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Abstract 
In the present study, activity of catalase (CAT), total antioxidant (TA), glutathione (GSH) and malondialdehyde (MDA) 

content in gills, liver and kidney tissues were measured after the grass carp (Ctenopharyngodon idella) exposure to 3, 6 and 
15 mg/L atrazine for 10, 20 and 30 days. A significant increase in TA levels was observed in kidney of fish exposed to 
atrazine during experimental periods. TA in liver of fish exposed to 15 mg/L atrazine were significantly higher than control 
group on day 20 and 30. However, CAT activity (on day 10 and 20) and GSH levels  (on day 30)  increased in liver and 
kidney of fish exposed to 15 mg/L atrazine, no significant changes were observed in CAT activity and GSH levels in gills of 
fish. Although there were no significant changes in MDA levels in liver and kidney during experimental periods, MDA 
levels significantly increased in gills of fish exposed to 15 mg/L atrazine on day 30. Increased antioxidant capacity and 
decreased oxidative stress risk in grass carp after exposure to atrazine may be related to the fish diet. Our results show that 
fish fed with alfalfa may increase the efficiency of the antioxidant defense system against oxidative stress.  
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1 Introduction1  

Khuzestan Province is one of the most important 
agricultural centers in Iran [1], because a significant 
proportion of Iran's freshwater resources are located in 
this province. The application of various pesticides and 
chemical fertilizers in Khuzestan Province is much 
higher than international standards. Therefore, without 
any doubt it can be claimed that the province's surface 
water and groundwater is contaminated with different 
pesticides [2, 3, 4]. However, there is little information 
about the contamination of surface water and 
groundwater with various pesticides in Khuzestan 
Province. Contamination of surface waters and 
underground waters in this province is a serious threat to 
residents' health and aquatic ecosystems.  

Atrazine (2-chloro-4-ethylamino-6-isopropyl-amino-
1,3,5-triazine) is the most widely used agricultural 
herbicide in Khuzestan Province, Iran. Although atrazine 
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is relatively persistent in freshwater, its half-life in fresh 
water depending on physio-chemical conditions of the 
water varies from 8 to 350 days [5, 6]. Since Khuzestan 
Rivers are important habitats for freshwater fishes in 
Iran, pollution of river water with this herbicide may 
have negative effects on the health and survival of fish. 
Reproductive disorders including histopathological 
changes in testis and sex steroids and alterations in 
hepatic metabolism and oxidative stress were reported in 
fish after exposure to atrazine [6, 7, 8, 9, 10].  

Like other pesticides, atrazine may be absorbed 
through the gills, skin and digestive system in fish. After 
this herbicide enters the fish body, atrazine is degraded 
by cytochrome P450 in the Phase I of detoxification, and 
its metabolites are excreted from body after conjugation 
with glutathione in the Phase II of detoxification [10]. 
So, decreased cellular glutathione levels and increased 
active metabolites of atrazine during detoxification 
process may cause oxidative stress in different tissues of 
fish.  

Grass carp (Ctenopharyngodon idella) is one of the 
most important cultured fish in Iran. Also grass carp and 
other species belonging to the family Cyprinidae are 
found in most rivers in Iran, so it is an appropriate model 
species to study the toxicity of pesticides. Therefore, the 
aim of this study is to identify the changes found in some 
biomarkers of oxidative stress in different tissues of grass 
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carp exposed to sub-lethal concentrations of commercial 
formulation of atrazine.  

 
2 Materials and Methods  
2.1 Experimental animals 

Healthy grass carp (Ctenopharyngodon idella) (body 
weight: 50 ± 10 g), were purchased from a local fish 
farm and acclimated to the laboratory conditions for 2 
weeks before the experiments. Fishes were randomly 
parcelled in 12 closed 1000-L recirculating tanks 
supplied with oxygenated water maintaining constant 
dissolved oxygen at 6.5 ± 0.5 mg/L, temperature at 24.5 
± 2 °C, pH at 7.4 ± 0.2, water hardness 250 ± 5 mg/L 
CaCO3 and natural photoperiod. During acclimation and 
all experimental tests, fishes were fed with fresh alfalfa. 
Fishes were deprived of food for 24 h before sacrifice. 
 
2.2 Acute toxicity experiments 

Two hundred and forty immature grass carp 
(Ctenopharyngodon idella) were used in acute toxicity 
tests. The acute toxicity test was conducted following the 
OECD Guideline No. 203 under static-renewal test 
conditions. Test solutions of atrazine were prepared from 
a commercial atrazine [6-chloro-N-ethyl-N’-(1-
methylethyl)-1,3,5-triazine-2,4-diamine], WP 80%, were 
purchased from Moshkfam Fars Co. Iran. Nominal 
concentrations of atrazine were selected from 0 (control), 
10, 100, 500, 750 and 1500 mg/L. Thus, the acute 
toxicity was conducted with six different concentrations 
of pesticides and four replicates for each concentration in 
24 aquariums (100 L). During the 96 h acute toxicity 
experiment, water in each fiberglass tank was aerated 
and had the same conditions as the acclimation period. 
The static-renewal tests exposed the fish for 96 h with 
replacement of the test solution every 24 h (all stock 
solutions were made immediately prior to use). The 
water was changed daily to reduce the build-up of 
metabolic wastes and to keep concentrations of atrazine 
near the nominal level. Fish mortality was recorded 0, 
24, 48, 72, and 96 h after exposure to atrazine. LC50 
values were calculated by the Probit Analysis test [11]. 
 
2.3 Sub-lethal toxicity experiments 

One hundred and twenty grass carp were randomly 
distributed in nine 100 L aquariums (3 treatments by 
triplicate) to perform the 30 day period sub-lethal 
toxicity tests. Every tank containing 10 fishes were 
exposed to test solutions with the following 
concentrations of atrazine: 0.0 (control), 3 (5% 96h 
LC50), 6 (10% 96h LC50) and 15 mg/L (25% 96h LC50), 
respectively. Sub-lethal concentrations were selected 
according to the previous acute toxicity test. The water 
was changed daily to reduce the build-up of metabolic 
wastes and to keep concentrations of atrazine near the 
nominal level. Nine fishes per each exposure 
concentration were captured and anesthetized with 
extract of clove powder (200 mg/L) after 10, 20 and 30 
days of exposure. Fishes were sacrificed and the gills, 
liver and kidny tissue samples were collected and washed 
by 0.6% saline solution. The samples were immediately 
stored at -78°C until biochemical analysis. 

Gill, liver and kidney samples were homogenized 
during two minutes in ice-cold phosphate buffer (pH 7.4; 
1:10, w/v) using a glass homogenizer and then 
centrifuged for 15 min at 15000 g at 4°C with a 
refrigerated centrifuge. Supernatants were immediately 
used to determine total antioxidant capacity, reduced 

glutathione, malondialdehyde, catalase and total protein 
content by using a spectrophotometric assay. 
 
2.4 Biochemical Analysis      

Total antioxidant capacity was assayed according to 
the ferric reducing ability of plasma (FRAP) method. 
Briefly, the FRAP reagent contained 5 mL of a (10 
mmol/L) TPTZ (2,4,6- tripyridyl- s- triazine) solution in 
40 mmol/L HCL plus 5 mL of FeCl3 (20 mmol/L) and 50 
mL of acetate buffer, (0.3 mol/L, pH=3.6) and was 
prepared freshly. Aliquots of 100 µL supernatant were 
mixed with 3 mL FRAP reagent. The conversion rate of 
ferric tripyridyl-s-triazine (Fe3+-TPTZ)  complex to 
ferrous tripyridyl-s-triazine (Fe2+-TPTZ) at pH 3.6 and 
temperature 25° C is directly proportional to the 
concentration of total antioxidant in the sample. Fe2+-
TPTZ  has an intensive blue color that can be monitored 
up to 5 min at 593 nm by a UV/VIS spectrophotometer. 
Calculations were performed using a calibration curve of 
FeSO4·7H2O (100 to 1000 µM/L) [12].   

Reduced glutathione was measured following the 
method of Beutler et al. [13] with some modifications. 
50 µL of supernatant was added to 2700 µL of buffer 
phosphate solution (pH: 8) and 50 µL (5, 5´-dithiobis-2-
nitrobenzoic acid (DTNB) was then added to this 
solution. GSH reacts with DTNB which produces a 
yellow colored compound, 5 ’thio-2-nitrobenzoic-acid 
(TNB). The rate of TNB production is directly 
proportional to this recycling reaction which is in turn 
directly proportional to the concentration of GSH in the 
sample. Concentration of TNB was measured at 412 nm 
wavelength. 

Malondialdehyde (MDA) content was assessed by a 
modification of a thiobarbituric acid assay and was 
expressed as µmol/g tissue [14]. 500 µl of the 
supernatant was transferred to a Pyrex tube and mixed 
with 2500 µl tricholoroacetic acid (20%) and 1000 µmL 
triclorthiobarbituric acid (67%). The tubes were then 
placed in boiling water (100°C) for 15 min. After 
cooling, the mixtures were extracted with a solution 
containing 1000 µL of distilled water and 5000 µL n-
butanol: pyridine (15: 1). The mixture was then 
centrifuged at 2000 g for 15 min at 4° C. The pink color 
produced by these reactions was measured 
spectrophotometrically at 532 nm to measure MDA 
levels and compared with an external standard of MDA. 
Tetraethoxypropane and absolute ethanol were used to 
prepare the MDA standards. 

CAT activity was determined according to Góth [15] 
method with some modifications. Catalase activity was 
measured by an assay of hydrogen peroxidase based on 
formation of its stable complex with ammonium 
molybdate. 50 µL of supernatant was incubated in 
working solution including 1000 µL hydrogen peroxide 
and 500 µL phosphate buffer (pH: 7.4) at 25 °C for 10 
min. Then 1000 µL ammonium molybdate was added to 
the reaction solution and the concentration of the yellow 
complex of molybdate and hydrogen peroxide was 
measured at 405 nm wavelengths.  

The biochemical parameters mentioned above were 
expressed per mg protein in liver tissue determined by 
the Biuret method using bovine serum albumin as a 
standard.  
 
2.5 Statistical analysis 

Statistical analyses were performed using SPSS 
(Release 19) software. Data are presented as mean ± SD. 
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All the data were tested for normality (Kolmogorov-
Smirnov test). Data were analyzed by one-way of 
variance analysis (ANOVA). The significant means were 
compared by Duncan’s test and a p < 0.05 was 
considered statistically significant.  
 
3 Results  

Numerical value of LC50 of atrazine at 24, 48, 72 and 
96 hours are presented in Table 1. Fish mortality elevated 
with increasing the concentration of atrazine.  

Sub-lethal concentrations of atrazine were 
determined according to 96h LC50 (equal to 5, 10 and 
25% of 96h LC50. No mortality was observed in fish 
exposed to sub-lethal concentrations of atrazine and 
control group during experimental periods. Alterations in 
oxidative stress biomarkers in gills tissue of fish after 
exposure to atrazine are presented in Table 2. 

 
Table 1:  Numerical value of lethal concentrations at different times 

Lethal 
Concentrations 

Numerical value of lethal concentrations at different times (mg/L) 
24 hours 48 hours 72 hours 96 hours 

LC99 1163.43±106.46 593.61±65.55 553.51±70.20 194.25±26.60 
LC90 818.14±69.37 416.69±44.56 380.23±46.79 133.96±17.25 
LC80 672.75±55.24 342.19±36.42 307.26±37.60 108.57±13.60 
LC70 567.91±46.30 288.47±31.10 254.65±31.50 90.26±11.21 
LC60 478.34±40.11 242.57±27.14 209.70±26.92 74.622±9.46 
LC50 394.61±36.18 199.67±24.19 167.68±23.48 60.00±8.25 
LC40 310.88±34.68 156.77±22.27 125.66±21.26 45.38±7.64 
LC30 221.30±36.10 110.87±21.64 80.71±20.673 29.740±7.81 
LC20 116.46±41.27 57.15±22.93 28.10±22.51 11.44±9.01 

 
Table 2: Alterations in oxidative stress biomarkers in gills tissue of fish after exposure to atrazine 

Biochemical 
Parameters 

Concentrations of 
Atrazine 

Periods when the fish were exposed to atrazine 
10th day 20th day 30th day 

Total antioxidant 
(mM/g) 

0.00 mg/L 79.47±12.05ab 86.83±25.26a 90.90±19.06a 
3.00 mg/L 65.74±29.07a 76.86±17.55a 90.88±20.75a 
6.00 mg/L 87.37±32.93ab 164.59±63.05b 113.12±50.03a 
15.00 mg/L 100.69±22.17b 237.29±7.56c 183.04±89.41b 

GSH (µg/g) 

0.00 mg/L 3828.54±965.30a 3477.15±451.24a 3919.49±944.73a 
3.00 mg/L 3338.10±1342.63a 3652.38±1204.17a 4319.05±181.30a 
6.00 mg/L 4442.86±1923.30a 3519.05±1014.61a 4095.24±698.02a 
15.00 mg/L 4776.19±1652.52a 4813.14±2060.44a 4455.38±647.27a 

MDA (µM/g) 

0.00 mg/L 1.21±0.28a 1.21±0.06a 1.21±0.06a 
3.00 mg/L 1.12±0.35a 1.01±0.05a 1.09±0.28a 
6.00 mg/L 1.49±0.34a 1.09±0.22a 1.42±0.46ab 
15.00 mg/L 1.18±0.42a 1.16±0.61a 1.62±0.25b 

CAT (µM/g) 

0.00 mg/L 38.11±14.41a 33.11±10.58a 37.09±16.14a 
3.00 mg/L 35.68±27.13a 32.47±14.06a 32.10±34.54a 
6.00 mg/L 49.17±30.31a 30.63±16.29a 34.56±18.97a 
15.00 mg/L 50.32±14.91a 41.16±13.81a 32.05±14.58a 

 
Although, no significant changes were observed in 

total antioxidant levels in gill tissue of fish on day 10 of 
the experiment, total antioxidant levels significantly 
increased in gill tissue after fish exposure to 6 and 15 
mg/L atrazine on day 20 of the test. Total antioxidant 
levels in gill tissue of fish exposed to 15 mg/L atrazine 
were significantly higher than control group on day 30 of 
the trial. Results show that there were no significant 
changes in GSH levels in gill tissue of fish during 
experimental periods. Although there were no significant 
changes in MDA levels in gill tissue of fish on day 10 
and 20 of the test, MDA levels significantly increased in 
gill tissue of fish exposed to 15 mg/L atrazine on day 30 
of the trial. No significant changes were observed in 
CAT activity in gill tissue of fish exposed to atrazine 
when compared with control group. Changes in oxidative 
stress biomarker in liver tissue of fish exposed to atrazine 
are presented in Table 3. 

Total antioxidant levels in liver tissue of fish exposed 
to 15 mg/L atrazine were significantly higher than 
control group on day 10 and 30 of the trial. A significant 
increase in total antioxidant levels was observed in fish 
after exposure to 6 and 15 mg/L atrazine on day 20 of the 
test. Although no significant changes were observed in 
GSH levels in liver tissue of fish on day 10 of the 
experiment, GSH levels in liver tissue of fish exposed to 
15 mg/L atrazine were significantly higher than control 
group on day 20 of the trial. GSH levels in liver tissue 

significantly increased after fish exposure to 6 and 15 
mg/L atrazine on day 30 of the test. There were no 
significant changes in MDA levels in liver tissue of fish 
during experimental periods. However, CAT activity 
levels increased in liver tissue of fish after exposure to 15 
mg/L atrazine on day 10 and 20 of the trial, there were 
no significant changes in CAT activity levels in liver 
tissue of fish on day 30 of the test.  

Alterations in oxidative stress biomarkers in kidney 
tissue of fish after exposure to atrazine are presented in 
Table 4. Total antioxidant levels significantly increased 
in fish exposed to atrazine during experimental periods. 
GSH levels in kidney tissue of fish exposed to 15 mg/L 
atrazine were higher than control group on day 10 of the 
experiment. Although no significant changes were 
observed in GHS levels in kidney tissue of fish on day 20 
of the experiment, GSH levels significantly increased in 
kidney tissue after fish exposure to atrazine on day 30 of 
the test. There were no significant changes in MDA 
levels in Kidney. CAT activity levels significantly 
increased in kidney tissue of fish exposed to 15 mg/L 
atrazine on day 10 and 20 of the trial, however no 
significant changes were observed in CAT activity in fish 
on day 30 of the experiment. 
 
4 Discussion  

Physiological response of fish exposed to pesticides 
to oxidative stress depends on the fish species, gender, 
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living conditions, nutrition, etc. Although several studies 
have been done on oxidative stress caused by Atrazine in 

various fish [8], physiological response of any fish was 
different when compared with other species.  

 
Table 3: Alterations in oxidative stress biomarkers in Liver tissue of fish after exposure to atrazine 

Biochemical 
Parameters 

Concentrations of Atrazine 
Periods when the fish were exposed to atrazine 

10th day 20th day 30th day 

Total antioxidant 
(mM/g) 

0.00 mg/L 94.69±66.15a 101.34±66.15a 102.21±42.37a 
3.00 mg/L 157.62±25.03ab 177.36±64.42ab 128.91±47.63a 
6.00 mg/L 168.50±48.87ab 238.64±36.87bc 221.70±96.45ab 
15.00 mg/L 247.56±143.90b 267.26±101.47c 154.94±26.73b 

GSH (µg/g) 

0.00 mg/L 7859.29±1251.22a 7594.29±1251.22a 6480.94±1585.70a 
3.00 mg/L 9095.24±1393.24a 8463.10±1323.15a 6157.14±144.00a 
6.00 mg/L 9300.09±2025.38a 8990.48±1635.34a 11671.43±686.19b 
15.00 mg/L 9247.62±1262.22a 11420.73±1017.41b 9310.07±4209.93b 

MDA (µM/g) 

0.00 mg/L 0.76±0.20a 0.74±0.20a 0.88±0.40a 
3.00 mg/L 0.94±0.49a 0.96±0.54a 0.69±0.25a 
6.00 mg/L 0.66±0.23a 0.62±0.22a 0.62±0.43a 
15.00 mg/L 0.69±0.49a 0.81±0.46a 0.97±0.25a 

CAT (µM/g) 

0.00 mg/L 93.35±3.69a 91.34±3.69a 104.79±13.94a 
3.00 mg/L 120.85±32.57ab 93.63±31.34a 127.35±2.32a 
6.00 mg/L 104.77±5.13ab 128.49±5.91a 113.37±55.61a 
15.00 mg/L 160.10±85.06b 196.45±55.42b 136.33±44.62a 

 
 

Table 4: Alterations in oxidative stress biomarkers in kidney tissue of fish after exposure to atrazine 
Biochemical 
Parameters 

Concentrations of Atrazine 
Periods when the fish were exposed to atrazine  

10th day 20th day 30th day 

Total antioxidant 
(mM/g) 

0.00 mg/L 84.38±24.23a 74.72±31.84a 79.72±42.23a 
3.00 mg/L 167.28±40.62b 159.89±41.39b 173.88±28.46b 
6.00 mg/L 169.97±55.71b 299.68±67.68c 161.41±59.00b 
15.00 mg/L 137.48±21.81b 257.26±43.27bc 166.62±29.06b 

GSH (µg/g) 

0.00 mg/L 5742.14±466.35a 5985.71±403.86a 5985.71±403.86a 
3.00 mg/L 6980.95±1996.95ab 6141.27±477.34a 5552.38±652.70a 
6.00 mg/L 7314.29±211.12ab 7749.78±3303.91a 7761.90±1092.11b 
15.00 mg/L 8414.29±2517.17b 8952.38±3076.10a 10164.84±1145.35c 

MDA (µM/g) 

0.00 mg/L 1.98±0.69a 2.30±0.39a 2.04±0.07a 
3.00 mg/L 2.57±0.81a 2.39±0.68a 1.73±0.64a 
6.00 mg/L 2.14±0.88a 1.84±0.44a 2.11±0.20a 
15.00 mg/L 1.80±0.12a 2.10±1.58a 2.16±0.58a 

CAT (µM/g) 

0.00 mg/L 98.46±11.02a 101.38±1.35a 102.82±11.93a 
3.00 mg/L 103.70±14.77a 102.51±4.13a 121.11±4.84a 
6.00 mg/L 110.57±19.10a 116.83±7.62a 126.13±47.27a 
15.00 mg/L 222.60±77.67b 203.39±46.88b 155.04±67.41a 

 
Increasing antioxidant levels may be a defense 

mechanism to neutralize free radicals generated during 
the detoxification process of atrazine in different tissues 
of grass carp. Although, glutathione conjugated with 
metabolites of atrazine in the phase II of detoxification, 
no significant changes were observed in GSH levels in 
gill tissue of fish exposed to atrazine during experimental 
periods. A significant increase in cellular glutathione 
levels in liver and kidney tissues of fish exposed to 
atrazine may indicate an increased regeneration rate of 
GSH from oxidized glutathione (GSSG). Reinforcement 
of antioxidant system in liver and kidney tissues of fish 
exposed to atrazine may be related to their diet. In this 
experiment, the fish were fed with alfalfa during 
experimental periods. Alfalfa is a source of proteins, 
natural antioxidants (xanthophyll and its derivatives), 
flavonoids, isoflavonoids, coumestans and lignans, 
vitamins (C, D, E, K, and P) and minerals (especially 
iron and copper) [16, 17, 18, 19, 20]. Xie et al. [21] 
showed that the amino acid profile of alfalfa has high 
antioxidant properties. Pandey and Rizivi [22] suggested 
that flavonoids could boost cellular antioxidant systems. 
Their results showed that flavonoids increase the rate of 
glutathione synthesis and conversion rate of GSSG to 
GSH in cells. Increased GSH levels and total antioxidant 
capacity were observed in liver tissue of fish exposed to 
tetrachloride carbon after treatment with Astragalus 
polysaccharides [23] and silymarin [24, 25].    

Prevention of lipid peroxidation in liver and kidney 
tissues confirmed that the ability of cellular antioxidant 
defense system has increased. However, MDA levels, as 
lipid peroxidation biomarker, were significantly 
increased in gills tissue of fish after exposure to 15 mg/L 
atrazine at the end of experimental periods. Treatment of 
carp exposed to carbon tetrachloride with licorice, 
Glycyrrhiza glabra, [26] and milk thistle, Silybum 
marianum, [24] returned the levels of MDA to normal 
levels. In contrast, Xing et al. [27] found that MDA 
levels in kidney increased after carp exposure to atrazine.  

Significant increase in CAT activity levels in kidney 
and liver tissue of fish exposed to 15 mg/L atrazine on 
day 10 and 20 of the trial might be biochemical 
responses to over production of H2O2 in liver and 
kidney's cells. Increase in CAT activity was reported in 
liver tissue of rainbow trout exposed to atrazine [10].  
Our results are similar to results from other researchers 
[28, 29]. Regulation and return of catalase activity to 
normal levels may reflect effects of alfalfa's flavonoids 
on reducing level of ROS produced in the atrazine 
metabolism process. The protective effect of the 
flavonoids derived from various plant sources have been 
reported on tissue injury induced by a diverse group of 
xenobiotics in experimental animals [30, 31, 32, 33].   
 
5 Conclusion  

Since grass carp are fed with plant sources, their 
antioxidant defense system may be more effective in 
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reducing the effects of oxidative stress compared with 
other species. Our results show that feeding the fish with 
fresh diets of natural origin (alfalfa) which is full of 
flavonoids, natural antioxidants and vitamins, may have 
a considerable influence on the physiological condition 
and thus the homeostasis of the fish body. Our study 
suggests that diet may impact fish physiological response 
to oxidative stress caused by exposure to Atrazine.  
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