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ABSTRACT

The kidneys play a critical role in removing waste and excess water from the blood, as well as maintaining
the normal body’s chemical balance. Damage to the kidneys can pose serious health risks. Cannabis sativa
(CS) is one of the most abused substances worldwide and has been associated with adverse health effects.
This study investigated the effects of CS on kidney function in male Wistar rats. Twenty male rats were
randomly assigned into four groups of five animals each. Groups 1, 2, 3, and 4 received orally 1.0 ml of
distilled water, CS (2 mg/kg), CS (4 mg/kg), and CS (6 mg/kg), respectively, for three weeks with free access
to food and water. Kidney function parameters, including urea, creatinine, induced protein (IP), albumin,
sodium (Na), and potassium (K), were measured using standard laboratory methods. CS administration
significantly (p<0.05) increased urea and creatinine levels in the high-dose (4 and 6 mg/kg) treated groups
compared with the control and low-dose (2 mg/kg) treated groups. Conversely, induced-protein (IP), albumin,
sodium, and potassium levels were significantly (p<0.05) decreased in the high-dose treated groups.
Additionally, the group treated with 6 mg/kg CS revealed more toxic effects in all the parameters when
compared to 4 mg/kg CS treated group.

The effects of CS on kidney function were dose dependent. This study suggests that high-dose CS
consumption may impair renal function. Therefore, withdrawal from CS consumption may be recommended
to prevent its deleterious effects on kidney health.
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INTRODUCTION

Cannabis (C) is a genus of flowering plants in the
family ~Cannabaceae. Three species are
commonly recognized: Cannabis sativa, Cannabis
indica, and Cannabis ruderalis. Some researchers
consider C. ruderalis as part of C. sativa, and all
three species may be treated as subspecies of a
single C. sativa species [1]. Cannabis is widely
used as an illicit substance worldwide [2], and its
consumption has been associated with adverse
effects on human and animal health. Numerous
studies have documented the negative
consequences of CS consumption or smoking on
various physiological systems [3-15].

The kidneys are paired organs located in the
posterior abdominal wall. Their primary functions
include the elimination of toxic metabolites and
waste products from the blood, as well as the
regulation of fluid and electrolyte balance in the
body [16]. Previous research has reported both
beneficial and deleterious effects of CS on kidney
function in humans and animals [17-19]. However,
these studies did not examine the potential impact

of different doses of CS on kidney toxicity.

This study aimed to address this gap by
investigating the effects of CS on kidney function
in male Wistar rats, with a focus on dose-
dependent effects. Specific kidney parameters

including urea, creatinine, induced protein (IP),

albumin, sodium, potassium, and total protein
were evaluated, as they provide critical

information about renal function.

The objectives of this study were: to investigate
the effects of CS on kidney toxicity in male Wistar
rats; and to explore dose-dependent effects of CS
on kidney toxicity. The study was guided by the
following hypotheses:

Null hypothesis (Ho): CS does not exacerbate
kidney toxicity in male Wistar rats.

Alternative hypothesis (H;): CS exacerbates

kidney toxicity in male Wistar rats.

MATERIALS AND METHODS

Sample collection

Cannabis sativa (CS) leaves were donated by the
National Drug Law Enforcement Agency

(NDLEA), Nigeria, for research purpose only.

Extraction of Cannabis sativa leaves
Extraction of Cannabis sativa (CS) was done with
Soxhlet apparatus by soaking 300 grams of CS in
98% ethanol for 48 hours. It was filtered and the
filtrate was poured into a round-bottom conical
flask fixed with a rotary evaporator.

The filtrate was evaporated and cooled. The dried
yield of the extract was 24g (weight of the extract
obtained after drying) [7].
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Experimental animals

Twenty male rats with average mean weight (160g
+ 1.98) that were used for this research were
obtained from Temilade Animal Venture,
Ogbomoso, Oyo State. They 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 University of llesa, llesa,
Osun State, Nigeria with approval number
(UNILESA/ERC/2025/021).

Experimental protocol

After 2 weeks of acclimatisation, the animals were
separately and randomly assigned into four
groups of five animals each.

The ratsin groups 1, 2, 3, and 4 were administered
orally (in the morning) 1.0mL of distiled water
(control), 2.0mg/kg body weight (bw) of CS,
4.0mg/kg bw of CS and 6.0mg/kg bw of CS
respectively, once daily via oral gavage between
8:00 am and 10:00 am for twenty-one (21) days.
The animals had access to food and water ad-

libitum and were sacrificed after day 21.

Preparation of serum samples
The rats were sacrificed under ketamine
anesthesia. The blood was collected by cardiac

puncture into properly labeled sample bottles.

The blood was left for 30 min to clot and thereafter
centrifuged at 625xg for 10 min using a Uniscope
Laboratory Centrifuge (Model SM800B, Surgifield
Medicals, Essex, England).

Each of the serum was collected into plain bottle
with the aid of a Pasteur pipette. Sera were stored
in a freezer maintained at -5 °C and used within 12

hours of preparation.

Determination of albumin and IP

Albumin and [P activity were determined
spectrophotometrically ~ (Spectramax  Plus;
Molecular Devices, Sunnyvale, CA, USA)
following the kit manufacturer's procedures
(product code BXC0243; Fortress Diagnostics,

UK).

Determination of Urea

Urea was determined by urease method [20]:
Urea was hydrolyzed by urease to produce
ammonia and carbon(iv)oxide. The ammonia
released reacted with a phenol-hypochloride
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
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(creatinine-picrate complex). The intensity of the
color produced is directly proportional to the

creatinine concentration in the sample [21].

Determination of Sodium

The method is based on the reaction of sodium
with a selective Chromogen producing a
chromophore whose absorbance is directly
proportional to sodium concentration in the

sample [22].

Determination of Potassium

Potassium reacts with sodium tetraphenyl boron in
a specially prepared buffer to form a colloidal
suspension. The amount of turbidity produced is
directly proportional to the concentration of

potassium in the sample [23].

Statistical analysis
Results were expressed as the mean + standard

error of mean. 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,

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. CS

administration significantly (p<0.05) increased

urea and creatinine levels in the high-dose groups

(4 and 6 mg/kg) compared with the control and

low-dose treated groups (2 mg/kg). Conversely, a

significant (p<0.05) decrease in induced-protein

(IP), albumin, sodium, and potassium levels was

observed in the high-dose treated groups relative

to the control and low-dose treated groups.

Furthermore, the group treated with 6 mg/kg CS

revealed more toxic effects in all the parameters

when compared to 4 mg/kg CS treated group.

Table 1: Kidney parameters of male rats for control and treated (2.0 mg/kg bw CS, 4.0 mg/kg bw CS, and 6.0 mg/kg

bw CS) groups.

Groups Urea (U/dl) | Creatinine Induced Albumin (g/dl) | Sodium ion Potassium ion
(amolL) protein (Na*) (mmoll/l) (K*) (mmol/l)

Control 24+0.94 74.34+2.56 5.00+1.02 19.2042.21 85.00+0.49 8.00+3.11

2mg/kg CS | 28+0.82 79.45+1.21 5.00+0.42 18.80+1.67 82.00+1.42 7.40+1.96

4 mglkg CS | 33+0.75* 87.20+0.98* 4.00£0.71# 12.60+0.86* 65.00+1.53* 4.20+1.71#

6 mg/kg CS | 42.840.32#+ | 93.67+1.06%» | 3.20+0.92#u 10.80+1.74#u 50.00+1.37#wu 3.20+1.90# ¢

Values are expressed as mean + SEM; #P< 0.05 vs control and 2.0 mg/kg bw CS groups; ¥P< 0.05 vs 4.0 mg/kg bw CS group.
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DISCUSSION

The use of cannabis may have significant
implications for kidney health. Research suggests
that heavy cannabis use is associated with an
increased risk of chronic kidney disease (CKD)
[24], a condition characterized by the gradual loss
of kidney function over time [24-26]. Cannabis can
influence renal blood flow dynamics, potentially
altering kidney  function [26].  A9-
Tetrahydrocannabinol  (THC), the primary
psychoactive compound in cannabis, can affect
blood vessel dilation and constriction, thereby
impacting renal blood flow and filtration [26].
Cannabis use has also been linked to changes in
urinary parameters, including increased urine
volume and frequency, which may reflect its
effects on hydration status and renal function
regulation [27].

In the kidney, cannabinoid receptor 1 (CB+) and
cannabinoid receptor 2 (CBz) play key roles in
regulating renal blood flow, glomerular filtration
rate (GFR), glomerular permeability, interstitial
collagen production, and tubular function [28]. Our
study showed that urea and creatinine levels
increased in a dose-dependent manner, with no
observable changes in the low-dose group. This
aligns with previous studies [29-30], which
reported elevated urea and creatinine levels in rats
treated with CS. The potential mechanism

underlying this effect may involve alterations in

renal blood flow and GFR [29], thereby impairing
the kidney’s ability to filter and excrete urea and
creatinine, which are waste products of protein
and muscle metabolism [31].

These findings contrast with those of [32], who
reported decreased biliary urea and creatinine in
rats. The discrepancy may be attributed to
differences in sample type, as their study
measured bile rather than blood. Additionally, the
observed reductions in induced-protein (IP),
albumin, sodium, potassium, and total protein in
the high-dose groups suggest abnormal loss of
these substances from the kidney into urine rather
than retention in the blood. This effect may be
mediated by CS activation of CB1 and CB:
receptors in the kidney and renal vasculature,
leading to excretion and filtration of these
parameters [33]. These results are consistent with
prior reports of [34] who revealed that CS-induced

nephrotoxicity.

Our study has some limitations. First, it is unclear
whether prolonged administration of low-dose CS
(2.0 mg/kg body weight) would produce effects
similar to those observed with higher doses (4.0
and 6.0 mg/kg body weight). Second, it is
unknown whether administration at different times
of the day (e.g. afternoon or night) would yield
results comparable to the morning treatments

used in this study.
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CONCLUSION

This study concluded that Cannabis sativa (CS)
may impair kidney function by activating
cannabinoid receptors, which in turn may alter
renal blood flow and key kidney parameters,
including urea, creatinine, induced-protein,
albumin, sodium, and potassium. The effects of
CS on kidney toxicity were found to be dose
dependent. Therefore, withdrawal from CS
consumption may be recommended due to its
potential deleterious effects on renal health.
Further research is warranted to explore
strategies for preventing CS-induced kidney
toxicity, particularly at high doses, in the context of

both medicinal and recreational use.
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