


Evaluation of antioxidant status and libido enhancing activities of ethanolic extract of Aframomum melegueta seed using wistar rat models

Abstract 
Aframomum melegueta seeds are reported to have libido-enhancing properties, but the involvement of antioxidants in the improvement of mating behaviour has not been established. This study determined the effect of a 70% ethanol extract of Aframomum melegueta seeds on mating behaviour (MF, ML, IF, IL, EF, EL and PEI), serum hormones (testosterone (TET), follicle-stimulating hormone (FSH), luteinising hormone (LH) and prolactin (PRL)), as well as oxidative stress biomarkers (SOD, CAT, GPx, GSH and MDA) in male Wistar rats. Twenty-five male Wistar rats were randomly divided into five groups containing five rats each. Groups I, II and III were treated with 120, 240 and 360mg/Kg of the ethanolic extract of Aframomum melegueta seeds, while groups IV and V were treated with 1mg/Kg of testosterone and 10ml/Kg of distilled water to serve as positive and negative controls, respectively. The extract was found to significantly (P≤0.05) increase MF, IF and EF, while ML, IL and PEI were significantly decreased (P≤0.05) when compared with the negative control. However, the group treated with testosterone had mating behaviour parameters that were significantly higher (P≤0.05) than those of the treated group that received the highest dose (group III). Similarly, the serum levels of testosterone, FSH and LH were dose-dependently higher (P≤0.05) in the treated groups when compared with the negative control group, while the PRL level was significantly (P≤0.05) decreased in the treated and positive control groups. The levels of CAT, SOD, GPx and GSH were significantly (P≤0.05) increased, while MDA was significantly (P≤0.05) decreased in the treated groups compared with the negative control group. These results suggest that the extract produces a libido-enhancing effect, as indicated by mating behaviour, through increased testosterone via activation of the hypothalamic-pituitary-gonadal axis, which may be facilitated by improved oxidative status.
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Introduction
One of the fundamental parameters for the assessment of quality of life is sexual function, with diverse impacts on the social and psychological well-being of an individual (Brody, 2006). The global incidence of male reproductive dysfunction, particularly erectile dysfunction and declining libido, has emerged as a significant public health challenge affecting quality of life and psychological well-being. Libido is a person’s overall sexual drive or desire for sexual activity. It is a natural biological and psychological energy that fluctuates based on a complex mix of hormones, physical health, emotional well-being and lifestyle factors. Male reproductive dysfunction is reported to account for about 50% of all cases and to affect more than 17% of males of reproductive age worldwide (World Health Organization [WHO], 2023). A review by Kessler et al. (2019) indicates that erectile dysfunction is associated with increased risks of cardiovascular diseases, dementia and early death; it affected up to 5million people in the UK as of 2019, while an estimated 322 million men may have been affected worldwide by 2025. This has led to many social and marital problems, prompting the search for and development of a number of treatment options. Among the various contributors to male infertility, modern lifestyle factors, some pharmaceutical products, environmental toxins, genetic factors and predisposing disease conditions, including metabolic disorders, frequently induce chronic oxidative stress, which impairs testicular function and disrupts the hypothalamic-pituitary-gonadal axis (Babalola et al., 2023). 
Recent evidence further reinforces the relevance of redox balance to male reproductive function: a population-based analysis identified an inverse association between oxidative balance score and erectile dysfunction, while a mechanistic review described lipid peroxidation, DNA fragmentation, and protein oxidation as major pathways of oxidative sperm injury (Chen et al., 2024; Wang et al., 2025).
According to Kingsberg and Woodard (2015), aphrodisiacs are substances that amplify mating drive and are usually used to manage intimacy issues. These substances include food and food products, pharmaceuticals, aromas and herbal substances, which may adjust key reproductive signals such as pregnancy hormones, other female hormones and male hormones, as well as brain signals (Shamloul, 2010). Although synthetic aphrodisiacs such as phosphodiesterase-5 inhibitors are widely available, their high cost, systemic side effects and lack of antioxidant properties limit their long-term therapeutic utility. Consequently, there is a critical need to evaluate natural, bioactive alternatives that can concurrently mitigate oxidative damage and enhance reproductive vitality (treatment and management of declining libido). One such plant being explored for its libido-enhancing activities is Aframomum melegueta.
Experimental evidence in male rodents also indicates that plant-derived antioxidant interventions can influence reproductive hormones and testicular morphology under induced reproductive toxicity, providing additional support for evaluating botanical candidates in controlled animal models (Al-Bayati & Al-Zubaidi, 2024).
Alligator pepper (Aframomum melegueta (Roscoe) K. Schum), also known as grains of Paradise or Guinea pepper, is an herbaceous perennial tropical plant in the family Zingiberaceae native to West Africa. It can grow to a height of about 1.0 to 1.5 metres and produces purple flowers that give rise to 5 to 7cm long pods containing small reddish-brown seeds. It is commonly used as a spice in food and for the treatment of various ailments, including the management of convulsions, leprosy, inflammation and rheumatoid pains (Ogwu et al., 2024).   
A recent study in male Wistar rats further reported that Aframomum melegueta treatment in an experimentally induced testicular-injury model was associated with improved antioxidant status and testosterone levels, alongside histological preservation of testicular tissue (Roselyn et al., 2026).
Aframomum melegueta (Alligator pepper) is reported to possess aphrodisiac and rejuvenative properties. However, its specific impact on systemic antioxidant status in relation to libido-enhancing activities remains inadequately quantified.
Objective
This study utilises a Wistar rat model to systematically investigate how Aframomum melegueta modulates antioxidant defence mechanisms to improve copulatory behaviour and reproductive performance.

Methods 
Plant materials and extraction. The fruits of Aframomum melegueta were purchased from Urua Ikpe, Essien Udim Local Government Area of Akwa Ibom State in January 2026. The plant sample was identified and authenticated by a taxonomist in the Department of Biological Science, Akwa Ibom State Polytechnic, Ikot Osurua. The seeds were separated from the rest of the fruit, washed and dried at room temperature 25oC for 24 hours. A total of 250 g of the plant seeds was weighed, blended into a fine powder using a laboratory mortar and pestle and thereafter soaked at room temperature (25°C) in 1.0 L of 30/70% aqueous-ethanol (95.6%) for 72 hours, with occasional agitation. The extract was filtered using Whatman paper No4, and this process was repeated twice. The filtrates were combined and concentrated in vacuo in a rotary evaporator to give an extract with a 12.26% yield. It was then stored at 4°C until needed.
Phytochemical Analysis: Preliminary analysis of the secondary metabolites in A. melegueta was conducted to detect the levels of alkaloids, tannins, flavonoids and saponins using established protocols reported by Khedr et al. (2024), while cardiac glycoside levels were determined using the method of Harborne (1984). Thereafter, the LD50 of the extract was estimated using Swiss albino mice via the intraperitoneal (ip) route according to the method of Lorke (1983). 
 Animals Study: Mature male and female Wistar rats (190 g to 240 g, about 8 weeks old) were obtained from the animal house of the University of Uyo, Uyo, Nigeria for the study. The male (25) and female (25) animals were separately acclimatised and maintained for two weeks under standard conditions (12 h light/12 h dark cycle and at an ambient temperature of 25oC) at the animal house of the Department of Science Technology, Akwa Ibom State Polytechnic, Ikot Osurua. The animals were fed growers’ pellets (New Hope Agricultural and Technology Nigeria Limited, Logbara, Ogun State, Nigeria), and water was given ad libitum. All animal experiments conformed to the Guide for the Care and Use of Laboratory Animals published by the National Research Council (2011).
 Effect of Extract on Sexual Behaviour in Male Rats. Twenty-five sexually mature male rats were randomly divided into five groups of five rats per group. Groups I, II and III received three different doses (120, 240 and 360mg/kg (p.o)) of the extract, respectively, dissolved in distilled water. Group IV received 1mg/kg of testosterone (sc). Group V received 10ml/kg distilled water (p.o) as a control. The administration was repeated daily for 14 days before commencement of the sexual behaviour experiment. Oestrus was induced in the female rats used for the experiment by administration of 17-β estradiol (10 µg/kg body weight) and progesterone (500 µg/kg body weight), 48 hours and 8 hours, respectively, before the commencement of the experiment. The sexual behaviour experiment was conducted from 7pm to 11pm. The males were placed in a Plexiglass box under a red bulb for 10 minutes to acclimatise before introduction of the oestrus-induced female. Their mating activities were monitored by measuring the following indices: Mount Latency (ML), Intromission Latency (IL), Ejaculatory Latency (EL), Mount Frequency (MF), Intromission Frequency (IF), Penile Erection (PE) and Ejaculatory Frequency (EF). 



Collection of blood samples.
Twenty-four hours after the last treatment, the animals were anaesthetised using diethyl ether, and blood samples were collected through cardiac puncture into red-cap plain sample tubes without anticoagulant and preserved on ice for 30minutes. The whole blood from each sample was centrifuged at 3000 rpm for 10 min, and the sera were separated, properly labelled and preserved for biochemical analysis.

Biochemical Assays 
The oxidative stress and antioxidant status of each sample were evaluated by measuring the serum SOD, CAT, GPx, GSH and MDA. 
 Serum superoxide dismutase (SOD) activity was determined using the spectrophotometric method of Popov et al. (2003). According to this protocol, xanthine oxidase was used to generate free oxygen radicals, particularly superoxide radicals. Blank and sample tubes were read against bidistilled water at 560 nm. Results were expressed as U/L.
CAT activity in serum was assessed using the methodology outlined by Aebi (1984). The concentration was calculated. GPx activity was determined according to an established procedure using H2O2 as a substrate (Paglia & Valentine, 1967). Glutathione levels were determined according to the method of Beutler et al. (1963). Here, 800 µl of phosphate buffer was added to 200 µl of serum. The first absorbance (AB1) at 412 nm was recorded. Then, 100 µl of Ellman's reagent was added to the same tube, and the second absorbance (AB2) was recorded. 
Determination of MDA level. MDA level was determined according to the method reported by Gutteridge (1995). The absorbances were read in a spectrophotometer at 532 nm.
Hormonal assays
Serum concentrations of luteinising hormone (LH), follicle-stimulating hormone (FSH), prolactin (PRL) and testosterone were quantified using enzyme-linked immunosorbent assay (ELISA) techniques, following the manufacturer’s instructions for each specific kit. FSH was quantified using the Rat FSH ELISA Kit (Sigma-Aldrich, Catalog #RAB0326), as validated for rat sera (Hui et al., 2020; Sigma-Aldrich, 2024). Luteinising hormone (LH) was determined according to the method of Leiva and de la Lastra (1992). Testosterone was measured using the Testosterone ELISA Kit (Enzo Life Sciences, Catalog #ADI-900-065), as validated for rat sera (Enzo Life Sciences, 2024), while serum prolactin concentration was measured using the prolactin ELISA kit according to the method of Frantz (1978). The ELISA analyser was calibrated with standard curves. All ELISA procedures followed established protocols for hormone quantification (Crowther, 2009). 

Statistical analysis. Results obtained from the study were expressed as the mean ± standard error of the mean (n = 5). Group differences and comparisons were assessed using one-way analysis of variance (ANOVA), followed by Tukey’s post-hoc test using IBM® SPSS® version 23 (NY, USA), and statistical significance was considered at P < 0.05.


Results 
Effect of A. melegueta seed extracts on mating behaviour of male albino rats.
The results of the mating behaviour of male albino rats following the administration of graded doses of A. melegueta seed extracts for 14 days are presented in Table1. The extract significantly (P≤0.05) lowered mount latency (ML), intromission latency (IL) and ejaculation latency (EL) in the test groups when compared with the negative control. There was a dose-dependent increase among the test groups for ML but a dose-dependent decrease in IL. However, the values for the group that received the highest dose (group 3) were not significantly different from those of the group treated with testosterone, suggesting that the extract may act through increased testosterone production. The mount frequency (MF), intromission frequency (IF) and ejaculation frequency (EF) were significantly (P≤0.05) increased in the treated groups compared with the negative control. The increase was also dose-dependent. The frequencies in the three treated groups were significantly (P≤0.05) different from each other. Finally, the post-ejaculation interval (PEI) was significantly (P≤0.05) lower in the test groups compared with the negative control. The PEI of the positive control was significantly higher (P≤0.05) than the values from the treated groups.
Table.1 Effect of A melegueta ethanolic extract on mating parameters of male Albino Wistar rats after daily treatment for 14 days.
	Treatment                          Mating Behavour parameter
                      ML(s)            MF              IL (s)             IF                     EL(min)         PEI(s)                 EF

	Group1
	23.22±3.15x
	18.00±2.17x
	43.34±1.33x
	7.13±1.33x
	12.13±0.63x
	157.22±4.21x 
	14.12±2.13x

	Group2
	27.13±2.11xa
	22.14±2.01xa
	36.38±2.34xa
	8.52±0.72xa
	8.68±0.71xa
	145.34±5.74xa
	15.32±1.08x

	Group3
	32.62±3.52xb
	24.71±1.78xb
	33.42±0.63xb
	10.23±0.83xb
	8.13±0.85xa
	133.87±3.21xb
	18.34±0.93xb

	Group4
	35.24±4.23
	25.35±2.52
	32.32±1.75
	12.28±1.41
	7.02±1.14xa
	140.27±5.42
	19.37±1.21

	Group5
	47.33±3.61
	13.23±2.52
	51.25±3.61
	5.23±0.17
	16.29±1.04
	229.72±5.76
	10.07±2.06


ML= mounting latency, IF = mounting frequency, MF = mounting frequency, IL = Intromission latency, IF = Intromission frequency, EL = ejaculation latency, PEI = post ejaculation interval and EF = erection frequency. (x = P≤ 0.05; N = 5)
Effect of A. melegueta seed extracts on hormonal levels of male albino rats.
The results for the effect of A. melegueta seed extracts on hormonal levels of male albino rats are presented in Fig1 and Fig 2 below. Serum follicle-stimulating hormone (FSH) and testosterone (TET) were significantly (P≤0.05) increased dose-dependently in the treated groups when compared with the negative control. The concentration of LH was significantly (P≤0.05) higher in group 2 compared with the other treated groups and control. The concentrations of FSH and LH were significantly (P≤0.05) decreased in the positive control group compared with the treated and negative control groups. The concentration of prolactin (PRL) was significantly (P≤0.05) decreased in the treated groups when compared with the negative control, while it was significantly increased in the positive control when compared with the negative control and the treated groups.
Effect of A. melegueta seed extracts on antioxidant levels of male albino rats.
The concentrations of the antioxidant enzymes superoxide dismutase (SOD), catalase (CAT) and glutathione peroxidase (GPx), as well as glutathione (GSH) and malondialdehyde (MDA) levels, were analysed, and the results are presented in Fig3 and Fig4. The concentrations of the antioxidant enzymes SOD, CAT and GPx were significantly (P≤0.05) increased in the treated groups in a dose-dependent manner compared with the negative control. However, the levels of these enzymes in the positive control were significantly (P≤0.05) increased compared with those of the treated groups. Similarly, the concentration of GSH was increased significantly (P≤0.05) compared with the control, while the concentration of MDA was significantly decreased (P≤0.05) in the treated and positive control groups compared with the negative control group.
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Discussion:
This research examined the involvement of antioxidants in the libido-enhancing properties of Aframomum melegueta seed extract using male Wistar rats. To evaluate this, the libido-enhancing properties were assessed through mating behaviour parameters, namely mount, intromission and ejaculation frequencies, as well as the post-ejaculation interval and mount, intromission and ejaculation latencies.
Mount frequency (MF) measures the total number of times a male animal mounts a female from the rear without achieving vaginal penetration within a specified time frame and is widely used to evaluate an animal’s sexual motivation, libido and social dominance, while intromission frequency (IF) measures the total number of successful vaginal penetrations a male animal achieves before ejaculation. It is a primary biomarker for erectile function and copulatory performance. Ejaculation frequency (EF) is defined as the total number of times a male successfully ejaculates during a designated observation period. It reflects the overall reproductive capability and stamina of the animal (Gao et al., 2022). On the other hand, mount latency is a primary biomarker for sexual motivation, desire and libido. A shorter mount latency signifies a higher level of sexual arousal or motivation; conversely, a prolonged mount latency can indicate sexual dysfunction. It is a measure of the time between introducing a receptive female animal into a testing environment and the male animal’s first mount attempt. Intromission latency is the time interval between the introduction of a
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receptive female into the mating environment and the male’s first successful vaginal penetration, while ejaculation latency is the total time that elapses between the male animal’s first successful vaginal penetration (intromission) and the exact moment of ejaculation. It is a means of evaluating copulatory performance, ejaculatory threshold and sexual stamina. 
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The results of the study showed that the administration of A. melegueta seed extract produced a dose-dependent increase (P≤0.05) in MF, IF and EF compared with the negative control group, while intromission latency (IL) and ejaculation latency (EL) were decreased by the extract and by the positive control group that received testosterone. Specifically, mount frequency, intromission frequency and ejaculation frequency are important biomarkers of sexual vigour, libido and potency, while MF reflects sexual motivation and IF indicates the efficiency of erection, penile orientation and the ease of activating ejaculatory reflexes, which are used to assess copulatory efficiency, pelvic thrusting capability and the sensory feedback loop required to trigger ejaculation (Yakubu et al., 2011; Ratnasooriya et al., 2000).
The observed decrease in intromission latency, along with increased intromission frequency in the male rats in the treated groups, supports the probable erectile-function-enhancing activity of A. melegueta. Furthermore, sexual stimulation usually manifests as a higher frequency of ejaculation within a specified time period (Chan, 2010; Gotep et al., 2021).
The post-ejaculatory interval (PEI) is considered a measure of potency, libido and the degree of recovery from exhaustion after the first set of mating, and a critical parameter for evaluating the effect of the administered extract on erectile function (Sharma et al., 2010). Reduced PEI also indicated an improvement in erection and the ability to copulate effectively (Fouche et al., 2015).

In animal studies, the levels of follicle-stimulating hormone (FSH), testosterone (T) and luteinising hormone (LH) could be used as the main indices for evaluating sexual function. The hypothalamic-pituitary-gonadal axis is vital in the regulation of these functions. The hypothalamus responds to and regulates blood sex hormone levels. It sends signals to the anterior pituitary that regulate the release of LH, FSH and PRL. In males, the release of LH and FSH increases the synthesis of testosterone, while the release of PRL leads to decreased synthesis of testosterone or feedback inhibition of the pathway (Barbieri, 2014). While LH in males binds to Leydig cells in the testes, activates the synthesis and secretion of testosterone and indirectly promotes spermatogenesis, FSH acts directly on Sertoli cells located within the seminiferous tubules of the testes, stimulating spermatogenesis. Thus, an increase in the blood concentrations of LH and FSH produces a corresponding increase in the concentration of testosterone. Testosterone is the main hormone that enhances sexual desire (libido), motivation and sexual performance, and a critical threshold concentration in the blood is required for these physiological functions to be expressed. It has also been reported that the combination of normal levels of FSH and testosterone is responsible for a satisfactory quality and quantity of spermatogenesis. Taken together, the enhancement of libido by A. melegueta seed extract, as shown by the results of the mating behaviour parameters, may be through its capacity to produce the observed changes in the concentrations of LH, FSH, PRL and testosterone in the treated groups compared with the negative control group. Other researchers have reported that mating is associated with an increase in the circulating concentration of testosterone during the acquisition of sexual experience and that the enhanced copulatory performance of male rats by the extract of M. angustifolia could be attributed to the increase in serum testosterone concentration (Fouche et al., 2015). The extract of A. melegueta seed produced a similar effect, suggesting that the extract enhances libido through this pathway.
Oxidative stress arises when excessive ROS overwhelm intrinsic antioxidant defences, causing cellular and molecular injury (Afzal et al., 2023). The testes and spermatozoa are particularly vulnerable due to high polyunsaturated lipid content and limited antioxidant capacity, making oxidative stress a major contributor to male infertility (Agarwal et al., 2014; Bisht et al., 2017). In males, it is a vital contributor to infertility, acting together with inflammation to impair spermatogenesis and sperm function (Agunloye et al., 2026). Oxidative stress (OS) significantly contributes to male reproductive dysfunction, a factor implicated in a substantial fraction of infertility cases. Yu et al. (2026), in their review, elucidated the intricate interplay between oxidative stress and male reproductive health, emphasising the molecular and cellular mechanisms through which reactive oxygen species (ROS) impair sperm function, with a special focus on lipid peroxidation of sperm membranes, DNA damage and apoptotic cell death, which collectively undermine sperm viability and fertility potential. In addition, some disease conditions, such as diabetes mellitus and cardiovascular disease, are known to increase oxidative stress, which ultimately contributes to low libido and erectile dysfunction. Previous studies have suggested that A. melegueta seed extract has antioxidant properties, and the results of this study show that the ethanolic extract of A. melegueta seed increased the concentrations of SOD, CAT, GPx and GSH while decreasing the concentration of MDA when compared with the untreated group. This result suggests that some phytochemicals in the extract have the potential to improve the oxidative status of the testes and prevent oxidative stress that could have affected spermatogenesis (particularly through peroxidation) and other sexual functions, as indicated by the level of MDA.

Conclusions
The ethanolic seed extract of Aframomum melegueta improved selected mating behaviour parameters in male Wistar rats after 14 days of administration. The extract-treated groups showed increased mating frequencies and reduced mating latencies compared with the negative control. The treatment was also associated with changes in reproductive hormones, including increased testosterone and follicle-stimulating hormone and reduced prolactin in extract-treated animals. In addition, the extract improved antioxidant status by increasing superoxide dismutase, catalase, glutathione peroxidase and reduced glutathione, while reducing malondialdehyde. These findings suggest that A. melegueta seed extract may have libido-related activity in this rat model, with possible involvement of hormonal and antioxidant pathways.
Limitations
This study was limited to 25 male Wistar rats, with five animals per group, and a 14-day treatment period, which restricts the generalisability of the findings beyond this experimental model. The investigation assessed mating behaviour, serum reproductive hormones, and selected oxidative stress biomarkers, but did not directly establish a causal relationship between antioxidant changes and libido enhancement. Future studies should use larger sample sizes, longer treatment periods, blinded assessments, and additional mechanistic measures to confirm the observed hormonal, antioxidant, and behavioural effects.
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Fig 4: Effect of A menegueta seed extract on the serum levels of antioxidant enzymes (GPx,
SOD and CAT) of male Albino rats
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Fig] Effect of A melegueta seed extract on serum hormone levels of Albine rats




image2.png
Mean FSH (ngimL)

300,00

20000

100.00-

000

xb
I I |
' I
e £ o3 E E

group
Fig2: Effect of A melegueta seed extracton serum FSHlevels of male Albine rats
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Fig3: Effect of A menegueta seed extract on serum MDA and GSH of male Albino rats




