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ABSTRACT 
Introduction: Voodoo is a mixture of herbs and spices that are sprayed with a synthetic 

compound that mimics the effects of Cannabis. The widespread over-the-counter availability 

of these products made these compounds the 2
nd

 most common frequently used recreational 

drug after marijuana in teenagers and young adults. This study aimed to investigate the sub 

chronic toxic effects of Voodoo (Voodoo abuse) on the central nervous system (CNS) in adult 

male albino rats.  

Methodology: thirty adult male albino rats were divided into three equal groups; 

negative control group, positive control group, and Voodoo extract treated group. Behavioral 

tests, neurotransmitter concentration in brain tissues and histopathological examination of 

brain tissues were performed.  

Results: general activity changes, significant decrease in food intake, feces formation and 

weight gain were reported between control and Voodoo treated group. The behavioral Y maze 

test revealed significant inhibition of the spontaneous alternation while, locomotor activity 

and rotarod test revealed significant inhibition of the neuromuscular coordinative function. 

The neurotransmitters (serotonin, dopamine, adrenaline and noradrenaline) assaying in the 

brain tissues of Voodoo treated group revealed significant decrease. These neurological 

changes were supported by the histopathological findings in the form of shrunken cells with 

dense nuclei and vacuolated cytoplasm in addition to the positive cytoplasmic 

immunoreaction for caspase -3 in the brain tissues.  

Conclusion: Voodoo extract was found to have a functional and structural deleterious 

CNS effect with sub chronic exposure in adult male albino rats. 

Key words: Voodoo, synthetic cannabinoids, neurotransmitters. 

INTRODUCTION 
Cannabis is the most commonly 

abused drug in the world among 

different age groups (Tims et al., 2002) 

especially teenagers and young adults 

(Guxens et al., 2007). In Egypt, 

Cannabis abuse is a serious problem as it 

may lead to social problems, decreased 

work productivity and car accidents 

(Yassa et al., 2010).  

In the past few years, synthetic 

cannabinoids' (SCBs) were marketed as 

over the counter drugs of abuse in 

Europe and the United States. They were 

available online and in small shops 

(Vardakou et al., 2010) and were 

supposed to exert the same 

pharmacological properties as Δ9-THC 

(Kearney-Ramos et al.,2014).  

Synthetic cannabinoids became the 2nd 

most frequently used drugs after 

marijuana in teenagers and young adults 

this is because of its widespread over-

the-counter availability and the 

perception that they are safe to use 

(Vandrey et al., 2012 and Johnston et 

al., 2011). The primary psychoactive 

component of marijuana is Δ-9-

tetrahydrocannabinol (Δ-9-THC) which 

induces its effect through stimulation of 

cannabinoid receptors (CB1) that are 

distributed primarily in the central 
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nervous system (CNS) (Svízenská et al., 

2008). They are potent CB1-receptor 

agonists producing; anxiety (Schneir et 

al., 2011), enhancement of psychosis 

(Every-Palmer, 2010) and tolerance 

(Zimmermann et al., 2009) which in 

turn exerts a substantial health risk to the 

vulnerable populations. However, there 

is a lack of information about the 

possible effects of long-term use of 

SCBs (Kevin et al., 2017). Voodoo is a 

mixture of herbs and spices that are 

sprayed with SCBs, it is marketed as an 

herbal incense that has the same effects 

of Cannabis (Abbas et al.,2017). The 

Egyptian Ministry of Health considered 

Voodoo as a highly hazardous addicting 

substance and listed it in schedule (1) 

and warned traffickers and users that 

they are now under criminal penalties 

(Egypt drug regulatory authority, 

2014).  

AIM OF THE WORK 
The aim of this study was to 

examine the sub chronic neurotoxicity of 

Voodoo (Voodoo abuse) in adult male 

albino rats through evaluation of the 

behavioral and locomotor activity tests, 

neurotransmitters concentration in brain 

tissue in addition to the histopathological 

and immune-histochemical examination 

of the brain tissue. 

 

PATIENTS AND METHODS 

 

Preparation of the Voodoo 

extract: 

Voodoo sachets were used after 

permission from the Ministry of Justice 

for experimental use. Voodoo extract 

was prepared by adding equal mixture of 

diethyl ether and light petroleum (40-60) 

to the crushed herbal matter giving green 

residue (Obata and Ishikawa, 1960).  

1. Experimental animals: 

Thirty male albino rats (12 weeks 

old and weighed between 120 and 140 

gm at the beginning of the study) were 

obtained from the animal house, Faculty 

of Veterinary Medicine, Zagazig 

University. Rats were housed in groups 

in clean suitable cages (five rats per 

cage). Standard rodent‟s food was 

available ad libitum.  Rats were left to 

acclimatize to the experimental 

conditions for 1 week before 

commencing the experiment. The study 

design was Approved from Ethical 

Committee for Research, Faculty of 

Medicine, Zagazig University.  

2. Study design: 

Rats were randomly divided into 

three main groups (10 rats each) as 

follow: 

 Negative (-ve) control group: rats 

of this group received regular diet and 

water without treatment. 

 positive (+ve) control group: rats 

of this group were given 0.5 ml of 

dimethyl sulfoxide (the vehicle used to 

dissolve the extract) by gastric tube daily 

for 28 days. 

 Voodoo extract treated group: 

According to Chopra et al., 2000 rats of 

this group were given dose of Voodoo 

extract equal to 1/10 of the LD50 (133.4 

mg/kg) (Gad & Weil, 1989 and Abass 

et al., 2017) dissolved in 0.5 ml of 

dimethyl sulfoxide daily for 28 (4 

weeks) days which is equal to about 2.6 

years of chronic daily use in human 

beings (Huestis, M. (2002).  

3. Behavioral tests: 

It was done before the start of 

treatment (baseline), and then was 

examined twice weekly for 28 days in 

quiet room 1h after treatment.  

 Y maze test: 

Spontaneous alternation behavior 

was recorded during a 5-min session in a 

Y-maze in order to assess the spatial 

working memory capacity (Yamada et 

al. 1996). The percent alternation was 

calculated [defined as the total number 

of alternations/ total number of triads 
(total entries – 2)] x 100 (Faizi et al. 

2012). 

4. Locomotor activity test: 

It was done before the start of 

treatment (baseline), and then was 
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examined twice weekly for 28 days in 

quiet room 1h after drug intake. 

 Rotaroad test: 

The coordinative function changes 

were evaluated by this test which was 

conducted according to the method of 

Dunham and Miya (1957). Falling 

from the test apparatus within 2 min 

was considered as a coordination 

disturbance. 

By the end of the study period (28 

days), rats in the three groups were 

sacrificed and brains were dissected for 

neurotransmitters assaying and 

histopathological examination. 

5. Neurotransmitters 

assaying in brain tissue: 

Sample Preparation: 

The rats were sacrificed 24 h after 

the last dose of Voodoo extract. The 

brain was dissected out, 100 mg of brain 

tissue of each rat was homogenized in 1 

ml of phosphate buffer saline and stored 

overnight at -20°C.  

 Assay of 

Serotonin: 
Serotonin was assayed by a rat 

serotonin ELISA kit (LifeSpan 

BioSciences, LSBio Inc.), USA. 

 Assay of 

Dopamine: 
Dopamine was assayed by an 

ELISA kit (Immuno-Biological 

Laboratories Inc.) USA. 

 Assay of 

Adrenaline: 

 Adrenaline was assayed by a rat 

adrenaline ELISA kit (CUSABIO, Inc.), 

USA. 

 Assay of 

Noradrenaline: 

Noradrenaline was assayed by a rat 

noradrenaline ELISA kit (Eagle 

Biosciences, Inc.), USA. 

6. Histopathological 

examination of brain: 
The dissected brain was fixed in 

10% formol saline and processed to 

prepare 5µm thick serial paraffin 

sections for haematoxylin & eosin 

(H&E) staining to verify the histological 

details according to the method 

described by Wilson and Gamble, 

(2002). 

7. Immunohistochemical 

reaction for caspase -3: 

 Caspase-3 was investigated using 

an ELISA kit (CUSABIO, Inc). USA.  

8. Statistical analysis: 

The collected data were 

computerized and statistically analyzed 

using SPSS for Windows statistical 

package, version 22. Quantitative data 

was expressed as mean and standard 

deviation (SD). ANOVA test was used 

to compare quantitative data in more 

than two groups and with Bonferroni 

post hoc test compare between groups. 

Student t test was used to compare 

between two groups. Results considered 

to be significant when p value < 0.05 and 

highly significant when p value < 0.01.  

RESULTS 
There were no statistical significant 

differences between -ve control group 

and +ve control groups as regard the 

tested parameters, so the -ve control 

group was chosen to express the results 

of the control group and to compare with 

the treated group. 

 

1- General Observation:  

The rats were hypoactive and not 

interested to food for 1 to 2 hours after 

giving the dose later, rats became 

hyperactive and aggressive. 

 Food intake: 

The results of food intake were 

presented in table (1) & fig. (1). Mixed 

model ANOVA of the food intake 

showed significant overall effects of 

both groups [F2,27 =120.1, P<0.001)] 

and time [(F 2, 60 =152.4; P<0.001)], as 

well as a significant interaction between 

these two main factors [F 4,60 =86, 

P<0.001)]. Regarding Voodoo-treated 

rats, initial highly significant increase in 

food intake during the second week 

(P=0.008) followed by a highly 
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significant decrease in the third week 

(P<0.001) then markedly increased in 

the fourth week (P=0.018). 

Table (1): Comparison between -ve control group and Voodoo treated group as 

regard food intake, feces amount and body gain in adult male albino rats: 
Time 

Groups Variables 

4th week 3rd week 2nd week 1st  week 

18±1.33 17.3±0.82 17.1±0.57 12±0.67 -ve control Food intake 

(gm/100 gm BW) 12±0.82a 10.2±0.63a 14.9±0.32a 13.5±0.97a Voodoo treated 

17.7±0.48 15.3 ±0.67 14.1±0.74± 8±0.67 -ve control Feces amount 

 (gm) 8.2±0.63a 9.1±0.88a 16±0.47a 10±0.47a Voodoo  treated 

202.2±7.12 182.5±9.5 166.5±6.69 143.1±5.72 -ve control Body weight gain 

 (gm) 174.4±11.02a 167±4.83a 150±8.16a 143.6±8.1a Voodoo treated 

All data were expressed as mean ± SD, significant if P ≤0.05, a= significant vs negative control group. 

 

 
Figure (1): Effect of subchronic administration of Voodoo on food intake in rats. Food intake 

was assessed in 1, 2, 3 and 4 weeks after voodoo administration. Values are expressed as 

mean (SD). Repeated measure ANOVA with Bonferroni post hoc test (significant if P ≤0.05), 

a significant vs first week-post treatment, b significant vs second week-post treatment, c 

highly significant vs third week-post treatment. 

 

 Feces formation: 

The results of feces amount were 

shown in table (1) & fig. (2). Mixed 

model ANOVA of feces amount 

showed significant overall effects of 

both groups [F2,27 =272.3, P= <0.001)] 

and time [(F2,65 = 409.8; P<0.001)], as 

well as a significant interaction between 

these two main factors [F5,65 =191.5, 

P<0.001)]. Regarding Voodoo-treated 

rats, initial highly significant increase in 

feces amount during the second week 

(P<0.001) followed by a highly 

significant decrease in the third week 

(P<0.001) then feces amount markedly 

decreased in the fourth week (P<0.02). 
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Figure (2): Effect of subchronic administration of Voodoo on feces amount in rats. It was 

assessed in the 4 weeks after voodoo administration. Values are expressed as mean (SD). 

Repeated measure ANOVA with Bonferroni post hoc test (significant if P ≤0.05), 
a
 

significant vs first week-post treatment, 
b
 significant vs second week-post treatment, 

c
 

highly significant vs third week-post treatment. 

 

 Body weight gain: 

The results of body weight gain 

were shown in table (1) & fig. (3). 

Mixed model ANOVA of body weight 

gain showed significant overall effects 

of both groups [F2,27 =36.7, P= <0.001)] 

and time [(F3,81 = 207.9; P<0.001)], as 

well as a significant interaction between 

these two main factors [F6,81 =5.6, 

P<0.001)]. Regarding voodoo-treated 

rats, initial highly significant increase in 

body weight gain during the second 

week (P<0.001) followed by a highly 

significant decrease in the third week 

(P=0.003) then body weight markedly 

decreased in the fourth week (P<0.001). 
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Figure (3): Effect of subchronic administration of Voodoo on body weight gain in rats. It was 

assessed in the 4 weeks after voodoo administration. Values are expressed as mean (SD). 

Repeated measure ANOVA with Bonferroni post hoc test (significant if P ≤0.05), 
a
 

significant vs first week-post treatment, 
b
 significant vs second week-post treatment, 

c
 

highly significant vs third week-post treatment. 

 

2- Behavioral tests results: 

 Y maze spontaneous 

alternation test results: 

During the 5-min session, the -ve 

control rats showed 80±5.0% 

spontaneous alternation while, Voodoo 

extract treated group showed 

approximately 43±4.5% spontaneous 

alternation. When the both groups were 

compared to each other a highly 

statistical significant inhibition of the 

spontaneous alternation was found (t 

test= 17.39, P < 0.001).  

 Rotarod test 

results:  

During the 2-min session, 2 rats in 

the -ve control group were reported to 

fall down from the rotarod while, in 
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Voodoo extract treated group there 

were 6 rats fell down. When the both 

groups were compared to each other a 

highly statistical significant inhibition 

of the coordinative function was 

reported (t test= 56.56, p<0.001). 

3- Level of 

Neurotransmitters in brain 

issue results: 

Means of the assayed Serotonin,  

Dopamine, Adrenaline and 

Noradrenaline in both control group 

and Voodoo treated group were shown 

in table (2). A statistical significant 

inhibition of the assayed 

neurotransmitters was recorded in the 

Voodoo extract treated group when 

compared to the control group. 

 

Table (2): Comparison between -ve control group and Voodoo treated group as 

regard the assayed neurotransmitters using student t test: 

95% CI P value t test mean±SD Groups Variable 

0.566-0.845 P<0.001 10.595 
0.713±0.015 -ve control 

Serotonin 

(mg/kg) 0.0075±0.21 Voodoo treated 

1.09-1.14 

 

 

P<0.001 
92.015 

1.126±0.024 -ve control 
Dopamine 

(mg/kg) 0.0081±0.03 Voodoo  treated 

0.443-0.765 P<0.001 7.9035 
0.623±0.12 -ve control 

Adrenaline 

(mg/kg) 0.0185±0.21 Voodoo treated 

0.730-0.891 P<0.001 21.2225 
0.812 ±0.014 -ve control 

Noradrenaline 

(mg/kg) 0.0012±0.12 Voodoo treated  

                    All data were expressed as mean ± SD, significant if P ≤0.05 CI= Confidence interval. 

 

4- Histopathological examination of 

the brain tissue: 

In the control group, the large 

pyramidal cells' cytoplasm was basophilic 

and contained large coarse basophilic 

granules and large, rounded, and central 

nucleus with prominent nucleolus as 

shown in fig. (4&5).  

 
Figure (4): H& E stained section in the 

brain of control group showing normal 

brain tissue architecture (H&E stain X 

200) 

 

 
Figure (5): H& E stained section in the 

brain of control group showing normal 

brain cells (H&E stain X 400). 

 

The histopathological examination of 

the brain tissue of the Voodoo treated 

group revealed affected neurons in the 

form of vacuolated or shrunken neurons, 

with darkly stained pyknotic or vesicular 

nuclei and vacuolated cytoplasm in all 

layers (fig. 6&7).  
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Figure (6): H& E stained section in the brain 

of the treated group showing vacuolated 

neurons (c) some with darkly stained pyknotic 

nuclei (n) and others with vesicular nuclei (v) 

(H&E stain X400). 

 
Figure (7): H& E stained section in the brain 

of group of the treated group showing 

increased number of affected neurons (c) with 

darkly stain nuclei  (n) and marked 

vaculations (v)  (H&E stain X400). 

 

The cells are surrounded by irregular 

wide spaces in addition to neuropill edema 

and hyalonosis (fig. 8&9). 

 
Figure (8): H& E stained section in the brain 

of the treated group showing shrunken 

neurons (c) with pyknotic nuclei (n) and 

neuropil edema (o) (H&E stain X400). 

 
Figure (9): H& E stained section in the brain 

of the treated group showing increased 

number of shrunken neurons (c) with darkly 

stain nuclei (n) and hyalonosis (h) (H&E stain 

X400). 

5- Immunohistochemical reaction 

for caspase -3: 

Voodoo treated group showed strong 

positive cytoplasmic immunoreaction for 

caspase -3in the brain cells when 

compared to control group (fig.10&11). 

 
Figure (10): Immunohistochemical reaction 

for caspase -3 in the control group showing 

negative cytoplasmic immunoreaction for 

caspase -3in the brain cells. (caspase -3x 400) 

 
Figure (11): Immunohistochemical reaction 

for caspase -3 in the treated group showing 

strong positive cytoplasmic immunoreaction 

for caspase -3in the brain cells. (caspase -3x 

400). 
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DISCUSSION 

Synthetic cannabinoids (SCBs) have 

more potent and long lasting cannabis-like 

effects with difficult detection in urine due 

to the high variability of its constituents 

(Cha et al., 2015). Some of them were as 

much as 100-fold more potent than 

cannabis, as, PB-22 and 5F-PB-22 (Wiley 

et al., 2013). One of the biggest problems 

related to SCBs is the insufficient data 

related to their effects on human (Cha et 

al., 2015). Only a few case reports about 

the neurotoxicity produced by SCBs have 

been published (Harris and Brown, 

2013). This study aimed to investigate the 

sub chronic neurotoxic effect of the newly 

emerged hallucinogenic substance 

"Voodoo" that appeared in the Egyptian 

market.  

In the present study, general activity 

changes were reported between control 

and Voodoo treated group, in addition to a 

significant decrease in food intake, feces 

formation and weight gain. The behavioral 

Y maze test revealed significant inhibition 

of the spontaneous alternation which 

indicating learning and memory function 

defect and impaired cognition. Locomotor 

activity and rotarod test revealed 

significant inhibition of the neuromuscular 

coordinative function. The 

neurotransmitters (Adrenaline, 

Noradrenaline, Dopamine and Serotonin) 

analysis in brain tissue of the Voodoo 

treated group revealed significant 

inhibition of these neurotransmitters. 

These neurological changes were 

supported by the histopathological 

findings and the positive cytoplasmic 

immunoreaction for caspase -3 in the 

brain tissues. These results are consistent 

with Cha et al. (2015) who evaluated the 

neurotoxic effect of two SCBs given in 

different doses (0.1, 1, 5 mg/kg) to mice, 

they reported tractions, tremors, decreased 

locomotor activities and rotarod retention 

time in addition to the histopathological 

findings in nucleus accumbens and 

concluded that the SCBs might be 

neurotoxic through neuronal cell damages. 

Furthermore, Abbas et al. (2017) who 

studied the acute toxic effect of Voodoo 

both clinical and experimental, stated that 

experimental study through 

histopathological examination of tissues 

from different organs in rats revealed that 

the brain was the most affected organ. 

Compton et al., (2012) investigated the 

SCBs' effects on neuropsychology, 

development and behavior of adult rats 

and claimed that chronic exposure to 

SCBs during adolescence might affect 

spatial learning and memory performance 

in adulthood. These changes can be 

explained by the adaptive changes occurs 

in the CB1 receptors and the related 

neurotransmitters that result in severe 

behavioral adverse effects 

(Basavarajappa & Subbanna 2019). 

This is supported by the findings reported 

by Atwood et al., 2010 in which SCBs' 

reduced the excitatory postsynaptic 

currents levels in cultured hippocampal 

neurons. In the same way Cottencin et 

al., (2014) claimed that chronic use of 

SCBs (Spice) may induce significant 

deterioration in emotional and cognitive 

function because SCBs have important 

effects on emotional processing and 

sensory perception. The negative effects 

of cannabinoids' agonists on learning 

ability and memory are well documented, 

this might be explained by their activity at 

CB1 receptors which are present at high 

concentration in the hippocampus and 

prefrontal cortex, as well as other 

forebrain areas (Schreiber et al., 2018). 

Although it is more convenient to 

limit experiments with SCBs to the 

endocannabinoid system and the 

intracellular signaling, there is a growing 

evidence suggesting an interaction 

between SCBs and the 

neuro-modulatory system in the CNS 

(Noradrenergic, Serotonergic and 

Dopaminergic systems) that has 

significant functional and behavioral 
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effect (Fantegrossi et al., 2018 & Sara, 

2009).  

Cannabinoids are found to be 

involved in many neurotransmitter 

release suppression as γ-aminobutyric 

acid (GABA), Dopamine, Histamine, 

Serotonin, Norepinephrine and Opioids 

(Piomelli, 2003). So, cannabinoids are 

claimed to modulate the main excitatory 

and inhibitory systems of the CNS which 

in turn affecting; food intake and 

metabolism (Viveros et al., 2008), the 

response to chronic stress (Hill et al., 

2005) and enhancing neuropsychiatric 

disorders (Hill and Gorzalka, 2009). 

Braida et al. (2007) reported the 

modulatory effect of Cannabinoids on the 

Serotonergic system not only by direct 

activation of CB1 receptors but also by 

its direct effect on its receptor expression 

in chronic abuse. Furthermore, 

Bloomfield et al. (2014) reported a 

reduced Dopamine synthesis capacity in 

the striatum in chronic Cannabinoids use. 

Urbanan et al. (2012) stated that mild to 

moderate dependence on CB1 receptors 

do not affect the striatal Dopamine 

alterations while, longer duration of use 

reduced the Dopamine release. In the 

same way, Cannabinoids were found to 

modulate Noradrenergic transmission not 

only in Noradrenergic nuclei but also at 

the target regions, in addition, 

Norepinephrine was found to mediate 

some behaviors induced by cannabinoids 

(Carvalho and Van Bockstaele, 2012). 

In the present study, an activation of 

apoptotic chain in the brain tissues was 

found after treatment with Voodoo 

extract which was evidenced by 

significant increase in caspase-3 

presentations. This was consistent with 

Basavarajappa and Subbanna (2019) 

who reported cytotoxic effects induced 

by SCBs in vitro studies. Tomiyama and 

Funada (2011) found that, caspase 

cascades might have a significant role in 

the apoptosis induced by SCBs and added 

that this cytotoxicity was caspase-3 and 

CB1-dependent. Furthermore, 

Zehendner et al. (2011) stated that 

caspase-3 which is a crucial mediator of 

programmed cell death (apoptosis), 

played a very important role in the 

apoptosis induced by many neurotoxins 

leading to various neurodegenerative 

disorder.  

 

CONCLUSION 
From the results of this study we can 

conclude that, Voodoo extract was found 

to had a functional and structural 

deleterious CNS effect with sub chronic 

exposure in male albino rats in the form 

of learning and memory function defects, 

impaired cognition, inhibition of the 

neuromuscular coordinative function and 

inhibition of the neurotransmitters; 

Serotonin, Dopamine Adrenaline, and 

Noradrenaline. These neurological 

changes were supported by the 

histopathological findings in the form of 

irregular shrunken cells with dense nuclei 

and vacuolated cytoplasm in addition to 

the positive cytoplasmic immunoreaction 

for caspase -3 in the brain tissue.  

 

RECOMMENDATIONS 
The studies on the acute SCBs effect 

are available, but there are insufficient 

studies on the chronic abuse of them. 

There is a lack about the degree to which 

the brain development and functions are 

affected especially in youngs who have 

been shown to develop an increased risk 

of SCBs dependence. So, further studies 

are recommended to evaluate the toxic 

effects of these compounds on the 

different body tissues in case of chronic 

abuse conditions especially on CNS in 

young users. 
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لولخص العربًا  
 

 الجرراى ركىر الفىدو على الجهاز العصبً الوركسي فً لوستخرجالتأثٍر السوً الوسهي 

البالغتالبٍضاء   

 

غادة ًبٍل هٌصىر 
1

، هحوذ زاٌذ حسي
1
، عال السٍذ  

1
زاٌذ هحوذ هها و 

2
 

1
جاهعت السقازٌق -كلٍت الطب -قسن الطب الشرعً والسوىم االكلٌٍٍكٍه   

2
جاهعت السقازٌق -كلٍت الطب -قسن االًسجت والخالٌا   

 

يمذيح: انفٕدٔ ْٕ يضٚج يٍ األعشاب ٔانرٕاتم انرٙ ٚرى سشٓا تًشكة اصطُاعٙ ٚحاكٙ آثاس انحشٛش. جعم ذٕفش 

، تعذ كثش األدٔٚح انرشفٛٓٛح اسرخذاًياْزِ انًُرجاخ عهٗ َطاق ٔاسع دٌٔ ٔصفح طثٛح ْزِ انًشكثاخ ثاَٙ أ

هفٕدٔ عهٗ مٛك فٙ اٜثاس انسًٛح انًضيُح ننرحانًاسٚجٕاَا فٙ سٍ انًشاْمح ٔانشثاب. ذٓذف ْزِ انذساسح إنٗ ا

 انجشراٌ انثٛضاء انثانغحيٍ  ثالثٍٛ. ذى اسرخذاو انثٛضاء انثانغح انجشراٌ( فٙ CNSانجٓاص انعصثٙ انًشكض٘ )

ٕٚيا يٍ أجم انرحمٛك فٙ ذأثٛش انسًٛح انعصثٛح انًضيُح يٍ انفٕدٔ  82نًذج  LD50 يا لًٛرّ عشش ال ٔاعطائٓى

ذى يٍ خالل ذمٛٛى االخرثاساخ انسهٕكٛح ، ٔذشكٛض انُالم انعصثٙ ٔانفحص انُسٛجٙ ألَسجح انًخ. انُرائج: 

ذُأل انطعاو ، فٙ اَخفاض كثٛش  ، ٔنفٕدٔ تأانًعانجح ذغٛٛشاخ فٙ انُشاط انعاو تٍٛ يجًٕعح انًشالثح يالحظح 

عٍ ذثثٛظ كثٛش فٙ انرُأب انرهمائٙ ، تاإلضافح إنٗ انسهٕكٛح  Yٔذشكٛم انثشاص ٔصٚادج انٕصٌ. كشف اخرثاس يراْح 

كشف عٍ ذثثٛظ كثٛش فٙ انٕظٛفح انرُسٛمٛح انعصثٛح ٔانعضهٛح. كشفد  rotarodأٌ انُشاط انحشكٙ ٔاخرثاس 

، األدسُٚانٍٛ ٔانُٕسادسُٚانٍٛ( فٙ فحص أَسجح انًخ فٙ يجًٕعح انُالهح انعصثٛح )انسٛشٔذٍَٕٛ ، انذٔتايٍٛ 

خالٚا انفٕدٔ انًعانجح عٍ ذثثٛظ كثٛش. ذى دعى ْزِ انرغٛشاخ انعصثٛح يٍ خالل َرائج انرششٚح انًشضٙ فٙ شكم 

سجح فٙ أَ caspase -3يُكًشح يع َٕٖ كثٛفح ٔسٛرٕتالصو يفشغ ، تاإلضافح إنٗ يُاعح سٛرٕتالصيٛح إٚجاتٛح نـ 

عهٙ ضاس انجشراٌ انثٛضاء انثانغّ نّ ذأثٛشفٙ انًضيٍ نًسرخهص انفٕدٔ  انرعشضانًخ. انخالصح: ٔجذ أٌ 

 . كفاءذّ انٕظٛفٛح  اَسجح انًخ ٔتانرانٙ عهٙ

 


