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Abstract

Medicinal plants have long been prescribed in Thailand for centuries. Different constituents of extracts have
been used for treating of various infectious diseases. However, there is even less information available regarding
the use in fungal skin infection. In order to assess traditional Thai claims about the therapeutic potential, this
study is focused on exploring the anti-dermatophyte property of the plants that are currently used as traditional
medicines. The potential of four different plant species were selected for investigate in vitro anti-dermatophyte
activity. Ethanolic extracts of Chromolaena odorata (L.), Ageratina adenophora (Spreng.), Eclipta prostrate (Linn.), and
Acorus calamus (L.). were analysed for their total phenolic content as well as total flavonoid content and were then
subjected to test of their anti-dermatophyte properties using agar well diffusion method. Qualitative flavonoids
and phenolics analysis of the extracts showed their biologically active constituents. Among the species examined,
the result indicated that most of the extracts demonstrated anti-dermatophyte activity. In particular, A. calamus
showed the highest efficacy against test organisms. The experiment confirmed the chemical constituents and
efficacy of some selected plants and provides a scientific confirmation of the use of Thai plants in traditional
medicine for fungal skin infections.

Keywords: Thai medicinal plant extracts, anti-fungal activity, anti-dermatophyte activity, dermatophytes,
Trichophyton spp.

Resumo

As plantas medicinais sdo prescritas ha muito tempo na Tailandia, ha séculos. Diferentes constituintes de extratos
tém sido usados para o tratamento de varias doencas infecciosas. No entanto, existem ainda menos informagdes
disponiveis sobre o uso em infecgdes fiingicas da pele. A fim de avaliar as alegagdes tradicionais tailandesas
sobre o potencial terapéutico, este estudo esta focado em explorar a propriedade antidermatéfita das plantas que
sdo usadas atualmente como medicamentos tradicionais. O potencial de quatro espécies de plantas diferentes
foi selecionado para investigar a atividade antidermatofita in vitro. Extratos etanélicos de Chromolaena odorata
(L.), Ageratina adenophora (Spreng.), Eclipta prostrate (Linn.) e Acorus calamus (L.) foram analisados quanto ao
seu contetido fendlico total, bem como ao contetido de flavonoides totais. E entdo submetidos ao teste de suas
propriedades antidermatéfitas usando o método de difusdo em agar bem. A andlise qualitativa de flavonoides e
fendlicos dos extratos mostrou seus constituintes biologicamente ativos. Entre as espécies examinadas, o resultado
indicou que a maioria dos extratos demonstrou atividade antidermatéfita. Em particular, A. calamus mostrou a
maior eficacia contra organismos de teste. O experimento confirmou os constituintes quimicos e a eficacia de
algumas plantas selecionadas e fornece uma confirmagao cientifica do uso de plantas tailandesas na medicina
tradicional para infec¢des flingicas da pele.

Palavras-chave: extratos de plantas medicinais tailandesas, atividade antiftingica, atividade antidermatofita,
dermatofitos, Trichophyton spp.

1. Introduction

Dermatophytes are keratinophilic fungi thatisaunique  genera including Trichophyton spp. (T. mentagrophytes, T.
group of fungi that infect keratinous tissue (skin, hair,  rubrum, and T. verrucosum), Microsporum spp. (M. canis
and nails) of a living human hosts and other animals to  and M. gypseum), and Epidermophyton. Among the
produce an infection (Havlickova et al., 2008). This closely ~ dermatophytes, T. mentagrophytes and T. rubrum are two
related group of organisms that consist of three main  of the most frequently isolated dermatophytes that causes
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dermatophytosis worldwide and the increased number
of immunocompromised states such as AIDS, diabetes
mellitus, cancer and organ transplantation has given these
infections more prominence (Fernandez-Torres et al.,
2001; Zhan and Liu 2017; Frias-De-Leén et al., 2020).
T. mentagrophytes is a zoophilic dermatophyte of wild
and domestic rodents that often attacks humans and may
also survive saprophytically in the soil (Terragni et al.,
1993). It is a contagious fungus which primarily causes
dermatophytosis such as tinea pedis, tinea unguium,
tinea corporis, and tinea capitis. It distributes all over the
world, especially in moist and carbon-rich environments.
While T. rubrum is the most prevalent dermatophyte
isolated from humans with accounting for about 80% of
dermatomycoses that affect keratinized tissues such as skin,
hair, and nails (Gupta and Nakrieko, 2015). It is a worldwide
agent responsible for chronic cases of dermatophytosis
which have high rates of resistance to anti-fungal drugs
(Pereira et al., 2013). Moreover, infections due to T. rubrum
are often associated with frequent relapses following
cessation of anti-fungal therapy (Mukherjee et al., 2003).

Common therapeutic strategies for dermatophytosis
are based on the use of topical and systemic anti-fungal
agents. The present line of treatment includes tolnaftate,
terbinafine hydrochloride and imidazoles such as
ketoconazole, miconazole nitrate and clotrimazole
(Singh et al., 2014). Despite an increasing number of safe
and highly effective agents available for the treatment of
dermatophytosis, there are reports suggesting possible
resistance of dermatophytes to anti-fungal agents
(Aktas et al., 2014). Furthermore, fungal infections need
long-term therapy involving several weeks (Loo, 2006).
However, the patient discontinues the application, due
to cost factor, resulting in the recurrence of the disease
(Weinstein and Berman, 2002). Therefore, there exists a
clear demand for additional anti-fungals with therapeutic
potential. Hence, herbal plant products that inhibit their
growth without harming the host represent potential
therapeutic agent. This study introduced the Thai
herbal plants in an attempt to demonstrate their anti-
dermatophytic activity against human fungal disorders
caused by dermatophytes.

Traditional Thai herbal plants are one of the most
valuable heritages from Thai ancestors. Thai herbal plants
have been a vital source of both curative and preventive
medical therapy preparations for human beings, which
also has been used for the extraction of important
bioactive compounds. Even though the increasing of
modern medicine use, Thai traditional medicine is still
widely used as essential resources of phytomedicines
and nutraceuticals which could provide a variety of
beneficial effects on human health. In particular, extreme
variations in the relevant metabolites in traditional
Thai herbal plants can pose challenges regarding safety
and efficacy during the conduct of a clinical research
(Urumarudappa et al., 2019). Nowadays, Thai herbal plants
are widely accepted in alternative medicine for treatment
the diseases including various infectious diseases. Herbal
plant products are gaining popularity each day due to
their safety and availability at an affordable price. In this
study, we investigated the anti-fungal activity, against
dermatophytes fungi that cause cutaneous infections,
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of 4 Thai-herbal plants collected in Northern Thailand
and used in traditional medicines namely: Chromolaena
odorata(L.), Ageratina adenophora (Spreng.), Eclipta prostrate
(Linn.), Acorus calamus (L.). Some of these species, anti-
microbial activities are reported in the literature. These Thai
herbal plants extracts are considered as non-phytotoxic
compounds and have anti-microbials properties. They
can be used as a Thai natural therapy to inhibit fungal
pathogens causing superficial infections. However, there
is only limited information in the literature on the anti-
dermatophytic activity toward human dermatophyte
pathogens. Thus, it is necessary to increase the number
of studies on the potential activity of Thai herbs from
Northern Thailand against pathogenic fungi.

The aim of this study was to investigate the anti-
dermatophyte effects of Northern Thailand plants. The four
investigated species were selected because they are the
most abundant and are exclusively distributed in the wild
around the highlands of Northern Thailand. Therefore,
in the present study, we have initiated studies on the
biological function of four medicinal plant species against
T. mentagrophytes and T. rubrum.

2. Materials and Methods

2.1. Preparation

2.1.1. Plant collection

Plant materials were collected from various locations in
Northern Thailand. Chromolaena odorata (L.) was collected
from Li District, Lamphun, Thailand. Ageratina adenophora
(Spreng.) was collected from the wild around San Pa Kia
highland agricultural research station, Chiang Dao district,
Chiang Mai, Thailand. Eclipta prostrate (Linn.) was collected
from the wild around Ban Huai Pong Pattana highland
agricultural research station, Chai Prakarn district, Chiang
Mai, Thailand. Acorus calamus (L.) was collected from the
wild around Baan Fa Suay highland agricultural research
station, Chiang Dao district, Chiang Mai, Thailand.

2.1.2. Ethanol (EtOH) extraction procedure

All plant material was washed with water and air
dried under shade and further dried in the air-drying
oven at 50°C for 8 h, then ground to a fine powder using
a laboratory scale mill. One hundred grams powder
was macerated for 48 h in 400 mL of 95% ethanol for C.
odorata and A. adenophora and 1,500 mL of 95% ethanol
for A. calamus and E. prostrate. Each solvent extraction was
repeated 3 times and the extracts were further filtered
through qualitative filter paper and the solvent was then
removed with a rotary evaporator, and stored at 4°C until
tested and analysed. The extracts were re-dissolved in
dimethyl sulfoxide (DMSO) at the concentration of 5%.

2.2. In vitro assays
2.2.1. Total phenolic compounds determination

The total phenolic content of all extracts was determined
by Folin-Ciocalteu’s colorimetric assay. The ethanolic
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solution of each extract was mixed with 50% of Folin-
Ciocalteu reagent (Merck, NY, USA) for 5 min. Sodium
carbonate (5%) was added and further incubated for 1 h.
The absorbance of the reaction was measured at wavelength
725 nm. Total phenolic content was calculated from the
Gallic acid standard curve and represented as milligram
Gallic acid equivalent per gram extract (mg GAE/g extract)
(Ghasemi et al., 2009).

2.2.2. Total flavonoids determination

The total flavonoid content of all extracts was
determined. Each extract in ethanol was mixed with 10%
of aluminium chloride and 1 M potassium acetate. After
incubation at room temperature for 30 min, the absorbance
of the reaction was measured at a wavelength of 415 nm.
Total flavonoid content was calculated from the Quercetin
(Merck, NY, USA) standard curve and represented as
milligram Quercetin equivalent per gram of extract (mg
QAE/g extract) (Ghasemi et al., 2009).

2.3. Microbial testing

2.3.1. Fungal strains

Trichophyton mentagrophytes strain MMC61T11-1 and
T. rubrum strain MMC46T12-1 were cultured on Mycosel
agar (Sabouraud’s dextrose agar supplemented with
chloramphenicol and cycloheximide), then incubated at
27°C for 14-21 days. For preparation of spore suspensions,
spores were harvested from fresh slants cultured, by adding
10 ml of 0.1% sterile non-ionic surfactant (0.01% of NSS-
Tween 20) to the culture slant. The slant was vortexed for
5 min and the resulting suspension was filtered through
four layers of sterile gauze. The filtered spore suspension
was enumerated for spore concentration at 107 SFU/mL.

2.3.2. Agar-well diffusion method

All plant extracts were screened, using the agar-well
diffusion method (Rios et al., 1988). A 5% (w/v) test
solution of each extract was prepared in DMSO or PEG
400. Standard drug 0.1% w/v Ketoconazole was used
as positive control as well as 50% of DMSO, and 50% of
PEG 400 were used as negative controls. Malt yeast agar
(MYA) was used as a culture media and a hole with a
diameter of 8 mm was punched aseptically with a sterile
cork borer. Dermatophytes were then inoculated by
adding 1 mL of 107 SFU/mL into MYA. Extract solution at
concentration of 2.5% (100 pL) and controls were dropped
in 8-mm-diameter well. Plates were incubated at 25°C for
5-7 days. The diameter of the inhibition zone around each

Table 1. Plants studied for anti-dermatophyte activity.

Anti-dermatophyte activity of Thai medicinal plants

well was measured and recorded. Anti-fungal activity was
expressed as the ratio of the average of inhibition zones
produced by the extract under test and the average of
inhibition zones caused by the positive controls. Each test
was performed in triplicate.

2.3.3. Minimum inhibitory concentration (MIC)

The minimum inhibitory concentration (MIC) was
determined using the microplate method (Eloff, 1998).
Test solution of each extract solution was serially 2-fold
diluted (2.5% to 0.625%) with RPMI 1640 with MOPS
0.165 M medium (100 pL), and 100 pL of 5x10* SFU/
mL of dermatophytes was added to 96-well microplate.
In addition, medium alone, extract solution alone, and cell
growth control were used as controls. The microplates were
incubated overnight at 28°C for 48 h. MIC was defined
as the lowest anti-fungal concentration resulting in 80%
inhibition of growth as determined visually compared
with growth control.

2.3.4. Minimal fungicidal concentration (MFC)

To determine the minimum fungicidal concentration
(MFC), broth suspension was taken 20 pL from the
microplate wells and cultured on solid MYA. Plates were
then incubated overnight at 28°C for 5 days. When the
microorganism did not grow, the sample was considered
fungicidal.

3. Results and Discussion

3.1. Plant materials and extraction yield

Concurrent with the era of developed resistance against
synthetic antibiotics, there has been a corresponding
decrease in anti-microbial discovery. This has directed
researchers toward alternative therapies, especially
traditional plant-based medicines. Plants belonging to
different families, from the region of Northern Thailand
were screened for their anti-fungal activity against
dermatophytes. Total 4 plants were selected and extracted
with ethanol, a common solvent which most efficient for
extracting herbal/plants. Table 1 represented the details
of plants studied, in terms of their botanical name and
family. Plant’s extract (crude extract) was prepared in
triplicates and the yield was calculated as a percentage
of dry plant weight as shown in Table 2. The extract of
100 g of dried plant materials with ethanol yielded plant
extract residues ranged from 4.48 to 15.50%. The highest
yield of plant extract was obtained from E. prostrate

Plant species Family Part used
Chromolaena odorata (L.) Chromolaena Leaves
Ageratina adenophora (Spreng.) Asteraceae Leaves
Eclipta prostrate (Linn.) Asteraceae Leaves
Acorus calamus (L.) Acoraceae Stem and leaves
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(Linn.) followed by C. odorata (L.), A. calamus (L.), and
A. adenophora (Spreng.), respectively. Each crude plant
extract was dissolved in dimethyl sulfoxide (DMSO) and
prepared at 5% concentration as shown in Figure 1 for
anti-fungal testing.

3.2. Total phenolic and total flavonoid contents

The phenolic and flavonoid contents of four plant
extracts were determined and values are shown in
Table 3. The crude ethanolic extract of all plants was found
containing significant amount of phenols and flavonoids as
demonstrated by its total phenolic and flavonoid contents.
The data showed that the highest phenolic total was
obtained from the extract of A. calamus (L.) with respective
value of 56.73 + 1.82 mg gallic acid equivalents/g extract
(mg GAE/g extract) and the highest flavonoid total was
obtained from A. adenophora (Spreng.) with respective
value of 16.48 + 0.95 mg quercetin equivalents/g extract
(mg QAE/g extract).

Table 2. Extraction yields of the different types of plant.

Plant species Extraction yield (%)
Chromolaena odorata (L.) 8.2+0.13
Ageratina adenophora (Spreng.) 448 +0.18
Eclipta prostrate (Linn.) 18.50 +0.20
Acorus calamus (L.) 5.15+0.15

3.3. Anti-dermatophyte fungi of plant extracts

Prepared extracts were tested against the dermatophyte
species, T. mentagrophytes and T. rubrum. Out of the 4 plants
tested, three extracts were active against the tested species.
The activity data is listed in Table 4; which shows the plant
extracts activity in terms of diameter of zone of inhibition
values against the tested species of dermatophyte fungi.
The susceptibility profiles between T. mentagrophytes and
T. rubrum for each evaluated extract showed closely similar
values in the inhibition zone diameters. A. calamus (L.)
was the most active with the inhibition zone diameters
of greater than 20 mm followed by C. odorata (L.) and A.
adenophora (Spreng.). By contrast, the growth of these
organisms was not inhibited by any of the E. prostrate
(Linn.) extracts, as there were no inhibition zones observed.
This suggests that the active biomolecule of A. calamus (L.),
C. odorata (L.), and A. adenophora (Spreng.) is soluble in
hydroalcoholic solvent and has a different activity towards
dermatophyte fungi.

Considering the minimal inhibitory concentration
(MIC) and minimum fungicidal concentration (MFC) values
of active plant extracts, the fungistatic and fungicidal
activities are showed in Table 5. All three extracts were
fungicidal towards dermatophytes tested, MFC values
were found to be higher than the MIC values. As shown
in Figure 2, ethanol extracts of A. calamus (L.), C. odorata
(L.), and A. adenophora (Spreng.) had an equal MIC value
(0.04 mg/mL) against T. mentagrophytes, while the MICs in
the range of 0.0025 to 0.02 mg/mL observed in T. rubrum.
The extract of A. adenophora (Spreng.) had the lowest MIC

Table 3. Total phenolic and flavonoid compound contents in the extracts.

Total phenolic compound content

Total flavonoid compound content

Plant species (mg GAE/g extract) (mg QAE/g extract)
Chromolaena odorata (L.) 30.80 +2.44 3.74+1.63
Ageratina adenophora (Spreng.) 36.32 +1.21 16.48 + 0.95
Eclipta prostrate (Linn.) 9.64 +1.29 7.68 £ 1.25
Acorus calamus (L.) 56.73 +1.82 15.78 £ 1.42

Chromolaena odorata

(L.)

Figure 1. Ethanolic plant extracts in dimethyl sulfoxide solvent.

(Spreng.)
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Ageratina adenophora

Acorus calamus

(L.)

Eclipta prostrate
(Linn.)
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Table 4. Activity profile of active plant extracts against dermatophyte fungi by agar-well diffusion method.

Diameter of inhibition zone (mm)

Plant extracts

T. mentagrophytes T. rubrum
Chromolaena odorata (L.) ++ ++
Ageratina adenophora (Spreng.) ++ ++
Eclipta prostrate (Linn.) - -
Acorus calamus (L.) +++ +++
DMSO control - -
0.1% w/v Ketoconazole +++ +++
Notes: Inhibitory zone diameter: +, <10 mm; ++, 10-20 mm; +++, >20 mm; and -, not detected.
Table 5. MIC and MFC values (%v/v) of active plant extracts against dermatophyte fungi.
T. mentagrophytes T. rubrum
Plant extracts
MIC MEFC MIC MEFC
Chromolaena odorata (L.) 0.04 0.32 0.02 0.08
Ageratina adenophora (Spreng.) 0.04 > 0.64 <0.0025 >0.02
Acorus calamus (L.) 0.04 > 0.64 0.02 0.08
Chromolaena odorata  Ageratina adenophora  Acorus calamus Fungal growth
(L.) (Spreng.) (L.) control
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Figure 2. Bright-field microscopy images demonstrating the effect of plant extracts against T. mentagrophytes and T. rubrum at MIC values.

(<0.0025 mg/mL) towards T. rubrum. Fungicidal action is
alsoreported in Table 5, MFC values were either four times
or more eight times higher than those of the corresponding
MIC. The tested organisms were sensitive to the reference
drug Ketoconazole (data not shown).

The previous studies have revealed the most of
Chromolaena genus contains the flavonoids group. One of
species from this genus, C. odorata, has been reported to
demonstrate the phytochemical properties of leaves extract
which presence of secondary metabolite compounds such
as coumarins, flavonoids, tannins, and sterols. A previous
study also reported that the isolation of C. odorata L.

Brazilian Journal of Biology, 2022, vol. 82, 254291

obtained flavonoid compounds (Pisutthanan et al., 2006).
Furthermore, C. odorata has been reported to exhibit anti-
bacterial, anti-protozoal, anti-fungal, anti-hypertensive,
anti-inflammatory, immunomodulatory and anti-cancer
effects (Vijayaraghavan et al., 2017). Our results are in
concordance with the study in the C. odorata extracts
from Cameroon. The data showed the inhibition of fungal
growth against Cryptococcus neoformans, Microsporum
gypseum, T. mentagrophytes and T. rubrum with a MIC
range from 62.5 to 500 pg/mL (Ngono Ngane et al., 2006).
A. adenophora [Eupatorium adenophorum (Spreng.)] is a
plantrich in terpenes and phenolic compounds (flavonoids,
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phenylpropanoids, and coumarins), and some sterols as
well as a few nitrogen-containing natural products have
also been reported (He et al., 2008). Studies have shown
that Eupatorium and its active principles possess a wide
range of pharmacological activities such as cytotoxic,
anti-bacterial, anti-inflammatory, as well as anti-fungal
activities (Zhang et al., 2008). Furthermore, the chemical
constituents of the extracts from A. calamus (L.) have been
reported previously. Studies on chemical composition of
Acorus spp. have revealed that the phenylpropanoid a- and
B-asarone are the major bioactive compounds and has
been shown to have biological functions including anti-
microbial activity (McGaw et al., 2000; Kim et al., 2011).
Moreover, phenolics and flavonoids are recognised for
their multiple biological effects including anti-oxidant
and anti-microbial activities (Kim et al., 2011).

On the other hand, the lowest flavonoid and phenolic
values in this study was recorded in the extract of E. prostrate
(Linn.). These showed relatively poor anti-dermatophytes
activity. It has been noted that anti-microbial efficacy of
the plant extracts is correlated with their phenolic and
flavonoid contents (Mahboubi et al., 2015). Thus, taken
together, these studies suggest that the total phenolic and
flavonoid contents contribute to the anti-microbial activity
of these plants. Out of this suggestion, we would note that
the anti-microbial activities of the phenolic compounds are
associated to the ability to bind extracellular and soluble
proteins, thus enabling complexation with bacterial cell
walls (Puupponen-Pimid et al., 2001). It is reasonable to
suggest that flavonoid and phenolic contents in plant
extracts may have an effect on dermatophyte fungi through
the interference of the cell wall integrity.

4. Conclusion

Taken together, ethanol extracts from the studied
plants exhibited a potent activity against dermatophyte
fungi, T. mentagrophytes and T. rubrum which is associated
with the level of total phenolic and flavonoid compound
contents. These results suggest that the ethanol extracts
of C. odorata (L.), A. adenophora (Spreng.), and A. calamus
(L.) could be made available for product development for
the prevention of superficial skin infections and related
disorders. For the first time, this paper shows evidences
of anti-fungal activity of different highland plants extracts
used as traditional medicines in Northern Thailand. This
study could represent the promising candidates for further
pharmacological and clinical studies in the developing
formulations of new natural anti-fungal agents.
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