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The primary objective of this study was to elucidate the haematological and biochemical 

alterations induced by the toxic effects of parathion pesticide under controlled laboratory 

conditions. Significant declines were observed in Red Blood Cell (RBC) count 

Haemoglobin (HB) and Haematocrit (HTC) levels as compared to control. Conversely, 

Mean Corpuscular Haemoglobin (MCH) pg, Corpuscular Haemoglobin Concentration 

(MCHC) exhibited substantial increases. An appreciable elevation in Mean Corpuscular 

Volume (MCV) reaching 175 fl, 186 fl, and 280 fl, was noted, in contrast to the control 

value of 165 fl. Biochemical parameters, including protein, glycogen, and cholesterol, 

demonstrated significant decreases. Concurrently, an elevated trend was observed in 

blood glucose levels (31.05, 42.2, and 51.03 mg/dl), compared to the control group 

(27.51) mg/dl, with these increases corresponding to the concentration and duration of 

exposure. The findings of this study underscore the value of haematological and 

biochemical indicators as reliable measures to detect the impacts of chemical pollutants, 

such as pesticides, on organism health. 
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1. INTRODUCTION

Parathion, or Dimethyl-(4-nitrophenoxy)-Sulfanylidene-5-

phosphane, is a highly toxic organophophorous insecticide 

primarily employed for the control of agricultural pests. This 

pesticide is characterised by its short-term, high toxicity 

exposure, typically through inhalation, leading to skin, 

respiratory, and nervous system injuries [1, 2]. Prolonged 

exposure, termed "long-term effects," often results in 

decreased cholinesterase enzyme levels, fainting, and 

headaches. Furthermore, the Environmental Protection 

Agency (EPA) has classified parathion as a carcinogen [3]. 

The aquatic environment is frequently subject to pollution 

resulting from human activities, most notably through direct 

discharge, such as factory waste, or indirect routes, such as 

runoff from agricultural lands where pesticides are applied to 

eliminate pests [4, 5]. Misapplication of pesticides by farmers 

often results in only half of the applied amount reaching the 

target pests, while the remainder contributes to environmental 

pollution. These pollutants, often transported by storms and 

rainwater, pose significant risks to major water bodies [4]. 

Pesticides' detrimental effects on non-target organisms have 

been well-documented [6, 7]. Fish, being integral components 

of the food web, provide a valuable metric for assessing 

environmental impacts of pollutants. They serve as effective 

bioindicators owing to their ability to reflect the level of 

harmful substances in water and provide early warnings of 

effluent toxicity [8]. 

The introduction of pesticides and other chemical and 

organic pollutants into water bodies alters their quality and 

reduces their capacity to support life, particularly during 

periods of reproduction or migration. Hence, fish are 

commonly used for water quality assessments, especially in 

the presence of a multitude of known and unknown pollutants. 

Haematological and biochemical tests on laboratory animals 

offer precise and rapid determinations [9-11]. 

Acute concentrations of pesticides' survival and metabolic 

effects have been the focus of numerous studies. These studies 

often analyse changes in the blood parameters of fish exposed 

to waterborne pollutants and pesticides over time. Changes in 

haematological processes act as a negative reflex and an 

indicator of the fish's exposure to rapid stresses [12]. Moreover, 

alterations in protein, glycogen, lipids, and enzymes in fish 

tissues or blood are considered crucial indicators of fish health 

[13, 14]. Chronic effects, such as changes in tissues and 

enzymatic structure, result from the accumulation of pesticides, 

particularly in highly sensitive fish species [15, 16]. 

Thus, the current study investigates the effects of the 

organophophorous pesticide Methyl parathion (O, O-dimethyl 

O-4-nitrophenyl phosphorothioate) on haematological and

biochemical variables during a 15-day period of long-term

exposure to sub-lethal concentrations of the pesticide.

2. MATERIALS AND METHODS

2.1 Collection samples 

Barabus Luteus were collected from the Shatt-Arab bank 

north of Basra governorate, then transferred to the laboratory 

for one week to acclimatise them to appropriate laboratory 

conditions such as temperature and ventilation before being 

used for experiments. The fish were placed in a plastic tang 

tank with a capacity of 250 litters. The fish were 10 ± 3 gm in 

weight and 12 ± 3 in length. The fish are acclimated to 

laboratory conditions at temperatures between 26 ± 28 for a 
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period of one week only. The acclimatization tanks were 

provided with aeration devices to follows the fishes to settle 

into laboratory conditions have no signs of stress. After a week, 

they are distributed to the experiment ponds in five 

replications, each of which contains five samples. 

 

2.2 Experimental design 

 

After the acclimation period, the concentrations of 

Parathion pesticide were prepared at 0.25, 0.5, and 0.75 mg/L. 

The concentrations of pesticides in this experiment are 

designed depending on the mitigation equation (C1V1 = C2V2) 

and the percentage of the active ingredient installed on a 

container of parathion pesticides, which is 50%. These 

concentrations were chosen according to the value of the lethal 

concentrations (LC50 = 0.955 mg/L) as the experimental fish 

were exposed to five replicates containing five samples of fish 

for a period of 15 days for exposure to sub lethal 

concentrations of parathion. The fish are also exposed to sub-

lethal concentrations for a period of semi-chronic exposure 

estimated at 15 days in order to clarify the effects on blood 

ratios and chemical measurements after the end of the period. 

The measurements are taken from the experimental fish. 

Blood samples were taken by drawing blood with a special 

pipette in order to calculate blood parameters (RBC, HB, HCT, 

MCV, MCH, and MCHCH). Estimation of RBC using a 

hemocytometer or Neubauer chamber, followed by blood 

drawn from the caudal area of the fish and diluted by RBC 

fluid of formalin-citrate, then placed in a cytometer with a 

slide cover using the Blaxhall and Daisley [17] method. 

Estimate of haemoglobin by the cyanmethemoglobin method 

using Drabkins' reagent [18]. 

 

2.3 Biochemical samples 

 

Its including:  

Estimation of glycogen 

10 mg of liver were taken for 15 samples from the 

experimental replicates of the fish Barabus Luteus exposed to 

sub lethal concentrations of parathion, the tissues were 

thoroughly crushed in 10 ml of trichloroacetic acid. The 

solution was placed in a centrifuge for 20 minutes at a speed 

of 3500 rpm. 2 ml of filtrate was taken, and 6 ml of acid was 

added to it (H2SO4 concentrate). The test tube was kept in 

water for 6 minutes after the formation of the colour. We 

measured its optical density busing a spectrophotometer with 

a wavelength of 515 nm. The glycogen level is calculated by 

Srinivasan and Krishnaswamy [19].  

Estimation of cholesterol 

A certain amount of tissue liver weight by an exact weight. 

After crushing the tissue with a known 10 ml amount of 

acetone and leaving the solution in the test tube for 2-3 hours, 

the cholesterol is extracted. The tube is placed in the centrifuge 

for 5 minutes. The filtrate is transferred to another test tube 

and evaporated to complete drying by water bath with a 

temperature of 100℃ to complete dryness in a water bath, the 

extract of tissue cholesterol is dissolved in 5 ml of chloroform, 

and 2 ml of anhydrous acetate mixture 0.1 ml of H2SO4 

concentrate is added to it, and it is left in a dark shade for 8 

minutes after the formation of the color. The sample is 

measured by spectrophotometer, with wave length of 620 nm, 

the cholesterol value calculated from the stranded. Estimation 

of protein: the tissues (10 mg) were homogenized in 80% 

methanol, centrifuged at 3500 rpm for 15 minutes, and the 

clear supernatant was used for the analysis of total proteins. 

Total protein concentration was estimated by the method of 

Lowry [20]. 

Estimation of glucose 

Blood samples are taken using a needle syringe, and the 

blood is transferred to a glass tube containing heparin, which 

is placed in the centrifuge at 400 rpm for 15 minutes at 4℃, 

after which the plasma is separated for glucose according to 

the method described by Haider and Rauf [21]. 

 

 

3. RESULTS AND DISCUSSION 

 

The results of haematological and biochemical analyses are 

analysed using one-way ANOVA to determine significant 

differences in blood and chemical parameter values compared 

to the control. The SPSS programme used the mean S.D. of all 

statistical measurements the probability level (P<0.05). The 

results demonstrate the differences in blood parameters under 

sub lethal concentrations of parathion pesticides. 

 

 
 

Figure 1. Influence of parathion at 0.25, 0.5, and 0.75 mg/L 

after 15 days of exposure on haematological variables in 

Barbus Luteus fish 

 
Table 1. Effect of parathion on hematological variables of Barbus Luteus fish at 0.25, 0.5, 0.75 mg/L after 15 days of exposure 

 
Parameters  Control  0.25mg/L 0.5mg/L 0.75mg/L 

Erythrocytes (106mm3) 3.27±2.2 2.57±0.41 2.16±0.12 1.11±0.52 

HB % 10.31±1.7 8.2±0.8 6.61±1.03 3.01±0.02 

HCT % 51.32±3.05 30.01±2.2 14.31±1.3 7.05±0.14 

MCV (fl) 165±2.7 175±4.13 186.2±5.0.1 280±6.31 

MCH (pg.) 55.43±3.2 42.15±2.17 39.17±1.03 27.2±0.04 

MCHC % 0.20±0.35 0.27±0,22 0.38±0.51 0.44±0.02 
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Regarding Erythrocytes, the number of R.B.C. count in the 

control group was 3.27 (106 mm3), whereas erythrocyte count 

decreased (2.57, 2.16, 1.11 106 mm3) due to concentrations of 

0.25, 0.5, and 0.75 mg/L, respectively, compared to an increase 

in concentrations of parathion pesticide after 15 days of exposure, 

as shown in Table 1 and Figure 1. 

Furthermore, the average haemoglobin concentration was 

recorded in the control (10.31%), but a significant reduction due 

to parathion pesticide application resulted in values (8.2, 6.61, 

and 3.01%) after 15 days of exposure, as shown in Table 1. 

On the other side, the average values of HTC were recorded 

in the control samples, its numerical value (51.32). In the treated 

samples exposed to sub lethal concentrations for a period of 15 

days, a significant decrease was found in all samples, each 

according to the concentration exposed to it. Table 1 shows the 

values (30.01, 14.31, and 7.05%). 

The sub lethal effects of parathion pesticide concentrations 

(0.25, 0.5, and 0.75 mg/L) on the average volume of recorded 

cells (M.C.V.) showed a significant increase with the increase in 

pesticide concentrations, as its levels reached (175, 186, and 280 

fl) compared with the control (165 fl), as for the mean 

measurement of red cell haemoglobin (M.C.H.), where the count 

showed a significant decrease as its rates increased. Also 

increased are the levels of 0.27, 0.38, and 0.44% compared to 

the control (0.20%). 

Hematological indicators are considered one of the important 

physiological factors in determining the extent of susceptibility 

to pollutants in fish and other organisms [22]. The rest indicators 

are impacted by the violation of the blood and standard 

indicators. Therefore, the emphasis on the safety of red blood 

cells, haemoglobin values, and the increased of anaemia by 

decrease the R.B.C count and HB values have a significant 

impact on the safety of the circulatory system, and during 

exposure to pollutants like pesticide pollutants, the extent of 

damage increases with concentration and period. After 15 days 

of exposure to sub lethal concentrations of the 

organophophorous pesticide Parathion, we estimated the 

haematological and biochemical parameters of the freshwater 

fish Barabus Luteus. Based on the above results, it was found in 

this study that there was a significant decrease in the values of 

blood cells and haemoglobin values compared to the control, and 

this was confirmed by Khan et al. [23] in their study on fish 

(Labeo rohita) exposed to the pesticide Cypermethrin and also 

indicated by Nagaraju et al. [24]. 

Many scientists looked into what happened to the fish's blood 

and cells when they were exposed to water pollutants like 

pesticides. For example, Ghayyur et al. [25] indicated during 

their study on blood variables, decreases in RBC, HB, and HCT 

values were found. In another study, Ghafari Farsani et al. [26] 

noted that there are differences in the blood profile of 

Hetropoheutes fossiillis due to exposure to pesticides and 

industrial irregularities. Other studies by Satheeshkumar et al. 

[27] and Alwan et al. [28] reported a drop in the blood profile. 

Many environmental stresses that fish face cause changes in 

blood parameters, so there was a significant decrease (P <0.05) 

in packed cell volume (PCV), red blood cells (RBC), and 

haemoglobin (HB) in the current study, which is similar to the 

study by Adewumi et al. [29] on blood parameters of fish 

(Clarias ariepinus) exposed to pesticide (Chlorpyrifos). It was 

also shown from the tables that the hematocrit values started to 

decrease. This result is consistent with what was observed by 

Amaeze et al. [30]. RBCs are a type of blood cell that are 

abundant due to the function of hemoglobin.  

They are the main means of carrying oxygen to tissues of the 

body, and this is how the environment and its accessories affect 

blood variables, including red blood cells, which leads to a 

decrease in number and in turn leads to a decrease in 

haemoglobin and causes anaemia. This is what is observed in 

many studies such as El-Bouhy et al. [31], as the red blood cells' 

cytoplasm is rich in haemoglobin, which contains an iron 

molecule that binds it to oxygen. It can transport oxygen. Here, 

chemical pollutants like pesticides reduce the number of red 

blood cells to make them unable to carry oxygen to the tissues 

of the body, which is obvious by Alishahi et al. [32], from the 

reduction in the oxygen consumption of the fish. At the time of 

exposure, and this could be due to shrinkage of the respiratory 

epithelium or possibly due to mucus accumulation on the gills. 

Al-Otaibi et al. [33] discovered a significant increase in the 

number of hematocrit cells. The hematocrit values also showed 

that they began to decline as concentrations increased. This 

result is consistent with what was noticed by Maurya et al. [34] 

when recording the HCT values of fish (Heteropneustes fossilis) 

during exposure to toxic concentrations of pesticide. However, 

the current study recorded a significant increase in the average 

red cell size (MCV) when long-term exposure to parathion 

pesticides at the three concentrations (pesticides from industrial 

waste water) occurred. To say that the type of anaemia for the 

above concentrations is large for the current study and that the 

causes of anaemia can also be determined by red blood cell size 

values, it is described as anaemia caused by iron deficiency [35]. 

Under the chronic effects of Parathion, the average red blood 

cell size of the Barabus Luteus fish increases significantly. The 

average value of MCH was used to identify the type of anaemia 

in terms of the abundance of haemoglobin pigment; when it is 

high, it is called hyperchronic anaemia. And when it is low-term 

hypochromic anemia, there is a significant decrease (P <0.05) in 

the value of MCH red cells exposed to sub-lethal concentrations 

of parathion organophophorous pesticide, where the presenters 

agreed that the pesticide effect caused hyperchronic anemia. 

This indicated that the pesticide Seven caused a significant 

decrease in the values of MCH corpuscular haemoglobin [36]. 

Also, this decrease is the result of the damage caused by 

pesticides; as a result of estimating the values of MCHCH, a 

significant reduction was observed, and this is similar to what 

was found in other studies. 

The biochemical changes were studied because it is the most 

important function in achieving the biochemical activations in 

the body, whether in humans or animals, including fish. 

 

 
 

Figure 2. Effect of sub-lethal concentrations pesticide on 

glycogen content in the liver freshwater fish Barabus Luteus 

after 15 days of exposure 
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The result showed a significant decrease in liver glycogen 

level observed during exposure to sub lethal concentrations of 

parathion pesticide (0.25, 0.5, and 0.75 mg/L), the values were 

as follows: 5.12, 3.17, and 1.21%, as shown in Figure 2, 

compared with control (7.18%). 

The results confirmed that there was a significant decrease in 

the level of liver protein according to the concentration values 

(18.05, 15.17, and 11.05%), where the values indicated a 

significant reduction compared to what was recorded by the 

control (22.33%), as shown in Figure 3. 
 

 
 

Figure 3. Effect of sub-lethal concentrations pesticides on 

protein content in the liver of freshwater fish Barabus Luteus 

after 15 days of exposure 
 

According to the current study estimation, the glucose value 

in the blood increased with a significant increase in pesticide 

concentration (31.05, 42.2, and 51.03 mg/dL) compared to the 

group control (27.51 mg/dL), as shown in Figure 4. 
 

 
 

Figure 4. Effect of sub-lethal concentrations pesticide on 

glucose content in the blood of freshwater fish Barbus Luteus 

after 15 days of exposure 

 

 
 

Figure 5. Effect of sub-lethal concentrations pesticides on 

cholesterol content in the blood of freshwater fish Barabus 

Luteus after 15 days of exposure 

Significant decreases were observed in cholesterol values in 

the liver of fish (8.96, 4.32, and 3.19%) in comparison with the 

control (12.78%), as shown in Figure 5. 

Pollutants are negative factors affecting the aquatic 

environment, so they cause a lot of stress on the organism's 

tissues, and biochemical processes such as protein, glucose, 

glycogen, and cholesterol respond [37]. 

According to the data presented above, the present 

investigation discovered a statistically significant drop in protein 

levels in Barabus Luteus fish after subjecting them to sub-lethal 

quantities of parathion insecticide for a period of 15 days. 

Accordingly, the decrease was proportional to the amount of 

concentration, which is in line with what Tasneem and Yasmeen 

[38] found to be the case. Pesticides influence the metabolic 

pathways of glycogen levels in the liver of Barabus Luteus fish 

through their effect on degrading enzymes such as lactate 

dehydrogenase. The proteolysis of protein into amino acids in 

order to use them in metabolism processes may be the reason for 

the reduction. Therefore, pesticides make it more difficult for 

these enzymes to do their jobs, which in turn decreases the liver's 

capacity to store energy. According to Prakash [39], a decrease 

in glycogen leads to hypoxia as a result of the low energy 

required to start breathing. As a result, the body turns to 

anaerobic respiration in order to speed up the processes of 

glycogenesis.  

As for the blood glucose level tests, the results of the present 

study showed that they varied depending on the concentrations 

and the exposure period. An increase in glucose values was 

observed when compared to the control, which is similar to what 

Somaiah et al. [40] discovered for an increase in the 

concentration of glucose in the blood due to the surrounding 

conditions that intake the fish responded to the toxic pollutants.  

Kamalaveni et al. [41] indicated during their study found 

increased activity of glucose-6-phosphate dehydrogenase in 

various tissues of the Cyprinus carp carpio fish with confirmed 

the decrease in succinat ehydrogenase and increase in glycogen 

was observed in Labeo rohita on exposure to Malathion. 

Therefore, a reduction in energy requirements is due to the need 

to resist the effects of environmental hazards that cause a change 

in the biochemistry of fish. The results of the present study 

varied a decrease in cholesterol values in the liver of fish 

exposed to three sub-lethal concentrations, this indicated the 

reason for lowering cholesterol and inhibiting its effectiveness. 

Amin and Hashem [42] showed that the reason for the reduction 

of cholesterol in the liver is to take advantage of fats by 

substituting them for glucose and glycogen as a source of energy. 

All results are in agreement with the findings of many studies to 

achieve biochemical responses to various fish under the 

influence of organophosphate pesticides Baldissera et al. [43]. 

 

 
4. CONCLUSIONS 

 

Under laboratory conditions, the current study aims to 

investigate the haematological and biochemical changes in 

response to the toxic effects of parathion pesticide. The present 

study found significant differences in some haematological and 

biochemical parameters when exposed to sub lethal of parathion 

concentrations for 15 days. These changes in the vital values that 

are related to the metabolic activity of the animal are indicators 

of environmental pollution and the life of living organisms such 

as fish, which is an important component of food safety in 

human nutrition and health. 

With the growth of the (M.C.H) concentrations and the 
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(M.C.H.C) concentrations, several blood parameters indication 

reveals substantial declines in blood indicators, R.B.C., HB, and 

HTC when compared with control. In comparison to the control, 

the current results demonstrate a considerable rise with high 

concentrations (M.C.V.) reaching 175 fl, 186 fl, and 280 fl (165 

fl). The outcomes also showed that some biochemical variables, 

including protein, glycogen, and cholesterol, had significantly 

decreased. As concentrations and exposure times rose, the 

results also showed a substantial rise in blood glucose levels 

(31.05, 42.2, and 51.03) mg/dl in comparison to the group 

control (27.51) mg/dl. One of the best indications of exposure to 

the toxicity of chemical pollutants, including pesticides, is 

thought to be haematological and biochemical indicators. 

 

 

REFERENCES  

 

[1] Rauf, A. (2015). Acute toxicity and effects of malathion 

exposure on behavior and hematological indices in Indian 

carp, Cirrhinus mrigala (Hamilton). International Journal 

of Aquatic Biology, 3(4): 199-207. 

https://doi.org/10.22034/ijab.v3i4.98 

[2] Venkataraman, G.V., Sandhya Rani, P.N. (2013). Acute 

toxicity and blood profile of freshwater fish, Clarias 

batrachus (Linn.) exposed to malathion. Journal of 

Academia and Industrial Research, 2(3): 200-204.  

[3] Metcalf, R.L., Horowitz, A.R. (2014). Insect control, 1. 

fundamentals. Ullmann’s Encyclopedia of Industrial 

Chemistry, 1-23. 

https://doi.org/10.1002/14356007.a14_263.pub2 

[4] Betts, J.T., Mendoza Espinoza, J.F., Dans, A.J., Jordan, 

C.A., Mayer, J.L., Urquhart, G.R. (2020). Fishing with 

pesticides affects river fisheries and community health in 

the Indio Maíz Biological Reserve, Nicaragua. 

Sustainability, 12(23): 10152. 

https://doi.org/10.3390/su122310152 

[5] Muñoz Gamboa, P.S. (2021). Assessing management of 

Nicaragua’s Caribbean region protected areas using remote 

sensing: The Indio Maíz biological reserve. Doctoral 

dissertation, Ohio University.  

[6] Akter, R., Pervin, M.A., Jahan, H., Rakhi, S.F., Reza, 

A.H.M., Hossain, Z. (2020). Toxic effects of an 

organophosphate pesticide, envoy 50 SC on the 

histopathological, hematological, and brain 

acetylcholinesterase activities in stinging catfish 

(Heteropneustes fossilis). The Journal of Basic and 

Applied Zoology, 81(1): 47. 

https://doi.org/10.1186/s41936-020-00184-w 

[7] Dutta, H.M., Arends, D.A. (2003). Effects of endosulfan on 

brain acetylcholinesterase activity in juvenile bluegill 

sunfish. Environmental Research, 91(3): 157-162. 

https://doi.org/10.1016/S0013-9351(02)00062-2 

[8] Hill, M.K. (2020). Understanding Environmental Pollution. 

Cambridge University Press. 

https://doi.org/10.1017/9781108395021 

[9] Ahmad, Z. (2012). Toxicity bioassay and effects of sub-

lethal exposure of malathion on biochemical composition 

and haematological parameters of Clarias gariepinus. 

African Journal of Biotechnology, 11(34): 8578-8585. 

https://doi.org/10.5897/AJB12.226 

[10] Zhang, L.Z., Zhang, T., Zhuang, P., Zhao, F., Wang, B., 

Feng, G.P., Song, C., Wang, Y., Xu, S.J. (2014). 

Discriminant analysis of blood biochemical parameters at 

different developmental gonad stages and gender 

identification for controlled breeding of A mur sturgeon (A 

cipenser schrenckii, B randt, 1869). Journal of Applied 

Ichthyology, 30(6): 1207-1211. 

https://doi.org/10.1111/jai.12584 

[11] Ahmad, Z., Al-Balawi, H.A., Al-Ghanim, K.A., Al-Misned, 

F., Mahboob, S. (2021). Risk assessment of malathion on 

health indicators of catfish: Food and water security 

prospective research. Journal of King Saud University-

Science, 33(2): 101294. 

https://doi.org/10.1016/j.jksus.2020.101294 

[12] Amin, K.A., Hashem, K.S. (2012). Deltamethrin-induced 

oxidative stress and biochemical changes in tissues and 

blood of catfish (Clarias gariepinus): Antioxidant defense 

and role of alpha-tocopherol. BMC veterinary research, 

8(1): 45. https://doi.org/10.1186/1746-6148-8-45 

[13] Zakęś, Z., Demska-Zakęś, K., Szczepkowski, M., 

Rożyński, M., Ziomek, E. (2016). Impact of sex and diet 

on hematological and blood plasma biochemical profiles 

and liver histology of pikeperch (Sander lucioperca (L.)). 

Fisheries & Aquatic Life, 24(2): 61-68. 

https://doi.org/10.1515/aopf-2016-0003 

[14] Srivastava, P., Singh, A., Pandey, A.K. (2016). Pesticides 

toxicity in fishes: Biochemical, physiological and 

genotoxic aspects. Biochemical and Cellular Archives, 

16(2): 199-218.  

[15] Heger, W., Jung, S.J., Martin, S., Peter, H. (1995). Acute 

and prolonged toxicity to aquatic organisms of new and 

existing chemicals and pesticides: 1. Variability of the 

acute to prolonged ratio 2. Relation to logPow and water 

solubility. Chemosphere, 31(2): 2707-2726. 

https://doi.org/10.1016/0045-6535(95)00127-T 

[16] Ansari, B.A., Ahmad, M.K. (2010). Toxicity of synthetic 

pyrethroid Lambda cyhalothrin and neem based pesticide 

Neem gold on Zebra fish Danio rerio (Cyprinidae). Global 

Journal of Environmental Research, 4(3): 151-154.  

[17] Blaxhall, P.C., Daisley, K.W. (1973). Routine 

haematological methods for use with fish blood. Journal of 

Fish Biology, 5(6): 771-781. 

https://doi.org/10.1111/j.1095-8649.1973.tb04510.x 

[18] Dacie, J.V., Lewis, S.M. (1995). Practical Haematology. 

Churchill Livingstone, ELSEVIER. 

[19] Srinivasan, V.V., Krishnaswamy, S. (1961). A simple 

method of determination of glycogen content of marine 

animals. Current Science, 30(9): 353-354.  

[20] Ko, H.D., Park, H.J., Kang, J.C. (2019). Change of growth 

performance, hematological parameters, and plasma 

component by hexavalent chromium exposure in starry 

flounder, Platichthys stellatus. Fisheries and Aquatic 

Sciences, 22(1): 9. https://doi.org/10.1186/s41240-019-

0124-5 

[21] Haider, M.J., Rauf, A. (2014). Sub-lethal effects of 

diazinon on hematological indices and blood biochemical 

parameters in Indian carp, Cirrhinus mrigala (Hamilton). 

Brazilian Archives of Biology and Technology, 57: 947-

953. https://doi.org/10.1590/S1516-8913201402086 

[22] Waterborg, J.H. (2009). The Lowry method for protein 

quantitation. The Protein Protocols Handbook, 7-10. 

https://doi.org/10.1007/978-1-59745-198-7_2 

[23] Khan, N., Tabassum, S., Ahmad, M.S., Norouz, F., Ahmad, 

A., Ghayyur, S., Ur Rehman, A., Khan, M.F. (2018). 

Effects of sub-lethal concentration of cypermethrin on 

histopathological and hematological profile of rohu (Labeo 

rohita) during acute toxicity. International Journal of 

Agriculture & Biology, 20(3): 601-608. 

1059

https://doi.org/10.1016/j.jksus.2020.101294


 

https://doi.org/10.17957/IJAB/15.0527 

[24] Nagaraju, B., Hagos, Z., Chaitanya, K., Krishnan, G., Teka, 

Z., Mulugeta, M. (2017). Toxic effect of profenofos on 

blood parameters in the freshwater fish, Labeo rohita 

(Hamilton). Innovat International Journal of Medical & 

Pharmaceutical Sciences, 2(2): 14-18.  

[25] Ghayyur, S., Tabassum, S., Ahmad, M.S., Akhtar, N., 

Khan, M.F. (2019). Effect of chlorpyrifos on hematological 

and seral biochemical components of fish Oreochromis 

mossambicus. Pakistan Journal of Zoology, 51(3): 1046-

1052. 

https://doi.org/10.17582/journal.pjz/2019.51.3.1047.1052 

[26] Ghafari Farsani, H., Hedayati, S.A., Zare Nadimi Bin, N., 

Azizpour, S., Shahbazi Naserabad, S. (2016). Effects of sub 

lethal concentrations of pesticide malathion on hematology 

parameters of rainbow trout (Oncorhynchus mukiss). 

Journal of Oceanography, 7(27): 1-9. 

[27] Satheeshkumar, P., Ananthan, G., Senthilkumar, D., Khan, 

A.B., Jeevanantham, K. (2012). Comparative investigation 

on haematological and biochemical studies on wild marine 

teleost fishes from Vellar estuary, southeast coast of India. 

Comparative Clinical Pathology, 21: 275-281. 

https://doi.org/10.1007/s00580-010-1091-5 

[28] Alwan, S.F., Hadi, A.A., Shokr, A.E. (2009). Alterations in 

hematological parameters of fresh water fish, Tilapia zillii, 

exposed to aluminum. Journal of Science and its 

Applications, 3(1): 12-19.  

[29] Adewumi, B., Ogunwole, G.A., Akingunsola, E., Falope, 

O.C., Eniade, A. (2018). Effects of sub-lethal toxicity of 

chlorpyrifos and DDforce pesticides on haematological 

parameters of Clarias gariepinus. International Research 

Journal of Public and Environmental Health, 5(5): 62-71. 

https://doi.org/10.15739/irjpeh.18.010 

[30] Amaeze, N.H., Komolafe, B.O., Salako, A.F., Akagha, 

K.K., Briggs, T.M.D., Olatinwo, O.O., Femi, M.A. (2020). 

Comparative assessment of the acute toxicity, 

haematological and genotoxic effects of ten commonly 

used pesticides on the African Catfish, Clarias gariepinus 

Burchell 1822. Heliyon, 6(8): e04768. 

https://doi.org/10.1016/j.heliyon.2020.e04768 

[31] El-Bouhy, Z.M., Reda, R.M., El-Azony, A.E. (2016). 

Effect of copper and lead as water pollutants on 

ectoparasitic infested Oreochromis niloticus. Zagazig 

Veterinary Journal, 44(2): 156-166. 

https://doi.org/10.21608/zvjz.2016.7858 

[32] Alishahi, M., Mohammadi, A., Mesbah, M., Razi Jalali, M. 

(2016). Haemato-immunological responses to diazinon 

chronic toxicity in Barbus sharpeyi. Iranian Journal of 

Fisheries Science, 15(2): 870-885. 

[33] Al-Otaibi, A.M., Al-Balawi, H.F.A., Ahmad, Z., Suliman, 

E.M. (2018). Toxicity bioassay and sub-lethal effects of 

diazinon on blood profile and histology of liver, gills and 

kidney of catfish, Clarias gariepinus. Brazilian Journal of 

Biology, 79: 326-336. https://doi.org/10.1590/1519-

6984.185408  

[34] Maurya, P.K., Malik, D.S., Yadav, K.K., Kumar, A., 

Kumar, S., Kamyab, H. (2019). Bioaccumulation and 

potential sources of heavy metal contamination in fish 

species in River Ganga basin: Possible human health risks 

evaluation. Toxicology Reports, 6: 472-481. 

https://doi.org/10.1016/j.toxrep.2019.05.012 

[35] Yanga, Z.H., Chenb, Y.L., Verpoortc, F., Donge, C.D., 

Chene, C.W., Kaof, C.M. (2021). Application of in situ 

chemical oxidation to remediate sulfolane-contaminated 

groundwater: Batch and pilot-scale studies. Desalination 

and Water Treatment, 223: 136-145. 

https://doi.org/10.5004/dwt.2021.27110 

[36] Vali, S., Mohammadi, G., Tavabe, K.R., Moghadas, F., 

Naserabad, S.S. (2020). The effects of silver nanoparticles 

(Ag-NPs) sublethal concentrations on common carp 

(Cyprinus carpio): Bioaccumulation, hematology, serum 

biochemistry and immunology, antioxidant enzymes, and 

skin mucosal responses. Ecotoxicology and Environmental 

Safety, 194: 110353. 

https://doi.org/10.1016/j.ecoenv.2020.110353 

[37] Banaee, M., Tahery, S., Nematdoost Haghi, B., Shahafve, 

S., Vaziriyan, M. (2019). Blood biochemical changes in 

common carp (Cyprinus carpio) upon co-exposure to 

titanium dioxide nanoparticles and paraquat. Iranian 

Journal of Fisheries Science, 18(2): 242-255.  

[38] Tasneem, S., Yasmeen, R. (2020). Biochemical changes in 

carbohydrate metabolism of the fish–Cyprinus carpio 

during sub-lethal exposure to biopesticide–Derisom. 

Iranian Journal of Fisheries Sciences, 19(2): 961-973. 

https://doi.org/10.22092/IJFS.2018.116876 

[39] Prakash, S. (2020). Toxic effect of chlorpyrifos pesticides 

on the behaviour and serum biochemistry of Heteropnetues 

fossilis (Bloch). International Journal on Agricultural 

Sciences, 11(1): 22-27.  

[40] Somaiah, K., Satish, P.V.V., Sunita, K., Nagaraju, B., 

Oyebola, O.O. (2014). Toxic impact of phenthoate on 

protein and glycogen levels in certain tissues of Indian 

major carp Labeo rohita (Hamilton). IOSR Journal of 

Environmental Science, Toxicology and Food Technology 

(IOSR-JESTFT), 8(9): 65-73.  

[41] Kamalaveni, K., Gopal, V., Sampson, U., Aruna, D. (2001). 

Effect of pyrethroids on carbohydrate metabolic pathways 

in common carp, Cyprinus carpio. Pest Management 

Science: formerly Pesticide Science, 57(12): 1151-1154. 

https://doi.org/10.1002/ps.395 

[42] Amin, K.A., Hashem, K.S. (2012). Deltamethrin-induced 

oxidative stress and biochemical changes in tissues and 

blood of catfish (Clarias gariepinus): antioxidant defense 

and role of alpha-tocopherol. BMC veterinary research, 8: 

45. https://doi.org/10.1186/1746-6148-8-45 

[43] Baldissera, M.D., Souza, C.F., Zanella, R., Prestes, O.D., 

Meinhart, A.D., Da Silva, A.S., Baldisserotto, B. (2021). 

Behavioral impairment and neurotoxic responses of silver 

catfish Rhamdia quelen exposed to organophosphate 

pesticide trichlorfon: Protective effects of diet containing 

rutin. Comparative Biochemistry and Physiology Part C: 

Toxicology & Pharmacology, 239: 108871. 

https://doi.org/10.1016/j.cbpc.2020.108871 

 

1060




