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Abstract

Thiocyclam is a broad-spectrum nereistoxin analogue insecticide which widely used for agricultural applications.
The aim of this study is to investigate the protective effects of green tea (as a principal source of antioxidants) on
Thiocyclam-Induced Reproductive Toxicity, Oxidative Stress and Genotoxicity in adult Male Rats. Forty adult male
rats were randomly assigned into four groups: control, Thiocyclam (ThC, 15.98 mg/kg b.w.), green tea extract (GTE,
2% w/v as the sole beverage) and (ThC+GTE) group. After 65 days of treatment, blood samples and testicular
tissue were collected for measuring the oxidative stress parameters, testosterone level and DNA damage, whereas
the reproductive organs were weighed, and Semen analysis and testicular histopathological studies was done. The
results revealed that Thiocyclam administration induce a significant reduction in sperm count, sperm motility as well
as testosterone level, while increased sperm abnormality. In addition to increased testicular tissue Malondialdehyde
(MDA), reduced GSH content and testicular DNA damage evidenced by comet assay. The histological examination
of testes revealed degenerative change and disorganization of seminiferous tubules with incomplete
spermatogenesis. On the contrary, GTE played a potential protective effect against Thiocyclam induced oxidative
stress as well as alleviate the reproductive toxicity by improving the oxidative status, decrease oxidative DNA
damage, improving semen characteristics and protective effect against testicular damage, highlighting the protective
and therapeutic potentiality of green tea against pesticide-induced reproductive toxicity and its health benefits.

Keywords: Thiocyclam; Green tea; Oxidative stress; Reproductive
toxicity; Lipid peroxidation; DNA damage; Comet assay

Introduction
Pesticides have become an important component of worldwide

agriculture systems over the last decades, allowing for increase crop
yields and food production in modern agriculture [1]. However, it has
also significantly increasing in the concentration of pesticides in our
food and environment, with associated public health hazard including
infertility [2]. Exposure to chemical agent including pesticides not only
reduces fertility but also induce embryonic and fetal death, birth
defects, childhood malignances, and other functional or postnatal
deficits [3]. Pesticides obviously have the potentiality to induce
reproductive toxicity in animals as well as several Pesticides will know
to be affect human reproduction [4]. Furthermore, Pathological effects
of several pesticides on the reproductive organs of experimental
animals were investigated by many studies [5].

In fact, pesticides are known to induce oxidative stress by free
radical’s production and generation of reactive oxygen species (ROS)
besides releasing of highly reactive metabolites [6]. Many studies
performed in humans and animals have implicated oxidative damage
as the main mechanism of pesticide chronic toxicity and revealed that
pesticide exposure may disturb the oxidative stress homeostasis of the

cell by altering antioxidant defense mechanisms [7]. The produced
ROS can interact with main biological macromolecules of the cell,
eventually damaging membranes, nucleic acids, proteins, lipids,
carbohydrates and other tissue. Malondialdehyde (MDA) is considered
as a product of lipid peroxidation and widely used in many studies as a
biomarker for pesticides-induced oxidative stress. If the body couldn't
overcome the increasing rate of induced oxidative stress, it would
induce carcinogenic mutations by induction of oxidative DNA damage
[8].

Recently, interest has increased in nontoxic naturally occurring
compounds with antioxidant activity that can be used to protect
humans from oxidative stress damaging effects, to avoid undesired
health problems that may be induced from the use of synthetic
antioxidants. Green tea is a highly rich source of a specific antioxidant
known as polyphenolic flavonoids and the six primary catechin
compounds which include catechin, epicatechin, gal-locatechin,
epigallocatechin, catechin gallate, epicatechin gallate, gallocatechin
gallate, and epigallocatechin gallate [9]. Polyphenols which is a major
constituent of Green tea are well known to have a various biological
and pharmacological properties with potential health benefits, which
include antioxidant, anti-inflammatory, antimicrobial and anti-cancer
effects. Some of polyphenolic compounds which extracted from the
green tea leaves have been found to be powerful antioxidants activity

Jo
ur

na
l o

f E
nv

iro
nmental &Analytical Toxicology

ISSN: 2161-0525

Journal of Environmental &
Analytical Toxicology

Afify, J Environ Anal Toxicol 2018, 8:2
DOI: 10.4172/2161-0525.1000566

Research Article Open Access

J Environ Anal Toxicol, an open access journal
ISSN: 2161-0525

Volume 8 • Issue 2 • 1000566



against lipid peroxidation of phospholipid bilayers and against DNA
damage [10].

Thiocyclam is a broad-spectrum nereistoxin analogue insecticide
which widely produced and used for agricultural in Egypt. This
insecticide is an antagonist, blocking cholinergic transmission
resulting in paralysis and insect death. This insecticide is metabolically
converted to nereistoxin in the insect and interacts with nicotinic
acetylcholine receptors [11]. Thiocyclam as other pesticide is known to
generate reactive oxygen species (ROS), in addition to green tea is
known by its unique antioxidant activities and ability to scavenge ROS
and trap hydroxyl, peroxyl and superoxide anion radicals (radical
scavenging properties) due to the presence of catechins. Therefore, the
objective of our study is to investigate the possible protective effects of
Green tea extract against the oxidative stress, DNA damage and
reproductive toxicity, induced by Thiocyclam in adult male rats.

Materials and Methods

Chemicals
Technical grade Thiocyclam insecticide (2 dimethylaminopropane

-1, 3-dithiol analogue) a product of Arysta Life Sciences pesticide
company, Japan. Green tea of post-fermented green tea extract
produced in Yunnan province. All other chemical compounds were of
reagent grades and were obtained from well-known local scientific
distributors in Egypt.

Preparation of green tea extract
Green tea extract was prepared from the dried leaves according to

El-Beshbishy [12] method. Briefly, twenty gram of green tea leaves
were soaked with one-liter hot boiling water (90°C) for 5 minutes to
obtain a soluble polyphenol dissolved in the used aqueous extract. The
cooled solution was filtered to obtain the final 2% (w/v) green tea
aqueous extract which used as the only drinking source according to
Mehana et al. [13]. The Chemical compositions of the Green tea
extract; Total phenol, flavonoids and tannins were assayed according to
Tambe and Bhambar [14]. Furthermore, the Total antioxidant activity
and The ABTS (2,2-azino-bis-(3-ethylbenzthiazoline-6-sulfonic acid)
free radical scavenging capacity were assayed according to Prieto et al.
[15] and Arnao et al. [16] respectively.

Animals and experimental design
Healthy male Wister rats weighing 150 ± 10 g was obtained from the

Animal Breeding House of the Modern Veterinary Office, Giza, Egypt,
and retained in good clean plastic cages in the laboratory animal room
(23 ± 2°C). On standard grain diet, tap water, and daily dark/light cycle
(12/12 hrs.) the studied animals were acclimatized for 1 week prior to
the start of experiments. The experimental work on these rats was
performed with Guiding Principles and the approval of the Animal
Care and Experimental Committee, Central Agricultural Pesticides
Lab. (CAPL), Ministry of Agriculture, Dokki, Giza, Egypt and the
international guidelines for care and use of laboratory animals.

A forty-adult male wister rats were randomly assigned into four
groups of ten rats as follows:

Group I: untreated rats, served as control (C).

Group II: orally treated with Thiocyclam (ThC) alone at a dose of
(15.98 mg/kg b.w.); about 1/20 LD50.

Group III: orally treated with aqueous green tea extract (GTE) as
the only drinking fluid at a concentration of 2% (w/v).

Group IV: animals were simultaneously given Thiocyclam orally and
given GTE as the sole drinking fluid at a concentration of 2% (w/v)
(ThC+GTE).

The experiment was conducted for 65 consecutive days which is the
period necessary to complete a spermatogenic cycle and maturation of
sperms in epididymis [17].

Estimation of median lethal dose 50 (LD50)
Twenty-four mature male rats were orally administered Thiocyclam

with different four concentrations (260.42, 312.5, 375 and 450 mg/Kg).
Six rats were served as control group throughout the entire
experimental period. Mortality was evaluated and counted in the
different groups. LD50 was calculated ad follows equation
(LD50=Largest dose-ƩaxB/N; where A: the mean of dead rats between
two successive doses, B: dose difference between two successive doses,
N: the total number of rat per group) according to Weil [18].

Samples collection and reproductive organs weight
Body weights were recorded every week during the experimental

period and before sacrifice; male reproductive organs (testes,
epididymes and seminal vesicles) were weighed, then relative organ
weights were calculated. After the completion of the treatment period,
Blood samples were withdrawn from the rats under light ether
anesthesia by puncturing the retro-orbital venous plexus of the rats
with a fine sterilized capillary tube. The collected blood samples were
kept for 20 minutes to coagulate at room temperature, and then
centrifuged at 600×g for 10 min to separate the sera. The sera were
preserved in a deep freezer (-20°C) until analyzed. The rats were
sacrificed by cervical dislocation. Immediately, testicular tissue organs
were cryopreserved at -80°C in RPMI 1640 media (w/o L-Glutamine,
w/25 mM Hepes) (biowest) Containing 10% DMSO and 1% Fetal Calf
Serum, until performing for comet assay test. one testicle, epididymes
and accessory sex organs were isolated, cleaned from of adhering
matters, washed with ice-cold saline solution, weighed and stored at
-70°C for the biochemical studies.

Semen characteristics
Testicular sperm count: Immediately after dissection, one testicle of

each rat was placed in 1 mL phosphate buffer (pH 7.4). Tunica
albuginea was cut, removed and the remaining semeniferous tubules
were mechanically minced by surgical blades in 1 mL phosphate
buffer. The testicular cell suspension was pipetted several times to
make a homogenous cell suspension. One drop of the suspension was
placed on the “Haemocytometer chamber” (Neub-auer improved,
Feinoptik Bad Blankenburg, Germany). Testicular sperm suspension
was counted and evaluated as million sperm cells per mL of suspension
under 200X magnification using phase contrast microscope and the
sperm were counted manually. Testicular sperm count was calculated
according to Uzunhisarcikli et al. [19].

Sperm motility analysis: The sperms were collected as early as
possible after a rat was sacrificed. The cauda epididymis was placed in
1 mL of 37°C phosphate buffer saline solution (pH 7.4) and then cut by
surgical blades into approximately one mm three pieces. The solution
was pipetted several times in order to homogenize the sperm
suspension solution and then one drop of the suspension was placed
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on a slide, covered by a cover slip, and evaluated under a phase
contrast microscope at 200 magnifications. The sperms were classified,
on the basis of their motility as ‘‘motile” or ‘‘immotile”. The analysis
results of were recorded as percentage of sperm motility [20].

Sperm morphology: Determination of percentage of the
morphologically abnormal spermatozoa was done by spreading one
drop of the suspension on a clean slide. The slides were stained well
with a mixture of 1.67% eosin and 10% nigrosin in 0.1 M sodium
citrate for examination under a light microscope at 400-magnification.
A total of 3 hundred spermatozoa were examined on each slide (1800
cells in each group (n=6), and the head, tail and total abnormality rates
of spermatozoa were recorded as percentage [20].

Biochemical analyses
The sera and testicular tissue obtained from animals of different

treatment groups were subjected to certain biochemical analyses

Determination of oxidative stress indicators in testes
Lipid peroxidation was measured by estimation of malondialdhyde

(MDA) in testes by the method of Okahawa et al. [21]. Reduced
glutathione content (GSH) of supernatant was measured by the
method of Beutler et al. [22].

Hormonal assay
Testosterone was estimated by the method described by Yen and

Jaffe [23]. Acid phosphates activity was estimated by the method
described by Kind and Kind [24]. Fructosamine was estimated by the
method described by Johnson et al. [25].

Determination of testicular DNA damage by comet assay
Testicular DNA damage was evaluated by a single-cell gel

electrophoresis (comet) assay as described by Singh et al. [26], 1 g of
crushed samples were transferred to 1 mL ice-cold PBS. This
suspension was blended for 5 min and filtered. Cell suspension (100
μL) was mixed with 600 μL of low-melting agarose (0.8% in PBS). 100
μL of this mixture were spread on agarose-precoated slides. The coated
slides were immersed in lyses buffer (TBE (0.045 M), pH 8.4, which
containing 2.5% SDS) for 15 min. The slides were placed in
electrophoresis chamber containing the same TBE buffer, but devoid of
SDS. The electrophoresis conditions were 2 V/cm for 2 hr and 100 mA.
The slides were stained with ethidium bromide (20 μg/mL) at 4°C and
kept under observation with the samples still humid. The DNA
fragment migration patterns of 100 cells for each dose level were
analyzed using a fluorescence microscope (with excitation filter
420-490 nm (issue 510 nm)). The comets tails lengths were measured
from the middle of the nucleus to the end of the tail with 40X increase
for the count and measure the size of the comet. For good visualization
of DNA damage, observations are made of EtBr-strained DNA using a

40X objective on a fluorescent microscope. Although any image
analysis system may be convenient for the quantitation of SCGE data,
we used comet 5 image analysis software developed by kinetic imaging,
Ltd. (Liverpool, UK) linked to a CCD camera. To assess the
quantitative and qualitative extent of DNA damage in the cells the
length of DNA migration and the percentage of migrated DNA were
measured. Finally, the program calculates tail moment. Generally, 50 to
100 randomly selected cells are analyzed per sample.

Histopathological examination
Histopathological examination was done by fixation of Testicular

tissue organs in 10% buffered formalin overnight and then embedded
with paraffin. When analyzed was started, all paraffin-embedded tissue
was sectioned at 4 μm, deparaffinized in xylene, dehydrated by ethanol
in decreasing concentrations (100, 95 and 70%) consecutively, and
stained with haematoxylin and eosin. These specimens were examined
under bright-field optical microscopy using a light microscope and
40X magnification powers. Corresponding digital images were
captured and saved for later analysis [27].

Statistical analysis
Analysis of all data was performed by using SPSS (Version 15) and

Results are expressed as Mean ± S.E. Statistical differences were
determined by Duncan test for multiple comparisons after ANOVA.
P<0.05 was considered statistically significant.

Results

Phenolic compound of hot water green tea extract
As recorded in Table 1, the Total phenol, flavonoid and tannins

content of aqueous green tea extract were 340.42, 105.86 and 239 mg/g
DW respectively.

Content of Green Tea Extract

Compound Total phenol Flavonoid Tannins

mg/g 340.42 ± 0.89 105.86 ± 1.76 239 ± 2.44

Table 1: Total phenol, flavonoid and tannins content of hot water green
tea extract.

Antioxidant activity of hot water green tea extract
The antioxidant potential of hot water green tea extract was

evaluated using different antioxidant tests, total antioxidant activity
and ABTS radical scavenging (Table 2). Hot water green tea extract
showed the higher antioxidant activity than control in tests. Hot water
green extract showed dose-dependent activity relationships.

Total Antioxidant
capacity

ABTS free radical scavenging
capacity

Concentration (µg/mL) 100 200 300 Concentration (µg/mL) 50 150 200

Hot water green tea 367.23 ± 1.73 720.97 ± 2.25 972.12 ± 1.163 Hot water green tea 42.07 ± 2.227 72.33 ± 0.44 90.83 ± 0.51
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Control (Vit. C) 127.97 ± 8.93 147.37 ± 12.15 230.14 ± 6.21 Control (Trolox) 40.76 ± 0.37 81.53 ± 0.75 122.30 ± 1.13

Table 2: Total antioxidant capacity and abts free radical scavenging capacity of hot water green tea extract.

Weight of sexual organs
The effects of Thiocyclam, GTE and their combination on weights of

reproductive organs are summarized in Table 3. It showed no
significant difference between tested groups.

Weight of Sexual Organs (g)

Groups Testes Epididymes
Seminal
Vesicles

Control (C) 1.074 ± 0.101 1.860 ± 0.0907 0.348 ± 0.0402

Thiocyclam (ThC) 1.431 ± 0.0898 1.402 ± 0.09 0.626 ± 0.119

Green Tea Extract
(GTE) 1.286 ± 0.0686 1.560 ± 0.110 0.558 ± 0.0325

(ThC+GTE) 1.332 ± 0.127 1.594 ± 0.135 0.464 ± 0.0590

Table 3: Effects of Thiocyclam (ThC), Green Tea Extract (GTE) and
their combination for 65 days on the weight of sexual organs (g/100 g
body wt.).

Sperm characteristics
As recorded in Table 4, oral administration of Thiocyclam markedly

affect sperm quality, as evidenced by a significant reduction in sperm
count, sperm motility and increased sperm abnormality. However,
these adverse effects of Thiocyclam administration were more
alleviated in animals treated with GTE.

Sperm characteristics

Groups Sperm Count Sperm Motility Progressive Motility Abnormalities

(106/ml) (%) (%) (%)

Control (C) 104.80 ± 1.985 68.40 ± 5.231 26.80 ± 1.497 29.00 ± 1.817

Thiocyclam (ThC) 95.20 ± 2.672a,c 34.80 ± 1.530a,c,d 18.00 ± 2.345a,c 40.00 ± 2.864a,c

Green Tea Extract (GTE) 107.60 ± 1.72b 69.80 ± 4.042b 27.20 ± 2.177b 28.40 ± 2.561b

(ThC+GTE) 101.60 ± 1.208b 61.80 ± 1.985b 20.00 ± 1.581 36.20 ± 2.746

Table 4: Effects of Thiocyclam (ThC), Green Tea Extract (GTE) and their combination for 65 days on sperm characteristics.

Oxidative stress indicators
Table 5 shows the influence of Thiocyclam exposure and treatment

with GTE on the Oxidative stress indicators MDA and GSH.
Thiocyclam administration produces a significant increase in MDA
level as compared by control. However, GTE co-administration not
attenuates the level of MDA to control values. Meanwhile, GSH
content was decreased significantly in ThC-treated group. However,
the supplementation of GTE slightly attenuates the significant changes
in GSH content.

Groups MDA GSH

(nmol/g tissue) (µmol/g tissue)

Control (C) 34.622 ± 2.217 8.318 ± 0.530

Thiocyclam (ThC) 53.426 ± 2.105a,c 6.548 ± 0.420a,c

Green Tea Extract (GTE) 31.734 ± 2.402b,d 9.703 ± 0.339b,d

(ThC+GTE) 55.952 ± 8.293a,c 7.160 ± 0.328c

Table 5: Effects of Thiocyclam (ThC), Green Tea Extract (GTE) and
their combination for 65 days on Malondialdhyde (MDA) and
Reduced Glutathione (GSH) in testicular tissues.

Hormones levels
Table 6 shows a decrease in serum Testosterone level in ThC-treated

group as compared with control group. However, GTE administration
produces a non-significant increase of Testosterone level and improves
it towards normal values when given to ThC-treated group.

Groups Testosterone Acid phosphatase Fructose P Value

(ng/mL) (U/L) (U/L)

Control (C) 2.038 ± 0.061 23.462 ± 1.381 368.65 ± 12.263

Thiocyclam (ThC) 1.532 ± 0.166c 31.168 ± 1.089 a,d 305.584 ± 16.553a,c
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Green Tea Extract (GTE) 2.608 ± 0.264b,d 25.530 ± 2.379 350.716 ± 5.621 b

(ThC+GTE) 1.674 ± 0.227c 22.878 ± 1.538 b 314.824 ± 4.762a

Table 6: Effects of Thiocyclam (ThC), Green Tea Extract (GTE) and their combination for 65 days on serum testosterone, acid phosphatase and
fructose levels.

Comet assay result
Figures 1 and 2 show the effects of Thiocyclam and crude GTE

treatments on DNA damage in rat Testicular tissue, using Comet assay
Parameters as Comet Tail Length, Tail DNA% and Tail Moment.
Compared to the control values for Comet Tail Length (1.76 um), Tail
DNA% (1.95) and Tail Moment (5.84), Thiocyclam induced a
significant elevation (P<0.05) in the levels of the tested parameters,
regardless the repairing and/or the ameliorating effect of GTE
supplementation.

Histopathology of testes
The histopathological examination of testes of control and GTE

groups (Figure 3A and 3B), showed a normal histological structure of
the mature active seminiferous tubules with complete spermatogenic
series in the tubular lumen, while ThC-treated group (Figure 3C)
exhibited evident signs of testicular injury such as Wide area of
homogenous eosinophilic material was noticed underneath the tunica
albuginea as well as in between the seminiferous tubules in the deep
zone of the parenchyma. The seminiferous tubules showed
degenerative change while the interstitial cells in between had pyknotic
nuclei as well as homogenous eosinophilic albuminous material.
However, there were degeneration in some few individual seminiferous
tubules with pyknosis in the nuclei in some of the interstitial cells in
the ThC+GTE treated group (Figure 3D).

Figure 1: Effects of Thiocyclam (ThC), Green Tea Extract (GTE) and
their combination for 65 days on Testicular DNA damage by Comet
Assay. All data were expressed as mean ± SE (Standard Error) of 10
albino rats. Superscript letters; a, b, c, d significance differences
versus control, (ThC), (GTE) and (ThC+GTE) Treated groups
respectively at P ≤ 0.05.

Figure 2: Comet assay images (magnification 40X obj.) of alkaline
gel electrophoresis demonstrating DNA damage in Testicular
tissues from various examined groups.

Figure 3: Light microscopic sections of testes from various
examined groups, control (A), green tea extract (B), Thiocyclam
treated animals (C), and combination ThC+GTE (D) for 65 days.
Sections (4 μm thickness) were stained with haematoxylin–eosin
(40X).

Discussion
Thiocyclam is a broad-spectrum nereistoxin analogue insecticide

and it is frequently used in agriculture against a wide range of insects.
Studies concerning the effect of Thiocyclam on the reproductive
system and infertility are limited. Hence, this study was conducted to
evaluate the reproductive toxicity and oxidative status in the testes and
also to assess the potential protective effects of green tea extract against
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testicular oxidative stress and DNA damage induced by Thiocyclam in
male rats.

Aqueous green tea extract (GTE) prepared from the leaves of 
Camellia sinensis is contains several polyphenolic components with 
antioxidant and free radical scavenging properties, mainly flavonoids 
and catechins which are strong antioxidants [28]. Polyphenols plant 
limited levels of oxidative stress and reduced the risk of various 
degenerative diseases [29]. In another study carried out by Al-Ghafari 
et al. [30], they reported that the polyphenol content of hot green tea 
was 678.7 μg of Gallic acid/10 mg. On the other hand, Pereira et al.
[31] found that the hot distilled water green tea total phenol and 
flavonoid contents were 55.40 mg/g and 7.31 mg/g, respectively. Total 
phenol of Hot water green tea from china and Malaysia were 205 ± 9.9 
mg/g and 363 ± 25 mg/g, respectively and Total antioxidant capacity of 
hot water green tea from china and Malaysia were 420 ± 48 mg/g and 
700 ± 11 mg/g, respectively according to Chan et al. [32]. Hot water 
green tea had the highest antioxidant activity against ABTS and DPPH 
radical scavenging [31]. Phenolic compounds of green tea have 
antioxidant potential by protection against oxidative reactions [33]. In 
general, previous studies have proven that GTE can be used to protect 
humans from oxidative stress damage [12,34,35]. The strong health-
promoting effect of green tea can be attributed to Green tea 
polyphenols that scavenge reactive oxygen species (ROS) by generating 
more stable phenolic radicals. In addition, the radical scavenging 
ability of (-]-epigallocate epigallocatechin- 3-gallate (EGCG), its main 
polyphenolic catechin constituent [36,37]. In our results, green tea 
showed more polyphenol and flavonoid contents, higher antioxidant 
activity and ABTS free radical scavenging capacity than control. These 
finding run in parallel, with those obtained by Al-Ghafari et al. [30], 
Pereira et al. [31] and Chan et al. [32].

In the present study, oral administration of ThC induced
reproductive toxicity which manifested by lowered semen quantity and
quality, as evidenced by a significant reduction in sperm count, sperm
motility and increased sperm abnormality. The reduction in sperm
count and other semen characteristics may be due to an adverse effect
of ThC on spermatogenesis and affected the androgen biosynthesis
pathway [38]. Moreover, a lack of testosterone hormone disrupts
spermatogenesis as Testosterone is very essential to maintain the
structure and function of the testis and male accessory sex gland. These
findings are in agreement with the findings conducted by some studies
revealed that a reduction in testicular sperm counts, epididymal sperm
counts and daily sperm production induced by most of pesticides
[39,40]. In addition, it was observed that ThC-induced reductions of
sperm production, motility and maturation in rats were accompanied
by a significant decrease in testosterone level which considered as an
indicator of chemical toxicity on reproductive system [41]. Reduction
of serum Testosterone clearly explained the inhibitory effect of
insecticide on the secretion of pituitary gonadotrophins (FSH and LH)
and consecutively on the Testosterone biosynthesis in the testes of rates
[42]. Testosterone is essential to maintain the function and structure of
the male reproductive accessory gland and any lack of testosterone
disrupt spermatogenesis [43].

Previous studies reported that oxidative stress has been implicated
to be an important factor in the mechanism of pesticide toxicity. In
addition, oxidative stress considered a major factor in the pathogenesis
of male infertility [6]. In testes, oxidative damage is capable of
disrupting the steroidogenic capacity of Leydig cells as well as the
ability of the germinal epithelium to differentiate normal spermatozoa
[44,45]. Lipid peroxidation was known to be one of the molecular

mechanisms involved in pesticide-induced cytotoxicity.
Malondialdehyde (MDA) is a stable end product of lipid peroxidation
so, it can be used as an important indicator of lipid peroxidation [46].
A significant increase in the lipid peroxidation (MDA) level and a
concomitant decrease in GSH level in testicular tissues following
administration of the ThC dose were observed in the present study.
Increased MDA in the testicular tissues is indicative of the generation
of lipid peroxidation which predisposes cells membrane structure and
functional damage. Also, GSH depletion has been shown to intensify
lipid peroxidation and predispose cells to further oxidant damage [46].
These results run in parallel with previous studies results that reported
insecticide induced lipid peroxidation production in plasma of rats
[40,47,48].

In fact, one of the mechanisms of pesticide toxicity is oxidative DNA
damage which mediated through oxidative stress, chemical
modification of nucleotides, direct action of ROS on DNA, or
indirectly by aldehydic lipid peroxidation degradation products
[49,50]. In the present study, ThC treatment induced testicular DNA
damage proved by comet assay which is a simple, rapid and sensitive
genotoxicity technique for measuring and analyzing DNA damage and
repairing effect in separated cells [51]. The increase of DNA damage in
our result is in agreement with data of previous studies which reported
similar result following pesticide exposure in humans and
experimental animals [52-55]. It was documented that xenobiotic
chemicals such as pesticide induce oxidative stress that was
demonstrated as elevation of lipid peroxidation and reduction in
glutathione content in the testes of rats [56,57], which in turn,
participate for more extent to the DNA damage and suggesting the role
of oxidative stress and ROS in induction of genotoxicity in our study.
ROS left unbalanced by antioxidants (enzymatic) can induce damage
to cellular macromolecules and producing single-double strand DNA
breaks, purine, pyrimidine, or deoxyribose modifications and DNA
crosslink [58,59].

Regarding to the histopathological examination of testes, ThC
induced some histopathological changes in the testis and exhibited
evident signs of testicular injury such as Wide area of homogenous
eosinophilic material was noticed underneath the tunica albuginea as
well as in between the seminiferous tubules in the deep zone of the
parenchyma. The seminiferous tubules showed degenerative change
and disorganized with incomplete spermatogenesis, while the
interstitial cells in between had pyknotic nuclei as well as homogenous
eosinophilic albuminous material. These histopathological changes
may be attributed to ThC-induced direct cytotoxic effect by producing
oxidative stress on the seminiferous tubules, through generation of free
oxygen radicals, alteration in antioxidants, lipid peroxidation and the
reduction in testosterone hormone. Wherein, testosterone is essential
for the integrity of different generations of germ cells in seminiferous
tubules. Therefore, reduction of testicular testosterone level may lead
to sloughing of germ cells from seminiferous epithelium and may
induce apoptosis of germ cell and subsequent male infertility [60].
Moreover, the induction of acid phospahatase enzyme activity due to
the peri tubular vascular dilatation leading to increase of cell
membrane permeability and transphosphorylation disturbance
resulting from cellular degeneration that causing inhibition of
spermatogenesis [61]. This finding was parallel to the reduction in
epididymal sperm count. These lesions are in harmony with man
previous investigator who reported that a variable degree of
degenerative changes in the seminiferous tubules and Sloughing of
germ cells in the lumen of some epididymal ducts indicating testicular
dysfunction after exposure to different pesticide [40,62-64].
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Overall, these findings of our study revealed that GTE
supplementation can ameliorate or reverse the toxic effects induced by
Thiocyclam. This is shown by a significant but not completely recovery
in oxidative stress parameters e.g., a significant reduction in lipid
peroxidation and as a consequence of improvement in GSH content.
Moreover, improving sperm quality and quantity and serum
testosterone level significantly increased parallel to the reduction in
lipid peroxidation, highlighting the protective role of GTE against
pesticide-induced toxicity. In this respect, a partial reversal of DNA
damage is shown by a marked, but not complete recovery in terms of
Comet assay parameters e.g., a significant reduction in Comet Tail
Length, Tail DNA % and Tail Moment. Similarly, some of the
biochemical deteriorations accompanied by histopathological effects
were alleviated following GTE administration. This may be attributed
to the potential antioxidant activity and ABTS free radical scavenging
capacity of GTE that reduce lipid peroxidation which restoring the
integrity of the cell membrane and improve the disturbance in
permeability [65-68]. GTE contain mainly polyphenols and catechins
which are strong antioxidants, green tea catechins known as an
efficient free radical scavenger due to their one electron reduction
potential [69,70]. In addition, green tea contains selenium, zinc and
manganese which act as co-factors in antioxidant enzymes, while
polyphenols can chelate and bind to metallic ions such as copper and
iron and preventing their participation in oxidation reactions, so this
leading to generation of hydroxyl radical, suppress the redox-sensitive
transcription factors and the pro-oxidant enzymes, such as inducible
nitric oxide synthase (iNOS), cyclooxygenase 2 (COX-2), lipoxygenase
2 (LOX-2) and xanthine oxidase over than stimulate the antioxidant
enzymes, such as superoxide dismutases and glutathione S-
transferases, highlighting their protective role against pesticide-
induced toxicity [69,71].

Conclusion
In conclusion, our results revealed that subacute exposure to

Thiocyclam induce reproductive toxicity in male rates manifested by a
significant reduction in sperm count, sperm motility as well as
testosterone level, while increased sperm abnormality. Moreover,
Thiocyclam leads to a significant oxidative damage as shown by
increased in lipid peroxidation and decreased in GSH content and
testicular DNA damage evidenced by increase in comet assay
parameters. The histological examination of testes revealed
degenerative change and disorganization of seminiferous tubules with
incomplete spermatogenesis. On the contrary, GTE played a potential
protective effect against Thiocyclam induced reproductive and
oxidative stress by improving the oxidative status and partly alleviating
and restoring the oxidative DNA damage, as well as the testicular
histological damage, highlighting the protective and therapeutic
potentiality of green tea against pesticide-induced reproductive toxicity
and its health benefits.
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