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Abstract 
Rapidly evolving Technology has led to the introduction of several chemical substances for improved 

agricultural yields and protection from pests. Over the years the use of the pesticides has been limited due to 

lethality,accumulation in environmental organisms and persistence in the environment. In this work the effect of 

endosulfan a commonly used insecticide on the oxidative stress parameters of Catfish is studied. The sub lethal 

dose effect of endosulfan - pesticide (0.19, 0.48 and 0.95 mg/L) on the lipid peroxidation, superoxide dismutase, 

catalase,glutathione peroxidase, glutathione reductase and glutathione S transferase activity were investigated 

over a period of 21 days exposure in three replicates. The colorimetric analysis of the samples collected on day 

1,7,14 and 21 for lipid peroxidation, glutathione peroxidase, glutathione reductase, glutathione S 

transferase,catalase and superoxide dismutase showed significant increase in a time and concentration 

dependent manner. The Lipid peroxidation  increased from  (6.32±0.00
2b

 -6.64±0.00
3c

) at 0.19 mg/L, 

(6.26±0.00
3d

 –6.74±0.00
1b

) at 0.48 mg/L and  (6.32±0.00
2a

 –7.12±0.00
1a

) at 0.95 mg/L of endosulfan when 

compared with the control (5.16±0.48
2c

 –5.90±0.43
1d

); Superoxide Dismutase increased from  (11.12±0.00
3c

 -

12.31±0.00
2a

) at 0.19 mg/L, (11.16±0.10
2a

 –12.66±0.00
3b

) at 0.48 mg/L and  (11.05±0.00
2b

 –12.39±0.00
3d

) at 

0.95 mg/L of endosulfan when compared with the control (10.18±0.62
1c

 –10.14±0.51
2c)

; Catalase activity also 

increased from  (0.26±0.00
1a

 -0.49±0.00
3a

) at 0.19 mg/L,(0.34±0.00
2b

 –0.72±0.00
3b

) at 0.48 mg/L and  

(0.42±0.00
2c

 –0.76±0.00
3c

) at 0.95 mg/L of endosulfan when compared with the control (0.23±0.05
1b

 –

0.42±0.03
2b) 

;Glutathione Peroxidase increased from (8.12±0.00
2c

-10.12±0.00
2b

) at 0.19 mg/L,  (9.32±0.00
2a

 –

9.32±0.00
2a

) at 0.48 mg/L and  (9.36±0.00
2a

 –9.42±0.00
2a

) at 0.95 mg/L of Endosulfan when compared with the 

control (7.05±0.46
2b
–8.02±0.56

3a
); the  Glutathione Reductase  increased from (14.19±0.00

2b
 -14.19±0.00

2b
) at 

0.19 mg/L, (14.26±0.00
1c

 –19.41±0.00
2c

) at 0.48 mg/L and  (14.86±0.00
1d

 –20.64±0.00
2d

) at 0.95 mg/L of 

endosulfan when compared with the control (13.80±0.54
1a

 –13.97±0.42
1b)

; the  Glutathione S-Transferase  

increased from (3.29±0.00
2d

 -5.73±0.00
1b

) at 0.19 mg/L, (3.56±0.00
1a

 –8.28±0.00
2d

) at 0.48 mg/L and 

(3.36±0.00
1b

 –8.92±0.00
2c

) at 0.95 mg/L of endosulfan when compared with the control (2.78±0.51
3c

 –

4.71±0.62
1a)

respectively. The result suggests that endosulfan may induce oxidative stress that may overwhelm 

the antioxidant system of juvenile catfish especially at higher concentrations with long exposure. 
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I. Introduction 
The worlds’ population is increasing at an alarming rate and application of agrochemicals such as 

fertilisers and pesticides to increase food production and ensure the continuation of the human race becomes 

necessary
1
. Endosulfan (ladosulfan -trade name) is a broad-spectrum organo-phosphorous insecticide  which is 

one of the most frequently applied pesticides in agriculture for the protection against a wide variety of pests
2
. It 

is used widely in the rural communities and washed from nearby farmlands and accidental discharges into 

aquatic systems and contribute to long term eco-toxicological effects in the environment and particular to non- 

target aquatic organisms Due to affordability, availability and solubility of endosulfan,its utilization has 

increased in recent years in Africa.
3,4,5

. It then became necessary to study the effects of the insecticide on local 

species like catfish which will help in formulating the strategies for safeguarding aquatic organisms.  

Catfish (Claridae family, order siluriformes)has average length of 1-1.5 m, weigh up to 60 kg with flat 

body head, broad terminal mouth, four pairs of barbels and large shrub-like arborescent breathing organs made 

up of modified gill arches. They are found in freshwater, lakes, rivers and swamps and human made habitats 
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such as oxidative ponds and urban sewage system in Africa, the middle east, Brazil and Indonesia and are highly 

esteemed group of fishes, with high growth rate, commanding high market value as they form part of food 

chain, hardy in nature that enable them tolerate difficult aquatic conditions
6
. 

In Oxidative stress, cells are destroyed due to imbalance between the level of free radicals and the 

enzyme systems that neutralizes their effects
7
. Production of reactive oxygen species due to metabolism of 

pesticides attack biomolecules like lipids by oxidation, disrupts cellular redox status and may cause certain 

aging disease conditions
8
. When the environment is polluted,fish a biological indicator is used to determine the 

associated dangers in nearby water environments due to direct leaching effect on the agrochemicals or through 

the food chain of ecosystem indirectly
9
. The present study aims at determining the oxidative stress factors in 

juveniles of Clarias gariepinus exposed to endosulfan within 21 days. 

 

II. Materials and Methods 
Experimental fish and acclimatization:Four hundred and fifty juveniles of Clarias gariepinus were obtained 

from Sacentourist game village, Idemili LGA. Anambra state, Nigeria in 200 litre capacity plastic containers 

and transported to Applied Biology Special Laboratory ESUT,Agbani, Enugu State, Nigeria. The fish were 

acclimated to laboratory conditions for 14 days and fed with commercial feed (6 mm Coppens fish feed for 

agriculture). The container was cleaned and the water changed every morning during the acclimatisation. The 

fish was not fed for 48 hours before and during the exposure time. A triplicate set of 10 fish specimen was 

randomly exposed to different concentrations (0.19, 0.48 and 0.95 mg/L) of endosulfan in 10 litres of 

dechlorinated and aerated tap water to determine the 96hour lethal concentration (96h LC50) value. Based on 

the LC50 of endosulfan at 96hours, the effect of the sub-lethal concentrations of 0.19, 0.48 and 0.95 mg/L on 

the oxidative stress parameters for 1,7,14 and 21 days were determined with sets of 10 fish. Fish in tap water 

served as the control with (0.00mg/L) of endosulfan.  
 

Procedure Methodology 

The evaluation of oxidative stress parameters involves the determination of Lipid peroxidation (LPO) 

by measuring the malondialdehyde (MDA) formation as described by 
10

.Superoxide dismutase (SOD) activity 

was determined by measuring the inhibition of autoxidation of adrenaline at pH 10.2 at 30℃ as described by 
11

. 

Catalase (CAT) activity was assayed from the liver homogenate as described by 
12 

while the activity of 

glutathione peroxidase (GPX) was determined by monitoring the rate of NADPH oxidation at 340nm by the 

coupled reaction with the specific activity determined using the extinction 6.22mMcm
-1 13

. Glutathione reductase 

(GR) was estimated by measuring the rate of conversion of NADPH using the method of 
14

. Glutathione S-

transferase activity (GST) was measured by the extent of conjugation of reduced glutathione (GSH) with -1- 

chloro-2,4-dinitrobenzene (CDNB) and the proportionate change in the absorption was determined at 340 nm
15

. 

 

Statistical analysis: The statistical data were shown as the mean ± sem. The significant differences of the data 

were analysed using analysis of variance (ANOVA) from SPSS statistical package (version 17). 

 

III. Results 

In this study, the data showed that the oxidative stress parameters (LPO,SOD, CAT, GPX, GR, GST) 

significantly increased with time and concentration.  

Table 1 show the effects of sublethal concentrations of endosulfan on Oxidative stress parameters 

indices of  C.gariepinus at day 1, 7,14 and 21.The lipid peroxidation  increased from  (6.32±0.00
2b

 -6.64±0.00
3c

) 

at 0.19 mg/L , (6.26±0.00
3d

 –6.74±0.00
1b

) at 0.48 mg/L and  (6.32±0.00
2a

 –7.12±0.00
1a

) at 0.95 mg/L of 

endosulfan when compared with the control (5.16±0.48
2c

 –5.90±0.43
1d

); superoxide dismutase increased from  

(11.12±0.00
3c

 -12.31±0.00
2a

) at 0.19 mg/L  ,  (11.16±0.10
2a

 –12.66±0.00
3b

) at 0.48 mg/L and  (11.05±0.00
2b

 –

12.39±0.00
3d

) at 0.95 mg/L of endosulfan when compared with the control (10.18±0.62
1c

 –

10.14±0.51
2c)

.Catalase activity also increased from  (0.26±0.00
1a

 -0.49±0.00
3a

) at 0.19 mg/L, (0.34±0.00
2b

 –

0.72±0.00
3b

) at 0.48 mg/L and  (0.42±0.00
2c

 –0.76±0.00
3c

) at 0.95 mg/L of endosulfan when compared with the 

control (0.23±0.05
1b

 –0.42±0.03
2b) 

; glutathione peroxidase increased from ( 8.12±0.00
2c

 -10.12±0.00
2b

) at 0.19 

mg/L,  (9.32±0.00
2a

 –9.32±0.00
2a

) at 0.48 mg/L and  (9.36±0.00
2a

 –9.42±0.00
2a

) at 0.95 mg/L of endosulfan 

when compared with the control (7.05±0.46
2b

 –8.02±0.56
3a) 

; the  glutathione reductase  increased from 

(14.19±0.00
2b

 -14.19±0.00
2b

) at 0.19 mg/L,(14.26±0.00
1c

 –19.41±0.00
2c

) at 0.48 mg/L and  (14.86±0.00
1d

 –

20.64±0.00
2d

) at 0.95 mg/L of endosulfan when compared with the control (13.80±0.54
1a

 –13.97±0.42
1b)

 ; the  

glutathione S transferase  increased from (3.29±0.00
2d

 -5.73±0.00
1b

) at 0.19 mg/L  ,  (3.56±0.00
1a

 –8.28±0.00
2d

) 

at 0.48 mg/L and  (3.36±0.00
1b

 –8.92±0.00
2c

) at 0.95 mg/L of endosulfan when compared with the control 

2.78±0.51
3c

 –4.71±0.62
1a)

 respectively and  
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Table 1 Effect of sublethal concentrations of endosulfan on Oxidative stress parameters indices 

of C.gariepinus at day 1, 7,14 and 21 
Parameter  

 

Concentration(µg/l) 

                                               Exposure Duration (Days) 

 

 
LPO 

 

Mg/L DAY 1 DAY 7 DAY 14 DAY 21 

Control 5.16±0.482c 5.86±0.482c 5.87±0.401d 5.90±0.431d 

0.19 6.32±0.002b 6.42±0.002b 6.54±0.031b 6.64±0.003c 

0.48 6.26±0.003d 6.36±0.003d 6.41±0.002c 6.74±0.001b 

0.95 6.32±0.002a 6.42±0.002a 6.66±0.003a 7.12±0.001a 

 

SOD 

Control 10.18±0.621c 10.28±0.621c 10.36±0.923d 10.14±0.512c 

0.19 11.12±0.003c 11.19±0.003c 12.21±0.001c 12.31±0.002a 

0.48 11.16±0.102a 11.36±0.102a 11.44±0.021b 12.66±0.003b 

0.95 11.05±0.002b 11.12±0.002b 11.22±0.001a 12.39±0.003d 

 

 

CAT 

Control 0.23±0.051b 0.23±0.051b 0.39±0.123c 0.42±0.032b 

0.19 0.26±0.001a 0.36±0.001a 0.43±0.002b 0.49±0.003a 

0.48 0.34±0.002b 0.34±0.002b 0.51±0.001a 0.72±0.003b 

0.95 0.42±0.002c 0.45±0.002c 0.61±0.001a 0.76±0.003c 

GPX 

Control 7.05±0.462b 7.35±0.462b 7.42±0.981d 8.02±0.563a 

0.19 8.12±0.002c 9.12±0.002c 9.42±0.001c 10.12±0.002b 

0.48 9.36±0.002a 9.46±0.002a 9.54±0.001b 10.32±0.003c 

0.95 9.32±0.002a 9.36±0.002a 9.41±0.001a 9.42±0.002a 

 

GR 

Control 13.80±0.541a 13.88±0.541a 13.92±0.562a 13.97±0.421b 

0.19 14.19±0.002b 14.21±0.002b 16.33±0.003b 14.19±0.002b 

0.48 14.26±0.001c 14.28±0.001c 18.94±0.003c 19.41±0.002c 

0.95 14.86±0.001d 14.96±0.001d 20.36±0.003c 20.64±0.002d 

 

 

GST 

Control 2.78±0.513c 2.88±0.513c 3.08±0.572a 4.71±0.621a 

0.19 3.29±0.002d 3.50±0.002d 5.64±0.003b 5.73±0.001b 

0.48 3.56±0.001a 3.66±0.001a 8.24±0.003c 8.28±0.002d 

0.95 3.36±0.001b 3.86±0.001b 8.36±0.003d 8.92±0.002c 

Different alphabetic letters show significant difference (p˂0.05) among endosulfan 

Concentrations within the rows while different numeric superscripts indicate significant  

difference among durations of exposure within the horizontal as determined by Duncan’s Multiple Range. 
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IV. Discussion 
Biodegradation of xenobiotics releases free radicals which induce the antioxidant enzymatic systems to 

neutralize the toxic effects of the highly reactive species and safe the integrity of the cellular biomolecule 
16,17,18

. 

When the level of the radicals overwhelms the activities of the antioxidants, cellular oxidative stress sets in
19

.In 

this present study we show that endosulfan breakdown in the juvenile Clarias gariepinus probably release 

reactive oxygen species (ROS) scavenged by cellular antioxidants of the fish,with elevation of enzymatic 

activities to nullify the harmful effect of the excessive free radicals produced which is dependent on 

concentration and time of exposure. It was reported that lethality of foreign compounds to organisms is directly 

related to the concentrations, sex, developmental stages and exposure periods 
20

. 

The increase in LPO indicates an increase in level of free radicals produced by endosulfan.This result 

agrees with previous reports of increase LPO in zebrafish exposed to deltamethrin, atrazine and roundup 
21,22,23

. 

All acetylcholinesterase organophosphorus chemicals produce very reactive and non- selective hydroxyl radicals 

which attack most biomolecules 
24

. 

There was a significant increase (p<0.05) in GPX activity in the catfish compared to the control group. 

GPX uses reduced glutathione GSH to convert hydroperoxides to water neutralizing its harmful effect to the 

cell
25

. Contrary to this result,
26,27

 reported respectively decreased GPx activity in rainbow trout (Oncorhynchus 

mykiss) exposed to carbosulfan, and Clariasgariepinus exposed to fenthion respectively. 
28

observed an increased 

GPX activity in the liver and skin of exposed adult green toad.  

GR is an antioxidant enzyme that recycle oxidized glutathione GSSG to reduced formGSH which is 

non enzymatic antioxidant critical in controlling the lethal effects of induced free radicals by foreign chemicals 

in cells
27,29

.The present study indicated concentration and time dependent significant increase in the GR.Increase 

in the activity of GR indicates indirect increase in GSH levels suggesting elevated response by cells against 

endosulfan – induced free radical imbalance in the Catfish 
30

. 

There was a significant increase (p<0.5) in the GST values in the liver tissues of catfish exposed to the 

endosulfan at different concentrations and time. GST enzymes are involved in destroying the toxic effect of the 

foreign chemicals introduced to the cells from the environment, solubilizing the chemicals in water and 

subsequently detoxifying it thereby protecting the cells. The elevated level of GST activities observed in this 

study is similar to the reports of 
31,27

 on freshwater cyprinid crucian and African Catfish exposed to endosulfan 
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and fenthion respectively. Exposure of Rana esculenta to methoxychlor 
32

and green toad to deltamethrin 
28

also 

increased the GST activities. 

CAT activity also increased significantly in a concentration and time dependent manner. The enzyme 

catalyses the breakdown of hydrogen peroxide to water and oxygen within the cells. It helps the cell to develop 

tolerance against the stress induced in the presence of free radicals in the cells 
33

. The increase observed in the 

present study is contrary
34,35,36 

but agree with
28 

who observed increase CAT activities in the liver and skin of 

exposed adult green toad.  

In this work a significant increase in the SOD activities was observed. SOD converts highly reactive 

superoxide radicals to the less reactive hydrogen peroxide and oxygen in nearly all cells
30

. This indicates that 

exposure to endosulfan caused increased production of superoxide ions in the catfish cells leading to increased 

SOD activities dependent on concentration and time. This result agrees with the report of 
37,28

. They worked 

with Chinese Bufo bufo gargarizans tadpole exposed to spirotetramat in 4 days and green toad Bufotes viridis 

exposed to deltamethrin, respectively. 

 

V. conclusion 
In this work exposure of African Catfish to different concentrations of endosulfan with time increased 

the LPO and the activities of the enzymatic antioxidants which includes GPX, GR, GST, CAT and SOD in the 

treatment groups compared with the control. This result suggests that endosulfan can induce production of 

highly reactive species that may subsequently lead to oxidative stress when there is an imbalance in the oxidants 

and antioxidants ratio.This means that the use of endosulfan require regulation to prevent lethality to lives 

within and near the environment. 

 

Acknowledgement 
The authors wish to thank the Tertiary Education Trust Fund (TETFund) Nigeria, and the management of Enugu 

State University of Science and Technology (ESUT) for the grant received and the office space provided for the 

research. 

 

References 
[1]. WHO/UNICEF(2010). Joint Monitoring Programme (JMP) for Water Supply and Sanitation Progress on Sanitation and Drinking-

Water. 

[2]. PAN)/(IPEN), Pesticide Action Network / International POPs Elimination Network (2009). POPs Pesticides Working Group, 

Endosulfan in west Africa: Adverse Effects, its Banning, and Alternatives. 
[3]. Patočka,J., Wu, Q., França, T.C.C., Ramalho, T.C., Pita, R., Kuča,K (2016).Clinical Aspects of the Poisoning by the Pesticide 

Endosulfan.  Química.Nova. 39(8):987-994 

[4]. ATSDR (Agency for Toxic Substances and Disease Registry) (2015). Department of Health and Human Services, Public Health 
Service, Public Health Statement forEndosulfan. 

[5]. PAN (Pesticide Action Network) International (2008). Information for the consideration of Endosulfan, Provision of information to 

the Stockholm Convention Secretariat for use by the POPs Review Committee (POPRC). 
[6]. Plessi, C., Otachi. E.O., Korner, W., Avenant-Oldewage, A., Jirsa, F. (2017). Fish as bioindicators for trace element pollution from 

two contrasting lakes in the Eastern rift valley, Kenya: spatial and temporal aspects. Environmental Science and Pollution Research 

International 24: 19767-19776. 
[7]. Varo, I., Navarro, J.C., Amat, F., Guilhermino, L. (2003). Effect of dichlorvos on cholinesterase activity of the European sea bass 

(Dicentrarchulabrat). Pesticide Biochemistry, 75: 61-72. 
[8]. Weidinger, A., Kozlov, A.V. (2015). Biological activities of reactive oxygen and nitrogen species:oxidative stress versus signal 

transduction. Biomolecules. 5: 472-484. 

[9]. Blanco-Ayala, T., Anderica-Romero, A.C., Pendraza-Chaverri, J. (2014). New insights into antioxidant strategies against paraquat 
toxicity. Free Radical Research, 48: 623-640. 

[10]. Sharma, S.K., Krishna-Murti, C.R. (1968). Production of lipid peroxides by brain. Journal of Neurochemistry, 17: 147 – 149. 

[11]. Misra, P., Fridovich, N. (1972). The role of superoxide anion in the autoxidation of epinephrine and a simple assay for superoxide 
dismutase. Journal of Biological Chemistry, 247: 3170 – 3175, 

[12]. Aebi, H. (1984). Catalase in vitro. Methods in Enzymology, 105: 121 – 126. 

[13]. Lawrence, R.A., Burk, R.F. (1976). Glutathione peroxidase activity in selenium deficient rat liver. Biochemistry and Biophysics 
Research and Communication, 71: 952 – 958.  

[14]. Tayarani, I., Cloez, I., Clement, M., Bourre, J.M. (1989). Antioxidant enzymes and related trace elements in aging brain capillaries 

and choroid plexus. Journal of Neurochemistry, 53: 817 – 824.  
[15]. Habig,W.H.,Pabot,M.J.,Jarkoby,W.B. (1974). Glutathione S- transferase. The first enzymatic step in mercapturic acid formation. 

Journal of Biological Chemistry, 249:7130-7139. 

[16]. Chandra, K., Syed, S.A., Abid, M., Sweety, R., Najam, A.K. (2015). Protection Against Induced Oxidative Stress, Induced DNA 
Damage as a Model of Arthritis and In vitro Anti-arthritic Potential of Costus speciosus Rhizome Extract. International Journal of 

Research In Phytochemistry and Pharmacology, 7: 383-389. 

[17]. Pandey, A.K., Nagpure NS, Trivedi SP, Kumar R, Kushwaha B, Lakra WS. 2011. Investigation on  acute toxicity and behavioral 
changes in Channa punctatus (Bloch) due to organophosphate pesticide profenofos. Drug and Chemical Toxicology 34: 424–428. 

[18]. Schafer, F.Q., Buettner, G.R. (2001). Redox environment of the cell as viewed through the redox state of the glutathione 

disulfide/glutathione couple. Free Radical Biology and Medicine, 30: 1191-1212. 
[19]. Sinha, A.K. (1972).Colorimetric assay of catalase. Analytical Biochemistry, 47: 389-394. 

[20]. Blahova, J., Plihalova, L., Hostovsky, M.Divišová, L., Dobšíková,R.,Mikulíková, I., Štěpánová, S., Svobodová,Z.(2013). Oxidative 

stress responses in zebrafish Dianoreri after subchronic exposure to atrazine. Food and Chemical Toxicology, 61: 82-85. 

https://pubmed.ncbi.nlm.nih.gov/?term=Mikul%C3%ADkov%C3%A1+I&cauthor_id=23499751
https://pubmed.ncbi.nlm.nih.gov/?term=St%C4%9Bp%C3%A1nov%C3%A1+S&cauthor_id=23499751
https://pubmed.ncbi.nlm.nih.gov/?term=Svobodov%C3%A1+Z&cauthor_id=23499751


Toxic Effect of Endosulfan-Pesticide on oxidative stress parameters of Clarias Gariepinus juveniles 

DOI: 10.9790/2380-1309024853                                   www.iosrjournals.org                                           53 | Page 

[21]. Yuan,Y. Xu, S., Yao, C., Liu, Z., Li, X., Wang, Y. (2004). Effect of Herbicide Atrazine on the Antioxidant Enzymes(SOD,CAT and 

GSH-Px)of the Tadpoles of Rana daunchina Chang,Sichuan Journal of Zoology, 23:307-312. 

[22]. Modesto, K.A., Martinez, C.B. (2010). Effects of roundup transport of fish;hematology,antioxidant defences and 

acetylcholinesterase activity. Chemosphere, 81: 781-787. 
[23]. Landeros, C.R.,Díaz,C.E.B. and Bilyeu,B. (2018). Dissemination of Endosulfan into the Environment in persistent organic 

pesticides IntechOpen.http://dx.doi.org/10.5772/intechopen.8109. 

[24]. Mates, J.M.,Sánchez-jiménez, F. (1999).Antioxidant enzymes and their implications in pathophysiologic progress. Frontiers in 
Bioscience, 4:d339-345. 

[25]. Capkin,E.,Altinok, I. (2013). Effects of chronic carbosulfan exposure on liver antioxidant enzyme activities in rainbow trout, 

Environmental Toxicology and Pharmacology, 36(1): 80-87. 
[26]. Nwani; C.D., Somdare, P.O., Ogueji, E.O., Nwani, J.C., Ukonze, J.A. (2017). Genotoxicity assessment and oxidative stress 

responses in freshwater African catfish Clarias gariepinus exposed to fenthion formulations. Drug and Chemical Toxicology, 40: 

273 – 280.   
[27]. Radovanović, T.B., Nasia, M., Krizmanić, I.I., Prokić, M.D., Gavrić, J.P.,Despotović, S.G., Gavrilović, B.R., Borković-Mitić, S.S., 

Pavlović, S.Z., Saičić, Z.S. (2017). Sub- lethal effects of the Pyrethroid insecticides Deltamethrin on Oxidative stress Parameters in 

Green Toad (Bufotes viridis L.). Environmental Toxicology and Chemistry, 36: 2814-2822. 
[28]. Couto,N.A.S., Wood,J.,Barber,J. ( 2016). The role of glutathione reductase and related enzymes on cellular redox homoeostasis 

network, Free Radical Biology and Medicine, 95:27-42 

[29]. Ejilibe, C.O., Nwamba, H.O., Ani, C.L., Madu, J., Onyishi, G.C.(2018). Oxidative Stress Responses in Bufo regularis Tadpole 

Exposed to Butaforce® and Termex®. Journal of Fisheries and Livestock Production, 6: 270. doi: 10.4172/2332-2608.1000270 

[30]. Dar,S.A.,Yousuf, A.R.,Balkhi, M.H.,Ganai,F.A.Bhat,F.A. (2014).Investigation of the genotoxicity of endosulfan to freshwater 

Cyprinid fish Crucian carp (Carassius carassius L.) using the micronucleus and chromosomal aberration as biomarkers,The 
Nucleus, 57: 87–98. 

[31]. Czarniewska, E., Kasprzyk, A., Ziemnicki, K. (2003). Effect of paraquat and methoxychlor on antioxidant enzymes in frog rana 

esculenta. biological letters, 2: 125-133 
[32]. Hunt,C.R., Sim, J.E., Sullivan, S.J., Featherstone, T., Golden, W.,Kapp-Herr, C.V., Hock, R.A., Gomez, R.A.,Parsian, 

A.J.,Spitz,D.R. (1998).Genomic instability and catalase gene amplification induced by chronic exposure to oxidative stress. Cancer 

research, 58:3986-3992. 
[33]. Sharma, D.K., Ansari, B.A. (2013). Effects of deltamethrin on CAT, LPO and GSH in tissues of Zebrafish Danio rerio. Research 

Journal of Environmental Toxicology, 7: 38-46. 

[34]. Gultekin, F., Oziturk, M., Aklogan, M. (2000). The effect of organophosphate insecticide chlorpyrifos-ethyl on lipid peroxidation 
and antioxidant enzymes (in vitro). Archives of Toxicology,74: 533-538. 

[35]. Rosety, M.M., Rosety, R., Ordonez, F.J., Rosety, I. (2005). Time course variations of antioxidant enzyme activities and 

histopathology of gilthead seabream gills exposed to malathion. Histology and Histopathology, 20: 1017-1020. 
[36]. Yin, X., Yu, S.J., Zhu, G.N., Wu, M.H., Mao, C. (2014). Effects of spirotetramat on the acute toxicity, oxidative stress, and lipid 

peroxidation in chinese toad (Bufo bufo gargarizans) tadpoles. Environmental Toxicology and Pharmacology, 37: 1229-1235. 

 
 

http://en.cnki.com.cn/Journal_en/A-A006-SCDW-2004-03.htm
http://dx.doi.org/10.5772/intechopen.8109
https://www.sciencedirect.com/science/article/pii/S1382668913000823?via%3Dihub#!
https://www.sciencedirect.com/science/article/pii/S1382668913000823?via%3Dihub#!
https://www.sciencedirect.com/science/journal/13826689/36/1
https://www.researchgate.net/journal/0891-5849_Free_Radical_Biology_and_Medicine
about:blank
about:blank
about:blank
about:blank
about:blank
https://link.springer.com/journal/13237
https://link.springer.com/journal/13237

