Enhancement of Reproductive Performance in Rabbit Bucks through Ethanolic Bitter Kola (Garcinia kola) Supplementation: A Dose-Response Study


ABSTRACT
[bookmark: _GoBack]This study looked into how the ethanolic extract of Garcinia kola, commonly known as bitter kola, affects the semen quality and hormonal profile of rabbit bucks. A total of twenty-four sexually mature rabbit bucks, aged between 6 to 8 months, were randomly divided into four groups of six animals each, following a Completely Randomized Design. Group A was given distilled water as a control, while Groups B, C, and D received the ethanolic bitter kola extract at doses of 100, 200, and 400 mg/kg body weight, respectively, administered orally every 12 hours for eight weeks. Semen samples were collected at weeks 0, 4, and 8 using an artificial vagina, and blood samples were taken for hormonal assays using ELISA. Phytochemical analysis showed that the extract contained flavonoids, alkaloids, tannins, saponins, and steroids. The results indicated that the 200 mg/kg dose significantly enhanced semen parameters by week 8, including semen volume (0.74±0.21 mL compared to 0.59±0.14 mL in the control), sperm motility (73.6±8.9% vs 63.8±10.1%), sperm concentration (193±35×10⁶/mL vs 167±28×10⁶/mL), total sperm count (143±40×10⁶ vs 99±28×10⁶), sperm viability (78.2±8.7% vs 70.3±7.8%), normal morphology (80.8±6.2% vs 77.9±5.7%), membrane integrity (76.9±9.0% vs 73.1±8.2%), and semen pH (7.23±0.21 vs 7.09±0.18). Additionally, significant increases were noted in testosterone (2.46±0.37 ng/mL vs 1.89±0.30 ng/mL), luteinizing hormone (0.91±0.15 mIU/mL vs 0.74±0.12 mIU/mL), and follicle-stimulating hormone (0.59±0.10 mIU/mL vs 0.46±0.08 mIU/mL) levels. The 100 mg/kg dose showed some improvements, while the 400 mg/kg dose yielded no significant benefits, indicating a dose-dependent effect. These findings demonstrate that ethanolic extract of Garcinia kola at 200 mg/kg optimally enhances reproductive performance in rabbit bucks through improved semen quality and hormonal stimulation
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1. INTRODUCTION
The ability of male rabbits, often referred to as bucks, to produce healthy and viable sperm plays a crucial role in determining their fertility potential. Key semen parameters like sperm count, motility, morphology, pH, and viability are direct indicators of their reproductive health (Bitto and Egbunike, 2012). For successful rabbit production, it's essential to have highly fertile bucks with good semen quality (Theau-Clement et al., 2016). 
While many synthetic drugs are available to enhance male fertility, they can be quite expensive and may carry long-term risks (Semet et al., 2017). To reduce over reliance on these synthetic drugs, many people in developing countries, including Nigeria, are exploring more sustainable and cost-effective methods to boost male fertility. One of the methods is the use of phytogenic compounds with potent antioxidant properties that could enhance male fertility. Garcinia kola stands out among these compounds due to its rich phytochemical profile and its traditional use as a male aphrodisiac (Okezie et al., 2022). Commonly known as Bitter Kola in Nigeria, but known by various names in different dialects in Nigeria: “Namiji goro” in Hausa, “Orogbo” in Yoruba, and “Aku-ilu” in Igbo (Bnouham et al., 2006). This plant belongs to the Guttiferae family and is native to West and Central Africa, where it has been utilized in traditional African medicine for centuries, especially for its reputed aphrodisiac and fertility-enhancing properties (Iwu, 1993).
The primary bioactive constituents found in Garcinia kola are biflavonoids, with kolaviron being the standout (Igboko, 1983). Kolaviron is identified as the major bioactive component responsible for many of the plant's therapeutic effects, including its antioxidant, anti-inflammatory, and hepato-protective properties (Okunji et al.,2007). These biflavonoids are great at scavenging free radicals, which is crucial for shielding reproductive cells from oxidative harm (Iwu et al., 1993).
Reactive oxygen species (ROS) can be quite harmful to sperm cells, leading to issues like lipid peroxidation of sperm membranes, DNA damage, and decreased sperm motility (Agarwal, 2003). Fortunately, the high levels of antioxidant compounds in bitter kola work to neutralize these damaging free radicals, helping to protect spermatozoa from oxidative stress and keeping their structure and function intact (Farombi et al., 2005).
Research has shown that the phytochemical constituents of bitter kola can affect hormonal balance in male reproductive systems. Some studies suggest that specific compounds in the plant can boost the production of luteinizing hormone (LH) and follicle-stimulating hormone (FSH), both of which are vital for testosterone production and spermatogenesis, respectively (Kehinde et al., 2016). Increasing testosterone levels not only enhances sperm production but also boosts libido and overall reproductive performance in male animals (Akpantah et al., 2003).
The phenolic compounds found in bitter kola are known for their anti-inflammatory properties, which may help enhance reproductive health by reducing inflammation in the reproductive tract (Braide, 1993).Chronic inflammation can have a negative effect on sperm production and quality, so the anti-inflammatory benefits of bitter kola could be especially valuable for maintaining optimal reproductive function (Braide, 1993). 
While Garcinia kola has been widely studied in animals, there’s a noticeable limited research focusing on rabbit bucks and the more concentrated ethanolic extract in Nigeria. This gap highlights the need to explore the reproductive effects and ideal dosing of Garcinia kola ethanolic extract in rabbit bucks. Understanding this relationship is crucial to confirming Garcinia kola's potential as a fertility booster in rabbit production. The aim of this study was to evaluate how bitter kola affects the semen quality and hormonal profile of rabbit bucks. Considering the documented antioxidant and androgenic benefits of Garcinia kola, we hypothesized that its ethanolic extract could improve semen quality and boost reproductive hormone production in rabbit bucks, depending on the dosage. This study set out to investigate how various doses of ethanolic Garcinia kola extract (100, 200, and 400 mg/kg body weight) affect the semen parameters and hormonal profiles of rabbit bucks, while also identifying the best therapeutic dose to enhance male reproductive performance.
 
2. MATERIALS AND METHODS
2.1 Study Area
The research took place at the Rabbit Unit of the Teaching and Research Farm at Modibbo Adama University Yola, Adamawa State, Nigeria. Yola is situated between the latitudes of 9˚11'N and 9˚20'N, and the longitudes of 12˚23'E to 12˚33'E, covering an area of approximately 305 square kilometers. This region experiences an average annual rainfall of 919 mm, with monthly temperatures ranging from a minimum of 19˚C to a maximum of 37.9˚C.
2.2 Experimental Animals and Management
In this study, we used twenty-four apparently healthy, sexually matured rabbit bucks (Oryctolagus cuniculus) that were between 6 to 8 months old and weighed between 1.5 to 2.5 kg. These rabbits were obtained from the National Veterinary Research Institute Vom, Plateau State, Nigeria, and were given two weeks to acclimatize before the experiment began. They were kept in well-ventilated wire mesh cages that maintained hygienic conditions. The rabbits had unlimited access to a standard commercial rabbit diet and were provided with fresh drinking water every day. Throughout the study, we ensured routine veterinary care and adhered to strict biosecurity measures. The local ethics committee approved the study, and we followed the guidelines for the Care and Use of Laboratory Animals as outlined by the US National Institutes of Health (NIH publication no. 83-23, revised 1996).
 2.3 Experimental Design  
This study was conducted using a Completely Randomized Design (CRD). We took twenty-four rabbit bucks and randomly divided them into four groups, each containing six animals: Group A received distilled water as a placebo, Group B received an ethanolic bitter kola extract at a dosage of 100 mg/kg body weight, Group C received the extract at 200 mg/kg body weight, and Group D was given the extract at 400 mg/kg body weight. The treatments were administered every 12 hours through the oral route for a total of eight weeks.  
2.4 Preparation of Ethanolic Bitter Kola Extract  
We sourced fresh Garcinia kola seeds from the Yola modern market in Adamawa State, Nigeria. After thoroughly washing and peeling them, we let them air-dry. When dried, the seeds were ground into a fine powder using electric blenders. We then macerated 1300g of this powdered form in a 70% ethanol solution, sealing it airtight for 72 hours. After that, we filtered the mixture using Whatman No.1 filter paper. The resulting filtrate was concentrated under low pressure at 45 degrees Celsius with rotary evaporators, followed by water baths until we achieved a semi-solid form of crude extracts. These extracts were stored in the refrigerator at 4 degrees Celsius until we were ready to use them. When it was time for administration, we dissolved the appropriate amounts in distilled water.  
2.5 Study Duration and Semen Collection  
The experiment spanned eight weeks, during which we collected semen from all animals at three different points: at week zero which served as the baseline with no extract administered; at week 4, marking the halfway point of the treatment; and at week 8, after the full treatment period had concluded.

2.6 Semen Collection Procedure  
Before each collection, the bucks were trained to mount a teaser doe, as outlined by Munu et al. (2024). We used an improvised artificial vagina (AV) for the semen collection. To create the AV, we put together syringes, sample collection containers, and latex condoms. The AV was warmed up to about 40°C in a hot water bath and held by hand under the teaser, with the open end facing caudal. As the buck began to mount, we adjusted the artificial vagina further caudally to allow for penetration and ejaculation, which happened quickly once the buck's penis entered the AV. The ejaculates were collected in sterile, labeled containers and promptly taken to the laboratory for evaluation.
 2.7 Semen Evaluation  
We evaluated each semen sample based on several criteria. The volume (in mL) was directly measured from the graduated collection container. We assessed the color and consistency attributes visually. To measure the pH, we used a digital pH meter. For sperm motility (in %), we took a fresh semen sample, placed it on a pre-warmed glass slide, and covered it with a slip. We then examined motile sperm under a microscope at 100x magnification, reporting motility as a percentage. To determine sperm concentration (in ×10⁶/mL), we used a hemocytometer after diluting the sample with a sodium bicarbonate-formalin solution, following the method outlined by Atiq et al. (2011). The morphological assessment was conducted using the same procedures described by Koziol and Armstrong (2022). This involved preparing a semen smear on a clean glass slide, air-drying it, and fixing it with a mixture of absolute methanol and glacial acetic acid (in a 3:1 ratio). The fixed sample underwent sequential staining: first with hematoxylin for 15 minutes (followed by washing), and then with 1% eosin for 10 minutes (again followed by washing). After air-drying at room temperature, the preparation was examined at 100× magnification under light microscopy. Sperm viability (%) was determined using the eosin-nigrosine staining method described by Wells and Awa (1970). One drop of semen was combined with 2-3 drops of pre-warmed eosin-nigrosine stain on a heated slide. A thin smear was created from this mixture and allowed to air-dry. Viable and non-viable sperm were counted separately under microscopy, and the proportion of viable sperm was calculated.
2.8 Blood Collection and Hormonal Assay 
At the start of the study (week 0), weeks 4 and 8, we collected blood samples. Each morning, we drew five milliliters of blood from the marginal ear vein of each rabbit and placed it in plain collection tubes. After letting the samples sit for 60 minutes, we centrifuged them for 10 minutes at 3000 rpm to separate the serum. The serum was transferred from each tube into sterile storage containers. To measure the levels of FSH, LH, and testosterone in the serum, we used Enzyme Linked Immunosorbent Assay (ELISA) kits from Elabscience® (Texas, USA), following the manufacturer's guidelines. 
2.9 Statistical Analysis
The data we collected were presented as mean ± standard deviation (SD). We performed a one-way Analysis of Variance (ANOVA) to identify any significant differences among the treatment groups, and followed this up with Tukey's post-hoc test for multiple comparisons. We considered differences to be statistically significant at p < 0.05. For the analysis, we utilized statistical software GraphPad Prism. 

3. RESULTS

Table 1 shows preliminary phytochemical analysis showing constituents such as alkaloids, saponins, tannins, carbohydrates, steroids, and flavonoids in the ethanolic Garcinia kola seed extract. However, the extract lacked cardiac glycosides 

Table 1: Phytochemical constituents of ethanolic extract of Garcinia kola seed

	Constituents                                                                                                 Inference


Flavonoid                                                                                                         +++                                                                          
Alkaloids                                                                                                           ++
Tannins                                                                                                             ++
Saponins                                                                                                           ++
Steroids                                                                                                             +
Cardiac glycosides                                                                                            -
	


Figure 1 shows how ethanolic Garcinia kola extract impacts the semen quality of rabbit bucks over an 8-week experimental period. At the start (Week 0), all treatment groups had similar values for all semen parameters, which means they began under the same conditions. By Week 4, a dose-dependent improvement was observed, especially in the 200 mg/kg group, which had notable increases in semen volume, sperm motility, concentration, and total sperm count compared to both the control and the 400 mg/kg group (p < 0.05). By Week 8, these enhancements were even more pronounced, with the 200 mg/kg treatment achieving the best semen quality metrics. Specifically, the semen volume was at 0.74 ± 0.21 mL, sperm motility at 73.6 ± 8.9%, concentration at 193 ± 35 × 10⁶/mL, total sperm count at 143 ± 40 × 10⁶, and viability at 78.2 ± 8.7%, all significantly higher than the control group (p < 0.05). Normal morphology (80.8 ± 6.2%) and membrane integrity (76.9 ± 9.0%) also showed moderate improvements, while semen pH increased slightly to 7.23 ± 0.21. On the other hand, the 100 mg/kg group had modest improvements in sperm viability and total sperm count, while the 400 mg/kg group didn’t show any significant benefits, indicating that higher concentrations might not be as effective. Overall, Figure 1 clearly illustrates that adding ethanolic Garcinia kola extract improved semen quality in a dose-dependent way, with the 200 mg/kg dose yielding the best results by Week 8.
Figure 2 illustrates how ethanolic Garcinia kola extract impacts the serum reproductive hormones—testosterone, luteinizing hormone (LH), and follicle-stimulating hormone (FSH)—in rabbit bucks throughout the treatment period. At the start (Week 0), hormone levels were consistent across all groups, confirming that they were initially uniform. By Week 4, the rabbits that received a dose of 200 mg/kg of the extract exhibited significant increases in testosterone (2.21 ± 0.34 ng/mL), LH (0.84 ± 0.13 mIU/mL), and FSH (0.52 ± 0.09 mIU/mL) compared to the control group. These increases became even more pronounced by Week 8, with testosterone reaching 2.46 ± 0.37 ng/mL, LH at 0.91 ± 0.15 mIU/mL, and FSH at 0.59 ± 0.10 mIU/mL, marking their peak levels. The 100 mg/kg dose resulted in only slight increases, while the 400 mg/kg dose showed no significant difference from the control (p > 0.05). This hormonal trend closely mirrors the improvements in semen quality shown in Figure 1, suggesting that the extract's fertility-boosting effects might be linked to the stimulation of the hypothalamic–pituitary–gonadal (HPG) axis, leading to increased gonadotropin secretion and enhanced testosterone production.







Figure 1: Effect of Ethanolic Bitter Kola Extract on Semen Parameters of Rabbit Bucks
[image: ]Values represent mean ± SD (n = 6 per group) for semen quality parameters measured at Weeks 0, 4, and 8. Treatment groups include Control (distilled water), 100 mg/kg, 200 mg/kg, and 400 mg/kg of ethanolic Garcinia kola extract. Subplots represent (A) Semen volume, (B) Sperm motility, (C) Sperm concentration, (D) Total sperm count, (E) Sperm viability, (F) Normal morphology, (G) Membrane integrity, and (H) Semen pH. Different superscript letters (a, b, c) indicate significant differences among treatment means (p < 0.05, ANOVA followed by Tukey’s post-hoc test).

	


Figure 2: Effect of Ethanolic Bitter Kola Extract on Reproductive Hormonal Profile of Rabbit Bucks
[image: ]
Values represent mean ± SD (n = 6 per group) for serum concentrations of reproductive hormones (testosterone, LH, and FSH) measured at Weeks 0, 4, and 8. Treatment groups include Control (distilled water), 100 mg/kg, 200 mg/kg, and 400 mg/kg of ethanolic Garcinia kola extract. Panels show (A) Testosterone, (B) Luteinizing hormone (LH), and (C) Follicle-stimulating hormone (FSH). Different superscript letters indicate significant differences among treatment means (p < 0.05, ANOVA followed by Tukey’s test). The 200 mg/kg group produced the highest hormonal responses, consistent with enhanced reproductive performance.

4. Discussion
The results of this study revealed that giving 200 mg/kg of ethanolic bitter kola extract led to better semen parameters by week 8. Improvements were seen in parameters like volume, sperm motility, concentration, total count, viability, normal morphology, membrane integrity, and semen pH. This enhancement could be attributed to the rich phytochemical constituents found in Garcinia kola seeds, which includes flavonoids and phenolic compounds. These phytochemicals act as powerful antioxidants, helping to eliminate reactive oxygen species (ROS) and shielding sperm from oxidative damage, ultimately boosting semen quality. The improvements we've seen fit well with what we currently know about managing oxidative stress in male reproduction. Recent research has shown that antioxidants from plants can significantly cut down on the damage caused by reactive oxygen species (ROS) to sperm DNA, lipid membranes, and proteins (Omolaoye et al., 2024). One standout is kolaviron, a biflavonoid found in Garcinia kola, which has been found to have a much stronger ability to scavenge free radicals compared to traditional antioxidants (Omodon et al., 2024). This might just explain the impressive results we've noticed when using the optimal dosage. The increase in semen pH at the 200 mg/kg dosage might also play a role in enhancing sperm motility, as a slightly alkaline environment is beneficial for sperm survival and capacitation. This change in pH seems to stem from the alkaloids found in the extract, which could play a role in shaping the composition of seminal plasma and its buffering ability (Dhumal et al., 2021).While the improvements in sperm morphology and membrane integrity at this dosage were modest, they were still significant. Supporting our findings, Atsukwei et al. (2015) noted a marked reduction in the percentage of abnormal sperm cells across all treated groups compared to controls after both 3 and 6 weeks of treatment, reinforcing our observations of enhanced sperm morphology. This indicates that the reproductive advantages of Garcinia kola include both functional and structural enhancements in sperm quality.
The administration of Garcinia kola at a dose of 100 mg/kg showed some modest improvements in various parameters, including total sperm count, sperm viability, testosterone, and FSH. However, the higher dose of 400 mg/kg didn’t really lead to any significant enhancements, highlighting a dose-dependent effect with 200 mg/kg being the sweet spot. The fact that 100 mg/kg didn’t show major effects in most parameters suggests that this phytochemical dose wasn’t enough to bring about noticeable changes in semen quality possibly due to the fact that the concentrations of bioactive compounds are too low to effectively stimulate the reproductive endocrine system or to offer enough antioxidant protection. On the other hand, the decline observed at 400 mg/kg might indicate potential toxic or suppressive effects from too much phytochemical on testicular or pituitary function. High doses of these compounds could have pro-oxidant effects, throw off endocrine balance, or disrupt the structure of the testicles, eventually counteracting the fertility-boosting benefits seen at more moderate doses. This interesting phenomenon, called hormesis, has been thoroughly explored in phytochemical studies. It shows that low to moderate doses can have positive effects, while higher doses can actually be harmful (Obodovskiy, 2023). When it comes to alkaloids and saponins, too much of these compounds can disrupt the activity of steroidogenic enzymes or create stress in Leydig and Sertoli cells, which can lead to a decrease in testosterone production and spermatogenesis (Kopf et al.,2024).
The improvements in semen quality noted in this study stand in contrast to a similar investigation conducted by Chia et al. (2025), which found no significant changes in the semen parameters of male rabbits, including counts, pH, semen volume, mass mobility, sperm concentration, morphology, and viability. They attributed their results to a small sample size and the use of aqueous extraction rather than ethanolic extraction, which may have yielded lower concentrations of lipophilic bioactive compounds. On the other hand, Iwuji and Herbert (2012) reported an increase in sperm motility among rabbit bucks that were fed a diet containing Garcinia kola (G.kola) seed meal, which aligns with our findings. Additionally, several earlier studies on different animal models support our results; for instance, Chikere et al. (2015) observed significant increases in sperm counts, motility, and morphology in male Wistar rats treated with ethanolic extract of G. kola. Similarly, Atsukwei et al. (2015) and Adesanya et al. (2007) documented a dose-dependent rise in sperm counts in Wistar rats after administering 100mg/kg and 200mg/kg of ethanolic extract of G. kola over six weeks. However, our results contrast with those of Abu et al. (2013), who reported a notable decrease in sperm concentration, motility, viability, and morphology in albino rats treated with aqueous extracts of G. kola seeds. These differences could be due to variations in species sensitivity, dosage, duration of treatment, and extraction methods. The ethanolic extract used in our study is known to concentrate bioactive flavonoids and saponins that possess strong antioxidant and androgenic properties.The type of solvent you choose plays a crucial role in shaping the phytochemical profile of plant extracts. For instance, using ethanol for extraction usually results in higher levels of flavonoids, alkaloids, and other beneficial compounds compared to using water (Azabou et al., 2020). Additionally, the environmental and nutritional conditions of the experimental animals might also help explain the differing outcomes as nutritional status can significantly affect the bioavailability and metabolism of phytochemicals (Hu et al, 2022)..
In our study, we noticed a notable rise in testosterone, luteinizing hormone (LH), and follicle-stimulating hormone (FSH) at the 200 mg/kg dosage, with some moderate improvements in testosterone and FSH also seen at the 100 mg/kg level. This hormonal increase, especially the boosts in LH and FSH, likely plays a key role in the significant enhancements we observed in semen quality. Since LH is responsible for regulating testosterone production in Leydig cells and FSH aids in spermatogenesis by stimulating Sertoli cells, the simultaneous rise in these hormones suggests that the hypothalamic-pituitary-gonadal (HPG) axis is being activated. The bioactive compounds found in Garcinia kola, particularly saponins and alkaloids, might be enhancing testosterone production by stimulating the steroidogenic enzymes in Leydig cells, which in turn raises circulating testosterone levels. Saponins have been found to boost the expression of steroidogenic acute regulatory protein (StAR) and cytochrome P450 enzymes, both of which play a vital role in testosterone production (Stocco et al., 2008). Additionally, the antioxidant properties of kolaviron might help shield Leydig cells from oxidative damage, thus preserving their ability to produce steroids (Adedara et al., 2023).
The increase in testosterone at the 200 mg/kg dose aligns with findings from several earlier studies; for instance, Ralebona et al. (2012) and Atsukwei et al. (2015) both reported elevated testosterone levels in Wistar rats treated with ethanolic extracts of G. kola. Similarly, Akpantah et al. (2003) noted an increase in peripheral testosterone production in male Sprague-Dawley rats. These results collectively support the androgenic effects of Garcinia kola, especially when given as ethanolic extracts. However, it's interesting to note that Braide et al. (2003) found a significant drop in serum testosterone levels in rats given methanolic extracts of Garcinia kola, while Abu et al. (2013) reported notable decreases in FSH, LH, and testosterone levels in albino rats. These conflicting results could stem from variations in extraction methods (methanolic vs. ethanolic vs. aqueous), dosage levels, treatment durations, and differences between species. The polarity of the extraction solvent affects which phytochemicals are preferentially extracted, potentially leading to different biological activities (Kim et al., 2023). Specifically regarding FSH levels, Airaodion et al. (2020) and Yakubu and Quandri (2012) reported no significant effects on FSH levels in Wistar rats, which contrast with our finding of a significant increase in FSH at the 200 mg/kg dosage. This difference could be due to how various species respond, as rabbits might react differently to the phytochemical stimulation of the HPG axis compared to rats. Plus, the eight-week treatment period in our study might have led to more significant hormonal changes than the shorter treatment durations seen in some earlier research.
The improvement in semen quality observed at 200 mg/kg indicates that Garcinia kola extract might be a useful tool for enhancing buck fertility, whether in natural mating or artificial insemination programs. These findings could also be relevant for other livestock species and even human fertility management, although specific trials for each species would be essential. The phytochemical approach to boosting male fertility has a lot of advantages compared to synthetic options. It tends to be more affordable, easier to access in rural areas, carries a lower risk of side effects, and fits well with sustainable farming practices (Chavda et al., 2024). Future research should focus on long-term safety and toxicology studies to create thorough safety profiles

5. CONCLUSION
This study has shown that the ethanolic extract of Garcinia kola can significantly boost fertility in rabbit bucks, and it does so in a dose-dependent way with significant biological and nutritional importance for managing reproduction in rabbit production systems. When administered at an optimal dose of 200 mg/kg body 12 hourly for eight weeks, there were notable improvements in various reproductive parameters. These included significant increases in semen volume, sperm motility, concentration, total count, viability, morphology, and membrane integrity. Alongside these enhancements in semen quality, there were also  substantial rises in key reproductive hormones—testosterone, luteinizing hormone, and follicle-stimulating hormone indicating that bitter kola exerts its fertility-enhancing effects by stimulating the hypothalamic-pituitary-gonadal axis. This hormonal adjustment is a key way that Garcinia kola enhances reproductive health, impacting both the endocrine system and cellular functions.
The rich phytochemical profile of Garcinia kola, especially its rich content of flavonoids, alkaloids, saponins, and tannins, contributes to its strong antioxidant and androgenic effects. These bioactive compounds help fight oxidative stress, shield sperm from cellular damage, and boost the activity of steroidogenic enzymes in testicular cells. The importance of these findings is rooted in the diverse ways Garcinia kola boosts male fertility. It does this by providing antioxidant protection for gametes, stimulating hormone production for spermatogenesis, and helping maintain the structural integrity of sperm. From both a nutritional and practical standpoint, using Garcinia kola extract has significant implications. As a plant that’s readily available in West Africa, Garcinia kola serves as a cost-friendly alternative to costly synthetic fertility boosters, making it easier for small-scale rabbit farmers to manage reproduction effectively. Also, since this supplement comes from a natural source, it aligns perfectly with the increasing consumer demand for organic livestock products and helps lessen reliance on synthetic medications. The study highlighted a dose-dependent response, with less effective and no results at 100 mg/kg and 400 mg/kg respectively, underscoring the need for precise dosing to maximize reproductive benefits while steering clear of potential toxicity from too much phytochemical intake. The improvements seen in semen quality and hormonal profiles indicate that these findings can be applied right away in both natural mating systems and artificial insemination protocols. This is especially important since buck fertility plays a key role in achieving reproductive success. 
These findings could have real-world applications in rabbit production systems, suggesting that using Garcinia kola extract at 200 mg/kg might be a cost-effective, natural alternative to synthetic fertility enhancers in breeding programs. This extract could be especially beneficial in natural mating systems and artificial insemination protocols, where the fertility of bucks is crucial for reproductive success.
Future research should focus on long-term safety and toxicology studies to create thorough safety profiles, evaluation of efficacy in other livestock species with economic importance, and assessment of possible applications in human fertility management, subject to appropriate clinical trials.
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Figure 1: Effect of Ethanolic Bit Groupsi Extract on Semen Parameters
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