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1.INDRODUCTION 
 

Herbicides are widely used for the control of water plants, 

which may impede the flow of water during the summer, 

when sudden heavy rain can cause flooding. While the direct 

effect of herbicides addition is the loss of macrophytes , non-

target organisms such as fish may also be affected through 

loss of habit and food supply (Elia, 2002). Worldwide 

herbicide usage has increased dramatically during the past 

two decades, coinciding with changes in farming pesticides 

and increasingly intensive agriculture (Fung and Mak 2001). 

As a consequence, residuals amount of herbicides and their 

metabolites have been found in drinking water and food 

(Jhohnen 1999; Vander Oost et al., 2003).  

 

Atrazine is pre-and post emergent broad leaf herbicide that 

acts an inhibiting the growth of target weeds by interfering 

with the normal function of photosynthesis (Chapman and 

Stranger; 1992). To prevent the growth functions of a wide 

variety of plants, including some species of algae. Atrazine 

is most effective in wet soils applied after significant winter 

rain when soils are at field‟s capacity. It is therefore also 

prone to leaching to ground water and surface runoff 

particularly if a storm event occurs just after the application 

of the herbicide. Atrazine is  up to 20 times more frequently 

detected in groundwater of the US than any other herbicides 

(Belluck et al., 1991).  

 

 

Atrazine has been suggested to induce activity of aromatase 

(cytochrome P450 (CYP) 19) (Hayes et al., 2002; Spano et al., 

2004). Aromatase is the rate-limiting enzyme in the 

synthesis of C18 estrogens, such as 17 Beta-estradiol (EZ), 

from C19 androgen, such as testosterone (T). However, 

studies have also reported no effects of atrazine on 

aromatase activity (Coady et al., 2005; Hinfray et al., 2006) 

or even reported aromatase inhibition by atrazine 

(Benachour et al., 2007). Atrazine may also affect hepatic 

metabolism, phase I and phase II enzyme regulate 

homeostasis of sex steroids. It also remains to be established 

whether atrazine metabolism affects the endocrine control of 

maturation of fish or indeed developmental stages that 

involve important hormonal changes such as early 

development and puberty are most prone to endocrine 

disruption. Atrazine contamination was found in the 

farmer‟s blood and urine exposed to atrazine (Perry et al., 

2001). Atrazine could cause damaged the gill epithelium and 

kidney and increase the renal excretion of sodium chloride 

and proteins in the rainbow trout (Fisher-Scherl et al., 1991) 

and carp (Neskovic et al., 1993). In addition, atrazine 

reduced plasma testosterone, olfactory sensitivity and 

salinity tolerance in mature male Atlantic salmon (Warning 

and Moore 2004). Thus, many European and African 

countries have restricted its use (Coady et al., 2005). The 

acute toxicity test indicates the relative species sensitivity 

and lethal concentration which can be used as a basis for 
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long term tests to establish the requirements necessary for 

the well being of aquatic life. In fishes, biochemical and 

enzymological changes are induces by the pollutants before 

they acquire cellular and systemic malfunction. (Ram 

Narayana Ran and Sathyanesan, 1987).  

 

Glutathione is a ubiquitous thiol-containing tripeptide that is 

involved in numerous processes that are essential for normal 

biological function, such as DNA and protein synthesis 

(Meister and Anderson, 1983). Among the several important 

functions for GSH, it contributes to the removal of reactive 

electrophils (such as many metabolities formed by 

cytochrome P-450 system) through conjugation by means of 

glutathione S-transferases. GSH also scavenging ROS 

directly or in a reaction catalyzed by glutathione peroxidase 

(GPx) through the oxidation of two molecules of GSH to a 

molecule of glutathione disulphide  (GSSG). The 

relationship between the reduced and oxidized state of 

glutathione, the GSH/GSSG ratio or glutathione redox 

status, is then considered as an index of the cellular redox 

status and a biomarker of oxidative damage, because 

glutathione maintains the thiol-disulphide status of proteins, 

acting as a redox buffer. 

 

2.MATERIALS AND METHODS 
 

The fresh water fish Cyprinus carpio were collected from 

Navarathna fish farm from Pinnalur village and introduced 

into large cement tank (4x4) disinfected with potassium 

permanganate and washed thoroughly prior to introduction 

of fish (to prevent the fungal infection). Fish were 

acclimatized for about 15 days before the commencement of 

the experiment. They were fed on commercial fish feed 

which given daily at morning hours. LC50 of atrazine was 

calculated by the log – dose / Profit regression line. The test 

fishes were classified into four groups whereas Group I 

control, Group II atrazine, Group III Atrazine+Spirulina, 

Group IV Spirulina alone. Each group are exposed to 

sublethal concentration of atrazine for a period of 120 hours. 

Simultaneously a control was maintained compare to toxic 

impacts. Experimental chemical atrazine was purchased 

from (TATA Atrataf 50% WP) mft by Rallis India Limited, 

Mumbai. The Spirulina were collected from Aurospriul 

commercial farm, from Aurovile village, near Pondicherry 

 

Estimation of reduced glutathione (GSH) 

 

Reduced glutathione was estimated by the method of Ellman 

(1959).  A known weight of tissue was homogenized in 

phosphate buffer. From this 0.5 ml was pipette out and 

precipitated with 2 ml of 5% TCA. 1 ml of the supernatant 

was taken after centrifugation / 0.5 ml of plasma and added 

to it 0.5 ml of Ellman‟s reagent and 3 ml of phosphate 

similar manner along with a blank containing 3.5 ml of 

buffer. The amount of glutathione was expressed as µg/mg 

protein. 

 

Estimation of glutathione peroxidase (GPx) 

 

Glutathione peroxidase (GSH-Px): GSH-Px activity was 

measured in the PMS by the method of Lawrence and Burk 

(1976). The reaction measures the rate of GSH oxidation by 

H2O2 catalyzed by the GSH-Px present in the   PMS. The 

rate of GSSG formation was measured by following the 

decrease in absorbance at 340nm as NADPH was converted 

to NADP
+ 

by glutathione reductase. The results were 

expressed as µg/min/mg protein. 

 

Statistical analyses 

 

The data obtained in the present work were expressed as 

means ± SE, percentage changes and were statistically 

analyzed using student „t‟-test Milton and Tsokos, (1983), to 

compare means of treated data against their control and the 

result were considered significant at (P<0.05), (P>0.05) level 
 

3.RESULT 

In the present investigation the fish (Table 1) Cyprinus 

carpio were exposed to atrazine (group II) when compared 

with control (group I). The antioxidant enzyme GSH values 

were gradually increased (P>0.05), among the all tissues 

Gill, Liver and Kidney. The atrazine exposed group percent 

increase in the gill tissue was, 4.66, 5.19, 6.75, 7.26, and 

10.14 for the period of 24, 48, 72, 96 and 120 hours 

sublethal concentrations. The observed values of group III 

atrazine along with Spirulina exposed fish shows gradually 

recovered that percentages are 1.54, 16.57, 29.74, 22.72, and 

32.05. The group IV values also increased (P>0.05) when 

compared with control group. The observed values of liver 

GSH  in fish were exposed to atrazine (group II) when 

compared to control groups the GSH levels was gradually 

increased in 9.34, 12.48, 18.37, 20.35 and 23.42 for the 

period of 24, 48, 72, 96 and 120 hours respectively. The 

group III (atrazine along with Spirulina ) gradually 

recovered (64.77, 7.29, 38.06, 49.23, 53.80) against atrazine 

toxicity. The group IV ( Spirulina supplemented ) exposed 

value also increased (P>0.05), when compared with control 

groups. The kidney tissues shows enzyme GSH levels was 

increased in atrazine treatment group the percent in the 

kidney increase was 16.18, 19.36, 20.15, 22.54, 23.84 for the 

period of 24, 48, 72, 96 and 120 hours respectively. The 

observed values of group III atrazine along with Spirulina 

exposed values shows gradually recovered (6.67, 6.40, 

13.54, 27.59, 31.83) and the group IV (Spirulina 

supplemented) values also increased when compared with 

control values.  

 

The GPx activity (Table 2) in Cyprinus carpio group II 

atrazine treatment values increased when compared with 

control values likewise 0.285, 0.319, 0.342, 0.367, 0.392 for 

the period of 24, 48, 72, 96 and 120 hours respectively. The 

groups III atrazine along with Spirulina exposed values are 

increased when compared with group II, it illustrates 

improving the GPx activity of the fish. The group IV 

Spirulina supplemented feed exposed values also increased, 

when compared with control values. Here, observed the 

movement of fish brisk and energetically. The observed 

values of GPx activity in liver tissue, herbicide atrazine 

exposed group II was slightly increased (0.144, 0.152, 0.153, 

0.157, 0.169). The group III and group IV values also 

increased when compared with control group (P>0.05).  The 

GPx activity in kidney were atrazine treatment group II 

levels were increased when compared with control values 
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were, 0.212, 0.226, 0.235, 0.246, 0.257 for the period of 24, 

48, 72, 96 and 120 hours respectively. The group III trazine 

along with Spirulina exposed group is gradually detoxifying 

the atrazine toxicity in kidney. The group IV (Spirulina 

supplemented) values also gradually increased when 

compared with control group (P>0.05).   

Finally, observed result shows the atazine seriously affected 

the enzyme activity in GSH and GPx in different tissues like 

gill, liver and kidney. The protective role of spirulina to 

improve the antioxidant defense mechanism of fish.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

HO URS O F EXPO SURE 

O RGANS 
GRO UPS 24 48 72 96 120 

GILL 

Control 0.241 ± 0.01 0.245 ± 0.01 0.244 ± 0.01 0.242 ± 0.01 0.248 ± 0.01 

Atrazine 0.285 **± 0.01 0.319** ± 0.01 0.342 **± 0.02 0.367** ± 0.02 0.392** ± 0.02 

Atrzine + 

Spirulina 
0.322** ± 0.02 0.347** ± 0.01 0.362** ± 0.02 0.397** ± 0.02 0.412** ± 0.02 

Spirulina 0.256 ± 0.01 0.258
 
 ± 0.01 0.261

 
 ± 0.01 0.254 ± 0.01 0.266 ± 0.01 

LIVER 

 
Control 

 
0.145 ± 0.01 

 
0.148 ± 0.01 

 
0.151 ± 0.01 

 
0.149 ± 0.01 

 
0.154 ± 0.01 

Atrazine 0.144** ± 0.01 0.152* ± 0.02 0.153
 
± 0.01 0.157 ± 0.01 0.169 ± 0.01 

Atrazine + 
Spirulina 

0.149
 
 ± 0.02 0.154* ± 0.01 0.160 ± 0.01 0.168* ± 0.01 0.183* ± 0.01 

Spirulina 0.148** ± 0.01 0.155* ± 0.02 0.158
 
± 0.02 0.156 ± 0.01 0.160 ± 0.01 

KIDNEY 

 
Control 

 
0.172 ± 0.01 

 
0.178 ± 0.01 

 
0.175 ± 0.02 

 
0.180 ± 0.01 

 
0.182 ± 0.02 

Atrazine 0.212
 
 ± 0.01 0.226 ± 0.01 0.235** ± 0.05 0.246 **± 0.01 0.257 **± 0.1 

Atrazine + 

Spirulina 
0.232* ± 0.02 0.248 **± 0.01 0.254 **± 0.02 0.278** ± 0.01 0.293** ± 0.02 

Spirulina 0.175 ± 0.01 0.180
 
± 0.01 0.178 ± 0.01 0.188 ± 0.01 0.192

 
 ± 0.01 

 

 

 

 

 

 

HO URS O F EXPO SURE 

O RGANS 
GRO UPS 

24 48 72 96 120 

GILL 
 
 

Control 2.12 ± 0.4 2.16 ± 0.15 2.19 ± 0.15 2.18 ± 0.15 2.29 ± 0.16 

Atrazine 4.66** ± 0.27 5.19** ± 0.31 6.75** ± 0.40 7.26** ± 0.43 10.14** ± 0.61 

Atrazine + 
Spirulina 

3.24** ± 0.19 4.33** ± 0.25 4.81** ± 0.28 5.61** ± 0.33 6.89** ± 0.41 

Spirulina 
3.29 **± 0.23 3.48 **±0.24 3.59 **± 0.25 4.18** ± 0.29 4.65** ± 0.32 

LIVER 

Control 8.34 ± 0. 58 8.42 ± 0.58 8.44 ± 0.58 8.48 ± 0.59 8.61 ± 0.60 

Atrazine 9.34 *± 0.46 12. 48** ± 0.62 18.37** ± 0.91 20.35** ± 1.01 23.42** ± 1.17 

Atrazine + 

Spirulina 
15.40** ± 0.92 13.39** ± 0.80 11.36 **± 0.68 10.35** ± 0.65 10.82** ± 0.54 

Spirulina 
9.25** ± 0.64 9.42** ± 0.65 9.34 **± 0.65 9.15** ± 0.64 9.48** ± 0.56 

KIDNEY 

Control 14.25 ± 0.85 14.39 ± 0.86 14.65 ± 0.88 14.76 ± 0.88 14.85 ± 0.89 

Atrazine 16.18** ± 0.80 19.36** ± 0.96 20.15** ± 0.98 22.54** ± 1.02 23.84** ± 1.12 

Atrazine + 

Spirulina 
15.10** ± 1.20 18.12 **± 1.08 17. 42 **±1.04 16.32** ± 0.97 16.25** ± 0.95 

Spirulina 15.42 *± 0.95 15.39** ±0.92 15.34** ± 0.76 15.69** ± 0.94 15.93** ± 0.95 

Table 1. Changes of GSH (µg/mg protein) activity in the fresh water fish Cyprinus carpio exposed to atrazine and Spirulina for 120 hours 

 

Values are mean ± SE of six replicates parentage changes and student “t” test, Significant at * P  0.05; ** P < 0.01 levels. 

 
Table 2. Changes GPx (µg/min/ mg protein) activity in the fresh water fish Cyprinus carpio exposed to atrazine and Spirulina for 120 hours 

 

Values are mean ± SE of six replicates parentage changes and student “t” test, Significant at * P  0.05; ** P  0.01 levels. 
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4.DISSCUSSION 
 

The GSH plays an important role in the detoxifying of 

electrophilis and prevention of cellular oxidative stress 

(Benova et a., 1990). The considerable decline in the GSH 

tissue content during exposure to atrazine may be due to an 

increased utilization of GSH, which can be converted into 

oxidized glutathione and an inefficient GSH regeneration.  

GSH catalyses the reduction of H2O2 and lipid 

hydroperoxides at expense of GSH. Reduced glutathione is  

the main nonoprotein thiol and one of the primary resultants 

found in cells (Moreno 2005). A significant decrease in GSH 

in the liver of Cyprinus carpio after atrazine exposure 

indicated pro-oxidant conditions in the liver. Decrease in 

GSH levels after administration of various pesticides is well 

documented in literature (Hazarika et al., 2001; Prasanthi et 

al., 2005).  Singh et al. (2006) it has been reported by 

various researchers that GSH play an important role in 

protecting cells from xenobiotic-induced tissue injury (Reed 

and Fariss 1984; Wu et al., 2004). The reduced levels of 

GSH in the atrazine could be the results of either utilization 

of GSH for conjugation and /or participation of GSH as an 

antioxidant in terminating toxicity. Administrations of 

atrazine along with Spirulina have resulted in restoration to 

near control value. GSH is the primary intracellular 

antioxidant and the conjugating agent, was shown to 

depleted and to have impaired function in atrazine toxicity. 

In fact, GSH serves as a primary line of cellular defence 

against atrazine compounds. (Quing, 1998). 

GSH is the major thiol, which binds electrophile molecules 

spices and free radical intermediates. It plays a central role 

in the antioxidant defense system, metabolism and 

detoxification of exogenous and endogenous substances. 

(Ketterer et al., 1998). GSH conjugation process is desirable 

in that it results in the excretion of the toxic metal into the 

bile. Because of the low activity of antioxidant enzymes in 

the liver and decreased content of GSH, the liver is 

hypothesized to be highly susceptible to oxidative stress one 

of GSH to near to control value. Monteria et al. (2006) have 

point out that enzyme activity can decrease by negative 

feedback from excess substrate or by damage induced by 

oxidative modification. A reduction in GSH-Px activity in a 

given tissue could indicate that its antioxidant capacity was 

exceeded by the amount of hydro peroxide products 

generated.  

However, our results showed an increase in GSH-Px level in 

kidney tissue, which suggest the operation of a protective 

response in this tissue against the oxidative stress induced by 

atrazine. Glutathione reductase (GR) plays an important role 

in cellular antioxidant protection and adjustment processes 

of metabolic pathway (Wentz, 2000). Although perhaps not 

involved in antioxidant defence in same way the enzymes 

previously described. Glutathione reductase merits attention 

because of its importance in maintaining GSH homeostasis 

under oxidative stress (Winston et al., 1991). Glutathione 

reductase is to catalyses the reduction of glutathione 

disulfide to reduced glutathione in an NADPH-dependent 

reaction (Cazenave et al., 2006).  

In this study, decrease in activity of GPx in the gill, liver and 

kidney of Cyprinus carpio at the highest concentration of 

atrazine may indicate that its antioxidant capacity was 

exceeded by the level of hydro peroxide products and 

reflects a possible failure of the antioxidant system of fish. 

However, Elia et al. (2002) have reported significant 

increase in the activity of hepatic GPx but no change in the 

activity of GPx in gills of fish following atrazine exposure. 

The results of the study indicate that atrazine – induced 

decrease in the GSH content could be due to increase in the 

activity of GPx. The observed increase in the activity of 

glutathione peroxidise upon atrazine administration might be 

the natural mechanism to concentrate the pro-oxidant effect 
of atrazine toxicity (Perottoni et al., 2004). 

GPx contents H2O2 or other lipid peroxide to water or 

hydroxyl lipids and in the process of GSH is converted to 

increase in the GPx activity following atrazine exposure. 

Sharma et al. (2005) reported an increased peroxide activity 

in the liver of rats after treatment with dimethote. Fatima et 

al. (2000) report a low activity of GPx in different fish tissue 

after exposure to paper mill effluent, indicating an in 

efficiency of this organ to neutralizing the peroxide impacts. 

A similar decrease in GPx activity in fish liver is reported 

after 90 days of treatment with lindane and organochlorine 

pesticides. GPx inhibition was reported after combined 

treatment with the pesticides atrazine and azinphosmethyl in 

the brain of carp Cyprinus carpio  (Uner and Oruc et al., 

2006) and in the liver of Nile tilapia, Oreochromis niloticus 

(Oruc and Uner, 2002).  

The increase in GPx activity was observed, predominantly in 

liver and kidney similar to the results reported by Li et al., 

(2003) who have studied the responses of the antioxidant 

systems in the hepatocyte of common carp (Cyprinus carpio 

L) to microcystin. However, GPx activity decreases in gills 

after the longer exposure time, corroborating the LPO 

increase in this organ; this may be explained because gills 

are less efficient than kidney and liver at neutralizing the 

impact of peroxidative damage (Sayeed et al., 2003; Ahmad 
et al., 2004).  

5.CONCLUSION 

From the above observations it can be concluded that 

exposure of atrazine results in increased oxidative stress and 

altered antioxidant status of the gill, liver and kidney. 

Administration of spirulina along with atrazine resulted in 

partial normalization of the toxic effects of atrazine thus 
highlighting the protective effect of Spirulina. 
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