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ABSTRACT

Tramadol intoxication with other substances has recently raised neurological concerns especially among youths in the
society. The effects of tramadol and coffee on the cerebellum of Wistar rats were studied. Thirty adult Wistar rats
(average weight of 180 g) were randomly assigned into six groups (n=6) as follows: Control, coffee (72.46 mg/kg),
coffee (108.69 mg/kg), tramadol (2.86 mg/kg), tramadol (5.71 mg/kg) and coffee (72.46 mg/kg) + tramadol (2.86
mg/kg). The administrations were orally, and done once daily for twenty-eight consecutive days. On day 29, spontane-
ous alternation in the T-maze was carried out, and the rats anaesthetized with ketamine hydrochloride (50 mg/kg
intraperitoneally). Their blood were assayed for antioxidant, while the 10 % buffered formalin perfused brains were
routinely processed with haematoxylin and eosin technique. Behavioural study showed significantly (p<0.05) increased
spontaneous alternation in coffee (108.69 mg/kg), tramadol (5.71 mg/kg), and coffee (72.46 mg/kg) + tramadol (2.86
mg/kg) groups compared to the control. Catalase, superoxide dismutase and reduced glutathione levels were not
different (p>0.05), while the malondialdehyde level was significantly (p<0.05) higher in the coffee (72.46 mg/kg) +
tramadol (2.86 mg/kg) group compared to the control. Histological observations showed cerebellar cytoarchitectural
alterations, including atrophy of the Purkinje cells in the coffee (108.69 mg/kg), tramadol (5.71 mg/kg), and coffee
(72.46 mg/kg) + tramadol (2.86 mg/kg) groups compared to the control. In conclusion, co-administration of tramadol
and coffee triggered free radicals, damaged the cerebellar tissues and caused a more deleterious effect on memory
function than individual doses.
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INTRODUCTION have been reported, while continuous administration

Tramadol is a synthetically produced opioid with a specific
chemical formula C4-H25-NO, (Shah et al. 2013; Carrillo-
Munguia et al. 2015). It is an "atypical" opioid because
both an opioid and non-opioid component have been
demonstrated in their mechanism of action. Tramadol is
also an analgesic used as a racemic mixture of two
synergistic enantiomers: Its positive component binds to
the opioid receptor primarily responsible for pain
modulation, as well as generates serotonin reuptake
inhibition enhancing serotonin release. In contrast, its
negative component preferentially inhibits noradrenaline
reuptake (Shah et al. 2013). The effects of its neurotoxicity
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resulted in rats brain weight loss (Tashakori and Afshari
2010; Zhou et al. 2012; Hosseini-Sharifabad et al. 2016;
Miotto et al. 2017).

Tramadol overdose can cause life-threatening seizures,
respiratory  depression, coma, nausea, vomiting,
hypotension, and serotonin syndrome (Boostani and
Derakhshan 2012; Stassinos et al. 2019; Faria et al. 2018;
Mohammadipour et al. 2019). In the brain, chronic
administration of tramadol is associated with oxidative
stress and cerebral cortex apoptosis (Abdel-Zaher et al.
2011; Ghoneim et al. 2014). Atrophy of the cerebellum,
microgliosis, neuro-inflammation and apoptosis has also
been reported (Ezi et al. 2021).
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Coffee (Coffea arabica) is the most regularly consumed
caffeine-containing beverage (Reyes and Cornelius 2018).
It contains a complex mixture of chemicals that provide
important amounts of chlorogenic acid and caffeine
(Drewnowski and Rehm 2016). The properties of coffee
have been certified to potentially have additive or
synergistic effects due to its bioactive constituents
including caffeine (methylxanthine), chlorogenic acids
(polyphenol), diterpenes, and other phenolics (Pourshahidi
et al. 2016). Contrary to its health benefits, coffee
(caffeinated) does not always offer protective benefits
(Umoh and Jimmy 2017). Also, heavy coffee consumption
is associated with a higher death risk (Marventano et al.
2016).

Caffeine intake by sulking pups altered the composition of
fatty acids in the cerebellum, affecting the rapid period of
brain growth (Yazdani et al. 2004). The cerebellum is a
heterogeneous structure and has been anatomically
divided into vermal and hemispheric sub-regions
designated from [-X (Manto et al. 2012). In healthy
controls, anatomical and functional neuroimaging studies
have confirmed that the cerebellum has a distinct
functional motor and cognitive module linked to the
cerebral cortex through the basal ganglia and the
thalamus, respectively (Middleton and Strick 2001; Duan et
al. 2015), as well as emotional functions (Manto et al.
2012; Koziol et al. 2014).

Excess reactive oxygen species (ROS) are detoxified by
antioxidants (enzymatic and non-enzymatic) and in
reactions catalysed by superoxide dismutase, glutathione
peroxidase and catalase (Chen et al. 2011). Imbalances in
the rate of ROS generation and detoxification leads to
oxidative stress and the consequent production of free
radicals that can damage deoxyribonucleic acid (DNA),
proteins and lipids, and reports suggest that high levels of
ROS are intimately linked to neuronal death. These include
chronic diseases like Parkinson's and Alzheimer's
(Guglielmotto et al. 2009), acute injuries to the brain like
trauma and cerebral ischaemia (Valko et al. 2007; Chen et
al. 2011) or psychiatric disorders such as autism,
depression and schizophrenia (Michel et al. 2012). In this
study, the effect of co-administration of tramadol and
coffee on oxidative stress, histology of the cerebellum and
behaviour were assessed.

MATERIALS AND METHODS

Animal Handling

Thirty adult male Wistar rats with an average weight of 180
g in weight were obtained from the Animal House, College
of Health Sciences of the University of Uyo and allowed to
acclimatise for two weeks under standard housing condi-
tions. The rats were fed with standard rat chow and water
allowed ad libitum.

Ethical Approval
Ethical approval was obtained from the Faculty of Pharma-
cy Ethics Committee on the Use of Laboratory Animals,
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University of Uyo, Uyo, Nigeria. All procedures were car-
ried out following the National Academy of Science's Guide
for Care and Use of laboratory animals (National Research
Council 2011). Approval of tramadol use with number
NDLEA/AKSC/77/VOL.IV/18, was obtained from the Na-
tional Drug Law Enforcement Agency, Akwa |Ibom State
Command.

Preparation and Administration of Tramadol and Cof-
fee

Tramadol tablets (100 g each) (Hexal AG, Germany with
batch number EMEA/H/C/001182) were ground to powder
and dissolved in 100 mL of physiological saline solution
(Carrillo-Munguia et al. 2015) and appropriate doses were
calculated.

Coffee (50 g, Nescafé ®, Gresik Limited, Indonesia) were
dissolved in 500 mL of distiled water and appropriate
doses calculated. Each 100 g of Nescafe contained 4.72 g
of caffeine (Nmaju et al. 2014). Administrations were orally
via orogastric tubes.

Experimental Design
The rats were randomly divided into six groups (five rats
per group) as shown in Table 1.

Table 1: The experimental design

Groups Description/Dosage Duration of Administration

(Days)
1 10 mL/kg of distilled water 28
2 Coffee (72.46 mg/kg) 28
3 Coffee (108.69 mg/kg) 28
4 Tramadol (2.86 mg/kg) 28
5 Tramadol (5.71 mg/kg) 28
6 Coffee (72.46 mg/kg) + 28

Tramadol (2.86 mg/kg)

The administrations lasted for 28 days. Acute toxicity
assessment was used to determine the doses for coffee
only (Lorke 1983). The doses for tramadol were obtained
following previous reports (Babalonis et al. 2013; Chikezie
and Ebuenyi 2019). The animals were anaesthetized using
50 mg/kg of ketamine hydrochloride intraperitoneally.

Neurobehavioural Testing

T-Maze Spontaneous Alternation Test

This test was carried out on day 29 after the last admin-
istration. Three phases of the test were done: First phase
was the habituation; where the animals were handled in
the cage to slowly accustom them to touch, without picking
them up. This was done severally within five minutes; the
second phase involved allowing food ration overnight.
Each animal was weighed and fed small chow pieces (1.5
g/mouse or 5 g/100 g rat) inside the cage. Small pieces
were given to ensure that one animal cannot monopolize

27



Effects of Tramadol and Coffee Co-administration

the food. They were left for 5-10 min after taking them into
the testing room.

The third phase was the habituation and trial phase. The
animals were made to acclimatise with the reward (food
pellets) an hour before the experiment began, and this is
referred to as habituation. The maze was made up of the
start area, reward arm (where the food pellet is), and the
alternation arm. During the trial, if an animal stayed at the
start area for 90 sec, the trial was cancelled and repeated.
Each animal was placed in the start area until the selected
criterion (whole body plus tail tip on goal arm, or other
criterion) was reached. With the number of trials (six trials),
a proportion correct per animal was calculated and the
resulting data compared using an analysis of variance for
multi-group comparisons, and the percentages (score/
expected score x 100) calculated afterwards. The time was
adequately measured with a stop watch. (Robert et al.
2006).

Biochemical Analysis

Blood (3 mL) was obtained by intracardiac puncture and
centrifuged at 1,500 resolution per minute (rpm) for 10 min.
The obtained serum was subjected to antioxidant analysis
using superoxide dismutase, reduced glutathione, catalase
and malondialdehyde markers.

Superoxide Dismutase (SOD): Total superoxide dis-
mutase (SOD) activity was measured at 480 nm by the
method described by Xu et al. (2013). 1 mL of the test
sample and 1 mL of a chloroform and ethanol mixture (3/5
v/v) were mixed in a centrifuge tube. The solution was
centrifuged at 1580 g for 45 min to remove the precipitate.
The assay solution consists of a sodium carbonate buffer
(400 mM), 0.3 mM xanthine, 150 mol/L nitro blue tetrazoli-
um (NBT), 0.6 mmol/L Na,EDTA, 1 g/L bovine serum
albumin, xanthine oxidase 167 U/L and sample was mixed
in a cuvette. The activity was measured using xanthine
and xanthine oxidase to generate superoxide radicals that
reacted with NBT.

Reduced glutathione (GSH): The reduced glutathione
(GSH) concentration in tissues was estimated as de-
scribed by Rukkumani et al. (2004). Briefly, 10 %
trichloroacetic acid (TCA) was added and centrifuged. 1.0
mL of supernatant was mixed with 0.5 mL of Ellman's
reagent, 19.8 mg/kg of 5, 5-dithiobis nitro benzoic acid-
DTNB (Sigma Aldrich Inc., St. Louis, Mo, USA Batch
D8130-5G) in 100 mL of 0. 1 % sodium nitrate and 3.0 mL
of phosphate buffer (0.2M, pH8.0). The absorbance was
read at 412 nm on the spectrophotometer. The concentra-
tion of GSH was expressed as pmol/mL.

Catalase (CAT): Catalase was assayed colorimetrically at
620 nm and expressed as mol of H202 consumed/min, as
described in Rukkumani et al. (2004). Briefly, the reaction
mixture of 1.5 mL contained 1.0 mL of 0.01M pH 7.0 phos-
phate buffer, 0.1 mL of homogenate and 0.4 mL of 2M
H202. The reaction was stopped by the addition of 2.0 mL
of dichromate-acetic acid reagent -5% potassium dichro-
mate and glacial acetic acids were mixed in 1:3 ratios.
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Malondialdehyde (MDA): Malondialdehyde (MDA) was
measured using the thiobarbituric acid test to determine
the concentrations of lipid peroxidation (nmol/L) (Placer et
al. 1966). Oxidative damage 1 mL of the test sample and 2
mL of stock reagent (trichloroacetic acid and thiobarbituric
acid) were mixed in a centrifuge tube. The solution was
incubated in boiling water for 20 min. After cooling, the
solution was centrifuged at 1,500 rpm for 5 min. to remove
the precipitate and then the absorbance of the supernatant
was spectro-photometrically measured at 532 nm against
a blank on a spectrophotometer. The result was expressed
as nmol/L.

Histological Analysis

The animals were euthanized, and phosphate buffered
saline was used to perfuse them via cardiac puncture (left
ventricle) for 2 min. and then with 4 % paraformaldehyde
till tail stiffness was achieved in approximately 15 min. The
brains were harvested, weighed and post-fixed in 4 %
paraformaldehyde for 72 h. and after processed for light
microscopy. Paraffinized cerebellum sectioned at 5 um
with the rotary microtome (Microtome Thermo Scientific —
Microm HM 325, England) were routinely stained with
haematoxylin and eosin. The photomicrographs were
blindly assessed by three independent histopathologists,
and the images were obtained via an Amscope digital
camera (MU 1000, China) attached to a microscope
(Olympus - CX31, Japan).

Statistical Analysis

Results were analysed using the GraphPad Prism 8.0
version. Data were reported as Mean + SEM, and the
mean effects of treatment groups were determined by the
one-way analysis of variance (ANOVA), and multiple
comparisons were done using the Bonferroni post-hoc
tests. The significant difference was considered at p <
0.05.

RESULTS

Effect of Tramadol and Coffee on Neurobehaviour
using T Maze Test

There was a significantly increased alternation in the group
administered coffee (108.69 mg/kg) compared to the
control at p < 0.05. There was also a significantly
increased alternation in tramadol (5.71 mg/kg) compared
to the control at p < 0.01. There were marked significant
increase in alternation of the combination group coffee
(72.46 mg/kg) + tramadol (2.86 mg/kg) compared to
normal control at p < 0.001, respectively (Fig. 1).

Effect of Tramadol and Coffee on Antioxidant Enzymes
Tramadol and coffee had no significant effect on
antioxidant enzymes. There was no significant difference
in catalase, SOD and GSH between the administered
groups and compared to the control (Table 2).
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Fig. 1. Effect of tramadol and coffee co-administration on

behaviour in the T Maze. +++ indicates significant increase
compared to control at p<0.001; NC= Normal Control, C1= coffee
(72.46 mg/kg), C2= coffee (108.69 mg/kg), T1= tramadol (2.86
mg/kg), T2= tramadol (5.71 mg/kg), C1 + T1= coffee (72.46
mg/kg) + tramadol (2.86 mg/kg)

Effect of Tramadol and Coffee on Malondialdehyde

The effects of tramadol and coffee on malondialdehyde
(MDA) are shown in Table 2. The results showed that the
combination group coffee (72.46 mg/kg) + tramadol (2.86
mg/kg) was significantly higher compared to the control
and tramadol (2.86 mg/kg) group at p < 0.001 and p <
0.01, respectively. The result revealed a general increase
in MDA levels in all the treatment groups compared to the
control (Table 2).

Table 2: Effect of Tramadol and Coffee on Antioxidant Enzymes

Groups SOD CAT GSH MDA
(U/mL)  (U/mL) (umol/mL) (umol/L)
Control 92.63 508.8 26.07 31.86
10.75 18.02 10.72 +0.51
Coffee (72.46 mg/kg) 10490 524.2 27.10 40.37
13.82 1+3.62 +1.93 +1.12
Coffee (108.69 mg/kg) 108.20  466.1 26.91 40.83
1576  +14.98 +1.50 +2.16
Tramadol (2.86 mg/kg) 113.30  530.8 30.64 35.32
+6.40  +26.03 +1.17 +2.32
Tramadol (5.71 mg/kg) 104.00 506.8 28.02 41.18
+4.23 +4.50 +2.10 +1.66
Coffee (72.46 mg/kg) + 97.75 500.2 25.39 45.86
Tramadol (2.86 mg/kg) 1589  $13.71 +0.77  +1.60***°

Values are expressed in Mean+SEM

=8 Gignificant at p<0.001 and p<0.01 respectively, compared
with Control, 'd" indicates significant increase compared with and
tramadol (2.86 mg/kg) groups
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Histopathological Effect of Tramadol and Coffee on
Rats' Cerebellum

The control section of the cerebellar cortex of rats stained
with haematoxylin and eosin revealed a normal cellular
architecture of molecular layer consisting of the stellate
and basket cells, Purkinje cell layer made up of the
purkinje cells, granular layer made up of the granular cells
and white matter. Coffee (72.46 mg/kg) administered
group revealed atrophic Purkinje cells. Coffee (108.69
mg/kg) administered group showed atrophy of Purkinje
cells and neuronal degenerations in the granular and
Purkinje cell layers of the cerebellum (Fig. 2).

In tramadol (2.86 mg/kg/kg) administered group, the
cerebellar cortex revealed atrophying Purkinje cells. The
group administered with tramadol (5.71 mg/kg/kg) showed
atrophy of the Purkinje cells and neuronal degenerations in
the molecular and granular layers. The cerebellar cortex of
rats in co-administered coffee+tramadol group (72.46
mg/kg) + (2.86 mg/kg/kg) revealed severe histological
distortions with sparse cellular population, neuronal
degenerations in molecular and Purkinje cell layer, atrophy
of the Purkinje cells (Fig. 2).

DISCUSSION

Tramadol intoxication is reported as deleterious to the
central nervous system (Faria et al. 2018; Mohammadi-
pour et al. 2019; Raoofi et al. 2022), and thus, its
combination with other drugs (analgesic or stimulant) could
be more toxic to the brain. In the present study, the effect
of co-administration of tramadol and coffee on behaviour,
oxidative stress and histology of the cerebellum were
assessed.

In neurobehavioural assessment using the T-maze spon-
taneous alternation test, rats administered coffee (72.46
mg/kg) and tramadol (2.86 mg/kg), had low alternation and
thus, no deleterious effect on memory and cognitive func-
tions: The higher the alternation, the higher the memory
deficits, and vice versa (Galeano et al. 2014). Nmaju et al.
(2014) reported that 50 and 100 mg doses of coffee had a
stimulant effect on the central nervous system and thus,
improved learning and memory. However, coffee (108.69
mg/kg), tramadol (5.71 mg/kg/kg) and their co-
administration were significantly higher in alternation
compared to the control. This depicts memory deficit
exerted by the free radicals arising from the intoxication
(Tashakori and Afshari 2010; Hosseini-Sharifabad et al.
2016).

Antioxidants appear to act against disease processes by
increasing the level of endogenous antioxidant enzymes
such as superoxide dismutase and catalase, and decreas-
ing toxic by-products of lipid peroxidation such as
malondialdehyde (Bansal et al. 2005). With catalase, no
significant difference was observed in coffee and tramadol
administered groups. This is contrary to previous reports
that oxidants react directly with cellular macromolecules
oxidising them (Ceconi et al. 2003; Giordano 2005; Sies et
al. 2005; Verma et al. 2009). Superoxide dismutase and
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reduced glutathione showed no significant difference in all
the groups. This shows that there was a minimal effect of
antioxidant enzymes on single doses and no effect on the
combination of coffee and tramadol. More so, this is an
indication that coffee and tramadol poses no antioxidative
properties, and this supports previous studies (Abdel-
Zaher et al. 2011; Ghoneim et al. 2014).

Lipid peroxidation was statistically insignificant in the single
coffee and tramadol groups, but however, was significantly
higher in rats co-administered tramadol and coffee. There-
fore, this implies that the combination of tramadol and
coffee exerted a high level of oxidation, and supports
previous studies performed in different models (Gugliel-
motto et al. 2009; Chen et al. 2011). El-Gaafarawi (2006)
also showed that administration of 80 mg of tramadol
significantly induced the elevation of MDA at 10, 20 and 30
days of treatment. Concomitantly, Raoofi et al. (2022)
reported that caffeine modulated increased MDA level
caused by tramadol ingestion.

Ghoneim et al. (2014) reported that chronic administration
of tramadol causes histological abnormalities including
apoptosis in the rat’s cerebral cortex. The present study
revealed that rats administered coffee (72.46 mg/kg) and
tramadol (2.86 mg/kg), respectively showed atrophic
Purkinje cells on the cerebellar cytoarchitecture. However,
coffee (108.69 mg/kg), tramadol (5.71 mg/kg) and combi-
nation, revealed such cellular abnormalities like atrophy of
the Purkinje cells and neuronal degenerations in the
granular and Purkinje cell layers of the rats’ cerebellum.
Studies reported that at high doses, caffeine can suppress
activities of the central nervous system (Fisone et al. 2004;
Wang et al. 2019; Yu et al. 2019; Houghton et al. 2020).
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Another report revealed that tramadol treated rats showed
atrophy of the cerebellum, microgliosis, neuroinflammation
and apoptotic biomarkers (Ezi et al. 2021). Tramadol
administration during pregnancy caused profound structur-
al abnormalities on the post-natal cerebellar cortex and
was also associated with oxidative stress (Aboulhoda and
Hassan 2018). Also, a recent study revealed that caffeine
modulates apoptosis, oxidative stress, and inflammation
damage induced by tramadol in cerebellum of male rats
(Raocfi et al. 2022).

The neurotoxicity of tramadol and coffee combination in
the present study was evident with increased spontaneous
alternation behaviour, arising from increased MDA level
and associated cerebella cellular atrophy.

Conclusion

The present study showed that coffee (72.46 mg/kg) and
tramadol (2.86 mg/kg) caused no spontaneous alternation
behaviour, no oxidative stress but histological alterations in
the cerebellum. coffee (108.69 mg/kg) and tramadol (5.71
mg/kg) caused increased spontaneous alternation behav-
iour, no oxidative stress but histological alterations in the
cerebellum. However, the co-administration of tramadol
and coffee caused increased spontaneous alternation
behaviour, oxidative stress and histological alterations in
the cerebellum compared to individual doses.
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Fig. 2: Photomicrographs of the cerebellar cortex administered with coffee and tramadol showing molecular (ML),
Purkinje cell (PCL), and granular (GL) layers. Purkinje cells (PC); A- Atrophy and neuronal degenerations. A= Control, B=
coffee (72.46 mg/kg), C= coffee (108.69 mg/kg), D= tramadol (2.86 mg/kg), E tramadol (5.71 mg/kg), F= coffee (72.46
mg/kg) + tramadol (2.86 mg/kg). Haematoxylin and Eosin, x 400
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