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Summary

The aqueous extract of Allium sativum bulbs showed an antifungal e�ect against the fungal skin pathogen,
Trichophyton rubrum, isolated from infected patients. For a given concentration (200 mg of bulbs/1 ml), the volume
of the aqueous garlic extract loaded on to the discs, and the diameter of the inhibitory zone formed around the disc
on the fungal lawn showed positive correlation. Extract-included microbial assay con®rmed the antifungal e�ect of
Allium sativum. The extract was not heat stable, it lost its antifungal property above 60 °C.

Introduction

On a global scale, there is increasing interest in the
contribution of biodiversity to improvements in bio-
mass, medicinal value, food, fodder and shelter. The
medicinal value of plants may bring bene®ts in the
coming millennium. Medicinal plants are good reser-
voirs of chemotherapeutants with considerable potential
(Damodaran & Venkataraman 1994; Farooqui et al.
1998).
Human beings are susceptible to microbial infections

caused by bacteria, fungi, viruses, protozoans etc.
(Prescott et al. 1993). In the ®eld of dermatology, the
commonest diseases are caused by dermatophytes.
Dermatophytes have the ability to digest keratin and
are resistant to cycloheximide (Weitzman et al. 1986).
Amphotericin B and griseofulvin are widely used anti-
fungal drugs for the treatment of skin infections.
However, the infective pathogenic fungi are known to
develop resistance to antifungal drugs (Groll et al. 1998;
Graybill 1996). Since the fungal pathogens are eukary-
otes, the treatment may also a�ect the infected patients
(Klepser et al. 1997).
Hence as an alternative, cheap, a�ordable, ecofriendly

plant extracts may possibly be used for the treat-
ment. Plant extracts have been shown to have antif-
ungal properties (Mehmood et al. 1997; Bhargava et al.
1998; Singh et al. 1979). Once the antifungal property
of a given plant extract is proved under in vitro
conditions, in vivo trials can be carried out for the
treatment of human skin diseases by external applica-
tion. For the present investigation, Trichophyton ru-
brum was selected as a target organism. T. rubrum is a
human fungal skin pathogen which causes single or

multiple, itchy well de®ned circular or cincirate lesions,
which spread peripherally and heal with hyperpigmen-
tation (Bhutani 1989). The reproduction of fungi is in
general by the formation of microconidia and chlam-
ydospores. However, in the skin and nails reproduction
is only by the formation of arthrospores (Conant et al.
1954). Therapy consists of thorough removal of infect-
ed dead epithelial structures and application of topical
antifungal chemical formulations such as miconazole
cream, undecylenic acid cream, salicylic acid or benzoic
acid (Goh et al. 1994). Daily oral doses of 1 gm for
1±4 weeks has also been found e�ective (Jawetz et al.
1991).

Materials and Methods

Microorganisms

The human skin pathogen, Trichophyton rubrum, used in
this study was isolated from skin scrapings of infected
patients.

Media

Culture medium, Sabouraud's Dextrose Agar (SDA)
contained, per litre of deionised water: 40 g dextrose,
10 g peptone and 20 g agar with a pH of 5.7 before
autoclaving. The above medium without agar served as
Sabouraud's dextrose broth, (SD broth). The broth used
for extract-included microbial assay contained, per litre
of deionised water: 200 g sucrose, 0.58 MgS04, 3 gKNO3

and 7 g yeast extract at pH 5.7.

World Journal of Microbiology & Biotechnology 16: 617±620, 2000. 617Ó 2001 Kluwer Academic Publishers. Printed in the Netherlands.



Collection and recovery of skin scrapings

The epidermal scales at the active border of a lesion
were scraped and collected aseptically in sterile Eppen-
dorf tubes (Weitzman & Kane 1991). SDA medium
containing 50 mg gentamycin/ml was used for the
recovery of the pathogenic fungi. The scrapings were
gently dropped at the centre of the SDA plates. The
plates were incubated at room temperature for 7 days.
(Ryan 1990; Roberts et al. 1985).

Slide culture technique for the identi®cation
of pathogenic fungi

Sabouraud's dextrose agar medium with 2% agar was
used for slide culture technique. Agar blocks of 1 cm2

were removed and placed on glass slides, which were then
placed in petri dishes containing sterile water. The blocks
were inoculated with the isolated fungi at their four sides
and covering the agar surface with a coverslip, the
cultures were incubated at 37 °C for 7 days. After the
incubation period, the coverslip was removed, stained
with lactophenol cotton blue and permanent slides were
prepared according to Beneke & Rogers (1991).

Plants screened for antifungal studies

Those are listed in Table 1.

Disc di�usion method

Disc di�usion studies were carried out using Sabou-
raud's dextrose agar medium by the method of Bauer
et al. (1966). Whatman No.4 ®lter paper discs of 1 cm
diameter were impregnated with various concentrations

of plant extracts and placed over the inoculated fungal
agar medium.

Extract-included microbial assay

Various concentrations of garlic bulb extracts were
mixed in solid Sabouraud's dextrose agar (SDA) medi-
um and the liquid medium SMKY. The medium without
the plant extract served as the control. Whatman No. 4
®lter paper discs impregnated with fungal spore suspen-
sion (106) were placed on the surface of SDA plates. The
spore count was enumerated using a haemocytometer.
The plates were incubated at 37 °C for 48 h and the
diameters of the fungal zones were measured (Bhonde
et al. 1998).
Fungal spores were inoculated in the SMKY broth,

supplemented with di�erent concentrations of plant
extract (`extract-included') or without the plant extract
and cultures were incubated at 37 °C for 7 days. After
harvesting, the biomass, its wet weight and dry weight
were determined according to the method of Kumar &
Prasad (1992).

Results and Discussion

Identi®cation of the fungus was done in collaboration
with a leading skin specialist. Clinical manifestations,
colony morphology and the light microscopic properties
were taken into consideration in the identi®cation of
the isolated fungus. In the infected patients T. rubrum
caused multiple, circular lesions. The isolated fungus
showed reddish to purple pigmentation on the reverse of
the colony on the SDA medium. This is a characteristic

Table 1. Plants screened in the antifungal study.

S. No. Botanical name Family Plant part used

1 Acalypha indica Euphorbiaceae Leaves

2 Adansonia digitata Bombacaceae Stem

3 Andrographis

paniculata

Acanthaceae Tuber

4 Allium cepa Liliaceae Bulb

5 Allium Sativum Liliaceae Bulp

6 Aloe vera Liliaceae Leaf

7 Aristalochia indica Aristalochaceae Root

8 Azadiracta indica Meliaceae Leaves

9 Cassia auriculata Caesalpiniaceae Leaves

10 Calotropis sp. Ascelpidaceae Latex and leaves

11 Cyanodon dactylon Poaceae Leaves

12 Lawsonia inermis Lythraceae Leaves

13 Lucas aspera Lamiaceae Leaves

14 Piper betle Piperaceae Leaves

15 Piper nigrum Piperaceae Seeds

16 Punica granatum Punicaceae Rind

17 Terminalia chebula Combretaceae Leaves

18 Ocimum sanctum Lamiaceae Leaves

19 Sanseiveria sp. Liliaceae Leaves

20 Sapindus Sapindaceae Leaves

21 Curcuma aromatica Liliaceae Underground stem

Figure 1. E�ect of the quantities of A. Sativum bulb extract on the

diameter of the inhibitory zone against T. rubrum. Various aliquots of

a stock solution of 200 mg of macerated fresh bulb of A. sativum/ml

H2O ranging from 25±200 ll were loaded on to ®lter paper discs and

the diameter of the inhibitory zones were measured. The data shown

are mean value of 3 replicates.
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feature for the identi®cation of the colony as T. rubrum
(Conant et al. 1954). Direct microscopic examination
and the photomicrograph obtained from slide cultures
revealed that T. rubrum was the pathogenic fungus
recovered from the skin scrapings of the infected
patients.
Twenty-one di�erent plant extracts were screened for

their antifungal property against the isolated pathogen
(Table 1). Of the tested aqueous extracts, only the
aqueous bulb extract of A. sativum exhibited inhibitory
e�ect against T. rubrum and not others. Antifungal

activity was evaluated by the method of Bauer et al.
(1966). At a given concentration (200 mg of fresh
macerated bulb/ml), as the volume of the extract loaded
on the disc increased, the diameter of the zone of
inhibition formed around the disc also showed an
increase (Figure 1). Similar antifungal studies were
carried out by Amer et al. (1980), Shrivastava & Singh
(1982) and Guevara et al. (1983) using dermatophytes
including Trichophyton. However, the target organism,
T. rubrum used in the present investigation was an
isolate from skin scrapings of infected patients. The
extract-included microbial assay and the e�ect of
temperature on the antifungal property of garlic extract
yield new information.
In order to quantify the inhibitory e�ect of garlic bulb

extract against T. rubrum, di�erent quantities of the
macerated bulb were mixed in SDA medium and SMKY
broth. The results show that there is a reduction in
the growth of the fungus at 2.5±7.5% (w/v) and
no inhibition above 7.5% (w/v) as measured by the
diameter of the fungal growth zone (Figure 2a). The
same methodology was used by Bhonde et al. (1998) to
study the e�ect of insecticides on plant pathogens and
this methodology has now been applied in the case of
human fungal skin pathogens.
Extract-included microbial assay carried out by

mixing macerated fresh garlic bulb extract in SMKY
broth con®rms the inhibitory e�ect on fungal growth.
Figure 2b reveals that the presence of various concen-
trations of garlic extract in the medium cause a drastic
reduction in the growth of the fungus. Our results are in
accordance with the report of Kumar & Prasad (1992),
though they used a di�erent plant extract of Androgra-
phis paniculata against Aspergillus ¯avus.

Figure 2. (a) Extract-included microbial assay against the isolated

T. rubrum. Various quantities of the macerated bulb of A. sativum

extract were included in the Sabouraud's dextrose agar medium and

medium without the macerated bulb served as the control. Discs

impregnated with fungal spore suspension were placed on the medium

for this study. The data shown are mean value of 3 replicates.

(b) Extract-included microbial assay against the isolated T. rubrum.

Di�erent quantities of the macerated fresh bulb were added to the

SMKY broth. Fungal spores were inoculated and after 10 days of

growth, the dry weight of the biomass was measured. The results are

the mean value of 3 replicates.

Figure 3. E�ect of temperature treatment on antifungal activity of

A. sativum bulb extract. Aliquots of the extract (100 ll) obtained from

a stock of 200 mg of macerated fresh bulb/ml of water were exposed to

various temperatures for a period of 30 min. After this, the heat-

treated extract was loaded to the discs and used for disc di�usion

studies. The data shown are mean value of 3 replicates.
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The observed antifungal properties of the extract of
A. sativum (Figures 1, 2a and 2b) prompted us to
examine the stability of the antifungal e�ect of plant
extracts at various temperatures. The results indicated
that the extract was highly sensitive to heat treatment
and the extract lost its activity above 60 °C (Figure 3).
This is presumably due to denaturation of the active
principle in the A. sativum extract at high temperature.
Experiments are underway in order to identify this
active principle. The present in vitro study has demon-
strated that the aqueous bulb extract of A. sativum could
be used as an antifungal agent against the human skin
pathogen, T. rubrum.
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