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Background: Lead poisoning has been an old but perpetual public health problem in developing countries. 
Lead has an adverse effect on fertility, and this study aimed to examine the effect of consuming green tea 
extract (GTE) on fertility parameters in rats exposed to lead.
Materials and Methods: In this experimental study, 70 rats have been classified, as it is described later, into 
4 groups of 10 and were studied over 2 months. Group 1: Normal diet and tap water; Group 2: 10 mg/kg 
intraperitoneal lead acetate weekly over 8 weeks; Group 3: Lead acetate + 100 mg/kg green tea, Group 4: 
Extract green tea. Distal epididymal sperm samples were collected to assess the sperm counts, motility, 
and morphology. Testicular tissue and blood level of testosterone were also studies. Data were analyzed 
by SPSS‑17 software using ANOVA and independent t‑test with a significant level of 0.05.
Results: The rats exposed to lead acetate had the lowest weight, and green tea had the highest weight. Green 
tea consumption in rats exposed to lead, reduced the effect of lead and the difference in mean body weight in 
these rats, compared to other groups, was minimized (P < 0.05). The group exposed to lead acetate had the 
highest sperm abnormalities, and the lowest sperm abnormalities were observed in groups taking green tea.
Conclusion: Consumption of green tea can reduce the adverse effects of lead, and also can effectively 
prevent fertility reduction.
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common life. The causes are 40% male infertility, 
40% female infertility, 10% both sexes, and 10% is 
unknown problems. Male infertility can be caused by 
different factors such as environment and exposure to 
toxic chemicals (e.g., lead), and preventing the risks 
of exposure to these substances and identification 
of appropriate and simple treatments are of most 
importance.[1]

Lead (Pb), a ubiquitous and potent toxic agent, induces 
several physiological and behavioral changes while Pb 
alters the function of multiple organs and systems; 
it primarily affects the reproductive system. Pb can 

INTRODUCTION

About 15% of couples naturally and without any 
problem are not fertilized in the 1st year of their 
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produce oxidative stress, barrier and alter several 
Ca2+ ‑dependent processes, including physiological 
processes that involve nitric oxide synthesis in 
development and adult animals.[2,3]

Recent studies have shown that lead (Pb) could 
disrupt tissue prooxidant/antioxidant balance 
which lead to physiological dysfunction. Natural 
antioxidants are particularly useful in such situation. 
In a study, the effect of GTE on lead‑induced toxicity 
was studied in Sprague‑Dawley rats. Results of 
their study showed that lead exposure was found to 
attenuate the antioxidant potential of liver, which 
was, however, augmented when supplemented with 
GTE. Liver enzymes alanine transaminase, aspartate 
aminotransferase and alkaline phosphatase 
and serum protein determinations indicated the 
protective effects of GTE. Histopathological studies 
of liver revealed that supplementation of GTE 
resulted in mild degeneration and congestion of 
the blood vessels and an enhanced regenerative 
capacity.[4‑6]

Lead poisoning has been an old but perpetual public 
health problem in developing countries. Lead has 
an adverse effect on fertility, and this study aimed 
to examine the effect of consuming GTE on fertility 
parameters in rats exposed to lead.

According to the lead exposure in general population 
and the side effects on their reproductive system and 
the properties of green tea and the availability and 
acceptance by the people to use it, this study was 
conducted to determine the effect of GTE on fertility 
of rats exposed to lead. The aim of the study was 
investigated the detoxification effect of GTE in rats 
exposed to lead acetate. We surveyed the detoxification 
effect of green tea in reproductive system and 
infertility due to lead poisoning.

MATERIALS AND METHODS

This is an in vitro experimental study, in which 70 
Wistar male rats about 200 ± 250 in weight, randomly 
classified into 4 groups of 10, as described later, were 
studied in 12 h light and 12 h dark cycle with enough 
access to food and water during 2 months.
•	 Group 1: Normal diet and tap water
•	 Group 2: 10 mg/kg intraperitoneal lead acetate 

weekly administered over 8 weeks
•	 Group 3: Lead acetate + green tea 100 mg/kg[5]

•	 Group 4: GTE.

The results of testicular tissue slices from four groups 
are showed in Figure 1.

Blood sampling
Blood was taken from ventricles of animals under ether 
anesthesia; then blood samples were centrifuged at 
300 rpm for 5 min and serum was separated. Hormones 
were measured using routine laboratory methods as 
well as using radioimmunoassay and Kentron gamma 
counter apparatus which was made in Switzerland. 
Mice semen samples were taken for chromatin DNA 
analysis, and each sample was kept in incubator with 
37°C for 30 min in order for liquefaction. After this, 
seminal liquid analysis involved the determination of 
sperm concentration, motility, normal morphology and 
other microscopic and macroscopic parameters which 
were conducted according to WHO guidelines, and the 
remaining sample was used for sperm chromatin tests. 
Histology was conducted by an expert with equipment 
in the laboratory.

Data collection methods and tools
Plant extraction
In order to prepare GTE, its dry leaves are grinded 
by an electronic mill, and then passed through a 
sieve number 10; the obtained powder is mixed 
with ethanol‑80 with the ratio of 1:1, and then the 
soaked powder is transferred to a percolator, and 
then extracted with percolation method according 
to German Pharmacopoeia 10. Then, the resulting 
extract will be distilled with vacuum rotary 
evaporator to the withdrawal of alcohol, and the 

Figure 1: The results of testicular tissue slices from four groups. Rat 
testis. Normal tubules and interstitial tissue (H and E *400) (group 1). 
Normal: Seminiferous tubules contain 3-5 cell layered spermatogenic 
epithelium with normal spermatid, Germinal epithelium detachment 
from basement membrane of a seminiferous tubule (black arrows) 
and Hyperaemia (white arrow) in testicular interstitium and sever 
reduction in number luminal spermatozoa in areas in a rat exposed 
to (group 2). (H and E *40), Rat testis. Atrophy, tubular, segmental 
and Vacuolar degeneration with  necrosis in the germinal epithelium 
of a seminiferous tubule (arrows) (arrow) (group 3) (H and E *100), 
Reduction in number luminal spermatozoa and Atrophy, tubular, diffuse 
(arrow) (H and E *100) (group 4) 
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produced extract of green tea will be used in later 
stages of the study.

Evaluation of antioxidant activities of the plant
The system of linoleat beta‑carotene model is used for 
the evaluation of antioxidant activities.

The measurement of total phenol
The amount of total phenolic compounds is measured 
according to folin‑ciocalteu colorimetric method and 
based on Gallic acid.[7]

Fertility evaluation
After 2 months of the above regimen, the mice were 
killed by cervical dislocation and their epididymis 
was removed. Spermatozoa of the epididymis were 
released in the culture medium of Gibco Ham’s F10 
Company, and the motility of sperms was examined. 
Then, the percentage of alive sperms was measured 
by eosin staining, and sperms containing DNA 
were examined by acridine orange staining. The 
ratio of motile to nonmotile sperms (motility) was 
expressed as a percentage, and it was determined 
by direct microscopic examination. Sperm live‑dead 
counting (viability) was conducted by the permeability 
property of cell membrane with vital eosine‑nigrosin 
staining,[8] and finally, distal epididymal sperm 
samples were collected to assess count, motility and 
morphology of sperms.[9]

Histological evaluation of testicle
In order for histological evaluation, the right testicle 
was cut into small pieces and by fixing it into Bouin 
solution and washing with lithium carbonate, 
6‑micron transverse sections were prepared, and 
hematoxylin and eosin staining were performed. Then, 
spermatogenesis process was examined through the 
optical microscope.[10]

DATA ANALYSIS METHOD

The results were obtained through a computer with 
SPSS‑18 software and ANOVA, and significance level 
was considered to be P ≤ 0.05.

Ethical considerations
Permission from the deputy of research and technology.

Observance of all issues related to animal rights.

RESULTS

The results of this study revealed that those rats 
exposed to lead acetate had the lowest weight, and 
rats taking green tea found to have the highest weight, 
respectively (213.57 ± 11.43 g vs. 235.8 ± 9.02 g, 
P < 0.05), which showed a significant difference 

between all groups and lead acetate group in a way that 
it seems green tea had an increasing and lead acetate 
had a reducing effect on the rats’ weight [Table 1].

Also, the mean weight of left and right testicles in 
control group was approximately equal, but in other 
groups, there was slight difference between the weight 
of right and left testicles and after that the group of rats 
exposed to lead acetate had the lowest mean weight of 
testicles (right: 0.71 ± 0.15 g and left: 0.69 ± 0.18 g) and 
the green tea consumed group had the highest weight 
of testicle (right: 1.26 ± 0.11 g and left: 1.32 ± 0.13 g). 
There was a significant difference between the lead 
acetate and control groups and also between the lead 
acetate and green tea groups (P < 0.05).

On the other hand, lead acetate has decreased the 
weight of the right and left epididymis but the green 
tea had a desired effect with an increase with no 
significant difference (P > 0.05).

The mean weight of the right and the left kidneys in 
the lead‑exposed rats used green tea had no significant 
change in comparison with lead acetate group, but 
it was significant in the lead acetate and green tea 
groups (P < 0.05) [Table 2].

In addition, based on the results of the present 
study, in the lead acetate exposed group the 
percentage of sperm motility (22.5% ±0.08%), sperm 
progression (15% ±0.07%), sperm viability (13.8 ± 0.03) 
and mean count of sperm (105 × 105 ± 3,915,780) was 
significantly lower than in other groups (P < 0.05) 
but in green tea group these values were higher 
with these amounts respectively 79 ± 0.03, 71 ± 0.06, 
82 ± 0.04 and 436 × 105 ± 5,189,733 with significant 
difference (P < 0.05). The percentage of sperm 
disorders was more in lead acetate group rather than 
green tea group (72.5 ± 203 vs. 14 ± 3) [Table 3].

DISCUSSION

The aim of this study was to determine the effects of 
GTE consumption on fertility parameters of male rats 
which had been exposed to lead.

Table 1: Comparison between the average ranges of body weight 
in the four groups
Variable Groups*

1 2 3 4 5 6
Body weight
Average difference 12.32 −16.62 22.22 −28.95 −34.55 −5.6
P 0.109 0.032** 0.005** 0.001** 0.001** 0.463
*1=(Control group) − (Group lead acetate), 2=(Control group) − (Group lead 
acetate+green tea), 3=(Control group) − (Group green tea), 4=(Lead acetate 
group) − (Group lead acetate+green tea), 5=(Lead acetate group) − (Group 
green tea), 6=(Group lead acetate+green tea) − (Group green tea). **significant 
relationship between the two groups
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The results of this study revealed that those rats exposed 
to lead acetate had the lowest weight, and rats taking 
green tea found to have the highest weight, respectively. 
Also, the addition of green tea consumption to those 
rats which were exposed to lead, reduced the effect of 
lead, and the difference in mean body weight in rats, 
compared to other groups, was minimized (P < 0.05).

In a study conducted by Khalaf et al. in 2012, the rats 
exposed to lead acetate also had lost weight. Moreover, 
glutathione in the brain tissues of these rats was 
significantly reduced. In addition, the results of the 

above study indicated that GTE protects against lead 
neurotoxicity in rats exposed to lead acetate, and GTE 
can prevent DNA damage in neural tissues.[10] The 
study of Kirchgatterer et al. also indicated that lead 
poisoning can be an independent risk factor for weight 
loss.[11] The results of the above study are consistent 
with the present study.

The adverse impacts of lead on DNA, especially on 
proliferating cells, are more evident. Testicular tissues 
and spermatozoid progenitor cells are from factors 
which are at risk.

Table 2: Comparison between the average ranges of scrotum and epididim and testiest weight in the four groups
Variable Groups*

1 2 3 4 5 6
Weight right scrotum

Average difference 0.448 −0.076 −0.106 −0.524 −0.554 −0.030
P 0.000** 0.331 0.177 0.000** 0.000** 0.700

Weight left scrotum
Average difference 0.458 −0.140 −0.068 −0.598 −0.526 0.072
P 0.000** 0.132 0.463 0.000** 0.000** 0.438

Weight right epididim
Average difference −0.56 0.118 −0.076 0.174 −0.020 −0.194
P 0.444 0.110 0.300 0.020** 0.784 0.010**

Weight right epididim
Average difference 0.030 0.128 0.022 0.098 −0.008 −0.106
P 0.653 0.059 0.742 0.145 0.905 0.116

Weight right testiest
Average difference −0.542 −0.524 −0.336 0.018 0.206 0.188
P 0.000** 0.000** 0.000** 0.856 0.041** 0.061

Weight right testiest
Average difference −0.222 −0.330 −0.134 −0.108 0.088 0.196
P 0.000** 0.000** 0.100 0.184 0.278 0.018**

*1=(Control group) − (Group lead acetate), 2=(Control group) − (Group lead acetate+green tea), 3=(Control group) − (Group green tea), 4=(Lead acetate group) − (Group lead 
acetate+green tea), 5=(Lead acetate group) − (Group green tea), 6=(Group lead acetate+green tea) − (Group green tea). **significant relationship between the two groups

Table 3: Comparison between the percentages of sperm parametric in the four groups
Variable Groups*

1 2 3 4 5 6
Percentages of sperm motility
Average difference 47.50 3 0.9 44.50 56.50 0.12
P 0.000** 0.448 0.025** 0.000** 0.000** 0.003**
Percentages of dilapidated sperms
Average difference 47.50 7.50 8.50 0.40 −56 −16
P 0.000** 0.117 0.076 0.000** 0.000** 0.000**
Percentages of ability to living sperm
Average difference 58.75 1.50 9.50 57.25 68.25 11
P 0.000** 0.669 0.008** 0.000** 0.000** 0.002**
Numbers of sperms
Average difference 2675×104 865×104 −635×104 −181×105 −331×105 −15×106

P 0.000** 0.000** 0.000** 0.000** 0.000** 0.000**
Percentages of sperm abnormalities

Average difference −53 1.90 5.50 54.9 58.50 3.60
P 0.000** 0.414 0.020** 0.000** 0.000** 0.125

*1=(Control group) − (Group lead acetate), 2=(Control group) − (Group lead acetate+green tea), 3=(Control group) − (Group green tea), 4=(Lead acetate group) − (Group lead 
acetate+green tea), 5=(Lead acetate group) − (Group green tea), 6=(Group lead acetate+green tea) − (Group green tea). **significant relationship between the two groups
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In a study carried out by Graça et al. in 2004, it 
was observed that the testes weight, seminiferous 
tubule diameter and sperm count were significantly 
decreased by lead administration, however, these 
effects are reversible over time.[12] Also, Anjum et al., 
in their study in 2011, added lead acetate to the water 
of rats for 45 days, and they observed that genitalia 
weight, count, motility and viability of sperms were 
dramatically reduced in the group exposed to lead.[13]

The results of this study also indicated that the mean 
weight of left and right testicles in control group was 
approximately equal, but in other groups, there was 
slight difference between the weight of right and left 
testicles; and the group of rats exposed to lead acetate 
had the lowest mean weight of testicles. In other 
words, those rats exposed to lead acetate that took 
GTE had significantly lower mean weight of testicles 
than the group that hadn’t taken the GTE.

On the other hand, the previous studies indicated that 
antioxidants can have a protective effect on adverse 
impacts of lead in sperm count and motility.

In a study in 2009, Shan et al. examined the effect of 
acid ascorbic and thiamin on rats which simultaneously 
took lead intragastrically within 6 weeks, and 
compared to control group they observed sperm count 
and motility reduction in lead group, although, these 
parameters were higher in ascorbic group. Therefore, 
regarding the results of the above study, acid ascorbic 
with thiamin, due to their antioxidant characteristics, 
can play a protective role on genitals’ exposure to lead.[7]

In most of the studies, cellular protective properties of 
green tea are attributed to its antioxidant effects.[14,15]

By examining the therapeutic effect of green tea 
on allergic vernal conjunctivitis inflammation, 
Attarzadeh et al. showed that green tea has health 
benefits, such as prevention of cellular proliferation 
by inducing apoptosis, and also it has antioxidant 
properties, which seems that, due to its lack of 
noticeable complications in topical and systemic 
applications (based on previous studies), can be used 
for treatment of this disease.[16]

In addition to lead acetate effects on body weight, 
and based on the results of the present study, this 
substance can have potential effects on sperm 
parameters; so that the percentage of sperm motility 
in rats exposed to lead acetate was significantly lower 
than in other groups it means that lead acetate had 
dramatic effect on the percentage of sperm motility. 
Also, sperm count in rats exposed to lead acetate 
was significantly low; on the contrary, the group of 

rats which received green tea had the highest sperm 
count.

Unlike the present study, Murthy et al. and also 
Johansson and Wide in separate studies, found no 
significant changes in epididymal sperm count and 
motility after exposing rats to lead.[17,18]

The research results of the above study, with respect 
to protective property of green tea, are consistent with 
the results of the present study.

In another recent study which was carried out by Dias 
et al. in 2014, antioxidant effect of GTE was examined. 
The research results showed that due to antioxidant 
properties, green tea also prevents changes in and 
destruction of sperm cells stored in glass in room 
temperature.[19]

Most of the studies indicate the adverse effects of lead 
on spermatozoa performance and production, and 
subsequently resulting in infertility.[20,21]

The results of the present study also revealed that 
the group exposed to lead acetate had the highest 
sperm abnormality; in contrast, minimum sperm 
abnormalities were observed in groups taking green 
tea. So, it probably can be said that green tea can be 
effective in reducing sperm abnormalities.

Along with the present study, Graça et al. examined 
low or moderate dose of lead acetate on rats 
over 2–4 weeks. The results showed that sperm 
velocity and the rate of abnormal sperms decreased 
at both doses, but with changes found in luteinizing 
hormone and follicle‑stimulating hormone rates. 
Testosterone levels increased and this indicated that 
lead has a selective effect on performance of testicles.[12]

Also, another study showed that abnormal sperm counts 
increase in Algerian rats with the administration of 
sequential doses of lead.[22]

RECOMMENDATIONS

Due to the growing environmental pollution with 
heavy metals, especially lead, and the adverse 
effects of lead on fertility, and also due to increasing 
prevalence of infertility among men, the results of 
this study indicates that the consumption of green 
tea can reduce the adverse effects of lead, and also it 
can effectively prevent fertility reduction. Considering 
the low price and availability of green tea in Iran, it 
is recommended that:
•	 Future studies would examine its beneficial 

effects, especially on human model.
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•	 A comparative study concerning the effects of 
green tea and Vitamin E, each of which conducted 
separately and also in comparison to the group 
which is exposed to lead.
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