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ABSTRACT

Introduction: Oral candidiasis is a fungal infection of the oral cavity that is caused by Candida albicans
(C. albicans). Treatment of oral candidiasis usually uses topical agents such as nystatin, but it comes
with side effects. Research on medicinal materials from plants can be an alternative to chemical drugs.
It has increasingly become a concern such as the tuber of sarang semut (Myrmecodia pendens Merr. &
L.M. Perry). The aim of the study is to determine the effect of ethyl acetate and hexane fractions of M.
pendens against C. albicans. Methods: M. pendens methanol extract used maceration method. As much
as 33 g concentrated M. pendens methanol extract was partitioned with a separating funnel based on
the polarity of the substances to obtain ethyl acetate fraction. The minimum inhibitory concentration
(MIC) procedure was carried out by the microdilution method and measured by an ELISA reader. The
minimum fungicidal concentration (MFC) was obtained conclusively on Mueller Hinton agar media at
concentrations above MIC of ethyl acetate fraction of M. pendens. Results: Ethyl acetate fraction had
antifungal effect against C. albicans. The MIC and MFC of ethyl acetate fraction were 625 pyg/ml and
1.250 pg/ml. Conclusion: Ethyl acetate fraction of M. pendens can inhibit the growth of C. albicans. M.
pendens can be developed as the prevention agent of oral candidiasis.
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INTRODUCTION

The oral microbiota is one of the most complex
and diverse microbial communities in the human
body. Balance between the human host and the
intrinsic microorganisms is essential to maintain
oral health. The healthy oral cavity is represented

by a great microbial diversity, including both
bacteria and fungi. One of the fungi in the oral
cavity is candida. Candida can be found in the
normal oral flora of a healthy individual. It is
estimated that 45-65% of healthy infants and 30-
55% of healthy adults. When there is an imbalance
of normal flora of oral cavity, it causes overgrowth
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of Candida. C. albicans that attack the oral cavity
can cause a disease called candidiasis." ?

Various local and systemic factors lead to
pathogenic Candida. Predisposing of local factors
of oral candidiasis is poor oral hygiene, habit of
night time wearing denture, daily total hours
of wearing and denture or upper removable
orthodontic appliance, impaired salivary gland
function, oral steroid, and oral cancer. Predisposing
of systemic factors is reduced immunity, diabetes,
Cushing’s syndrome, HIV infection, malignancies
such as leukemia and nutritional deficiencies, and
smoking.34

The treatment of oral candidiasis usually
uses systemic and topical agents. A systemic
antifungal agent is taken when infection spreads
more widely. A topical antifungal agent is applied
to the infected area and treats the limited
area infected, such as nystatin. Nystatin is a
membrane active polyene macrolide produced
by Streptomyces noursei strains. However, it has
side effects include metallic taste, dry mouth,
anorexia and nausea.>®

Research on herbal plants has increasingly
become a concern for candidiasis treatment. The
use of herbal products as topical antifungal agents
is safe, effective, and not resistant. One of these
plants is the tuber of sarang semut (Myrmecodia
pendens Merr. & L.M. Perry). This epiphyte plant
is the Tracheophyta division, Magnoliopsida class,
Lamiidae subclass, Rubiales order, Rubiaceae
family, and Myrmecodia genus. It contains several
active compounds including flavonoid, steroid,
terpenoid, and alkaloid that has antioxidant,
anti inflammation, antibacterial, and antifungal
effects.”8?

The tuber of M. pendens has activity
as antifungal, antibacterial, anticancer, and
antioxidant properties. M. pendens can be
used as herbal remedies and the water boiling
extraction can be employed as a simple manner
for community herbal medicine without any toxic
effect on cells. Moreover, infusion or ant nest
boiled water contains antifungal substances that
can inhibit growth C. albicans. Inhibition test of
ant nest infusion using plastic containers stored
at room temperature with a concentration of 20,
40, 60, 80,100% formed inhibition or halo area.'®"

Separation and grouping the chemical
compounds of the extract based on the polarity

is called fractionation. It has several solvents that
are very influential on the extraction of active
compounds, such as water, ethyl acetate, and
hexane fraction. Previous research found that
the content of water fraction compounds of this
plant had an antifungal effect against C. albicans.
Water fraction can inhibit growth of C. albicans
with minimum concentration 1.250 pg/ml and kill
growth of C. albicans with minimum concentration
2.500 pg/ml."

Based on previous study, water fraction
of M. pendens can kill and inhibit growth of C.
albicans. However, whether ethyl acetate fraction
of M. pendens can inhibit or kill C. albicans
remains unknown. The purpose of this study is to
determine the effect of ethyl acetate fraction of
M. pendens against C. albicans ATCC 10231.

METHODS

The materials used were C. albicans ATCC 10231
(Microbiologics, Mi, USA), tuber of an sarang semut
(Myrmecodia pendens Merr. & L.M. Perry), Mueller
Hinton agar, Mueller Hinton broth, saboraud
dextrose agar (SDA), dimethyl sulfoxide (DMSO),
methanol, ethyl acetate, aquadest, chloroform-
amoniac, sulfuric acid, HCl, and powder (Mg,
FeCl,). M. pendens was identified no. 099/
HB/05/2015 by Herbarium Jatinangor, Taxonomy
of Plant Laboratory, Department Biology, Faculty
Mathematic and Natural Science, University of
Padjadjaran.

M. pendens tuber extract

Manufacture of M. pendens methanol extract
used maceration method. As many as 300 g of M.
pendens tubers were cut into small pieces. It was
extracted with 600 ml of methanol (MeOH) which
was heated for 16 hours. The liquid methanol
extract was evaporated with a rotary evaporator
at 46°C to remove the solvent so that it produced
a concentrated methanol extract of M. pendens
tubers with a concentration of 100%.™

M. pendens tuber fraction

As much as 33 g concentrated extract was
partitioned with a separating funnel based on the
polarity of the substances contained in M. pendens
extract tuber. At first, concentrated extract was
placed in a separating funnel, then given 100 ml of
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distilled water solvent and 100 ml of ethyl acetate
solvent. It was shaken until everything dissolved,
let stand for a moment, separated into 2 parts
namely ethyl acetate solution at the top and
water fraction at the bottom. The ethyl acetate
solution was accommodated in erlenmeyer
glasses, then it was put into the evaporator to
get the concentrated ethyl acetate fraction of
M. pendens. The compounds contained in ethyl
acetate fraction were semipolar.®'

Preparation of test fungi

Candida albicans ATCC 10231 was first rejuvenated
by multiplying the fungi on the medium of
Saboraud dextrose agar (SDA) and incubated
for 18-24 hours at 37°C. One of these from the
subculture was taken and suspended in 5 ml of
Mueller Hinton liquid medium according to 0.5
McFarland standard.

Test of the inhibitory of ethyl acetate fraction
of M.pendens on C. albicans with diffusion agar
method Kirby Bauer

As much as 10,000 pg of ethyl acetate of M.
pendens fraction were mixed with 1 ml of 100%
DMSO so that a concentration of 10,000 pg/ml
was obtained. The ethyl acetate fraction of M.
pendens was dissolved in DMSO with two-fold
serial dilutions. A two-fold dilution is reduces the
original concentration by one half. It obtains a
concentration of 5,000 pg/ml and 2,500 pg/ml.
Making the concentration of nystatin was carried
out by adding 50 pg of nystatin into 1 ml of water
to obtain a concentration of 50 pg/ml.

The inhibitory test of ethyl acetate fraction
of M. pendens in C. albicans was carried out by
pouring 28-30 ml of Mueller Hinton medium into
a 100 mm diameter petri dish with a thickness of
about 4 mm. Mueller Hinton was allowed to solidify.
Suspension of C. albicans which was equivalent to
turbidity 0.5 Mc Farland was taken as much as 0.1
ml and planted using a cotton bud on the agar
plate. A total of 5 pieces of 8 mm diameter discs
were dropped with 50 pl of ethyl acetate fraction
of M. pendens with a concentration of 10,000 pg/
ml, 5,000 pg/ml, and 2,500 pg/ml on the first,
second and third paper discs, and then 50ul of
nystatin were concentrated 50 pg/ml into the
fourth paper disc as comparison. The fifth paper
disc was dripped with 50 pl of 100% DMSO solvent.
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Each paper disc was placed on the surface of the
agar medium, then incubated at 37°C for 24 hours.
Repetition on this method was done twice. The
diameter of the obstacle area was measured by
calculating the diameter of the inhibition area
minus the diameter of the disc.'®

Determination of the minimum
concentration (MIC)

Procedure was carried out by serial microdilution
method and measured by an ELISA reader to read
the optical density of each well. The fraction was
serially diluted in a 96-well microplate with DMSO
as a medium. Inshort, 100 pl of the test sample was
added to well column 1, and column 1 to column
12 initially received 100 pl of DMSO. Two-fold
serial dilutions were made by transferring 100 pl
from column 1 to column 2 and continued through
column 12. The final concentration ranged from
2,44 pg/ml to 5000 pg/ml. The fungal suspension
10 pl was added to the well, and then the plate was
incubated for 24 h at 37-C. The determination of
MIC was measured by calculating the percentage
of fungal inhibition which can be calculated by
the following formula. The percentage inhibition
was calculated using the following formula: [(OD
growth control - OD sample)/0OD growth control]
X 100.14,17

inhibitory

Determination of the minimum fungicidal
concentration (MFC)

It is an antimicrobial concentration that can
produce 99.9% concentration from the initial
concentration. The ethyl acetate fraction of M.
pendens above the MIC concentration was added
to sterile Mueller Hinton agar medium and spread.
Then the plate was incubated for 24 h at 37-C. The
lowest concentration that had no visible growth
was considered as the MFC. Nystatin was used as a
positive control.®

Phytochemical screening

The ethyl acetate and hexane fractions of M.
pendens was screened for the presence of
phytochemical compounds, such as flavonoids,
tannins, saponins, terpenoids, and phenolics, in
accordance with the procedure.” Phytochemical
reagent was added to the ethyl acetate and
hexane fractions. The qualitative results are
shown as positive (+) for the presence and
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negative (-) for the absence of phytochemicals.’
This research was an experimental in-vitro study
to determine the effect of ethyl acetate and
n-hexane fractions of M. pendens on the growth
of C. albicans ATCC 10231 by the calculation of
minimum inhibitory concentration (MIC) and
minimum fungicidal concentration (MFC). This
research had ethical clearance no 415/UNé.
C1.3.2/KEPK/PN/2015.

RESULTS

The inhibitory test results of ethyl acetate fraction
on C. albicans showed inhibition diameters at
concentrations of 10.000, 5.000, and 2.500 pg/
ml. The ethyl acetate fraction had an inhibition
diameter of 9.58 mm, 9.08 mm, 9.08 mm. The
results of this test indicated that the ethyl acetate
fraction had an antifungal effect on C. albicans.

Figure 1. Inhibition zone of ethyl acetate fraction M. pendens against C. albicans

Table 1. The inhibitory test results of M. pendens ethyl acetate fraction on C. albicans

No Sample concentration (pg/ml) Diamet(enr]:)hibition Mean ;:?::i;:

1 Ethyl acetate fraction M. pendens 10.000 9.45 9.7 9.58 9.58 Inhibition
2 Ethyl acetate fraction M. pendens 5.000 8.75 9.4 9.08 9.08 Inhibition
3 Ethyl acetate fraction M. pendens 2.500 8.75 9.4 9.08 9.08 Inhibition
4 Control positive: Nystatin 50 16.9 17.45 17.18 17.18 Sensitive
5 Control negative: DMSO No Inhibition

Note: The inhibitory test was carried out in duplicate, paper disc diameter: 8 mm

Determining the result of inhibitory test
was based on method for antifungal disk diffusion
susceptibility testing of yeast; approved guideline
CLSI M44-A2.% Criteria for clear zone, inhibition
>20 mm very strong, 10-20 mm strong, 5-10 mm
medium, <5 mm weak." Ethyl acetate fraction
had zona inhibition 9,08 mm and 9,58 mm that it
classified according to medium criteria. The MIC
of the ethyl acetate fraction of M. pendens was
observed by reading optical density with ELISA
reader. The percentage of inhibition increased
with increasing concentration in table 2. The
results of the calculation of the percentage of
inhibition of C. albicans were obtained at the
lowest concentration that can inhibit fungal
growth, namely ethyl acetate fraction at a
concentration of 625 pg/ml.

Table 2. Percentage of C. albicans inhibition in ethyl
acetate fraction of M. pendens

Concentration ethyl acetate % Inhibition
fraction (pug/ml) C. albicans

5000 40.5

2500 43.0

1250 125.0

625 52.9

312 -2.3

156 -3.7

78 -30.3

39 -8.5

19 -4.0

10 -6.4

5 -6.4

2 -5.3
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C. D. '
Figure 2. Ethyl acetate fraction test of M. pendens derived from the first, second, and third column wells on the agar plate
a) no yeast growth on concentration of 5,000 pg/ml, (b) no yeast growth on concentration of 2,500 pg/ml, c) no yeast
growth on concentration of 1,250 pg/ml, d) yeast growth on concentration of 625 pg/ml

Table 3. Phytochemical test of ethyl acetate and n-hexane fractions of M. pendens

Secondary metabolites

Test method Ethyl acetate

1 Phenol FeCl, 5% reagent +

2 Flavonoid a. HCl+ Mg reagent +

b.  H,SO, 2N reagent +

c.  NaOH 10% reagent +

3 Terpenoid Lieberman-Burchard reagent +
4 Saponin HCL + H,0 reagent

Tannin FeCl, 1% reagent +

The concentrations of ethyl acetate fraction
(625 pg/ml, 1250 pg/ml, 2500 pg/ml, 5000 pg/ml)
could inhibit C. albicans growth with inhibition
percentage 40,5%, 43%, 125%, and 52,9% (table 2).
The concentrations of ethyl acetate fraction (2,5
pg/ml - 312,5 pg/ml) had percentage inhibition
negative thus there was not inhibition C. albicans
growth. The MIC value of ethyl acetate fraction
was obtained from the lowest concentration
that could inhibit candida growth, namely at
concentration of 625 pg/ml. Figure 2 showed
the agar plate at a concentration of 5.000 pg/
ml, 2.500 pg/ml, and 1.250 pg/ml showed no
growth of C. albicans. The concentration of 625
pg/ml began to show C. albicans growth so that
MFC ethyl acetate fraction was determined at a
concentration of 1.250 pg/ml.
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The phytochemical screening of ethyl
acetate fraction of M. pendens expressed the
presence of some bioactive compounds, such
as phenol, flavonoid, terpenoid, and tannin.
However, ethyl acetate fraction of M. pendes did
not contain saponin.

DISCUSSION

In this study, the concentration of ethyl acetate
fraction 2.500, 5.000, 10.000 pg/ml showed an
average 9,08-9,58 mm inhibition zone, which
means that according to the method of David
and Stout, the average diameter of 5-10 mm is
categorized as medium. The antifungal ability of
ethyl acetate fraction of M. pendens was still below
nystatin 17,18 mm inhibition zone with strong
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antifungal effect. Therefore, it can be developed
as the prevention agent of oral candidiasis.’ The
MIC (625 pg/ml) and MFC (1.250 pg/ml) values of
ethyl acetate fraction of M. pendens against C.
albicans were lower than MIC (1.250 pg/ml) and
MFC (2.500 pg/ml) water fraction of M. pendens.
This is due to their different content and number
of compounds.

Phytochemical test results in this study
were ethyl acetate fraction contains phenol,
flavonoid, terpenoid, and tannin, whereas water
fraction contained phenol, flavonoid, terpenoid,
tannin, and saponin. Ethyl acetate fraction of M.
pendens can kill and inhibit C. albicans which is
consistent with previous study was reported by
Balafif FF et al. that water fraction of M. pendens
had antifungal properties that can kill and inhibit
growth of C. albicans.™

The compound of ethyl acetate fraction
was phenol, flavonoid, terpenoid, and tannin.
The study Soeksmanto et al obtained that the
ethyl acetate fraction contained flavonoids and
tannin.® The study of Soraya et al tested extract
M. pendens. It contained flavonoids, tannins,
saponins, alkaloids.? The difference in compound
content obtained between previous studies and
the results of this study might be influenced by
differences in extraction methods, solvents usage,
and the sensitivity of the fractionation process.
Methanol solvent can attract most bioactivity
compounds.

Solvent polarity influences in increasing
bioactivity = compound  solubility.”  Phenol
compounds through hydroxy groups that will bind
to sulfhydryl groups of fungal proteins so that they
can change the shape of cell membrane proteins.
The position and number of hydroxyl groups on
phenols are related to toxicity to microorganisms.
Phenol can denature protein bonds in the cell
membrane so that the cell membrane becomes
lysis and phenol penetrates into the cell nucleus.
The higher the oxidized phenol, the more it will
inhibit.?!

Flavonoid is a type of structure that has
antifungal ability against C. albicans. Flavonoid
often inhibit fungal growth in various underlying
mechanisms by enhancing the disruption of the
plasma membrane and mitochondrial dysfunction,
inhibiting cell wall formation, cell division,
protein synthesis, and the efflux-mediated

pumping system. Mechanism of action of flavonoid
can damage the function cell membrane and cell
wall.?2232* Hydrophobic nature of the terpenoid
causes it to enter the lipid membrane. Terpenoid
can pass through fungal cell walls. The position
is around the lipid bilayer fatty acid chains.
Terpenoid interferes with the formation of lipids
and changes the structure of the cell membrane.
Lipophilic compounds penetrate into cells and
interfere with ergosterol biosynthesis.?* Antifungal
effect of tannin can react to the cell wall and
penetrate cell membrane.

Tannin can hydrolyze ester groups between
galat acids that affect biosynthesis cell wall
and cell membrane. The leaking of the cell wall
permeability or some changed cell membrane
results loss of cytoplasm.? The active compounds
(phenol, flavonoid, terpenoid, and tannin) from
ethyl acetate fraction of M. pendens have ability
damage cell membranes and cell walls of C.
albicans.

CONCLUSION

The ethyl acetate fraction of M. pendens can
inhibit the growth of C. albicans. M. pendens
can be developed as the prevention agent of oral
candidiasis.
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