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Chlorpyrifos (CPF) can induce ovarian damage and reproductive dysfunction 
through oxidative stress mechanisms. These can be reversed by antioxidants such as 
Epigallocatechin-3-gallate (EGCG) in green tea. This study aimed to investigate the 
toxicity effects of CPF on rat ovaries and the effectiveness of EGCG to protect 
against these effects. Fifty adult female albino rats were randomly assigned to five 
equal groups; negative and positive control groups, EGCG-treated group, CPF-
treated group and CPF+EGCG-treated group. After four weeks the rat body weight 
and relative ovarian weight were estimated, and blood samples were collected to 
assess reproductive hormones (RHs) levels. Evaluation of ovarian oxidative stress 
indicators malondialdhyde (MDA), nitric oxide (NO), superoxide dismutase (SOD), 
reduced glutathione (GSH) and catalase (CAT) was performed. Ovarian sections 
were prepared and examined using the hematoxylin and eosin stain, proliferating cell 
nuclear antigen, and morphometric study to assess histopathologic changes. CPF-
treated rats had significant lower body weight and relative ovarian weight compared 
to controls (P<0.001) and those treated with CPF+EGCG (P<0.001). CPF induced 
significant reduction in RHs levels and ovarian SOD, GSH and CAT activities when 
given alone, which were improved by the combined administration of CPF and 
EGCG. The levels of ovarian MDA and NO were significantly higher in CPF-treated 
rats than controls and rats treated with CPF+EGCG. The cellular proliferation in 
ovarian Graafian follicles was significantly suppressed in CPF-treated animals. 
Hence CPF can induce oxidative damage in rat ovaries, EGCG, a natural potent 
antioxidant, can be useful against the CPF toxicity effects in ovaries. 

 
Introduction  
 

Chlorpyrifos (CPF) (0,0-diethyl 0-(3,5,6-
trichloro-2-pyridinyl)-phosphorothioate), is an 
organophosphate (OP) pest controller that was 
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introduced in 1965 as a foliage pesticide to 
protect significant crops (Fang et al., 2008). 
CPF has been widely used in developing 
countries to guard against plant and domestic 
pests such as leafhopper, cutworms, leaf 
folder, corn rootworms, gall midge, 
cockroaches, flies, grubs, termites, flea beetles, 
lice, fire ants, and mosquitos. It has been used 
to protect plants used as human food such as 
rice, cereals, fruits and vegetables, industrial 
crops as cotton and ornamental plants. Pre-
construction application of CPF was used for 
termite control (Yadav et al., 2016).  
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However, CPF was found to be toxic to 
humans and animals and has a long 
environmental persistence (Sharma et al., 
2017). Exposure to CPF is commonly through 
ingestions of contaminated food and 
occupational exposure via contact and 
inhalational routes. CPF is rapidly absorbed 
from the skin and intestine (Poet et al., 2014).  

CPF has been linked to several toxicity 
effects in humans and animals. CPF, as an 
organophosphate, is an anticholinesterase and 
can lead to the accumulation of acetylcholine 
and induce neurotoxic manifestations 
(Anirudhan et al., 2013). Animal studies 
showed that CPF was associated with 
histopathological damage of internal organs, 
disruption of gut microbiome, embryotoxicity, 
teratogenicity, genotoxicity and immuno-
toxicity (Wang et al., 2019). In humans, 
chronic exposure to CPF was charged of 
adverse health effects including chronic 
degenerative diseases and cancers (Hernandez 
et al., 2013). CPF can influence glucose and 
lipid metabolism and lead to obesity, 
dyslipidemia and type-2 diabetes mellitus. 
CPF was suggested to induce changes in 
reproductive hormones (RH) levels in animals 
(Li et al., 2019).  

CPF was claimed to cause irregular 
estrous cycle, abnormal growth of breast cells 
and primordial follicles in ovary of rats 
(Kamalesh et al., 2014).  

Changes in reproductive functions were 
used as an indicator for pesticide toxicity. 
Females were found to be more sensitive to the 
toxicity effects of pesticides (Attia et al., 
2012). 

In humans, CPF is metabolized in liver 
by cytochrome P450 and its metabolites are 
excreted in urine. CPF poisoning can be 
diagnosed by the detection of its metabolites 
diethylphosphate (DEP), diethylphosphoro-
thioate (DETP), and 3,5,6-trichloro-2-

pyridinol (TCP) in serum and urine samples 
(Hodgson and Rose, 2008).  

CPF produce its toxicity effects by two 
main mechanisms; oxidative stress and lipid 
peroxidation. In oxidative stress endogenous 
antioxidants such as catalase, superoxide 
dismutase, glutathione S-transferase fail to 
oppose reactive oxygen species (ROS) and 
other free radicals generated by CPF. These 
free radicals interact with carbohydrates, 
lipids, and DNA leading to damage of the 
brain and reproductive tissues (Attia et al., 
2012). Lipid peroxidation can lead to damage 
of the brain as well as ovarian tissues (Nishi 
and Hundal, 2013). 

Oxidative stress is due to failure of 
endogenous antioxidants to counteract the 
effect of free radicals generated by CPF. So, it 
was suggested that introduction of antioxidants 
such as green tea would protect against the 
toxic effects of CPF by preventing the 
oxidative stress (Pohl and Kong Thoo Lin, 
2018).  

Green tea (GT), Camellia sinensis 
(Family: Theaceae), is one of the most 
commonly used beverage all over the world, 
and is considered the most potent natural 
antioxidant due to its ingredient 
Epigallocatechin-3-gallate (EGCG), which 
contains eight free OH- group (Rains et al., 
2011). Green tea was presented as a major 
preventive factor against chronic human 
diseases. Its main preventive affects are due to 
antioxidative action, induction of detoxifying 
enzymes, regulation of cell growth, 
development and apoptosis, and enhancement 
of intestinal bacterial flora (Weisburger and 
Chung, 2002). 

EGCG protect against oxidation of low-
density lipoprotein and prevent DNA and 
cellular damage (Takagaki et al., 2011). In 
addition, EGCG has anti-inflammatory (Gao et 
al., 2016), antivirus (Ohno et al., 2013) and 
anti-cancer effects (Min and Kwon, 2014). It 
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has been found to be useful against ulcerative 
colitis (Bitzer et al., 2016) and autoimmune 
diseases (Wu et al., 2012). EGCG is a potent 
antioxidant that is 30 times more potent than 
vitamin C and vitamin E (Intra and Kuo, 2007) 
and can be used as a dietary supplement, 
which is easily administered and highly 
acceptable. 

The study aimed to investigate the 
protective effect of Epigallocatechin-3-gallate 
in green tea on the toxic effects of CPF on rat 
ovaries. 
 
Material & Methods 
 
Chemicals  

1- Chlorpyrifos :CPF technical grade (98%) 
was purchased from El-Gomhouria 
Company for Trading Chemicals and 
Medical Appliances., Egypt.  

2- Epigallocatechin-3-gallate (EGCG) as a 
powder of purity ±95% was purchased 
from Sigma-Aldrich, USA (CAS Number 
989-51-5).  

3- Corn oil as a liquid of purity ±99% was 
purchased from Sigma-Aldrich, USA 
(CAS number 8001-30-7). 

4-Nuclear Antigen (PCNA): PCNA 
monoclonal antibody (clone pc 10) was 
purchased from Lab Vision USA by 
Medico Trade Company, Giza, Egypt.  

5- All kits used for different 
oxidative/antioxidative markers 
malondialdehyde (MDA), nitric oxide 
(NO); glutathione (GSH); and superoxide 
dismutase (SOD), catalase (CAT) were 
purchased from Laboratory 
BioDiagnostics Co., Giza, Egypt. 

Animals  
The experimental protocol of the study 

was designed according to the rules approved 
by the Ethical Committee of the Faculty of 

Medicine, Benha University, Egypt. Fifty adult 
female albino rats of average weight, weighing 
180-200 gm., aged 8-10 weeks, were 
purchased from the Experimental Animal 
Breeding Farm, (Helwan-Cairo). Animals 
were left for one week for proper 
acclimatization to the animal house conditions 
at the Pharmacology Department, Faculty of 
Medicine, Benha University, to ascertain their 
physical wellbeing, and to exclude any 
diseased animals. All animals were received 
the same diet (wheat, bread & milk) on a 
schedule of 12 hours of light and 12 hours of 
dark. The time of dose administration was 
fixed for all animals at 12 P.M.  
 
Experimental design 

 The animals were randomly assigned to 
five equal groups (10 rats each): 
Group I (negative control group): Each 

animal received physiological saline 
via intragastric tube for 4 weeks.  

Group II (positive control group): Each 
animal received 1 ml/ day of corn oil 
via intragastric tube for 4 weeks. 

Group III (EGCG group): was treated with 
EGCG (20 mg/kg body weight), 
administered once a day for 4 weeks 
via intragastric tube, which was 
dissolved in physiological saline. The 
EGCG dose used in the present study 
was previously employed with no 
harmful effects on animals (You et al., 
2014). 

Group IV (CPF group): Each animal 
received CPF in corn oil through 
intragastric tube at a dose 5.4 mg/kg/ 
day [1/25 of the calculated median 
lethal dose (LD50)] for 4 weeks. This 
dose was enough to induce 
biochemical changes without morbidity 
(Mansour and Mossa, 2009).  
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Group V (CPF + EGCG group): Each 
animal was given both EGCG (at the 
same dose of group III) and CPF (at the 
same dose of group IV), through 
intragastric tube for 4 weeks.  

All animals were sacrificed 24 hours 
after the last administrated dose by ether 
inhalation, dissected and the ovaries were 
removed for histological and 
immunohistochemical studies.  
 
Sample collection and storage  

Animals were anesthetized by ether, the 
abdominal cavity was opened, and blood 
samples were collected from their hearts by 5 
ml syringes. Blood samples were kept in clean 
tubes without anticoagulants at 37˚C incubator 
for 15 minutes. After centrifugation of clotted 
blood, serum samples were put in special 
tubes, covered by parafilm, labelled and kept 
frozen for three days to be tested later for the 
reproductive hormones (Picard et al., 2008). 
 
Methods: 
1-Body weight and relative ovary weight  

The weights of rats were recorded before 
and after the treatment periods. The ovary was 
collected, weighed, and the relative weight of 
the ovary was calculated as a proportion of 
each animal’s body weight.   
 
2-Biochemical analysis 
 Assessment of serum hormonal assay 

Serum estrogen (estradiol E2), 
progesterone (Pg), follicle-stimulating 
hormone (FSH), luteinizing hormone (LH) 
levels were estimated using Enzyme Linked 
Fluorescence Assay (Anckaert et al., 2002), 
with the commercial kits VIDAS 
(BIOMERIEUX Company, France) by VIDAS 
apparatus (BIOMERIEUX Company, France). 

Assessment of oxidative stress indicators in 
ovarian tissues  

The oxidative stress parameters 
evaluated were indicators of lipid peroxidation 
malondialdhyde (MDA) and nitric oxide (NO) 
and antioxidants: superoxide dismutase 
(SOD), reduced glutathione (GSH) and 
catalase (CAT).  MDA was evaluated by 
measuring the colour emitted from the 
interaction between MDA and thiobarbituric 
using a spectrophotometer at 535 nm against a 
blank. A standard curve by 1,1,3,3- 
tetramethoxypropane was developed and the 
MDA concentration was expressed as nmol/g 
tissue (Mihara and Uchiyama, 1978). The 
ovarian NO was estimated by using copperized 
cadmium to reduce nitrate to nitrite and 
measuring the total nitrite by the Griess 
reaction (the reaction of nitrite with a mixture 
of naphthylethylenediamine and 
sulphanilamide) (Sastry et al., 2002). SOD 
activity was evaluated using the method 
developed by Marklund and Marklund (1974) 
that is based on the inhibition of the 
autoxidation of pyrogallol by SOD. The SOD 
enzyme activity was expressed as U/g tissue, 
where one unit is the amount of the enzyme 
that inhibited the rate of pyrogallol 
autoxidation by 50%. Catalase activity was 
determined by the interaction of 20 µL of the 
sample with a mixture of 1800 µL of 50 mM 
phosphate buffer (pH 7.0), 180 µL of 300 mM 
H2O2. The rate of H2O2 clearance was 
monitored by a UV-Visible spectrophotometer 
at 240nm for 2 min (10 sec intervals). The 
activity of catalase was then expressed as 
µmol H2O2 consumed/min/mg protein 
(Clairborne, 1995). GSH level was estimated 
using the method described by Jollow et al. 
(1974). An equal volume of the sample and 
4% sulfosalicylic acid are mixed and 
centrifuged at 10,000 x g for 15 min at 4°C. 
Then, 50 µL of the supernatants was added to 
DTNB (10 mM, 4.5 mL), and the absorbance 
was measured at 412 nm. GSH levels were 
measured in µmol/mg protein.  
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3- Histological and Immunohistochemical 
Study 

Immediately after the animals were 
sacrificed, their right and left ovaries were 
dissected, fixed in 10% formol saline for 24-48 
hours, dehydrated in ascending grades of 
alcohol, cleared in xylene and embedded in 
paraffin. Paraffin blocks were cut at 5 - 7µm 
thickness, using Leica rotator microtome 
(Germany). Sections were examined using the 
following stains: Hematoxylin and Eosin stain 
(Kiernan, 2001). 

Immunohistochemical staining using the 
avidin-biotin peroxidase complex technique. 
Sections were counterstained with Meyer′s 
hematoxylin (Bancroі and Gamble, 2002) for 
detection of:  
Proliferating Cell Nuclear Antigen (PCNA):  

PCNA is an auxillary protein of DNA-
polymerase enzymes, necessary for DNA 
synthesis and is used as a standard marker in 
proliferating cells (Kerr et al., 2006). PCNA 
antibody is a mouse monoclonal antibody PC 
10 (Novocastra, Milton, Keynes, USA). PCNA 
positive cells show brown nuclear deposits.  

-Positive tissue control for PCNA: 
Human tonsil biopsies showed +ve 
immunostaining in the form of brown nuclear 
reaction for PCNA.  

-Negative control for PCNA: Additional 
specimens of the ovary were processed in the 
same sequence but the primary antibody was 
not added and instead, PBS was added in this 
step. Omission of the primary antibody gave 
no staining reaction.  
 
5-Morphometric Study  

This was carried out using a Leica Qwin 
500 LTD image analysis computer system, 
(Cambridge, UK). For each group, five slides 
of five different specimens were examined. 
From each slide, ten non-overlapping fields 
were measured. The following parameters 
were evaluated: 

 Mean area percent of positive 
immunoreactivity for PCNA. It was 
measured in immune-stained sections 
using the colour detect menu, in relation to 
a standard measuring frame, at a 
magnification of X400.  

 Mean areas of positive immunoreactivity 
for PCNA were masked by a blue binary 
colour. 

 
Statistical analysis 
 

Collected data were summarized as 
mean± Standard Error of the Mean (SEM) and 
range. Shapiro-Wilk W test for normal data 
was used to test the distribution of data. 
Comparisons between the different study 
groups were carried out the One-Way Analysis 
of Variance (ANOVA; F) for normally 
distributed data and the Kruskal Wallis (KW) 
test for non-parametric data. These were 
followed by post-hock tests using the 
Bonferroni method to detect difference in 
pairs. Changes in the rat body weight after 
treatment as compared to before treatment 
were tested using the paired t-test. Statistical 
significance was considered at P<0.05. All 
statistical analysis was carried out using 
STATA/SE version 11.2 for Windows 
(STATA Corporation, College Station, Texas) 
(STATA Corp, 2009). 
 
Results 
  

The results of both negative and positive 
control groups did not show any statistically 
significant differences, so, the data obtained 
for both groups were expressed in the figures 
and tables as one group "control". 

Table (1) showed no significant 
differences in body weight between the 
different groups at the beginning of the study. 
There was a significant increase in body 
weight in all the study groups at the end of the 
study except for the CPF-treated group, which 
had a significantly reduced body weight 
compared to before treatment (P=0.0026).  
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Table (1): Rats’ body weight in gram before and after treatment. 

Body weight (gm) 
Mean ±SEM (range) 

 
Control 
(saline-
treated 
group) 

(no.=10) 

Control (corn 
oil-treated 

group) 
(no.=10) 

EGCG-
treated 
group 

(no.=10) 

CPF-
treated 
group 

(no.=10) 

CPF+EGCG
-treated 
group 

(no.=10) 

F P 

Before 
treatment 

199.7±2.69 
(186-215) 

199.5±2.81 
(185-216) 

191.40±2.15 
(183-202) 

199.5±3.45 
(182-213) 

192.5±2.23 
(182-205) 2.39 0.0

64 
After 

treatment 
209.2±2.80 
(195-223) 

208.4±2.93 
(194-224) 

199±3.26 
(183-212) 

196.7±3.15 
(183-210) 

202.4±3.40 
(185-217) 3.18 0.0

22 
T 16.88 19.42 4.86 4.12 6.66 
P <0.001 <0.001 0.0009 0.0026 0.0001 

 

SEM: Standard Error of the Mean; F: One-Way Analysis of Variance (ANOVA); P: Probability; t: Paired t-test; EGCG: 
Epigallocatechin-3-gallate; CPF: Chlorpyrifos 
 

Figure (1) showed significant variations 
in the relative ovarian weight between the 
studied groups (P=0.0009). CPF-treated group 
had the least relative ovarian weight 

(0.017±0.003 mg/100 g body weight) followed 
by CPF+EGCG-treated group (0.023±0.003 
mg/100 g body weight). 
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Fig. (1): Mean and Standard Error of the Mean (SEM) of the relative ovary 

weight between the studied groups. 
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Assessment of serum hormonal assay 
EGCG: Epigallocatechin-3-gallate; 

CPF: Chlorpyrifos; a: significant difference 
compared to the negative control group; b: 
significant difference compared to positive 
control group; c: significant difference 
compared to EGCG treated group; d: 
significant difference compared to CPF 
treated group; P<0.001; Kruskal Wallis test 
and post-hock using the Bonferroni method 
were used. 

The CPF-treated group had lower levels 
of progesterone, oestrogen, FSH and LH 
compared to control and EGCG-treated 
groups (P<0.001). However, the levels of 
reproductive hormones were higher in the 
CPF+EGCG-treated than in the CPF-treated 

group. These differences were statistically 
significant (P<0.001) for progesterone, 
oestrogen and FSH (Figure 2). 
Assessment of ovarian tissue oxidative 
stress/antioxidant biomarkers  

Figure 3 showed the indicators of ovarian 
oxidative stress among the studied groups. 
CPF-treated group had the highest levels of 
MDA and NO (P<0.001). The levels of MDA 
and NO were significantly lower in 
CPF+EGCG-treated group than in CPF-treated 
group (P<0.001). Administration of CPF 
caused significant reduction in ovarian SOD, 
CAT and GSH levels compared to the control 
group, EGCG-treated group and CPF+EGCG-
treated group (P<0.001). 
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Fig. (2): Mean and Standard Error of the Mean (SEM) of reproductive hormones levels between the 

studied groups. 
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EGCG: Epigallocatechin-3-gallate; CPF: 
Chlorpyrifos; FSH: Follicle Stimulating 
Hormone; LH: Luteinizing Hormone; a: 
significant difference compared to the negative 
control group; b: significant difference 
compared to positive control group; c: 
significant difference compared to EGCG 
treated group; d: significant difference 
compared to CPF treated group; P<0.001; 
Kruskal Wallis test and post-hock using the 
Bonferroni method were used. 

Examination of Hematoxylin and Eosin 
and PCNA immune sections of the control 
groups showed non-significant differences. 

Thus, sections of group I were used to 
represent the control group. 

Examination of sections of the control 
group revealed mature Graafian follicles 
containing large round oocytes with pale 
staining cytoplasm and central nuclei 
surrounded by well-defined acidophilic zona 
pellucida. The oocytes were surrounded by the 
corona radiata and attached to the walls of the 
follicles through the cumulus oophorus. The 
follicular walls were formed of multiple layers 
of tightly packed granulosa cells. The antrum 
appeared large and full of acidophilic liquor 
folliculi (Figure 4A). 
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Fig. (3): Mean and Standard Error of the Mean (SEM) of ovarian oxidative stress indicators 

between the studied groups. 
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EGCG: Epigallocatechin-3-gallate; CPF: 
Chlorpyrifos; MDA: Malondialdhyde; NO: 
Nitric Oxide; SOD: Superoxide Dismutase; 
CAT: Catalase; GSH: reduced Glutathione; a: 
significant difference compared to the control 
group; b: significant difference compared to 
EGCG treated group; c: significant difference 
compared to CPF treated group. P<0.001; 
Kruskal Wallis test and post-hock using the 
Bonferroni method were used.  
Hematoxylin and Eosin 

The mature Graafian follicles of the 
EGCG treated group had large ovoid oocytes 
surrounded by the corona radiata and attached 
to the follicular wall by the cumulus oophorus. 
The walls of the follicles were formed of 
tightly packed granulosa cells (Figure 4B).  

CPF treated group induced degenerative 
changes in the Graafian follicle in the form of 
distortion of the oocytes with prominent 
vacuoles in the cytoplasm and irregular corona 
radiata. The granulosa cells of the follicular 
walls appeared shrunken and darkly stained 

with wide spaces between them and separation 
from the underlying theca layer (Figure 4C).   

Rats receiving CPF+ EGCG showed 
some improvements in the histological 
structure of the follicles. The oocytes were 
large, rounded and surrounded by the corona 
radiata. The granulose cell layer appeared 
wider with spaces between the cells but not 
separated from the underlying theca layer 
(Figure 4D). 
Immunohistochemical results  

To assess the proliferation of granulosa 
cells after EGCG administration, PCNA 
immunostaining was used and gave nuclear 
reaction in granulosa cells. PCNA expressed 
moderate positive immune expression in 
granulosa cells of control group & EGCG 
group but with more reaction in group EGCG 
(Figures 5 A & B). PCNA expression was 
much more pronounced in CPF+ EGCG group 
(Figure 5 D), while the expression of PCNA 
was minimal in CPF group (Figure 5 C). 

 
Fig. (4): A photomicrograph of H&E stained sections showing the mature Graafian follicles of the 

different experimental groups (A-D): (A) Control group: showing a large round oocyte with 
pale staining cytoplasm and nucleus surrounded by a well-defined acidophilic zona pellucida 
(arrow). The oocyte is surrounded by the corona radiata and attached to the wall of the follicle 
by the cumulus oophorus. Multiple layers of closely packed granulosa cells (g) form the 
follicular wall. (B) EGCG group: large ovoid oocyte surrounded by the corona radiata and 
attached to the follicular wall by the cumulus oophorus. The granulosa cells (g) appear tightly 
packed. (C) CPF group: distorted acidophilic oocyte with multiple vacuoles in its cytoplasm 
(arrow) surrounded by an irregular corona radiate. The granulosa cells (g) appear shrunken and 
darkly stained with wide spaces between them and separation from the underlying theca layer.  
(D) CPF+ EGCG group: Large rounded oocyte (arrow) surrounded by the corona radiata. 
The granulose cell layer (g) appears wider with spaces between the cells and no separation from 
the theca layer (GF= Graafian follicle) (H & E x400). 
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Fig. (5): A photomicrograph of PCNA immune stained sections showing the mature Graafian 

follicles of the different experimental groups (A-D): (A) Control group: showing a moderate 
nuclear reaction in most of the granulosa cells (arrows). (B) EGCG group: showing an 
intense nuclear reaction in some of the granulosa cells (arrows). (C) CPF group: showing a 
mild nuclear reaction in few of the granulosa cells (arrows).  (D) CPF+ EGCG group: 
showing an intense nuclear reaction in all of the granulosa cells (arrows) (Immunostaining for 
PCNA with H stain as a counter stain × 400). 

 
Comparisons of proliferating cells per 

unit area in Graafian ovarian follicles in the 
different studied groups (mean ± SEM) are 
shown in Figure 6. CPF-treated rats had 
significantly lower values compared to 
controls (P<0.001). While, CPF+EGCG 
treated group was comparable to control group 
(P>0.05) and significantly higher than rats 
treated with CPF alone (P<0.001). 
 
Discussion 
  

CPF is a widely used organophosphate 
insecticide, which has been linked to many 
adverse health effects such as neurotoxicity, 
hormonal disruption, molecular and cellular 
damage of the brain and reproductive tissues. 

The toxicity effects of CPF are brought about 
mainly by oxidative stress and lipid 
peroxidation (Li et al., 2019). 

This experimental study was conducted 
to investigate the protective effect of 
Epigallocatechin-3-gallate in green tea on the 
toxic effects of CPF on rat ovaries. Our results 
revealed that CPF interfered with normal 
weight gain in treated rats and induced 
significant suppression of reproductive 
hormones and ovarian damage through 
enhanced lipid peroxidation and oxidative 
stress. In addition, CPF-treated rats showed 
marked histopathological changes in ovarian 
tissues. The administration of EGCG 
succeeded to ameliorate these toxicity effects 
of CPF.   
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Fig. (6): Mean and Standard Error of the Mean (SEM) of Proliferating Cell Nuclear 

Antigen (PCNA) immunostaining in the different experimental groups 

EGCG: Epigallocatechin-3-gallate; CPF: 
Chlorpyrifos; a: significant difference 
compared to the negative control group; b: 
significant difference compared to positive 
control; c: significant difference compared to 
EGCG treated group; d: significant difference 
compared to CPF treated group; P<0.001; 
Kruskal Wallis test and post-hock using the 
Bonferroni method were used 

Chronic exposure to CPF has been 
linked to changing body weight. In the present 
study CPF-treated rats had significantly lower 
body weight and relative ovarian weight than 
the non-treated groups and those treated with 
CPF+EGCG. Moreover, CPF-treated rats had 
lower body weight at the end of the study, 
after four weeks, than at the beginning of the 
study. Correspondingly, CPF-treated animals 
(6.75 mg/kg) showed significant reduction in 
body weight (-7.32%, P<0.05) and relative 
ovarian weight (-13.74%, P<0.05) compared 
to animals treated with Pistacia Lentiscuc L 

(PLO) (2 ml/kg) for 30 days (Chebab et al., 
2017). Similarly, CPF caused significant 
decrease in body weight, relative ovarian 
weight and thyroid weight in rats (Shady and 
Noor El-Deen, 2010; Das et al., 2014). In 
addition, rats treated with CPF (5 mg/kg) had 
significant weight loss after 35 days of 
treatment. In line with our results, weight loss 
was induced by CPF and this was explained by 
oxidative stress and damage of fat and protein 
(Zhang et al., 2019). In addition, the reduced 
body weight induced by CPF can be due to 
direct cellular effects or effects on higher 
centres in the brain that govern food and water 
intake and hormonal function (Mavedati et al., 
2015). The reduced ovarian weight induced by 
CPF was explained by the increased release of 
adrenocorticotropic hormone (ACTH) which 
causes protein damage in ovaries (Johari et al., 
2010). 

However, there were no significant 
weight change after treatment with CPF (0.1 
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and 2.5 mg/kg/day for 8 weeks) (Nishi and 
Hundal, 2013). Moreover, it was found that 
CPF increased perinephric pads of fat 
(Mansour and Mossa, 2009; Liang et al., 
2019). 

In the current study, the administration 
of CPF was associated with significant 
reduction in the levels of progesterone (Pg), 
estrogen (E2), FSH and LH. These were 
improved in rats treated with EGCG in 
addition to CPF. In agreement with these 
results, a significant reduction in Pg and E2 
was also noticed in CPF-treated rats at doses 
of 5.4 and 8.1 mg/kg body weight/day (Das et 
al., 2014) and environmental doses 0.01 and 1 
mg/kg body weight/day (Ventura et al., 2016). 
Correspondingly, the investigations of the 
effects of CPF and curcumin on FSH levels in 
mice revealed a progressive decrease in FSH 
levels with increased duration (after two and 
three weeks) and dose (CPF 10 mg/kg body 
weight, and 20 mg/kg body weight) of CPF 
treatment (Madhavi and Sai Saraswathi, 
2011). Similarly, a significant dose-dependent 
reduction in FSH, LH and oestrogen CPF-
treated rats with three different concentration 
of CPF (0.2%, 0.4% and 0.8%) (Iheanacho et 
al., 2020). In addition, CPF-treated rats had 
significantly lower levels of LH (-49.13%, 
P<0.01), Pg (-24.56%, P<0.01) and E2 (-
28.84%, P<0.01) compared to controls and 
rats treated with CPF+PLO (Chebab et al., 
2017).  

Moreover, Das et al. (2014) noticed a 
failure in the hypothalamo-pituitary-gonadal 
feedback mechanisms in response to the drop 
in Pg and E2 levels as a result of CPF-
mediated damage of the ovaries, which was 
explained by the toxicity effects of CPF on 
the pituitary gland and hypothalamus by 
AChE inhibition. In another study, it was also 
suggested that CPF inhibits the RH genes 
expression (Ventura et al., 2016). An 
oxidative damage induced by CPF on the 
ovaries (Nishi and Hundal, 2013) and the 

anterior pituitary have been suggested (Muftau 
et al., 2014). 

However, Das et al. (2017) reported a 
significant dose-dependent reduction in 
estradiol levels in CPF-treated rats after 30 
days without a significant reduction in 
progesterone levels at all CPF treatment doses 
(5.4mg/kg body weight/day and 8.1 mg/kg 
body weight/day). Non-significant changes in 
progesterone levels in rats treated with three 
different CPF concentrations were also 
reported (Iheanacho et al., 2020). 

In this study indicators for ovarian lipid 
peroxidation (MDA and NO) were significantly 
increased by CPF and these changes were 
lessened in CPF+EGCG-treated rats. CPF 
induced significant reduction in ovarian CAT, 
GSH and SOD. However, administration of 
EGCG could protect the rats from the oxidative 
stress induced by CPF. 

Low-dose exposure to CPF leads to 
accumulation of CPF in different body tissues 
including liver, brain, kidney, ovary and 
adipose tissue. CPF induced damage in these 
tissues by lipid peroxidation and oxidative 
stress. MDA and NO are released by the 
damaged lipids and proteins. CPF releases free 
radicles (hydroxyl radicals), which react with 
unsaturated fatty acids in the brain, ovary and 
other body tissues of rats leading to damage of 
these organs. This process is called lipid 
peroxidation and results in the release of MDA 
and NO.  GSH, CAT and SOD are endogenous 
antioxidants that protect against free radicles 
released by CPF (Tanvir et al., 2016).  

Correspondingly, a progressive dose-
dependent increase in MDA levels was 
reported in CPF-treated rats. Treatment with 
CPF 10 mg/ kg body weight increased MDA 
levels to 37.4 nmol/ml after 14 days and 35 
nmol/ml after 21 days. While, treatment with 
CPF 20 mg/ kg body weight increased MDA 
levels to 38.74 nmol/ml after 14 days and 67.5 
nmol/ml after 21 days. This was minimized to 
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35.26 nmol/ml and 46.112 nmol/ml by the 
administration of curcumin and crude 
respectively (Madhavi and Sai Saraswathi, 
2011). It was also reported that CPF increased 
MDA levels and decreased CAT and SOD 
activities in the pituitary gland of rats 
(Umosen et al., 2012; Muftau et al., 2014). A 
reduction in GSH levels (an antioxidant in 
tissues) was also reported in brain, ovary and 
uterus of rats (Uzun and Kalender, 2013; 
Adedara et al., 2017).  

Abolaji et al. (2017) found that Ginger 
(6-GRF) protected against the peroxidative 
effects of CPF and rendered MDA levels to 
normal control levels. In addition, 6-GRF 
improved the levels of GSH in brain, ovary 
and uterus of rats.  

Similarly, significant increased MDA 
levels were reported in the ovaries and thyroid 
gland of CPF-treated rats compared to the 
control group. However, concomitant 
treatment of CPF and PLO lead to a 
significant reduction in MDA levels compared 
to rats treated with CPF alone. In addition, 
there was a significant reduction in GSH 
levels in ovaries and thyroid of CPF-treated 
rats compared to controls. This was improved 
by the combined treatment of CPF and PLO 
(Chebab et al., 2017). Correspondingly, in 
vitro studies revealed that EGCG increased 
the intracellular levels of GSH in oocytes 
(Wang et al., 2007; Huang et al., 2018).  

The immune-histochemical results of 
this study demonstrated that after CPF 
administration, most normal Graafian follicles 
disappeared from the ovaries and only few 
decomposed follicles with abnormal 
structures were seen.  

The combined treatment of CPF and 
EGCG allowed a few numbers of semi-
normal young Graafian follicles to develop. 
The oocyte showed very little degeneration 
with the persistence of the lateral positioning 
of the nucleus, and the presence of greasy 

gaps in the oocyte cytoplasm. In addition, there 
was a clear improvement in the granulosa cells 
divisive capacity. However, these changes did 
not arrive at the normal level. 

Proliferating cell nuclear antigen (PCNA) 
is a non-histone protein that has an auxiliary 
role for DNA polymerase delta. PCNA 
expression has a direct relationship with 
mitotic activity, so it can be used, as an 
indication of cell proliferation. The result of 
this study also demonstrated that the number of 
proliferating cells in graafian follicles 
decreased significantly in CPF-treated group 
compared with the control group. In addition, 
in this study, the utilization of EGCG plus CPF 
increased significantly the number of 
proliferating cells in these follicles as 
compared to the CPF group. Thus, antioxidants 
such as EGCG can improve cells’ antioxidant 
system and protect cells against oxidative 
stress. The decrease in cell proliferation due to 
CPF exposure confirmed that OPs through the 
production of free radicals and oxidative stress 
damage DNA. The natural response to DNA 
damage is the activation of checkpoints that 
stop the cell cycle and repair the damage, and 
cause aging or apoptosis (Carlson and Ehrich, 
2008). 

Nishi and Hundal (2013) observed that 
micrometrical analyses showed increased 
ovarian surface epithelium height, follicular 
diameter, and the frequency of follicular 
atresia. A disruption in estrous cycle with 
prolonged metestrus was developed on CPF 
administration in both the treated groups (CPF 
0.1 and 2.5 mg/kg body weight/day for 8 
weeks). 

In the present study, the administration of 
EGCG, an antioxidant, was found beneficial in 
guarding against the toxicity effects of CPF on 
reproductive functions in rat ovaries. 
Correspondingly, Madhavi and Sai Saraswathi 
(2011) found that CPF treated group showed 
ruptured germinal epithelium with multiple 
nuclei and matured Graafian follicles with 
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degenerated ovum. Corpus leutium cells were 
observed to be rudimentary. Unusual number 
of vacuolated spaces was observed in ovarian 
cortex. After curcumin treatment for seven 
days the ova were regenerating. In addition, 
administration of vitamin E, an antioxidant, 
was found to protect against the suppressive 
effects of DZN on the proliferation of 
secondary and Graafian follicles (Sargazi et 
al., 2019). 

Thus, it was suggested that the 
administration of antioxidants could protect 
against tissue damage-mediated by oxidative 
stress. In vitro studies revealed that 
antioxidants can improve oocytes maturation 
(Zhao et al., 2018). One of the most potent 
natural antioxidants is EGCG, which is found 
in high concentration in green tea and can be 
used as a useful treatment against the 
oxidative toxicity effects of insecticides such 
as CPF. 
 
Conclusion 
  

It can be concluded that CPF exposure is 
associated with oxidative damage and toxicity 
in rats. CPF can interfere with normal weight 
gain, ovarian development, induce 
reproductive hormones disruption and 
histopathological changes in the ovaries. 
These toxicity effects are mediated by 
oxidative stress mechanisms. EGCG in green 
tea is a natural antioxidant, which can reverse 
the oxidative damage induced by CPF in rat 
ovaries. 
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 ، جامعة بنھا قسم الطب الشرعى و السموم االكلینیكیة، كلیة الطب١
  قسم الفارماكولوجیا االكلینیكیة، كلیة الطب، جامعة بنھا٢

 الزقازیق قسم األنسجة و الخالیا، كلیة الطب، جامعة ٣
   قسم الصحة العامة و طب المجتمع، كلیة الطب، جامعة بنھا٤

  
وس   سبب الكلوربیریف ن أن ی الل     (CPF) یمك ن خ لیة م ائف التناس ي الوظ ل ف ایض و خل ف المب ات تل آلی

 Epigallocatechin-3-gallate یمكن التصدى لھذه اآللیات بواسطة مضادات األكسدة مثل. اإلجھاد التأكسدي
 (EGCG)ى   للكلوربیریفوس ھدفت ھذه الدراسة إلى التحقق من اآلثار السمیة.  الموجودة فى الشاي األخضر عل

شكل عشوائي       تم تعیی. للحمایة من ھذه اآلثار EGCG مبایض الفئران وفعالیة ة ب و بالغ ى جرذ ألبین ن خمسین أنث
ـ    ة ب ة المعالج ة ، المجموع سلبیة واإلیجابی ضبط ال ات ال ساویة ؛ مجموع ات مت س مجموع ى خم ،  EGCG إل

ـ  CPF المجموعة المعالجة بـ اس وزن جسم        CPF + EGCG .والمجموعة المعالجة ب م قی ة أسابیع ت د أربع  بع
ایض ،     سبي للمب لیة        الفئران والوزن الن ات التناس ستویات الھرمون یم م دم لتقی ات ال ع عین م جم یم   . (RHs)وت م تقی ت

د    ضي مالوندیالھای سدي المبی اد التأك رات اإلجھ ك  (MDA) مؤش سید النیتری سید   (NO) ، وأك وق أك ، وف
سموتاز  نخفض   (SOD) الدی اثیون الم االز  (GSH) ، والجلوت ات      .  (CAT)  والكات ن عین م تحضیر شرائح  م ت

اثرة ، ودراسة              المبایض   ا المتك ووي للخالی سیلین و االیوسین ، المستضد الن وفحصھا باستخدام صبغة الھیماتوك
سیجیة المرضیة    رات الن ـ     . شكلیة لتقییم التغی دى الجرذان المعالجة ب ان ل ي وزن الجسم      CPF ك ر ف اض كبی انخف
ة بالضوابط     سبي مقارن یض الن ـ      (P <0.001) ووزن المب ا ب م عالجھ ي ت ك الت  + CPF (P <0.001) وتل

EGCG  .تسبب CPF    ستویات ي م ر ف شطة  RHs فى انخفاض كبی ایض   CAT  و SOD  ،GSH ، و أن بالمب
ن خالل العالج المشترك ب            م تحسینھا م ي ت دھا ، والت ت وح دما أعطی ستویات  . EGCG و CPF عن ت م  كان

MDA و NO          ـ ران المعالجة ب ي الفئ شكل ملحوظ ف ى ب ایض أعل ي المب ة بالضوابط والجرذان   مقارن  CPF ف
ـ   ي            .  .CPF + EGCG المعالجة ب شكل ملحوظ ف ایض ب ي بصیالت غراف بالمب وي ف شار الخل ت االنت م كب ت

سبب  CPFبما أن . CPF الحیوانات المعالجة ب  ن أن ی ان         یمك ران ، ف ایض الفئ ي مب سدًیا ف ا تأك ،  EGCG تلًف
 .على المبایض CPF ثیرات السمیة ل وھو مضاد طبیعي لألكسدة ، یمكن أن یكون مفیًدا ضد التأ

   
  


