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Potential beneficial effects of Ocimum gratissimum on male fertility: implication of the gut-testicular axis



Abstract
This review explores the potential of Ocimum gratissimum, a widely used medicinal plant, to positively influence male fertility, with a particular focus on the emerging role of the gut-testicular axis. Male infertility is a significant global health concern, often linked to oxidative stress, inflammation, and hormonal imbalances. Ocimum gratissimum possesses known antioxidant, anti-inflammatory, and antimicrobial properties, suggesting a potential therapeutic role. This review conducted a search using databases such as PubMed, Scopus, and Web of Science, focusing on studies investigating the effects of Ocimum gratissimum on male reproductive parameters, gut microbiota composition, and related biochemical pathways. Search terms included "Ocimum gratissimum," "male fertility," "sperm quality," "testosterone," "gut microbiota," "gut-testicular axis," and related terms. Studies were evaluated for relevance, rigor, and data quality. Available evidence suggests that Ocimum gratissimum may improve sperm quality, increase testosterone levels, and reduce oxidative stress in animal models. Furthermore, its antimicrobial properties could potentially modulate gut microbiota composition, influencing the production of metabolites that impact testicular function and hormone regulation via the gut-testicular axis. However, the exact mechanisms and specific bioactive compounds responsible for these effects remain to be fully elucidated, and human clinical trials are limited. In conclusion, Ocimum gratissimum holds promise as a potential natural agent for improving male fertility. Further research, particularly well-designed human studies, is warranted to validate these findings and to fully understand the role of the gut-testicular axis in mediating its effects. This could lead to the development of novel therapeutic strategies for male infertility. 
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Introduction
Male infertility is a widespread and distressing issue, impacting a significant portion of couples worldwide, and often representing a significant challenge to family building. Estimates suggest that male factors contribute to approximately half of all infertility cases, highlighting the critical need for effective and accessible treatments to address this significant public health concern (WHO, 2023; Ferlin et al., 2022). The etiology of male infertility is often complex and multifaceted, encompassing a broad spectrum of potential underlying factors that can make diagnosis and treatment particularly challenging. These factors can range from hormonal imbalances disrupting the intricate endocrine system, impacting sperm production, development, and motility, to genetic disorders like Klinefelter syndrome or Y-chromosome microdeletions, directly affecting sperm production or function. Furthermore, modifiable lifestyle factors, such as poor diet lacking essential nutrients, insufficient or excessive exercise, obesity, and substance use including smoking, excessive alcohol consumption, and illicit drug use, can negatively impact sperm quality. Also, unavoidable environmental exposures to toxins and pollutants, including pesticides, heavy metals, and radiation, can also contribute to male infertility, adding another layer of complexity to the diagnostic and treatment process. Understanding the specific cause or combination of causes is crucial for developing personalized and effective treatment strategies for men struggling with infertility (Dutta and Sengupta, 2025; Devranoğlu et al., 2024; Kaltsas  et al., 2023; Pallotti et al., 2022).
Given the potential invasiveness, high financial burden, and occasionally disappointing outcomes associated with conventional infertility treatments like assisted reproductive technologies (ART), an increasing number of individuals and couples are proactively exploring alternative and complementary therapies (ACT) in their quest to conceive. This shift in perspective reflects a desire for more holistic and less interventionist approaches. In this context, the appeal of natural remedies, perceived as gentler and potentially less toxic, has surged. Moreover, the exploration of traditional medicine systems, repositories of centuries-old knowledge about health and healing, has gained momentum as people search for potential solutions to reproductive challenges. Among the diverse array of natural options being investigated, Ocimum gratissimum, commonly known as African Basil or clove basil, has garnered increasing attention within both traditional healing practices and contemporary research (Udi, 2025; Oyem et al., 2021). This interest stems from its long-standing traditional use in various cultures around the world for addressing a multitude of ailments, including those specifically related to reproductive health, sexual function, hormonal balance, and overall well-being. Its potential role in improving fertility outcomes is now being more closely scrutinized.
This review embarks on an exploration of the potential of Ocimum gratissimum (OG), to enhance male fertility. The study will analyze existing scientific literature, drawing upon both in vitro and in vivo studies, alongside traditional ethnobotanical knowledge regarding its use as a fertility-enhancing agent. A key focus of this review lies in understanding the burgeoning significance of the gut-testicular axis. This intricate and bidirectional communication system connects the gut microbiome – the complex community of microorganisms residing in the gastrointestinal tract – and the testes, influencing various physiological processes, including spermatogenesis and hormone production. The review will investigate how this critical interaction might be instrumental in mediating the observed and purported beneficial effects of Ocimum gratissimum (OG) on sperm quality parameters (such as motility, morphology, and count), hormone regulation (including testosterone, luteinizing hormone, and follicle-stimulating hormone levels), and overall male reproductive health. The study will also focus on the potential mechanisms by which OG might modulate the gut microbiome composition and subsequently impact testicular function. By carefully examining the interplay between traditional usage, rigorous scientific evidence, and the emerging understanding of the gut-testicular axis, this review endeavors to provide a holistic and nuanced understanding of the potential of Ocimum gratissimum as a natural and complementary approach in the management of male infertility, ultimately contributing to the development of novel therapeutic strategies and further research in this important area. Furthermore, the study will highlight gaps in current research and suggest future directions for investigating the efficacy and safety of Ocimum gratissimum in improving male fertility.
Potential beneficial effects of Ocimum gratissimum on male fertility: implication of the gut-testicular axis
For centuries, Ocimum gratissimum has held a significant place in traditional folk medicine, revered for its purported healing properties and employed to address a diverse spectrum of ailments (Udi et al., 2018). Of particular note is its traditional use in supporting reproductive health, across various cultures. Different parts of the plant, including the leaves, stems, and roots, are traditionally employed to manage a range of reproductive concerns, from helping to regulate menstrual irregularities and potentially enhancing fertility to serving as a post-partum remedy designed to aid in recovery after childbirth in certain cultural practices. The plant's diverse and potentially therapeutic effects are believed to stem from its complex and rich phytochemical composition, containing a variety of bioactive compounds that contribute to its medicinal properties. Further research is ongoing to fully elucidate the specific mechanisms of action and validate the traditional uses of Ocimum gratissimum (Cetiz et al., 2024; Udi et al., 2023; Soudah et al., 2023; Pandey et al., 2022). The phytochemical profile of Ocimum gratissimum (African basil) is remarkably diverse, encompassing a myriad of bioactive compounds that contribute to its pharmacological properties and economic value. Among the most prominent of these compounds are eugenol and thymol, both volatile phenylpropanoids that are responsible for much of the plant's characteristic scent. Eugenol, in particular, is frequently the major component of the plant's essential oil, often reaching high concentrations and thus playing a significant role in its aroma and diverse biological activities such as antimicrobial, anti-inflammatory, and analgesic effects. Beyond these volatile components, Ocimum gratissimum also contains a variety of flavonoids, a class of polyphenolic compounds known for their antioxidant and anti-inflammatory properties. Specific flavonoids identified in Ocimum gratissimum include quercetin and rutin, among others, which contribute significantly to the plant's overall antioxidant capacity, helping to neutralize free radicals and protect against oxidative stress. It's important to note that the relative abundance and composition of these phytochemicals within Ocimum gratissimum are not static characteristics. They can vary substantially depending on a range of factors including geographical location (influencing soil composition and climate), growing conditions (such as sunlight exposure, water availability, and nutrient levels), the plant's stage of development, and the methods employed for extraction and analysis of the plant material. This variability underscores the importance of considering these factors when studying or utilizing Ocimum gratissimum for medicinal or commercial purposes (Udi et al., 2025; Soudah et al., 2023).
The identified phytochemicals in Ocimum gratissimum are known to possess a wide range of established biological activities, making the plant a promising candidate for further investigation. Eugenol, for instance, exhibits potent antioxidant, anti-inflammatory, and antimicrobial properties. At the molecular level, it can scavenge free radicals, neutralizing their damaging effects on cells (Devi et al., 2024). It also inhibits inflammatory pathways, potentially reducing pain and swelling associated with various conditions. Furthermore, eugenol disrupts microbial cell membranes, contributing to its antibacterial and antifungal effects (Alwan et al., 2024). Thymol, another key component, also displays significant antimicrobial activity against a broad spectrum of bacteria and fungi, inhibiting their growth and proliferation (Kowalczyk et al., 2020). Moreover, the flavonoids present in O. gratissimum contribute significantly to the plant's overall antioxidant capacity. These flavonoids protect against oxidative stress and cellular damage by donating electrons to stabilize free radicals and preventing their chain reactions (Hernández-Rodríguez et al., 2019). These combined properties, arising from the synergistic action of multiple phytochemicals, suggest that O. gratissimum holds significant potential for therapeutic applications across various fields, including but not limited to, infectious disease control, wound healing, and management of inflammatory disorders (Ugbogu et al., 2021; Imosemi, 2020). Further research is warranted to fully elucidate the mechanisms of action and potential clinical applications of this valuable plant.
Effects of Ocimum gratissimum on Male Reproductive Parameters
Ocimum gratissimum has garnered considerable attention in the scientific community due to its potential impact on male reproductive health. Numerous in vitro (test tube or cell culture) and in vivo (animal or clinical) studies have been conducted to examine the effects of this plant on various aspects of male reproductive parameters (Udi et al., 2025; Ezeorba et al., 2024). The primary focus of these investigations is to understand the potential influence of Ocimum gratissimum on spermatogenesis, the process of sperm cell development. Researchers assess sperm quality by examining several key metrics, including sperm motility (the ability of sperm to move efficiently), morphology (the shape and structure of sperm cells), and count (the total number of sperm cells). In addition to sperm analysis, many studies also evaluate the impact of Ocimum gratissimum on testosterone levels and other essential reproductive hormones. By assessing hormonal influences, researchers aim to determine how the plant may affect the overall hormonal balance within the male reproductive system. Another significant area of interest is the role of Ocimum gratissimum in modulating testicular oxidative stress and enhancing antioxidant defenses in the testes (Adelakun et al., 2022; Inyang et al., 2022; Salemcity et al., 2021; Njan et al., 2019). Oxidative stress occurs when there is an imbalance between the production of reactive oxygen species (ROS) and the body's ability to detoxify their harmful effects. Antioxidant defenses help protect cells from the damaging effects of ROS, and maintaining a healthy balance is crucial for optimal male reproductive function (Unsal et al., 2020). Some studies even delve into the plant's influence on libido and overall sexual function (Salemcity et al., 2021; Njan et al., 2019). By examining these aspects, researchers can better understand the potential impact of Ocimum gratissimum on male sexual health and well-being. To fully comprehend the true implications of Ocimum gratissimum on male reproductive health, it is vital to conduct a thorough analysis of the methodologies employed in these studies. This includes evaluating sample sizes, dosages, administration routes, and the overall rigor of the experimental design. By critically assessing these factors, researchers can determine the reliability and applicability of the findings, ultimately contributing to a more comprehensive understanding of the potential benefits and limitations of Ocimum gratissimum for male reproductive health.

The Gut-Testicular Axis: A Brief Overview 
The Gut-Testicular Axis represents a captivating and rapidly evolving area of research, highlighting the intricate bidirectional communication pathway that exists between the gut microbiota and the testes. This interaction transcends a simple one-way influence; rather, it's a dynamic interplay where the composition, diversity, and metabolic activity of the gut microbiome have a significant impact on testicular function, impacting spermatogenesis, steroidogenesis, and overall testicular health. Conversely, the testes, through hormonal signaling and other mechanisms, can influence the gut environment, shaping the composition and function of the gut bacterial community. The communication between these seemingly disparate organs occurs through several key and interconnected mechanisms. Firstly, the gut microbiota plays a crucial role in modulating the immune system. The gut-associated lymphoid tissue (GALT), comprising a significant portion of the body's immune cells, is constantly interacting with gut microbes. This interaction can trigger a cascade of immune responses, influencing both local inflammatory processes within the gut and systemic inflammation throughout the body. Dysbiosis, an imbalance in the gut microbiota, can lead to chronic inflammation, potentially impacting the testes by disrupting the delicate balance required for proper function and sperm development (Eduviere and Udi, 2025; Ashonibare et al., 2024; Chen et al., 2024; Valeri and Endres, 2021).
Secondly, the gut plays a pivotal role in endocrine signaling, particularly concerning the production and regulation of hormones crucial for testicular function. The gut microbiota can influence the bioavailability and metabolism of steroid hormones, including testosterone, which is essential for spermatogenesis and male reproductive health. Disruption of this hormonal balance can lead to impaired testicular function and fertility issues (Hampl and Stárka, 2020). Finally, the gut microbiota produces a diverse array of metabolites, some of which are beneficial while others can be detrimental. These metabolites, such as short-chain fatty acids (SCFAs) like butyrate, acetate, and propionate, are produced through the fermentation of dietary fibers. SCFAs can enter the bloodstream and exert systemic effects on distant organs, including the testes, by influencing gene expression, energy metabolism, and inflammatory pathways. Other metabolites, such as trimethylamine N-oxide (TMAO), produced from dietary choline and carnitine, have been linked to inflammation and cardiovascular disease and may also negatively impact testicular health (Fan and Pedersen, 2021). Understanding the specific roles of these metabolites in the gut-testicular axis is a crucial area of ongoing research.
The intricate relationship between the gut microbiome and male reproductive health is becoming increasingly clear, with gut dysbiosis emerging as a significant contributor to infertility. The disruption of the gut's microbial balance, characterized by an imbalance in the types and quantities of bacteria residing within it, can have far-reaching consequences for spermatogenesis, the highly sensitive and complex process of sperm production. Dysbiosis can negatively impact spermatogenesis in several ways, leading to reduced sperm count (oligospermia), compromised sperm motility (asthenospermia), and abnormal sperm morphology (teratospermia), ultimately affecting overall sperm quality and the ability to fertilize an egg (Ahmad et al., 2025; Magill and MacDonald, 2023; Fan, and Pedersen, 2021). Beyond its direct effects on sperm production, gut dysbiosis can disrupt the delicate hormonal equilibrium essential for optimal testicular function. The gut microbiome plays a crucial role in the metabolism and regulation of various hormones, including testosterone, the primary male sex hormone vital for spermatogenesis, libido, and overall reproductive health. Imbalances in the gut flora can interfere with the proper production and utilization of testosterone, potentially leading to hormonal deficiencies that further compromise testicular function and sperm production. Similarly, the production of other key hormones involved in the hypothalamic-pituitary-gonadal (HPG) axis, which regulates male reproductive function, can also be negatively affected by gut dysbiosis (Ahmad et al., 2025). Furthermore, the altered gut microbiota in dysbiosis can trigger systemic inflammation, a key factor implicated in a wide range of health problems. This inflammation, driven by the leakage of bacterial products like lipopolysaccharide (LPS) into the bloodstream, can directly inflame the testes, the organs responsible for sperm production. This testicular inflammation, often referred to as orchitis, can further impair their function, contributing to impaired spermatogenesis, reduced testosterone production, and ultimately, increased infertility risk. The inflammatory cascade can also disrupt the blood-testis barrier, a protective mechanism designed to shield developing sperm from the immune system, leading to autoimmune responses against sperm cells and further exacerbating infertility (Ma et al., 2024; Mukherjee and Gopalakrishnan, 2024). Disruptions to the gut flora, leading to dysbiosis, can negatively impact spermatogenesis, disrupt hormonal balance, and trigger systemic inflammation, all of which can contribute to male infertility (Beni et al., 2024). Therefore, strategies aimed at promoting a healthy gut microbiome, such as dietary modifications, prebiotic and probiotic supplementation, and lifestyle changes, are emerging as potential therapeutic interventions for improving male reproductive health and addressing infertility.

Ocimum gratissimum and the Gut Microbiota
Ocimum gratissimum (OG) offers a compelling case study for understanding the complex interplay between plant-derived compounds and the delicate environment of the gut. This aromatic herb possesses a unique chemical profile, particularly its abundance of compounds exhibiting antimicrobial activity. These inherent antimicrobial properties suggest a potential to selectively target and inhibit the growth of undesirable, pathogenic bacteria within the gut. By suppressing these harmful microbes, OG could effectively reduce competition for essential nutrients and physical space, thereby creating a more favorable environment for the proliferation of beneficial bacteria. Beyond simply suppressing harmful organisms, Ocimum gratissimum may also actively contribute to the flourishing of beneficial gut bacteria. The plant potentially contains prebiotic components – non-digestible fibers and other complex carbohydrates – that act as a preferred food source for these beneficial microbes. This nurturing effect would further stimulate their growth and metabolic activity, allowing them to thrive and contribute more effectively to gut health. The combined impact of these actions – the selective inhibition of harmful bacteria and the promotion of beneficial bacteria – results in a significant modulation of the gut microbiota composition. This shift favors a more diverse and balanced ecosystem, characterized by a greater abundance and variety of beneficial microbial species. Such a balanced gut microbiota is increasingly recognized as crucial for a myriad of health benefits, including improved gut barrier function, leading to reduced intestinal permeability and preventing the leakage of harmful substances into the bloodstream (Ogwu et al., 2025; Harikrishnan and Balasundaram, 2020). Furthermore, a healthy gut microbiota can enhance the absorption of essential nutrients from food, ensuring optimal utilization of dietary intake. Finally, a balanced gut environment plays a critical role in regulating the immune system and reducing inflammation throughout the body, contributing to overall well-being and potentially mitigating the risk of chronic diseases.
The emerging understanding of the gut-testicular axis, a complex and bidirectional communication pathway between the gut microbiome and the reproductive system, allows us to hypothesize a novel mechanism for Ocimum gratissimum's observed effects on male fertility. The study propose that Ocimum gratissimum's positive influence on gut health, potentially mediated by modifications to the gut microbiota composition and function, could indirectly but significantly impact testicular function and, consequently, male fertility parameters. A healthier gut environment, fostered by the plant's antimicrobial, anti-inflammatory, and prebiotic-like properties, could lead to a reduction in systemic inflammation. Chronic systemic inflammation is increasingly recognized as a key contributor to male infertility, in part due to its detrimental effects on the delicate process of spermatogenesis (Dutta et al., 2021; Sciorio et al., 2025). By mitigating systemic inflammation, Ocimum gratissimum may protect the testes from oxidative stress and inflammatory damage, thereby safeguarding sperm production and maintaining sperm quality, including motility, morphology, and DNA integrity.
Furthermore, a balanced and diverse gut microbiota, potentially promoted by Ocimum gratissimum, could enhance the absorption of essential nutrients crucial for optimal testicular function. These nutrients, including but not limited to zinc, selenium, and various vitamins (D, B12, etc.), serve as vital building blocks for healthy sperm development. They are also critical for the biosynthesis of testosterone, the primary male sex hormone responsible for regulating spermatogenesis and maintaining libido. Improved nutrient absorption would ensure that the testes receive an adequate supply of these essential compounds, supporting robust sperm production and maintaining optimal testosterone levels (Carrageta et al., 2024). Therefore, future research is crucial to further elucidate the specific mechanisms by which Ocimum gratissimum interacts with the gut microbiota, identify the key microbial metabolites involved, and subsequently, determine how these interactions affect testicular function at a molecular level. Studies should investigate the plant's impact on gut microbial diversity and composition, gut barrier integrity, and the production of short-chain fatty acids (SCFAs), which are known to influence systemic inflammation and immune function. Investigations into the effects of Ocimum gratissimum on testicular gene expression, hormone production, and sperm parameters are warranted. Validating this promising potential therapeutic avenue for male fertility enhancement through rigorous scientific investigation could offer a natural and potentially less invasive approach to addressing a significant and growing global health concern.

Potential Mechanisms of Action through the Gut-Testicular Axis 
The gut-testicular axis, a bidirectional communication network connecting the gut microbiome and the male reproductive system, presents a promising avenue for Ocimum gratissimum to exert its potential fertility-enhancing effects. This intricate connection allows for a complex interplay of microbial metabolites and signaling molecules that can significantly impact testicular health and function. One key mechanism by which Ocimum gratissimum may influence fertility involves the modulation of gut microbiota composition. By fostering a more balanced and beneficial gut flora, characterized by an increase in beneficial bacterial species and a reduction in harmful pathogens, Ocimum gratissimum could contribute to reduced systemic inflammation and an improved immune response (Ugbogu et al., 2021; Imosemi, 2020). Dysbiosis, or an imbalance in the gut microbiome, is often associated with chronic inflammation that can negatively impact various organ systems, including the testes. Therefore, restoring a healthy gut microbiome can mitigate inflammatory damage and support optimal immune function within the testes, creating a more conducive environment for spermatogenesis. The activity of gut bacteria can result in the production of beneficial metabolites, primarily short-chain fatty acids (SCFAs) such as butyrate, acetate, and propionate. These SCFAs, produced through the fermentation of dietary fibers, have been shown to exert various positive effects, including supporting testicular function by providing energy to testicular cells and influencing gene expression related to steroidogenesis. Moreover, SCFAs can promote healthy hormone production, particularly testosterone, which is crucial for male fertility, libido, and overall reproductive success. They achieve this by influencing the expression of enzymes involved in testosterone synthesis within the Leydig cells of the testes (Edem et al., 2021; Ohiagu et al., 2021).
Finally, Ocimum gratissimum may influence endocrine signaling pathways involved in testicular function through gut-derived factors. The gut microbiota plays a crucial role in regulating the bioavailability and metabolism of various hormones. These gut-derived factors, modulated by the gut microbiota's response to the herb, could directly or indirectly regulate hormone synthesis and release, affecting the hypothalamic-pituitary-gonadal (HPG) axis, the central regulator of reproductive function (Lin et al., 2025). By influencing this axis, Ocimum gratissimum, via its impact on the gut microbiome, could contribute to improved sperm quality, enhanced sperm motility, and ultimately, improved reproductive success. Further research is warranted to fully elucidate the specific microbial changes induced by Ocimum gratissimum and the resulting impact on hormonal profiles and male reproductive outcomes.
Conclusion and Future Directions 
In conclusion, the growing body of evidence strongly indicates that Ocimum gratissimum (OG), presents a compelling prospect as a natural therapeutic agent for enhancing male fertility. Preclinical studies, encompassing both in vitro and in vivo models, have consistently demonstrated the potential of OG extracts and compounds to improve critical sperm parameters, including sperm count, motility, and morphology. These studies also point towards a potential mechanism involving the elevation of serum testosterone levels, a crucial hormone for spermatogenesis, and the reduction of oxidative stress within the testes. This reduction in oxidative stress, often caused by an imbalance between reactive oxygen species production and antioxidant defense, likely contributes to improved testicular function and, consequently, enhanced reproductive outcomes.
A critical consideration highlighted by this review is the potential, and previously underappreciated, role of the gut-testicular axis in mediating the observed beneficial effects of Ocimum gratissimum. This intricate and bidirectional communication pathway between the gut microbiome and the testes suggests that the modulation of gut microbiota composition and subsequent production of beneficial metabolites, such as short-chain fatty acids, may be a key mechanistic link by which OG influences testicular function, sperm quality, and overall male reproductive health. Altered gut microbiota composition can lead to systemic inflammation and dysregulation of hormonal balance, potentially impacting testicular function. However, despite these promising findings, significant knowledge gaps remain that warrant further, rigorous investigation. Future research should prioritize the design and implementation of well-powered, placebo-controlled clinical trials adhering to strict methodological standards to rigorously evaluate the efficacy and safety of Ocimum gratissimum in treating male infertility in human subjects. These trials should incorporate comprehensive assessments of sperm parameters, hormonal profiles, and markers of oxidative stress. Furthermore, detailed studies are needed to elucidate the specific effects of Ocimum gratissimum administration on gut microbiota composition and function, employing advanced techniques such as 16S rRNA gene sequencing and metagenomic analysis. Understanding how these changes in the gut microbiome correlate with improvements in male fertility parameters is crucial for establishing causality. Finally, in-depth exploration of the specific metabolites produced by gut bacteria in response to OG consumption and the signaling pathways involved in the gut-testicular axis, as mediated by Ocimum gratissimum, will be crucial for a comprehensive understanding of its precise mechanism of action. This includes investigating which bacterial strains are specifically influenced by OG, identifying the metabolites they produce, and determining how these metabolites interact with testicular cells. Addressing these gaps through targeted and well-designed research will solidify the evidence base and further validate the potential of Ocimum gratissimum as a safe, accessible, and effective natural alternative or adjunct treatment for male infertility, potentially reducing reliance on more invasive and costly conventional treatments.
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