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ABSTRACT 

Consumption and legalization of Cannabis sativa (CS) are increasing at a rapid rate due to its medicinal 

and recreational importance. However, several studies have revealed that CS stimulates oxidative stress 

(OS) which could affect the antioxidant defense system of the body. This research examined and 

compared the protective role of vitamin C (Vit C) on Cannabis sativa (CS)-induced oxidative stress in 

male (M) and female (F)Wistar rats. Post-acclimation (14 days), M and F animals were separately 

allocated to four groups. Males (1M, 2M, 3M, and 4M) and females (1F, 2F, 3F, and 4F) groups were 

administered orally, 1.0 mL of distilled water (control), CS (4.0 mg/kg), Vit C (4.0 mg/kg) and CS (4.0 

mg/kg) + Vit C (4.0 mg/kg) respectively, for 21 days. Glutathione peroxide (GPx), Superoxide dismutase 

(SOD), Catalase, Glutathione reductase (GSH), Total antioxidant capacity (TAC), lactate dehydrogenase 

(LDH), and Malondialdehyde (MDA) were quantified following standard protocols. The study showed no 

significant differences in measured parameters between the groups treated with Vit C (4mg/kg) as 

comparable to the controls in both M and F rats. However, the groups treated with CS (4 mg/kg) exhibited 

significant (p<0.05) reduction in GPx, SOD, Catalase, GSH, and TAC while elevating LDH and MDA, 

compared to control and other treated groups in both M and F rats. In contrast, the groups treated with 

CS (4mg/kg)+Vit C (4mg/kg) significantly (p<0.05)  increase GPx, SOD, catalase, GSH, and TAC with 

significant (p<0.05) decrease in LDH and MDA, compared to CS (4 mg/kg), and no significant differences 

in the controls and Vit C (4mg/kg) treated groups in both M and F rats. In conclusion, Vit C appeared to 

attenuate CS-associated oxidative stress. The observed effects were more pronounced in males 

compared to females, indicating a sex-dependent response. The results suggest that Vit C may be used 

as supplement to prevent oxidative stress which could be induced by CS. Further study is needed to 

show if similar effects could be observed in human subjects. 
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INTRODUCTION 

Cannabis sativa (CS) has been utilized for 

medicinal purposes since ancient times due to 

its abundant phytochemical content [1], hence 

the quest for preventing its oxidative effects in 

the body. This substance is widely used as an 

illicit drug globally [2]. Cells' normal redox state 

can be disrupted, leading to the production of 

peroxides and free radicals, damaging all cell 

components, including proteins, lipids, and DNA 

[3]. CS, botanically referred to as Cannabis 

sativa (CS), is a multipurpose flowering plant 

that has been cultivated for centuries for a 

variety of applications [4]. It has attracted 

considerable interest due to its complex 

chemical profile, which comprises more than 

100 biologically active compounds known as 

cannabinoids, in addition to terpenes, 

flavonoids, and other phytochemicals [5]. 

Tetrahydrocannabinol (THC) is the main 

psychoactive constituent responsible for the 

characteristic euphoric effects commonly 

associated with cannabis consumption [6]. It is 

cultivated for multiple purposes, including 

medicinal, recreational, industrial, and spiritual 

uses. In clinical settings, it has gained 

recognition for its potential in managing 

symptoms related to various medical conditions 

such as chronic pain, nausea, epilepsy, and 

certain mental health disorders [7]. 

Consequently, medical cannabis has been 

legalized in several regions, permitting its 

prescription or recommendation by healthcare 

practitioners for approved indications [8]. 

Recreational use of cannabis is also widespread 

globally, primarily due to its psychoactive effects 

[9]. Several studies have revealed the adverse 

effects of CS consumption/smoking in the body 

[10-21]. Oxidative stress (OS) is caused by an 

imbalance between pro-oxidants and 

antioxidants [22]. The ratio can be influenced by 

elevated levels of reactive oxygen species 

(ROS) or a decrease in antioxidant defense 

mechanisms [23]. OS can also arise from an 

imbalance in the body's oxidizing system, 

primarily composed of free radicals, reactive 

oxygen species (ROS), and reactive nitrogen 

species (RNS) [24]. Antioxidant systems are 

essential in neutralizing free radicals that can 

have numerous harmful effects [25]. However, 

experimental and clinical studies have 

demonstrated that Cannabis sativa may induce 

oxidative stress in both humans and animal 

models [26-28].  

Vitamin C (ascorbic acid) is widely recognized 

for its strong antioxidant capacity [29]. In 

addition, vitamin C supports the regeneration of 

other antioxidants, including vitamin E, thereby 

strengthening the body’s defense against 

oxidative stress [29]. In plants, including 

cannabis, vitamin C functions as an effective 

antioxidant by counteracting reactive oxygen 

species (ROS) and safeguarding cellular 

components from oxidative injury [30]. Within 

our research limit, we have not come across any 

study which has examined and compared the 
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protective role of Vit C on Cannabis sativa (CS)-

induced oxidative stress in male (M) and female 

(F) Wistar rats. This research work therefore 

aimed to bridge this lacuna so as to identify the 

potential sex differences and examine oxidative 

biomarkers (Glutathione peroxide (GPx), 

superoxide dismutase (SOD), catalase, 

glutathione reductase (GSH), total antioxidant 

capacity (TAC), lactate dehydrogenase (LDH), 

and malondialdehyde (MDA)), to assess the 

influence of Vit C on CS-induced OS, 

considering its gender-dependent modulation. 

The oxidative stress parameters were 

considered because they provide valuable 

information about the anti-oxidative defense 

system of the body. The objective of this study 

was to investigate the effects of co-

administration of Vit C and CS on oxidative 

stress in male and female Wistar rats as 

subjects by considering gender-dependent 

modulation. The hypotheses of our research 

work were Vit C would not attenuate CS-induced 

oxidative stress in male and female Wistar rats 

(null); and Vit C would attenuate CS-induced 

oxidative stress in male and female Wistar rats 

(alternative). 

METHODOLOGY 

Sample collection: 

Cannabis sativa (CS) leaves were donated by 

National Drug Law Enforcement Agency 

(NDLEA), Nigeria, for research purpose only. 

 

Extraction of Cannabis sativa leaves [27]: 

Extraction of Cannabis sativa (CS) was done 

with Soxhlet apparatus by soaking 400 grams of 

CS in 98% ethanol for 48 hours. It was filtered 

and the filtrate was poured into a round-boom 

conical flask it was fixed with a rotary 

evaporator. The filtrate was then evaporated 

and cooled. The dried yield of the extract was 

45g (weight of the extract obtained after drying). 

 

Experimental animals: 

Twenty male rats with mean weight of 180g ± 

1.89g and twenty female rats with mean weight 

of 165g ± 1.23g used in the present study were 

obtained from Temilade Animal Venture, 

Ogbomoso, Oyo State, Nigeria. The animals 

were housed at room temperature with 

unrestricted access to diet and water and 

maintained on a daily light/dark cycle. Principles 

of laboratory animal care (NIH publication No. 

85-23, revised 1985) were followed. The 

experimental protocol was approved by Ethical 

Committee of the University of Ilesa, Ilesa, Osun 

State, Nigeria with approval number (UNILESA-

2025/EARC/012). 

 

Experimental protocol: 

After 2 weeks of acclimatisation, the animals 

(male (M) and female (F)) were separately and 

randomly assigned into four groups of five 

animals each for male and female. Males (1M, 

2M, 3M, and 4M) and females (1F, 2F, 3F, and 

4F) groups were administered orally, 1.0 mL of 

distilled water (control), CS (4.0 mg/kg), Vit C 
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(4.0 mg/kg) and CS (4.0 mg/kg)+Vit C (4.0 

mg/kg) respectively, once daily via oral gavage 

between 8:00 am to 10:00 am for twenty-one 

(21) days. The animals had access to food and 

water ad-libitum. The animals were sacrificed 

after day 21.  

 

Preparation of serum: 

The male and female rats were sacrificed under 

ketamine anesthesia and blood was collected by 

cardiac puncture into sterile sample bottles. The 

blood was left for 30 min to clot and thereafter 

centrifuged at 625×g for 10 min using a 

Uniscope Laboratory Centrifuge (Model 

SM800B, Surgifield Medicals, Essex, England). 

The serum was collected into plain bottles with 

the aid of a Pasteur pipette. Sera were stored in 

a freezer maintained at -5 ℃ and used within 12 

hours of preparation.  

 

Drug and assay kits: 

The liquid form of Vit C was purchased from One 

Step Pharmaceutical Company, Ilorin, Kwara 

State, Nigeria. Lactate dehydrogenase (LDH) 

activity was assayed spectrophotometrically 

(Spectramax Plus; Molecular Devices, 

Sunnyvale, CA, USA) following the kit 

manufacturer’s procedures (product code 

BXC0243; Fortress Diagnostics, UK). The 

determination of serum superoxide dismutase 

(SOD) concentration was done with SOD 

colorimetric assay kit (Fortress Diagnostics Ltd., 

Antrim, UK; Product code: BXC0531), following 

the manufacturer’s protocols. The determination 

of serum glutathione peroxidase (GPx) activity 

was done with GPx colorimetric assay kit 

(BioVision Inc., Milpitas, CA, USA), following the 

manufacturers protocols. Based on the 

manufacturer’s protocol, total antioxidant 

capacity (TAC) measurement in the serum was 

done with a spectrophotometric microplate 

reader (Spectramax Plus, Molecular Devices, 

Sunnyvale, CA, USA) using OxiSelect TAC 

assay kit that uses the single electron transfer 

mechanism (Cell Biolabs, Inc. San Diego, CA. 

cat no: STA-360). The continuous catalase 

activity was determined through 

spectrophotometric reading [31]. Reduced 

glutathione (GSH) was measured according to 

the method of [32]. The assay method of [33], 

modified by [34] was adopted for 

Malondialdehyde (MDA). 

 

Statistical analysis: 

Results were expressed as the mean ± standard 

error of mean (S.E.M). Data was analyzed using 

a two-way Analysis of Variance, followed by the 

LSD post-hoc test to determine significant 

differences in all the parameters with the aid of 

graph pad, version 9.0. Differences with values 

of P<0.05 were considered statistically 

significant. 

 

RESULTS 

The results obtained are presented in Table 1. 

There was no significant (p>0.05) difference in 

measured parameters between the groups 

treated with Vit C (4mg/kg) as compared to the 
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controls in both M and F rats. However, the 

groups treated with CS (4 mg/kg) exhibited 

significant (p<0.05) reduction in GPx, SOD, 

Catalase, GSH, and TAC while elevating LDH 

and MDA, compared to the controls and Vit C 

(4mg/kg) treated groups in both M and F rats. In 

contrast, the groups treated with CS 

(4mg/kg)+Vit C (4mg/kg) significantly (p<0.05)  

increase GPx, SOD, Catalase, GSH, and TAC, 

with significant (p<0.05) decrease in LDH and 

MDA, compared to CS (4 mg/kg), and with no 

significant differences in the controls and Vit C 

(4mg/kg) treated groups in both M and F rats. 

 
 

Table 1: Showing oxidative stress markers of rats (male (M) and female (F)) for control and treated (4.0 
mg/kg bw CS, 4.0 mg/kg bw Vit C, and 4.0 mg/kg bw CS +4.0 mg/kg bw Vit C) groups. 
 

Treated groups GPx (mmol/l) SOD (U/L) Catalase, (u/l) GSH (u/l) TAC (umol/l) LDH (u/l) MDA 
(umol/l) 

Control (M) 
 
Control (F) 

8.10 ±0.78 
 
3.07 ±0.26 

158.63±6.43 
 
120.50±6.98 

47.72±0.23 
 
28.05±0.51 

132.12±4.56 
 
110.08±4.70 

95.21±1.72 
 
87.40±1.50 

754.23±20.14 
 
626.13±23.38 

28.56±0.50 
 
23.40±0.52 

4mg/kg CS (M) 
 
4mg/kg CS (F) 

4.45 ±0.65* 
 
2.28±0.09* 

92.34±3.65* 
 
74.34±7.01* 

34.32±1.02* 
 
24.94±0.42* 

100.67±4.01* 
 
94.28±1.12* 

80.56±1.52* 
 
73.39±2.11* 

895.23±12.98* 
 
694.76±23.01* 

35.23±9.65* 
 
26.00±0.32* 
 

4mg/kg Vit C (M) 
 
4mg/kg Vit C (F) 

8.10 ±0.78 
 
3.07 ±0.26 
 

158.63±6.43 
 
120.50±6.98 

47.72±0.23 
 
28.05±0.51 

132.12±4.56 
 
110.08±4.70 

95.21±1.72 
 
87.40±1.50 

754.23±20.14 
 
626.13±23.38 

28.56±0.50 
 
23.40±0.52 

4mg/kg CS + 
4mg/kg Vit C(M) 
 
4mg/kg 
CS+4mg/kg Vit C 
(F) 

 
7.10 ±0.71# 
 
 
3.02 ±0.26# 

 
151.21±5.43# 
 
 
118.91±6.05# 

 
43.26±0.18# 
 
 
27.11±0.46# 

 
128.65±3.78# 
 
 
106.12±5.10# 

 
94.34±1.68# 
 
 
80.65±1.21# 

 
728.10±23.13# 
 
 
622.45±23.21# 

 
27.29±0.53# 
 
 
20.67±0.83# 

Values are expressed as mean ± SEM; *P< 0.05 vs control and other treatment groups (M and F); #P< 0.05 vs CS-treated 
groups (M and F) 

 

 

DISCUSSION 

Oxidative stress is the result of an imbalance 

between the systemic expression of reactive 

oxygen species (ROS) and a biological system's 

ability to rapidly detoxify the reactive 

intermediates or repair the harm they cause [35].  

Peroxides and free radicals are created when a 

cell's natural redox state is destabilized. These 

molecules damage proteins, lipids, DNA, and 

other components of the cell and can have 

harmful consequences [36]. Oxidative stress 

brought on by oxidative metabolism damages 

DNA strands along with their bases [37]. 

Reactive oxygen species such superoxide 

radical (O2−), hydroxyl radical (OH), and 

hydrogen peroxide (H2O2) are the primary 

causes of indirect base damage [38]. Previous 

studies have established that vit C acts as an 

antioxidant [19, 39]. Catalase is a major 

antioxidant enzyme that facilitates the 

breakdown of hydrogen peroxide into water and 

molecular oxygen through a two-step reaction 

[40]. Similarly, glutathione (GSH) has gained 

considerable attention as a biomarker of 
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oxidative stress due to its essential role in 

xenobiotic detoxification and protection against 

oxidative damage. The availability of glutathione 

in its reduced form (GSH) is critical for 

maintaining cellular health [41]. Reduced GSH 

levels have been associated with aging and the 

pathogenesis of several diseases, including 

AIDS, rheumatoid arthritis, muscular dystrophy, 

amyotrophic lateral sclerosis, Alzheimer’s 

disease, alcoholic liver disease, cataract 

formation, respiratory distress syndrome, 

progeria, and Werner syndrome, as reported in 

both human and animal studies [42]. Our results 

revealed that oxidative parameters (catalase, 

SOD, GSH, glutathione peroxidase (GPx), and 

total antioxidant capacity (TAC)) were not 

affected when Vit C alone was administered. 

However, a reduction in their levels were 

observed when CS was administered alone, 

suggesting oxidative damage in both male and 

female rats. This was in line with the findings of 

[26, 28] who recorded oxidative damage 

following CS administration in male and female 

rats. Lipid peroxidation results in the formation 

of malondialdehyde (MDA), which is widely used 

as a biomarker for assessing oxidative stress in 

various biological samples, including blood, 

urine, and exhaled breath condensate, 

particularly in patients with cancer and 

cardiovascular, pulmonary, and neurological 

diseases [43]. Elevated level of MDA recorded 

in this study following CS administration 

demonstrated tissue damage, which was 

consistent with the result of [44]. Tissue injury is 

often accompanied by oxidative stress, elevated 

LDH levels may serve as an indirect indicator of 

oxidative damage [45]. Increase in the level of 

LDH observed after CS administration suggests 

the occurrence of damage to the tissue in both 

male and female rats. In contrast, there were no 

changes in MDA and LDH following the 

administration of Vit C alone. Our results also 

showed that administration of Vit C and CS 

reversed the effects caused by CS alone on 

oxidative stress, suggesting the anti-oxidative 

potential of Vit C. This concurred with the 

findings of [19, 27, 46]. The effects of Vit C on 

cannabis-induced oxidative stress were more in 

female than in male rats, indicating a potential 

sex difference. This could be due to the widely 

distribution of cannabinoid receptors in male 

than female [47] which stimulated the activities 

of CS administered. 

 

CONCLUSION 

In conclusion, Vit C appeared to attenuate CS-

associated oxidative stress. The observed 

effects were more pronounced in males 

compared to females, indicating a sex-

dependent response. This study suggests that 

Vit C may be used as supplement to prevent 

oxidative stress which could be induced by CS. 

Further study is needed to show if similar effects 

could be observed in human subjects. 
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