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					ABSTRACT  

					ARTICLE INFO  

					Dermatophytes are cutaneous mycoses that have been linked to a variety of human skin disorders.  

					Herbal drugs developed from plants can be beneficial and would be important for curbing  

					dermatophytosis. This research aimed to ascertain the anti-dermatophytic potentials of Garcinia  

					kola (Gk) and Vernonia amygdalina (Va) and their combinations against selected dermatophytes.  

					In this research, the effect of ethanol extracts of Gk seed and Va leaf and their synergistic  

					interactions were studied on the following dermatophytes: Microsporum audouinii, Trichophyton  

					schoenleinii, and Trichophyton tonsurans. The interaction of the plant extracts revealed that all  

					ratio combinations of the two plants resulted in synergism against M. audouinii and T. tonsurans,  

					while for T. schoenleinii, it occurred only at ratios 5:5, 6:4, 7:3, 8:2, and 9:1 for Gk:Va respectively.  

					The minimum inhibitory concentrations (MICs) of the two plants were also significantly better or  

					equivalent to the MIC of a commercially available dermatophytic drug (50 mg/ml fluconazole) for  

					all the test organisms. In conclusion, dermatophyte infections can be treated using a selected and  

					careful combination of the ethanol extracts of Gk and Va.  
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					It is also reported that due to antimicrobial resistance, incidences of  

					fungal infections are increasing throughout the world as a result of the  

					Introduction  

					increased use of broad-spectrum antibiotics.1 Attention is now shifting  

					towards the use of herbal drugs in the treatment of most diseases due to  

					low toxicity, ease of availability, lesser resistance to orthodox drugs, and  

					the sourcing of lead compounds.Herbal drugs from plants have been  

					employed in the management of ailments and for drug-resistant  

					organisms.6,7 The plants - Garcinia kola (Gk) and Vernonia amygdalina  

					(Va) have been proven to exhibit some medicinal properties due to the  

					presence of some phytochemicals such as saponins, alkaloids, terpenes,  

					triterpenes, steroids, coumarins, flavonoids, bioflavonoids, biflavonones,  

					phenolic acid, lignans, xanthones, anthraquinones, edotides,  

					sesquiterpenes, kolaviron and benzophenones.8-10 Medicinally, the plants  

					have found applications as anti-helminthic, anti-cancer, anti-fertility,  

					anti-microbial, anti-malaria, analgesic, spermatogenic, anti-oxidants,  

					anti-inflammatory, hypocholesterolemic, anti-viral, anti-androgenic  

					effects, amongst others.11-15 Gk and Va, have been shown to interact  

					synergistically to inhibit the growth of the fungus Candida albicans.16 It,  

					therefore becomes imperative to extend the investigation of their anti-  

					mycotic activity to the dermatophytes - Microsporum, Trichophyton, and  

					Epidermophyton. In this research, the individual and the hybrid mix of  

					Gk and Va extracts were evaluated for use as anti-dermatophytes.  

					Dermatophytes are cutaneous mycoses that have been severally  

					implicated in human skin diseases. They cause dermatophytosis (an  

					infection of the skin, nails, and hair), which is a disease of global  

					significance in both animals and humans, and it’s reported that the recent  

					taxonomy of dermatophytes classifies them into six pathogenic genera,  

					namely Microsporum, Trichophyton, Epidermophyton, Nannizzia,  

					Lophophyton , and Arthroderma.1,2 The most common genera among  

					these dermatophytes are the Microsporum, Trichophyton, and  

					Epidermophyton.3 The dermatophytes' keratinophilic and keratinolytic  

					characteristics allow them to consume epidermal keratin as a food source.  

					Dermatophyte species can be divided into three different ecological  

					groups: anthropophilic, zoophilic, and geophilic. Anthropophilic species  

					are limited in their host range and are transmitted from person to person.  

					Zoophilic organisms, which can spread from animals to humans, usually  

					live in animals. Although they can spread from soil to people, geophilic  

					species can occasionally be dangerous to people or animals.1 Several  

					orthodox drugs are available for the treatment of dermatophyte  

					infestation, like ketoconazole, itraconazole, terbinafine, fluconazole, etc  

					however, they are marred by serious side, or adverse effects.  

					Ketoconazole causes abnormal liver function test results, and irregular  

					heartbeat that can be life-threatening;4 a patient developed a lichenoid  

					drug eruption one week after starting terbinafine.5  

					Materials and Methods  

					*Corresponding author. E-mail: sr.ewuzie@unizik.edu.ng  

					Sourcing and Verification of Plant Materials  

					The Va leaves were obtained from a local market in Ihiala, Anambra  

					State, Nigeria (5.8548ºN, 6.8594ºE), and the Gk seeds were purchased  

					from Eke-Awka market, Awka, Anambra State, Nigeria (6.207175ºN,  

					7.068868ºE); both in February 2024. The plants were authenticated by a  

					experienced taxonomist (Mrs Onwunyili Amaka Roseline of the  

					Department of Pharmacognosy and Traditional Medicine, Faculty of  

					Pharmaceutical Sciences, Nnamdi Azikiwe University, Awka). The  

					specimens (with voucher numbers PCG/474/A/020 and PCG/474/A/023  

					for the Va leaf and Gk seed, respectively) were also deposited in the  

					herbarium of the same department.  
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					Extraction of Plant Materials  

					Results and Discussions  

					The Va leaves were washed, air dried under shade, pulverized into fine  

					powder with a cutter mill, and finally stored in a polythene bag until used  

					for extraction. The Gk seeds were dried under the sun until easily peeled.  

					The seeds were later cut into smaller pieces and further drying was done  

					until the pieces appeared hard, and it was pulverized. The processing  

					done at this stage ensured to obtaining of about 150 g of both powders  

					before they were extracted using a Soxhlet extractor (B54R37RL4J Eisco  

					Labs, U.S.A) and 95% ethanol (analytical grade).  

					The initial extract obtained had a viscous but fluid consistency but were  

					further evaporated to dryness using a freeze dryer (F-25A, Britain); after  

					they were spread thinly on a flat surface. The dried extracts were stored  

					in a wide-mouthed glass container wrapped with aluminum foil and at a  

					refrigeration temperature of 6 ºC until ready for use.  

					Gk seeds and Va leaves are commonly used for hospitality and nutritional  

					purposes, respectively. This study reveals that their combined and  

					individual plant extracts possess anti-dermatophytic activity at varying  

					concentrations against the dermatophytes: M. audouinii, T. schoenleinii,  

					and T. tonsurans.  

					Table 1: Sensitivity of Garcinia kola seed extracts and  

					Vernonia amygdalina leaf extracts on test dermatophytes  

					Mean  

					IZD (mm)  

					± SEM  

					Extract  

					M. audouinii  

					T. schoenleinii  

					T. tonsurans  

					Concentration  

					50 mg/ml Va  

					Gk  

					Preparation of Media and Fungal Culture  

					2.0 ± 0.33  

					2.0 ± 0.33  

					2.2 ± 0.13  

					2.5 ± 0.11  

					2.81 ± 0.42  

					2.45 ± 0.72  

					A total of three dermatophytes, namely Microsporum audouinii,  

					Trichophyton schoenleinii, and Trichophyton tonsurans were collected  

					from the Department of Medical Laboratory Sciences, Faculty of Health  

					Sciences and Technology of the University of Nigeria, Enugu Campus,  

					Enugu State Nigeria and used for the study.  

					25 mg/ml Va 2.5 ± 0.88  

					Gk 2.3 ± 0.85  

					2.8 ± 0.28  

					0.0 ± 0.0  

					2.92 ± 0.22  

					2.65 ± 0.20  

					The media - Sabouraud Dextrose Agar (Oxoid Limited, England) was  

					prepared according to the manufacturer’s instructions. The purified  

					culture of the dermatophytes were obtained from cultures in agar media  

					slants supplemented with 40 mg/ml chloramphenicol (to inhibit bacterial  

					growth) and 500 mg/ml cyclohexamide (to inhibit other moulds except  

					dermatophytes).17 The dermatophytes were inoculated on the Sabouraud  

					Dextrose Agar (SDA) plates using a sterilized wire loop. The plates were  

					thereafter incubated at 25 oC for 21 days. 17  

					12.5 mg/ml Va 2.8 ± 0.67  

					Gk 0.0 ± 0.0  

					3.0 ± 0.0  

					0.0 ± 0.0  

					0.0 ± 0.0  

					0.0 ± 0.0  

					6.25 mg/ml Va 0.0 ± 0.0  

					Gk 0.0 ± 0.0  

					3.2 ± 0.10  

					0.0 ± 0.0  

					0.0 ± 0.0  

					0.0 ± 0.0  

					Positive  

					2.4 ± 0.03  

					2.7 ± 0.04  

					2.70 ± 0.04  

					Control  

					(Fluconazole:5  

					0 mg/ml)  

					Negative  

					Control  

					(distilled  

					water)  

					Anti-dermatophyte Evaluation of the Extracts  

					0.0 ± 0.0  

					0.0 ± 0.0  

					0.0 ± 0.0  

					The extract of the two plants was subjected to anti-dermatophytic  

					evaluation using the Agar Block in Pour Plate Technique, 17 with a slight  

					modification. Each of the plant extracts was incorporated into SDA,  

					complemented with cyclohexamide and chloramphenicol at different  

					concentrations. This was obtained by weighing the desired  

					concentrations of the plant extract into the appropriate volume of the  

					SDA. The following concentrations of Gk and Va: 50-, 25-, 12.5-, 6.25-,  

					and 3.125 mg/ml were prepared using molten dextrose agar as the  

					vehicle. Each concentration was poured into a separate petri dish. Each  

					plate's content was allowed to solidify. Thereafter, a block of agar  

					containing the grown dermatophyte was cut into 5 mm for each of the  

					sides using a sterilized scalpel blade. The cut agar block was placed at  

					the center of the plates containing the extracts. The plates were incubated  

					at 25 oC for 21 days. 50 mg/ml fluconazole and distilled water served as  

					positive and negative controls, respectively. The anti-dermatophyte  

					activity of each extract was assessed by measuring the shrinkage of each  

					agar block in length, width, and diagonal and recorded as growth or  

					inhibition.  

					Gk: Garcinia kola, Va: Vernonia amygdalina, IZD: inhibition zone  

					diameter, SEM: standard error mean  

					Table 2a: Interactions between Garcinia kola and Vernonia  

					amygdalina extracts on Microsporum audouinii  

					Combinati  

					on ratio growth  

					(Gk:Va)  

					Average  

					FIC Index  

					Interpretation  

					of Inhibition  

					(mm)  

					2.0  

					2.0  

					1.9  

					1.6  

					1.0  

					2.0  

					1.8  

					1.5  

					2.0  

					1 : 9  

					2 : 8  

					3 : 7  

					4 : 6  

					5 : 5  

					6 : 4  

					7 : 3  

					8 : 2  

					9 : 1  

					0.76  

					0.72  

					0.68  

					0.64  

					0.60  

					0.56  

					0.52  

					0.48  

					0.44  

					Synergism  

					Synergism  

					Synergism  

					Synergism  

					Synergism  

					Synergism  

					Synergism  

					Synergism  

					Synergism  

					Synergistic Evaluation of Extracts  

					This was carried out using the checker-board assay method.18 The  

					minimum inhibitory concentration (MIC) of each extract was combined  

					according to a continuous variation checker-board technique in the ratio  

					1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2, and 9:1. Their combined activity was  

					assayed using Agar Block in Pour Plate technique on each of the  

					dermatophyte isolate and fractional inhibitory concentration (FIC) index  

					was calculated using the relationship:  

					Gk:Va = Garcinia kola : Vernonia amygdalina, FIC Index values <1,  

					Synergism; FIC Index values =1.0, Additivity; FIC Index values >1  

					but <2, Indifference; FIC Index values ≥2.0, Antagonism.  

					FIC index = FIC A + FIC B  

					= (Conc. of MIC Va in combination  

					/MIC Va alone)  

					+ (Conc. of MIC Gk in combination  

					/MIC Gk alone  

					Where Va= Vernonia amygdalina, Gk= Garcinia kola  

					Data Analysis  

					Data analysis was done using stochastic statistics involving mean and  

					standard deviation, as well as chi-square, where necessary.  
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					The sensitivity of the dermatophytes to the Gk and Va extracts may be  

					attributed to the potency of their phytochemical composition. Both plants  

					contain alkaloids, saponins, tannins, flavonoids, glycosides, sterols, and  

					phenols.19,20 A study showed that the ethanol extracts of Gk exhibited  

					antifungal activity against Tinea capitis 21 while another showed that the  

					ethanol extracts of Va (due to its constituents) exhibited high antifungal  

					activity (P<0.05) against the isolates of Epidermatophyton,  

					Microsporum, and Trichophyton species.22 Phytochemicals like  

					Table 2b: Interactions between Garcinia kola and Vernonia  

					amygdalina extracts on Trichophyton schoenleinii  

					Combination Average  

					FIC  

					Interpretation  

					ratio  

					(Gk:Va)  

					growth of Index  

					Inhibition  

					(mm)  

					flavonoids have been reported to exhibit antimicrobial, antioxidant, anti-  

					1:9  

					2:8  

					3:7  

					4:6  

					5:5  

					6:4  

					7:3  

					8:2  

					9:1  

					4.0  

					3.4  

					3.0  

					2.5  

					1.8  

					1.5  

					2.0  

					1.5  

					1.3  

					1.46  

					1.32  

					1.20  

					1.0  

					Indifference  

					Indifference  

					Indifference  

					Additivity  

					Synergism  

					Synergism  

					Synergism  

					Synergism  

					Synergism  

					23,  

					inflammatory, anti-allergic, and cytostatic properties  

					while it is  

					reported that saponins have antifungal, antiviral, antibacterial, anti-  

					inflammatory, anthelmintic, anti-dermatophytic, and anticancer  

					activities.24 It is also opined that, based on its numerous phytochemicals,  

					Gk can be used as an antifungal agent, and for the treatment of other  

					diseases.19 The sensitivity of the two plant extracts can be said to be a  

					result of the complex combination of different phytochemicals contained  

					in the plants. These findings justify the use of these plants in the treatment  

					of dermatophytosis caused by any of the isolated dermatophytes.  

					The anti-dermatophytic activity demonstrated by Gk and Va could be  

					harnessed to achieve a higher efficacy in the treatment of dermatophytic  

					infections especially as revealed in this study that the combination of both  

					led to synergistic effects. As it’s a norm, the synergistic interaction of the  

					plant extracts must be empirically established, and their fungicidal  

					activity must be shown to be higher than when they were exposed  

					individually. This research has proven this, and an in vitro-in vivo  

					correlation can be drawn from this result, as this can be predicted to likely  

					happen in an in vivo/human model study. The FIC index of above 0.5 was  

					considered significant activity, hence synergism.25 Both plant extracts  

					were synergistically significant against M. audouinii and T. tonsurans at  

					all combination ratios, while significant against T. schoenleinii at  

					combination ratios 5:5, 6:4, 7:3, 8:2, and 9:1 for Gk:Va respectively.  

					Anti-dermatophyte activity of these plants, either singly or in  

					combination, is concentration dependent as shown by a high IZD at  

					higher concentrations which is also justified by a previous literature  

					finding.26  

					0.9  

					0.78  

					0.62  

					0.48  

					0.34  

					Gk:Va = Garcinia kola : Vernonia amygdalina, FIC Index values <1,  

					Synergism; FIC Index values =1.0, Additivity; FIC Index values >1 but  

					< 2, Indifference; FIC Index values ≥ 2.0, Antagonism.  

					Table 2c: Interactions between Garcinia kola and Vernonia  

					amygdalina extracts on Trichophyton tonsurans  

					Combination Average  

					FIC  

					Interpretation  

					ratio  

					(Gk:Va)  

					growth of Index  

					Inhibition  

					(mm)  

					1:9  

					2:8  

					3:7  

					2.0  

					1.8  

					1.8  

					0.44  

					0.48  

					0.52  

					Synergism  

					Synergism  

					Synergism  

					Conclusion  

					Dermatophytic infections can be controlled through  

					a

					careful  

					4:6  

					5:5  

					6:4  

					7:3  

					8:2  

					9:1  

					1.6  

					1.5  

					2.0  

					1.8  

					2.0  

					1.6  

					0.50  

					0.60  

					0.64  

					0.68  

					0.72  

					0.76  

					Synergism  

					Synergism  

					Synergism  

					Synergism  

					Synergism  

					Synergism  

					combination of Garcinia kola seed and Vernonia amygdalina leaf  

					extracts, as it’s confirmed that they exhibit synergism. This study's  

					findings lend some scientific support to the traditional usage of the named  

					plant extracts for the treatment of dermatophytosis. This was only an in  

					vitro study; more studies using animal models can be done for the  

					confirmation of these findings.  
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					The results of the sensitivity test (the anti-dermatophytic activity of the  

					Gk and Va extracts) are shown in Table 1. A critical examination of the  

					results reveals that the two extracts display activity against the three  

					dermatophytes. There was also an increase in activity as the  

					concentration of the extracts decreased. This may be attributed to the  

					problem of diffusion of the extracts on the agar media. The MICs of Va  

					on M. audouinii, T. schoenleinii, and T. tonsurans were 12.5-, 6.25-, and  

					25 mg/ml respectively, while the MICs of the Gk on the respective  

					dermatophytes were 25-, 50-, and 25 mg/ml. It is seen that the Va extract  

					has a better activity than that of the Gk as evidenced by the MIC values.  

					For the synergistic evaluation, the Gk MIC of 25 mg/ml was selected  

					because that was the concentration that kills more of the dermatophytes.  

					For the same reasons, the Va MIC of 12.5 mg/ml was also selected.  

					Synergistic effects against M. audouinii and T. tonsurans were observed  

					at all the combination ratios of the two plants (Tables 2a and 2c,  

					respectively) while synergism against T. schoenleinii was observed only  

					for combination ratios of 5:5, 6:4, 7:3, 8:2, and 9:1 for Gk:Va  

					respectively (Table 2b). The FIC index reveals a synergistic effect of the  

					combined extracts at concentrations lower than their individual MICs.  
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