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ABSTRACT

Background: Tramadol abuse is a major health problem in Egypt. It promotes oxidative stress via
lowering the antioxidant levels. Nigella sativa (NS) possesses strong antioxidant properties.
Objectives: the aim of the study was to assess the testicular toxicity after oral administration of
tramadol, testicular recovery after tramadol withdrawal and the potential ameliorative effect of NS on
tramadol-induced testicular impairment. Material and Methods: Sixty-six adult male rats were
allocated into 4 groups: control group (divided into 3 subgroups orally received normal saline, corn oil,
and NS dissolved in corn oil respectively), tramadol-treated group (40mg/kg/day for 30 days), recovery
group left to recover for 2 weeks after 30 days of tramadol administration, and NS-co treated group
administered NS (1ml/kg/day orally) along with tramadol. At the time of sacrifice, venous blood
samples were obtained for assaying serum testosterone levels and the testes were processed for
histological, morphometric and immunohistochemical examination. Results: Tramadol treatment
resulted in deterioration of the testicular microarchitecture, intense expression of INOS
immunoreactivity, and statistically significant decreases in the tubular diameters, seminiferous
epithelial heights, and serum testosterone levels. The recovery group revealed partial improvement of
all the parameters tested. Co administration of NS significantly improved the detrimental testicular
effects of tramadol; this improvement was clearer than that resulted from tramadol withdrawal, proving
the protective role of NS. Conclusion: NS has a significant role in protection against tramadol-induced
testicular damage. Recommendations: Tramadol should be administered only when indicated with
appropriate dose monitoring. NS supplementation is also advisable in patients on tramadol therapy.
Keywords: Tramadol, Nigella sativa, Testis, Inducible nitric oxide synthase.
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INTRODUCTION Tramadol is an opioid analgesic effectively

Infertility is a public health issue affecting
nearly one of six couples in reproductive
age. Male factor infertility accounts for
approximately 50% of these cases (Sharma et
al., 2013; Otasevic et al., 2020). Male infertility
has also been proposed as a predictor of future
health since it is linked to a higher risk of
cardiac illnesses, hypogonadism, cancer, and
even death (Kasman et al, 2020). The
underlying causes of around 30% of male
infertility cases are unknown (idiopathic
infertility) (Duca et al., 2019). Oxidative stress
has been documented as a crucial factor for
idiopathic male infertility (Bisht et al., 2017).

prescribed for management of moderate to
severe pain (Preuss et al., 2021). It modifies
pain both centrally, through p-opioid receptor
agonistic ~ action and  serotonin  and
norepinephrine reuptake inhibition, and locally
by increasing nitric oxide (NO) level (Dal et
al., 2006; Beakley et al., 2015). In addition to
pain management, tramadol is considered an
effective therapy for premature ejaculation
(Hamidi-Madani et al., 2018). Tramadol abuse
is a serious health and public challenge facing
many countries worldwide. The alleged usages
of tramadol; as a mood enhancer, to intensify
sexual pleasure or to boost energy during work,
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contributed significantly to its massive use
(INCB, 2018). Tramadol-dependent patients are
more likely to have abnormal semen
parameters, decreased serum testosterone levels
and erectile dysfunction (Soliman et al., 2021).
Koohsari et al. (2020) confirmed the role of
oxidative stress and NO overproduction on
tramadol-induced testicular toxicity.

Nitric oxide is a free nitrogen radical that
regulates diverse physiological processes. NO
is formed from L-arginine through nitric oxide
synthase (NOS). There are three isoforms of
NOS: endothelial NOS (eNOS), neuronal NOS
(nNOS), and inducible NOS (iNOS). Both
eNOS and nNOS are constitutive enzymes that
are produced in normal physiological processes
(Peluffo et al., 2009). In contrast, INOS is only
expressed when the cell is induced by cytokines
and/or bacterial toxins (Sharma et al., 2007).
Excess NO  production from iNOS
overexpression can result in  cellular
dysfunction via lipid, protein and DNA
damages (Cinelli et al, 2020). NO
overproduction negatively impacts several
sperm parameters, testosterone secretion and
erectile function (Otasevic et al., 2020).

Nigella sativa (NS) is a medicinal plant

traditionally used to treat many illnesses
including eczema, fever, diabetes, bronchitis,
and influenza (Khazdair et al., 2021). It has a
variety of pharmacological properties as
antioxidant, anti-inflammatory, immuno
modulatory, anti-cancer, anti-hypertensive and
anti-diabetic activities (Ahmad et al., 2021a).
Most of the biological activity of NS has been
attributed to its major active component;
thymoquinone; which acts a free radical
scavenger and modulates the adverse

consequences of oxidative stress (Sultan et al.,
2021). Kolahdooz et al. (2014) reported that
administration of NS for two months
significantly improved semen volume and pH
as well as total sperm number, vitality and
morphology in infertile men.

Thus, this study was designed to assess
testicular toxicity after oral administration of
tramadol, testicular recovery after tramadol
withdrawal and to evaluate the potential
ameliorative effect of NS on tramadol-induced
testicular toxicity.

MATERIAL AND METHODS
e Material:
- Chemicals:
Tramadol hydrochloride (Tramundin 150 mg
tablets) was obtained from Medical Union
Pharmaceuticals (MUP), Cairo, Egypt. The
tablets were crushed, dissolved in saline, and
given orally at a daily dose of 40mg/kg for 30
days. The therapeutic human dose of tramadol
ranges from 50 to 100 mg every 4 to 6 hours,
with a maximum daily dose of 400 mg
(WHO, 2018). Based on body surface area, the
human equivalent dose (HED) was calculated
using the equation: HED (mg/kg) = the rat dose
(mg/kg) x (6/37) (Reagan-Shaw et al., 2008).
Accordingly, the applied tramadol dose (40
mg/kg) for rats equals 454 mg for an adult man
weighing 70 kg, therefore it could be
considered as a model of tramadol abuse.
Nigella sativa oil was bought from Kahira
Pharmaceuticals &  Chemical Industries
Company, Zagazig, Egypt; dissolved in corn oil
and orally administered for 30 days at a dose of
1ml/kg/day (Elkhateeb et al., 2015). All other
chemicals were commercial preparations of the
highest available degree of purity.
- Animals:
I. This study was achieved in the animal
house, Faculty of Medicine, Zagazig
University, on sixty-six adult male albino rats
(150-250 gm). The rats were kept for 15 days
before being experimented to be acclimatized to
the new environmental conditions. Throughout
the experiment, they were housed at standard
laboratory environment (23+3°C, 12 h light/12
h dark) and allowed standard diet. The animals
were handled according to the standard guide
for the care and use of laboratory animals
(NRC, 2011). The Institutional Review Board
of the Faculty of Medicine, Zagazig University,




Egypt (ZU-IRB-2947/26-6-2016) approved the
study protocol.
- Experimental design:

Drug treatment consisted of daily oral doses of
1ml through gastric tube, at the same time daily
for 30 days. The rats were randomly allocated
into four groups. Group 1 (control), comprised
33 animals, equally distributed into three
subgroup 1a, 1b and 1c that administered
normal saline (solvent of tramadol), corn oil
(solvent of NS), and NS dissolved in corn oil
respectively. Group 2 (tramadol-treated)
included 11 animal received tramadol
(40mg/kg/day) for 30 days. Group 3
(recovery) included 11 rats that were left for
recovery for 2 weeks, without any
supplementary treatment, after 30 days of
tramadol treatment (40mg/kg/day). Group 4
(NS-cotreated) comprised 11 rats administered
tramadol (40mg/kg/day) along with NS
(Iml/kg/day). At the time of sacrifice, blood
samples were obtained from the retro-orbital
plexuses for assaying serum testosterone levels,
the animals were sacrificed, and the testes were
dissected out for histological examination,
morphometric study and immunohistochemical
determination of iNOS.

e Methods:

I. Biochemical study:

The collected blood samples were centrifuged
for 15 minutes (at 3000 r.p.m) to separate the
serum. The resulting supernatants were stored
at -20°C till performing hormonal analysis.
Serum testosterone was assessed using
testosterone rat/mouse ELISA (enzyme-linked
immunosorbent assay) kit (IBL-America,
Minneapolis, Minnesota, USA; Catalog No.
IB79174), according to the manufacturer’s
instructions.

11. Histopathological study:

Testicular specimens were fixed in Bouin
fixative for 24 hours, then processed to paraffin
blocks and Spum thick sections were prepared
for staining with haematoxylin-Eosin (H&E)
and Mallory’s trichrome stains (Bancroft and
Gamble, 2008).

I11. Immunohistochemical study:

Immunohistochemical INOS staining was
performed on paraffin sections using a
Streptavidin system with antibody against
inducible nitric oxide synthase (iNOS) marker
for oxidative stress. The kits were delivered
from DAKO life trade, Egypt (code no M 618
for INOS, clone 608) (Kiernan, 2008).

V- Morphometric study:

The following parameters were calculated on
routine H&E sections at x100 magnification,
using MedCalc image analysis software 4.3.2
(MedCalc  Software bvba, Belgium) at
Histology Department, Faculty of Medicine,
Zagazig University: the mean seminiferous
tubular diameter/unit area and the mean
epithelial height/unit area (unit area =
microscopic  field). Non-overlapping five
images were randomly taken in the slides of
different five rats in each group. The values
obtained by these techniques were transformed
to percentages and means * standard deviations
(SD) were then calculated. Data were collected,
tabulated, and analyzed according to
standardized statistical methods.

STATISTICAL ANALYSIS
The results were presented as means + SD. All
statistical analyses were carried out using one-
way ANOVA (analysis of variance test) and
Kruskal-Wallis tests in SPSS software (SPSS
Inc., Chicago, IL, USA; version 18).
P value < 0.05 was considered significant and
P value < 0.001 was highly significant.

RESULTS

The current results revealed no significant
differences among the control subgroups (1a,1b
and 1c), therefore they were considered as one
group and the average was used as a control to
be compared with other groups.

I. Biochemical results:
Tramadol-treated  rats

revealed  highly

significant decreases in serum testosterone
levels as compared to the controls (P<0.001).
The recovery group revealed significant




improvement of serum testosterone levels as
compared to tramadol-treated group (P=0.03);
however, testosterone levels were still
significantly lower than the control group
(P=0.019).

Testosterone: (ng/ml)

Mean = SD
2.66 £0.46
0.81+0.41
1.43+£0.62
2.25+0.63

F =7.1; *: significant (<0.05); **: highly significant (<0.001)

NS-cotreated group exhibited highly significant
improvement of the serum testosterone levels in

comparison  to  tramadol-treated  group

(P<0.001), with no significant differences
between NS-cotreated group and the control
group (Table 1).

Table (1): The mean values of serum testosterone levels in the different groups using analysis of
variance test.

Po P1 P>
<0.001**
0.019* 0.03*
0.47 <0.001** 0.04*

Po: compares between group 1 (control) and other groups; P;: compares between group 2 (tramadol-treated) and
other groups; P,: compares between group 3 (recovery) and group 4 (NS-cotreated).

11. Histopathological results:

a-Haematoxylin and Eosin Stain:

The testicular parenchyma of the control group
was organized into closely packed, regular
seminiferous tubules surrounded by narrow
interstitial spaces revealing groups of Leydig
cells and blood capillaries. Each tubule was
composed of an inner layer of stratified
germinal epithelium featuring spermatogenic
cells in different developmental stages and
supporting Sertoli cells, and an outer layer of
flattened myoid cells separated by a basement
membrane. The spermatogenic cells included
basally located spermatogonia, larger primary
spermatocytes with large round dark nuclei, and
small spermatids occupying almost half of the
diameter of the tubules. They were arranged in
that order from the basement membrane to the
lumina of the tubules that revealed aggregations
of sperms. Sertoli cells appeared pyramidal
with triangular pale nuclei and distinct nucleoli
(Figs. 1a, 2a). Testicular sections of tramadol-
treated group exhibited distorted shrunken
seminiferous tubules with irregular contours.
They were widely spaced with interstitial
deposmon of highly aC|doph|I|c vacuolated

exudate. Sloughed and disorganized germinal
epithelia, significant germ cell reduction,
vacuolations, darkly stained nuclei and
multinucleated giant cells were noticed in
numerous tubules. Some tubular lumina
showed exfoliated germ cells; others appeared
empty wide. Additionally, hyaline material was
deposited within some tubules (Figs. 1b, 1c,
2b, 2c¢).

The seminiferous tubules of the recovery group
incompletely restored their normal architecture
with partial improvement in the germinal
epithelial arrangement and relatively narrow
interstitial spaces as compared to tramadol-
treated group. Some tubules were still distorted
with sloughed germinal epithelium, reduced
disorganized epithelial lining and vacuolations,
while others displayed sperm aggregations in
their lumina (Figs. 1d, 2d).

Testicular tissue slides of NS-cotreated group
showed that most of the seminiferous tubules
almost restored their normal morphology with
relatively narrow interstitial spaces as
compared to tramadol-treated group. However,
less organized and detached germinal epithelia




were still detected in some tubules (Figs. 1le,
2e).

b- Mallory’s trichrome stain:

Normal collagen distribution was detected in
the testicular tissue of the control rats (Fig. 3a),
whereas  tramadol-treated rats  revealed
increased collagen fiber deposition in the
capsule and around blood vessels (Fig. 3b). On
the other hand, the recovery group displayed
increased collagen fiber deposition only around
the blood vessels (Fig. 3c), while NS-cotreated

I11-Immunohistochemical results:
Examination of iNOS immunohistochemical-
stained sections of the control group exhibited

negative immunoreaction in the germinal
epithelium and Leydig cells (Fig. 4a).
Tramadol-treated group revealed intense

expression of iINOS immunoreactivity in the
germinal epithelium and Leydig cells (Fig. 4b),
whereas moderate and mild immunoreaction
were observed in the recovery and NS-cotreated
groups respectively (Fig. 4c, 4d).

group exhibited normal collagen fiber
distribution (Fig. 3d).
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Figure (1). Photomicrographs of testicular sections. (a) the control group displaying closely packed
seminiferous tubules (T) lined by stratified germinal epithelium (G) and separated by narrow interstitial spaces
(. Sperm aggregations (P) are observed in the tubular lumina. (b) tramadol-treated group showing distorted
seminiferous tubules with irregular contours (double arrows), apparent germ cell depletion (G), vacuolations
(V), empty wide lumina (W) and relatively wide interstitium (I). Sperm aggregations (P) are noticed in few
tubules. (c) tramadol-treated group showing irregular contours (double arrows) of the tubules, areas of
sloughing (arrowhead) of the germinal epithelium (G), and relatively wide interstitial tissue revealing
acidophilic vacuolated exudate (1). Some tubular lumina show deposition of hyaline material (H); others reveal
aggregations of sperms (P). (d) The recovery group showing apparently normal seminiferous tubules (T) lined
by stratified germinal epithelium (G) formed of several layers with sperm aggregations (P) in the tubular
lumina. Few tubules appear distorted (asterisk) with reduced disorganized germinal epithelium and
vacuolations (V). Areas of sloughing (arrowheads) and relatively narrow interstitial space (1) are also noticable.
(e) NS-cotreated group showing tubules (T) lined by stratified germinal epithelium (G) with sperm aggregations
(P) in their lumina. Areas of sloughing (arrowheads) and relatively narrow interstitial space (1) are also
observed. [H&E x 100]
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Figure (2). Photomicrographs of testicular sections. (a) the control group displaying different spermatogenic
cells: spermatogonia (Sg), primary spermatocytes (PS), spermatids (SP) and sperms (P), as well as Sertoli cells
(S). Each tubule is ensheathed by a single layer of flattened myoid cells (M). The interstitial space shows Leydig
cells (L) and blood capillaries (BC) (b) tramadol-treated-group showing markedly reduced and disorganized
germinal epithelium (G), numerous vacuolations (V), multinucleated giant cells (square), darkly stained nuclei
(N), empty wide lumen (W) and relatively wide interstitium (1) (c) tramadol-treated-group showing marked
exfoliation of germ cells toward the lumen (EX) and darkly stained nuclei (arrows) (d) the recovery group
showing reduced disorganized germinal epithelium (G), vacuolations (V) and wide empty lumen (W). () NS-
cotreated group showing one tubule with well organized germ cell layers and aggregation of sperms (P) in the
lumen, while the other is less organized. Spermatogonia (Sg), primary spermatocytes (PS), spermatids (Sp) and
Sertoli cells (S) are detected. Leydig cells (L) are seen in the interstitial tissue (1) [H&E x 400].
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Figure (3). Photomicrographs of testicular sections.
(a) The control group exhibiting normal collagen fiber
distribution in the capsule (double arrows) and around
the blood vessels (thick arrow). (b) tramadol-treated
group shows excessive collagen fiber deposition in the
capsule (double arrows) and around the blood vessels
(thick arrow). (c) the recovery group shows normal
distribution of collagen fibers in the capsule (double
arrows) and increased distribution around the blood
vessels (thick arrow). (d) NS-cotreated group shows
normal collagen fiber distribution in the capsule
(double arrows) and around the blood vessels (thick
arrow). [Mallory’s trichrome x100]
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Figure (4). Photomicrographs of testicular sections.
(@) The control group exhibits negative iNOS
immunoreactivity in the germinal epithelium (G) and
Leydig cells (L). (b) tramadol-treated group showing
intense expression of INOS immunoreactivity in the
germinal epithelium (G) and Leydig cells (L). (c) the
recovery group exhibiting moderate iNOS expression
in the germinal epithelium (G) and Leydig cells (L).
(d) NS-cotreated group showing mild iNOS expression
in the germinal epithelium (G) and Leydig cells (L).
[Anti- iNOS immunostaining x 400]
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IV- Morphometric results:

a. The Diameter of the Seminiferous Tubules
In comparison to the controls, tramadol-treated
rats revealed highly significant decreases in the
tubular diameters (P<0.001). On the other hand,
the tubular diameters of both the recovery and
NS-cotreated groups displayed high statistically
significant increases when compared with
tramadol-treated group and no significant
differences when compared with the control
group (Table 2).

b. The Height of the Seminiferous

Epithelium:
Tramadol-treated group exhibited statistically

significant decreases in the seminiferous
epithelial heights as compared to the control
(P=0.003). In comparison to tramadol-treated
group, significant increases were detected in the
epithelial heights of the recovery group
(P=0.036) and NS-cotreated group (P=0.007).
No significant differences in the epithelial
heights were detected between the control
group and both the recovery and NS-cotreated
groups (Table 3).

Table (2). The mean values of the diameters of the seminiferous tubules in the different groups

using analysis of variance test

Diameter (um)
Mean + SD
553.5+37.9
374.7+45.1

536.6+50.5

549.4+50.97

F = 41.3; **: highly significant (<0.001)

Po P P,
<0.001**
0.36 <0.001**
0.22 <0.001** 0.54

Po: compares between group 1 (control) and other groups; P;: compares between group 2 (tramadol-treated)
and other groups; P,: compares between group 3 (recovery) and group 4 (NS-cotreated).

Table (3). The mean values of the epithelial heights of the seminiferous tubules in the different

groups using analysis of variance test
Height of epithelium (nm)

Mean = SD
111.9+14.96

89.2+16.9
105.1+16.3

107.4+10.96

F =4.78; *: significant (<0.05)

Po Py P>
0.003*
0.32 0.036*
0.43 0.007* 0.69

Po: compares between group 1 (control) and other groups; P,: compares between group 2 (tramadol-treated)
and other groups; P,: compares between group 3 (recovery) and group 4 (NS-cotreated).




DISCUSSION
Tramadol abuse has become a public health

crisis in different parts of the world (UNODC,
2019). Tramadol abuse patients are more likely
to have decreased libido, erectile dysfunction,
and anorgasmia (Bassiony et al., 2019).
Moreover, tramadol abuse is associated with
decreased sperm count, vitality and normal
forms, lower free testosterone levels and
hyperprolactinemia (Bassiony et al., 2020).

In the current investigation, tramadol-treated
rats displayed highly significant reduction in
serum testosterone levels compared with the
controls. This finding is in consistence with the
results of Udefa et al. (2020); Aprioku et al.
(2021) and Adelakun et al. (2022) who
explained that by tramadol’s direct influence on
the hypothalamic—pituitary axis causing
suppression of both FSH and LH secretion.
Testosterone is crucial for maintenance of
spermatogenesis. Testosterone suppression has
three main effects on fertility: a) the blood-
testis barrier is disrupted, exposing postmeiotic
germ cells to toxic agents, b) round spermatids
prematurely detach from Sertoli cells due to a
cell ~adhesion defect, thereby  further
progression of round to elongated spermatids is
arrested, and c¢) mature spermids fail to
spermiate and undergo phagocytosis (Meng et
al., 2010; Walker, 2011). Accordingly,
suppression of testosterone secretion could be
implicated in impairing testicular structure and
function in tramadol-treated rats.

The current histological results of tramadol-
treated group strongly confirm the biochemical
findings. Testicular tissue damage was
evidenced by sloughed and disorganized
germinal epithelial lining with marked germ
cell depletion, vacuolations, pyknotic nuclei
and multinucleated giant cells, in addition to
interstitial deposition of highly acidophilic
vacuolated exudate. Similar results were

detected by Minisy et al. (2020) and Ahmad et
al. (2021b). Conversely, Udefa et al. (2020)
observed no histological lesions other than
decreased sperm population in the testicular
tissue of rats received tramadol (20 mg/kg for 4
weeks). Differences in the daily tramadol dose
might have been responsible for such
controversy.

Manivannan et al. (2009) elucidated germ cell
sloughing on the basis that impaired Sertoli
cells cause decrease in seminiferous tubular
fluid secretion, resulting in apical shedding and
germ cell death. According to EI-Sherif and
El-Mehi (2015), germ cell vacuolations might
be due to metabolic disturbances in these cells
or due to sloughing of the germ cells and loss of
their exact biological environment.
Multinucleated giant cells detected in the
testicular tissue of tramadol-treated rats might
have been resulted from widening of the
intercellular ~ bridges  between  adjacent
spermatids resulting in fusion of two or more
cells (Ghoneim et al.,, 2014). Additionally,
accumulation of acidophilic hyaline material in
the interstitial tissue and in the lumina of the
tubules could be attributed to increased
microvascular permeability induced by excess
NO resulting from iNOS activation (Salama et
al., 2003; Hauser et al., 2008).

Increased collagen fiber deposition depicted in
the testicular tissue of tramadol-treated group in
the current research might be owing to
disrupted collagen metabolism which could be
linked to oxidative stress (Minisy et al., 2020).
In addition to serving a supportive function,
collagen acts as a pivotal organizer of lipid
metabolism, ion transport and genetic
expression. Accordingly, altered collagen fiber
distribution may promote cellular dysfunction
(Surazynski et al., 2008). It is noteworthy that
increased extracellular matrix thickness is




associated with male infertility (Adam et al.,
2012).

Confirming the present histopathological results,
morphometric examination of tramadol-treated
group exhibited statistically significant decreases in
the mean values of the tubular diameters and the
epithelial heights. These results are in agreement
with the findings of Adelakun et al. (2022). In
contrast, Ahmed and Kurkar (2014) reported
insignificant differences in the aforementioned
parameters in tramadol-treated rats as compared to
the control. Variations in dosing schedules and
regimens may account for this contradiction. In the
current work and that of Adelakun et al.
(2022), tramadol (40 mg/kg/d)  was
administered orally for 4 weeks and 8 weeks
respectively, while in the study by Ahmed and
Kurkar (2014), tramadol (40 mg/kg) was
injected subcutaneously three times weekly for
8 weeks.

In the current investigation, tramadol
administration resulted in intense expression of
INOS immunoreactivity in the germinal
epithelium and Leydig cells. Increased
expression of INOS mediates the production of
a large amount of NO. Excess NO reacts with
superoxide anion and forms potent oxidant
peroxynitrite responsible for cell damage by
nitrating cellular macromolecules. In addition,
excess NO diminishes intracellular glutathione
and increases the vulnerability to oxidative
stress (Xu et al., 2014). Oxidative stress results
from disturbed balance between reactive
oxygen species (ROS) generation and the
defensive antioxidant system (Juan et al.,
2021). Generally, ROS can cause damage to
various cellular components including: a) lipid
peroxidation of polyunsaturated fatty acids (e.g.
membrane phospholipids), b) damage of
nucleic acids and c) oxidation of proteins
(Hawkins and Davies, 2019; Ito et al., 2019;
Yan and Zaher, 2019). Testes, being rich in
polyunsaturated fatty acids, are particularly

vulnerable to oxidative damage (Lenzi et al.,
2002). Accordingly, Oxidative stress could be
implicated as a main mechanism of tramadol-
induced testicular tissue damage.

In the current research, the recovery group
displayed partial improvements in serum
testosterone levels, cellular damage,
morphometric findings and INOS
immunoreactivity as compared to tramadol-
treated group, however all these parameters did
not completely return to normal. These finding
are supported by Nna and Osim (2017) and
Ibrahim and Salah-Eldin (2019). On the other
hand, Aprioku et al. (2021) stated that the toxic
testicular effects of therapeutic doses of
tramadol are reversible at lower doses (1.25 and
2.5 mg/kg/day for 30 days), but persistent at
higher doses (5 mg/kg/day for 30 days)
following 30 days of drug withdrawal.
Additionally, Azari et al. (2014) reported that
the testes restored their normal structure and
function following recovery period of 12 weeks
after tramadol administration of 10 and 20
mg/kg, 3 times a week, for 6 weeks. These
variations might be due to differences in the
experimental  design.  Taken  together,
reversibility of tramadol-induced testicular
alterations depends on dosage and duration of
administration as well as period of drug
withdrawal.

In the current study, coadministration of NS
ameliorated the detrimental testicular effects of
tramadol, as evidenced by marked improvement
in the testicular architecture and morphometric
parameters, decreased iINOS immunoreactivity,
and increased serum testosterone levels as
compared to tramadol-treated rats. In
accordance with these findings, Elkhateeb et al.
(2015) stated that concomitant administration
of NS with tramadol resulted in amelioration of
tramadol's hepatic and renal toxicities. They
ascribed this to the antioxidant effect of NS and
its ability to counteract the increased lipid

peroxidation. Furthermore, NS alleviated




tramadol-induced ultrastructural changes in the
rat brain (Omar, 2016).

Additionally, Awadalla (2012); Assi et al.
(2017) and Mosbah et al. (2018) mentioned
that NS mitigated cisplatin, lead acetate and
acetamiprid induced oxidative and structural
testicular tissue damage. Moreover, Abd-
Elkareem et al. (2021) illustrated the protective
role of NS against structural and functional
testicular damage associated with monosodium
glutamate intake through enhancing redox
homeostasis and restoring the hormonal balance
of hypothalamic—pituitary axis.

In accordance with the findings of the present
investigation, Elshama et al. (2013); Hussein
et al. (2014) and Mohamed et al. (2015) stated
that concomitant administration of NS along
with colchicine, aluminium chloride and noise
resulted in marked decrease in collagen fibers
in testicular tissues, Moreover, Kanter (2011);
Fouad and Jresat (2015) and Erol et al. (2017)
reported that thymoquinone, one of NS most
prominent phytochemical ingredients,
decreased testicular iINOS expression after
exposure to toluene, cadmium and ischemia —
reperfusion injury respectively. The restoration
of serum testosterone levels in NS-cotreated
rats could be attributed to the ability of NS to
increase the testicular steroidogenic enzymes
activities (Akintunde et al., 2019). NS is arich
source of unsaturated fatty acids which induce
the activity of 3B- and 17 pB-hydroxysteroid
dehydrogenases; the key regulatory enzymes in
the biosynthesis of testosterone (de Catalfo et
al., 2009; Alrashidi et al., 2020).

CONCLUSION
It can be concluded that coadministration of NS

oil along with tramadol ameliorated the
deleterious testicular toxic effects of tramadol.
This improvement was clearer than that resulted
from tramadol withdrawal, proving the

testicular protective role of NS.

RECOMMENDATIONS
Tramadol should be administered only when

indicated with appropriate dose monitoring and
under medical supervision. Regular monitoring
of testosterone is highly recommended during
long term tramadol therapy to avoid its adverse
effects on male fertility. NS supplementation is
also advisable in patients on tramadol therapy
as it mitigates tramadol-induced testicular
damage. Further studies with larger doses of NS
and longer durations of recovery are also
recommended.
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