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ABSTRACT
	Aim: This study investigated the effects of oral administration of ethyl acetate leaf extract of Gliricidia sepium on thyroid and reproductive hormone profiles in Wistar rats.
Study Design: Completely randomized controlled experimental study.
Place and Duration of Study: The study was conducted at the Animal House, Faculty of Pharmaceutical Sciences, and the Chemical Pathology Laboratory, School of Medical Laboratory Science, Usmanu Danfodiyo University, Sokoto, Nigeria, between May 2024 and October 2025.
Methodology: The ethyl acetate fraction was obtained from a crude methanol extract. Acute oral toxicity was assessed using Lorke’s method. Twelve male Wistar rats were assigned into four groups. In Phase I, groups I–III received 10, 100, and 1000 mg/kg body weight of the extract, respectively, while group IV served as the control. In Phase II, three rats received single oral doses of 1600, 2900, and 5000 mg/kg body weight.
For the sub-chronic toxicity study, forty-eight adult Wistar rats (24 males and 24 females) were divided into four groups. Group I received normal saline, while Groups II–IV received 500, 1000, and 1500 mg/kg body weight of the extract daily for 28 days. Blood samples were collected for hormonal analysis. Hormones levels were determined using a microplate enzyme-linked immunosorbent assay (ELISA) method. The data obtained from this study were analyzed using Statistical Package for Social Science (SPSS) for Windows, version 23.0 (SPSS Inc., Chicago, IL, USA)
Results: The oral median lethal dose (LD₅₀) of the extract was greater than 5000 mg/kg body weight. Sub-chronic administration did not produce significant changes (p > 0.05) in TSH, T₃, T₄, testosterone, progesterone, prolactin, and FSH levels. Variations observed in LH and estradiol levels were attributable to physiological sex-related differences.
Conclusion: Oral administration of ethyl acetate leaf extract of Gliricidia sepium at therapeutic doses appears relatively safe and does not adversely affect thyroid or reproductive hormone function in Wistar rats.
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1. INTRODUCTION
Herbal medicine continues to play an important role in global healthcare systems, serving both as a primary source of treatment for many populations and as a foundation for the development of modern pharmaceuticals [1]. It is estimated that nearly 60% of the world’s population utilizes traditional medicine, while approximately 80% of people in developing countries depend largely on herbal remedies for their primary healthcare needs [2]. The sustained patronage of herbal medicine has been attributed to its affordability, accessibility, cultural acceptance, and the perception that herbal products possess minimal adverse effects [3].
Despite their widespread use, the safety and efficacy of many medicinal plants have not been sufficiently validated through scientific investigation, raising concerns among researchers and regulatory authorities [4]. Gliricidia sepium, a member of the Fabaceae family, is among the medicinal plants commonly used by local communities in Nigeria for the management of various ailments [5].
Gliricidia sepium is a multipurpose leguminous plant of considerable economic and medicinal value. The Fabaceae family, to which it belongs, is one of the largest families of flowering plants, comprising over 700 genera and approximately 20,000 species [6]. The plant is commonly referred to as “mother of cocoa” and is locally known as Agunmaniye among the Yoruba-speaking population of southwestern Nigeria [7]. It is native to Central America and is now widely distributed across tropical and subtropical regions worldwide [8].
The plant thrives in tropical climates with temperatures between 20°C and 29°C and annual rainfall ranging from 900 to 1500 mm. It tolerates a wide range of soil conditions but is sensitive to frost and prolonged exposure to low temperatures [8].

Previous studies have reported that the leaves of Gliricidia sepium possess anti-inflammatory, antibacterial, and antioxidant properties, largely attributed to their phytochemical constituents, particularly flavonoids [8]. However, there is limited scientific information on the toxicological effects of Gliricidia sepium, particularly with respect to endocrine and metabolic functions. Therefore, this study was undertaken to evaluate the potential effects of ethyl acetate leaf extract of Gliricidia sepium on thyroid and reproductive hormone profiles in male and female Wistar rats.
2. MATERIALS AND METHODS
2.1 Plant Collection and Identification
Fresh leaves of Gliricidia sepium were collected from Osogbo metropolis, Osun State, Nigeria. Botanical identification and authentication were carried out at the Herbarium Unit, Department of Botany, Obafemi Awolowo University, Ile-Ife. A voucher specimen (IFE/17460) was deposited for reference (5).
2.2 Plant Extraction
The collected leaves were shade-dried at room temperature for six weeks and pulverized into fine powder using a mortar and pestle. A 1000 g portion of the powdered material was macerated in 5 L of 90% methanol for 48 hours with intermittent stirring. The mixture was filtered using Whatman No. 1 filter paper, and the filtrate was concentrated at 40°C to dryness.
A portion (200 g) of the crude extract was dissolved in distilled water and successively partitioned with n-hexane, ethyl acetate, and n-butanol to obtain the respective fractions.
2.3 Experimental Animals
Healthy male and female Wistar rats aged 8–12 weeks (120–140 g) were obtained from the Animal House, Faculty of Pharmaceutical Sciences, Usmanu Danfodiyo University, Sokoto. The animals were housed under standard laboratory conditions (25 ± 2°C, 12-hour light/dark cycle) and allowed free access to standard feed and water. All experimental procedures complied with international guidelines for laboratory animal care (9).
2.4 Experimental Design
2.4.1 Acute Oral Toxicity Study
Acute toxicity was evaluated using Lorke’s method. In Phase I, nine male rats were divided into three groups and administered 10, 100, and 1000 mg/kg body weight of the extract. In Phase II, three rats received 1600, 2900, and 5000 mg/kg body weight, respectively. Animals were monitored for clinical signs of toxicity and mortality. (10, 11 and 12).


2.4.2 Sub-chronic Toxicity Study
For the sub-chronic toxicity assessment, forty-eight adult Wistar rats (24 males and 24 females) were randomly assigned into four groups of twelve rats each. Group I received normal saline, while Groups II–IV were administered 500, 1000, and 1500 mg/kg body weight of the extract, respectively, for 28 consecutive days (13). 
2.4.2.1 Sample Collection and Processing
At the end of the 28-day treatment period, the rats were fasted overnight with unrestricted access to water. Anaesthesia was induced using a ketamine–xylazine combination (50:10 mg/kg, respectively). Blood samples were obtained by cardiac puncture into lithium heparin tubes for thyroid and reproductive hormones analyses.
2.5 Hormonal Analysis
Plasma thyroid-stimulating hormone (TSH) levels were determined using a microplate enzyme-linked immunosorbent assay (ELISA) method as described by Hopton and Harrap (14) with commercial kits obtained from Monobind Inc. (Lake Forest, CA, USA). Triiodothyronine (T₃) was estimated using the ELISA technique described by Gharib et al. (15), while thyroxine (T₄) was quantified following the method of Barker (16), using Monobind diagnostic kits. Serum testosterone (17β-hydroxy-4-androstene-3-one), prolactin (PRL), and follicle-stimulating hormone (FSH) levels were measured using ELISA procedures described by Odell et al. (17). Luteinizing hormone (LH) was determined following the method of Kosasa (18), while estradiol (E₂) was estimated according to Corker and Exley (19). All analyses were performed using Monobind ELISA reagent kits.
2.6 Statistical Analysis
Data were analysed using Statistical Package for Social Sciences (SPSS) software version 23.0 (SPSS Inc., Chicago, IL, USA). Results were expressed as mean ± standard error of the mean (SEM). Data normality was assessed using the Shapiro–Wilk test. Group comparisons were performed using two-way analysis of variance (ANOVA), followed by least significant difference (LSD) post hoc test where appropriate. Statistical significance was accepted at p ≤ 0.05.

3. RESULTS AND DISCUSSION
The grouping of male Wistar rats used for the determination of the median lethal dose (LD₅₀) of the ethyl acetate leaf extract of Gliricidia sepium is presented in Table 1. No mortality or observable behavioural abnormalities were recorded in any of the animals during both phases of the acute toxicity study. These findings indicate that the oral LD₅₀ of the extract is greater than 5000 mg/kg body weight.
Acute toxicity testing is a fundamental step in the toxicological evaluation of plant extracts. In the present study, administration of single oral doses of Gliricidia sepium extract up to 5000 mg/kg body weight did not elicit any signs of toxicity or mortality, suggesting a wide margin of safety. Based on the Globally Harmonized System (GHS) for chemical classification (20), the extract may therefore be categorized as having low acute toxicity.
The sub-chronic toxicity study further demonstrated that repeated oral administration of the extract for 28 days did not produce mortality or adverse clinical signs. All treated animals remained active and exhibited normal behavioural responses throughout the experimental period. Repeated-dose toxicity studies are essential for identifying potential target organ toxicity and evaluating the long-term safety profile of test substances. 










Table 1: Acute toxicity profile (LD50) of Gliricidia sepium     ethyl acetate leaves extract in male Wistar rats.     
	Dose (mg/kg)
	Number of rats used
	Observation period
	Behavioral changes 
	Mortality

	
10

	
3
	
24 hours

	
None 
	
0/3

	100
	3
	24 hours

	None
	0/3

	1000
	3
	24 hours

	None
	0/3

	1600
	2
	24 hours

	None
	0/2

	2900
	2
	24 hours

	None
	0/2

	5000
	2
	24 hours

	None
	0/2









Sub-chronic oral administration of the ethyl acetate leaf extract of Gliricidia sepium for 28 days did not result in mortality or observable clinical signs of toxicity in rats. Evaluation of thyroid hormone profiles showed no significant differences (p > 0.05) in serum TSH, T₃, and T₄ levels between treated and control groups in both sexes, indicating that the extract did not impair thyroid function. Thyroid hormones are essential regulators of metabolic processes, thermogenesis, oxygen consumption, and energy utilization through their action on nuclear receptors (21). Although they influence carbohydrate metabolism, they do not directly regulate blood glucose levels, further supporting the metabolic safety of the extract (21).
The absence of statistically significant differences (p > 0.05) in serum testosterone, progesterone, prolactin, follicle-stimulating hormone (FSH), luteinizing hormone (LH), and estradiol levels among rats administered graded doses of the extract compared with the control contrasts with earlier reports by (22, 23). This discrepancy may be attributed to the fact that the administered doses neither exerted beneficial nor deleterious effects on the reproductive endocrine system of the rats. Reproductive hormones play critical roles in fertility and overall reproductive health, and their imbalance may result in infertility (24).
Across all experimental groups, testosterone concentrations were consistently higher in male rats, whereas progesterone, prolactin, FSH, LH, and estradiol levels were higher in females. This distribution reflects normal physiological endocrine patterns and suggests that the extract did not disrupt reproductive hormonal homeostasis. Testosterone is essential for spermatogenesis and male reproductive function, while progesterone plays key roles in ovulation, implantation, and the maintenance of early pregnancy (25, 26). Prolactin, although necessary for lactation, may impair fertility when excessively secreted by suppressing gonadotropin release (26). Estradiol also contributes significantly to female reproductive function and male sexual health.
Overall, the absence of significant alterations in thyroid and reproductive hormone profiles indicates that sub-chronic exposure to Gliricidia sepium leaf extract is unlikely to exert endocrine-disrupting effects at the tested doses.
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Figure 1: TSH level of male and female Wistar rats administered Gliricidia sepium ethyl acetate leaves extract in sub-chronic oral toxicity study
Key: TSH= thyroid stimulating hormone, control=group I, 500 mg/kg=group II, 1000 mg/kg= group III, 1500 mg/kg= group IV. Bars represent Mean±SEM, the values are not significantly different (p>0.05) when compared to control group, using two way analysis of variance SPSS version 23.0
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Figure 2: T3 level of male and female Wistar rats administered Gliricidia sepium ethyl acetate leaves extract in sub-chronic oral toxicity study
Key: T3= triiodothyroxin, control=group I, 500 mg/kg=group II, 1000 mg/kg= group III, 1500 mg/kg= group IV. Bars represent Mean±SEM, the values are not significantly different (p>0.05) when compared to control group, using two way analysis of variance SPSS version 23.0
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Figure 3: T4 level of male and female Wistar rats administered Gliricidia sepium ethyl acetate leaves extract in sub-chronic oral toxicity study
Key: T4= thyroxin, control=group I, 500 mg/kg=group II, 1000 mg/kg= group III, 1500 mg/kg= group IV. Bars represent Mean±SEM, the values are not significantly different (p>0.05) when compared to control group, using two way analysis of variance SPSS version 23.0
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Figure 4: Testosterone level of male and female Wistar rats administered Gliricidia sepium ethyl acetate leaves extract in sub-chronic oral toxicity study
Key: control=group I, 500 mg/kg=group II, 1000 mg/kg= group III, 1500 mg/kg= group IV. Bars represent Mean±SEM, bars with different letters are significantly different (p<0.05), using two way analysis of variance SPSS version 23.0












[image: ]
Figure 5: Progesterone level of male and female Wistar rats administered Gliricidia sepium ethyl acetate leaves extract in sub-chronic oral toxicity study
Key: control=group I, 500 mg/kg=group II, 1000 mg/kg= group III, 1500 mg/kg= group IV. Bars represent Mean±SEM, bars with different letters are significantly different (p<0.05), using two way analysis of variance SPSS version 23.0
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Figure 6: Prolactin level of male and female Wistar rats administered Gliricidia sepium ethyl acetate leaves extract in sub-chronic oral toxicity study.
Key: control=group I, 500 mg/kg=group II, 1000 mg/kg= group III, 1500 mg/kg= group IV. Bars represent Mean±SEM, bars with different letters are significantly different (p<0.05), using two way analysis of variance SPSS version 23.0
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Figure 7: FSH level of male and female Wistar rats administered Gliricidia sepium ethyl acetate leaves extract in sub-chronic oral toxicity study
Key: FSH= follicle stimulating hormone, control=group I, 500 mg/kg=group II, 1000 mg/kg= group III, 1500 mg/kg= group IV. Bars represent Mean±SEM, bars with different letters are significantly different (p<0.05), using two way analysis of variance SPSS version 23.0
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Figure 8: LH level of male and female Wistar rats administered Gliricidia sepium ethyl acetate leaves extract in sub-chronic oral toxicity study
Key: LH = luteinizing hormone, control=group I, 500 mg/kg=group II, 1000 mg/kg= group III, 1500 mg/kg= group IV. Bars represent Mean±SEM, bars with different letters are significantly different (p<0.05), using two way analysis of variance SPSS version 23.0
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Figure 9: Estradiol level of male and female Wistar rats administered Gliricidia sepium ethyl acetate leaves extract in sub-chronic oral toxicity study
Keys: control=group I, 500 mg/kg=group II, 1000 mg/kg= group III, 1500 mg/kg= group IV. Bars represent Mean±SEM, bars with different letters are significantly different (p<0.05), using two way analysis of variance SPSS version 23.0

4. CONCLUSION
The oral median lethal dose (LD₅₀) of the ethyl acetate leaf extract of Gliricidia sepium was found to be greater than 5000 mg/kg body weight in Wistar rats, indicating low acute toxicity. Furthermore, sub-chronic oral administration of the extract at doses of 500, 1000, and 1500 mg/kg for 28 days did not produce adverse effects on thyroid or reproductive hormone profiles in either male or female rats. These findings suggest that the extract is relatively safe at the tested doses.
5. Limitations 
This study had a shorter duration than typical pre-chronic toxicity studies recommended by regulatory guidelines. Therefore, it should be taken into consideration that longer exposure periods of 90 days, for example, may also yield different results. 
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