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EFFECTS OF AFRAMOMUM MELEGUETA ON THE BIOCHEMICAL AND HISTOARCHITECTURAL CHANGES ON TESTIS IN EPILEPTIC WISTAR RATS


ABSTRACT
Background: Epilepsy is a chronic neurological disorder characterized by recurrent seizures that can affect both mental and physical functions. Beyond its neurological impact, epilepsy and some antiepileptic treatments have been associated with reproductive and hormonal disturbances. Aframomum melegueta, a spice from the Zingiberaceae family widely distributed in Africa, is known for its antioxidant, anti-inflammatory, and fertility enhancing properties. This study investigated its potential protective effect against testicular damage in an experimental model of epilepsy.
Methods: Twenty-four (24) male Wistar rats weighing 110-150g were randomly divided into four groups (n = 6). Group A served as the positive control (healthy rats). Group B was induced with epilepsy using lithium chloride (127 mg/kg) and pilocarpine (30 mg/kg) and received no treatment. Group C was induced with epilepsy and treated with Aframomum melegueta extract (400 mg/kg). Group D was induced with epilepsy and treated with carbamazepine (100 mg/kg). Treatment lasted for 21 days. At the end of the experiment, animals were sacrificed, and the testes were harvested for biochemical assays, hormonal analysis (testosterone levels), and histological evaluation using Hematoxylin and Eosin (H&E), Periodic Acid–Schiff (PAS), and Masson’s Trichrome stains. Data were analyzed using one-way ANOVA followed by Tukey’s post hoc test, with p < 0.05 considered statistically significant.
Results: The untreated epileptic group showed increased inflammatory markers, reduced antioxidant levels, and decreased testosterone compared to the control group. Histological analysis revealed distorted testicular architecture, degeneration of seminiferous tubules, compromised Leydig cells, reduced PAS positivity, and increased collagen deposition, indicating fibrosis. In contrast, rats treated with Aframomum melegueta showed reduced inflammation, improved antioxidant status, and increased testosterone levels. Histological findings demonstrated restoration of seminiferous tubule architecture, improved spermatogenesis, preserved Leydig cell structure, enhanced PAS expression, and reduced collagen deposition. The protective effects observed in the group treated with Aframomum melegueta extract were comparable to, and in some parameters more pronounced than, those seen with carbamazepine treatment.
Conclusion: These findings suggest that Aframomum melegueta exerts protective effects against lithium chloride pilocarpine–induced testicular damage in male Wistar rats, likely through its antioxidant and anti-inflammatory properties. The plant may offer supportive benefits in managing reproductive complications associated with epilepsy.
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INTRODUCTION
Epilepsy is a chronic neurological disorder characterized by recurrent and unprovoked seizures resulting from abnormal and excessive neuronal activity in the brain (Sarmast et al., 2020). Epileptic seizures are common, with about 8 to 10% of individuals experiencing at least one seizure during their lifetime (Manole et al., 2023). Over 50 million people globally are affected with epilepsy and it remains one of the most prevalent non-communicable neurological disorders, with a higher burden observed in low- and middle-income countries, including many parts of Africa, due to a lack of awareness and education, limited access to diagnostic tools and treatments, inadequate coordination of care, and the stigma associated with the condition. (Chen et al., 2023; Nicholas, 2023). 
Apart from the neurological effects of epilepsy, research has shown that it can also affect other body systems, like the endocrine and reproductive systems (Cutia & Christian-Hinman, 2023; Tamijani et al., 2015). In males, epilepsy has been associated with reduced fertility and altered reproductive hormone levels (Ja et al., 2009; Verrotti et al., 2011). The prevalence of sexual and reproductive dysfunction in men with epilepsy has been reported to range from 20% to 50%, which manifests as decreased libido, erectile dysfunction, and infertility(Ja et al., 2009). These changes may arise from repeated seizure activity, which can disrupt the hypothalamic-pituitary-gonadal axis and impair hormonal regulation (Abady et al., 2024; Kobylarek et al., 2025; Singh et al., 2011). Also, different antiepileptic drugs such as carbamazepine, phenobarbital, and phenytoin are known to induce hepatic enzymes that increase the metabolism of sex steroid hormones, thereby reducing circulating testosterone levels and affecting reproductive capacity (Svalheim et al., 2015). Therefore, while seizure control remains the primary aim of antiepileptic therapy, the long-term reproductive health of patients with epilepsy has become an important clinical concern.
Antiepileptic drugs are effective in reducing the frequency of seizures but their use is often associated with adverse effects such as cognitive impairment, behavioural changes, hepatotoxicity, endocrine disturbances, and reduced fertility (Khan et al., 2023; Li et al., 2024). These challenges have contributed to the need for research of complementary and alternative treatment options, including medicinal plants. Herbal therapies have long been used in traditional medicine for neurological conditions, including epilepsy, especially in African countries where accessibility and affordability influence choices of treatment (Jomova et al., 2025). Although some plant based remedies show promising anticonvulsant, antioxidant, and anti-inflammatory activities, their safety and effectiveness remain poorly explored in experimental studies, highlighting the need for more investigations (Gonfa et al., 2023).
Aframomum melegueta, also known as grains of paradise, is a tropical plant that is common in West Africa (Ogwu et al., 2023). It is commonly used in Nigeria as a spice and has been used in traditional medicine for diverse therapeutic purposes, including the treatment of gastrointestinal disorders, inflammation, and reproductive conditions (Ogwu et al., 2023; Osuntokun, 2020). The plant has also been reported to possess antioxidant, anti-inflammatory, and aphrodisiac effects, which may be associated with its bioactive phytochemicals such as phenols, flavonoids, and essential oils (Adefegha & Oboh, 2011; Dzoyem et al., 2017). Experimental studies have demonstrated that extracts of Aframomum melegueta can influence reproductive physiology and hormonal balance, suggesting a possible role in improving fertility and protecting reproductive organs from oxidative stress (Agunloye et al., 2026). Despite these promising findings, its potential protective role in epilepsym related reproductive damage has not been clearly established.
Interestingly, research suggests that oxidative stress, inflammation, and neuronal endocrine dysregulation are mechanisms common in epilepsy, antiepileptic drug exposure, and reproductive dysfunction (Aguiar et al., 2012; Löscher et al., 2020; Parsons et al., 2022). Oxidative damage induced by seizures and chronic neuroinflammation may contribute to testicular injury, impaired spermatogenesis, and hormonal imbalance (Dutta et al., 2021a). Given the antioxidant and anti-inflammatory properties of  Aframomum Melegueta (Adefegha & Oboh, 2011; Dzoyem et al., 2017), this study aims to investigate its effect on the biochemical and histoarchitectural changes in the testes of lithium chloride pilocarpine–induced epileptic Wistar rats. Understanding these effects may contribute to the development of integrative strategies that improve quality of life, preserve fertility, and reduce complications related to treatments in male patients with epilepsy. 
MATERIALS AND METHODS
Experimental Animals
Twenty-four (24) male Wistar rats of about 10 weeks old, weighing 120 -150g were used for this study. The animals were obtained and housed in the Animal Holding Facility of Babcock University, Ilishan-Remo, Ogun State, Nigeria. They were kept in well-ventilated plastic cages under standard laboratory conditions (12-hour light/12-hour dark cycle, controlled temperature and humidity). Wood shavings were used as bedding and were replaced every two days to maintain hygiene and prevent ammonia build up. The rats were fed standard pelletized chow and provided clean water ad libitum. The animals were allowed to acclimatize for seven days before the stsrt of the experiment. All experimental procedures were conducted in accordance with the guidelines of the National Institutes of Health Guide for the Care and Use of Laboratory Animals to ensure humane handling and minimal distress (Guide for the Care and Use of Laboratory Animals, 2011).
Ethical Approval
Ethical approval for this study was obtained from the Babcock University Health Research Ethics Committee (BUHRE) through the School of Basic Medical Sciences Ethical Review Committee with the code BUHREC 1124/24. All procedures were carried out in accordance with the Institutional Animal Care and Use Committee (IACUC) guidelines to ensure humane treatment of animals and minimization of pain and distress.
Chemicals and Drugs
Lithium chloride and pilocarpine hydrochloride used for inducing seizure were obtained from Sigma‑Aldrich, USA. The diazepam, used to terminate status epilepticus and the carbamazepine that served as the standard antiepileptic drug, were gotten from the Pharmaceutical Department of Babcock University Teaching Hospital, Ilishan-Remo, Nigeria. All other reagents and chemicals used in the study were of analytical grade.
Plant Material and Preparation of Extract
Fresh seeds of Aframomum melegueta were obtained from the Flora Reserve for Agricultural Mastery and Education (FRAME), horticultural garden Ibadan, Nigeria, and authenticated by a qualified botanist with a reference number 113089. Two grams of the seeds were washed with distilled water, air-dried for approximately three weeks, and ground into a fine powder. About 1 kg of the powdered seed of Aframomum melegueta was macerated in 70% ethanol for 48 hours with intermittent stirring. The mixture was filtered, and the filtrate was concentrated using a water bath at controlled temperature to obtain the crude ethanolic extract. The extract was weighed and stored in airtight containers until use (Samson, 2025).
Experimental Design
The animals were randomly assigned into four groups (n = 6 per group):
	Group
	Dosage 
	Rationale

	Group A
	10ml of Saline 
	Positive Control

	Group B
	Lithium chloride (127mg/kg) + Pilocarpine (30mg/kg)
	Epilepsy induced without treatment (-ve control)

	Group C
	Lithium chloride (127mg/kg) + Pilocarpine (30mg/kg) + Aframomum Melegueta (400mg/kg) 
	Epilepsy induced and treated with Extract

	Group D
	Lithium chloride (127mg/kg) + Pilocarpine (30mg/kg) + Carbamazepine (100mg/kg)
	Epilepsy induced and treated with Standard anti-epileptic drugs


  
Table 1: Showing the administration and experimental design
All administration of Aframomum Melegueta was done orally and was administered for 21days while administration of Lithium chloride Pilocarpine was done only once, intraperitoneally.
Induction of Epilepsy
Epilepsy was induced using the lithium–pilocarpine model, a well-established experimental model of temporal lobe epilepsy (Kelly & Coulter, 2017). Lithium chloride (127 mg/kg) was administered intraperitoneally, followed by pilocarpine (30 mg/kg, intraperitoneally) after 24 hours. Seizure activity was monitored using Racine’s scale, which includes behavioral manifestations such as facial automatisms, head nodding, forelimb clonus, rearing, and loss of balance (Sattar et al., 2025). Immediately the animals showed signs of the Racine’s scale, they were injected with diazepam intramuscularly for relaxation of the rats to avoid death (Fan et al., 2020).

Animal Sacrifice and Tissue Collection
Twenty-four hours after the last treatment, the animals were anesthetized using diethyl ether and perfused intracardially with phosphate buffered saline followed by 10% neutral buffered formalin. The testes were carefully removed, cleared of surrounding tissues, blotted dry, and weighed. Portions of the testes were fixed in 10% neutral buffered formalin for histological and immunohistochemical analysis. Other portions were homogenized in ice-cold phosphate-buffered saline and centrifuged; the supernatant was collected for biochemical assays.
Histological Analysis
The testis tissues were fixed in 10% neutral buffered formalin, dehydrated in ascending grades of ethanol, cleared in xylene, and embedded in paraffin wax. Sections of 5µm thickness were cut using a rotary microtome and mounted on glass slides. Routine hematoxylin and eosin staining was carried out to assess the histoarchitecture (Drury & Wallington, 1980). Periodic Acid-Schiff (PAS) staining was used to demonstrate glycogen and glycoprotein content within the seminiferous tubules, reflecting Sertoli cell function and spermatogenic activity (Fairchild & Fournier, 2004). Masson’s Trichrome staining was used to evaluate collagen deposition and detect possible fibrotic changes within the interstitial tissue (Islam & Kumar, 2026) . Slides were examined under a light microscope and photomicrographs were taken.
Immunohistochemical Analysis
Immunohistochemistry was performed to assess the expression of B-cell lymphoma 2 (BCL-2), an anti-apoptotic protein involved in cell survival. Tissue sections were deparaffinized, rehydrated, and subjected to antigen retrieval. After blocking endogenous peroxidase activity, sections were incubated with primary antibodies against BCL-2. Visualization was achieved using diaminobenzidine (DAB), and sections were counterstained with hematoxylin. BCL-2 expression was evaluated as an indicator of apoptotic regulation within testicular tissue.
Biochemical Assays
Biochemical analyses were carried out to evaluate oxidative stress and antioxidant status.
[bookmark: _Hlk221809586]Superoxide Dismutase (SOD) activity was determined using the WST-based method, which measures the inhibition of superoxide-induced reactions (Peskin & Winterbourn, 2016) while lipid peroxidation was evaluated by measuring malondialdehyde (MDA) levels using the thiobarbituric acid reactive substances (TBARS) assay (Varshney & Kale, 1990). Catalase activity was assessed by monitoring the decomposition of hydrogen peroxide spectrophotometrically at 240nm (Beers & Sizer, 1951).
Hormonal Assay
Blood samples were collected for the determination of serum testosterone levels. Testosterone concentration was measured using enzyme-linked immunosorbent assay (ELISA) kits according to the manufacturer’s instructions.
Statistical Analysis
Data were analyzed using GraphPad Prism software (version 9). Results were expressed as mean ± standard error of mean (SEM). Differences among groups were analyzed using one way analysis of variance (ANOVA). Statistical significance was set at p ≤ 0.05.


RESULTS
BODY WEIGHT


Figure 1: Graph showing the body weight changes across different groups. 
The result shows that there is significance difference between the positive control group and the epileptic group at p value 0.0156.

RELATIVE ORGAN WEIGHT



Figure 2: This graph shows the relative organ weight across various groups
Result shows significance is observed between positive control and standard drug (p value = 0.0256).



MALONDIALDEHYDE


Figure 3: This graph shows the concentration of MDA across various group
Result shows there was significant difference observed between positive control and Aframomum Melegueta (p value <0.0001).  Similarly, there was tatistical significance between positive control and negative control (p value 0.0092). Also, statistical significance was seen between positive control and standard drug ( p value <0.0001)

SUPEROXIDE DISMUTASE


Figure 4: This graph shows the concentration of SOD across various groups
KEYS: *** Significance between positive control and negative control with the p value 0.003.
**** Statistical significance between positive control and Aframomum Melegueta with p value <0.0001


CATALASE


Figure 5: This graph shows the concentration of catalase across various groups
KEY: **** Statistical significance is observed between positive control and Aframomum Melegueta with p value <0.0001.


 TESTOSTERONE LEVELS


Figure 6: The graph shows the testosterone level across various groups
KEYS: **** Statistical significance is observed between positive control and Aframomum Melegueta with p value <0.0001. **** Statistical significance is observed between positive control and Standard Drug with p value <0.0001.


PHOTOMICROGRAPHS OF TESTIS STAINED WITH H&E, PERIOD ACID SCHIFF AND MASSON TRICHROME
HEMATOXYLIN & EOSIN
[image: ]
PLATE 1: The photomicrographs of Testis of experimental animals stained with H&E for general histoarchitecture at Mag X400
A- Control, B- Epilepsy Untreated, C- Epilepsy + Aframomum Melegueta, D- Epilepsy + Carbamazepine, Where Red arrow=Interstitial cell of Leydig; Black arrow= sertoli cell and White arrow= Spermatogonia




PERIODIC ACID SCHIFF
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PLATE 2: The photomicrographs of Testis of experimental animals stained with PAS for Glycoprotein and Musin at Mag X400
A- Control, B- Epilepsy Untreated, C- Epilepsy + Aframomum Melegueta, D- Epilepsy + Carbamazepine, Where Red arrow=Interstitial cell of Leydig; Black arrow= sertoli cell and White arrow= Spermatogonia





MASSON TRICHROME
[image: ]
PLATE 3: The photomicrographs of Testis of experimental animals stained with Masson Trichrome for collagen deposit at Mag X400
A- Control, B- Epilepsy Untreated, C- Epilepsy + Aframomum Melegueta, D- Epilepsy + Carbamazepine, Where Red arrow=collagen deposit thickening and scar formation in the interstitial cell of Leydig space; Black arrow= sertoli cell and White arrow= Spermatogonia


DISCUSSION
Epilepsy is increasingly recognized as a neurological disease that extends beyond the central nervous system, with significant effects on metabolic, endocrine, and reproductive functions (Cutia & Christian-Hinman, 2023; Tamijani et al., 2015). Recurrent seizures and the associated neurochemical disturbances are known to cause oxidative stress, inflammatory responses, and hormonal dysregulation which may impair testicular architecture and male fertility (Aguiar et al., 2012; Dutta et al., 2021b). Previous reports have highlighted the role of oxidative stress caused by seizure and neuroendocrine disruption in gonadal dysfunction (Arena et al., 2019; RØSTE et al., 2003). This present study evaluated the protective role of Aframomum melegueta , a plant with known antioxidant and anti-inflammatory properties, against epilepsy induced testicular damage. The findings of this study provide insight into the effects of epilepsy on reproductive system of male Wister rats and suggest a possible therapeutic importance of this plant extract.
Changes in body weight are regarded as predictors of overall health and the balance between energy intake and expenditure (Chow & Hall, 2008). In the present study, epileptic rats in the untreated group showed increased body weight when compared with the control group. This observation supports previous findings reported by Scharfman and colleagues (2008), who showed that epileptic condition in rats leads to increased body weight (Scharfman et al., 2008). Research has also shown that epileptic seizures may influence feeding behavior, metabolic rate, and energy utilization (Rho & Boison, 2022).  Interestingly, administration of Aframomum melegueta appeared to stabilize body weight in epileptic rats. This finding is consistent with the work of Inegbenebor et al. (2009), who reported that the extract may enhance metabolic efficiency and weight gain reduction (Inegbenebor et al., 2009).  The relative weight of the testes, which reflects gonadal health, was increased in the untreated epileptic group. Treatment with Aframomum melegueta led to a reduction in relative testicular weight, which may indicate attenuation of inflammatory processes and restoration of cellular homeostasis. This observation supports the anti-inflammatory properties of the plant extract (Adefegha & Oboh, 2011; Dzoyem et al., 2017).
Malondialdehyde (MDA) is a marker of lipid peroxidation and oxidative tissue injury. In this study, the untreated epileptic group showed significantly elevated MDA levels, indicating increased oxidative damage in testicular tissue. This observation aligns with previous reports demonstrating enhanced lipid peroxidation in epilepsy due to excessive production of reactive oxygen species during recurrent seizures (Arena et al., 2019). Treatment with Aframomum melegueta significantly reduced MDA levels, suggesting inhibition of oxidative stress and inflammatory damage. This protective effect may be attributed to the phytochemical components of the plant, including flavonoids and phenolics compounds, which possess strong antioxidant properties (Osuntokun, 2020). The antioxidant defense system such as superoxide dismutase (SOD) and catalase are important in maintaining cellular integrity by neutralizing reactive oxygen species (Jena et al., 2023). The present study showed reduced activity of these enzymes in epileptic rats that were not treated, showing that epilepsy disrupts the antioxidant defense in the body. This finding is consistent with experimental evidence indicating that prolonged seizure activity leads to depletion of endogenous antioxidant enzymes (de Melo et al., 2023). Administration of Aframomum melegueta enhanced SOD and catalase activity, suggesting restoration of the antioxidant system. This improvement likely contributed to the observed reduction in oxidative damage and structural preservation of testicular tissue. 
Testosterone plays an essential role in spermatogenesis, sexual function, and general male reproductive health. In this study, untreated epileptic rats showed reduced testosterone levels, supporting earlier reports that epilepsy and seizure activity can disrupt the hypothalamic pituitary gonadal axis (RØSTE et al., 2003). Seizures may impair gonadotropin secretion, alter Leydig cell function, and reduce androgen synthesis. When these epileptic rats were treated with Aframomum melegueta , their testosterone levels significantly improved, suggesting a protective or stimulatory effect on endocrine function. Previous studies have also reported that the plant enhances sexual behavior and androgenic activity in male rats (Kamtchouing et al., 2002). The improvement observed in the present study may therefore be associated with both the antioxidant protection and direct hormonal regulation.
Histologically, the control group exhibited normal seminiferous tubules, organized spermatogenic layers, and intact Leydig cells, consistent with previous descriptions of healthy testicular morphology (Fietz & Bergmann, 2017). In contrast, the epileptic group that were not treated showed degeneration, reduced spermatogenic cells, vacuolation, and necrosis. These changes are similar to those reported in models of epilepsy and chronic stress, where oxidative injury disrupts spermatogenesis  (Arena et al., 2019; RØSTE et al., 2003). Treatment with Aframomum melegueta improved testicular architecture, with restoration of seminiferous tubule organization and preservation of Leydig cells. This suggests that the extract may protect germinal epithelium and support spermatogenic recovery. However, complete restoration was not observed in all treated groups, indicating that prolonged or severe seizures may cause irreversible damage. PAS staining revealed strong glycoprotein expression in the control group, reflecting normal Sertoli cell function and spermatogenic support. The untreated epileptic group showed reduced PAS positivity, which may indicate damage to Sertoli cell and disrupted spermatogenic support, leading to decreased glycoprotein synthesis. This finding agrees with reports that oxidative stress affects the supportive environment necessary for spermatogenesis (Arena et al., 2019; RØSTE et al., 2003). Treatment with Aframomum melegueta enhanced PAS positivity, suggesting improved cellular function and restoration of glycoprotein and mucin levels, which could facilitate improved spermatogenesis and overall testicular health. This improvement may be due to the antioxidant and anti inflammatory properties of the Aframomum melegueta extract.
Masson’s Trichrome stain showed increased collagen deposits in the untreated epileptic group, indicating fibrosis due to chronic damage and inflammation. Fibrotic changes in the testes have been associated with prolonged inflammation and oxidative stress (Xu et al., 2025). The treated groups, especially those receiving Aframomum melegueta, showed reduced collagen deposition. This suggests that the extract may limit fibrosis and promote tissue repair. 
Conclusion
This study shows that epilepsy induces significant biochemical and structural changes in the testes of male Wistar rats. These changes were characterized by increased oxidative stress, reduced antioxidant defense, hormonal imbalance, and degeneration of testicular architecture. Treatment with Aframomum melegueta ameliorated these alterations by reducing lipid peroxidation, enhancing antioxidant enzyme activity, restoring testosterone levels, and improving histological integrity. These findings suggest that the protective effects of Aframomum melegueta may be mediated through its antioxidant, anti-inflammatory, and androgenic properties. The results also highlight the importance of considering reproductive complications in the management of epilepsy. Although the plant extract showed promising therapeutic potential, further investigations are needed to identify the active compounds, clarify molecular mechanisms, and assess the long term safety.

[bookmark: _GoBack]AVAILABILITY OF DATA AND MATERIALS 
The data presented in this study are available on request from the first author 
CONFLICT OF INTEREST
The authors declare no conflict of interest

References
Abady, M. M., Jeong, J. S., Kwon, H. J., Assiri, A. M., Cho, J., & Saadeldin, I. M. (2024). The reprotoxic adverse side effects of neurogenic and neuroprotective drugs: current use of human organoid modeling as a potential alternative to preclinical models. In Frontiers in Pharmacology (Vol. 15). Frontiers Media SA. https://doi.org/10.3389/fphar.2024.1412188
Adefegha, A., & Oboh, G. (2011). Water Extractable Phytochemicals from Some Nigerian Spices Inhibit Fe2+- Induced Lipid Peroxidation in Rat’s Brain – In Vitro. Journal of Food Processing & Technology, 02. https://doi.org/10.4172/2157-7110.1000104
Aguiar, C. C. T., Almeida, A. B., Arajo, P. V. P., Abreu, R. N. D. C. De, Chaves, E. M. C., Vale, O. C. Do, MacÊdo, D. S., Woods, D. J., Fonteles, M. M. D. F., & Vasconcelos, S. M. M. (2012). Oxidative stress and epilepsy: Literature review. In Oxidative Medicine and Cellular Longevity. https://doi.org/10.1155/2012/795259
Agunloye, O., Olawuyi, E., Oguntade, I., Aleruwa, S., & Oboh, G. (2026). Restorative effects of Aframomum melegueta and Aframomum danielli-supplemented diets on sperm quality and testicular health following scopolamine-induced neurotoxicity in rats. Exploration of Neuroscience, 5. https://doi.org/10.37349/en.2026.1006123
Arena, A., Zimmer, T. S., van Scheppingen, J., Korotkov, A., Anink, J. J., Mühlebner, A., Jansen, F. E., van Hecke, W., Spliet, W. G., van Rijen, P. C., Vezzani, A., Baayen, J. C., Idema, S., Iyer, A. M., Perluigi, M., Mills, J. D., van Vliet, E. A., & Aronica, E. (2019). Oxidative stress and inflammation in a spectrum of epileptogenic cortical malformations: molecular insights into their interdependence. Brain Pathology, 29(3), 351–365. https://doi.org/10.1111/bpa.12661
Beers, R., & Sizer, I. (1951). A spectrophotometnc method for measuring the breakdown of hydrogen peroxide by catalase. Arch Biochem Biophys, 33, 133–140. https://doi.org/10.1016/S0021-9258(19)50881-X
Chen, Z., Brodie, M. J., Ding, D., & Kwan, P. (2023). Editorial: Epidemiology of epilepsy and seizures. In Frontiers in Epidemiology (Vol. 3). Frontiers Media SA. https://doi.org/10.3389/fepid.2023.1273163
Chow, C., & Hall, K. (2008). The Dynamics of Human Body Weight Change. PLoS Computational Biology, 4, e1000045. https://doi.org/10.1371/journal.pcbi.1000045
Cutia, C. A., & Christian-Hinman, C. A. (2023). Mechanisms linking neurological disorders with reproductive endocrine dysfunction: Insights from epilepsy research. In Frontiers in Neuroendocrinology (Vol. 71). Academic Press Inc. https://doi.org/10.1016/j.yfrne.2023.101084
de Melo, A. D., Freire, V. A. F., Diogo, Í. L., Santos, H. de L., Barbosa, L. A., & de Carvalho, L. E. D. (2023). Antioxidant Therapy Reduces Oxidative Stress, Restores Na,K-ATPase Function and Induces Neuroprotection in Rodent Models of Seizure and Epilepsy: A Systematic Review and Meta-Analysis. In Antioxidants (Vol. 12, Number 7). Multidisciplinary Digital Publishing Institute (MDPI). https://doi.org/10.3390/antiox12071397
Drury, R. A., & Wallington, E. A. (1980). Carleton’s Histological Techniques (5th Edition). Oxford University Press, New York.
Dutta, S., Sengupta, P., Slama, P., & Roychoudhury, S. (2021a). Oxidative stress, testicular inflammatory pathways, and male reproduction. In International Journal of Molecular Sciences (Vol. 22, Number 18). MDPI. https://doi.org/10.3390/ijms221810043
Dutta, S., Sengupta, P., Slama, P., & Roychoudhury, S. (2021b). Oxidative stress, testicular inflammatory pathways, and male reproduction. In International Journal of Molecular Sciences (Vol. 22, Number 18). MDPI. https://doi.org/10.3390/ijms221810043
Dzoyem, J., Mcgaw, L., Kuete, V., & Bakowsky, U. (2017). Anti-inflammatory and Anti-nociceptive Activities of African Medicinal Spices and Vegetables. In Medicinal Spices and Vegetables from Africa: Therapeutic Potential Against Metabolic, Inflammatory, Infectious and Systemic Diseases (pp. 239–270). https://doi.org/10.1016/B978-0-12-809286-6.00009-1
Fairchild, T. J., & Fournier, P. A. (2004). Glycogen Determination Using Periodic Acid-Schiff: Artifact of Muscle Preparation. Medicine & Science in Sports & Exercise, 36(12). https://journals.lww.com/acsm-msse/fulltext/2004/12000/glycogen_determination_using_periodic_acid_schiff_.9.aspx
Fan, J., Shan, W., Yang, H., Zhu, F., Liu, X., & Wang, Q. (2020). Neural Activities in Multiple Rat Brain Regions in Lithium-Pilocarpine-Induced Status Epilepticus Model. Frontiers in Molecular Neuroscience, 12. https://doi.org/10.3389/fnmol.2019.00323
Fietz, D., & Bergmann, M. (2017). Functional Anatomy and Histology of the Testis. In M. Simoni & I. T. Huhtaniemi (Eds.), Endocrinology of the Testis and Male Reproduction (pp. 313–341). Springer International Publishing. https://doi.org/10.1007/978-3-319-44441-3_9
Gonfa, Y. H., Tessema, F. B., Bachheti, A., Rai, N., Tadesse, M. G., Nasser Singab, A., Chaubey, K. K., & Bachheti, R. K. (2023). Anti-inflammatory activity of phytochemicals from medicinal plants and their nanoparticles: A review. Current Research in Biotechnology, 6, 100152. https://doi.org/https://doi.org/10.1016/j.crbiot.2023.100152
Guide for the care and use of laboratory animals. (2011). National Academies Press.
Inegbenebor, U., Ebomoyi, M., Onyia, K. A., Amadi, K., & Aigbiremolen, A. E. (2009). Effect of aqueous extract of alligator pepper (Zingiberaceae Aframomum melegueta) on gestational weight gain. Nigerian Journal of Physiological Sciences : Official Publication of the Physiological Society of Nigeria, 24, 165–169. https://doi.org/10.4314/njps.v24i2.52903
Islam, M. A., & Kumar, S. (2026). Masson’s Trichrome Staining Technique to Evaluate Tissue Fibrosis. In Methods in molecular biology (Clifton, N.J.) (Vol. 2983, pp. 91–100). https://doi.org/10.1007/978-1-0716-4901-5_9
Ja, T., Sheldrick R, Caswell H, & Duncan. (2009). Current Literature in Clinical Science LOW FERTILITY IN MEN WITH EPILEPSY: UNHAPPY, UNINTERESTED, UNABLE Sexual Function in Men with Epilepsy: How Important Is Testosterone?
Jena, A. B., Samal, R. R., Bhol, N. K., & Duttaroy, A. K. (2023). Cellular Red-Ox system in health and disease: The latest update. Biomedicine & Pharmacotherapy, 162, 114606. https://doi.org/https://doi.org/10.1016/j.biopha.2023.114606
Jomova, K., Alomar, S. Y., Valko, R., Liska, J., Nepovimova, E., Kuca, K., & Valko, M. (2025). Flavonoids and their role in oxidative stress, inflammation, and human diseases. Chemico-Biological Interactions, 413, 111489. https://doi.org/https://doi.org/10.1016/j.cbi.2025.111489
Kamtchouing, P., Mbongue, G. Y. F., Dimo, T., Watcho, P., Jatsa, H. B., & Sokeng, S. D. (2002). Effects of Aframomum melegueta and Piper guineense on sexual behaviour of male rats. Behavioural Pharmacology, 13(3). https://journals.lww.com/behaviouralpharm/fulltext/2002/05000/effects_of_aframomum_melegueta_and_piper_guineense.8.aspx
Kelly, M. E., & Coulter, D. A. (2017). Chapter 42 - The Pilocarpine Model of Acquired Epilepsy. In A. Pitkänen, P. S. Buckmaster, A. S. Galanopoulou, & S. L. Moshé (Eds.), Models of Seizures and Epilepsy (Second Edition) (pp. 625–636). Academic Press. https://doi.org/https://doi.org/10.1016/B978-0-12-804066-9.00043-2
Khan, M., Bankar, N. J., Bandre, G. R., Dhobale, A. V, & Bawaskar, P. A. (2023). Epilepsy and Issues Related to Reproductive Health. Cureus. https://doi.org/10.7759/cureus.48201
Kobylarek, D., Zakryś, K., Gierszewska, J., Pagidela, B. R., Lan, Y. Y., Kovinthapillai, R., Rajczewski, A., Kozubski, W., & Michalak, S. (2025). The neuroendocrine puzzle of epilepsy and infertility: what are we missing? In Frontiers in Neurology (Vol. 16). Frontiers Media SA. https://doi.org/10.3389/fneur.2025.1658284
Li, Q., Zhang, Z., & Fang, J. (2024). Hormonal Changes in Women with Epilepsy. Neuropsychiatric Disease and Treatment, 20(null), 373–388. https://doi.org/10.2147/NDT.S453532
Löscher, W., Potschka, H., Sisodiya, S. M., & Vezzani, A. (2020). Drug resistance in epilepsy: Clinical impact, potential mechanisms, and new innovative treatment options. Pharmacological Reviews, 72(3), 606–638. https://doi.org/10.1124/pr.120.019539
Manole, A. M., Sirbu, C. A., Mititelu, M. R., Vasiliu, O., Lorusso, L., Sirbu, O. M., & Ionita Radu, F. (2023). State of the Art and Challenges in Epilepsy—A Narrative Review. In Journal of Personalized Medicine (Vol. 13, Number 4). MDPI. https://doi.org/10.3390/jpm13040623
Nicholas, A. (2023). Unlocking the hidden burden of epilepsy in Africa: Understanding the challenges and harnessing opportunities for improved care. Health Science Reports, 6(4). https://doi.org/10.1002/hsr2.1220
Ogwu, M. C., Dunkwu-Okafor, A., Omakor, I. A., & Izah, S. C. (2023). Medicinal Spice, Aframomum melegueta: An Overview of the Phytochemical Constituents, Nutritional Characteristics, and Ethnomedicinal Values for Sustainability. In S. C. Izah, M. C. Ogwu, & M. Akram (Eds.), Herbal Medicine Phytochemistry: Applications and Trends (pp. 1–23). Springer International Publishing. https://doi.org/10.1007/978-3-031-21973-3_72-1
Osuntokun, O. T. (2020). Aframomum Melegueta (Grains of Paradise). Annals of Microbiology and Infectious Diseases, 3(1), 1–6.
Parsons, A. L. M., Bucknor, E. M. V., Castroflorio, E., Soares, T. R., Oliver, P. L., & Rial, D. (2022). The Interconnected Mechanisms of Oxidative Stress and Neuroinflammation in Epilepsy. In Antioxidants (Vol. 11, Number 1). MDPI. https://doi.org/10.3390/antiox11010157
Peskin, A., & Winterbourn, C. (2016). Assay of superoxide dismutase activity in a plate assay using WST-1. Free Radical Biology and Medicine, 103. https://doi.org/10.1016/j.freeradbiomed.2016.12.033
Rho, J. M., & Boison, D. (2022). The metabolic basis of epilepsy. In Nature Reviews Neurology (Vol. 18, Number 6, pp. 333–347). Nature Research. https://doi.org/10.1038/s41582-022-00651-8
RØSTE, L. S., TAUBØLL, E., ISOJÄRVI, J. I. T., BERNER, A., BERG, K. A., PAKARINEN, A. J., HUHTANIEMI, I. T., KNIP, M., & GJERSTAD, L. (2003). Gonadal morphology and sex hormones in male and female Wistar rats after long-term lamotrigine treatment. Seizure - European Journal of Epilepsy, 12(8), 621–627. https://doi.org/10.1016/S1059-1311(03)00056-6
Samson, E. O. (2025). Effects of Spondias mombin aqueous leaf extract against heavy metals-triggered changes in hematological, antioxidant and semen quality indices in Male Wistar rats. GSC Biological and Pharmaceutical Sciences, 30(3), 311–321. https://doi.org/10.30574/gscbps.2025.30.3.0079
Sarmast, S. T., Abdullahi, A. M., & Jahan, N. (2020). Current Classification of Seizures and Epilepsies: Scope, Limitations and Recommendations for Future Action. Cureus. https://doi.org/10.7759/cureus.10549
Sattar, A., Rehman, Z., Murtaza, H., Ashraf, W., Ahmad, T., Alqahtani, F., & Imran, I. (2025). Brivaracetam and rufinamide combination increased seizure threshold and improved neurobehavioral deficits in corneal kindling model of epilepsy. Animal Models and Experimental Medicine, 8(2), 209–221. https://doi.org/https://doi.org/10.1002/ame2.12478
Scharfman, H. E., Kim, M., Hintz, T. M., & MacLusky, N. J. (2008). Seizures and reproductive function: Insights from female rats with epilepsy. Annals of Neurology, 64(6), 687–697. https://doi.org/https://doi.org/10.1002/ana.21518
Singh, P., Singh, M., Cugati, G., & Singh, A. (2011). Effect of epilepsy on female fertility and reproductive abnormalities. Journal of Human Reproductive Sciences, 4, 100–101. https://doi.org/10.4103/0974-1208.86092
Svalheim, S., Sveberg, L., Mochol, M., & Taubøll, E. (2015). Interactions between antiepileptic drugs and hormones. Seizure, 28, 12–17. https://doi.org/https://doi.org/10.1016/j.seizure.2015.02.022
Tamijani, S. M. S., Karimi, B., Amini, E., Golpich, M., Dargahi, L., Ali, R. A., Ibrahim, N. M., Mohamed, Z., Ghasemi, R., & Ahmadiani, A. (2015). Thyroid hormones: Possible roles in epilepsy pathology. Seizure, 31, 155–164. https://doi.org/https://doi.org/10.1016/j.seizure.2015.07.021
Varshney, R., & Kale, RK. (1990). Effect of calmodulin antagonists on  radiation induced lipid peroxidation in microsomes. Int J Biol, 158, 733–741.
Verrotti, A., Loiacono, G., Laus, M., Coppola, G., Chiarelli, F., & Tiboni, G. M. (2011). Hormonal and reproductive disturbances in epileptic male patients: Emerging issues. Reproductive Toxicology, 31(4), 519–527. https://doi.org/https://doi.org/10.1016/j.reprotox.2011.02.002
Xu, Y., Hu, P., Chen, W., Chen, J., Liu, C., & Zhang, H. (2025). Testicular fibrosis pathology, diagnosis, pathogenesis, and treatment: A perspective on related diseases. Andrology, 13(6), 1322–1332. https://doi.org/https://doi.org/10.1111/andr.13769
 



2

image2.emf
P

o

s

i

t

i

v

e

 

c

o

n

t

r

o

l

E

p

i

l

e

p

t

i

c

 

g

r

o

u

p

E

p

i

l

e

p

s

y

 

+  

A

f

r

a

m

o

m

u

m

 

m

e

l

e

g

u

e

t

a

E

p

i

l

e

p

s

y

 

+

 

S

t

a

n

d

a

r

d

 

D

r

u

g

0.0

0.2

0.4

0.6

0.8

1.0

Relative organ weight

Groups

g

r

a

m

(

g

)

*



image3.emf
P

o

s

i

t

i

v

e

 

c

o

n

t

r

o

l

E

p

i

l

e

p

s

y

 

+  

A

f

r

a

m

o

m

u

m

 

m

e

l

e

g

u

e

t

a

E

p

i

l

e

p

s

y

 

+

 

S

t

a

n

d

a

r

d

 

D

r

u

g

E

p

i

l

e

p

t

i

c

 

g

r

o

u

p

0.00

0.01

0.02

0.03

0.04

0.05

MDA

Groups

C

o

n

c

e

n

t

r

a

t

i

o

n

****

**

****



image4.emf
P

o

s

i

t

i

v

e

 

c

o

n

t

r

o

l

E

p

i

l

e

p

t

i

c

 

g

r

o

u

p

E

p

i

l

e

p

s

y

 

+  

A

f

r

a

m

o

m

u

m

 

m

e

l

e

g

u

e

t

a

E

p

i

l

e

p

s

y

 

+

 

S

t

a

n

d

a

r

d

 

D

r

u

g

0.00

0.02

0.04

0.06

SOD

Groups

C

o

n

c

e

n

t

r

a

t

i

o

n

***

****



image5.emf
P

o

s

i

t

i

v

e

 

c

o

n

t

r

o

l

E

p

i

l

e

p

t

i

c

 

g

r

o

u

p

E

p

i

l

e

p

s

y

 

+  

A

f

r

a

m

o

m

u

m

 

m

e

l

e

g

u

e

t

a

E

p

i

l

e

p

s

y

 

+

 

S

t

a

n

d

a

r

d

 

D

r

u

g

0.00

0.02

0.04

0.06

0.08

Catalase

Groups

C

o

n

c

e

n

t

r

a

t

i

o

n

****



image6.emf
P

o

s

i

t

i

v

e

 

c

o

n

t

r

o

l

E

p

i

l

e

p

t

i

c

 

g

r

o

u

p

E

p

i

l

e

p

s

y

 

+  

A

f

r

a

m

o

m

u

m

 

m

e

l

e

g

u

e

t

a

E

p

i

l

e

p

s

y

 

+

 

S

t

a

n

d

a

r

d

 

D

r

u

g

0.00

0.02

0.04

0.06

0.08

Testosterone level

Groups

C

o

n

c

e

n

t

r

a

t

i

o

n

****

****



image7.png




image8.png




image9.png




image1.emf
P

o

s

i

t

i

v

e

 

c

o

n

t

r

o

l

E

p

i

l

e

p

t

i

c

 

g

r

o

u

p

E

p

i

l

e

p

s

y

 

+  

A

f

r

a

m

o

m

u

m

 

m

e

l

e

g

u

e

t

a

E

p

i

l

e

p

s

y

 

+

 

S

t

a

n

d

a

r

d

 

D

r

u

g

0

50

100

150

200

Groups

w

e

i

g

h

t

s

(

g

)

Body weight

*



