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ABSTRACT

Background:

The kidneys play a critical role in removing waste products and excess water from the blood, as well as maintaining 
chemical balance. Damage to the kidneys can pose serious health risks. Cannabis sativa (CS) is one of the commonly 
abused substances and has been associated with various adverse health effects. 

Objective:

This study investigated the ameliorative effects of Vitamin C (Vit C) on CS-induced nephrotoxicity in male and female 
rats.

Method:

Different doses of CS (2, 4, and 6 mg/kg) and Vit C (4 mg/kg) were administered orally, both individually and in 
combination, for a period of three weeks. Kidney function parameters, including urea, creatinine, induced protein, 
albumin, sodium (Na), and potassium (K), were measured using standard methods.

Results:

CS administration significantly increased urea and creatinine levels in the high dose groups (4 and 6 mg/kg) compared 
with the control and low dose (2 mg/kg) groups in both sexes. Conversely, induced protein, albumin, Na, and K levels 
were significantly decreased in the high dose groups. However, these adverse effects were significantly ameliorated at 
the 4 mg/kg CS dose when co-administered with Vit C.

Conclusion:

The effects of CS on kidney function were dose dependent and sex-specific, while Vit C exhibited a protective effect, 
particularly at the 4 mg/kg dose. These findings suggest that further studies are needed to evaluate whether higher 
doses of Vit C could mitigate the nephrotoxicity observed at the 6 mg/kg CS dose, since the same dose of Vit C was 
administered across all treatment groups.
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INTRODUCTION

Cannabis(C.) is a genus of flowering plants belonging to the 
family Cannabaceae. It is generally classified into three 
species: Cannabis sativa, Cannabis indica, and Cannabis 
ruderalis. However, Simiyu DC, Jang JH, Lee OR. 
Understanding Cannabis sativa L.: current status of 
propagation, use, legalization, and haploid-inducer-mediated 

1genetic engineering. Plants. 2022 May 2;11(9):1236 . 
Globally, cannabis remains one of the most commonly used 

2illicit substances , and its consumption has been linked to a 
range of adverse health outcomes in both humans and animals. 
Several studies have reported the detrimental effects of C. 
sativa use, whether through ingestion or inhalation, on multiple 

2–15physiological systems .

Vitamin C (Vit C), also referred to as ascorbic acid, is well 
16known for its potent antioxidant activity . It exerts its effects 

primarily by neutralizing free radicals and preventing 
oxidative damage to critical biomolecules, including DNA, 

17–18proteins, and lipids . Furthermore, Vit C contributes to the 
regeneration of other antioxidants, particularly Vitamin E, 
thereby strengthening the body's overall antioxidant defense 

19system . In plant systems, including cannabis, Vit C also plays 
a role in mitigating oxidative stress by scavenging reactive 

20oxygen species and maintaining cellular stability . A deeper 
understanding of the role of Vit C in oxidative stress regulation 
may aid in developing strategies to enhance antioxidant 
capacity and improve resilience to both environmental and 

21physiological stressors .

The kidneys are paired organs situated along the posterior 
abdominal wall. They perform essential functions, including 
the excretion of metabolic waste products and toxic substances 
from the bloodstream, as well as the regulation of fluid and 

22electrolyte homeostasis . Previous studies have reported both 
protective and harmful effects of Cannabis sativa (CS) on renal 

23–25function in humans and experimental animals . However, to 
the best of our knowledge, no study has investigated the use of 
Vit C in mitigating CS-induced nephrotoxicity.

Therefore, this study was designed to fill this gap by evaluating 
the protective effects of Vit C against CS-induced impairment 
of kidney function in both male and female Wistar rats, with 
particular emphasis on sex-related differences and dose-
dependent responses. Key renal biomarkers, including urea, 
creatinine, total protein, albumin, sodium, and potassium, were 
assessed, as they serve as important indicators of kidney 
function.

The objectives of this study were to: (i) evaluate the effects of 
Cannabis sativa (CS) on kidney toxicity in male and female 
Wistar rats; (ii) compare the extent of CS-induced kidney 
toxicity between sexes; (iii) examine sex-specific variations in 
renal toxicity in relation to dose-dependent exposure; and (iv) 
assess the protective effects of Vit C against CS-induced kidney 
toxicity in both male and female Wistar rats.

The study was guided by the following hypotheses:

Null hypothesis (H₀): Vit C has no protective effect against 
CS-induced kidney toxicity in male and female Wistar rats.

Alternative hypothesis (H₁): Vit C exerts a protective effect 
against CS-induced kidney toxicity in male and female Wistar 
rats.

Methods

Sample Collection

The leaves of CS used in this experiment were obtained from 
the Nigerian National Drug Law Enforcement Agency 
(NDLEA), solely for research study.

Extraction of Cannabis sativa Leaves

The extraction was done using Soxhlet apparatus after 450 
grams of CS was soaked in 98% ethanol for two days. Filtration 
method was used to separate the filtrate, which was poured into 
a round bottom conical flask mounted on a rotary evaporator. It 
was then allowed to cool after evaporation. Approximately, 32g 
of the yield was obtained after drying.

Experimental Animals

The principle of ARRIVE 2.0 guideline was used throughout 
the experiment. Forty male (165±12 g) and forty female Wistar 
rats (140±9 g) were supplied by Temilade Animal Venture, 
Nigeria. The animas have access to food and water without 
restriction to day/light period. They were taken care of in line 
with the Principles of laboratory animal care (NIH publication 
No. 85-23, revised 1985). The Ethical Committee of University 
of Ilesa, Ilesa, Osun State, Nigeria approved the experimental 
protocol (UNILESA/ERC/2026/033).

Experimental Protocol

After two weeks of acclimatization, the animals (male and 
female) were randomly assigned into experimental groups, 
with five rats per group for each sex. The rats in groups IM & 
1F, IIM & IIF, IIIM & IIIF, and IVM & IVF received the 
following treatments, respectively: 1 mL of distilled water 
(control), CS at 2 mg/kg body weight (bw), CS at 4 mg/kg bw, 
CS at 6 mg/kg bw, Vitamin C (Vit C) at 4 mg/kg bw, CS (2 
mg/kg bw) + Vit C (4 mg/kg bw), CS (4 mg/kg bw) + Vit C (4 
mg/kg bw), and CS (6 mg/kg bw) + Vit C (4 mg/kg bw). All 
treatments were administered orally once daily via gavage 
between 08:00 and 10:00 h for 21 consecutive days. At the end 
of the treatment period, the animals were sacrificed after the 
final dose, with free access to food and water maintained until 
sacrifice.

Preparation of Serum

ketamine (80mg/kg bw) was used to induce sleep in the animal 
through intraperitoneal injection, after which, sample plain 
bottles were used for blood collection. After 30 min, the blood 
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clotted and centrifuged at 625×g for 10 min with the help of a 
Uniscope Laboratory Centrifuge (Model SM800B, Surgifield 
Medicals, Essex, England). With the aid of a Pasteur pipette, 
the serum was collected into plain bottles. Sera were used 
within 12 hours of preparation after being stored in a freezer 
maintained at -5 ℃. 

Determination of Albumin and IP 

Albumin, induced protein (IP), and total protein levels were 
determined spectrophotometrically using a SpectraMax Plus 
spectrophotometer (Molecular Devices, Sunnyvale, CA, 
USA), according to the manufacturer's instructions (Product 
Code: BXC0243; Fortress Diagnostics, UK).

Determination of Urea
26Urea was determined by Urease method  shown below: 

Urea is hydrolyzed by the enzyme urease to produce ammonia 
and carbon(iv)oxide. The ammonia released reacted with a 
phenol-hypochlorite reagent in an alkaline medium to form 
blue-coloured indophenols dye. The intensity of the blue 
colour was measured spectrophotometrically and this was 
directly proportional to the urea concentration in the sample.

Determination of Creatinine

In an alkaline medium, creatinine reacts with Picric acid to 
form an orange-red colored complex (creatinine-picrate 
complex). The intensity of the color produced is directly 

27proportional to the creatinine concentration in the sample .

Determination of Sodium

Sodium reacts with sodium tetraphenylborate in a specially 
prepared buffer to form a colloidal suspension. The degree of 
turbidity produced is directly proportional to the sodium 
concentration in the sample.

Determination of Potassium 

Potassium reacts with potassium tetraphenylborate in a 
specially prepared buffer to form a colloidal suspension. The 
resulting turbidity is directly proportional to the potassium 
concentration in the sample.

Statistical Analysis

Mean ± standard error of mean was used to express the data 
obtained from the results. Students Package for Social Science, 
version 20.0 (SPSS Inc., Chicago, USA) and Graph Pad Prism 
(version 9.0) were used to interpret the data. Two-way analysis 
of variance was used to analyze the data with the significant 
differences determined by the least significance difference 
(LSD) post-hoc test for all the parameters. Shapiro-Wilk and 
Bartlett's Tests were used to test for normality and homogeneity 
among groups. The statistically significant was P <0.05 for all 
values.
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Figure 1: Urea Concentration for Control, 2 mg/kgbw CS, 4 mg/kgbw CS, 6 mg/kgbw CS, 4 mg/kgbw Vit. C, 2 mg/kgbw CS 
+ 4 mg/kgbw Vit. C, 4 mg/kgbw CS + 4 mg/kgbw Vit. C, and 6 mg/kgbw CS + 4mg/kgbw Vit. C respectively. Values are 

expressed as mean ± SEM; Number of experiments (n=80, 40 males and 40 females)

Where:

n: P<0.05 vs control, 2 mg/kgbw CS, and Vit C groups (male and female)

m: P <0.05 vs CS (4 mg/kgbw) (male and female)

p: P <0.05 vs control, Vit C, and 4 mg/kgbw CS + 4mg/kgbw Vit C (male and female) groups 

Vit C: Vitamin C

Figure 2: Creatinine Concentration for Control, 2mg/kgbw CS, 4mg/kgbw CS, 6mg/kgbw CS, 4mg/kgbw Vit. C, 2mg/kgbw 
CS+4mg/kgbw Vit. C, 4mg/kgbw CS+4mg/kgbw Vit. C, and 6mg/kgbw CS+4mg/kgbw Vit. C respectively. Values are 

expressed as mean ± SEM; Number of experiments (n=80, 40 males and 40 females)

Where:

n: P<0.05 vs control, 2 mg/kgbw CS, and Vit C groups (male and female)

m: P <0.05 vs CS (4 mg/kgbw) (male and female)

p: P <0.05 vs control, Vit C, and 4 mg/kgbw CS + 4mg/kgbw Vit C (male and female) groups

Vit C: Vitamin C

Results
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Figure 3: IP for Control, 2 mg/kgbw CS, 4 mg/kgbw CS, 6 mg/kgbw CS, 4 mg/kgbw Vit. C, 2 mg/kgbw CS + 4 mg/kgbw 
Vit. C, 4 mg/kgbw CS + 4 mg/kgbw Vit. C, and 6 mg/kgbw CS + 4mg/kgbw Vit. C respectively. Values are expressed as 

mean ± SEM; Number of experiments (n=80, 40 males and 40 females)

Where:

n: P<0.05 vs control, 2 mg/kgbw CS, and Vit C groups (male and female)

m: P <0.05 vs CS (4 mg/kgbw) (male and female)

p: P <0.05 vs control, Vit C, and 4 mg/kgbw CS + 4mg/kgbw Vit C (male and female) groups

Vit C: Vitamin C

Figure 4: Albumin for Control, 2 mg/kgbw CS, 4 mg/kgbw CS, 6 mg/kgbw CS, 4 mg/kgbw Vit. C, 2 mg/kgbw CS + 4 
mg/kgbw Vit. C, 4 mg/kgbw CS + 4 mg/kgbw Vit. C, and 6 mg/kgbw CS + 4mg/kgbw Vit. C respectively. Values are 

expressed as mean ± SEM; Number of experiments (n=80, 40 males and 40 females)

Where:

n: P<0.05 vs control, 2 mg/kgbw CS, and Vit C groups (male and female)

m: P <0.05 vs CS (4 mg/kgbw) (male and female)

p: P <0.05 vs control, Vit C, and 4 mg/kgbw CS + 4mg/kgbw Vit C (male and female) groups

Vit C: Vitamin C
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Figure 5: Na+ for Control, 2 mg/kgbw CS, 4 mg/kgbw CS, 6 mg/kgbw CS, 4 mg/kgbw Vit. C, 2 mg/kgbw CS + 4 mg/kgbw 
Vit. C, 4 mg/kgbw CS + 4 mg/kgbw Vit. C, and 6 mg/kgbw CS + 4mg/kgbw Vit. C respectively. Values are expressed as 
mean ± standard error of mean. Values are expressed as mean ± SEM; Number of experiments (n=80, 40 males and 40 

females)

Where:

n: P<0.05 vs control, 2 mg/kgbw CS, and Vit C groups (male and female)

m: P <0.05 vs CS (4 mg/kgbw) (male and female)

p: P <0.05 vs control, Vit C, and 4 mg/kgbw CS + 4mg/kgbw Vit C (male and female) groups

Vit C: Vitamin C

+ Figure 6: K for Control, 2 mg/kgbw CS, 4 mg/kgbw CS, 6 mg/kgbw CS, 4 mg/kgbw Vit. C, 2 mg/kgbw CS + 4 mg/kgbw 
Vit. C, 4 mg/kgbw CS + 4 mg/kgbw Vit. C, and 6 mg/kgbw CS + 4mg/kgbw Vit. C respectively. Values are expressed as 
mean ± standard error of mean. Values are expressed as mean ± SEM; Number of experiments (n=80, 40 males and 40 

females)

Where:

n: P<0.05 vs control, 2 mg/kgbw CS, and Vit C groups (male and female)

m: P <0.05 vs CS (4 mg/kgbw) (male and female)

p: P<0.05 vs control, Vit C, and 4 mg/kgbw CS + 4mg/kgbw Vit C (male and female) groups

Vit C: Vitamin C
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CS administration significantly increased urea and creatinine 
levels in the high-dose groups (4 and 6 mg/kg) compared with 
the control and low-dose (2 mg/kg) groups in both sexes 
[Figures 1 and 2]. In contrast, IP, albumin, Na⁺, and K⁺ levels 
were significantly reduced in the high-dose groups [Figures 
3–6]. However, these alterations were significantly attenuated 
in animals co-administered Vitamin C at the 4 mg/kg CS dose 
[Figures 1–6]. Furthermore, significant sex-related differences 
(p< 0.05) were observed across all measured parameters, with 
males exhibiting more pronounced changes than females in the 
high-dose groups.

DISCUSSION

This study demonstrated that low-dose CS exposure does not 
pose a significant risk to renal physiological function over a 
short duration, whereas high-dose exposure exerts detrimental 
effects on kidney function irrespective of exposure period.

The use of cannabis may have important implications for renal 
health. Evidence suggests that heavy cannabis consumption is 
associated with an increased risk of chronic kidney disease 

28(CKD) , a condition characterized by a progressive decline in 
28–30kidney function over time . Cannabis may also influence 

30renal hemodynamics, potentially altering kidney function . 
Δ9-tetrahydrocannabinol (THC), the primary psychoactive 
constituent of cannabis, affects vascular tone by modulating 
vasodilation and vasoconstriction, thereby influencing renal 

30blood flow and glomerular filtration . In addition, cannabis use 
has been associated with alterations in urinary parameters, 
including increased urine output and frequency, which may 
reflect its effects on hydration status and the regulation of renal 

31function .

In the kidney, cannabinoid receptors 1 (CB ) and 2 (CB ) play 1 2

important roles in regulating renal blood flow, glomerular 
filtration rate (GFR), glomerular permeability, interstitial 

32collagen deposition, and tubular function . The observed 
increase in urea and creatinine levels at high doses in this study 

33is consistent with the findings of Rein  and Nedumaran et 
34al. ,who reported elevated urea and creatinine levels following 

CS administration in rats. This effect may be attributed to 
33alterations in glomerular filtration rate and renal blood flow , 

which impair the kidney's ability to effectively eliminate 
creatinine and urea, both end products of protein and muscle 

35metabolism .

36However, these findings contradict those of Mobisson et al. , 
who reported decreased creatinine and urea levels following 
CS administration in rats. These discrepancies may be due to 
differences in sample types used for analysis; whereas their 
study utilized bile samples, the present study analyzed blood 
serum.

Moreover, the observed decrease in induced protein (IP), 
albumin, sodium, potassium, and total protein in the high-dose 

groups suggests abnormal loss of these substances through 
urine rather than their retention in the bloodstream. This may be 
due to activation of cannabinoid receptors in the renal 
vasculature and kidney, leading to altered renal handling and 

37increased excretion of these biomolecules . However, Vitamin 
C ameliorated CS-induced renal toxicity at the 4 mg/kg dose, 
likely due to its potent antioxidant properties and ability to 

4, 18–21reduce oxidative stress .

Furthermore, this study reveals sex-specific differences in renal 
responses to CS, with males exhibiting more pronounced 
toxicity than females. One of the contributing factors may 
involve differences in the expression of cannabinoid receptor 
associated with signaling pathways. It has been reported that 

33males possess more cannabinoid receptors than females . 
Also, CS may induce epigenetic alterations by modifying 
global DNA methylation patterns, which could be due to 

39cannabis-associated immunosuppression .

This study has some limitations. First, it remains unclear 
whether prolonged administration of low-dose CS (2 mg/kg 
body weight) beyond the three-week period used in this study 
would produce effects similar to those observed at higher doses 
(4 and 6 mg/kg body weight). Second, it is not known whether 
administration at different times of the day (e.g., afternoon or 
night) would yield outcomes comparable to those observed 
with morning administration in this study. Third, it is uncertain 
whether increasing the dose of Vitamin C would provide 
protection against CS-induced renal toxicity at the highest dose 
(6 mg/kg), as observed at 4 mg/kg. 

A major strength of this study is that Vitamin C demonstrated 
potential as a mitigating agent against CS-induced kidney 
toxicity at moderate doses specifically when CS is being used 
for recreational and medicinal purposes.

This suggests that further studies are needed to determine 
whether higher doses of Vitamin C could also attenuate the 
renal toxicity observed in the 6 mg/kg group, given that the 
same dose of Vitamin C was administered in both the 4 mg/kg 
and 6 mg/kg treatment groups.
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