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ABSTRACT

Medicinal plants have played a vital role in treatment of variety of male reproductive system
disorders. Thymoquinone (TQ), is the main active components of Nigella sativa, exhibited very
useful biomedical effects such as anti-inflammatory, antioxidant, antimicrobial, antiparasitic,
anticancer and hypoglycemic effects. The aim of this study was to evaluate the probable protective
effect of thymoquinone (TQ) on imidaclopride (IMI) induced testicular damage in rats. Forty male
albino rats were classified randomly into four equal groups. Groupl (control). Group2 (IMI): rats
received IMI orally day after day over a period of 8 weeks at a dose level of 21.2 mg/kg b.w (1/20
LD50). Group3 (TQ): rats received TQ orally once per day at a dose of 10 mg/kg body weight/day
for 8 weeks. Group 4 (TQ+IMI): rats received TQ (10 mg/kg body weight) orally for 4 days before
and along with the administration of (IMI) over a period of 8 weeks. At the end of the experiment
blood samples were collected for testosterone and estradiol (E2) hormones determination, semen
samples for sperm characteristics evaluation and testes for the determination of MDA, SOD, CAT,
GSH and also, for histopathological examination. The obtained results reported the endocrine
disruption effect of IMI resembled in marked decline in testosterone hormone, while E2 was
markedly elevated. At the same time there was an insignificant reduction at sperm characteristics
(motility, viability and count), while there was a highly significance elevation at sperm abnormality.
Oxidative stress results showed a significant increase in testicular tissue MDA in imidaclopride
intoxicated rats. However, testicular SOD activity, catalase, and GSH concentration were markedly
decreased. TQ protection to IMI induced testicular toxicity in rats caused a significant improvement
of all previous parameters. These results suggested possible protective role of thymoquinone to
improve testicular damage by attenuating the endocrine disruptor effect of IMI on some reproductive
hormones, sperm characteristics alterations or oxidative stress markers in rats through its anti-
inflammatory activities and free radical scavenging properties.

Key words: Imidaclpride (IMI), Testicular damage, TQ, endocrine disruption.
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1. INTRODUCTION

Plants and its derivatives played a key
role in world health and have long been
known to possess biological activity. Thirty
percent of all modern drugs are derived from
plants (Burns., 2000). In addition, plants have
a long folklore of use in aiding fertility,
including fertility-enhancing properties
(D'Cruz, 2010). Nigella sativa seeds are used
extensively in traditional medicine of many
countries. It has been used for treatment of
many diseases owing to the reported antiviral,
anti-inflammatory, anti-schistosomiasis and
immune- modulatory activities (UZ et al.,
2008). Nigella Sativa seed contains a complex
mixture of more than 100 compounds (Ahmad
et al ., 2013). Nigella sativa oil increase the
number of Leydig cells in rat testes
(Mukhallad et al., 2009). Most of the
therapeutic properties of Nigella sativa are due
to the presence of the polyphenol
thymoquinone (TQ) (Ali and Blunden.
2003)which is major active component of
Nigella sativa oil (Gali-Muhtasib et al.,2006).
TQ have been known by their hypoglycemic,
hypolipidemic and radical scavenging activity
(El-Dakhakhny et al., 2002). Gokge et al.
(2010) confirmed that TQ treatment has
protective effects on testicular parameters.
Previous data suggest that the seeds oil and
TQ exhibited spermioprotective effect against
testes damage (Haseena et al., 2015).
Antioxidant property of TQ is attributed to the
quinine structure of TQ molecule (Gokce et
al., 2011) and the easy access to sub cellular
compartments thus facilitating the ROS
scavenging effect (Badary et al., 2000). TQ
was shown to inhibit non-enzymatic lipid
peroxidation. This leads to decreased
oxidative stress and protection of the
antioxidant enzymes of testis (Ismail et al.,
2010). Antioxidants, which form a diverse
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group of compounds with different properties,
operate by inhibiting oxidant formation,
intercepting oxidants and repairing oxidant
induced injuries (Erguder et al., 2007).

According to an estimate, about 5.2
billion pounds of pesticides are used
worldwide per year (Hakeem et al., 2016). The
adverse effects on the male reproductive
system include direct damage of the cells or
disruption of the developmental pathways
directly or through endocrine modifications.
Toxic pesticides are known to cause germ
cells disintegration, loss of Leydig cells,
degeneration  of  seminiferous  tubules,
alternation in spermatogenesis, depletion in
semen quality, teratospermia and endocrine
disruption (Sharma and Goyal. 2014).
Endocrine disruptor properties are also known
to adversely impair the reproductive
competence of males. Its adverse effects are
related with their ability to interfere with sex
steroid action, which finally causes adverse
effects to the adult reproductive system
(Kapoor et al., 2011). Imidaclopride is a
chlorinated analog of nicotine, which belongs
to the class of neonicotinoid insecticides. IMI
has low vapor pressure and the technical
product (94.0% IMI) has a moderate order of
toxicity with respect to ingestion in the rat but
appears to be less toxic when absorbed by
inhalation (Mizzel and Sconyers, 1992). IMI is
the fastest growing insecticide in sales
globally because of its low selectivity for
insects and apparent safety for humans
(Matsuda et al., 2001). Recently, IMI has
raised concern because of its signs of possible
endocrine disrupters (Berny et al., 1999).
Although few reports on mammalian toxicity
of IMI are available but the information on
oxidative stress of this compound after long
term repeated exposure is  publically



Hussein et al. (2018). BVMJ-34(3): 64-82

unavailable (EL-Gendy et al., 2010).
Accordingly, the present study was carried out
to investigate the protective effect of TQ on
IMI subacute toxicity induced some hormonal
changes, semen alteration, oxidative stress,
and histopathological changes in testes of
male albino rats.

2. MATERIALS AND METHODS
2.1. Experimental animals:

Forty white male albino rats of 8-10weeks old
age and average body weight 150-200 g were
used in this study. Rats were housed in
separated polycarbonate cages (10 per cage)
and they were kept on a well-balanced ration
and fresh clean drinking water ad-libitum.
Rats were kept at a constant environmental
and nutritional condition throughout the
whole period of experiment. All rats were left
for 15 days for acclimatization before the
beginning of the experiment.

2.2. Chemicals and antioxidant:
Chemicals and the antioxidant used in
the present study were:
2.2.1. Imidaclopride

IMI grade (96% active ingredient) were
gifted from Pesticides Analysis Department,
Central Agricultural Pesticides Lab., Dokki,
Egypt.
-IMI solution preparation:
1000mg of IMI was mixed in 3 ml Dimethyl
sulfoxide (DMSO) and complete dissolving
was obtained. Then propylene glycol was
added till 60 ml with vortex stirring to reach a
final concentration of 21.2 mg IMI /ml of
Solution.

2.2.2. Thymoquinone:

TQ (2-isopropyl-5-methyl-1,4-
benzoquinone) was purchased from Sigma—
Aldrich Chemical Co. (St. Louis, MO, USA).
It was used as a protective agent to testicular
disorders at a dose level 10 mg/ kg b.w (Nagi
and Mansour, 2000)
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-TQ solution preparation:

300 mg of TQ was mixed in 10 ml
ethanol absolute at room temperature until
complete dissolving was obtained.
Physiological saline (10 % NaCl) at room
temperature was added till 150 ml with vortex
stirring to obtain a final concentration of 10
mg TQ /ml of solution.

2.2.3. Other chemicals used in this study:
(Propylene glycol, DMSO, ethanol and
normal saline) were of the highest purified
grades available purchased from El
Gomhouria Company for Trading Chemicals
and Medical Appliances, Egypt.

2.3. Experimental design:

After acclimatization to the laboratory
conditions, the animals were randomly
divided into four groups (10 rats each) placed
in individual cages and classified as follow:

Group 1 (control group): Rats received tap
water, fed on basal ordinary diet during the
entire experimental period of 8 weeks.

Group 2 (IMI treated group): Rats received
IMI orally by stomach tube day after day over
a period of 8 weeks to induce testicular
disorders in rats at a dose level of 21.2mg/kg
b.w (1/20 LD50) which is 424 mg/kg body
weight (United states EPA, 1995).

Group 3(TQ treated group): Rats received TQ
orally once per day at a dose of 10 mg/kg
body weight/day for 8 weeks.

Group 4 (TQ + IMI treated group): Rats
treated with TQ orally by the stomach tube
once per day at a dose of 10 mg/kg body
weight 4 days before and along with the
administration of IMI (day after day) over a
period of 8 weeks.

2.4, Sampling:
Blood samples, semen samples and
testes were collected from the animals of
each group (control and experimental
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groups) at the end of the eight weeks for G1,
G2 and G3 and after 60 days for G4.

2.4.1. Blood samples:

Blood samples for serum separation
were collected from the orbital sinus of each
animal by using heparinized capillary tubes at
the end of each experimental period and after
overnight fasting in dry, clean and screw
capped tubes. Serum was separated by
centrifugation at 2500r.p.m for 15 minutes.
The clean, clear serum was separated by
automatic pipette and received in dry sterile
samples tube. Then kept in a deep freeze at -
20°C until used for subsequent hormonal
determination of (testosterone and (E2)).

2.4.2. Semen samples:

Cauda epididymis was used for semen
and sperm characteristics examination.

2.4.3. Testes
analysis:

samples for biochemical

At the end of the experiment the rats
were sacrificed under light ether anesthesia.
Both testes were isolated immediately,
weighed and then one of them was cleaned by
rinsing with cold saline and stored at -20 °C
for subsequent biochemical analyses. All
testes samples were analyzed for the
determination of malondialdenyde (MDA),
superoxide dismutase (SOD), catalase (CAT)
and reduced Glutathione (GSH). Also, comet
assay was detected.

2.4.3.1. Testicular tissue preparation for
antioxidant determination:

Briefly, testicular tissues were cut,
weighed and minced into small pieces,
homogenized with a glass homogenizer in 9
volume of ice-cold 0.05 mM potassium
phosphate buffer (pH7.4) to make 10%
homogenates. The homogenates  were
centrifuged at 6000 r.p.m for 15 minutes at 4
°C then the resultant supernatant was used for
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the determination of the following parameters:
MDA, SOD and CAT.

About 0.2 g of testicular tissues were
minced into small pieces homogenized with a
glass homogenizer in 04 ml of 25%
metaphosphoric acid (MPA) (ref. No.: 253-
433-4, Sigma-Aldrich, Germany), then 1.4 mL
of distilled water was added, mixed, incubated
for 1 hour and centrifuged for 10 min at 3,000
r.p.m then the clean supernatant was removed
and used for determination of GSH
concentration.

2.4.4. Histopathological examination:

The other testis was preserved in 10%
buffered neutral formalin and subjected for
microscopical examination.

2.5. Methodology:
2.5.1. Hormonal determination:

Quantitative determination of serum
testosterone concentration was carried out
using ELISA kit (The CalbiotechInc. Co) with
a catalog No. TE187S.Quantitative
determination  of  estradiol levels by
chemiluminescent immunoassay using the
Access Immunoassay Systems was carried out
using (Beckman Coulter. Co) with a catalog
No. 33540.

2.5.2. Determination of sperm characteristics:
Epididymal sperm collection and preparation:

Determination of sperm count following
the method of Yokoi et al. (2003), cauda
epididymis was isolated and immediately
minced in physiological normal saline (5 ml),
gently rocked on a shaker for 10 min and then
incubated for 2 min at 37 °C to allow
spermatozoa to leave the epididymal tubules.
The supernatant fluid was mixed (1:100) with
a solution containing 1 ml formalin (35%), 5 g
sodium bicarbonate, and 25 mg eosin in 100
ml distilled water. An aliquot of the diluted
sperm suspension (10 pl) was transferred to
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each counting chamber of a hemocytometer
and was allowed to stand for 5 min then
counted under a light microscope at %200
magnification.  Determination of  sperm
viability. For each rat, 20 upl of sperm
suspension was carefully mixed with an equal
volume of Eosin—Nigrosin stain, and a thin
film was spread on a clean slide. Two hundred
sperms were randomly examined for each
sample at x400 magnification and the
percentage of viable sperms were calculated.
Dead sperms were stained pink and live
sperms remained unstained (Wyrobek et al.,
1983).

Determination of sperm motility.
According to Sénmez et al. (2005), fluid from
the cauda epididymis was taken by a pipette
and diluted to 2 ml with the buffer solution.
The percentage of motility was estimated
microscopically within  2-4min at x400
magnification and was expressed as a
percentage of motile sperms to the total sperm
count.

Determination of sperm abnormalities.
Following the method reported by Evans and
Maxwell  (1987), 300 sperms were
microscopically counted per slide at %400
magnification and the percentages of
morphologically abnormal sperms were
recorded.

2.5.3. Antioxidants determination:

Testicular tissues MDA concentrations were
determined according to the method adapted
by Mesbah et al. (2004), testicular (SOD)
activity (Nishikimi et al., 1972) and testicular
CAT activity (Aebi, 1984). Testiclar tissue
(GSH) detection by colorimetric method was
carried out using kit (Bio Diagnostic. Co)
with a catalog No.: GR 25 11.

2.5.4. Histopathological examination:
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The other testis was carefully
examined by naked eyes for detection of any
abnormalities and immediately fixed in 10%
natural buffered formalin. Then after proper
fixation, the samples were dehydrated in
ascending grades of ethyl alcohol, then cleared
in xylol, embedded in paraffin and finely
blocking occurred. These samples were
sectioned at 5 pum in thickness and stained
with hematoxylin and eosin (H and E) for
histopathological examination according to
(Dray and Walling, 1976).

2.6. Statistical analysis:

The results were expressed as mean + SE
using SAS computerized program v. 9.2
(SAS, 2008) program to calculate the analysis
of variance. The data were analyzed using
one-way ANOVA to determine the statistical
significance of differences among groups.
Duncan's test was used for making a multiple
comparison among the groups for testing the
inter-grouping homogeneity. Values were

considered statistically significant when
p<0.05.
3. RESULTS:
Hormones:
The obtained results in table (1)

exhibited that, (G2) recorded an insignificant
decline in serum testosterone level when
compared with (G1).

Whereas, (G3) demonstrated an insignificant
decline when compared with control group
(G1). Moreover, (G4) revealed insignificant
increase in serum testosterone concentration
when compared with (G2).

Concerning serum E2 level, (G2)
showed an insignificant increase when
compared with control group (G1). On the
same level, (G3) demonstrated an insignificant
increase in E2 level when compared with
control group (G1) .Moreover , an
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insignificant decrease in E2 levels was
detected in G4 in comparing with (G2) .

Semen characteristics:

The obtained results presented in table
(2) indicated that, (G2) revealed an
insignificant decrease in sperm characteristics
(motility, viability and count), while sperm
abnormality showed a highly significant
increase (P<0.01) when compared with control
group (G1).

As regard (G3) demonstrated an
insignificant increase in sperm motility while

showed no marked change in sperm
abnormality when compared with control
group (G1). However, (G3) revealed a
significant decrease (P<0.01) in sperm
viability, while showed a significant
increase(P<0.01) in sperm count when

compared with control group (G1).

(G4) revealed an insignificant increase
in sperm motility, viability and count when
compared with (G2). While it showed an
insignificant decrease in sperm abnormality
when compared with (G2).

Antioxidants parameters:

The obtained results presented in table
(3) indicated that, (G2) showed a significant
increase (P<0.01) in testicular tissue MDA
level when compared with control group (G1).
As regard (G3) demonstrated no marked
change when compared with control group
(G1). In addition, (G4) protected rats revealed
a significant decrease (P<0.01) in testicular
tissue MDA activity when compared with
(G2).

the mean level of SOD activity at G2
was insignificantly declined in testicular tissue
when compared with control group (G1).
Whereas, (G3) demonstrated a significant
elevation (P<0.01) when compared with
control group (G1). Incidentally, (G4)
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revealed a significant increase(P<0.01) in
testicular tissue SOD activity when compared
with (G2).

The obtained data revealed that, (G2)
showed a significant decrease (P<0.01) in
testicular tissue catalase activity when
compared with control group (G1). Whereas,
(G3) demonstrated an insignificant decline
when compared with control group (G1).
While, catalase activity in (G4) testicular
tissues revealed a significant increase (P<0.01)
when compared with (G2).

(G2) revealed a highly significant
decrease(P<0.01) in testicular tissue GSH
activity when compared with control group
(G1). Also, GSH level in testicular tissues
recorded a significant decrease in G3
compared with control group (G1). Moreover,
(G4) revealed a significant increase(P<0.01)
in testicular tissue GSH activity when
compared with (G2).

Histopathological examination

Group 1 (Control rats)

Histopathological examination showed
normal histological structure of seminiferous
tubules and interstitial tissues as well as tunica
albuginea (Fig. 1).

Group 2 (Rats treated with IMI 21.2 mg/kg b.
w):

The microscopical examination
revealed a marked increase in the thickness of
tunica albuginea with sub-capsular edema and
severe congestion of sub-capsular blood
vessels (Fig. 2&3). Extensive necrosis of
spermatogenic cells of seminiferous tubules
with stop of spermatogenesis was also
demonstrated (Fig. 4)

Group-3 (TQ protected group)

Histopathological examination showed
normal histological structure of the germinal
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epithelium of seminiferous tubules and appeared somewhat normal in most tubules.
interstitial tissues. Most of the seminiferous tubules restored its
Group-4 (TQ +IMI): normal structure and the spermatogenesis

_ _ o processes are normal (Fig. 7)
The microscopical examination

revealed less prominent histopathological
changes when compared with the group
treated with imidaclopride for the same period.

Tunica albuginea appeared normal. Most of
the seminiferous tubules were compact with
each other (Fig.6). The spermatogenic layers

Table (1): Effect of TQ administration on serum (testosterone, estradiol(E2) levels in imidaclopride
intoxicated male rats.

Parameter Testosterone  Estradiol

Exp. group (ng/mL) (pg/mL)
Control (G1) 5.21+0.573% 54.67 + 2.96%°
IMI (G2) 3.99 £0.438"° 57.17 +3.38%
TQ (G3) 3.47 £0.369°°  63.17 £ 1.112

TQ +IMI(G4) 4.91 +£0.437%¢ 52,00 + 4.81%®

Data are presented as (Mean = S.E). S.E: Standard error. n = 6/ group.

Mean values with different superscript letters in the same column are significantly different at
(P<0.01).

Table (2): Effect of TQ administration on semen parameters and sperm characteristics [motility,
viability, abnormality and sperm count (x106/ml)] concentration in imidaclopride intoxicated male rats.
Parameter

Sperm motility  Sperm viability ~ Sperm abnormality Sperm Count
(%) (%) (%) (x10° /ml)
Control (G1). n=10  43.00+2.00°  96.90 + 0.378% 10.60 + 1.05° 130.96 * 4.143%
IMI (G2). n=10 38.00+3.51*  93.20 + 1.083% 20.70 + 2.312 124.70 + 9.537%
TQ (G3). n=7 50.00 + 1.54%  92.00 + 2.047" 11.57 + 1.41° 187.22 +17.234°
TQ+IMI (G4). n=7  39.49+3.13*  94.00 + 2.370a" 16.71+1.63®®  144.40 + 16.559%

Data are presented as (Mean + S.E). S.E: Standard error.
Mean values with different superscript letters in the same column are significantly different at
(P<0.01).

Table (3): Effect of (TQ) administration on testicular oxidative stress markers
[Malondialdehyde (MDA), Superoxide Dismutase (SOD), Catalase ,(CAT) and Glutathione (GSH)]
levels in IMI intoxicated male rats .
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Exp. group Parameter MDA (nmol/gm)  SOD (u/g) Catalase (u/g) GSH (mmol/g)
Control (G1) 2.92 + 0.146b 41.62 +2.023b 1.61+0.068a 2.45+ 0.024a
IMI(G2) 491 +0.518a 33.52 + 4.656b 0.84£0.167b 1.10+0.019d
TQ (G3) 3.23+£0.210b 51.94 + 3.297a 157 +£0.049a 1.36 £ 0.028¢c
TQ+IMI (G4) 3.58 £ 0.256b 53.93 + 4.327a 1.73+£0.058a 1.55+ 0.065b

Data are presented as (Mean + S.E). S.E: Standard error. n= 6/group

Mean values with different superscript letters in the same column are significantly different at
(P<0.01).
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Fig.1. Testes of control rat showing normal histological structures of seminiferous tubules and
interstitial tissues. H&E stain x 100.

Fig.2. Testes of rat, 8 weeks post administration of IMI (21.2 mg/kg b.w), showing marked increase
in the thickness of tunica albuginea (arrow) with sub-capsular edema (asterisk) and severe
congestion of sub-capsular blood vessels. H&E stain x 200.
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Fig.3. Testes of rat, 8 weeks post administration of IMI (21.2 mg/kg b.w), showing extensive inter-
tubular edema (arrow).H&E stain x 200.

14 S

-
»
SRS o
b, XY

Ll

- % ¥ .‘. h .
\; ‘>§'C3 oD )
Sy

‘?‘_\‘ ) ”’

Fig.4. Testes of rat, 8 weeks post administration of IMI (21.2 mg/kg b.w), showing extensive
necrosis of spermatogenic cells of seminiferous tubules with stop of spermatogenesis (arrow), H&E
stain x200.

Fig.5. Testes of rat, 8 weeks post administration of TQ (10 mg/ kg b.w /day), showing normal
histological structure of the germinal epithelium of seminiferous tubules and interstitial tissues. H&E
stain x 100.
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Fig.6. Testes of rat, after daily oral administration with TQ (10 mg/ kg b.w /day) for 60 days and 8
weeks post administration of Imidaclopride (21.2 mg/kg b.w) day after day, showing most of the
seminiferous tubules were compact with each other. H&E stain x 100.
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Fig.7. Testes of rat, after daily oral administration with TQ (10 mg/ kg b.w /day) for 60 days and 8
weeks post administration of Imidaclopride (21.2 mg/kg b.w) day after day, showing Tunica
albugenia appeared normal and most of the seminiferous tubules restored its normal structure. H&E

stain
4. DISCUSSION

Many pesticides having endocrine
disruptor  properties and impair the

reproductive competence of males, cause
adverse effects to the adult reproductive
system (Kapoor et al., 2011).Endocrine
disruption can take place at different
physiological levels: A) altering (inhibiting or
stimulating) the secretion of hormones; B)
interfering with hormone-receptor interaction
as it can act as agonist or antagonist by direct
binding to the receptor or by interfering the

X
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transductional pathway of a hormone; C)
modifying the metabolism of circulating
hormones, by increasing or decreasing their
excretion rate and or biotransformation in the
liver, hepatopancreas or other organs
(Rodriguez et al.,2007) .Exposure to IMI has
been observed to cause increase in cell death,
production of immature sperms and decreased
sperm velocity with decrease in serum
testosterone in experimental animals (Najafi et
al.,2010). Testosterone is responsible for the
development of male secondary sex
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characteristics and hormonal imprinting of the
liver, prostate and hypothalamus in the
prepubertal period and supports
spermatogenesis, sperm maturation and sexual
function in the adult. For these reasons, the
impairment of testosterone biosynthesis may
consequently  result  in reproductive
dysfunction (Ewing and Keeney., 1993). The
decrease of testosterone levels induced by IMI
exposure in G2 (table,1) may indicate that IMI
has a direct inhibitory effect on testosterone
production from  Leydig cells. The
administration of IMI may disrupt the
biosynthesis of testosterone in Leydig cells
because of decreased LH secretion by the
pituitary and/or  from  decreases in
steroidogenic enzyme gene transcriptional
activity. The disruption of testosterone
biosynthesis by IMI consequently may reduce
the number of Leydig cells per testis and/or
decrease the steroidogenic capacity of
individual Leydig cells (Bal et al., 2012).
Moreover, Tag EI-Din et al. (2003) reported
that testosterone level was insignificantly
decreased after 3 months dosing period of
dicofol while a significant decrease was
recorded after 6 months dosing period this
may due to pesticide alteration in androgen
biosynthesis mediated by cytochrome p-450
system of interstitial cell of the testis , which
is required for functioning of 17 a- hydoxylase
& 17-20- layse ( Fowler et al ., 1987), or
induces a variety of hepatic biotransformation
enzymes , which are capable of metapolitically
transforming androgens into products with low
androgen receptor binding activity (Sonderfen
etal ., 1987).

The obtained result demonstrated that
TQ treatment (G4) insignificantly increased
testosterone level. This may be due to TQ
stimulation to 17 L-hydroxysteroid
dehydrogenase activity thus increasing
testosterone level (Gromadzka-Ostrowska et
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al., 2002). Also, Our results are in agreement
with studies of Mukhallad et al.(2009), Gokce
et.al.(2010) and Parandin et al .(2012).

In our study we reported that IMI
induction for testicular toxicity group(G2)
showed insignificant elevation in E2 when
compared with control group. The estrogenic
like effects of IMI may produce as a result of
pesticides ability to bind estrogen receptors
and exhibit estrogenic activity (Stephen,
2001), or by direct exposure to Sertoli cells
resulting decrease FSH receptors binding and
decrease 3- hydroxyl- steroid- dehydrogenase
activity that change estradiol to androgen thus
raising estradiol levels (Colborn et al., 1993).
Also, it could be attributed to increase the
incidence of hypertrophy and/or vacuolation
(empty cavities) of adrenal cortex that
enhanced the steroidogenic activity (lindane
,1999). This result was supported by Hafez et
al. (2016) who reported that E2 levels were
markedly elevated after IMI intoxication with
different doses (45 and 90 mg / Kgb.w.) in
male rats. Also, Tag EI-Din et al. (2003)
reported dicofol pesticide had an estrogenic
effect in male albino rats.

There is a positive association between
pesticides exposures and alterations of semen
parameters (Yucra et al., 2006). The decrease
of epidydimal sperm concentration and
increase of abnormal sperm morphology are
common observations in the experimental
studies with many pesticides (Matsumoto et

al., 2008). Sperm count, and sperm
abnormality are the prominent factors
affecting fertility. Suppressions of

gonadotrophins might be an underlying
mechanism for the decreased sperm density
(Sinha et al.,1995).

The results of this study clearly
demonstrated reduction in the sperm motility,
viability, count and elevation in sperm
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abnormalities in the IMI intoxicated rats (G2)
(table,2). The decrease in sperm motility may
be due to low levels of ATP (Bai and Shi,
2002). Toxic effects including reduced sperm
motility and concentration with increased
abnormal sperm morphology are in agreement
with the effects of many other pesticides(
Dalsenter et al ., 2003 ). The administration of
IMI reduces sperm motility this may be due to
decrease in the level of intratesticular
testosterone which may lead to detachment of
germ cells from seminiferous epithelium and
may initiate germ cell/testicular cell apoptosis
and degeneration (Blanco-Rodriguez and
Martinez-Garcia, 1998). The decrease in
epididymal sperm concentration might be due
either to the inhibition of testosterone
biosynthesis as evident by decreased
testosterone levels or to the apoptosis in
spermatogenic cells, as demonstrated by
increased apoptotic index/seminal DNA
fragmentation (kapoor et al., 2011). This
leads to low total sperm count, increased
sperm  abnormalities, histopathologically
defective spermatogenesis /lack of
spermatogenesis along with testicular changes
which were clearly noticed in our study.

The testes, epididymis and other
reproductive organs are structurally and
physiologically ~ dependent  upon  the
testosterone and other androgens. Testosterone
stimulates growth and secretary activity of the
reproductive organs, so a significant increase
of these hormones could increase the number
and function of somatic and germinal cells of
testis and in results increase the testis and
epididymis weight (O’Donnel et al.,1994).
Gokce et al. (2010) has been confirmed that
Thymoquinone treatment has protective effects
on testicular parameters. Mohammad et al.
(2009) showed that supplementation of TQ in
mice significantly increased sperm motility
and Al-Zahrani et al. (2012) has also shown
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that TQ increase the sperm quality of mice. LH
stimulates the production of testosterone in
Leydig cells, which in turn may act on the
Sertoli and peritubular cells of the
seminiferous tubules and indirectly stimulates
spermatogenesis via testosterone.

Zohra et al. (2012) treated diabetic
rats by adding 2% Nigella sativa seeds to their
diet for 30 days. This addition improved
testosterone levels and testis tissue, semen
quantity and mobility, and it reduced blood

glucose and oxidative stress parameters.

(ROS) are generated continuously in
small amounts in normal cells as they are
essential for many biological functions
(Suzuki et al.,1997) and it mediate many
toxin-induced testicular injuries (Gultekin et
al., 2000). Interaction of ROS with cellular
membrane results in  membrane lipid
peroxidation which can be measured by using
MDA, which is a marker of oxidative lipid
damage and a major oxidative product of
peroxidized polyunsaturated fatty acids
(Zhang et al., 2004). Enzymes such as SOD
and CAT play an important role in the
elimination of ROS produced during the
biotransformation of xenobiotics and the
induction of the SOD/CAT system may be the

first defense mechanism against ROS
(Lushchak, 2016).
According to our finding, IMI had

exerted oxidative stress in the testicles
group(G2) & (table .3) which showed that,
IMI induced rats (G2) showed a significant
increase in testicular MDA and decrease in
GSH, SOD and CAT levels when compared
to normal control group. These results are
nearly similar to (Bal et al., 2012) who
reported that the levels of testis MDA (P <
0.05) were significantly higher and those of
GSH significantly (P <0.001) lower in the rats
treated with 8 mg/kg IMI than that in the
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controls. Also, Mohany et al. (2011) who
demonstrated a significant increase in liver
MDA activity in the IMI-treated male albino
rats compared to the control group, with the
highest levels recorded in the 1st and 3rd
weeks.

In general, the inhibition of CAT
activity has been related to the binding of
toxicants to -SH groups of enzymes, increased
H202 and/ or superoxide radical (Ruas et al.,
2008). The decrease activities of SOD, CAT
and GSH content together with increase LPO
may be attributed to induce free radicals in
imidacloprid treated rats. Kapoor et al. (2010)
had indicated that imidacloprid did not induce
oxidative stress at 5 and 10 mg/kg b.w/day to
female rats when exposed for 90 days.
However, imidacloprid at 20 mg/kg b.w,/day
had significantly induced oxidative stress to
female rats. This may be due to dearrangement
of cellular oxidative status as evidenced by
increased level of LPO (MDA), decreased
activities of CAT, SOD, and reduced GSH

level in vital tissues.

Levels of ROS production by sperm

correlate negatively with sperm quality in the
original semen. The link between poor sperm
quality and increased ROS generation lies in
the retention of excess residual cytoplasm
(cytoplasmic droplets) in abnormal
spermatozoa. When spermatogenesis is
impaired, the  cytoplasmic  extrusion
mechanisms are defective (Huszar et al.,1997).

Thymogquinone, the major active
constituent of Nigella sativa, could prevent the
increase in the myeloperoxidase Activity
(Gokge et.al., 2010). The obtained result
showed that TQ administration to IMI
intoxicated male rats (G4) caused a marked
decrease in testicular MDA (table, 3) when
compared with IMI intoxicated rats (G2),
while there was a marked elevation in
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testicular tissue SOD, Catalase and GSH.
These results confirmed by Singh et al, (2014)
who illustrated the ability of TQ to improve
antioxidant defense. Al Wafai et al. (2013)
reported that TQ  could  suppress
cyclooxygenase-2 enzyme expression and
lipid peroxidation and raise SOD levels in
rats.

These results were confirmed by
histopathological observation since IMI rat
testes (G2) under microscopical examination
revealed marked increase in the thickness of
tunica albuginea with sub-capsular edema and

severe congestion of sub-capsular blood
vessels.  Also, extensive necrosis of
spermatogenic  cells  with  stop  of

spermatogenesis,

Moreover, after TQ protection to IMI
rats (G4) revealed less prominent
histopathological changes when compared
with IMI group as, tunica albuginea appeared
normal, most of the seminiferous tubules were
compact with each other. The spermatogenic
layers appeared somewhat normal in most
tubules and seminiferous tubules restored its
normal structure and the spermatogenesis
processes are normal. These data was
confirmed by Atta et al. (2017) who
demonstrated that TQ treatment to diabetic
rats in Cross sections of histopathological
examination of testicular samples, showed
resuscitation of the seminiferous tubules
enhancement (100x) in the tubular basal
compartment  with  the presence  of
spermatogonia.

5. CONCLUSION

Thymoquinone treatment exerted a
protective  effect against  reproductive
dysfunction induced by IMI Intoxication not
only through its powerful antioxidant effect
but also through its protective remedy against
the inflammatory effects of testicular toxicity.
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Oxidative damage induced in the testicular
tissues of IMI intoxicated rats is evidenced by
the impairment in hormonal determination
,Sperm quality and antioxidant determination
at testicular tissues. TQ is considered as an
excellent natural protective agent that has the
ability to ameliorate the toxic effect of IMI by
restoring all the affected parameters to near its
normal levels and relieve the degenerative
changes of the testicular tissues. The
deleterious effect of IMI was improved by TQ,
which was proven by restoration of
seminiferous tubules with active Leydig cells.
So, these results confirmed the strong
antioxidant, anti-inflammatory effects of TQ
in testicular Toxicity.
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