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Abstract

The combined usage of tramadol and enerqy drinks as sexual enhancers has become increasingly
prevalent, raising concerns about their potential impact on male reproductive health. This study
investigates the androgenic effects of tramadol and Fearless energy drink consumption in adult male
Sprague-Dawley rats. Twenty male rats were divided into four groups: control, tramadol-treated,
energy drink-treated, and co-administration (tramadol + energy drink). After eight weeks of
administration, key reproductive parameters such as sperm quality, hormonal parameters, and
oxidative stress markers were evaluated in the testes and epididymis. Tramadol administration
significantly reduced testosterone levels, sperm count, and normal sperm morphology, suggesting
opioid-induced reproductive toxicity. Energy drink consumption alone caused a mild, transient increase
in testosterone but eventually led to oxidative stress and diminished sperm quality. The co-
administration group showed the most severe outcomes, with markedly increased malondialdehyde
(MDA) levels and decreased antioxidant enzyme activity, including superoxide dismutase (SOD) and
catalase (CAT). Histological analyses of reproductive tissues revealed structural degeneration, with the
most pronounced damage seen in the co-administration group. These findings suggest a compounded
detrimental effect of tramadol and energy drink co-use on testicular function, hormonal regulation, and
sperm health. As the concurrent intake of these substances continues to rise, especially among young
males seeking enhanced sexual performance, the potential reproductive risks warrant urgent public
health attention. This study underscores the need for increased awareness and further research into the
long-term effects and possible therapeutic strategies to mitigate the reproductive harm associated with
the combined usage of these substances.

Keywords: Tramadol, Energy Drink, Testosterone, Oxidative Stress, Male Fertility,
Androgenic Effects.
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INTRODUCTION

The pursuit of substances to enhance sexual function and address erectile dysfunction has
been a persistent endeavor across various cultures and time periods (Katz, 2009). In
contemporary society, an increasing number of men turn to pharmaceutical and dietary
supplements not necessarily to treat sexual dysfunction but to enhance libido and sexual
performance. Among these substances is tramadol, a synthetic opioid analgesic (Kabbash et
al., 2019) commonly prescribed for pain management (Pope, 2025) but also used off-label for
delaying ejaculation by increasing the intravaginal ejaculatory latency time (IELT) (Salem et
al., 2007). Additionally, energy drinks, particularly those high in caffeine and stimulants, are
widely consumed to boost energy and mental alertness (Jagim et al., 2023). The combination
of tramadol and energy drinks has gained popularity as a purported enhancer of sexual
endurance, yet little is known about its long-term implications on male reproductive health.
Tramadol exerts its effects by inhibiting serotonin and norepinephrine reuptake (Edinoff et
al., 2021) while acting on opioid receptors, leading to delayed ejaculation. However, chronic
tramadol use has been linked to detrimental effects on male fertility, including decreased
sperm concentration, and increased oxidative stress in testicular tissue (Eltohamy et al., 2023).
Similarly, excessive caffeine consumption through energy drinks has been associated with
hormonal imbalances, reduced testosterone levels, and potential testicular toxicity (Aprioku
et al.,, 2020). Despite these findings, there is limited research on the combined effects of
tramadol and energy drink consumption on male reproductive function.

Recent studies have highlighted the negative impact of tramadol and energy drinks on male
reproductive health. Soliman et al. (2021) reported that tramadol use significantly impairs
libido, erectile function, testosterone levels, and semen quality. Similarly, Koohsari et al.
(2020) revealed that tramadol exposure leads to testicular toxicity in rats. On the other hand,
Glover et al. (2022) demonstrated that excessive energy drink consumption elevates oxidative
stress and causes hormonal imbalances that negatively affect sperm quality. Nwakanma et al.
(2023) also showed that energy drink intake disrupts reproductive hormone levels and
decreases sperm parameters in male rats. While limited research exists on their combined use,
these findings suggest potential compounded effects that warrant further investigation.

This study investigates the androgenic effects of tramadol and a well-known energy drink
(Fearless) in adult Sprague-Dawley rats, focusing on key reproductive parameters such as
sperm quality, hormonal regulation, and oxidative stress markers. By evaluating these
impacts, the research aims to provide insight into the potential risks associated with the
concurrent use of these substances and their implications for male reproductive health.

MATERIALS AND METHODS

Ethical approval

Ethical approval was obtained from Research and Ethical Committee of College of Health
Science, Bowen University, Iwo campus, Osun State, with a reference number
BUI/COHES/ANA/017/023

Experimental Materials

The materials used in this study include those required for acclimatization, administration,
euthanization, histological, and biochemical processing. These materials include plastic cages,
oral cannula, food and water bowls, wood shavings, pellet feed, digital weighing scale,
syringes, tramadol (pure substance, obtained from Fairy pharmaceuticals, China), Fearless
energy drink (obtained from a restaurant inside Bowen University), sensitive weighing scale,
dissecting set and board, thermometer, surgical gloves, distilled water, Bouin's fluid,
ketamine, 10% formal saline, centrifuge, methylated spirit, beaker, desiccator, cotton wool,
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measuring cylinder, capillary tubes, EDTA bottles, specimen bottles, electric kettle, and water
flasks

Care and Management of Animals

A total of twenty (20) adult male Sprague-Dawley rats weighing between 100-150g were used
for this study. The animals were acclimatized for a period of one week and maintained under
standard animal holding facility conditions in the departmental animal house of Bowen
University, Iwo, Osun State. They were kept under hygienic conditions at normal
environmental temperature and relative humidity. Wood shavings were used as bedding for
the animals in the plastic cages, and the bedding was changed every two days to ensure
proper sanitation.

Experimental groupings

Twenty (20) adult male Sprague-Dawley rats were used as experimental models for this study.
The animals were marked with bouyin’s fluid at different body parts for easy identification,
and then divided into four groups (A-D), with five rats (n=5) in each group

Substance Administration
The medications were given orally in the following ways:
e Group A (Control Group) were administered with 1ml of distilled water.
e Group B were administered with 50mg/kg of tramadol.
e Group C were administered with 5ml/kg of (Fearless) Energy drink.
e Group Ds were co-administered with 50mg/kg of tramadol and 5ml/kg of (Fearless)
Energy drink.

Euthanization

After the administration period, all rats were euthanized, and their testes and epididymis
were harvested for analysis. Blood was collected from the heart and stored at -80°C for
hormonal assay. Semen was gently extracted from the caudal epididymis and analyzed under
a microscope at X400 magnification. One testis from each rat was fixed in Bouin's fluid for
histological analysis, while the other was stored at -80°C for biochemical analysis.

Duration of Experiment
The entire study lasted 10 weeks. The animals acclimatized for 2 weeks (14 days), followed by
8 weeks (56 days) of administration.

Collection of Blood

Blood samples were collected from euthanized animals using a 5ml syringe and needle via
the left ventricle of the heart. The samples were then placed in specimen bottles for hormonal
assay.

Histological Procedures
Testicular tissues were processed for microscopic examination using standard tissue
processing protocol and 5um thick paraffin sections were made. Slides were stained with

hematoxylin and eosin stains and photomicrographs were made at a magnification x400 (Ao,
2024).
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Measurement of Follicle stimulating hormone (FSH), Luteinizing hormone (LH) and
Testosterone

The LH, FSH, and testosterone levels were determined using the enzyme-linked
immunosorbent assay (ELISA) method (Shaheed et al., 2021). After blood samples were
collected and processed to obtain serum, microtiter plates were coated with antibodies that
selectively bind to LH, FSH, or testosterone (Ongaro et al., 2021). The serum was then added
to the wells, allowing the hormones in the sample to bind to the immobilized antibodies. After
incubation and washing steps to remove unbound substances, enzyme-conjugated secondary
antibodies that recognize the hormones were added (Dita, 2021). After another incubation and
washing step, a substrate was added, which reacts with the enzyme to generate a color change.
The intensity of the color is proportional to the amount of hormone present in the sample
(Badr, Algefare and Alfwuaires, 2021). The absorbance of the colored solution is then
measured using a spectrophotometer, and the hormone concentrations were determined by
comparing the absorbance values to a standard curve generated from known hormone
concentrations (Ao, 2024).

Determination of biological markers

The tissue homogenate was used for biochemical analysis to detect the presence of
Malondialdehyde (MDA), Catalase (CAT) and Superoxide dismutase (SOD) (De Carvalho E
Martins et al., 2022). Firstly, MDA reacted with thiobarbituric acid (TBA), resulting in the
formation of a colored product that can be quantified spectrophotometrically (Wu et al., 2024).
SOD activity was determined using an assay that utilizes the inhibition of a specific reaction
(Zhao et al., 2021). This method measures the ability of SOD to scavenge superoxide radicals.
CAT activity was assessed by measuring the decomposition of hydrogen peroxide (H:0.)
using spectrophotometric methods (Hadwan et al., 2024). The rate of H>O. degradation is
directly proportional to CAT activity. In these assays, appropriate controls and standard
curves were used for accurate quantification of MDA, SOD, and CAT levels (Ao, 2024).

Statistics

The data obtained from all the groups were compiled and analyzed statistically using ONE
WAY-ANOVA using Graph pad software version 9.5. The results of the data were expressed
as mean + SEM (standard error of mean) where p<0.05 was taken as significant.

RESULTS
No mortality was recorded during this experiment, and all animals appeared healthy with
normal behavior throughout the study (eight weeks).

Effect of treatment on the oxidative stress markers for the testis and epididymis

Tables 1 and 2 present the effects of tramadol, energy drink, and their co-administration on
oxidative stress markers in testicular and epididymal tissues. In both tissues,
malondialdehyde (MDA) levels increased significantly across all treatment groups compared
to the control, indicating elevated lipid peroxidation. The highest MDA concentrations were
observed in the combination group for both the epididymis and testis. Conversely,
antioxidant enzyme levels of superoxide dismutase (SOD) and catalase (CAT) were
significantly reduced in all treated groups relative to controls, with the greatest reductions
occurring in the combination group. These findings suggest that tramadol and energy drink
exposure, particularly in combination, induces substantial oxidative stress and impairs
antioxidant defense mechanisms in male reproductive tissues.
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Effect of treatment on seminal parameters - sperm count and morphology

Figure 1 shows the effect of the administration of tramadol and energy drink and the co-
administration on the seminal count and morphology of the differnet groups of animals. There
was a drug dependent decrease in the seminal count and morphology, compared to the
control, with the co-administration group having the lease amount.

Effect on the hormonal milieu

Figure 2 shows the effect of the combined administration of tramadol and energy drink, and
individually, to the adult Sprague Dawley rat models. There was a drug-dependent decrease
in the FSH, testosterone and LH levels, with the co-administration group showing the most
significant decrease, compared to the control group. There were also some observed decreases
in the energy and tramadol group, but they were not as significant as the co-administration

group.

Effect of treatment on histology of the testes

Plate 1A (control) shows normal seminiferous tubules with intact germinal epithelium,
orderly spermatogenic cells, and healthy Sertoli and Leydig cells, indicating active
spermatogenesis. Plate 1B (tramadol) reveals vacuolation and pyknotic nuclei (black arrows),
along with detachment of germ cells from the basement membrane (white arrow), indicating
moderate testicular degeneration. Plate 1C (energy drink) exhibits severe disorganization of
seminiferous architecture with signs of cellular atrophy or necrosis (grey arrow), suggesting
toxic-induced  impairment. Plate 1D (co-administration) displays pronounced
histopathological damage including collapsed tubules, widened interstitial spaces, extensive
vacuolations, and loss of germinal layers (white arrow), reflecting a synergistic toxic effect of
tramadol and energy drink co-administration.

Effect of treatment on histology of the epididymis

Plate 2A (control) shows normal pseudostratified columnar epithelium with stereocilia (white
arrow) and abundant mature spermatozoa in the lumen, indicating intact epididymal
function. Plate 2B (tramadol) displays notable epithelial thinning and reduced stereocilia (blue
arrows), with partial sperm depletion and early epithelial disorganization (grey arrow),
suggesting moderate toxicity. Plate 2C (energy drink) shows epithelial vacuolation and
sloughing (green arrow), with sparse luminal spermatozoa (black arrow), indicative of
degenerative changes and impaired sperm transit. Plate 2D (co-administration group) shows
severe epithelial disruption, extensive vacuolations (black arrow), loss of luminal
spermatozoa, epithelial flattening (blue arrow), and fibrotic changes (white arrow), revealing
a pronounced synergistic toxic effect on epididymal structure and function.

Table 1: Effect of treatment on the oxidative stress markers for the testis

GROUP MDA (nmol/mg protein) | SOD (u/mg protein) CAT (u/mg protein)
CONTROL 284.03 £10.26 439.26 +3.09 348.92+1.29
TRAMADOL 773.92 £ 8.11* 190.84 + 8.02* 117.26 +1.88*
ENERGY DRINK 536.01 + 2.69* 208.11 + 3.15* 159.77 £ 1.08*
TRAMADOL + | 817.29 £10.06* 178.16 £ 2.24* 143.09 £ 2.14*
ENERGY DRINK

(Values represented as Mean + SD, n=5. Asterisk (*) indicated significance at P<0.05 when compared to control group)*
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Table 2: Effect of treatment on the oxidative stress markers for the e

ididymis

GROUP MDA (nmol/mg protein) | SOD(u/mg protein) CAT (u/mg protein)
CONTROL 17426 £10.48 287.44 +2.01 236.73 +1.33
TRAMADOL 602.98 +7.29* 93.07 £3.00* 93.24 + 2.05*
ENERGY DRINK 389.11 +7.16* 103.26 + 1.96* 188.32 £ 1.62
TRAMADOL + | 721.03 £3.94* 80.98 £2.79* 83.26 + 0.92*
ENERGY DRINK

(Values represented as Mean + SD, n=5. Asterisk (*) indicated significance at P<0.05 when compared to control group)*

Figure 1 Effect of treatment on seminal parameters - sperm count and morphology. (Values
represented as Mean £ SD, n=5. Asterisk (*) indicated significance at P<0.05 when compared to control

MORPHOLOGY

= MORPHOLOGY

group)*
COUNT
1501
=1 COUNT o 100
—_ £
£ S 80
<:D 1004 ?'_,
S S 60
= 3
z 40
8 504 H g‘
O 20
| | 4
I I o
0 T T T T = 0
N N
& & & &
[ex & Ao ﬂo
<& (\Q}% QQ}Q
<& \x(o
S
e
<&
Group

Figure 2: Effect of treatment on hormonal milieu- FSH, LH, Testosterone.
(Values represented as Mean * SD, n=5. Asterisk (*) indicated significance at P<0.05 when compared to control

group)*
= ESH TESTOSTERONE
2 80 80
< =1 FSH
< €
£ 60 S 60
z 2
2 40 S 40
£ 5
= g
g 20 | | 2 20
=1 (]
%) =
3 o _ _ _ 0
= N N A
L? ({\\0 ’Z?bo Q(\Q o.\\(\\b (s\o 'Z?bo oé(&
SH & S N Sy & 5
) T g
&8 &8
& S
& &
<< <&
Group Group
LH
Z 151
£ [
{=2]
=
2
S 10-
E
o
T
2 5
N
=
2
3 o N N
&0 'zrbo ,-\\8*' ;\\s’r
< 2 3° N
BN Z& (\Q’&
N
&S &
>
D
N
Group

Onavwie O. A. et al, DUJOPAS 11 (2b): 315-326, 2025

Hm TESTOSTERONE

320



Androgenic Effects of the Consumption of Tramadol and Energy Drink in Adult Sprague-Dawley Rat Models

Plate 1: Photomicrographs of testicular tissue sections (H and E, x400).

Plate 2: Photomicrograph of epididymal tissue sections (H and E, x400).
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DISCUSSION

This study evaluated the androgenic and reproductive effect of tramadol, which is a synthetic
opioid, and a commonly consumed energy drink (Fearless), both individually and in
combination, on male Sprague-Dawley rat models. The results showed significant disruptions
in male reproductive parameters, including sperm quality, testicular architecture, hormonal
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levels, and oxidative stress markers (Rotimi et al.,, 2022), particularly in the groups
administered tramadol and the tramadol-energy drink combination.

One of the most notable observations was the significant reduction in sperm count and normal
morphology in the treated groups when compared to the control group. These findings are
consistent with earlier research by Eltohamy, Hassan, Elgarhy, and Serag (2023) which
demonstrated that chronic tramadol exposure resulted in decreased sperm production and
motility in male rats. Tramadol's interference with the hypothalamic-pituitary-gonadal (HPG)
(Edinoff et al., 2021) axis may partly explain the reduction in sperm parameters, as the drug
has been shown to suppress gonadotropin-releasing hormone (GnRH), luteinizing hormone
(LH), and subsequently, testosterone levels (Soliman et al., 2021). Additionally, tramadol may
exert a direct cytotoxic effect on the seminiferous tubules and germ cells, further
compromising spermatogenesis (Allaha and Hemeda, 2021).

Similarly, energy drink exposure, though less severe in its impact compared to tramadol, also
caused a significant decline in sperm quality (Aprioku et al., 2020). The mechanism may
involve the stimulatory effects of caffeine and other additives such as taurine and sugar,
which have been implicated in testicular oxidative stress and disrupted hormone synthesis
(Al-Shaikh and Rajeh, 2023). These substances can lead to reduced mitochondrial activity in
sperm cells, increased production of reactive oxygen species (ROS), and altered intracellular
calcium levels, all of which contribute to impaired sperm function(Wang, Fu and Li, 2025).

Histopathological evaluations of the testicular and epididymal tissues revealed group-specific
morphological disruptions indicative of reproductive toxicity following tramadol and energy
drink exposure, with the most pronounced effects observed in the co-administration group.
In the testes, the control group exhibited intact seminiferous tubules with well-organized
germinal layers and active spermatogenesis (Jensen et al., 2022), whereas the tramadol group
showed moderate degeneration marked by vacuolation, pyknotic nuclei, and germ cell
detachment which are early signs of drug-induced toxicity (Mahmoud et al., 2023). Structural
distortion and cellular atrophy in the energy drink group pointed to compromised
spermatogenesis (Nwakanma et al. 2023). The combination group presented the most severe
testicular damage, including collapsed seminiferous tubules, flattened germinal epithelium,
and widened interstitial spaces, indicating a synergistic toxic effect, as previously reported by
Eltohamy (2023) in chronic tramadol exposure studies. Similarly, epididymal tissues in the
control group demonstrated normal pseudostratified columnar epithelium with intact
stereocilia and abundant mature spermatozoa, supporting effective sperm maturation and
storage. However, the tramadol group displayed epithelial thinning, reduced stereocilia,
partial sperm depletion, and early disorganization, aligning with findings by Attia et al.
(2018). The energy drink group exhibited vacuolation, epithelial sloughing, and sparse
spermatozoa in the lumen, suggesting cytotoxicity and possible inflammatory response
(Nwakanma et al. 2023). The combination group revealed extensive epithelial disruption,
vacuolations, fibrotic changes, and an almost complete absence of spermatozoa, reinforcing
the notion of a synergistic reproductive toxic effect, as also supported by Elghait et al. (2022)
and Koohsari et al. (2020). Collectively, these histological findings affirm the biochemical
evidence of oxidative stress and strongly suggest that tramadol and energy drinks,
particularly in combination, significantly impair testicular and epididymal structure and
function, with critical implications for male fertility.

Hormonal assays revealed a significant reduction in serum testosterone, LH, and FSH levels,
especially in the tramadol and combination groups (Mahmoud et al., 2023). Testosterone, a
primary androgen, is crucial for maintaining spermatogenesis, libido, and secondary sexual
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characteristics (Nguyen, Leonard and Hsieh, 2022). Its suppression indicates both
hypothalamic-pituitary disruption and possible Leydig cell dysfunction (Xiong et al., 2021).
The decreased testosterone levels in the tramadol group correspond with earlier findings by
Birowo et al (2022) which showed that tramadol administration led to significant inhibition of
steroidogenesis and Leydig cell activity. The relatively moderate reduction in the energy
drink group supports the hypothesis that energy drinks also interfere with endocrine
function, potentially via oxidative damage to endocrine organs or disruption of
neurohormonal signaling (Salam et al., 2022).

Oxidative stress is another crucial factor contributing to reproductive toxicity in this study.
Rats exposed to tramadol, energy drinks, and their combination showed a marked increase in
malondialdehyde (MDA) levels, a key indicator of lipid peroxidation. Concurrently,
antioxidant enzymes such as superoxide dismutase (SOD) and catalase (CAT), which is a key
antioxidant enzyme responsible for breaking down hydrogen peroxide (H-0O:) into water and
oxygen, protecting cells from oxidative damage, were significantly reduced. This indicates an
imbalance between ROS production and antioxidant defense mechanisms (Afzal et al., 2023),
leading to cellular and molecular damage in reproductive tissues. Salam et al (2022)
highlighted similar trends where oxidative damage played a pivotal role in mediating
testicular dysfunction in drug-induced toxicity models. Oxidative stress can damage sperm
DNA, lipids, and proteins, resulting in reduced fertilization capacity and increased apoptosis
of germ cells (Guo et al., 2021).

Importantly, the co-administration group exhibited the most severe outcomes across all
measured parameters, including sperm quality, hormonal levels, histological integrity, and
oxidative stress markers. This suggests a synergistic or at least additive toxicological
interaction between tramadol and energy drink components. Both substances appear to
amplify each other’s deleterious effects when consumed simultaneously. This finding is
supported by Kabbash et al (2019) who emphasized the potential for enhanced toxicity when
opioids are co-administered with stimulants or other psychoactive substances.

From a broader perspective, these findings raise significant concerns regarding the
recreational or habitual use of tramadol and energy drinks (Nelson et al., 2023) particularly in
urban and semi-urban areas, among adolescents and young adults who may seek these
substances for energy boosts or perceived enhancement in sexual performance. The misuse of
such substances could lead to infertility, hormonal imbalances, and long-term reproductive
health complications if the damage is irreversible or left untreated (Hamed, Ekundina and
Akhigbe, 2023).

CONCLUSION

This study is not without limitations. While rat models provide valuable insights into human
physiology, differences in metabolism and reproductive biology mean that findings should
be extrapolated to humans with caution. The study also did not assess the potential
reversibility of the observed damage following withdrawal of the substances, which is an
important aspect of clinical relevance. Further research should focus on dose-dependent
effects, recovery patterns after cessation, and the molecular pathways involved in the toxic
effects observed.

In conclusion, this study demonstrated that tramadol and energy drinks independently and
synergistically compromise male reproductive health in Sprague-Dawley rats. The negative
effects included reduced sperm parameters, impaired testicular structure, hormonal
suppression, and heightened oxidative stress. These findings underscore the urgent need for
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public education, regulation of access to these substances, and further investigation into their
long-term consequences on fertility and general well-being.
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