


In vitro antifungal activity of crude extracts from Commelina benghalensis and Senna alata on selected dermatophytes



ABSTRACT
Fungal infections of the skin, hair, and nails (dermatomycoses) represent a growing public health challenge due to their high global prevalence, the emergence of antifungal resistance, and the potential for severe, even fatal, complications in immunocompromised individuals. The World Health Organization (WHO) encourages research into traditional and alternative medicines, including the use of medicinal plants, as part of its broader strategy to integrate safe and effective traditional medicine into national health systems. Commelina benghalensis and Senna alata are two medicinal plants, which are used traditionally to treat dermatophyte infections, but lack scientific validation. This study sought to investigate the in vitro antifungal activity of Commelina benghalensis and Senna alata extracts on selected dermatophytes. Ethanol extracts of C. benghalensis and S. alata were obtained by maceration in 95% ethanol. The as-prepared extracts were successively partitioned to afford hexane, ethyl acetate, n-butanol and last water extracts. Antifungal activity of the plant extracts was determined using the agar diffusion method. Phytochemical screening and antioxidant effects of the most promising antifungal extracts were determined using standard methods. The acute oral toxicity of the most promising extract was evaluated in mice. The yields of plant extraction ranged from 3.89 to 21.50%. Hexane extracts from S. alata (FH-CA) and C. benghalensis (FH-CB) were found to be the most active antifungal extracts with minimum inhibitory concentrations (MICs) ranging from 2.5 mg/mL to 5 mg/mL and mean inhibitory concentrations (IC50s) varying from 1.44 ± 0.16 to 4.96±0.69 mg/mL on T. mentagrophytes and M. audouini. According to the MIC and MFC values, FH-CA and FH-CB extracts (MICs : 2.5 and 5 mg/mL, respectively) revealed fungicidal and fungistatic effects on T. mentagrophytes. The most active extracts@ FH-CA and FH-CB exhibited antioxidant activity by scavenging the free radicals of DPPH and ABTS. The phytochemical screening of plant extracts revealed the presence of flavonoids, steroids, triterpenes and phenolic compounds. The oral administration of a single dose of the most active extract at 2000 mg/kg revealed non toxicity to albino mice. The mean lethal dose (DL50) was found to be greater than 2000 mg/kg. Overall, this study demonstrated the inhibitory effects of extracts from S. alata and C. benghalensis on selected dermatophytes, and can be further exploited in the identification of antifungal compounds amenable for drug discovery.
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1. Introduction 
Dermatophyte infections are common fungal infections that affect the skin, hair and nails. They are caused by fungi that feed on keratin. The main culprits causing fungal skin, hair, and nail infections (dermatophytosis) are from the genera Trichophyton and Microsporum (Moskaluk et al., 2022). These infectious fungi produce enzymes that are capable of breaking down keratin to penetrate the surface layers of the skin (Mercer and Stewart, 2019 ; Moskaluk et al., 2022). This process involves the reduction of disulphide bridges by sulphite to facilitate the action of proteases. In addition, compounds in their cell walls, such as mannans, disrupt the local immune response, thus contributing to the persistence of the infection (Hall and Gow, 2013 ; Hernández-Chávez et al., 2017). Clinically, dermatophytoses manifest as scaly lesions accompanied by pruritus, and sometimes marked inflammation, which can progress to chronic or invasive forms (White et al., 2014 ; Rouzaud et al., 2015). Overall, fungi are responsible for over 1 million deaths annually, along with more than 100 million mucosal infections and 1 billion skin infections (Gow et al., 2016 ; Briard et al., 2021). Among fungal infections, dermatophytosis affects an estimated 20%-25% of the global population, with one recent global study estimating approximately 750 million people (Urban et al., 2021 ; Chanyachailert et al., 2023). Other sources suggest the prevalence of fungal skin diseases in general is about 750 million (Li et al., 2021). The prevalence can be higher in certain regions due to factors like climate, and the incidence of dermatophyte infections has been steadily increasing (Martinez-Rossi et al., 2021 ; Lee et al., 2025). Treatment for dermatophytosis involves topical or oral antifungal medications, depending on the infection's severity and location (Hay, 2009). For mild, localized infections like tinea corporis, topical creams (e.g., clotrimazole, miconazole, terbinafine) are typically used for a few weeks (Hay, 2018). More severe, widespread, or chronic infections, especially those affecting the scalp (tinea capitis) or nails (onychomycosis), often require oral antifungals like itraconazole or terbinafine (Subuhi et al., 2017 ; Cañete-Gibas et al., 2023). However, these treatments faces several limitations, including antifungal drug resistance, potential side effects of medications, the long duration of therapy, and challenges related to patient compliance and accurate diagnosis (Gnat et al., 2020 ; AL-Khikani et al., 2021 ; Kruithoff et al., 2023). The World Health Organization (WHO) encourages research into traditional and alternative medicines using plants due to their potential for effective, cost-effective, and less harmful treatments (Ndlovu et al., 2021 ; Toreyhi et al., 2021). A number of medicinal plants are used in African traditional medicine to overcome dermatophytic infections (Elmahaishi et al., 2025) ; however, the use of most plants lack scientific evidence. These include Senna alata, which is widely and effectively used in African traditional medicine to treat dermatophytosis and other fungal skin infections by applying the fresh leaf paste or sap topically to the affected areas (Oladeji et al., 2020). Moreover, Commelina benghalensis is also used in Africa used to treat various skin ailments, including rashes, sores, burns, and potentially dermatophytosis (ringworm), by applying the crushed or bruised leaves or the plant's sap topically to the affected area (Makgobole et al., 2023). Thus, the scientific validation of the use of Commelina benghalensis and Senna alata in treating dermatophytic infections is worthwhile. Therefore, this study sought to investigate the in vitro antifungal activity of extracts from Commelina benghalensis (Commelinaceae) and Senna alata (Fabaceae) against selected dermatophytes. Antioxidant and acute toxicity studies are also investigated on the most promising antifungal extracts.
2. Material and methods
2.1. Material
2.1.1. Chemicals and reagents
Folin-Ciocalteu, reagent, Ferrous chloride, 2,2'-azinobis-(3-ethylbenzothiazoline-6-sulfonic acid) (ABTS), 1,1-Diphenyl-2-picrylhydrazyl (DPPH), ascorbic acid, and ketoconazole were purchased from Sigma, USA. Chemicals, such as 95% ethanol (used for plant extraction) hexane, ethyl acetate, distilled water, n-butanol (used for fractionation of plant extracts), and dimethyl sulfoxide (DMSO) (preparation of extract’s stock solution), and reagents like resazurin (used to reveal fungal growth), and griseofulvin (positive control) were also employed. All chemicals used including solvents were of analytical grade.
2.1.2. Plant material
Commelina benghalensis and Senna alata (Picture 1A and Picture 1B) were used as plant materials in this work. The leaves and stems of Commelina benghalensis (Commelinaceae) were collected on 18 October 2024 at 7 a.m. from the Fonakeukeu village (DMS: 5°24'60N, 10°4'52E), Dschang district, Menoua Division (West-Cameroon), whereas the leaves of Senna alata (Caesalpiniaceae) were collected on 12 October 2024 at 8 a.m. from Mendong (DMS: 3°51'00‘N, 11°27'00’E), in the Yaoundé VI district, Mfoundi Division (Centre Region of Cameroon). These plants were selected based on literature on ethnopharmacological studies reporting their use in the treatment of skin infections and associated symptoms. These plants were identified at the National Herbarium of Cameroon (HNC), Yaounde, and reference specimen numbers were attributed as No. 613219/SRFCAM for Commelina benghalensis and No. 99215/HNC for Senna alata.
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Picture 1: Photography of Senna alata (A) and Commelina benghalensis (B) (Nguetsa Demafo, 2025)

2.2. Methods
2.2.1. Extraction of the plants 
Leaves and stems of Commelina benghalensis and Senna alata leaves were cleaned with tap water (to remove impurities), shade dried at room temperature and coarsely powdered. Thereafter, the crude extracts were prepared by maceration using pure ethanol (95oC). Briefly, 2 kg of each powder were subjected to maceration in 15 L of pure ethanol and then stirred. After that, the mixture was macerated for 72 hours at room temperature, then filtered using Wattman N°1 paper. Next, the filtrates were concentrated using a rotary evaporator (Rotavapor® R-100) at 50°C under reduced pressure and then ventilated at room temperature to remove the remaining solvent. The as-prepared crude extracts were weighed using a mechanical balance (triple beam balance, 2610), and the yields of extraction were calculated according to the following formula:
Yield of extraction (%)=(Weight of extract)/( Weight of plant powder)×100	
Thereafter, the resulting extracts were stored at 4°C until further use. 
2.2.2. Fractionation of the ethanol extracts
The crude ethanol extracts from Commelina benghalensis (64.2 g) and Senna alata (88.11 g) were dissolved separately in 400 mL of distilled water. The preparations were transferred into two separating funnels of 1,000 mL each. In each separating funnel, the fractionation was performed using solvents of increasing polarity, including hexane, ethyl acetate and n-butanol. After adding 600 mL of hexane (the least polar solvent), the flask was shaken vigorously, degassed, and then left to stand. Two distinct phases, organic and aqueous, were formed. The organic phase was dried using a rotary evaporator to remove the solvent. Then, the remaining aqueous phase was extracted successively with ethyl acetate and then with n-butanol, following the aforementioned procedure. Each fraction was dried at 40°C using a rotary evaporator and stored at 4oC until further use (Ngoumou et al., 2025). Noteworthy, the fractions were labelled for their identification as Fnb-CA, Fnb-CB (n-butanol extracts), FA-CB, FA-CA (ethyl acetate extracts), FH-CA, FH-CB (hexane extracts), and AR-CA and AR-CB (aqueous residues) from Senna alata and Commelina benghalensis, respectively. 
2.2.3. Phytochemical screening
A qualitative analysis of the ethanol extract was conducted to identify different constituents, such as steroids, triterpenes, flavonoids, and phenolic compounds (Evans and Evans, 1989), sugars (Odebiyi and Sofowora, 1979), alkaloids and tannins (Harborne, 1984), which could be responsible for the antifungal activity.
2.2.4. Antifungal activity
2.2.4.1. Microbiological material
The antifungal activity was evaluated on reference strains T. sudanense new 001 (TS), T. mentagrophytes 237 (T237), T. mentagrophytes 268 (T268), M. canis FO614 (M canis), M. audouinii new 13 (M. a13), provided by BEI Resources (Biodefense and Emerging Infections Research Resources Repository) (BEI Resources, 2025). These fungal strains were stored in plates containing Sabouraud Dextrose Broth at the Laboratory for Phytobiochemistry and Medicinal Plants Studies University of Yaounde I, Cameroon.
2.2.4.2. Preparation of stock solutions of extracts and ketoconazole
The stock solutions of extracts were prepared at the concentration of 10 mg/mL by dissolving 10 mg of crude extracts in 1 mL of 10% dimethyl sulfoxide (DMSO). After that, the as-prepared extracts were stored at 4°C until further use. Ketoconazole, used as a reference antifungal agent, was prepared under the same conditions at 10 µg/mL, by dissolving the drug in distilled water acidified with HCl (0.05 N) (Dzotam et al., 2016).
2.2.4.3. Preparation of the culture medium
Sabouraud Dextrose Agar (SDA) was prepared according to the manufacturer's protocol (Liofilchem), by dissolving 65 g of powder one litre of hot distilled water, and Sabouraud Dextrose Broth (SDB) by dissolving 30 g of powder in one litre of hot distilled water. The culture media were supplemented with chloramphenicol (0.05 g/L) and sterilized in an autoclave (Ravi) at 121°C for 15 minutes.
2.2.4.4. Preliminary screening of plant extracts on selected dermatophytes
The antifungal effect of plant extracts and positive control was performed on selected dermatophytes, compared to the negative control (untreated control well) as per a protocol described by Durgeshlal et al. (2019). Briefly, 1 mL of sterile plant extract was added to 20 millilitres of sterilized Sabouraud Dextrose Agar (SDA) to obtain a final concentration of 1 mg/mL. The as-prepared mixture was poured onto Petri dishes and left to solidify at room temperature. After that, each dish was inoculated at the centre with 5 mm of mycelial disc withdrawn from a 10-day-old fungal culture. The Petri dishes were further incubated at 28 ± 2 °C for a period of 14 to 21 days. After incubation, the diameter of the fungal colonies was measured in experimental and negative control Petri dishes. A positive control containing the reference antifungal agent ketoconazole (10 µg/mL) was considered. The negative control (vehicle solution) consisted of culture medium (SDA) only with 10% DMSO. The experiments were performed in triplicate.
The percentage of mycelial inhibition was calculated using the following formula : 



Where dc represents the average diameter of colonies in the petri dish of negative control and dt represents the average diameter of colonies in the petri dish containing the plant extracts. 
Extracts that showed significant fungal inhibition were selected for the determination of the Minimum Inhibitory Concentrations (MICs) and Minimum Fungicidal Concentrations (MFCs). Thus, two extracts (hexane extracts from Commelina benghalensis and Senna alata) were selected and subjected to MIC and MFC determinations. The data were processed using Microsoft Excel, then analysed and presented graphically using GraphPad Prism software.
2.2.4.5. Determination of median inhibitory concentration (IC50) and minimum inhibitory concentration (MIC)
A previously described protocol (Favel et al., 1994) was used to determine the minimum inhibitory concentrations (MICs). Briefly, the extracts were diluted in SDA (Sabouraud Dextrose Agar) medium to achieve final concentrations of 5, 2.5, 1.25 and 0.625 mg/mL. Then, the as-prepared solutions were distributed into sterile Petri dishes and allowed to solidify at room temperature. After that, each dish was inoculated in triplicate with 7-day-old dermatophyte explants with a diameter of 6 mm, using a sterile cookie cutter. The preparations were then incubated for 10 days at 30°C. The percentages of inhibition of fungal growth were calculated according to the method described by Ajaiyeoba et al. (1998). The percentages of inhibition were used to plot the dose-response curves with GraphPad Prism 8.0.1 software, from which the median inhibitory concentrations (IC50s) were determined. Moreover, the MIC values were defined as the lowest concentrations of extract or ketoconazole showing no visible fungal growth after the incubation period. A positive control containing the reference antifungal agent ketoconazole (10 µg/mL) was considered. The negative control (vehicle solution) consisted of culture medium (SDA) only with 10% DMSO. The experiments were performed in triplicate.
2.2.4.6. Determination of the minimum fungicidal concentrations (MFCs)
The minimum fungicidal concentrations were determined by subculturing the fungi on SDA medium without treatment. To this end, explants withdrawn from Petri dishes corresponding to MIC concentrations (see subsection 2.2.4.5.) were transferred to fresh sterile SDA dishes and incubated at 30 °C for 10 days (Ali‐shtayeh et al., 1999). The lowest concentration at which no growth was observed was considered to be the MFC value (Fabry, 1996). To determine the fungicidal or fungistatic effect of the extract, the MFC/MIC ratio was calculated. An MFC/MIC ratio ≤ 4 indicates fungicidal activity, while a ratio > 4 suggests fungistatic activity (Abo, 2011).
2.2.5. Acute toxicity study
The acute toxicity study of the most active antifungal extract (hexane extract of Senna alata) was conducted in accordance with the OECD (Organisation for Economic Co-operation and Development) guidelines, test number 423 (OECD, 2001). Following this, 6 adult female albino mice were randomly divided into 2 groups of 3 animals each. The animals in group 1, which served as a negative control, were administered with double distilled water (10 mL/kg) (negative control ùice), while group 2’s mice received a single oral dose (2000 mg/kg) of the most active antifungal extract (hexane extract of Senna alata). Twelve hours prior to the experiment, the animals were subjected to fasting. After treatment, mice were observed for 4 hours and then monitored daily for 14 days. Signs of toxicity, such as aggressiveness, skin changes, tremors, mobility, convulsions, among others were recorded during the experiment. The animals were weighed every other day for 14 days. At the end of the experimental period, the animals were euthanized, their organs (liver, kidneys, spleen, lungs and heart) were removed and weighed.
2.2.6. Antioxidant activity
2.2.6.1. DPPH• radical scavenging assay
Two extracts (hexane extracts from Commelina benghalensis and Senna alata) that inhibited the fungal growth were screened for antioxidant activity sing the 1,1-diphenyl-2-picryl hydrazyl (DPPH) radical scavenging test. Briefly, 25 μL of each extract (2000 to 31.25 µg/mL) were added to 75 μL of DPPH solution (0.02%) to yield final concentrations ranging from 500 to 3.90625 μg/mL. The as-prepared solutions were stored at room temperature in the dark for 30 min. After the incubation period, the absorbance was read at 517 nm using a microplate reader (TECAN Infinite M200) against the blank (solution of DPPH in methanol only). Ascorbic acid, which was used as a positive control was also treated with DPPH (0.02%) solution to yield final concentrations ranging from 25 to 0.195 μg/mL. The test was carried out in triplicate. The percentages of inhibition were calculated from the optical densities with GraphPad Prism 8.0.1. software using the following formula:
  ;     
The mean scavenging concentrations 50 (SC50s) were deducted from the curve obtained by plotting percentages of inhibition versus concentrations of extracts or ascorbic acid.

2.2.6.2. ABTS assay
[bookmark: OLE_LINK1]The ABTS assay was also used to evaluate the antioxidant activity of the most active antifungal extracts (hexane extracts from C. benghalensis and S. alata) as per a previously described protocol (Re et al., 1999). Briefly, 25 μL of each extract at different concentrations (range: 2000 to 31.25 µg/mL) were added to 75 μL of the ABTS+ solution (0.175 mM) and incubated at room temperature in the dark for 30 min. Thereafter, the optical densities of the preparations were measured at 734 nm using a microtiter plate reader (TECAN Infinite M200). Ascorbic acid and the ABTS reagent, which were prepared at final concentrations ranging from 25 to 0.390 μg/mL, were used as positive and negative controls, respectively. The experiments were performed in triplicate in 96 well microplates. 
2.3. Statistical analysis
The results were expressed as means affected by the standard deviation (Mean±SD), and they were presented in the form of tables or figures. Control and test group means were compared by one-way analysis of variance (ANOVA), followed by the Dunnett's test with a 95% confidence level (p ≤ 0.05) using GraphPad Prism 8.0.1 software.
3. Results and discussion
3.1. Results
3.1.1. Yields of extraction
The yield of extraction of the ethanol extract of C. benghalensis (EB-CB) was found to be 4.95%, whereas S. alata’ ethanol extract (EB-CA) afforded extraction yield of 10.25 %. For Senna alata, hexane (FH-CA), ethyl acetate (FA-CA) and n-butanol (Fnb-CA) extracts showed yields of extraction of 16.12%, 8.29% and 16.80%, respectively. In Commelina benghalensis, hexane (FH-CB), ethyl acetate (FA-CB) and n-butanol (FnB-CB) extracts revealed yields of extraction of 21.50%, 3.89% and and 11.68% respectively. 
3.1.2. Phytochemical analysis 
Phytochemical analysis of the extracts from S. alata revealed the presence of steroids, phenolic compounds and flavonoids in hexane (FH-CA) and ethyl acetate (FA-CA) extracts, whereas triterpenes were found in the n-butanol (Fnb-CA) extract. Hexane, ethyl acetate, and n-butanol extracts from C. benghalensis were dominated by steroids, triterpenes, phenols and flavonoids, whereas the aqueous residues contain only phenolics and flavonoids. 
3.1.3. Antifungal results
3.1.3.1. Preliminary screening
Upon preliminary antifungal screening, the most promising extracts (FH-CA and FH-CB, Figure 1) that inhibited the growth of selected pathogenic dermatophytes were selected for the determination of minimum inhibitory (MIC) and mean inhibitory (IC50) concentrations. Figure 1 illustrates the percentages of inhibition of different extracts from Senna alata and Commelina benghalensis on T. mentagrophytes 237.

Figure 1 : Antifungal activity of Senna alata (CA) and Commelina benghalensis (CB) extracts against T. mentagrophyte.
The most promising antifungal activity was observed with hexane extracts (FH-CA and FH-CB) from S. alata and C. benghalensis, with the activity of FH-CA close to that of the positive control ketoconazole at 10 µg/mL. No fungal inhibition was observed with treatment using the negative control (DMSO 1%).
Figure 2 illustrates the percentages of inhibition of different extracts from S. alata and C. benghalensis vis-à-vis Microsporum canis. 



Figure 2 : Percentages of inhibition of Senna alata (CA) and Commelina benghalensis (CB) extracts against Microsporum canis.
The incubation of Microsporum canis with different extracts of S. alata and C. benghalensis led to significant inhibition of the fungal growth in M. canis (Figure 2). The ethanol, hexane, ethyl acetate, and n-butanol extracts from Senna alata, and the hexane extract from C. benghalensis revealed percentage of inhibition of more than 70%, which inhibition was close to that of the positive control ketoconazole.



Figure 3 : Percentages inhibition of extracts from Senna alata and Commelina benghalensis against Microsporum audouinii.
The incubation of Microsporum audouinii with different extracts of S. alata and C. benghalensis showed various degrees of fungal inhibition. Ethanol (EB-CA), hexane (FH-CA) and ethyl acetate (FA-CA) extracts from S. alata and hexane extract from C. benghalensis (FH-CB) revealed percentages of inhibition higher than 60% and were found to be the most significant active antifungal extracts. The inhibition percentages of FA-CB, FnB-CB and Fnb-CA extracts were below 30%. Ketoconazole, the positive control, was the most effective antifungal sample, whereas DMSO showed no fungal inhibition.
3.1.3.2. Minimum inhibitory (MICs), median inhibitory (IC50s) and minimum fungicidal (MFC) concentrations
Table 1 summarises the Minimum inhibitory (MICs), median inhibitory (IC50s) and minimum fungicidal (MFC) concentrations of the most promising extracts (FH-CA and FH-CB) upon preliminary antifungal screening when tested against T. mentagrophytes and M. audouini.


Table 1 : Minimum inhibitory (MICs), median inhibitory (IC50s) and minimum fungicidal (MFC) concentrations of hexane extracts from Senna alata and Commelina benghalensis on T. mentagrophytes and M. audouini.

	Extract
	Parameters
	Fungal strains

	
	
	T. mentagrophytes
	M. audouini

	FH-CA
	CI50 (mg/mL) ± SD
	1.44 ± 0.16
	4.96 ± 0.69

	
	MIC (mg/mL)
	2.5
	≤ 5

	
	MFC (mg/mL)
	5
	nd

	
	Type of action
	Fungicidal
	Fungistatic

	FH-CB
	IC50 (mg/mL) ± SD
	2.927 ± 0.46
	2.074 ± 0.32

	
	MIC (mg/mL)
	5
	5

	
	MFC (mg/mL)
	< 5
	≤5

	
	Type of action
	Fungistatic 
	Fungistatic


FH-CA : Hexane extract of Senna alata ; FH-CB : hexane extract of Commelina benghalensis ; IC₅₀ : mean concentration inhibiting 50 ; MIC : minimum inhibitory concentration ; MFC : minimum fungicidal concentration ; nd : Not determined ; SD : Standard deviation.
Against Trichophyton mentagrophytes, hexane extract from Senna alata (FH-CA) revealed IC₅₀ value of 1.437±0.157 mg/mL, whereas the MIC and MFC values were found to be 2.5 mg/mL and 5 mg/mL, respectively, thus indicating the fungicidal effect (MFC/MIC ratio<4) of this extract. Against, Microsporum audouinii, FH-CA extract (IC₅₀ : 4.958±0.695 mg/mL) revealed a fungistatic trend as evidenced by the results of MIC (< 5 mg/mL) and MFC (not determined) recorded. Upon incubation of the hexane extract (IC₅₀ : 2.93±0.46 ; MIC : 5 mg/mL) from C. benghalensis (FH-CB) with T. mentagrophytes, a fungistatic effect was observed. Against M. audouinii, the FH-CB extract (IC₅₀ : 2.07±0.32 mg/mL) revealed a fungistatic trend with MIC value of 5 mg/mL and MFC less than 5 mg/mL. 
Overall, the extract (FH-CA) that exhibited highest antifungal activity was selected for acute toxicity studies.
3.1.4. Acute toxicity
3.1.4.1. Effects of the extract on mortality and morbidity of mice
The oral administration of hexane extract from Senna alata (FH-CA) at 2000 mg/kg did not reveal any mortality or signs of toxicity to albino mice (Table 2). The no observed adverse effects level (NOAEL) of FH-CA was found at 2000 mg/kg. This observation allowed us to conclude that the mean lethal dose (LD50) of the extract is greater than 2000 mg/kg. Moreover, there were no signs of morbidity, including aggressiveness to touch, aspect of feces, mobility, etc.  The treated mice showed normal appearance as compared to the animals that received only distilled water.
Table 2 : Effects of the hexane extract of Senna alata upon single oral administration at 2000 mg/kg 
	Parameters
	Normal
	FH-CA@2000  mg/kg

	
	30 min
	4 hours
	14 days
	30 min
	4 hours
	14 days

	Number of deaths
	0/3
	0/3
	0/3
	0/3
	0/3
	0/3

	Shivering
	0/3
	0/3
	0/3
	0/3
	0/3
	0/3

	Agressiveness
	0/3
	0/3
	0/3
	0/3
	0/3
	0/3

	Mobility
	3/3
	3/3
	3/3
	3/3
	3/3
	3/3

	Aspect of feces
	N
	N
	N
	N
	N
	N

	Horripilation
	0/3
	0/3
	0/3
	0/3
	0/3
	0/3

	Sensibility to touch 
	3/3
	3/3
	3/3
	3/3
	3/3
	3/3

	Sensibility to noice
	3/3
	3/3
	3/3
	3/3
	3/3
	3/3


Normal : Healthy mice treated with distilled water ; FH-CA@2000 : Mice treated with a single oral dose of extract (2000 mg/kg) ; N= normal.
3.1.4.2. Effects of the hexane extract of S. alata on mice’s body weight
Figure 4 illustrates the evolution of the body weights in mice administered with an oral single dose of FH-CA extract at 2000 mg/kg and observed for 14 days.
















Figure 4 : Effects of the hexane extract Senna alata on the evolution of body weight of mice during the 14 days observation period.
There was an increase in the body weights of mice administered with hexane extract of Senna alata at 2000 mg/kg as evidenced by the increasing trend of the curve that started from a mean weight of 20 grams (on day 0) to a mean weight of 30 grams (on day 14).
3.1.4.3. Effects of the hexane extract of S. alata on relative organ weights of treated mice
After 14 days of observation, the mice were sacrificed and the organs (liver, kidneys, spleen, heart, and lungs) removed and cleaned. There were no changes in the organ weights of experimental animals compared to the control group of animals (Figure 5). 










Figure 5 : Relative organ weights of mice administered with FA-CA extract at 2000 mg/kg. Each value represents the mean ± SD ; n=3 ; NC (negative control) : healthy mice treated with distilled water ; FH-CA : Mice treated with a single dose of 2000 mg/kg of hexane extract.
3.1.4.3. Antioxidant activity of the hexane extract of Senna alata
The hexane extract of S. alata, which was the most potent antifungal extract, was screened for antioxidant activity through DPPH and ABTS assays. The mean scavenging concentrations (SC50s) were obtained as 98.27±0.0 and 124.15±0.07 µg/mL in ABTS and DPPH tests, respectively, vs gallic acid (0.31±0.009 µg/mL and 2.42±0.003 µg/mL, respectively), attesting that this extract exhibit antioxidant activity.
3.2. Discussion
This study sought to investigate the antifungal activity of various extracts of Commelina benghalensis and Senna alata against selected fungal strains. A preliminary antifungal screening demonstrated that these extracts inhibit the growth of T. mentagrophytes 237, M. canis and M. audouinii, with the hexane extracts of both plants showing the highest percentages of inhibition. Thus, the hexane extracts of both plants were selected and subjected to determination of minimum inhibitory (MICs) and mean inhibitory (IC50s) and minimum fungicidal (MFCs) concentrations. The FH-CA extract showed IC50 values of 1.44 ± 0.16 and 4.96±0.69 mg/mL when tested against T. mentagrophytes and M. audouini, respectively, whereas FH-CB revealed IC50 values of 2.927±0.46 and 2.074±0.32 mg/mL, respectively in these pathogens. According to the MIC and MFC values, FH-CA and FH-CB extracts (MICs : 2.5 and 5 mg/mL, respectively) were respectively fungicidal and fungistatic on T. mentagrophytes. Both the FH-CA and FH-CB extracts (MICs : ≤ 5 and 5 mg/mL, respectively) had a fungistatic effect on M. audouini. The phytochemical analysis of hexane extract (FH-CA) from Senna alata revealed the presence of steroids, phenolic compounds and flavonoids. Hexane extract (FH-CB) from Commelina benghalensis was dominated by steroids, triterpenes, phenolics and flavonoids. Growing evidence has shown that Senna alata contain secondary metabolites such as terpenoids and steroids, phenolic compouds and flavonoids (James et al., 2022 ; Rahim et al., 2023 ; Nur Athiqah Md Yusof, 2024). Commelina benghalensis is also reported to contain flavonoids, phenolics, and saponins (Maguirgue et al., 2023 ; Alcântara et al., 2023). These secondary metabolites might be responsible for the observed antifungal activity. Flavonoids have multiple antifungal mechanisms against dermatophytes, primarily by damaging the cell membrane, inhibiting cell wall synthesis, and disrupting mitochondrial function (Aboody and Mickymaray, 2020 ; Dantas et al., 2025). They can also inhibit key enzymes, interfere with DNA/RNA/protein synthesis, and block efflux pumps, leading to cell death (Lee et al., 2024 ; Hosee et al., 2025). It has been reported that terpenoids the fungal cell membrane by impeding the synthesis of ergosterol (Miron et al., 20214 ; Raj et al., 2024). Phenolic compounds inhibit dermatophytes by damaging cell membranes and walls, disrupting ergosterol synthesis, inhibiting enzymes like keratinase, and generating reactive oxygen species (ROS) (Silva-Beltrán et al., 2023). Saponins are well known for their inhibitory effects on biofilm formation by dermatophytes (Ng How Tseung and Zhao, 2016). The oral administration of a single dose (2000 mg/kg) of the most active antifungal extract to experimental mice revealed no toxicity. In fact, no mortality, and signs of toxicity (morbidity) were observed 14 days post-treatment of mice with the hexane extract of Senna alata at 2000 mg/kg, thus suggesting non toxicity of this plant species at the dose tested. The LD50 was found to be greater than 2000 mg/kg. Furthermore, the hexane extract of S. alata exhibited antioxidant activity upon DPPH and ABTS assays. Oxidative stress is intimately involved in the pathogenesis of fungal infections through a dynamic and complex interplay between the host immune system and the invading fungus (Arribas et al., 2025). Numerous studies have reported that antioxidants can enhance the effects of antifungal agents through synergy or act as potent antifungal compounds themselves (Bettencourt et al., 2019 ; Aboody and Mickymaray, 2020). Thus, it is not unreasonable to speculate that the antifungal activity of hexane extract from Senna alata might be attributed in part to its antioxidant properties.
Overall, this study reports the antifungal activity of extracts from Senna alata and Commelina benghalensis on selected dermatophytes. Hexane extracts from S. alata and C. benghalensis inhibited the growth of Trichophyton mentagrophytes, Microsporum audouinii, and Microsporum canis. These extracts can be further exploited in the identification of antifungal compounds amenable for drug discovery. However, in-dept antifungal mechanisms of action, pharmacokinetics, and in vivo antifungal studies are expected for successful optimization of the most promising plant extracts.
4. Conclusion
In this study, ethanol extracts from S. alata and C. benghalensis were obtained by plant maceration in 95% ethanol. The as-prepared extracts were subjected to successive fractionation in hexane, ethyl acetate, and n-butanol. Next, ethanol, hexane, ethyl acetate, n-butanol and last water extracts were screened for antifungal activity against a panel of Trychophyton (T. sudanense new 001, T. mentagrophytes 237, T. mentagrophytes 268) and Microsporum (M canis M. canis FO614, M. audouinii new 13) species. Hexane extract exhibited the most active (more than 70% inhibition) antifungal effects and were subjected to the determination of minimum inhibitory (MICs), mean inhibitory (IC50s) and minimum fungicidal (MFCs) concentrations on the most susceptible fungal strains (T. mentagrophytes and M. audouini). These extracts showed MIC values ranging from 2.5 to 5 mg/mL and IC50 values ranging from 1.44 to 4.96 mg/mL. Hexane extracts from S. alata and C. benghalensis showed fungicidal and fungistatic orientations, respectively, when tested against T. mentagrophytes. Against M. audouini, hexane extracts from both plants revealed a fungistatic trend. Acute toxicity study of the most promising plant extract (hexane extract of S. alata) revealed that this extract is non toxic at the tested dose (2000 mg/kg) and the mean lethal dose (LD50) is found to be greater than 2000 mg/kg.
Overall, this study indicates that Senna alata and Commelina benghalensis are important sources of antifungal ingredients that can be used in antifungal drug discovery for dermatophytic infections caused by Trychophyton and Microsporum species. Nonetheless, in-dept antifungal mechanisms of action, pharmacokinetics, and in vivo antifungal studies are expected for successful optimization of the most promising plant extracts i.e. hexane extracts from Senna alata and Commelina benghalensis.
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