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AMELIORATIVE EFFECTS OF ETHANOLIC EXTRACT OF VERNONIA AMYGDALINA LEAVES ON TESTICULAR DAMAGE IN ALLOXAN-INDUCED DIABETIC MALE WISTAR RATS


ABSTRACT
Aim: To evaluate the ameliorative effects of ethanolic extract of Vernonia amygdalina leaves on testicular damage in alloxan-induced diabetic male wistar rats.
Methodology: Thirty adult male Wistar rats were randomly divided into six groups (A–F, n = 5). Group A served as control and received only food and distilled water. Group B was induced with alloxan only. Group C received 100 mg/kg V. amygdalina extract, while Group D received the same dose for two weeks prior to alloxan induction. Groups E and F received alloxan followed by low (100 mg/kg) and high (200 mg/kg) doses of the extract, respectively, for 30 days. At the end of the experiment, blood samples were collected for testosterone assay, and testes were excised for semen analysis, morphometry, and histological evaluation.
Results: Alloxan induction caused significant (p < 0.05) reductions in sperm motility and count (65.00 ± 2.88% vs. 85.00 ± 2.88% in controls) and decreased testicular weight. Treatment with V. amygdalina extract improved sperm motility and count, especially at 200 mg/kg. The mean body weight increased significantly (p < 0.05) from 146.00 ± 2.44 g before to 202.00 ± 2.00 g after extract administration. Histological sections of alloxan-only testes showed severe degeneration, spermatogenic arrest, and Sertoli cell loss, while extract-treated groups displayed partial to near-complete restoration of seminiferous tubules with active spermatogenesis and mild interstitial fibrosis.
Conclusion: Ethanolic extract of Vernonia amygdalina exhibits dose-dependent protective and restorative effects on alloxan-induced testicular damage in diabetic male Wistar rats. These findings suggest its potential as a natural therapeutic agent for diabetes-related testicular dysfunction and infertility.
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BACKGROUND OF THE STUDY
[bookmark: _Hlk211416115]A number of reviews have documented the use of medicinal plants in the management of diabetes mellitus across different regions of the world ranging from West Africa to Central America [1 - 3]. They also further emphasized the dependence of large populations on traditional medicine for the treatment of chronic diseases, including diabetes. This reliance on herbal medicine is supported by the World Health Organization (WHO) Fact Sheet No. 134 (WHO, 2013), which estimates that approximately 80% of the population in African and Asian countries depend on traditional medicine as an accessible, affordable, and culturally acceptable form of healthcare [4]. In many resource-limited settings, traditional medicine remains a viable means of managing the increasing burden of chronic non-communicable diseases amidst rising healthcare costs and limited access to conventional treatment options [5, 6].	Comment by Unknown Author: Please refer to the journal’s reference guide
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Ethnobotanical surveys conducted in Nigeria have identified numerous plants used traditionally for the management of diabetes [7, 8]. Medicinal plants are employed either as the primary therapeutic option or as complementary therapy alongside conventional medicine. Field observations by the Abo et al., indicate that approximately 50% of diabetic patients attending hospitals in major Nigerian cities such as Lagos and Benin have used some form of herbal medicine during the course of their disease management [7]. Unfortunately, information regarding the clinical identity, dosage, and efficacy of the herbal products used is often unavailable. Herbal practitioners frequently guard the composition of their preparations as trade secrets, and many patients regard herbal remedies as inherently safe, showing little interest in their constituents. This lack of transparency makes it difficult to ascertain the clinical efficacy or potential adverse effects of such preparations.	Comment by Unknown Author: Italicize also check reference guideline of the journal
Among the various plants used traditionally, Vernonia amygdalina (VA), commonly known as bitter leaf, has gained attention for its potential antidiabetic, antioxidant, and fertility-enhancing properties. V. amygdalina belongs to the family Asteraceae (Compositae)—one of the largest families of flowering plants, comprising over 1,620 genera and 23,600 species [9]. The genus Vernonia consists of approximately 1,000 species, most of which are shrubs and forbs, with V. amygdalina being the most common and widely distributed in tropical Africa [10]. The plant, which grows up to 1–5 meters in height, is native to Nigeria, Zimbabwe, and South Africa, and is domesticated in several parts of West Africa [10, 11]. V. amygdalina is known by several local names in Nigeria—“Onugbu” (Igbo), “Ewuro” (Yoruba), “Oriwo” (Bini), “Ityuna” (Tiv), “Chusar doki” or “Fatefate” (Hausa), and “Etidot” (Ibibio) [12]. Traditionally, the roots and leaf decoctions are used to treat fever, kidney problems, stomach pain, cough, diarrhoea, dysentery, and hepatitis [13, 14]. The plant is also reported to act as a laxative, fertility enhancer, and anthelmintic agent in both humans and non-human primates [15]. In addition, it is used as a general tonic and in the management of hypertension and parasitic infestations [16, 17].
In experimental research, alloxan is widely employed to induce Type 1 diabetes mellitus in animal models. Alloxan, a urea derivative, selectively destroys the insulin-producing β-cells of the pancreatic islets, leading to hyperglycemia [8]. The compound has been successfully used to induce diabetes in laboratory animals such as rabbits, Wistar rats, mice, and dogs, with disease severity dependent on dosage and animal species.
The testis is a vital component of the male reproductive system responsible for sperm production and secretion of androgens, primarily testosterone. Testosterone secretion is regulated by luteinizing hormone from the anterior pituitary, whereas sperm production is influenced by both follicle-stimulating hormone and testicular testosterone [18]. Anatomically, the testes are enclosed within the scrotum and suspended by the spermatic cord, which contains blood vessels, nerves, and ducts. Structural and functional impairment of the testes due to diabetes or toxin exposure can lead to reduced spermatogenesis, altered testosterone levels, and infertility [18].
Given the established ethnomedicinal use of Vernonia amygdalina and the pathophysiological link between diabetes and testicular dysfunction, exploring the ameliorative potential of V. amygdalina extract on alloxan-induced testicular damage in Wistar rats provides valuable insight into its therapeutic efficacy and possible role in male reproductive health.



MATERIALS AND METHODS
Location of Study
The study was conducted in the animal house of Faculty of Basic Medical Sciences, Chukwuemeka Odumegwu Ojukwu University, Uli, Anambra state.
Ethical Consideration
[bookmark: _GoBack]The experimental procedure was approved by the ethics committee of Chukwuemeka Odumegwu Ojukwu University Uli.  
Alloxan Procurement and Extract Formation
Alloxan monohydrate was purchased from a reputable pharmacy in Onitsha, Anambra State, Nigeria. Fresh leaves of Vernonia amygdalina (bitter leaf) were collected from a local farm in Uli, Ihiala Local Government Area, Anambra State, Nigeria, and authenticated by a botanist at the Department of Botany. The leaves were washed with distilled water to remove debris and air-dried at ambient temperature (25–28°C) until a constant weight was obtained. The dried leaves were then pulverized into a coarse powder using a clean mechanical grinder. A total of 250 g of the powdered V. amygdalina leaves was macerated in 1,000 mL of 95% absolute ethanol (JHD Chemicals, Guangdong, China) for 48 hours with intermittent shaking to ensure thorough extraction. The mixture was first filtered through a clean muslin cloth and subsequently through Whatman No. 1 filter paper to obtain a clear filtrate. The filtrate was concentrated under reduced pressure using a rotary evaporator (Model TT-52, Techmel & Techmel, USA) at 45°C. The concentrated extract was further dried in a laboratory hot-air oven (Model DGH-9023A, PEC Medical, USA) at 45°C to yield a semi-solid, gel-like residue. The resulting ethanolic extract was stored in an airtight container and refrigerated at 4°C (Nexus refrigerator) until required for experimental use. The prepared extract was reconstituted in distilled water to the desired concentrations prior to administration. All experimental administrations were performed via oral gavage to ensure accurate dosing and minimize variability in intake.
Experimental Design
Thirty (30) healthy male Wistar rats weighing between 100–150 g were used for this study. The animals were obtained and housed in the Animal House of the Faculty of Basic Medical Sciences, Chukwuemeka Odumegwu Ojukwu University, Uli, under standard laboratory conditions (temperature 25 ± 2°C, 12 h light/dark cycle, and adequate ventilation). They were fed standard commercial rat pellets and given water ad libitum for two weeks to allow for acclimatization prior to the commencement of the experiment.
After acclimatization, the rats were randomly allocated into six (6) experimental groups of five (5) animals each as follows:
Group A: Received feed and distilled water only.
Group B: Induced with alloxan only.
Group C: Received 100 mg/kg body weight of ethanolic extract of Vernonia amygdalina leaves.
Group D: Received 100 mg/kg body weight of extract for two weeks prior to induction with alloxan.
Group E: Induced with alloxan followed by administration of 100 mg/kg body weight of extract.
Group F: Induced with alloxan followed by administration of 200 mg/kg body weight of extract.
The experimental period lasted for five (5) weeks. Diabetes was induced by a single intraperitoneal injection of alloxan monohydrate at a dose of 120 mg/kg body weight, freshly dissolved in 0.9% w/v cold normal saline, administered to overnight-fasted rats (12 h). To prevent hypoglycemia, the animals were provided with 10% glucose solution for 24 hours post-induction. After 72 hours, fasting blood glucose levels were measured using a glucometer, and animals with glucose levels above 200 mg/dl were considered diabetic and included in the study. Body weights of all rats were recorded weekly throughout the experimental period to monitor weight changes. At the end of the study, the animals were anaesthetized and sacrificed. Blood samples were collected for biochemical analysis, while testes were excised for histopathological examination and semen samples were collected for analysis of sperm parameters.
Measurement of Semen Parameters
Sperm motility: Sperm cells were obtained from the caudal epididymis, mixed with 990 μL of physiological solution (paraformaldehyde and sodium citrate; 1:20), and 5 μL of the suspension was examined under 100× magnification using a negative phase-contrast microscope (XSZ-107BN). Motility was evaluated in three random fields and expressed as the percentage of motile sperm from the total count [19].
Total sperm count: A 10 μL aliquot of the diluted sample was loaded into a Neubauer hemocytometer and examined under light microscopy at 400×. Sperm concentration was calculated based on the counted cells and chamber dimensions, expressed as millions per milliliter [19].
Sperm morphology: About 20 μL of sperm suspension was fixed with 95% ethanol for 5–10 min, air-dried, and stained using carbon fuchsin (1:20) for 3 min, followed by counterstaining with dilute Loeffler’s methylene blue (1:20) for 2 min. Slides were rinsed, air-dried, and examined microscopically to determine morphological integrity [19].
Tissue Processing
Tissue sections were prepared using standard histological procedures, including fixation, dehydration, clearing, impregnation, embedding, sectioning, mounting, and staining. Photomicrographs of the relevant stained sections were obtained using a light photomicroscope.
Fixation: Following excision and weighing, small portions of the testes were immediately fixed in 10% formol-saline to preserve cellular and tissue architecture and prevent autolysis and putrefaction. Fixation is a critical step in tissue processing, as it not only prevents tissue degradation but also hardens the specimen, enabling it to withstand subsequent chemical treatments and facilitating easy handling during processing.
Dehydration: After fixation, tissues were dehydrated through ascending grades of ethanol (50%, 70%, 90%, 95%, and 100%) for two hours each, with the absolute alcohol stage repeated twice. Gradual dehydration prevented cellular distortion that could occur if the tissues were transferred directly to absolute alcohol. Adequate time was allowed in absolute alcohol to ensure complete removal of water.
Clearing: The dehydrated tissues were cleared in xylene twice for one to two hours each. Clearing replaced the dehydrating agent with a medium miscible with paraffin wax, rendering the tissues transparent. Care was taken to avoid overexposure, which could make tissues brittle. Xylene was chosen for its efficiency in removing alcohol and compatibility with paraffin.
Impregnation: Tissues were infiltrated with molten paraffin wax at a constant temperature of 56°C (approximately 3°C above the melting point of the wax) using a thermostatically controlled oven. Each tissue was passed through two changes of molten wax, four hours each, to ensure complete replacement of xylene with wax. This process, also referred to as infiltration, rendered the tissue firm and suitable for embedding.
Embedding: Embedding involved orienting the infiltrated tissues in molten paraffin wax at 56–60°C in metallic moulds. The tissues were allowed to cool and solidify, forming firm tissue blocks. The solidified paraffin blocks were trimmed and mounted on wooden holders, serving as support during microtomy.
Sectioning: Sectioning was performed using a rotary microtome. The tissue blocks were secured on the wooden holders, and thin sections of approximately 5 µm were obtained. The ribbons of sections were floated on a warm water bath maintained at 37°C to remove wrinkles and ensure flattening. The best sections were picked using fine forceps and mounted on albuminized glass slides. The slides were labeled with diamond pencils and arranged on racks, then placed in an oven to facilitate adhesion and drying prior to staining.
Staining: Staining was carried out using Ehrlich’s hematoxylin and eosin (H&E) technique to differentiate cellular structures. The staining procedure was as follows:
· The paraffinized slides were cleared in xylene for 3 minutes and rehydrated through descending grades of alcohol (absolute alcohol, 90%, 70%, and 30%) for 2 minutes each, then rinsed in distilled water for 1 minute.
· The tissues were stained in hematoxylin solution for 30 minutes, rinsed in water to remove excess dye, and differentiated in 1% acid alcohol for 1 minute. The slides were then blued under running tap water to develop the characteristic blue nuclear coloration.
· The sections were counterstained in eosin solution for 10 minutes to impart cytoplasmic coloration.
· After staining, the tissues were dehydrated in ascending grades of alcohol (50%, 70%, 90%, and absolute alcohol) for 1 minute each and cleared in xylene for 1 minute.
Staining imparted contrast between tissue components, enhancing the visibility of histological details for microscopic evaluation.
Mounting: The stained slides were carefully removed from the racks with forceps and placed on filter paper. Gentle blotting was performed in one direction to remove excess fluid. A few drops of xylene were applied to moisten the slide, followed by a drop of Dibutyl Phthalate Xylene (DPX) mountant placed centrally to minimize air bubble entrapment. A clean coverslip was then carefully lowered over the specimen until contact with the mountant was achieved. The slides were allowed to dry and harden before photomicrographic examination.
Statistical Analysis
Data were analyzed using the Statistical Package for the Social Sciences (SPSS, Version 23.0, IBM Corporation, USA). Results were expressed as mean ± standard error of mean (SEM). Variations in blood glucose levels among the experimental groups were analyzed using one-way analysis of variance (ANOVA) followed by the Least Significant Difference (LSD) post hoc test. Changes in body weight were evaluated using the paired Student’s t-test. Differences were considered statistically significant at p < 0.05.

Results & Discussion


Fig 1 Effect of ethanolic leaf extract of Veronia amygdalina on relative testicular weight in alloxan-induced toxicity. Result showed a non-significant (p>0.05) decrease in the testicular weight in-group B compared to A, group C and D had a significant (p<0.05) increase, while group E and F had a non-significant (p>0.05) increase compared to group B. 	Comment by Unknown Author: Results should be clearly described in a concise manner. Results for different parameters should be described under subheadings or in separate paragraph. 
It is suggested that the discussion about the tables and figures should appear in the text before the appearance of the respective tables and figures. No tables or figures should be given without discussion or reference inside the text. 



Fig 2 Effect of ethanolic leaf extract of Veronia amygdalina on sperm morphology in alloxan-induced toxicity. Result revealed a significant (p<0.05) decrease in the normal sperm cells in-group B compared to A, group C,  D, E, and F had significant (p<0.05) increase compared to group B. The abnormal sperm cells result showed a significant (p<0.05) increase in-group B compared to A, group C, D, E, and F had significant (p<0.05) decrease compared to group B.	Comment by Unknown Author: Ditto for all
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Fig 3 Effect of ethanolic leaf extract of Veronia amygdalina on sperm motility in alloxan-induced toxicity. Result revealed a significant (p<0.05) decrease in the active sperm cells in-group B compared to A, group C had a significant increase, while group D, E, and F had a non-significant (p>0.05) increase compared to group B. The sluggish motility result showed significant (p<0.05) increase in-group B compared to A, group C had a significant decrease, while group D, E, and F had a non-significant (p>0.05) decrease compared to group B.
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Fig 4 effect of ethanolic leaf extract of Veronia amygdalina on total sperm count in alloxan-induced toxicity. Result revealed a significant (p<0.05) decrease in the total sperm count in-group B compared to A, group C, D, E, and F had significant (p<0.05) increase compared to group B.








Fig 5 Effect of ethanolic leaf extract of Veronia amygdalina on blood glucose level in alloxan-induced toxicity at day 0 and 7. Result revealed a significant (p<0.05) increase in the blood glucose level in-group B, E, and F, group C and D had a non-significant (p>0.05) increase compared to group A at Day 0. At day 7, a significant lowered level of blood glucose level was seen in-group C, D, E, and F, group A had a significant (p<0.05) increase compared to group B.	Comment by Unknown Author: Why days 0 and 7 only when the experiment lasted 30 days? This graph does not portray a clear picture of the changes in blood glucose levels.
If each group was represented by a different colored line, it would give a better picture of the effect on blood glucose level.

Please explain the variation on blood glucose level of group C
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This study showed that Vernonia amygdalina extract (ELVA) improved testicular integrity in alloxan-induced diabetic rats. Diabetes caused a significant reduction in relative testicular weight in the diabetic control group, consistent with earlier reports linking hyperglycemia to testicular atrophy and impaired spermatogenesis [20, 21, 22]. However, treatment with ELVA (100 mg/kg) as observed in groups C and D significantly increased relative testicular weight (P = 0.011 and P = 0.007, respectively) compared with diabetic controls, indicating partial restoration of testicular mass and function. The histological improvement and enhanced spermatogenic activity observed corroborate the antioxidant and glucose-utilizing effects of V. amygdalina [10, 11].
The study also demonstrated that ELVA extract significantly ameliorated diabetes-induced reproductive impairments in male Wistar rats. Alloxan-induced diabetes markedly reduced sperm motility, sperm count, and the percentage of normal sperm cells, while increasing abnormal sperm morphology. These findings align with previous reports that hyperglycemia leads to testicular atrophy, oxidative stress, and spermatogenic arrest [20, 21, 22]. Administration of V. amygdalina extract notably improved semen parameters. The groups treated with 100 mg/kg ELVA and ELVA + AMH showed significant increases in total sperm count (P = 0.018–0.007), and normal sperm cells (P = 0.001), while abnormal sperm cells and sluggish motility were markedly reduced compared with the diabetic control. These effects indicate restoration of spermatogenic activity and structural integrity of testicular tissue. The improvement observed in sperm motility (76.67 ± 8.82% vs. 53.33 ± 6.01% in diabetic control) and count (495.00 ± 45.37 × 10⁶/mL vs. 286.00 ± 36.00 × 10⁶/mL) suggests that V. amygdalina enhances epididymal sperm maturation and viability, likely through its antioxidant and antidiabetic properties. Previous studies similarly reported that V. amygdalina improves glucose utilization and protects testicular tissue against oxidative injury [10, 11].
Diabetes mellitus (DM) is known to cause multi-organ damage through chronic hyperglycemia, oxidative stress, and vascular dysfunction [23] The male reproductive system is particularly vulnerable, as elevated glucose and lipid peroxidation impair testicular function and spermatogenesis [21] Approximately 90% of diabetic males experience reproductive abnormalities, including decreased libido, erectile dysfunction, and infertility [20] In agreement with these reports, our study revealed that alloxan-induced diabetic rats exhibited severe degeneration of seminiferous tubules, spermatogenic arrest (SA), and Sertoli cell syndrome (SCS), as observed in Group B. These histopathological alterations are consistent with findings by Zhang and his group who demonstrated that diabetes significantly increased testicular malondialdehyde (MDA) levels and apoptotic activity, while decreasing insulin concentration, glutathione peroxidase (GPx) activity, and sperm parameters.[22] Remarkably, treatment with V. amygdalina ameliorated testicular damage and restored spermatogenic activity in diabetic rats. Histological examination revealed improved testicular architecture, with a notable increase in spermatogonia, spermatocytes, and elongated spermatids, as well as restoration of Sertoli and Leydig cell populations. These findings indicate that V. amygdalina exerts a protective and regenerative effect on testicular tissue, possibly through its antioxidant and insulin-sensitizing mechanisms. The observed cellular regeneration in treated groups (C–F) suggests that V. amygdalina promotes recovery of spermatogenic cells and counteracts oxidative stress-induced degeneration.
Conclusion
The present findings demonstrate that V. amygdalina leaf extract significantly improves glycemic control and testicular integrity in alloxan-induced diabetic rats. The extract’s restorative effects on testicular histology and spermatogenesis further support its traditional use as a natural antidiabetic and fertility-enhancing agent. Future studies should explore the specific bioactive compounds responsible for these effects and elucidate their molecular mechanisms of action.
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Plate 1: Photomicrograph of group A

(x400)(H&E) shows normal testicular
architexture with active seminiferous
tubules that are lined with interstitial
cells of Leydig (ICL), sertoli cell (SC),
and well enhanced spermatogenesis

Plate 4: Photomicrograph of group D
(x400)(H&E) shows mild healing with
moderate spermatogenic arrest (SA)
and interstitial fibrosis (IF)

Plate 2: Photomicrograph of group B
(x400)(H&E) shows severe
degeneration of testicular tissue with
severe spermatogenic arrest (SA) and
sertoli cell syndrome (SCS)
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Plate 5: Photomicrograph of group E
(x400)(H&E) shows mild healing with
moderate spermatogenic arrest (SA).

(x400)(H&E) shows mild degeneration of
the testicular tissue with severe spermatic
arrest (SA) and non distinct appearance of
the sertoli cell and interstitial cells of
leydig

(x400)(H&E) shows mild healing with
moderate spermatogenic arrest (SA).




