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ABSTRACT 

	
Aims: Lead is one of the difficult-to-remove environmental toxins that target the liver through the mechanism of oxidative stress and interference with cell membranes. In resource-poor areas, naturally occurring antioxidants could provide cheap alternatives. This study investigated how quercetin and Gongronema latifolium leaf extract protect the liver from oxidative stress in male Wistar rats exposed to lead

Study design: An experimental randomized controlled design was adopted. using thirty (30) male Wistar rats assigned into six groups (n = 5). They include the following: a control, lead alone (50 mg/kg), lead with quercetin (500 mg/kg), and lead with three different dosages of Gongronema latifolium extract (250, 500, 1000 mg/kg).

Place and Duration of Study:  Animal House Department of Human Physiology, Rivers State University.

Methodology: Thirty (30) male Wistar rats assigned into six groups (n = 5). They include the following: a control, lead alone (50 mg/kg), lead with quercetin (500 mg/kg), and lead with three different dosages of Gongronema latifolium extract (250, 500, 1000 mg/kg). They were administered orally for four weeks. To determine the state of the liver or the level of oxidative stress, liver function tests were performed using normal biochemical tests for liver function indices and various markers for oxidative stress.

Results: In lead exposure, the levels of liver enzymes, bilirubin, and malondialdehyde increased, while the levels of antioxidant enzymes, total protein, and albumin decreased. The treatment with Gongronema latifolium, particularly the 500 and 1000 mg/kg preparations, returned all the values to near normal. Quercetin was also helpful, but to a much lower and inconsistent degree.

Conclusion: The findings indicate that Gongronema latifolium has better and dose-related protective capabilities against lead-induced liver injury compared to quercetin and could be a good natural remedy against a population exposed to the works of lead.
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1. INTRODUCTION

Lead has been one of the most prevalent and hazardous factors of environmental contamination worldwide. The major contributing factors include various processes at industrial levels, recycling of batteries, the deteriorating quality of water supplies, and aging lead-based paints. Over several decades and more recently on settling up initiatives to minimize lead contamination, many populations around developing countries continue to face serious issues of lead exposure, and it has been evident globally (Tong et al., 2000; Tchounwou et al., 2012; Luby et al., 2024). These, in turn, contribute to serious health issues like brain, kidney, heart, and liver disorders, placing serious concerns over lead poisoning as a public health concern even today (Onyeso et al., 2015).

The liver is more prone to being damaged by lead toxicity, especially because it is involved in detoxification, metabolism, and the alteration of exogenous chemicals (Trefts et al., 2017). Accumulatively, reactive oxygen species (ROS) are generated as well as a suppression of antioxidant mechanisms, thereby causing oxidative stress during the processing of lead (Flora et al., 2012; Jomova et al., 2023). This causes significant damage to lipids and proteins, as well as mitochondrial and membrane integrity. This leads to a leaking of enzymes such as aspartate aminotransferase (AST) and alkaline phosphatase (ALP) and even disorders in bilirubin and protein synthesis (Giannini et al., 2005; Sharma et al., 2014).
Oxidative stress is the center point through which the mechanism by which lead-induced liver toxicity starts (Allameh et al., 2023). The body's primary defense strategy consists of the presence of low levels of reduced glutathione (GSH) and antioxidant enzymes such as superoxide dismutase (SOD), catalase (CAT), and glutathione peroxidase (GPx). Lead interferes with the defense system by binding to sulfhydryl groups and consequently inhibiting the function of these antioxidant enzymes, which worsens the toxic effect (Patra et al., 2011; Allameh et al., 2023). An elevated level of malondialdehyde (MDA), an end product of lipid peroxidation in the presence of lead, is an indicator of cellular injury.
Conventional medicine in the treatment of lead poisoning mainly focuses on the use of chelation therapy. Although chelation therapy has the advantage of reducing the metals in the body, its usage is limited by the disadvantages that include being costly, toxicological effects, depletion of essential metals in the body, and unequal geographical distribution (Sears, 2013; Lamas et al., 2016). This has created the need to find natural antioxidants that will help in the recovery of the liver.
Quercetin, one of the flavonoids rich in fruits and vegetables, has been evaluated for its antioxidant, anti-inflammatory, and metal-chelating activities (Boots et al., 2008; Li et al., 2016). In experimental models of heavy metal toxicity, quercetin reduces oxidative stress and improves liver functions. However, its activity can be hindered by reduced bioavailability and the absence of synergistic actions of other phytochemicals.
Gongronema latifolium, also known as a leafy vegetable, is a traditionally consumed food in African culture and used in the treatment of metabolic disorders and liver-related problems. Phytochemical evaluation of this plant extract established the presence of flavonoids, phenolic acids, alkaloids, and saponins with potential antioxidant and anti-inflammatory effects (Eleyinmi, 2007; Ugochukwu & Babady, 2002). Research results indicate that this plant extract exerts protective functions against chemically induced liver injury (Effiong et al., 2013; Nwangwu et al., 2011). 

Therefore, the current study investigates the difference in the effect of quercetin and graded doses of Gongronema latifolium leaf extract on liver function and oxidative stress markers in male Wistar rats exposed to lead.



 
2. material and methods

  
2.1 Experimental Animals

Thirty healthy male Wistar rats aged 8–10 weeks and weighing 115–160 g were obtained from a certified breeding facility. Animals were housed in well-ventilated cages under standard laboratory conditions (12-hour light/dark cycle, temperature 22–25°C) and provided with commercial feed and water ad libitum. Rats were acclimatized for seven days before the commencement of the experiment.

2.2 Study Design and Grouping

A randomized controlled experimental design was adopted. Animals were randomly divided into six groups (n = 5):
1. Control (distilled water)
2. Lead only (50 mg/kg)
3. Lead + quercetin (500 mg/kg)
4. Lead + G. latifolium (250 mg/kg)
5. Lead + G. latifolium (500 mg/kg)
6. Lead + G. latifolium (1000 mg/kg)
All treatments were administered orally using gavage for four consecutive weeks.

2.3 Preparation of Treatments 

Lead acetate was freshly dissolved in distilled water daily. Quercetin was suspended in 0.5% carboxymethyl cellulose. Fresh G. latifolium leaves were washed, air-dried, pulverized, and extracted with 70% ethanol using Soxhlet extraction. The extract was concentrated and reconstituted for dosing.
2.4 Sample Collection
At the end of the treatment period, rats were anesthetized using ketamine. Blood samples were collected by jugular puncture into heparinized tubes. Animals were euthanized, and livers were excised, weighed, and homogenized in phosphate buffer (pH 7.4).
2.5 Biochemical Analysis
Serum AST, ALP, total protein, albumin, total bilirubin, and conjugated bilirubin were determined using commercial diagnostic kits (Giannini et al., 2005). Liver homogenates were analyzed for MDA (Ayala et al., 2014), GSH (Ellman, 1959), SOD (Misra & Fridovich, 1972), CAT (Aebi, 1984), and GPx  (Paglia & Valentine, 1967).
2.6 Statistical Analysis
Data were expressed as mean ± SD. One-way ANOVA followed by Tukey’s post-hoc test was applied using SPSS. Statistical significance was set at p < 0.05.
3. results and discussion

Results 
3.1 Effects on Liver Function Markers
Table 1: Effects of Lead Exposure and Treatments on Liver Function Markers in Male Wistar Rats
	
	AST
	ALP
	TP
	ALB
	TB
	CB

	LEAD
	39.00±0.00 a
	32.00±0.00a
	45.00±0.00 a
	22.00±0.00 a
	8.20±0.00 a
	6.30±0.00 a

	CONTROL
	26.00±5.57 b
	21.67±4.16b
	63.00±2.00 b
	41.00±1.00 b
	5.67±0.91 b
	3.97±0.25 b

	L+LD
	32.33±2.52 b
	20.00±3.60b
	64.67±5.13 a
	41.67±3.21 b
	6.27±1.36 b
	4.70±0.40 b

	L+MD
	20.51±6.36 b
	14.00±1.41b
	64.00±1.41 a
	41.01±1.41 b
	4.95±1.06 b
	3.40±0.84 b

	L+HD
	15.50±2.12 b	
	13.50±4.95b
	64.00±4.24 a
	41.00±2.83 b
	4.15±0.21 b
	2.60±0.14 b

	L+Q
	29.75±2.50 b
	16.50±3.41b
	56.50±3.11
	36.75±1.71 b
	6.35±0.31 b
	3.75±0.21 b

	p-value
	0.001
	0.003
	0.005
	0.058
	0.009
	<0.0001

	F-value
	10.787
	8.113
	3.260
	3.140
	5.785
	25.494

	Inference
	S
	S
	S
	S
	S
	S



Values with different superscripts are significantly different (p<0.05)
Key
S= Significant
N= Non-significan
Table 1 shows the effects of lead exposure and different treatments on liver function markers in male Wistar rats. Rats exposed to lead alone recorded the highest AST, ALP, total bilirubin, and conjugated bilirubin levels, alongside the lowest total protein and albumin values, indicating severe liver damage and impaired synthetic function. The control group maintained normal liver parameters. Treatment with Gongronema latifolium significantly improved all liver markers in a dose-dependent manner, with medium and high doses producing values closest to the control group. These doses markedly reduced enzyme and bilirubin levels while restoring protein and albumin concentrations. Quercetin treatment also improved liver function but was less effective than Gongronema latifolium. Statistical analysis confirmed significant differences among groups (p < 0.05), demonstrating the protective effects of the treatments against lead-induced hepatotoxicity.
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Figure 1: Effects of Lead Exposure and Treatments on Liver Function Markers in Male Wistar Rats
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Group 5 (Lead + 1000mg/kg Gongronema latifolium)
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Figure 1 shows the effects of lead exposure and different treatments on liver function markers in male Wistar rats. The lead-only group recorded the highest AST, ALP, total bilirubin, and conjugated bilirubin levels, alongside reduced total protein and albumin, indicating severe liver damage. The control group maintained normal values across all markers. Treatment with Gongronema latifolium produced dose-dependent improvements, with medium and high doses restoring liver parameters close to control levels. Quercetin also improved liver function but was less effective than higher doses of Gongronema latifolium, demonstrating the superior hepatoprotective potential of the plant extract.


Table 2: Effects of Lead Exposure and Treatments on Oxidative Stress Markers in Male Wistar Rats
	
	GSH
	GPX
	CAT
	SOD
	MDA
	GLU

	LEAD
	2.47±0.00
	0.049±0.00 a
	2..54±0.00 a
	0.18±0.00 a
	0.60±0.00 a
	7.30±0.00

	CONTROL
	2.98±0.12 b
	0.063±0.002 b
	4.42±0.19 b
	0.40±0.03 b
	0.37±0.07 b
	4.07±0.80 b

	L+LD
	2.47±0.29 a
	0.056±0.005 a
	3.45±0.24 a
	0.25±0.03 b
	0.53±0.03
	5.37±0.60 b

	L+MD
	2.69±0.06 b
	0.061±0.002 b
	4.25±0.72 a
	0.33±0.03 b
	0.44±0.06 b
	5.45±0.35 b

	L+HD
	2.72±0.06 b
	0.062±0.002 b
	4.43±0.96 a
	0.33±0.078 b
	0.45±0.06 b
	4.60±0.14 b

	L+Q
	2.73±0.34 a
	0.047±0.008 a
	3..4±0.49 b
	0.24±0.03 a
	0.54±0.04 a
	4.63±0.29 b

	p-value
	0.032
	0.020
	0.009
	0.001
	0.002
	0.001

	F-value
	3.897
	4.587
	5.862
	12.285
	9.115
	12.155

	Inference
	S
	S
	S
	S
	S
	S


Values with different superscripts are significantly different (p<0.05)
Key
S= Significant, N=Non-significant
Table 2 presents the effects of lead exposure and various treatments on oxidative stress markers in the liver of male Wistar rats, measured through biochemical parameters: reduced glutathione (GSH), glutathione peroxidase (GPx), catalase (CAT), superoxide dismutase (SOD), malondialdehyde (MDA), and glucose (GLU). The table includes six experimental groups: Lead (lead acetate only), Control (no lead or treatment just distilled water and feed), L+LD (lead + low-dose Gongronema latifolium), L+MD (lead + medium-dose G. latifolium), L+HD (lead + high-dose G. latifolium), and L+Q (lead + quercetin). Values are reported as means ± standard deviation, with statistical significance indicated by p-values, F-values, and different superscripts (a, b) denoting significant differences (p < 0.05) between groups.
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Figure 2: Effects of Lead Exposure and Treatments on Oxidative Stress Markers in Male Wistar Rats

KEY POINTS:
Group 1 (control)
Group 2 (Lead only)
Group 3 (Lead + 250mg/kg Gongronema latifolium)
Group 4 (Lead + 500mg/kg Gongronema latifolium)
Group 5 (Lead + 1000mg/kg Gongronema latifolium)
Group 6 (Lead + 500mg/kg Quercetin)
Figure 2 illustrates the effects of lead exposure and different treatments on oxidative stress markers in male Wistar rats. The lead-only group recorded the lowest levels of antioxidant enzymes, including reduced glutathione (GSH), glutathione peroxidase (GPx), catalase (CAT), and superoxide dismutase (SOD), alongside the highest malondialdehyde (MDA) and glucose concentrations, indicating severe oxidative stress and metabolic imbalance. The control group maintained normal antioxidant status and low lipid peroxidation. Treatment with Gongronema latifolium produced dose-dependent improvements in antioxidant enzyme activities and reductions in MDA and glucose levels, with medium and high doses showing the strongest protective effects. Quercetin treatment also improved oxidative parameters but was less consistent than higher doses of Gongronema latifolium. Overall, the figure demonstrates the ability of Gongronema latifolium to restore redox balance and reduce oxidative damage in lead-exposed rats.

. Discussion 
This study demonstrates that chronic lead exposure induces marked hepatic dysfunction and oxidative stress in male Wistar rats, as evidenced by significant alterations in biochemical and antioxidant parameters. The elevated serum levels of aspartate aminotransferase (AST) and alkaline phosphatase (ALP) observed in the lead-only group indicate extensive hepatocellular injury and biliary dysfunction. These enzymes are normally localized within hepatocytes and biliary epithelial cells, and their increased presence in circulation reflects membrane destabilization and cellular leakage following toxic insult (Giannini et al., 2005; Mudipalli, 2007; Allameh et al., 2023). Similar elevations in liver enzymes have been consistently reported in experimental models of lead toxicity, reinforcing the reliability of these markers as indicators of hepatic damage (Sharma et al., 2014).
In addition to enzyme alterations, significant increases in total and conjugated bilirubin levels were recorded in lead-exposed rats. Bilirubin accumulation suggests impaired uptake, conjugation, and excretion processes within hepatocytes. Lead interferes with bilirubin metabolism by disrupting mitochondrial function and inhibiting conjugating enzymes, leading to cholestatic features and compromised detoxification capacity (Flora et al., 2012). The concomitant reduction in total protein and albumin further highlights impaired synthetic activity, which reflects functional deterioration of hepatocytes. Albumin synthesis is highly sensitive to hepatic injury, and its reduction indicates prolonged metabolic stress and compromised nutritional homeostasis (Pratt & Kaplan, 2000; Allameh et al., 2023).
The oxidative stress profile obtained in this study confirms that redox imbalance is a central mechanism underlying lead-induced hepatotoxicity. Significant depletion of reduced glutathione (GSH), glutathione peroxidase (GPx), catalase (CAT), and superoxide dismutase (SOD) demonstrates suppression of primary antioxidant defenses. These enzymes form an integrated system responsible for detoxifying reactive oxygen species and maintaining intracellular redox balance (Birben et al., 2012; Jomova et al., 2023). Their depletion renders hepatocytes highly susceptible to oxidative injury. The marked elevation of malondialdehyde (MDA) further confirms enhanced lipid peroxidation, reflecting damage to membrane phospholipids and loss of cellular integrity (Ayala et al., 2014).
The mechanisms underlying these oxidative changes are multifactorial. Lead has a strong affinity for sulfhydryl groups, allowing it to bind to antioxidant enzymes and inactivate them (Patra et al., 2011; Allameh et al., 2023). It also displaces essential metal cofactors such as zinc, copper, and iron, which are required for enzymatic activity. Furthermore, lead disrupts mitochondrial electron transport, increasing electron leakage and ROS generation (Sharma et al., 2014). These processes collectively promote sustained oxidative injury, mitochondrial dysfunction, and activation of apoptotic pathways.
Administration of Gongronema latifolium extract significantly mitigated these biochemical and oxidative abnormalities in a dose-dependent manner. Medium and high doses restored most liver function parameters and antioxidant enzymes to near-normal levels. This indicates that the extract enhances endogenous defense systems and stabilizes cellular membranes. Restoration of AST and ALP toward control values suggests improved membrane integrity and reduced hepatocyte necrosis. Similarly, normalization of bilirubin and protein levels reflects recovery of detoxification and synthetic functions.
The observed dose-response pattern is particularly important. Low-dose treatment produced only partial improvement, whereas medium and high doses achieved substantial restoration. This indicates that sufficient phytochemical concentration is required to counteract oxidative stress and cellular injury effectively. Such dose-dependent responses are common in plant-based therapies, where biological effects depend on cumulative interactions among multiple constituents (Eleyinmi, 2007). The findings therefore emphasize the importance of appropriate dosing in developing therapeutic applications.
The superior performance of G. latifolium may be attributed to its complex phytochemical composition. Phytochemical analyses have identified flavonoids, phenolic acids, alkaloids, saponins, and terpenoids as major constituents of the plant (Eleyinmi, 2007; Ugochukwu & Babady, 2002; Lamas et al., 2016). Flavonoids and phenolic acids possess strong free radical scavenging activity and inhibit lipid peroxidation. Alkaloids may contribute to metal chelation and enzyme modulation, while saponins enhance membrane stability and reduce inflammatory responses (Lamas et al., 2016). Terpenoids and sterols further support membrane repair and cellular resilience.
The combined action of these compounds likely produces synergistic effects that surpass the activity of isolated molecules. Unlike single-compound therapies, whole-plant extracts provide multiple layers of protection, targeting oxidative stress, inflammation, metal accumulation, and mitochondrial dysfunction simultaneously. This multi-target approach may explain the broader and more consistent protective effects observed in this study.
Previous studies have demonstrated hepatoprotective and antioxidant effects of G. latifolium in models of acetaminophen toxicity, carbon tetrachloride exposure, and diabetes (Effiong et al., 2013; Nwangwu et al., 2011). These studies reported reductions in liver enzymes, enhancement of antioxidant defenses, and preservation of hepatic architecture. The present findings extend these observations to lead-induced toxicity, indicating that the protective properties of G. latifolium are not limited to a single class of toxicants. Instead, the plant appears to provide generalized cytoprotection against chemically induced oxidative injury.
This broad-spectrum activity is particularly valuable in real-world settings, where individuals are often exposed to multiple environmental toxins simultaneously. A plant-based intervention capable of counteracting diverse toxic insults may therefore offer greater practical relevance than agents with narrow specificity.
Quercetin treatment also improved liver function and oxidative stress markers, confirming its established antioxidant potential (Boots et al., 2008; Li et al., 2016). Quercetin significantly reduced AST, ALP, and bilirubin levels while improving CAT and SOD activities. These effects are consistent with its ability to scavenge free radicals, chelate metal ions, and activate antioxidant signaling pathways such as Nrf2 (Xu et al., 2019).
However, the protective effects of quercetin were less consistent than those of G. latifolium, particularly with respect to GPx activity and MDA reduction. One possible explanation is limited bioavailability. Quercetin undergoes extensive metabolism in the intestine and liver, producing conjugated forms with reduced antioxidant activity (Boots et al., 2008). Rapid elimination and poor solubility may further restrict its effective concentration at target tissues.
In contrast, plant extracts contain multiple compounds that may enhance absorption, prolong circulation time, and improve tissue distribution. Some phytochemicals can inhibit metabolic enzymes, thereby increasing the bioavailability of coexisting compounds. This pharmacokinetic synergy may contribute to the superior performance of G. latifolium observed in this study.
The moderate glucose-lowering effect observed following treatment suggests that both quercetin and G. latifolium may improve metabolic stability disrupted by oxidative stress. Lead-induced hyperglycemia has been linked to mitochondrial dysfunction, insulin resistance, and inflammatory signaling (Valko et al., 2007). Oxidative stress impairs pancreatic β-cell function and disrupts glucose transport mechanisms, leading to metabolic imbalance.
Restoration of antioxidant defenses may indirectly normalize glucose metabolism by reducing inflammatory mediators and improving mitochondrial efficiency. Flavonoids and phenolic compounds are known to enhance insulin sensitivity and regulate glucose uptake pathways (Ugochukwu & Babady, 2003; Lamas et al., 2016). Therefore, the observed glucose regulation may represent an additional therapeutic benefit of these interventions.
From a public health perspective, the findings are highly relevant for communities with persistent environmental lead exposure and limited access to medical treatment. Chelation therapy remains expensive and often unavailable in low-resource settings, and its long-term use is associated with adverse effects (Sears, 2013). In contrast, Gongronema latifolium is widely cultivated, culturally accepted, and affordable in many parts of West Africa. Its incorporation into diets or development as a standardized supplement could offer a practical preventive strategy against lead-induced liver damage.
The cultural acceptability of G. latifolium further enhances its potential for community-level interventions. Traditional familiarity may promote adherence and sustained use, which are essential for chronic exposure management. Integrating scientific validation with indigenous knowledge systems may therefore strengthen public health responses to environmental toxicity.
 


 


4. Conclusion


This study demonstrated that chronic lead exposure causes significant liver dysfunction and oxidative stress in male Wistar rats, as evidenced by elevated liver enzymes, increased bilirubin, reduced protein synthesis, depletion of antioxidant enzymes, and increased lipid peroxidation. Both quercetin and Gongronema latifolium leaf extract reduced these toxic effects. However, Gongronema latifolium, particularly at medium and high doses, showed stronger and more consistent restoration of liver function and antioxidant status.
The superior protective effect of Gongronema latifolium is likely related to its diverse phytochemical composition, which provides multi-target antioxidant and anti-inflammatory activity. These findings support its potential as a natural, accessible hepatoprotective agent in populations exposed to lead.
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