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Effect of Thymoquinone on Reproductive Parameter in Morphine-treated

Male Mice

Abstract

Background: Thymoquinone as the main active component of Nigella sativa might have
a various pharmacological effects such as antiapoptotic and antioxidant. Morphine is
commonly used for the treatment of severe pain that can increase the generation of free
radicals and affects the spermatogenesis. This study was designed to evaluate protective
effects of thymoquinone against morphine-induced damages, sperm viability, count, motility,
morphology and testis histology, and nitric oxide and testosterone hormone of the mice.
Materials and Methods: In this experimental study, we divided 48 mice into eight groups (n = 6);
various doses of thymoquinone (2, 10, and 20 mg/kg) and morphine (20 mg/kg) plus
thymoquinone (2, 10, and 20 mg/kg) were administered intraperitoneally to 48 male mice for
30 consequent days. Male reproductive parameters including testis weight, testosterone hormone,
serum nitric oxide, germinal thickness, sperm morphology, count, viability, and motility were
analyzed and compared. Results: The results indicated that morphine administration significantly
decreased germinal thickness, testis weight, testosterone level, viability, morphology, count, and
motility of sperm and increased nitric oxide as compared to saline group (P < 0.05). However,
increasing the dose of thymoquinone in the thymoquinone and thymoquinone plus morphine groups
significantly decreases nitric oxide level (P < 0.05) while significantly boosted motility, morphology,
count, viability of sperm cells, germinal thickness, and testosterone hormone in all groups as
compared to morphine group (P < 0.05). Conclusion: It seems that thymoquinone administration
could increase the quality some of spermatozoa and improves morphine-induced adverse effects on
reproductive parameters in male mice

Keywords: Morphine, reproductive, thymoquinone

Introduction system, amygdala, hippocampus, thalamus,
and hypothalamus and exist in testes
t00.1%! Opiates affect pituitary system, sexual
organs, and sexual abilities. In the study
of Ghowsi et al., daily consumption of
methadone for 5-10 days was found to have
a significantly negative effect on the weight
of subsidiary sexual organs in the laboratory
mice.”!  Hypothalamus, as the control
center of hypothalamic—pituitary—gonadal
axis, receives its nerve impulses from
many brain centers such as amygdala,
thalamus, pons, and cortex, which are
alternatively responsible for the secretion
of  pituitary system and  gonads.”
Gonadotropin-releasing hormone (GnRH),
secreted from hypothalamus, stimulates
the secretion of GnRH and luteinizing
hormone (LH) from the anterior pituitary
gland; both in turn triggering testis
performance.®) LH affects Leydig cells and
causes the production of testis steroids.

Infertility is one of the major problems
among young couples, and one out
of every six couples is suffering from
infertility. Factors such as genetics, job,
and environment cause infertility.l!! Drugs
change the function of sexual organs,
the most well-known and oldest type of
which is opium. Opiates affect pituitary
system, sex organs, and sexual functions.™
Morphine is the main component of opium
latex, and long-term consumption of opium
or morphine can be followed by reduced
testosterone and reduced number of sperms
consequently.’) Regular use of morphine,
especially in patients using morphine
sulfate vials medically for relieving pain,
can decrease the number of sperms and
cause sperm deformity and dysfunction
in men.® Like other opiates, morphine
exerts its effect through opioid receptors.
These receptors are dispersed in the limbic
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On the other hand, follicle-stimulating hormone (FSH)
is the main stimulant of seminiferous tubules of the
testis.”? Seminiferous tubules are responsible for exocrine
functioning and sperm production. Daniell et al. showed
the inhibiting effect of opiates on GnRH production.!'”
Furthermore, morphine can increase the production of free
radicals by activating lipid peroxidation, thereby blocking
antioxidant enzymes and causing the formation of free
radicals reactive oxygen species (ROS)." These free
radicals cause cell membrane impairment and DNA
segmentation.' Given the side effects of the conventional
drugs, the use of plant and natural products as traditional
treatment has increased the number of diseases in recent
decades.[¥) Many of these compounds have preventive
effects and can be used to inhibit special illnesses. The
use of medicinal plants in traditional medicine is of great
significance, and they have been used long before for the
treatment of a number of diseases.'¥ One of these plants
is Nigella sativa Linn, an annual plant of Ranunculaceae
family, which is the natural flora of Southern Europe,
North Africa, and Southwestern Asia. The seeds of this
plant contain oil, protein, alkaloids such as ni—glycine
and ni—glydine, and quinones such as thymoquinone,
saponin, and volatile essence.l'” The pharmacologic
and biologic effects of N. sativa and thymoquinone,
as the components of N. sativa, include antioxidant,
anti-ischemic, anti-inflammation, analgesic, antiepileptic,
and anticough effects.'® Studies carried out on N. sativa
have indicated that it has antibacterial, anticonvulsant,
and antioxidant properties, reduces blood glucose, and
collects the free radicals.!'” Considering the toxic effects
of morphine and properties of thymoquinone and that
no study has ever evaluated the effects of thymoquinone
on the morphine-induced impairments, the current study
was conducted to assess the effect of thymoquinone on
the morphine-induced impairments in some reproductive
parameters of male animal models.

Materials and Methods
Animals

In this experimental study, 48 Balb/c male mice, weighed
27-30 g, were purchased from Tehran Pasteur Institute
and kept at the animal house of Kermanshah University of
Medical Sciences in special standard cages. Furthermore,
before the experiment, the animals were fed normal diet
and water to get used to the environment and establish
physiological adaptation. In this period, the mice were kept
at similar conditions, temperature of 22 + 2°C, 12 h light
and 12 h darkness, and free access to water and food. All
experimentation was conducted under approval of the Ethics
Committee of Kermanshah University of Medical Sciences.™
Chemicals

Thymoquinone  (2-isopropyl-5-methylbenzo-1,4-quinone;
C,H,,0,) and morphine (C,,H ,NO,) were obtained from
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Sigma Chemical Company (St. Louis, USA) and were
dissolved in saline (0.9%) for administration.['”

Experimental protocol

A total of 48 male mice were divided into eight groups
(n = 6): Group 1 received morphine administered by
intraperitoneally injection [Table 1]; Group 2 received
thymoquinone (2 mg/kg); Group 3 received thymoquinone
(10 mg/kg); and Group 4 received thymoquinone
(20 mg/kg). Mice with thymoquinone as follows: once daily
for 30 consecutive days, intraperitoneally injecting. Group 5
received thymoquinone (2 mg/kg) plus morphine (20 mg/kg);
Group 6 received thymoquinone (10 mg/kg) plus morphine
(20 mg/kg); Group 7 received thymoquinone (20 mg/kg)
plus morphine (20 mg/kg); and Group 8 received 0.9%
normal saline. Mice with morphine plus thymoquinone as
follows: once daily for 30 consequent days, intraperitoneally
injecting. The same volume of saline was administered.?!®!

Testes weight measurement

The animals were anesthetized with chloroform, and blood
samples were taken from the heart to assess hormone and
nitric oxide levels. Animals were killed and sacrificed.
Testes were removed and weighed on a microbalance
sensitive to 0.001 mg (Precisa 125A, Switzerland) and
recorded.™

Hormone assay

Blood serum was separated from collected blood using a
centrifuge (4000 g for 10 min). The serum samples were
kept in deep freezer at —18°C. The blood testosterone
concentrations were measured by the ELISA (Abcam
108666, USA) method.?!

Serum nitric oxide measurement

Nitric oxide measurement was performed by Griss assay
using microplate method. In sum, sulfonamide solutions,
N-(1-naphthyl) ethylenediamine dihydrochloride (NEED),
and nitrite standards were prepared. To measure nitrite
concentration in serum, samples de-freezing, 100 ul of
the sample serum was deproteinized by zinc sulfate (6 mg
zinc sulfate powder was mixed with 400 uL serum
and vortexed for 1 min.) and transferred to the wells.
To recover nitrate to nitrite, 100 ul chloride vanadium,
50 ul sulfonamide, and 50 ul NEED solutions were added
afterward (vanadium chloride recovery [III] method).
Samples’ optical density (OD) was measured by ELISA
reader at the wavelength of 540 nm.!'®

Table 1: Morphine administered

Treatment days 1-5 6-10 11-20
Morphine administered 20 20 30
dose (mg/kg)

Frequency of injection Once daily Twice per day Twice per day
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Sperm count

To count the sperm cells, a small amount of prepared
epididymal sperm suspensions were diluted with
formaldehyde fixative (10% formalin in phosphate buffered
saline). We diluted 400 puL of the sperm suspension with
formaldehyde (Sigma, USA), and approximately 10 uL
from the diluted solution was transferred into a Neubauer
chamber using a Pasteur pipette (Thoma, Assistant,
Sondheim/Rhén, Germany), and the solution was allowed
to remain for 7 min. Then, the sperms at the four corners
of the central square were counted.!'

Sperm viability

Sperm viability was evaluated using eosin Y staining (5%
in saline). Freshly sperm suspension (40 uL) was placed
on a glass slide, mixed with 1% eosin, and observed by
a light microscope (x400) after smear was allowed to
air-dry on a glass slide. Live sperms remained unstained
following staining. At least 250 sperms were counted from
each sample in ten fields and the ratio of live sperms was
verified.["”)

Sperm motility

The percentage of motile sperm was evaluated using
a light microscope (Olympus Co., Tokyo, Japan) at
400x magnification. For this process, one drop of sperm
suspension was placed on the chamber. Sperm motility
was divided into four levels according to certain criteria;
slowly progressive forward movement, rapid progressive
forward movement, residual motion and those motionless
were counted in several microscopic fields and percentages
of motile and immotile sperm cell were acquired. Motility
estimates were obtained from five different fields in each
sample. The mean of the five successive estimations was
used as the final motility score.

Sperm morphology

The sperm morphology was evaluated by analysis of sperm
smears made from left cauda epididymis. An aliquot of
the sample was used for preparing the smears to evaluate
the spermatozoa deformities. Papanicolaou method was
used to estimate spermatozoa morphology. A total of 300

spermatozoa were analyzed on each slide (3000 cells in
each group) for abnormalities of the head and tail.["”’

Germinal layer thickness

After testes preserved by formalin, the histological process
including dehydrating, clearing, and embedding was carried
out. The microscopic sections (5 wm) were prepared and
hematoxylin and eosin staining method was used. Germinal
layer thicknesses were measured by Motic camera and
software (Moticam 2000, Spain). Germinal layer average
diameter (uwm) was determined for each testis.!'"”!

Statistical analysis

All data are presented as mean + standard deviation.
Statistical differences among groups were carried out
one-way analysis of variance (ANOVA), followed by the
LSD post hoc test, to determine the statistical significance
between different groups using the Statistical Package for
the Social Sciences software (version 16.0, SPSS Inc.,
Chicago, IL, USA). P < 0.05 was considered statistically
significant.

Results
Weight of testis

The morphine caused a significant decrease in testis weight
a compared to saline group (P < 0.05). Thymoquinone
improved testis weight in all doses administration compared
with the morphine group (P < 0.05). Testis weight was
significantly increased in mice treated with thymoquinone
and thymoquinone plus morphine in all doses administration
in comparison with morphine group (P < 0.05) [Table 2].

Testosterone hormone and nitric oxide

Morphine caused a significant decrease in the
testosterone hormone as compared to the saline (control)
group (P < 0.05). Increasing doses of thymoquinone and
thymoquinone plus morphine administration showed
significantly increased testosterone in all groups compared
to the morphine group (P < 0.05). Thymoquinone
prevented the damage caused by morphine on testosterone
level [Figure 1]. The mean level of nitric oxide in

Table 2: Different reproductive parameters between treatment groups

Parameters Groups P
Saline  Morphine T2 mg/kg T 10 mg/kg T 20 mg/kg T/M 2 mg/kg T/M 10 mg/kg T/M 20 mg/kg

Normal 78.33£1.6 43.16+£2.1 71.33£2.4  77+2.01 75+1.3 53.15+1.4 56.83+1.5 57.73£1.3  <0.05
morphology (%)

Testis weight (g)  0.10+0.002 0.08+0.004 0.11+0.005 0.11£0.012  0.11+0.09  0.10+0.002 0.10+0.014 0.098+0.016  <0.05
Sperm count (106) 2.88+0.11 0.64+0.2 2.65+0.47 2.25+0.56  1.8+0.14 1.46+0.28 1.3+0.17 1.88+0.75  <0.05
Fast motility (%) 62.33+1.04 2+0.12  78.73+0.6 99.13+0.8 51.83+1.07 11.5+0.3 11.234+0.2 5.44+0.5 <0.05
Sperm 76.93£1.5 54.01£3.3 84.72+2.2 91.424+2.09 84.06+1.4  61.45+3.3 65.81+1.2 61.21+3.1  <0.05

viability (%)

Statistical differences among groups were carried out ANOVA. P<0.05 was taken as the level of significant, morphine group compared
to the saline group, all doses of T and T/M groups compared to morphine group. Data were presented as mean+SD. T: Thymoquinone,
T/M: Thymoquinone plus morphine, ANOVA: Analysis of variance, SD: Standard deviation
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Testestron (ng/ml)

Groups

Figure 1: Effects of morphine, thymoquinone, and thymoquinone plus
morphine on means of testosterone hormone levels in animals (n = 6
for each group). *Significant decrease in morphine group compared
to saline group (P < 0.05). fSignificant increase in all thymoquinone
groups compared to morphine group (P < 0.05). $Significant increase in
all doses thymoquinone plus morphine groups compared to morphine
group (P < 0.05)

blood serum (OD) increased significantly in morphine
group (P < 0.05). Thymoquinone and thymoquinone
plus morphine in all groups administration cause
decrease level of nitric oxide compared to morphine
group (P < 0.05) [Figure 2].

Sperm parameters

The sperm viabilityy, mean sperm count, normal
morphology, and sperm progressive motility significantly
decreased in the morphine administration group (P < 0.05).
However, motility, count, normal morphology, and sperm
viability were significantly improved in thymoquinone
and thymoquinone plus morphine in all treated groups
compared with the morphine group (P < 0.05) [Table 2].

Germinal layer thickness

Morphine administration caused a significant decrease in
the germinal layer diameters (P < 0.05). Thymoquinone
improved germinal thickness in all doses administration
compared with the morphine group (P < 0.05).
Thymoquinone plus morphine in all treated groups caused
a significant increase in germinal layer diameters compared
with the morphine group (P < 0.05) [Figures 3 and 4].

Discussion

Drug addiction is one of the problems of the current world.
It seems that drug use can affect spermatogenesis and
sperms by changing the sexual functions and related
hormones. Medicinal plants are one of the target tissues for
plant extracts in reproductive organs. The present study
evaluated the protective effects of thymoquinone on the
morphine-induced disorders in sperm parameters such as
motility, count, viability, morphology as well as changes in
the weight and structure of testis, and nitric oxide and
testosterone levels in the blood serum of mice. The results
of testis weight analysis in the study groups showed that
morphine administration reduced testis weight. The size and

4
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groups

Figure 2: Correlation analysis between treatment groups (thymoquinone,
morphine, and thymoquinone plus morphine) in mice and nitric oxide in
the blood serum. *Significant increase in morphine group compared to
saline group (P < 0.05). *Significant decrease in all doses thymoquinone
groups compared to morphine group (P < 0.05). SSignificant decrease in
all doses thymoquinone plus morphine groups compared to morphine
group (P < 0.05)

weight of testis are intensely associated with the number of
Sertoli cells and sperm production so that the testis size is
reflective of the number of germinal cells in the testis.?” It
seems that this is due to production of free radicals and
ROS by morphine and effect of these harmful factors on the
death of testis sensitive cells.’!” Thymoquinone, as an
antioxidant, influences testis, accessory glands, epididymis,
and sperm and prevents the damage in free radicals.*"
Further, the increasing effects of thymoquinone on LH and
FSH and constructive effects of these two hormones on
testis structure can affect testis weight increase.”” The study
of Jalili et al. showed that morphine consumption
significantly reduced the weight of sexual organs in the
mice, and these effects were largely reduced by genistein
consumption, an antioxidant, confirming the results of the
present research.’). In the current study, morphine
significantly reduced sperm count, and the decreasing
effects of morphine on sperm count were greatly eliminated
after thymoquinone administration. Morphine reduces the
number of sperms through apoptotic increase and delayed
cell division cycle.’! It seems that thymoquinone, through
inhibition of cell death by antioxidant mechanism, plays a
pivotal role in the preservation and integrity of mitochondria.
Mitochondria play a significant role in apoptosis in oxidative
stress conditions by releasing C cytochrome.?" The findings
of Rahman et al. showed that thymoquinone effects on
stress-induced changes in reproductive system in the groups
receiving thymoquinone increased sperm count and testis
weight as compared to the groups under stress.”! In
addition, thymoquinone can reduce mitochondrial membrane
potential, caspase-3 activity, and apoptotic cascade activity
by releasing cytosolic calcium.?®! Reduction of sperm count
in morphine-receiving groups can be the direct result of
increased lipid peroxidation due to oxidative stress, which
has been able to change the natural properties of membrane,
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Germinal layer thickness (pum)

Figure 3: Correlation analysis between treatment groups (morphine,
thymoquinone, and thymoquinone plus morphine) in Balb/c mice and
germinal layer thickness of seminiferous tubules. *Significant decrease in
morphine group compared to saline group (P < 0.05). fSignificant increase
in all doses thymoquinone groups compared to morphine group (P < 0.05).
SSignificant in all thymoquinone plus morphine doses groups compared
to morphine group (P < 0.05)

thereby leading to the loss of sperms transferring to
epididymis and present in epididymis, and antioxidants such
as thymoquinone can reduce this trend.’® The results of
the present research revealed the effect of thymoquinone
administration on increasing testosterone level after reducing
it due to morphine in the study groups. Opioids such as
morphine exert their effect through opioid receptors in the
limbic system, thalamus, hypothalamus, and testis.
Potentially existing in the pituitary gland and testicles and
by bonding to opioid receptors in hypothalamus, morphine
regulates the performance of gonads. Hypothalamus, as the
control center of hypothalamic—pituitary—gonadal axis,
receives its nerve impulses from many brain centers such as
amygdala, thalamus, pons, and cortex and is alternatively
responsible for pituitary and gonadal secretion.?”’ Morphine
use decreases LH serum level and inhibits LH-dependent
spermatogenesis.*® Since opioid receptors have also been
identified in the testis tissue, morphine may inhibit
spermatogenesis by directly affecting the opioid receptors of
testis tissue.”! The findings of Salahshoor et al. showed that
morphine administration in male mice reduced testosterone
level in comparison with control group, confirming the
results of the present study.!'! It seems that unsaturated fatty
acids in N. sativa oil stimulate the activity of
B-hydroxysteroid dehydrogenase; this enzyme is involved in
testosterone synthesis pathway.” N. sativa extract can also
lead to testosterone biosynthesis through increasing the
activity of hypothalamic—pituitary—testicular axis as well as
LH secretion.®! The results of Mabrouk e al. indicated the
increased level of testosterone hormone in the mice
undergoing thymoquinone treatment, which is in line with
the findings of the current study.?? Nitric oxide can play a
vital role in sperm physiology and have numerous negative
effects on hypothalamic—pituitary—testicular axis.’? In the
present study, morphine exerted increasing effects on blood
nitric oxide, which were remarkably reduced by
administration of thymoquinone. Studies have also shown a
relationship between nitric oxide and sperm acrosome and

Advanced Biomedical Research | 2018
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Figure 4: Effects of different concentrations of morphine,
thymoquinone, and thymoquinone plus morphine on the germinal
layer thickness of seminiferous tubules according to hematoxylin
and eosin staining. (a) Cross-section from the testis of mice
from the saline group with normal seminiferous tubules (40x%), (b)
morphine (20 mg/kg) (40x%), (c) thymoquinone (10 mg/kg) (40x%), (d)
thymoquinone plus morphine (10 mg/kg) (40x)

tail in the mice and human. It seems that nitric oxide can
have reducing effects on sperm motility by decreasing ATP
level.?¥) Nitric oxide can impair sperm mitochondrial
membrane, thereby releasing C chromosome, causing
caspase cascade activity and stimulating apoptosis.®
Morphine can induce increased NO production by
intracellular regulation of calcium and activating calcium/
calmodulin-dependent nitric oxide synthase.**! Apparently,
antioxidants are able to eliminate the free radicals.
Antioxidants impair NO system (protein enzymes,
substrates, and cofactors), thereby decreasing NO
production.'® The results of Jalili et al. showed that
Petroselinum crispum extract, as a potent antioxidant, can
reduce NO and have positive effects on sperm parameters,
which is in line with the results of the present research.!'”!
The results of germinal layer thickness analysis in the study
groups showed the significantly decreasing effects between
the groups receiving morphine as compared to other groups,
indicating the improvement of germinal layer thickness after
thymoquinone treatment. It seems that seminiferous tubules
cells in the morphine-receiving groups are quickly
differentiated. Lipid peroxidation, by increasing double
bonds in the cell membrane, causes the impairment and
instability of cytoplasmic bridges among them, which
causes their release from the tubules and reduction of
germinal layer thickness of seminiferous tubules
consequently.®!  Considering its different properties,
especially antioxidant activity, thymoquinone can have a
protective role for germ cells and can increase the germinal
layer thickness by neutralizing the destructive effects of
morphine."® The findings of Jalili et al. on the protective
effects of utrica diocia on the internal diameter of
seminiferous tubules against nicotine-induced impairments
confirm the results of the present study.’™ The motility and
viability of sperms are the most important parameters to
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measure the ability of sperm fertilization. In the current
study, thymoquinone showed protective effects on sperm
motility and viability against morphine-induced damages.
Sperm membranes of mammals contain a large amount of
unsaturated fatty acids that are sensitive to lipid peroxidation
resulting from oxidative stress, which causes the rapid loss
of intracellular ATP and reduction of sperm motility and
viability. Moreover, DNA damages have been observed due
to oxygen free radicals and oxidative stress.!''*¢! Therefore,
it seems that reduced viability and motility of sperms in
morphine-treated rats are due to the potential of this
substance in inducing oxidative stress by lipid peroxidation
of sperm membranes. In general, increased ROS in semen
can induce lipid peroxidation, membrane damage,
inactivation of glycolic enzymes, impairment of acrosome
membrane, and DNA oxidation, thereby reducing sperm
motility and viability.?! It seems that the protective role of
thymoquinone against morphine in the present study is
associated with antioxidant properties and collecting ability
of free radicals by this substance.'”’ The results of Ping
et al. demonstrated that N. sativa extract significantly
increased sperm motility and viability in the groups
receiving nicotine, which is in agreement with the results of
the present study.’”’ On the other hand, Alhimaidi et al.
showed that using thymoquinone in the culture medium of
sperms as well as in fertilization of the mice eggs in
intracytoplasmic sperm injection reduced sperm progressive
motility and embryo fertilization and development in the
culture medium, which is in contrast with the findings of
the current study.’® The results of sperm morphology in the
study groups indicated a significant reduction between the
morphine-receiving groups compared with saline-receiving
groups. Further, significant changes were found in terms of
normality of sperms in the groups receiving thymoquinone
and thymoquinone plus morphine in comparison with
morphine group alone. A direct association seems to exist
between the ROS level produced and percentage of sperms
with abnormal morphology. The more the percentage of
sperms with abnormal morphology in sperm population, the
higher the ROS level produced and the more sperms are
exposed to impairments induced by lipid peroxidation and
oxidative stress.?”! Since a high volume of sperm cytoplasm
is lost during spermatogenesis (lack of antioxidant systems),
they are more sensitive to increased ROS than somatic cells.
The first outcome of ROS invasion to membrane structures
is occurrence of cellular peroxidation inside the cell
membrane and organelles.?” Antioxidants such as
thymoquinone, as repellents of toxic materials and free
radicals from the surroundings of cells, can maintain the
biochemical structure of cells.') In addition, opioids can
greatly affect the morphology, count, and motility of sperms
by reducing gonadotropins and directly influencing the testis
structure.” In the study of Daniel et al., intense
morphologic changes of the sperms were observed in
microscopic analysis of the semen of addicts, which
confirms the findings of the present study.'” Given the

6

properties of thymoquinone in enhancing sex hormones,
eliminating free radicals, and directly affecting the structure
of testis, accessory glands, epididymis, and sperms,! it
seems that this substance can have a protective role against
sperm morphology alterations and other sperm parameters.
In general, some studies have reported thymoquinone as a
substance that increases fertility in the male gender.*!! The
results of the current study showed that thymoquinone, as
the effective material of N. sativa and an antioxidant, can
have protective effects in spermatogenesis process against
morphine-induced injuries, which is mainly caused by
oxidative stress.

Conclusion

The present study showed that thymoquinone can
significantly improve some of spermatogenesis parameters
in mice treated with morphine. The results also suggest the
protective potential of thymoquinone, especially antioxidant
effects, against toxic effects of morphine-treated male mice.
However, further research in animal models is required
for better understanding for the molecular interaction
between thymoquinone and morphine mechanism, leading
to changes of spermatogenesis, and other pharmacokinetic
parameters of thymoquinone are still incomplete.
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