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Abstract
Objective: Substance abuse is a global challenge. This study investigated the effects of two commonly 
abused substances, tramadol and/or Cannabis sativa ethanol extracts (ECS), on testicular function in 
Wistar male rats. 

Methods: Twenty-animals were equally divided into 4groups that received 0.9%NaCl (0.2ml), tramadol 
(40mg/kg), ECS (2mg/kg) and tramadol + ECS for 30days, respectively (daily p.o). Following anesthesia, 
blood samples were obtained and serum testosterone was determined. Testes and epididymis were 
harvested and weighed. Sperm motility, viability and counts were evaluated in the epididymis while 
superoxide dismutase (SOD), catalase, lactate dehydrogenase (LDH) levels and histology (Haematoxylin 
& Eosin) were evaluated in the testis. 

Results: Sperm motility, viability, counts, testosterone level and testicular CAT was reduced in all 
experimental groups compared to control. Relative epididymal weights increased in tramadol only and 
ECS only compared to control. Testicular SOD was decreased only in the tramadol only and co-treatment 
(tramadol + ECS), respectively. LDH was increased in the tramadol only treatment group. Testicular 
histology in tramadol and co-treatment groups showed structural aberrations that are consistent with 
impaired spermatogenesis, antioxidant depletion and oxidative stress. 

Conclusion: Abuse of tramadol and/or Cannabis sativa ethanol extracts may predispose to testicular 
dysfunction resulting from decline in testicular antioxidants, testicular steroidogenesis and 
spermatogenesis.
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Fonction testiculaire suite à une exposition par voie orale à des extraits 
à l'éthanol de tramadol et de cannabis sativa chez des rats Wistar 
mâles
 

*Ige A.O., Oluwole D.T., Olaoye M.O., Adewoye E.O.

Résumé 
Objectif: La toxicomanie est un défi mondial. Cette étude a examiné les effets de deux substances 
couramment consommées, le tramadol et/ou des extraits de Cannabis sativa (ECS), sur la fonction 
testiculaire chez des rats mâles Wistar.

Méthodes: Vingt animaux ont été également répartis en 4 groupes qui ont reçu du NaCl à 0,9% (0,2 ml), 
du tramadol (40 mg/kg), de l'ECS (2 mg/kg) et du tramadol + ECS pendant 30 jours, respectivement (po 
journalier). Après l'anesthésie, des échantillons de sang ont été prélevés et la testostérone sérique a été 
déterminée. Les testicules et les épididymes ont été récoltés et pesés. La motilité, la viabilité et le nombre 
de spermatozoïdes ont été évalués dans l'épididyme tandis que les niveaux de superoxyde dismutase (SD), 
catalase, lactate déshydrogénase (CLD) et l'histologie (H et E) ont été évalués dans les testicules.

Résultats: Le poids de l'épididyme, la motilité des spermatozoïdes, la viabilité, le nombre, le niveau de 
testostérone et la CAT testiculaire ont été réduits dans tous les groupes expérimentaux par rapport au 
contrôle. La SD testiculaire n'a diminué que dans le tramadol uniquement et le co-traitement (tramadol + 
ECS ), respectivement. La CLD a augmenté dans le groupe de traitement tramadol uniquement. 
L'histologie testiculaire dans le tramadol et les groupes de Co-traitement a montré des aberrations 
structurelles qui sont compatibles avec une spermatogenèse altérée, une déplétion antioxydante et un 
stress oxydatif.

Conclusion: L'abus d'extraits à l'éthanol de tramadol et/ou de Cannabis sativa peut prédisposer à un 
dysfonctionnement testiculaire résultant d'une baisse des antioxydants testiculaires, de la stéroïdogenèse 
testiculaire et de la spermatogenèse.
 
 
Mots-clés: Tramadol , cannabis sativa , testis, stress oxydatif, dysfonctionnement testiculaire
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INTRODUCTION
Substance abuse is a global challenge 

with detrimental effects on the health, wealth and 
security of nations (1). Substance abuse has been 
reported to impact negatively on reproductive 
health in both male and females in a variety of 
ways, thus contributing to the development of 
infertility in both sexes (2). Infertility, the 
inability to conceive (by women) or impregnate 
(by men) after 12 months of regular unprotected 
sexual intercourse, is found in about 15% of 
couples (3). Male factor infertility, a consequence 
of male reproductive disorders, has been reported 
to be the sole cause of infertility in approximately 
20% of infertile couples (4). Increased infertility 
rates have been associated with lifestyles that 
increase exposure to endocrine disruptors, 
environmental toxins and substance abuse (2,5). 

In Nigeria, tramadol, an opiate, and 
Cannabis sativa are amongst the most abused 
substances and this cuts across all strata of the 
society (6,7). Tramadol, a centrally acting opioid 
analgesic that is mainly used for the treatment of 
moderate to severe pain (8), is often abused and 
this has become a primary concern all over the 
world (9). Tramadol abuse has been associated 
with addictive behaviors among adolescents (10) 
and its addiction is recognized to cause adverse 
and in some cases lethal health effects (11). 
Cannabis sativa (also known as hemp and 
marijuana) on the other hand, is a green leafy 
plant that can be smoked, eaten with food or 
following solvent extraction, taken as a 
decoction. It has been reported to be the most 
commonly used and abused drug with an 
estimated number of 119–224 million users 
worldwide (12). Due to their addictive nature, 
medicinal use in pain management, and 
recreational use by adolescents there is a high 
probability of abuse of these two addictive 
agents, tramadol and Cannabis sativa, either 
alone or combined together.

The relationship between tramadol and 
sexual function appears to be controversial. 
Experimental studies have demonstrated a 
deleterious effect of tramadol on testicular 
function (13), while other studies suggests that in 
men with premature ejaculation, it has beneficial 
effects (9). Similarly, in experimental animals, 
reproductive hormonal toxicity (13) and 
testicular dysfunction (14) following exposure to 
C. sativa extracts have been reported while some 
studies in human have also observed no 
deleterious effects of C. sativa smoking on 
testicular function (15). In conditions associated 
with depression, anxiety disorder and pain, 

tramadol (16) and C. sativa (17,18) has been 
reported to improve sexual function. 

This study is therefore designed to 
investigate the effect of sub-chronic oral intake of 
tramadol and Cannabis sativa ethanol extracts 
(ECS) individually and in synergy on testicular 
function in male Wistar rats.

MATERIALS AND METHODS 
Preparation of Plant material

Following written permission to the 
National Drug Law Enforcement Agency 
(NDLEA), Nigeria, Cannabis sativa leaves were 
obtained and identified by the Department of 
Botany, University of Ibadan. (UIH-22809). The 
plant material was air-dried, pulverized to semi-
powdery form and Soxlet ethanol extraction of 
plant was carried out as described by Alagbonsi 
and Olayaki (13). The ethanol extract (ECS) 

O
obtained was stored at 4 C until use. 

Animals and groupings
Twenty male albino rats (167±25.2g) 

were housed at room temperature in well-aerated 
cages, fed on standard rat chow and allowed free 
access to drinking water ad libitum. The animals 
were randomly divided into 4 groups of 5 rats 
each. Group I, control, received normal saline 
(0.2ml), group II received tramadol (40mg/kg)  
(19) while group III received ECS (2mg/kg) (13). 
Group IV animals were co-treated with tramadol 
(40mg/kg) and ECS (2mg/kg) simultaneously. 
All treatments were done orally for 30 days. The 
Applied and Environmental Physiology Unit, 
Department of Physiology, University of Ibadan 
approved this experiment. Animals received 
humane care, and procedures were in accordance 
with the Guide for the Care and Use of 
Laboratory Animals (1996, published by 
National Academy Press, 2101 Constitution Ave. 
NW, Washington, DC 20055, USA). 

Hormone Assay
After treatment for 30days, blood 

samples were collected from all animals under 
light anesthesia (sodium thiopental, 50mg/kg) 
from the retro-orbital sinus into plain sample 
bottles. The samples were allowed to coagulate 

oand centrifuged at 3000g for 10 min at 4 C to 
obtain serum. The clear serum obtained was 
analyzed for testosterone using enzyme-linked 
immunosorbent assay kits obtained from Fortress 
Diagnostic kits, United Kingdom. 

Sperm analysis
All animals were euthanized by cervical 
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dislocation. The epididymis and testis were 
excised, cleared of fat and connective tissue and 
weighed to the nearest milligram. Sperm 
characteristics analysis was performed on 
spermatozoa samples collected from the caudal 
epididymis using Olympus research microscope 
(Olympus, Japan) under x40 microscope 
objectives. Progressive motility was assessed 
immediately. A drop of diluted sperm suspension 
(5ìl) was placed on a pre- warmed slide and two 
drops of warm 2.9% sodium citrate was added 
and covered with cover slip. Progressive forward 
motility was examined and scored to the nearest 
10 (20). Viability study (percentage of live 
spermatozoa) was done using eosin/nigrosin 
stain. The motile (live) sperm cells were 
unstained while the non-motile (dead) sperms 
absorbed the stain. The stained and unstained 
sperm cells were counted and an average value 
for each was recorded from which percentage 
viability was calculated. Sperm count was done 
under the microscope with the aid of the 
improved Neubauer haemocytometer. Counting 
was done in five Thoma chambers (21). 

Testicular damage and antioxidant status
The testes in each animal were excised 

per group, weighed and the left testis 
homogenized on ice in 1.15% KCl buffer (pH = 
7.4). The homogenates obtained were 

0
centrifuged at 10,000 rpm for 10 min at 4 C. The 
clear supernatant obtained was analysed for 
superoxide dismutase (SOD) (22), catalase (23), 
malondialdehyde (24), lactate dehydrogenase 
(ELISA method using Randox Laboratories 
Limited, United Kingdom) levels, respectively.

Histological evaluation
The excised right testis of each animal 

per group was fixed in Bouin's fluid and 
processed routinely for paraffin embedding. 
Specimen were cut into 5 µm sections using a 
rotary microtome and processed for Hematoxylin 
and Eosin stain (H&E) stains. Slides were viewed 
under a light microscope using different 
magnifications and photomicrography was made 
with Amscope MU900 digital camera. 

Statistical analysis
Results are expressed as mean ± SEM 

and were analysed using one-way analysis of 
variance (ANOVA) followed by Newman-Keuls 
post hoc test. Comparisons between control and 
experimental groups were carried out and the 
statistical differences were taken to be significant 

at p < 0.05.

RESULTS
Body weight in control and experimental 
groups

All animals showed varied increases in 
body weight at the end of the experiment (Day 
30) when compared with their initial body weight 
(Day 1). Animals in the control group exhibited a 
28.04% increase in body weight while animals in 
groups 2 (Tramadol only), 3 (ECS only) and 4 
(Tramadol + ECS) showed a 15.83%, 15.92% and 
4.51% increase in body weight respectively at 
end of the experiment compared to initial values 
within each group. The percentage increase in 
body weight for group 4 (Tramadol + ECS) was 
significantly reduced (p<0.05) from that obtained 
in control and all other treatment groups (Table 
1).

Effect of tramadol and Cannabis sativa 
ethanol extract (ECS) treatment on the 
relative testicular and epididymal weights, 
sperm motility, viability and count in control 
and experimental groups

No significant difference was observed 
in relative testicular weight between control and 
all other experimental groups. The tramadol only 
and ECS only exhibited relative epididymal 
weights (%) of 0.52 ±0.09 and 0.53 ±0.09 while 
the Tramadol + ECS and control groups exhibited 
relative epididymal weights of 0.43 ±0.07 and 
0.47 ± 0.08, respectively. Sperm motility in the 
Tramadol only, ECS only and Tramadol + ECS 
were 9.6%, 20.7% and 14.0% reduced 
respectively compared to control. Percentage 
sperm viability and sperm counts were 
significantly reduced (p<0.05) in groups 2, 3 and 
group 4 compared to control (Table 2).

Effect of tramadol and Cannabis sativa 
ethanol extract (ECS) treatment on the 
testicular oxidative stress status and serum 
testosterone in control and experimental 
groups

Testicular superoxide dismutase 
(SOD)(U/ml) was significantly reduced (p<0.05) 
in the tramadol only (0.60 ± 0.15) and tramadol + 
ECS (0.57 ± 0.05) groups respectively compared 
to control (0.88 ± 0.07). The SOD values 
observed in the ECS only group (0.86 ± 0.12) 
were not significantly different from control. 
Compared to control values, testicular 
malondyaldehyde (MDA) was reduced (p<0.05) 
in the tramadol + ECS treatment group.  The 
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MDA values observed in the tramadol only and 
ECS only were not significantly different from 
control values. A significant decline in testicular 
catalase activity (p<0.05) was observed in all 
treatment groups compared to control. 
Significant difference in testicular lactate 
dehydrogenase was observed in only Group II 
(tramadol only) compared to control. Plasma 
testosterone level (ng/ml) was significantly 
reduced (p<0.05) in the tramadol only (0.60 ± 
0.15), ECS only (2.63 ± 1.84) and tramadol + 
ECS (0.49 ±0.11) compared to control (35.08 ± 
15.38)  (Table 3).

Histopathology of the testis in control and 
experimental groups

The testicular sections of animals in 
Group I (Control group) showed normal 
testicular architecture, the seminiferous tubules 
seen are round to oval in shape, bound by a basal 
lamina with normal germ cell layer (spanned) that 
are in normal maturation stages. The 
spermatogonia (blue arrow) and Sertoli cells (red 
arrow) seen are normal. The lumen of the 
seminiferous tubules appears normal with 
presence of spermatozoa (white arrow). The 
interstitial spaces show normal Leydig cells 
(slender arrow) and mild vascular congestion 
(black arrow) (Fig. 1A). Group II (Tramadol 
only) exhibited poor testicular architecture, had 
irregular shapes and in some cases had ruptured 
seminiferous tubules. The germ cell layers in 
some cells are normal while the spermatogonia 
(blue arrow) and Sertoli cells (red arrow) seen are 
normal. The lumen of the seminiferous tubules 
appears degenerated in some cells with 
diminished presence of spermatozoa (white 
arrow). The interstitial spaces are wide, appear to 
lack Leydig cells and have dilated blood vessels 
(black arrow) (Fig. 1B). Group III (ECS only) 
showed normal testicular architecture, the 
seminiferous tubules seen are round to oval in 
shape, bound by a basal lamina with normal germ 
cell layer (spanned) that are in normal maturation 
stages. The lumen of the seminiferous tubules 
appears normal with presence of spermatozoa 
(white arrow). Mild vascular congestions (black 
arrow) are seen in the interstitium, the 
spermatogonia (blue arrow) and Sertoli cells (red 
arrow) seen are also normal (Fig 1C). In group IV 
(Tramadol + ECS treated), the testicular 
architecture is poor with seminiferous tubules 
that are mostly round to oval in shape and bound 
by a basal lamina with normal germ cell layer 
(spanned) that are in normal maturation stages. 
The lumens also appear normal with presence of 

spermatozoa (white arrow). The interstitial 
spaces show normal Leydig cells (slender arrow). 
They are also wide in some places and have 
dilated blood vessels (black arrow) (Fig. 1D).

DISCUSSION
Irrespective of age and sex, the 

prevalence of substance abuse continues to 
represent a major public health issue. 
Furthermore, addiction to narcotics, pain 
medication (25) and depression (26) has been 
reported to predispose to substance abuse. In 
developed and developing countries, the growing 
number of substance users continues to present 
with not only social but also health care problems 
and challenges. Tramadol and Cannabis sativa 
has been reported to improve sexual function in 
some conditions associated with depression, 
anxiety disorder and pain (17,18), hence further 
increasing its likely abuse in the society. 

This study shows impaired testicular 
function following intake of either tramadol 
(40mg/kg), ethanol extracts of C. sativa (ECS) 
and co-treatment with both Tramadol and ECS. 
The observed severity in testicular impairment 
was higher in the co-treatment (tramadol + ECS) 
group while the extract only group had the lowest 
severity in testicular impairment. The testis is a 
reproductive organ that is reported to perform 
two main functions that affect fertility i.e. 
spermatogenesis and steroidogenesis (27). Hence 
any impairment in either of these functions will 
contribute to male infertility. This study shows an 
increase in the relative epididymal weights of the 
tramadol treated and ECS treated groups, 
respectively which suggests increased fluid 
content in these tissues likely from a disturbance 
of fluid balance (28). However the relative 
epididymal weight in the co-treatment group 
(tramadol +ECS) was reduced which suggests 
decreased spermatogenesis in the testis and 
decreased sperm content in the epididymis in this 
group (28). Furthermore, the experimental 
groups also exhibited a decrease in serum 
testosterone level, sperm motility, viability and 
counts respectively. These observations are 
consistent with other reports for tramadol (29) 
and C. sativa extracts (13) which attribute 
impairment to damage of spermatogenic cells via 
increased testicular levels of reactive species 
resulting in the production of immature sperm, 
low sperm count and hence impairment in 
testicular function. Therefore, it also likely that 
the severity of testicular impairment noted in the 
co-treatment group may be due to the synergistic 
effect of tramadol- and Cannabis sativa extract-
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gonadal axis was however not investigated in this 
study, which represents a limitation of this study 
and will form the subject for further investigation 
in our laboratory. 

All experimental groups also show a 
reduction in percent body weight gain compared 
to control. The reductions noted in the tramadol 
only group is consistent with other studies that 
show weight loss as a possible side effect of 
tramadol use and is attributed to its anorexic 
effect on the body (33). Cannabis sativa has been 
reported to stimulate appetite via the activation of 
cannabinoid receptor type 1 (CB1) leading to an 
increase in ghrelin (34). However studies have 
also shown that the appetite stimulation is not 
accompanied with weight gain (35) except in the 
presence of pathological conditions such as 
cancer (36). This may account for the reduction in 
weight gain seen in the ECS only treated animals 
when compared to control. The significant 
reduction in body weight gain in the group treated 
with both tramadol and ECS compared to control 
and other treatment groups suggests a synergy of 
tramadol- and Cannabis sativa-induced weight 
loss mechanisms in this group. It may therefore 
be inferred that exposure to both tramadol 
(40mg/kg) and ethanol extracts of Cannabis 
sativa  (2mg/kg) orally may impair the bodies 
ability to gain weight.

CONCLUSION
In conclusion, this study suggests a 

predisposition to impairment of testicular 
function following continuous substance abuse 
of tramadol (40mg/kg) and/or Cannabis sativa 
ethanol extracts (2mg/kg) orally for 30days. 
While there are some studies that suggest 
beneficial effects of tramadol and Cannabis 
sativa in the amelioration of erectile dysfunction, 
care should be taken when increasing such 
advocacy to highlight that these beneficial effects 
may often be noted only in the presence of some 
preexisting pathology such as erectile 
dysfunction, be used only for a short duration and 
not under normal conditions. 
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Table 1: Effect of tramadol and Cannabis sativa treatment on the body weight in control and 
experimental groups 
 

GROUPS DAY 1 
(g) 

DAY 8 
(g) 

DAY 15 
(g) 

DAY 22 
(g) 

DAY 30 
(g) 

Percent weight 
gain within group 

Control 144.80 
±1.56 

150.40 
±9.87 

159.80 
±6.78 

175.20 
±5.36 

185.40 
±9.14 

28.04% 

Tramadol 
Only 

164.20 
±1.24 

168.00 
±2.17 

177.60 
±4.48 

185.20 
±4.27 

190.20 
±2.63 

15.83%* 

C. sativa Only 173.40 
±1.53 

179.80  
±1.28 

189.40 
±1.12 

194.60 
±3.30 

201.00 
±4.97 

15.92%* 

Tramadol and 
Cannabis  

190.60 
±1.91 

189.40  
±3.33 

196.20 
±3.02 

203.80 
±3.15 

198.60 
±4.16 

4.51%*# 

* indicates values that are significantly different from control. 
# indicates values that are significantly different from all other treatment groups. 

Table 2: Paired testicular weight (PTW), paired epididymal weight (PEW), sperm motility, 
viability and count in control and experimental groups. 
 

GROUPS Relative 
Testicular 
Weight  
(%) 

Relative 
Epididymal 
Weight  
(%) 

Sperm 
Motility % 

Sperm 
Viability % 

Sperm Count 
x106 

Control 1.12 ±0.22 0.47 ±0.08 90.60 ±2.62 83.00 ±1.36 26.24 ±2.35 
Tramadol Only 1.25 ±0.21 0.52 ±0.09 82.00 ±1.04* 75.00 ±1.07* 17.28 ±1.84* 
C. sativa Only 1.29 ± 0.21 0.53 ±0.09 72.00 ±3.74* 66.00 ±4.00* 20.68 ±0.95* 
Tramadol and 
Cannabis  

1.25 ±0.21 0.43 ±0.07 78.00 ±3.74* 71.00±2.45* 18.36 ±1.69* 

*  indicates values that are significantly (P<0.05) different from control.  
 

Table 3: Testicular Superoxide Dismutase, Malondialdehyde, Catalase, Lactate Dehydrogenase 
and serum testosterone in control and experimental groups 
 

GROUPS SOD (U/ml) MDA (µM) Catalase 
(µmol/min/ml) 

LDH  
(U/l) 

Testosterone 
(ng/ml) 

Control 0.88 ±0.07 3.64 ±1.04 20.27 ±1.39 17.04 ±8.24 35.08 ±15.38 
Tramadol Only 0.66 ±0.13* 2.13 ±0.74 3.35 ±0.76* 36.97 ±5.78* 0.60 ±0.15* 
C. sativa Only 0.86 ±0.12  2.30 ±0.30 6.61 ±1.81* 27.79 ±10.64 2.63 ±1.84* 
Tramadol and 
Cannabis  

0.57 ±0.05* 1.48 ±0.42* 2.94 ±0.716* 10.87 ±3.28 0.49 ±0.11* 

*  indicates values that are significantly (P<0.05) different from control.  
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Fig. 1. (A-D) Photomicrograph of testicular sections in control and experimental groups at low 
magnification (x100) and high magnification (x400)   
 
Group I  (Control group)  showed normal testicular architecture, the seminiferous tubules seen are round  to oval in shape, bound  by a basal 
lamina with normal germ  cell layer (spanned) that are in normal maturation stages. The spermatogonia (blue arrow) and sertoli cells (red 
arrow) seen are normal. The lumen of the seminiferous tubules appears  normal with presence of spermatozoa (white arrow). The interstitial 
spaces show normal leydig cells (slender arrow) and mild vascular congestion (black arrow) (Fig. 1A).  
Group II  (Tramadol only) exhibited poor testicular architecture and irregular shaped and in some cases ruptured seminiferous tubules. The 
germ cell layers in some cells are abnormal while the spermatogonia (blue arrow) and sertoli cells (red arrow) seen are abnormal. The lumen 
of the seminiferous tubules appears  degenerated  in some cells with diminished  presence of spermatozoa (white arrow). The interstitial spaces 
are wide and appear to lack Leydig cells and have dilated blood vessels (black arrow) (Fig. 1B).  
In Group III  (ECS  only)  showed normal testicular architecture, the seminiferous tubules seen are round  to oval in shape, bounded by a basal 
lamina with normal germ  cell layer (spanned) that are in normal maturation stages. The lumen of the seminiferous tubules appears  normal 
with presence of spermatozoa (white arrow). Mild vascular congestions (black arrow) are seen in the interstitium, the spermatogonia (blue 
arrow) and sertoli cells (red arrow) seen are also  normal (Fig 1C).  
In group IV  (Tramadol  +  ECS  treated), the testicular architecture is poor with seminiferous  tubules that are mostly round to oval in shape 
and bound  by a basal lamina with normal germ  cell layer (spanned) that are in normal maturation stages. The lumens also appear normal with 
presence of spermatozoa (white arrow). The interstitial spaces show normal Leydig cells (slender arrow). They are also wide in some places 
and have dilated blood vessels (black arrow) (Fig. 1D).  
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