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ABSTRACT:

Exposure to carbon tetrachloride may affect male reproductive function. Objectives:

This study was designed to elucidate the possible protective effect and the underlying mechanism
of the single and combined administration of captopril and nigella sativa oil against CCl4-
induced testicular toxicity. Methods: Forty male adult albino rats were used and classified into
five group. Goup 1 (control) were received paraffin oil; group Il were injected intrapertonially
(I1.P.) with CCl4 in a dose of 1 mL/kg on alternative days for 8 weeks; group 111 were given
captopril in a dose of 100 mg/kg; group IV were given nigella sativa oil in a dose of 4 ml/kg;
group V were given combination of captopril and nigella sativa oil. Rats of groups (111, IV and V)
were received oral (P.O.) daily doses of the drugs for 2 weeks, followed by concurrent
administration of CCL4 for 8 weeks. Testicular levels of nitric oxide (NO), malondialdehyde
(MDA), reduced glutathione (GSH), glutathione peroxidase (GSH-Px) and serum level of the
reproductive hormones (FSH, LH and testosterone) were measured. Light microscopic and
immunohistochemical examination of testes were done. Results: CCL4 - induced testicular
toxicity rats revealed significant increase in NO and MDA level with significant decrease in GSH
and GSH-Px levels in testes. A significant decrease in the serum level of the reproductive
hormones in CCL4-induced testicular toxicity. Histopathological examination of CCl4- injected
rat group revealed degenerative and apoptotic changes in the testes with reduction in the
androgen receptor expression. The single and combined pretreatment of the CCL4 - injected rats
with captopril and nigella sativa oil, showed significant decrease of the elevated NO and MDA
levels, with significant increase in GSH and GSH-Px. In addition, they improved the serum levels
of the reproductive hormones. Besides, they improved the histolopathological changes induced by
CCL4 in the testes. Conclusion: captopril and nigella sativa oil have protective effect against
CCl4 - induced testicular toxicity which attributed to augmentation of the antioxidants and anti-

apoptotic effect.
Key Words: CCL4, oxidative stress, captopril, nigella sativa oil, testis.

INTRODUCTION:

Various studies have provided last decades. Numerous environmental
evidence about the decrease in the male toxins have been described to induce
fertility in industrialized nations over the disruption in the oxidant / antioxidant
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balance of the male reproductive system
(Rahmouni et al., 2018).

Carbon tetrachloride can lead to
toxic effects in many organs such as liver,
blood, kidney,
(Piringgioglu et al., 2012).

Administration of CCL4 has been

lung, brain, and testis

indicated to cause structural and functional
damages in the male reproductive system in
experimental animals (Khan and Ahmed,
2009).

The pathogenesis of CCI4 - induced
tissue injuries is not completely thoroughly
investigated. Oxidative stress is endorsed in
the pathogenesis of CCL4 harmful effects
that results in the generation of free
radicals. That involved in lipid peroxidation
and increased nitric oxide (NO) production
(Khan et al., 2009).

neutralized by an elaborate antioxidant

Free radicals are

defense system of enzymes such as
glutathione and superoxide dimutase (Abdel
Moneim and El-Khadragy, 2013).

In addition, It was postulated that
CCl4-induced testicular damage through
which is

(Abdel

apoptosis in testicular tissue,

mediated through caspase -3
moneim, 2016).

Various natural product extracts
showed protective effects against CCl4 -
induced oxidative stress damage in organs
of experimental animals by diminishing
lipid peroxidation, and enhancing the
antioxidant enzyme activities (Khan and
Ahmed, 2009; Cemek et al., 2010).

Furthermore, herbal

products were established to ameliorate

numerous
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CCl4 - induced testicular damage
(Rahmouni et al., 2018).
Nigella sativa (family

Ranunculaceae) has been used traditionally
in the Middle East, Northern Africa and
Asia (Ibrahim et al., 2008).

Nigella sativa seeds/oils are used in

folk medicine all over the world as anti-

inflammatory, analgesic, antipyretic,
antimicrobial, antineoplastic, anti
asthmatic, antidiarrheal and
dyslipidaemiac.  Both volatile oil and

thymoquinone have been reported to give

protection against nephrotoxicity and
hepatotoxicity induced by some chemicals
(Ali and Blunden, 2003).

It was reported that nigella sativa
extract lhas many beneficial effects such as
anti-inflammatory, immunomodulator, anti-

tumor activity and anti-infertility effects in

both human and experimental studies
(Ahmed et al., 2013).
Captopril is an angiotensin-

converting enzyme (ACE) inhibitor that acts
as a scavenger of oxygen derived free
radicals. It decreased lipid peroxidation and
increased the activity of both glutathione
(GSH-Px)

reductase (Ackerman, et al., 2008).

peroxidase and glutathione

No available data are present
relating the protective role of captopril and
nigella sativa oil in against CCI4 induced

testicular toxicity in experimental studies.
Aim of Work
This study was planned to evaluate

the possible protective effect and the

underlying mechanism of single and
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combined administration of captopril and
nigella sativa oil against CCIl4- induced

testicular toxicity in rats.

MATERIAL AND METHODS:
(1) Chemicals:

Carbon tetrachloride was obtained
from ADWIC (Egypt). Captopril,
purchased from Sigma Aldrich Co. (USA).

All other chemicals were of analytical
kits

was

grades. Immuno-histochemical for
caspase-3 and androgen receptor kits were

obtained from Thermo Scientific Co. (USA).
(2) Nigella sativa oil:
Nigella sativa seeds, obtained from

Egypt,
Pharmacognosy

the local market in were
authenticated by
Department, Faculty of Pharmacy, Assiut
University. The total crude oil was extracted
by cold pressing (hydraulic press).

The oil was analyzed to match the
known standard specifications of its fixed
and volatile oils.

Reversed-phase thin layer
chromatography (TLC) was carried out
following the method outlined in the British
Pharmacopoeia for identification of the
fixed oil. The oil contained saturated fatty
acids, mainly; myristic, palmitic and stearic
unsaturated

as well as fatty acids,

primarily;  oleic, linoleic and linolenic.
Thymoquinone, the major active component
of the volatile oil, was identified and
qguantified by HPLC using an isocratic
mobile phase of water: methanol: 2-
The

thymoquinone was about 0.103% (w/v) in

propanol. concentration of

the total crude oil.

49

(3) Animals and Experimental design:

Adult male albino rats (200-250 g)
were obtained from animal house of faculty
of Medicine, Assiut university, Egypt. Rats
were housed in stainless steel cages at
constant temperature of 25+2°, illumination
(12 h light/dark) and had free access to
standard pellet chow and water ad Libitum.
Dealing with the animals followed the
regulations of the animal house of Faculty of
Medicine, Assiut University. One week after
acclimatization, rats were randomly divided
into five groups (8 rats/each).

Group | (negative control) rats were
injected with liquid paraffin oil I.P. for 8
weeks; group Il (positive control) rats were
I.P. with CCL4
1 mL/kg b.w. diluted 1:6 with paraffin oil on

injected in a dose of
alternative days for for 8 weeks to induce
testicular toxicity and double distalled water
P.O. (Noureen et al., 2017), group Il rats
were given captopril in a dose of 100
mg/kg/day P.O. (Hrenék et al., 2013), group
IV rats were given nigella sativa oil in a dose
of 4 ml/kg/day P.O. (Abdel-Zaher et al.,
2011) and group V rats were given captopril
and nigella sativa oil in the same previously
mentioned doses. Groups (I11, 1V and V)
were pretreated with oral daily dose of
captopril or nigella sativa oil for 2 weeks
and continued with the concurrent
administration of CCL4 for 8 weeks

(Ahmed, et al., 2011).

(4) Blood and tissue samples collection:

The
decapitation under light ether anesthesia
and dissected at the end of 10th weeks.

rats were sacrificed by
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Blood was collected by cardiac puncture
from all rat groups. The collected blood
samples were centrifuged at 3000 rpm for
obtaining sera which stored at -20 until
required for estimation of the hormonal

assay. The testis was removed and divided

into two parts; the first part was
homogenized in ice cold saline. The
testicular  tissue  homogenates  were

centrifuged at 3000 RPM for 15 minutes for
measurement of oxidative stress markers.

The resulting supernatant was stored
at -80 for biochemical analysis. The second
in 10%
processed for histopathological examination
(Khan et al., 2009).

part was fixed formalin and

(5) Biochemical assays:

(1) Measurement of oxidative stress
markers in the testis:

(i) Nitric oxide (NO):

Nitric oxide level was measured in
the testicular tissue homogenates by
assaying nitrate, one of the stable end-
NO Nitrite

concentration was measured using Griess

products  of oxidation.

reagents as described by Green and his
coworker (1982).
(ii) Malondialdhyde (MDA):

Malonaldehyde content in the
testicular tissue homogenates as an
indicator of lipid peroxidation was
measured by a colorimetric method

according to the method described by

Ohkawa, et al. (1979).

(iii) Reduced glutathione (GSH):
Estimation of GSH

supernatant

intracellular

content of  neutralizing
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testicular tissue was assayed using Ellman's

reagent, which was measured
spectrophotometrically according to the
method described by Griffith (1980).

(iv) Glutathione peroxidase (GSH-Px):
(GSH-Px)

activity was measured spectophtometrically

Glutathione peroxidase
in the supernatant of tissue homogenate by
the method described by Paglia and
Valentine (1967).
(11) Hormonal assay in the serum:

The

stimulating hormone (FSH),

serum levels of follicle-
luteinizing
hormone
measured by ELISA

immunosorbent assay) using (Accu-Bind

(LH) and testosterone were

(enzyme - linked

ELISA) Kkits according to manufacturer’s
structure (Monobind Inc., Lake Forest, CA,
USA).
(6) Histopathological Examinations
For light microscopic investigations,
specimens from testis were fixed in 10%
formalin, dehydrated in alcohols and
embedded in paraffin. Five micron tissue
sections were stained with hematoxylin and
eosin stain (H&E) and Periodic acid-Schiff
(PAS) and masson’s trichrome. Semithin
sections of the testes were stained with
toludine blue stain for histopathological
examination (Bancroft and Stevens, 1996).
For immunohistochemistry
examinations, a series of slides (3-5 pm)
were prepared. To identify the presence of

androgen receptors in the seminiferous

tubules and interstitial  tissue, the
immunohistochemical reactions with
specific antibodies: mouse monoclonal
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antibody anti-androgen
(AR441,
scientific Co., USA) were carried out. To

receptor (AR)

polyclonal antibody, thermo
identify apoptosis in testicular tissues anti-
caspase-3 (CPP32- Ab4 polyclonal antibody,
thermo scientific Co., USA) were added for
1 hour at room temperature in a dilution of
1:100 then washed 4 times in phosphate
buffer saline (PSB).

The deparaffinized sections of the
fixed
embedded organ cultures were reacted to
3% inhibit
endogenous The
sections were microwaved in citrate buffer
(pH 6.0). After

temperature, the slides were washed in PSB

paraformaldehyde - paraffin-

hydrogen  peroxide to
peroxidase  activity.

cooling to room
four time and then incubated for 60 min
with mentioned above primary antibodies.
Then, Goat  Anti-
Polyvalant antibody) was

applied and incubated for 30 minutes at

Biotinylated

(secondary

room temperature and washed 4 times.
Next, streptavidin peroxidase was applied
and incubated for 10 minutes at room
temperature then rinsed with PSB.

One to two drops of
diaminobenzidine (DAB) chromogen was
added according to the manufacturer’s
instructions.

Then the sections were washed in
distilled water and counterstained with
hematoxylin. As a negative control, the
specimens were processed in the absence of
the primary antibodies. Positive staining
was defined by visual identification of DAB
brown pigmentation in the light microscopic

examination (Bremner et al., 1994).
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Statistical analysis:

Results were expressed as means +

standard error of the mean (SEM) and were

analyzed for statistically  significant
difference using one-way analysis of
variance (ANOVA) followed by the

Dunnett’s test post analysis test. p values <
0.05 were considered significant.

Graph Pad Prism ® was used for
statistical calculations (Version 5.00 for
Windows, GraphPad Software, San Diego
California USA, www.graphpad.com).

RESULTS:

Biochemical assays.

1-The effect of captopril and nigella

sativa oil and their combination on
MDA, NO, GSH and GSH-Px testicular
levels in CCL4 - induced testicular

toxicity in rats:

There were significant increase (P.
value < 0.05) in the mean testicular levels of
MDA and NO with significant decreased in
GSH and GSH-Px in CCL4-

testicular toxicity (+ ve control) rat group

induced

compared to normal (-ve control) rat group.
The

significantly improved in CCI4- induced

levels of these parameters were

testicular toxicity rats treated with

(group 1),
(group 1V) and captopril with nigella sativa

captopril nigella sativa oil
oil (group V), respectively compared to +ve
control rats (group Il) (table 1).

2- The effect of captopril and nigella
and their combination on

LH and

sativa oil

serum FSH, testosterone
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in CCL4

testicular toxicity in rats:

hormonal levels induced

There was a significant decrease (P.
value < 0.05) in the mean serum FSH, LH,

in CCL4

induced testicular toxicity (+ ve control) rat

testosterone  hormone levels

group compared to normal (- ve control) rat

group. The levels of these hormones were

significantly increased in CCIl4- induced
testicular toxicity rats treated with
captopril (group IlI), nigella sativa oil

(group 1V) and captopril with nigella sativa
oil (group V), respectively compared to + ve
control rats (group Il) (table 2).

Table (1): The effect of captopril and nigella sativa oil and their combination on MDA, NO, GSH

and GSH-Px testicular levels in CCL4 - induced testicular toxicity in rats.

Parameters NO MDA GSH GSH-Px
Groups (nmol/gm) (nmol/gm) (nmol/gm) (U/gm)
Mean = SE Mean + SE Mean + SE Mean + SE
G. I: normal rats injected with 55.8+29 7.94+0.53 19.6 +0.61 15.96 + 1.03
paraffin oil (negative control)
G. Il: CCl4 injected rats 122.2+6.20 | 16.65+0.690 | 7.34+0.21 o 6.59+042 o
(positive control)
G.111: captopril treated group in | 78 .3+5.7* | 11.85+0.77 * | 13.58+0.76* | 11.71+0.39*
CCl4 - injected rats
G.1V: nigella sativa oil treated 77.144.6% | 12.42+0.24* | 12.47+0.64* | 11.68+0.27 *
group in CCl4 - injected rats
G.V: combined captopril and 62.7+49* 8.48 + 0.26* 16.53+0.27* 13.24 £ 0.69*
nigella sativa oil treated group in
CCl4 - injected rats

The results represent the mean + S.E.of 8 rats.

o Significant differance compared to the normal group (negative control) (P <0.05).
* Significant difference compared to the CCL4 - induced group (positive control) (P <0.05).

Table (2): The effect of captopril and nigella sativa oil and their combination on FSH, LH and
testosterone hormone levels on CCL4 - induced testicular toxicity in rats.

Groups FSH LH Testosterone
(mIU/ml) (mlIU/ml) (ng/ml)
Mean + SE | Mean + SE Mean + SE
G. I: normal rats injected with paraffin oil 237+
. 458+2.9 5.28 +0.34
(negative control) 0.95
G. Il: CCH4 injected rats (positive 1.23 +
17.1+1.01 0 2.21+0.160
control) 0.810
G.I1I: captopril treated group in CCl4 - . 1.6+ .
injected rats 38.3x21 0.97* 369027
G.1V: nigella sativa oil treated group in 371423 | 1.7+0.84% 3.80 +0.25*
CCl4 - injected rats - T R
G.V: combined captopril and nigella
sativa oil treated group in CCl4 - injected | 422 +26* | 2.2 +0.92* 4.93+0.29*
rats

The results represent the mean + S.E.of 8 rats.
o Significant differance compared to the normal group (negative control) (P <0.05).
* Significant difference compared to the CCL4 - induced group (positive control) (P <0.05).
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Histolopathological Examination:
A-Light microscopic results:

Group I (negative control rats):
In H.&E. Stained

parenchyma of the testis was formed of the

sections, the

seminiferous tubules and the interstitial
tissue in between. Each seminiferous tubule
was lined with stratified epithelium which
was seen to be formed of germinal cells and
supporting Sertoli cells. The germinal cells
were stacked in the form of many layers
from the basement membrane toward the
lumen of the tubules. These layers were
formed of spermatogenic cells, which are;
spermatogonia, primary spermatocytes,
secondary spermatocytes, spermatids and
mature sperms (Fig. 1).

In toluidine blue stained sections, the
spermatogonia lied next to the basement
membrane. They were of two types; type A
spermatogonia which were the predominant
ones and appeared dome shaped with large
oval pale nuclei and prominent nucleoli.
Type B cells were more rounded in shape
with The

spermatocytes represented the next row of

rounded nucleui. primary
cells, present in more than one layer and
were considered the largest among the
surrounding cells. They were rounded cells,
with large nuclei with deeply stained
chromatin granules of uniform size, which
were distributed through the nucleoplasm
(Fig. 2).

The secondary spermatocytes were
smaller. The early or round spermatids
were stacked into several layers (3-6) of

rounded cells that had lightly stained
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cytoplasm and rounded vesicular nuclei.
Sperms may appear in some tubules with
condensed, flattened, elongated nuclei and
their tails were directed toward the lumen.
The Sertoli

membrane of the tubule and extends to the

cells rest on the basement

lumen. They are elongated or pyramidal in

shape and partially enveloped the
spermatogenic cells. Each cell exhibits ill
defined outlines, lightly stained cytoplasm,
irregular pale vesicular nucleus and
prominent large nucleolus (Figs. 1,2).

Using PAS, strong positive reaction
was observed in the basement membrane of
the seminiferous tubules and the interstitial
tissue. The germ cells except the spermatid
show negative reaction (Fig.3).

Using masson trichrome stain, few
collagen fibers were observed in the
basement membrane of the seminiferous

tubules and around the blood vessels (Fig. 4).
Group Il (CCL4 - injected rats):
Carbon tetrachloride injected rats
showed degenerative changes in the
In H.&E.
sections, there are marked distortion of the

with

seminiferous tubules. stained

tubules
The
appeared deeply stained with dense nuclei
(Fig.5).

In toluidine blue stained semithin

seminiferous epithelial

vacuolations. spermatogenic  cells

sections showed separation and sloughing of
the germinal epithelium (Fig.6).

Using PAS reaction, corrugated PAS
positive basement membrane surrounding
many semineferous tubules with separation

and loss in some areas (Fig.7).
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Thickening of the  basement
membrane was observed in some tubules.
With masson trichrome stain, marked
increase in the amount of collagenous fibers
was observed in the basement membrane of
the seminiferous tubules and around the
blood vessels compared to the control group
(Fig.8).

Group Il (Captopril treated group in
CCLA4 - injected rats):

In H.&E. stained sections, many of the
somniferous tubules appeared with less
vacuolation with less separation of the cells.
The interstitial connective tissue showed
congested thick wall blood vessels (Fig.9).

In toluidine blue stained semithin
sections, some tubules appeared with
vacuolated cells (Fig.10).

Using PAS reaction the basement
membrane

appeared continuously

compared to group II, but there was
irregularity of the membrane in some areas
(Fig.11).

With masson trichrome, there were
less collagen fibers compared to group Il
(Fig.12).

Group 1V (Nigella sativa treated group
in CCL4 - injected rats):

H.&E. stained sections showed the
semineferous tubules with less vacuolation
compared to group Il (Fig.13).

In toluidine blue stained sections
showed many tubules appeared normal with
the normal appearance of the cells. Some
tubules showed separation between the cells.
The interstitial tissue had thickened blood
vessels (Fig.14).
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Using PAS reaction, less thickened
basement membrane with few irregularity
compared to group Il. Thickened blood
vessels were observed (Fig.15).

Masson trichrome stained sections
showed less collagen fibers compared to
group Il (Fig.16).

Group V: (Combined captopril and
nigella sativa oil treated group in CCl4 -
injected rats):

In H.&E. stained sections, most of the
seminiferous tubules were more or less

similar to control group (Fig.17).
B-Immunohistochemical results:

Group | (negative control rats):
Caspase-3 stained sections showed
apparently normal spermatogenic cells with
negative caspase-3 reaction (Fig.18).
Brownish stain indicated non specific
the

Androgen receptor stained sections showed

reaction of secondary antibody.
that the immunoreactivity was localized in
nuclei of cells, which were presumably
sertoli cells (Fig.19).
Group Il (CCLA4 - injected rats):
Caspase-3 stained sections showed
multiple apoptotic germinal cells (Fig.20).
Sections stained with androgen
receptors showed a decrease in the reaction
of androgen receptor in the nuclei of the
cells (Fig.21).
Group 11l (Captopril treated in group
CCL4 - injected rats): Sections stained
with caspase-3 showed few apoptotic cells
in the tubules (Fig.22).
Many androgen receptor positive

cells were observed (Fig.23).
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Group 1V (Nigella sativa treated group Group V: (Combined captopril and
in CCL4 - injected rats): Caspase-3 nigella sativa oil treated group in CCl4 -
stained sections showed less apoptotic cells injected rats): Caspase -3 stained sections
compared to previous groups (Fig.24). showed few positive apoptotic cells (Fig.26).

Androgen receptor stained sections Many positively stained androgen
showed more positively stained cells receptor cells were observed (Fig.27).
(Fig.25).

Fig.1:A photomicrograph of a section in the testis of group | showing the normal the semineferous
tubules. (H&E, x400)

Fig.2: A photomicrograph of a semithin section of the testis of group 1 showing the
spermatogonia (G). They are of two types; type (A) spermatogonia and type (B) cells. The early
spermatids (ST) are stacked into several layers. (Toluidine blue x1000)

Fig.3: A photomicrograph of a section in the testis of group | showing PAS positive reaction in the
basement membrane, spermatids and interstitial tissue. (PAS x400)

Fig.4:A photomicrograph of a section in the testis of group | showing few collagen fibers are
observed in the basement membrane of the seminiferous tubules and around the blood vessels.
(Masson trichrome x400).
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Fig.5: A photomicrograph of a section in the testis of group Il showing that are marked distortion
of the tubules with epithelial vacuolation (arrow). The spermatogenic cells appear deeply stained
with dense nuclei. (H&Ex 400)

Fig.6: A photomicrograph of a semithin section in the testis of group Il showing separation and
sloughing of the germinal epithelium. ( Toluidine blue x1000)

Fig.7:A photomicrograph of a section in the testis of group Il showing corrugated basement
membrane (arrow) surrounding many semineferous tubules with separation and loss in some
areas. (PASx400)

Fig. 8:A photomicrograph of a section in the testis of group Il showing marked increase in the
amount of collagenous fibers is observed in the basement membrane of the seminiferous tubules
and around the blood vessels (arrow) compared to group 1. (Masson trichrome x400)

Fig.9: A photomicrograph of a section in the testis of group 111 showing the semineferous tubules
appeared with less vacuolation with less separation of the cells. The interstitial connective tissue

showed congested thick wall blood vessels. (H&E x400)

Fig.10: A photomicrograph of a semithinsection in the testis of group 111 showing some tubules
appears with vacuolated cells (arrow). (Toluidine blue x1000)
Fig.11: A photomicrograph of a section in the testis of group Ill showing the basement

membrane appears continuous with irregularity of the membrane in some areas (arrow).
(PAS x400)

Fig.12: A photomicrograph of a section in the testis of group 111 showing there is less collagen
fibers compared to group Il with moderate collagen fibers around blood vessels (arrow).
(Masson trichrome x400)
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Fig.13: A photomicrograph of a section in the testis of group IV showing, the semineferous
tubules with less vacuolation compared to group I1. (H&E x400)

Fig.14: A photomicrograph of a semithin section in the testis of group 1Vshowing some tubules
have spaces between the cells. The interstitial tissue had thickened blood vessels.
( Toluidine blue x 1000)

Fig.15: A photomicrograph of a section in the testis of group 1V showing less thickened basement
membrane with few irregularities compared to group Il. Thickened blood vessels were observed
(arrow). (PASx400)

Fig.16: A photomicrograph of a section in the testis of group IVshowing less collagen fibers
compared to group II. (Masson trichromex400)

Fig.17: A photomicrograph of a section in the testis of group V showing that most of the
seminiferous tubules were more or less similar to control group. (H&EX400)

Fig.18: A photomicrograph of a section in the testis of group | showing apparently normal
spermatogenic cells with negative caspase-3 reaction. (Caspase-3 x1000)

Fig.19: A photomicrograph of a section in the testis of group I showing that immunoreactivity
for androgen receptor is localized in nuclei of cells, which were presumably sertoli cells.
(Androgen receptorx1000)

Fig. 20: A photomicrograph of a section in the testis of group Il showing multiple apoptotic
germinal cells (arrow). (Caspase-3x1000)
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Fig. 21: A photomicrograph of a section in the testis of group Il showing a decrease in the
positive reaction of androgen receptor in the nuclei of the cells (arrow). (Androgen
receptorx1000)

Fig.22: A photomicrograph of a section in the testis of group 111 showing few apoptotic cells in

the tubules (arrow). (Caspase-3x1000)
Fig.23: A photomicrograph of a section in the testis of group Ill showing many androgen
receptor positive cells is observed (arrow). (Androgen receptor x1000)

Fig.24: A photomicrograph of a section in the testis of group IV showing less apoptotic cells
compared to previous groups (arrow). (Caspase-3, x1000)
Fig.25: A photomicrograph of a section in the testis of group 1V showing more positively stained
cells compared to the previous groups (arrow). (Androgen receptor, x1000)
Fig.26: A photomicrograph of a section in the testis of group V showing few positive apoptotic
cells (arrow). (Caspase-3, x1000)
Fig.27: A photomicrograph of a section in the testis of group V showing many positively stained
androgen receptor cells (arrow). (Androgen receptor, x1000)
DISCUSSION histopathological investigations in the

One of the important factors that testicular tissue of male rats.
In the present work, administration
of CCL4 in a dose of 1 ml/kg b.w. on

alternate days for 8 weeks induced

causes male infertility is the exposure to
numerous toxic substance that disturbs the
oxidant/antioxidant balance of the male
reproductive system (Tirk et al., 2016). testicular toxicity in rats. The toxic effect

CCL4 is used widely in the dry

cleaning industry, filling fire extinguishers,

may explained by the high affinity of the
testis to CCL4.

the fumigation of grains, as an insecticide, The testes contain cytochrome P450

propellants  for  aerosol cans and which activates the conversion of CCl4 to

manufacturing refrigeration fluid toxic metabolites. The initial step in the
(Sahreen et al., 2015 and Diab et al., 2018).

It has been used widely to induce

testicular tissue injury by CCI4 is its
cytochrome P450-mediated formation of

oxidative stress in experimental animals. It trichloromethyl  radical  (CCI3)  and

causes free radical liberation in many trichloromethylperoxyl (CCI30O0) radicals.

tissues such as the liver, kidney, heart, lung, The overproduction of these free radicals
testis, brain and blood (Abdou et al., 2012,

Piringgioglu et al., 2012 and Haghi et al.,
2014) testicular damages (Noureen et al., 2017).

initiates membrane lipid and protein

oxidation, eventually leading to various

This present study was designed to In addition, free radicals cause a

evaluate the possible protective effect and decreased in testicular GSH contents and

the underlying mechanism of single and alteration of reproductive hormones,

combined administration of captopril and oxidative DNA damages, genetic mutation,

nigella sativa oil in CCL4 induced testicular DNA strand breakage and chromosomal

toxicity  including  biochemical and
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variations (Jia, et al., 2002 and Khan and
Ahmed, 2009).

Several antioxidants have been used
to prevent oxidative stress in testicular
tissue (Manjrekar et al.,, 2008; Khan and
Ahmed, 2009; Soliman and Fahmy, 2011
and Khan, 2012), corrected the disturbances
in reproductive hormone levels (Khan and
Ahmed, 2009 and Khan, 2012), improved
the abnormalities in sperm (Abdou et al.,
2012), the
motility and DNA
testicular tissue (Khan, 2012).

reduction in sperm count,

fragmentation in

Furthermore, they ameliorated the
testicular histopathological lesions induced
by CCH4 in rats (Manjrekar et al., 2008 and
Khan and Ahmed, 2009).

In this study the protective effect of
nigella sativa oil and captopril against CCl4
- induced testicular toxicity in male rats was
evaluated. Nigella sativa seeds contain about
30% fixed oil, and 0.4-0.45% volatile oil.

The fixed oil is composed mainly of
unsaturated fatty acids. Thymoquinone is
the major active component of the volatile
oil (Abdel-Zahar et al., 2011).

Additionally, the protective effect of
captopril against CCL4 - induced testicular
toxicity due to its ability to suppress
oxidative stress damage because it contains
active sulfhydryl group and shares other
structural features with cysteine which is
the principal substrate for glutathione. In
addition, captopril was able to increase the
glutathione peroxidase and glutathione
reductase activities in various tissues (Chen
et al., 2019).
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The result of the present study
revealed a significant increase in the level
of NO and MDA with a significant
reduction in the GSH and GSH-Px levels in
testicular tissue in CCL4 - induced rats.

These results are in agreement with
the previously published data that reported
that CCL4
stress in experimental studies (Khan and
Ahmed, 2009; Kahn et al, 2012; Shah
and Khan, 2017; Rahmouni et al., 2018).

Rats pretreated with the single or

induced testicular oxidative

combined administration of nigella sativa oil
or capopril resulted in a decrsease in the
of MDA and NO and
improved the antioxidant enzyme; GSH and
GSH-Px. The reduction of GSH and GSH-

Px activity during CCl4 in testicular tissue

elevated level

may be explained by the overproduction of

free radicals leads to enhanced lipid
peroxidation or inactivation of the anti-
oxidative mechanism (Khan et al., 2012).

The present study was in accordance
with other previous studies that indicated
nigella sativa seed oil and or thymoquinone
were found to suppress oxidative stress and
improved antioxidant status induced by
CCLA4 in liver, kidney and blood (Meral and
Kanter, 2003; Kanter et al., 2008; El-Sayed,
2011; Al-Seeni et al., 2016).

In addition, Captopril and other
angiotensin converting enzyme inhibitors
were found to suppress lipid perioxidation,
improved CCL4 -
liver toxicity (El- Katib and

Mansour, 2001 and Mansour et al., 2011).

oxidative stress and

induced
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Moreover, Chen and his colleagues
(2019) demonstrated the ability of captopril
to prevent oxidative stress damage via
and
the

tissues. Besides, Ambreen and his coworkers

increasing glutathione peroxidase

glutathione reductase activities in
(2011) revealed that pretreatment of rats
with lisinopril, an angiotensin-converting
enzyme inhibitor, for 2 weeks before CCL4
adminstration protected against hepato -
diethyl-

carbon

carcinogenesis  induced by

nitrosoamines and helped by
tetrachloride.

The results of the present study
showed a significant decrease in the serum
level of FSH, LH and testosterone hormones
in CCL4 induced rats.

This result is in agreement with the
previously published data that indicated
CCl4 cause
hormonal levels in male rats (Soliman and
Fahmy, 2011; Piringcioglu et al.,, 2012;
Khan, 2012 and Rahmouni et al., 2018).

The reduction of serum levels of these

reduction of reproductive

hormones can be probably explained by
CCL4-induced oxidative stress damage in
testicular tissue with subsequent
degeneration of germinal cells.

In addition, the CCI4 toxic effects
may affect the suprachiasmatic
hypothalamic nucleus leading to the failure
of anterior pituitary gland to secrete FSH
and LH resulting in

dysfunction (Khan et al., 2011).

and testicular

In this study the single or combined
pretreatment rats with captopril and nigella
sativa oil of the CCl4- induced increased the

serum levels of FSH, LH and testosterone.

60

These

captopril and nigella sativa oil ameliorated

results can explained by
the CCl4 toxic effects on testicular tissue by
preventing the excessive generation of free
radicals with the subsequent improvement
of the serum level of the reproductive
hormones in rats.

Previous studies have indicated that

several antioxidants ameliorated the
testicular  oxidative stress and the
impairment in antioxidant status and

improved the reduction in the reproductive
homones level induced by CCI4 in male rats
(Khan and Ahmed 2009; Cemek et al., 2010;
Shah and Khan, 2017 and Rahmouni et al.,
2018).

In harmony with the results of the
present work, the previous studies that
the effect  of

thymoquinone, the active component of

proved protective
volatile oil of nigella sativa seeds in different
animal models of testicular oxidative stress
induced by various chemical such as lead
and methotrexate in adult rat testes (Gokge
et al., 2010; Mabrouk and Ben Cheikh,
2015; Mabrouk and Ben Cheikh, 2016).

Fouad and Jresat (2013)

mentioned that captopril increased serum

Besides,

testosterone, suppressed lipid peroxidation,
restored the depleted reduced glutathione,
decreased the elevations of nitric oxide
in testicular tissue resulted from cadmium
administration and reduced the cadmium-
induced expression of caspase-3 in testicular
tissue by immunohistochemical analysis.

the obtained biochemical

the

Finally,

results  were supported by

histopathogical part of this study.
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It revealed that CCL4

degenerative changes in the testes in the

induced
form of distortion of the seminiferous
tubules with vacuolation and sloughing of
the germinal cells.

the

membrane surrounding many semineferous

Corrugation in basement
tubules with separation and loss in some
areas.

Thickening of the  basement
membrane was observed in some tubules. In
addition, marked increase in the amount of
collagenous fibers was observed in the
basement membrane of the seminiferous
tubules and around the blood vessels
compared to the control rat group.

These results were in accordance
with the previously published studies (Horn
et al., 2006; Khan and Ahmed, 2009; khan
2012; Yice et al., 2014; Sahreen et al., 2015
and Turk et al., 2016).

The pathological changes seen in the
testis due to administration of CCL4 can be
explained by the abundant affinity of the
testicular tissues to CCl4.

Free radicals that are liberated from
CCl4 bind to polyunsaturated fatty acid of
sperm cell membrane to generate alkoxy
and peroxy radicals that, in turn, alter
sperm concentration, change hormonal

levels, reduces enzyme activity and
induction of testicular injury or necrosis
(Ogeturk, et al., 2005).

Besides, necrosis of spermatocytes
and/ or spermatids and seminiferous tubules
degeneration (Guo, et., 2005 and Horn, et

al., 2006).
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Apoptosis is an indicator of DNA
damage in the cells, including testicular
germ cells, and an increase in free radicals
results in increased apoptosis in testicular
germ cell (Maheshwari et al., 2009).

Androgen is essential for male
fertility and integrity of sexual functions. It
exerts its actions via androgen receptors
present in testicular cells. The expression of
(AR)

spermatogenesis in the seminiferous tubules

androgen receptor essential for
because androgen played a vital role in
the initiation of spermatogenesis (Wang
et al., 2009).

Some previous studies reported the
presence of AR in germ cells, while
others indicated that AR expressed only in
Sertoli cells and interstitial area (Choong
etal., 1996 and Abd EI-Meseeh et al., 2016).

Mutational defects of AR that
accompanying testicular cell dysfunction,
which lead to defects in spermatogenesis.
Consequently, quantitative decrease of the
AR gene or protein expression and
qualitative chromosomal defect in AR could
be one of the causes of male sterility (Mou
and Gui, 2016).

The immunohistochemical findings of
the present study showed multiple apoptotic
germinal cells associated with decreased in
androgen receptor expression in CCLA4-
induced testicular toxicity in rats. It has
been reported that CCl4 treated male rats
DNA damage
subsequent testicular apoptosis (Abdou et
al.,, 2012; Khan, 2012; Yice et al., 2014;

Sahreen et al., 2015; Turk et al., 2016 and

induces testicular and
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Rahmouni et al., 2019), that is in harmony
with our findings.

The increased testicular apoptosis
can be explained by CCL4 induced lipid
peroxidation and reduced antioxidant
enzymes activity that may possibly cause
testicular histopathological abnormalities
and increase in testicular apoptosis with
subsequent decrease in the androgen
receptor expression.

In the present study the single and
combined pretreatment with captopril and
nigella sativa oil of CCL4 - induced rats
resulted in improvement of the testicular
histopathological changes and decreased the
apoptoic changes in male rats with an
improvement of androgen  receptor
expression in testicular tissue. These results
can explained by the antioxidant effect of
captopril and nigella sativa oil that suppress
testicular oxidative stress and apoptosis
with  subsequent  correction of the
biochemical and histopathological changes
induced by CCL4 in testicicular tissues in
rats.

In agreement with these  results

several antioxidants have reported to
ameliorate the histopatholoical
induced by CCL4 adminstration (Ylce et
al., 2014; Turk et al., 2016 and Rahmouni et
al., 2019).

Ahmed and his coworkers (2018)

showed finding similar to the results of the

changes

present work that royal jelly has a

protective effect against cadmium - induced
testicular toxicity by improving testicular
oxidative

stress, reproductive hormone

levels. Furthermore, it ameliorated the
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histopathological changes in the testes and
increased the expression of androgen
receptor in testicular tissue due to its

antioxidant effect.
CONCLUSION:
The results of the present study

demonstrate the possible protective effect of
the single and combined treatment with
captopril and nigella sativa oil against CCl4
- induced testicular toxicity. This effect can
be attributed to their antioxidant and anti-
apoptotic effects.
ACKNOWLEDGMENT:

The

appreciation to Dr. Nashwa A. Mohamed,

author  expresses  great

Department of Histology, Faculty of
Medicine, Assiut University, Egypt for her
accomplishment of the histopathological

examination of this study.

REFERENCES:

Abd EI-Meseeh N.A., El-Shaarawy
E.A., Al Domairy A.F. and Sehly R.A.
(2016): Changes in rat testis morphology
and androgen receptor expression around
the age of puberty. Ann Anat., May;205:37-
44,

Abdel Moneim A.E. (2016): Prevention
(CCl4)-induced

of rats treated

of carbon tetrachloride
toxicity in testes

with Physalis peruviana L.  fruit. Toxicol

Ind Health., Jun;32(6):1064-73.

Abdel Moneim A.E. and El-Khadragy
(2013):

pomegranate (Punica granatum) juice on

M.F. The potential effects of

carbon tetrachloride-induced
nephrotoxicity in rats. J Physiol Biochem.,
Sep;69(3):359-70.


https://www.ncbi.nlm.nih.gov/pubmed/25147302
https://www.ncbi.nlm.nih.gov/pubmed/25147302
https://www.ncbi.nlm.nih.gov/pubmed/25147302
https://www.ncbi.nlm.nih.gov/pubmed/25147302

Ass. Univ. Bull. Environ. Res. Vol. 22 No. 1 March 2019

Abdel-Zaher A.O., Abdel-Rahman
M.S. and Elwasei F.M. (2011): Protective
effect of Nigella sativa oil against tramadol -
induced tolerance and dependence in mice:
role of nitric oxide and oxidative stress.
Neurotoxicol., Dec;32(6):725-33.

Abdou H.S., Salah S.H., Booles H.F.,
and Abdel Rahim, E.A. (2012): Effect of
pomegranate pretreatment on genotoxicity
and hepatotoxicity induced by carbon
tetrachloride (CCl4) in male rats. J.
Medicinal Plants Research, 6 (17), 3370-80.

Ackerman Z., Oron-Herman M.,
Oron-Herman M., Rosenthal T., Pappo O.,
Link G., Sela B.A. and Grozovski M.
(2008): Effects of Amlodipine, Captopril,
and Bezafibrate on Oxidative Milieu in Rats
with Fatty Liver. Dig. Dis. Sci., March, 53
(3):777-84.

Ahmad A., Husain A., Mujeeb M.,
Khan S.A., Najmi A.K. Siddique N.A,,
Damanhouri Z.A., and Anwar F. (2013): A
review on therapeutic potential of Nigella
sativa: A miracle herb. Asian Pac J Trop
Biomed., May;3(5):337-52.

Ahmed A., Mona M.F., Ouf M.A. and
El-Fathaah E.A. (2011): Aminoguanidine
potentiates the hepatoprotective effect of
silymarin in CCL4 treated rats. Annals of
Hepatol., April-June, Vol. 10 No.2: 207-15.

Ahmed M.M., El-Shazly S.A., Alkafafy
M.E., Mohamed A.A. and Mousa A.A.
(2018): Protective potential of royal jelly
against cadmium-induced infertility in male
rats. Andrologia, Jun;50(5):e12996.

Ali B.H. and Blunden G. (2003):

Pharmacological and toxicological

63

properties of Nigella sativa. Phytother Res.,
Apr;17(4):299-305. Review.

Al-Seeni  M.N., El Rabey H.A,
Zamzami M.A. and Al-nefayee A.M. (2016):
The hepatoprotective activity of olive oil
and Nigella sativa oil against CCIl4 induced
hepatotoxicity in male rats. BMC
Complement Altern Med., 16: 438. 1-14.

Ambreen A., Jahan S., and Malik S.
(2016): Effect of Angiotensin-Converting
Enzyme Inhibitor,  Lisinopril on
Morphological and Biochemical Aspects of
Fibrotic Liver Regeneration.Saudi J
Gastroenterol., Nov; 22 (6): 428-34.

Bancroft J.D. and Stevens A. (1996):
The haematoxylin and eosin. Theory and
practice of histological techniques. 4th ed,
Ch 6, pp.99-112. Churchill Livingstone,
London, New York & Tokyo.

Bremner W.J., Millar M.R., Sharpe
RM. and Saunders P.T. (1994):
Immunohistochemical localization of
androgen receptors in the rat testis:
evidence for stage-dependent expression
and regulation by androgens. Endocrinol.,
Sep;135(3):1227-34.

Cemek M., Aymelek F.,
Buyukokuroglu M.E., Karaca T., Buyukben
A. and Yilmaz F. (2010): Protective
potential of Royal Jelly against carbon
tetrachloride induced toxicity and changes
in the serum sialic acid levels. Food Chem
Toxicol., 48(10):2827-32.

Chen AY., Adamek R.N., Dick B. L.,
Credille C.V., Morrison C.N., and Cohen
S.M. (2019): Targeting Metalloenzymes for
Therapeutic Intervention. Chem Rev., Jan.
23; 119(2): 1323-55.


https://www.ncbi.nlm.nih.gov/pubmed/?term=Abdel-Zaher%20AO%5BAuthor%5D&cauthor=true&cauthor_uid=21855572
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abdel-Rahman%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=21855572
https://www.ncbi.nlm.nih.gov/pubmed/?term=Abdel-Rahman%20MS%5BAuthor%5D&cauthor=true&cauthor_uid=21855572
https://www.ncbi.nlm.nih.gov/pubmed/?term=Elwasei%20FM%5BAuthor%5D&cauthor=true&cauthor_uid=21855572
https://www.ncbi.nlm.nih.gov/pubmed/?term=Protective+effect+of+Nigella+sativa+oil+against+tramadol-induced+tolerance+and+dependence+in+mice%3A+Role+of+nitric+oxide+and+oxidative+stress
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmad%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23646296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Husain%20A%5BAuthor%5D&cauthor=true&cauthor_uid=23646296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mujeeb%20M%5BAuthor%5D&cauthor=true&cauthor_uid=23646296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khan%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=23646296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Najmi%20AK%5BAuthor%5D&cauthor=true&cauthor_uid=23646296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Siddique%20NA%5BAuthor%5D&cauthor=true&cauthor_uid=23646296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Damanhouri%20ZA%5BAuthor%5D&cauthor=true&cauthor_uid=23646296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Anwar%20F%5BAuthor%5D&cauthor=true&cauthor_uid=23646296
https://www.ncbi.nlm.nih.gov/pubmed/23646296
https://www.ncbi.nlm.nih.gov/pubmed/23646296
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmed%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=29527696
https://www.ncbi.nlm.nih.gov/pubmed/?term=El-Shazly%20SA%5BAuthor%5D&cauthor=true&cauthor_uid=29527696
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alkafafy%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=29527696
https://www.ncbi.nlm.nih.gov/pubmed/?term=Alkafafy%20ME%5BAuthor%5D&cauthor=true&cauthor_uid=29527696
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mohamed%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=29527696
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mousa%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=29527696
https://www.ncbi.nlm.nih.gov/pubmed/29527696
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5097446/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5097446/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5097446/
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ambreen%20A%5BAuthor%5D&cauthor=true&cauthor_uid=27976638
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jahan%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27976638
https://www.ncbi.nlm.nih.gov/pubmed/?term=Malik%20S%5BAuthor%5D&cauthor=true&cauthor_uid=27976638
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5184743/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5184743/

Ass. Univ. Bull. Environ. Res. Vol. 22 No. 1 March 2019

Choong C.S., Kemppainen J.A., Zhou
ZX. and Wilson EM. (1996): Reduced
androgen receptor gene expression with
first exon CAG repeat expansion. Mol

Endocrinol., Dec;10(12):1527-35.

Diab K.A., Fahmy M.A., Hassan Z.M.,
Hassan E.M., Salama A.B., and Omara E.A.
(2018). Genotoxicity of carbon tetrachloride
and the protective role of essential oil of
officinalis L. in mice

Salvia using

chromosomal aberration, micronuclei
formation, and comet assay. Environ Sci

Pollut Res Int., Jan;25(2):1621-36.

El-Katib A.S. and Mansour M.A.
(2001):

attenuates

Prior treatment with captopril
carbon tetrachloride-induced
liver injury in mice. Res. Commun. Mol.
Pathol. Pharmacol., July-Agu, 110 (1-2): 3-
16.

El-Sayed W.M. (2011): Upregulation
of chemoprotective enzymes and glutathione
(black
thymoquinone in CCl4-intoxicated rats. Int

J Toxicol., Dec; 30 (6) : 707-14.

by Nigella sativa seed) and

Fouad AA and Jresat 1. (2013):
Captopril and telmisartan treatments
attenuate  cadmium-induced  testicular

toxicity in rats. Fundam Clin. Pharmacol.,
Apr;27(2):152-60.

Gokee A., Oktar S., Koc A. and
Yonden Z. (2011):

thymoquinone

Protective effects of
against methotrexate-

induced testicular injury. Hum Exp

Toxicol., Aug;30(8):897-03.
Green L.C., Wagner D.A., Glogowski

P.L., Wishnok J.S.
Tannenbaum S.R. (1982):

J.,  Skipper and

Analysis of

64

nitrate, nitrite, and [‘5N]nitrate in biological
fluids. Anal Biochem, 126: 131-38.

Griffith, O.W. (1980): Determination
of glutathione and glutathione disulphide
using glutathione reductase and 2-phenyl-
pyridine. Anal. Biochem., 106:207-12.

Guo C., Lu Y. and Hsu, G.S. (2005):
The influence of aluminum exposure on
male reproduction and offspring in mice.
Environ Toxicol Pharmacol., 20:135-41.

Haghi M.E., Dehghan G., Banihabib
N., Zare S, Mikaili P and Panahi F. (2014)
Protective effects of Cornus mas fruit
extract on carbon tetrachloride induced
nephrotoxicity in  rats. Indian J
Nephrol., Sep;24(5):291-96.

Horn M.M., Ramos A.R., Winkelmann
L., Matte U.S., Goldani H.A. and Silveira,

T.R. (2006): Seminiferous epithelium of rats

with  food restriction and carbon
tetrachloride-induced cirrhosis. Int
Brazilian J Urol., 32(1):94-99.

Hrenak J., ArendasSova K.,

Rajkovitova R., Aziriova S., Repova K.,
Krajéiroviova K., Celec P., Kamodyova N.,
Barta A., Adamcovd M. and Simko F.
(2013) effect of

olmesartan, melatonin and compound 21 on

Protective captopril,
doxorubicin-induced nephrotoxicity in rats.
Physiol Res., 62(1):181-89.

Ibrahim Z.S., Ishizuka M., Soliman M.,
El Bohi K., Sobhy W., Muzandu K,
Elkattawy A.M., Sakamoto K.Q. and Fujita
S. (2008):

against

Protection by Nigella sativa
carbon tetrachloride-induced
downregulation of hepatic cytochrome P450
isozymes in rats. Jpn J Vet Res., Nov;

56(3):119-28.


http://preview.ncbi.nlm.nih.gov/pubmed/21994235
http://preview.ncbi.nlm.nih.gov/pubmed/21994235
https://www.ncbi.nlm.nih.gov/pubmed/?term=Fouad%20AA%5BAuthor%5D&cauthor=true&cauthor_uid=21819444
https://www.ncbi.nlm.nih.gov/pubmed/?term=Jresat%20I%5BAuthor%5D&cauthor=true&cauthor_uid=21819444
https://www.ncbi.nlm.nih.gov/pubmed/21819444
https://www.ncbi.nlm.nih.gov/pubmed/20813795
https://www.ncbi.nlm.nih.gov/pubmed/20813795
https://www.ncbi.nlm.nih.gov/pubmed/20813795
https://www.ncbi.nlm.nih.gov/pubmed/25249718
https://www.ncbi.nlm.nih.gov/pubmed/25249718
http://www.ncbi.nlm.nih.gov/pubmed?term=Ibrahim%20ZS%5BAuthor%5D&cauthor=true&cauthor_uid=19177741
http://www.ncbi.nlm.nih.gov/pubmed?term=Ishizuka%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19177741
http://www.ncbi.nlm.nih.gov/pubmed?term=Soliman%20M%5BAuthor%5D&cauthor=true&cauthor_uid=19177741
http://www.ncbi.nlm.nih.gov/pubmed?term=ElBohi%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19177741
http://www.ncbi.nlm.nih.gov/pubmed?term=Sobhy%20W%5BAuthor%5D&cauthor=true&cauthor_uid=19177741
http://www.ncbi.nlm.nih.gov/pubmed?term=Muzandu%20K%5BAuthor%5D&cauthor=true&cauthor_uid=19177741
http://www.ncbi.nlm.nih.gov/pubmed?term=Elkattawy%20AM%5BAuthor%5D&cauthor=true&cauthor_uid=19177741
http://www.ncbi.nlm.nih.gov/pubmed?term=Sakamoto%20KQ%5BAuthor%5D&cauthor=true&cauthor_uid=19177741
http://www.ncbi.nlm.nih.gov/pubmed?term=Fujita%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19177741
http://www.ncbi.nlm.nih.gov/pubmed?term=Fujita%20S%5BAuthor%5D&cauthor=true&cauthor_uid=19177741
http://www.ncbi.nlm.nih.gov/pubmed/19177741

Ass. Univ. Bull. Environ. Res. Vol. 22 No. 1 March 2019

Jia X., Han C. and Chen J. (2002):
Effect of tea on preneoplastic lesions and
cell cycle regulators in rat liver. Cancer
Epidemiol Biomarkers Prev., 11:1663-67.

Kanter M., Coskun O. and
Budancamanak, M. (2005): Hepato-
protective effects of Nigella sativa L and
Urtica dioica L on lipid peroxidation,
antioxidant enzyme systems and liver
enzymes in carbon tetrachloride-treated
rats. World J. Gastroenterol., Nov 14; 11
(42):6684-8.

Khan R.A. (2012) : Protective effects of
Launaea procumbens on rat testis damage
by CCI4. Lipids Health Dis., 11: 103-10.

Khan R.A. and Ahmed D. (2009):
Protective effects of Digera muricata (L.)
Mart. on testis against oxidative stress of
carbon tetrachloride in rat. Food Chem.
Toxicol., Jun;47(6):1393-99.

Khan M.R., Khan G.N. and Ahmed D.
(2011): Evaluation of antioxidant and
fertility effects of Digera muricata in male
rats. Afr J Pharm Pharmacol., 5(6):688-99.

Khan M.R., Rizvi W., Khan G.N,,
Khan RA. and Shaheen S. (2009): Carbon
tetrachloride induced nephrotoxicity in rat:
Protective role of Digera muricata. J
Ethnopharmacol., 122:91-99.

Mabrouk A. and Ben Cheikh H.
(2015): Thymoquinone supplementation
reverses lead-induced oxidative stress in
adult rat testes. Gen Physiol Biophys.,
Jan;34(1):65-72.

Mabrouk A. and Ben Cheikh H.
(2016): Thymoquinone supplementation

ameliorates lead-induced testis function

65

impairment in adult rats. Toxicol Ind
Health, Jun;32(6):1114-21.

Maheshwari A., Misro M., Aggarwal
A., Sharma R.K. and Nandan D. (2009)
Pathways involved in testicular germ cell
apoptosis induced by H202 in vitro. FEBS
J., Feb;276(3):870-81.

Mansour M.A., Al-Ismaeel H., Al-
Rikabi A.C., and Al-Shabanah O.A. (2011):
Comparison of angiotensin  converting
enzyme inhibitors and angiotensin Il type 1
receptor blockade for the prevention of
premalignant changes in the liver. Life Sci.,
Aug 1;89(5-6):188-94.

Meral I. and Kanter M. (2003): Effects
of Nigella sativa L. and Urtica dioica L. on
selected mineral status and hematological
values in CCl4-treated rats. Biol Trace Elem
Res., 96(1-3):263-70.

Manjrekar A.P., Jisha V., Bag P.P,
Adhikary B., Pai M.M., Hegde A. and
Nandini M. (2008): Effect of Phyllanthus
niruri Linn. treatment on liver, kidney and
testes in CCIl4 induced hepatotoxic rats.
Indian J Exp Biol., Jul; 46(7):514-20.

Noureen F., Khan M.R., Shah N.A,
Khan R.A., Naz K. and Sattar S. (2017):
Pistacia chinensis: Strong antioxidant and
potent testicular toxicity amelioration agent.
Asian Pacific J. Trop Med., 10 (4): 380-89.

Ogeturk M., Kus I, Colakoglu N.,
Zararsiz 1., llhan N. and Sarsilmaz M.
(2005): Caffeic induced nephrotoxicity and
protective effect of betaine in
SpragueDawley rats. Urology, 62:353-56.

Ohkawa H., Ohishi N. and Yagi K.
(1979): Assay for lipid peroxides in animal


http://www.ncbi.nlm.nih.gov/pubmed?term=Kanter%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16425366
http://www.ncbi.nlm.nih.gov/pubmed?term=Coskun%20O%5BAuthor%5D&cauthor=true&cauthor_uid=16425366
http://www.ncbi.nlm.nih.gov/pubmed?term=Budancamanak%20M%5BAuthor%5D&cauthor=true&cauthor_uid=16425366
http://www.ncbi.nlm.nih.gov/pubmed/16425366
https://www.ncbi.nlm.nih.gov/pubmed/25216800
https://www.ncbi.nlm.nih.gov/pubmed/25216800
https://www.ncbi.nlm.nih.gov/pubmed/25216800
https://www.ncbi.nlm.nih.gov/pubmed/?term=Maheshwari%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19143845
https://www.ncbi.nlm.nih.gov/pubmed/?term=Misro%20MM%5BAuthor%5D&cauthor=true&cauthor_uid=19143845
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aggarwal%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19143845
https://www.ncbi.nlm.nih.gov/pubmed/?term=Aggarwal%20A%5BAuthor%5D&cauthor=true&cauthor_uid=19143845
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sharma%20RK%5BAuthor%5D&cauthor=true&cauthor_uid=19143845
https://www.ncbi.nlm.nih.gov/pubmed/?term=Nandan%20D%5BAuthor%5D&cauthor=true&cauthor_uid=19143845
http://preview.ncbi.nlm.nih.gov/pubmed/14716106
http://preview.ncbi.nlm.nih.gov/pubmed/14716106
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effect+of+Phyllanthus+niruri+Linn.+treatment+on+liver%2C+kidney+and+testes+in+CCl4+induced+hepatotoxic+rats

Ass. Univ. Bull. Environ. Res. Vol. 22 No. 1 March 2019

tissues by thiobarbituric acid reaction. Anal
Biochem., 95:351-58.

Paglia D.E. and Valentine W.N. (1967)
Studies on the quantitative and qualitative
characterization of erythrocyte glutathione
peroxidase. J Lab Clin Med., Jul;70:158-69.

Pirincgioglu M., Kizil G., Kizil M.,
Ozdemir G., Zeki Kanay Z., and Ketani
M.A. (2012): Protective effect of Okiizgozu
(Vitis vinifera L. cv.) grape juice against
carbon tetrachloride induced oxidative
stress in rats. Food Funct., 3, 668-73.

Rahmouni F., Saoudi M., Amri N., El-
Feki A., Rebai T. and Badraoui R. (2018).
Protective effect of Teucrium polium on
carbon tetrachloride induced genotoxicity
and oxidative stress in rats. Arch Physiol
Biochem., Feb;124(1):1-9.

Sahreen S., Khan M.R., Khan R.A. and
Alkreathy H.M. (2015): Protective effects of
Carissa opaca fruits against CCl4-induced

oxidative Kkidney lipid peroxidation and

trauma in rat. Food Nutr Res., Sep
7;59:28438.
Shah N.A. and Khan M.R. (2017):

Increase of glutathione, testosterone and
antioxidant effects of Jurenia dolomiaea on
CCl4 induced testicular toxicity in rat. BMC
Complement Altern Med., Apr 8;17(1):206.

66

Soliman A.M. and Fahmy S.R. (2011):
Protective and curative effects of the 15 KD
isolated protein from the Peganum harmala
L. seeds against carbon tetrachloride
induced oxidative stress in brain, testis and
erythrocytes of rats. Eur. Rev. Med.
Pharmacol. Sci., Aug;15(8):888-99.

Turk G., Ceribasi S., Sonmez M., Ciftci
M., Yiice A., Giiven¢ M., Kaya S.0., Cay M.
and Aksakal M. (2016): Ameliorating effect
of pomegranate juice consumption on
carbon tetrachloride-induced sperm
damages, lipid peroxidation, and testicular
apoptosis. Toxicol Ind Health,
Jan;32(1):126-37.

Wang R.S., Yeh S., Tzeng C.R. and
Chang C. (2009). Androgen Receptor Roles
in Spermatogenesis and Fertility: Lessons
from Testicular Cell-Specific Androgen
Receptor Knockout Mice. Endocrine
Reviews, 30, 119-32.

Yiice A., Tiirk G., Ceribas1 S., Giiven¢
M., Ciftci M., Sonmez M., Ozer Kaya §S.,
Cay M. and Aksakal M. (2014):
Effectiveness of cinnamon (Cinnamomum
the

of carbon tetrachloride-induced damages on

zeylanicum) bark oil in prevention
the male reproductive system. Andrologia,

46(3):263-72.


https://www.ncbi.nlm.nih.gov/pubmed/26350293
https://www.ncbi.nlm.nih.gov/pubmed/?term=Shah%20NA%5BAuthor%5D&cauthor=true&cauthor_uid=28390404
https://www.ncbi.nlm.nih.gov/pubmed/?term=Khan%20MR%5BAuthor%5D&cauthor=true&cauthor_uid=28390404
https://www.ncbi.nlm.nih.gov/pubmed/?term=Increase+of+glutathione%2C+testosterone+and+antioxidant+effects+of+Jurenia+dolomiaea+on+CCl4+induced+testicular+toxicity+in+rat
https://www.ncbi.nlm.nih.gov/pubmed/?term=Increase+of+glutathione%2C+testosterone+and+antioxidant+effects+of+Jurenia+dolomiaea+on+CCl4+induced+testicular+toxicity+in+rat
https://www.ncbi.nlm.nih.gov/pubmed/24081635
https://www.ncbi.nlm.nih.gov/pubmed/24081635
https://www.ncbi.nlm.nih.gov/pubmed/24081635
https://www.ncbi.nlm.nih.gov/pubmed/24081635
https://www.ncbi.nlm.nih.gov/pubmed/24081635
https://www.ncbi.nlm.nih.gov/pubmed/?term=Effectiveness+of+cinnamon+(Cinnamomum+zeylanicum)+bark+oil+in+the+prevention+of+carbon+tetrachloride-induced+damages+on+the+male+reproductive+system

Ass. Univ. Bull. Environ. Res. Vol. 22 No. 1 March 2019

i pid| gadll |
ool ool | Loutll Gl i 0 19 45yl i et 39 il S gl yud i
I l11953 (§ Guminm@dl] guls oo 2 19lS Bl o i)
O 3L daaa e
Logaudd nala — alall A0S — o gl oSUa ) o

: eyl gl

S sl maa g (A Aulpall o b L SA Alulall Agdagl o g Sl 208 Al %
Ofwaddl o 0 g Sl 2,558 a5 Gaadll aandll sliaall 4S50 da <y s Jion sl Jasll 455k 5 Jainal
AL el 3 sall 5585 e cpm ) (o Al Al o3a <y jal cpmaing g Laad jiay Lagdslin die (3 yal 5585 8
Al de peaall Oliga & IV e panall (Ol A Lede S) sl e gane dusd ) pgapdi &3
e psr OOW Gy sl 09 )SH 2558 Al g sl Jala Ll 8 Al el (o 3B e sanll
G el s B de geadd) cabud A sad auall 55y Oe aloe SUS/ e) de pa bl Al a
Ao ) Ledlhel &5 Al Gl (b Aad )l Ao penddl Ly aaS [ ane Vo e e JisnslSD Llhel S
e sl€ll e DS \glael &3 Al el 8 duwdldl Ao genall Lailly Lagy paS [ Je £ (e de yay A8
dnd Sl 5 AN Cle panall (B Lagy pdlly 4g5a¥) sllael 5 15830 Ao yall iy lae Luasy 4S50 da iy
g o gl A Baal Gl 5 5S3al Zejall Gy dne el by cue sy 0508 250 @y OB dalall
2l il finn ol AiLaSY ilia gadll of yal 43 bl dell Ale B de a DAY e Aelu¥E aey o) il
@ oeSom Ol 5 IR ol Las y s salmdl) cleg Y1y aaall sl ol
puadl el g0 el y Aaysall 058l Al (5056l aay digaddl Glise B 5 gime by padll maw
eSS singll s (Sl Sy el a5l sigll pandll Jee o5 A5 Joaall (B 5 i il y jiall
e liall

Aflas) AN 53 8al) Gigan ool Sl a6l adl e 3 sal gis o Al o3 el a8
OBl 5 O3sall galishll cligiee (3 gall Gign ae allighally ol il s Gl
Clagndl cielly Jeaalh dipadl clised ggiue b p@lisdy Gpadll gaud B Sy
08 a8 g Leia 5 Al Ao sanall (B dpadl) (B dun ol S s a5 2 a g Tas 51 L S
- O oY) COLEe (8 (paliasl g LAY e sall LAY < ge B0l 35 4D < il e el 0 ga 55 ) e
ANy 53 gt eldl i o e 3,0 dn cyy o JaoasulSIL el dalles o dulpal < yelil o
- Apeliall 4LaS siungl) s T o1 i ginagl ol il Ly Zghes) clul@l b dilas)

panill (pa Al gl 8 o MaS Lagaladind (Say A0 Aim s JaoesnlSh o I Al o3 cuals
LA Cige Sy 2 cilabizaaS (8 Laa sl Aagin Ll aay Zpadll o g S a5 al y Gaasal
Apadl Ao 8 eyl

67



