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ABSTRACT
Background: Stress continues to be a rising global health concern that can trigger neurodegenerative 
diseases. Available treatment options focus more on the alleviation of specific symptoms without effort to 
control/delay the progression of neurodegenerative diseases triggered by stress. Cannabis sativa l. (C. 
sativa) at moderate doses has potent psychoactive and antioxidative properties. Objectives: This study 
assessed the neuroprotective effect of a hydroethanolic extract of C. sativa (HCS) on stress induced 
biochemical changes in the brains of Wistar rats. Methods: Twenty-five (25) Wistar rats were used in the 
present study and were divided into 5 groups (n=5). Group I (H2O, 1 ml/kg); group II (2 hours of restraint 
stress); group III (diazepam, (5 mg/kg) + stress; group IV (250 mg/kg C. sativa. + stress); and group V (750 
mg/kg of C. sativa + stress). Treatment was via oral route for a period of 21 days. The neuroprotective 
effect of HCS was evaluated using, biochemical and histological analysis of oxidative stress biomarkers 
(MDA, SOD, CAT, and GPx) and endogenous enzyme (AChE) activity of the brain of Wistar rats and the 
CA1 and CA3 regions of the hippocampus of Wistar rats using brain H&E stains, respectively. Results: 
Biochemical results revealed alterations in the concentration levels of oxidative stress parameters in the 
hippocampus in stress exposed groups. HCS significantly (p<0.05) ameliorated stress-induced alterations 
of biochemical parameters. Histoarchitecture alterations were observed in the hippocampus of the stress 
exposed group, which were mitigated in HCS group in a dose-dependent manner. Conclusion: Findings 
from this study suggest the efficacy of low dose C. sativa. in ameliorating stress induced biochemical and 
histological alterations in the brain and could be a potential candidate for application in the management 
and treatment of stress induced neurodegeneration

Keywords: Antioxidant, Neurodegeneration, Neuroprotective, Oxidative stress

INTRODUCTION
tress, a state of disturbed homeostasis in Sbiological system, is consequent to 

endogenous or exogenous stimuli referred to as 

stressors. Stress is a physiologic response that 

enables an organism to handle a wide variety of 

detrimental conditions encountered on daily bases, 
[1, 2]aiding survival in a dynamic environment . 

http://www.jmbsr.com.ng
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Systems including the autonomic nervous system 

and the release of certain biochemicals like 

c a t e c h o l a m i n e s ,  ( n o r e p i n e p h r i n e  a n d  

epinephrine), corticotropin-releasing hormone, 

adrenocorticotropin hormone, cortisol and 

acetylcholine play critical roles in response to 

stress and cognitive functions like attention, 
[3, 4]learning and memory . Exposure to long-term 

stressing conditions has been associated with 

deleterious impacts on the physiology of bodily 

systems and structures including the brain, which 

results to inflammation, accelerated aging and 

accompanying body-weight loss. These negative 

manifestations have been attributed to 

biochemical, neurochemical, and structural 

alterations in the body systems and several brain 

regions like the hippocampus, prefrontal cortex 
[2, 5]and amygdala .

The hippocampus plays important roles in the 

regulation of stress and, under chronic stress 

conditions, changes including impaired synaptic 

plasticity, decreased hippocampal volume and 

inhibited hippocampal neurogenesis have been 
[6, 7, 8]reported . Hippocampal damage is thought to 

play an important role in the etiology of stress-

related psychiatric disorders and, changes in 

hippocampal volume have been associated with the 

development of several psychological conditions 

in humans, such as working memory impairment, 
[9, 10]anxiety and depressive-like behaviours . 

Cannabis sativa L. (C. sativa) is a dioecious plant 
[11, 12]that belongs to the Cannabaceae family . It is 

widely distributed in several countries including 

Central and Eastern Asia, Morocco, South Africa, 
[13]America, Nigeria, India, and parts of Europe . C. 

sativa is the most widely used illicit substance 
[14]globally, with upwards of ~180 million users . 

Folkloric uses of C. sativa across different ethnic 

groups around the world ranges from smoking to 

concoction preparations to treat diseases and other 
[15]cultural purposes . Cannabis is composed of 

chemical constituents including cannabinoids, 

nitrogenous compounds, flavonoids, glycosides, 

steroids, terpenes, hydrocarbons, non-cannabinoid 

phenols, vitamins, amino acids, proteins, sugars 
[16]and other related compounds . C. sativa at 

moderate exposure is postulated to be relatively 

safe and has been reported to be of medical benefits 
[17] [18] [19]in epilepsy , pain , cancer , antipsychotic and 

[20]anxiolytic diseases . Hence, the need to explore 

the certain health beneficial potentials of C. sativa 

products especially, in the management of stress in 

animal model.

This study assessed the effects of hydro-ethanol 

leaf extract of C. sativa in ameliorating 

biochemical alterations and hippocampal changes 

following stress exposure in Wistar rats.

MATERIALS AND METHODS
Plant Material

600 g dried leaves of C. sativa L. was obtained by 

permission from the National Drug Law 

Enforcement Agency (NDLEA), Kaduna State 

Command and authenticated in the Herbarium Unit 

of the Department of Botany, Faculty of Life 

Sciences, Ahmadu Bello University (ABU), Zaria. 

The voucher number: 02438 was provided.

Plant Extraction and Phytochemical Screening

The maceration method of extraction as described 
[21]by Sofowora et al.  was adopted for this study. 

This method is convenient and very suitable for 

thermolabile plant molecules. Briefly, the 

extraction protocol was as follows: 

Dried leaves of Cannabis sativa L. were pulverized 

into a fine powder using laboratory mortar and 

pestle. 600 g of the fine powder was weighed and 

soaked in 2 liters of 50% hydro-ethanol (v/v; 1:1 

water to ethanol) in a conical flask. After 24 hours, 

the solution (mixture of the fine powder and hydro-

ethanol) was filtered using filter rag and funnel. 

The filtrate was allowed to settle for a while, 

followed by decantation of the supernatant. The 

supernatant was gently evaporated to dryness in an 

oven at 50 ̊C. Residue obtained was kept in a sealed 

container until when used. A yield of 4.07% (24.4 

g) was obtained.

Extracted plant material (hydro-ethanol leaf extract 
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of Cannabis sativa, HCS) was subjected to 

qualitative phytochemical screening for secondary 

metabolites adopting the method described by 
[ 2 2 ]Trease and Evans .  Extract ion and 

phytochemical analysis was conducted in the 

Department of Pharmacognosy and Drug 

Development, Faculty of Pharmaceutical 

Sciences, ABU, Zaria.

Experimental Animals

Twenty-five (25) adult male Wistar rats were 

obtained from the Department of Veterinary Public 

Health and Preventive Medicine, Faculty of 

Veterinary Medicine, ABU, Zaria, Nigeria and 

transferred to the Animal House of the Department 

of Human Anatomy, ABU, Zaria and housed in new 

cages to acclimatize for two weeks prior to the 

commencement of experimentation. Rats were 

housed under standard laboratory conditions, light 

and dark cycles of 12 h was provided and, fed with 

rat chow and clean water ad libitum. 

Drugs and Chemicals

Diazepam: Diazepam tablet (5 mg) was obtained 

from the Pharmacy Unit, ABU, Teaching Hospital, 

Shika, Zaria and used as a reference anti-stress 

drug. The product is manufactured by Swipha Ltd, 

Lagos, Nigeria.

Ketamine: Ketamine Hydrochloride injection USP, 

50 mg/ml was used as anesthetic agent. The product 

is manufactured by Swiss Parenterals PVT Ltd, 

Gujarat, India.

Stress Induction 

Stress induction in rats was achieved by adopting 

the Modified Repetitive Restraint Stress (MRRS) 
[23]model reported by Smith et al.  using a restraint 

cage. The restraint cage, made up of a Perspex 

material, was designed with five compartments, 

each with the following dimensions: 5 cm in height, 

4 cm in width and 15 cm in length. Compartments 

were perforated at both ends to provide for 

sufficient ventilation.

Briefly, the protocol for stress induction is as 

follows:

The rats were kept immobilized in restraint cage for 

a duration of 120 minutes daily with no access to 

food or water. The compartment allows the rat to 

turn around once or twice (invariably getting stuck 

halfway through the turn), and then stop trying to 

move. The cage was sanitized with 70% alchohol 

after each session.  Stress induction was for a 

period of 21 days (See Figure 1). 

Figure 1: Restrain stress model 
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Experimental Design

25 rats were categorized into 5 groups (groups I – 

V; n= 5). Group I served as the control and was 

administered distilled water (1 ml/kg); group II 

were subjected to restraint stress only; group III 

was administered diazepam (5 mg/kg; Suleiman et 
[24])al.  and subjected to stress concurrently; groups 

IV and V were administered HCS (250 mg/kg and 

750 mg/kg, respectively; 5% and 15% LD50 
 [25]respectively, Richard et al. ) and subjected to 

stress concurrently. Administration was via oral 

route, once daily for 21 days (Table 1). Ethical 

approval with number of ABUCAUC/2021/010 

was obtained from the research and ethics 

committee on Animal Use and Care of Ahmadu 

Bello University Zaria before the commencement 

of this research work.

Table 1: 

n= 5; administration was via oral route for 21 days; 

MRRS= modified repetitive restraint stress; hydro-

ethanol leaf extract C. sativa. (HCS). 

Physical Observation and Animal Sacrifice

During the period of experimentation, rats' 

physical behavioral patterns including agility, 

aggressiveness and feeding were observed. The 

rats were weighed before and after the study, and 

absolute body weight change was computed as 
[26]described by Amber et al. .

At the end of the experiment, rats were euthanized 
[27]using ketamine (75 mg/kg i.p, Kurdi et al.  ) 

anesthesia. The brain was dissected out of the 

cranial cavity by a median incision through the 

cranium. Harvested whole brain was weighed and 

sectioned sagittally into two halves; one part 

homogenized in M1 phosphate buffer (pH 7.4) for 

biochemical assessments and the other half was 

immediately fixed in Bouin's fluid (fixative).

Table 1: Experimental protocol

Group  Treatment

I

 

Distilled water (1 ml/kg)

II Stress (MRRS)

III Diazepam (5 mg/kg) + Stress

IV HCS (250 mg/kg) + Stress

V HCS (750 mg/kg) + Stress

Biochemical Analysis

Collected brain homogenate were centrifuged and 

aliquots of supernatant obtained for biochemical 

a s s a y :  o x i d a t i v e  s t r e s s  b i o - m a k e r s  

(malondialdehyde, MDA; superoxide dismutase, 

SOD; catalase, CAT and glutathione peroxidase, 

GPx) and endogenous neurotransmitter enzyme 

(acetylcholinesterase, AChE) using Assay Kits 

(manufactured by Sigma-Aldrich Pty Ltd, 

Darmstadt, Germany Suite 1, Level 1 Building B 

11 Talavera Road) according to the manufacturer's 

instruction.

Histological Studies

The fixed brains were processed for light 

microscopic examination using histological 

techniques stained with Hematoxylin and Eosin 

(H&E) stains. Sections of the hippocampus were 
[28]obtained as reported by Agbon et al. (2021)  and 

general cyto-architectural features of Cornu 

ammonis (CA) of the hippocampal regions (CA1 

and CA3) assessed. 

Data Analysis

Data obtained were expressed as mean ± standard 

error of mean (SEM); paired sample t–test was 

employed for the comparison of means within 

groups and one way analysis of variance (ANOVA) 

with least significant difference (LSD) post hoc test 

for presence of significant difference among means 

of the groups. Confidence interval was set at p< 

0.05, for values to be considered as statistically 

significant. The statistical softwares, Statistical 

Package for the Social Sciences (IBM SPSS 

version 25.0 SPSS IBM., Armonk, NY) and 

Microsoft Office Excel 2013 (for charts) were 

employed for data analysis.

RESULTS

Phytochemical Analysis

Qualitative phytochemical screening of HCS 

produced positive reaction for secondary 

metabolites like, flavonoids, saponins and tannins 

(Table 2).
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Key: + = Positive (present); – = Negative (absent); HCS= hydro-

ethanol leaf extract of Cannabis sativa.

Physical Observation

During the experimental period, changes in 

physical activity and behavioral patterns were 

observed in the rats. Reduced agility including 

sluggishness and weakness were observed in the 

stress group, whereas cannabis-treated groups 

exhibited some aggressive like-behaviors 

however, not quantified.

Biochemical Studies

Analysis of oxidative stress biomarkers in tissue 

(brain) revealed, remarkably (p<0.05) increased 

MDA levels in Stress-exposed groups, except in 

HCS-treated (250 and 750 mg/kg) groups when 

compared with the control (Figure 2). Relative to 

the control, SOD levels decreased in the Stress-

exposed groups, especially (p<0.05) in Diazepam 

+ Stress- treated group (Figure 3). 

CAT levels decreased significantly (p<0.05) in 

Diazepam + Stress- and HCS (750 mg/kg) + Stress-

treated groups when compared with the control 

(Figure 4). GPx levels showed no difference in all 

treated groups when compared with the control 

(Figure 5).

Tissue (brain) endogenous neurotransmitter 

enzyme (AChE) levels revealed decrease in Stress-

exposed groups, especially (p<0.05) in HCS (250 

mg/kg) + Stress-treated group when compared 

with the control (Figure 6).

 

Constituents HCS

Flavonoids +

Saponins +

Tannins +

Cardiac glycoside +

Carbohydrates +

Alkaloid -

Steroid +

Unsaturated Tripenone +

Antraquinones -

Table 2: Phytochemical Constituents of the hydro-
ethanol leaf extract of Cannabis sativa

Figure 2: Effect of hydro-ethanol leaf extract of Cannabis sativa 
on tissue (brain) MDA levels in Wistar rats

n= 5; mean ± SEM, One-way ANOVA, *= p<0.05 significant difference 

when compared to control. MDA= Malondialdehyde; CTR= Control 

(distilled H O 1 ml/kg); HCS=hydro-ethanol leaf extract of Cannabis sativa; 2

DZP= Diazepam (5 mg/kg); STR= Stress.

Figure 3: Effect of hydro-ethanol leaf extract of Cannabis sativa 

on tissue (brain) SOD activity in Wistar rats

n=5; mean± SEM, One-way ANOVA, *=p<0.05 significant 

difference when compared to control. SOD= Superoxide 

dismutase; CTR= Control (distilled H O 1 ml/kg); HCS=hydro-2

ethanol leaf extract of Cannabis sativa; DZP= Diazepam (5 

mg/kg); STR= Stress.
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Histological Studies

Histological examination of sections of rats' 

hippocampal regions (CA1 and CA3) revealed 

normal histoarchitecture in the control with the 

characteristic pattern having three layers; 

molecular, pyramidal and multiform layers. The 

pyramidal layer consists of an array of neurons 

(pyramidal and granules cells) with cell bodies 

closely packed together. The pyramidal cells were 

larger and obliquely oriented in the CA3 region 

relative to CA1 region (Plates 1A and 2A).

Relative to the control, histological sections of the 

S t r e s s - e x p o s e d  g r o u p s  d e m o n s t r a t e d  

n e u r o p a t h o l o g i c  c h a n g e s  a s  m a r k e d  

histoarchitectural distortion of the CA1 and CA3 

regions including karyolysed cells, necrosed cells 

with pyknotic nuclei and depolarization or 

irregular arrangement of CA1 neurons (Plates 1B 

and 2B). Sections of the Diazepam + Stress-treated 

group revealed neuronal shrinkage, perineuronal 

vacuolation and karyorrhexis of the CA1 and CA3 

regions (Plates 1C and 2C).

However, sections of HCS + Stress-treated groups 

revealed preserved histoarchitecture of the CA1 

and CA3 regions, especially in HCS (250 mg/kg)-

t r e a t e d  g r o u p  ( P l a t e s  1 D  a n d  2 D ) .  

Histoarchitectural distortion of the hippocampal 

regions were observed in HCS (750 mg/kg)-treated 

group (Plates 1E and 2E).

Figure 5: Effect of hydro-ethanol extract of Cannabis sativa on 
tissue (brain) GPx activity in Wistar rats

n=5; mean± SEM, One-way ANOVA. GPx= Glutathione 
peroxidase; CTR= Control (distilled H O 1 ml/kg); HCS=hydro-2

ethanol leaf extract of Cannabis sativa; DZP= Diazepam (5 
mg/kg); STR= Stress.

Figure 4: Effect of hydro-ethanol leaf extract of Cannabis sativa 
L. on tissue (brain) CAT activity in Wistar rats

n=5; mean± SEM, One-way ANOVA, *=p<0.05 significant 
difference when compared to control. CAT= Catalase; CTR= 
Control (distilled H O 1 ml/kg); HCS=hydro-ethanol leaf extract 2

of Cannabis sativa; DZP= Diazepam (5 mg/kg); STR= Stress.

Figure 6: Effect of hydro-ethanol leaf extract of Cannabis 
sativa on tissue (brain) AChE activity in Wistar rats

n=5; mean± SEM, paired t-test, *=p<0.05 significance difference 
when compared to control. AChE= Acetylcholinesterase; CTR= 
Control (distilled H O 1 ml/kg); HCS=hydro-ethanol leaf extract 2

of Cannabis sativa; DZP= Diazepam (5 mg/kg); STR= Stress.



O Oladimeji., Neuroprotective Effect of Cannabis Sativa on Stress Induced Wistar Rats

For Reprint: info.jmbsr@gmail.com 77 J Med & Bas Sci Res. Vol. 4,  No. 1-2, 2023.

      

 

 

DISCUSSION
In this study, qualitative phytochemical screening 

of HCS was conducted and, the neuroprotective 

property assessed following stress-triggered 

changes in oxidative stress bio-markers and 

histoarchitecture of CA1 and CA3 hippocampal 

regions of Wistar rats.

Phytochemical analysis of HCS revealed the 

presence of health beneficial secondary 

metabolites including flavonoids, saponins, and 

tannins which have been reported to possess 
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 Plate 1: Section of the hippocampus (CA1 region) of Wistar rat treated with hydro-ethanol leaf extract of 
Cannabis sativa following exposure to stress. H&E (Mag x 250)

Pyramidal Cells (P); Granule cells (G); Oligodendrocytes (O); Blood Vessel (B) Neurodegeneration (N); Perineuronal 
vacuolation (PV); Pyknosis (PK); Gliosis (GL)
A=control, B=stress, C=diazepam 5mg/kg +stress D= HCS 250 mg/kg +stress,E= HCS 750 mg/kg +stress

Plate 2: Section of the hippocampus (CA3 region) of Wistar rat treated with hydro-ethanol leaf extract of 
Cannabis sativa following exposure to stress. H&E (Mag x 250)

Pyramidal Cells (P); Granule cells (G); Oligodendrocytes (OG); Blood Vessel (BV) Neurodegeneration (N); 
Perineuronal vacuolation (PV); Chromatolysis Condensation (CC)
A=control, B=stress, C=diazepam 5mg/kg +stress D= HCS 250 mg/kg +stress, E= HCS 750 mg/kg +stress
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antioxidant and neuroprotective properties in 

[29]models of neurological disorders . Findings 

agree with reported phytochemicals present in leaf 
 [30]extracts of Cannabis sativa .

Alternations in the homeostasis of biochemical and 

physiological state and processes have been 

associated with exposure to stressing conditions at 
[31]cellular and subcellular levels . Stress increases 

generation of oxygen free radicals which are 

unstable and readily reacts with components 

including lipids, proteins, and DNA in the body, 

impairing the antioxidant defense system and 

consequently, triggering apoptotic changes and 

neuronal damage in neurological conditions like 
[32, 33]neurodegenerative diseases . Oxidative stress 

biomarkers are established indicators of the state 

(healthy or pathologic) of biological systems 

depicting lipid peroxidation (LPO) levels and 

alterations in the activity of endogenous 
[34]antioxidant enzymes .

Observed elevated MDA levels following stress 

exposure in this study is indicative of changes in 

lipid metabolism during stress resulting to elevated 

LPO levels in the system. Findings are in line with 
[35]the reports of El- sokkary (2008)  and Eger et al., 

[36](2016)  who associated stress exposure with 

altered enzymatic activity in the rats. Remarkably 

elevated MDA levels observed in  diazepam + 

Stress-treated group is suggestive that, metabolism 

of diazepam in stressing condition could enhance 

the production of reactive oxygen species (ROS) 

leading to peroxidation of membrane lipids which 

the antioxidant defenses were unable to scavenge 
[37]effectively . ROS generated by the bimodal effect 

of stress and diazepam metabolism could probably 

lead to cell injury including neuronal apoptotic and 
[38,39]degenerative changes . Treatment with C. 

sativa played a pivotal role in maintaining MDA 

levels relative to the control.  This finding could be 

attributed to the potential ability of Cannabiniod 

(CBD) beneficial phytochemicals to boost the 

antioxidant activity of terpenes and/or polyphenols 

through its synergistic effect and free radical 

[40,41]scavenging properties . 

Endogenous antioxidant enzymes including SOD, 

CAT and GPx play critical roles in the breaking 
[42]down and scavenging of ROS within the system . 

A decline or down-regulation of these enzymes 

have been associated with accumulation of free 

radicals within cells and subsequently, cytotoxicity 
[43]or cell injury . In this study, SOD and CAT 

activity were observed to be reduced in diazepam + 

Stress-treated group relative to the control. This 

finding corroborates the possibility of oxidative 

stress generation in response to the bimodal effect 

of stress and diazepam's active metabolite 

(desmethyldiazepam) to inhibit the ROS-

scavenging action of the antioxidant enzymes. 

Altered homeostasis of CAT activity has been 

associated with neurological disease conditions 

including Alzheimer's and Parkinson's diseases, 
[42]bipolar disorder and schizophrenia . Findings are 

[36]in consistence with the reports of Eger et al. .

Administration of C. sativa, especially at dose 250 

mg/kg, maintained SOD and CAT activity relative 

to the control. This finding is suggestive of the 

possible modulatory role of C. sativa metabolites in 

enhancing endogenous enzymatic antioxidant 

activity and consequently, reducing oxidative 
[43]stress . Reducing oxidative stress could probably 

be by acting at transient receptor potential cation 

channel sub-family V member 1 (TRPV ), 1

endogenous cannabinoid receptors Type 2 (CB ), 2

and G protein coupled receptor (GPR ) sites; these 55

interactions lead to down-regulation of enzymes 

involved in the production of prostaglandins, 
[44]cytokines and ROS . Relative to the control, GPx 

activity revealed no remarkable changes in the 

stress exposed groups. This may imply slight or no 

reactivity or response in the treatment-enzyme 

biochemical process. Thus, finding is suggestive of 

the beneficial property of C. sativa, especially at 

dose 250 mg/kg, in the amelioration of oxidative 

stress following exogenous stress exposure.

AChE activity revealed no remarkable changes, 

except in HSC (250 mg/kg)-treated group, relative 

to the control. This is in agreement with the work of 
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[45]Malathi et al.  who proposed the influence of 

stress on AChE levels to be dependent on the kind 

and duration of stressors. Thus, it is possible that 

two hours of daily restrain stress was unable to alter 

AChE levels in rats. Significantly decreased AChE 

levels observed with HSC (250 mg/kg)-treated 

group could be attributed to cholinesterase enzyme 

inhibitor activity of CBD rich phytochemicals 

associated with improvement of cognitive 

functions. This finding is in line with the work of 
[46]Osaretin et al.  who reported reduction in brain 

AChE activity in rats following acute exposure to a 

diet supplemented with C. sativa.

Cascades of event leading to LPO in the brain has 

been associated with major alternations in the 

mechanism of cells and in some instances, cell 
[32,4]injury and neuronal death . Hippocampal 

histoarchitectural changes including perineuronal 

vacuolation and pyknosis observed in Stress-

exposed group is suggestive of treatment-triggered 
[48]pathologies. Saravana et al.  and McEwen et al. 

[49] have reported that, glucocorticoids released 

during stressful events accelerate morphological 

deformation and functional retardation in the 

hippocampal pyramidal neurons. Finding is in 

accordance with stress-related reports in animals 

and humans that, stressful events accelerate 

morphological deformation and functional 

retardation in the hippocampal circuitry and 
[50,51,52]pyramidal cells . 

Similarly, Diazepam + Stress-treated group 

revealed histoarchitectural changes in the 

hippocampal region, which was rather mild 

compared the Stress-treated group. Findings 

corroborates the possibility of neuronal pathologic 

changes subsequent to oxidative stress generation 

in response to the bimodal effect of stress and 

desmethyldiazepam on the hippocampus. 

Furthermore, findings could attributed to the 

inhibitory ability of diazepam in modulation on 

G A B A r e c e p t o r  t o  e x e r t  i n h i b i t o r y  

neurotransmission in the central nervous system, 

consequently reducing the excitability of neurons 
[53,54]and subsequent histopathological changes . El- 

[55]sokkary  reported that long- term use of diazepam 

terminates in a complex liver damage marked by an 

increase in systemic lipid peroxides activity plus a 

decrease in GPx concentration and SOD activity in 

diazepam-treated rats. 

Interestingly, HCS (250 mg/kg) treatment 

preserved hippocampal histoarchitecture 

following stress exposure, which is suggestive of 

the neuroprotective properties C. sativa. This 

finding is in line with the reported health benefits of 

reduced doses of C. sativa as a potentials 

neuroprotective agent against exogenous 
[56, 57, 58, 59]neurotoxins . C. sativa contains phenolics 

(linalool, α-pinene, β-caryophyllene, flavonoids 

and anthocyanin) established for their  

antioxidative nature and radical scavenging 
[59]properties; thus, preventing cellular damage . 

Conversely, histopathologic changes observed 

with HCS (750 mg/kg) treatment could be related 
[60] [61]to the reports of Solanke et al.  and Imam et al.  

who observed neurodegenerative in rats treated 

with 20 mg/kg of aqueous extract of C. sativa for 7 

days.

Possibly, higher concentrations of HCS could 

contain high amount of Tetrahydrocannabinol 

(THC), a psychoactive component of C. sativa, 

which binds to cannabinoids receptors and may 

interfere with the well maintained inhibitory 

signaling regulated by endogenous cannabinoids 

[60]. Some studies have reported that, 

cannabinoids at high doses induce excessive 

secretion of glutamate resulting to neurotoxicity. 

This finding thus, support the assumption that 

exposure to C. sativa at high doses may contribute 

to increasing incidence of brain damage in animal 
[61,62,63]models and humans . 

Neuroprotective therapies often target oxidative 

stress and excitotoxicity-both of which are highly 

associated with central nervous system disorders. 

Relative to the reference drug (Diazepam), HCS 

especially at dose 250, proved more efficacious as 

it confers better neuroprotective property 

following stress exposure. Findings support the 
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health benefits and potentials of C. sativa products 

in  the  management  of  s t ress - induced  

neurodegenerative changes in animal model. 

Neuroprotective property could be attributed to 

constituent pharmacologically active substance(s), 

phytochemicals including phenolic compounds 

like flavonoids, which possess neuroprotective 

activity, efficacious as an agent for the treatment 

and management of neurological conditions in 
[63, 28]traditional practice of medicine .

CONCLUSION
Findings suggests that hydro-ethanol leaf extract of 

C. sativa at low dose may prove efficacious in 

ameliorating biochemical alterations and 

hippocampal changes following stress exposure in 

Wistar rats. Thus, hydro-ethanol extract of C. 

sativa is a potential candidate for application in the 

management and treatment of stress-related 

neurodegenerative disease conditions including 

dementia and Alzheimer's disease. Hence its 

formulation into pharmacological therapies for the 

management of stress and related conditions in 

modern day health care. However, in-depth study 

i n c l u d i n g  u l t r a - m i c r o s c o p y  a n d  

immunohis tochemis t ry  and ,  molecula r  

assessments with respect to alternate routes of 

administration (intramuscular, intraperitoneal or 

inhalation) are required to fully elucidate the 

findings of this study.
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