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ABSTRACT 

This study investigated the protective effect of 80% methanolic Cannabis sativa leaf extract against copper(II) 

oxide (CuO)-induced alterations in serum electrolyte balance in Wistar rats. Acute toxicity studies were 

conducted to determine the median lethal dose (LD₅₀) of the crude C. sativa leaf extract and CuO. The 

ameliorative effect of the extract on CuO-induced electrolyte disturbances was subsequently evaluated in vivo. 

The crude C. sativa leaf extract exhibited an LD₅₀ of 676.08 mg/kg, whereas CuO exhibited a markedly lower 

LD₅₀ of 45.71 mg/kg, indicating greater acute toxicity. Wistar rats were assigned to control and treatment groups 

and administered CuO followed by the crude C. sativa leaf extract. Serum samples were analyzed for sodium 

(Na⁺), potassium (K⁺), chloride (Cl⁻), and bicarbonate (HCO₃⁻), as well as selected biochemical parameters. CuO 

exposure produced significant alterations in serum electrolyte concentrations compared with the control group. 

Administration of the 80% methanolic C. sativa leaf extract following CuO exposure modulated these electrolyte 

alterations, with significant differences observed among treatment groups (P < 0.05). The findings suggest that 

CuO exposure disrupts electrolyte homeostasis, potentially through alterations in renal function and fluid 

balance. The observed modulatory effects of the extract indicate its potential to mitigate CuO-induced electrolyte 

disturbances. Thus, C. sativa leaf extract may represent a potential source of bioactive compounds for managing 

heavy-metal-induced toxicity and associated disturbances in electrolyte homeostasis. Further studies are required 

to identify the active constituents and elucidate the mechanisms underlying these effects. 

Keywords: Cannabis sativa; copper (II) oxide; crude extract; electrolyte balance; LD₅₀; toxicity. 

INTRODUCTION 

Neurodegeneration is characterized by the progressive dysfunction and loss of neurons associated with oxidative 

stress [1] and can result in disorders such as Alzheimer's disease, Parkinson's disease, Huntington's disease, and 

amyotrophic lateral sclerosis [2]. Oxidative stress, mitochondrial dysfunction, excessive glutamate activity, 

neuroinflammation, and abnormal protein accumulation are among the mechanisms implicated in neuronal 

damage [3]. Copper (II) oxide (CuO) is an essential trace element that plays important roles in numerous 

physiological processes, including mitochondrial energy production, antioxidant defense, neurotransmitter 

synthesis, and normal functioning of the nervous system [4]. As a cofactor for several enzymes, copper is 

required for maintaining cellular metabolism and neuronal integrity. However, both copper deficiency and 

excessive or abnormal accumulation can disrupt normal cellular processes and adversely affect the nervous 

system [5]. Increasing evidence suggests that disturbances in copper homeostasis may contribute to the 

development and progression of neurodegenerative disorders [4]. 
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Assessment of serum electrolyte levels is an important component of clinical laboratory investigations. 

Measurement of these electrolytes can assist in evaluating hydration status, kidney function, metabolic 

abnormalities, and the effects of various diseases or treatments [6]. Understanding the importance of serum 

electrolytes is therefore essential for the early recognition and management of electrolyte disturbances and for 

maintaining normal physiological function [7]. Alterations in electrolyte homeostasis may occur secondary to 

toxicant exposure and can provide useful information regarding systemic and renal disturbances. 

Cannabis (Cannabis sativa L.) is a medicinal plant that contains a diverse group of biologically active 

compounds, particularly phytocannabinoids such as cannabidiol (CBD) and Δ9-tetrahydrocannabinol (THC) [8]. 

In recent years, increasing scientific interest has focused on the effects of cannabinoids on the nervous system 

and their potential therapeutic applications in neurological disorders. The biological actions of cannabinoids are 

largely associated with their interaction with the endocannabinoid system, which plays an important role in 

regulating neuronal communication, inflammation, pain perception, synaptic activity, and cellular homeostasis 

[9]. 

Despite the recognized biological importance of copper and the increasing interest in the therapeutic properties 

of C. sativa, limited information is available on the ability of C. sativa leaf extract to ameliorate CuO-induced 

systemic disturbances, particularly alterations in serum electrolyte homeostasis. Furthermore, the potential 

effects of crude methanolic C. sativa leaf extract on electrolyte balance following CuO exposure in Wistar rats 

remain insufficiently characterized. Therefore, the present study was undertaken to investigate the ameliorative 

effect of 80% methanolic C. sativa leaf extract on CuO-induced toxicity and associated alterations in serum 

electrolyte concentrations in Wistar rats. The findings may provide further insight into the potential protective 

properties of C. sativa against toxicant-induced physiological disturbances and contribute to the understanding 

of its possible therapeutic applications. 

MATERIALS AND METHODS 

Plants Collection and Identification  

Fresh leaves of Cannabis sativa were obtained from the National Drug Law Enforcement Agency (NDLEA), 

Arkillah, Sokoto State, Nigeria. The plant material was authenticated by the Chief Botanist, Department of 

Biological Sciences, Usmanu Danfodiyo University, Sokoto, Nigeria. A voucher specimen was prepared and 

deposited in the departmental herbarium, where it was assigned voucher number CASA 01. 

Plant Extraction 

The collected Cannabis sativa leaves were thoroughly washed, cleaned, and air-dried at ambient temperature (26 

± 1°C) for two weeks. The dried leaves were then crushed into a semi-powdered form and sieved to obtain a 

particle size of 40–60 mesh. Briefly, 200 g of the powdered leaf material was soaked in 1000 mL of 80% 

methanol in flat-bottom flasks (Sigma-Aldrich, USA) for 72 h at 25 ± 1°C. The mixture was agitated daily 

throughout the extraction period to enhance the recovery of bioactive constituents. Following extraction, the 

mixture was filtered through clean muslin cloth, and the filtrate was concentrated to a semi-solid crude extract 

using a rotary evaporator (IKA® RV 10, USA) at 42°C. The resulting semi-solid extract was weighed, transferred 

into sterile sample vials, and stored at 4°C until further use. The percentage yield of the extract was calculated 

using the following equation [10]. 

Plants Sample Dilution and Dose Preparation 

A stock solution of the crude Cannabis sativa leaf extract was prepared by dissolving 100 g of the extract in 1 L 

of 100% dimethyl sulfoxide (DMSO) to obtain a concentration of 100 mg/mL. A sub-stock solution was 

subsequently prepared by diluting the stock solution with distilled water to a final concentration of 10 mg/mL. 

Working solutions were then prepared by two-fold serial dilution of the sub-stock solution with distilled water 

to obtain the required experimental concentrations, including 1 mg/mL. The final concentration of DMSO was 

maintained at 0.1% (v/v) in all extract preparations to ensure consistency of the vehicle concentration across 

treatment groups [10]. 
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Toxicity Study of the Extract 

The oral toxicity of the crude Cannabis sativa leaf extract was evaluated in accordance with the Organization for 

Economic Co-operation and Development (OECD) Guideline 423 for acute oral toxicity testing [11]. The 

experimental protocol was reviewed and approved by the Institutional Animal Care and Use Committee 

(IACUC), Faculty of Veterinary Medicine, Usmanu Danfodiyo University, Sokoto, Nigeria (Approval No. 

UDUS/IACUC/AUP-R005/2020). 

For the acute toxicity study, rats were administered the crude extract orally at doses of 250, 500, and 1000 mg/kg 

body weight for two consecutive days [12]. Mortality and other observable signs of toxicity were monitored 

throughout the study period, and the median lethal dose (LD₅₀) was estimated using probit analysis. For the 

longer-term toxicity assessment, the crude extract was administered orally at doses of 125, 250, and 500 mg/kg 

body weight for 14 consecutive days [13]. 

Induction of Copper(II) Oxide Toxicity 

Experimental toxicity was induced in rats by oral administration of copper(II) oxide (CuO) at a dose of 200 

mg/kg body weight once daily for 5 consecutive days, following the previously reported method [14]. 

Amelioratic Effects of the Crude Extract on Copper (ii) oxide-induced Toxicity 

The ameliorative effects of the crude extract on copper(II) oxide (CuO)-induced nephrotoxicity were evaluated 

in accordance with the relevant OECD guidelines. Twenty rats were randomly divided into four groups (A–D), 

with five rats per group (n = 5). All animals had free access to standard laboratory feed and water throughout the 

experimental period. Treatments were administered by oral gavage at the designated doses and dosing volumes. 

Group A (Normal control): Rats received standard laboratory feed and water only throughout the experimental 

period. 

Group B (Extract control): Rats received 300 mg/kg body weight (bw) of the crude extract by oral gavage once 

daily for 10 days, in addition to standard laboratory feed and water. 

Group C (CuO-treated group): Rats received 200 mg/kg bw of copper(II) oxide by oral gavage once daily for 3 

consecutive days, in addition to standard laboratory feed and water. 

Group D (CuO + extract-treated group): Rats received 200 mg/kg bw of copper(II) oxide by oral gavage once 

daily for 3 consecutive days. This was followed by administration of 300 mg/kg bw of the crude extract by oral 

gavage once daily for 10 consecutive days. 

The dose of 300 mg/kg bw of the crude extract was selected based on the preliminary toxicity assessment, which 

established the safety of the extract at the administered dose and provided an appropriate dose for evaluating its 

potential ameliorative effect. The 200 mg/kg bw dose of CuO was selected to induce measurable toxic effects, 

including renal injury, while avoiding excessive mortality or severe systemic toxicity. The CuO treatment was 

therefore used to establish the nephrotoxicity model, whereas the subsequent administration of the crude extract 

was intended to evaluate its potential protective/ameliorative effects. 

The dosing volume was adjusted according to individual body weight to ensure accurate administration of the 

required dose to each animal. 

Animals were anesthetized with chloroform vapor, and blood was taken through heart puncture with a 5 ml 

syringe and needle and put into EDTA-free bottles 48 hours after the last treatment. Each rat's brain was extracted 

after the head was dissected with a dissecting kit. The brains were dipped into a beaker containing normal saline 

to remove excess blood before being placed in a clean sample container containing 10% neutral buffered 

formalin [15]. 
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Biochemical Tests 

Serum biochemical parameters, including total protein (Enehizena et al., 2026), sodium (Na⁺), potassium (K⁺) 

[16], chloride (Cl⁻) [17], bicarbonate (HCO₃⁻) [18], and urea [19], were determined using an automated 

biochemical analyzer (Thermo Fisher Scientific, USA) at the Veterinary Teaching Hospital, Usmanu Danfodiyo 

University, Sokoto, Nigeria, according to the manufacturer's instructions. 

Blood samples were collected into heparinized tubes and centrifuged to separate the plasma. The separated 

samples were subsequently loaded into the electrolyte/clinical chemistry analyzer for analysis. Electrolyte 

concentrations were determined using ion-selective electrode (ISE) methodology, and the results were expressed 

in mmol/L (mEq/L). Total protein and urea concentrations were determined using the appropriate analytical 

methods programmed in the analyzer according to the manufacturer's specifications. 

Statistical Analysis 

The data obtained were analyzed using InVivoStat software, version 4.2.0 and expressed as mean ± standard 

error of the mean (SEM). Data distribution and normality were assessed prior to statistical analysis. For data that 

satisfied the assumptions of normality, differences among treatment groups were analyzed using one-way 

analysis of variance (ANOVA), followed by an appropriate post hoc test where applicable. For data that did not 

meet the assumption of normality, the non-parametric Kruskal–Wallis test was applied. A p-value < 0.05 was 

considered statistically significant. 

RESULTS 

The results showed that serum sodium (Na⁺), potassium (K⁺), chloride (Cl⁻), and bicarbonate (HCO₃⁻) 

concentrations were significantly altered (p < 0.05) in the treated groups (B, C, and D) compared with the normal 

control group (A). In addition, total protein and plasma albumin concentrations were significantly decreased (p 

< 0.05) in the treated groups compared with the control group (A) (Table 1). 

These findings indicate that exposure to the tested treatments resulted in disturbances in serum electrolyte and 

protein homeostasis. The alterations in Na⁺, K⁺, Cl⁻, and HCO₃⁻ may reflect changes in renal electrolyte handling 

and fluid balance, while the reduction in total protein and albumin may suggest impaired protein synthesis, 

altered protein metabolism, or increased protein loss. The observed changes may therefore indicate systemic 

effects associated with CuO exposure and/or the administration of the crude C. sativa extract. Further 

interpretation of the ameliorative effect of the extract should be based on whether the values in group D show a 

significant recovery toward the normal control values.  

Table 1: Effects of copper, cannabis and copper then cannabis on Liver and kidney function 

Parameters A B C D 

Na+(mmol/L) 136.00 ± 4.93 a 151.00± 1.03 b 147.00 ± 1.00c 150.00 ± 2.09b 

K+ (mmol/L) 5.00 ± 0.61a 5.20 ± 0.49b 5.60 ± 0.45c 4.80 ± 0.35a 

Cl-(mmol/L) 94.00 ± 3.46a 11.00 ± 1.15b 103.00 ± 32.85c 104.00 ± 0.25d 

HCO3
-(mmol/L) 12.00 ± 3.18a 14.00 ± 1.65b 21.00 ± 0.88c 17.50 ± 1.55d 

Key: Sodium (Na+), potassium (K+), chloride (Cl-), bicarbonate (HCO3
-). Values with different superscript 

showed statistical difference [ increase (a,d) and decrease (b,c)]. 
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DISCUSSION 

This study was conducted to determine the protective effect of 80% methanolic Cannabis sativa leaf extract 

against copper(II) oxide (CuO)-induced toxicity and associated alterations in serum electrolyte concentrations 

in Wistar rats. The findings demonstrated significant alterations in serum sodium (Na⁺), potassium (K⁺), chloride 

(Cl⁻), and bicarbonate (HCO₃⁻) concentrations following CuO administration. The observed reduction in these 

electrolytes is consistent with previous findings reported by [20], who also documented decreased serum Na⁺, 

K⁺, Cl⁻, and HCO₃⁻ concentrations in Wistar rats exposed to CuO. The agreement between the present findings 

and those of [20] suggests that disruption of electrolyte homeostasis may represent an important component of 

CuO-induced systemic toxicity. Nevertheless, differences in the magnitude of electrolyte alterations between 

studies may arise from variations in CuO dose, duration of exposure, animal characteristics, and experimental 

conditions. 

The reduction in serum Na⁺, K⁺, Cl⁻, and HCO₃⁻ following CuO exposure may be associated with copper-induced 

gastrointestinal and/or renal disturbances [21]. Copper toxicity may interfere with intestinal electrolyte 

absorption and renal electrolyte handling, while gastrointestinal disturbances and associated fluid losses may 

further contribute to depletion of Na⁺, K⁺, Cl⁻, and HCO₃⁻ [22]. The kidney plays a central role in maintaining 

electrolyte and acid–base balance; therefore, impairment of renal tubular function following CuO exposure could 

adversely affect the reabsorption and excretion of these ions. In particular, the reduction in serum bicarbonate 

may indicate disturbance of acid–base homeostasis and could be compatible with a tendency toward metabolic 

acidosis. However, because blood pH, partial pressure of carbon dioxide, and other acid–base parameters were 

not measured in the present study, metabolic acidosis cannot be confirmed solely on the basis of reduced serum 

bicarbonate. 

Oxidative stress represents another possible mechanism underlying the observed electrolyte disturbances. 

Excessive copper exposure can promote reactive oxygen species generation, lipid peroxidation, and cellular 

injury, which may compromise renal cellular integrity and consequently impair the processes responsible for 

electrolyte regulation [23]. Thus, the reductions in serum electrolytes observed in the CuO-treated animals may 

reflect a combination of gastrointestinal losses, altered renal handling, disturbed fluid balance, and oxidative 

cellular injury rather than a single mechanism. 

The changes observed following administration of the C. sativa extract suggest a potential modulatory effect 

against CuO-induced electrolyte disturbances. The partial restoration of electrolyte concentrations in the CuO + 

extract group may indicate that constituents of the extract helped to preserve or restore electrolyte homeostasis 

following CuO exposure. Importantly, the protective effect should be interpreted according to the extent to which 

the electrolyte concentrations in the CuO + extract group approached those of the normal control rather than 

assuming complete protection solely from the presence of an increase. A greater normalization toward control 

values would provide stronger evidence of an ameliorative effect. The observed response may potentially be 

related to the biological activities of phytochemicals present in C. sativa, although the specific constituents 

responsible for the observed effects were not identified in this study. 

Interestingly, administration of the crude C. sativa extract alone resulted in increased serum Na⁺, Cl⁻, and HCO₃⁻ 

concentrations. This finding is consistent with previous observations reported by [24], suggesting that C. sativa 

administration may itself influence electrolyte homeostasis. The elevation of these electrolytes may be associated 

with alterations in fluid and electrolyte balance induced by the extract [25]. For example, changes in water intake 

or fluid loss may produce mild dehydration and consequent hemoconcentration, thereby increasing circulating 

electrolyte concentrations [26]. Another possible explanation involves modulation of the endocannabinoid 

system, which has been implicated in renal and fluid–electrolyte regulation and may influence sodium and 

chloride handling [27]. The increase in bicarbonate may similarly reflect changes in renal bicarbonate handling 

or acid–base regulation [28]. Nevertheless, these mechanisms remain speculative in the present study because 

water intake, urinary electrolyte excretion, renal tubular function, and acid–base parameters were not directly 

assessed. The magnitude and direction of the effects may also depend on the dose and duration of treatment, as 

well as the phytochemical composition of the crude extract. 
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The mild increase in serum urea observed following CuO administration is consistent with the findings reported 

by [29]. Increased serum urea may indicate a disturbance in renal handling of nitrogenous waste. Excess copper 

can promote oxidative stress and cellular injury, potentially impairing renal function and reducing the clearance 

of urea [30]. However, serum urea concentration can also be influenced by factors other than renal filtration, 

including hydration status, dietary protein intake, and increased protein catabolism. Therefore, the modest 

elevation observed in the present study should not be interpreted as definitive evidence of severe renal 

dysfunction. Rather, it may indicate a relatively mild disturbance in renal function or systemic homeostasis 

following CuO exposure. Assessment of additional renal biomarkers and histopathological changes would 

provide stronger evidence for the involvement and severity of renal injury. 

Overall, the present findings suggest that CuO exposure can disrupt serum electrolyte homeostasis and may 

produce mild alterations in renal function, while treatment with 80% methanolic C. sativa leaf extract appears 

to exert an ameliorative effect on some of these changes. The findings are broadly consistent with previous 

reports [20,24,29], although the present study also highlights the possibility that both CuO and the extract itself 

can influence electrolyte regulation. Consequently, the effects of the extract should be interpreted in relation to 

its own electrolyte-modulating activity as well as its ability to counteract CuO-induced alterations. 

Limitations of the Study 

Several limitations should be considered when interpreting the findings of the present study. First, the study was 

conducted using a relatively small number of animals, which may limit the statistical power and generalizability 

of the findings. Second, although serum electrolyte concentrations were assessed, urinary electrolyte excretion, 

water intake, urine volume, renal tubular function, and acid–base parameters such as blood pH and partial 

pressure of carbon dioxide were not directly measured. Therefore, the proposed mechanisms underlying the 

observed electrolyte alterations, particularly those involving renal dysfunction, fluid imbalance, and possible 

disturbances in acid–base homeostasis, remain inferential. Third, histopathological examination of the kidney 

was not performed, limiting the ability to correlate the observed biochemical and electrolyte changes with 

structural alterations in renal tissue or to directly evaluate the tissue-protective effects of the extract. Fourth, 

HPLC analysis of the crude C. sativa extract was not performed; consequently, the specific phytochemical 

constituents and their concentrations could not be identified or quantified. Thus, potential active compounds, 

including cannabinoids, flavonoids, and terpenes, could not be linked to the observed protective effects. Fifth, 

additional mechanistic biomarkers of oxidative stress and renal injury were not evaluated, limiting the ability to 

establish a direct mechanistic relationship between CuO exposure, oxidative stress, renal injury, and electrolyte 

disturbances. Finally, the study employed a single dose of the crude extract, and therefore, a dose–response 

relationship and the optimal protective dose could not be determined.  

CONCLUSIONS 

This study demonstrated that exposure to copper(II) oxide (CuO) induced significant alterations in serum 

electrolyte homeostasis in Wistar rats, particularly involving sodium, potassium, chloride, and bicarbonate 

concentrations. Administration of the 80% methanolic crude Cannabis sativa leaf extract also produced changes 

in serum electrolyte concentrations, indicating a potential influence on fluid and electrolyte regulation. 

Following CuO exposure, treatment with the crude extract modulated the observed electrolyte disturbances, 

suggesting a potential ameliorative effect against CuO-induced disruption of electrolyte homeostasis. The mild 

elevation in serum urea following CuO administration further suggests a modest alteration in renal handling of 

nitrogenous waste, which may be associated with copper-induced oxidative and cellular injury. Overall, these 

findings suggest that C. sativa leaf extract contains bioactive constituents that may mitigate some physiological 

disturbances associated with CuO exposure. 

Further studies are warranted to establish the mechanisms underlying the observed protective effects. Future 

research should incorporate larger sample sizes, renal histopathological assessment, urinary electrolyte and acid–

base measurements, and specific biomarkers of renal function and oxidative stress to clarify the contribution of 

renal injury and oxidative mechanisms to CuO-induced electrolyte disturbances. Mechanistic studies should also 

investigate whether modulation of the endocannabinoid system contributes to the effects of C. sativa extract on 

renal function and electrolyte homeostasis. HPLC-based phytochemical characterization is recommended to 
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identify and quantify potentially active constituents, including cannabinoids, flavonoids, and terpenes, and to 

relate these compounds to the observed biological effects. In addition, studies using multiple doses of the extract 

are necessary to establish a dose-response relationship and determine the optimal protective dose against CuO-

induced toxicity. Collectively, these investigations would provide a more comprehensive understanding of the 

molecular and physiological mechanisms underlying the protective effects and therapeutic potential of C. sativa 

against CuO-induced toxicity. 
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