


EVALUATION OF THE EFFECT OF AQUEOUS EXTRACT OF Azanza garckeana fruit
ON FERTILITY HORMONES IN ALLOXAN INDUCED DIABETIC ALBINO WISTAR
RATS



ABSTRACT 
Infertility is a major health problem in both the developed and developing world, leading to a constant need for specialist investigation and treatment in order to conceive. The increase in the number of people diagnosed with diabetes at a young age has coincided with worldwide concerns over the fertility status of these individuals. This is because diabetes mellitus directly and indirectly affects the fertility of couples. This work aims to evaluate the effects of an aqueous extract of Azanza garckeana on diabetes-related fertility problems in alloxan-induced albino Wistar rats. Phytochemical screening was carried out on the aqueous extract. Acute and subacute toxicity tests were also conducted using the extract in albino Wistar rats. Biochemical parameters and indices of fertility were also determined. Histological analyses of the liver and kidney of the rats were performed. These four tests were carried out to monitor the toxicity of the aqueous extract and its anti-infertility effects in alloxan-induced albino Wistar rats. The techniques applied included Lorke’s method for acute and subacute toxicity testing, the strip method for glucose testing, the ELISA technique for hormonal assays, and the Haematoxylin and Eosin (H&E) staining technique for histopathological studies. Results of the phytochemical screening of the extract revealed the presence of alkaloids, tannins, saponins, carbohydrate and flavonoids; the acute toxicity test of the extract showed no morbidity at the six (6) different concentrations (10, 100, 1000, 1600, 2900 and 5000) mg/kg body weight used after 24 hours. The biochemical and histological analyses for the subacute toxicity test showed that there was no significant change in the selected biomarkers (protein, albumin, urea, creatinine, ALT, AST and ALP) when compared with the normal control, except for creatinine, for which a significant decrease was observed at p<0.05, and the liver enzymes (ALT, AST and ALP), for which a significant increase was also observed at the same p value. The histopathological analysis of the liver and kidney of the rats also confirmed the biochemical findings, except for the groups that received 10mg/kg and 5000mg/kg body weight, in which inflammation and congested renal tissues with normal liver tissues were observed, respectively, suggesting that the aqueous extract is minimally safe for the rats and that further studies should be conducted to confirm the safety status of the extract. The hormonal assay results (progesterone, follicle-stimulating hormone, thyrotropin, luteinising hormone, estradiol, testosterone and gonadotropin-releasing hormone) of the male and female rats after induction of diabetes revealed that treatment with different doses of Azanza garckeana extract (1000mg/kg and 2000mg/kg), metformin and Clomid significantly corrected the hormone imbalance induced by diabetes when compared with the negative control at the following p values (p<0.05; p<0.01; p<0.001; and p<0.0001). The results also revealed that, when compared with the normal control, Clomid exhibited a greater effect, followed by metformin and Azanza garckeana extract (2000mg/kg). However, the histopathology results of the liver and kidneys of the negative control and all treated rats revealed adverse effects with features of hepatic and renal injuries compared with the normal control, which showed normal liver tissue and normal renal parenchyma, with kidney cells containing adequate glomeruli and renal tubules, respectively. In conclusion, the findings of this study indicate that the aqueous fruit extract of Azanza garckeana can be used to manage diabetes-related fertility hormonal imbalance and that the corrective effect is dose-dependent.
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1.0 INTRODUCTION 
 Infertility is a widespread global health concern, affecting approximately 186 million people worldwide (WHO, 2021). It is commonly defined as a couple-related condition characterised by the failure to achieve pregnancy after 12 months of regular, unprotected sexual intercourse (Barnes & Ramanarayanan, 2022). Globally, infertility affects approximately 10–25% of couples of reproductive age and has been associated with several adverse health consequences, including impaired mental health, chronic conditions such as cardiovascular disease, and complications arising from infertility treatments (Thoma et al., 2021).

Although the global population is approaching 8 billion, fertility rates have exhibited a sustained decline over several decades. The annual population growth rate, which stood at 2.1% in 1963, had decreased to approximately 1% by 2020 (World Bank, 2022). This downward trend has been attributed to several interrelated demographic and socioeconomic factors, including improved access to contraception and reproductive healthcare, greater participation of women in higher education, increased female empowerment and workforce involvement, reductions in infant and child mortality, the rising financial costs associated with raising children, and broader advances in gender equality (World Bank, 2022). The situation is further complicated by misconceptions suggesting that public health measures, including vaccination and contraceptive use, may contribute to infertility. Such inaccurate beliefs can undermine wider public health initiatives aimed at improving vaccine uptake, promoting safer sexual practices, and strengthening overall public health and safety (Thoma et al., 2021). Efforts to prevent and manage infertility are also hindered by widespread misunderstandings regarding the principal factors associated with the issue, including limited knowledge of infertility epidemiology, the shame and stigma surrounding difficulties with conception, and insufficient political commitment to funding research and preventive interventions (Thoma et al., 2021).

Moreover, the provision of infertility treatment is not regarded as a major priority by many international organisations operating in low- and middle-income countries (LMICs), particularly in settings characterised by high birth rates (Ombelet et al., 2008). In such contexts, elevated fertility levels may reduce institutional support for interventions designed to assist individuals in achieving parenthood. This creates an additional challenge in reconciling reproductive autonomy with broader demographic objectives aimed at stabilising population growth.Biochemically, thyroid dysfunction, immunological disorders, malabsorption of selected micro- and macronutrients (vitamins), autoimmune mechanisms (gluten intolerance), and metabolic dysregulation (insulin resistance) are some of the factors that contribute to infertility. In both sexes, hormone imbalance is one of the major causes of infertility (WHO, 2021).
Infertility can be divided into primary and secondary infertility. A woman who has never conceived despite cohabitation and regular sexual intercourse for 2 years is considered to have primary infertility, while secondary infertility refers to the status of a woman who has conceived previously but is subsequently unable to conceive. When a woman is able to conceive but unable to produce a live birth, it is called pregnancy wastage. Clinicians define subfertility as the difficulty experienced by some couples, both of whom may have reduced fertility, in conceiving jointly. In some cases, both the man and woman may be infertile or subfertile, and a couple’s infertility arises from the combination of these conditions. Some researchers have shown that, in other cases, the cause may be related to biochemical parameters such as thyroid dysfunction, immunological disorders, autoimmune mechanisms, metabolic dysregulation, as well as malabsorption of selected micro- and macronutrients that affect fertility; consequently, the couple cannot conceive together without assistance (Avidor-Reiss et al., 2015; Wasilewski et al., 2020). Against this background, this research is a plant-based attempt to regulate the hormonal imbalance that occurs in patients with diabetes, thereby improving fertility status.  Infertility is a multifaceted condition with significant psychological, economic, and medical consequences, often giving rise to considerable emotional distress and trauma. These effects may be particularly pronounced in societies where childbearing is strongly valued and closely linked to social expectations. According to the International Committee for Monitoring Assisted Reproductive Technology and the World Health Organization (WHO), infertility is defined as a disease of the reproductive system characterised by the inability to achieve a clinical pregnancy after 12 months or more of regular, unprotected sexual intercourse (Zegers-Hochschild et al., 2009).
Diabetes and infertility in women 
 Reproductive dysfunction represents a relatively common yet insufficiently investigated complication of diabetes. The range of reproductive health disturbances associated with diabetes is extensive and includes delayed puberty and menarche, menstrual irregularities, reduced fertility, adverse pregnancy outcomes, and the possibility of premature menopause (Lascar et al., 2018). The timing and nature of these complications may vary according to the age at which diabetes is diagnosed, with reproductive disturbances potentially arising during puberty, becoming evident later when pregnancy is desired, or occurring during the climacteric period (Schweiger et al., 2010).

Historically, women with type 1 diabetes have experienced a high prevalence of amenorrhoea and infertility, largely as a consequence of central hypogonadism (Kim et al., 2014). Although the introduction of intensive insulin therapy and improvements in metabolic control have reduced the frequency of these complications, they have not been completely eliminated. At the same time, additional reproductive consequences associated with contemporary diabetes management have become increasingly recognised, including polycystic ovary syndrome and hyperandrogenism, both of which are influenced by the effects of insulin on ovarian function (Codner & Escobar-Morreale, 2007). The marked increase in the incidence of type 2 diabetes among younger populations further suggests that a growing number of women of reproductive age may experience diabetes-related reproductive complications during their lifetime (Kelsey et al., 2018). Consequently, as the number of young women living with diabetes continues to rise, clinicians must be adequately informed and prepared to address reproductive health concerns throughout the female life course (Kjaer et al., 1992).Type 1 and type 2 diabetes mellitus should be considered in the differential diagnosis of menstrual abnormalities and infertility (Mayer-Davis et al., 2017). The reproductive period of women with diabetes may be reduced due to delayed menarche and premature menopause. During the reproductive years, diabetes has been associated with menstrual abnormalities, such as oligomenorrhoea and secondary amenorrhoea. Codner et al. (2012) found that better glycaemic control and prevention of diabetic complications improve these irregularities and increase fertility rates close to those seen in the general population. Women with persistent menstrual abnormalities despite adequate treatment need a broader evaluation, including examination of the hypothalamic-pituitary-ovarian axis and hormonal status, the presence of autoimmune thyroid disease and anti-ovarian autoantibodies, and hyperandrogenism (Livshits & Seidman, 2009). Two studies found a longer time to pregnancy and lower fecundability ratios among women with any type of diabetes compared with women without diabetes (Whitworth et al., 2011; Eisenberg et al., 2016). The higher risk of miscarriage among women with type 2 diabetes found in this study is in line with earlier studies reporting higher rates of pregnancy loss among women with either type 1 or type 2 diabetes (Thong et al., 2020; McGrogan et al., 2014), including a linear increase in the risk of spontaneous abortion with increasing glucose levels (Wei et al., 2019). Subsequent epidemiological studies supported the finding that diagnosis of type 1 diabetes prior to menarche, particularly before 10 years of age, caused a delay in menarcheal age of approximately 1 year when compared with controls (Yeshaya et al., 1995). Similar results were obtained in studies conducted in different demographic populations. Moreover, a correlation was found between delayed menarcheal age and the presence of menstrual irregularities (Thong et al., 2020; McGrogan et al., 2014). Kjaer et al. found menstrual dysfunction to be twice as frequent in women with diabetes as in non-diabetic controls (21.6 vs 10.8%) (Yeshaya et al., 1995), which is lower than that reported by Begqvist but no less concerning. In addition, in Strotmeyer’s study, type 1 diabetes was independently associated with longer cycle length (>31 days), long menstruation (≥6 days), heavy menstruation, and more reports of any menstrual problem at younger ages (<29 years) (Wei et al., 2019). As women moved closer to the end of their reproductive years, the differences observed by diabetes status were no longer significant. The observations described above may reflect a general dysfunction of the hypothalamic-pituitary-ovarian (HPO) axis (Wei et al., 2019). The effect of type 1 diabetes on the reproductive endocrine axis can be conceptualised as anorexia-like hypothalamic anovulation. Women with diabetes and a low BMI are more likely to have menstrual irregularities (Yeshaya et al., 1995). Catabolic processes occur in young girls with diabetes, and nutritional restriction leads to intracellular starvation, especially before diagnosis and initiation of insulin treatment. This may subsequently cause disruption of hypothalamic pulsatile secretion of gonadotrophin-releasing hormone (GnRH), with a resultant decrease in gonadotropin secretion.
Diabetes and infertility in men 
Diabetes mellitus is among the most prevalent medical conditions worldwide and has important consequences for male reproductive health (Dandona & Dhindsa, 2011). As many as 90% of men with diabetes may experience some form of sexual dysfunction, including erectile dysfunction, ejaculatory disturbances, and reduced libido, all of which may contribute to male infertility. Studies involving individuals with diabetes of reproductive age have also demonstrated alterations in conventional semen parameters compared with non-diabetic controls, particularly in sperm concentration, progressive motility, and the proportion of morphologically normal spermatozoa.

Among patients with type 1 diabetes mellitus (DM1), progressive sperm motility has been reported to deteriorate significantly with increasing disease duration. However, previous investigations have not consistently identified significant changes in this parameter or demonstrated clear associations with age, duration of diabetes, or glycated haemoglobin (HbA1c) concentrations (Agbaje et al., 2007). Mitochondrial membrane potential (MMP) is an important indicator of mitochondrial function and is closely associated with the regulation of sperm motility. Compared with healthy controls, patients with diabetes have been shown to exhibit reduced progressive sperm motility alongside an increased proportion of spermatozoa with low MMP. Furthermore, ultrastructural abnormalities of sperm mitochondria have been associated with impaired sperm motility, providing additional evidence that mitochondrial dysfunction may contribute to diabetes-related alterations in male reproductive function (Amaral et al., 2013; Pelliccione et al., 2011). In patients with type 1 diabetes mellitus (DM1), evidence of impaired mitochondrial function has been observed in those with a disease duration of approximately 5–10 years, whereas significant reductions in progressive sperm motility tend to become apparent after more than 10 years of disease. These findings suggest that mitochondrial dysfunction may precede and potentially contribute to the later decline in sperm motility. The epididymis may also represent an important target of diabetes-related oxidative stress, with immunohistochemical studies demonstrating the presence of advanced glycation end-product (AGE) receptors within this organ (Mallidis et al., 2009).

Ultrasonographic assessment of the epididymis has further revealed impaired physiological contraction of its cranial and caudal regions following ejaculation in patients with DM1. Under normal conditions, epididymal thickness decreases by approximately 3 mm after ejaculation, a response also observed in patients with DM1 of less than 10 years’ duration. However, this post-ejaculatory reduction was absent in patients with a longer disease duration (>10 years), suggesting the development of epididymal atonia or hypotonia. This functional abnormality remains insufficiently investigated in individuals with DM1.
Recent reviews indicate that diabetes-associated male reproductive dysfunction may involve oxidative stress, chronic inflammation, endocrine disturbances, impaired spermatogenesis, and disruption of the hypothalamic-pituitary-gonadal axis (Huang et al., 2024; Badejogbin et al., 2025).
A Mendelian randomisation study has also reported evidence consistent with a causal association between genetically predicted type 2 diabetes mellitus and male infertility (Fan et al., 2024).
UTILITY OF Azanza garckeana 
Azanza garckeana is a deciduous shrub that typically reaches a height of approximately 3–15 m. It occurs naturally in tropical regions of Africa, particularly at elevations of around 1,700 m above sea level and in areas receiving an annual rainfall of approximately 250–1,270 mm (Orwa et al., 2009). In Nigeria, the species is predominantly found in Tula, within Kaltungo Local Government Area of Gombe State in the north-eastern region of the country. It is also distributed across several other African countries, including South Africa, Mozambique, Botswana, Zimbabwe, Tanzania, the Democratic Republic of the Congo, Kenya, Malawi, and Namibia.

The plant is recognised by several common and vernacular names, including “silky kola”, “snot apple”, and “chewing gum”. In the Hausa language, it is commonly referred to as “Goron Tula”, where “Tula” denotes the Nigerian town in which the plant grows naturally and “goro” means kola. In Nigeria, particularly among communities located within its natural growing areas, Azanza garckeana has considerable ethnomedicinal significance and is traditionally employed in the management of several conditions, including chest pain, cough, stomach ache, menstrual disorders, and sexually transmitted infections such as gonorrhoea and syphilis.

The plant is also traditionally consumed as a libido-enhancing agent, based on the belief that it increases sexual desire in both males and females, thereby suggesting potential aphrodisiac activity. In addition to these traditional uses, Azanza garckeana has been reported to exhibit antibacterial and antifungal activities (Maroyi, 2017), antihyperglycaemic effects (Amuri et al., 2017), antioxidant and cytotoxic properties (Maroyi, 2017), as well as antimalarial activity (Connelly et al., 1996).Some of these pharmacological properties have been 
attributed to phytochemicals such as tannins, flavonoids, saponins, alkaloids and 
xanthones found in the plant (Zhang et al., 2015). It has also been reported 
to contain high-quality pectin with useful industrial applications, especially in the food and pharmaceutical 
industries (Joel et al., 2018). Azanza garckeana has also been found 
to improve growth rate when included in a diet or feed at above 20 % in fish (Ochokwu et al., 
2014). Curiously, Azanza garckeana is reported to have a significant influence on 
fecundity and potential pro-fertility properties in fish (Onyia et al., 
2015). 
Experimental studies have also reported protective effects of Azanza garckeana fruit pulp extract against formalin-induced reproductive toxicity in adult male mice (Bukar et al., 2021).
More recently, Azanza garckeana fruit extract was reported to ameliorate reproductive hormonal disturbances and ovarian histological changes in alloxan-induced diabetic female Wistar rats (Laz-Okenwa et al., 2026).
The available background does not directly address a combined evaluation of the aqueous Azanza garckeana fruit extract on diabetes-related fertility hormone disturbances in both male and female albino Wistar rats together with acute and subacute safety assessment.
Objective
This study therefore aimed to evaluate the effects of aqueous extract of Azanza garckeana fruit on fertility hormones in alloxan-induced diabetic albino Wistar rats and to assess its acute and subacute toxicity through biochemical and histological indices.
2.0 MATERIALS AND METHODS 
MATERIALS 
Plant Material 
Azanza garckeana fruits were obtained from Tula village, Kaltungo Local Government Area, 
Gombe State, north-eastern Nigeria. The plant was identified and authenticated at the herbarium unit of 
the College of Forestry, opposite the University of Jos, Plateau State, Nigeria. A specimen was 
deposited, and voucher number (JUHN20000303) was obtained. The fruits were washed and chopped 
into pieces and then air-dried at room temperature for 3 weeks. The chopped fruits were further 
dried at 600C in an oven (Uniscope SM9053 Surgifriend Medicals, England) to constant weight. 
The dried fruits were crushed into a fine powder using a mortar and pestle. 
Experimental Animals 
Sixty (60) adult male and female albino rats weighing between 136 g and 265 g were obtained from 
the Animal House unit, Department of Pharmacology, Faculty of Pharmaceutical Sciences, 
University of Jos. The rats were housed in well-ventilated rat cages and allowed to acclimatise to 
animal-house conditions for 7 days; they were fed standard rat pellets and tap water before the 
experiment. 
METHODS 
Preparation of Azanza garckeana Fruit Extract 
An aqueous extract of Azanza garckeana fruit was prepared by cutting open the fruits and 
removing the seeds. The fruits were air-dried at room temperature until a constant weight was obtained, 
and then pounded into a fine powder using a ceramic mortar and pestle. The resulting powder was 
macerated in distilled water for 24 hours for proper extraction according to the method described 
by Momodu et al. (2022), with slight modification. The samples were thereafter filtered using 
Whatman No. 1 filter paper, and the filtrate was concentrated in an oven at 550C. The extract was 
thereafter kept in an airtight container and stored in the refrigerator prior to use. The extract was 
reconstituted in distilled water to provide doses of 500 and 1000 mg/kg body weight for use in 
this study. 
Determination of LD50 of the aqueous extract of Azanza garckeana fruit 
The median lethal dose (LD50) is the logarithmic dose of a drug that kills 50% of the population to 
which the drug is administered. Lorke’s method was used to determine this lethal dose 
(Lorke, 1983). Acute and subacute toxicity assessments were carried out. Acute toxicity was assessed to determine whether the plant extract produces a short-term effect on the experimental 
animals, whereas subacute toxicity was assessed to determine whether the plant extract produces effects that could alter biochemical parameters in the experimental animals. 
The acute toxicity (LD50) of the extract was determined using the method of 
Lorke (1983). Twenty-four (24) male and female rats were randomly divided into two groups, 
alpha and beta, consisting of 12 rats each. The first group was further divided 
into six (6) groups consisting of two (2) rats each (i.e. A-F). Groups A, B, C, D, E and F received 10, 100, 1000, 1600, 2900 and 5000 mg/kg body weight doses of the extract, respectively (Table 2). The first group (alpha) received treatment for 1 day, and no mortality was recorded after observation. The second group (beta) was divided into six (6) groups consisting of two (2) rats each (i.e. A-F). They received 10, 100, 1000, 1600, 2800 and 5000 mg/kg body weight doses of the extract, respectively, for 21 days. The extracts were administered orally using an oral cannula. The aqueous extract was weighed and dissolved in distilled water according to the doses to be administered. Care was taken to prevent spills and injury to the animals. 
The rats were sacrificed 24 h after the last treatment was administered, and their blood, liver and 
kidneys were collected into plain tubes for determination of liver and kidney function indices. This was 
done according to the guidelines specified by the Institutional Animal Care and Use Committee 
(IACUC). 
3.0 RESULTS
3.1 THE PHYTOCHEMICAL SCREENING OF THE AQUEOUS EXTRACT OF Azanza

garckeana FRUIT

The phytochemical screening of the aqueous and methanolic extracts of Azanza garckeana showed that both contained alkaloids and carbohydrate. In addition, the aqueous extract contained tannins and saponins, whereas the methanolic extract contained flavonoids (Table 1).







Table 1: Phytochemical screening of Azanza garkeana

	PHYTOCHEMICALS
	AQUEOUS
	METHANOL

	ALKALOIDS
	+
	+

	FLAVONOIDS
	-
	+

	TANINS
	+
	-

	SAPONINS
	++
	-

	TERPENS/STEROIDS
	-
	-

	CARDIAC GLYCOSIDES
	-
	-

	BALSAM
	-
	-

	CARBOHYDRATES
	+
	+

	PHENOL
	-
	-

	RESINS
	-
	-





70


3.2. ACUTE TOXICITY (LD50) ASSESSMENT

The results of the acute toxicity assessment showed no mortality in any of the groups receiving 10mg/kg, 100mg/kg, 1000mg/kg, 1600mg/kg, 2900mg/kg and 5000mg/kg doses of the extract after 24 hours of administration (Table 2).
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Table 2: Acute toxicity (LD50) assessment

	Groups
	Number of rats used
	Mortality recorded
	LD50

	10 g/kg
	2
	0
	>10

	100 mg/kg
	2
	0
	>100

	1000 mg/kg
	2
	0
	>1000

	1600 mg/kg
	2
	0
	>1600

	2900 mg/kg
	2
	0
	>2900

	5000 mg/kg
	2
	0
	>5000

	Key:
	
	
	



> Indicates that the LD50 is above the prescribed dose for the specified step.

3.3 SUB-ACUTE TOXICITY ASSESSMENT

The results of the subacute administration of Azanza garckeana extract to six (6) different groups of animals for twenty-one (21) days on weight, total protein, albumin, urea, creatinine, ALT (GPT), AST (GOT) and ALP indicated a final weight lower than the corresponding initial weight, except in the group treated with AFEAG 10mg/kg. Thus, the plant extract used at a dose higher than 10 mg/kg caused weight loss.
For total protein, albumin, urea, creatinine and ALAT (GPT), Table 3 revealed no significant differences in levels between the groups treated with AFEAG at 100, 1000, 1600, 2900 and 5000 mg/kg and the corresponding group treated with AFEAG 10 mg/kg.
For AST (GOT), a significant difference in activity was found only at 2900 and 5000 mg/kg relative to the corresponding AFEAG 10 mg/kg group. The difference in alkaline phosphatase activity was highly significant at p-value < .05 for the 100, 1000, 2900 and 5000mg/kg groups compared with the corresponding AFEAG 10 mg/kg group.
Therefore, AFEAG was not harmful with respect to the biochemical parameters analysed. These findings showed a decrease in weight in groups treated with doses higher than 10 mg/kg, but could also explain the safety of AFEAG with respect to biochemical parameters, although there was no normal control group. AFEAG 10 mg/kg showed an increase in body weight, and this could explain the safety of body weight when this plant is used at small doses.
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Table 3: Weights and Levels of Biochemical Parameters

	

PARAMETERS
	PLANT EXTRACT

	
	Normal Control
	AFEAG

10mg/kg
	AFEAG

100mg/kg
	AFEAG

1000mg/kg
	AFEAG

1600mg/kg
	AFEAG

2900mg/kg
	AFEAG

5000mg/kg

	Initial Weight (g)
	189.2±4.65
	142.07±1.63
	133.80±1.80
	150.70±4.70
	210.73±9.67
	187.27±2.73
	196.57±9.43

	Final Weight (g)
	207.8±7.43
	147.5±3.17
	133.07±2.47
	145.90±3.60
	190.77±0.07
	177.80±6.00
	186.27±12.93

	Total Protein (g/L)
	78.67±4.16
	99.33±0.67
	97.33±2.67
	90.67±1.33
	90.67±5.67
	91.33±0.67
	90.67±5.33

	Albumin (g/L)
	47.33±5.03
	48.33±1.67
	51.67±1.67
	41.67±0.33
	52.67±1.33
	48.00±0.00
	47.67±0.33

	Urea (mmol/L)
	3.73±0.50
	5.17±0.23
	5.73±0.03
	4.67±0.03
	8.87±1.43
	6.73±0.57
	6.03±0.07

	Creatinine (µmol/L)
	60.57±0.50
	28.63±1.37a
	16.30±4.90b
	19.90±5.35b
	27.00±2.300a
	18.00±1.90b
	22.67±1.47a

	Alkaline	Phosphatase
	61.33±11.02
	
	
	
	
	
	

	
	
	102.33±12.33c
	149.13±11.37d
	153.20±23.40d
	120.93±8.17c
	121.93±19.87c
	200.17±15.87d

	(IU/L)
	
	
	
	
	
	
	

	ALAT(GPT) (IU/L)
	52.67±4.04
	81.90±6.10a
	72.03±1.77a
	74.53±0.17a
	76.47±7.83a
	91.57±4.43b
	88.07±3.03a

	AsPAT(GOT)(IU/L)
	35.00±3.00
	191.33±10.67c
	200.23±0.23c
	179.07±3.83b
	192.53±10.47c
	221.03±1.02d
	219.73±2.2d


AFEAG: Aqueous Fruit Extract of Azanga garkeana

Data	are	expressed	as	mean±SEM.	n=3,	aP	<0.05,	bP	<0.01,	cP	<0.001,	dP	<0.0001




3.4 ANTI-INFERTILITY ACTIVITIES

3.4.1 Body Weight of Animals

The weight of rats used for the anti-infertility test was between 112 and 223 g. The findings in Figure 1 revealed a loss in final body weight in both males and females. Among all animals, only males in the Normal Control Group gained weight significantly compared with the corresponding Negative Control Group.


75



















[image: ].

Figure 1: Initial and Final Body Weights of Male and Female Rats.

IWM: Initial Weight of Males; FWM: Final Weight of Males; IWF: Initial Weight of Females; FWF: Final Weight of Females.
Data are presented as mean ± SEM. n=3, *P <0.05 Compared with corresponding Negative Control.

3.4.2 Glucose Level of Animals

The results revealed that the initial glucose levels in male and female rats were higher than their final levels, except in the Normal Control and Negative Control Groups. For the Normal Control Group, there was no difference between the initial and final glucose levels in the animals, whereas the final glucose level in the Negative Control Group increased compared with the initial glucose level for both sexes. Treated groups exhibited a significant decrease in glucose level compared with the corresponding Negative Control Group in males and females. The decrease in glucose level in females was greater than that in males (Figure 2).


[image: ]


Figure 2: Initial and Final Glucose of Male and Female Rats.

IGluM: Initial Glucose of Males; FGluM: Final Glucose of Males; IGluF: Initial Glucose of Females; FGluF: Final Glucose of Females.
Data are presented as mean ± SEM. n=3, aP <0.01, bP <0.001 and cP <0.0001 Compared with corresponding Negative Control.

3.4.3 Hormonal Assays from Male Rats

Generally, Table 4 showed that hormone levels increased in the normal control and treated groups compared with the corresponding Negative Control Group. However, the groups treated with plant extracts (PE1 and PE2) did not show a significant increase in testosterone levels at 14, 21 and 28 days, whereas all treated groups (PE1, PE2, Metformin and Clomid) showed a significant increase in progesterone levels at 14, 21 and 28 days.

Table 4: Level of Hormones in Males According to the Period and the Treatment

	Period
	Experiment
	LH
	FSH
	Estradiol
	Testosterone
	Progesterone

	
	Groups
	(mIU/ml)
	(mIU/ml)
	(pg/ml)
	(ng/ml)
	(ng/ml)

	
	Normal Control
	11.38 ±0.25d
	12.54±0.18d
	8.80±0.15d
	8.06±0.02d
	25.73±1.91d

	
	Negative
	2.12±0.14
	2.93±0.04
	2.05±0.04
	0.06±0.02
	3.71±0.20

	14
days
	control
PE1
	
4.49±0.25a
	
4.52±0.28
	
4.67±0.09a
	
1.31±0.08
	
8.69±0.59d

	
	PE2
	6.58±0.09d
	6.10±0.66b
	6.47±0.10d
	2.17±0.05
	13.83±0.36d

	
	Metformin
	8.65±0.59d
	9.03±0.08d
	8.93±0.26d
	3.10±0.04b
	21.15±0.39d

	
	Clomid
	10.14±0.03d
	9.99±0.35d
	9.13±0.37d
	5.12±0.06d
	24.13±0.61d

	
	Normal Control
	11.90±0.13d
	12.7±0.31d
	18.93±0.62d
	8.09±0.03d
	26.60±1.26d

	
21
	Negative control
	2.59±0.03
	2.16±0.13
	2.99±0.06
	0.11±0.02
	3.73±0.18

	Days
	PE1
	4.59±0.26
	2.36±0.09
	10.20±0.67d
	0.06±0.01
	10.82±0.10d

	
	PE2
	6.69±0.10d
	4.67±0.14a
	12.47±0.38d
	0.97±0.38
	12.86±0.94d

	
	Metformin
	9.59±0.17d
	8.14±0.34d
	15.03±0.27d
	2.00±0.17
	18.25±0.42d

	
	Clomid
	10.46±0.21d
	12.21±0.65d
	17.37±0.72d
	3.08±0.05a
	19.48±0.33d

	
	Normal Control
	8.28±0.12d
	8.95±0.07d
	39.30±1.49d
	6.04±0.07d
	27.17±1.32d

	
28
	Negative control
	1.97±0.09
	1.94±0.05
	10.43±0.35
	0.59±0.12
	4.45±0.19

	Days
	PE1
	3.95±0.25
	3.59±0.30
	19.56±0.43d
	1.20±0.05
	11.38±0.76d

	
	PE2
	5.78±0.08c
	5.91±0.54c
	27.57±0.73d
	2.05±0.00
	14.75±0.13d

	
	Metformin
	6.35±0.17d
	5.89±0.83c
	31.73±0.03d
	3.15±0.06a
	21.02±0.39d

	
	Clomid
	8.34±0.28d
	8.48±0.27d
	33.9±0.90d
	4.23±0.09c
	19.37±4.28d

	FSH: Follicle
	Stimulating Hormone; LH: Luteinising Hormone; PE: Plant
	Extract. Data are



expressed as mean±SEM. n=3, aP <0.05, bP <0.01, cP <0.001, dP <0.0001 Compared with corresponding Negative Control.
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3.4.4 Hormonal Assays from Female Rats

Overall, Table 5 showed that hormone levels increased in the normal control and treated groups compared with the corresponding Negative Control. The increase in LH level was dose- and time-dependent, especially in the group treated with PE1. The Normal Control and groups treated with PE2, Metformin and Clomid showed a significant increase in LH level at 14, 21 and 28 days. For FSH, the Normal Control and all treated groups showed a significant increase in level, but the group treated with PE1 showed a significant increase only at 14 days. All treated groups (PE1, PE2, Metformin and Clomid) and the Normal Control showed a significant increase in estradiol and progesterone levels at 14, 21 and 28 days. For TSH and GnRH, levels did not increase significantly in groups treated with plant extracts (PE1 and PE2), while the significant increase was time-dependent in the Normal Control, Metformin and Clomid groups.
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Table 5: Level of Hormones in Females According to the Period and the Treatment

	Period
	Experiment Groups
	LH
(mIU/ml)
	FSH
(mIU/ml)
	Estradiol (pg/ml)
	TSH
(mUI/ml)
	GnRH
(ng/ml)
	Progesterone (ng/ml)

	
	Normal Control
	17.08
±0.50d
	17.60±1.23d
	41.46±0.84d
	5.74±0.42
	8.57±0.26c
	85.87±3.31d

	
14
	Negative control
	3.60±0.29
	3.24±0.13
	41.45±0.83
	0.77±0.39
	0.20±0.02
	22.85±1.16

	days
	PE1
	8.07±0.34
	8.87±0.27a
	67.50±1.71d
	1.85±0.10
	1.56±0.20
	45.97±0.94d

	
	PE2
	11.75±0.03c
	10.80±0.65c
	100.03±6.29d
	3.14±0.72
	2.84±0.07
	55.75±1.55d

	
	Metformin
	13.04±0.41d
	13.23±0.20d
	101.53±1.59d
	4.30±0.09
	3.12±0.09
	65.11±3.77d

	
	Clomid
	14.70±0.21d
	14.41±0.22d
	121.00±1.35d
	5.12±0.06
	4.50±0.08
	73.90±1.37d

	
	Normal Control
	20.02±0.1d
	18.37±0.10d
	112.57±2.74d
	9.11±0.39c
	9.20±0.48c
	84.40±1.47d

	
21
	Negative control
	3.88±0.13
	5.02±0.04
	56.33±0.06
	1.20±0.17
	1.02±0.33
	19.57±0.46

	days
	PE1
	10.22±0.37b
	9.31±0.36
	75.23±1.84d
	3.37±0.27
	3.31±0.07
	48.03±0.17d

	
	PE2
	13.30±0.22d
	12.74±0.24c
	82.67±0.48d
	5.23±0.09
	4.85±0.40
	68.30±0.65d

	
	Metformin
	15.87±0.09d
	15.01±0.76d
	92.80±6.64d
	6.45±0.60a
	6.55±0.29a
	75.98±1.52d

	
	Clomid
	19.12±0.36d
	16.19±0.26d
	102.40±1.61d
	7.96±0.43b
	7.44±0.07b
	78.47±0.61d

	
	Normal Control
	17.65±0.27d
	21.32±1.60d
	155.13±0.48d
	8.20±0.09b
	8.46±0.37b
	57.20±0.53d

	
28
	Negative control
	4.88±0.15
	4.99±0.07
	60.63±0.52
	1.99±0.06
	2.16±0.13
	18.17±0.28

	days
	PE1
	9.41±0.27
	9.92±0.09
	98.13±0.93d
	3.21±0.11
	3.09±0.06
	35.90±1.64d

	
	PE2
	10.76±1.01a
	11.87±1.38b
	116.37±3.59d
	4.48±0.24
	4.30±0.44
	41.73±0.98d

	
	Metformin
	12.63±0.94c
	15.26±0.34d
	126.37±1.35d
	5.70±0.15
	5.56±0.14
	47.36±0.63d

	
	Clomid
	15.41±0.27d
	18.33±0.12d
	133.17±0.97d
	7.44±0.21a
	6.35±0.38
	51.47±0.80d

	FSH: Follicle Stimulating Hormone; GnRH:Gonadotropin Realising Hormone; LH: Luteinising

	Hormone; PE: Plant Extract; TSH: Thyrotropin Stimulating Hormone.
	
	

	Data are expressed as mean±SEM. n=3, aP <0.05, bP <0.01, cP <0.001, dP <0.0001 Compared

	With
	corresponding
	Negative
	
	Control.





4.0 DISCUSSION 
This research work sought to evaluate the effect of the aqueous extract of Azanza garckeana fruit on fertility hormones in alloxan-induced diabetic albino Wistar rats. The phytochemical analysis of the A. garckeana fruit extract revealed the presence of saponins, tannins, carbohydrates, flavonoids and alkaloids. Similar results were reported by Salih et al. (2022), although cardiac glycosides, phenolic compounds, steroids and terpenoids were not found in this study, in contrast to the stated research.  These findings are also consistent with those of several previous studies that documented the presence of these phytochemical constituents in different parts of the plant (Nkafamiya et al., 2015; Michael et al., 2015; Jacob et al., 2017; Ochokwu et al., 2019; Bioltif et al., 2020). Many of these compounds have been widely reported to possess biologically active and medicinally relevant properties (Adamu et al., 2013; Nkafamiya et al., 2015; Koche et al., 2016).The disparity among the secondary metabolites found by each researcher confirms that the presence of phytochemicals depends on geographic location and the nature of the soil. 
The use of herbal products for the treatment of diseases has, over time, gained greater acceptance than conventional therapy. However, screening of plant products has been considered an initial step in evaluating their toxicities before wider use (Olson et al., 2000; Parasuraman, 2011; Obidike & Salawu, 2013). The toxicity of herbal extracts, expressed as LD50 values, is commonly assessed by comparison with either Meyer’s or Clarkson’s toxicity index. An initial assessment of toxic manifestations in laboratory animals is one of the screening experiments performed during the evaluation of the toxic characteristics of medicinal plants (Ukwuani et al., 2012). 
Accordingly, these assessments were undertaken in the present study. All 108 administrations of the extract were delivered orally, as this route is widely used in toxicity studies because it is comparatively less invasive, more economical, and generally associated with slower absorption. The rats were fasted prior to administration to minimise potential interactions between the extract and food components, since substances present within the gastrointestinal tract may interact with orally administered compounds and thereby influence their absorption or effects (Kumar & Lalitha, 2013).The absence of treatment-related deaths or toxic signs after the acute study indicates that the extract could be well tolerated up to a dose of 5,000 mg/kg body weight (Jothy, 2011). 
According to the Globally Harmonized Classification System and the O.E.C.D. test guideline 423 
for oral toxicity tests, AFEAG can be classified as Category 5, which is the lowest toxicity class 
for drugs/chemicals that are found to be safe at doses ranging between 2,000-5,000 mg/kg. This 
means that AFEAG can be used at doses of up to 5,000 mg/kg in rats when scientific investigations having direct relevance to protecting animal and human health or the environment 
using the extract are desired (O.E.C.D., 2021). 
Acute toxicity testing has limited clinical applications because cumulative toxic effects can occur even at a very low dose of a chemical (Chitra et al., 2015). Hence, the subacute test with multiple administrations was also carried out to obtain information on possible health threats and cumulative effects on various body systems that could arise from long-term exposure. 
There were no deaths or adverse toxic effects recorded throughout the subacute study, further 
indicating the tolerability of AFEAG. After both the acute and subacute toxicity studies, no significant body weight changes were observed in the rats treated with all doses of the extract when compared with the control at p-value > .05. Significant body weight changes are indicative of 
adverse side effects, and a loss of more than 20% of an animal’s body weight is regarded as critical 
and has been defined as one of the humane endpoints in several international guidelines (O.E.C.D, 2002). This implies that AFEAG may not have the potential to cause changes in body weight or obesity and is therefore safe in that regard. Tannins (commonly referred to as tannic acids) are water-soluble polyphenols that are present in many plant foods and are reported to cause a decrease in net metabolisable energy and protein digestibility in experimental animals. 
In large amounts, tannic acid can cause side effects such as stomach irritation, nausea, vomiting, 
and liver damage (Chung et al., 1998). It may be expected that the tannins present in AFEAG 
exhibit a similar effect in this study; however, the contrary was observed. It is possible that the level of tannins in 
AFEAG is not high enough to elicit that effect. Hence, even with the presence of tannins in 
AFEAG intake may neither cause malnourishment nor lead to obesity, as evidenced by the 
findings of this study. 
The liver is a target organ and the primary site of detoxification and is generally the major 
site of intense metabolism; it is therefore prone to various disorders as a consequence of exposure 
to toxins of extrinsic and intrinsic origins (Hodgson, 2004). Plasma proteins are produced in the 
liver. In the case of liver damage, production of these proteins is reduced or completely ceases 
(Chukwudoruo et al., 2021). Plasma proteins interact with virtually all body tissues or cells and 
are ultimately related to protein metabolism in the liver. Albumin constitutes approximately 60% 
of normal plasma proteins (Al-Shafi, 2002). From the results of this study, AFEAG did not significantly affect 
either total protein or albumin levels. However, in a previous study, AFEAG 
caused an increase in the albumin and alanine aminotransferase levels at the dose of 600 mg/kg 
after the subacute study (Dawud et al., 2023). Albumins can bind with tannic acid-related 
compounds, which have been reported to markedly increase their normal levels. Hence, the 
increase in the normal level of albumin after the subacute study could be due to the presence of 
tannins in the extract. Although liver histology indicates no gross treatment-related toxicity 
signs, the increase in serum albumin level after subacute treatment by AFEAG indicates that the 
extract may have some level of toxicity to the liver. This is in concordance with the adverse
related effects of the extract observed in the hearts and lungs of treated rats in a previous study 
(Dawud et al., 2023). 
Alanine transaminase (ALT) is an enzyme that helps to metabolise proteins. When the liver 
is damaged, ALT production increases in the liver, and the enzyme is released into the bloodstream. 
Both AST and ALT increase in liver damage. However, an increase in ALT is more specific to 
liver damage because AST can also be released due to damage to other organs such as the 
heart and kidneys, and in the liver only 20% of AST is cytosolic (the remaining 80% is 
mitochondrial), while ALT is solely in the liver cytosol. Hence, a rise in ALT level is more 
specific to hepatocellular damage (Giannini et al., 2005; W. R. Kim et al., 2008; Lala et al., 
2022). From the results of this study, ALP (alkaline phosphatase), ALT (alanine transaminase), 
and AST (aspartate aminotransferase) increased significantly for each of the concentrations 
used at p-values of less than 0.05, 0.01, 0.001 and 0.0001, respectively, when 
compared to the normal control after the subacute treatment. If the liver is damaged, AST and 
ALT pass into the bloodstream. This further indicates that AFEAG may be toxic to the liver, 
especially after treatment for a long period. The elevated levels of these liver enzymes 
caused by the different doses of AFEAG after subacute treatment observed in this study may 
indicate that liver damage or inflammation could be the result of the synergistic effects of 
alkaloids and saponins present in the extract. These secondary metabolites have been 
linked by previous studies to liver toxicity: saponins (Sung et al., 2017) and alkaloids (Ebmeyer 
et al., 2020). 
Assessment of histological alterations in two vital organs responsible for body 
detoxification are considered essential in evaluating the toxicity of chemicals (Greaves, 2012). 
Hence, histological examinations of the liver and kidney of the rats were also carried out. The 
observation of nephritis and congestion, respectively, at 10mg/Kg and 5000mg/Kg in the renal 
tissues of rats used for the subacute toxicity test showed that the histological damage may not 
be treatment-related, as supported by the normal features seen in the renal tissues of the majority 
of dosed rats compared with those of the control after the subacute study. Similar observations 
were also made on the liver tissues of the rats, as all the changes seen were moderate in nature. 
According to previous findings, A. garckeana fruit extract must be used with caution due to its 
possible systemic adverse effects on cardiopulmonary and hepatic systems when used at high 
doses and for long durations (Dawud et al., 2023); however, A. garckeana fruit extract is 
effective in treating diabetic nephropathy with the ethyl acetate fraction (Yusuf et al., 2023). 
Therefore, the observation of no treatment-related gross abnormalities in the tissue histology of 
these vital organs suggests the safety of AFEAG in that regard. Nevertheless, it is pertinent to 
state that subchronic toxicity and genotoxicity studies on AFEAG are required based on the oral 
doses used in the acute and subacute studies to ascertain the safety of the extract. 
The results obtained from this study revealed a significant increase in the level of each hormone (LH, FSH, estradiol, TSH, GnRH and progesterone) in the treated groups (Plant Extract 1 (PE1), Plant Extract 2 (PE2), Metformin and Clomid) when compared with the negative control, which can be explained by the fact that the extracts partially corrected the hormone imbalance induced by diabetes. The results also showed that the increase in hormone levels was not significant when compared with the normal control; however, the group treated with 2000 mg/kg (PE2) had significantly higher levels than the group treated with 1000 mg/kg (PE1), which means that the effect was dose-dependent. 
Several studies have linked the reported biological properties of A. garckeana to its different 
metabolites (Salih et al., 2022). A. garckeana extract at 125 and 500 mg/kg induced a significant 
increase in LH, FSH and testosterone compared with the control (p<0.05) and, at 250 mg/kg, demonstrated the highest fecundity potential of 8.49 (Bukar, 2021). 
The results on the effect of A. garckeana fruit extract on hormone levels in male rats are shown in Table 4. The serum concentrations of testosterone, LH and FSH fluctuated over the weeks in male rats. However, rats administered 1000 mg/kg and 2000 mg/kg extracts had increased serum hormone concentrations when compared with the negative control, and this increase was dose-dependent. The hormones have been reported to play a significant role in improving male reproductive functions (Abo-Elsoud et al., 2019). 
The results show that Azanza garckeana contained an appreciable quantity of bioactive components, including polyphenols such as flavonoids, which may reduce oxidative stress and 
harmful biological activities (Maroyi & Cheikh-Youssef, 2017; Bioltif et al., 2020). 
4.0 CONCLUSION 
The findings indicate that the aqueous fruit extract of Azanza garckeana produced measurable effects on diabetes-associated reproductive hormone disturbances in alloxan-induced albino Wistar rats. Phytochemical screening demonstrated the presence of alkaloids, tannins, saponins, carbohydrate, and flavonoids. No mortality was reported during acute exposure to the tested doses up to 5000 mg/kg body weight. In the subacute assessment, however, changes in creatinine and liver-enzyme activities, together with histological observations in the liver and kidney, indicate that the safety findings should be interpreted cautiously. In both male and female rats, treatment with the extract was associated with improvement in the hormonal imbalance observed after diabetes induction, and the 2000 mg/kg dose generally produced a greater effect than the 1000 mg/kg dose. Metformin and Clomid also showed effects in the comparative treatment groups. Taken together, the study supports a dose-related effect of the aqueous fruit extract on fertility-related hormonal indices in this experimental model, while also indicating the need for further safety evaluation before broader conclusions can be drawn.
Limitations
The findings are limited to the alloxan-induced albino Wistar rat model, the tested extract doses, and the observation periods used in this study. The reported group summaries were based on small numbers of animals, and the safety assessment was restricted to the biochemical and histological indices examined. Accordingly, the hormonal and toxicity findings should be interpreted within the experimental conditions of the study and should not be extrapolated beyond this model without additional investigation.
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