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Abstract. Neoscytalidium dimidiatum, a cause of onychomycosis and tinea
pedis, produces melanin, a virulence factor. In this study, we aimed to do 2
things: 1) determine the concentration of Curcuma longa (turmeric) essential
oil to be fungistatic against N. dimidiatum in vitro and 2) determine the
ability of Curcuma longa (turmeric) essential oil to prevent melanogenesis
(a virulence factor) by N. dimidiatum in vitro in order to determine its
potential use as an antifungal agent. The testing was done using 10 clinical
isolates of N. dimidiatum. The concentrations of turmeric essential oil used
for this study ranged from 2% to 20%. Sensitivity testing was done using
an agar dilution method with a 7-day incubation period to determine
the minimal inhibitory dilution. The ability to inhibit melanogenesis
was evaluated by comparing the amount of melanin between untreated
isolates and isolates treated with either 4% or 10% turmeric essential oil.
Melanin detection was accomplished using melanin-specific monoclonal
antibody (Mab) 8D6 and measuring the immunofluorescence using an
immunofluorescent microscope at 1,000x magnification. The concentration
of turmeric essential oil that significantly inhibited N. dimidiatum growth
was the 20% solution. The 4% and 10% turmeric essential oil preparation
treated isolates of N. dimidiatum gave significantly lower (1.592 (p=0.001)
and 1.705 (p=0.003)) mean fluorescent intensities than the untreated isolate
(7.575). In summary, 20% turmeric essential oil significantly inhibited
N. dimidiatum growth and both 4% and 10% turmeric essential oil
samples inhibited melanogenesis. We conclude turmeric essential oil has
therapeutic potential for use against infections caused by N. dimidiatum.
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Further studies are needed to determine what the antifungal mechanism

is and if it can be used in vivo to treatment these infections.
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INTRODUCTION

Onychomycosis is a common
nail infection worldwide (Gupta
et al, 2020). About 60-70% of
onychomycosis cases are caused
by Trichophyton rubrum or
Trichophyton mentagrophytes and
the rest are primarily caused by
Epidermophyton floccosum or some
other dermatophyte (Augustin et
al, 2013; Ghannoum et al, 2000).
Non-dermatophyte molds (NDMs),
such as Scopulariopsis brevicaulis,
Fusarium spp, Aspergillus spp,
Acremonium spp, Neoscytalidium
dimidiatum, and yeasts, particularly
Candida spp, have also been found to
cause onychomycosis, particularly
in warmer regions (Gupta et al, 2020;
Di Chiacchio et al, 2013; Ghannoum
et al, 2000; Gupta et al, 2012; Kaur

et al, 2008). The prevalence of
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onychomycosis and their causative
fungi varies by region. A study from
Thailand reported onychomycosis
was caused by non-dermatophyte
molds in 51.6%, dermatophytes
in 36.3% and Candida spp in 6.0%
with N. dimidiatum being the most
common non-dermatophyte mold
and Trichophyton rubrum and
Trichophyton mentagrophytes being
the most common dermatophytes
(Ungpakorn et al, 2004). Mixed
infections, with both dermatophytes
and non-dermatophyte molds have
been reported to cause 3-11% of
onychomycosis cases (Moreno
and Arenas, 2010; Salakshna et al,
2018; Vander Straten et al, 2002).
N. dimidiatum is a dematiaceous
black fungus characterized by
melanin or melanin-like pigment in
the walls of its spores and hyphae
(Ungpakorn et al, 2004).
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Melanin contributes to the
pathogenicity of N. dimidiatum
(Nosanchuk et al, 1998) and protects
it from harsh environmental
conditions (Polak, 1990). Fungi
that produce melanin can better
withstand high temperatures and
ultraviolet, gamma and x-ray
radiation than those which do not
produce melanin (Bell and Wheeler,
1986; Mirchink et al, 1972; Wheeler
and Bell, 1988). The presence of
melanin reduces susceptibility to
antifungal agents and inhibition of
melanin production can increase
susceptibility to antifungal agents
(Heidrich et al, 2021).
mammalian immune systems detect
and bind to melanin (Smith and
Casadevall, 2019). Neoscytalidium
spp produce melanin and are
resistant to the majority of topical
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and systemic antifungals, such
as griseofulvin, ketoconazole,
fluconazole, itraconazole and
terbinafine (Machouart et al, 2013).

Curcuma longa (turmeric)
essential oil, containing turmerone,
atlantone, zingiberone and some
curcuminoids, has been reported
to have antifungal properties
(Apisariyakul et al, 1995; Pothitirat
and Gritsanapan, 2006). C. longa
(turmeric) essential oil may
also inhibit melanin production
(Moghadamtousi et al, 2014). In
this study, we aimed to do 2 things:
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1) determine the concentration of C.
longa (turmeric) essential oil to be
fungistatic against N. dimidiatum in
vitro and 2) determine the ability of
C. longa (turmeric) essential oil to
prevent melanogenesis (a virulence
factor) by N. dimidiatum in vitro in
order to determine its potential use
as an antifungal agent.

MATERIALS AND METHODS

Obtaining clinical isolates

In order to conduct this study,
we obtained 10 clinical isolates of
Neoscytalidium dimidiatum from the
Institute of Dermatology, Bangkok,
Thailand: 3 from otherwise healthy
subjects, 5 from subjects with
metabolic syndrome and 2 from
subjects with chronic allergies.

Obtaining the turmeric essential oil

The turmeric essential oil
concentrations used for this study
ranged from 2% to 20%, and were
obtained from the Thai-China
Flavors and Fragrances Industry
Co Ltd, Phra Nakhon Si Ayutthaya
Province, Thailand.

The manufacturer of the tested
turmeric essential oil used gas
chromatography-mass spectrometry
(GC-MS) to evaluate the 100%
concentration of the turmeric
essential oil and found it consisted
of 42.7% turmerone.
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Identification and culture of
Neoscytalidium dimidiatum

N. dimidiatum isolates were
identified using the internal
transcribed spacer-polymerase
chain reaction (ITS-PCR) method
by performing DNA extraction
of 2 mg of fungal sample using
the GenUp gDNA extraction
kit (Sigma-Aldrich, Darmstadt,
Germany). The extracted DNA
was stored at -20°C until used.
ITS-PCR testing was performed
following the method described
by White (1990). N. dimidiatum
was identified by ITS-PCR
using the ITS-1 forward primer
(5’-TCCGTAGGTGAACCTGCGG-3)
and the ITS-2 reverse primer
(5’-GCTGCGTTCTTCATCGATGC-3’).
The PCR product was placed on
2% agarose gel containing 0.5x
Tris-borate-EDTA (TBE) and gel
electrophoresis was conducted at
100 volts. The DNA bands were
stained with ethidium bromide 1 ug/
ml for 5 minutes. The bands were
then observed under ultraviolet
light using the Syngene G Box Gel
documentation system (Syngene,
Frederick, MD). The bands were
compared with a low molecular
weight DNA ladder (New England
Biolabs, Ipswich, MA). The ITS1
DNA sequences were analyzed using
DNA sequencing (3500 Genetic
analyzer, Applied Biosystems, Foster
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City, CA). The DNA sequences were
compared with the GENBANK
database using BLASTN (https://
blast.ncbi.nlm.nih.gov/Blast.cgi)

to identify the fungal species; a
similarity score of at least 95% was
used for identification (Jang et al,
2012). The fungus was cultured
on potato dextrose agar medium
(Biomedia, Nonthaburi Province,
Thailand) at a temperature of 28°C
for one week.

Antifungal properties of turmeric
essential oil

An agar dilution method was
used to determine the percentage
of turmeric essential oil needed
to inhibit N. dimidiatum growth
following the modified Clinical
and Laboratory Standards Institute
(CLSI) recommendation M07 (CLSI,
2018). A conidia suspension was
prepared to obtain a final fungal
concentration of 0.4 x106 CFU/ml
using a hemacytometer (American
Optical, Southbridge, MA). A
100 pl inoculum of the prepared
suspension was cultured on multiple
Muller Hinton agar (Sigma-Aldrich,
Darmstadt, Germany) plates and
each plate was treated with turmeric
essential oil at with one of the
following concentrations: 2%, 3%,
4%, 5%, 10% and 20% and then each
plate was incubated at 35°C for
48 hours. The minimal inhibitory
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concentration was the concentration
at which there was no fungal
growth. The color of the colonies
in the untreated and each of the
treated plates was observed 7 days
after onset of treatment.

Determination of melanin quantity
using melanin-specific monoclonal
antibody 8D6 immunofluorescence

Melanin production

was determined wusing
immunofluorescent (IF) analysis
using a method described
previously (Chongkae et al, 2019).
Briefly, isolates of N. dimidiatum
were grown on Muller Hinton
agar for 14 days and the colonies
obtained were divided into 4
groups: untreated, exposed to 4%
turmeric essential oil, exposed
to 10% turmeric essential oil and
exposed to 10 ug Itraconazole
(Sigma-Aldrich, Darmstadt,
Germany), a medication commonly
used to treat onychomycosis. After
treatment, each specimen was
washed with 95% ethanol and
PBS for 1 minute and this was
repeated for a total of 3 times. The
cell walls of the specimens were
then enzymatically digested using
Novozymes (lysing enzymes from
Trichoderma harzianum) (Sigma-
Aldrich, Darmstadt, Germany)
at a concentration of 10 mg/ml,
followed by incubation at 30°C for
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24 hours. Then each specimen was
washed with PBS 3 times, stained
with monoclonal antibody 8D6
against melanin at a concentration
of 20 ug/ml (Youngchim et al, 2004).
Each specimen was then incubated
at 37°C for 1 hour and then washed
with PBS 3 times and stained with
Alexa Fluor-488-conjugated goat
anti-mouse IgM antibody (Sigma-
Aldrich, Darmstadt, Germany) at a
dilution of 1:500. The intensity of
fluorescence was measured using
a Nikon ECLIPSE 50 I fluorescence
microscope (Nikon, Tokyo City,
Japan). Quality control was testing
using N. dimidiatum as a positive
control and N. hyalinum as a negative
control.

Statistical analysis

Means and standard deviations
were used to specify the intensity
of IF and to calculate the percent
inhibition of fungal growth
calculated as the difference between
the initial amount of fungus in the
inoculum and the amount of fungus
after 7 days incubation, divided by
the initial amount of fungus in the
inoculum multiplied by 100.

The paired t-test was used to
compare the mean IF between the
untreated group and the groups
treated with 4% turmeric essential
oil, 10% turmeric essential oil or 10
ug itraconazole.
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Ethical consideration

The study was approved by the
ethics committee of Institutional
Review Board of Dermatology
Bangkok, Thailand (Document No.
IRB 035/2564).

RESULTS
Inhibitory effect of Curcuma longa
(turmeric) essential oil

Twenty-percent turmeric
essential oil gave 100% inhibition
of Neoscytalidium dimidiatum
growth (Table 1).

Inhibition of melanin

IF intensity testing to detect

the amount of melanin in the
untreated specimens compared
with the specimens treated with
4% turmeric essential oil, 10%
turmeric essential oil and 10 pg
itraconazole revealed intensities of
7.575,5.983 (p=0.001), 5.867 (0.003)
and 6.417 (p=0.101) arbitrary units,
respectively (Table 2, Fig 1, Figs
2E-2L).

The color of the untreated
N. dimidiatum colonies and the
colonies treated with 10 pug
itraconazole were black and the
colors of the colonies treated with
4% turmeric essential oil and 10%
turmeric essential oil were creamy
white (Figs 2A-2D).

Table 1

Percent inhibition of Neoscytalidium dimidiatum by various concentrations of
turmeric essential oil

% Turmeric essential oil Growth at 7 days, CFU/ml % Inhibition
(n =10)
2 0.4x10° 0.001
3 0.4x10° 0.001
4 0.4x10° 0.001
5 0.4x10" 0.01
10 0.4x10° 0.1
20 0 100

CFU: Colony Forming Unit, ml: milliliters
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Fig1- Fluorescence intensity of Neoscytalidium dimidiatum stained with melanin-

specific monoclonal antibody 8D6

AU: arbitrary units; SD: standard deviation; TEO: turmeric essential oil;

Hg: micrograms

DISCUSSION

In our study, turmeric essential
oil inhibited Neoscytalidium
dimidiatum growth similar to another
study that reported turmeric acid
essential oil inhibited Sporothrix
schenckii, Exophiala jeanselmei,
Fonsecaea pedrosoi and Scedosporium
apiospermum growth (Apisariyakul
et al, 1995). The mechanism of this
inhibition is thought to be due to
turmerones (Kumar et al, 2016),
specifically sesquiterpenoid a- and
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-turmerone, major sesquiterpenes
of the bisabolane class (Awasthi
and Dixit, 2009; Zhang and Kitts,
2021). These unsaturated ketones
interact with the plasma membrane,
modifying fatty acid composition
and changing cell membrane
permeability (Kumar et al, 2016).

In our study, 4% and 10% turmeric
essential oil resulted in significantly
lower N. dimidiatum melanin levels
than the untreated group but the
10 ug itraconazole treated group
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Untreated 4% TEO 10% TEO 10 pg Itraconazole

Fig2- Effects of turmeric essential oil and itraconazole on Neoscytalidium
dimidiatum: culture colony, microscopy, and immunofluorescent microscopy
analysis

Photograph of Neoscytalidium dimidiatum culture - A: untreated; B: treated
with 4% turmeric essential oil; C: treated with 10% turmeric essential oil; D:
treated with 10 microgram (ug) itraconazole

Microscopy of Neoscytalidium dimidiatum (1000x) - E: untreated; F: treated
with 4% turmeric essential oil; G: treated with 10% turmeric essential oil; H:
treated with 10 ug itraconazole.

Immunofluorescent microscopy of Neoscytalidium dimidiatum (1000x) stained
with melanin-specific monoclonal antibody 8D6 - I: untreated; J: treated
with 4% turmeric essential oil; K: treated with 10% turmeric essential oil; L:
treated with 10 ug itraconazole.

Scale bar = 5 micrometer (um)

TEO: turmeric essential oil; ug: micrograms
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did not. Itraconazole is commonly
prescribed to treat onychomycosis.
This suggests several possibilities:
our study design may not accurately
reflect in vivo treatment, our
specimens may not represent the
usual causes of onychomycosis,
itraconazole may not be the best
treatment for onychomycosis caused
by N. dimidiatum; N. dimidiatum
may not be a common cause of
onychomycosis in our study
population or turmeric essential
oil may be a potentially better
treatment for onychomycosis caused
by N. dimidiatum. N. dimidiatum has
been reported to have resistance to
a variety of topical and systemic
antifungal medications, including
griseofulvin, ketoconazole,
fluconazole, itraconazole and
terbinafine (Machouart et al, 2013).

A limitation of our study was
the use of the micro-broth dilution
method to determine the minimum
inhibitory concentration (MIC) of
the essential oil. This method we
used is common but not standard
practice (Castilho et al, 2015). The
reason for this to not be standard
practice is the challenge in detecting
the results through observation.
This is attributed to the lipophilic
and insoluble properties of essential
oil requiring some adjustments in
the technique (Romano et al, 2009).

310

To address this, we modified the
agar dilution method following
CLSI M07 guidelines (CLSI, 2018).

As far as we know, this is the
first study to evaluate the fungistatic
properties of turmeric essential oil
against N. dimidiatum and the first to
study the effects of this essential oil
on melanogenesis. Our results can
inform further efforts to evaluate the
potential in vivo antifungal benefits
of turmeric essential oil against N.
dimidiatum. Our results also suggest
a potential mechanism of targeting
melanin in order to treat fungal
infections caused by N. dimidiatum.

In summary, 20% turmeric
essential oil significantly inhibited
Neoscytalidium dimidiatum growth
and both 4 and 10% turmeric
essential oil samples inhibited
melanogenesis, resulting in a
change in the culture colony color
suggesting loss of melanin. We
conclude turmeric essential oil
has therapeutic potential for use
against infections caused by N.
dimidiatum. Further studies are
needed to determine what the
antifungal mechanism is and if it can
be used in vivo to treatment these
infections.
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