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ABSTRACT 
Background: Atrazine (ATR) is used as an agriculture herbicide worldwide. It has been 

shown that ATR adversely affect the reproductive system in rodents. In this study we 
aimed to evaluate the impact of chronic exposure to Atrazine (ATR) on male testicular 
tissue, sperm parameters, serum level of total thiol molecules (TTM) and malodialdehyde 
(MDA) content of testes. 
Methods: To follow-up this study, 72 adult and mature male rats were divided into test and 

control-sham groups. The animals in test group received the compound at dose levels of 
100, 200 and 300 mg/kg, b.w., orally representing the low, medium and high doses of ATR 
respectively for 12, 24, 48 days. Control-sham group received the corn oil (0.2 ml/day) in 
the same manner as test groups. 
Results: Light microscopic analyses revealed increased thickness of tunica albuginea, 
atrophied seminiferous tubules, arrested spermatogenesis, decreased leydig cells/ mm2 of 
interstitial tissue (2.0±0.7/mm2 in high dose received rats), vasodilatation and thrombosis. 
Sperm parameters assays showed that the sperm count (26.50±2.16×106 vs control 
70.25±1.25), viability (21.26±2.58% vs control 90.75±6.23) and motility (12.00±1.58% vs 
control 90.41±2.12) decreased in ATR-exposed animals in a dose-dependent fashion. 
Biochemical analyses for TTM and MDA demonstrated that in ATR-exposed animals the 
serum level of TTM (0.100±0.005 Mol/ml vs control 0.321± 0.002) decreased significantly 
(P<0.05) and by contrast the testicular MDA level (4.053±2.28 nMol/mg vs control 
1.75±0.34) elevated in testicular tissues. 
Conclusion: the current data provide inclusive histological feature of chronic exposure 
against ATR in testicular tissue. Moreover, other reproductive-related disorders including 
abnormalities in spermatogenesis, sperm viability, volume and motility, may attribute to the 
ATR-induced oxidative stress, which reflected by remarkable alteration in TTM and MDA 
levels. 
Key words: Atrazine, Hormonal Alterations, Oxidative Stress, Spermatogenesis, Sperm 

Parameters. 
 

 

INTRODUCTION 
Over the last 30 years the methods for 

both analyzing and treating the fertility-related 

disorders have become more sophisticated and 

powerful. Simultaneously, the risk factors for 

infertility have increased substantially, 

particularly those resulting from the 

environmental chemicals. The increase in the 

number of, and exposure to, physical and 

chemical agents poses significant problems for 

human fertility. 

ATZ is a member of chloro-s-triazine 

family herbicide that is mostly used as a weed 

killer in corn fields. After several years using 

of ATR, this compound’s residues were found 

in the soil, surface, ground and drinking water 

(1-4). Besides the soil and water ATR has been 

detected in animal feed mostly in corns (5). 

There are reports indicating that ATR can 

affect the reproductive system. The indirect 

influence of ATR on the pituitary–gonadal axis 

of male and female offspring was studied by 

the treatment of rat mothers during pregnancy 

and lactation (6). In the offspring of both sexes 

a slower maturation of the gonadotrophic 

system has been documented as the 
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-reductase activity was 

detected in both males and females (7). This 

enzyme is responsible for testosterone 

-

dihydrotestosterone in the anterior pituitary and 

prostate glands (7,8,9). According to previous 

reports, ATR induces suppressive effects on 

gonadal endocrine system’s function in both 

male and female (10-11). 

Hence the primary goal of this study was 

to investigate the influence of ATR on 

spermatogenesis process, sperm count, motility 

and mortality in different doses and various 

periods of exposure time. Additionally the 

impact of ATR on serum and tissue oxidative 

defense including; serum level of thiol 

molecules (TTM) and tissue malodealdehyde 

content (MDA) was evaluated. 

MATERIALS AND METHODS 

Animals 
Seventy two mature male Wistar rats, 8 

weeks olds and weighting 200 ± 20 g were 

used. The rats were obtained from the Animal 

Resources Center of faculty of Veterinary 

Medicine, Urmia University, Iran and they 

were acclimatized in an environmentally 

controlled room (temperature, 20-23°C, and 

12h light/12h dark). Food and water were 

given ad libitum. In this study all experiments 

which conducted on animals were in 

accordance with the guidance of ethical 

committee for research on laboratory animals 

of Urmia University. 

Experimental design 

Following a week acclimation the 

animals were assigned into 12 groups as 

control and test groups. Six rats were allocated 

to each single group. All animals from 

mentioned groups prior to the starting of 

experiment and after the latest step of treatment 

were weighted to evaluate any changes in body 

weight gain (BWG). Animals in the control 

group received corn oil (0.2 ml/day) and the 

rats in test groups were administrated ATR at 

dose levels of 100 mg /kg, b.w., (low dose: 

LD), 200 mg/kg,b.w., (medium dose: MD), and 

300 mg/kg,b.w., (high dose: HD), orally once a 

day for 12,  24 and 48 days. The rats were 

sampled on days 12, 24, 48 after dosing. 

Histopathological analyses 

On days 12, 24 and 48 following an 

anesthesia which given with diethyether, the 

testicular specimens were dissected out and 

fixed in 10% bouin’s fixative for histological 

investigations and subsequently embedded in 

paraffin. Sections (5-6 µm) were prepared with 

rotary microtome (GMbh, Germany) and 

stained with Iron-Weigert (Pajohesh Asia., 

Iran) for detection of germinal cells nucleuses 

in the testis. The prepared samples were 

studied by multiple magnifications (400X and 

1000X).  For the quantification of cells and 

their dimensions, we used 100µm 

morphometrical lens–device (Olympus Co., 

Germany) and the dimensions were expressed 

in µm. 

Mononuclear Immune Cells (MIC) count 

Eighteen random regions from one cross 

section were considered in total 200 slides in 

order to evaluate the number of MICs per one 

mm
2
 of the connective tissue by using 100 

squares morphometric lens device (Olympus 

Co., Germany). 

Assessment of epididymal sperms 

Epididymides were separated carefully 

from the testicles under a 20-time 

magnification provided by a stereo zoom 

microscope (model TL2, Olympus Co., Tokyo, 

Japan). The epididymis was divided into 3 

segments; head, body and tail. The epididymal 

tail was trimmed and minced in 5 mL Hams 

F10 medium (Sigma Co, USA). After 20 

minutes the ground epididymal tissue was 

separated from the released spermatozoa. 

Sperm count and motility 

The sperm count was performed 

according to standard hemocytometric lam 

method using the improved Neubauer (Deep 

1/10mm,LABRAT,Germany) chamber (12), in 

order to reduce the errors into lower than 10%. 

In brief, after dissecting the epididymal tissue, 

the sperm samples underwent to swimming-up 

process and following diluting (1/20) the total 

sperm count were conducted.  A total of 400 

spermatozoa from each rat were examined for 

morphological study. 

Sperm viability and morphological 

abnormalities 
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Sperm viability (live or dead) was 

determined from 400 smears of spermatozoa 

which were stained with eosin-nigrosin 

staining technique (using 1% Eosin and 5% 

nigrosin in 3% sodium citrate dehydrate) The 

sperms with red stained head were considered 

as dead sperm (sperms with damaged plasma 

membrane). The sperms with residual 

cytoplasm were considered as morphologically 

abnormal sperm content. 

Measurement of tissue total thiol molecules 

(TTM) 

Total sulfhydryl levels in the testis 

tissues were measured as described previously 

(13). Briefly, 0.2 ml of the previously prepared 

serum was added to 0.6 ml Tris-EDTA buffer 

(Tris base 0.25 M, EDTA 20 mM, pH 8.2) and 

-Dithiobis-2-nitrobenzoic 

acid (10 mM in pure methanol) was added to 

the 10 ml glass test tube. The final volume of 

this mixture was made up to 4.0 ml by an extra 

addition of methanol. After 15 min incubation 

at room temperature, the samples were 

centrifuged (Roter-Uni II, BHG, Germany), at 

3000 g for 10 min and ultimately the 

absorbance of the supernatant was measured at 

412 nm. The TTM capacity was expressed as 

nMol per mg of protein in samples. The protein 

content of the samples was measured according 

to the Lowry et al., method (14). 

Measurement of the malodialdehyde-content 

of tissue samples 

To determine the lipid peroxidation rate 

in the control and test groups, the MDA 

content of the testes was measured using the 

thiobarbituric acid (TBA) reaction as described 

previously (15).
 

Briefly, 0.2-0.3 g of the 

samples were homogenized in ice-cooled KCL 

(150 mM), and then the mixture was 

centrifuged at 3000 g for 10 min; 0.5 ml of the 

supernatant was mixed with 3 ml phosphoric 

acid (1% V/V) and then after vortex mixing, 

2 ml of 6.7 g L
−1

 TBA was added to the 

samples. The samples were heated at 100 °C 

for 45 min, and then chilled in ice. After adding 

of 3 ml N-butanol, the samples were 

centrifuged at 3000 g for 10 min. The 

absorbance of supernatant was measured 

spectrophotometerically (Pharmacia, Novaspec 

II, Biochrom, England), at 532 nm and the 

amount calculated according to the 

simultaneously prepared calibration curve 

using MDA standards. The amount of MDA 

was expressed as nMol per mg protein. The 

protein content of the samples was assessed 

based of Lowery et al., method (14). 

Testosterone measurement 

After 12, 24 and 48 days exposure to 

ATR, the blood samples from corresponding 

animals were collected directly from the heart 

and the serum samples separated by 

centrifugation (Hittech, EBAIII., Japan). The 

collected serum samples were subjected to 

hormonal analysis. The testosterone level of 

serum was measured by using 

radioimmunoassay method and special kit 

for rat (WHO/Sigma Asso-RFGC-78/549). 

The limit of detection (LOD) was 0.12 ng/ml 

for testosterone. The intra-assay and inter-

assay coefficients variances for testosterone 

was found 4.8 (for 10 times) and 9.9 (for 10 

times), respectively. 

Statistical analyses 

The statistical analyses were performed 

on numerical data by using two-way ANOVA 

and using SPSS software version 13.0. All 

values were expressed as the mean ± SD. 

P<0.05 was considered to be statistically 

significant. 

RESULTS 

Histopathological analyses 

Histological observations revealed that 

the tunica albuginea was increased in thickness 

on day 24 after dosing of ATR. The control 

group showed normal tunica thickness. Sub-

capsular and interstitial connective tissues were 

manifested with remarkable edema in all of the 

ATR-exposed rats and the edema was 

substantiated by the time. After 24 days, a 

considerable vasodilatation associated with 

remarkable thrombosis demonstrated in both 

right and left testicles of the animals in ATR-

exposed groups (Figure 1). 
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Figure 1. Cross section from testis, (A) Control group; no germinal epithelium depletion and 

interstitial connective tissue edema are detectable in seminiferous tubules, (B) High dose atrazine 

administrated group, the severe edema in interstitial connective tissue (E), high infiltration of mono 

nuclear immune cells in connective tissue (arrow) and depleted seminiferous tubules (ST). H&E 

staining technique (100X), scale bars is 0.2 mm. 

 

Infiltration of the mono-nuclear immune 

cells in one mm
2
 of the interstitial connective 

tissue was increased to 37.83±1.16 in group of 

animals which received ATR at high dose level 

for 48 days. After day 48, leydig cells were 

seen with a significant decrease in number per 

one mm
2
 of the interstitial connective tissue 

(2.00±0.70). These cells were demonstrated  

 

 

with considerable hypertrophy and 

cytoplasmic granulation in ATR-induced rats. 

No histological changes were observed in 

control group. The data for the leydig cells 

distribution and immune cells infiltration per 

one mm
2
 of the interstitial connective tissue are 

presented in (table 1). 

 

Table 1. mean average of leydig and mononuclear immune cells distribution in one mm
2
 of the 

interstitial connective tissue in different test and control groups. All data are presented as 

Mean±SD. 

 
abcd

 are representing significant differences (P<0.05) between the tests and control groups in the 

same column and stars show significant differences between various time periods of study at the  

same raw. Note; L.D: low dose, M.D: medium dose and H.D: high dose and n=6 for each group 

 

Light microscopic analyses showed that, 

the seminiferous tubules (STs) were severely 

atrophied following exposure to ATR. 

Exposure to ATR for 24 days resulted in a 

decrease in germinal epithelium height to 

172.0±1.58µm in approximately 60% of the 

STs which was significantly lower than control 

germinal epithelium height (208.20±7.56µm). 

Moreover tubular depletion was manifested in 

more than 30% of the STs of ATR-exposed 

animals after 24 days. This impairment 

increased in more than 40 % in 48 days ATR-

exposed cases (Table 2). No histological 

changes were observed in control group. In 

animals which exposed to ATR for 24 days, 

increased spaces between germinal cells of the 

STs were revealed. Also the junction between 

sertoli and germinal cells was disrupted time-

dependently (Figure 2). 

 

Groups Leydig Cells NO/mm
2

 Immune cells NO/mm
2

 

12ds 24ds 48ds 12ds 24ds 48ds 

Control 10.20±0.44
a

 9.30±0.75
a

 10.21±0.75
a

 19.83±1.94
a

 18.75±1.35
a

 19.88±1.85
a

 

L.D,  ATR 7.20±0.83
b

 6.16±0.47
b

 5.60±0.54
b

 21.33±1.86
a

 24.00±1.09
b* 

26.50±1.04
b* 

M.D, ATR 5.40±0.89
c

 4.40±0.89
c 

3.40±0.84
c 

23.83±1.72
b 

27.66±1.21
c* 

30.83±1.72
c* 

H.D, ATR 3.40±0.54
d 

2.40±0.88
d 

2.00±0.70
c

 26.50±1.04
c 

31.66±1.36
d* 

37.83±1.16
d* 
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Figure 2. cross section from testis; (A) control group, (B) ATR-induced group; the germinal 

epithelium dissociation (arrows) are represented. H&E staining technique (400X), scale bar is 0.2 

mm. 

Table 2. Mean average of germinal epithelium height and percentage of seminiferous tubules with 

arrested spermatogenesis in different test and control groups. All data are presented in Mean ± SD. 

Groups Germinal Epithelium Height 

(µm) 

Seminiferous Tubules with 

Spermatogenesis Arrest (%) 

12ds 24ds 48ds 12ds 24ds 48ds 

Control 208.20±7.56
a
 201.34±8.41

a
 200.65±5.12

a
 1.83±0.75

a
 1.62±0.85

a
 1.59±0.51

a
 

L.D,  ATR 198.7±1.20
b 

194.20±2.77
a 

193.60±1.34
b 

8.66±1.03
b 

12.00±1.41
b* 

16.33±1.21
b* 

M.D, ATR 191.40±1.14
c 

190.00±1.22
b 

180.60±2.70
c* 

21.16±1.47
c 

26.34±1.21
c* 

28.50±1.22
c 

H.D, ATR 174.80±2.58
d 

172.00±1.58
c 

170.60±1.94
d 

24.16±3.18
d 

31.67±1.36
d* 

33.50±2.42
d 

abcd
 are representing significant differences (P<0.05) between the tests and control groups in the 

same column and stars show significant differences between various time periods of study at the 

same raw. Note; L.D: low dose, M.D: medium dose and H.D: high dose and n=6 for each group 

 
Sperm count, morphology and viability 

Total sperm count decreased by the time 

in all ATR-exposed animals. The animals, 

which exposed to high dose of ATR for 48 

days, manifested with 26.50±2.16×10
6
 sperms 

that was significantly lower in number in 

comparison to control cases (74.83±1.16×10
6
). 

Observations demonstrated that the percentage 

of morphologically abnormal sperms 

significantly (P<0.05) increased by the time in 

ATR-exposed animals. Light microscopic 

observations by using special staining of eosin-

nigrosin showed significantly (P<0.05) 

decreased sperm viability in the test groups 

(21.26±2.58% in group of animal that received 

the high dose of ATR) in comparison to the 

control rats (91.20±4.20%). The data for sperm 

count and viability are presented in (table 3). 

 

 

Table 3. Sperm viability, abnormality and count in the different test and control groups, all data are 

presented in Mean±SD. 

Groups 12ds 24ds 48ds 

Sperm Viability (%) 

Control-sham 91.20±4.20
a
 92.58±5.21

a
 90.75±6.23

a
 

L.D,  ATR 71.80±1.92
b
 50.40±0.54

b*
 29.80±3.34

b*
 

M.D, ATR 54.60±2.07
c
 44.00±4.30

c*
 27.00±3.87

c*
 

H.D, ATR 41.20±2.38
d
 33.00±2.91

d*
 21.26±2.58

d*
 

 Morphological Abnormalities (%) 

Control-sham 9.83±1.47
a
 8.85±1.32

a
 8.12±1.00

a
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L.D,  ATR 69.16±1.16
b
 71.33±1.75b 74.66±1.75

b*
 

M.D, ATR 71.50±1.37
c
 74.50±1.64

b
 77.66±1.21

c*
 

H.D, ATR 73.83±1.60
c
 77.33±1.33

c*
 83.00±2.59

d*
 

 Sperm count (NO×10
6
) 

Control-sham 74.83±1.16
a
 73.81±1.56

a
 70.25±1.85a 

L.D,  ATR 65.15±0.75
b
 60.16±1.47

b*
 55.16±1.94

b*
 

M.D, ATR 57.17±1.72
c
 52.50±1.04

c*
 50.83±0.98

c*
 

H.D, ATR 41.33±1.21
d
 30.45±1.54

d*
 26.50±2.16

d*
 

 Sperm motility (%) 

Control-sham 90.60±1.51
a
 91.60±1.23

a
 90.41±2.12

a
 

L.D,  ATR 74.30±0.67
b
 44.00±2.34

b*
 57.60±2.07

b*
 

M.D, ATR 54.00±4.30
c
 41.80±1.78

b*
 35.20±3.70

c*
 

H.D, ATR 30.60±0.84 
d
 25.60±2.30

c*
 12.00±1.58

d*
 

abcd
 are representing significant differences (P<0.05) between the tests and control groups in the 

same column and stars show significant differences between various time periods of study at the 

same raw. Note; L.D: low dose, M.D: medium dose and H.D: high dose and n=6 for each group 

 
Alterations in serum level of TTM and tissue 

content of MDA 

Biochemical analyses indicated that the 

rate of total thiol molecules decreased by the 

time in the ATR-received animals, while it was 

statistically unchanged in control cases. 

Accordingly after 48 days, animals in the test 

groups showed considerable reduction in TTM 

level (0.10±0.005 vs control 0.32± 0.002 

nMol/ml). By contrast, MDA content of the 

testes elevated in ATR-exposed animals 

(4.05±2.28 nMol/mg) in comparison to 

1.75±0.34 nMol/mg in control group (Figure 

3). 

 

 

Changes in serum level of testosterone 

The serum level of testosterone declined 

dramatically in all ATR-exposed groups 

(Figure 4). Accordingly animals that exposed 

against the high dose of ATR for 48 days 

showed the lowest level of testosterone 

(1.23±0.08 ng/ml) in comparison to control 

group (6.24±0.08 ng/ml). 

 

 Figure 3. Average of the serum TTM 

(A) and tissue MDA (B); stars are 

indicating significant differences 

between marked groups with each other 

and with control-sham. All data are 

presented in mean ± SD, (P<0.05). 
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Figure 4. Average of serum testosterone level; there are significant differences between all ATR-

induced groups with each other and control group. All data are presented in mean±SD, (P<0.05) and 

n=6 for each group. 

 

DISCUSSION 

Present study showed that ATR induces 

severe detrimental impact on testicular tissue 

including; remarkable histoplathological 

changes and biochemical alterations in oxidant 

system. Moreover ATR-induced pathological 

effects were substantiated by the time as a 

severe reduction in semen quality after long 

time exposure was obtained. 

Each year, lots of pesticides are produced 

industrially and are used in agriculture and 

forestry, as well as in and around the homes. 

ATR is used as a worldwide agricultural 

herbicide and according to previous findings, 

this compound affects the reproductive organs 

at sub-cellular levels (17,18). Until now there 

have been no available data about the exact 

mechanism of the ATR-induced impairments 

in spermatogenesis processes. In the present 

study the adult rats were treated with three 

different doses of ATR in order to identify the 

impact of ATR exposure on spermatogenesis, 

sperm count, viability and oxidative stress. Our 

light microscopic analyses showed that after 48 

days administration of ATR, remarkable STs 

depletion and germinal epithelium dissociation 

occurred in more than 30% of the STs. These 

impairments might be related to blocking 

and/or inhibiting of the non-specific esterase 

activity in leydig cells and reduction of 

endocrine function (19,20). It is well 

understood that testosterone affects and 

controls the physiological functions of sertoli 

cells and histological integrity (19,21), thus we 

may conclude that following chronic exposure 

to ATR, the leydig cells are degenerated and 

reduced in number per one mm
2
 of the 

interstitial tissue. At the same time, their ability 

for synthesis of testosterone decreased by the 

time. These destructive processes led to 

remarkable functional impairment in sertoli 

cells. The reduction in serum level of 

testosterone, which was determined following 

ATR-exposure in this study, confirmed that 

there is a links between ATR-exposure, leydig 

and sertoli cells function and integrity.  
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According to previous reports, ATR can 

influence the hypothalamic-pituitary-testes axis 

(22-24). Also some reports indicate that the 

serum levels of FSH and LH decreases in 

ATR-induced rats (24, 25). Therefore, it may 

also explain that ATR not only affects the 

intra-testicular endocrine functions but also 

influences on extra testicular endocrine axis. In 

the case of decreased gonadotrophic hormones, 

the feed back between leydig cells and upper 

endocrine controlling center (pituitary gland) 

disrupts. In line with this impairment sertoli 

cells and germinal epitheliums integrity affect, 

respectively. 

Our histological observations indicated 

that 12 days after ATR administration, all test 

animals exhibited high infiltration of immune 

cells in interstitial tissue, germinal epithelium 

degeneration and dissociation following severe 

inflammation. It is well documented that the 

over-production of reactive oxygen species 

(ROS) influences the germinal cells quality, 

amount of lipid peroxidation, infiltrations of 

immune cells in testicular tissue and sperms 

quality in the original semen (26,28). To find 

the pathogenesis of ATR-induced damages the 

serum level of TTM was determined. Our 

findings showed that the chronic exposure to 

ATR caused remarkable decrease in serum 

level of thiol molecules, indicating severe 

ATR-induced oxidative stress. The MDA 

analyses confirmed the early findings and 

showed that by the time ATR caused 

significant lipid peroxidation in testes tissues of 

test groups. 

Once the spermatogenesis process 

exposes to a considerable degeneration, the 

cytoplasmic extrusion mechanisms do not act 

in normal condition and the released 

spermatozoa from the germinal epithelium 

carries surplus residual cytoplasm and is 

considered as immature and functionally 

defective spermatozoa, which increasing of 

immature and abnormal spermatozoa content in 

STs and original semen leads to pathologically 

elevation of ROS stress (29,31). Previous 

reports indicated that an excessive increase in 

ROS generation correlated with the reduction 

of sperm motility (31,32). The exact 

mechanism(s) which explain how 

overproduction of ROS can reduce the sperm 

motility, remains to be clarified, however an 

intensive decrease in axonemal protein 

phosphorylation and inhibition of metabolic 

enzymes such as G6PDH due to diffusion of 

free radicals across the membranes may partly 

explain our findings (31,33,35). Our 

observations demonstrated that after 12 days 

the ATR-exposed rats manifested with high 

percentage of immotile sperms. It may be 

occurred due to the fact that spermatozoa are 

particularly susceptible to such stress because 

their plasma membranes are so enriched with 

unsaturated fatty acids, particularly 

decosohexaenoic acid with six double bonds 

per molecule. In order to exactly identify the 

rate of sperm plasma membrane damage, we 

used eosin-nigrosin staining technique and it 

confirmed the increased number of sperms with 

defected plasma membrane. Hence, our 

findings support the hypothesis that ATR-

induced damages associate with increased 

oxidative stress in long time exposure period. 

Moreover, severe damages in plasma 

membrane due to ATR exposure may cause 

immobilization of the sperms. 

CONCLUSION 

According to our results male 

reproductive system could be accounted as a 

target tissue for ATR. Chronic exposure to 

ATR can cause histological damages on 

testicular tissue by inducing remarkable 

inflammation associated with severe oxidative 

stress. Also it could be considered as a potent 

toxic compound against sperm quality. 

Furthermore the ATR capability in altering the 

testicular endocrine function such as 

testosterone release may contribute in ATR-

induced injuries to leyding and sertoli cells. 
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