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ABSTRACT 

 

Atrazine and Glyphosate are widely used herbicides in Egypt for the control of broad leaf and grassy weeds in 

agricultural crops. In this study, we aimed to investigate the deteriorative effects of both previous herbicides on 

reproductive system of female rats. for this purpose, forty five female albino rats aged 90 days (sexually mature), 

body weight about 180±20 g per animal were divided into three groups: Group1: kept without any treatment and 

considered as control. Group2: were orally administered atrazine 300 mg/kg bw /day. Group3: were orally 

administered glyphosate 500 mg/kg bw /day. The duration of the experiment was lasted for 45 days; five animals 

were sacrificed at 15 and 30 days of treatment from each group. For recovery, five animals from each group 

remain 15 days without treatment served as withdrawal groups. Our results demonstrate that these chemicals 

cause reproductive toxicity in exposed female rats include disruption of the hormones, disturbance of estrous 

cycle and histopathological changes in ovaries and uterus with decreasing in VEGF expression. Glyphosate had 

less deteriorating effect on fertility parameters of the exposed female rats than atrazine as well as the natural 

recovery rate after withdrawal is higher in glyphosate than atrazine.  
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INTRODUCTION 
 

In Egypt, the two herbicides, atrazine and glyphosate 

are usually used. The glyphosate-based herbicides are 

most often applied and their utilization increased in 

the period of 2000–2004 (Battaglin et al., 2005). 

Atrazine (ATR) (2-chloro-4-(ethylamine)-6-

(isopropyla-mine)-s-triazine, ATR) is an s-triazine 

herbicide inhibiting photo system II that has been 

used extensively worldwide to control pre- and post-

emergence broad leaved and grassy weeds in major 

crops (Lasserre et al., 2009). ATR has been shown to 

inhibit both the luteinizing hormone (LH) surge and 

pulsatile LH release in exposed rats (Foradori et al., 

2009). Glyphosate is extensively used worldwide, 

topping lists of agricultural herbicide. It is abroad-

spectrum, post emergence herbicide (Schonbrunn et 

al., 2001). Glyphosate is generally applied as part of a 

formulated product, the most widely used of which 

are the Roundup herbicides. Glyphosate and Roundup 

are also extensively used as domestic and urban-areas 

weed-killers (EPA, 2011) and it is known to strongly 

adsorbed to soil, where it is subjected to microbial 

degradation. Angiogenesis is an  essential  process  in  
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female reproductive organs (Modlich et al., 1996) 

which regulated by vascular endothelial growth factor 

 
(VEGF). It acts as a potent angiogenic factor that 

stimulates vascular permeability during the normal 

ovarian cycle (Kamat et al., 1995), endometrial 

development and embryonic implantation (Nardo, 

2005 and Demirm et al., 2006).  

 
The aim of the present study was designed to 

compare the effect of atrazine and glyphosate 

exposure on female reproductive system and their 

influencing on VEGF expression in ovarian and 

uterine tissues. In addition to, study recovery after 

withdrawal of both herbicides. 

 
MATERIALS AND METHODS 

 
Animals 

Forty five female albino rats aged 90 days (sexually 

mature), body weight about 180±20 g per animal 

were used. The rats were obtained from the Breeding 

Unit of the Egyptian Organization for the Biological 

and Vaccine Production. The animals were 

acclimated to the central laboratory of the Faculty of 

Veterinary Medicine, Beni Suef for 2 weeks prior to 
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the start of the experiments at suitable conditions of 

temperature and light. Animals were housed 

individually in polycarbonate cages in a room with 

controlled temperature (24 ± 1°C) and humidity (50 ± 

5%), and a 12 h light/dark cycle. The study was 

conducted in compliance with the law of the humane 

treatment and management of animals according to 

All Life In a Viable Environment (ALIVE, Law No. 

105, 1973 revised in 2000) in Japan. 

 
Chemicals 

Atrazine (6-chloro-N-ethylamino-N-

isopropylaminos-1,3,5-triazine-2,4 diamine)  
Commercial name (Gesaprim 80%), purchased from 

Singenta Company, Switzer Land, imported by El 

Nasr Company.  

 
Glyphosate (glycine Isopropylammonium) 

Commercial name (Bellarsato 48%) purchased from 

Bellarkem-Shanghai-China, imported by International 

Company, El Giza, Egypt.  

 
Experimental design 

The rats used in the present study were assigned 

randomly (n = 15) to three groups: Group1: Animals 

of this group had been kept as normal without any 

treatment and considered as controls. Group2: They 

were orally administered atrazine 300mg/kg bw/day 

(five days per week) according to (Mc Mullin et al., 

2004), which represented as 1/10 LD50. Group3: 

They were orally administered glyphosate 500mg/kg 

bw /day (five days per week) according to (Chan et 

al., 1992), which represented as 1/10 LD50. Clinical 

signs and mortalities were observed in treated rats 

twice daily, body weight and food consumption were 

measured twice a week. The duration of the 

experiment was lasted for 45 days; five animals were 

sacrificed from each group at 15 and 30 days of 

treatment. For recovery, five animals from each group 

remain 15 days without treatment and served as 

withdrawal groups. 

 
Assessment of vaginal cycles 

The estrous cycles were monitored by a method 

described by Marcondes et al. (2002), where vaginal 

smear was collected with a glass pipette filled with 

10ml of normal saline (NaCl 0.9%). The vaginal fluid 

was placed on clean glass slide and observed under a 

light microscope at x 1OO and x400 magnification. 

The three types of cells recognized were epithelial, 

cornfield cells and leucocytes. The proportions 

among these cells were used to determine the estrous 

phases. The vaginal smear was classified as either 

diestrous (predominance of leukocytes and a few 

scattered cornfield epithelial cells), proestrous 

(predominance of round, clumped, nucleated 

epithelial cells that may be dispersed or clumped), or 

estrous (all cornified cells). Only those females 

exhibiting regular 4-d estrous cycles for a period of 2 

weeks were subsequently included in the study. Daily 

smears were also taken immediately prior to 

treatment and continued throughout the experiment. 

 
Hormonal assays 

Blood samples were collected from the retro-orbital 

venous plexus by means of clean heparinized micro 

capillary tubes, after centrifugation the serum was 

separated and hormonal assay for estrogen and 

progesterone serum levels was done using estradiol 

and progesterone immunoassay kit (Medix Biotech 

Inc., USA). 

 
Histological studies 

Collected samples from ovaries and uterus were fixed 

in 10% buffered formalin. The samples were trimmed 

in order to obtain a size of one cubic cm. The samples 

were subjected to classical histological procedures of 

dehydration, clearing and paraffin embedding. Serial 

sections 4-6 μm cut and subjected to Hematoxylin 

and Eosin stain for general histological studies. All 

the fore mentioned fixatives and stains as outlined by 

(Bancroft and Gamble, 2008). Ovarian and uterine 

sections were immunohistochemically stained for 

vascular endothelial growth factor (VEGF). The 

stained sections were examined by binuclear research 

microscope (Leica, Hannover, Germany) attached 

with digital camera (Canon, Tokyo, Japan).  

 
Immunohistochemical Study 

The anti-rat VEGF primary antibody and lab vision 

kits suitable for immunohistochemical staining of 

formalin-fixed paraffin embedded sections using the 

avidin–biotin–peroxidase complex technique. 

Sections from both ovarian and uterine tissues were 

dewaxed in in xylene, rehydrated and pretreated with 

3%hydrogen peroxide for blocking endogenous 

peroxidise activity. Microwave–assisted antigen 

retrieval was then performed for 20 minutes. Sections 

were incubated overnight at 40ºC with the anti-rat 

VEGF polyclonal antibody. After washing with PBS, 

sections were incubated with biotinylated secondary 

antibody (Lab Vision Kits) and then with sterpt 

avidin –peroxidase conjugate. Sections were then 

washed with PBS and incubated with 

diaminobenzidine (DAB) for 5 minutes and 

counterstained with Mayer
'
s hematoxylin. Cells 

positive VEGF showed cytoplasmic brown deposits. 

Negative control sections were obtained by omission 

of incubation with the primary antibody (Bancroft 

and Cook, 1994; Frost et al., 2000). 

 
Statistical analysis 

All data were analyzed using one way analysis of 

variance (One way ANOVA) followed by Duncan 

test using SPSS version 16.0 statistical software 

(SPSS, Inc, Chicago, IL.2007). 
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RESULTS 

 
Gross observation  

All treated rats did not show any signs of toxicity or 

mortality. Females that treated with atrazine (15 and 

30 days) exposure showed irregular estrous cycle 

with prolonged diestrus, while rats that treated with 

glyphosate showed irregular estrous cycle only after 

30 days exposure in comparison with control. After 

stoppage of atrazine exposure (15 days) the estrous 

cycle remain irregular while in glyphosate the estrous 

cycle become regular after cessation of treatment in 

withdrawal group (15 days).  

 

Hormonal assays 

 
Table 1: Showing serum estrogen and progesterone levels (pg/ml) in control as well as treated rats (Mean±SE). 
 

Treatment Estrogen Progesterone 

Control 62.3± 0.49 35.2±3.2 

Atrazine 15 days 48.5±1.18
*
 20.8±1.8

*
 

Atrazine 30 days 36.9±1.5
*
 18.6±2.3

*
 

Atrazine (15 day withdrawal) 35.4±1.4
*
 30.6±2.5

*
 

Glyphosate 15 days 61.1±1.3 33.8±2.5 

Glyphosate 30 days 33.9±1.6
*
 22.0±1.9

*
 

Glyphosate (15 day withdrawal) 61.6±1.4 34.4±4.5 
 

N=5, values with superscript * were significantly different at >0.05 

 
Data in the above table, showed that atrazine 

treatment for 15 and 30 days caused significant 

decrease in estrogen and progesterone levels, as 

compared with control, these levels did not returned 

to normal following natural recovery (15 days 

withdrawal). On the other side, glyphosate treatment 

for 30 days caused significant decrease in estrogen 

and progesterone levels while after natural recovery 

(15 days withdrawal) they returned to its normal 

level. 

 
Histological and immunohistochemical results: 

a) Ovarian tissue: Microscopical examination of 

H&E stained sections of control rat ovary revealed 

that its cortex occupied by different developmental 

stages of healthy growing follicles, new postovulatory 

corpora lutea and old ones from previous cycle and 

few atretic follicles (plate 1, fig.1). The ovarian 

medulla composed of connective tissue and large 

sized blood vessels. The ovarian germinal epithelium 

lined with flattened cells. Primordial follicles located 

peripherally just beneath the tunica albuginea. 

Secondary follicles with multilayer of mitotic 

follicular cells, well - distinct zona pellucida were 

seen. Well-developed corpora lutea were surrounded 

by connective tissue capsule housing blood capillaries 

(plate 1, fig.2). Marked histological changes were 

observed in rat ovaries exposed to atrazine for 15 

days including disappearance of any stage of growing 

follicles and newly formed corpora lutea. Most of 

antral follicles manifested by different forms of 

atresia as degeneration or complete lysis of the oocyte 

and disorganization and pyknosis of granulosa cells, 

also, stratifications and invaginations of ovarian 

germinal epithelium (plate 1, fig. 3&4). Progressive 

histological alterations were noticed in the ovary of 

rats received atrazine for 30 days which manifested 

by presence of multiple cystic and atretic follicles 

(plate 1, fig. 5). In rats were natural recovery after 

atrazine exposure, mild improvement was shown in 

the examined ovaries which exhibited by 

reappearance of healthy growing follicles while the 

newly formed corpora lutea still absent (plate 1, fig. 

6). In glyphosate treated rats for 15 days, no marked 

histological changes were recorded in the examined 

ovarian sections. Well-developed corpora lutea and 

growing follicles were seen (plate 1, fig. 7). While 

pronounced histological alterations were seen after 

glyphosate exposure for 30 days including complete 

absence of newly formed corpora lutea while the 

existing ones appeared in regressed form in addition 

to atretic antral follicles (plate 1, fig. 8). Examined 

ovarian sections of naturally recovered rats after 

glyphosate exposure for 30 days showed great 

improvement and regained the normal architecture 

(plate 1, fig. 9). 

 
In immmunohistochemical study, the control ovarian 

sections showed strong cytoplasmic VEGF staining 

reaction within the ovarian germinal epithelium, the 

granulosa cells and thecal cells of the ovarian 

follicles, stromal cells and endothelial cells of blood 

vessels. Also, the luteal cells of the newly formed 

corpora lutea exhibited intense positive reaction while 

moderate or negative immunoreactivity was shown in 
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the previously formed corpora lutea (plate 2, fig. 

1&2).  

 
The sections of atrazine treated rats either for 15 or 

30 days showed negative VEGF immunoreactivity 

(plate 2, fig. 3). While mild improvement was seen in 

naturally recovered rats from atrazine. VEGF was 

moderately expressed in the same ovarian distribution 

of the control rats (plate 2, fig. 4). In glyphosate 

treated rats for 15 days, the ovarian sections showed 

intense positive VEGF immunoreactivity as similar to 

the control group (plate 2, fig. 5). On the other hand, 

negative VEGF immunoractivity was recognized in 

the ovarian sections of glyphosate treated rats for 30 

days (plate 2, fig.6). Great improvement was seen in 

the ovarian sections of naturally recovered rats after 

glyphosate treatment for 30 days which became 

similar to the control group (plate 2, fig.7). 

 
b) Uterine tissue: Microscopical examination of 

uterine tissue sections stained with H&E showed that 

the endometrium of control rat lined with simple 

columnar epithelium with oval and vesicular nuclei. 

Numerous tubular and branched endometrial glands 

were embedded in intact highly cellular endometrial 

stroma and lined with simple cuboidal or columnar 

cells (plate 3, fig.1).  

 
In the atrazine treated group for 15 days, pronounced 

histological changes were seen including vacuolation 

and pyknosis of the affected endometrial surface 

epithelium, dilatation of endometrial glands with 

vacuolated and desquamated lining epithelium, 

infiltration of inflammatory cells in the endometrial 

stroma and dilated and congested blood vessels (plate 

3, fig. 2). The atrazine treated group for 30 days, 

progressive endometrial degenerative changes were 

noticed as severe desquamation, stratifications in 

some areas of affected surface epithelium with 

pyknosis and decreasing in the height. Marked 

depletion in the uterine glands and pyknotic stromal 

cells were observed (plate 3, fig.3). In naturally 

recovered group from atrazine, mild improvement 

was noticed in the examined sections. The 

endometrial surface epithelium regained its regularity 

but still exhibited decreasing in the height with some 

degeneration. The uterine glands increased and 

appeared normal as well as new developing glands 

were identified. The endometrial stroma regained its 

normal architecture (plate 3, fig.4). The uterine tissue 

of treated rats with glyphosate for 15 days revealed 

that the endometrial surface epithelium was not 

affected, while the endometrial stroma was slightly 

edematous and infiltrated with massive inflammatory 

cells. The lining epithelium of the affected uterine 

glands showed vacuolations and pyknosis (plate 3, 

fig.5). Degenerative changes were progressed in the 

examined sections of glyphosate treated rats for 30 

days. The endometrial surface epithelium became 

affected with irregularity in the height ranged from 

columnar to cuboidal till reach squamous cells with 

flattened and pyknotic nuclei. Moreover, marked 

reduction in the uterine glands and most of them 

appeared degenerated or atrophied (plate 3, fig.6). 

While pronounced improvement was seen in sections 

of the rats which were left for natural recovery from 

glyphosate. They regained the normal uterine 

architecture (plate 3, fig.7). 

 
In immunohistochemical study, the control rats 

showed strong positive cytoplasmic VEGF 

immunostaining within the endometrial surface 

epithelium and glandular epithelial cells. Also, the 

endothelial cells and endometrial stromal cells 

exhibited strong reaction (plate 4, fig. 1). In atrazine 

treated rats for 15 days, majority of the endometrial 

surface and glandular epithelium still showed strong 

VEGF immunoreaction. While the endometrial 

stromal and endothelial cells exhibited very weak or 

nearly negative reaction (plate 4, fig. 2). Obvious 

negative VEGF immunoreaction was spread 

throughout the uterine architecture in rat treated with 

atrazine for 30 days (plate 4, fig. 3). Moderate 

improvement in the uterine sections was observed in 

the naturally recovered rats from atrazine. The 

endometrial stromal and endothelial cells were VEGF 

moderately reacted while the endometrial surface and 

glandular epithelial cells still exhibited weak to 

negative immunoreactivity (plate 4, fig. 4). In 

glyphosate treated rats for 15 days, the uterine 

sections appeared with strong positive VEGF 

immunoreactivity as similar to the control group 

(plate 4, fig. 5). Such reaction became weak or 

negative in both the endometrial surface and 

glandular epithelial cells while the stromal and 

endothelial cells were not affected in rats exposed for 

glyphosate for 30 days (plate 4, fig. 6). However, the 

uterine sections showed positive cytoplasmic 

expression of VEGF almost reaching to the control 

group (plate 4, fig. 7). 
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Plate 1: Showing ovarian tissue of control and treated rats stained with H & E.  
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Plate 2: Showing ovarian tissue of control and treated rats stained with avidin-biotin peroxidase technique. 
 

   

 

 

 

 

 

                 

 

        
 

 
 
  

 
 

 

 

   

 

 

 

 
 

 
 

 

 

 

 

 
 

Plate 3: Showing uterine tissue of control and treated rats stained with H & E. 
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Plate 4: Showing uterine tissue of control and treated rats stained with avidin-biotin peroxidase technique. 

 

 

 

 

 

 

 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
List of legends: 

 

Plate 1: Ovarian tissue of control and treated rats 

stained with H&E. 

Fig. 1: A photomicrograph of control rat ovary 

showing the outer ovarian cortex occupied by 

many newly formed corpora lutea (c), different 

developmental stages of ovarian follicles (F), 

few atretic follicles (A) and large sized blood 

vessels (V) in the ovarian medulla. H&E, 40x. 

Fig. 2: A higher magnification of control rat ovary 

showing ovarian surface epithelium with 

flattened cells ( an arrow), primordial follicles 

(an arrowhead), secondary follicle (S) and well 

developed corpus luteum (C) surrounded by 

connective tissue capsule housing blood 

vessels (V). H&E, 400x. 

Fig. 3: A photomicrograph of rat ovaries treated with 

atrazine for 15 days showing disappearance of 

any developmental stages of growing follicles 

and newly formed corpora lutea. H&E, 40x. 

Fig. 4: A higher magnification of (fig. 3) showing 

marked stratification and invaginations of the 

ovarian surface epithelium (an arrow). Notice, 

atretic antral follicle surrounded by 

degenerated and pyknotic granulosa cells. 

H&E, 400x. 
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Fig. 5: A photomicrograph of rat ovary treated with 

atrazine for 30 days showing ovarian cysts (S) 

and atretic follicles (an arrow). H&E, 100x. 

Fig. 6: A photomicrograph of rat ovary naturally 

recovered from atrazine exposure showing 

reappearance of different stages of growing 

follicles as primordial (arrows), primary 

follicles (arrowheads), and secondary follicles 

(S). Notice, absence of any newly formed 

corpora lutea. H&E, 100x. 

Fig. 7: A photomicrograph of rat ovary received 

glyphosate for 15 days showing normal 

ovarian architecture as newly formed corpora 

lurtea (C) and different developmental stages 

of ovarian follicles (arrows). H&E, 40x. 

Fig. 8: A photomicrograph of rat ovary received 

glyphosate for 30 days showing regressed 

corpora lutea (C) and numerous atretic follicles 

(A). H&E, 200x. 

Fig. 9: A photomicrograph of rat ovary naturally 

recovered from glyphosate exposure for 30 

days showing great improvement and become 

similar to the control group. H&E, 40x. 

 

Plate 2: Ovarian tissue of control and treated rats 

stained with avidin- biotin Peroxidase 

technique  

Fig. 1: A photomicrograph of control rat ovary 

showing strong positive immunostaining 

reaction within ovarian surface epithelium 

(arrows), cells of ovarian follicles (F) and 

endothelial cells (arrowheads). Notice, weak or 

negative VEGF immunoreaction within the 

previously formed corpora lutea (L) while 

intense reaction within the newly formed ones 

(C).400x. 

Fig. 2: A higher magnification of the newly formed 

corpus luteum of control rat ovary showing 

strong positive VEGF reaction in the luteal 

cells (arrows). 1000x. 

Fig. 3: A photomicrograph of rat ovaries treated with 

atrazine for 15 days showing negative VEGF 

immunoreactivity. 200x. 

Fig. 4:  A photomicrograph of rat ovary naturally 

recovered from atrazine after exposure for 30 

days showing moderate VEGF 

immunoreactivity in most of ovarian 

architecture. 400x. 

Fig. 5: A photomicrograph of rat ovary received 

glyphosate for 15 days showing positive VEGF 

staining reaction.400x.  

Fig. 6: A photomicrograph of rat ovary received 

glyphosate for 30 days showing negative 

VEGF immunoreactivity.200x 

Fig. 7: A photomicrograph of rat ovary after natural 

recovery from glyphosate treatment for 30 

days showing great improvement with strong 

positive VEGF immunoreactivity as in control 

group.200x 
 

Plate 3: Uterine tissue of control and treated rats 

stained with H&E. 

Fig. 1: A photomicrograph of control rat uterus 

showing normal architecture including 

endometrial surface epithelium with columnar 

cells (arrows), endometrial glands (G) and 

endometrial stromal cells (S).H&E, 400x. 

Fig. 2: A section of rat uterus exposed to atrazine for 

15 days showing vacuolated and pyknotic 

endometrial surface epithelium (arrows), 

dilated endometrial glands with desquamated 

epithelium (G), dilated and congested blood 

vessels (V) and infiltrated inflammatory cells 

in the endometrial stroma (arrowheads). H&E, 

400x. 

Fig. 3: A section of rat uterus exposed to atrazine for 

30 days showing stratified (arrow), 

desquamated (arrowheads) and pyknotic (wavy 

arrow) endometrial surface epithelium with 

decreasing in the height, depleted uterine 

glands and pyknotic endometrial stromal cells. 

H&E, 400x. 

Fig. 4: A section of uterus of naturally recovered rats 

from atrazine exposure for 30 days showing 

moderate improvement with normal and new 

developing endometrial glands (G). H&E, 

400x. 

Fig. 5: A section of rat uterus exposed to glyphosate 

for 15 days showing moderate alterations 

including edematous patches (E) and 

inflammatory cells in the endometrial stroma 

(arrows). H&E, 400x. 

Fig. 6: A section of rat uterus exposed to glyphosate 

for 30 days showing irregularity in the height 

of surface epithelium, degenerated and 

atrophied uterine glands surrounded by 

pyknotic stromal cells. H&E, 400x. 

Fig. 7: A section of uterus of naturally recovered rats 

from glyphosate treatment for 30 days showing 

marked improvement in the architecture as 

similar to the control group. H&E, 400x.  
 

Plate 4: Uterine tissue of control and treated rats 

stained with avidin- biotin Peroxidase 

technique  

Fig. 1: A photomicrograph of control rat uterus 

showing strong positive VEGF 

immunoreactivity within the surface, glandular 

epithelial cells and stromal cells. Inbox figure 

showing strong VEGF in endothelial cells 

(arrows). 400x. 

Fig. 2: A photomicrograph of rat uterus treated with 

atrazine for 15 days showing moderate to weak 

VEGF immunoreaction in the stromal and 

endothelial cells, strong reaction in surface and 

glandular epithelial cells. 400x. 

Fig. 3: A photomicrograph of rat uterus treated with 

atrazine for 30 days showing negative VEGF 

immunoreactivity in all uterine architecture. 

400x. 
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Fig. 4: A section of uterus of naturally recovered rats 

from atrazine treatment for 30 days showing 

moderate VEGF reaction in the stromal cells. 

400x. 

Fig. 5: A section of rat uterus exposed to glyphosate 

for 15 days showing strong positive VEGF 

immunoreaction distributed as similar to the 

control group.400x. 

Fig. 6: A section of rat uterus exposed to glyphosate 

for 30 days showing negative VEGF 

immunoreaction within the surface epithelium 

while positive reaction in most of the stromal 

cells (arrows) and endothelial cells 

(arrowheads). 400x. 

Fig. 7: A section of uterus of naturally recovered rats 

from glyphosate exposure for 30 days showing 

pronounced improvement by returning the 

strong positive VEGF immunoreaction 

throughout the uterine architecture as similar to 

the control group. 400x. 

 
DISCUSSION 

 
Results of the current study revealed that there was a 

significant decrease in serum estrogen level in 

atrazine treated groups after 15&30 days of exposure 

and glyphosate treated groups after 30 days exposure 

in comparison with the control group, these data were 

agreed with McMullin et al. (2004) and Vaughan et 

al. (2000). Estrogens often called “female” sex 

hormones that regulate the development of sex 

characteristics and the menstrual cycle and help 

maintain pregnancy. Recent study of 

(Thongprakaisang et al., 2013) showed that 

glyphosate actively bound estrogen receptors, 

disrupted steroid hormone biosynthesis and also 

potentially modulated the biological effects of 

estrogens via alterations in the expression of estrogen 

receptor 1 (esr1), the predominant estrogen receptor 

in the ovary. The normal female reproductive cycle is 

initiated and regulated by the hypothalamic-pituitary-

ovarian (HPO) axis (Downey, 1980). Hormonal 

irregularity results in disturbance in the estrous cycle 

with distinct morphological changes in the female 

reproductive organs as observed in our results. The 

decrease in serum estrogen level following exposure 

to atrazine (15&30 days) or glyphosate (30 days) may 

attributed to ovaries affections including 

disappearance of any stage of growing follicles, 

presence of multiple cystic and atretic follicles and 

degeneration or complete lysis of the oocyte, 

pyknotic and sloughed granulosa cells as well as 

numerous degenerated cells that present in the 

antrum. The obtained results are in accordance with 

that recorded by Hiroshi et al. (2009). Therefore, the 

deleterious effect that recorded in ovarian tissue 

reflected on the uterine tissue including degenerated 

and pyknotic endometrial surface epithelium, 

atrophied endometrial glands, infiltrated 

inflammatory cells in the endometrial stroma. These 

affections were confirmed also by weak to negative 

expression of VEGF in both ovarian and uterine 

sections. VEGF expression in uterine tissue of rats is 

regulated by estrogens (Cullinan-Bove and Koos, 

1993). Negative VEGF expression results in 

decreasing in ovarian and uterine angiogenesis and 

microvascular permeability. Defects in angiogenesis 

may contribute to a variety of disorders including 

anovulation, infertility, pregnancy loss, ovarian hyper 

stimulation syndrome and ovarian neoplasms (Geva 

and Jaffe 2000). In the present study the serum 

progesterone levels was decreased significantly in 

atrazine treated groups (15 & 30 days) and glyphosate 

(30 days) after exposure in comparison with control 

group, these  data were in correlation with Hiroshi et 

al. (2009) who mentioned that female rats exposed to 

atrazine 100mg/kg bw for 4 weeks showed significant 

decrease in serum progesterone. These observations 

are in coincided with our histological alterations and 

immunohistochemical results as regarded by absence 

of any newly formed corporal lutea. Moreover, 

anovulatory effect of atrazine as well as endocrine 

dysfunction after glyphosate exposure were recorded 

(Hiroshi et al., 2009 and Vaughan et al., 2000). The 

latter authors reported that exposure to glyphosate 

causes endocrine dysfunction and also reduces the 

synthesized mRNA. It was also reported that damage 

to the ovaries, progesterone and estrogen levels are 

reduced. Estrogen and progesterone naturally affect 

fertility and ovulation under the control of LH and 

FSH secretion from the pituitary gland (Ralph et al., 

2000). Potent endocrine disruptors typically cause 

histological changes in the ovary and uterus which 

induces ovarian atrophy in association with 

hyperplastic and hypertrophic changes in the uterus 

(Greaves, 2007). Natural recovery from glyphosate 

after 15 days cessation of administration showed that 

the estrogen and progesterone returned to its normal 

level that may be due to the improvement that was 

seen in the ovarian and uterine sections which 

became similar to the control group with intense 

positive VEGF immunoreactivity. On contrary to the 

results of Williams et al. (2000) who stated that there 

were no adverse effects in reproductive tissues from 

animals treated with glyphosate in chronic and/or 

subchronic studies. While our results indicated that 

the prolonged exposure for glyphosate may induce 

deteriorative effect in the ovary and uterine tissues. 

While in case of atrazine the estrogen and 

progesterone levels remain significantly decreased 

even after stoppage of exposure that may attributed to 

mild improvement was noticed in the examined 

ovarian and uterine sections. The endometrial stromal 

and endothelial cells were VEGF moderately reacted 

while the endometrial surface and glandular epithelial 

cells still exhibited weak to negative 

immunoreactivity. Accordingly, the present results 

demonstrate that prolonged exposure to atrazine can 

induce infertility and impair folliculogenesis, alter 

estrus cyclicity as well as uterine dysfunction. These 
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data are in agreement with Wirbisky and Freeman 

(2015) and Laws, et al. (2000). 

 

CONCLUSION 
 

From the current study, it can be concluded that, 

glyphosate had less deteriorated effect on fertility 

parameters and morphological changes of 

reproductive organs of the exposed female rats than 

atrazine as well as the natural recovery rate after 

withdrawal is higher in glyphosate than atrazine. 
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 وسٍجٍه ووسٍجٍه كٍمٍبئٍة مىبعٍة بتدراس :الفئران الجهبز التىبسلً الأوثىي فًعلى جلاٌىفىسبت الو الأترازٌه تأثٍر

 

 ورمٍه عبطف حلمى ،رمضبن عبد الحلٍم  ، بكبر تغرٌد محمد وبٍل،  ولاء عبد الرحمه مصٍلحى
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 فًالأعشاب  يٍ أخم انسٍطشة عهى يصش فً عهى َطاق ٔاسع انخى حسخخذو يبٍذاث الأعشاب يٍاندلاٌفٕساث ٔ ٌعخبشالأحشاصٌٍ 

انسابك ركشْا عهى اندٓاص  يبٍذاث الأعشاب نكم يٍححذٌذ انخأثٍش انسهبى ٔنمذ اخشٌج ْزِ انذساسّ بٓذف  .انضساعٍت انًحاصٍم

خى ثى  01 ±  081حٕانً  انخى حخشأذ أٔصآَى بٍٍ يٍ إَاد انفرشاٌ خًست ٔأسبعٍٍ أخشٌُا ْزِ انذساسّ عهى .َاد انفرشاٌلإ انخُاسهى

 , انًدًٕعت انثاٍَّ حى حدشٌعٓا حخهمى اي علاجاعخبشث كًدًٕعت ضابطت ٔنى  :انًدًٕعت الأنى   :ثلاد يدًٕعاث إنى لسًج

  كدى يٍ ٔصٌ اندسى / يهدى 500  دلإٌفٕساثبان حى حدشٌعٓا انًدًٕعت انثانثت .ٌٕو  / كدى يٍ ٔصٌ اندسى / يهدى 011 الأحشاصٌٍب

انعلاج  ٕلفح بعذ .يدًٕعتيٍ كم  ٌٕيا يٍ انعلاج 01ٔ  01 ٔلذ حى أخز انعٍُاث عُذ  ٌٕيا؛ 01نًذة  انخدشبت يذة ٌٕو. اسخًشث /

ٔلذ  .دلإٌفٕساثانٔ الاَسحاب نكم يٍ الأحشاصٌٍ كًدًٕعاث ٔاعخبشث ٌٕو 01 انفرشاٌ يذة حشكج دلإٌفٕساثانٔ بالأحشاصٌٍ

انٓشيَٕاث  اضطشاب فً حشًم نٓا حأثٍش سهبى عهى اندٓاص الأَثٕي فى انفرشاٌ انًعشضت أٌ ْزِ انًٕاد انكًٍٍائٍت أٔضحج انُخائح

 انًعشضت إَاد انفرشاٌ خصٕبت عهى سًٍت ألم دلإٌفٕساثان كًا نٕحظ اٌ حأثٍش .غٍشاث انُسٍدٍّ ٔانًُاعٍت نلاعضاء انخُاسهٍتانخٔ

 .الأحشاصٌٍ يٍ دلإٌفٕساثان أعهى فً َسحابالا انطبٍعً بعذ يعذل الاسخشداد ٔكزنك الأحشاصٌٍ يٍ
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