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EFFECTS OF AZANZA GARCKEANA FRUIT EXTRACT ON REPRODUCTIVE HORMONE AND OVARIAN MORPHOLOGY IN ALLOXAN-INDUCED DIABETIC FEMALE WISTAR RATS



Abstract
Background: Diabetes mellitus is a chronic metabolic disorder that can disrupt reproductive hormone balance and ovarian function in women, leading to menstrual irregularities and infertility. Azanza garckeana, an edible fruit used traditionally in Northern Nigeria, has demonstrated antidiabetic and bioactive properties, but its effects on female reproductive function remain poorly understood. This study investigated the effects of Azanza garckeana fruit (AGF) extract on reproductive hormone levels and ovarian histology in alloxan-induced diabetic female Wistar rats.

Methods: Thirty-six adult female Wistar rats were randomly assigned into six groups (n = 6): non-diabetic control, diabetic untreated, diabetic + AGF (250, 500, and 1000 mg/kg), and diabetic + glibenclamide (10 mg/kg). Diabetes was induced with a single intraperitoneal injection of alloxan (150 mg/kg). AGF and glibenclamide treatments were administered orally for 28 days. Serum levels of follicle-stimulating hormone (FSH), luteinizing hormone (LH), estradiol, and progesterone were measured using ELISA kits. Ovarian tissues were collected for histological evaluation using standard hematoxylin and eosin staining. Data were analysed using SPSS (version 27.0). 

Results: Alloxan-induced diabetes significantly reduced FSH (0.33 ± 0.06 vs 0.69 ± 0.17 mIU/ml) and increased progesterone (35.16 ± 8.48 vs 16.62 ± 5.32 ng/ml) compared with controls (p < 0.05). AGF treatment at 250 and 500 mg/kg partially restored FSH (0.50 ± 0.10 and 0.49 ± 0.11 mIU/ml) and markedly increased LH (1.00 ± 0.17 and 1.19 ± 0.11 mIU/ml), while progesterone was normalised across all AGF doses (16.32–17.96 ng/ml). The highest AGF dose (1000 mg/kg) and glibenclamide produced FSH lower than control, with LH varying by treatment. Estradiol levels did not differ significantly between groups. Histology showed disrupted ovarian architecture in untreated diabetic rats, whereas AGF-treated groups, particularly 250 and 500 mg/kg, exhibited improved follicular integrity and reduced cellular degeneration.

Conclusion: Azanza garckeana fruit extract mitigated diabetes-induced reproductive hormonal imbalances and preserved ovarian histology in female Wistar rats, highlighting its potential as a complementary intervention for reproductive dysfunction in diabetes.
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1. INTRODUCTION
Diabetes mellitus is a long-term metabolic condition marked by ongoing high blood sugar levels caused by impaired insulin release, faulty insulin action, or both. It can lead to various complications across multiple body systems, including notable issues with female reproductive health. Both type 1 and type 2 diabetes are becoming more common globally, especially among women of reproductive age, and are associated with menstrual irregularities, infertility, sexual problems, delayed puberty, pregnancy complications, and premature ovarian failure or early menopause (Thong et al., 2020). The severity and timing of these reproductive issues largely depend on when diabetes develops, notably during puberty or reproductive years (Thong et al., 2020). Type 1 diabetes is an autoimmune condition characterised by the destruction of pancreatic β-cells in the islets of Langerhans, resulting in a complete insulin deficiency and lifelong insulin therapy. Chronic high blood sugar, along with insulin therapy and iatrogenic hyperinsulinaemia, has been linked to gonadal dysfunction and excess androgen levels, which can impair fertility (Lin et al., 2018). Historically, women with type 1 diabetes often experienced amenorrhea and infertility due to central hypogonadism caused by disrupted hypothalamic–pituitary regulation (Thong et al., 2020). Although progress in diabetes treatment has improved reproductive outcomes, endocrine and ovarian disturbances remain common.
Diabetes-related reproductive dysfunction results from complex interactions between metabolic derangements and neuroendocrine regulation. Experimental and clinical studies indicate that diabetes disrupts the hypothalamic–pituitary–gonadal (HPG) axis and directly impairs ovarian function through the combined effects of insulin deficiency or excess, chronic hyperglycaemia, and altered adipokine signalling (Roa et al., 2011; Morelli et al., 2013). These disruptions interfere with the physiological integration of metabolic and reproductive signals, resulting in impaired gonadotropin secretion, altered steroidogenesis, and compromised folliculogenesis (Roa et al., 2011; Morelli et al., 2013). At the hypothalamic level, reproductive function is regulated by gonadotropin-releasing hormone (GnRH) neurons located primarily in the pre-optic area. GnRH secretion occurs in a pulsatile manner and is essential for normal reproductive cycling. GnRH neuronal activity is modulated by kisspeptins, metabolic hormones, neurotransmitters, and environmental cues (Constantin, 2011; Casteel & Singh, 2023). Due to their proximity to the blood–brain barrier, GnRH neurons are sensitive to circulating metabolic signals, allowing direct integration of metabolic status with reproductive control (Morelli et al., 2013).
GnRH prompts the anterior pituitary to release FSH and LH, which are crucial for ovarian follicle growth and ovulation (Sembulingam & Sembulingam, 2012). Metabolic hormones from the periphery, especially insulin and leptin, are key regulators of this pathway. Research using hypothalamic cultures and hyperglycaemic clamp models has shown that insulin directly promotes GnRH and LH secretion (Bruning et al., 2000; Burcellin et al., 2003; Pralong, 2010). Leptin, produced by fat tissue, influences hypothalamic Kiss1/kisspeptin expression and has direct effects on the ovaries, thereby connecting energy status to reproductive function (Teena Sempere, 2002). Furthermore, metabolic disturbances in diabetes significantly disrupt this regulatory network. In type 1 diabetes, insulin deficiency causes a catabolic state marked by weight loss and decreased adipose tissue, resulting in hypoleptinaemia (Castellano et al., 2010). Lower leptin levels suppress hypothalamic kisspeptin signalling, leading to reduced GnRH and gonadotropin secretion, which causes hypogonadotropism and ovarian dysfunction (Backholer et al., 2010; Castellano et al., 2010). Additionally, hyperglycaemia directly impacts neuroendocrine health; exposure of GnRH neurons to high glucose levels substantially decreases GnRH and KISS1R expression and prevents leptin-induced stimulation (Morelli et al., 2013).
The growing prevalence of diabetes among women of reproductive age highlights the need for therapeutic strategies that address both metabolic control and reproductive health (Celik et al., 2022; Luo et al., 2025). In this context, plant-derived agents with dual antidiabetic and fertility-enhancing properties are of increasing interest. Azanza garckeana is an edible fruit commonly consumed in Northern Nigeria and traditionally used to manage infertility and as an aphrodisiac (Dikko et al., 2016; Ochokwu et al., 2015). Various parts of the plant are used ethnomedically for the treatment of reproductive disorders, liver disease, and anaemia (Maroyi, 2017). Phytochemical screening of hydroethanolic fruit extracts has identified alkaloids, carbohydrates, steroids, and triterpenes, with GC-MS analyses revealing bioactive compounds with antioxidant and metabolic regulatory properties (Laz-Okenwa et al., 2024).
Experimental studies have demonstrated the antidiabetic properties of Azanza garckeana. Methanolic extracts and fractions improve body weight, lower hyperglycemia, correct dyslipidemia, and reduce liver and kidney damage in diabetic rats (Yusuf et al., 2023). Additionally, aqueous fruit extracts show significant α-amylase and ACE inhibitory activities, indicating their potential in managing type 2 diabetes and hypertension (Ahmed et al., 2022). Molecular docking studies further highlight the therapeutic importance of its bioactive compounds in diabetes complications (Lawal et al., 2023). Despite traditional uses for fertility and known metabolic benefits, there is limited evidence on Azanza garckeana’s reproductive effects in diabetic conditions. Diabetes-related hyperglycemia and hyperinsulinemia can disrupt reproductive hormones and ovarian structure in humans and animals (Singh et al., 2020). This study thus aimed to assess how the hydroethanolic extract of Azanza garckeana fruit affects reproductive hormones and ovarian histology in alloxan-induced diabetic female Wistar rats.
2. METHODS
2.1. Experimental design 

The present study was a laboratory-based experimental study using Wistar rat models. The work was carried out in the Department of Human Physiology, Faculty of Basic Medical Sciences, University of Port Harcourt. 
2.2. Preparation of Azanza garckeana Extract
Fruits of Azanza garckeana were collected from Tula Town, Kaltungo Local Government Area, Gombe State, Nigeria, where the plant is widely cultivated. The plant material was identified and authenticated by Dr Ekeke Chemezie, a plant taxonomist at the University of Port Harcourt Herbarium, Nigeria. A voucher specimen (UPH/P/414) was prepared and deposited at the Herbarium for reference. The fruits were separated into pulp and seeds. The pulps were air-dried at ambient temperature (approximately 37°C) and subsequently ground into a fine powder using an electric grinder. The powdered material was macerated in a hydroethanolic solvent (ethanol–water, 70:30 v/v) with intermittent stirring to ensure adequate extraction. The mixture was then filtered and concentrated using a rotary evaporator maintained at 60°C. The resulting extract was stored at 4 °C until further use (Ahmed et al., 2016).
2.3.  Experimental Animals
Thirty (30) adult female Wistar rats (Rattus norvegicus) weighing 150-200 grams were used for the study. The Wistar rats were obtained from the Department of Physiology Animal House, University of Port Harcourt and housed under standard laboratory conditions (temperature 25 ± 2 °C, and 12-hour light/dark cycle). The rats were allowed free access to feed and clean drinking water ad libitum. All rats were allowed to acclimatise for 14 days before the commencement of the experiment. 
2.3.1. Induction of Experimental Diabetes
Experimental Diabetes mellitus was induced in all test groups, except the normal control, by a single intraperitoneal injection of freshly alloxan monohydrate at a dose of 150 mg/kg body weight, dissolved in normal saline. To prevent initial hypoglycaemic shock, rats were provided with 5% glucose solution for 24 hours post-alloxan administration. After 72 hours, fasting blood glucose levels were measured using a glucometer via tail vein puncture. Rats with fasting blood glucose levels ≥250 mg/dL were considered diabetic and included in the study.
2.4. Experimental Grouping and Treatment Protocol
A total of thirty (30) rats were randomly assigned into five experimental groups (n = 6 per group) as follows:
A total of thirty (30) rats were randomly assigned into five experimental groups (n = 6 per group) as follows:
1. Group 1 (Normal control): Non-diabetic rats administered distilled water.
2. Group 2 (Diabetic control): Alloxan-induced diabetic rats were administered distilled water.
3. Group 3: Diabetic rats treated with Azanza garckeana extract at 250 mg/kg body weight.
4. Group 4: Diabetic rats treated with Azanza garckeana extract at 500 mg/kg body weight.
5. Group 5: Diabetic rats treated with Azanza garckeana extract at 1000 mg/kg body weight.
6. Group 6: Diabetic rats treated with a standard antidiabetic drug (glibenclamide at 10 mg/kg body weight).
All treatments were administered orally once daily using an oral gavage for a period of 28 consecutive days.
2.5. Sample Collection
At the end of the treatment period, rats were fasted overnight and euthanised using ether (Okolo et al., 2016). Blood samples were collected through cardiac puncture into a plain bottle and centrifuged to obtain serum for hormonal assays. The ovaries were excised, cleared of surrounding tissues, weighed, and immediately fixed in 10% neutral buffered formalin for histological analysis.
2.6. Hormonal Analysis
Serum concentrations of female reproductive hormones such as follicle-stimulating hormone (FSH), luteinizing hormone (LH), progesterone, and β-estradiol (E₂) were determined using commercially available assay kits based on the radioimmunoassay (RIA) technique, following the manufacturer’s instructions. All assays were performed in duplicate to ensure the accuracy and reproducibility of results. The procedures and analytical principles followed those described by Adaay and Mosa (2012).
2.7. Histological Examination
The ovaries were also harvested for histological evaluation. They were fixed in neutral buffered formalin, processed, and embedded in paraffin wax. Thin sections of 5 μm thickness were cut using a rotary microtome and placed on glass slides. The sections were then deparaffinised, rehydrated and stained with haematoxylin and eosin (H and E), as described by Fischer et al.25 The stained sections were examined by light microscopy under ×400 magnification to assess tissue architecture and identify any morphological abnormalities compared to normal histology.
2.8. Statistical analysis
The reproductive hormone level data results were analysed using one-way analysis of variance (ANOVA) followed by Tukey’s HSD post-hoc analysis. The results were expressed as mean ± standard error of the mean (SEM). A p-value <0.05 was considered statistically significant. All analyses were performed using Statistical Package for the Social Sciences (SPSS) version 21.0.  Results were presented as mean ± Standard error of mean (SEM).

3. RESULTS
3.1. Effect of Azanza garckeana on reproductive hormone levels
Alloxan-induced diabetes was associated with a significant reduction in serum follicle-stimulating hormone (FSH) levels compared with the normal control group (Group 2 vs Group 1: 0.33 ± 0.06 vs 0.69 ± 0.17; p < 0.05). Administration of Azanza garckeana fruit (AGF) extract at doses of 250 and 500 mg/kg resulted in higher FSH levels (Groups 3 and 4: 0.50 ± 0.10 and 0.49 ± 0.11, respectively), which were significantly different from the diabetic untreated group (p < 0.05 for both). In contrast, animals treated with AGF at 1000 mg/kg and those receiving glibenclamide exhibited FSH values that remained significantly lower than the normal control group (Groups 5 and 6, p < 0.05). In addition, the mean luteinising hormone (LH) levels did not differ significantly between the normal control and diabetic untreated groups. However, treatment with AGF at 250 and 500 mg/kg (Groups 3 and 4) and glibenclamide (Group 6) was associated with higher LH concentrations (1.00, 1.19, and 1.11 mIU/mL, respectively) compared with both control and diabetic groups (p < 0.05). The AGF 1000 mg/kg group (Group 5) showed LH levels comparable to the control group and significantly lower than those observed in the 250 and 500 mg/kg AGF groups (p < 0.05).
Serum estradiol concentrations varied across groups, but no statistically significant pairwise differences were observed. The diabetic untreated group exhibited a higher mean estradiol level than the control group (86.8 vs 72.0 pg/mL); however, this difference was not statistically significant. Estradiol levels in AGF-treated and glibenclamide-treated groups fluctuated around the control mean without a consistent pattern. Furthermore, serum progesterone levels were significantly elevated in the diabetic untreated group compared with the normal control group (Group 2: 35.16 ± 8.48 vs Group 1: 16.62 ± 5.32; p < 0.05). Treatment with AGF at doses of 250, 500, and 1000 mg/kg, as well as glibenclamide, resulted in progesterone levels that were not significantly different from the control group when compared with the diabetic untreated group (p < 0.05).
Table 1: Reproductive hormone levels in alloxan-induced diabetic female Wistar rats treated with AGF extract. 
	Groups/
Treatment(s)
	FSH 
(mlU/ml)
	LH 
(mlU/ml)
	Oestrogen 
(pg/ml)
	Progesterone
(ng/ml)

	Control (Normal, untreated)
	0.69 ± 0.17
	0.55 ± 0.15
	72.00 ± 20.33
	16.62 ± 5.32

	Diabetic (Untreated)
	0.33 ± 0.06 a
	0.51 ± 0.01
	86.80 ± 9.82
	35.16 ± 8.48 a

	Diabetic + 250mg/Kg AGF
	0.50 ± 0.10 b
	1.00 ± 0.17 a, b
	86.40 ± 10.47
	16.32 ± 0.90 b

	Diabetic + 500mg/Kg AGF
	0.49 ± 0.11 b
	1.19 ± 0.11 a, b
	83.60 ± 12.72
	17.94 ± 0.96 b

	Diabetic + 1000mg/Kg AGF
	0.40 ± 0.14 a
	0.56 ± 0.02 c, d
	66.20 ± 3.21
	17.96 ± 0.86 b

	Diabetic + 10mg/Kg Glibenclamide
	0.38 ± 0.02 a
	1.11 ± 0.07 a, b, e
	68.80 ± 1.02
	16.86 ± 1.04 b


Values presented as mean ± SEM (n=5); a Significant at P = 0.05 when compared to group 1; b Significant at P = 0.05 when compared to group 2. c Significant at P = 0.05 when compared to group 3; d Significant at p<0.05 when compared to group 4; e Significant at P = 0.05 when compared to group 5. FSH (mlU/ml) = Follicle Stimulating Hormone; LH (mlU/ml) = Luteinizing Hormone. AGF = Azanza garckeana fruit.

3.2. Effect Of Azanza Garckeana on Ovarian Histology
Figure 1 shows the ovarian histological features of alloxan-induced diabetic female Wistar rats treated with Azanza garckeana fruit (AGF) extract or glibenclamide, compared with the normal control group. Ovarian sections from the normal control group (Plate 1) demonstrated preserved cytoarchitecture, with follicles at different stages of development. The follicles exhibited intact granulosa and theca cell layers, clearly defined antral spaces, and normal-appearing oocytes. In the untreated diabetic group (Plate 2), ovarian sections revealed marked structural alterations. These included hypertrophy and oedema of follicular cells, ruptured capillaries within the theca interna, and disruption of follicular organisation. The normal arrangement of ovarian tissue layers was altered, with evidence of architectural distortion.
Ovarian sections from rats treated with 250 mg/kg AGF (Plate 3) showed follicles with enlarged oocytes and partially disrupted zona pellucida. Mild oedema and distortion of primary follicles were present, while some aspects of follicular organisation were evident. The overall tissue arrangement differed from that observed in the diabetic untreated group. Furthermore, sections from the 500 mg/kg AGF-treated group (Plate 4) demonstrated developing follicles with identifiable antral spaces and proliferating granulosa cells. Corpora lutea were present, with mild distortion noted in some areas. Follicular structures and cellular layers remained distinguishable across the sections.
In the 1000 mg/kg AGF-treated group (Plate 5), ovarian sections displayed large vacuoles, blood deposits, and degenerative changes within the corpora lutea. Moderate distortion of the ovarian tissue architecture was observed, with alterations affecting both follicular and luteal structures. Ovaries from the glibenclamide-treated group (Plate 6) showed severely congested connective tissue, numerous corpora lutea with vacuolation, hypertrophic follicular cells, and areas containing blood deposits. The ovarian cytoarchitecture appeared extensively altered across the sections examined.
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Figure 1. Histopathological findings of Alloxan-induced diabetic female Wistar rats treated with Azanza garckeana fruit (AGF) extract. 
Plate 1: Photomicrograph of the ovary of negative control rats (H and E, x400); Plate 3: Photomicrograph of the ovarian follicle of rats treated with Alloxan + 250mg/kg AGF. H and E, x400; Plate 4: Photomicrograph of ovarian follicle of rats treated with Alloxan + 500mg/kg AGF. H and E, x400; Plate 5: Photomicrograph of ovarian follicle of rats treated with alloxan + 1000mg/kg AGF. H and E, x400; and Plate 6: Photomicrograph of ovarian follicle of rats treated with Alloxan + Glibenclamide. H and E, x400. 
4. DISCUSSION
This study evaluated the effect of Azanza garckeana fruit (AGF) extract on reproductive hormone levels and ovarian histology in alloxan-induced diabetic female Wistar rats. The findings revealed that diabetes significantly disrupted the normal hormonal balance and ovarian cytoarchitecture, while treatment with AGF extract, particularly at 250 and 500 mg/kg, ameliorated these alterations in a dose-dependent manner.

The alloxan-induced diabetic group exhibited a marked reduction in follicle-stimulating hormone (FSH) and luteinizing hormone (LH) levels compared with the negative control. This observation is consistent with the findings of Adebayo and Ajani (2020), who reported that diabetes induction significantly decreased FSH and LH levels in both male and female rats. However, administration of the AGF extract, especially at low and medium doses, resulted in a notable elevation of FSH and LH levels. The high binding affinity of active constituents of Azanza garckeana, particularly octadecanoic acid ethyl ester (Laz-Okenwa et al., 2024), for the sulfonylurea receptor (SUR-1) may enhance insulin secretion, thereby potentiating its influence on steroidogenesis. This aligns with previous evidence indicating that insulin can directly stimulate gonadotropin-releasing hormone (GnRH) secretion, which in turn promotes LH and FSH release (Pralong, 2010; Burcellin et al., 2003; Bruning et al., 2000).
Oestrogen and progesterone levels were elevated in the alloxan-induced group, corroborating the report by Mbiol et al. (2017), who found increased estradiol concentrations in alloxan-induced diabetic rats. Treatment with AGF extract reduced oestrogen levels modestly and progesterone levels markedly relative to the positive control, though both remained elevated compared with the negative control. The actions of octadecanoic acid ethyl ester and other bioactive compounds in the hydroethanolic extract of A. garckeana on LH, FSH, and SUR-1 receptors may explain the observed moderation of these steroid hormones. Furthermore, increased insulin secretion induced by these bioactive agents could contribute to enhanced steroidogenesis. Booth et al. (1990) demonstrated that insulin binds to ovarian receptors to stimulate steroidogenesis by amplifying LH-induced androgen production in theca cells, a finding further supported by Franks et al. (1999) and Nandi and Poretsky (2013).
Histological analysis revealed normal ovarian cytoarchitecture in the negative control group, characterised by fluid-filled antral follicles and healthy follicular cells undergoing normal transformation. In contrast, the positive control group (alloxan only) showed severe follicular congestion, edema, and architectural distortion, consistent with previous findings by Oyewopo et al. (2020), who reported similar follicular disruptions in alloxan-induced rats. These results support earlier evidence that alloxan acts as a potent histotoxic agent on mammalian reproductive tissues (Massanyi et al., 2000; Gurel et al., 2007). Interestingly, rats treated with glibenclamide (Plate 6) exhibited edematous and hypertrophied ovarian cells, indicating some residual tissue compromise. Since oedema increases the diffusion distance for oxygen and nutrients, excessive interstitial fluid accumulation can impair tissue metabolism and function (Scallan, 2010). In contrast, ovarian sections from rats treated with AGF extract (250–1000 mg/kg) displayed reduced follicular distortion, particularly at 250 mg/kg and 500 mg/kg, suggesting that the extract exerted a protective effect against ovarian tissue degeneration. This restorative effect may be attributed to the presence of alkaloids and octadecanoic acid in the extract, both of which possess anti-inflammatory, antiproliferative, and antioxidant properties (Ain et al., 2016).
These findings have potential clinical and nutritional significance. The ability of AGF to modulate reproductive hormone levels and preserve ovarian structure suggests a possible role in supporting reproductive health in women with diabetes, particularly in mitigating menstrual irregularities and impaired fertility associated with metabolic dysfunction. Nutritionally, AGF could be considered as a dietary supplement or functional food to complement conventional therapies, providing both metabolic and reproductive benefits. Further studies are warranted to translate these preclinical findings into human populations and determine optimal dietary or therapeutic dosages.
The study has several strengths. The use of a well-characterised diabetic rat model allowed controlled evaluation of AGF effects on reproductive physiology. Multiple doses of AGF were tested, enabling assessment of dose-dependent responses. Both hormonal and histological outcomes were measured, providing a comprehensive evaluation of reproductive function, and the inclusion of glibenclamide as a reference treatment allowed comparison with standard antidiabetic therapy. Limitations include the exclusive use of an animal model, which may limit extrapolation to humans, and the relatively short duration of treatment (28 days), which precludes evaluation of long-term effects. Mechanistic pathways of bioactive compounds were inferred but not directly investigated, and additional reproductive markers such as anti-Müllerian hormone or inhibins were not assessed, which could have provided a more complete understanding of ovarian function.
5. CONCLUSION
The findings of this study demonstrate that Azanza garckeana fruit (AGF) extract exerts beneficial modulatory effects on reproductive hormone profiles and ovarian morphology in alloxan-induced diabetic female Wistar rats. Administration of AGF, particularly at moderate doses (250 and 500 mg/kg), significantly improved follicle-stimulating hormone (FSH) and luteinizing hormone (LH) levels and normalised progesterone concentrations altered by diabetes. Histopathological evaluations further revealed partial to marked restoration of ovarian architecture. However, the highest dose (1000 mg/kg) produced moderate distortion of the ovarian cytoarchitecture, suggesting that the protective effect of AGF may be dose-dependent. 
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