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ABSTRACT 

 
The present investigation is designed to compare to study of responses when conducted in freshwater fish 

Oreochromis mossambicus exposed at sublethal concentration of atrazine (16.5 mg/L) in 120 hours. The results 

revealed that treatment of atrazine enhanced the level of the hepatic enzyme activity of alanine transaminase 

(ALT), aspartate transaminase (AST), alkaline phosphatase (ALP) and lactate dehydrogenase (LDH). 

Subsequently the treatment of Tribulus terrestrisis active constituents at a dose of 1.2 g/L drastically restored to 

the normal levels of all hepatic enzymes (AST, ALT, ALP and LDH). Therefore our experimental studies 

suggest that the administration of Tribulus terrestris is proved to be the best ameliorative agent for atrazine 

herbicide which induced the damage in hepatic. 
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1. INTRODUCTION 
 

Fishes can be used to as a biomarker of environmental 

health and can be assume noteworthy roles in to the 

evaluating potential hazard related to pollution in the 

aquatic environment since they are directly exposed to 

the chemicals either directly from surface run-off 

waters or indirectly through the food chain of the 

ecosystem [1,2]. Carps have been effectively used in 

experimental laboratory and field studies to assess 

toxic effects of exposition to the several types of 

pesticides [3,4,5].   

 

Atrazine is a chloro-triazine herbicide with a chemical 

structure based on a central carbon/nitrogen ring. The 

structure of this herbicide makes it highly water 

soluble. Atrazine also has the potential to absorb to 

soil or become airborne, however, the physical 

properties of this chemical make it more prone to 

dissolving in water [6]. Atrazine treatment was shown 
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to negatively affect acetylcholinesterase activity, 

mRNA level in muscles, brain, kidney, liver and gill 

of common carp [7,8]. Atrazine has been found to 

induce oxidative stress and disturb the swimming of 

larval zebra fish [9]. Oxidative stress occurs when the 

level of ROS exceeds the antioxidant capacity of a 

cell, acting as a mediator in tissue injury, leading to 

pathophysiological alterations and apoptosis [10,1]. In 

the production of free radicals and ROS it leads to 

oxidative damage, DNA affecting, proteins, lipids, 

and nucleic acids also. Thus, the cellular 

physiological processes are seriously disrupted in 

diverse living organisms (Yoon, et al., 2019; 

Slaninova et al. [11]; Zhang et al. [12]. The organ 

most associated with the detoxification and 

biotransformation process is the liver, and due to its 

function, location and blood supply [13].  

 

This herbicide is associated with relatively high 

chronic toxicity. Atrazine is a carcinogen that affects 

the central nervous system, reproductive system, 

immune system and cardiovascular function. 

Exposure to atrazine in animals is associated with 

some types of NHL (Non-Hodgkin Lymphoma) in 

adult humans. In 2007, the USEPA began reviewing 

several epidemiological cancer studies concerning 

atrazine and its possible association with carcinogenic 

effect in humans. Atrazine runoff and leaching from 

application sites into rivers, streams, lakes, reservoirs 

and groundwater is an ecological concern. In some 

aquatic ecosystems contaminated by atrazine, 

photosynthesis of algae, a primary producer in food 

chain, may be inhibited [14].  

 

The use of herbal medicines can be traced back 

thousands of years ago. There is an increased to hunt 

for drugs and nutraceuticals from medicinal and 

nutritional plants in recent years [15]. However, with 

the high demand of bio-actives from traditional 

knowledge for therapeutic use proper scientific 

evaluation of therapeutic potential and validation by 

modern science is highly warranted. Tribulus 

terrestris is extremely rich in saponins, flavonoids, 

alkaloids, glycosides, phytosteroids and other 

constituents [16]. Many pharmaceutical preparations 

and dietary supplements that include the saponin 

fraction of Tribulus terrestris are currently on sale 

worldwide [17,18,19], (Jagadeesan and Kavitha, 

2006) Pharmacological analysis has revealed that 

there are several active components of Tribulus 

terrestris [20]. It has been reported that Tribulus 

terrestris exhibits its effects in particularly its 

saponin-containing steroidal compounds that are 

structurally in glycoside form [21]. Despite the 

various steroidal saponins that have been isolated 

[22,23,24], their mechanisms of action remain 

obscure. It has been demonstrated that the 

hypertensive effects of Tribulus terrestris are exerted 

via decreasing levels of activity of angiotensin 

converting enzyme (ACE), especially in the kidneys 

[25]. It has been proposed that Tribulus terrestris may 

have a hypolipidemic effect, although it is still not 

clear how it affects lipid metabolism [26]. The 

mechanism of action of the apparent beneficial effects 

of Tribulus terrestris on the cardiovascular system 

and hyperlipidemia remain to be elucidated.  

 

2. MATERIALS 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 freshwater fish Oreochromis mossambicus were 

collected from around the Cheyyar surroundings, 

Thiruvannamalai District. The collected fish was 

acclimated to laboratory condition 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 (500 L) containing non-chlorinated water. 

Prior to the start of the experiment, the fishes were 

acclimatized to food and laboratory conditions with 

12h dark and 12h light cycles, pH range of 6.95 to 

7.60 and temperature ranging from 16 to 24°C for 

15 days. The fishes measuring 11-14cm in length 

and 40-60g weight were selected irrespective of 

their sex for the experiments. Solutions were 

renewed once daily after exposure period, animals 

were sacrificed and isolated for their liver tissues, 

homogenized and stored at −80 °C for further 

biochemical analyses.  

 

2.3 Supplement Feed 

 
Healthy plants of Tribulus terrestris were collected 

from the areas around Cheyyar. The plants were 

washed in running tap water for 10 minutes and were 

dried, 1kg of Tribulus terrestris were macerated thrice 

at room temperature and prepared in powdered form 

and equal amount of rice bran was mixed well and 

small amount of water were added and small pellet 

were made.  

 

2.4 Experimental Design  

 
Fishes were divided into four equal groups each 

comprising of 25 fishes. 
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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 

Group  IV Tribulus terrestris  alone (1.2 g/L) for 

120 hours 
 

2.5 Biochemical Analysis 

 
The activity of alkaline phosphatase was assayed by 

the method of King and Armstrong, [27]. The activity 

of AST, ALT and LDH was determined by adopting 

the method of King (1965).  
 

2.6 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.    
 

3. RESULTS  
 

After 120 h of atrazine exposure significant increase 

in ALT, ALP, AST and LDH activity was observed in 

liver tissues of Oreochromis mossambicus when 

compared to their corresponding control. Mostly all 

the biochemical parameters were found to be restored 

near normal level at the time of recovery period of 

Tribulus terrestris treatment. 
 

4. DISCUSSION  
 

The activity of ALT, AST and ALP in the liver tissues 

of fish is tested as hepatic functions indicators. In the 

present study the activities of ALT, ALP and AST in 

the liver tissue atrazine exposed fish were drastically 

increased. Many studies have examined that atrazine 

causes a disturbance in liver function manifested by 

an increase in activity of ALT, ALP and AST. 

Therefore, the increase in ALT, ALP and AST 

activity noted in this study may be explained by the 

leakage of these enzymes from the liver cytosol into 

the blood stream. On the other hand, the significantly 

elevated aminotransferase’s (ALT and  AST) 

activities in the blood of fish during short-term 

exposure, with concomitant  decrease  in  liver  during 

prolonged  exposure,  could  be  due  to  cellular 

degradation  of  these  tissues,  resulting  in 

interference with the normal physiological and 

biochemical processes such as Kreb’s and tricaboxylic 

cycles and subsequent leakage into the bloodstream 

[28], (Banaee et al., 2014). When cell membrane of 

hepatocytes is damaged variety of enzymes such as 

ALT, AST, and ALP are released into the blood 

stream from the cytosol.  
 

The hepatic injury caused by atrazine may be 

attributed to the enhanced oxidative stress. The 

induced hepatic damage mainly related to the lipid 

peroxidation 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 [1]. 

Furthermore, the dynamics of ALT and AST activities 

during short-term and prolonged exposures appear to 

be related to the reduction of protein in the tissues of 

atrazine exposed fishes. This seems obvious as 

increased levels of these enzymes in stress conditions 

have stimulatory effects on gluconeogenic process to 

generate energy for detoxification process, 

homeostatic maintenance and tissue repairs. Thus, 

increased  levels  of  these  enzymes  in  the liver of 

atrazine-exposed fishes is in response to  oxidative  

stress  and  could  be  an  attempt  to supply enough 

energy needed to survive the toxic stress. During the 

recovery period Tribulus terrestris exposed time reach 

the near normal level. 
 

 
 

Fig. 1. Alanine amino transferase (ALT) activity in liver tissues of Oreochromis mossambicus exposed for 

120 hours 
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Fig. 2. Alkaline phosphatase (ALP) activity in the liver tissues of Oreochromis mossambicus exposed for 

120 hours 

 

 
 

Fig. 3. Aspartate aminotransferase (AST) activity in liver tissues of Oreochromis mossambicus exposed for 

120 hours 

 

 
 

Fig. 4. Lactate Dehydrogenase (LDH) activities in liver tissues of Oreochromis mossambicus exposed for 

120 hours 

 

Lactate dehydrogenase is a bifunctional enzyme of the 

glycolytic pathway which is involved in the inter 

conversion of lactate and pyruvate. LDH is located on 

strategic point between glycolysis and citric acid 

cycle, which catalyzes the reversible oxidation of 

lactate and malate to pyruvate, serving in the terminal 

step of glycolysis [29]. LDH is an important 

glycolytic enzyme in anaerobic pathway of 

carbohydrate metabolism. In this study, the trend in 

LDH activity is in contrast to that noticed in 

aminotransferase enzymes. LDH activities 

significantly increased in all the tissues during both 

exposures, except the slight increase observed in the 

liver of fish at subleathal acute exposure.  During 
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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. Significant increase in LDH 

may favor the anaerobic respiration to meet up the 

energy demand when aerobic oxidations are lowered 

[30]. Furthermore, in case of anoxic condition the 

body also tries to shift respiratory metabolism to 

anaerobiosis and hence conversion of lactate to 

pyruvate take place in order to mitigate the energy 

crisis [31] and thus LDH reflects the metabolic 

capacity of tissues after long term exposure to 

contaminated water bodies [32]. Liver tissue is the 

richest source of LDH and any deformities in the liver 

organ might increase the level of LDH [30]. During 

the treatment the stabilization of these marker 

enzymes were most effectively done by T. terrestris is 

clearly indicates that the improvement of the 

functional status of the liver cells by the way of 

restoration of these enzymes activities in the liver 

tissues and it may protect against acute organ 

dysfunction and cellular injury depending upon the 

antioxidative effect.  
 

5. CONCLUSION 
 

In the present experimental studies suggest that T. 

terrestris is having more patented against the atrazine 

toxicity. Further research is needed to supporting 

these results.    
 

ACKNOWLEDGEMENT 
 

The authors are thankful to Associate Professor and 

Head, P.G and Research Department of Advanced 

Zoology and Biotechnology, Guru Nanak College for 

providing necessary laboratory facilities to carry out 

this experimental work successfully completed. 
 

COMPETING INTERESTS 

 
Authors have declared that no competing interests 

exist. 
 

REFERENCES  

 
1. Hosam Toughan, Samah R. Khalil, Ashraf 

Ahmed El-Ghoneimy, Ashraf Awad, A. SH. 

Seddek. Effect of dietary supplementation with 

Spirulina platensis on Atrazine induced 

oxidative stress- mediated hepatic damage and 

inflammation in the common carp (Cyprinus 

carpio L.) Ecotoxicology and Environmental 

Safety. 2018;149:135-142. 

2. Lakra WS, Nagpure NS. Gerotoxicological 

Studies in fishes:a review, Indian J. Anim. Sci. 

2009;79:93-98. 

3. Clasen B, Leitemperger J, Murussi C, Pretto A, 

Mehezes C, Dalabona F, Marchezan E, Adaime 

M, Zanella R, Loro V. Carofuran Promotes 

biochemical changes in carpexposed to rice 

field and laboratory conditions. Ecotoxicol. 

Environ. Saf. 2014;101:77-82. 

4. Menezes C, Leitemperger J, Murussi C, Toni 

C, Ara MDCS, Farias IL, Perazzo GX, Barbosa 

NV, Loro VL. Herbicide clomazone effects on 

δ-aminolevulinic acid activity and metabolic 

parameters in Cyprinus carpio. Bull. Environ. 

Contam. Toxicol. 2014a;92:393-398. 

5. Murussi CR, Costa MD, Leitemperger JW, 

Flores-Lopes F, Menezes CC, Loebens L, 

Avila L.A. De, Rizzetti TM, Adaime MB, 

Zanella R, Loro VL. Acute exposure to the 

biopesticide azadirachtin affects parameters in 

the gills of common carp (Cyprinus carpio). 

Comp. Biochem. Physiol. Part C. 2015a;180: 

49-55. 

6. ATSDR. Agency for Toxic Substances and 

Disease Registry. Guidance for the preparation 

of Toxicological Profile: ATSDR, US Public 

Health Service; 2003. 

7. Xing H, Wang J, Li J, Fan Z, Wang M, Xu S. 

Effects of atrazine and chlorpyrifos on 

acetylcholinesterase and Carboxylesterase in 

brain and muscle of common carp. Environ. 

Toxicol. Pharmacol. 2010;30:26-30. 

8. Xing H, Wu H, Sun G, Zhang Z, Xu S, Li S. 

Alterations in activity and mRNA expression 

of acetylcholinesterase in the liver, kidney and 

gill of common carp exposed to atrazine and 

chlorpyrifos. Environ. Toxicol. Pharmacol. 

2013;35 (1):47-54. 

9. Liu Z, Wang Y, Zhu Z, Yang E, Ferg X, Fu Z, 

Jin Y. Atrazine and its main metabolites alter 

the locomotor activity of larval Zebra fish 

(Danio rerio). Chemosphere. 2016;148:163-

170. 

10. Celik I, Turker M, Tuluce Y. Abcisic acid and 

gibberellic acid cause increased lipid 

peroxidation and fluctuated antioxidant defense 

systems of various tissues in rats. J. Hazard. 

Mater. 2007;148(3):623–629. 

11. Slaninova A, Smutna M, Modra H, Svobodova 

Z. A review: oxidative stress in fish induced by 

pesticides. Neuro. Endocrinol. Lett. 2009; 

1(Suppl):2-12. 

12. Zhang L, Qiu L, Wu H, Liu X, You L, Pei D, 

Chen L. Expression profiles of seven 

glutathione S-transferase (GST) genes from 

Venerupis philippinarum exposed to heavy 

metals and benzo[α]pyrene. Comp. Biochem. 

Physiol. C. 2012;155:517-527. 

13. Ron Van der Oost, Jonny Beyer, Nico and 

Vermeulen PE. Fish bio accumulation and 



 
 
 
 

Nimavathi et al.; UPJOZ, 42(19): 11-16, 2021 

 
 

 
16 

 

biomarkers in environmental risk assessment: a 

review. Environmental Toxicology and 

Pharmacology. 2003;13:57-149. 

14. Stratton GE. Morphological and behavioral 

Correlates in Schizocosa stridulans. Behavior 

as a taxonomic tool in Wolf Spiders. American 

Zoologist. 1984;24:52A. 

15. Reshma PL, Binu P, Anupama Nair, Vineetha 

RC, Abhilash S, Nair R. Harikumaran, Raghu 

KG. Pretreatment of Tribulus terrestris L. 

causes anti-ischemic cardioprotection through 

MAPK mediated anti-apoptotic pathway in rat. 

Biomedicine & Pharmacotherapy. 2019;111: 

1342-1352. 

16. Sun WJ, Gao J, Tu GZ. A new steroidal 

saponin from Tribulus terrestris Linn. Nat Prod 

Lett. 2002;16:243-7. 

17. Kostova I, Dinchev D. Saponins in Tribulus 

terrestris – Chemistry and bioactivity. 

Phytochem Rev. 2005;4:111-37. 

18. Mulinacci N, Vignolini P, La Marca G. Food 

supplements of Tribulus terrestris L. 

Chromatographia. 2003;57:581-92. 

19. Xu YX, Chen HS, Liang HQ. Three new 

saponins from Tribulus terrestris. Planta Med. 

2000;66:545-50. 

20. De Combarieu E, Fuzzati N, Lovati M, 

Mercalli E. Furostanol saponins from Tribulus 

terrestris. Fitoterapia. 2003;74:583-91. 

21. Gauthaman K, Ganesan AP, and Prasad RN. 

Sexual effects of puncture vine (Tribulus 

terrestris) extract (protodioscin): An evaluation 

using a rat model. J Altern Complement Med. 

2003;9:257-65. 

22. Deepak M, Dipankar G, Prashanth D, Asha 

MK, Amit A, Venkataraman BV. Tribulosin 

and beta-sitosterol-Dglucoside, the 

anthelmintic principles of Tribulus terrestris. 

Phytomedicine. 2002;9:753-6. 

23. Huang JW, Tan CH, Jiang SH, Zhu DY. 

Terrestrinins A and B, two new steroid 

saponins from Tribulus terrestris. J Asian Nat 

Prod Res. 2003;5:285-90. 

24. Conrad J, Dinchev D, Klaiber I, Mika S, 

Kostova I, Kraus W. A novel furostanol 

saponin from Tribulus terrestris of             

Bulgarian origin. Fitoterapia 2004;75:117-           

22. 

25. Sharifi AM, Darabi R, Akbarloo N. Study of 

antihypertensive mechanism of Tribulus 

terrestris in 2K1C hypertensive rats: role of 

tissue ACE activity. Life Sci. 2003;73:2963- 

71. 

26. Chu S, Qu W, Pang X, Sun B, Huang X. Effect 

of saponin from Tribulus terrestris on 

hyperlipidemia. Zhong Yao Cai. 2003;26:      

341-4. 

27. King KJ, Armstrong AL. Calcium, phosphorus 

and phosphatase. In: Varley H,editors. Practical 

Clin Biochem. 4
th

 ed. New Delhi, CBS Pub. 

1988;457-461. 

28. Olufemi David Owolabi, James Sunday 

Omotosho. Atrazine-Mediated Oxidative Stress 

Responses and Lipid Peroxidation in the 

Tissues of Clarias gariepinus. Iranian Journal 

of Toxicology. 2017;2:29-38. 

29. Reddy JS, Reddy KT, Reddy CD. Influence of 

heavy metals on biochemical and metabolic 

biomarkers of Indian major carp, Labeo rohita. 

The Bioscan: Int. Quart. J. Life Sci. 2011;6(1): 

167-173. 

30. Neeraj Kumar, Krishnani KK, Meena KK, 

Sanjay Kumar Gupta, Singh NP. Oxidative and 

cellular metabolic stress of Oreochromis 

mossambicus biomarkers indicators of trace 

element contaminants. Chemosphere. 2017; 

171:265-274. 

31. Calbreath DF. Clinical Chemistry: a 

Fundamental Textbook, second ed. W.B. 

Saunders Co, Philadelphia, US. 1992; 490.  

ISBN-13: 978e0721626215,  

ISBN-10:0721626211. 

32. Gagnon MM, Holdway DA. Metabolic  

enzyme activities in fish gills as biomarkers of 

exposure to petroleum hydrocarbons. 

Ecotoxicol. Environ. Saf. 1999;44:92-99. 

__________________________________________________________________________________________ 
© Copyright MB International Media and Publishing House. All rights reserved.  


	/UTTAR PRADESH JOURNAL OF ZOOLOGY
	42(19): 11-16, 2021

	AMELIORATIVE ACTION OF Tribulus terrestris ON ATRAZINE EXPOSED FRESH WATER FISH
	Oreochromis mossambicus (W. K. H. Peters, 1852)
	ABSTRACT


