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Abstract 
The oxidative stress indices lipid peroxidation (LPO), superoxide dismutase (SOD) and catalase (CAT) in juvenile 
Clarias gariepinus (average weight 200.15 g) exposed to sub - lethal dose 2.40mg/L and 4.98mg/L of glyphosate was 

investigated over a period of days 1,5,10 and 15 in three replicates. The colorimetric analysis showed increase in lipid 

peroxidation from 4.55 ±2.14a1 to 12.12± 10.00a1at 2.40mg/L but remain the same at 4.98mg/L (4.55±2.14a1) compared 

with control (3.03±0.01a1 to 1.51±2.14b1) from day 1 to 15. The SOD activity decreased significantly with time and 

concentration compared with control. The Catalase activity at day 15 decreased to 0.17±0.05a1 in 2.40mg/L but further 

increased to 0.28±0.05b1 in 4.98mg/L compared to 0.28±0.02a1 catalase activity as control. The result suggests that 

glyphosate induce oxidative stress that may overwhelm the antioxidant system in juvenile catfish especially at higher 

concentrations with long exposure. 
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1. Introduction 
Mans wholesome activities which are geared towards the provision of a better life for him have created severe 

imbalance in our ecosystem [1]. One of the important factors contaminating the natural habitat is agricultural 

pesticides. Though the use of herbicides to control weeds has been recognised worldwide as part of agricultural 

practices to improve agricultural production, the indiscriminate use of these herbicides, careless handling, accidental 

spillage or discharge of untreated effluents into natural water ways have harmful effects on the fish population and 

other aquatic organisms and may contribute to long term effects in the environment [2]. Glyphosate: N-

(phosphonomethyl)-glycine is an organophosphorus compound that exerts a non selective but broad-

spectrum systemic herbicidal effect [3]. It is specifically a phosphonate used to kill weeds, especially 

annual broadleaf weeds and grasses that compete with crops and it is also a crop desiccant [4]. As an analogue of 
phospoenolpyruvate,  it inhibits the plant enzyme 5-enolpyruvylshikimate-3-phosphate synthase that catalyses the 

reaction of shikimate-3-phosphate (S3P) and phosphoenol pyruvate to form 5-enolpyruvyl-shikimate-3-phosphate 

(ESP) [5]. In recent years, concern have increased worldwide about the potential wide ranging direct and indirect 

health effects of the large scale use of glyphosate [6].Xenobiotics like pesticides undergo several biochemical 

reactions generating reactive oxygen species which induce lipid peroxidation, alter cellular redox status and causes 

certain disease conditions associated with aging [7]. An imbalance in the production of reactive oxygen species and 

cellular antioxidant system results in oxidative stress leading to damages of the cells [8]. Amongst aquatic 

organisms, fishes are frequently employed as models in understanding oxidative stress in aquatic environments [9] 

and since they can bioaccumulate pollutants they can be used as biomarkers of aquatic pollution Plessi, et al. [10] 

and [11]. In this work we aim to determine the response of oxidative stress indices in juvenile Clarias gariepinus 

exposed to sub-lethal concentration of glyphosate.  
Clarias gariepinus is catfish located in Africa, the middle East, Brazil and Indonesia. It is of the Claridae family 

and found in fresh water, lakes, rivers and swamps and human made habitats such as oxidative ponds and urban 

sewage system. The adult fish has average length of 1-1.5m and can weigh up to 60kg with flat body head, broad 

terminal mouth with four pairs of barbels and large accessory breathing organs made up of modified gill arches [12]. 

 

2. Materials and Methods 
2.1. Experimental Fish and Acclimatization 

A total of 100 juveniles of C.gariepinus were obtained from Rojenny tourist game village, Idemili LGA. 

Anambra state, Nigeria and transported in well aerated 300 litre capacity plastic containers to Heildin fisheries 
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laboratory unit in Enugu state, Nigeria. The fish were acclimatised to laboratory conditions for 14 days and fed with 

commercial feed (6mm coppens fish feed for agriculture). The container was cleaned, dead fish removed and the 

water changed every morning. The fish was not fed for 48 hours before and during the exposure time. A set of 10 
experimental fish specimen was randomly exposed to different concentrations (18.5, 25.9 and 33.3 mg/L) of 

glyphosate in 10 litres of dechlorinated and aerated tap water to determine the 96hour lethal concentration (96h 

LC50) value. Based on the LC50 of glyphosate at 96hours, the effect of the sub-lethal concentrations of 2.40 and 4.98 

mg/L on the oxidative stress parameters for 1,5,10 and 15 days were determined with sets of 10 fish in triplicate. The 

control is fish in tap water without glyphosate. 

 

2.2. Asessment of Lipid Peroxidation (LPO)  
The LPO estimation was done using thiobarbituric acid reactive substance assay according to Buege and Aust 

[13].  Liver homogenate sample of (0.1ml) was added to 0.1ml of 150mM Tris-HCl (pH7.1), 1.5mM ascorbic acid 

and 1mM ferrous sulphate in a final volume of 1ml 10% trichloroacetic acid (TCA) and 2ml of 0.375% 

thiobarbituric acid were added and kept in boiling water for 15minutes.The content was centrifuged at 3000rpm for 

10minutes and the optical density was measured at 532 and 600nm. 

LPO = {[(532-600) nm/0.066] * 2 *10} mg/100g 

 

2.3. Assessment of Superoxide Dismutase 
1.2ml of solution A (50mM Dismutase (SOD), sodium carbonate in 0.1mM EDTA buffer, pH10.8), 0.5ml of 

solution B (96µM nitroblue tetrazolium - NBT) and 0.1ml of solution C (0.6% Triton x-100) were incubated at 37⁰C 

for 10minutes with the reaction initiated by adding 0.1ml of 20mM hydroxylamine HCL (pH6.0). The rate of NBT 

dye reduced by O2
- anion generated due to photoactivation of hydroxylamine HCL was recorded at 560nm for 

3minutes as blank while the SOD activity was determined by adding 0.1ml post mitochondrial supernatant (PMS) 

immediately after addition of hydroxylamine HCL to the reaction mixture, mixed thoroughly and the 50% inhibition 

in the rate of nitroblue tetrazolium (NBT) reduction by SOD present in the enzyme source was recorded at 560 nm 

for 3minutes [14].  

 

2.4. Assessment of Catalase 
The assay mixture used were made up of 2.9ml of 12.5mM H2O2, 0.067M phosphate buffer (pH7.0) and 0.01ml 

post mitochondrial supernatant (PMS) while distilled water is the blank. The decrease in absorbance/30sec at 240nm 

was measured for 3minutes [15, 16]. 

Catalase Activity (k) = (2.303/∆ T) α (Log A1/A1A2) k/min 

 

2.5. 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). 

 

3. Results 
From table 1; Lipid peroxidation (LPO) values increased from 3.03±0.01a1 to 4.55±2.14a1at 2.40 and 4.98mg/L 

glyphosate in Day1 respectively. There was also further increase in peroxidation in Day15 from 1.51±2.14b1 to 

12.12±0.00a1at 2.40mg/L and 4.54±2.14a1 at 4.98mg/L glyphosate compared to control respectively. Within the 

exposure time, 2.40mg/L glyphosate induced peroxidation reaction more (4.55±2.14a1 to 12.12±0.00a1) unlike the 
4.98mg/L glyphosate where the reaction was the same compared with the control. 

Superoxide dismutase (SOD) activity significantly decreased from 0.28±0.00b1 to 0.03±0.02b2 at 2.40mg/L and 

0.29±0.01a1 to 0.04±0.01b2 at 4.98 mg/L with time and concentration of glyphosate compared with control 

0.49±0.02
a1

 to
 
0.05±0.01

a1 
. 

Catalase (CAT) value significantly decreased from 0.44±0.07a1 to 0.17±0.05a1 at 2.40mg/L and 0.51±0.19b1 to 

0.28±0.05b1 at 4.98mg/L compared to the control (0.22±0.14a1 to 0.28±0.02a1) with time. The CAT values 

significantly increased in days 1 to 10 compared with the control as the concentration of glyphosate increased. At 

day 15, the CAT activity remain the same as control at 4.98mg/L 

 

4. Discussion 
Reactive oxygen species [4] which include hydrogen peroxide (H2O2), superoxide anion and hydroxyl radicals 

are generated by many mechanisms in organisms under physiological conditions [17, 18].Pesticide can induce 

production of ROS which results in lipid peroxidation, protein oxidations, modulation of gene expression, alterations 
of redox status and certain disease conditions [7, 19]. The peroxidation of lipid is particularly damaging because of 

the formation of aldehyde - products of ω3 and ω6 of polyunsaturated fatty acid [17].  In this present study we 

demonstrated that increasing the concentration of glyphosate induced lipid peroxidation significantly compared with 

the control. Prolonged exposure to glyphosate increased lipid peroxidation significantly at 2.40mg/L (4.55±2.14a1 to 

12.12±0.00a1) compared with control (3.03±0.01a1 to 1.51±2.14b1). Though further increase in the concentration of 

gyphosate to 4.98mg/L increased peroxidation reaction to 4.55±2.14
a1

 compared with control, there was no change 

ultimately in the lipid peroxidation with time (Table 1). Previous works reported elevated lipid peroxidation in fish 

exposed to different herbicides [20, 21] and other toxicants [22, 23]. 
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Through different mechanisms, reactive oxygen species [4] are generated continually and antioxidant enzymatic 

systems protect the organisms from the toxic effects of the free radicals by scavenging the ROS [24](. Superoxide 

dismutase (SOD) enzymes which are crucial and acts everywhere as antioxidant that check the steady-state levels of 
O2·

− [25] protect the cells from the lethality of superoxide radical [26]. The data in this study showed that the SOD 

was inhibited significantly with increase in concentrations of glyphosate and time. Yin, et al. [27], reported altered 

SOD activity in Chinese toad tadpoles exposed to spirotetramat within 15 days. Excessive production of free radicals 

and raised hydrogen peroxide level in the cell may damage the SOD protein whereby inducing inhibition of SOD 

activity [28].The catabolism of hydrogen peroxide by Catalase decreased significantly within the 15 days exposure 

of the juvenile catfish at both sub-lethal concentrations of glyphosate. Mekail and Sharafaddin [29], reported 

decreased activity in CAT with weaning rats treated with diazinon, carbaryl and cyhalothrin. However, with increase 

in concentration of glyphosate, the catalase activity increased at days1 and 10 significantly compared with the 

control. Radovanović, et al. [30], reported an increase in CAT activities of adult green toad exposed to 

delthamethrin. 

In this work, increase in peroxidation of lipids indicates that the rate in production of reactive oxygen species 
may have increased [31]. These ROS can induce oxidation of biomolecules whereby damaging compounds such as 

proteins, nucleic acids, and lipids if not scavenged by the antioxidant system [32]. Direct damage of protein (SOD 

and CAT) structure by ROS generated by glyphosate in this work may be responsible for the decrease in activities of 

the antioxidants. Moreover, due to limited capacity of the antioxidants in fish to neutralise the effects of the free 

radicals, production of ROS may overwhelm their removal in the tissues and cells of exposed subjects [33, 34].  

 

5. Conclusion 
This result suggests the exposure of catfish to the sublethal concentrations of glyphosate over time will activate 

lipid peroxidation and alter the antioxidant system with the onset of oxidative damage of macromolecules perhaps 

due to the overwhelming presence of reactive oxygen species generated. 

 
Table-1. The values of oxidative stress indices of Clarias gariepinus   exposed to different concentrations of Glyphosate 

Oxidative stress indicators Day 1 Day 5 Day 10 Day 15 

LPO Mg/100g     

Control 3.03±0.01a1 4.54±2.14a1 3.03±0.00a1 1.51±2.14b1 

2.40mg/L 4.55±2.14a1 3.03±0.00a2 6.06±8.57b1 12.12±0.00a1 

4.98mg/L 4.55±2.14a1 6.06±0.00a1 3.03±0.00b1 4.54±2.14a1 

SOD K/min     

Control 0.49±0.02a1 0.48±0.01b2 0.78±0.38b1 0.05±0.01a1 

2.40mg/L 0.28±0.00b1 0.02±0.01b2 0.27±0.01b1 0.03±0.02b2 

4.98mg/L 0.29±0.01a1 0.19±0.01a2 0.24±0.24b2 0.04±0.01b2 

Catalase k/min     

Control 0.22±0.14a1 0.37±0.17b1 0.22±0.70b1 0.28±0.02a1 

2.40mg/L 0.44±0.07a1 0.41±0.14a1 0.69±0.13b1 0.17±0.05a1 

4.98mg/L 0.51±0.19b1 0.32±0.02b1 0.46±0.19b1 0.28±0.05b1 

 
The values with different alphabetic (lower case) superscripts differ significantly (P < 0.05) between different 

exposure periods within the same concentration. Values with different numeric superscripts differ significantly (P < 

0.05) between different concentrations within the same exposure duration. 
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