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EFFECTS OF AMARANTHUS VIRIDIS (ININE) ETHANOL LEAF EXTRACT ON RENAL FUNCTION AND TISSUE HOMOGENATE ANTIOXIDANT STATUS IN ALBINO RATS EXPOSED TO POTASSIUM BROMATE (KBRO3)


ABSTRACT
Potassium bromate (KBrO₃) is an oxidizing agent capable of inducing oxidative stress and renal dysfunction. This study evaluated the effects of an ethanol extract of Amaranthus viridis on renal biochemical indices and liver tissue antioxidant status in potassium bromate-exposed male Wistar rats. Thirty rats were assigned to six groups comprising a normal control, a KBrO₃-treated group (50 mg/kg), three groups receiving A. viridis extract at 200, 400, or 800 mg/kg together with KBrO₃, and a vitamin C group (100 mg/kg) together with KBrO₃. Treatments were administered orally for 14 days. Renal function indices, including urea, creatinine, sodium, potassium, chloride, and bicarbonate, were assessed, while glutathione, glutathione peroxidase, superoxide dismutase, catalase, and malondialdehyde were determined in liver tissue homogenates. Potassium bromate exposure was associated with increased urea, creatinine, sodium, chloride, and malondialdehyde levels and reductions in antioxidant indices compared with the control. Administration of A. viridis extract was associated with improvements in several renal biochemical indices and antioxidant parameters, with the higher doses generally producing values closer to those of the control group. Vitamin C also showed protective effects. These findings indicate that A. viridis ethanol extract may attenuate biochemical alterations associated with potassium bromate-induced oxidative stress under the experimental conditions used. Further studies are required to characterize the active constituents and establish the mechanisms and wider relevance of these observations.
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1. INTRODUCTION
Potassium bromate (KBrO₃) is a potent oxidizing agent commonly used as a flour improver in the baking industry, but it has been associated with significant health risks due to its nephrotoxic and carcinogenic effects (Abali et al., 2023). Exposure to KBrO₃ has been shown to induce haematoxicity and oxidative stress, primarily targeting the kidneys and liver, where it causes cellular damage through the generation of reactive oxygen species (ROS) (Ujah et al., 2025). In a recent rat study, potassium bromate exposure was accompanied by changes in renal injury markers and oxidative-stress indices (Hassan et al., 2026). This oxidative imbalance impairs normal physiological function, leading to altered renal parameters and potential hepatic toxicity (Al-Mareed et al., 2022). Given growing concerns about KBrO₃'s health implications, there is a growing interest in exploring natural substances with antioxidant properties to counteract its adverse effects. Medicinal plants with strong antioxidant profiles are increasingly recognised as potential therapeutic agents against chemically induced organ damage (Attah et al., 2021). A separate experimental study involving carbon tetrachloride-exposed Wistar rats assessed urea and creatinine alongside oxidative-stress markers when evaluating a plant extract (Amakiri et al., 2026). Among these, Amaranthus viridis, locally known as "Inine", is a leafy green vegetable rich in phytochemicals, including flavonoids, phenolic acids, and vitamins, which contribute to its antioxidant and anti-inflammatory activities (Sahoo et al., 2015). A comparative phytochemical investigation reported phenolic constituents and antioxidant activity in Amaranthus viridis leaves (Faruq et al., 2024). A recent review also examined the phytochemical composition of Amaranthus viridis and discussed limitations in interpreting and applying the available evidence (Jin et al., 2025). The plant has been traditionally used for a variety of medicinal purposes, including wound healing, antidiabetic treatment, and immune support, and recent studies suggest that its bioactive compounds may confer protection against oxidative stress-related tissue damage (Ogwu et al., 2024; Ratliff et al., 2016). These properties make Amaranthus viridis a promising candidate for mitigating the harmful effects of environmental and chemical toxins like potassium bromate (Bello et al., 2018). An earlier investigation of ethanol leaf extract of Amaranthus viridis documented in vitro radical-scavenging activity, but did not evaluate renal responses to potassium bromate exposure (Omodamiro et al., 2016). The renal system, being highly susceptible to oxidative damage due to its extensive blood supply and role in filtering toxins, is often impaired by toxic agents such as KBrO₃ (Fouad et al., 2024; Das & Das, 2016). This can lead to altered renal biomarkers, including elevated levels of urea and creatinine, as well as disturbances in electrolyte balance (Vairetti et al., 2021). Similarly, oxidative damage in the liver disrupts cellular functions and compromises key antioxidant defences, notably glutathione (GSH), catalase (CAT), superoxide dismutase (SOD), and glutathione peroxidase (GPx) (Famurewa et al., 2021). Liver lipid peroxidation, as indicated by increased malondialdehyde (MDA) levels, is a key marker of oxidative injury and can reflect the extent of cellular membrane damage (Dey & Lakshmanan, 2013). 
There is a lack of comprehensive understanding of the protective effects of Amaranthus viridis against potassium bromate (KBrO₃)-induced nephrotoxicity and oxidative stress in the liver. 
Study objective
Thus, this study aims to evaluate the protective effects of ethanol leaf extract of Amaranthus viridis on renal function and liver tissue antioxidant status in KBrO₃-intoxicated albino rats. By investigating renal parameters and liver antioxidant enzyme activities, this research seeks to determine whether Amaranthus viridis can attenuate the oxidative stress and nephrotoxicity induced by potassium bromate. The findings of this study could provide valuable insights into the therapeutic applications of Amaranthus viridis in combating oxidative stress and organ damage caused by toxic agents.
2. MATERIALS AND METHODS
2.1 Sample collection and preparation of plant material
Fresh stems of Amaranthus viridis (green leaf) were collected from the Umudike environment in Ikwuano Local Government Area of Abia State and were authenticated at the Department of Forestry, College of Natural Resources and Environmental Management, Michael Okpara University of Agriculture, Umudike. The collected stems were chopped into smaller pieces and air-dried under shade on a laboratory bench over 48 days before being pulverized into powder using a locally made motor blender. The crude extract was prepared from the powdered material. The cold maceration technique was used to prepare the plant extract. A total of 500 g of the powdered material was macerated in 2 litres of ethanol for 48 hours and then filtered twice using Whatman filter paper. The filtrate was concentrated to dryness in the laboratory oven at a low temperature (400C) to obtain a dark green pasty extract which weighed 26.89 g and represented an extract yield of 5.38 %. The process was repeated until a sufficient extract was obtained for the entire study. 
Percentage yields in both cases were calculated using the formula: 
% yield = Q   x 100
                 W       1
Where Q is weight of extract obtained after extraction and W is weight of pulverized plant material macerated in methanol. The extract was preserved in the refrigerator at a low temperature until use.
2.2 Experimental Design for the Evaluation of the Effect of the Crude Extract of Green Leaf on Potassium Bromate Induced Toxicity in Rats
Thirty (30) adult male Wistar rats were assigned to 6 groups of 5 rats each and treated as described below:
Group 1:	Normal control 
Group 2:	Negative control (50 mg/kg of KBrO3 only)
Group 3:	Green leaf extract (200 mg/kg) + 50 mg/kg of KBrO3
Group 4:	Green leaf extract (400 mg/kg) + 50 mg/kg of KBrO3
Group 5:	Green leaf extract (800 mg/kg) + 50 mg/kg of KBrO3
Group 6:	Vitamin C (100 mg/kg) + 50 mg/kg of KBrO3
All treatments were administered orally for 14 days. Body weights were measured at the beginning and at the end of the treatment (i.e., days 1 and 14) using an electronic balance (DJ-A1000, China). At the end of the treatment period, the animals were sacrificed and blood and tissue samples were collected for the various analyses carried out.  
2.3 Determination of Renal Function Parameters
Renal function parameters, including urea, creatinine, sodium, chloride, potassium and bicarbonate, were determined using the methods described by Nwalutu (2011).  
2.4 Determination of antioxidant parameters in liver tissues
Antioxidant parameters including glutathione (GSH), catalase, superoxide dismutase (SOD), glutathione peroxidase and malondialdehyde (MDA) were determined in liver tissue homogenates prepared by homogenising 1 g of liver tissue in 5 ml of phosphate buffer solution. The methods described by Kanu et al. (2016) were adopted.
2.5 Statistical analysis
Data obtained from the experiments were analysed, and the results were expressed as the mean ± standard deviation (S.D). The results were analysed using one-way analysis of variance (ANOVA) in the Statistical Package for Scientific Solution (SPSS, version 20.0, IBM SPSS Inc., Chicago, IL). Data were analysed using Duncan’s multiple range test, supplemented by Student’s t-test for post hoc comparisons of the means of the various dosages and fractions. P-values below 0.05 were considered to indicate statistically significant differences between the test and control groups and among the test groups for the measured values.




3. RESULTS
3.1 EFFECTS OF THE EXTRACT ON RENAL FUNCTION PARAMETERS IN POTASSIUM BROMATE TREATED RATS
The findings in Table 1 display the effects of an A. viridis leaf extract on renal function in rats treated with potassium bromate (KBrO3). KBrO3 significantly elevated urea and creatinine levels, indicating kidney damage and altered electrolyte balance. Treatment with vitamin C or various doses of the Amaranthus V. leaf extract, particularly at higher doses (400 mg/kg and 800 mg/kg), showed a mitigating effect, bringing these parameters closer to control levels.
3.2 EFFECTS OF THE EXTRACT ON LIVER TISSUE HOMOGENATE ANTIOXIDANT STATUS IN POTASSIUM BROMATE TREATED RATS
Table 2 presents the impact of an A. viridis leaf extract on liver tissue antioxidant status in rats exposed to potassium bromate (KBrO3). KBrO33 treatment significantly reduced key antioxidant markers, including GSH, GPx, SOD and CAT, while markedly increasing MDA. Conversely, administration of vitamin C or the Amaranthus V. leaf extract, especially at higher doses, helped to restore these antioxidant levels and reduce MDA towards the values observed in the control group.













TABLE 1: EFFECTS OF THE EXTRACT ON RENAL FUNCTION PARAMETERS IN POTASSIUM BROMATE TREATED RATS
	Treatment
	  Urea (mg/dl)
	Creatinine (mg/dl)
	  Na+ (mEq/L)
	 K+ (mEq/L)
	 Cl- (mEq/L)
	HCO3-(mmol/L)

	Control
	  19.73±0.25a
	0.65±0.05a
	   132.07±1.02a
	 4.24±0.12a
	  88.90±1.13a
	  19.27±0.25a

	KBrO3 (50 mg/kg)
	  43.00±1.85e
	  1.48±0.06e
	   141.17±2.28
	 4.50±0.08b
	  92.33±0.45d
	  20.50±0.36c

	Vit. C (100 mg/kg) + KBrO3 (50 mg/kg)
	   35.20±1.40d
	  1.00±0.06d
	   136.00±0.36b
	 4.30±0.08ab
	  91.23±0.70cd
	  20.30±0.46bc

	Amaranthus V. leaf extract (200 mg/kg) + KBrO3 (50 mg/kg)
	   27.47±0.90c
	  0.98±0.04cd
	   135.40±1.35b
	 4.45±0.07ab
	  90.93±1.07bcd
	  19.87±0.31abc

	Amaranthus V. leaf extract (400 mg/kg) + KBrO3 (50 mg/kg)
	   24.20±1.25b
	  0.90±0.04bc
	   133.70±0.95ab
	 4.41±0.17ab
	  89.50±1.05ab
	  19.70±0.36ab

	Amaranthus V. leaf extract (800 mg/kg) + KBrO3 (50 mg/kg)
	   23.90±0.92b
	  0.83±0.04b
	   134.30±1.38ab


	 4.36±0.13ab
	  89.97±0.82abc
	  19.57±0.35a



Values are presented as mean ± standard deviation of replicated determination (n = 3). Means that the same column bearing different letter superscripts is statistically significantly different






	








[bookmark: _Hlk208238835]TABLE 2: EFFECTS OF THE EXTRACT ON LIVER TISSUE HOMOGENATE ANTIOXIDANT STATUS IN POTASSIUM BROMATE TREATED RATS
	Treatment
	GSH (mg/g protein)
	 GPx (u/g protein)
	SOD (u/g protein)
	CAT (u/g protein)
	MDA (mmol/g protein)

	Control

	7.20±0.21d
	30.23±2.10c
	32.10±0.56c
	14.17±1.50b
	0.33±0.04a

	KBrO3 (50
 mg/kg)
	4.15±0.24a
	22.70±1.78a
	27.40±0.95a
	10.50±0.36a
	1.51±0.15d

	Vit. C (100 mg/kg) + KBrO3 (50 mg/kg)
	5.10±0.11b
	26.70±1.11b
	28.13±0.93ab
	12.77±0.51b
	0.87±0.06c

	Amaranthus V. leaf extract (200 mg/kg) + KBrO3 (50 mg/kg)
	6.23±0.23c
	28.40±0.95bc
	28.87±1.10ab
	12.97±0.40b
	0.79±0.04bc

	Amaranthus V. leaf extract (400 mg/kg) + KBrO3 (50 mg/kg)
	6.51±0.25c
	28.53±1.82bc
	30.17±0.61ab
	13.67±1.10b
	0.73±0.03b

	Amaranthus V. leaf extract (800 mg/kg) + KBrO3 (50 mg/kg)
	6.98±0.36d
	29.73±0.81c
	31.23±0.18c
	13.90±0.95b
	0.74±0.04bc


Values are presented as mean ± standard deviation of replicated determination (n = 3). Means in the same column bearing different letter superscripts are statistically significantly different.











4. DISCUSSION 
[bookmark: _Hlk181558884]Urea, a nitrogenous waste product of protein metabolism, is primarily filtered by the kidneys (Adeyomoye et al., 2022). When urea levels are elevated, it often signals impaired renal function (Gowda et al., 2010). Similarly, creatinine, a by-product of muscle metabolism excreted by the kidneys (Jain et al., 2020), can indicate kidney dysfunction or a reduced glomerular filtration rate (GFR) when levels are elevated (Oluboyo et al., 2024). Sodium, a vital electrolyte, is essential for maintaining body fluid balance and supporting renal function (Ellison & Farrar, 2018). Any alterations in sodium levels can serve as an indicator of kidney regulation problems (Hall, 2016). Potassium is crucial for muscle and nerve function (Lindinger & Cairns, 2021). The kidneys regulate potassium levels, and deviations may be an indication of renal impairment (Palmer & Clegg, 2016). Chloride helps maintain acid-base balance and is regulated by the kidneys; abnormalities may as a result of electrolyte disturbances or kidney dysfunction (Okwuchukwu et al., 2024). Bicarbonate helps regulate blood pH. Changes in its levels can indicate renal dysfunction and metabolic imbalances (Nguyen-Khac et al., 2008). Upon potassium bromate (KBrO₃) administration at 50 mg/kg, significant increases in urea, creatinine, sodium, and chloride levels were observed, implying nephrotoxicity. Conversely, vitamin C and Amaranthus viridis leaf extract treatments (in doses of 200, 400, and 800 mg/kg) improved these parameters, with the highest Amaranthus viridis extract dose approaching control values, indicating a dose-dependent protective effect. Bicarbonate levels remained relatively stable across most groups, except for a slight increase in KBrO₃-only treatment. The marked increases in urea, creatinine, sodium and chloride levels in the KBrO₃ group show the nephrotoxic effects of potassium bromate, associated with oxidative stress and impaired renal function. The improvement in these markers following treatment with Amaranthus viridis extract indicates its possible nephroprotective effects (Khan et al., 2012). This restoration of renal parameters implies that the antioxidants in Amaranthus viridis may counteract oxidative damage, helping to stabilise renal function and electrolyte balance. The slight changes in bicarbonate suggest that Amaranthus viridis may also support acid-base balance, though less significantly than other markers (Chemutai, 2016). This study's findings agree with previous research on KBrO₃-induced nephrotoxicity, which has shown elevated urea, creatinine, sodium, and chloride levels as common indicators of kidney damage due to oxidative stress (Ebhohimen et al., 2020). Studies have similarly documented vitamin C’s protective effects against renal toxicity by reducing oxidative stress markers (Ragab, 2018). Other studies on Amaranthus viridis have highlighted its antioxidant properties in reducing ROS, improving enzyme activity, and restoring normal tissue function in toxic conditions (Adegbola et al., 2020). This consistency with prior research shows the nephroprotective efficacy of Amaranthus viridis, particularly at higher doses; thus, it may be an effective natural agent against nephrotoxic agents like KBrO₃. GSH is a major antioxidant in cells, playing a crucial role in neutralizing reactive oxygen species (ROS) and maintaining redox balance (Coco-Bassey et al., 2019). GPx is an enzyme that reduces lipid hydroperoxides and free hydrogen peroxide to water, using GSH as a substrate, thereby protecting cells from oxidative damage (Ighodaro & Akinloye, 2018). SOD catalyzes the dismutation of the superoxide anion into oxygen and hydrogen peroxide, providing critical protection against oxidative stress (Islam et al., 2022). Catalase converts hydrogen peroxide into water and oxygen, preventing accumulation of harmful peroxides in cells (Curieses Andrés et al., 2022). MDA is a byproduct of lipid peroxidation, serving as a marker of oxidative stress and cellular membrane damage (Carmo de Carvalho e Martins et al., 2022). Potassium bromate (KBrO₃) administration significantly reduced antioxidant markers (GSH, GPx, SOD, CAT) and increased MDA levels, indicating elevated oxidative stress and compromised antioxidant defence in liver tissues. Treatment with vitamin C and Amaranthus viridis leaf extract (at doses of 200, 400, and 800 mg/kg) enhanced antioxidant enzyme activities and decreased MDA levels, with the 800 mg/kg dose showing the most notable recovery, approaching control levels. The decrease in antioxidant markers and increase in MDA in KBrO₃-treated rats underline the oxidative damage induced by KBrO₃, leading to lipid peroxidation and impaired antioxidant defences (Al-Mareed et al., 2022). The restoration of these markers by Amaranthus viridis extract implies a potent antioxidative effect, likely due to bioactive compounds that scavenge free radicals and bolster enzymatic defense systems. This implies that Amaranthus viridis extract can mitigate liver oxidative stress, reduce lipid peroxidation, and restore antioxidant enzyme activities, indicating its potential as a protective agent against oxidative damage (Obruca et al., 2016). The findings are in agreement with existing studies on KBrO₃-induced oxidative stress, which showed decreased levels of GSH, GPx, SOD, and CAT, as well as increased MDA (El-Sherif et al., 2022). Previous research on the protective role of vitamin C equally demonstrated its ability to enhance antioxidant defence and reduce lipid peroxidation in toxic conditions (El-Sherif et al., 2022). Studies on Amaranthus viridis have also shown its rich antioxidant content, such as flavonoids and polyphenols, which effectively counter oxidative stress (Gandhi et al., 2021). The observed dose-dependent improvement in antioxidant markers with Amaranthus viridis extract is comparable to findings from other natural antioxidants, indicating its potential to act as a therapeutic agent in managing oxidative damage (Akbarirad et al., 2016).
5. CONCLUSION
This study evaluated the effects of an ethanol leaf extract of Amaranthus viridis on renal biochemical indices and liver tissue antioxidant status in male Wistar rats exposed to potassium bromate. Exposure to potassium bromate was associated with increased urea and creatinine concentrations, changes in selected electrolytes, reduced liver antioxidant indices and elevated malondialdehyde levels relative to the untreated control. Co-administration of the extract at 200, 400 and 800 mg/kg was associated with improvements in several of these measures, with the higher doses generally producing values nearer those of the control group. Vitamin C was also associated with attenuation of selected changes. Together, these observations are consistent with a possible protective biochemical effect of the extract under the conditions examined. However, the measured outcomes describe renal biochemical indices and liver antioxidant status; they do not, by themselves, establish the mechanism of action or demonstrate clinical efficacy. The findings should therefore be interpreted as preliminary experimental evidence. Additional studies are needed to characterise the extract constituents and investigate whether the observed biochemical responses are reproducible beyond the present experimental conditions.
Limitations
The study was limited to male Wistar rats treated over a 14-day period, and its findings relate to the measured renal biochemical indices and antioxidant parameters in liver tissue homogenates. These endpoints do not establish the mechanisms underlying the observed changes or their longer-term significance. Consequently, the findings cannot be directly extrapolated to other experimental settings or to clinical use. Further work would be required to examine the active constituents and determine the broader relevance of the biochemical observations.
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