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ABSTRACT 

The effects of atrazine herbicide in male Poecilia sphenops were studied. The testes and liver cytosolic 

testicular enzyme and antioxidant enzyme activity were measured. Poecilia sphenops was exposed to 3 sub 

lethal concentrations (1.25, 2.5 and 5mg/L) of atrazine for 30days and control was also maintained. The 

activities of testicular functional enzyme ALP, ACP, SDH, LDH, and G6PDH and antioxidant enzyme CAT, 

SOD, GSH, GST and LPO levels were altered in treated groups compared with that of the control. The 

histopathological changes like cloudy swelling of hepatocytes, hepatocytes with some pyknotic nuclei, lipoid 

vacuoles and necrosis were observed in liver, whereas in testes alterations like tubular damages, shrinkage, 

degeneration, necrosis, condensed spermatogonium, damaged seminiferous tubules and damaged tubular wall 

were noticed.  This study demonstrates that atrazine induces oxidative stress in terms of enhanced enzyme 

activity and testicular enzyme activity in Poecilia sphenops. Histological observations revealed well organized 

structure in all the sectioned tissues of organs examined and comparison to control. Atrazine has toxicity to the 

reproductive system in male Poecilia sphenops.  
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1. INTRODUCTION 

Atrazine is the most commonly used herbicide in 

the United States of America and is often detected 

in groundwater and rivers [1].The estimated half-

life of atrazine from these short-term tests ranges 

between a few days to about one year [2, 3], it has 

relatively persistent in freshwater, with a half-life 

between 8 and 350 days, depending on the physio-

chemical environment [4, 5]. Its intensive use in 

agriculture has led to the accumulation of atrazine, 

polluting the soil and the water at levels which 

exceeds the permissible limits (5ppb). Histology 

has long been used in health evaluations of wild 

fishes. Histopathological biomarkers or cellular 

changes in tissues such as gill, liver, kidney, 

gonads and spleen received much attention in 

assessing the effects of environmental stress [6]. 

Historically, much less attention has been focused 

on endocrine, neural and gonadal histology. The 

enzymatic activities are involved in a variety of 

metabolic processes such as production, transport 

and recycling of inorganic phosphate, which are 

prerequisite for cell growth and cell differentiation. 

Some author reported that changes in activity of 

SDH and LDH may be responsible for the toxic 

effects of molybdenum on fertility of male rats [7].  

It is reported that increased level of testicular 

enzymes, in fresh water ornamental fish Poecilia 

latipinna is influenced by Tribulus terrestris [8]. 

Atrazine is metabolized by a complex metabolic 

process involving several groups of xenobiotic 

metabolizing enzymes such as glutathione-S-

transferase (GST). GST is a phase II enzyme with a 

determinant function in the detoxification processes 

[9]. In addition, the conjugating enzyme 

glutathione-S-transferase conjugates potentially 

harmful electrophilic reactive metabolites with 

endogenous glutathione and thus protects other 

nucleophilic centres such as protein and nucleic 

acids [10]. Antioxidant defences such as catalase 

(CAT), superoxide dismutase (SOD) and 

glutathione reductase (GR) are concerned to 

neutralize the toxicity of reactive oxygen species 

[11]. The aim of the present study is to assess the 

toxicity of atrazine herbicide on some biochemical 

indices and evaluate the histological modifications 

in testes and liver of Poecilia sphenops. 

 

2. EXPERIMENTAL 
Healthy Poecilia sphenops adult males were 

procured from the local aquarist. They were 

acclimatized for a maximum period of 15 days in 

the laboratory condition. The adult fishes with an 

average weight of 1.03 ± 0.25gm and average 

length of 4.66 ± 0.29 cm were used. Based on the 

96hrs LC50 values, a set of 20 fish were then 

exposed to each of the three sub-lethal 

concentrations of the atrazine (1.25, 2.5 and 

5mg/L) for 30days and used for the study. A set of 

20 fish were also simultaneously maintained as 

control (0mg/L). Approximately 0.1gm of testes 

and liver was extracted and used for the 
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determination of enzyme activities. The protein 

content of tissues was quantified with Bradford 

method [12].  Acid phosphatase (ACP) and alkaline 

phosphatase (ALP) activities were assayed by 

Estiarte and Michell [13,14]. Sorbitol 

dehydrogenase (SDH) and lactate dehydrogenase 

(LDH) activities were tested by Gerlach and 

Vassault [15,16]. Glucose-6-phosphate 

dehydrogenase (G6PDH) activity was determined 

according to the method of Balinsky and Bernstein 

[17].  

 

Antioxidant studies such as catalase (CAT) [18], 

superoxide dismutase (SOD) [19], glutathione S-

transferase (GST) [20], reduced glutathione (GSH) 

[21], lipid peroxidase (LPO) [22], were estimated. 

At the end of the experiment, the fishes from each 

test group as well as the control group were 

sacrified, the testes and liver were sectioned and 

fixed in 10% formalin and processed according to 

standard paraffin procedures of Luna [23]. 

 

2.1. Statistical Analysis 

The values were expressed as mean ± SE for five 

animals. Differences between groups were assessed 

by one-way analysis of variance (ANOVA) using 

the Statistical Package for Social Sciences (SPSS) 

software package for windows (version 16.0). Post 

hoc testing was carried out for intergroup 

comparisons using the least significant difference 

(LSD) test; (P<0.05) was considered statistically 

significant. 

 

3. RESULTS AND DISCUSSION 

During the experimental period food intake is 

decreased with increasing concentration due to 

increased oxidative stress. About 5% mortalities 

occurred following the exposure of three sub lethal 

concentrations of the atrazine. But significant 

difference between the control and atrazine 

exposed fish were found for all the enzymes.  

 

The activity of testicular enzyme such as  ACP, 

ALP, SDH, LDH  and G6PDH were significantly 

(P<0.05) decreased in atrazine treated fishes when 

compared to that of control fishes (Fig.1.a,b).The 

testicular enzyme activity  was recorded which 

decreases up to 2.5mg. The decreased activity was 

noted in testes when compared to liver. The 

increased activity was most notable in testes and 

liver when compared to control. However the 

activity was lower in higher (5mg/L) concentration 

of atrazine then other (1.25 and 2.5mg/L) 

concentration.  

 

 
Figure 1 (a). Effects of Atrazine on Testicular Enzyme Activity in Testes of Poecilia sphenops. 

 

 
 

Figure 1 (b). Effects of atrazine on testicular enzyme activity in liver of Poecilia sphenops. 
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Figure 2 (a): Effects of atrazine on antioxidant enzyme activity in testes of Poecilia sphenops.  
 

 
Figure 2 (b): Effects of atrazine on antioxidant enzyme activity in liver of Poecilia sphenops. 

 

The changes in the testicular enzymes such as 

ACP, ALP, SDH, LDH and G6PDH of the Poecilia 

sphenops of various groups are shown in Table 1. 

A progressive decreased in testicular enzyme 

activity in Poecilia sphenops was observed in 

atrazine treated groups as compared to control 

group. Atrazine treated resulted in a decrease in the 

testicular enzyme at all-time points, though the 

decrease testicular enzyme activity was statistically 

significant (p<0.05). 

 

The antioxidant enzyme activities were 

significantly increased (p<0.05) in atrazine treated 

fishes when compared with the control group. 

However, the levels of the testicular enzymes were 

significantly distorted upon treatment. Analysis 

enzymes such as CAT, SOD, GSH, GST and LPO 

levels showed a significant (p < 0.05) increase in 

the atrazine treated fishes compared with the 

control (Fig.2.a,b).The enzymes levels were very 

high in testes  compared with liver tissue. The 

enzyme activity for higher (5mg/L) concentration 

of atrazine treated fishes (p<0.05) is lower than 

other concentrations. Effects of sub lethal exposure 

to atrazine on selected antioxidant enzyme are 

presented in Table 2. An increase in antioxidant 

enzyme activity was found in fish exposed to 

atrazine at 1.25, 2.5 and 5mg/L but only in the 

group exposed to atrazine at 5mg/L the level 

reached significance (p< 0.05) when compared to 

the control group. 

 

In the cross section of the healthy testes many 

seminiferous tubules were observed. Each of the 

tubules was in different stages of spermatogenesis. 

Some of the tubules contained fully matured 

sperms, while others were with different stages of 

development. Testes were characterized by the 

presence of well-differentiated seminiferous 

tubules, filled by germ cells and Sertoli cells lining 

on the basement membrane. The tubules containing 

spermatogonia spermatid were more in number. 

Testes morphology was altered by Atrazine 

exposure, which was mainly evidenced by dilation 

of seminiferous tubules. Some tubules appeared 

irregular in form. In most specimens, there was 

coexistence of dilated tubules with those appearing 

normal. Few seminiferous tubules were atrophic. 

On the other hand, the testis of fish treated with 

atrazine was characterized by necrotic spaces and 

great reduction in the seminiferous tubules lumen 

(Fig.3). Giant multinucleated bodies and a large 

number of apoptotic cells were also frequent within 

the seminiferous tubules. In treated animals it 

showed alteration like tubular damages, shrinkage, 

degeneration and necrosis. The Leydig cells were 

as closely coupled as in the controls. In fact, the 

Leydig cell cytoplasmic protrusions were shorter 

and the intercellular space was larger. 
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Table: 1: Effects of Atrazine on Testicular Enzyme Activity in Poecilia sphenops.  

Atrazine mg/L ACP ALP SDH LDH G6PDH ACP ALP SDH LDH G6PDH 

5th Day Liver 

     

Testes 

    

Control 

 

1.533 ± 0.01 

 

1.01  ± 0.01 

 

0.831 ± 0.02 1.12 ± 0.01 1.07 ± 0.02 

 

2.292 ± 0.03 1.61 ± 0.03 1.501 ± 0.02 1.5 ± 0.01 0.95 ± 0.02 

1.25 1.472 ± 0.01 1.108 ± 0.01 0.82 ± 0.01 1.04 ± 0.01 1.12 ± 0.01 2.485 ± 0.01 1.65 ± 0.02 1.81 ± 0.01 1.42 ± 0.01 1.27 ± 0.01 

2.5 1.323  ± 0.01 0.996 ± 0.01 0.801 ± 0.03 0.992 ± 0.01 1.156 ± 0.01 1.882 ± 0.01 1.664 ± 0.02 1.79 ± 0.03 1.31 ± 0.01 1.34 ± 0.03 

5 1.266 ± 0.01 0.827 ± 0.01 0.765 ± 0.01 0.83 ± 0.01 0.982 ± 0.01 1.78 ± 0.02 1.31 ± 0.01 1.41 ± 0.01 1.14 ± 0.01 1.27 ± 0.01 

Atrazine mg/L 

          10th Day Liver 

     
Testes 

    

Control 

 

1.667 ± 0.02 1.03  ± 0.01 0.872  ± 0.01 1.233  ± 0.03 1.12  ± 0.01 2.466 ± 0.01 1.73 ± 0.04 1.69 ± 0.03 1.64 ± 0.03 1.02 ± 0.01 

1.25 1.332  ± 0.01 0.987 ± 0.01 0.79 ± 0.01 0.965 ± 0.01 1.04 ± 0.01 2.358 ± 0.01 1.643 ± 0.02 1.56 ± 0.02 1.32 ± 0.01 1.14 ± 0.09 

2.5 1.232 ± 0.01 0.986 ± 0.01 0.782 ± 0.03 0.953 ± 0.03 1.06 ± 0.02 2.126 ± 0.0 1.591 ± 0.03 1.71 ± 0.03 1.26 ± 0.08 1.19 ± 0.06 

5 1.136 ± 0.01 0.805 ± 0.01 0.739 ± 0.01 0.78 ± 0.01 0.91 ± 0.01 1.667 ± 0.01 1.28 ± 0.01 1.254 ± 0.01 1.02 ± 0.08 1.12 ± 0.02 

Atrazine mg/L 
 

         20th Day Liver  
    

Testes 

    

Control 

 

1.813 ± 0.02 1.08 ± 0.01 0.94 ± 0.01 1.353 ± 0.03 1.219 ± 0.01 2.476 ± 0.02 1.81 ± 0.01 1.92 ± 0.02 1.68 ± 0.01 1.14 ± 0.01 

1.25 1.233 ±  0.01 0.923 ± 0.01 0.765 ± 0.01 0.931 ± 0.01 0.982 ± 0.02 2.353 ±0.01 1.542 ± 0.01 1.501 ± 0.01 1.12 ± 0.03 0.96 ± 0.01 

2.5 1.192 ± 0.02 0.946 ± 0.01 0.753 ± 0.02 0.924 ± 0.03 0.956 ± 0.03 2.166 ± 0.02 1.57 ± 0.03 1.53 ± 0.01 1.2 ± 0.01 1.24 ± 0.03 

5 1.108 ± 0.01 0.791 ± 0.01 0.71 ± 0.01 0.734 ± 0.02 0.84 ± 0.02 1.658 ±0.03 1.237 ± 0.01 1.216 ± 0.03 0.95 ± 0.01 1.04 ± 0.02 

Atrazine mg/L  
         30th Day Liver 

 
    

Testes 

    

Control 

 

2.696 ± 0.04 1.853 ± 0.04 1.94 ± 0.04 1.89 ± 0.03 1.34 ± 0.02 2.696 ± 0.01 1.853 ± 0.05 1.94 ± 0.04 1.89 ± 0.02 1.34 ± 0.05 

1.25 2.133 ± 0.02 1.53 ± 0.02 1.325 ± 0.02 1.06 ± 0.01 0.895 ± 0.01 2.133 ± 0.01 1.53 ± 0.03  1.325 ± 0.02 1.06 ± 0.01 0.89 ± 0.01 

2.5 2.052 ± 0.02 1.32 ±0.04 1.24 ± 0.04 1.1 ± 0.02 1.07 ± 0.01  2.052 ± 0.03 1.32 ± 0.01 1.24 ± 0.09 1.1 ± 0.04 1.07 ± 0.02 

5 1.536 ± 0.02 1.18 ± 0.02 1.12 ± 0.02 0.8 ± 0.02 0.98 ± 0.01  1.536 ± 0.02 1.18 ± 0.01 1.12 ± 0.03 0.8 ± 0.02 0.98 ± 0.06 

Values are mean ± SEM; n = 6:   p < 0.05 compared to control. 
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Table 2: Effects of Atrazine on Antioxidant Enzyme Activity in Poecilia sphenops.  

Atrazine mg/L CAT  SOD GST GSH LPO CAT  SOD GST GSH LPO 

5th Day Liver 

     

Testes 

    

Control 

 

0.439 ± 0.05 

 

2.16 ± 0.07 

 

0.533 ± 0.02 

 

1.256 ±0.03 

 

0.154 ±0.02 

 

0.539 ± 0.06 

 

2.136 ± 0.07 

 

0.676 ± 0.05 

 

1.656 ± 0.01 

 

0.253 ± 0.01 

1.25 0.553 ± 0.03 2.267 ± 0.04 0.566 ± 0.04 1.923 ± 0.01 0.185 ± 0.01 0.658 ± 0.03 2.523 ± 0.04 1.033 ± 0.03 2.279 ± 0.01 0.333 ± 0.01 

2.5 0.633 ± 0.1 2.985 ± 0.01 0.666 ± 0.05 2.233 ± 0.02 0.206 ± 0.01 0.733 ± 0.09 2.667 ± 0.06 1.206 ± 0.06 2.433 ± 0.04 0.366 ± 0.02 

5 0.543 ± 0.01 3.49 ± 0.01 0.633 ± 0.03 2.291 ± 0.01 0.213 ± 0.01 0.686 ± 0.05 2.279 ± 0.03 1.156 ± 0.06 2.233 ± 0.02 0.326 ± 0.01 

Atrazine mg/L 

          
10th Day Liver 

     

Testes 

    

Control 

 

0.476 ± 0.02 

 

2.353 ± 0.04 

 

0.566 ± 0.08 

 

1.433 ± 0.01 

 

0.167 ± 0.01 

 

0.617 ± 0.09 

 

2.216 ± 0.02 

 

0.688 ± 0.08 

 

1.851 ± 0.0 

 

0.267 ± 0.01 

1.25 0.596 ± 0.06 2.596 ± 0.01 0.613 ± 0.04 2.018 ± 0.01 0.233 ± 0.01 0.667 ± 0.05 2.907 ± 0.01 0.978 ± 0.07 3.133 ± 0.01 0.383 ± 0.01 

2.5 0.67 ± 0.02 3.156 ± 0.05 0.685 ± 0.01 2.567 ± 0.01 0.214 ± 0.01 0.767 ± 0.07 3.276 ± 0.09 1.196 ± 0.01 2.667 ± 0.09 0.423 ± 0.02 

5 0.594 ± 0.01 3.653 ± 0.01 0.733 ± 0.09 2.567 ± 0.01 0.235 ± 0.01 0.706 ± 0.04 3.049 ± 0.05 1.167 ± 0.07 2.391 ± 0.05 0.363 ± 0.01 

Atrazine mg/L 

          
20th Day Liver 

     

Testes 

    
Control 0.513 ± 0.03 2.667 ± 0.05 0.583 ± 0.09 1.676 ± 0.02 0.175 ± 0.03 0.613 ± 0.06 2.416 ± 0.07 0.727 ± 0.07 1.966 ± 0.04 0.275 ± 0.01 

1.25 0.667 ± 0.03 2.672 ± 0.03 0.653 ± 0.05 2.261 ± 0.01 0.243 ± 0.02 0.699 ± 0.09 3.172 ± 0.08 0.923 ± 0.09 3.561 ± 0.02 0.423 ± 0.01 

2.5 0.712 ± 0.02 3.467 ± 0.02 0.726 ± 0.07 2.747 ± 0.01 0.236 ± 0.01 0.76 ± 0.05 3.467 ± 0.02 1.163 ± 0.07 3.667 ± 0.09 0.451 ± 0.02 

5 0.606 ± 0.01 3.853 ± 0.02 0.752 ± 0.04 2.796 ± 0.02 0.267 ± 0.01 0.733 ± 0.06 3.353 ± 0.01 1.123 ± 0.04 3.0187 ± 0.05 0.437 ± 0.01 

Atrazine mg/L 

          
30th Day Liver 

     

Testes 

    
Control 0.513 ± 0.01  2.734 ± 0.05 0.626 ± 0.04 1.936 ± 0.02 0.197 ± 0.05 0.643 ± 0.03  2.567 ± 0.05 0.768  ± 0.01 2.166 ± 0.04 0.297 ± 0.02 

1.25 0.696 ± 0.01 2.926 ± 0.03 0.693 ± 0.02 2.566 ± 0.01 0.253 ± 0.01 0.716 ± 0.01 3.289 ± 0.03 0.866 ± 0.06 3.756 ± 0.02 0.473 ± 0.01 

2.5 0.766 ± 0.03 3.667 ± 0.01 0.756 ± 0.01 2.966 ± 0.04 0.266 ± 0.02  0.764 ± 0.02 3.756 ± 0.04  0.933 ± 0.08 3.747 ± 0.06 0.516 ± 0.01 

5 0.683 ± 0.02 3.979 ± 0.01 0.784 ± 0.03 2.967 ± 0.02 0.286 ± 0.016 0.754 ± 0.01 3.651 ± 0.09 0.906 ±0.05 3.256 ± 0.03 0.486 ± 0.01 

Values are mean ± SEM; n = 6:   p < 0.05 compared to control.  
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Figure 3: Liver tissue of p.sphenops (a) Control: Hepatocycytes, C-Cytoplasm, AC-Acinar Cell, N-Nucleus, 

Nu-Nucleolus, (b) liver fish exposed to 1 mg of ATZ: CD-Cell debris, NA-Necrotic area, DAC-Disintegrating 

Acinar Cell, KH-Karyolsed Hepatocytes: (c) Liver of fish exposed to 2.5 mg of ATZ: PVN-Perivascular 

necrosis with vascular damage, CD-Cell derbris, NS-Nacrotic spot, SN-Swollen Nucleus, WBV-Wrinkled blood 

vessel: (d) DH- Degenerating hepatocytes, ND-Necrotic derbris, V-Vacuolation. 

 

 
Figure 4: Testis of P. sphenons. (a) Control: Sg-Spermatogonia, St-Spermatid, Sc-spermatocytes: (b) Testis of 

fish exposed to 1mg of ATZ: St-Spermatid, Sp-Spermatophores, DST-Damaged Seminiferous Tubules, E-

Egema, CSg-Condensed sphermatogonium: (c) Testies pf fish exposed to 2.5 mg of ATZ: NZ-Necrotic zone, 

Le-Ledying Cell, DSc-Damaged Spermatocytes: (d) Testis of fish exposed to 5.0 mg of ATG: DTW-Damaged 

Tubular Wall, CSg-Condensed sphermatogonium, NZ-Necrotic zone, DSp-Damage Spermatophores. 
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In the present study no histological changes were 

observed in control. The structural details of the 

liver of control Poecilia sphenops were shown in  

 

(Fig.4.). The hepatocytes of fish exposed to 

atrazine show changes like wrinkled blood vessel, 

necrotic area, disintegrating acinar cell, cell debris, 

and perivascular necrosis with vascular damage. 

The liver of fish exposed to atrazine treatments for 

30 days showed several histopathological changes, 

and the frequency of these changes increased with 

increasing concentration. 

 

Fish are often used as sentinel organisms for 

ecotoxicological studies because they play number 

of roles in the trophic web, accumulate toxic 

substances and respond to low concentration of 

mutagens [24].  The liver is a main organ 

responsible for the metabolism of toxic substances 

like atrazine. In animals, atrazine is readily 

absorbed from the gastrointestinal tract and is 

mostly circulated in the liver. Therefore the effect 

of atrazine on liver-detoxifying enzymes is very 

important [25]. A period of 30 days  exposure to 

atrazine was examined to study the alterations in 

antioxidant enzymes such as, SOD, CAT, LPO, 

GSH, GST and activities of testicular enzymes such 

as ACP, ALP, G6PHD, LDH and SDH. Increase in 

these enzyme activities are probably a response 

towards increased ROS generation in pesticide 

toxicity [26]. SOD-CAT system provides the first 

defense line against oxygen toxicity [7]. It has been 

reported by various researchers that GSH plays an 

important role in protecting cells from xenobiotic-

induced tissues injury [27]. The increase in 

superoxide dismutase activity after administration 

of atrazine enhance to increased generation of 

reactive oxygen species. It has been reported in the 

literature that exposure of animals to xenobiotic 

increases SOD activity in various tissues [26, 28]. 

The elevated level of lipid peroxidation in the testes 

and liver of Poecilia sphenops is the response to 

exposure of atrazine as observed in the present 

investigation which suggests that there is an 

increased production of ROS. Increased ROS 

production may be related with the metabolism of 

atrazine herbicide to the peroxidation of membrane 

lipids of the liver. The liver is noted as site of 

multiple oxidative reactions and maximal free 

radical generation [29]. The observed LPO 

resulting from ROS generated by the atrazine may 

lead to cell apoptosis. ROS and oxidative stress 

have been demonstrated to betriggers of apoptosis 

[30].  Currently, GST is used as a biomarker for the 

evaluation of the effect of atrazine on Poecilia 

sphenops. GST is also capable of detoxifying ROS 

as a result of a direct antioxidant action, and its 

activity in fish cells subjected to oxidative stress 

[31]. Therefore, it is a potential biomarker not only 

for pollutants that are detoxified by GST but also 

for the very large number of pollutants capable of 

generating oxidative stress. However, an increased 

LDH and SDH activity was found in the liver of P. 

sphenops exposed to all the concentrations of 

atrazine. Hence, increased LDH and SDH 

concentration in this case is due to dacarbazine-

induced damage of seminiferous epithelium as 

shown in other experimental conditions [32]. So 

that elevated level of LDH and SDH indicates that 

cytotoxicity of atrazine on spermatogonia affected 

their further processes during spermatogenesis. In 

the present investigation, the activity of ACP, ALP 

increased in testes in all the concentration of 

atrazine exposure. The increased ACP, ALP level 

has a direct effect on testicular functions [8]. 

 

Histopathological investigations have proved to be 

a sensitive tool to identify the direct effects of 

environmental contamination. In this study, the 

effects of exposure to atrazine on the testicular and 

liver histomorphology Poecilia sphenops were 

assessed. Modified testicular histoarchitecture, 

apoptosis/proliferation imbalance and altered 

steroidogenesis could have negative effect on 

sexual maturation. Many recent studies in wildlife 

have generated increasing concern regarding 

endocrine disrupting chemicals effects on 

reproductive functions [33]. There are reports 

which describes that pesticides can cause various 

histopathological and cytopathological changes in 

the reproduction system of male mammals [34]. 

The histopathological lesions in the liver observed 

in the present study were cloudy swelling of 

hepatocytes, hepatocytes with some pycnotic 

nuclei, lipoid vacuoles and necrosis. Morphological 

alterations are seen in the fish liver exposed to 

pesticides [35]. Similar studies have shown cloudy 

swelling, bile stagnation, necrosis, atropy and 

vacuolization in the Corydoras paleatus exposed to 

methyl parathion [36].  

 

A histopathological observation has indicated that 

exposure to sublethal concentrations of atrazine 

causes adverse effects in the testes and liver tissues 

of Poecilia sphenops. Histopathological alterations 

lead to physiological problems, ultimately leading 

to the death of fish. However, more experiments at 

lower atrazine concentrations are needed to validate 

these enzymes activity as biomarkers of oxidative 

stress in large-scale environmental monitoring 

programs. 

 

4. CONCLUSIONS 

Current histological investigations established a 

direct correlation between atrazine exposure and 

histopathological disorders observed in testes and 

liver tissue. From this study it can be concluded 

that atrazine exposure results in increased oxidative 

stress and altered testes and liver antioxidant status. 

Low dose of atrazine affect the fish. Numerous 
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histological changes can be observed in fish testes 

and liver tissue throughout experiment. 
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