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ABSTRACT
Malassezia spp. are commensal yeasts that can cause cutaneous

ailments such as dandruff and seborrheic dermatitis. We sought to

develop a cost-effective, herbal formulation for the treatment of

cutaneous ailments related to Malassezia spp. Aqueous and etha-

nolic extracts of fenugreek (Trigonellafoenum-graecum L.) leaves

exhibited activity against a clinical isolate and commercial strain of

Malassezia furfur. The extracts were also found to be active against

other pathogenic fungi such as Aspergillus niger and Candida albi-

cans. Qualitative and quantitative phytochemical evaluation of

aqueous extract showed a predominant presence of flavonoids apart

from alkaloids, saponins, carbohydrates, phenols, and proteins. Gel

formulation of 30% aqueous fenugreek leaf extract was developed

and optimized using sodium alginate as a gelling agent. The for-

mulation showed good physicochemical characteristics and retained

activity against M. furfur during 3-month accelerated stability

studies. Furthermore, the developed herbal gel formulation did not

show any irritation or sensitization in New Zealand rabbits after

topical application, proving its cutaneous safety. Thus, topical gel

formulation containing fenugreek leaf aqueous extract could be a

safe and effective herbal treatment for various cutaneous fungal

infections, including dandruff.
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INTRODUCTION

M
alassezia spp. are commensal lipophilic yeasts

that are commonly found in the sebum secre-

tion enriched areas of the skin such as the trunk,

back, face, and scalp.1–4 Studies have shown

that Malassezia spp. are responsible for a variety of cutaneous

as well as systemic infections such as pityriasis versicolor,

malassezia folliculitis, seborrheic dermatitis, dandruff, and

atopic dermatitis.2–3,5–8 Furthermore, Malassezia spp.-

induced skin inflammation can worsen the clinical symptoms

of skin ailments such as psoriasis.3 Finally, the ability of

Malassezia spp. to form biofilms further complicates the

scenario as these biofilms can lead to persistent infections and

lower the susceptibility to therapeutic agents.7 Typically,

azole antifungals such as ketoconazole in the form of a so-

lution, cream, foam, or shampoo are used for the treatment of

Malassezia spp.-related cutaneous disorders.2,5 However, ke-

toconazole is toxic to the mammalian cells and additionally

may cause urticaria as well.3,5 Frequent use of these products

may also lead to the development of resistance. Thus, there is a

clear need to develop better strategies to treat Malassezia spp.-

related infections, which would be less toxic and free of un-

toward side effects.

Plants have been a great source for a variety of therapeutic

agents, including antifungal agents. Plant-derived bioactive

components have been explored as a low-cost, safe, and novel

alternative to the existing therapeutic agents for a variety of

ailments, including cutaneous infections.3,5 Multiple phyto-

constituents present in the herbal extracts together elicit the

synergistic effect, which reduces the chances of development

of microbial resistance.9 Previously, the potential of extracts

and/or purified phytochemicals from Ilex paraguariensis,

Dittrichia viscosa, Asparagus racemosus, Hypericumper for-

atum, Embelia ribes, and Vitis vinifera has been demonstrated

for the treatment of infections caused by Malassezia

spp.1,3,5,7–8,10 Fenugreek (Trigonellafoenum-graecum L.,

family—Fabaceae) is a leguminous herb grown across the globe,

and more prominently in India and many Asian and North

African countries.11 Traditionally, fenugreek has been used by

Ayurvedic medicine practitioners for its medicinal properties.

Furthermore, fenugreek has also been used in the home-based

hair care remedies in India. Several studies have shown that

fenugreek seed extracts possess antibacterial, antifungal, and

antidandruff activity,12,13 whereas variable results for anti-

bacterial and antifungal activity have been reported for the

fenugreek leaf extracts.14–16 To date, no study has been carried

out on the activity of fenugreek leaves extract against Ma-

lassezia spp. Furthermore, it is much easier to prepare and
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process extracts of fenugreek leaves compared to mucilagi-

nous fenugreek seeds. Hence, in this investigation, fenugreek

leaves, owing to their abundance and ease of extraction, were

chosen for the systematic investigation of antifungal potential

and subsequent development of gel-based formulation, which

would be safe, efficacious, and commercially viable for the

topical treatment of cutaneous fungal infections.

MATERIALS
Fresh leaves of fenugreek (Trigonellafoenum-graecum L.)

were procured from the local market of Pune, India. The plant

was taxonomically identified and authenticated by Western

region center of Botanical Survey of India (Ministry of envi-

ronment, forests, and climate change).

The strain Malassezia furfur MTCC-1374 was procured

from MTCC (Chandigarh, India). Candida albicans NICM-3102

and Aspergillus niger NICM-545 were procured from National

Chemical Laboratories (Pune, India).

Quercetin and citronella oil were obtained from Yucca

Enterprises (Mumbai, India). Methocel� K100LV and K4M

(hydroxypropyl methyl cellulose [HPMC] 100 and 4,000 cps

grades, respectively) were received as gift samples from Col-

orcon Asia Pvt. Ltd (Mumbai, India). Klucel� GF Pharm (hy-

droxypropyl cellulose [HPC]) was obtained as a gift sample

from FDC Ltd (Mumbai, India). Sodium alginate, Carbopol�

940 (crosslinked polycarboxylic acid), and sodium carbox-

ymethyl cellulose (Na CMC) were purchased from Analab Fine

Chem (Pune, India). Sabouraud dextrose agar was purchased

from Hi-media Laboratories (Mumbai, India).

METHODS

Collection of Leaves and Preparation of Extracts
The procured leaves of fenugreek were washed, shade dried,

and ground to a fine powder. Powder portions, 200 g each,

were soaked in 1,100 mL of ethanol and 1,100 mL of purified

water containing 10% ethanol for 7 days with intermittent

stirring. The extracts were filtered and concentrated using

rotary evaporator (Evator, EV-11; Equitron Medica, Mumbai,

India) at a temperature not exceeding 70�C. The concentrated

extracts were subjected to determination of weight per milli-

liter. The pH of the aqueous extract was determined by using

pH meter (Equiptronics EQ-614, Mumbai, India). The extracts

were kept in well-closed containers at 2�C–8�C.

Evaluation of Phytochemical Constituents
Qualitative analysis. Aqueous and ethanolic extracts of fenu-

greek leaves were subjected to preliminary qualitative anal-

ysis of major phytochemical constituents such as alkaloids,

flavonoids, saponins, steroidal saponins, carbohydrates, re-

ducing sugars, phenols, amino acids, and proteins using

standard methods as follows17:

Alkaloids. Extract (1mL) was mixed slowly with an equal

volume of concentrated hydrochloric acid. Then a few drops of

Mayer’s reagent were added to the mixture. Formation of green

color or white precipitate indicated the presence of alkaloids.

Flavonoids. To 1 mL of extract, 0.5 mL of 10% lead acetate

solution was added. The appearance of greenish yellow color

indicated the presence of flavonoids.

Saponins. Extract (2 mL) was mixed with an equal volume of

purified water in a graduated measuring cylinder for 15 min.

Formation of 1 cm layer of foam indicated the presence of

saponins.

Steroidal saponins. Extract (1 mL) was mixed with an equal

volume of chloroform. Few drops of concentrated sulfuric

acid were added gradually from the sides of the test tube to this

mixture. The appearance of a brown ring at the interface

suggested the presence of steroidal saponins.

Carbohydrates. Extract (1 mL) was mixed with Molisch re-

agent; concentrated hydrochloric acid was added through the

side of the test tube. The appearance of the violet-colored ring

at the junction of two liquids indicated the presence of car-

bohydrates.

Reducing sugars. Mixture of extract and Benedict’s reagent

was boiled on a water bath. The appearance of green color

suggested the presence of reducing sugars.

Phenols. Extract (1 mL) was mixed with 2 mL of distilled

water followed by addition of a few drops of 10% FeCl3 so-

lution. The formation of blue or green color indicated the

presence of phenols.

Amino acids. Extract (1 mL) was boiled with 1 mL of 0.2%

solution of Ninhydrin reagent. The appearance of dark violet

color indicated the presence of amino acids.

Protein. Extract was treated with a few drops of 1% sodium

hydroxide solution and few drops of copper sulfate solution

were added. Color change to violet confirmed the presence of

protein.

Quantitative analysis. The aqueous and ethanolic extracts of

fenugreek leaves were subjected to analysis of total flavonoid
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content. An aqueous solution of extract (10mg/100mL) was

prepared and 1mL of this solution was transferred to 10mL

volumetric flask containing 4mL of distilled water. To the solu-

tion, 0.3mL of 5% sodium nitrite was added. After 5min, 0.3mL

of 10% w/v aluminum chloride solution was added. At the sixth

minute, 2mL of 1M sodium hydroxide solution was added, and

the final volume was adjusted to 10mL with distilled water. The

absorbance of the solution was measured spectrophotometrically

(Shimadzu UV-1700, Japan) at 510nm against prepared blank

reagent. Total flavonoid content of the extract was determined in

triplicate by using the standard plot of quercetin, constructed over

the concentration range of 10–100mg/mL by following the

similar procedure described above.18

Determination of Antidandruff Activity of Extracts
Isolation of dandruff causative yeast. Dandruff flakes were iso-

lated from the hair of a person suffering clinically from

dandruff and streaked on sterile Sabouraud dextrose agar

(SDA) slant. The slant was incubated at 32�C for 24 h, fol-

lowing which it was refrigerated until further use.19

Identification of yeast. The clinical isolate maintained on

SDA slant was subjected to following tests

Catalase reaction. A drop of hydrogen peroxide was added to

the isolated culture of yeast and observed for bubble formation.20

Growth at 32�C. The clinical isolates of yeast cells were

streaked on the SDA plate; 0.2 mL of sterile sesame oil was

spread over the SDA and incubated at 32�C for 48 h. The plates

were observed for the growth of the yeast.

Microscopy. The SDA plates streaked with isolated yeast

culture were incubated at 32�C for 1 week. The plates were

observed for the growth of the yeast. The morphology of the

yeast cells was then studied under the microscope at

40 · magnification by staining with methylene blue.21

In vitro antimicrobial assay. The activity of both aqueous and

ethanolic extracts was checked against the isolated Malassezia

culture by agar well diffusion method. Previously liquefied

sterile SDA, 20 mL, was poured aseptically into each sterile

Petri plate having an internal diameter of 10 cm. Care was

taken for the formation of uniform thickness of the medium in

the plate. For standardization of inoculums, the turbidity of

the yeast suspension was adjusted to 0.5 McFarland standards

(containing &1.5 · 108 colony-forming units [CFU]/mL).22

After complete solidification of SDA, the plates were inocu-

lated with 0.1 mL of microbial suspension and set aside for

10 min. Wells were then made in the SDA plates aseptically

and 0.1, 0.2, and 0.3 mL of aqueous and ethanolic extracts

were added carefully to the wells. Ketoconazole (0.1 mL of 2%

w/v solution in dimethyl sulfoxide) was used as a positive

control. Plates were kept for prediffusion for 30 min followed

by incubation for 24 h at 32�C. The zones of inhibition (ZOIs)

were measured using zone reader.23

Suspension of the commercial culture of M. furfur, after ad-

justing the turbidity to 0.5 McFarland standard, was observed

for the susceptibility to the aqueous and ethanolic extracts of

fenugreek in exactly the same manner as described above.

Activity of the Leaf Extracts against Pathogenic Fungi
C. albicans and A. Niger were the yeasts chosen for the

study. Sterilized SDA plates were inoculated with 0.1 mL of

each yeast suspension (containing &1.5 · 108 CFU/mL). An-

timicrobial activity of 0.1, 0.2, and 0.3 mL of aqueous and

ethanolic extracts was determined by agar well diffusion

method. Ketoconazole (0.1 mL of 2% w/v solution in dimethyl

sulfoxide) was used as a positive control. After the incubation

period of 24 h at 32�C, respective ZOIs were measured.

Statistical Analysis
The ZOIs observed for various volumes of the extracts were

compared statistically using one-way analysis of variance

(ANOVA) at p £ 0.05, followed by Tukey’s test using GraphPad

Prism software (Version 5.1). The antimicrobial activity of

0.3 mL each of ethanolic and aqueous extract was compared

with that of the positive control using one-way ANOVA at

p £ 0.05 followed by Tukey’s test.

Formulation Development of Aqueous Extract
Selection of gelling agent. By using appropriate methods, gels

were prepared using different gelling agents such as sodium

alginate (1.5%–3% w/w), carbopol 940 (0.3% and 0.5% w/w),

Na CMC (2.5%–3% w/w), two different grades of HPMC viz.

Methocel K100LV (1%–3% w/w) and Methocel K4M (0.5%–

1% w/w), and HPC—Klucel GF Pharm (2%–3% w/w). Resultant

gels were examined visually for appearance and consistency.

Preformulation studies. Aqueous leaf extract was added in 10%

concentration to each of the prepared gel vehicles mentioned

above. The resultant mixtures were observed for appearance

and consistency.

Formulation trials. Gel formulations were prepared using the

formulae depicted in Table 1. The weighed quantities of me-

thyl and propyl paraben were dissolved in boiling water. To

this solution, glycerin was added and mixed properly. Well-
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soaked aqueous slurry of sodium alginate was added to the

above-prepared solution with moderate stirring. Weighed

quantity of extract was added gradually and mixed thoroughly

followed by addition of citronella oil. Finally, the weight of the

formulation was made up to 100% with purified water.

Evaluation of Gel Formulations
Organoleptic properties. The formulations were examined for

their overall appearance, consistency, homogeneity, and odor.

pH. The pH of the formulations was checked in triplicate using

pH meter (Equiptronics EQ-614, Mumbai, India).

Viscosity. The measurement of viscosity of gel formulations

was carried out at 25�C using viscometer (DV-E; Brookfield).

Spindle number 63 was rotated at 50 rotations per minute

(rpm) and the corresponding viscosity (in cps) was noted. The

viscosity determination was done in triplicate on three con-

secutive days.

Spreadability. The weighed quantity of gel (about 0.5 g) was

sandwiched between two glass slides. The weight of 100 g was

placed on the slides for 10 min, after which the diameter of the

spread smear of the gel was measured at different points.

Spreadability of the gel was calculated by using the formula

S = M · L/T

Where S—spreadability, M—weight placed on the slide, L—di-

ameter of the circle in cm, and T—time in seconds. The spread-

ability was determined in triplicate for each trial formulation.

Assay. The weighed quantity of gel (0.1 g) was dissolved in

30mL of distilled water, sonicated in a bath sonicator for

10min, and the resulting solution was filtered through What-

man filter paper. The filtrate, 1 mL, was transferred to 10 mL

volumetric flask containing 4 mL of distilled water. To the so-

lution, 0.3 mL of 5% sodium nitrite was added. After 5 min,

0.3 mL of 10% w/v aluminum chloride solution was added. At

the sixth minute, 2 mL of 1 M sodium hydroxide solution was

added and the final volume was adjusted to 10 mL with distilled

water. The absorbance of the solution was measured spectro-

photometrically (Shimadzu UV-1700, Japan) at 510 nm against

prepared blank reagent and the flavonoid content was deter-

mined from the standard plot of quercetin. The assay was done

in triplicate for each formulation.

In vitro release study. Formulation F2 and F5 were subjected to

in vitro release study using Franz Diffusion cells. Cellophane

membrane (molecular weight cutoff: 8,000 Da) was placed in

between the donor and receptor compartments of each cell.

Receptor compartment contained distilled water maintained at

32�C– 0.5�C, which was stirred continuously at 600 rpm using a

magnetic stirrer. Donor compartment consisting of about 1 g of

gel spread uniformly on cellophane membrane was covered with

aluminum foil to avoid water loss from the formulation. Aliquots

of 2mL each were withdrawn from the receptor compartment at

1-, 2-, 3-, 4-, 5-, and 6-h intervals and subjected to determina-

tion of total flavonoid content, which was determined as de-

scribed earlier in the section of assay of the gel formulations. The

quantity of the receptor medium was kept constant throughout

the experiment by replacing an equal quantity of distilled water

at every interval. The study was carried out in triplicate.

Determination of in vitro antidandruff activity. The antidandruff

activity of the formulations F2 and F5 was studied on the pure

culture of M. furfur by well diffusion method, wherein 0.1,

0.2, and, 0.3 g of each gel formulation were added to the well

and the SDA plates were incubated at 32�C for 24 h. The ZOIs

exhibited by varying amounts of each formulation were

compared by one-way ANOVA at p £ 0.05, followed by Tu-

key’s test, whereas comparison between the ZOI shown by

0.3 g each of formulation F2 and F5 was made using Student’s

two-tailed t-test at p £ 0.05.

The antidandruff activity of formulations was also

checked by oil overlay method where 0.2 mL of previously

sterilized sesame oil was spread over the solidified SDA

plates inoculated with a culture of M. furfur and holding

0.3 g quantity each of formulation F2 and F5 in the wells.24

ZOIs were noted after the incubation at 32�C for 24 h. The

comparison of the ZOIs obtained with and without oil

overlay was done for each formulation (F2 and F5) using

Student’s two-tailed t-test at p £ 0.05.

Table 1. Development Trials for Gel Formulation
of Aqueous Leaf Extract of Fenugreek

Ingredients

Quantity (% w/w)

F1 F2 F3 F4 F5 F6

Fenugreek extract 20 20 20 30 30 30

Sodium alginate 2 2.5 3 2 2.5 3

Glycerin 8 8 8 8 8 8

Propyl paraben 0.1 0.1 0.1 0.1 0.1 0.1

Methyl paraben 0.2 0.2 0.2 0.2 0.2 0.2

Citronella oil 0.2 0.2 0.2 0.2 0.2 0.2

Purified water qs 100 qs 100 qs 100 qs 100 qs 100 qs 100

qs, quantity sufficient.
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Accelerated Stability Studies
The gel formulation was prepared in larger bulk as per the

formula F5, filled in aluminum collapsible tubes, and stored at

accelerated conditions of 40�C – 2�C and 75% – 5% relative

humidity. Samples were withdrawn at 0-, 1-, 2-, and 3-month

intervals and subjected to the evaluation parameters like or-

ganoleptic examination, pH, viscosity, spreadability, assay,

in-vitro release study, and antidandruff activity. The results of

the antidandruff activity at all the time points were compared

using one-way ANOVA at p £ 0.05.

Skin Irritation Test
After obtaining the approval of the Institutional Animal

Ethics Committee (ICP/IAEC/2017-18/01), New Zealand male

albino rabbits (n = 5) were procured from LACSMI Biofarms

Pvt Ltd (Pune, India). The animals were acclimatized for a period

of 7 days. Gel formulation F5 (about 1g) was applied to the

2.5 · 2.5 cmmarkedarea of left-handdorsal surface of the shaved

intact skin of all the rabbits. A placebo formulation prepared with

the same formula as F5, but without the extract, was applied in a

similar manner to the right-hand dorsal surface of the back of

each rabbit. The sites were occluded with gauze piece and were

washed thoroughly after 4 h of application. Skin reaction at the

sites of application in the form of erythema or edema was as-

sessed and scored (as per the scheme given in Table 2) at 1 h, 24 h,

48 h, 72h, 84h (7 days), and 168h (14 days) after application of

the formulations. The scores for test and control sites were cal-

culated using the following formula:

Skin irritation score = + Erythema and edema scores at 1,

24, 48, 72, 84, and 168 h/number of rabbits

The scores of both the test and control sites were com-

pared statistically using Student’s two-tailed t-test at p £ 0.05.25

The animal experimentation complied with the guidelines of

Committee for the purpose of Control and Supervision of Ex-

periments on Animals, Ministry of Environment, Forest and

Climate Change, Government of India.

RESULTS
Preparation of Extracts

The aqueous and ethanolic extracts of fenugreek leaves

prepared by cold maceration method had characteristic fenu-

greek odor. The weight per milliliter of aqueous and ethanolic

extract was found to be 1.33 and 1.31 g/mL, respectively. The

pH of the aqueous extract was found to be 4.15.

Evaluation of Phytochemical Constituents
Phytochemical evaluation of the aqueous and ethanolic

extracts showed the presence of saponins, steroidal saponins,

flavonoids, phenols, and proteins in both the extracts. In ad-

dition to these, the aqueous extract showed the presence of

carbohydrates and alkaloids, unlike the ethanolic extract.

The total flavonoid content of the aqueous extract was

22.85 – 2.47mg/mg and that of ethanolic extract was 19.12 –
1.19mg/mg.

Determination of Antidandruff Activity of Extracts
Isolation and identification of dandruff causative yeast. Dandruff-

causing microbe was isolated from the hair of the person

suffering from dandruff. Catalase test and microscopic ex-

amination confirmed that the isolated yeast belonged to

dandruff-causing Malassezia spp. The culture of the clinical

isolate of Malassezia was maintained by regular subculturing

on the SDA slants. Commercial culture of M. furfur was also

procured to compare the activity of both the extracts.

In vitro antidandruff activity of the extract. In the case of isolated

strain, as well as the commercial strain of M. furfur, ZOI

shown by the aqueous extract was significantly higher com-

pared with the ethanolic extract. As the quantity of extract

increased from 0.1 up to 0.3 mL, ZOI increased significantly.

The clinical isolate of Malassezia showed greater suscep-

tibility to the extract compared to MTCC 1374 culture,

which could be attributed to the difference between the two

strains (Fig. 1). Ketoconazole, a synthetic antifungal with

Table 2. Evaluation of Skin Irritation Scores

Reaction Score

(A) Erythema and eschar formation

No erythema 0

Very slight erythema (barely perceptible) 1

Well-defined erythema 2

Moderate to severe erythema 3

Severe erythema (beet redness to eschar formation) 4

(B) Edema formation

No edema 0

Very slight edema (barely perceptible) 1

Slight edema (edges of area well raised) 2

Moderate edema (raised approx.1mm) 3

Severe edema (raised more than 1 mm and extending

beyond area of exposure)

4

Total possible score for primary irritation 8
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known activity against Malassezia spp., was used as a

positive control. The concentration of ketoconazole solu-

tion (2% w/v) used for the testing was same as that of topical

ketoconazole formulations used in the clinical practice. The

ZOI shown by the 0.3 mL of aqueous extract was statistically

comparable to that shown by ketoconazole, whereas 0.3 mL

of the ethanolic extract showed significantly lower ZOI.

Hence, aqueous extract was selected for the gel formulation

development.

Activity of the Leaf Extracts Against Pathogenic Fungi
Findings of considerable activity against dandruff-causing

yeasts prompted us to explore the activity of the extracts against

the pathogenic fungi like A. niger and C. albicans. The aqueous

extract showed activity against both A. niger and C. albicans,

whereas ethanolic extract showed activity only against A. niger

with little or no activity against C. albicans (Fig. 2). Various

phytoconstituents present in the herbal extracts are together re-

sponsible for showing certain pharmacological activity. Presence

of alkaloids along with the rest of the phytoconstituents in

aqueous extract could be responsible for its activity against

Candida, unlike the ethanolic extract in which alkaloids were

absent. Theaqueous extract thus showedoverall better antifungal

activity compared to the ethanolic extract (Supplementary

Fig. S1).

Formulation Development of Aqueous Extract
To develop a topical gel formulation for the extract, gel

vehicles were prepared using various gelling agents. Upon

addition of 10% extract to Carbopol 940 gel base, the gel lost

its consistency owing to the shift in the pH to about 4, the

viscosity of which could not be regained after adjusting the

pH to 6. Gel vehicles prepared with cellulose-based gelling

agents like Na CMC, HPMC, and HPC, upon addition of ex-

tract, showed a drop in the viscosity and significant thinning

after standing for a few hours to few days. Such incompat-

ibility was not observed between the extract and the sodium

alginate gel base upon storing the mixture at room temper-

ature for 1 month.

Fig. 1. Fenugreek leaf aqueous and ethanolic extract show activity against Malassezia furfur. Fenugreek leaf aqueous extract (specific
gravity: 1.33 g/mL) and ethanolic extract (specific gravity: 1.31 g/mL) and ketoconazole solution in DMSO (2% w/v) showed activity against
(A) clinical isolate of M. furfur and (B) commercially procured M. furfur (MTCC-1374). Clinical isolate of M. furfur was more sensitive to
fenugreek leaf extracts and positive control (ketoconazole) compared to the commercial strain of M. furfur. (Data expressed as mean – SD;
n = 3). DMSO, dimethyl sulfoxide; SD, standard deviation.

Fig. 2. Fenugreek leaf aqueous and ethanolic extract show ac-
tivity against other pathogenic fungi. Fenugreek leaf aqueous ex-
tract (0.3 mL) showed activity against Aspergillus niger as well as
Candida albicans, whereas ethanolic extract (0.3 mL) was only
active against A. niger. Around 0.1 mL of 2% w/v ketoconazole
solution in DMSO was used as a positive control. (Data expressed
as mean – SD; n = 3).
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Gel formulations were developed with varying concentra-

tions of sodium alginate as a gelling agent, methyl and propyl

paraben as antibacterial preservatives, glycerin as a humectant,

and citronella oil as a fragrance to mask the characteristic odor

of the fenugreek leaf extract. Formulations comprised two

different concentrations of extract viz. 20% (formulations F1,

F2, and F3) and 30% (F4, F5, and F6). This was to evaluate the

impact of the quantity of extract on viscosity and antidandruff

activity of the formulation.

Evaluation of Gel Formulations
The results of the evaluation of gel formulations are shown

in Table 3.

Formulations F2 containing 20% extract and F5 containing

30% extract showed acceptable consistency, spreadability,

and viscosity, and hence, these formulations were further

evaluated for the in vitro release and antidandruff activity.

Both the formulations released the flavonoids completely

over a period of 6 h (Fig. 3). The higher release rate was ob-

served from formulation F5 at initial time points owing to the

presence of a higher quantity of extract compared to that in

formulation F2, thus creating a greater concentration gradient

across the donor and receptor compartment. However, toward

the end of the 6-h study period, both the formulations showed

almost complete release.

Formulation F5 showed significantly better in vitro anti-

dandruff activity compared to formulation F2, owing to a

higher quantity of the extract present in it. The marginally

higher viscosity of formulation F5 did not affect the release of

the actives from the formulations. There was no significant

difference between the ZOIs observed in the SDA plates with oil

overlay and the ones without oil overlay (Supplementary

Fig. S2). Overlay of oil on the growth medium simulates the

condition of oily scalp, which is observed commonly in those

suffering from dandruff. Presence of oil favors the growth of

dandruff-causing fungi.26 However, similar antimicrobial ac-

tivity in the presence and absence of oil postulates equal effi-

ciency of the formulation in inhibiting the fungal growth in

case of dry as well as oily scalp. Formulation F5 with higher ZOI

than F2 was considered the optimum formulation.

Skin Irritation Test
Application of formulation F5 to the skin of New Zealand

albino rabbits did not lead to any erythema or edema compared

to the placebo formulation. The scores of erythema and edema

calculated over the observation period of 14 days for the test as

well as control were zero (Table 4). This confirmed the innocuous

nature of the formulation and its safety in cutaneous application.

Accelerated Stability Testing
Stability samples of formulation F5 drawn at 1-, 2-, and 3-

month intervals showed comparable organoleptic proper-

ties, consistency, and spreadability characteristics with no

significant change in the viscosity, pH, and assay values.

In vitro release profiles of the stability samples were com-

pared with that of the initial sample (Fig. 4). The formulation

very well retained the antifungal activity throughout the

study period as confirmed by similar ZOIs obtained for all

the stability samples against M. furfur in the absence as well

as the presence of oil overlay.

Fig. 3. In vitro release studies of fenugreek aqueous leaf extract-
containing gel formulations from cellophane membrane using
Franz-diffusion cells. The gel formulation (F5) containing higher
amount of extract showed quicker release of flavonoids and by the
end of 6 h, both the gel formulations (F2 and F5) completely re-
leased flavonoids in the receptor medium. (Data expressed as
mean – SD; n = 3).

Table 3. Evaluation of Fenugreek Aqueous Leaf Extract
Containing Gel Formulations

Sr.

no. Formulation pH

Viscosity

(cps)

Spreadability

(g$cm/s) Assay %

1 F1 6.6 – 0.15 590 – 12 2.53 – 0.03 101.07 – 0.95

2 F2 6.62 – 0.18 742 – 15 2.18 – 0.07 98.48 – 2.00

3 F3 6.59 – 0.2 753 – 04 2.06 – 0.1 99.38 – 7.76

4 F4 6.12 – 0.11 614 – 10 2.41 – 0.04 94.40 – 1.25

5 F5 6.21 – 0.12 754 – 10 2.11 – 0.05 98.77 – 1.25

6 F6 6.23 – 0.04 810 – 11 1.88 – 0.9 98.40 – 2.25

The values reported are average – standard deviation of n = 3.
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DISCUSSION
Malassezia spp.-associated cutaneous disorders are esti-

mated to affect more than 140 million individuals worldwide

every year.3 The current drug therapies against Malassezia

spp. such as ketoconazole and other azole antifungal agents

have issues such as mammalian cell toxicity and the emer-

gence of resistant strains.2–3,5 As most of the Malassezia spp.-

related cutaneous disorders require long-term treatment, it is

essential to develop low-cost and effective therapies against

Malassezia spp. Plant extracts or pure phytochemicals con-

taining lotions, solutions, or shampoos have been used for the

treatment of cutaneous disorders, including M. furfur-related

dandruff. This investigation focused on evaluating the activ-

ity of fenugreek leaf extract against M. furfur.

Trigonellafoenum-graecum L. (fenugreek) is an edible le-

guminous plant that is traditionally used for its medicinal

properties. Fenugreek is also known for its medicinal values

in other Asian, Mediterranean, and African regions. Studies

show that fenugreek can be used for the treatment of in-

flammation, wound, abscesses, and arthritis.11,27–29 Several

studies have shown that fenugreek seed extracts possess an-

tibacterial, antifungal, antidandruff, antidiabetic, antioxi-

dant, cholesterol lowering, and anticancer activity.12,13 Seed

extracts have particularly shown potential in the treatment of

diabetes and related neuropathy30–34 and urolithiasis.35 Fe-

nugreek leaves, although more abundant in nature compared

to the seeds, have been relatively less explored for bioactivity.

The reported literature demonstrates the antioxidant, anti-

plasmodial, wound healing, and antiulcer activity of the

fenugreek leaves,15,36,37 whereas variable results for anti-

bacterial and antifungal activity have been reported for the

Table 4. Score of Erythema and Edema After Application of Gel Formulation F5 (Test) and Placebo Formulation
(Control) to the Skin of the Back Portion of New Zealand Rabbits

Rabbit

no. Reaction

Score for the skin reaction

Control Test

1 h 24 h 48 h 72 h 84 h 168h 1 h 24 h 48 h 72 h 84 h 168h

1 Erythema 0 0 0 0 0 0 0 0 0 0 0 0

Edema 0 0 0 0 0 0 0 0 0 0 0 0

2 Erythema 0 0 0 0 0 0 0 0 0 0 0 0

Edema 0 0 0 0 0 0 0 0 0 0 0 0

3 Erythema 0 0 0 0 0 0 0 0 0 0 0 0

Edema 0 0 0 0 0 0 0 0 0 0 0 0

4 Erythema 0 0 0 0 0 0 0 0 0 0 0 0

Edema 0 0 0 0 0 0 0 0 0 0 0 0

5 Erythema 0 0 0 0 0 0 0 0 0 0 0 0

Edema 0 0 0 0 0 0 0 0 0 0 0 0

Fig. 4. In vitro release profile of flavonoids from fenugreek
aqueous leaf extract containing gel formulation (F5) did not show
any significant change over the course of 3 months. The formula-
tions were stored at 40�C – 2�C and 75% – 5% RH. (Data expressed
as mean – SD; n = 3). RH, relative humidity.
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fenugreek leaf extracts.14–16 Thus far, no study has been

carried out to explore the activity of fenugreek leaf extract

against Malassezia spp. We focused on the preparation and

evaluation of aqueous and ethanolic extract of fenugreek

leaves with the hope of developing herbal formulation suit-

able for the treatment of cutaneous fungal infections.

The cold maceration process was used for the extraction of

leaves. The extraction process was optimized by determining

the flavonoid content of the extract on day 4, 7, and 9 of

maceration and the study showed significantly higher flavo-

noid content on the seventh day compared to the fourth day,

whereas no significant increment was noted in the content on

day 9 (Supplementary Table S1). Hence, the cold maceration

process was carried out for 7 days to prepare the extracts. The

in vitro assay showed that aqueous and ethanolic extracts of

fenugreek leaves were significantly active against clinical

isolate as well as the commercial strain of M. furfur. It was

noteworthy that the clinical isolate was more sensitive to the

fenugreek leaf extract as well as ketoconazole compared to the

commercial strain. It should also be noted that aqueous

fenugreek extract showed similar anti-Malassezia activity

when compared to 2% w/v ketoconazole solution. Currently,

all the clinically used ketoconazole formulations contain 2%

w/v of ketoconazole.38 Hence, the similarity of anti-Malas-

sezia activity of the fenugreek leaf aqueous extract to that of

2% w/v ketoconazole could be correlated to the antidandruff

potential of the herbal extract.

Fenugreek leaves contain a considerable amount of flavo-

noids such as quercetin, vitexin, and kaempferol and their

glycosides, phenolic compounds, and ascorbic acid.39–43 Fla-

vonoids and phenolic compounds are known to possess anti-

microbial, anti-inflammatory, and antioxidant property.5,7–9

Studies have shown that leaf extracts rich in flavonoids are

active against M. furfur.5,7–9 Recently, it has been shown that

polyphenolic compounds, including flavonoids such as quer-

cetin and kaempferol, show activity against Malassezia globosa

by selectively inhibiting Malassezia b-carbonic anhydrase, a

validated antidandruff target.44 Thus, the anti-Malassezia ac-

tivity of fenugreek leaf extract could be attributed to the

presence of flavonoids. As flavonoids such as quercetin and

kaempferol are also active against pathogenic fungi and their

biofilms,45,46 it was not surprising to see that fenugreek leaf

extract was also found to be active against pathogenic fungi

such as C. albicans and A. niger. The studies showed that the

aqueous extract was generally more active than ethanolic ex-

tract in most of the cases. Hence, the aqueous extract of fenu-

greek leaves was chosen for further development.

The study focused on the development of aqueous gel for-

mulation as it can be used for the treatment of a variety of

cutaneous fungal disorders. Preformulation studies showed

that fenugreek leaf aqueous extract is incompatible with

commonly used gelling agents such as carbopol and cellulose

derivatives such as CMC, HPMC, or HPC. Studies have shown

that phenolic compounds could affect the gelling of cellulose

derivatives such as HPMC47 and the phenolic compounds

present in the fenugreek leaf extract could be responsible for

the incompatibility. Such an incompatibility was not observed

when sodium alginate was used as a gelling agent. The gel

formulation F5 containing 30% fenugreek leaf extract retained

its activity against M. furfur. Furthermore, the formulation did

not show any irritation to rabbits’ skin, indicating its in vivo

safety and tolerability. Finally, the optimized gel formulation

F5 exhibited good physical and chemical stability and retained

the antidandruff activity throughout the 3-month storage pe-

riod at accelerated conditions.

CONCLUSION
Due to its activity against the Malassezia spp., fenugreek

leaf aqueous extract can be further developed as herbal

remedy for the treatment of dandruff and other Malassezia

spp.-related cutaneous infections. The developed topical gel

containing 30% fenugreek leaf extract retained the activity

against Malassezia spp. Hence it can be further evaluated as

an alternative to the currently available 2% topical ketoco-

nazole formulations.
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ANOVA ¼ analysis of variance

CFU ¼ colony-forming units

HPC ¼ hydroxypropyl cellulose

HPMC ¼ hydroxypropyl methyl cellulose

Na CMC ¼ sodium carboxymethyl cellulose

SDA ¼ Sabouraud dextrose agar

ZOI ¼ zone of inhibition
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