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Abstract: Background: Tramadol hydrochloride is a centrally acting synthetic analgesic drug used to treat 
moderate to severe pain. Long-term use of high doses of tramadol may be associated with physical dependence and 
a withdrawal syndrome. Objective: This study was designed to demonstrate the histological changes and 
immunohistochemical findings in the cerebellum of the adult male albino rats induced by different doses of tramadol 
administration. Materials and methods: 50 adult male albino rats were divided into two main groups: control group 
(Group I), received a balanced diet for 2 weeks and experimental group (Group II), divided into two subgroups; IIA, 
divided into IIA1, injected with 0.7 mg as a single daily dose of tramadol solution for 2 weeks and IIA2, injected 
with 0.7 mg as a single daily dose of tramadol solution for 2 weeks, then left for another 2 weeks without injection 
for recovery and IIB, divided into two subgroups IIB1, injected with 1.8 mg as a single daily dose of tramadol 
solution for 2 weeks and IIB2, injected with 1.8 mg as a single daily dose of tramadol solution for 2 weeks, then left 
for another 2 weeks without injection for recovery. At the end of the experiment, the rats were sacrificed and 
decapitated. The cerebellum was removed and prepared for histological and immunohistochemical studies. Results: 
Group II A1showed mild congested blood capillary. It also showed degenerated Purkinje cells characterized by 
deformity in the nuclear membrane appeared as finger projections. Group II A2showed mild restoration of the 
normal histomorphological structures. It also showed degenerated Purkinje cell with projections of its nuclear 
membrane and remnants of electron dense bodies. Group II B1showed congested blood vessels with empty spaces in 
the Purkinje layer with disarrangement of Purkinje cells. It also showed an irregular-shaped, necrotic Purkinje cells. 
Group II B2showed mild congested blood vessels with still presence of some apoptotic Purkinje cells and mild 
degenerated nerve axons with some disarrangement of myelin sheath. Conclusion: The results of this study 
provided evidence that tramadol intake exerts a neurotoxic effect on the cerebellar structure in an ascending manner 
according to the dose administered. 
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1. Introduction:  

Tramadol hydrochloride is a centrally acting 
synthetic analgesic drug used to treat moderate to 
severe pain. This drug has a wide range of applications 
such as in the treatment of rheumatoid arthritis, 
restless legs syndrome, motor neuron disease, 
fibromyalgia, and to control labor pain (1). The most 
commonly reported adverse reactions of this drug are 
nausea, vomiting, sweating, itching, and constipation. 
It is the most frequently suspected cause of provoked 
seizures. Long-term use of high doses of tramadol may 
be associated with physical dependence and a 
withdrawal syndrome. Tramadol causes typicalopiate-
like withdrawal symptoms as well as atypical 
withdrawal symptoms including seizures (2). Repeated 
tramadol administration in patients might lead to 
accumulation of toxic metabolites in the body, 
increase the risk for pharmacokinetic interactions, 
and/or decrease the clearance of tramadol, thus 

increasing its potential for toxicity (3). In addition, 
other studies have been revealed that chronic tramadol 
administration in rats is associated with significant 
changes in the principle proteins involved in the 
apoptosis signaling which collectively leads to 
induction of apoptosis (4). 
 
2. Materials and methods:  

50 adult male albino rats were used in this study 
weighing about 200 g / each. They divided into two 
main groups: 
 
Control group (Group I): 

It includes 10 rats that were received a balanced 
diet and free water supply for 2 weeks. 
 
Experimental group (Group II): 

It includes 40 rats that were divided equally into 
two subgroups IIA and IIB: 
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Subgroup IIA: It includes 20 rats that were 
divided equally into: IIA1, injected intraperitoneally 
with 0.7 mg as a single daily dose of tramadol solution 
for 2 weeks (this dose is equivalent to the human dose 
of 40 mg as a single daily dose) and IIA2, injected 
intraperitoneally with 0.7 mg as a single daily dose of 
tramadol solution for 2 weeks, then left for another 2 
weeks without injection with tramadol for recovery 
(5). 

Subgroup IIB: It includes 20 rats that were 
divided equally into: IIB1, injected intraperitoneally 
with 1.8 mg as a single daily dose of tramadol solution 
for 2 weeks (this dose is equivalent to the human dose 
of 100 mg as a single daily dose) and IIB2, injected 
intraperitoneally with 1.8 mg as a single daily dose of 
tramadol solution for 2 weeks, then left for another 2 
weeks without injection with tramadol for recovery 
(6). 

The drug was purchased from the October 
Pharma, Egypt in the form of an ampoule (100 mg/2 
ml). The ampoule was diluted in saline to 100 ml 
volume; thus, the concentration became 1 mg/ml. 
Subgroup IIa and subgroup IIb were injected with 0.7 
and 1.8 ml of diluted tramadol, respectively (5). 

At the end of the experiment, the rats of each 
group will be sacrificed and decapitated. The 
cerebellum specimens were fixed in Bouin’s solution 
and processed for paraffin blocks. Sections were cut 
into 5μm thickness and stained with Hx & E for 
routine histological study, silver stain for dendrites, 
caspase-3 immune-stain for detection of apoptosis (7). 
Other specimens were fixed in 3% buffered 
glutaraldehyde, semithin sections were cut into 1 μm 
thickness, stained with toluidine blue stain for 
detection of structure of the Purkinje cells (5). 

Ultrathin sections (70 nm) were obtained and 
stained with uranyl acetate and lead acetate and were 
examined using JEOL JEM - 2100(TEM) in the 
Electron Microscopic Unit, Mansoura University (8). 
 
Statistical analysis: 

Data was statistically analyzed using SPSS 
(Statistical package for social science). Data was 
expressed as mean ± SD and analyzed by using 
student's t- test for comparison between two groups. 
Differences were regarded as non-significant P> 0.05, 
significant P < 0.05, highly significant P < 0.01 and 
very highly significant when P < 0.001 (9). 

 
3. Results: 
A- Histological results: 
Group I (control):  

Sections that stained with Hx. & E. showed the 
normal histomorphological structures of the 
cerebellum including white mater, Purkinje layer that 
formed of cells arranged in one row, the granular layer 

with a large number of small deeply stained cells and 
cerebellar islands in between, and the molecular layer 
that formed mainly of few cells (figs.1-2). Other 
sections that stained with silver showed Purkinje cells 
of normal sizes with its chromatin and normal 
prominent dendrites which appeared gold brown 
between the molecular layer and the granular layer 
(figs.3-4). Also, sections that stained with toluidine 
blue showed the normal structure of the molecular 
layer with few small cells, the Purkinje cells which 
appear pyriform in shape with large rounded vesicular 
nuclei and prominent nucleoli, and the granular layer 
that have small cells with deeply stained nuclei (fig.5). 
Other sections that stained with caspase 3 showed 
negative stainable Purkinje cells (fig.6). 

Sections that examined by TEM showed the 
normal structure of granular cells with large nuclei, 
condensed chromatin and a thin rim of cytoplasm 
beside a few myelinated nerve fibers and numerous 
dendrites of Purkinje cells (fig.7). It also showed the 
normal ultra-structures of Purkinje cells with a large 
nucleus having normal chromatin, normal cytoplasmic 
organelles including Golgi apparatus and many 
mitochondria (fig.8). 
 
Group II A1: 

Sections that stained with Hx. & E. showed mild 
congested blood capillary in white mater, loss of some 
Purkinje cells, chromatolysis of nuclei and 
eosinophilic cytoplasm of others with nearly normal 
others with empty spaces in between (figs.9-11). Also 
showed numerous pyknotic cells with mild edema 
within the molecular layer (figs.12-13). Other sections 
that stained with silver showed small sized Purkinje 
cells with dendritic destruction (fig.14). Also, sections 
that stained with toluidine blue showed loss of the 
pyriform shape of Purkinje cells with irregular large 
pyknoticnuclei. Anumerous dark-stained granular cells 
also appeared (fig.15). Other sections that stained with 
caspase 3 showed moderately stainable Purkinje cells 
surrounded by vacuoles and positive numerous small 
cells (figs.16-18). 

Sections that examined by TEM showed the 
structure of normal granular cell with a large nucleus, 
condensed chromatin and a thin rim of cytoplasm. 
Another granular cells showed irregularity in its cell 
membrane, an indented nucleus with dispersed 
chromatin, gaps in its nuclear membrane with some 
vacuoles, besides mildly degenerated vacuolated 
myelin sheath of nerve fibers (figs.19-20). It also 
showed degenerated Purkinje cells characterized by 
deformity in the nuclear membrane appeared as finger 
projections, dispersed chromatin, disappearance of 
normal cytoplasmic organelles with small atrophied 
mitochondria besides numerous large dense bodies, 
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dilated Golgi apparatus and destroyed cisternae of 
rough endoplasmic reticulum (figs.21-22). 
 
Group II A2: 

Sections that stained with Hx. & E. showed mild 
restoration of the normal histomorphological 
structures including Purkinje layer between molecular 
layer and granular layer (fig.23). Also some normal 
Purkinje cells with abundant cytoplasm and prominent 
chromatin could be seen among many shrunken 
Purkinje cells with pyknotic nuclei and eosinophilic 
cytoplasm. The normal Purkinje cells lost the normal 
arrangement in one line but instead they were seen 
among cells of the granular layer (figs.24-26). Other 
sections that stained with silver showed some 
restoration of Purkinje cells' dendrites, but the cells 
were still surrounded by empty vacuolation (figs.27-
28). Also, sections that stained with toluidine blue also 
showed nearly normal Purkinje cells, while other cells 
appeared shrunken with pyknotic nuclei and darkly 
stained cytoplasm (fig.29). Other sections that stained 
with caspase 3 showed some Purkinje cells with mild 
+ve stain beside some other small cells with marked 
immunopositivity (figs.30-31). 

Sections that examined by TEM showed 
restoring of granular cells with rearranged chromatins, 
and axonal myelin sheaths besides numerous 
interstitial electron dense bodies (figs.32-33). It also 
showedone degenerated Purkinje cell with projections 
of its nuclear membrane and remnants of electron 
dense bodies (fig.34). It also showed part of cytoplasm 
of Purkinje cell with normal mitochondria and axonal 
myelin sheath (fig.35).  
Group II B1: 

Sections that stained with Hx. & E. showed 
congested blood vessels with empty spaces in the 
Purkinje layer (fig.36). Accumulation with 
disarrangement of Purkinje cells were observed in 
some sections (fig.37). The cells appeared with deeply 
stained acidophilic cytoplasm and pyknotic nuclei 
disarranged among the granular cell layer which 
showed hypocellularity (fig.38). Empty spaces and 
appearance of remnants of Purkinje cells (cell ghosts) 
were also seen in Purkinje cell layer (fig.39). Mild 
demyelination in the molecular layer, some congestion 
and wide cerebellar island were observed in other 
sections (fig.40). Numerous empty spaces and wide 
separation of white matter fibers was noticed (fig.41). 
Focal gliosis was seen in some sections represented by 
focal accumulation of neuroglia cells among white 
matter (fig.42). Other sections that stained with silver 
showed loss of Purkinje cells in some area leaving 
remnants of cells (cell ghosts), while other Purkinje 

cells appeared with condense chromatin and loss of 
their dendrites beside empty areas (fig.43). Also, 
sections that stained with toluidine blue showed an 
irregular shaped Purkinje cells with an irregular 
nucleus, and another cells with karyolytic nuclei 
besides the granular layer that contains small cells 
with no nuclei (fig.44). Other sections that stained 
with caspase 3 showed marked +ve staining of 
shrunken apoptotic Purkinje cells as well as numerous 
small cells. Also showed marked immunopositive 
staining of shrunken pyramidal neurons beside 
vacuolation (fig.45). 

Sections that examined by TEM showed 
apoptotic granular cells in the granular layer with faint 
chromatin and a thin cytoplasm (fig.46). It also 
showed an irregular-shaped, necrotic Purkinje cell 
with an irregular shrunken nucleus and an ill-defined 
nuclear membrane with disappearance of numerous 
cytoplasmic organelles and degenerated axons with 
disarrangement of myelin sheath (figs.47-48). 
Group II B2: 

Sections that stained with Hx. & E. showed 
nearly normal cerebellar layers including normal 
Purkinje cells with mild congested blood vessels 
(figs.49-50), with still presence of some apoptotic 
Purkinje cells with chromatolysis surrounded by wide 
spaces. Narrowing and hypocellularity of the granular 
layer was also observed (fig.51). It also showed 
moderate demyelination and chromatolysis of 
pyramidal neurons in the white matter (fig.52). Other 
sections that stained with silver showed mild 
restoration of Purkinje cells dendrites with condense 
chromatin beside mild edema (figs.53-54). Also, 
sections that stained with toluidine blue also showed 
restoration of some Purkinje cells characterized by 
prominent dendrites with still presence of 
chromatolysis within a few small sized other Purkinje 
cells (fig.55). Other sections that stained with caspase 
3 showed negative immunopositive staining of some 
Purkinje cells, with presence of mild to moderate 
immunopositive staining of other Purkinje cells 
surrounded by mild vacuolation beside marked 
positive small cells (figs.56-57).  

Sections that examined by TEM showed nearly 
normal granular cells and still presence of mild 
degenerated nerve axons with some disarrangement of 
myelin sheath (figs.58-59). It also showed 
regenerative attempts of Purkinje cell with irregular 
nucleus with active small-sized dilated Golgi 
apparatus, rough endoplasmic reticulum, small-sized 
mitochondria, some electron dense bodies and short 
dendrites (fig.60). 
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B- Quantitative study: 

 
Table (1) 

Groups Caspase 3 Density P values 
Mean ± S. D 

Group I (control) 124.95 ± 16.78 P1 = 0.0017 
P2 = 0.7553 
P3 = <0.0001 
P4 = 0.1152 
P5 = 0.0244 
P6 = 0.0002 
P7 = 0.3201 
P8 = <0.0001 
P9 = 0.6502 
P10 = <0.0001 

Group II A1 154.35 ± 7.85 

Group II A2 132.70 ± 8.10 

Group II B1 190.53 ± 7.14 

Group II B2 141.62 ± 8.19 

P1: compare between Group I and Group II A1, P2: compare between Group I and Group II A2, P3: compare between 
Group I and Group II B1, P4: compare between Group I and Group II B2, P5: compare between Group II A1 and Group II 
A2, P6: compare between Group II A1and Group II B1, P7: compare between Group II A1 and Group II B2, P8: compare 
between Group II A2 and Group II B1, P9: compare between Group II A2 and Group II B2, P10: compare between Group 
II B1 and Group II B2. 
 

Table (2) 
Lesions Group I (control) Group II A1 Group II A2 Group II B1 Group II B2 
Purkinje cells shrinkage - ++ + +++++ +++ 
Neuronal necrosis - ++ + +++++ +++ 
Neuronal degeneration - ++ + +++++ +++ 
Hemorrhages - ++ + +++++ +++ 
Demyelination - ++ + +++++ +++ 
Caspase 3 immunopositivity - ++ + +++++ +++ 
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Diagram (1) 

 
4. Discussion: 

TrHC is available in a variety of pharmaceutical 
formulations for various routes e.g. Subcutaneous, 
intra-muscular, intra-venous, sub-lingual, and oral 
drug delivery. TrHC is rapidly and almost completely 
absorbed after oral administration. The mean peak 
plasma concentration occurs after 2 hours and its 
bioavailability is approximately 70% as a result of the 
first-pass metabolism in the liver. About 20% of the 
drug is bound to plasma proteins and the mean half-
life is 6 hours (10). This study was designed to 
demonstrate the histological changes and 
immunohistochemical findings in the cerebellum of 
the adult male albino rats induced by different doses of 
tramadol administration because of the increase of 
opiate's users worldwide.  

In this study, light microscopic results of the 
Group I (control) showed the normal 
histomorphological structures of the cerebellum which 
was formed of an outer cortex of white matter and 
grey matter and inner medulla of white matter. The 
grey matter was formed of three layers from inside to 
outside, the molecular layer that formed mainly of few 
cells and many fibers, the Purkinje layer that formed 
of single cell layer arranged in one row and the 
granular layer which was formed of large number of 
small deeply stained cells and cerebellar islands of 
synaptic connection in between the cells. These results 
were in harmony with (11) & (12) and (13). The 
transmission electron microscope results of this group 
were coincided with what observed by L/M. It showed 
the normal structure of the Purkinje cells that appeared 
with a large nucleus having normal chromatin, normal 
cytoplasmic organelles including Golgi apparatus and 

many mitochondria. The granular cells also appeared 
with large nuclei, condensed chromatin and a thin rim 
of cytoplasm beside a few myelinated nerve fibers and 
numerous dendrites of Purkinje cells. These results 
were coincided with what reported by (5) and (14). 

Concerning light microscopic results of Group II 
A1- that injected intraperitoneally with 0.7 mg as a 
single daily dose of tramadol solution for 2 weeks-
mild congested blood capillaries were appeared in 
white mater, loss of some Purkinje cells, 
chromatolysis and eosinophilic cytoplasm of others 
with nearly normal others with empty spaces in 
between. Also showed numerous pyknotic cells with 
mild separation within the molecular layer. These 
results are in agreement with the finding of (15) & 
(16) and (17) who reported that the wide spaces which 
were found in between the cells could be due to loss of 
some cells or due to accumulation of edema fluid and 
disruption of blood supply by the effect of the drug. 
They also reported that intraperitoneal administration 
of 12.5 mg tramadol/kg body weight (low dose) did 
not lead to notableside effects. However, 
intraperitoneal administration of 25–50 mg/kg (high 
dose) was associated with variable degrees of side 
effects. Also, (18) reported that cell death in 
neurodegeneration occurs through the intrinsic 
mitochondrial apoptotic pathway. They added that all 
neurodegenerative features were caused by the 
overproduction of mitochondrial reactive oxygen 
species with oxidative stress on the neurons. The 
electron microscopic study of this group revealed 
degenerated Purkinje cells, each one characterized by 
large nucleus with deformity in its nuclear membrane 
appeared as finger projections, dispersed chromatin, 
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disappearance of normal cytoplasmic organelles with 
small atrophied mitochondria besides numerous large 
dense bodies, dilated Golgi apparatus and destroyed 
cisternae of rough endoplasmic reticulum. These 
results were similar to that reported by (14) who added 
that administration of morphine sulfate in adult rats 
significantly reduced the size and numbers of Purkinje 
cells, with loss of their specific shape, which could 
have been because of apoptosis and/or necrosis. 

However, light microscopic results of the Group 
II A2- that injected intraperitoneally with 0.7 mg as a 
single daily dose of tramadol solution for 2 weeks, 
then were left for another 2 weeks without injection - 
showed some restoration of the normal 
histomorphological structures including Purkinje layer 
between molecular layer and granular layer. The 
Purkinje cells appeared with abundant cytoplasm and 
prominent chromatin, but still present many shrunken 
Purkinje cells with pyknotic nuclei and eosinophilic 
cytoplasm. These results were in agreement with (4) 
who reported that there was some return of brain 
tissues towards normal morphology after stoppage of 
drug intake. This means some improvement of the 
oxidative stress on the nervous tissue. Also (12) 
reported that restoration of the normality of Purkinje 
cells dendrites and chromatins appeared, but still 
surrounded by empty vacuolation. Moreover, (19) 
reported that numerous nearly normal Purkinje cells 
appeared with still present many shrunken others with 
pyknotic nuclei and eosinophilic cytoplasm in between 
the granular layer and the molecular layer. The 
transmission electron microscope results of this group 
were coincided with what observed by L/M. It showed 
restoration of granular cells with rearranged 
chromatins, and axonal myelin sheaths besides 
numerous interstitial electron dense bodies. These 
results were in harmony with what was reported by 
(20). It showed also restoration of the Purkinje 
cytoplasmic organelles with normal mitochondria, and 
still presence of projection of its nuclear membrane 
besides remnants of electron dense bodies and also 
showed rearranged axonal myelin sheath similar to 
that reported by (4). 

However, light microscopic results of the Group 
II B1- that injected intraperitoneally with 1.8 mg as a 
single daily dose of tramadol solution for 2 weeks - 
showed severe changes in the form of many congested 
blood vessels with marked empty spaces in the 
Purkinje layer with prominent focal apoptosis with 
multilayer deposition of Purkinje cells in between 
deeply stained granular cells. It also showed few cells 
with pyknotic nuclei beside mild demyelination in the 
molecular layer and wide cerebellar islands, congested 
blood vessels in the granular layer. Also mild to 
moderate vacuolation with severe demyelination of 
nerve axons and focal aggregation of the neuroglia 

cells were appeared in the white matter. These 
findings were in agreement with (21) who clarified 
that chronic use of morphine and/or tramadol in 
increasing doses causes neuron degeneration in the rat 
brain, which could contribute toward cerebral 
dysfunction and reported that congestion may have 
been because the vascular endothelial cells were 
affected, leading to the release of NO, which is an 
endothelial relaxing factor and reported that the role of 
NO is concentration dependent; at a low 
concentration, NO has been shown to play a unique 
role in neurotransmission and vasodilatation, whereas 
at higher concentrations, it is neurotoxic. Also (22) 
reported that Purkinje cells after tramadol injection 
appeared suffering from condense chromatin with loss 
of their dendrites beside empty areas and loss of other 
Purkinje cells. They reported that the cause of 
reduction in the thickness of the Purkinje layer may be 
decreased Purkinje cell size with a defective function. 
However, (14) reported that morphine induced a 
significant decrease in the molecular and granular 
layers’ thickness of the rat cerebellum, considering 
them as signs of chromatolysis and gliosis. Moreover, 
(23) reported that irregular shaped Purkinje cells 
appeared with an irregular nucleus, and another cells 
appeared with karyolytic nuclei besides the granular 
layer that contains small cells with no nuclei. They 
explained that prolonged exposure to neuronal insult 
could lead to an adaptive response in the form of 
crowding of Purkinje cells. That is in a trial to re-
establish the synaptic contact with other neurons to 
perform their function. Also, the observed darkly 
stained nuclei of the granular layer that clumped were 
considered to be secondary to the changes that 
occurred in the Purkinje cells. Sections of this group 
that examined in this study by TEM showed the 
structure of granular cells with apoptotic nuclei, faint 
chromatin and a thin cytoplasm. These results were in 
agreement with those of (24) who explained the 
cerebellar-damaging effects of opioids including 
tramadol to be because of reduced Purkinje cell 
proliferation, cell differentiation, and increased 
Purkinje cell death. They added that the neurotoxic 
effects of opioids that caused cell death were induced 
by mitochondrial damage. Other authors reported that 
another possible mechanism of opioids that causes 
alteration of the Purkinje cells might be blockage of 
neuronal activity, causing the neurons to receive 
internal signals to self-destruct (25). This group also 
showed an irregular-shaped, necrotic Purkinje cells, 
each one appeared with an irregular shrunken nucleus 
and an ill-defined nuclear membrane with 
disappearance of numerous cytoplasmic organelles, 
and degenerated axons with disarrangement of myelin 
sheath similar to that reported by (14) who reported 
ultrastructural damaging effects of long-term use of 
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morphine on the cerebellar cortex in the form of 
fragmentation of the cisternae of both types of 
endoplasmic reticulum, obvious destruction of the 
mitochondrial inner membrane, and cristae-mediated 
cell death. In addition, abnormal nuclei with a 
deformed perforated nuclear membrane with 
degeneration of the synapses could interpreted as a 
sign of necrosis. 

However, light microscopic results of the Group 
II B2- that injected intraperitoneally with 1.8 mg as a 
single daily dose of tramadol solution for 2 weeks, 
then were left for another 2 weeks without injection – 
showed mild to moderate improvement in the 
cerebellar layers including some normal Purkinje cells 
with mild congested blood vessels, with still presence 
of some apoptotic Purkinje cells with chromatolysis 
surrounded by edema and narrowing of the granular 
layer. Also showed moderate demyelination and 
chromatolysis of pyramidal neurons in the white 
matter. These were results coincided with that 
revealed by (12) & (26) and (27). The transmission 
electron microscope results of this group were 
coincided with what observed by L/M. It showed 
nearly normal granular cells and still presence of mild 
degenerated nerve axons with some disarrangement of 
myelin sheath. These results were coincided with what 
reported by (20) who stated that rats examined after 
the withdrawal recovery period showed some 
reduction in cellular damage when compared to 
tramadol treated groups. It showed also regenerative 
attempts of some Purkinje cells with still present 
irregular nucleus having finger projections, vacuolated 
cytoplasm with dilated Golgi apparatus, dilated rough 
endoplasmic reticulum, atrophied mitochondria, 
electron dense bodies, with short dendrites similar to 
that reported by (4). 

The current study showed that Caspase 3- 
immune-histochemically positive cells which 
isindicated as apoptotic index was increased in group 
II A1and with more increase in group II B1, while it 
was decreased in group II B2and more decrease in 
group II A2when compared to group I (control) with 
its negative results. This indicates that there is an 
increase in apoptosis in cerebellum in rats receiving 
tramadol which was subsides when the drug become 
withdrawn. These findings coincide with that reported 
by (12) & (28) and (29). 

The results of this study provided evidence that 
tramadol intake exerts a neurotoxic effect on the 
cerebellar structure in an ascending manner according 
to the dose administered. 
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