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Restoration of Ovarian Function and Hormonal Balance by Vernonia calvoana in Heavy-Metal-Intoxicated Rats


Abstract
Heavy metal contamination in groundwater, particularly in the Niger Delta, induces oxidative stress and endocrine disruption. This study aimed to evaluate the restorative potential of Vernonia calvoana extract fractions on hormonal parameters and ovarian histoarchitecture in female Wistar rats chronically exposed to heavy-metal-laden water sourced from Azikoro, Bayelsa State. Methodology involved assigning thirty female rats to six groups: normal control, negative control (Azikoro well water), positive control (Vitamin C), and three treatment groups receiving 400 mg/kg of V. calvoana aqueous, methanol, and n-hexane fractions. After 30 days of oral treatment, serum concentrations of follicle-stimulating hormone (FSH), luteinizing hormone (LH), estradiol, and progesterone were quantified via ELISA, and ovarian tissues were examined histopathologically. Results showed Azikoro well water contained toxic levels of metals exceeding WHO limits, Iron (3.826 ± 1.05mg/L), Cadmium (0.046 ± 0.00mg/L), Nickel (0.840 ± 0.00mg/L), Lead (0.059 ± 0.00mg/L), and Cobalt (0.123 ± 0.00mg/L). Exposure significantly suppressed hormonal levels in negative control group compared to normal control group  at 95% confidence level: FSH (6.03 ± 1.13 vs 15.00 ± 1.73 mIU/mL), LH (7.00 ± 0.29 vs 20.00 ± 2.89 mIU/mL), progesterone (35.33 ± 0.33 vs 50.00 ± 9.24 ng/mL), and estradiol (22.00 ± 1.53 vs 25.00 ± 0.58 pg/mL). The aqueous fraction exhibited superior restorative efficacy, increasing FSH to 11.67 ± 1.48 mIU/mL, LH to 16.00 ± 0.29 mIU/mL, and progesterone to 42.00 ± 1.15 ng/mL. Histopathology confirmed that while heavy metals caused stroma degradation, aqueous treatment restored mature Graafian follicles and viable oocytes. In conclusion, Vernonia calvoana, especially its aqueous fraction, effectively mitigates heavy-metal-induced reproductive toxicity by normalizing hormonal profiles and restoring ovarian structural integrity.
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1. Introduction
Exposure to heavy metals, such as cadmium (Cd), lead (Pb), and mercury (Hg), represents a critical global environmental health challenge, particularly in developing nations where water contamination is common (Jaishankar et al., 2014; Kouam et al., 2022). These xenobiotics are highly toxic, even at low doses, and accumulate readily in biological systems (Laib et al., 2024; Tchounwou et al., 2014). The fundamental mechanism driving the deleterious effects of heavy metals is the induction of oxidative stress, characterized by an imbalance between pro-oxidants (reactive oxygen species, ROS) and the body’s endogenous antioxidant defenses (Ekhator et al., 2022; Laib et al., 2024; Ossai et al., 2023). ROS production leads to oxidative insult, causing systemic damage to lipids, proteins, and DNA while significantly decreasing crucial antioxidant biomarkers such as Superoxide Dismutase (SOD) and Catalase (CAT) (Dąbrowska et al., 2019; Ekhator et al., 2022).
In Nigeria, cities within the Niger Delta, such as Yenagoa, face severe shortages of potable pipe-borne water, forcing residents to rely heavily on groundwater from shallow boreholes and hand-dug wells (Ekong et al., 2012; Opukumo& Oki, 2021). Azikoro, a prominent community within the Atissa Clan of the Yenagoa metropolis, is particularly vulnerable to groundwater pollution. Hydrochemical assessments in Azikoro have revealed that while general physicochemical parameters often fall within standard limits, the Heavy Metal Pollution Index (HPI) frequently exceeds critical safety thresholds, significantly influenced by high concentrations of cadmium and lead (Egbo&Eremasi, 2022). Groundwater in this area is susceptible to contamination from septic tanks, waste dump sites, and the community cemetery, where microbial activities from decaying organic matter pose a major threat to shallow aquifers (Bunonyo et al., 2022; Tariwari et al., 2015). Beyond standard indices, recent quantifications using Atomic Absorption Spectrophotometry (AAS) have identified a diverse metallic load in Azikoro’s local wells, including Iron (Fe), Chromium (Cr), Cadmium (Cd), Nickel (Ni), Copper (Cu), Lead (Pb), Cobalt (Co), and Mercury (Hg).
The toxicity of these heavy metals extends profoundly to the endocrine system, where they act as potent endocrine disruptors associated with female infertility and reproductive dysfunction (Monsefi & Fereydouni, 2013; Obi et al., 2018). Exposure to metals like cadmium alters steroidogenesis and disrupts the menstrual cycle, while aluminum has been shown to decrease serum levels of Estradiol, Follicle Stimulating Hormone (FSH), and Progesterone (Chedrese et al., 2006; Olawuyi et al., 2024). Given the essential role of oxidative stress in the female reproductive tract, the search for effective interventions is urgent (Alam et al., 2019; Noh et al., 2020). Vernonia calvoana (sweet bitter leaf) is an edible medicinal plant widely used in West African folk medicine for inflammatory diseases and reproductive health (Iwara et al., 2015; Mbemi et al., 2020; Iwara et al., 2023). While the crude extract and its polar fractions possess significant antioxidant activities, a significant knowledge gap remains regarding the potential of isolated fractions of V. calvoana to mitigate the specific hormonal disruption and systemic oxidative stress induced by the multi-metal-laden water characteristic of the Azikoro community (Nwaehujor & Uwagie-Ero, 2020). This study, therefore, evaluates the potential of these fractions on hormonal parameters in female Wistar rats exposed to contaminated water sourced directly from a local well in Azikoro.
Aim and Objectives
The primary aim of this study was to evaluate the effects of extract fractions of Vernonia calvoana (sweet bitter leaf) on hormonal parameters in female albino Wistar rats chronically exposed to heavy-metal-laden water sourced from the Azikoro community.
The objectives of the study were to:
1. Quantify the concentration of heavy metalsspecifically Iron (Fe), Chromium (Cr), Cadmium (Cd), Nickel (Ni), Copper (Cu), Lead (Pb), Cobalt (Co), and Mercury (Hg)in the local well water of Azikoro village.
2. Determine the capacity of isolated V. calvoana fractions (aqueous, methanol, and n-hexane) to normalize serum levels of key female reproductive hormones, including Follicle Stimulating Hormone (FSH), Luteinizing Hormone (LH), Estradiol (E2), and Progesterone, following chronic heavy metal intoxication.
3. Assess the ameliorative effect of these plant fractions on the ovarian histoarchitecture, examining their ability to restore viable oocytes and well-defined follicular cortex-medulla structures from the irregular proliferation and stroma damage induced by the metallic cocktail.

2. Materials and Methods
2.1 Description of the Study Area
The study was conducted using environmental resources from the Azikoro community, located in the Atissa Clan of Yenagoa Local Government Area, Bayelsa State, Nigeria. The community lies between Longitude 6°15′ East and Latitude 4°55′ North. It falls within the equatorial climatic belt, characterized by high temperatures (26–28 °C), high relative humidity (80–85%), and heavy annual rainfall ranging from 3,000 mm to 3,500 mm.
Geologically, Azikoro is situated within the lower delta plain of the Niger Delta Basin, where the Benin Formation serves as the primary water-bearing unit. Groundwater is mainly obtained from shallow unconfined aquifers at depths of 20–40 m. These aquifers are highly susceptible to contamination from localized pollution sources, including septic tanks, waste dump sites, and the community cemetery, which may impair water quality through leachate infiltration and decaying organic matter.
2.2 Collection and Characterization of Heavy-Metal-Laden Water
The heavy-metal-laden water given to the test animals was obtained from a local well in the Azikoro community. This source was selected due to established reports that the Heavy Metal Pollution Index (HPI) in Azikoro groundwater frequently exceeds critical safety thresholds. Water samples were collected in prewashed high-density polypropylene (HDPP) bottles following standard World Health Organization (WHO) guidelines for water quality sampling.
To precisely quantify the metallic load, Atomic Absorption Spectrophotometry (AAS) was employed to analyze the concentrations of Iron (Fe), Chromium (Cr), Cadmium (Cd), Nickel (Ni), Copper (Cu), Lead (Pb), Cobalt (Co), and Mercury (Hg). This comprehensive characterization ensured the identification of the specific metallic cocktail responsible for inducing oxidative stress in the experimental models.
2.3 Plant Material Collection and Extraction
Fresh leaves of Vernonia calvoana were collected from the university vicinity and authenticated in the Department of Botany, University of Calabar, Nigeria, where a voucher specimen was deposited (BCH/VC/01). The leaves were washed, air-dried for seven days, and pulverized. The powdered material was macerated separately in 80% methanol and 80% n-hexane for 48 h at 4–8 °C with intermittent agitation. The resulting filtrates were concentrated using a rotary evaporator at 40–50 °C and stored at 4 °C until use.
2.4 Experimental Animals and Management
Thirty (30) female albino Wistar rats (90–120 g) were obtained from the Department of Pharmacology Animal House, Niger Delta University, Nigeria. Animals were acclimatized for seven days under standard laboratory conditions with free access to feed and water. All experimental procedures were conducted in accordance with the Institute for Laboratory Animal Research (ILAR) guidelines for the care and use of laboratory animals (National Research Council, 2011).
2.5 Experimental Design and Treatment Protocol
The rats were randomly assigned into six groups (n = 5) and treated orally (via orogastric intubation) twice daily for 30 days as follows:
· Group 1 (Normal Control): Normal saline.
· Group 2 (Negative Control):Azikoro heavy-metal-laden water + normal saline.
· Group 3 (Positive Control): Heavy-metal water + Vitamin C.
· Group 4 (Crude Extract): Heavy-metal water + crude extract of V. calvoana (400 mg/kg bwt).
· Group 5 (Methanol Fraction): Heavy-metal water + methanol extract of V. calvoana (400 mg/kg bwt).
· Group 6 (n-Hexane Fraction): Heavy-metal water + n-hexane extract of V. calvoana (400 mg/kg bwt).
The 400 mg/kg dose was selected based on reported subacute safety data showing no toxicity within the 200–600 mg/kg range and an LD₅₀ greater than 5000 mg/kg, indicating an adequate safety margin for therapeutic evaluation (Unuofin et al., 2018).
2.6 Blood Sample Collection, Hormonal Assays and Histology
Animals were sacrificed 12 h after the final treatment. Blood was collected via cardiac puncture into plain and lithium-heparin tubes and centrifuged at 4,000 rpm for 10 min. Serum was separated and stored at −20 °C until analysis. Serum concentrations of Estradiol (E2), Progesterone, Follicle-Stimulating Hormone (FSH), and Luteinizing Hormone (LH) were determined using Enzyme-Linked Immunosorbent Assay (ELISA) techniques with commercially available analytical kits as described by Zhang et al. (2022).
For histological evaluation, ovarian tissues were excised immediately after sacrifice, rinsed in normal saline, and fixed in 10% neutral buffered formalin. The tissues were processed using standard histological procedures involving dehydration in graded ethanol, clearing in xylene, and embedding in paraffin wax. Paraffin blocks were sectioned at approximately 4–5 µm thickness using a microtome, mounted on glass slides, and stained with hematoxylin and eosin (H&E). The stained sections were examined under a light microscope for histoarchitectural changes following established tissue processing methods (Aziz & Zeman-Pocrnich, 2022).
2.7 Statistical Analysis
Data were analyzed using SPSS version 20, with results expressed as mean ± SEM. Statistical significance was determined using one-way ANOVA followed by Tukey’s post hoc test, with P < 0.05 considered significant.

3. Results
Analysis of Azikoro well water revealed Iron, Cadmium, Nickel, Lead, and Cobalt levels exceeding WHO safety thresholds (Table 1). Chronic exposure induced severe endocrine disruption, significantly reducing serum FSH, LH, Estradiol, and Progesterone (Table 2). The aqueous fraction of Vernonia calvoana exhibited superior efficacy, effectively normalizing these hormonal indices (Table 2). Histopathology confirmed these results; while the negative control showed severe stroma degradation (Plate 1B), aqueous treatment successfully restored viable oocytes and mature Graafian follicles (Plate 1D). In contrast, the methanolic fraction promoted only early primary follicles (Plate 1E).




Table 1: Heavy Metal Concentration in Well Water from Azikoro Community 
	Metals mg/L
	Azikoro’s Well Water
	WHO Limit (WHO 2017; WHO 2022)

	Fe
	3.826 ± 1.05
	0.3

	Cr
	0.043 ± 0.00
	0.05

	Cd
	0.046 ± 0.00
	0.003

	Ni
	0.840 ± 0.00
	0.07

	Cu
	0.092 ± 0.00
	2.00

	Pb
	0.059 ± 0.00
	0.01

	Co
	0.123 ± 0.00
	0.002

	Hg
	0.003 ± 0.00
	0.006





Table 2: Effect of Vernonia calvoanaon Female Hormone of Wistar rats
	SAMPLES
	FSH (mIU/mL)
	LH (mIU/mL)
	PROG (ng/mL)
	E2(pg/mL)

	A
	15.00 ± 1.73a
	20.00 ± 2.89a
	50.00 ± 9.24a
	25.00 ± 0.58a

	B
	6.03 ± 1.13b
	7.00 ± 0.29b
	35.33 ± 0.33a
	22.00 ± 1.53a

	C
	8.00 ± 0.29ab
	9.00 ± 0.58bd
	43.50 ± 5.35a
	20.00 ± 2.89a

	D
	11.67 ± 1.48ab
	16.00 ± 0.29ac
	42.00 ± 1.15a
	23.00 ± 0.58a

	E
	11.83 ± 1.45ab
	12.00 ± 0.58bc
	32.67 ± 1.45a
	19.33 ± 0.67a

	F
	9.67 ± 2.91ab
	14.00 ± 0.58cd
	33.33 ± 2.40a
	18.00 ± 1.53a

	
	
	
	
	


Keys: Data reported as mean + standard deviations, values bearing different superscripts on the same column differ significantly (p<0.05), while ones with the same superscripts indicate no significant difference (p>0.05) using ANOVA Tukey’s Post hoc test. Group A= Normal Saline;  Group B = Heavy metals laden water + Normal Saline; Group C = Heavy metals laden water + 400mg/kg Vitamin C; Group D = Heavy metals laden water + 400mg/kg Aqueous Extract V.C; Group E = Heavy metals laden water + 400mg/kg Methanol Extract V.C; Group F = Heavy metals laden water + 400mg/kg n-Hexane Extract V.C.

[image: ]
Plate 1: Representative Ovarian Photomicrographs (×400)
Ovarian sections from control and treated groups are shown. A (Normal control) displays a well-defined cortex and medulla with primary and secondary follicles containing viable oocytes. B (Negative control) shows poorly defined ovarian architecture with irregularly proliferating primary follicles and a cellular fibrovascular stroma. C (Positive control, vitamin C) demonstrates restored ovarian architecture with follicles at various stages of maturation. D (400 mg/kg aqueous extract of Vernonia calvoana) reveals primary, secondary, and mature Graafian follicles within a fibrovascular stroma. E (400 mg/kg methanolic extract) shows a defined cortex and medulla with predominantly early primary follicles and a secondary follicle with an antral space. F (400 mg/kg n-hexane extract) exhibits marked follicular proliferation, including primordial, primary, secondary, and mature Graafian follicles. 
4. Discussion
This study demonstrates that chronic exposure of female albino Wistar rats to heavy-metal-laden water from the Azikoro community induces significant reproductive endocrine disruption and ovarian structural damage, while treatment with Vernonia calvoana extract fractions, particularly the aqueous fraction, markedly ameliorates these effects. Rats in the negative control group showed profound reductions in serum follicle-stimulating hormone (FSH), luteinizing hormone (LH), estradiol, and progesterone, accompanied by severe ovarian histoarchitectural distortion, including poor cortico-medullary definition and abnormal follicular development. These findings indicate impairment of the hypothalamic–pituitary–gonadal (HPG) axis, consistent with toxicant-induced reproductive dysfunction.
The hormonal suppression observed following metal exposure aligns with previous reports of heavy-metal-associated reproductive toxicity. Similar reductions in LH, FSH, and progesterone have been documented following aluminum chloride exposure (Olawuyi et al., 2024) and lead toxicity (Obi et al., 2018). In contrast, Godam et al. (2021) reported elevated gonadotropin levels following cadmium chloride exposure, suggesting that reproductive outcomes may vary depending on metal type, dose, and exposure complexity. The mixed-metal composition of the Azikoro water may therefore account for the more pronounced endocrine suppression observed in the present study.
Administration of V. calvoana fractions significantly improved hormonal profiles and ovarian morphology, with the aqueous fraction producing the most pronounced restorative effects. The normalization of gonadotropins and ovarian steroid hormones in treated groups was accompanied by improved follicular organization and the presence of mature Graafian follicles, indicating recovery of ovarian functional integrity. Comparable ovarian protection has been reported with Xylopia aethiopica (Godam et al., 2021) and herbal formulations used in metal-induced toxicity models (Olawuyi et al., 2024).
The protective effects of V. calvoana are supported by earlier studies demonstrating the antioxidant and anti-inflammatory properties of Vernonia species. Akinpelu et al. (2024) and Ossai et al. (2023) showed that Vernonia extracts attenuate oxidative damage and modulate inflammatory responses in cadmium- and drug-induced toxicity models. Although Nwaehujor and Uwagie-Ero (2020) reported stronger in vitro antioxidant activity in methanolic fractions, the present in vivo findings suggest that aqueous constituents may be more biologically effective, potentially due to improved bioavailability or synergistic interactions under physiological conditions.
Phytochemical studies provide further insight into the reproductive benefits observed. Long-chain unsaturated fatty acids such as linoleic and oleic acids have been identified in V. calvoana leaf fractions (Iwara et al., 2017; Iwara et al., 2018) and are known to influence reproductive signaling pathways, including gonadotropin release and estrogen responsiveness (Moriyama et al., 2016; Adetunji et al., 2025). Palmitic acid, also present in the plant, has demonstrated affinity for estrogen and progesterone β-receptors in molecular docking studies, suggesting a role in modulating hormone-receptor interactions relevant to reproductive function (Nagy et al., 2024). In addition, the flavonoid and polyphenolic constituents of V. calvoana exhibit phytoestrogenic properties due to structural similarity with 17β-estradiol (Iwara et al., 2013; Liu et al., 2025), enabling interaction with estrogen receptors and modulation of estrogen-dependent signaling (Canivenc-Lavier&Bennetau-Pelissero, 2023; Liu et al., 2025).
Phytol, identified in the n-hexane fraction, serves as a precursor of phytanic acid and has been associated with activation of peroxisome proliferator-activated receptor-γ (PPARγ), which links metabolic status with reproductive regulation (Iwara et al., 2018; Adetunji et al., 2025). Steroidal saponins present in the leaves may further contribute to reproductive modulation through interaction with sex hormone-related pathways (Adetunji et al., 2025).
In summary, the findings indicate that Vernonia calvoana, particularly its aqueous fraction, effectively mitigates heavy-metal-induced oxidative and endocrine disturbances, restoring hormonal balance and ovarian architecture. These effects are consistent with previously reported antioxidant, phytoestrogenic, and reproductive-supportive properties of Vernonia species, supporting the potential use of V. calvoana as a natural intervention in environments impacted by heavy metal contamination.

5. Conclusion
This study demonstrates that chronic exposure to heavy metal-laden water induces significant reproductive endocrine disruption and ovarian structural damage. However, treatment with Vernonia calvoanaextract fractions, particularly the aqueous fraction, effectively mitigates these effects by normalizing serum hormonal levels and restoring ovarian architecture. These findings support the potential of V. calvoana as a natural therapeutic intervention in environments impacted by heavy metal contamination.
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