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Abstract. This work aims to develop the herbal oil-incorporated nanostructure mats with antifungal
activity for the prevention and treatment of Candida-associated denture stomatitis. The nanofiber mats
loaded with betel oil or clove oil were fabricated via electrospinning process. The morphologies and
physicochemical properties of the herbal oil loaded nanofiber mats were examined using scanning
electron microscopy (SEM), Fourier transform infrared spectroscopy (FT-IR), differential scanning
calorimetry (DSC), and mechanical testing. The release characteristic, antifungal activity, and cytotoxicity
were also investigated. The SEM images confirmed the homogeneous and smooth nanoscale fibers. The
addition of the herbal oil into the nanofiber mats reduced the fiber diameters. The DSC and FT-IR results
confirmed the presence of the oil in the nanofiber mats. The herbal oils can be released from the mats in a
very fast manner and inhibit the growth of candida cells within only few minutes after contact. These
nanofiber mats may be beneficial for the prevention and treatment of denture stomatitis.
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INTRODUCTION

Even though there has been great medical advancement,
the increment in the prevalence of the opportunistic oral
fungal infection has been observed, especially in denture
wearers. Poor oral hygiene and several systemic factors are
the most probable initial causes of this infection (1).The oral
fungal infection induced by wearing denture with inflamma-
tion and erythema of the oral mucosal areas covered by the
denture can be defined as denture stomatitis (2-4). Poor
denture and oral hygiene are believed to be critical risk factors
for denture stomatitis. In addition to poor hygiene, unceasing
denture wearing can boost opportunistic overgrowth of path-
ogenic yeasts, such as Candida (2). Candida albicans is a
commensal of the microbial communities of the human oral
cavity, and it has been shown to be the dominant strain re-
sponsible for oral candidiasis and Candida-associated denture
stomatitis (2). Maintaining good oral and denture hygiene and
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balancing the oral microflora could help to prevent denture
stomatitis.

Natural products as traditional therapeutics are in consid-
erable demand, as they are comprehended to have minimal side
effect on humans (5). Recently, a variety of herbal products are
encouraged for oral and dental uses as alternative to standard
commercial products. Some herbal compounds have effective
antimicrobial effects, and many herbal components such as
chamomile, clove oil, echinacea, eucalyptus, ginger, etc. are
included in herbal oral products (6). Piper betle Linn. (betel) is
a tropical plant closely related to the common pepper. It is a
traditional herb that has been used as mouthwash, dental med-
icine, cough medicine, astringent, tonic, and others. The extract
of betel leaves has been reported to demonstrate antioxidative,
antiinflammatory, antibacterial, and antifungal activities (7-9).
Another plant is Syzygium aromaticum (clove) which is one of
the interesting plants with antifungal activity. The clove oil from
S. aromaticum and eugenol are wildly used in dental medicine
because they exhibit useful antiseptic, analgesic, and anaesthetic
effects (10,11). Some research studies have reported antifungal
activity of clove oil and eugenol against several yeasts and fungi
(10-13). Clove oil and eugenol have also been evaluated as
antifungal agents in animal models (14).

In the recent past, new tactics for drug delivery have
gained much attention. The considerable advantages of fast
dissolving drug delivery systems such as enhanced drug solu-
bility, onset of action, and bioavailability make this system
more fascinating (15,16) However, the selection of appropri-
ate polymer that can dissolve rapidly and easily is required to
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accomplish the fast dissolution. Polyvinylpyrrolidone (PVP) is
one of the desirable polymers that can provide these features;
it is capable of ultrafast dissolution. Cyclodextrins (CDs) are
cyclic oligosaccharides consisting of 1,4-linked
glucopyranoside units having either six, seven, or eight glu-
cose units arranged in a cyclic structure with a hydrophilic
outer surface and a lipophilic central cavity which suit for a
variety of lipophilic drugs (17,18). Because the physicochem-
ical properties of incorporated compounds can be oriented by
complexation with CDs, the CDs are employed in many ap-
plication fields, such as pharmaceuticals, foods, cosmetics,
home/personal care, textiles, and so on (18,19).

Recent advances in nanotechnology and increasing rec-
ognition of the potential of nanomaterials in many fields of
application lead to a surging interest in the fabrication and
development of nanofibrous scaffolds. Nanofiber materials
demonstrate outstanding characteristics such as low density,
high porosity, large specific surface areas, and very small pore
sizes. They have been applied in many areas (tissue engineer-
ing, drug delivery systems, wound dressing, filtration, etc.)
(20-22) One of the marvelous methods that can be used to
generate nanofibers is electrospinning. Electrospinning is a
process that uses an electric field to control the formation
and generation of polymers. This process is remarkably effi-
cient, rapid, and inexpensive (23).

Until now, there are only a limited number of studies that
investigate the incorporation of volatile oil into the nanofiber.
We have successfully incorporated plain 0il-CDs inclusion com-
plex into electrospun fibers for topical application (18). In this
study, the betel oil or clove oil was incorporated into the PVP
nanofiber mats using electrospinning process with the assistance
of CDs. The morphology and structure as well as physicochem-
ical properties of the PVP/HPRCD nanofiber and herbal oil
loaded PVP/HPRCD nanofiber were investigated. Moreover,
the release of the oil from the nanofiber mats, antifungal activity
against oral fungi, and cytotoxicity was also evaluated.

MATERIALS AND METHODS

Materials

Polyvinylpyrrolidone (PVP, MW. ~1,300,000) and 2-
hydroxypropyl-p-cyclodextrin (HPBCD) were purchased
from Sigma-Chemical Co. (St. Louis, MO, USA). Betel oil
and clove oil were obtained from the Thai China Flavours and
Fragrances Industry Co., Ltd., Thailand. Sabouraud dextrose
broth was purchased from Becton, Dickinson and Company
(Franklin Lakes, NJ, USA). All other reagents were used
without further purification. Artificial saliva was composed
of 2.38 g Na,HPOy,, 0.19 g KH,PO,, and 8 g of NaCl per liter
of distilled water adjusted with the phosphoric acid to pH 6.8
+0.05. Human gingival fibroblast cells (HGF) obtained from
explants of gingival tissue attached to non-carious, freshly
extracted third molars from three patients. All patients pro-
vided informed consent before tissue collection. Ethical ap-
proval for the study was obtained from Naresuan University.

Fabrication of Nanostructured Mats

The polymer solutions were prepared by dissolution of
PVP in 50:50 volume ratio of ethanol to water mixture at the
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concentration of 8% (by weight). After which, varied amounts
of HPRCD (90-190 mM) were added to the polymer solu-
tions. The polymer solutions were stirred using a magnetic
stirrer for several hours until homogenous solutions were
obtained. The solutions were spun into a nanofiber using
electrospinning process at room temperature. In this process,
the spinning solution was placed in a 5-ml glass syringe con-
nected to a stainless steel needle with a 0.9-mm inner diame-
ter. The needle was connected to an emitting electrode with a
positive polarity of a Gamma High Voltage Research device.
The electrospinning process was conducted with a fixed ap-
plied voltage of 15 kV, a distance between the tip and the
collector of 15 cm, and a feeding rate of 0.4 ml/h. The
electrospun nanofibers were collected on an aluminum foil
covering the rotating collector.

Fabrication of Herbal Oil Loaded Nanofiber Mats

To fabricate the herbal oil loaded nanofibers, betel oil or
clove oil (20-40% weight to polymers) was added to the
polymer solution containing 150 mM HPPRCD. The mixtures
were stirred for 24 h to allow the oil incorporate into the
HPRCD. After which, the mixtures underwent
electrospinning process as previously mentioned to obtain
the herbal oil loaded nanofiber mats. The content of the oils
from the betel oil or clove oil loaded nanofiber mats was
determined to select the suitable percentage to be
incorporated.

Characterization of the Nanofibers

Scanning Electron Microscope

The morphological appearances and diameters of the
nanofiber mats were observed (3000x) using a scanning elec-
tron microscope (SEM, Camscan Mx2000, England). Samples
were prepared by cutting the nanofiber and attaching them on
aluminum stubs. After that, the samples were then gold
sputtering coated before the SEM observations. The average
diameters of the fibers were analyzed using an image analysis
software (JMicroVision V.1.2.7, Switzerland).

Fourier Transform Infrared Spectrophotometry

The Fourier transform infrared spectroscopy was carried
out using a Fourier transform infrared spectrophotometer
(FT-IR, Nicolet 4700, USA) with a wave number range of
400-4000 cm ! to confirm the incorporation of the herbal oil
in the nanofiber mats. The fiber samples were ground and
pressed into KBr dishes prior to the FT-IR analysis. The used
resolution and number of scans were 4 and 32, respectively.

Differential Scanning Calorimetry

A differential scanning calorimeter (Pyris Diamond DSC,
PerkinElmer instrument, USA) was used to determine the
thermal behavior of the herbal oil loaded nanofiber mats.
The experiments were conducted using dry samples, under
nitrogen flow, weighing approximately 5 mg. The DSC traces
were recorded from 50 to 250°C at 10°C/min.
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Mechanical Characterizations

Tensile testing of the nanofiber was investigated using a
texture analyzer (TA.XT plus, Stable Micro Systems, UK) by
applying a 5-kg load cell equipped with tensile grip holder. All
samples were cut into rectangle shapes with dimensions of
25%5 mm?.

Ex vivo Mucoadhesion Assay

The ex vivo mucoadhesive study was performed accord-
ing to a previous study (24). Mucoadhesive force of nanofiber
mats onto porcine buccal mucosa were performed using a
texture analyzer (TA.XT plus, Stable Micro Systems, UK)
equipped with a 5-kg load cell. The porcine cheek pouches
were employed as the model surface for the mucoadhesion
assay. After the cheek pouches were excised and trimmed in a
regular way, they were rinsed with simulated saliva and then
used right away. The nanofiber mats were cut into circular
shapes with a diameter of 13.7 cm and then fixed to a cylin-
drical Perspex support (diameter 2 c¢cm, length 4 cm, surface
area 3.14 cm?) using a double-sided adhesive tape. During the
experiment, 500 pL of artificial saliva was dispersed on the
surface of the tissue. The probe moved down at a speed of
2 mm s ! until it contacted the tissue at a force of 0.3 N for a
contact time of 15 s.

Determination of the Oil Content

The total amounts of the oil incorporated in the nanofiber
mats were quantified in triplicate using UV-visible spectro-
photometer (Agilent G1103A UV-Vis Spectrophotometer,
Agilent Technologies, USA) at 279 mm. Accurately weighed
samples (10 mg) of the fiber mats were dissolved in 1 ml of
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Fig. 1. SEM images (3000x) of 8% PVP nanofiber mats with different amounts of HPBCD a 90 mM, b 110 mM, ¢ 130 mM, d 150 mM, e 170 mM

and f 190 mM
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ethanol and were continuously shaken in an incubator (Orbit-
al Shaking Incubator Model: SI4) at 150 rpm for 24 h. The
experiments were performed in triplicate. The loading capac-
ity was calculated according to Eq. (1):

Loading capacity = P;/M; (1)

where P, is the amount of oil (ng) embedded in the nanofiber
mats and M, is the weight of nanofiber mats (mg).

In vitro Release

The in vitro release studies were adapted from those of
Singh et al. (25). Briefly, 10 mg of the herbal oil loaded
nanofiber mats was placed in a 50-ml bottle containing 20 ml
of artificial saliva (pH 6.8) that was incubated at 37°C and
shaken at 150 rpm. To determine the amount of the oil re-
leased from the fiber mats after a given interval, an aliquot
(1.0 ml) of the release medium solution was withdrawn and
replaced with the same volume of fresh medium to maintain a
constant volume. The amounts of oil in the sample solutions
were analyzed by UV-visible spectrophotometer (Agilent
G1103A UV-Vis Spectrophotometer, Agilent Technologies,
USA). The experiments were conducted in triplicate.

Antifungal Activities
Candida Strains and Inoculum Preparation

The ATCC 90028 strain of oral C. albicans was used in
this study. Sabouraud dextrose broth (SDB) was used to re-

vive the culture. An active culture was prepared by inoculat-
ing fresh nutrient broth medium with a loop full of cells from
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Fig. 2. Loading capacity of () betel oil loaded nanofiber mats and
() clove oil loaded nanofiber mats containing 20, 30, and 40% of the
oils loaded

stock cultures at 37°C overnight. The candida suspensions
were diluted in SDB and spectrophotometrically standardized
to 1x10° CFU/ml (Perkin Elmer Lambda 2, Germany).

Antifungal Activity of Betel Oil and Clove Oil

The antifungal activity of betel oil and clove oil were
determined via assessing susceptibility of C. albicans toward
the oils using broth microdilution assay in accordance with the
guidelines recommended by the CLSI (Clinical and Labora-
tory Standards Institute, 2002). Briefly, C. albicans were incu-
bated (10* CFU/ml) in 48-well plates for 24 h at 37°C after
being exposed to serial twofold dilutions of the herbal oil in
SDB culture medium (from 100 to 0.05 pL/ml). The results
were expressed as the minimum inhibitory concentration
(MIC) and minimum fungicidal concentration (MFC) toward
Candida cells.

Time-kill Curve Studies

The time-kill analyses were performed as previously de-
scribed protocol (26) using SDB. Ten microliters of the ad-
justed inoculum suspension (approximately 1x10° CFU/ml)
was dispensed into a plastic Eppendorf tube containing 1 ml of
SDB, providing the starting inoculum of approximately
1x10* CFU/ml. The samples of the herbal oil loaded nanofi-
ber mats with varied oil were incubated with Candida suspen-
sions under agitation at 37°C. After the predetermined
contact times (5, 15, 30, 60, and 120 min), small aliquots of
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the samples were removed, and the microorganisms were
counted by spreading each sample onto an SDA agar plate.
The plates were incubated for 24 h, and the viable colonies
were counted. The kill curves were constructed by plotting the
CFU/ml surviving at each time point in the presence and
absence of the nanofiber mats.

In vitro Cytotoxicity

The HGF cells obtained from explants of gingival tissue
attached to non-carious, freshly extracted third molars from
three patients were used to examine the compatibility of the
blank nanofiber mats and herbal oil loaded nanofiber mats.
The cytotoxicity tests were performed based on a procedure
adapted from the ISO10993-5 standard testing method (indi-
rect contact). The HGF cells were cultured in DMEM medium
supplemented with 10% FBS, 2 mM I-glutamine, 1% non-
essential amino acids, and 0.1% penicillin-streptomycin at
37°C in humidified 5% CO, atmosphere. The cells were seed
at a density of 10,000 cells/well in 96-well plates for 24 h before
sample treatment. The nanofibers were sterilized using UV
radiation for 45 min before being immersed in a serum-free
medium (SFM; containing DMEM, 1% l-glutamine, 1% lact-
albumin, and 1% antibiotic and antimycotic formulation) and
incubated for 24 h to produce extraction media with varying
concentrations. The extraction media at varying concentra-
tions were replaced, and the cells were re-incubated for 2
and 24 h. After treatment, the tested extraction solutions were
removed, and the cytotoxicity was determined by MTT assay.
The relative viability (%) was calculated based on the absor-
bance at 550 nm determined using a microplate reader (Uni-
versal Microplate Analyzer, Model AOPUSO1 and AIS3601,
Packard BioScience, CT, USA). The viability of non-treated
control cells was defined as 100%.

Statistical Analysis

All experimental measurements were collected in tripli-
cate. The values are expressed as the mean +standard devia-
tion (SD). The statistical significance of the differences in each
experiment was examined using one-way analysis of variance
(ANOVA), followed by a least significant difference (LSD)
post hoc test. The differences were significant at p <0.05.

RESULTS AND DISCUSSION
Fabrication of Betel Oil or Clove Oil Loaded Nanofiber Mats

To fabricate the nanofiber, the amounts of HPRCD were
varied in the range of 90-190 mM because adding the HPRCD

Table I. The Mechanical Properties, Mucoadhesive Strength and Loading Capacity of Blank Nanofiber Mats and Betel Oil or Clove Oil Loaded
Nanofiber Mats

Nanofiber mats Young’s modulus (MPa)

Mucoadhesive strength (mg) Loading capacity (ng/mg)

PVP/HPRCD nanofiber mats 0.69+1.12
30% betel oil loaded mats 3.58 £0.36
30% clove oil loaded mats 1.84+0.14

26.0+0.6 -
34.0+0.6 624.8 +£28.7
29.0£2.5 222.1+9.7

Each value represents the mean =+ standard deviation from three independent experiments
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Fig. 3. SEM images of a 8% PVP/150 mM HPRCD nanofiber mats, b 8% PVP/150 mM HPRCD nanofiber mats loaded with 30% betel oil, ¢ 8%
PVP/150 mM HPBCD nanofiber mats loaded with 30% clove oil

could help in reducing the hygroscopic property of PVP. In
addition, HPRCD could entrap the medicinal oil and increase
the solubility of the oil (18). Figure 1 shows the SEM images
of the PVP nanofiber mats containing different amount of
HPRCD. The nanofiber mats had a smooth surface without
bead. Increasing the amounts of HPRCD resulted in the in-
crease in diameters of the nanofiber mats. The diameters of
the nanofibers containing 90 to 190 mM HPRCD were in the
range of 394.40£45.17 to 496.07 £125.65 nm. The nanofiber
mat with 150 mM was selected for further investigation be-
cause this is the highest amount of HPRCD that can be loaded
into the nanofibers with good physical textures.

After known the appropriate amount of HPRCD to be
used, the amount of oils was varied from 20 to 40% weight to
polymer. The 8% w/v PVP/150 mM HPRCD solution contain-
ing various amounts of betel oil or clove oil (containing 20, 30
and 40 wt% to polymer) was prepared, and the betel oil or
clove oil loaded nanofiber mats were successfully fabricated.
The loading capacity of these betel oil or clove oil loaded
nanofiber mats were determined and were presented in
Fig. 2. It can be seen from the results that after increasing
the amount of oil from 20 to 30%, the loading capacity values
increased. The 30% betel oil loaded nanofiber mats and the
30% clove oil loaded nanofiber mats demonstrated the highest
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loading capacity. The increase in amount of the oil loading
from 30 to 40% resulted in the decrease in the amount of betel
oil or clove oil entrapped in the nanofiber mats. This may be
due to the capacity of nanofiber mats that can carry the oils
with the maximum amount at 30%. There were some varia-
tions in the loading capacity between both oils. The results
revealed that 30% betel oil loaded mats showed higher load-
ing capacity than 30% clove oil loaded mat (Table I). This may
be due to the difference in composition and properties of
these oils (27,28). Thus, 30% betel oil and 30% clove oil were
selected to be incorporated into the nanofiber mats for further
investigations.

The SEM images of the blank PVP/HPRCD, 30%
betel oil-loaded, and 30% clove oil loaded nanofiber mats
are illustrated in Fig. 3. The SEM images revealed bead-
free and smooth fibers without delamination or phase
separation of the oils from the nanofiber mats which
confirmed the interaction of the oil with the polymer.
The addition of the oils into the nanofiber reduced the
fiber diameters. The HPRCD added into the polymer
solution could entrap the oil into it and help protect the
polymer from melting (18). The diameters of the oil load-
ed fibers were in the range of 396.56 +65.31 to 425.89
+82.28 nm.

%Transmittance

Clove oil

blank PVP/HPBCD nanofibers

30 % betel oil loaded
PVP/HPBCD nanofibers

30 % clove oil loaded
P/HPBCD nanofibers

M e
HPBCD powder \f
\’_—X/\,f'——
Betel oil
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Fig. 4. FT-IR spectra of PVP, HPBCD, blank PVP/HPRCD nanofiber mats, betel oil, clove oil, blank PVP/HPRCD nanofibers, 30% betel oil
loaded PVP/HPBCD nanofibers, and 30% clove oil loaded PVP/HPBCD nanofibers
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Fig. 5. DSC thermograms of PVP powder, HPRCD powder, betel oil, clove oil, blank PVP/HPBCD nanofibers, 30% betel oil loaded PVP/

HPBRCD nanofibers, and 30% clove oil loaded PVP/HPBCD nanofibers

FT-IR Analysis

The FT-IR spectra of PVP, HPBCD, betel oil, clove oil,
PVP/HPpRCD nanofiber mats, betel oil loaded nanofiber
mats and clove oil loaded nanofiber mats are shown in
Fig. 4. The spectrum of PVP presented peaks at 3452.2 ,
2926.5, 1663.4, 1415.7, and 1290.1 cm™! that were attributed
to N-H, CH,, C=0, C-N stretching vibration, and C-H
bending, respectively (29). The peaks at 3423.7, 2915.4,
1167.8, and 1083.7 of the HPBCD spectrum corresponded
to O-H, C-H, C-H, and C-O stretching vibrations, respec-
tively (30). The pure PVP/HPRCD nanofiber mats exhibited
absorption peaks as observed in the spectra of PVP and
HPRCD. The spectrum of betel oil and clove oil exhibited
absorption peaks at 3514.0, 3077.1, and 2932.3 cm ' that
were attributed to O-H, =C-H, and C-H stretching, respec-
tively (31). The bands at 1602.4 and 1510.8 corresponded to
aromatic C=C stretching (32). The spectrum of betel oil and
clove oil loaded nanofiber mats displayed all features of the
peaks that were observed in the spectrum of PVP/HPRCD,
betel oil, and clove oil. It seems to be the evidence for the
present of the herbal oil in the nanofiber mats. Especially,
the bands of aromatic C=C stretching of the betel oil and
clove oil spectra that were generally not observed in the
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Fig. 6. Release profile of (triangle) betel oil and (square) clove oil
from the PVP/HPRCD nanofiber mats. The data are expressed as
mean + standard deviation from three independent experiments

spectrum of PVP/HPRCD were found in the spectrum of
betel oil and clove oil loaded nanofiber mats.

Differential Scanning Calorimetry

Differential scanning calorimetry (DSC) studies were car-
ried out to investigate the thermal behavior of the betel oil and
clove oil in the electrospun nanofiber mats, and the thermo-
grams are displayed in Fig. 5. Pure betel oil and pure clove oil
exhibited endothermic peaks related to the process of evapora-
tion at 216.1 and 233.4°C, respectively. The thermograms of the
blank nanofiber mats and the betel oil or clove oil loaded
nanofiber mats were quite similar. This indicated that the incor-
poration of betel oil and clove oil into the nanofiber mats did not
affect the thermal properties of the nanofiber mats.

Mechanical Properties

The mechanical properties in terms of Young’s modulus
of the PVP/HPRCD nanofiber mats with and without the
herbal oils loading were determined using a texture analyzer,
and the results are displayed in Table I. The Young’s modulus
values of all tested nanofiber mats were in the range of 0.69—
3.58 MPa. Adding the oil into the nanofiber did not have
negative effect on the tensile strength of the nanofiber mats,
but it improved the mechanical properties of the mats. The
30% betel oil loaded nanofiber mats demonstrated the highest
value of Young’s modulus.

Ex vivo Mucoadhesion Assay

The ex vivo mucoadhesion studies were carried out to
evaluate the ability of the mats to adhere to the mucous within
the mouth. The results of the mucoadhesion assay are listed in
Table I. The mucoadhesive strengths of all nanofiber mats
were in the range of 26-34 mg. The loading of the herbal oils
into the nanofiber did not diminish the mild mucoadhesion
property of PVP polymer. On the other hand, the
mucoadhesion values rose a little after the herbal oils were
incorporated. Thus, these herbal oils can be incorporated in
the nanofiber mats without any negative effects on the
mucoadhesion property of PVP.
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Fig. 7. Time-kill plots of C. albicans ATCC 90028 versus the treatment time: (diamond) control, (square) 30% betel oil loaded nanofiber mats
and (square) 30% clove oil loaded nanofiber mats.The data are expressed as mean + standard deviation from three independent experiments.
*Statistically significant (P <0.05) from control. **Statistically significant (P <0.05) from clove oil loaded nanofiber mats

In vitro Release

The release characteristics of the herbal oil loaded nano-
fiber mats are presented in Fig. 6. It is clearly observed from
the release profiles that both betel oil and clove oil displayed
very fast release from the nanofiber mats followed by gradual
release. Almost 50% of the betel and clove oil that was
incorporated in the nanofiber mats released to the release
medium within 1 min. This is due to the very fast dissolving
property of PVP polymer (26). The betel oil loaded nanofiber
mats and the clove oil loaded nanofiber mats exhibited quite
similar release patterns except that the betel oil loaded nano-
fiber mats had faster release rate in the initial period. This
might be due to the high loading amount of betel oil in the
nanofiber mats.
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Antifungal Studies

The susceptibility testing of betel oil and clove oil was
performed using a broth dilution assay to determine MIC and
MEFC values against C. albicans ATCC 90028. Betel oil and
clove oil were strongly active against C. albicans with MIC
values of 0.781 and 0.049 pg/ml and the MFC values of 0.781
and 0.092 pg/ml, respectively.

Time-kill analyses were performed to evaluate the anti-
fungal activity of the herbal oil loaded nanofiber mats by
determining the exposure time required to kill standardized
microbial inoculums. The time-kill plots of nanofiber mats
containing betel oil or clove oil and the control sample are
displayed in Fig. 7. As compared to the control sample, the
nanofiber mats loaded with betel oil or clove oil can inhibit the

control 0.0001 0.001
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120 4
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%cell viability
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Concentration (mg/mL)
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Fig. 8. In vitro cytotoxicity of ([(_]) blank nanofiber mats, ([_]) clove oil loaded nanofiber mats, and (JJJ) betel oil loaded nanofiber mats against
HGEF cells after incubation for a 2 h and b 24 h. *Statistically significant (P <0.05) from control
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growth of candida cell after contact with only few minutes.
The betel oil loaded nanofibers started inhibiting the Candida
cells since 5 min after contact. The very fast dissolving prop-
erty of PVP polymer resulted in very fast release of the oils
from the nanofiber mats and inhibited the Candida cells.
Previous study reported that the rapid wetting/disintegration
of the PVP/HPBCD nanofibers leading to free CZ rapidly
released from the mats caused faster antifungal activity (26).
In addition, the betel oil loaded nanofiber mats exhibited
rapid antifungal activity and displayed significantly faster an-
tifungal activity at 30 to 120 min after contact compared to the
clove oil loaded nanofiber mats. These results might be due to
the greater amount of the betel oil contained in the nanofiber
mats with approximately 3 times higher than that of clove oil.

Cytotoxicity Studies

The in vitro cytotoxicity of the blank nanofiber mats and
herbal oil loaded nanofiber mats were determined using MTT
assay. This investigation was performed to evaluate the bio-
compatibility of the prepared systems and their potential ap-
plication for oral candidiasis. The cytotoxicity of the prepared
systems was assessed at various concentrations (0.0001 to
10 mg/ml). The results from the test are illustrated in Fig. 8.
Figure 8a, b shows the cell viabilities of the extraction medium
from blank nanofiber mats and herbal oil loaded nanofiber
mats at the mats concentrations from 0.0001 to 10 mg/ml after
incubation at pH 7.4 for 2 and 24 h, respectively, against the
HGEF cells. There was a significant decrease in the cell viability
when the HGF cells were incubated with high concentration
of the herbal oil loaded mats (1-10 mg/ml) compared to the
control (p <0.05). This finding might be because the amount
of herbal oil was too high and toxic to fibroblast cells. How-
ever, the clove oil loaded nanofiber mats were safe for use at
the concentration of 0.0001 to 1 mg/ml for 2 h and at 0.0001 to
0.1 mg/ml for 24 h. On the other hand, the betel oil loaded
nanofiber mats exhibit higher toxicity due to the higher oil
loading. They were safe for use at the concentration of 0.001
to 0.1 mg/ml for 2 and 24 h. In fact, the nanofiber mats are fast
dissolving and would be contacted with the mouth for only few
minutes. This could help reduce the toxicity of the herbal oils
against the oral cells.

CONCLUSION

In this study, the nanofiber mats containing herbal oils
with antifungal activity were successfully fabricated via
electrospinning process. The HPRCD was employed to entrap
the oil and reduce hygroscopic property of PVP. The oil
incorporated in nanofiber mats exhibited very fast release
and rapidly reduce the candida cell in vitro. These nanofiber
mats may have potential to be used as a material for oral
hygiene maintenance in denture stomatitis for oral candidiasis
prevention. Further in vivo investigation should be done to
confirm the clinical efficacy of these materials.
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