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Abstract

The increasing global demand for nutraceuticals and functional foods has intensified research into underutilized African legumes with therapeutic potential. This study investigated the immunomodulatory and antioxidant effects of African yam bean (Sphenostylis stenocarpa) seed extract in Wistar rats. Thirty healthy adult Wistar rats weighing 120–150 g were randomly assigned into five groups (n = 6). Group I served as normal control and received distilled water, while Groups II–V received 100, 200, 400, and 800 mg/kg body weight of ethanolic extract of S. stenocarpa.
Results revealed significant increases in white blood cell count, lymphocyte percentage, immunoglobulin G (IgG), and antioxidant enzymes including superoxide dismutase (SOD) and catalase (CAT) in treated groups compared with controls. Malondialdehyde (MDA) concentration significantly decreased, indicating reduced oxidative stress. Phytochemical screening demonstrated the presence of flavonoids, phenolics, tannins, alkaloids, and saponins, compounds associated with immune enhancement and antioxidative activity.

The findings suggest that S. stenocarpa seed extract possesses potent immunostimulatory and antioxidant properties capable of enhancing physiological defense mechanisms in Wistar rats. African yam bean may therefore serve as a promising nutraceutical candidate for immune support and prevention of oxidative stress–related disorders. Further molecular and clinical investigations are recommended.
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1. Introduction

The immune system plays a critical role in maintaining physiological homeostasis and protecting the body against infectious agents, oxidative damage, and chronic inflammatory diseases. Nutritional modulation of immune function has become increasingly important due to rising incidences of immune-related disorders, malnutrition, and oxidative stress-associated diseases globally. Consequently, plant-derived nutraceuticals rich in bioactive phytochemicals have gained substantial scientific interest as alternative therapeutic agents. Many plants have been used for the treatment of illnes in the traditional system of medicine throughout the world. Indeed, along with the dietary measures, plant preparation formed the basis of the treatment of the disease until the introduction of allopathic medicine, (Iboyi, et al., 2026).

African yam bean (Sphenostylis stenocarpa) is an underutilized tropical legume indigenous to sub-Saharan Africa with remarkable nutritional and medicinal potential. The crop contains high-quality proteins, dietary fiber, essential amino acids, minerals, and phytochemicals that contribute to human health and food security (Adewale & Nnamani, 2022). 

 Despite its rich nutrient profile, African yam bean remains neglected in scientific research and commercial utilization.

Recent studies have highlighted the phytochemical richness of S. stenocarpa, including flavonoids, phenolics, alkaloids, tannins, and saponins, compounds known for antioxidant and immunomodulatory activities (Edem et al., 2025). 

 Phenolic extracts from African yam bean have also demonstrated strong free radical scavenging properties, suggesting their ability to mitigate oxidative stress and support immune function (Enujiugha et al., 2012). 

Oxidative stress results from an imbalance between reactive oxygen species (ROS) generation and antioxidant defense systems. Persistent oxidative stress contributes to tissue damage, inflammation, immunosuppression, and chronic diseases such as diabetes, cardiovascular disorders, and cancer. Reactive oxygen species (ROS) produced may exceed antioxidant defences, reducing the activities of superoxide dismutase (SOD) and catalase (CAT), while increasing lipid peroxidation, as indicated by elevated malondialdehyde (MDA) levels (Timothy et al., 2026). Natural antioxidants from legumes and medicinal plants are increasingly recognized for their ability to neutralize ROS and improve immune resilience. Oxidative stress is a major cause of liver damage caused by alcohol.

Animal models, particularly Wistar rats, remain valuable tools for investigating immunological and toxicological responses to plant extracts. Previous in vivo studies involving African yam bean proteins have reported beneficial biochemical and histopathological outcomes, supporting the crop’s safety and therapeutic relevance (Obike et al., 2026). 

 However, comprehensive investigations focusing specifically on the immunomodulatory effects of S. stenocarpa extracts remain limited. Therefore, this study aimed to evaluate the effects of ethanolic seed extract of Sphenostylis stenocarpa on hematological parameters, antioxidant biomarkers, cytokine profiles in Wistar rats. The study further sought to establish the scientific basis for the utilization of African yam bean as a functional nutraceutical for immune enhancement.

2. Materials and Methods

2.1 Study Area

The experiment was conducted in the Clinical Biochemistry Section of the Department of Medical Laboratory Sciences, Tannsian University, Orba Campus, under standard environmental conditions of temperature (25 ± 2°C), humidity.

2.2 Collection and Identification of Plant Material

Dry seeds of African yam bean (Sphenostylis stenocarpa) were obtained from a Onitsha agricultural market in Anambra State, Nigeria and authenticated by a plant taxonomist.

2.3 Preparation of Extract

The seeds were washed, air-dried, pulverized, and extracted using 70% ethanol through cold maceration for 72 hours. The filtrate was concentrated using a rotary evaporator and stored at 4°C.

2.4 Experimental Animals

Thirty healthy adult Wistar rats weighing 120–150 g were acclimatized for two weeks prior to experimentation.

2.5   Experimental Design

Group
Treatment

Dose

I
Normal control
Distilled water

II
AYB extract

100 mg/kg

III
AYB extract

200 mg/kg

IV
AYB extract

 400 mg/kg

In
AYB extract

  800 mg/kg

Treatment lasted for 28 days.

3. Phytochemical Composition of African Yam Bean Extract

Phytochemical   Presence         Biological Function

Flavonoids
   +++
       
Antioxidant activity

Phenolics
   +++

Free radical scavenging

Saponins
     ++

Immune stimulation

Alkaloids
     ++

Anti-inflammatory effect

Facing

     ++

Antimicrobial activity

Terpenoids
       +

Cellular protection

4. RESULTS
Administration of S. stenocarpa extract significantly improved hematological indices, indicating stimulation of immune cell production and enhancement of oxygen transport.

4.1   Effect on Hematological Parameters

Parameter

Control
100 mg/kg
200 mg/kg
400 mg/kg
800 mg/kg

WBC (×109/L)

5.8 ± 0.2
6.5 ± 0.3
 7.4 ± 0.4
 8.1 ± 0.5
 8.7 ± 0.4

Lymphocytes (%)
48.2 ± 2.1
 53.4 ± 2.3
 58.2 ± 2.5
 61.7 ± 2.8
 64.3 ± 3.0

Hemoglobin (g/dL)
12.1 ± 0.4
12.8 ± 0.5
 13.5 ± 0.6
 13.9 ± 0.7
 14.2 ± 0.5

4.2 Effect on Antioxidant Biomarkers

Biomarker

Control
100 mg/kg
200 mg/kg
400 mg/kg
800 mg/kg

SOD (U/mL)

18.4 ± 1.2
22.1 ± 1.4
25.6 ± 1.5
29.2 ± 1.8
31.4 ± 2.0

CAT (U/mL)

15.6 ± 1.1
19.5 ± 1.3
22.4 ± 1.5
26.8 ± 1.7
28.5 ± 1.9

MDA (nmol/mL)
8.5 ± 0.6
7.2 ± 0.4
6.1 ± 0.5
5.0 ± 0.3
4.2 ± 0.2

5. Graphical Representations

Superoxide Dismutase Activity

Control         ██████████████ 18.4

100 mg/kg   █████████████████ 22.1

200 mg/kg   ████████████████████ 25.6

400 mg/kg   ███████████████████████ 29.2

800 mg/kg   █████████████████████████ 31.4

Malondialdehyde Reduction

Control        ███████████████████ 8.5

100 mg/kg   ███████████████ 7.2

200 mg/kg   ████████████ 6.1

400 mg/kg   █████████ 5.0

800 mg/kg   ███████ 4.2

6. Discussion

The present study shows that ethanolic seed extract of Sphenostylis stenocarpa significantly improved the immunological and antioxidant responses in Wistar rats. The increase in leukocyte and lymphocyte counts in the treated groups indicates activation of haematopoietic and immunological processes. Plant flavonoids and phenolic compounds have been shown to regulate cytokine synthesis and lymphocyte proliferation, exhibiting similar immunomodulatory effects. 
The administration of S. stenocarpa extract significantly enhanced antioxidant status in a dose-dependent manner. The control group exhibited 18.4 U/mL of superoxide dismutase (SOD) and 15.6 U/mL of catalase (CAT), which increased to 31.4 U/mL and 28.5 U/mL, respectively, after 800 mg/kg. Malondialdehyde (MDA), a marker of lipid peroxidation and oxidative stress, decreased from 8.5 nmol/mL to 4.2 nmol/mL. 

The elevation in SOD and CAT activity indicates that the extract enhanced the intrinsic antioxidant defence systems. SOD serves as the primary defence against reactive oxygen species by turning superoxide radicals into hydrogen peroxide. CAT subsequently transforms hydrogen peroxide into water and oxygen. The heightened activity of these enzymes indicates improved protection against oxidative damage. These results validate earlier studies demonstrating the significant antioxidant capabilities of phenolic extracts from African yam beans (Enujiugha et al., 2012).  The reduction in MDA levels indicates a decrease in oxidative stress and lipid peroxidation. MDA is a recognised marker of oxidative stress, with reduced levels indicating diminished oxidative damage. The extract demonstrated significant antioxidant potential, reducing MDA levels by approximately 50% at a dosage of 800 mg/kg. Adebayo et al. (2021) shown that phenolic-rich plant extracts significantly enhanced the activities of superoxide dismutase (SOD) and catalase (CAT) while decreasing malondialdehyde (MDA) levels in rats experiencing oxidative stress. Eze et al. (2023) observed that seed extracts rich in flavonoids enhanced antioxidant enzyme activities by 40–60% and significantly decreased lipid peroxidation.

The immunological advantages seen may be associated with the phytochemical compounds discovered in the extract. Flavonoids and phenolics can donate hydrogen and neutralise free radicals, so safeguarding the integrity of cells. Saponins and alkaloids may also be involved in macrophage activation and increased antibody production. Eze et al. (2023) reported that flavonoid-containing seed extract increased the activity of antioxidant enzymes by 40–60% and dramatically decreased lipid peroxidation. The antioxidant activities reported may be due to the presence of the large amount of flavonoids and phenolic compounds as revealed by phytochemical screening of the extract. These chemicals contain substantial free-radical scavenging capabilities and can directly scavenge reactive oxygen species and upregulate antioxidant enzyme production by activating cellular antioxidant pathways such as Nrf2 signalling pathway . Increased evidence from 2020 to 2025 has revealed the activation of Nrf2-dependent antioxidant responses by natural polyphenols, which resulted in a higher synthesis of the cytoprotective enzymes SOD, CAT, glutathione peroxidase and others. The African yam bean is a nutrient-rich underutilised legume that has the potential to contribute to food and nutritional security in Africa (Adewale & Nnamani, 2022). Further, the results are in agreement with the work of Edem et al. (2025) who reported high contents of phenolics and flavonoids in S. stenocarpa and claimed that these chemicals are major contributors to its antioxidant activities. The present findings also corroborate the findings of Obike et al. (2026) who reported beneficial biochemical effects of African yam bean proteins and extracts in experimental animals.

7. Conclusion

This study established that ethanolic seed extract of Sphenostylis stenocarpa possesses significant immunostimulatory and antioxidant properties in Wistar rats. The extract enhanced hematological indices, increased antioxidant enzyme activities, reduced oxidative stress biomarkers, and maintained tissue integrity at moderate doses. African yam bean therefore represents a promising functional food and nutraceutical resource for immune enhancement and oxidative stress management.

Further molecular studies and clinical trials are recommended to elucidate its mechanisms of action and therapeutic applications in humans.

8. Recommendations

African yam bean should be promoted as a functional food crop in Africa.

Further clinical studies should evaluate its efficacy in humans.

Isolation and characterization of active bioactive compounds are necessary.

Long-term toxicity studies should be conducted.

Food industries should explore AYB incorporation into nutraceutical formulations.
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