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ABSTRACT: Environmental persistence and bioaccumulation of atrazine 

which belong to the Chloro -S-triazines may constitute a substantial concern in 

terms of health of humans. This research looked at, male albino rats with 195±5 

g weights, were orally given doses of 0, 60, 150, and 300 mg a.i./kg b.w. 

atrazine, respectively, daily for 30 days. Analysis of liver, kidney functions, 

endocrine disorders, sperm account, sperm motility and body organs weights 

(absolute& relative) were evaluated. Through the study duration, rats were 

observed for general behavior, symptoms of toxicity and mortality. At the end 

of the study, rats were sacrificed by decapitation after 24 hr., from last treatment. 

Organs of tested male rats were rapidly   doffed washed and weighted 

individually. Then, the organ / body weight ratios were calculated, and blood 

was collected from rats 24 hr., after the end of 30 days and subjected for the 

biochemical parameters. Atrazine with the tested doses served no apparent signs 

of toxicity or mortality of treated rats throughout the period of investigation (30 

days). The findings revealed that oral administration of male albino rats with the 

tested doses of atrazine lowered body weight gains and sperm dynamics, while 

raised organs weights (except testes weight which was lowered, and did not 

affect absolute kidney weight), the levels of selected liver (except total protein 

and glucose contents which were decreased) and kidney biomarkers in treated 

rats compared to control animals. Concentrations of T3 were increased 

significantly in a dose-dependent manner; concentrations of T4 hormone were 

increased only with the highest tested dose in treated rats compared to control 

animals. In other terms, atrazine is toxic to the body, blood, liver and kidney 

functions of exposed rats, also as an endocrine disruptor chemical that longtime 

exposure of atrazine has been shown to have negative consequences on health 

of humans and the environment.   
 

Keywords:Atrazine, sub-acute toxicity, physiological, haematological, biochemical, reproductive 

biomarkers.  
INTRODUCTION 

Undoubtedly, the use of pesticides can 

help protect crops and reduce yield losses; 

however, with the constant development of 

agricultural chemistry, these pesticide residues 

bring some potential hazards to the environment 

and human body. Egypt is one of the intensive 

pesticide use country in Africa. Quantities of 

pesticides used in Egypt are about 600 ton/annually 

(Environ. Affairs agency, Egypt; 2009), and the 

total imported agricultural pesticides in Egypt was 

10241.66 ton in 2016 (ElSafoury, 2020). Atrazine 

(ATRZ) (: 6-chloro-4-N-ethyl-2-N-propan-2-yl-

1,3,5-triazine-2,4-diamine) is a member of Chloro 

-S-triazine family herbicide that has been one of 

the most widely used herbicides to control broad 

leaved weeds and some grasses that potentially 

harm crop development in maize, sugarcane, 

sorghum, and other crops (Mac Loughlin et al., 

2016), and also inhibit some perennial weeds. 

Besides, it is used as a non-selective herbicide in 

railway roads and non-cultured lands. Atrazine 

products are utilised in formulations of pure 

atrazine or in ready-to-use combinations with other 

herbicides applied in pre-emergence or post-

emergence (Maceljski et al. 2005). Atrazine is 

used in 70,000–90,000 tonnes per year across the 

world (Zhang et al., 2018). Corn for example 

occupies a special position in the national 

economy, It is a versatile crop (used for human 

consumption, animal and poultry feed, and raw 

materials) (e.g. for starch industry) in Egypt 

(Galal, 2002; Mohamed, 2020).  The competition 

between weeds and corn is capable of reducing the 

quality and quantity of corn yield by 33.7% 

(Saudy, 2013), and about 50% (Abouzinea et al., 

2013). Atrazine has high water mobility and 

ecological tenacity owing to its chemical features 

and long-term usage as a plant protector; residues 
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of this herbicide have been discovered in surface, 

ground, and drinking water samples. and even in 

animal feed mostly in corns (Gojmerac et al. 

1996, Kramer et al. 2001 Waring and Moore, 

2004). In spite of being prohibited in the European 

Union (EU) in 2003 (Bethsass and  Colangelo, 

2006), atrazine is still in use as a major herbicide 

in Egypt due to its high efficacy, low price, and its 

wide-spread among farmers. 

ATRZ has received considerable attention as a 

result of its extensive use and ubiquitous 

contamination in ground and surface waters, its 

pattern of use, high persistency, and its potential 

biological impact in the environment (Hayes et al. 

2003). Additionally, atrazine causes inhibition of 

spermatogenesis, alteration in testicular Sertoli and 

Leyding cells morphology and decreased 

accessory sex organ weight; it also lowered 

epididymal sperm count and motility, and 

influenced testicular cell morphology (Abarikwu 

et al. 2010). For a period of 16 days, rat’s gavage 

orally with atrazine there were oxidative changes 

in the genital area in nature (Adesiyan et al. 2011; 

Abarikwu et al. 2013). ATRZ also decreases 

testosterone levels and increases estradiol levels 

(Victor-Costa et al. 2010). Kniewald et al. (2000) 

illustrated that atrazine administration may result 

in reduction of testosterone conversion to 5-

dihydrotestosterone (DHT) in the hypothalamus, 

anterior pituitary, and prostate; decreased pituitary 

and prostate weights; decreased DHT binding to 

the androgen receptor; and decreased quantity and 

motility of spermatozoa. Not only, has it caused 

alterations in spermatogenesis and a decrease in 

sperm capacitation, but also it has been 

hypothesised that it has a negative impact on male 

rat reproductive function, with a direct effect on the 

hypothalamic-pituitary-testicular axis 

(Trentacoste et al. 2001).  Furthermore, the sexual 

system of feral animals may be affected by atrazine 

(Melachlan et al. 2006). Additionally, adverse 

effects on the amount of sperm in the testicles and 

epididymis, motility, viability, morphology, and 

daily sperm outcome in male rats were observed 

after oral exposure of atrazine (Abarikwu et al. 

2010). ATRZ may behave as an endocrine 

disruptor, affecting the endocrine system (Rayner 

et al. 2004). Hepatic damage was reported due to 

exposure to atrazine in rats (Campos – pereira et 

al. 2012). 

Studies show that atrazine causes adverse 

effects on the liver, the kidney and cardiovascular 

system in animals exposed to it (Chan et al. 2007). 

Present research has linked oxidative 

stress (OS) to ATRZ toxicity by examining 

particular biomarkers in organ's tissues such as the 

liver, erythrocytes, testis, and epididymis in rats 

(Singh et al. 2018). ATRZ can potentially have an 

impact on male reproduction through secondary 

metabolic consequences. ATZ alters body weight, 

promotes oxidative stress, and alters glucose 

metabolism in immature rats or mice (Lim et al. 

2009; Jin et al. 2014, 2015). In both normal and 

diabetic rats, atrazine treatment resulted in a 

considerable rise in liver damage indicators such as 

AST, ALT, and ALP enzymes, as well as kidney 

damage biomarkers such as creatinine and urea, 

although this increase was more prominent in 

diabetic rats (Jestadi et al. 2014). As a close-knit 

network, the immune system provides a strong 

protection against the effects of chemical exposure, 

a study of atrazine's long-term immunotoxicity 

(Holaskova et al. 2019). Chang et al. (2021) 

evaluated the toxic effects of different 

concentrations of atrazine on immune function in 

mice.  

The present study was undertaken to 

investigate the potential effects of atrazine – 

induced toxicity in liver, kidney, and tests of male 

rats through hematological, biochemical, and 

reproductive biomarkers. 

 

MATERIALS AND METHODS: 

Atrazine 

a. Chemical name: 6-chloro-4-N-ethyl-2-N-

propan-2-yl-1,3,5-triazine-2,4-diamine. 

(IUPAC). 

b. Common name: Gesaprime 

c. Trade name: Atrazine. 

d. Molecular formula: C8H14ClN5 

e. Used formulation: 80% WP. 

f. Rate/ Feddan: 0.75 kg/fed. 

g. This herbicide was supplied from Syngenta 

Company (USA). 

h. Toxicity: The oral LD50 of atrazine in rats was 

determined to be 3000 mg/kg. The oral LD50 

for atrazine is 3090 mg/kg in rats. [WSSA, 

1994 and U.S. National Library of Medicine, 

1995]. 

 

Chemicals were of analytical grade purity 

and obtained from Biodiagnostic Company, 29 

Tahreer St., Dokki, Giza, Egypt.The tested 

animals and experiments: 

The experiments have been conducted out 

at Plant Protection Department, Faculty of 

Agriculture, Damanhour University, El-behera, 

Egypt. 

 

Animals, Experimental design and sampling: 

Healthy Male albino rats (Rattus 

norvegiuos) immature stage and weighing 195±5 

g, were used in the evaluation of the adverse effects 

of the sub-lethal doses of atrazine. These rats have 

been supplied from the National Research Centre's 

(NRC) Animal Breeding House in Dokki, Cairo, 

Egypt. Before beginning the studies, the rats were 

given a week to acclimate. Temperature-controlled 

settings were used to maintain the rats (25oC). 

They were provided regular food and allowed 
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unlimited access to water. Throughout the 

investigation, clinical evaluations and body weight 

measurements were performed once a week. The 

animals were separated into four groups of four 

rats each, with one group serving as an untreated 

control. 

Dosages of atrazine were freshly prepared 

and adjusted weekly for body weight changes and 

given at approximately the same time each 

morning. Atrazine with the formulated form was 

administered at a dose 60, 150, and 300 mg a.i kg-

1 b.wt. for male rats. Atrazine has oral LD50 of 3090 

mg/kg in rats [Weed Science Society of America, 

1994 and U.S. National Library of Medicine, 

1995]. An equivalent volume of corn oil (0.5 ml 

/rat) was given to the check (control) group of rats. 

Rats were split into four groups of four rats each as 

follows: 

The following outlines the experimental groups: 

Groups 1: were orally administered doses of 

formulated atrazine, for 30 days (60 mg a.i /kg 

b.wt). 

Group 2: were orally administered doses of 

formulated atrazine, for 30 days (150 mg a.i /kg 

b.wt).   

Group 3: were orally administered doses of 

formulated atrazine, for 30 days (300 mg a.i /kg 

b.wt). 

Group 4: this group served as control (check 

group) and only acquired a comparable volume of 

corn oil 

Throughout the study, rats were watched for 

overall behaviour, toxicity signs, and mortality. 

 

Male rats' body weight fluctuations were 

recorded weekly throughout the study (30 days). 

Blood was collected from rats 24 hrs, after the end 

of 30 days, via heparin-treated tubes and non-

heparin-treated tubes for the analysis of plasma and 

serum, respectively. Blood was kept at room 

temperature for 20 minutes before being 

centrifuged for 10 minutes at 3000 rpm (600g) 

using a Hereaeus Labofuge 400R, Kendro 

Laboratory Products GmbH, Germany, to separate 

the serum as well as plasma, respectively. Rats 

were slaughtered by decapitation after 24 hours 

after the last treatment at the end of the experiment. 

Male rats' organs were swiftly removed, cleaned, 

and weighted separately. The organ/body weight 

ratios were then computed. 

Biochemical parameters: 

Haematological and biochemical 

parameters were determined as follows: 

1- Serum alkaline phosphatase (ALP/AP) 

according to the method described by Rec 

(1972). 

2- Serum acid phosphate measurement was 

carried out according to the method described 

by Belfield (1971). 

3- Serum aspartate amino transferase (AST, 

EC.2.6.1.1) and Serum alanine amino 

transferase, ALT (EC.2.6.1.1) according to 

the method described by Reitman and 

Frankel (1957). 

4- Serum blood glucose levels were measured 

using the technique outlined by Trinder 

(1969)  

5- Total protein content calculated using the 

technique outlined by Young (2001). 

6- Total cholesterol in the serum was estimated 

using the approach outlined by Trinder 

(1969). 

7- Serum uric acid measurement was conducted 

by using the procedure outlined by Fossati et 

al., (1980)  

8- Serum creatinine concentration was 

determined using the protocol of Henry 

(1974). 

9- Testosterone determination in conformity 

with the provisions given by (Turkes 

(1979)). Testes as well as epididymis of four 

male rats from each subgroup were processed 

for sperm analysis (Lubicz-Naworcki and 

Chang, 1974). Number of sperm was 

counted, and the motility of epididymal 

sperm was assessed as a proportion that 

became increasingly motile 

10- Triiodothyronine (T3) Hormone assessment 

was conducted out using the procedure 

described by (Cavalieri and Rapoport, 

1977) using International Immuno 

Diagnostics Kits. 

11- Thyroxine (T4) Hormone analysis was 

conducted via the method estimated by 

(Schuurs and Van Weeman, 1977) using 

International Immuno Diagnostics Kits. 

12- The crude homogenates of the tests, liver, 

and kidney were prepared according to 

Ohkawa et al., (1979). 

 

Statistical analysis:         

The acquired data was statistically 

analysed in accordance with Snedecor and 

Cochran (1967), and the least significant 

differences (LSD) at the 5% level of significance 

were computed. The statistical analysis system 

(SAS) version 9.2 (SAS, 2013) computer 

programme was used to examine all data. 

 

RESULTS AND DISCUSSION: 

It is important from the safety point of 

view which is correlated directly to human health 

to evaluate the detrimental side effects of 

herbicides on mammals by using male albino rats 

as an experimental animals model. Formulations of 

pesticides are complex combinations, and toxicity 

data on active components alone are insufficient to 

assess the likelihood of adverse health 

consequences from commercial pesticides. Thus, 
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the purpose of this study was to see how subacute 

administration to formulated atrazine affected 

haematological, biochemical, and hormonal 

markers in the blood of treated rats.  

Doses of 60, 150, and 300 mg a.i/kg/day 

are taken orally every day to male rats for 30 days. 

There were no obvious indicators of toxicity or 

death in the treated rats throughout the period of 

investigation. 

 

2- Effects of atrazine on blood plasma and liver 

homogenates biochemical parameters: 

Estimating the activity of enzymes found 

in serum is useful tool to disorder assessment. This 

pick any disturbances to the system early enough 

to allow for projection and possible remedies. In 

the light of this, selected serum enzymes and 

biochemical parameters were assayed in the serum 

of rats given daily oral sub-lethal doses of atrazine 

for 30 days. Results in Table (1) show that atrazine 

with the highest two tested doses (150 and 300 mg 

a.i./kg b.w.) increased significantly the activity of 

the serum acid phosphatase (ACP), serum alkaline 

phosphatase (ALP), serum aspartate transferase 

(AST), serum alanine amino transferase (ALT), 

and total cholesterol. Atrazine at all tested doses 

significantly decreased the concentration of total 

protein and glucose in comparing with those in the 

untreated treatment. The highest doses of atrazine 

(150 and 300 mg a.i./kg b.w.) elevated the activity 

of ACP from 4.19 U/l in control to 5.39 and 6.08 

U/l, respectively. Furthermore, these doses 

increased the activity of ALP from 98.45 U/l in 

control to 118.92 and 131.64 U/l, respectively. 

Also, these doses increased the activity of AST 

from 35.46 U/ml in control to 43.39 and 47.98 

U/ml, respectively, and shift the activity of ALT 

from 38.72  U/ml to 50.41 and 60.02 U/ml, 

respectively, in serum of atrazine.-treated rats.  

On the other hand, all tested doses of 

atrazine (60, 150 and 300 mg a.i./kg b.w.) caused 

significant decrease in glucose content from 50.58 

mg/dl in control to 42.39, 37.48 and 29.85 mg/dl, 

respectively, and decreased total protein from 6.69 

g/dl in control to 5.37, 4.59 and 3.78 mg/dl, 

respectively, in a dose- dependent response. 

However, total cholesterol content was elevated 

from 56.53 mg/dl in control to 89.70 mg/dl, with 

the dose (300 mg a.i./kg b.w.) of atrazine  as 

illustrated in table (2). 

The lowest tested dose of atrazine (60 mg 

a.i./kgb.w./day) did not affect significantly ALP, 

AST, and ALT levels in the serum of treated-rats. 

Liver is frequently the first target of 

ingested substances before they enter the bodily 

fluids; therefore, it is subjected to high quantities 

of these chemicals [Irving and Elfarra, 2012]. 

ALT is thought to be more specific for hepatic 

injury because it is present mainly in the cytosol of 

the liver and in low concentrations elsewhere 

[Campos-Pereira et al. 2012]. The elevation of 

ALT in the current study was attributed 

specifically to the injury of liver cells caused by 

atrazine [Konstantinova and Russanov, 1999], 

whereas the AST is a mitochondrial enzyme found 

in the heart, liver, skeletal muscle, and kidney and 

is normally present in plasma [Fowler et al. 2012]. 

Serum AST rise is appears to be the result of 

mitochondrial damage caused by reactive oxygen 

species (ROS) generated by atrazine [Zilva et al. 

1988].      

 Jestadi et al. (2014) stated as follows 

short term exposure of atrazine at 300𝜇g kg−1 

potentially because oxidative stress in liver, led to 

significant increase in biomarkers of liver injury, 

such as AST and ALT, as well as ALP, this rise 

was observed in both normal and diabetic rats, 

although it was more prominent in diabetic rats 

than in normal rats. Atrazine's harmful effects may 

be due to the production of reactive oxygen species 

(ROS), which causes oxidative stress in numerous 

tissues. Herbicide-induced hepatic damage is 

thought to be caused by increased oxidative stress 

and lipid peroxidation [Mohammad, et al. 2012]. 

Rat liver damage might be caused by atrazine 

[Adesiyan et al. 2011]. Higher ALT and AST 

levels in atrazine treated-animals might be caused 

to aminotransferase enzyme leaking from damaged 

liver cells (Konstantinova and Russanov, 1999, 

Jestadi et al. 2014). A raise in enzymatic levels of 

ALT and AST in extracellular fluid or plasma may 

be a useful indicator of cellular liver damage or 

pathological alterations such as apoptosis of 

hepatocytes trigger an increase in cell membrane 

permeability, leading in aminotransferase release 

via the blood circulation (Ali et al. 2008). 

Regarding the reduction of total protein content in 

our study, Yousef et al. (2006) stated that a 

reduction in plasma proteins might be due in part 

to pesticides' reversal action on liver cells. 

Moreover, reduction in plasma protein might occur 

because of physiological adaptation of animals to 

combat stress produced by pesticide. In various in 

vivo and in vitro model systems, atrazine causes 

oxidative damage, cytotoxicity, and apoptosis 

[Adesiyan et al., 2011, Abarikwu et al., 2015, 

Campos-Pereira et al., 2012], hepatotoxic effects 

[Gojmerac et al., 1995, Abarikwu, 2014, Singh et 

al., 2011]. 

However, rats treated with 400 mg kg-1 atrazine for 

14 consecutive days resulted in nonsignificant 

elevation in serum ALT enzyme [Hussain et al., 

2012]. 
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Table (1): Acid phosphatase, alkaline phosphatase, AST, and ALT activities alterations in the serum of 

rats in rats administered 30 repetitive oral doses of atrazine . 

 

2- Effects on blood plasma and kidney 

homogenates biomarkers: 

Creatinine and uric acid in the serum of 

animals seem to be beneficial in the early detection 

of foreign compound-induced nephrotoxicity. 

Results in Table (2) revealed that Creatinine 

(mg/dl) and uric acid (mg/dl) concentrations were 

considerably raised in the serum of atrazine-treated 

rats in a dose-dependent approach, relative to 

control. Thus, the dose of (300 mg a.i./kg b.w.) of 

atrazine caused a considerable increase in 

creatinine from 0.5982 mg/dl in un-treated rats to 

0.8962 mg/dl, and in uric acid concentration from 

4.2756 mg/dl in un-treated rats to 6.787 mg/dl. 

Atrazine with the lowest dose did not affect 

creatinine concentration significantly in comparing 

with the untreated treatment. The change in 

creatinine and uric acid concentrations in the blood 

of treated rats might be related to a decrease in 

glomerular filtration in the kidney, as well as 

malfunction of the kidney tubules. (Walmsley and 

white, 1994).   

Liu et al., (2014) reported that for 28 days, 

Females Wister rats were given 0, 5, 25, and 125 

mg/kg atrazine, and their serum levels of creatinine 

and uric acid increased. In several in vitro and in 

vivo model systems, atrazine causes 

nephrotoxicity [Jestadi et al., 2014, Liu et al., 

2014]

.

Treatments 

Dose Acid phosphatase (U/l) 
Alkaline Phosphatase 

(U/l) 
AST (U/ml) ALT (U/ml) 

mg 

a.i./.k

g b.w. 

Activity 

(U/l) 

% of 

control 
Activity (U/l) 

% of 

control 
Activity (U/ml) 

% of 

contro

l 

Activity 

(U/ml) 

% of 

control 

Control 0.00 
4.19 

±0.03895d 
100.00 

98.45 

±4.303690c 
100.00 

35.46 

±0.251054c 
100.00 

38.72 

±2.070553c 
100.00 

Atrazine 

(Formulatio

n form) 

60 
4.73 

±0.00704c 
112.89 

102.91 

±5.27698c 
104.53 

38.68 

±3.884268bc 
109.08 

44.9 

±2.605792bc 
115.95 

Atrazine 

(Formulatio

n form) 

150 
5.39 

±0.03895b 
128.64 

118.92 

±4.850997b 
120.80 

43.39 

±2.05894494ab 
122.36 

50.41 

±3.628609b 
130.20 

Atrazine 

(Formulatio

n form) 

300 
6.08 

±0.014605a 
145.11 

131.64 

±8.323697a 
133.71 

47.98 

±3.921770a 
135.31 

60.02 

±3.626866a 
155.01 

Each value is a mean ± SD; Statistical difference from the control: Means in the same columns with the same letter are not 

significantly different. 
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Table (2): Effect of atrazine on the concentration of Glucose, Total Protein, Total Cholesterol, Creatinine and Uric acid in the serum of male rats administered daily oral 

doses for 30 days. 
 

Each value is a mean ± SD; Statistical difference from the control: Means in the same columns with the same letter are not significantly different. 

  

Treatments 

Dose Glucose Total protein Total Cholestrol Creatinine Uric acid 

mg a.i./kg 

b.w. 
Conc. (mg/dl) 

% of 

control 
Conc. (g/dl) 

% of 

control 
Conc. (mg/dl) 

% of 

control 
Conc.  (mg/dl) 

% of 

control 
Conc. (mg/dl) 

% of 

control 

Control 0.00 50.58±3.367580a 100.00 6.69±0.190196a 100.00 56.53±2.502766d 100.00 0.5982±0.041141c 100.00 4.2756±0.073269d 100.00 

Atrazine 

(Formulation form) 
60 42.39±1.860562b 83.81 5.37±0.165433b 80.27 66.76±4.599385c 118.10 0.6803±0.043204bc 113.72 5.237±0233913c 122.49 

Atrazine 

(Formulation form) 
150 37.48±3.799429b 74.10 4.59±0.147426c 68.60987 74.96±3.116789b 132.60 0.7663±0.041177b 128.10 5.929±0.282929b 138.67 

Atrazine 

(Formulation form) 
300 29.85±3.957022c 59.02 3.78±0.159912d 56.50 89.70±4.758613a 158.68 0.8962±0.042014a 149.82 6.787±0.076818a 158.74 
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3- Effects of different treatments on T3 (ng/dl), 

T4 (µg/dl), Testosterone (ng/ml), sperm account 

(NX106/ml), sperm motility (%) in blood plasma 

and tests homogenates 

 Results in Fig. (1) revealed that at the end 

of administration period (30 days) of sub-lethal 

doses of atrazine to male rats caused  a 

considerable increase in T3 levels were in a dose-

dependent pattern.while the highest tested dose 

(300 mg a.i./kg b.w.) only resulted in a 

considerable increase of T4 hormone in the serum 

of rats that had been treated.  In case of testosterone 

hormone, all tested doses of atrazine caused 

significant decrease in the serum of rats that had 

been treated, in a dose-dependent response, 

relative to control, the same trend observed in case 

of sperm account/ml and sperm motility. The 

highest dose of atrazine (300 mg a.i./kg b.w.) 

caused a significant increase in T3 from 128.55 

ng/dl in control to 183.82 ng/dl, and increased T4 

concentration from 9.175 µg/dl in control to 

9.891µg/dl, in the serum of rats that had been 

treated. While, the highest dose of atrazine caused 

significant decrease in testosterone concentration 

from 2.61785 ng/dl in control to 1.02955 ng/dl in 

the serum of rats that had been treated, and resulted 

in considerable decrease in sperm account/ml from 

63.62x106/ ml in control to 42.61x106/ml dl in the 

serum of treated rats. Sperm motility was 

significantly decreased from 91.75% in control to 

70.25% in the serum of rats that had been treated 

with the highest dose of atrazine (300 mg a.i./kg 

b.w.). Pesticides may disrupt thyroid function by 

interfering with the hypothalamic pituitary thyroid 

(HPT) axis, inhibiting iodine intake by the thyroid 

gland, increasing excretion of thyroid hormones, 

decreasing cellular uptake of thyroid hormones, 

and changing the expression of thyroid hormone-

regulated genes. [Goldner et al., 2013].  

These hormonal alterations were in 

agreement with several studies, that atrazine can 

operate as an endocrine disruptive chemical with 

endocrine system impacts [Hayes et al. 2003, 

Rayner et al. 2004, Spano et al. 2004]. 

Statistical analysis of our results in Fig. 

(1) revealed a considerable decrease changes the 

levels of testosterone hormone in herbicide-treated 

rats' serum The considerable fall in testosterone 

levels (ng/ml) may be due to atrazine's direct 

damage to leydig cells, which are the primary 

location of testicular androgen production. 

Testosterone is essential for sex organ 

development and sperm production (Robinson 

and Huntable, 1988), that atrazine has the 

potential to cause harm in the reproductive system 

of rats and animals in the wild [McLachlan et al., 

2006, Adesiyan et al., 2011] 

Daradkeh et al. (2020) reported that 

wistar rats orally administered by different doses 

of the herbicide atrazine; (27.3, 38.5, and 42.0 mg 

kg-1 b.w), elevated concentrations (p ≤ 0.05) of 

thyroid stimulating hormone (TSH) compared to 

control were observed through the course of the 

experiment. Increasing moles of other sprayed 

herbicides was found to increase T4, while others 

elevated levels of TSH. 

The impact of atrazine on the thyroid 

gland revealed a substantial rise in blood T3 levels 

in male rats given 200 mg/kg body weight (bw) 

[Stoker et al. 2000]. A previous study illustrated 

that serum T3 concentration was considerably 

elevated at 200 mg/kg bw per day, indicating that 

atrazine can postpone the beginning of puberty and 

change estrous cyclicity in the female Wistar rat. 

The method of action appears to involve changing 

steroid production, most likely as a result of central 

nervous system disturbance of pituitary function 

regulation. 

Friedmann  (2002) reported that in vivo 

experiments serum and intratesticular testosterone 

levels were lowered by roughly 50% in both acute 

and chronically atrazine treated animals. The 

findings show that atrazine works as an endocrine 

disruptor in rat males by directly suppressing 

testosterone synthesis in Leydig cells. 

Atrazine dosing of up to 50 mg/kg per day 

had no influence on any of the examined variables, 

according to the study. Atrazine lowered serum 

testosterone concentrations by 100 and 200 mg/kg 

per day, as did seminal vesicle and ventral prostate 

weights. Even minor food restriction led in 

decreases in blood testosterone concentration, 

weights of androgen-dependent organs, and serum 

LH concentration, the same deficiencies reported 

in atrazine-gavage rats. Indeed, the effects of 

atrazine on the male reproductive system in rats 

given more than 50 mg/kg per day could not be 

separated from the effects of lower food 

consumption. These findings indicate that caution 

should be maintained before assuming that atrazine 

(or any potentially harmful substance) has direct 

and negative consequences (Trentacoste et al., 

2001). Gonadotropin suppression (necessary for 

proper sperm production) qualifies for reducing 

density of sperm in cauda epididymis and the 

testes. Changes in androgen metabolism may 

contribute to low caudal epididymal sperm density 

(Choudhary et al., 2008).  

Joshi et al. (2012) cited that 

administration of herbicides such as butachlor 

were administered to male rats, led to a substantial 

reduction in sperm capacitation and density. The 

sharp reduction of sperm motility may be due to a 

low amount of adenosine triphosphate (ATP) (Bai 

and Shi, 2002). Alterations in the enzymatic 

activity of the oxidative phosphorolytic process, 

which is essential for the synthesis of ATP, a 

source of energy for the forward movement of 

spermatozoa, may have an effect on sperm motility 

(Joshi et al. 2007). In addition, Exposure to 

https://pubmed.ncbi.nlm.nih.gov/?term=Friedmann+AS&cauthor_id=12128101
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pesticides has been linked to altered thyroid 

function as well as lower testosterone and 

oestrogen levels, potentially contributing to 

infertility later in life. (Gilden et al., 2010). 

  

  

 
 

Fig. (1): The influence of the tested doses of 

atrazine on the levels of T3, T4, Testosterone 

hormones, and sperm account& motility in the 

serum of male rats given daily oral doses for 30 

days. 

1- Control. 

2- Atrazine (Formulation form)  (60 mg/kg 

b.w(. 

3- Atrazine (Formulation form) (150 mg/kg 

b.w(. 

4- Atrazine (Formulation form) (300 mg/kg 

b.w(. 
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4- Effect of tested herbicides on body and 

organs weights  

After dosing period, data in Table (3) clarify that 

treatment of rats with the tested doses of atrazine 

achieved considerable body weight reduction 

relative to control in a dose-dependent response. 

The highest dose atrazine caused significant 

reduction in rats weight gain from 239.08 g in 

control to 195.25 g. Also results in table (3) 

revealed that the testes absolute and relative 

weights (g) were markedly decreased, while 

Because of the exposure, the relative weights of the 

liver and kidney increased significantly. The 

absolute weight of liver was increased with 

atrazine highest tested doses. However, absolute 

kidney weight in herbicide-treated rats 

considerably less than that of the control without 

any significant changes between them, while all 

tested doses of atrazine resulted in a dose-

dependent response, there was a considerable rise 

in the absolute and relative weights of splin. 

Organ and relative organ weights are significant 

factors for evaluating organ toxicity in 

toxicological research. (Crissman et al. (2004)).     

Exposure to agricultural chemicals frequently 

results in a loss of body weight and organ weights 

in animals [Dutta and Sahu, 2013]. Atrazine 

administration resulted in either unchanged or 

lowered body weights [Kandori et al. 2005, 

Mossa et al. 2013]. Body weight and organ weight 

decline (i.e., liver and kidney) following atrazine 

medication might be attributed to a lower calorie 

intake or necrotic alterations in various body 

tissues. [Fukamachi et al., 2004].  

Trentacoste et al. (2001) stated that the reduction 

body weight average of atrazine treated rats at 100 

mg/kg per day was about 9%. This showed that the 

effects of atrazine on the reproductive system may 

not be direct, but rather that the observed 

impairments in the male reproductive tract arose 

from the treated rats' lower food intake. 

Current researches have linked oxidative stress to 

ATRZ toxicity by examining particular biomarkers 

in organs such as the rat's liver, erythrocytes, testis, 

and epididymis. [Abarikwu et al., 2010, Adesiyan 

et al., 2011, and Singh et al., 2011]. ATRZ 

induces suppressive effects on gonadal endocrine 

system’s function in both male and female 

(Kretser and Kerr, 1995, Kniewald et al. 1995).  

Feyzi-Dehkhargani et al. (2012) stated that 

ATRZ had a negative effect on the endocrine 

function of the testes and pituitary gland, and also 

had an influence on the cytoplasmic CH ratio, 

which leads to insufficient energy supplementation 

in spermatogenesis cells. As a result, testicular 

tissue experiences unbalanced oxidative stress, 

which increases sperm DNA disintegration and 

nuclear immaturity. Furthermore, it alters 

morphology of sperms and decreases its motility 

(Kniewald et al., (2000).  

Mokhtari et al. (2010) stated that a considerable 

decrease in mean body weight in experimental 

groups compared to control groups. Only the 

experimental groups that received 200,400 

(mg/kg) of atrazine had a reduction in testes 

weight.

.
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Table (3): Body and organs weights changes in rats administered 30 repetitive oral doses of atrazine. 

Treatments 
Dose mg 

a.i/.kg b.w. 

Intial weight 

(gm) 

Final 

weight (gm) 
% Change 

liver weight 

(gm) 

Kidney 

weight (gm) 

splin weight 

(gm) 

Lung weight 

(gm) 

Control 0.00 
192.75 

±5.200321a 

239.08 

±4.018603a 
100.00 

4.11 

±0.065828c 

1.9929 

±0.052333a 

0.620 

±0.006378d 

1.2028 

±0.012685c 

Atrazine 

(Formulation 

form) 

60 
193.20 

±3.831449a 

228.72 

±4.636903b 
76.67 

4.08 

±0.052915c 

1.9170 

±0.039246a 

0.680 

±0.020801c 

1.2260 

±0.004690c 

Atrazine 

(Formulation 

form) 

150 
199.50 

±4.633213a 

220.48 

±4.106093b 
45.28 

4.36 

±0.073937b 

1.9210 

±0.012353a 

0.820 

±0.010801b 

1.6750 

±0.003742b 

Atrazine 

(Formulation 

form) 

300 
198.79 

±1.9629223a 

195.25 

±5.776101c 
-7.64 

4.68 

±0.112842a 

1.93230 

±0.054491a 

0.906 

±0.041481a 

1.9960 

±0.054565a 

Treatments 
Heart weight 

(gm) 

Tests weight 

(gm) 

Relative 

liver weight 

Relative 

kidney weight 

Relative splin 

weight 

Relative lung 

weight 

Relative heart 

weight 

Relative tests 

weight 

Control 
0.6545 

±0.003862c 

4.1176 

±0.008099a 

0.01719 

±0.00042c 

0.00834 

±0.00021c 

0.00259 

±0.000064d 

0.00503 

±0.0000896d 

0.00274 

±0.0000332d 

0.01722 

±0.0003211a 

Atrazine 

(Formulation 

form) 

0.6590 

±0.016269c 

3.9260 

±0.073050b 

0.01784 

±0.00055c 

0.00838 

±0.00017bc 

0.00297 

±0.000134c 

0.00536 

±0.0001239c 

0.00288 

±0.0000330c 

0.01717 

±0.0005081a 

Atrazine 

(Formulation 

form) 

0.7289 

±0.003862b 

3.5076 

±0.089340c 

0.01978 

±0.00021b 

0.00871 

±0.00022b 

0.00372 

±0.00011b 

0.00760 

±0.0001539b 

0.00331 

±0.0000562b 

0.01591 

±0.0003201b 

Atrazine 

(Formulation 

form) 

0.8519 

±0.004899a 

2.9245 

±0.013916d 

0.02397 

±0.00021a 

0.00990 

±0.00011a 

0.00464 

±0.000219a 

0.01022 

±0.0001379a 

0.00436 

±0.0001076a 

0.01498 

±0.0004989c 

Each value is a mean  

± SD; Statistical difference from the control: Means in the same columns with the same letter are not significantly 

different. 

 

CONCLUSION: 

In conclusion, atrazine is toxic to the 

body, blood, kidney, and liver functions of exposed 

rats and may have long-term severe effects on 

human health and the environment. This strongly 

indicates that proper precautions need to be taken 

in use of pesticides; there are further studies 

needed for the better understand the toxicity and 

safety references of herbicide formulations 

produced and applied in Egypt. 

 

REFERENCES 

Abarikwu S O; Pant A B; and Farombi E O. 

(2013). Quercetin decreases Steroidogenic enzyme 

activity, NF-eB expression and Oxidative stress in 

cultured Leydig cells exposed to atrazine. Mol. 

Cell Biochem.,373;19-28. 

Abarikwu SO, Adesiyan AC, Oyeloja TO, 

Oyeyemi MO and Farombi EO. (2010) Changes 

in sperm characteristics and induction of oxidative 

stress in the testis and epididymis of experimental 

rats by a herbicide, atrazine. Arch Environ Contam 

Toxicol; 58: 874-882. 

Abarikwu SO, Farombi EO. (2015) Atrazine 

induces apoptosis of SH-SY5Y human 

neuroblastoma cells via the regulation of Bax/Bcl-

2 ratio and caspase-3-dependent pathway. Pestic 

Biochem Physiol.;118:90–98. 

Abarikwu SO. (2014) Protective effect of 

quercetin on atrazine-induced oxidative stress in 

the liver, kidney, brain, and heart of adult Wistar 

rats. Toxicol Int.;21:148–155. 

Abouzinea, H.F., Ahmed, M.A.M., Eldabaa 

A.T., Abd -  El Wahed M.S.A. (2013) A 

comparative study on   the productivity of two 

yellow maize cultivars  grown under various weed 

control management  . Middle East J. Agric. Res. 

2(2), 56-67. 

Adesiyan AC, Oyejola TO, Abarikwu SO, 

Oyeyemi MO and Farombi EO. (2011) Selenium 

provides protection to the liver but not the 

reproductive organs in an atrazine-model of 

experimental toxicity. Exp Toxicol Pathol; 63: 

201-207. 



(JAAR) Volume: 27 (1) 

 53 

Ali, T., J.A. Bhalli, S.M. Rana and Q.M. Khan 

(2008). Cytogenetic damage in female Pakistani. 

Bai, J.P. and Y.L. Shi, (2002). Inhibition of Ca 

(2+) channels in mouse spermatogenic cells by 

male 

Belfield, L. (1971). Goldberg D. M. Enzyme. 12, 

561. 

Bethsass, J. and Colangelo, A. (2006) European 

Union bans atrazine, while the United States 

negotiates continued use. Int. J. Occu. Environ. 

Health, 12, 260–267 

Campos-Pereira FD; Oliveira CA; Pigoso EC; 

Silva-Zacarin R; Barbieri EF; Spatti EF; 

Marin-Morales MA; Severi-Aguiar Gd. (2012). 

Early cytotoxic and genotoxic effects of atrazine 

on Wistar rat liver: A morphological, 

immunohistochemical, biochemical and molecular 

study. Ecotoxic. Environ. Safe., 78:170-177. 

Cavalieri, R. R. and B. Rapoport. (1977). 

Impaired peripheral conversion of thyroxine to 

triiodothyronine. Ann. Rev. Med. 28:57-65. 

Chan YC; Chang SC; Hsuan SL; Chien MS; 

Lee WC; Kang JJ; Wang SC; and Liao JW. 

(2007). Cardiovascular effects of herbicides and 

formulated adjuvants on isolated rat aorta and 

heart. Toxicol In Vitro.21(4):595-603. 

Chang J; liang C; Wang W; Yong L; Mao W; 

Yang H; Jia X; Liu Z; Song Y. (2021). Toxic 

effects of atrazine on Immune function in BALB/C 

mice. Environ Sci and Pollution Research. 

2837978-37994.  

Choudhary, N. and S. C. Joshi. (2008). 

Reproductive toxicity of endosulfan in male albino 

rats. Bull. Environ. Contam. Toxicol. 70: 285-289. 

Crissman, J. W., D. G. Goodman, P. K. 

Hildebrandt, R. R. Maronpot, D. A. Prater, and 

J. H. Riley. (2004). Best practice guideline: 

Toxicologic histopathology. Toxicol. Pathol., 32: 

126-131. 

Daradkeh S.M, Abdelgadir M.I, Awad Eljeed 

B.A.,  Daradkeh M.S, Murwan K. Sabahelkhier 

(2020). Oral administration of the environmental 

pollutant     atrazine herbicide and its impacts on 

thyroid stimulation hormone (TSH) assessed by 

(wistar rats), and its implications on human 

community . International Journal of Agriculture 

and Environmental Researc. ISSN: 2455-6939. 

Volume: 06, Issue: 04 "July-August " 

Egyptian Environmental Affairs Agency. 

Guidelines of Principles and Procedures for 

Environmental Impact Assessment 2nd Edition 

January 2009. 

ElSafoury, H. (2020). Legislative Status of 

Pesticides in Egypt. Technical report under action 

A1 of the Egyptian Vulture New LIFE project 

(LIFE16 NAT/BG/000874). Nature Conservation 

Egypt, Egypt. 28 p. 

Environ. Affairs agency, Egypt. Ministry of 

State for the Environment 

Feyzi-Dehkhargani1 Sajad, Rasoul Shahrooz1, 

Hassan Malekinejad , Rajab-Ali Sadrkhanloo1 

(2012) . Atrazine in sub-acute exposure results in 

sperm DNA disintegrity and nuclear immaturity in 

rats. Veterinary Research Forum. 3 (1) 19 – 26. 

Fossati, P., L. Prencipe and G. Berti (1980). 

Clin. Chem., 2612: 227-273. 

Fowler P. A., M. Bellingham, K. D. Sinclair 

(2012) “Impact of endocrine-disrupting 

compounds (EDCs) on female reproductive 

health,” Molecular and Cellular Endocrinology, 

vol. 355, no. 2, pp. 231–239,  

Friedmann A. S . (2002). Atrazine inhibition of 

testosterone production in rat males following 

peripubertal exposure. Reprod Toxicol.  May-Jun; 

16(3):275-9.  doi: 10.1016/s0890-6238(02)00019-

9. 

Fukamachi K., B. Seok Han, C. Kyu Kim (2004) 

“Possible enhancing effects of atrazine and 

nonylphenol on 7,12- dimethylbenz[a]anthracene-

induced mammary tumor development in human c-

Ha-ras proto-oncogene transgenic rats,”Cancer 

Science, vol. 95, no. 5, pp. 404–410,. 

Galal, O.M. (2002) The nutrition transition in 

Egypt   : Obesity, undernutrition and the food 

consumption  context. Public Health Nutrition, 5, 

141-148. 

Gilden, R. C., K. Huffling and B. Sattler, (2010). 

Pesticides and Health Risks. Journal of Obstetric, 

https://pubmed.ncbi.nlm.nih.gov/?term=Friedmann+AS&cauthor_id=12128101


(JAAR) Volume: 27 (1) 

 54 

Gojmerac T, Kartal B, Bilandzie N, Role B, 

Rajkovic-Janje R. (1996). Seasonal atrazine 

contamination of drinking water in pig-breeding 

farm surroundings in agricultural and industrial 

areas of Croatia. Bull Environ Contam Toxicol. ;56 

(2):225=30. 

Gojmerac T, Kartal B, Zuric M. (1995) Serum 

biochemical and histopathological changes related 

to the hepatic function in pigs following atrazine 

treatment. J Appl Toxicol.;15:233–236. 

Goldner W.S., Sandler D.P., Yu F., Shostrom 

V., Hoppin J.A., Kamel F., and LeVan T.D. 

(2013). Hypothyroidism and pesticide use among 

male private pesticide applicators in the 

agricultural health study. J. Occup. Environ. Med. 

55: pp. 1171–1178. 

Hayes T, Haston K, Tsui M, Hoang H, Haeffele 

C, and Vonk A. (2003). Atrazine -induced 

hermaphroditism at 0.1 ppb in American leopard 

frogs (Rana pipiens): Laboratory and field 

evidence. Environmental Health Perspectives, vol. 

III. no 4,568-575. 

Henry, R. J. (1974). Clinical chemistry, principles 

and technics, 2nd edition, harper and row, P.525. 

Holaskova I; Elliott M; Brundage K; Lukomska 

E, Schafer R; and Barnett JB. (2019). Long-term 

immunotoxic effects of oral prenatal and neonatal 

atrazine exposure. Toxicol Sci ,168: 497-507. 

Hussain R., F. Mahmood, A. Khan, M. T. Javed, 

S. Rehan, and T.Mehdi (2012). “Cellular and 

biochemical effects induced by atrazine on blood 

of male Japanese quail (Coturnix japonica),” 

Pesticide Biochemistry and Physiology, vol. 103, 

no. 1, pp. 38–42,. 

Irving RM, Elfarra AA. (2012) Role of reactive 

metabolites in the circulation in extrahepatic 

toxicity. Expert Opin Drug Metab 

Toxicol.;8:1157–1172. 

Jestadi D. B., A. Phaniendra, U. Babji, T. Srinu, 

B. Shanmuganathan, and L. Periyasamy (2014). 

Effects of Short Term Exposure of Atrazine on the 

Liver and Kidney of Normal and Diabetic Rats. 

Journal of Toxicology Volume 2014, Article ID 

536759, 7 pages. 

http://dx.doi.org/10.1155/2014/536759. 

Jin Y; Lin X; Miao W; Wang L; Wu Y; and Fu 

Z. (2015). Oral exposure of pubertal male mice to 

endocrine-disrupting chemicals alters fat 

metabolism in adult livers. Environ. Toxicol. 

30,1435-1444. 

Jin Y; Lin X; Miao W; Wu T; shen H; Chen S; 

Li Y; Pan Q; and fu Z. (2014). Chronic exposure 

of mice to environmental endocrine-disrupting 

chemicals disturbs their energy metabolism. 

Toxicol. Lett. 225,392-400.  

Joshi, S. C., R. Mathur, and N. Gulati. (2007). 

Testicular toxicity of chlorpyrifos 

(organophosphate pesticide) in albino rat. 

September Toxicology and Industrial Health 

23(7):439-44 

Joshi, S.C., P. Tibrewal, A. Sharma and P. 

Sharma, (2012). Evaluation of testicular toxicity 

of butaclor. Steroids. 34(1): 35. 

Kandori H., S. Suzuki,M. Asamoto  (2005) 

“Influence of atrazine administration and reduction 

of calorie intake on prostate carcinogenesis in 

probasin/SV40 T antigen transgenic rats,” Cancer 

Science, vol. 96, no. 4, pp. 221–226,. 

Kniewald J, Osredecki V, Gojmerac T, Zechner 

V, Kniewald Z. (1995) Effect of s-triazine 

compounds on testosterone metabolism in the rat 

prostate. J Appl Toxicol.;15(3):215-8. 

Kniewald, J.; Jakominić, M.; Tomljenović, A.; 

Simić. B.; Romać, P.; Vranesić, D. and and 

Kniewald, Z. (2000). Disorders of male rat 

reproductive tract under the influence of atrazine . 

J Appl Toxicol. 20(1):61-8. 

Konstantinova S. G. and E. M. Russanov (1999) 

“Studies on paraquatinduced oxidative stress in rat 

liver,” Acta Physiologica et Pharmacologica 

Bulgarica, vol. 24, no. 4, pp. 107–111, 

Kramer K, Lepschy J, Hock B (2001) Long-term 

monitoring of atrazine contamination in soil by 

ELISA. J Assoc Off Anal Chem 84: 150-155. 

Kretser de DM, Kerr JB. (1994) The cytology of 

the testis. In: Knobil E, Neill J, editors. The 

Physiology of Reproduction. 2nd ed. New York: 

Raven Press; 1994. p. 1177–290. 

Lim S; Ahn SY; Song IC; Chung MH; Jang HC; 

Park Ks; Lee KU; Pak Yk and Lee HK. (2009). 

http://dx.doi.org/10.1155/2014/536759
https://www.researchgate.net/scientific-contributions/Suresh-C-Joshi-58727089
https://www.researchgate.net/profile/Reena-Mathur-2
https://www.researchgate.net/scientific-contributions/Nandan-Gulati-2163511487


(JAAR) Volume: 27 (1) 

 55 

Chronic exposure to the herbicide, atrazine, causes 

mitochondrial dysfunction and insulin resistance. 

PLoS one 4, e5186. Doi:10 

1371/JOURNAL.PONE.0005186  

Liu W, Du Y, Liu J, (2014) Effects of atrazine on 

the oxidative damage of kidney in Wister rats. Int 

J Clin Exp Med.;7:3235–3243. 

Lubicz-Nawrocki, C. M. and Chang, M. C. 

(1974). The onset and duration of infertility in 

hamsters treated with ca-chlorohydrin. J. Reprod. 

Fert. 39, 29 1-295. 

Mac Loughlin, C., Canosa, I.S., Silveyra, G.R., 

López Greco, L.S., Rodríguez, E.M., (2016). 

Effects of atrazine on growth and sex 

differentiation, in juveniles of the freshwater 

crayfish Cherax quadricarinatus. Ecotoxicol. 

Environ. Saf. 131, 96–103. 

Maceljski M, Hrlec G, Ostojić Z, Cvjetković B, 

Barić K (2005) Plant protection products in 

Croatia. Plant Prot Bull 2-3: 65-211. 

McLachlan JA, Simpson E and Martin M. 

(2006) En-docrine disrupters and female 

reproductive health. Best Pract Res Clin 

Endocrinol Metab; 20: 63-75. 

Mohamed, A. (2020) Diallel analysis of maize 

inbreds   for grain yield, protein and tryptophan 

content  . Egypt. J. Agron. 42(1), 1-17.   

Mohammad R. S., A. L. Attabi, andA. L. Diwan 

(2012). “Protective role of clomiphene citrate from 

the biochemical effects of atrazine exposure in 

adult male rats,” Basrah Journal of Veterinary 

Research, vol. 11, no. 2, pp. 82–92. 

Mokhtari Mokhtar, Esfandiar Sharifi and 

Amrola Soltani (2010) . The Effects of Atrazine 

on Levels of Pituitary–testis Hormones in Adult 

Male Rat. Egypt. Acad. J. biolog. Sci., 2 (2): 53 – 

60. 

Mossa A.T. H., A. A. Refaie, A. Ramadan, and 

J. Bouajila, (2013)  “Amelioration of prallethrin-

induced oxidative stress and hepatotoxicity in rat 

by the administration of Origanum majorana 

essential oil,” BioMed Research International, vol. 

2013, Article ID 859085, 11 pages. 

Ohkawa H, Ohishi N, Yagi K. Assay for lipid 

peroxides in animal tissues by thiobarbituric 

acid reaction. Anal Biochem. 1979;95(2):351–

358. doi: 10.1016/0003-2697(79)90738-3. 

[PubMed] [CrossRef] [Google Scholar] 

Rayner JL; Wood C and Fenton SE. (2004). 

Exposure parameters necessary for delayed 

puberty and mammary gland development in long-

Evans rats exposed in vitro to atrazine. Toxicol 

Appl Pharmacol.195:23-34.  

Rec, G. S. C. C. (DGKC). (1972). J. Clin. Chem. 

Clin. Biochem. 10: 182. 

Reitman, A. and S. Frankel, (1957). A 

colorimetric method for the determination of 

serum glutamic Amer. J. Cl. Path. 28-56.  

Robinson, W. F. and C. R. Huntable. (1988). 

Clinicopathological principles for veterinary 

medicine. Cambridge Univ. Press, New York, 

Sydney. 

Saudy, H.S. (2013) Easily practicable packages 

for   weed management in maize. African Crop Sci. 

J .21(4), 291-301.   

Schuurs, A. H. W. M. and B. K. Van Weeman. 

(1977). Review, Enzyme-Immunoassay. Clin. 

Chem. Acta. 81:1; 1977. 

Singh M, Sandhir R and Kiran R. (2011). Effects 

on antioxidant status of liver following atrazine 

exposure and its attenuation by vitamin E. Exp 

Toxicol Pathol; 63: 269-276. 

Singh S; Kumar V; Chauhan A; Datta S; Wani 

AB; Singh N; Singh J. (2018). Toxicity, 

degradation, and analysis of the herbicide atrazine. 

Environ Chem Lett 16:211-237. 

Snedecor G.W. and Cochran W.E. (1967). 

Statistical Methods. 6th ed. Iowa State Univ. Press, 

Ames. 

Spano L, Tyler CR, van Aerle R, Devos P, Man-

diki SN, Silvestre F, Thome JP and Kestemont 

P. (2004) Effects of atrazine on sex steroid 

dynamics, plasma vitellogenin concentration and 

gonad development in adult goldfish (Carassius 

auratus). Aquat Toxicol; 66: 369-379. 

Statistical Analysis System (SAS). (2013). SAS 

Institute inc. SAS/STAT® Users guide, Version 

9.2. Cary NC. 27513-2414 USA. 



(JAAR) Volume: 27 (1) 

 56 

Stoker T.E., Laws S.C., Guidici D.L., and 

Cooper R.L. (2000). The effect of atrazine on 

puberty in male Wistar rats: An evaluation in the 

protocol for the assessment of pubertal 

development and thyroid function, Toxicol. Sci, 

58: pp. 50–59. 

Trentacoste SV; Andrew SF; Robert TY; 

Charles BB and Barry RZ. (2001). Atrazine 

effects on testosterone levels and androgen-

dependent reproductive organs in peripubertal 

male rats. J. Androl.,22:142-148.  

Trinder, P. (1969). Ann. Clin. Biochem. 6-24. 

Turkes, A. (1979). J. Endocrinol., 81(2): 165. 

U. S. National Library of Medicine. (1995). 

Hazardous Substances Databank. Bethesda, 

MD.10-9. 

 

Victor-Costa AB; Bandeira SM; Oliveira AG; 

Mahecha GA; Oliveira CA. (2010). Changes in 

testicular morphology and steroidogenesis in adult 

rats exposed to atrazine. Reprod Toxicology 

29:323-331. 

Walmsley, R. N. and G. H. White. (1994). A 

guide to diagnostic clinical chemistry. 3rd ed., 

Blackwell Scientific Puble., Oxford, Boson and 

Melbourne.  

Waring CP, Moore A (2004). The effect of 

atrazine on Atlantic salmon  (Salmo salar) smolts in 

fresh water and after sea water transfer. Aquat. 

Toxicol. 66: 94-104 . 

Weed Science Society of America (WSSA). 

1994. Herbicide Handbook of the Weed Science 

Society of America, 7th ed. W.F. Humphrey Press. 

Genevea, NY 

Young, D.S., (2001). Effects of disease on Clinical 

Lab. Tests, 4thed AACC. 

Yousef, M. I., T. I. Awad,  and E. H. Mohamed. 

(2006). Deltamethrin-induced oxidative Damage 

and biochemical alterations in rat and its 

attenuation by Vitamin E. Toxicol. 29, 227(3): 

240-247. 

Zhang, C.; Qin, L.; Dou, D.C.; Li, X.N.; Ge, J.; 

Li, J.L. (2018) Atrazine induced oxidative stress 

and mitochondrial dysfunction in quail (Coturnix 

C. coturnix) kidney via modulating Nrf2 signaling 

pathway. Chemosphere, 212, 974–982. 

Zilva J. F., P. R. Pannall, and P. D. Mayne,( 

1988)  “Plasma enzymes in diagnosis,” in Clinical 

Chemistry in Diagnosis and Treatment, E. Arnold, 

Ed., pp. 310–315, A division of Holdder and 

Stoughton, London, UK. 

  



(JAAR) Volume: 27 (1) 

 57 

 الملخص العربى 

 مبيد الأترازين في ذكور الجرذان البيضاءب  معاملاتالتأثيرات البيوكيميائية لل
 1 ، محمد عبد السلام فرج أبوزيد2، هبه محمد الدناصوري   1خزيمي لاء مسعود حيطاوي ع

 مصر -دمنهور  - 22516-امعة دمنهور ج -كلية الزراعة  -قسم وقاية النبات 1
 مصر -الإسماعيلية  -امعة قناة السويسج-كلية الزراعة  -قسم وقاية النبات 2

 

ا ترازين الذى يابع مجموعة كلورو ترايازينات الماماثلة قد يشككككككبا اللبات الايتر والارايم ا لياير لمايد ال شككككككاي   
جرامط عن    195±  5مصكدر قل  كاير لصك ة الإاسكافي هر  ذل الدراسكةط تعجيز جرزاف الاجارب الايبكاز ناوزاف 

كجم من وزف الجسكككككككككككككم تترازينط علم الاوالرط يوميا   /ملغ مادة هعالة  300ط و 150ط  60ط  0طري  الفم جرعات 
ماي تم تم تقييم و ت ليا وظايف الكاد والكلم و اضكككجرانات ال دد الصكككماز  ولسكككاب ال يوااات المنوية يو   30لمدة 

ولركة ال يوااات المنوية وتوزاف تعبكاز الجسكم لالمجلقة و النسكايةخي  فت هارة الدراسكة ط لوللز الفتراف للسكلو  
سككككككاعةط من المعاملة ا  يرة ي   24لجرذاف نعد العام وتعراض السككككككمية والوفياتي هر اهاية الدراسككككككةط تم  تشككككككري  ا

الكادط الكلمط الرياينط القلبط الج ات ط والخصككككككياين  هر ذكور الجرذاف تم ازالاها نسككككككرعة  سككككككلها ووزاها نشككككككبا 
هرديي ثم  تم لساب الوزف النسام لفعباز المأ وذة و ذلك نخارج قسمة وزف العبو الم وزف الجسمط وتم جمع 

يوما لزمن الاجربةخ ي لم يساب ا ترازين مع الجرعات المخاارة تي   30ساعةط نعد اهاية الككككككككككككك  24  الدم من الفتراف
يوماخي و توضككككككك ز النااي  تف    30عفمات واضككككككك ة علم سكككككككمية تو وفيات الفتراف المعاملة  طوات هارة الاجربة ل
 فض هم زيادة وزف الجسككككككككككككم  و معاملة ذكور هتراف الاجارب الايبككككككككككككاز نالجرعات المخاارة من ا ترازين لدو  

لدو   فض هم ال يوااات المنويةط هم لين تم لدو  زيادة هم  توزاف ا عبكككككككككككاز لناسكككككككككككالناز الخصكككككككككككياين تم 
تخفيبهط هم لين لم يؤثر علم الوزف المجل  للكلمخط وتم لدو  زيادة هم اشاط اازيمات الكاد و اازيمات الكلم  

وكوز و الار ااخفبكككككككز عيمها معنوياخ و كذا تم لدو  زيادة معنوية هم م ا الدراسكككككككة لناسكككككككالناز  الاروتين والجل
هقط مع تعلم جرعة مخاارة   T4نصورة تعامد علم الجرعة هم لين تم زيادة تركيزات  رموف  T3تركيزات  رموف  

رازين يعاار من ا ترازين هر الفتراف المعكاملكة مقكاراكة  الكك ال ير معكاملكة نمعكاملكة الكناروتي وبمعنم ا رط هك ف ا ت
سككام لوظايف الجسككم والدم والكاد والكلم للفتراف المعرضككة  و كذا كمادة كيميايية مؤثرة علم ال دد الصككماز و الام 

                                   قد تكوف لها آثارا ضارة علم ص ة الإاساف والايتة الم يجة نه نعد الاعرض له لفارة طويلةيي                                        
 


