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Abstract

Tramadol, an opioid analgesic, has gained widespread use for the management of moderate to severe
pain due to its efficacy and relatively favorable safety profile. This study aimed to evaluate the effects of
tramadol ingestion on the testes of adult male Wistar rats. A total number of twenty (20) male Wistar
rats, were weighed and randomly allocated into four separate groups of five rats each I- IV (a control
group and three treatment groups receiving 25 mg/kg, 50 mg/kg, and 75 mg/kg of tramadol
respectively) in their home cages for 21 days. The administration was based on the rats' respective body
weight, and the oral administration of tramadol was facilitated using an improvised 20 G cannula
insulated with a vein scalp needle about 7-8 cm in length. Via cardiac puncture, blood was retrieved
from the left ventricle and underwent centrifugation to obtain serum for antioxidant parameters namely
superoxide dismutase (% inhibition) and reduced glutathione levels. Sperm parameters such as sperm
concentration, viability and pH were carried out using the Wistar rat cauda epididymis. The testes after
fixation in formalin passed through routine steps of histological processing and was subsequently
stained with Haematoxylin and Eosin stain. Tramadol-treated groups showed a significant increase in
SOD activity, expressed as percentage inhibition of superoxide radical with no differences were observed
in reduced glutathione levels. Sperm pH remained fairly preserved across the groups but significant
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decreases in sperm concentration and viability were noted denoting spermato-toxicity. Histological
findings revealed fairly preserved architecture across groups with mild displacement of cells across the
series in the tramadol groups. This study demonstrates the potential harmful effects of tramadol on the
testes of adult male Wistar rats, highlighting its deleterious impact on male reproductive health.
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INTRODUCTION

Because of its effectiveness and generally good safety record, the synthetic opioid painkiller
Tramadol has become a common treatment for moderate to severe pain. In order to produce
its analgesic effects, it mainly acts as a p-opioid receptor agonist, blocking the reuptake of
serotonin and norepinephrine (Drobnis and Nangia, 2017; Nakhaee et al., 2021).

As stated in a report by the United Nations Office on Drugs and Crime (UNODC, 2024), the
year 2022 recorded about 292 million drug users, a 20% increase over the previous ten years
worldwide. With 228 million users, cannabis continues to be the most popular abused drug
in the world immediately followed by opioids with about 60 million users. Other drugs such
as amphetamines, cocaine and ecstasy record numbers as much as 30, 23 and 20 million users
respectively.

A cross-sectional research of commercial bus drivers in Kano, Northern Nigeria, found that
85.2% of participants abuse Tramadol (Yunusa, et al., 2017). 53.4% of university students in
Owerri, South East Nigeria, who participated in a survey on the use of psychoactive
substances acknowledged using Tramadol (Ohale et al., 2017).

Research on tramadol's effects on testicular function in animals has shed light on both its
possible mechanisms of action and side effects. Chronic tramadol treatment has been linked
to changes in testicular morphology, including degenerative changes in seminiferous tubules,
a decrease in sperm count, and disruption of spermatogenesis, according to study on animals,
especially rats (Abdellatief et al., 2015).

Furthermore, via modifying the release of gonadotropins and sex hormones, tramadol has
been shown to impact the endocrine regulation of testicular function. Because tramadol can
interact with receptors and neurotransmitter systems involved in the control of reproductive
function, these effects may be mediated through the opioidergic and serotonergic pathways
(Ahmed and Kurkar 2014).

This study therefore aimed to evaluate the effects of oral tramadol administration at doses of
25, 50, and 75 mg/kg body weight for 21 days on SOD activity, reduced glutathione levels,
sperm concentration, viability, pH, and testicular histomorphology in adult male Wistar rats.

MATERIALS AND METHODS

Experimental Design
Ethical approval was obtained from Prince Abubakar Audu University Committee on Animal
Use and Care with Approval no: PAAUCAUC/2024/054.

Twenty (20) male Wistar rats were sourced from the Department of Human Anatomy, College
of Health Sciences Prince Abubakar Audu University. The baseline weight of the Wistar rats
was 190 g to 240 g. The rats were kept in adequately ventilated cages, provided with pelletized
rat feed and water, and in regular laboratory settings. A period of two weeks was allowed for
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the animals to acclimatize to their new environment. A prescription for tramadol tablets was
obtained from the University hospital and were subsequently procured from a reputable
pharmaceutical store in Anyigba, Dekina LGA, Kogi State. The tramadol was manufactured
by Hovid Berhad Pharmaceutical Company, Perak, Malaysia packaged as 100 mg Tramadol
hydrochloride per capsule. Four groups of five rats each were named I - IV. Group I was the
control group and were administered 1 ml / Kg body weight of distilled water. Groups II, III
and IV rats were treated with, 25, 50 and 75 mg/Kg body weight respectively. Oral
administration of distilled water and tramadol lasted for 21 days.

100 mg of Tramadol capsule was dissolved in 5 ml of water, from which the dosage for the
rats was calculated and administered according to body weight.

The rats were first euthanized via cervical dislocation and cardiac puncture was subsequently
used to collect the maximal volume of blood from the left ventricle after gaining access to the
thoracic cavity of the rats using 5ml syringe before the heart stopped beating. Centrifugation
at 3000 g for 10 minutes was done to obtain the serum necessary for further analysis. By
making a midline incision in the abdomino-pelvic cavity, the testes and epididymis were
surgically removed. Using forceps, the cauda epididymis containing mature sperm was
opened and the sperm-rich fluid was collected into a sterile petri-dish for sperm parameter
analysis. The testes were fixed in neutral-buffered formalin (NBF) by immersing the testes in
a sufficient volume of formalin, ensuring complete coverage of the tissues, and allowing them
to undergo fixation for 72 hours.

Lab Analysis

Antioxidant Measurement

Using the serum, Superoxide dismutase (SOD) activity was measured as reported by Misra
and Fridovich (1977) and was reported as % inhibition. Superoxide anion, a substrate for SOD,
is generated indirectly in the oxidation of epinephrine at alkaline pH by the action of oxygen
on epinephrine. As superoxide anion builds, the formation of adenochrome accelerates
because superoxide anion also reacts with epinephrine to form adenochrome. SOD reacts with
superoxide formed during the oxidation of epinephrine and therefore slows down the rate of
formation of adenochrome as the amount that is formed. As such, SOD is said to inhibit the
oxidation of epinephrine. Absorbance was read at 480nm at every 30s for 150s.

Increase in absorbance = (Az - Ag)/ 2.5 (where Az and Ay are absorbances after 150 and 30
seconds respectively).

% inhibition = 100 - 100 X (increase in absorbance of sample / increase in absorbance of blank).
Reduced glutathione (GSH) concentration was assayed in the serum using the technique of
Ellman (1959) and was reported as mmol/L.

Concentration = Absorbance / Extinction coefficient X dilution factor

Extinction coefficient = 13,600 M- cm-!

Sperm Parameters

Sperm concentration was determined to assess the number of spermatozoa. The sperm sample
from the cauda epididymis was loaded into the hemocytometer and the sperm cells were
manually counted under a microscope. The concentration was adjusted based on the dilution
factor and expressed as the number of spermatozoa per millilitre (million/mL) (D’Souza,
2003). On a microscope slide that had been preheated, 10 uL of semen and 10 pL of 2 % eosin
solution were combined, and allowed to air dry. 400x magnification was used to examine the
slides. Four fields of vision were used to count 100 sperm cells. While live sperm remained
unstained, dead spermatozoa absorbed the dye (from pink to red), allowing for the evaluation
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of viability, which was noted as percentages (Braune et al., 2025). The sperm pH was measured
using a pH meter to ascertain its acidity or alkalinity as the case may be (Zhou et al., 2015).

Using the technique of Parhizkar et al. (2014), the left testis was dehydrated in ascending
grades of ethanol (from 70 % - absolute ethanol). The dehydrated tissue was then cleared in
two changes of xylene for 30 minutes each. The cleared tissue was infiltrated by immersing in
three changes of paraffin wax and embedded in a cassette with molten paraffin wax and
allowed to solidify, after which it was placed on a cold plate to prepare for sectioning. After
this step, sectioning at 5pm using a microtome and floating out in a warm water bath (37 °C)
was done. A clean glass slide was used to carefully pick the sections from the water bath.

Histology Assessment

The Haematoxylin and Eosin staining was carried out by immersing the tissue in hematoxylin
for a duration of 8 minutes, after which it was rinsed under running tap water at low pressure
for 5 minutes. It was then immersed in 1% alcohol for 5 minutes, and then rinsed under
running tap water at low pressure for 4 minutes. The tissue was counter-stained with eosin
by immersing it in eosin for 5 minutes, and rinsed afterwards under running tap water at low
pressure for 4 minutes. By passing through ascending grades of alcohol (70% through
absolute) for 2 minutes each, the section was dehydrated (Pradeepthi, et al., 2023). This was
followed by clearing in descending grades of xylene. A drop of dibutylphthalate polystyrene
xylene (DPX) was finally added to the surface of the section as a standard mounting medium
and cover-slipped. The slides were viewed after being allowed to dry. Photomicrographs
were taken at x400 using Amscope camera on a light microscope.

Data Analysis

Data obtained from the study were analyzed using GraphPad Prism version 9.3.1. Results
obtained were expressed as Mean * standard error of mean. One-Way Analysis of Variance
(ANOVA) was used to compare means as appropriate followed by the Tukey post-hoc test.
Results were considered significant when p< 0.05.

RESULTS

Antioxidant Measurement

There was a significant increase in the percentage inhibition of superoxide radical indicated
by SOD activity in the tramadol treated groups (II- 91.9 £ 1.5, Il - 92.33 £ 2.48, IV - 94.65 +
1.05 versus I - 54.55 + 6.04; p < 0.001) when compared to the control group (Figure 1). There
were no significant changes in the concentration of GSH (I - 13.43 £ 0.33, I - 12.57 £ 1.01, III -
14.21 £ 0.94, IV - 12.93 £ 0.45; p = 0.35) across the groups (Figure 2).

Sperm Parameters

There were significant decreases in sperm concentration (I - 69.1 +5.12 versus II - 30.5 + 2.99,
II -31.9+4.12,1IV - 31.5 £ 2.6; p < 0.0001) and viability (I - 57 £ 4.90 versus II - 22 + 3.08, III -
26.75+5.45, 1V - 26.25 + 3.15; p < 0.0003) amongst the tramadol treated groups (Figure 3 and
4 respectively). On the other hand, sperm pH remained preserved across the groups (I - 7.38
+0.05,11-7.28 £0.06, III - 7.25 £ 0.06, IV - 7.28 £ 0.05; p = 0.36) (Figure 5).

Histology Assessment

The histoarchitectural appearance of the testes across the groups remained fairly consistent
but with mild displacement of the spermatogenic series mostly in groups Il and IV (group III
appeared fairly preserved) while the control group showed a higher density of mature
spermatozoa within the tubular lumen (Plates I - IV).
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Groups

Figure 5: Effect of Tramadol ingestion
on sperm pH in adult Wistar rats p > 0.05

Plates I - I'V: Histological sections of the seminiferous epithelium of the adult rat testes treated with varying doses
of tramadol via H and E stain at x400 magnification (I - control - distilled water, II - 25 mg/Kg tramadol, III - 50
mg/Kg tramadol, IV - 75 mg/Kg tramadol; ST - seminiferous tubules, L - lumen, Int - interstitium.
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DISCUSSION

Despite being an immune-privileged environment with low oxygen tension, the testes are
especially vulnerable to high levels of reactive oxygen species (ROS) due to the presence of
polyunsaturated fatty acids in the cell membranes. Excessive ROS damages DNA, proteins,
lipids, disrupting spermatogenesis via apoptosis and sloughing of seminiferous epithelium.
The testes therefore thave created a complex array of antioxidant systems with both enzymatic
(superoxide dismutase and glutathione peroxidase) and non-enzymatic components to
mitigate this risk (Kaur et al., 2006). After superoxide anion generation by the mitochondrial
electron transport chain, SOD is the first antioxidant to convert superoxide anion into
hydrogen peroxide which is subsequently removed by glutathione peroxidase and reduced
glutathione (GPx and GSH) (Aitken and Roman, 2009).

In this study, there was a significant increase in the activity of SOD enzyme in dismuting
superoxide radical in the tramadol treatment groups when compared to the control. This
therefore means there is an influx of ROS which was met with a corresponding and
compensatory upsurge in SOD activity as the first line of antioxidants. GSH levels on the other
hand remained relatively stable and this could be due to the rise in activity of SOD enzyme.
Adelakun et al. (2022) reported a disruption in the oxidant-antioxidant expression via an
increase in the oxidative stress markers. Although, Bedir et al., (2025) reported a decrease in
the activity of SOD enzyme, it is worth noting that SOD, as the first defense actually
experiences a transit rise following drug toxicity and then actually falls due to depletion of its
reserves in a chronic exposure. This study is also in contrast with that of Koohsari et al. (2020)
who reported a significant decrease in GSH levels after similar dosing sequences
intraperitoneally.

Our study findings of significant reduction in sperm concentration and viability are in tandem
with that of Esua et al. (2019) and Adelakun et al. (2022). Via opoid receptor-mediated
inhibition of gonadotrophin releasing and luteinizing hormones, tramadol has the ability to
suppress the production of testosterone thereby reducing daily sperm output in the
epididymis (Kabbash et al., 2019). Also, via caspase-3 activation, Bedir et al. (2025) were able
to show apoptosis of the Leydig cells which could stunt the production of testosterone. Sperm
pH is a measure of the balance between acidic epididymal pH and alkaline prostatic/seminal
vesical secretions (Zhou et al. 2015). Interestingly as reported by Esua et al. (2019), there was
no change in sperm pH in our study indicative of the fact that tramadol did not induce
accessory gland pathology.

We noticed mild disorganization of the seminiferous epithelium of the testes in groups II and
IV following routine staining via H and E. This is consistent with the findings of Abdellatief
et al. (2015) who noticed alongside concurrent shrinkage, separation of the basement
membrane and vacuolization of the epithelium cells. This could be as a result of the presence
of ROS and a disruption of the endocrine pathway of testosterone formation and activity. With
an increase in SOD activity transiently and stable GSH stores, one would expect full clearance
of ROS. However, there could be a time lag in the activities of SOD and GPx/GSH. In other
words, after the dismutation of superoxide radical by SOD leading to the formation of
hydrogen peroxide (H>O,), GPx1 activity actually requires a certain high amount of H>O: plus
P53 co-activation (Lubos et al., 2011). We therefore speculate that H-O. may have accumulated
below the threshold required for GPx1 activation, though direct measurement of H-O: or GPx
activity was not performed in this study and would be necessary to confirm this hypothesis.
Interestingly, there was fair preservation of the seminiferous epithelium of group Ill rats. This
could be due in part to hormesis whereby low doses of opiods may trigger the activation of
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protective antioxidant systems, intermediate doses could give room for adaptation of the
system and high doses would eventually overwhelm these defense mechanisms (Koohsari et
al., 2020). In essence, at exposure to oral tramadol of 50 mg/Kg body weight, the testes may
have been operating at an optimal perturbation zone due to compensatory pathways
apparently yielding normal histology. The nuclear factor -kappa beta and mitogen activated
protein kinases (ERK, p38 and JNK) may have been activated at this dose during the course
of the experiment. These systems initially promote the expression of cytoprotective genes and
anti-apoptotic factors at a low dose stress event (Wan et al., 2024). This could potentially limit
germ cell sloughing and maintain epithelial thickness at this dose. Alternatively, heat shock
proteins such as HSP70 and HSP90 may have been activated at this dose in the Sertoli cells
which function to stabilize proteins, preventing misfolding thereby improving cell survival
signaling pathways (Kong et al., 2025).

CONCLUSION

Tramadol induced dose-related testicular toxicity, while elevating SOD activity as a
compensatory antioxidant response with preserved sperm pH and serum GSH levels. The
findings in this study also reflected tramadol’s suppression of the hypothalamic-pituitary-
gonadal axis in tandem with the noticeable changes in sperm concentration and viability. H
and E staining revealed mild spermatogenic disorganization likely due to low H>O: levels
undetected by the GPx/GSH pathway although H>O,, GPx and testosterone levels were not
assayed in this research serving as a limitation to this hypothesis. Therefore, we recommend
that larger samples of rats, H>O, and GPx activities, longer treatment durations mimicking
addiction and concentrations of the hypothalamic-pituitary-gonadal hormones should be
done in future studies to fully characterize the mechanistic activities of tramadol on the male
gonads.
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