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PhytochemicalAnalysis and Evaluation of the
Antifungal Activity of Five Plants Against Four
Dermatophytes Responsible for Superficial
Infections

ABSTRACT

This studyis of greatinterest due to the rise in superficial infections caused by dermatophytes and the
need to findnatural alternatives to syntheticantifungals. The objective of thisresearchwas to determine
the  phytochemical composition and  antifungalactivity  of “itotal, = extractsfrom five
plants:Zanthoxylumgilletii, Distemonanthusbenthamianus, Gmelinaarborea, Justiciasecunda, and
Anacardium occidentaleagainst four dermatophytes, namely «Microsporum. canis, Trichophyton
mentagrophytes, Trichophyton rubrum, and Trichophyton soudanense.

To achievethis, aqueous and hydroethanolicextractswereprepared ' and subjected to
phytochemicalanalysis, followed by evaluations of antifungalactivityusing the slant double-tube
method. Antifungalparameters (ICs, and MFC) weredetermined.-The resultsrevealed the presence of
various bioactive compounds, such as flavonoids; tannins, and alkaloids, in most of the extracts. Z.
gilletiand D. benthamianusshowedstrongefficacy, with ICsovalues of 0.004 to 0.00609 mg/mLand
0.018 to 0.155mg/mL, and MFCvalues of 0.0975 to 0.39 mg/mLand 0.39 to 12.5 mg/mLrespectively,
particularlyagainstM. canis and T. soudanense. In ‘contrast, A. occidentaleshowed no
significantantifungalactivity. This studythus highlights the potential of plant extracts in the treatment of
skin infections and justifies furtherresearch:to explore theirclinical application.
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1. INTRODUCTION

Dermatophytes are filamentous fungi responsible for common dermatoses. They cause conditions
such as ringworm, which affects hair, skin, and nails. These conditions, known as dermatophytoses,
are particularlyconcerningbecausethey affect approximately 20 to 25% of the global population, with a
rising incidence in developing countries and increasingresistance to antifungaltreatments[1]. The
global -prevalence of dermatophytoses varies by region, withhigher rates in tropical and subtropical
areas due;to favorable climatic conditions for fungalgrowth[2].

In Africa, dermatophytoses are a major cause of fungal skin infections. Studies show that the
prevalence of these infections isparticularly high in rural areas, wherehygiene conditions are oftenpoor
and access to medical care islimited[3]. The speciesTrichophyton rubrum, Trichophyton
mentagrophytes, Trichophyton soudanense, and Microsporum canis are among the
mostfrequentlyisolated in sub-SaharanAfrica. In Coéte d'lvoire, the prevalence of dermatophytoses
isestimated at around 15%, primarilyaffectingchildren and youngadults[3], [4], [5]. Traditional plant-
basedtreatments are common, and theseremedies are often the first line of defenseagainst
dermatoses.

The interest in studying the anti-dermatophyticactivity of medicinal plants lies in several important
aspects. First, the growingresistance to syntheticantifungals, such as terbinafine and azoles,
makestreating dermatophytoses increasinglydifficult. Recentstudies show thatnearly 20% of
Trichophyton rubrumstrains are resistant to terbinafine, whichcomplicates the management of
theseaffections[6]. Additionally, currentantifungals can lead to undesirablesideeffects, justifying the
exploration of natural alternatives [7], [8]. In light of thisresistance to syntheticantifungals,



itwouldbewise to explore medicinal plants, many of which have shownstrongantimicrobialactivity.
Amongthese plants are Senna podocarpa, Piliostigmathonningii, Terminaliaavicennoides,
Terminaliaivorensis, andTerminaliacatappa,which are traditionallyused to treat skin conditions in
Africa[9].

This studyaims to determine the phytochemical composition of agueous and hydroethanolicextracts
and evaluate the anti-dermatophyticactivity of five medicinal plants against four major dermatophytes
(Trichophyton rubrum, Trichophyton mentagrophytes, Trichophyton soudanense, and Microsporum
canis) to offer a natural and effective alternative to currentantifungaltreatments.

2. MATERIAL AND METHODS
2.1 Plant material

The plant materialconsistedtoorganscollectedfrom five plants. Thesedifferentorganswerecollected in
different areas of Cote d'lvoire (Table 1). After identification of the differentspecies at.the national
floristic centre of the Université Félix Houphouét-Boigny, the differentorganswerewashed,
cutintosmallpieces and dried in the shade, thengroundintoa fine powder.

Table 1 : plants used

Plants Collectedorgan Harvesting area
Anacardium occidentale Trunkbark Abengourou
Distemonanthusbenthamianus Trunkbark Abengourou
Gmelinaarborea Trunkbark Abengourou
Justiciasecunda Aerial part Abengourou
Zanthoxylumagilletii Trunkbark Abengourou

2.2 Fungalmaterial

The  fungalspeciestestedweresupplied by * the Institut Pasteur de Cobte d'Ivoire.
Thesespecieswerecollectedfromvarious patients attending the Centre University Hospital of Cocody,
Ivory Coast.

Table 2:Clinical information and profile of fungalspecies

Clinical information Naitig ot'fhe isolatedspecies ANTIFUNGAL PROFILE
sample 5-FC AMB FCA VRC ITR
Moth Hairline T S S R S R
mentagrophytes
Athlete's foot Top of the foot T. rubrum S S S S R
Moth Hairline M. canis S S S S S
Moth Hairline T. soudanense S S S S R

2.3 Extraction method

Agueous and hydroethanolextractswerepreparedaccording to the method of Zirihi et al. (2003),
usingdistilled-water and an ethanol-water mixture (70/30, v/v) as the solvent. One hundred grams (100
g) of plant powderwasdissolved in one litre of solvent, giving a ratio of 1:10 (w/v). The mixture
wasthenhomogenisedvigorouslyusing a blender. The homogenateobtainedwaswrung out in a square
of percale cloth and thenfilteredthree times on cottonwool and then on filterpaper. The
filtratewasevaporated at 45°C using a Venticell® type ventilatedoven for 24 h for the 70%
ethanolicextract and 48 to 72 h for the aqueousextract.

2.4 Phytochemicalsorting

Phytochemicalsortingis a methodused to characterise the main chemical groups such as
sterols, polyterpenes, alkaloids, tannins, phenolic compounds, flavonoids, quinones and saponins.
These compounds wereidentifiedusingappropriatereagentsthatreactedwithchemical compounds to
givespecificcolours or precipitatesthatattested to the presence or absence of the desiredmolecules in



the extracts. This studywascarried out with the total extracts (aqueous and hydroethanolic) of each
plant according to the identification protocoldescribed by Békro et al. [10].

2.4.1 Determination of sterols and polyterpenes

For each plant extracttakenseparately, five (5) mL of each of the twoextracts (aqueous and
hydroalcoholic) wereevaporated over a sand bath. The residuewasdissolvedwhile hot in 1 mL of acetic
anhydride; then 0.5 mL of concentratedsulphuricacidwasadded to the triturate. Whether or not a purple
or violet ring appeared at interphase, turningblue and then green, indicated a positive or
negativereaction.

2.4.2 Identification of polyphenols

A drop of 2% alcoholicferricchloride solution wasadded to two (2) mL of eachhydroethanolic
and aqueousextract. The presence or absence of polyphenolswasindicated by the appearance or
absence of a more or lessdarkblue-black or green colour.

2.4.3Flavonoidanalysis

Two (2) mL of eachextractwasevaporated and the residuetaken up in,5 mL of
hydrochloricalcoholdiluted 2-fold. By adding 2 to 3 magnesium chips, .a release of heatfollowed by a
pink-orange or purplish coloration couldbeobserved. The addition of 3 drops:of isoamylalcoholmay or
may not intensifythiscolouration. This confirms the presence or absence of flavonoids.

2.4.4 ldentification of tannins

Five (5) mL of eachextractwasevaporated to dryness. Afteradding 15 mL of Stiasny'sreagent to
the residue, the mixture waskept in a water bath at 80°C.for 30 min.. The presence or absence of
catechin tannins wasdetermined by whether or not a coarseflakeprecipitatewasobserved. For gallic
tannins, the previous solution wasfiltered. The filtratewascollected and saturatedwith sodium acetate.
The addition of 3 drops of FeClI3 caused the appearance or absence of an intense blue-black colour,
indicating the presence or absence of gallic tannins.

2.4.5 Analysis of quinone substances

Two (2) mL of each of the twoextractswereevaporated to dryness. The residuewastrituratedin
5 mL of 1:5 hydrochloricacid. The trituratewastransferred to a test tube and heated in a boiling water
bath for 30 min. Aftercooling, itwasextractedwith 10 mL of chloroform. Twice-dilutedammonia (0.5 mL)
wasadded to the chloroform solution. The presence or absence of quinones wasindicated by a red or
purplecolouration or a lack of colour.

2.4.6Alkaloidanalysis

Six (6) mL of each solution wasevaporated to dryness. The residuewastaken up with 6 mL of
60° alcohol. .The addition of 2 drops of Dragendorff'sreagent to the alcoholic solution caused a
precipitate or an orange coloration. The addition of 2 drops of Burchard'sreagent to the alcoholic
solution ‘produced. a' precipitate or no reddish-brown coloration and indicated a positive or
negativereaction.

2.4.7 ldentification of saponosides

Ten (10) mL of the total extractwasprepared in a test tube. The tube wasshakenvertically for
approximately 15 seconds and left to stand for 10 to 15 minutes. The height of the
foamformedwasmeasuredafterthisperiod.

2.5Antifungal Activity

The tests wereconductedseparately on young cultures of dermatophytes grown on slant agar. The
various plant extractswereincorporatedinto the agar before the fungalgrowth. The incorporation of
theseextractsinto Sabouraud agar wasperformedusing the double dilution method in slant tubes.
Eachseriesincluded 12 test tubes, of which 10 contained the plant extract and 2 were control tubes
without the plant extract (one serving as a control for germgrowth, the otherwithoutgermserving as a
control for the sterility of the culture medium). The concentrations in the test tubes rangedfrom 1000 to
1.52 pg/mL. For the 10 tubes in eachseries, the concentrations variedaccording to a geometric
progression with a ratio of %2, from tube No. 1 to tube No. 10. After the extractwasincorporated, all 12



tubes in eachserieswereautoclaved at 121°C for 15 minutes. The tubes werethentiltedwith a small
base at room temperature to allow for cooling and solidification of the agar [11], [12].

Inoculumswerepreparedseparatelyfromyoung colonies (7 daysold) of Microsporum canis, Trichophyton
mentagrophytes,  Trichophyton rubrum, and Trichophyton soudanense. A colony of
eachgermwastakenwith a loop and homogenizedin 10 mL of sterilizeddistilled water, resulting in the
mothersuspension (10°). Fromthis suspension, a second suspension (107?) wasprepared by a tenfold
dilution. Thus, for each of the test tubes (except for the control tube for the sterility of the culture
medium), the germ culture wasperformed on the previouslyprepared media by inoculating 10 pL of the
1071 suspension in cross streaksuntil exhaustion. The cultures wereincubated at 30°C for sevendays.
Afterthis incubation period, the colonies of eachgermwerecounted. The growth in the tenexperimental
tubes of eachserieswasevaluated as a percentage of survival, calculatedagainst 100% survival in the
growth control tube [13].The treatment of experimental data allowed for the determination of the
followingantifungalparameters: the minimum fungicidal concentration (MFC) and the concentration for
50% inhibition (IC50), the latter beingdeterminedgraphically[14].

3. RESULTS
3.1 PhytochemicalStudy

Table 3 summarizes the presence of differentchemical groups (sterols, terpenes; phenolic compounds,
flavonoids, tannins, quinones, alkaloids, and saponins) in aqueous and. hydroalceholic (70% ethanol)
extracts of five plants: D. benthamianus, Z. gilletii, J. secunda, G. arborea, 'and A. occidentale.

The results show thatsterols, polyterpenes, phenolic compounds, flavonoids, and alkaloids are
consistentlypresent in almost all extracts, whetheraqueous or ethanol-based. Quinones are absent in
the majority of extracts, except in Z. gilletii and G. arborea; wherethey are present in both types of
extracts. Saponins are predominantlyfound .in- the aqueousextracts but absent in the
hydroalcoholicextracts, particularly in D. benthamianus, Z. gilletii, J. secunda, and A. occidentale.

Table 3 : Secondarymetabolitespresent.in plant extracts

Chemical groups
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D. benthamianus
70% ethanol + + + + - + -
S aqueous + + + + + + +
Z. gilletii
70% ethanol + + + + + + -
aqueous + + + - - + +
J. secunda
70% ethanol + + + + - + -
Aqueous + + + + + + +
G. arborea
70% ethanol + + + + + + -
) aqueous + + + + - + +
A. occidentale

70% ethanol + + + + - + -

3.2 Antifungalactivity



The table 4 shows thatethanolicextracts are generally more effective thanaqueousextracts in inhibiting
and kiling the fungalspeciestested. Z. gilleti and D. benthamianus stand out for
theirstrongantifungalactivity, withverylow ICsq and MFC, especiallyagainstM. canis and T. soudanense,
whileA. occidentaleshowed no measurableactivity.

Table 4:Antifungalparameters of the variousextracts

Parameter values for fungalspeciestested (mg/mL)
T

Plants extracts M. canis ) T. rubrum T. soudanense
mentagrophytes
ICso MFC ICso MFC ICso MFC ICso MFC
. Ag ND ND ND ND ND ND ND ND
A. occidentale
Eth ND ND ND ND ND ND ND ND
D Ag 0,035 1,56 0,198 6,25 0,292 50 0,035 1,56

benthamianus gty | 0,018 0,39 0,155 3,125 0,13. 125 0,0198 0,78
Ag | 0046 3,125 0,3 125 026 . 25 0,045 3,125

G. arborea
Eth | 0,0246 0,78 0,13 3,125 0,14 12,5 0,035 0,78
Aq | 0,0487 6,25 0,195 6,25 0,195 ND  0,0487 6,25
J. secunda
Eth 0,032 0,78 0,1 3,125 0,16 25 0,031 1,56
Aq 0,021 0,39 0,13 1,56 0,1 1,56 0,026 0,39
Z. gilletii 0.097
Eth | 0,00609 ' 5 0,04 0,39 0,04 0,39 0,004 0,0975

4. DISCUSSION

The chemical composition of the studied plants variesdepending on the type of solvent used,
particularlywith respect to saponins, which are often more present in agueousextractsthanin 70%
ethanolextracts. This resultalignswithseveralpreviousstudiesthat have shownsaponins are more
soluble in water than in organicsolvents. A study on medicinal plants conducted by Rai et al. [15]
reported a similar trend for species in the Fabaceaefamily, whereagueousextractscontained more
saponinscompared to hydroalcoholicextracts:

As for sterols, polyterpenes, flavonoids;-and phenolic compounds, theirpresence in almost all extracts
(aqueous and _hydroalcoholic) “is consistent with the work of Mahamane et al. [16],
whichshowedthatthese groups of,compounds are widely soluble in polar solvents, whetheraqueous or
hydroalcoholi¢.. Phenolic ‘compounds and flavonoids tend to bewellextracted by polar solvents like
water and,ethanol, and this extraction is more efficient whenethanolis mixed with water, maximizing
the solvent'spolarity.

Quinones, :presentonly in Z. gilleti and G. arborea, are relatively rare in otherextracts. This
couldbeexplained by the variability in quinone concentrations depending on the plant species.
Otherauthors, 'such as Akpo et al. [17], have alsoreportedin quinone presencebetweendifferent plant
species, suggestingthatthesesecondarymetabolitesmaybespecific ~ to certain plants or
growthenvironments.

In comparison, somestudies, includingthose by Bamba et al. [18], have shownthat 70%
ethanoleffectivelyextracts tannins fromvariousmedicinal plants, whichisconfirmed by theseresults,
where tannins are present in all extractsexcept]. secunda. However, tannins were absent in the
aqueousextract of this plant, whichcouldberelated to a lower concentration or a differentchemical
structure thatmakesthemless soluble in water.

The metabolitesidentified in these plant extractsexhibitsignificantpharmacologicalpotential, supported
by numerousstudies. Sterols and polyterpenes have well-documentedantimicrobial, anti-inflammatory,
and cholesterol-loweringeffects[19]. A recentstudy by Barkas et al. [20]showsthatthese compounds
help reduceserumcholesterol and improvecardiovascularhealth by acting on cholesterol absorption in
the intestines. Phenolic compounds and flavonoids, present in almost all extracts, are



powerfulantioxidants. According to Rudrapal et al. [21], thesemetabolitesreduceoxidative damage
associatedwithvariouschronicdiseases, such as diabetes, neurodegenerativediseases, and certain
cancers, by neutralizing free radicals.

Tannins, known for theirantimicrobialproperties, have been recentlystudied by Trepa et al. [19],
whoshowedtheyinhibit the growth of severalpathogenicbacterialstrains and viruses. This
studysuggeststheirpotential use in developingtreatments for gastrointestinal infections and viral
diseases. Quinones, found in Z. gilletii and G. arborea, continue to bestudied for theirantitumor and
antimicrobialproperties. Oyenihi et al. [22]demonstratedthatthese compounds can induceapoptosis in
cancer cells and inhibit the growth of drug-resistantpathogens.

Alkaloids, present in  mostextracts, are  stillwidelyrecognized for  their  multiple
pharmacologicalproperties. Heinrich et al. [23]highlightedtheir anticancer, antimicrobial, and
analgesiceffects, emphasizingtheir crucial role in modern medicine, particularly .due to the
chemicaldiversity of thesemetabolites. Finally, saponins, abundant in agueousextracts, are. renowned
for their anti-inflammatory and expectorant activities. Stan et al. [24]showedthatthese compounds are
particularly effective in treatingrespiratory conditions and have: antimicrobialproperties,
makingthemusefulagainst certain skin infections.

Sterols and terpenes are secondarymetaboliteswithwell-documentedmicrobiologicalactivities. Sterols,
such as B-sitosterol, are known for theirantimicrobial and antiviral effects. Theyact by disrupting the
cell membranes of microbes, leading to altered membrane permeability and, consequently, the death
of pathogeniccells. A study by Li et al. [25] showedthat certain plant-derivedsterolsinhibit the growth of
Candida albicans, suggestingtheirpotential as antifungal and antibacterial agents. Terpenes,
particularlymonoterpenes and sesquiterpenes, have alsodemonstratedstrongantimicrobialproperties.
For example, terpenessuch as limonene and caryophyllenework by disrupting the cell membrane
structures of bacteria and fungi, leading to theirlysis. They are especially effective
againstpathogenssuch as Escherichia coli and Aspergillus fumigatus.

Quinones, another important group of secondarymetabolites, are widelyrecognized for
theirantimicrobial and antitumoractivities. These compounds, found in plants like Zanthoxylumagilletii,
exerttheirantimicrobialeffects by acting as oxidizing agents thatgeneratereactiveoxygenspecies (ROS).
This results in oxidative stress in microbes, causing damage to proteins, lipids, and the DNA of
pathogeniccells. A study by Oyenihi et al. [22] showedthat quinones can inhibit the growth of antibiotic-
resistantbacteria, such as Pseudomonas aeruginosa and Staphylococcus aureus, in addition to their
anticancer effects, includinginducingapoptosis in tumorcells.

Saponins, on the other hand, are recognized for theirantimicrobialproperties, particularlytheirantifungal
and antibacterialeffects. These compounds, abundant in aqueousextracts of many plants, work by
forming complexes with the sterols in microbialcell membranes, whichdisruptstheirintegrity and leads
to the leakage of intracellular components. This makesthemparticularly effective againstpathogenic
fungi such as Trichophyton mentagrophytes and Candida albicans. A study by Stan et al. [24]
revealedthatsaponinsexhibitsignificantactivityagainstseveralstrains of bacteria and fungi responsible
for skin infections, highlightingtheirpotential as naturaltherapeutic agents.

The resultsobtained show significant variations in the antifungalactivity of aqueous and
ethanolicextracts of the tested plants, depending on the fungalspecies. Unlike the other plants,
extracts of Anacardium occidentaleshowed no measurableantifungalactivity (no data for 1Cso and
MFC). This couldbeexplained by the absence of active antifungal compounds in the parts used for
extraction or a concentration toolow to produce an effect. Otherstudies, such as that of Quejada et al.
[26], havereportedmoderateactivity of someA. occidentaleextracts on Candida albicansspecies,
suggestingthatantifungalactivitymightbespecific to certain conditions or extraction methods.

Ethanolicextracts, in almost all cases, show superiorantifungalactivitycompared to aqueousextracts.
This observation is consistent withnumerousstudies, such as that of Sepehriet al. [27], which show
thatethanolis a better solvent for extracting bioactive compounds, such as polyphenols and flavonoids,
responsible for antifungaleffects. Indeed, the CI50 values of ethanolicextracts of D. benthamianus and
Z. gilletiiagainstM. canis and T. soudanense are significantlylowerthanthose of aqueousextracts,
indicating more potentactivity.



The results show thatZ. gilleti and D. benthamianusexhibit excellent antifungalactivity,
particularlywithverylow CI50 values (e.g., 0.00609 mg/mL for Z. gilletii on M. canis) and MFC values
thatreflectfungicidal action at low concentrations. Theseresultssuggestthatthese plants
maycontainpowerfulantifungal compounds, such as quinones and flavonoids, alreadyknown for
theireffects on pathogenic fungi [28].

Antifungalactivitiesvarydepending on the fungalspecies. For instance, G. arboreais more effective
againstC. albicans and T. rubrum, whileitsactivity on T. mentagrophytes and M. canisis more
moderate. This suggests possible specificity of the bioactive compounds extracted, depending on the
membrane or defensemechanismsspecific to eachfungalspecies. This phenomenonisoftenobserved in
plant pharmacology, as discussed by Zhou et al. [29], whofounddifferences in fungalspecies' sensitivity
to plant extracts.

Theseresults highlight the therapeuticpotential of the tested plants, particularly for.fungal skin
infections, such as thosecaused by T. mentagrophytes and T. rubrum, which are responsible for
ringworm and other dermatophytoses. The fungicidalactivity at low concentrations suggeststhatthese
plants couldbeused to developnaturaltreatments for these infections, thusreducingreliance on
syntheticdrugs, which can lead to resistance. Thesefindings are supported by, recentstudies, such as
that of Ivanov et al.[30], whichdemonstratethat plant extractsoffer .a viable alternative in
treatingresistantfungal infections.

5. CONCLUSION

This  studycombinedphytochemicalanalysis and antifungalactivity. The resultsrevealed a
strongtherapeuticpotential for the tested plant extracts. Phytochemical analyses highlighted the
presence of bioactive metabolitessuch as sterols, polyterpenes,:phenolic compounds, flavonoids,
tannins, alkaloids, and saponins in the majority of the extracts. These compounds are well-known for
theirantifungalproperties, as confirmed by the ICs; and MFC values obtainedfrom tests on
variousfungalspecies.

Ethanolicextractsprovedparticularly effective, especiallythose of Z. gilletii, D. benthamianus, and G.
arborea, whichshowedstrong inhibitionat Jlow " concentrations, particularlyagainstM. canis, T.
soudanense, and T. mentagrophytes. Theseresultssuggestthatethanol, as a solvent, allows for better
extraction of the bioactive compounds responsible for antifungalactivity, such as flavonoids and
quinones. In contrast, A. occidentaleshewed no significantactivity, whichcouldbe due to the absence of
certain antifungalmetabolites in the tested parts or a low concentration of these compounds.
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