the blood cells, liver and muscle tissues of 

freshwater female fish Oreochromis niloticus.  
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Introduction 

The primary cause of the pollution is by 

commercial, household, and agricultural 

operations (Christobher et al., 2016). For instance, 

each year, freshwater systems are exposed to 

nearly 300 billion kilograms of synthetic 

chemicals used in businesses and farming goods 

(Fernandes, 2011). Pesticides are used to prevent, 

reduce, eliminate, or limit the development of 

biological creatures that are not desirable. 

Sunlight (photodecomposition), elevated air or 

water temperature (thermal degradation), 

moisture, biological activity (microbial decay), and 

soil conditions can all cause pesticides to degrade. 

Some herbicides are more hazardous because they 

are accessible to aquatic creatures for a longer 

period of time and are therefore more persistent 

(long-lasting) (Kavita et al., 2021). Pesticides are 

readily mobile and transformable, allowing them 

to travel from one ecosystem to another 

(degradation) (Stahlschmidt et al., 2022). 

Whiteflies, aphids, leafhoppers, Colorado 

potato beetles, and cabbage worms are among the 

insect pests that are controlled with the help of the 

polychlorinated xenoestrogen poisonous pesticide 

endosulfan, which also has a high mortality rate 

(Santosh Kumar, 2022). Endosulfan acts as an 

aromatase inhibitor and endocrine disruptor in 

humans, causing persistent convulsions, headache, 

vertigo, and ataxia through either deliberate or 

unintentional consumption (Martin and Arivoli, 

2008; Morcillo et al., 2017). Because of their 

widespread use, these chemicals may have toxic 

impacts on the environment, the public, industrial 

employees, and outdoor applicators (Suganthi et 

al., 2015). The significant contamination of surface 

waterways by these contaminants has been well 

documented worldwide and is a significant 

problem on a local, regional, national, and 

international scale (Spalding et al., 2012). Fish 

make up a significant portion of the world's food 

supply, it is important to watch and safeguard 

them (Dhara et al., 2021). 

The most popular animal model for 

toxicological, metabolic, and chromosomal 

research is the freshwater fish Oreochromis 

niloticus (Casas-Solis et al., 2007). It demonstrated 

a variety of resilient traits with high toleration 

capacities for illness and environmental shifts 

(Giron-Perez et al., 2008). Fish have blood that 

makes up between 1.3 and 7% of their body 

weight (Fazio et al., 2013), and the haematological 

profile is frequently used as a marker of 

physiological stress responses in fish caused by 

endogenous or exogenous factors as well as being 

useful in determining the health status (Clauss et 

al., 2008; Moosaviand Shamushaki, 2015; Stalin et 

al., 2019). They react particularly to the quantity 

and kind of contaminants, fish biochemical 

markers were also used for tracking the aquatic 

environment and contamination (Glenn et al., 

2010; Suganthi and Sadiq Bukhari, 2016). This 

study examined the impact of endosulfan 

pesticides on the haematological andtissue 

biochemical characteristics of the female fish Nile 

tilapia Oreochromis niloticus. 

Materials and Methods 

Experimental animal and treatment: 

Adult freshwater female fish Oreochromis niloticus 

(18.2±1.5 g) was collected locally from a nearby 

waterway and acclimated to the laboratory 

conditions for one week. During acclimation 

period fish were given an artificial fish food 

(ground nut oil cake and rice bran). Every day, 

refuse products like faeces and remaining food 

were siphoned off. After acclimation, fish were 

divided into four groups (3 experimental and 1 

control group) each containing 6 female 

Oreochromis niloticus. 

Pesticide endosulfan (5%W/V) was bought 

from a neighbourhood pest control store. 

Experimental groups of female O. niloticus were 

exposed to endosulfan (120, 150, and 180 ppm). 

The control group (n=6) was not exposed to 

pesticide. The leftover food and faeces were 

siphoned off every day. The fish were chosen at 

random for further examination after 96 h. 
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Collection of blood and tissue samples: 

The cardinal vein's blood was drawn into 

eppendorf tubes (containing 0.1 ml of 2% EDTA) 

by using an insulin needle. After collection of 

blood, fish were dissected and tissues (liver and 

muscle) were collected from each group for 

further analysis of various parameters. 

Haematological and biochemical analysis: 

Standard techniques were used to analyse the 

RBC, WBC, lymphocytes, Hb, and haematological 

markers MCH, MCHC, and MCV of the control and 

treated fish (Chandrasekara and Pathiratne, 2005; 

Yonar, 2013; Ramesh et al., 2017). Standard 

methods were used to analyse the amounts of 

tissue damaging enzyme transaminase (AST and 

ALT) as well as biochemical parameters (total 

protein, total cholesterol and total glucose) in liver 

and muscle tissues (Almeida et al., 2001; 

Chowdhury et al. 2004; Bedi and Kenan 2005). All 

samples were estimated in triplicates. Using SPSS 

software (17.0), the triplicate results were 

examined for mean, SD and also to determine 

whether there was a difference between the 

control and treatment groups by ANOVA.  

Results  

Haematological parameters: 

Endosulfan treated O. niloticus heamatological 

parameters (mean±SD) revealed the significantly 

varied blood cells and their indices as compared to 

the control fish. Decreased RBC count was noticed 

in endosulfan treated groups as 1.10±0.02 (120 

ppm), 1.06±0.04 (150 ppm) and 1.00±0.09 (180 

ppm) million cells/cu.mm as compared to control 

(1.41±0.05 million cells/cu.mm) (Table 1). The 

packed cell volume (PCV) of the treated fish 

decreased progressively  (120 ppm- 7.33±1.21, 

150 ppm - 6.66±1.36 and 180 ppm-5.50±1.87%) 

(Table 1) as compared to the control fish 

(8.50±0.83%). The mean cell volume (MCV) was 

73.33±12.11 fl, 60.56±12.52 fl, 39.29±13.32 fl and 

mean cell haemoglobin (MCH) was 22.95±3.11, 

23.63±4.83, 21.40±3.52 pg after treatment with 

endosulfan-- 120, 150, 180 ppm, respectively. 

When compared to the control, treated fish MCV 

were greatly reduced whereas MCH were 

significantly increased (Table 1). The MCHC levels 

were observed as 31.75±4.85, 40.95±14.78 and 

63.41±34.74% for 120, 150 and 180 ppm 

endosulfan exposed fish, respectively.  

Increased Hb levels were recorded as 

2.29±0.31, 2.60±0.52 and 2.99±0.49 g/d for 120, 

150 and 180 ppm endosulfan treated fish, 

respectively. Oxygen carrying capacity of the fish 

RBC were measured as 2.86±0.18, 3.25±0.00 and 

3.73±0.00 mlO2gHb for 120, 150 and 180 ppm 

endosulfan exposed fish, respectively (Table 1). 

Decreased WBC levels were observed as 

48.11±0.001, 16.00±0.001 and 10.40±0.003 10-

3cells/cu. mm and lymphocyte levels were 

98.66±0.51, 95.16±1.72 and 94.83±1.32% for 120, 

150 and 180 ppm endosulfan treated fish 

respectively (Table 1). Increased neutrophils were 

observed in fish treated with endosulfan 120, 150 

and 180 ppm as 2.450±0.42, 2.96±0.34 and 

5.330±1.03%, respectively (Table1).  

Biochemical parameters: 

Various parameters such as biochemical (Total 

Protein, Total Glucose and Total Cholesterol), 

tissues damaging enzymes -- Aspartate 

transaminase and Alkaline transaminase) were 

analyzed in liver and muscle tissues of control and 

treated fish. In 120, 150 and 180 ppm endosulfan 

treated fish total protein levels were 0.70±0.01, 

0.50±0.01 and 0.29±0.01 g/dl for liver tissues; and 

0.40±0.01, 0.31±0.03 and 0.29±0.02 g/dl for 

muscle tissues, respectively (Fig. 1). 

In 120, 150 and 180 ppm endosulfan treated 

fish liver, total glucose levels were 70.15±4.16, 

44.21±0.14 and 29.87±0.79 mg/dl and cholesterol 

levels were 39.00±0.21, 29.33±2.05 and 

22.18±1.39 mg/dl, respectively which showed 

decreased values as compared to control (Fig. 1). 

In 120, 150 and 180 ppm endosulfan treated fish 

muscle total glucose levels were 38.19±0.46, 

31.99±0.35 and 25.06±0.22 mg/dl and cholesterol 

levels were 21.71±1.92, 18.09±0.71 and 

10.16±0.23 mg/dl, respectively (Fig. 1). AST (GOT) 

and  ALT  (GOT)  levels  in  liver  and muscles were  
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Table 1: Haematological analysis (mean±SD) of control and endosulfan treated female fish O. niloticus 

  

increased  after exposure of the fish to 120, 150 

and 180 ppm endosulfan (Fig. 1).  

Discussion 

Erythropoietin, which is made in the kidney, 

controls the erythropoietic activity in the majority 

of vertebrates, including fish (Gluszak et al., 2006). 

By encouraging hemopoietic stem cells to develop 

into erythroblasts, erythropoietin further 

encourages erythropoiesis which resulted in the 

increased RBC during stress conditions. According 

to Saha and Kaviraj (2009), the action of pesticide 

on the freshwater catfish Heteropneustes fossilis 

blood-forming organ  may be the cause of the drop 

in Hct in fish exposed to pesticides. This decrease 

in Hct was caused by a decrease in RBC count. Sub-

lethal lindane exposure to freshwater teleost 

Cyprinus carpio resulted in a declining trend in 

RBC, Hb, and Hct values (Ural, 2013). 

The condition of erythrocytes and other 

components required for the synthesis of 

haemoglobin can be determined by erythrocyte 

count and other red cell markers, which were used 

in toxicological assessments of fish (Ramesh and 

Saravanan, 2008; Oner et al., 2008; Nwani et al., 

2013). Congenital sphaerocyteosis causes changes 

in the MCHC in fish, which serve as a marker of 

haemoglobin variants in the blood (Sarma, 1990; 

Sobecka, 2001). Hypochronic mycrocytic anaemia 

is thought to be indicated by an increase in MCHC 

and a reduction of MCV (Prusty et al., 2011). 

According to Gallaugher and Farrell (1998), the 

haematocrit number, which reflects the blood's 

ability to transport oxygen, is related to the 

oxygen intake. A lower haemoglobin count 

indicates a drop in the production of haemoglobin. 

Fish with higher haematocrit levels have greater 

erythrocyte lysis rates as well (Martinez and 

Souza, 2002). 

Moosavi and Shamushaki (2015) reported the 

acute toxicity of nickel to the freshwater              

fish Carassius auratus and noticed decreased white  

Parameters 

Endosulfan treatment 

P value  
Control 120 ppm 150 ppm 180 ppm 

Total RBC count 

(million cells/cu. mm) 
1.41±0.05 1.10±0.02 1.06±0.04 1.00±0.09 

0.39 

(P<0.05) 

PCV (%) 8.50±0.83 7.33±1.21 6.66±1.36 5.50±1.87 
0.22 

(P<0.05) 

MCV (fl) 85.0±8.36 73.33±12.11 60.56±12.52 39.29±13.32 
1.24 

(P<0.05) 

MCH (pg) 20.03±4.36 22.95±3.11 23.63±4.83 21.40±3.52 
1.09 

(P<0.01) 

MCHC (%) 23.49±3.97 31.75±4.85 40.95±14.78 63.41±34.74 
3.28 

(P<0.05) 

Haemoglobin (gm/dl) 2.00±0.43 2.29±0.31 2.60±0.52 2.99±0.49 
1.11 

(P<0.05) 

Blood O2 Carrying Capacity (mlO2 gHb) 2.50±0.08 2.86±0.18 3.25±0.00 3.73±0.00 

1.20 

(P<0.05) 

Total WBC count (10-3 cells/cu. mm) 71.67±0.001 48.11±0.001 16.00±0.001 10.40±0.003 
2.00 

(P<0.05) 

Lymphocytes (%) 98.50±0.83 98.66±0.51 95.16±1.72 94.83±1.32 
13.21 

(P<0.05) 

Neutrophils (%) 1.15±0.19 2.45±0.42 2.96±0.34 5.33±1.03 
0.98 

(P<0.05) 
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Fig. 1: Biochemical and Transaminase enzymes analysis in liver and muscle of endosulfan treated fish. 

blood cell (WBC) count, haemoglobin (Hb), and 

hematocrit (Hct). Nickel-treated groups 

significantly outperformed the control group in 

terms of red blood cell (RBC) count, mean 

corpuscular haemoglobin (MCH), cortisol, and 

glucose levels, but significant differences in mean 

corpuscular haemoglobin concentration (MCHC), 

and mean corpuscular volume (MCV) were not 

observed.  

The current study also noted alterations in 

blood cell indices including MCH, MCH, MCHC and 

MCV. This might be as a result of the fact that they 

have a high sensitivity and can alter fish 

homeostasis irreversibly. RBC count, hemoglobin 

concentration, and packed cell volume changes are 

directly correlated with changes in these 

indicators. 
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Long-term (4 weeks) exposure of endosulfan 

(6.72 ppb) caused alterations in blood and organ 

chemistry parameters of the fish Barbus 

conchonius. Total lipids, cholesterol and protein 

levels in blood were reduced compared to 

unexposed controls (Gill et al., 1991). Reduced 

glucose and cholesterol levels in the pesticide 

treated freshwater fish organs were reported by 

Neeraj Kumar et al. (2011), Rahman et al. (2020) 

and Dawood et al. (2020). 

Protein reduction may be brought on by 

protein synthesis inhibition, protein denaturation, 

or a break in the production of amino acids. 

Additionally, the reduced protein levels in fish 

exposed to chlorpyrifos may be caused by a 

decrease in feed intake and subsequent 

degradation of these molecules as energy 

substrates to handle chlorpyrifos-induced stress 

(Cheema et al., 2014).  

In this study liver function, liver enzymes, and 

plasma proteins were all adversely affected by 

endosulfan. Fish treated with pesticides showed 

significant increases in serum transaminase levels. 

Serum ALT and AST levels are increased due to 

oxidative stress induced by pesticides treatment, 

which destroys the cell membrane of hepatocytes 

and releases these enzymes into the blood. ALT 

and AST levels showed significant increases in fish 

treated with pesticides profenofos (Rahman et al., 

2020).  

Based on the lethal concentrations studies 

(results not included in this work), three different 

concentrations were used in this study. Méndez-

Rivera (2022) reported the median lethal concentration (96 h) for β-endosulfan for the fish 

I. pseudopuma as 123.6 µg/l. Younis et al. (2012) 

reported significantly increased GOT and GST 

levels in zinc treated O. niloticus with short and 

long term sublethal exposure which indicates 

hepatic damage due to zinc accumulation which in 

turn releases these enzymes into the bloodstream. 

The rates of the tissue-damaging enzymes 

GOT, GPT, ALP, ACP, G6PHD, and LDH significantly 

elevated in O. mossambicus after paracetamol 

exposure (24 h) (Kavitha et al., 2011). Enzymes 

involved in the breakdown of amino acids include 

AST and ALT. Significantly increased ALP levels 

may be a sign of both renal and liver injury. An 

increase in AST levels has been shown to 

represent liver damage (Gill et al., 1990; 

Bhattacharya et al., 2005).  Similar findings were 

also observed in serum of C. carpio, Oreochromis 

niloticus exposed to endosulfan, Lufenuron, 

Deltamethrin (Hussein et al., 2019; Dawood et al., 

2020; Ghelichpour et al., 2020). 

Conclusion 

It is concluded that Endosulfan (120 ppm, 150 

ppm and 180 ppm) treatment caused toxic effect 

on the liver and muscle tissues of freshwater 

female fish Oreochromis niloticus. Treated fish 

tissues showed significantly reduced macro 

biomolecules (protein, glucose and cholesterol) 

which resulted in the altered cellular metabolism. 

Similarly, increased tissue damaging enzymes also 

revealed the endosulfan impact on fish tissues.  
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