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Abstract 

Objective: Tramadol is favorably used for relief of moderate and severe pain. Over 

30% of Parkinson’s disease (PD) patients experience persistent pain that has a negative 

impact on their quality of life. However, its physiological effect in such disorder has not 

been studied. The current study aimed at investigating the neurochemical and 

histopathological changes resulting from tramadol administration to experimental PD- 

induced by rotenone in rats. Methodology: Forty adult male Sprague-Dawley rats were 

allocated into 5 equal groups; Group 1(control) received saline p.o and DMSO, s.c.,  

Group 2(Rotenone) received rotenone (1.5 mg/kg, s.c., every other day for 12 days), 

Group 3 (Tramadol) received tramadol HCl given p.o., daily at doses of 20 mg/kg, Group 

4 (Rot-Trama 10) PD-induced with rotenone and treated with tramadol HCl, 10 mg/kg, 

p.o., daily, Group 5(Rot-Trama 20) PD-induced with rotenone and treated with tramadol 

HCl, 20 mg/kg, p.o., daily. Results: PD-induced rats exhibited significantly reduced 

dopamine (DA) content (- 33.0%), increased serotonin ( 5-HT) content (+ 11.5%), but no 

change in 5-hydroxyindole acetic acid (5-HIAA) compared to vehicle-treated 

counterparts. Rotenone also inhibited both brain paraoxonase 1 (PON1) and 

acetylcholinesterase (AChE) activities and increased brain oxidative stress causing 

reduced glutathione depletion by 32% and increasing thiobarbituric acid reactive 

substances (TBARS), nitric oxide (NO) by 43% and 81%, respectively. Rotenone caused 

the appearance of apoptotic neurons with cytoplasmic vacoulations. On the other hand, 

tramadol -treated control rats showed increased DA (74%), 5-HT (23%), 5-HIAA (50%) 

contents and decreased serotonin turnover (18.0%) without causing oxidative stress. In 

rotenone-intoxicated rats, tramadol (10 or 20 mg/kg) increased brain dopamine and at 20 

mg/kg increased 5-HT and 5-HIAA. The drug increased PON-1 activity, restored AChE 

activity and alleviated the changes in lipid peroxidation and reduced glutathione, 

increased tumour necrosis factor-alpha (TNF-α) without changing the histopathological 

changes caused by rotenone. Conclusion: These results indicate that short-term use of 

tramadol in an  experimentally-induced PD has dual effects that should be carefully 

weighed. Tramadol decreased oxidative stress and restored normal DA content and AChE 
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activity that can help in PD. However, the drug resulted in increased proinflammatory 

cytokine TNF-α and 5-HT level. 

Key words: Oxidative stress; tumour necrosis factor-alpha; rotenone; tramadol; 

Parkinson's disease 

INTRODUCTION 

Over 30% of Parkinson’s disease (PD) 

patients experience persistent pain that has a 

negative impact on the patient's quality of 

life (Gallagher et al., 2010). However, in 

spite of pain being a common symptom in 

PD, it is under treated (Chaudhuri et al., 

2010). This pain is not associated with 

disease duration or severity and is responsive 

to dopaminergic therapies, although there is 

some alleviation with opiate-based remedies 

(Wallace and Chaudhuri, 2014).  

Tramadol was marketed in Germany 

since 1977 as a potent analgesic and then 

introduced in the U.S. market and the world 

in 1995. It acts through central activation of 

𝜇-opioid receptors and inhibition of 

norepinephrine and serotonin (5-HT) 

reuptake (Raffa et al., 1992; Desmeules et 

al., 1996). Tramadol is metabolized to a 

potent opioid agonist; o-desmethyltramadol 

with high relative intrinsic efficacy and 

moderate affinity for the μ-opioid receptor 

(Volpe et al., 2011) and more potency than 

the parent drug (Gillen et al., 2000). It is 

used worldwide to alleviate moderate and 

severe pain resulting from such conditions as 

disc prolapse, joint disease, or cancer pain 

(Grond and Sablotzki, 2004).  

Tramadol was reported to cause 

sustained symptomatic and functional 

improvement of PD patients and ceasing 

craving for supplemental carbidopa/levodopa 

therapy (Stein and Read, 1997). However, 

few data exists regarding the effects of 

tramadol on the pathophysiological process 

of PD.  

Since the drug is a widely used analgesic 

and in view of its ability to modulate brain 

neurotransmitters that have an important 

contribution to the symptomatology of PD, 

the current study aimed at investigating the 

neurochemical and histopathological changes 

resulting from tramadol administration to 

experimental PD induced by rotenone in rats. 

Rotenone is a pesticide of natural plant origin 

that has been shown to cause signs and 

symptoms of PD in rodents including motor 

abnormalities, nigrostriatal injury and alpha-

synuclein-like deposits (Sherer et al., 2003). 

 

MATERIAL AND METHODS 

ANIMALS 

Forty adult male Sprague-Dawley rats 

(120-140 g) were obtained from the NRC 

breeding colony (Cairo, Egypt). Rats were 

kept for one week to accommodate at 

average room temperature (23±2°C) and 

humidity. Food and water were provided ad 

libitum. National regulations of animal 

welfare and instructions of Institutional 

Animal Ethical Committee (IAEC) were 

followed.  

Chemicals, Drugs and treatments 

Rotenone was purchased from Sigma-

Aldrich (St Louis, MO, USA) 

(cat#110M114V). Rotenone was dissolved in 

100% dimethyl sulfoxide (DMSO). It was 

given in dose of 1.5 mg/kg, s.c. every other 

day for 12 days (6 doses) (ElShebiney et al., 

2014). Tramadol tablets were officially 

provided by the Ministry of Justice (Egypt) 

and dissolved in saline to give 10 mg/ml 

solution. Doses were 10 and 20 mg/kg as 

corresponding to therapeutic usually used 

doses (Tsai et al., 2000). 
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EXPERIMENTAL DESIGN 

Rats were allocated into 5 equal groups 

(n=8 per group). Group 1 (Control) all 8 rats 

were given saline 0.5 ml, p.o. and DMSO 0.1 

ml, s.c.. Group 2 (Tramadol) received 

tramadol HCl (20 mg/kg, p.o., daily for two 

weeks) and DMSO (0.1 ml, s.c., every other 

day) and used as a reference treatment group. 

Group 3 (ROT) received only rotenone 

(1.5 mg/kg, s.c., every other day for 12 days).  

Group 4, (ROT-Trama 10) in concomitance 

with rotenone treatment (1.5 mg/kg, s.c., 

every other day for 12 days) 8 rats were 

treated with tramadol HCl at dose of 10 

mg/kg, p.o. daily.  

Group 5 (ROT-Trama 20) in 

concomitance with rotenone treatment (1.5 

mg/kg, s.c., every other day for 12 days) 8 

rats were treated with tramadol HCl at dose 

of 20 mg/kg, p.o. daily.  Twenty-four hours 

after the last treatment, rats were euthanized 

by decapitation and cerebrum was rapidly 

removed, divided into two hemispheres. One 

cerebral hemisphere was dissected and 

cerebral cortex was separated on ice cold 

plate and kept frozen at -20
0
C for 

biochemical analysis. The other hemisphere 

was kept in formol saline for 

histopathological investigation. 

NEUROCHEMICAL STUDIES 

DETERMINATION OF SEROTONIN, 5-

HYDROXYINDOLE ACETIC ACID AND 

DOPAMINE CONTENT 

The concentrations of serotonin (5-

hyroxytryptamine: 5-HT), 5-hydroxyindole 

acetic acid (5-HIAA) and dopamine (DA) 

were estimated in the cortex fluoremetrically. 

Cortical samples were extracted by acidified 

butanol and purified as previously described 

(Ciarlone, 1978). 5-HT and 5-HIAA were 

determined through reactivity with O-

phthaldehyde and measured at excitation and 

emission wavelength 360-470 nm, while DA 

was determined by iodine reaction and 

measured at excitation and emission 

wavelength 320-375 nm (Ciarlone, 1978). 

ASSESSMENT OF OXIDATIVE STRESS 

PARAMETERS  

The content of reduced glutathione 

(GSH) was determined according to the 

method of Beutler et al. (1963) using 

Ellman´s reagent and the color produced is 

read spectrophotometrically at 412 nm. Lipid 

peroxides expressed as thiobarbituric acid 

reactive substances (TBARS) were 

colorimetrically assayed as described by 

Uchiyama and Mihara (1978). Nitric oxide 

(NO) was determined using Griess reagent, 

the absorbance was read at 540 nm 

(Moshage et al., 1997). 

The spectrophotometrical method of Gan 

et al. (1991) was used for the determination 

of paraoxonase (PON1) activity. PON1 is an 

important antioxidant enzyme (Aviram et al., 

1998). The enzyme catalyzes phenyl acetate 

cleavage into phenol that is measured at 270 

nm. 

ACETYLCHOLINESTERASE (ACHE) 

ACTIVITY  

The activity of AChE was determined 

using the method of Ellman et al. (1961). 

The absorbance is recorded every 30 seconds 

at 412 nm for two minutes and difference of 

absorbance is calculated and estimated in 

terms of IU/L. 

TUMOR NECROSIS FACTOR (TNF)- α 

The level of TNF-α was measured by 

ELISA commercial kit supplied by 

Thermofischer scientific co, USA according 

to the manufacture instructions. 

HISTOPATHOLOGICAL 

INVESTIGATION 
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Different samples of brain tissue were 

fixed in 10% formol saline for 24 hours. 

Samples were washed by tap water and then 

serially dehydrated with ascending grades of 

alcohol. Specimens were cleared in xylene 

and embedded in paraffin. Paraffin blocks 

were prepared for sectioning at 4 µm by 

sledge microtome. The obtained tissue 

sections were collected on glass slides, 

deparaffinized, and stained by hematoxylin 

and eosin for histopathological examination 

under the electric light microscope 

(Banchroft et al.1996).. 

STATISTICAL ANALYSIS 

All data are presented as mean ± 

standard error of the means (SEM). 

Comparison between groups was carried out 

using the non-parametric one-way analysis of 

variance (ANOVA) followed by Tukey-

Kramer multiple comparisons test. 

Difference was considered significant at p < 

0.05. Graphpad Prism 5.00 for windows 

software (CA, USA) was used to carry out 

these statistical tests and plot graphs. 

RESULTS 

No mortalities were observed after the 

administration of tramadol to rotenone-

treated animals in the current study. 

NEUROCHEMICAL STUDIES 

SEROTONIN, 5-HYDROXYINDOLE 

ACETIC ACID AND DOPAMINE 

CONTENT 

In control animals, tramadol 

significantly increased DA level (74%, 

p<0.05), 5-HT level (23%, p<0.05), and 5-

HIAA level (50%, p<0.05) when compared 

to the control animals. Serotonin turnover 

rate was decreased by 18% compared to the 

control animals (Fig.1).  

Rotenone administration resulted in 

markedly reduced DA level (33%, p<0.05), 

while 5-HT level was increased (11.5%, 

p<0.05) compared to the control group. On 

the other hand, there were no changes in 5-

HIAA level or the turnover rate of serotonin 

in rotenone-treated rats compared to the 

control group (Fig.1). 

In rotenone-treated animals, 

administration of tramadol at doses of 10 or 

20 mg/kg restored the normal DA level but 

did not alter the rotenone-induced 5-HT 

elevation. In contrast, the metabolite 5-HIAA 

concentration was increased in rotenone-

treated animals administered tramadol (20 

mg/kg) compared with the rotenone-only 

treated group (15.5%). There was no change 

of serotonin turnover rate (Fig.1). 

 

Figure (1): Effect of tramadol administration on 

neurotransmitters in cerebral cortex of normal or 

rotenone-induced PD rats. Data are mean (n=8) 

±S.E.M.
*
 P<0.05 vs. normal control, 

+
 P<0.05 vs. 

rotenone group. Statistical analysis was carried 

out by one-way ANOVA followed by Tukey-

Kramer multiple comparison test. 

OXIDATIVE STRESS MARKERS 

Tramadol administration to non PD animals 

did not change the levels of any oxidative 

biomarker as compared to control animals. 

Rotenone induced oxidative stress state 0in 

the cortex; GSH content was decreased 

(32%, p<0.05), while TBARS and NO 

contents were elevated (43% and 81%, 
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p<0.05) as compared to control rats. The 

administration of tramadol (10 and 20 

mg/kg) alleviated the rotenone-induced 

alteration in GSH (50% and 41 %, p<0.05) 

and reduced TBARS (-20% and -24%, 

p<0.05). However, there was no effect for 

tramadol on the level of NO in rotenone-

treated rats (Table 1). In normal rats, 

tramadol had no effect on PON1 activity 

(Fig.3).The PON1 activity was reduced by 

rotenone (51%, p<0.05). However, tramadol 

given at 10 or 20 mg/kg to rotenone-treated 

rats resulted in restoration of PON1 activity 

(120% and 100% of control value, p<0.05) 

(Table 1). 

Table (1): Oxidative state of cerebral cortex 

of rats after tramadol, rotenone or 

rotenone-tramadol administration 

 

Data are mean (n=8) ±S.E.M.
*
P<0.05 vs. control, 

+
 

P<0.05 vs. ROT group. Statistical analysis was carried 

out by one-way ANOVA followed by Tukey-Kramer 

multiple comparison test. 

ACETYLCHOLINESTERASE ACTIVITY 

(ACHE)  

Rotenone suppressed AChE activity in 

comparison to control animals (17.79±0.27 

vs. 20.43±1.63 U/L, p<0.05). The activity of 

AChE was increased after tramadol 

administration to non PD animals 

(25.91±0.67 vs. 20.43±1.63 U/L, p<0.05) and 

also after its administration to rotenone-

treated rats (29.64±1.42 and 18.79±0.89 vs. 

17.79±0.27 U/L, p<0.05) (Fig.2). 

 

Figure (2): Effect of tramadol administration 

on acetylcholinesterase activity in 

normal and PD-induced rats. Tramadol 

induced its activity in normal and 

diseased animals. Data are mean (n=8) ± 

S.E.M.
*
 P<0.05 vs. normal control, 

+
 P<0.05 vs. 

rotenone group. Statistical analysis was carried 

out by one-way ANOVA followed by Tukey-

Kramer multiple comparison test. 

TUMOR NECROSIS FACTOR (TNF)- α 

Rotenone administration had no significant 

effect on TNF-α compared with the control 

group. Similarly, tramadol administration 

failed to affect TNF-α level in normal rats. In 

contrast, there was a marked increase in 

TNF-α level in rats administered both 

rotenone and tramadol 10 and 20 mg/kg 

(84% and 71%, p<0.05) compared to the 

control group (Fig. 3). 
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Figure (3): Effect of tramadol administration 

on TNF-αcontent in cerebral cortex of 

normal and PD-induced rats. Tramadol 

(10 mg/kg) elevated its level in diseased 

animals. Data are mean (n=8) ±S.E.M.
*
 P<0.05 

vs. normal control, 
+
 P<0.05 vs. rotenone group. 

Statistical analysis was carried out by one-way 

ANOVA followed by Tukey-Kramer multiple 

comparison test. 

HISTOPATHOLOGICAL RESULTS 

Examination of H&E stained sections of 

control group showed that the cerebral cortex 

have well organized nerve cells. The granular 

cells appeared rounded in shape and showed 

large rounded vesicular nuclei with 

prominent nucleoli (Fig.4a). Only edema was 

noticed in brains of tramadol-administered 

rats (Fig.4b). Rotenone injection caused 

focally apoptotic neurons and appearance of 

pyknotic nuclei surrounded by marked 

cytoplasmic vacuolations (Fig.4c). However, 

tramadol 10 or 20 mg/kg given to rotenone-

treated rats did not exacerbate the 

pathological changes observed in brain as 

compared to rotenone-only administered rats. 

Neuroinflammation and pyknotic nuclei with 

cytoplasmic vacuolations was observed in the 

group treated with tramadol 10 mg/kg. Rats 

treated with tramadol 20 mg/kg showed 

widely enlarged neurons and unarranged 

neuronal cells with edema (Fig.4d & e). 

 

 
 
Fig. (4a): Tissue of cerebral cortex of control rats 

showing well organized nerve cells. The 
granular cells appeared rounded in shape 
and showed large rounded vesicular nuclei 
with prominent nucleoli (x100). 

 

 
 
Fig. (4b): Cerebral cortex of tramadol group 

showing normal looking tissue with focal 
cytoplasmic vacuolation. Only edema 
was noticed (x100). 
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Fig. (4c): Rotenone administration showed 

cytoplasmic vacuolations and focally 
apoptotic neurons ( x100) 

 

 
 
Fig. (4d): Tramadol 10 mg/kg administration 

to rotenone-treated animals showing 
moderate neuronal degeneration and 
cytoplasmic vacuolations (x100) 

 

 

 

Fig. (4e): Tramadol 20 mg/kg administration to 
rotenone-treated animals showing widely 
enlarged neurons and edema. Better 
pathological picture than rats treated with 
rotenone only (x100). 

 

DISCUSSION 

The current study explored the effects 

of tramadol use in an experimental model 

of PD. In rodents, the insecticide rotenone 

was used to induce the pathological 

features of PD (Betarbet et al., 2002; 

Nehru et al., 2008, ElShebiney et al., 

2014) by destroying the dopaminergic 

neurons in substantia nigra causing 

depletion of associated neurotransmitters 

(Saravanan et al., 2006, Zaitone et al., 

2012). Rotenone also causes the 

appearance of α-synuclein like deposites 

in addition to manifesting the underlying 

pathophysiological mechanisms including 

oxidative stress and neuroinflammation 

(Schapira and Jenner, 2011; Manjunath 

and Muralidhara, 2013). Oxidative stress 

and neuroinflammation are thought to be 

major mechanisms in both genetic and 

idiopathic cases of PD (Dawson and 

Dawson, 2003).The findings of the 

present study demonstrated DA depletion 

and 5-HT elevation after rotenone, which 

was previously reported by our lab 

(ElShebiney et al., 2014). Besides, there 

was depletion of GSH which is in 

agreement with that reported by several 

investigators following rotenone 

administration in rodents (Betarbet et al., 

2002; Saravanan et al., 2006; Sherer et 

al., 2007; Al-Quraishy et al., 2012) and 

oxidative stress byproducts were 

increased such as TBARS and NO in 

accordance with other reports (Sherer et 

al., 2007; Zaitone et al., 2012 ; 

ElShebiney et al., 2014). 
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Since tramadol is recommended in 

chronic pain patient groups, and among 

them PD patients, we studied the possible 

modulation of the neurochemical and 

histopathological alterations in 

experimental PD by the drug. Our 

findings indicated that normally tramadol 

administration increased cortical DA 

content in normal and PD animals. 

Progressive depletion of DA in midbrain 

basal ganglia is the hallmark of the 

disease owing to the continuing death of 

the DA containing neurons of the 

substantia nigra pars compacta and the 

striatum (Smith and Villalba, 2008). 

When DA reaches around 50% depletion 

in these areas, patients start to experience 

motor changes characteristic of the 

disease i.e., bradykinesia and muscular 

rigidity (Bernheimer et al., 1973). The 

increase in DA level in rotenone-treated 

rats by tramadol (10 or 20 mg/kg) could 

be due to enhanced DA release which has 

been reported previously (Gan et al., 

2007; Raffa, 2008; Somogyi et al., 2007; 

Hassanian-Moghaddam et al., 2013). 

An imbalance between DA and ACh is 

also thought to contribute to the 

development of symptoms in PD and 

anticholinergic drugs were used in the 

past before the advent of DA replacement 

therapy for symptom alleviation and still 

in use for mild cases (Schwab et al., 

1939; Corbin, 1949; Lang, 1984). The 

main cholinergic neurotransmitter (ACh) 

modulates motor control in basal ganglia 

(Dani and Bertrand, 2007) and 

cognitive functions in cortical areas 

(Hasselmo and Sarter, 2011), in 

addition it regulates neuronal activity 

(Dani and Bertrand, 2007) and stress 

response (Mansvelder et al., 2009). The 

cholinergic transmitted signals diminish 

through cleavage of ACh by AChE, 

which activity is used as indicator for 

cholinergic neurotransmission 

dysfunction. The inactivation of AChE 

after rotenone administration is mainly 

due to direct reactive oxygen species 

interaction (Klegeris et al., 1995). 

Inhibited AChE activity and increased 

ACh content in different brain regions of 

rats after rotenone injection was reported 

in line with current observation (Swathi 

et al. 2013). Tramadol (10 and 20 mg/kg) 

was able to attenuate the rotenone-

induced inhibition and elevate AChE 

activity in the present study hence 

restores ACh normal activity. The 

produced changes after tramadol 

administration in DA and ACh contents 

add a therapeutic value to use of tramadol 

in such disorder. 

Tramadol increased cortical levels of 

5-HT and its main metabolite 5-HIAA as 

well so decreased serotonergic turnover 

rate in non PD animals. In PD animals, 

tramadol at both doses increased 5-HT 

but did not affect 5-HIAA or 5-HT 

turnover rate. These observations are 

important in view of the fact that the 

neurotransmitter 5-HT plays an important 

role in the development of symptoms in 

PD patients (Scholtissen et al., 2006) 

since a decrease of striatal 5-HT and its 

metabolite 5-HIAA was also described 

in postmortem PD brains (Kish et al., 

2008). 5-HT has an inhibitory effect on 

striatal DA release (De Deuerwaerdere 

et al., 2004). The balance between 5-HT 

and other neurotransmitters was reported 

to be responsible for the clinical 

symptoms in PD patients receiving 

tramadol (Mellor et al., 2009). The drug 

was reported to reduce the levels of 5-HT 
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and its metabolite 5-HIAA (Frink et al. 

1996). Unchanged 5-HIAA level in PD 

subjects reflects the enhanced oxidative 

state where the oxidative deamination 

may be lowered (Miguez et al., 1999). On 

the other hand, serotonin syndrome was 

reported following tramadol use 

(Takeshita and Litzinger, 2009; 

Tashakori and Afshari, 2010). 

However, most reports are for tramadol 

by itself without being in interaction with 

a brain disease such as PD. Our 

observation suggests that short term 

tramadol has no deleterious effect on the 

serotonergic system which is inhibited in 

PD. We thereby recommend having 

tramadol treatment in PD on 

individualized basis as there are no 

criteria for the occurrence of serotonergic 

syndrome or 5-HT associated seizures. 

Oxidative stress undoubtly 

contributes to the neurodegeneration seen 

in PD and evidence for oxidatively 

modified cellular molecules have been 

found in the post-mortem brain of 

sporadic PD patients (Jenner, 2003). In 

genetic forms of the disease, 

accumulating evidence also indicates 

increased oxidative stress resulting from 

mitochondrial dysfunction and activated 

microglia in these subjects (Obeso et al., 

2010; Taylor et al., 2013; Tufi et al., 

2014). Oxidative stress occurs when 

oxygen free radicals are produced in 

excessive amounts that cannot be 

efficiently removed by the cell’s 

antioxidant mechanisms. The 

consequences are membrane lipid 

peroxidation and altered membrane 

fluidity, damage to the cell DNA and 

enzymes (Chong et al., 2005). In the 

present study, the short term 

administration of tramadol to normal rats 

had no significant effect on the normal 

oxidative state. In rotenone-treated rats, 

however, the drug increased GSH and 

decreased lipid peroxidation (TBARS) 

and enhanced activity of PON1. Thereby, 

tramadol use in the present study (10 or 

20 mg/kg) was found to have 

ameliorative effects on the oxidative 

insult that occurred during progression to 

PD, which indicates its supportive role in 

such condition. It is to be noted that the 

present findings are related only to short-

term administration of tramadol. This 

finding is also in accordance with other 

studies showing an acute protective effect 

for tramadol (20 mg/kg) against 

ischemia-induced stress together with 

improved antioxidant status (Bilir et al. 

2007; Takhtfooladi et al., 2014). 

Similarly, Sen et al. (2013) reported 

increased antioxidant activity and a 

decrease in the oxidative stress marker 

TBARS after tramadol administration at 

30 mg/kg for formalin-induced 

inflammation model in rats. In addition 

tramadol reduced TBARS level in rat 

model of ischemia (Nagakannan et al., 

2012).  Other researchers, however, 

recorded a significant increased TBARS 

level and decreased GSH and antioxidant 

enzymes (superoxide dismutase and 

catalase) after longer tramadol treatment 

of rats (40 mg/kg for 20 days) (Awadalla 

& Salah-Eldin, 2016). In another study, 

repeated tramadol administration (50 

mg/kg) to mice resulted in increased NO 

and TBARS (Abdel-Zaher et al., 2011). 

Recent studies addressed the role of NO 

in learning, memory and cognitive 

functions in addition to many other 

regulatory functions (Steinert et al., 

2010). However, high NO levels indicate 
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free radical damage of cells and implicate 

protein nitrosative damage therefore it 

was associated to pathophysiology of 

some neurodegenerative diseases such as 

PD and multiple sclerosis (Lima-Cabello 

et al., 2016). The current study showed 

its elevation upon induction of disease but 

was not altered by tramadol treatment, an 

effect that may be attributed to short term 

use. 

The enzyme PON-1 is present on 

high density lipoprotein (HDL) and 

catalyzes the hydrolysis of numerous 

toxins and aromatic compounds resulting 

in the ultimate anti-inflammatory and 

anti-oxidant functions of HDL 

(Rosenblat et al., 2006). The altered 

redox state of brain in neurodegenerative 

diseases was also associated with 

impaired PON-1 enzyme activity 

(Castellazzi et al., 2016). Restoration of 

this enzyme activity by tramadol in the 

current study is an added evidence of its 

antioxidant effect in this disease. 

Neuroinflammation is a process 

whereby microglia get activated and 

release several growth factors and 

cytokines in response to stressors as a 

primary immune mechanism; the 

accumulation of these neurokines set an 

inflammatory condition in the brain 

leading to cellular damage (Han et al., 

2011). There is evidence for increased 

proinflammatory cytokines such as IL-1β 

and TNF-α in the brain of patients with 

PD. Sacerdote et al.(1997) reported anti-

inflammatory effect and inhibited 

proinflammatory cytokine IL-1 

production after acute administration and 

a reverse effect after chronic 

administration to rats through a 

serotonergic mechanism. Similarly, Liu et 

al. (2008) show that IL-6 levels were 

lowest when 20 mg/kg of tramadol 

acutely administered in the incision pain 

model in rats. The inflammatory 

biomarker, TNF- α is mainly secreted by 

glial cells. In the present study, we found 

no significant effect for tramadol on the 

inflammatory biomarker TNF-α in brain 

of control rats. However, TNF-α was 

elevated after tramadol administration to 

rotenone-treated animals. The most 

notable unexpected finding that tramadol 

elicited neuroinflammation in PD brain, 

which may be attributed to the 

serotonergic dual upsurge. However, the 

observed elevated TNF-α was not enough 

to cause exacerbation of the 

histopathological changes strengthening 

the need for further long-term studies to 

explore the tramadol-associated 

modulatory effects. In the current study, 

tramadol had no deleterious effects on 

normal or PD brain tissue. The cerebral 

cortex showed degenerative changes after 

rotenone administration which can be a 

result of oxidative status of brain and was 

not ameliorated by tramadol 

administration. Ghoneim et al. (2014) and 

Awadalla and Salah- eldin, (2016) 

reported apoptotic changes in cerebral 

cortex after long term tramadol 

administration at high doses.  

CONCLUSIONS 

It can be concluded that in an 

experimentally induced model of PD, the 

use of short-term tramadol decreased 

oxidative stress and restored normal DA 

content and AChE activity that can help 

in PD. However, the drug resulted in 

increased proinflammatory cytokine 

TNF-α and 5-HT level in PD-induced 



ElShebiney et al.                                                                                                                           25 

 

Egypt J. Forensic Sci. Appli. Toxicol.                                             Vol 20 (1), Mar 2020 

animals. We found no exacerbation of the 

rotenone-induced histopathological 

changes by short-term tramadol 

administration in moderate therapeutic 

doses. Thus, the use of tramadol for such 

disease can be recommended. However,  

future long term studies should be 

carefully weighed and thoroughly 

investigated. 

RECOMMENDATION 

Tramadol is suitable for pain 

associated with chronic 

neurodegenerative disease such as PD but 

further studies are required for long term 

use specially on serotonergic system.  
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ض التغيرات النيوروكيميائية والهستولوجية في المخ الناجمة عن اعطاء دواء الترامادول للجرذان المصابة بمر

 الشلل الرعاش بواسطة الروتنون

شيماء الشبيني
1

، داليا أبو الفضل
2

، عمر محمد عبدالسالم
1 

1
 ،المركزالقوميللبحوث،القاهرة،مصرقسمبحوثالمخدراتوالمنشطاتوالسموم

2
 ،المركزالقوميللبحوث،القاهرة،مصرقسمبحوثالباثولوجيا

 shaimaaelshebiney@gmail.comشالبحوثالدقي،مصر.33المراسلة:د.شيماءالشبيني،المركزالقوميللبحوث،

 العربي الملخص

ومنأكثر30يعانيأكثرمنالهدف: حياتهم. تقللمنجودة %منمرضىالشللالرعاشمنآالمجسديةمزمنة

دوا والشديدة المتوسطة فياآلالم لهؤالءالمسكناتشيوعا استخدامه عند تأثيره دراسة تتم لم ولكن الترامادول، ء

المرضىلذااتجهتهذهالدراسةلتقييمآثارهالكيميائيةوالهيستولوجيةعلىأنسجةالمخفينموذجمحدثتجريبيافي

2ذيبات،)مجموعةضابطة(:تتلقىالم1مجموعات:5تمتقسيمجرذانالتجاربالىالطرق المستخدمة: الجرذان.

 الروتنونبجرعة بمادة حقنها يتم روتنون( 1,5)مجموعةضابطة لمدة ثالثمراتاسبوعيا يوما،12مجم/كجم

3 بجرعة الترامادول بدواء الفم طريق عن حقنها يتم الترامادول( 20)مجموعة )مجموعة4مجم/كجم،

 وتلقي10الروتنون/ترامادول الروتنون المرضباستخدام احداث يتم ( جرعة في الترامادول بدواء 10العالج

 5مجم/كجم، في20)الروتنون/ترامادول الترامادول بدواء العالج وتلقي الروتنون احداثالمرضباستخدام يتم )

 20جرعة الدوبامينالنتائج:مجم/كجم. محتوى نقصان تم الرعاشحيث لمرضالشلل نموذج الروتنون أحدث

%(بالمقارنةبالمجموعةالضابطة.كماأنالروتنونزادمناالجهادالتأكسديفي%11,5(وزادالسروتونين)33)

أوكسنازوأسيتيلكوليناستريز.وبفحصأنسجةالمختحتالميكروسكوب-أنسجةالمخوثبطمننشاطانزيميالبارا

رذاندواءالترمادولفموياالىوجدالعديدمنالخالياالعصبيةالميتةوالفجواتالسيتوبالزمية.بينماأدىاعطاءالج

زيادةمستوىالدوبامينوالسيروتونينوالمنتجاأليضيلهولميسببأيأعراضاجهادتأكسديلنسيجالمخوالأي

تغيراتهستولوجية.عندعالجالجرذانالمعرضةللروتنونبدواءالترامادولزادتنسبةالدوبامينوالسيروتونين

ا أن األيضيكما الطبيعيوقلتدالالت-نزيميالباراومنتجه نشاطهما استعادا أوكسينازواألسيتيلكوليناستريز

سوء أو تحسن الى بالترامادول العالج يؤدي لم الميكروسكوب تحت وبفحصالنسيج المخ في التأكسدي الجهاد

 للمرض. الباثولوجية لاالستخالص:للصورة الترامادول أن الدراسة هذه نتائج من ومحسنةيتبين جيدة آثار ه

ألعراضالمرضوأخرىسيئةويجبتقييماستخدامهللمرضىبحذرحيثأنهقدخفضمنالجهادالتأكسديالضار

تحسين يساعد قد مما استريز كولين أسيتيل انزيم نشاط وثبط الطبيعي الدوبامين مستوى واستعاد المخ نسيج في

  TNF-αدةمستوىمعاملااللتهابوأزادمستوىالسيروتونين.أعراضالمرض.ولكنهسبباثاراسيئةمثلزيا

 :الشللالرعاش:االجهادالتأكسدي،معاملموتاألورامألفا،الروتنون،ترامادولالكلمات الدالة

 


