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1.  INTRODUCTION   

Atrazine is used as a selective pre and post-emergence herbicide to control the weeds in 
asparagus, maize, sorghum, sugarcane, pineapple and paddy fields. It is also used in forestry for 
non-selective weed control on non-crop areas. Its intensive usage in agriculture has led to the 
accumulation of atrazine in the soil and water if it exceeds the permissible limits (Vasanth et al., 
2013). The impact of atrazine is high toxic which has been resulted in the application of herbicides 
for varies agricultural crops lead to toxicity in aquatic living organisms. Atrazine rapidly 
metabolizes in the liver and the kidney and at the same time it rarely leaves any symptoms in the 
fish tissues. Some experimental studies also documented the alterations of the gill tissues because 
of their direct contact with water, which allows entering the substance through them into the fish 
body (Jana Blahova et al., 2014; Solomon et al., 2008; Graymore et al., 2001). Therefore it is most 
often associated with the degenerative changes in the kidney, gills and also with the alteration in 
the liver tissues of fishes exposed to atrazine (Jana Blahova et al., 2014; Yang et al., 2010; Fischer-
Scherl et al., 1991)  

Different studies have been reported the atrazine effects on fish, as atrazine affecting the 
hematological activity, locomotors activity, immune systems, metabolism, oxidative stress, 
osmoregulatory disturbance and reproduction (Nascimentoc et al., 2012; Tillittd et al., 2012). 
Bioaccumulation of atrazine in different organs of fish have been noted and thus concluded that 
the environmental pollutants would affect the fish by entering into and pollutants can enter fish 
through the gills and skin (Ahsan Khan et al., 2016; Ortiz et al., 2002). Exposing fish to different 
concentrations of atrazine can in accumulation bring out changes in fish behavior, like unequal 
movement, better opercular movement, floating on the side, vertical movement, fast swimming, 
often coming towards the water surface, etc., and such abnormal behavior indicates that herbicides 
affect the CNS of the fish (Ahsan Khan et al., 2016; Antychowicz et al., 1979). Atrazine is toxic 
to aquatic animals and most studies have noted that exposure of fish to atrazine results in the 
biochemical alteration, behavioral abnormalities and structural deformalities and plus stress on 
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reproduction. The alternation the immune system is assessed by quantifying white blood cells 
(Ahsan Khan et al., 2016; Fu et al., 2013; Solomon et al., 2008).  

Analysis of biomarkers in aquatic organisms particularly in fish is a validated approach for 
early warning of chemical exposure (Van der Oost et al., 2003; Osman et al., 2010). During the 
stress situation fish change due to the inhibition or induction of the enzymes and adapt their 
metabolic functions (Malarvizhi et al., 2012; Abhijith et al., 2016). Fish are endowed with 
defensive mechanisms to counteract the impact of reactive oxygen species (ROS) resulting from 
the metabolism of various chemicals or xenobiotics. Oxidative  stress  develops  when  there  is  
an  imbalance  between  pro-oxidants  and  antioxidants  ratio, leading to the generation of ROS. 
ROS such  as  hydrogen peroxide  (H2O2),  superoxide anion O2-and hydroxyl radical (OH·) at 
supernormal levels can react with biological macromolecules potentially  leading  to  enzyme  
inactivation,  lipid  peroxidation  (LPO),  DNA  damage  and  even  cell  death but at low 
concentrations their effects are less pronounced. 
2. MATERALS AND METHODS 
2.1. Chemicals 

Atrazine and other necessary reagents of analytical grade were bought form Hi-Media 
laboratories Ltd, Mumbai, India. 
2.2. Fish Maintenance and Acclimatization 

The fresh water fish Oreochromis mossambicus were collected from Cheyyar surroundings 
Thiruvannamalai District. The collected fish were acclamatized to laboratory condition for 15 days 
with 12 h dark and 12 h light cycles, pH range of 6.95 to 7.60 and temperature ranging from 16 to 
24°C for 15 days. They were checked thoroughly for injury and disease conditions, and only 
healthy fishes were used for this study. After washing with 0.01% KMnO4 solution for 15 min, 
they were placed in nine plastic pools (500L) containing non-chlorinated water. Animals were fed 
with ad labium Fishes measuring 11-14cm in length and 40-60g weight were selected irrespective 
of their sex for the experiments. Solutions were renewed once in every 24 hours. After exposure 
period, animals were sacrificed and isolated to the kidney tissues, which went homogenized and 
stored at −80 °C for further biochemical analyses.  
2.3. Supplement feed 

Healthy disease free plant of T. terrestris was collected from in and around Cheyyar and 
identified the plant with botany department. The plants, washed in running tap water for 10 
minutes, were dried, 1kg of T. terrestris were macerated thrice at room temperature and prepared 
powdered form and equal amount of rice bran was mixed well and small amount water added and 
prepared small pellet form as feed. 
2.4. Experimental Design  

Fishes were divided into four equal groups each comprising of 25 fishes. 
Group I Fish exposed to freshwater for 120  hours  (Control) 
Group II  Fish exposed to sublethal concentration of atrazine (16.5 mg/L) for 120 hours 

Group III Fish exposed to atrazine (16.5 mg/L) and Tribulus terrestris(1.2g/L) for 120 hours 
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Group  IV Tribulus terrestris alone(1.2 g/L) for 120 hours 
Protein content in the kidney tissue was estimated by the method of Lowry et al., (1951). 

Total free amino acids and content of the kidney tissue were estimated by the method of Stein and 
Moore, (1954). Lipid content was estimated by the semi-micro determination method of Pande et 
al., (1963). The estimation of tissue glucose and glycogen was done by following the methods of 
Kemp and Kits, (1954). The concentration of TBARS in the kidney tissue was estimated by 
adopting the method of Nichans and Samuelsen (1968). The level of the reduced glutathione in 
kidney tissue was estimated by the method of Ellaman (1959). Superoxide dismutase in the kidney 
tissue was assayed by adopting the method of Kakkar (1984). The activity of catalase in the kidney 
tissue was determined by the method of Sinha (1972).The activity of GPX in the kidney tissue was 
measured by the method of Rotruck (1973).The activity of alkaline phosphatase was assayed by 
the method of King and Armstrong (1988). The activity of AST and ALT was determined by 
adopting the method of King (1965).The activity of lactate dehydrogenase was assayed by the 
method of King (1965).  
Statistical analysis 

Values are given as mean ± S.D. for 25 fish in each group. The data for various biochemical 
parameters were analyzed using analysis of ‘t’-test and group means was compared by Duncan’s 
multiple range test (DMRT) 1957. Values were considered statistically significant when p˂0.05 
and the values sharing a common superscript did not differ significantly.    

Results 
The results showed the total protein, amino acid, lipid, glucose and glycogen content in 

kidney tissue of control and experimental fish. It is clear from the results that there is an appreciable 
decreased the level of protein, lipid and glycogen content and increased level of amino acid and 
glucose level in the atrazine exposed animals when compared to control. If during the recovery 
period, Figures 1to5, the atrazine exposed fish were treated with Tribulus terrestris and they 
reached the normal level. An insignificant alteration was observed between the fish in Tribulus 
terrestris group and the control one.  In this experiment the results show the enhanced level of 
LPO content and simultaneously decreased level of GSH content and enzymatic antioxidant (SOD, 
CAT, GPx) activity was noticed in atrazine exposed fish kidney tissue when compared to control. 
During the recovery period, the supplement feed of Tribulus terrestris on atrazine exposure 
indicates the restoration of both oxidant and antioxidant (non-enzymatic) activity in near normal 
level. A insignificant alterations were observed between the fish in Tribulus terrestris group and 
the control one Figures 6 to 10. 

The level of ALT, AST, ALP, LDH, Urea, Uric acid and creatinine discloses the significant 
increase in the atrazine exposed fish kidney tissue and at the same time, during the recovery period, 
the administration of Tribulus terrestris after atrazine exposure proved the restoration and reached 
near the normal level. A insignificant alterations were observed between the fish in Tribulus 
terrestris group and the control one. Figures 11 to 17. 
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Discussion 
Fish is one of aquatic inhabitant and is sensitive to environmental pollution that may lead 

to responses to biological pollution in water. Fishes exposed to the environment elicit directly in 
the form of responses to environmental by physical and chemical process. The effect of atrazine 
toxicity with particular reference to kidney was assessed in this present study, in terms of tissue 
antioxidant markers, peroxidation markers, and functional markers in kidney tissues. 

The biochemical parameters either increased or decreased in the metabolic rate depending 
on the site of action. Toxic exposure of organisms interferes with organ integrity at the biochemical 
level and unlimitedly gives rise to affect at the individual levels (Smolders et al., 2002). In the 
present investigation freshwater fish, Oreochromis mossambicus exposed to sub lethal 
concentrations of atrazine for the periods of 24, 48, 72, 96 and 120 h showed the decreased level 
of protein and the increased level of amino acid in kidney tissues. The depletion of protein contents 
induces diversification of energy to meet the impending energy of the animals when it is in stressful 
condition. Since proteins are being involved in the architecture and physiology of the cell, they 
seem to occupy a key role in cell metabolism and catabolism. Catabolism of proteins and amino 
acids make a major contribution to the total energy production in fish when they are facing the 
energy demand or maintaining the normal life. The depletion of protein content observed in this 
investigation can be correlated to this fact. The present work agree with Tulasi and Jayantha Rao 
(2013) reported that total protein content is decreased and it may be due to breakdown of proteins 
in the fabrication of some amount of energy for organism. The level of amino acid was drastically 
increased and simultaneously, the level of protein content was decreased. Prabakaran et al., (2014) 
have reported that the increase in concentration of amino acid attributed to stepped up of 
proteolysis or increased synthesis of free amino acid by transaminase reaction. This result 
suggested that an enhanced level of proteolysis activity may be occurred in the respective tissues 
and it is also possible to utilize its degraded products for their metabolic purpose. The amino acids 
are the building blocks of protein (Tripathi and Rajesh Kumar Yadav, 2015).  

Different amino acids are found in protein, every protein has a unique genetically defined 
amino acids sequence which determines its specific shape and function. The degree of increase in 
free amino acids has been corroborated with the decreased protein level. Bhaskaran (1980) and 
Manoharan and Subbiah (1982) noticed that depletion in protein level was due to diversification 
of energy to meet out the impending energy demand when the animals were under toxic stress. 
Karuppasamy (1990) reported the decrease in protein content of liver, muscle and kidney in 
Channa punctatus when exposed to sub lethal concentration of sugar mill waste. It may be 
inferreded that Oreochromis mossambicus exposed to sub lethal concentrations of atrazine causes 
energy crisis and alter the protein metabolism. 

 Most of the pesticides act as metabolic depressor in the environment and generally causes 
pressure on biologically active molecules such as glycogen, glucose and lipids (Agrahari and 
Gopal, 2009; Tripathi and Rajesh Kumar Yadav, 2015). Glycogen is a sub divisional 
polysaccharide and major storage of glucose that serve as a source of energy in animals. It plays 
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an important role in the glucose cycle that can be quickly mobilized to meet a sudden need for 
glucose (Sadava et al., 2011; Tripathi and Rajesh Kumar Yadav, 2015). The glycogen content in 
kidney tissues of Oreochromis mossambicus decreased and glucose level was increased in the in 
the present experiment. A remarkable depletion in kidney glycogen shows an extensive utilization 
of energy stores under toxic stress. Depletion of glycogen content in all the tissues might be due 
to the utilization of carbohydrates for energy production as a result of toxicant induced hypoxia. 
Chandrasekhar and Jayabalan, (1993) have also reported the same result was similar report was 
observed in common carp Cyprinus carpio exposed to sub lethal concentrations of endosulfon and 
showing a decreased in levels of blood glucose and little variation in the serum protein. Tripathi 
and Rajesh Kumar Yadav, (2015) also reported that the same result of the depletion of glycogen 
in the organophosphorus exposed fish labeo rohita. In the kidney tissue glycogen content has been 
reduced progressively in the present study due to the entry of toxic substances into the body and 
failure of the normal functional mechanism of routine metabolism processes. In the present study 
the significant increase in glucose level during sub lethal treatment may be due to gluconeogenesis 
to provide energy for the increased metabolic demands imposed by the pesticide atrazine. Al-Akel 
et al., (2000) showed that the increasing of glucose level is due to high secretion of hormones like 
catecholamines, glucocorticoids and that lead to increasing of glycogenolysis and this lead to high 
glucose level in blood. Abou EL-Naga et al., (2005) observed that glucose recorded high values 
than control group level; also muscle glycogen content was increased at the same time intervals. 
This high level was explained through gluconeogenesis, which mean formation of glucose and 
glycogen from non-carbohydrate source. Koundinya (1979) has reported the increase in glucose 
level in Saratherodon mossambicus exposed to pesticide. Saha and Kaviraj (2009) have reported 
that the increased glucose is usually observed in fish under undesirable conditions and it helps the 
animal by providing energy substrates to vital organs to cope with the better energy demand. Lipid 
may be very transient body materials but they are an important source of potential chemical energy 
and their presence or absence reflects the physiological capacity of fish (Schreck and Moyle, 
1990). In the present work the level of lipid was decreased at 120 hrs of sub lethal concentration 
of atrazine exposed fish. Virk and Sharma (1999) have studied the biochemical changes induced 
by nickel and chromium in the liver of Cyprinus carpio and observed significant decline in the 
lipid level of liver and stated that this may be due to toxicity stress which suppresses the activity 
of a number of enzymes responsible for the lipid transformation and ultimately causing disturbance 
in the lipid metabolism. Tulasi et al., (1992) have noticed a significant decrease of lipid content in 
the gill, liver and kidney of Anabas testudineus (Bloch, 1792) exposed to lead. Similar views have 
been recommended recently by Kumar et al., (2010) after sub lethal exposure of Clarias batrachus 
to fluoride. In order to wriggle relies upon lipid metabolism as an energy source for its muscular 
activity which is evident by a considerable decrease in lipid content. Jha and jha (1995) has also 
observed the decreased levels of liver and muscle lipid content in Channa punctatus intoxicated 
with lead nitrate. This has reported the metabolism of lipid to meet the energy requirements in the 
toxic medium either through Beta-oxidation or a process of gradual instauration of lipid molecules. 
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Decrease in the lipid content in the present study might be due to utilization of lipid for the energy 
demand associated with the situation of stress (Rao, 2006). 

Toxicity with herbicides causes severe stress involved in ROS production, leading to 
oxidative stress with lipid peroxidation (Chen et al., 2015; Paulino et al., 2012b). Atrazine can 
induce oxidative damage in cells and tissues of organisms via generating a huge amount of reactive 
oxygen species (ROS), such as superoxide anion, peroxyl radicals, hydroperoxyl radical, and 
hydrogen peroxide (Sandhya Bharti and Fazle Rasool, 2021). In chronic toxicity cases, the high 
ROS levels develop antioxidative enzyme production (SOD, CAT, and GPx) to cope with the 
impacts of oxidative stress (Chen et al., 2015). The accumulation of free radicals and lipid 
peroxides led to inflammation with the loss of cell functions. (Blahová et al., 2013; Xing et al., 
2012; Doherty et al., 2019). It has been reported that atrazine may induce oxidative damage in a 
variety of tissues by enhancing peroxidation of membrane lipids due to inhibition of the 
antioxidant enzymes (Shukla et al., 2000; Ozlem Tezcan et al., 2012). LPO is considered the 
primary mechanism for atrazine toxicity, despite its inability to directly generate free radicals 
under physiological conditions (Eneman et al., 2000). This causes oxidative stress through the 
Fenton reaction, producing hydroxyl radical species that are believed to initiate LPO. Doherty et 
al., (2019) also reported to similar result of decreased level of lipid peroxidation in atrazine 
exposed Clarias gariepinus fish. Significantly higher lipid peroxidation and lower activities of 
CAT, GPx, and SOD in human erythrocytes were observed with the increasing concentrations of 
atrazine treatment. Antioxidant enzymes, such as CAT, GSH-Px and SOD, are known as the first 
fline of defense against oxidative stress caused by herbicides (Coelho et al., 2011; Xulu Chang et 
al., (2021). Antioxidant enzyme system plays an important role in maintaining the balance of 
oxygen free radical metabolism. CAT is important components of antioxidant enzymes in 
organisms. Under normal physiological conditions, antioxidant system can effectively remove 
reactive oxygen species (ROS) and protect cells from injury of lipid peroxidation (Zhu et al., 2008;       
Ni et al., 2019; Guo et al., 2020). The SOD is a group of metalloenzymes that play a crucial role 
as antioxidants and constitute the primary defense system against the toxic effects of superoxide 
radicals (O2−) in organisms.SOD detoxifies superoxide radicals and thus provides cytoprotection 
against free radical induced damage. Reports about SOD activity in atrazine exposed fishes are 
contradictory; some studies reported an increase (Ogjanovic et al., 2003; Zikic et al., 1998) and 
some others reported a decrease (Stajn et al., 1997; Yalin et al., 2006) in activity. The results 
showed markedly the impaired oxidative and antioxidative capacity in Oreochromis mossambicus 
exposed to atrazine; however, dietary Tribulus terrestris caused up regulated antioxidative 
capacity. In the same sense fish fed dietary Tribulus terrestris showed improved antioxidative 
capacity (Song et al., 2018). During the present investigation, significant decrease in GSH level 
was observed in kidney of Oreochromis mossambicus at atrazine exposures which could be due to 
its utilization to challenge the prevailing oxidative stress under the influence of ROS generated 
from pesticide exposure. Reduced GSH and its metabolizing enzyme provide the chief defense 
against ROS induced cellular damage. Apparently GSH is important in protecting against 
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deleterious effects of the cell exposed to ROS by reacting with them to form through glutathione 
disulphide (GSSG). This antioxidant provides defensive effect defense effect occurs 
spontaneously. It acts as cofactor for glutathione transferase, which facilitates the removal of 
certain chemicals and other reactive molecules from the cells (Gate et al., 1999; Mandeep Kaur, 
Rajinder Jindal, 2017). Thus a change in GSH levels may be an important indicator of 
detoxification ability of an organism (Cheung et al., 2001; Mandeep Kaur, Rajinder Jindal, 2017). 
The level of GSH in kidney showed declining trend throughout the exposure periods. Similarly, 
there were significant decreases in the SOD, CAT activities, and GSH level due to nephrotic injury 
caused by atrazine. However, treatment with Tribulus terrestris significantly reached near normal 
level of SOD and CAT activities in fish. Also, a significant increase in GSH content was observed 
after post-treatment with Tribulus terrestris.  

In our study, significant changes were observed in the levels of LDH, ALP, AST and ALT. 
A significant decrease is experimental in all electrolytes during the four experimental groups. A 
significant increase was observed in ALT and AST. ALT is a transaminase enzyme also known as 
serum glutamic pyruvic transaminase (SGPT) or alanine transaminase (ALAT). It is similar to 
aspartate transaminase (AST) because they are found in the liver and in various bodily tissues. The 
enhancement of oxidative stress causes cell damage or tissue injuries. Furthermore, these tissue 
injuries caused functional impairment as evidenced with hepatic function tests, like elevation of 
AST, ALT and ALP activities demonstrated the severity of atrazine induced tissue damage. 
However, ALT has a higher concentration in the liver compared to other tissue in normal health 
conditions. Even though these biomarkers are not specific for liver damage, the increase in their 
activities reflects active hepatic dysfunction. The hepatic injury caused by atrazine may be 
attributed to an enhanced oxidative stress. The induced hepatic damage mainly related to the lipid 
peroxidation which causes rapid breakdown of the structure and function of the membranes such 
as those of the endoplasmic reticulum, mitochondria, and lysosomes, leading to plasma membrane 
damage (Kumar et al., 1997; Hosam Toughan et al., 2018).LDH is a tetrameric glycolytic enzyme 
and recognized as a potential marker of tissue damage (Diamantino et al., 2001). Moreover, 
pesticide induced decrease in glycolytic process may also result in its decrease due to low 
metabolic rate. Prevalence of anoxia during stress conditions may lead to an increase in LDH 
activity in tissues (Das et al., 2004).Stoyanova et al., (2015), Stela Stoyanova et al., (2020)). LDH 
activity is usually related to cellular metabolic activity, and serves as the major enzyme between 
glycolysis and the citric acid cycle (Popoola Omoniyi Michael, 2018). LDH is an important 
enzyme, due to its function in the anaerobic pathway of energy production.In general, LDH activity 
is commonly used as diagnostic tool and demonstrates an increase in the anaerobic metabolism 
due to the depletion of energy and stress caused by environmental changes. LDH is an important 
glycolytic enzyme in anaerobic pathway of carbohydrate metabolism. In this study, the trend in 
LDH activity is in contrast to level noticed in the activity of aminotransferase enzymes. During 
prolonged  exposure,  the  impact  of  atrazine became  overwhelming  as  evidenced  in  decreased 
activities of LDH in tissues that also corroborated the reduction  of  protein  in  these  tissues. 
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Conclusion 
The experimental investigation clearly demonstrates the occurrence of oxidative stress 

induced nephtotoxic effects of atrazine in Oreochromis mossambicus fish. The acute exposure of 
atrazine proved to be toxic to fresh water fishes and induced cumulative deleterious effect at 
various functional sites like metabolic rate, biochemical activity, oxidative and antioxidant 
activity. And it is an evident of protective role of Tribulus terrestris in neutralizing atrazine 
exposed toxicity by improving the ability of the body to protect against oxidative damage through 
the modulation of antioxidant status. It is concluded that the parameter studied in present 
investigations can be used effectively as potential biomarkers of pesticides toxicity to the fish as 
well as other aquatic organisms in the field of environmental biomonitoring. 
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