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Abstract

Background: This study was conducted to measure the antifungal activity of the extracts of 10 plant species used in traditional Iranian
medicine against human pathogenic dermatophytes.

Materials and Methods: In this experimental study, the leaves of these plants (Calendula officinalis, Acacia arabica, Altheae officinalis,
Ginkgo biloba, Juglans regia, Osimum basilicum, Solanum nigrum, Hypericum perforatum, Urtica dioica, and Anagalis arvensis) were taken
and extractions were made in methanol and were tested against Microsporum canis, Microsporum gypseum, Trichophyton mentagrophytes,
Trichophyton rubrum, Trichophyton schoenleinii, and Epidermophyton floccosum. The minimum inhibitory concentration (MIC) was
determined using broth macrodilution method. The effects of plants extracts were compared with those of griseofulvin.

Results: Plants under review showed antifungal activity against all the dermatophytes tested with MIC values ranging from 0.001 to
0.016 mg/mL using inhibitory zone estimation, 0.3 to 12.8 mg/mL using agar dilution method and 0.2 to 12.5 mg/mL using broth dilution

method. The minimum fungicidal concentration (MFC) of the extracts ranged from 0.8 to 15.62 mg/mL.
Conclusions: The results obtained suggested that H. perforatum, A. arvensis, and A. arabica have anti-dermatophyte activity.
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1. Background

Medicinal plants have been used for centuries as remedies
for human diseases. They constitute an effective source of
both traditional and modern medicine. The acceptance of
traditional medicine as an alternative form of health care
hassled researchers to further investigate antimicrobial
activity of medicinal plants. Some countries in Africa, Asia,
and Latin America use traditional medicine to help meet
some of their primary health care needs [1]. The use of plant
compounds to treat infections is an age-old practice in
large parts of the world, especially in developing countries,
where there is dependence on traditional medicine for a
variety of diseases [2, 3]. Interest in plants with antimicro-
bial properties has revived as a result of current problems
associated with the use of antibiotics [4, 5]. Dermatophytes
are the fungal pathogens of humans and animals infecting
the keratinized tissues e.g. skin, nails, and hairs, since they
are most likely found in hot humid areas [6]. These fungi
can easily digest the keratinized tissue by releasing sul-
phite, exoprotease, and endoprotease [7]. Sulphite being a
reducing agent broke the disulphide bonds of keratin pro-
tein and made them more vulnerable to fungal proteases
enzymes. The diseases caused by dermatophytes are also
known as dermatoses and their prevalence depend upon
the activity of peoples [8]. Human infections, particularly
those involving the skin and mucosal surface constitute

a serious problem, especially in tropical and subtropical
developing countries; dermatophytes and Candida spp.
being the most frequent pathogen. Herbal medicines have
been important sources of products for the developing
countries in treating common infections including fungal
diseases. Some studies have demonstrated that the plant
extract has been used traditionally to treat a number of in-
fectious diseases caused by bacteria and fungi[9-13].

Many researchers, particularly the ones from countries
with a rich biodiversity, have contributed to the detection
of new antifungal compounds in medicinal plants. Screen-
ing used in vitro evaluation is a useful tool for the discov-
ery of new potential antifungal agents from natural prod-
ucts such as essential oils and extracts derived from plants.

2. Objectives

The aim of this work was an evaluation in vitro the po-
tential antifungal activity of native plants against human
pathogenic dermatophytes in order to verify possible
inhibition activity. Moreover, the smallest concentration
capable of inhibiting or preventing growth was deter-
mined among the species and extracts that demonstrat-
ed inhibitory properties. In order to determine these ac-
tivities, a comprehensive screening study was carried out
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for 10 plant species collected from north of Iran (Guilan).

3. Materials and Methods

3.1. Plant Collection and Identification

In this experimental study, the leaves of the different
plants involve Calendula officinalis, Acacia arabica, Altheae
officinalis, Ginkgo biloba, Juglans regia, Osimum basilicum,
Solanum nigrum, Hypericum perforatum, Urtica dioica, and
Anagalis arvensis, were collected from north of Iran. These
plants were identified by the plant taxonomy laboratory,
Department of Botany, Islamic Azad University of Iran,
Lahijan Branch. Fresh plant material were washed under
running tap water, air dried, and then homogenized to
fine powder and stored in airtight bottles.

This study comprised of samples received from all the
patients suspected of fungal infections over a period of
one year (March 2009 to August 2009) in the Microbiol-
ogy Laboratory which is attached to Razi’s general hospi-
tal in northern Iran (Guilan Province).

3.2. Preparation of Extracts

An extraction was carried out by Soxhlet procedure as de-
scribed by Horowitz (1984). Thirty grams of the dried plant
leaf was extracted with 300 mL of methanol (BDH). The pro-
cess was repeated using 500 mL hexane (BDH) as solvent.
The extracts were recovered from the solvent using ro-
tavapour apparatus and stored in a freezer (-20°C) for sub-
sequent antifungal activities. Fresh leaf (20 g) was blended
with 10 mL of water in a Moulinex blender for 5 minutes
and the suspension filtered through muslin cloth. A clear
filtrate obtained by further filtration of the suspension
through grade No. 1 filter paper, Whatman (manufactured
by Whatman, UK.) and sterilized at 121°C for 15 minutes
was used to impregnate discs (6 mm) [14]. In this study, the
phytochemical combinations, including alkaloids, carbo-
hydrates/glycosides, flavonoids, oils, phenolic compounds,
proteins/aminoacids, proteinsjaminoacids, saponin, ste-
roids, tannin, terpenoids, and reducing suger are analyzed.

3.3. Fungi Isolates

The test species and isolates used for this investigation
were: Microsporum canis, Microsporum gypseum, Trichophyton
mentagrophytes, Trichophyton rubrum, Trichophyton schoenlei-
nii, and Epidermophyton floccosum. Identification of isolates
obtained was performed according to standard methods[15].

3.4. Antifungal Assay of Methanolic Extracts

A qualitative antifungal screening was carried out using
the agar well diffusion assay. Twenty milliliter of sterilized
Sabouraud dextrose agar medium was poured into a 15 cm
Petri dish. Twenty microliter of inoculums suspension of
each test organism was distributed evenly over the surface.
A 6 mm well was cut in the center of each plate using the
wide-end of a sterilized Pasteur pipette. Fifty microliter of

serial dilution of metabolic leaf extracts of selected native
plants or griseofulvin were placed into the wells. The plates
were incubated for 5 days at 30°C. Results of the qualita-
tive screening were recorded as the average diameter of
the inhibition zone surrounding the wells containing the
test solution. Results were compared with griseofulvin. The
percentage of mycelia inhibition was calculated as follows:

(1)

mycelia inhibition (%) = I:dcd_cdt] x 100

dc: colony diameter in control, dt: colony diameter in
treatment.

Three replicate plates were used for each treatment. The
MIC was regarded as the lowest concentration that pro-
duced a visible zone of inhibition [16].

3.5. Minimum Inhibitory Concentration (MIC)

MIC of extract was determined by broth dilution method.
For this purpose, 1 mL of sterile liquid Sabouraud medium
was added to 11 sterile capped tubes. Each 1 mL methanolic
leaf extracts suspension (12.8 mg/mL in medium) was add-
ed to tube 1. The contents were mixed and 1 mL was trans-
ferred to tube 2. This serial dilution was repeated through
to tube 9. One milliliter was discarded from tube 9. Fifty
microliter of inoculum was added to tubes 1-10 and the
contents were mixed. Medium control (no inoculum and
no drug) and inoculum control (no drug) tubes were pre-
pared. The final concentrations of selected native plants ex-
tract ranged from 6.4 to 0.025 mg/mL. For griseofulvin, the
final concentration ranged from 0.064 - 0.00025 mg/mL.
The tubes were incubated at 30°C for 72 hours. The fungal
growth in each tube was detected turbid metrically at 530
nm. MIC was defined as the drug concentration at which
the turbidity of the medium was the same as the medium
control. Ten microliter aliquot of cell suspension from the
tube without observed growth of fungi was inoculated
on to Sabouraud dextrose agar and minimum fungicidal
concentration (MFC) of test compound was determined as
the lowest concentration of the agent at which no colonies
were seen after 4 days at 30°C|[17].

3.6. Statistical Analyses

The comparison of average zone diameters and the evalu-
ation of extract antimicrobial effects were analyzed by SPSS
11.5 and t-test. In this experiment, P value was statistically
significant (P < 0.05).

4.Results

The obtained results of phytochemical combination of
methanol extract showed that glycosides and phenolic
compounds compared to oil, amino acids, steroids, flavo-
noids, reduce sugar, and were in more proportions (P =
0.045) (Table 1). In this research, the percentage of inhibi-
tion (Table 2) was calculated after comparing with griseoful-
vin (100% inhibition). The maximum activity was obtained
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from Calendula officinalis which was ranged from 66.6%,  broth dilution method were used in this study and the
followed by Juglans regia the greatest inhibitory effect of = results were compared with each other and griseofulvin.
griseofulvin was recorded with Trichophyton schoenleinii (37 ~ The following tables show the effectiveness of antifun-
mm; inhibition zone). Microsporum canis showed the most ~ gal activity of native plants in northern Iran. The results
susceptibility against . regia, A. arvensis,and Hypericum per- ~ obtained suggest that H. perforatum, A. arvensisand, and
foratum methanolic extracts (65 mm, 60 mm, and 55 mm;  A. arabica have anti-dermatophyte activity (Tables 3 - 6).

inhibition zone). The effects of the crude extract of differ- Table 7 showed MIC of species plant extracts against test
ent plants and standard drug at various concentrationsare  fungi. Table 8 showed MFC of species plant extracts against
shown in Table 3. Zone of inhibition assay was performed  test fungi. It was ranged from 0.001 - 0.016 mg/mL for gris-
using inhibitory zone estimating. The MIC values represent  eofulvin. The MICs for the different plant extracts were
the average of 3 independent experiments. In this study,  ranged from 0.2 to 12.5 mg/mL. The antifungal activities of
the inhibitory effects of methanolic leaf extracts of native ~ griseofulvin were determined by using broth microdilu-

plant were studied against 6 species of pathogenic derma-  tion technique, against dermatophytes and the MICs for T.
tophytes including M. canis, M. gypseum, T. rubrum, T.schoen-  schoenleinii, E. floccosum, and T. mentagrophytes were ranged
leinii, . mentagrophytes, and E. floccosum. from 0.01- 0.32 mg/mL. It can be concluded that, MICs cal-

Inhibitory zone estimating, agar dilution method and  culated were greater than that obtained for griseofulvin.

Table 1. Phytochemical Screening Results?

Phytochemical Tests Plants

Anagalis  Juglans Ginkgo Urtica Acacia Calendula Osimum Solanum Hypericum Althea
arvensis  regia  biloba  dioica arabica officinalis basilicum nigrum perforatum  officinalis

Alkaloids + + + ++ + + + ++ = -

Carbohydrates/glyco- ++ + + + + + - + + ++
sides

Flavonoids - + ++ + - + + = it 8

Oils - + - - + - + - + T+
Phenolic compounds + + + + + + + - + 4
Proteins/aminoacids - + - - + + + - + ++
Saponin ++ s + - + + + ++ - .

Steroids - - + ++ + + - + - +

Tannin - Sias 4 + + - + ++ + s

Terpenoids + + + ND - + + - + +

Reducing suger + + + ++ ND + - - = 4+

4. Absent; +, Present; ++, Abundant; ND, not defined.

Table 2. The Percent of Inhibition of the Crude Extract of Different Plants Compared to Griseofulvin (100% Inhibition) Against Different
Dermatophytes

Plants Fungi Species
M. canis M. gypseum T.rubrum T schoenleinii T mentagrophytes  E.floccosum

S. nigrum 29 27 37 35 33 28
H. perforatum 55 48 53 40 43 43
A. officinalis 10 2 2 2 2 2
0. basilicum 30 35 45 333 37.5 42.4
A. arvensis 60 42 46 55 45 25
U. dioica 12 10 8 2 7 10
G. biloba 25 333 35 = 25 263
C. officinalis 37.5 37.5 66.6 50 263 65
A. arabica 50 55 60 37.5 42.4 55
J. regia 65 55 50 60 50 333
Griseofulvin 100 100 100 100 100 100

Table 3. Griseofulvin Inhibitory Effects on Selected Fungal Species

Dermatophytes Extract Inhibitory Concentrations, mg/mL
6.4 3.2 1.6 0.8 0.4 0.2 0.1 0.05 0.025

M. canis 14 9 4 - - - i _ }
M. gypseum 16 1 6 - - - - - -
T. rubrum 17 12 5 - - s = - ;
T. schoenleinii 16 1 5 - - - - - .
T. mentagrophytes 20 13 6 2 - - - - -
E. floccosum 19 12 5 - - - - - -
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Table 7. MIC Results of Species Plant Extracts Against Test Fungi by Broth Dilution Method

Plant Extract MIC, mg/mL

g
£ 2 g 2 g g
S S £ = S a g =2 g =
5 % g s & & £ £ £ 5 £
Dermatophytes s g % = S g § é g ] =
£ S S 3 2 S g °
LS = = 8 2 S g = g S ¥
% g < = E S 3 g 3 g 2
S S £ R <) S g s ES = €]
= < = S s S = ) S
3 = 3 5 5 ¢
=
E. floccosum 0.6 0.39 0.2 7.81 ND 0.4 1.4 ND 0.1 6 0.002
T. mentagrophytes 4 0.13 0.2 7.20 ND 3.7 4.4 ND 0.6 8.50 0.002
T. schoenleinii 0.86 0.17 0.4 7.20 ND 0.4 12 ND 0.1 8 0.001
T. rubrum 11 0.32 14 7.81 ND 0.6 1.8 ND 0.6 8.5 0.004
M. gypseum 13 0.77 1.4 7.81 ND 0.8 2.1 ND 0.6 12,5 0.016
M. canis 21 0.42 0.7 7.2 ND 1.9 23 ND 03 6 0.004
Table 8. Fungicidal Effects of Species Plant Methanol Extracts Determined
Plant Extract MFC, mg/mL
8 s &
— ] %]
3 2 k7 s = 5 g
= S = g g s g S S =
5 g 3 ke S = £ ¥ E £
& S ) = 2 2 2 S 2, = =
Dermatophytes & s =2 = 5] g g S &
2 S S N S S g
3 S S e < 2 © s 3 £ S
S S = =y 2 = g S 3] s @
= ¢ ¥ § £ ¥ £ £ % :§ s
R R S S -
S S =
E. floccosum 4.4 1.6 0.8 15.25 ND 4.40 4.6 ND 3 12.5 0.01
T. mentagrophytes 3.77 3.2 0.8 15.62 ND 7.81 5.9 ND 23 28 0.195
T. schoenleinii 259 1.6 0.8 15.25 ND 4.2 3.7 ND 11 40 0.024
T. rubrum 3.6 3.2 1.6 15.20 ND 3.7 3.9 ND 1.9 28 0.048
M. gypseum 4.2 6.4 3.2 15.62 ND 3.7 6.8 ND 15 45 0.039
M. canis 33 6.4 6.4 15.25 ND 4.45 6.9 ND 1.8 12.5 0.009

5. Discussion

The results of this paper have proved that methanol ex-
tract of H. perforatum, A. arvensis, and A. arabica used in
traditional medicine for fungal infections was beneficial.
The growth of the strains tested with variable degrees of
sensitivity. The extracts of have developed a fungicidal
activity with a minimal inhibitory concentration of 0.13
mg/mL and 0.17 mg/mL, respectively against T. mentagro-
phytes and T. schoenleinii. The positive results of current
study encourage us to the natural molecules responsible
for this antifungal activity. The phytochemical analysis
revealed the presence of important secondary metabo-
lite (alkaloids, phenolic compounds, saponins, tannins,
steroid, flavonoids, and carbohydrates), thus, indicat-
ing the therapeutic potentials of extracts. It showed the
presence of bioactive compounds as well as the antifun-
gal properties of methanolic extract. The effective use of
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plant extracts with the lowest MIC and MFC griseofulvin
compared with other herbs and extracts from the leaves
of plants H. perforatum, A. arabica,and C. officinalis. Among
the species tested, the most resistant strain of yeast ex-
tract used, M. gypseum most sensitive strains, T. schoenlei-
nii and was E. floccosum. The difference in resistance and
susceptibility of strains of extracts used in determining
the effective amount of the extract on fungi is important.
The results of the study conducted on 22 extracts of me-
dicinal plants in Palestine showed that antifungal activities
against on T. mentagrophytes, M. canis, and Trichophyton vio-
laceum this is consistent with the results of this study [18].
Another study revealed that Rata chalapensis, |. regia,
C. spinusa, and A. arvensis were the most helpful among
testing plants (90 - 100% prohibitive) for dermatophytes
[19]. Shoji et al. showed that aqueous and methanol ex-
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tract of A. arvensis contained saponins and flavonoids
[20]. The more saponins and carbohydrates are present
the higher rate. As the geographical conditions of the
amount or type of metabolites are effective on the extrac-
tion plants, different regions may have different results.
The quantity and quality of the oil and the amount of
menthol in different climates can be different in differ-
ent samples [21]. Thus, it is suggested that plants are
maintained under consideration of different sites with
different climatic conditions and the effects of climatic
conditions amount collected inhibitor compounds ex-
amined.

MIC extracts are used in the two types of fungi E. floc-
cosum and T. schoenleinii that inhibited the growth of the
fungus by killing them and also a better and faster treat-
ment of infections can be registered because fungicide
yeast is helpful. Demonstrating the effectiveness of herb-
al extracts H. perforatum, A. arabica, and C. officinalis listed
on fungi, there are hopes that in future the plant assay
with purified further investigation, combined with the
low side of acceptable and antifungal effects of fungal in-
fection achieved. Effective use of plant extracts with the
lowest MIC and MFC griseofulvin compared with other
herbs and extracts from the leaves of plants H. perforatum,
A. arabica and was C. officinalis. Among the species tested,
the most resistant strain of yeast extract used, Araujo et
al. using broth microdilution technique, against derma-
tophytes and MICs for T. mentagrophytes, T. rubrum, and
M. canis were ranged from 0.03 -1 pug/mL [22].

M. gypseum most sensitive strains than T. schoenleinii and
E. floccosum. The difference in resistance and susceptibil-
ity of strains of extracts used in determining the effective
amount of the extract on fungi is important. MIC extracts
used correspond to the two types of fungi E. floccosum and
T. schoenleinii that these extracts inhibited the growth of
the fungus by killing them and also better and faster treat-
ment of infections due to fungicide yeast is helpful. It is im-
portant to investigate plants scientifically so that they can
have been used in traditional medicines in order to deter-
mine potential sources of novel antimicrobial compounds
[23,24]. Plants have a long history of antibiotic usage for the
cure of disease caused by antimicrobial, including antivi-
ral, antibacterial, and antifungal agents. Antifungal activi-
ties of some plants have been reported by various research-
ers throughout the world like Sharma [25], Giron et al. [26],
Mehrabian et al. [27], Farombi [28], Mahesh and Satish [29],
Tewarri and Nayak [30], Rajendheran et al. [31], Nair et al.
[32],and Prusti et al. [33]. Unfortunately, humans are not the
ideal anti-fungal agents.

In addition, the incidence of adverse events and toxicity
of fungal resistance phenomenon, most existing antifungal
drugs need to be used in the field of power plants to natural
antifungal drugs of plant origin may be found to overcome
fungal disease. Further studies are needed to determine the
antifungal compounds in such plant extract (isolation, sep-
aration and identification) as well as its formulation to be
applicable as alternative methods to be used in treatment

of skin and skin structures diseases in human and animal.
Therefore, such results of a significant value that confirms
the therapeutic potency of some plants used in traditional
medicine. The ultimate conclusion of this study supports
the traditional medicine use of different plant extracts in
treating different infections caused by pathogenic fungi in
Iran either by using a single or combined extracts.
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