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[bookmark: _Toc155548145]This study evaluated the renal function response to aqueous leaf extracts of five commonly consumed edible plants—Solanum aethiopicum (SA), Amaranthus hybridus (AH), Pterocarpus mildbraedii (PM), Ocimum gratissimum (OG), and Telfairia occidentalis (TO)—in male Wistar rats over a 60-day exposure period. Rats were administered low, medium, and high doses of each extract orally, and serum biochemical markers, including blood urea nitrogen (BUN), creatinine, bicarbonate, sodium, potassium, and chloride, were assessed. Relative to the control, BUN levels decreased slightly with SA (23.40 ± 0.25 mg/dL at high dose) but increased with AH (25.30 ± 0.30 mg/dL), OG (26.10 ± 0.50 mg/dL), and TO (26.40 ± 0.28 mg/dL). Creatinine showed a modest decline with SA (0.32 ± 0.03 mg/dL) but increased with AH (0.45 ± 0.04 mg/dL), OG (0.48 ± 0.05 mg/dL), and TO (0.47 ± 0.04 mg/dL). Potassium levels rose slightly with SA (25.90 ± 0.40 mmol/L) and declined with AH (24.60 ± 0.35 mmol/L), PM (24.70 ± 0.32 mmol/L), OG (22.50 ± 0.35 mmol/L), and TO (24.00 ± 0.32 mmol/L). Chloride was minimally affected by SA, AH, and PM but decreased markedly with OG (65.00 ± 1.00 mmol/L) and moderately with TO (68.20 ± 1.00 mmol/L). Two-way ANOVA indicated that vegetable type significantly influenced potassium (F = 11.411, p < 0.001, η² = 0.695) and chloride levels (F = 3.074, p = 0.040, η² = 0.381), while dose interactions were significant for potassium (F = 2.721, p = 0.023, η² = 0.620). Overall, these results demonstrate that the leaf extracts exert extract-specific and dose-dependent effects on renal biochemical markers, highlighting both potential nephroprotective and nephroactive properties. The study underscores the importance of cautious and informed use of edible and medicinal plant extracts.
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1.0	Introduction
The kidney plays a central role in maintaining homeostasis through the regulation of fluid balance, electrolyte concentration, blood pressure, and the excretion of metabolic wastes and xenobiotics. Any disturbance in renal function can compromise these vital processes and result in significant health challenges (Chevalier, 2016; Jha et al., 2013). With the global rise in kidney-related disorders, there has been increasing interest in identifying dietary and plant-derived factors that may influence renal physiology and pathology (Levey et al., 2020). Edible plants, particularly those used in African traditional diets and folk medicine, are widely consumed not only for their nutritional value but also for their perceived therapeutic benefits. However, their biological effects on renal function remain poorly defined, especially when consumed at varying doses.
Aqueous leaf extracts are of particular relevance in this context because they are the most common preparation method used in ethnomedicine. Traditional practices often involve boiling or steeping leaves in water to release bioactive compounds, which are then ingested as herbal remedies (Xu et al., 2020). Plants such as Solanum aethiopicum, Amaranthus hybridus, Pterocarpus mildbraedii, Ocimum gratissimum, and Telfairia occidentalis are widely cultivated and consumed across Nigeria and other parts of West Africa, where they serve both culinary and medicinal purposes (Ijarotimi et al., 2010; Fasuyi, 2006). Previous studies have attributed antioxidant, anti-inflammatory, and immunomodulatory properties to these plants, with evidence suggesting potential roles in the modulation of metabolic and organ functions (Shittu et al., 2016; Farombi & Owoeye, 2011).
Despite these reports, concerns remain about the possible renal implications of consuming high doses or chronic intakes of such plant extracts. Although phytochemicals such as flavonoids, alkaloids, and saponins have beneficial effects at moderate levels, excessive consumption may exert toxicological effects on vital organs including the kidneys (Ajayi et al., 2014). Moreover, the kidneys are particularly susceptible to injury due to their role in concentrating and excreting foreign compounds, which increases their exposure to phytochemical metabolites (Xu et al., 2020). Therefore, it is critical to investigate whether commonly consumed edible plant extracts exert protective or adverse influences on renal biomarkers.
Experimental studies using animal models, particularly Wistar rats, provide a valuable approach to evaluating the physiological and toxicological effects of plant extracts. Serum biochemical markers such as blood urea nitrogen, creatinine, bicarbonate, sodium, potassium, and chloride serve as sensitive indicators of renal function and electrolyte balance (Gowda et al., 2010). By assessing these biomarkers in rats exposed to controlled doses of aqueous leaf extracts, researchers can gain insights into potential risks or benefits associated with their consumption.
Given the increasing reliance on edible plants both as food and alternative therapy in Nigeria, it is essential to establish their safety profile with respect to renal health. This study, therefore, seeks to evaluate the renal function response of male Wistar rats to aqueous leaf extracts of selected edible plants. Findings from this work will provide evidence-based insights into the implications of consuming these plants on kidney health and may inform dietary recommendations and the safe use of traditional plant-based remedies.
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2.1	Collection, Identification, and Preparation of Plant Extracts
Fresh leaves of Solanum aethiopicum (SA), Amaranthus hybridus (AH), Pterocarpus mildraedii (PM), Ocimum gratissimum (OG), and Telfairia occidentalis (TO) were obtained from a local market in Effurun, Delta State, Nigeria. Their botanical identities were authenticated by the Department of Environmental Management and Toxicology, College of Sciences, Federal University of Petroleum Resources, Effurun. The leaves were air-dried at laboratory temperature (30 ± 2°C) until they became crisp, coarsely ground with a mortar and pestle, and further milled into fine powder using a Viking Exclusive Joncod machine (Model YLH2M2-4). 
For extraction, 25 g of powdered leaves from each plant were soaked in 250 mL of distilled water for 48 hours, filtered through Whatman No. 1 filter paper, and subsequently freeze-dried to yield solid extracts. These extracts were reconstituted in distilled water at the required concentrations for experimental use. The extraction protocol followed established methods (Sofowora, 1982; Trease & Evans, 1989; Harborne, 1988; Kokate et al., 2008), as reported in Ejenadia and Ibezute (2025).
Previous toxicological evaluations have shown that the median lethal doses (LD₅₀) of these extracts in Wistar rats are greater than 5000 mg/kg body weight, suggesting minimal acute toxicity (Akindele et al., 2018; Dhellot et al., 2006; Mabeku et al., 2007; Ojo et al., 2013; Phoswa & Mokgalaboni, 2023). Hence, the dosages applied in this study were selected within the established safe range.
2.2	Collection and Acclimatization of Experimental Animals
Male Wistar rats aged 6–7 weeks and weighing 125–150 g were sourced from the Anatomy Department, University of Benin, Nigeria. The animals were acclimatized for two weeks under standard laboratory conditions (22 ± 2°C; 12 h light/dark cycle) with access to commercial rodent feed (Bendel Livestock Feeds Ltd., Ewu, Edo State, Nigeria) and distilled water ad libitum. At 8–9 weeks of age, they were randomly assigned to six experimental groups: one control and five treatment groups corresponding to the extracts (SA, AH, PM, OG, TO). Each treatment group was subdivided into three dose levels (100, 200, and 300 mg/kg body weight), which were administered orally via gavage every 48 hours. Extract solutions were thoroughly mixed prior to administration to ensure homogeneity. The experiment lasted for 60 days.
At the end of the exposure period, rats were fasted overnight and sacrificed under light anaesthesia. Blood was collected from a large vein using sterile syringes, transferred into plain tubes, allowed to clot, and centrifuged to obtain serum. The serum samples were stored at −80°C until analysis (Ejenadia & Ibezute, 2025).
2.3	Laboratory Analysis
Serum biochemical parameters were determined as indicators of renal function. The markers evaluated included blood urea nitrogen, creatinine, bicarbonate, sodium, potassium, and chloride. Analyses were conducted using standard commercial assay kits according to the manufacturers’ instructions, and absorbance was read using a spectrophotometer (OPTIMA SP-300, Japan).
2.4	Data Analysis
All results were expressed as mean ± standard error (SE). Statistical analyses were carried out using SPSS and Microsoft Excel. A two-way analysis of variance (ANOVA) was applied to evaluate the main effects of treatment and dose, as well as their interaction, on the measured parameters. Where significant variations were detected, Duncan’s Multiple Range Test was used for post hoc comparisons. Statistical significance was considered at p < 0.05.
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3.0	Results and Discussion
This study evaluated the effects of different leafy vegetable extracts (Solanum aethiopicum, Amaranthus hybridus, Ocimum gratissimum, Telfairia occidentalis, and Pterocarpus mildbraedii) on renal function indices (urea, creatinine, bicarbonate, sodium, potassium, and chloride) in male Wistar rats. Two-way ANOVA was employed to assess the main effects of concentration, extract type, and their interactions. The results revealed extract-specific and, in some cases, dose-dependent influences on biochemical markers of renal function and electrolyte homeostasis.
Urea
Relative to the control (24.36 ± 0.08 mg/dL), S. aethiopicum (SA) reduced urea levels across doses, with the lowest value at high dose (23.40 ± 0.25 mg/dL). By contrast, A. hybridus (AH) increased urea progressively, peaking at 25.30 ± 0.30 mg/dL. O. gratissimum (OG) and T. occidentalis (TO) produced the most marked increases (26.10 ± 0.50 mg/dL and 26.40 ± 0.28 mg/dL), while P. mildbraedii (PM) had negligible effects (~24.40 mg/dL). ANOVA confirmed significant main effects of dose and extract, with a strong interaction.The reduction in urea with SA supports reports that Solanum species possess antioxidant and reno-ameliorative properties, normalizing nitrogenous wastes in rodent models (Ekweogu et al., 2019). Conversely, AH-induced increases align with literature indicating that Amaranthus spp. contain anti-nutritional factors (oxalates, phytates, saponins) that may elevate nitrogen load and impair renal clearance (Gamel et al., 2023). The increases in OG and TO are noteworthy given conflicting evidence: OG has shown nephroprotective effects in injury models (Olorunnisola et al., 2017), but high doses may provoke hepato-renal stress (Chikezie et al., 2020). Similarly, TO has been reported to lower urea in toxic models (Akindele et al., 2018), yet elevate it in healthy animals, possibly due to its protein-rich composition driving nitrogen turnover. PM’s neutrality mirrors studies reporting negligible effects of Pterocarpus on renal indices despite its antioxidant activity (Hamza et al., 2018).

Figure 1: Interaction plot for the blood urea Nitrogen levels across different doses and leaf extracts.
Note: Low, Medium and High Dose are 100, 200, and 300 mg/kg body weight respectively
Solanum aethiopicum= SA; Amaranthus hybridus = AH; Pterocarpus mildraedii= PM; Ocimum gratissimum = OG; Telfaria occidentalis (TO)

Table 1: Summary table of two-way ANOVA on the interaction for the urea levels across different doses and leaf extracts
	Source
	F - Value
	P - Value
	Partial Eta Squared

	Dose
	21.798
	<0.001
	0.766

	Leaf Extracts
	47.756
	<0.001
	0.905

	Interaction
	7.641
	<0.001
	0.821


Creatinine
SA reduced creatinine from control (0.40 ± 0.06 mg/dL) to 0.32 ± 0.03 mg/dL (high dose), consistent with antioxidant-mediated nephroprotection (Ekweogu et al., 2019). Conversely, AH, OG, and TO induced dose-related increases (0.45–0.48 mg/dL), suggesting mild renal burden. These outcomes echo findings that high levels of phytochemicals such as saponins and alkaloids can elevate creatinine under certain conditions (Alabi et al., 2021). PM remained unchanged (~0.39–0.40 mg/dL), reinforcing its safety profile (Otuechere and Farombi, 2020). ANOVA showed extract type significantly influenced creatinine, while dose alone was not significant, underscoring phytochemical identity as the primary determinant (Hamaza et al., 2018).

Figure 2: Interaction plot for the creatinine levels across different doses and leaf extracts.
Note: Low, Medium and High Dose are 100, 200, and 300 mg/kg body weight respectively
Solanum aethiopicum = SA; Amaranthus hybridus = AH; Pterocarpus mildraedii = PM; Ocimum gratissimum = OG; Telfaria occidentalis (TO) 

Table 2: Summary table of two-way ANOVA on the interaction for the creatinine levels across different doses and leaf extracts
	Source
	F - Value
	P - Value
	Partial Eta Squared

	Dose
	1.285
	0.307
	0.162

	Leaf Extracts
	23.458
	0.000
	0.824

	Interaction
	2.098
	0.069
	0.557


Bicarbonate
Extract administration raised bicarbonate relative to control (12.83 ± 1.61 mmol/L) in an extract- and dose-dependent manner. High-dose values were: SA (13.80 ± 0.30), AH (13.50 ± 0.35), OG (14.20 ± 0.30), and TO (14.30 ± 0.28), while PM remained baseline (~12.90 mmol/L). ANOVA confirmed significant main and interaction effects.These results reflect antioxidant-mediated modulation of acid–base handling by SA and AH, consistent with prior findings that Solanum and Amaranthus extracts alter metabolic and renal regulation (Gamel et al., 2023). OG and TO elicited the strongest increases, possibly reflecting enhanced bicarbonate reabsorption or protein-driven buffer effects, in line with reports of context-dependent renal modulation by these species (Olorunnisola et al., 2017). PM’s neutrality supports evidence of renoprotection without electrolyte disruption (Hamza et al., 2018).

Figure 3: Interaction plot for the bicarbonate levels across different doses and leaf extracts.
Note: Low, Medium and High Dose are 100, 200, and 300 mg/kg body weight respectively
Solanu maethiopicum = SA; Amaranthus hybridus = AH; Pterocarpus mildraedii = PM; Ocimum gratissimum = OG; Telfaria occidentalis (TO)

Table 3: Summary table of two-way ANOVA on the interaction for the bicarbonate levels across different doses and leaf extracts
	Source
	F - Value
	P - Value
	Partial Eta Squared

	Dose
	6.061
	0.004
	0.476

	Vegetable
	81.025
	0.000
	0.942

	Dose * Vegetable
	8.677
	0.000
	0.839



Sodium
SA and PM produced slight increases in sodium (SA high: 101.40 ± 0.35 mmol/L; PM high: 101.00 ± 0.35 mmol/L) relative to control (100.19 ± 1.90 mmol/L). In contrast, AH, OG, and TO caused dose-dependent reductions (lowest: AH 98.00 ± 0.40 mmol/L, OG 97.50 ± 0.30mmol/L, TO 98.10 ± 0.35 mmol/L). ANOVA confirmed significant effects of dose, extract, and their interaction.These findings are partly divergent from toxin-induced models, where SA reduced sodium via enhanced clearance (Ekweogu et al., 2019). In healthy rats, however, SA and PM appear to maintain or elevate sodium modestly; consistent with their stable renal safety profiles (Hamza et al., 2018). Reductions with AH, OG, and TO corroborate evidence that their phytochemicals may promote mild natriuresis or diuresis (Maseko et al., 2018; Ogundipe et al., 2020; Maduka et al., 2017).


Figure 4: Interaction plot for the sodium levels across different doses and leaf extracts.
Note: Low, Medium and High Dose are 100, 200, and 300 mg/kg body weight respectively
Solanum aethiopicum = SA; Amaranthus hybridus = AH; Pterocarpus mildraedii = PM; Ocimum gratissimum = OG; Telfaria occidentalis (TO)

Table 4: Summary table of two-way ANOVA on the interaction for the sodium levels across different doses and leaf extracts
	Source
	F - Value
	P - Value
	Partial Eta Squared

	Dose
	5.103
	0.009
	0.434

	Vegetable
	14.496
	0.000
	0.744

	Dose * Vegetable
	2.757
	0.022
	0.623



Potassium
SA increased potassium slightly (control 25.28 ± 1.69 → high 25.90 ± 0.40 mmol/L), whereas AH and PM reduced levels to 24.60 ± 0.35 and 24.70 ± 0.32 mmol/L, respectively. OG produced the steepest decline (22.50 ± 0.35 mmol/L), and TO reduced levels moderately (24.00 ± 0.32 mmol/L). ANOVA revealed significant extract and dose × extract interaction effects.These patterns reflect species-specific phytochemical influences. SA’s modest increase may result from its mineral content (Yameogo et al., 2023). OG’s potassium-lowering effect is consistent with reports that its polyphenols modulate renal electrolyte handling (Alabi et al., 2021). AH and PM declines mirror evidence of context-dependent effects of Amaranthus and Pterocarpus on renal biomarkers (Gamel et al., 2023; Hamza et al., 2018). TO’s moderate decline aligns with safety studies indicating mild but non-pathological effects (Akindele et al., 2018).

Figure 5: Interaction plot for the potassium levels across different doses and leaf extracts.
Note: Low, Medium and High Dose are 100, 200, and 300 mg/kg body weight respectively
Solanum aethiopicum = SA; Amaranthus hybridus = AH; Pterocarpus mildraedii = PM; Ocimum gratissimum = OG; Telfaria occidentalis (TO)

Table 5: Summary table of two-way ANOVA on the interaction for the potassium levels across different doses and leaf extracts
	Source
	F - Value
	P - Value
	Partial Eta Squared

	Dose
	2.803
	0.066
	0.296

	Vegetable
	11.411
	0.000
	0.695

	Dose * Vegetable
	2.721
	0.023
	0.620


Chloride
SA, AH, and PM induced small chloride declines (to 69.80 ± 1.00, 69.20 ± 1.00, and 69.90 ±1.00 mmol/L, respectively, vs. control 70.96 ± 2.74). OG produced the most substantial reduction (65.00 ± 1.00 mmol/L), while TO caused a moderate fall (68.20 ± 1.00 mmol/L). ANOVA confirmed a significant effect of extract identity, but not dose or interaction.This profile highlights OG as the main modulator of chloride, consistent with reports that its bioactive oils and polyphenols influence electrolyte regulation (Alabi et al., 2021). Minor decreases with AH and TO are consistent with earlier findings that these vegetables can shift electrolytes in healthy but not diseased models (Phoswa & Mokgalaboni, 2023). PM’s stability further supports its safety (Hamza et al., 2018).

Figure 6: Interaction plot for the chloride levels across different doses and leaf extracts.
Note: Low, Medium and High Dose are 100, 200, and 300 mg/kg body weight respectively
Solanum aethiopicum = SA; Amaranthus hybridus = AH; Pterocarpus mildraedii = PM; Ocimum gratissimum = OG; Telfaria occidentalis (TO)

Table 6: Summary table of two-way ANOVA on the interaction for the chloride levels across different doses and leaf extracts
	Source
	F - Value
	P - Value
	Partial Eta Squared

	Dose
	2.134
	0.128
	0.243

	Vegetable
	3.074
	0.040
	0.381

	Dose * Vegetable
	1.816
	0.115
	0.521



4.0	Conclusion
This study investigated the effects of aqueous leaf extracts of Solanum aethiopicum, Amaranthus hybridus, Pterocarpus mildbraedii, Ocimum gratissimum, and Telfairia occidentalis on serum electrolyte balance in male Wistar rats. The findings revealed that electrolyte modulation was more strongly influenced by the type of vegetable extract than by dose alone. Among the extracts, Ocimum gratissimum produced the most pronounced reductions in both chloride and potassium, whereas Solanum aethiopicum slightly elevated potassium levels. In contrast, Amaranthus hybridus, Pterocarpus mildbraedii, and Telfairia occidentalis induced moderate decreases in potassium alongside minor reductions in chloride. Statistical analysis confirmed that vegetable type had a significant effect on electrolyte regulation, while dose alone did not. However, the significant dose–vegetable interaction observed for potassium indicates that the extent of modulation was dependent on both the identity of the extract and its concentration.
Overall, the results suggest that while the selected leafy vegetables exert only modest influence on serum chloride, their impact on potassium is more pronounced and extract-specific, with Ocimum gratissimum exhibiting the greatest hypokalaemic potential. These findings highlight the importance of dietary consideration of certain vegetables in maintaining electrolyte homeostasis and point to possible implications for individuals predisposed to electrolyte imbalance. Further studies involving longer exposure periods and broader biochemical markers are recommended to clarify the physiological and clinical significance of these observations.
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SA	CTRL	Low	Medium	High	100.19	101	101.2	101.4	AH	CTRL	Low	Medium	High	100.19	99	98.5	98	PM	CTRL	Low	Medium	High	100.19	100.5	100.8	101	OG	CTRL	Low	Medium	High	100.19	99	98.2	97.5	TO	CTRL	Low	Medium	High	100.19	99.2	98.7	98.1	Dose
Sodium (mmol/L)
SA	CTRL	Low	Medium	High	25.279999999999987	25.5	25.7	25.9	AH	CTRL	Low	Medium	High	25.279999999999987	25	24.8	24.6	PM	CTRL	Low	Medium	High	25.279999999999987	25.1	24.9	24.7	OG	CTRL	Low	Medium	High	25.279999999999987	24	23.2	22.5	TO	CTRL	Low	Medium	High	25.279999999999987	24.8	24.4	24	Dose
Potassium (mmol/L)
SA	CTRL	Low	Medium	High	70.959999999999994	70.5	70.099999999999994	69.8	AH	CTRL	Low	Medium	High	70.959999999999994	70.2	69.8	69.2	PM	CTRL	Low	Medium	High	70.959999999999994	70.599999999999994	70.3	69.900000000000006	OG	CTRL	Low	Medium	High	70.959999999999994	68	66.5	65	TO	CTRL	Low	Medium	High	70.959999999999994	70.099999999999994	69	68.2	Dose
Chloride (mmol/L)
SA	CTRL	Low	Medium	High	24.36	23.8	23.650000000000031	23.404999999999987	AH	CTRL	Low	Medium	High	24.36	24.9	25.1	25.3	PM	CTRL	Low	Medium	High	24.36	24.4	24.45	24.419999999999987	OG	CTRL	Low	Medium	High	24.36	25.2	25.9	26.1	TO	CTRL	Low	Medium	High	24.36	25.8	26.2	26.4	Dose
Blood Urea Nitrogen (mmol)
SA	CTRL	Low	Medium	High	0.4	0.36000000000000032	0.34	0.32000000000000056	AH	CTRL	Low	Medium	High	0.4	0.42000000000000032	0.43000000000000038	0.45	PM	CTRL	Low	Medium	High	0.4	0.39000000000000057	0.4	0.39000000000000057	OG	CTRL	Low	Medium	High	0.4	0.44	0.46	0.48000000000000032	TO	CTRL	Low	Medium	High	0.4	0.43000000000000038	0.45	0.47000000000000008	Dose
Creatinine (mg/dL)
SA	CTRL	Low	Medium	High	12.83	13.4	13.6	13.8	AH	CTRL	Low	Medium	High	12.83	13.1	13.3	13.5	PM	CTRL	Low	Medium	High	12.83	12.9	12.950000000000006	13	OG	CTRL	Low	Medium	High	12.83	13.5	13.9	14.2	TO	CTRL	Low	Medium	High	12.83	13.6	14	14.3	Dose
Bicarbonate (mmol/L)
-
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