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ABSTRACT

Introduction: Tramadol is one of the most common analgesic drugs in chronic pain treatment. Their mechanism of action is
through the inhibition of the noradrenaline and serotonin (5-HT) transmission reuptake. Vardenafil is used to treat male sexual
function problems like erectile dysfunction.

Objective: The present work aimed to evaluate the biochemical and testicular histopathological changes induced by tramadol
and/or vardenafil administration in adult male Swiss mice and investigate the associated impact of tramadol and vardenafil on
fertility and reproductive performance.

Materials and Methods: 24 mature male Swiss mice with a body weight of 30-35 g have been divided into 4 groups. (G1)
control, (G2) injected i.p with 4.16 mg/kg of tramadol, (G3) injected i.p with 46.8 mg/kg of vardenafil, and (G4) treated with
tramadol followed with vardenafil. Sperm samples were collected from cauda epididymis, semen profile examination and
abnormalities were recorded. Hormonal analysis, oxidative stress biomarkers, and histopathological studies have been done.
Results: The present study revealed that tramadol and vardenafil synergistically did not altered body weight of mice and not
caused change of reproductive organs’ weight. Administration of tramadol and vardenafil revealed reduction in mating index
and fetal weight. The results indicated that tramadol and vardenafil have a significantly harmful impact on sperm quality,
boosted morphological abnormalities, decreased concentration of reproductive hormones, induced testicular histopathological
changes, and affected spermatogenesis cycle, decreasing number of spermatogonia and spermatocytes, altered antioxidants
levels and raised MDA activity.

Conclusion: Intake of tramadol and vardenafil should be for a short period and necessary because of their serious harmful
effects on reproductive performance and fertility.
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INTRODUCTION VRD opens blood vessels, increases circulation, and
suppresses an enzyme in the smooth muscle cells lining
the blood arteries nourishing the corpus cavernosum of the
penis Li et al.l.

It has been suggested that exposure to environmental
toxins may contribute to male reproductive and fertility
problems. The painkiller tramadol is commonly used to

treat persistent neuropathic pain, cancer pain, and surgical Sildenafil (Viagra), a medication used to treat erectile
distress. Tramadol is a ligand for opioid receptors. It blocks dysfunction in males, was found to cause tubular and
the reuptake of serotonin and norepinephrine to increase interstitial histopathological changes of the seminiferous
the inhibitory action on spinal cord pain transmission tubules as well as tubular deterioration, which could
Grond and Sablotzkil", ultimately result in the halt of spermatogenesis, according

i 5]
This opioid drug's chronic use has been linked to to carlier research El kerdasy and Mohamed™.

addiction. Although tramadol's therapeutic properties, AIM OF THE WORK
continuous dosing may cause hazardous intermediates
to build up, raise the chance of pharmacokinetic
complications, or reduce the drug's clearance Salah et al.l?.
Hepatotoxicity and nephrotoxicity as harmful impacts of
this opioid medication by Adelakun et al..

While much is known about the development of the
male reproductive system and many causes of specific
disorders, the research about the mechanisms of action
for certain pathologies is still largely unknown and needs
support through greater levels of research. The present

A 5-phosphodiesterase (PDES5) inhibitor termed work aimed to evaluate the biochemical and testicular
Vardenafil (VRD) has been one of the medications used histopathological changes induced by tramadol and/or
to treat erectile dysfunction. Regarding sexual stimulation, vardenafil administration in male Swiss mice.
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MATERIALS AND METHODS

Animals

The National Organization for Drug Control and
Research in Egypt provided adult male Swiss mice with
body weights ranging from 30 to 35 g for the current study.
The animals were housed in conventional mouse cages in
a room for humidity and temperature control. The animals
had a consistent schedule of 12 hours of light and 12 hours
of darkness. The animals were fed a basic diet of rodents
and had free access to water.

The institutional animal care and use committee's
(IACUC's) guidelines for handling laboratory animals
during experimental work were followed, and approval
number CU/I/F/58/18 was used as a reference.

Chemical

Tablets of tramadol or amadol. Each of the tramadol
capsules that are sold commercially includes 50 mg
of tramadol hydrochloride (Amadol, manufactured by
ADWIA Co. S.A.E., 10th of Ramadan City, Egypt).
Tramadol treatment dosages were equivalent to human
effective therapeutic levels.

Vardenafil 20 mg manufactured by Eva pharm
company, obtained from Elezaby pharmacy in Egypt. The
dose was chosen to be like the regular dose for managing
erectile dysfunction (ED).

Design of the study

Six fully grown males from each of the twenty-four
mice were divided into the following categories:

Group 1 (control): Mice received 0.1 ml of sterile,
distilled water intraperitoneally (i.p.) every day for 30 days.

Group 2: For 30 days, 4.16 mg/kg of tramadol was
injected intraperitoneally (i.p.) into mice. According to
Nair and Jacob!®, the recommended therapeutic dosage
was calculated.

Group 3: For 30 days, mice received daily
intraperitoneal injections of 46.8 mg/kg of body weight of
vardenafil.

Group 4: For 30 days, mice received daily injections
of 46.8 mg of vardenafil and 4.16 mg of tramadol
intraperitoneally (i.p.).

Mating index

At the end of the experiment, the treated animals shared
a living area in a 1:1 ratio with normal, healthful untreated
females for two subsequent estrus cycles. Females were
regularly checked for the presence of a copulatory plug in

the vagina to confirm mating. The day that a seminal plug
was observed was referred to as gestational zero-day.

Fetuses’ collection

Fetuses were removed from their mothers' wombs

through cervical dislocation on the 20th day of pregnancy.
They were weighed and examined for obvious abnormalities
according to Oderinde et al.l".

Blood samples were drawn for the hormones
(Testosterone, LH and FSH) testing in a sterilized test
tube after the male mice were euthanized and dissected
according to protocols and ethical guidelines. Blood was
centrifuged for 15 minutes at 3000 rpm to get the serum.
The sera were kept at - 20°C for subsequent biochemical
research at Comparative Anatomy and Embryology lab,
Zoology Department, Faculty of Science, Cairo University.

The body weights were measured on the day of the
scarifying. The cauda epididymis, seminal vesicles, and
testes were separated and weighed.  For biochemical
research, the left testes were frozen at - 20°C, while the
right ones were kept in a 10 percent neutral formalin
solution for histology research.

Sperm analysis

The left epididymis was detached and was placed in 5
mL of phosphate-buffered saline at 7.2 pH (PBS). It was
then kept at 37 degrees Celsius in the incubator for 20
minutes.

Sperm Count

One drop of sperm suspension was applied to a
hemocytometer using the Lowe and Teffrey protocol®.
The count was carried out five times for each sample to
minimize the error.

Morphological abnormalities

Hematoxylin-Eosin and Nigrosine stain were applied
to one drop of the sperm suspension for morphology. One
drop of this combination was added to a clean slide and
examined under a light microscope, according to Goyal
et al Pl

Hormonal analysis

The concentrations of testosterone (T), follicle-
stimulating hormone (FSH), and luteinizing hormone (LH)
were measured using ELISA kits purchased from (Sunlong
biotech co, LTD).

Oxidative stress investigation

Testicular biopsy samples from various groups of
testicles were kept in storage at -20° C for the oxidative
stress inquiry. In 10 mmol/L phosphate buffer saline
(PBS) at pH 7.4, pieces of each tissue were weighed and
homogenized as 10% (W/V) solutions. The homogenates
were centrifuged, and the filtrates were used to estimate
glutathione (GSH) according to the method of Beutler'”
catalase (CAT) according to Aebi!'!l, and malondialdehyde
(MDA) according to the method of Ohkawal'? utilizing
reagent products purchased from Bio Diagnostic (Egypt).
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Histopathology assessment

Right testes were removed and maintained in Bouin
solution for 24 hours. After being replaced by xylene and
embedded in paraffin, different alcohol concentrations
were fixed. Five-micron sections of each testis were cut
out, stained with hematoxylin-eosin, viewed under a light
microscope, and photographed with a digital camera.

Morphometric evaluation

Up to 30 seminiferous tubule sections from each group
were almost spherical. Image J software program calculated
the tubular diameter, spermatogonia, and spermatocyte
counts at a 400X magnification.

Statistical evaluation

The statistical analysis was performed using the
computer program SPSS 17.0 (statistical package for
social science). The differences between groups were
ascertained using one-way analysis of variance (ANOVA)
and Tukey's multiple comparison post hoc analysis. Means
and standard errors were used to express the data. P <0.05
was used to determine whether the difference between the
groups was statistically significant.

RESULTS

Mating outcome

The intake of tramadol or vardenafil or both drugs
simultaneously showed a significant reduction in the
fetal weight compared to the control (Table 1, Figure 1).
The intake of tramadol and vardenafil showed significant
changes compared to tramadol or vardenafil (Table 1).
Tramadol and vardenafil intake reduced mating index
percent during two successive estrus cycles (Table 1).

Reproductive organs weight

The administration of tramadol (4.16 mg/kg) or/and
vardenafil (46.8 mg/kg) daily for 30 days showed non-
significant changes in the weight of testis and epididymis
compared to the control (Table 2). The left seminal vesicle
weight was decreased significantly due to the intake of both
drugs simultaneously compared to the control, tramadol,
and vardenafil groups (Table 2).

Sperm count and morphology

While vardenafil administration caused a non-
significant decrease in the sperm counts compared to the
control group, tramadol induced a significant reduction
in the count of sperm. The intake of both vardenafil
and tramadol produced a significant reduction in sperm
counts compared to the control and vardenafil groups
(Table 3, Figure 2). The percent of sperm abnormalities,
dead percent of sperms, tail defect percent, and amorphous
sperms percent showed significant increases due to the
intake of tramadol, vardenafil, and both drugs together as
compared to the control (Table 3, Figure 2). The intake of
both drugs together showed significant increases in the tail
defect percent and amorphous sperms percent compared to
the intake of tramadol or vardenafil (Table 3, Figure 2).

Male reproductive hormone profiles

Male reproductive hormone profiles (testosterone,
LH, and FSH) were reduced significantly due to intake
of tramadol, vardenafil, and both drugs as compared to
the control (Table 4). The intake of both drugs together
showed significant decreases in the reproductive hormone
level profiles compared to vardenafil.

Testicular oxidative status

Administration of tramadol or vardenafil triggered
significant elevation in MDA level compared to control.
In contrast, both drugs significantly decreased GSH and
CAT levels compared to the control (Table 5). Treatment of
both drugs caused a significant rise in MDA concentration
compared to tramadol and vardenafil. In contrast, both
drugs significantly decreased GSH and CAT levels
compared to tramadol and vardenafil (Table 5).

Histopathological findings
Control

Testicular slices from mice in the control group had
seminiferous tubules that were properly structured and
adequately packed with sperm. The seminiferous tubules
were lined with stratified epithelia as spermatogonia,
primary spermatocytes, spherical spermatids, and
elongated spermatids. Blood capillaries and Leydig cells
were seen in interstitial spaces between tubules (Figure 3).

Administration with tramadol

Seminiferous  tubules  shrank after tramadol
administration, the tubular basement membrane
disintegrated, and highly acidophilic material was deposited
in the interstitium. The spermatogenic epithelium's lining
was disrupted and arranged abnormally in mouse testis
sections, with Leydig cells being depleted and germ cells
and syncytial cells being shed into the tubular lumen. Some
tubules seemed to have gaps between the spermatogenic
cells lining them. This degraded tubule rarely contained
any spermatids or sperm. Some disturbance was visible in
the interstitial tissue, and some Leydig cells looked to have
dissolved or vacuolated (Figure 4).

Administration with vardenafil

The seminiferous tubules underwent focal disorder
after vardenafil administration, and the densities of
spermatogenic cells were significantly reduced. Many
of the seminiferous tubules were devoid of secondary
spermatocytes, spermatids, and sperm. In the tubular
lumina of numerous seminiferous tubules, shedding of the
injured spermatocytes and spermatids was found. There
were fewer interstitial cells in the inter-tubular connective
tissue than in other tissues (Figure 5).

Administration with tramadol and vardenafil

Due to extensive necrotic and degenerative changes in
the seminiferous tubules' wall, administration of tramadol
and vardenafil revealed severe deterioration in the
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seminiferous tubules. In addition, additional sections had
degenerative spermatogonia and spermatocytes peeling
and desquamating in the lumen of the seminiferous tubules.
Leydig cells and other serious damage to the interstitial
tissue were also present (Figure 6).

Morphometric Outcomes

Examination of the morphometric outcomes after
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administering tramadol or vardenafil or both drugs
simultaneously showed a significant reduction in the
number of spermatogonia, the number of spermatocytes,
and seminiferous tubule diameter as compared to the
control (Table 6). The intake of tramadol and vardenafil
showed non-significant changes in the morphometric
outcomes compared to tramadol or vardenafil (Table 6).
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Fig. 1: Effect of tramadol and vardenafil on fetal mice. (a) control fetal with normal shape, (b) fetal of tramadol group, (c) fetal from vardenafil group, and (d)

fetal of the combined group with retarded growth and skin hematoma (arrow).

a

Fig. 2: Effect of tramadol and vardenafil on sperm abnormalities.

a) Sperm from the control group showed normal morphology of the head, mid-piece,

Sperm abnormalities:

b) Showed amorphous head (arrow) and coiled tail (head arrow).

¢) Showed banana head without acrosome (zigzag arrow) and bent tail (head arrow).
d and e) Showed amorphous head (arrow) and bent tail (head arrow).

f) Showed coiled sperm (head arrow).

2) Showed cytoplasmic droplet (curved arrow).

h) Showed large head without hook (red arrow) and coiled tail (bold arrow)

and tail.
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Fig. 3: Testis of the control group. Testis of the control group showed a group of seminiferous tubules (ST) lined by different types of germinal epithelium that
rest on the regular intact basement membrane, spermatogonia (black arrow), primary spermatocyte (blue arrow), and spermatid (green arrow). Mature sperms
in the lumen (S) and the interstitial tissue in between the tubules that contain Leydig cells (bifid arrow).

Fig. 4: Effect of tramadol on testicular tissue. A group of seminiferous tubules (ST) with severe disruption of their integrity and interruption of the basement
membrane (BM) was observed. The lining of the germinal epithelium was markedly reduced (Line), and the cells were markedly dissociated from each other,
leaving empty spaces (arrowhead). Widening gap between seminiferous tubules (red star). Germ cells and syncytial cells were sloughing into the tubular lumen
(black star). Abnormal interstitial tissue with multiple vacuoles in place of Leydig cells destroyed (bifid arrow).
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Fig. 5: Effect of vardenafil on testicular tissue. The spermatogenic cells were destroyed (line). Complete absences of mature sperms in some tubules (*) were
observed. There were multiple spaces (arrowhead) with shrinkage and cell death. An interrupted basement membrane of the tubules (BM) was observed.

Abnormal interstitial tissue was observed with multiple vacuoles in place of Leydig cells that were destroyed (bifid arrow). Germ cells and syncytial cells were
sloughing into the tubular lumen (black star).

Fig. 6: Effect of tramadol and vardenafil on testicular tissue histopathology. Some seminiferous tubules (ST) contain many vacuoles (arrowhead), apparently
wide interstitial spaces (red star). Spermatogenic cells are greatly disrupted (line). Germ cells and syncytial cells were sloughing into the tubular lumen (black
star). The tubule lumen contains acidophilic remnants (L). Irregular basement membrane (BM). Affected Leydig cells (bifid arrow).
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Table 1: Pregnancy outcomes

Parameters Control T \ T+V
Fetal weight (g) 1.71+0.04 1.25+0.05° 1.45+0.03* 1.06+0.070¢
Mating index (%) 100 16.6 333 41

The data is expressed as the mean+ standard error of the mean.

b Significant difference as compared to Tramadol (T).

* Significant difference as compared to control.

¢ Significant difference as compared to Vardenafil (V).

Table 2: Effect of tramadol and vardenafil on reproductive organ weights (g)

Control T \% T+V

Right testis 0.13£0.007 0.144+0.01 0.128+0.006 0.124+0.005
Left testis 0.13+£0.007 0.134+0.01 0.114+0.006 0.116+0.002
Right epididymis 0.017+0.001 0.018+0.001 0.046+0.025 0.018+0.00
Left epididymis 0.017+0.001 0.02+0.001 0.019+0.001 0.018+0.00
Right seminal 0.07+0.004 0.08+0.01 0.07+0.007 0.064+0.007
Left seminal 0.072+0.003 0.078+0.003 0.076+0.006 0.05+0.0042>¢

The data is expressed as the mean= standard error of the mean. * Significant difference as compared to control.

® Significant difference as compared to Tramadol (T). ¢ Significant difference as compared to Vardenafil (V)

Table 3: Sperm morphology

Control T \Y% T+V

Count x10¢/mL 166.6+2.47 110.363.23+ 147.29425.4 97.20+17.42%¢
Abnormalities % 27.00£2.25 41.333£2.85° 50.50+3.63° 65.16+5.10°
Dead % 59.00+2.30 73.17£1.27° 65.67+6.33° 72.33£3.66°
Tail defect % 9.5+1.60 18.00+4.22° 25.3345.30° 31.33+1.97%b¢
Amorphous % 17.50£0.76 17.50+0.76° 25.83+£1.21* 33.83+4.922b¢

The data is expressed as the mean+ standard error of the mean.

® Significant difference as compared to Tramadol (T).

Table 4: Male reproductive hormone profiles

# Significant difference as compared to control.

¢ Significant difference as compared to Vardenafil (V).

Parameters Control T \% T+V
Testosterone (ng/ml) 7.270.59+ 1.04+0.12° 4.10+0.11° 3.0+1.68%
LH (mIU/ml) 4.660.68+ 0.74+0.15° 1.470.18+" 1.31+0.33%¢
FSH (mIU/ml) 4.36+0.98 0.32+0.16° 1.90+0.73¢ 0.94+0.39*¢

The data is expressed as the mean+ standard error of the mean. # Significant difference as compared to control.

® Significant difference as compared to Tramadol (T). ¢ Significant difference as compared to Vardenafil (V).

Table 5: Testicular oxidative status
Parameters Control T \Y% T+V
MDA (nmol/g tissue) 136.96+9.46 827.51+11.80° 530.40+63.41* 1105.47+51.68*b¢
GSH (U/g protein) 637.4813.14+ 129.391.56+° 182.21+7.56* 99.00+4.10*b¢
CAT (U/mg protein) 1179.08+39.15 578.65+3.04* 617.25+3.04° 399.16+39.04%b¢

The data is expressed as the mean+ standard error of the mean.

b Significant difference as compared to Tramadol (T).

Table 6: Morphometric Outcomes

# Significant difference as compared to control.

¢ Significant difference as compared to Vardenafil (V).

Parameters Control T \% T+V

Number of spermatogonia 41.7+2.38 23.9+1.98* 27.2543.63* 22.05+1.87°
Number of spermatocytes 58.9+1.29 16.85+1.94° 19.35+¢2.19* 14.65+1.87°
Tubule diameter (um) 222.68+2.46 144.64+4.68° 148.01+8.04° 140.05+8.94*

The data is expressed as the mean+ standard error of the mean. * significant difference as compared to the control.
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DISCUSSION

Opioid exposure is one of the major causes of male
infertility, Abdel-Moneim et a/.l"¥). Tramadol and vardenafil
are currently gaining popularity among teenagers all over
the world. One opioid medicine widely used to treat
cancer and chronic pain is tramadol, Minisy et al.l'1. A
5-phosphodiesterase (PDES) inhibitor called Vardenafil
(VRD) is one of the medications used to treat erectile
dysfunction Li et al.™¥.

The current study sought to determine how tramadol
(4.16 mg/kg body weight) or/and vardenafil (46.8 mg/kg
body weight) administered daily for 30 days would affect
mouse testicular tissues and the effectiveness of sperm
formation.

Examining the mating results revealed that when
tramadol, vardenafil, or both medicines were taken
simultaneously, the fetal weight and mating index % were
much lower than they were in the control group.

DNA damage, chromosomal abnormalities, and
impaired motility are a few examples of structural flaws
or malfunction that can be indicated by aberrant sperm
morphology according to Zhou et al.l'>).

The DNA in the sperm head can also have an impact
on embryogenesis. Also connected to sperm DNA
fragmentation is the existence of reactive oxygen species
(ROS) and ROS-related DNA oxidative products,
such as 8-hydroxy-deoxyguanosine (8-OH-dG). DNA
fragmentation index and 8-OH-dG have been demonstrated
to rise when sperm count falls, indicating that ROS and the
pertinent byproducts may have a massive effect on sperm
DNA preservation as stated by Loutradi et al.l'®l.

The current study demonstrated that the weight of the
testes and epididymis did not significantly change after
tramadol or/and vardenafil intake when compared to
control. Tramadol or/and vardenafil intake resulted in an
insignificantly small decrease in the weight of the right
seminal vesicle. Compared to the control, the weight of
the left seminal vesicle significantly decreased when both
medications were administered.

In an experiment by Ahmed and Kurkar!'”, 40 male
Wistar albino rats weighing 160-205 g were used. For eight
weeks, 40 mg/kg of Amadole (tramadol hydrochloride)
was administered subcutaneously, three times per week.
The relative weights of the testis and seminal vesicles in
the treatment group and control group rats did not differ
significantly.

According to research by Abdel latief ef a/. & Nna and
Osim!"81°1 chronic tramadol treatment caused epididymis
and testis to degenerate and shrinkage.

In contrast to the control group, male albino rats
weighing 180 +10 g were given tramadol orally for 4
weeks and found that the relative testes' weight decreased
significantly (P <0.05) even though the relative epididymis
weights remained the same.

The current study has shown that tramadol or
vardenafil intake caused a significant decrease in sperm
count, motility, and viability, as well as an increase in
abnormalities, including an amorphous head and coiled
tail in the treated mice. The fault in the sperm analysis
was exacerbated when tramadol and vardenafil were
administered simultaneously. These findings, which are
corroborated by others, showed that these medicines had a
negative impact on the analysis of sperm.

The long-term administration of sildenafil citrate (50 mg
and 100 mg) to rats drastically reduced sperm counts and
increased sperm abnormalities, according to Al-Fartosil®.
Because so many seminiferous tubules in the testis were
destroyed, it is possible that less spermatogenesis and
reduced sperm density in epididymis occurred in the
treated group Hashish(?!.

Following the chronic dose of tramadol (10 and 20 mg/
kg) three times a week for six weeks, Azari ef al. showed a
decrease in sperm motility!??.

Researchers Ahmed & Kurkar; Abdel latief
et al. and Masoud!"”"®# found that long-term tramadol
administration had negative impacts on epidydimal
spermatozoa concentration, motility, and vitality in mice.

Since sperm morphology is a crucial criterion
representing the level of maturity and normality of the sperm
population in the ejaculate, E1-Ghawet??” hypothesized that
the drug has a strong negative effect on fertility. Primary
spermatogenesis defects include flaws in the head and
midpiece of sperm during testicular degeneration!®.

Sildenafil (Viagra), tadalafil (Cialis), tramadol, and
sildenafil + tramadol decreased sperm count and viability
and increased the number of aberrant spermatozoa,
according to Nna et al.?%?",

In the investigation of rats given a protracted overdose
of sildenafil for 12 consecutive weeks at a level of 0.3
mg/kg wt/day, Fawzia et al found that sperm count, and
motility were negatively affected by sildenafil, Fawzia
et al 8.

Male rats weighing 200-250 g was employed in
Al-Fartosi study®?. They received 50 mg of sildenafil
citrate (Viagra) for eight weeks. He claimed that changes
in the expression of different cGMP receptors or the
responsiveness of these receptors in the brain might be
responsible for the negative impact on sperm analysis,
which in turn results in damage to the tissue of the testis
and failure of spermatogenesis.

Regarding  examining reproductive  hormones,
the current study found that injection with tramadol,
vardenafil, or both together led to a noticeably lower level
of FSH, LH, and testosterone. These findings, which are
corroborated by others, showed that these medicines had a
negative impact on the release of sex hormones.

Youssef and Zidan® found that male albino rats
weighing 180-200 g had lower testosterone levels,
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luteinizing hormone, and follicular stimulating hormone
following tramadol administration.

Salah et alP! discovered a decrease in blood
testosterone, FSH, and LH levels and an increase in serum
prolactin in mice receiving tramadol treatment.

Chronic tramadol use significantly impairs testicular
tissue and affects male reproductive hormones by reducing
serum levels of gonadotrophin and testosterone as
confirmed by Attia et al. and Adelakun et al.?3",

Numerous authors have explained the potential
mechanism by which these drugs affect the male sex
hormones.

Heidari®! chose 15 male Wistar rats weighing 250+15g
and administered intraperitoneal methadone for 15 days
at a dose of 0.5 mg/kg/day. The author noticed a drop in
testosterone levels, which may have been brought on by
Sertoli cells that had been destroyed.

Since LH causes the Leydig cells in the testis to secrete
testosterone, it was known that the level of LH positively
correlated with the concentration of testosterone Guyton
and Hall,

Both endogenous and exogenous opioids have been
shown by Rubinstein et al.’¥ to induce hypogonadism
via interacting with opioid receptors in the hypothalamus
and pituitary gland. As a result, GnRH is also frequently
liberated to a lesser extent, and the pituitary releases
less LH and FSH, decreasing the amount of testosterone
generated.

One of the potential mechanisms of opioid action,
according to Yassa et al. and El-Gaafarawi et al.***, is the
degeneration of Leydig and Sertoli cells in male albino rats
via increased free radical generation. The shrinkage of the
testes and a reduction in sperm cell production have been
linked to a mild decline in gonadotropin output Haitham
et al

The hormonal reduction was attributed by Nna et /.9
to the low levels of TC and LDL-c (the substrates for
testosterone production) observed following the treatment
of sildenafil (10 mg/kg), tadalafil (10 mg/kg), tramadol (20
mg/kg), or sildenafil + tramadol.

A male's ability to reproduce and the health of his
hypothalamic-pituitary-testicular axis (HPT) are closely
related processes Gandhi et al.B%. A healthy HPT axis
can be thrown off by various things, including underlying
medical issues, recent surgery, and medications Whirledge
and Cidlowskil*".

Tramadol's effects on the central nervous system may
prevent pituitary gonadotrophins from being produced and
released, which in turn causes them to be downregulated.
Pituitary gonadotropins are necessary for starting and
finishing spermatogenesis in the testes Moeen et al.*®.

According to Abdel-Moneim et al.l'¥], opioids can bind
to certain receptors in the hypothalamus and pituitary gland

to interfere with the production of cortisol and androgen
precursors and the pulsatile release of corticotrophin-
releasing and adrenocorticotropic hormones.

The injection of tramadol and vardenafil into adult
male mice led to the generation of oxidative stress in the
testicular tissues, according to the present study's analysis
of antioxidant parameters. This effect was demonstrated by
producing a much lower amount of CAT and GSH, two
enzymatic antioxidants in the testes, and a significantly
higher level of MDA in the testes compared to controls.
The administration of both medications at once was found
to increase oxidative stress.

Due to the high concentration of polyunsaturated
fatty acids in the plasma membrane of spermatozoa, they
are especially vulnerable to destruction by excessive
quantities of reactive oxygen species, according to
Agarwal and Parbakaran's’®” research. Lipid peroxidation
results in the structural destruction of the lipid matrix in
the spermatozoa's membranes and are linked to decreased
motility and spermatogenesis.

These findings align with those of El-Gaafarawi*”, who
discovered that the tramadol group had significantly higher
serum MDA levels and higher levels of lipid peroxidation
than the control group. These findings imply that lipid
peroxidation may be a possible mechanism for the harmful
effects of opioids at the cellular level.

After being administered for 30 days inadose-dependent
way, sildenafil (Viagra) was found to dramatically increase
lipid peroxidation in the testes compared to the control
group. The fact that Viagra is a testes-targeting medicine
may be responsible for the enhanced lipid peroxidation in
the testes Akintunde et al.*!.

Although the presence of free radicals in testis is a
physiologically normal occurrence, as demonstrated by
Minisy et al.'¥, the rise in their creation induces oxidative
stress and DNA damage in cells. Sperm dysfunction can
be brought on by increased lipid peroxidation, altered
membrane, and oxidative damage to the DNA of the sperm
Salah et al..

This investigation showed that giving tramadol to
male mice led to histological modifications in the testes.
Examining the morphometric results after tramadol,
vardenafil, or both medications were administered
simultaneously revealed a significant decrease in the
number of spermatogonia, spermatocytes, and seminiferous
tubule diameter compared to the control.

Adult male rats were demonstrated to have decreased
testicular function after receiving long-term subcutaneous
tramadol administration (40 mg/kg) for 8 weeks. These
effects may be due to increasing NO generation and
oxidative stress brought on by the drug Ahmed and Kurkar
and El Fatoh et al.l'42,

Youssef and Zidan™® found that acute and chronic
tramadol administration in adult male albino rats caused
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the seminiferous tubules to atrophy, resulting in several
layers of vacuolated spermatocytes and little signs of
spermatogenesis.

Tramadol was given to mice for an extended period,
and Masoud™® found that this resulted in the loss of the
majority of spermatogenic cells, degenerative alterations,
disrupted seminiferous tubule architecture, and a decrease
in spermatocytes, and rounded spermatid and Leydig cells.

In the study by Nna and Osim!”, they examined the
long-term usage of high doses of phosphodiesterase-5
inhibitors such as sildenafil and tadalafil, as well as
tramadol or a sildenafil+ tramadol combination was shown
to significantly alter the rat testis and epididymis, which
had an adverse effect on sperm qualities and was difficult
to reverse once therapy was stopped.

According to Tuorkey and Abdul Aziz*
spermatogenesis and spermiogenesis decreased as
sildenafil citrate dosage increased. According to Eid
et al.*, daily high dosages of tadalafil (20 mg) were shown
to cause histologically deteriorating alterations in the rat
seminiferous tubules, which decreased spermatogenesis.

The spermatogenic cells in several of the damaged
seminiferous tubules displayed conspicuous multiple
desquamations and degeneration.  These
substances' effects on the testicles may be brought on by
their unique toxic effects on the organ they are intended to
affect as well as a hormonal imbalance in the hypothalamic-
hypophysial-testicular axis, which may be brought on by
excessive tramadol use Adelakun ef al.’l.

CONCLUSION

vacuolar

In Swiss mice, tramadol and/or vardenafil, the most
widely used analgesic for the treatment of postoperative,
cancer, or chronic neuropathic pain,
dysfunction, are considered toxic reproductive agents due
to their deleterious impact on the male reproductive organ.
The reproductive toxicity of tramadol and/or vardenafil
may be mediated by their ability to elevate the reactive
oxygen species levels and imbalance the antioxidant
system, induce histopathological changes in the testis, and
affect the secretion of sex hormones.
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