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Introduction 
In most developed and developing countries, cannabis is habitually abused drug among teenagers. Africa is the second largest 
manufacturer of cannabis in the world [1]. In Egypt, drug addiction is considered one of the critical issues that worry both people and 
government. It is decreasing youth work productivity, and gravely affecting the economic state [2]. Approximately, 30 % of Youth in 
age between 16 to 24 years old, extensively consumed cannabis. They are the main class seeking treatment in addiction clinics [3]. 
Bango (cannabis leaves) is the most frequently used part of the cannabis plant in Egypt, it is smoked as a handle-rolled ‘‘joint’’. Its 
active ingredient is tetrahydrocannabinol (THC) [4].  
 
While cannabis leaves consumers are continuously searching for euphoria, sense of relaxation and good perception, they have 
considerable poor attention, memory and behavioural problems (cognitive impairment and loss of motivation) [5]. 
Tetrahydrocannabinol over stimulate cannabis receptors (CB1) inducing changes in their neurophysiologic roles (assorting food 
intake, cognitive functions and pleasure) to neuropath logical abnormalities as reduction in memory, motivation and finally 
dependence [6]. Cannabis receptors, especially CB1, are normally expressed in white matter pathways over the brain. Few studies 
recently have discovered the effects of regular cannabis use on white matter physiological state and its influence on axonal 
connectivity [7].  
 
Myelin basic protein (MBP) is brain specific-proteins, found in neuronal tissues and its measurement in the serum is considered non-
invasive method. It detects structurally and functionally damaged brain regions and assesses prognosis of neuropsychiatric illness [8].  
Pregnenolone is neurosteroid hormone that is synthesized in the brain. It acts as a natural defense against harmful effects of cannabis 
leaves in animals [9]. Regular cannabis leaves   intake activates the CB1 receptor inhibiting the pregnanolone synthesis, so, 
administration of pregnenolone antagonizes its action on this receptor [10]. Developing an efficient treatment for cannabis leaves 
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Abstract 
Introduction: Cannabis is extensively abused in Egypt; approximately 800 million dollars are paid 
annually for management. Cannabis neurophysiologic disturbances represent an annoying health issue, 
thus, efficient safer treatments are needed. The neurosteroid pregnenolone has been recently observed as 
a potent inhibitor of cannabis on its receptors. Objectives: To capture cannabis leaves induced brain 
pathological changes, to assess the myelin basic protein as prognostic biomarker and the potential 
therapeutic use of pregnenolone against these changes. Materials and Methods: This study was 
carried out on 160 adult albino rats divided equally into: Group I (negative control), group II 
(pregnenolone group) gavaged pregnenolone orally, group III (cannabis leaves extract) rats gavaged 
orally once daily 1/10 of the LD50 of cannabis leaves extract (172.9 mg/kg) and group IV (cannabis 
leaves extract+pregnenolone) gavaged orally same as before. This study was carried for 12 weeks. 
Results: There was a significant increase in values of serum myelin basic protein in group (III) 
compared to group (I); upon supplementation of pregnenolone to intoxicated rats, significant 
improvement of its values was noticed. Microscopic and immunohistochemistry brain tissues 
examination of cannabis leaves extract group revealed shrunken cell with dense nuclei and vacuolated 
cytoplasm & negative immunoreactivity of myelin basic protein antibodies in comparison to control 
group. Pregnenolone administration to intoxicated rats induced cells improvement and increased the 
immunoreactivity. Conclusion: cannabis leaves induced brain toxicity in rats with administration of 
prgnenolone protects brain tissues. 
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abuse is becoming a priority of research in the field of drug addiction. The beneficial role of pregnenolone has been rarely investigated 
[11]. So, we tried to confirm the effective role of it as upcoming promising therapeutic approach in cannabis addiction. 

 
The aim of this study is to demonstrate the toxic changes on the brain of adult albino rats treated by cannabis leaves extract, by 
assessing the myelin basic protein as early prognostic biomarkers and the potential therapeutic use of pregnenolone as a novel 
cannabis leaves antidote. 
 

Methods 
1) Cannabis leaves extract: After taking permission from the Ministry of Justice, we brought bango leaves and processed to be given 
to animals.It was prepared by grinding the bango leaves with ethanol solution (50 mg/mL). The mixture from Tween 80 : ethanol 
solution (2:1 in volume) was prepared. Ethanol was then evaporated by checking in temperature between 40 ° and 50 °C for 1 hour, 
and the suspension of the residue with normal saline added to 1 gm of Fuller’s earth, according to Fadda et al. [12]. 
 

High-performance liquid chromatography: 
The high-performance liquid chromatography (HPLC) was used as quantitative and qualitative method to detect the active principle of 
the cannabis leaves in the extract. The mobile phase was acetonitrile (550 mL) and 0.125 M phosphate buffer (450 mL). The column 
was reversed phase RP-8 (250 - 5 mm) and was thermo stated at 35 °C, the mobile phase flow rate was 1 mL/min and the invention of 
wavelength was 212 nm, with retention time beginning at 12 min. After running the samples in the HPLC, the curve obtained from the 
samples of the cannabis leaves extract was compared with that of the control [13].  
 
2) Pregnenolone: It was obtained from Sigma-Aldrich, (Inc, and St. Louis, MO). It was provided in a 100 mg capsule form.  
 
3) Distilled water: dissolvent for pregnenolone. 
 
4) Ethyl acetate: vehicle for cannabis leaves. 
 

5) Rabbit myelin basic protein (MBP) antibodies (anti-MBP polyclonal antibodies): were purchased from Sigma Aldrich (St Luis, 
MO).  
 
6) Animals: The study was done for 12 weeks and the rats, each weighing 150-200 grams, were randomly divided into 4 groups each 
of them included 40 rats. The animals were obtained from Animal House of the Faculty of Veterinary Medicine, Zagazig University. 
The study had been designed in the Faculty of Medicine, Zagazig University. All animals received care in compliance with the Animal 
Care Guidelines and Ethical Regulations in accordance with ''The Guide for the Care and Use of Laboratory Animals'' (Institute of 
Laboratory Animal Resources (1996) [14]. In order to exclude fallacies the following environmental conditions were standardized 
according to Cuschieri and Backer (1977) [15]: 
1) Ensuring good ventilation and climate  in the animal house and cage.  
2) Low noise level was maintained as noise may affect the behaviour of the animals. 
3) The bedding, wood shaving had to be sufficient to absorb urine and also changed frequently to keep the animals clean. Accordingly, 
the animals were kept in galvanized iron mesh cage with solid bottoms, 10 rats per cage to over crowdness, as well as isolation was 
avoided. The rats were kept in this environment for two weeks before starting experiment to be adapted to any possible stress 
secondary to transportation procedure from the animal supplier or due to sudden environmental modification and exclude any diseased 
animals [16]. The rats received adlibitum to maintain their health before and during drug administration. Distilled water was offered in 
separate clean containers.  
 

Ethical approval 
“All applicable international, national, and institutional guidelines for the care and use of animals were followed.”“All procedures 

performed in studies involving animals were in accordance with the zagazig university ethical committee standards.” 

 

Study design 
The study was done 12 weeks and the rats were divided into 4 groups each of 40 rats:- 
- Group I (negative control group):  Each rat was received only regular diet, distilled water and ad libitum to determine the basic 
values of performance.  
-Group II ( pregenolone group):  Each rat was gavaged orally with 10 mg/kg body weight pregnenolone according Vallée [17] 

dissolved in 1 ml of distilled water once daily 6 days/ week.  
Group III (cannabis leaves extract group): Each rat was gavaged orally with 172.9 mg/kg body weight cannabis leaves extract once 
daily 6 days/ week [18].  
This period is equivalent to about 101 months or 8.5 years of use in human beings [19]. 
Group IV (cannabis leaves extract+pregnenolone group): Each rat was gavaged orally with pregnenolone given before cannabis 
leaves extract in the same previous manner and doses. Observations of the behaviour and animal weight were recorded during and at 
the end of duration of the study. At the end of the 12th th week of the study period, rats from each group were subjected to blood 
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sample collection by capillary glass tubes from the retro-orbital plexus under light ether anaesthesia as described by Nemzek et al. 

[20]. The animal was held in the left hand and grasped from the back, while enclosing the neck and exerting slight pressure by the 
thumb and index fingers. 
 
The blood samples were used for estimating myelin basic protein (MBP). Then the anesthetized rats were sacrificed & specimens from 
the brain were taken for histopathological and immunohistochemical studies. 
 

A) Myelin basic Protein (MBP) [21, 22]  
Blood samples of 250 μL were collected and microcentrifuged using EDTA containing tubes (Microtainer Brand Tubes, NJ). Serum 
was separated and deep frozen at -70°C within 24 hours. Serum myelin basic protein immunoreactivity was assayed by a competitive 
inhibition radioimmunoassay (RIA). Standard binding inhibition curves were used to calibrate the assay using authentic human myelin 
basic protein. The detection limit of the assay was equivalent to a serum myelin basic protein immunoreactivity of 2-5 ng/ml. 
 

Tissue preparation 
The left corpus callosum of all sacrificed rats was rapidly removed and frozen at -70°C until analysis. Corpus callosum tissues were 
homogenized in Nonidet-P40 lysis buffer using homogenizer. Tissue homogenates were transferred to micro centrifuge tubes and then 
centrifuged at 10.000 x g for 10 minutes at 4° C. The supernatants were removed and the centrifugation process was repeated. The 
MBP profiles were evaluated by sodium dodecyl sulphate polyacrylamide gel electrophoresis and Western-blot analysis. 
 

Gel electrophoresis: 
The protein concentration of corpus callosum extracts was determined spectrophotometrically (Nanodrop-1000, Thermo) and the 
protein concentrations were adjusted to 15 mg/ml (Thermo EC 120, New York, USA). Molecular weights of proteins on gel were 
determined by comparing with marker protein standards and were expressed in kilodalton (kDa). 
 

Western blotting: 
The fractionated proteins were transferred onto polyvinyl difluoride (PVDF) membrane at 90 mA for 45 min then were incubated in 
blocking buffer for 1 h at 4°C. The membranes were incubated with MBP primary antibody (MBP, C-16: sc-13914, Santa Cruz 
Biotechnology, Inc. Heidelberg, Germany) diluted 1:100 with phosphate-buffered saline. The blots were incubated with peroxidase 
substrate then molecular weights of proteins on membrane were evaluated using protein standards (SDS7B2). Visible bands were 
photographed. 
 

B) Histopathological study by Haematoxylin & Eosine: 
Brain tissues taken from the animals were fixed in non buffered 10% formaldehyde (in a ratio of 1:9 of 37% formaldehyde: water). 
The tissues were dehydrated in two changes of cold ethanol, cleared by passage through three changes of cold xylene, and embedded 
in paraffin at 53 °C. Serial sections were cut and slides dried for 1 hour at 37 °C and then stained using haematoxylin and eosin 
according to Horobin and Bancroft [23], then examined by light microscope. 
 

C) Immunohistopathological study: 
Brain tissues perfused with ice-cold phosphate-buffered saline followed by 4% paraformaldehyde. Brains were post-fixed in 4% PFA 
overnight. Then, brains were paraffin-embedded and processed into 5 μm coronal sections between bregma -0.82mm and bregma -
1.82mm. Sections were deparaffinzed 3 times 5 minutes in microwave. Slides were treated with 3% H2O2 diluted in PBS 17% 
methanol for 30 minutes to block endogenous peroxidase, followed by 1-hour treatment with diluted in PBS for 1-hour. Sections were 
exposed overnight at 4°C to primary antibodies diluted in blocking buffer: rabbit polyclonal anti-myelin basic protein (MBP) (1:500, 
ab40390, Abcam). Sections were examined by light microscope [24] and the stain intensity was divided into 4 grades defined as: 0 
negative, 1+ weak, 2+moderate, 3+ strong. 
 
Statistical Analysis: 
By using SPSS Software program (v.16; SPSS), one way analysis of variance (ANOVA) test and least significant difference (LSD) 
test were used to compare the means of each parameter between the groups. Descriptive data was compared by (chi-square test). The 
statistical significance difference for all tests was set at P< 0.05.   
 

Results: 
A) High Performance Liquid chromatography: 
Figure 1 showed the HPLC of the cannabis leaves extract which demonstrated that the THC was the main component of the extract. 
 

B) Observation of the animal behaviours and weight: 
These observations were made without disturbing the animal. 
 
Activity level: After giving the dose, the rats were hypoactive for 1 to 2 hours in the form of lack of interest to the food, or attention to 
the foreigner, but later on became hyperactive in the form of biting each other and trying to bite the human body who dealt with them.  

http://www.crdeepjournal.org/ijls


SJIF IMPACT FACTOR (2015): 5.79                                                                                                                       CRDEEP Journals 
International Journal of Life Sciences                           Amin et. al.,                     Vol. 6 No. 1                           ISSN: 2277-193x 

Online version available at: www.crdeepjournal.org/ijls                                                                                                              60 

Weight: The weight of the animals observed in the period of the study was significantly increased in cannabis leaves extract group 
when compared with the control group. 
All previous observation was improved and was nearly similar to that of the control group upon supplementation of pregnenolone. 
 

C) Serum myelin basic protein:  
There was a highly significant increase in   the mean value of serum myelin basic protein in   cannabis leaves extract group compared 
to other groups, however with usage of pregnenolone with cannabis extract, there was a highly significant reduction in these mean 
values (Table 1). 

 

D) Electrophoresis findings: 
Electrophoresis profiles of tissue proteins from cannabis leaves extract and cannabis leaves extract + pregnenolone rats and control 
group are shown in Figure 2. Several protein fractions ranging in molecular weight from 14-175 kDa were observed from brain 
extracts in each group.  Although the protein concentrations of tissues were equalized, a noteworthy decrease in all band densities 
were observed of the cannabis leaves extract and cannabis leaves extract+ pregnenolone groups when compared to the controls. 
 

E) Western blots results: 
Figure 3 showed the representative Western blot results of MBP from control, cannabis leaves extract and cannabis leaves extract + 
pregnenolone rats. Decreased intensity of the MBP isoforms below the 26.6 kDa was observed in the cannabis leaves extract group as 
compared with controls. In the cannabis leaves extract + pregnenolone group, intensity of these isoforms of MBP approached to the 
values of control.  
 

(F) Histopathological study:  
The histopathological examinations of rats’ brain tissues in the control group revealed a normal histological structure (Fig 4),  while 
animals of the cannabis leaves extract treated group exhibited tissue lesions including congested blood vessels  in 50% of these rats, 
Irregular shrunken cells and vacuolated cytoplasm in 30% of these rats, severe hemorrhage  in 25% of these rats, degenerative changes  
in 55% of these rats, gliosis  in 55% of these rats, and Apoptotic nuclei  in 75% of these rats (Fig. 5,6   table 2). Treatment with 
pregnenolone statistically reduced the severity of tissue lesions caused by cannabis leaves extract (P <0.001**) (Fig. 7,Table 2). 
 

G) Immunohistopathological findings: 
Immunohistochemical staining of brain for myelin basic protein antibodies in myelinated neuronal fibers showed strong positive 
immunoreactivity  in 75 % of rats of control group (Fig.8 Table 3), while, 95% of rats  of cannabis leaves extract treated group  
showed negative to weak  immunoreactivity (Fig. 9 Table 3). Moreover,  cannabis leaves extract treated+pregnenolone group showed 
moderate to strong positive immunoreactivity in 50% of rats of this group and  negative to weak immunoreactivity in 35 %  of these 
rats (Fig. 10,11  Table 3). 
 
Table 1: Comparison between different groups as regard body weight and serum myelin basic protein. 

Index Negative control 
group 

mean ± SD 

Pregnenolone 
group 

mean ± SD 

Cannabis 
leaves extract 

group 

mean ± SD 

Cannabis leaves 
extract+ 

Pregnenolone 

group 

F test P values 

Body weight (g) 203.19±5.7 205.49 ±5.6 278.12 ±9.7ab 233.94±6.9ac 941.79 <0.0001** 
Myelin basic protein 

ng/ml 

17 ± 7.2 17.5 ± 7.3 94.4 ± 12.5a b 19 ± 8.1c 
 

717.5 <0.0001** 

Results are expressed as mean ± SD (Number = 40 rats/group). ; g: gram     ng/ml: nanogram /milliliter; F=value of ANOVA test 

** highly significant; Between groups: a Highly significantly compared to negative  control ; b Highly significantly compared to 

pregnenolone group; c Highly significantly compared to cannabis leaves extract group  
 
Table (2): Chi-square test statistical analysis of pathological changes in brain of different groups. 
 

Group 

 

 

Myeline basic 

protein expression  

Negative 

control (N=40) 

Pregnenolonegr

oup 

 (N=40) 

Cannabis leaves 

extract (N=40) 

Cannabis leaves 

extract+ 

Pregnenolone 

(N=40) 

X2 

Test 

P.value 

No % No % No % No % 

Congested blood 

vessels 

0 0.0 1 2.5 20 50.0 11 27.5 41.56 <0.001** 

Irregular 
shrunken cells and 

vacuolated 

4 10.0 0 0.0 12 30.0 6 15.0 15.81 0.001* 
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cytoplasm 

Severe 
haemorrhage 

0 0.0 0 0.0 10 25.0 5 12.5 20.23 <0.001** 

Degenerative 

changes  

0 0.0 1 2.5 22 55.0 16 40.0 48.93 <0.001** 

Gliosis 0 0.0 1 2.5 22 55.0 16 40.0 48.93 <0.001** 

Apoptotic nuclei 2 5.0 2 5.0 30 75.0  20 50.0 64.74 <0.001** 

**: highly significant (P : <0.001)                  
 
Table (3): Chi-square test statistical analysis of myelin basic protein expression in cerebral cortex of different studied groups. 
Group 

 
 

Myelin basic protein 

expression  

Negative 

control (N=40) 

Pregnenolonegr

oup 
 (N=40) 

Cannabis leaves 

extract (N=40) 

Cannabis leaves 

extract+ 
Pregnenolone 

(N=40) 

X2 

Test 

P.value 

No % No % No % No % 

Negative (0)/  Weak 

(1) 

0 0.0 2 5.0 38 95.0 14 35.0 124.69 <0.001** 

 

Moderate(2) 10 25.0 12 30.0 2 5.0 20 50.0 

Strong(3) 30 75.0 26 65.0 0 0.0 6 15.0 

Total  40 100.0 40 100.0 40 100.0 40 100.0 

**: highly significant (P : <0.001)                  
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Discussion 
Cannabis has delusive neurotoxic effect. Brain is the mostly affected organ with regular cannabis administration and its main effects 
due to THC conciliated through the cannabis receptors CB1 that obtusely adorn brain regions. These receptors are confined to axons 
and nerve terminals [25]. In our study, the rats treated with cannabis leaves extract were hypoactive for 1 to 2 hours in the form of 
being poorly interested to the food and weight significantly increased in comparison to the control group. These results are in parallel 
with Adriaan et al (2016) [26] who stated that exposure to cannabis leaves smoke led to a decrease in rearing which was observed 
immediately and 4 h after smoke exposure, but not 24 h after smoke exposure.   
 
Myelin Basic Protein (MBP) is a protein believed to be important in the process of myelination of nerves in the central nervous system 
(CNS), but decrement in its level is generally consistent with the deficiencies of myelin. Myelin Basic Protein antibody detects MBP. 
MBP is one of the major proteins of the myelin sheath surrounding axons in the nervous system. The protein is produced by 
oligodendrocytes in the central nervous system, so, antibodies to MBP are efficient markers of them. In the central nervous system, 
there are different forms of the protein made by alternate transcription from a single gene, which have molecular weights of 21.5, 18.5, 
and 17.2 kDa. Since the two lower molecular weight forms are very close in molecular size, MBP antibodies typically show two bands 
on Western blots, one at about 22kDa and another at about 18kDa. Anti-MBP antibody is ideal for investigators involved in cell 
signaling, neuroscience, and signal transduction research [27]. 
 
In our study, typical electrophoresis profiles of tissue proteins showed several protein fractions ranging in molecular weight from 14-
175 kDa observed in each group. But, the protein concentrations of tissues were significantly decreased in all band densities in the 
cannabis leaves extract and cannabis leaves extract+ pregnenolone groups when compared to the negative control. These results are in 
parallel to Gul et al. [28] who stated that demyelination by cannabis and remyelination had been extensively researched both in vitro 
and in vivo. The myelin sheath basic protein constitutes an important role of treating demyelinating diseases induced by different 
agents as cannabis because it interferes with the physiological myelination by oloigodenderocytes. Also, Teresa et al. [29] reported 
that in their study, Western blot analyses of brain tissue homogenates showed that the levels of MBP, were not significantly different 
in negative control and treated groups. These results suggested an early hypomyelination of the CNS, with peak levels of myelin at 2 
months, followed by a prolonged period of myelin loss, until a very low but stable myelin level was reached. This might be due to 
micro tubular abnormalities in the drugs  interfering with transport of myelin proteins and having the greatest effect on MBP because 
of its most distal location in the per axonal oligodendroglial membranes. 
 
In our study, increased intensity of the serum MBP isoforms below the 26.6 kDa was observed in the cannabis leaves extract group as 
compared with controls. In the cannabis leaves extract + pregnenolone group, intensity of these isoforms of MBP approached to 
values of negative control group. These results are in parallel with Akiyama et al. [30] who found significant increase of serum MBP 
in cannabis exposed rats. Our histopathological results found that the brain of cannabis leaves extract administerated  rats were so 
severe in the form of irregular shrunken cells with dense nuclei and vacuolated cytoplasm in all layers. The cells were surrounded by 
irregular wide spaces. The findings are similar to that reported by  Downer et al. [31]. They explained the apoptosis occurred in brain 
after cannabis administration as THC activates the pro-apoptotic cysteine protease, and caspase-3. Sa´nchez et al. [32] explained the 
effect of marijuana on brain; it induces apoptosis in glioma cells, as determined by DNA fragmentation and loss of plasma membrane 
asymmetry.  THC stimulated sphingomyelin hydrolysis in glioma cells. These effects were explained by Athanasiou et al. [33] in their 
study, where they found that the THC causes morphological changes characteristic to apoptosis. In rat mitochondria, it causes 
significant decreases in oxygen consumption and mitochondrial membrane potential. Also, he reported that THC causes significant 
increases in mitochondrial hydrogen peroxide production and also changes in mitochondrial function. Pardo et al. [34] and Rubino et 
al. [35] in their studies found that cannabis affects neuroendocrine functions. Studies on experimental animals had indicated that THC 
can cause a decline in the pituitary hormones such as follicle stimulating hormone, luteinising hormone, prolactin, progesterone, 
oestrogen, and androgens. The myelin basic protein is produced by oligodendrocytes in the central nervous system and Schwann cells 
in the peripheral nervous system, so antibodies to MBP are perfect markers of them. This antibody is useful for designing axons in 
brain and is insensitive to aldehyde fixation and so it is ideal for immunohistochemistry [36]. Immunohistochemical staining of 
cerebral cortex from negative control group showed strong positive immunoreactivity of myelin basic protein antibodies in myelinated 
neuronal fibers while immunohistochemical staining of hippocampus of cannabis leaves extract administerated group showed negative 
immunoreactivity of myelin basic protein antibodies in demyelinated neuronal fibers. Immunohistochemical staining of hippocampus 
of cannabis leaves extract administerated +pregnenolone treated group showed moderate positive immunoreactivity of myelin basic 
protein antibodies in myelinated neuronal fibers. 
 
These results of demyelination of the neurons induced by cannabis is explained by Cousijn et al. [37] who reported that CB1 receptors 
have been detected in white matter structures of the fetal and post-natal rat brain, including the corpus callosum, anterior commissure, 
fornix, stria terminals and stria medulla. In adulthood, the density and distribution of CB1 receptors has been found in the cerebellum, 
hippocampus and caudate putamen. In addition, higher concentration of CB1 receptors in mature brain, an important issue because of 
adolescence and young adulthood is the peak time of cannabis initiation. Chronic cannabis exposure is the main cause of disturbance 
in cannabinoid system including CB1 resulting in apoptosis of oligodendrocyte progenitors and altering its development. 
The administration of pregnenolone  improved cannabis leaves extract  effects on the behavioural effects, weight gain, serum & tissue 
MBP level nearly similar to control group and normalized histological & antiMBP antibody immunoreactivity in brain tissues. The 
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effects of pregnenolone on the cannabis induced neurotoxicity are similar to Ator et al. [38] who stated that at neurobiological level, 
pregnenolone greatly reduces the release of dopamine triggered by THC. Tetrahydrocannabinol, increased brain steroids and selected 
more specifically one steroid, pregnenolone, that went up 3000%. This increase in pregnenolone antagonises the effects of THC. The 
animals given pregnenolone retain their normal memory abilities, are less sedated and less lean to self-administion cannabis. 
 
Experiments conducted in cell cultures that express the human CB1 receptor confirm that pregnenolone can also counteract the 
molecular action of THC in humans. Pregnenolone fully sealed the cannabis-induced cognitive disturbances when injected before or 
after THC [39].  
 
Conclusion 
The present study revealed the toxic effects of the cannabis leaves on brain with subsequently lead to apoptosis and demyelination of 
the brain tissues. We should be able to begin clinical trials soon and verify that pregnenolone is the first pharmacological treatment for 
cannabis dependence. 
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