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Abstract

One of the goals of oral healthcare management is to manage dry mouth. Thus, moisturizers containing antimicrobial
ingredients, such as hinokitiol (HT), are applied to the oral mucosa after oral care. In this study, we investigated the preven-
tive effect of HT against the growth of Candida albicans (C. al) and its synergistic effect when combined with miconazole
(MCZ), an oral treatment for candidiasis. As the concentration of HT increased, the length and percentage of germ tubes
(GT) decreased. Larger inhibition circles were observed for MCZ concentrations of 2.0 and 4.0 pg/disc compared to the HT
medium without HT. The increased inhibitory effect was observed in both aerobic and anaerobic cultures. This suggests that
the production of reactive oxygen species (ROS) by C. al cells increased with the combination of HT and MCZ. The length
and percentage of GT increased, whereas the amount of ROS decreased when ROS scavengers were used in combination
with the drug. HT led to morphological changes that inhibited the GT associated with pathogenic C. al, exhibited a comple-
mentary action against MCZ, and showed a possible association with hydrogen peroxide and superhydroxy anion radicals.
These effects suggest that HT is a promising candidate for inhibiting C. al. In conclusion, HT demonstrated a prophylactic
effect by inhibiting C. al and a synergistic effect with MCZ, a drug used to treat oral candidiasis. HT may also be useful for
suppressing the onset and reducing the severity of oral candidiasis.
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Introduction

Reducing disease outbreaks and preventing serious illnesses
have recently been the focus in healthcare. Oral hygiene
management has been actively implemented in hospitals and
care facilities to prevent respiratory complications, such as
aspiration pneumonia and ventilator-associated pneumonia,
as well as oral mucositis in long-term care for older adults,
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chemotherapy, and bone marrow transplant patients [1-7].
One of the goals of oral hygiene management is to manage
dry mouth; thus, moisturizers are applied to the oral mucosa
after rinsing. Moisturizers include antibacterial ingredients,
such as hinokitiol (HT), which are used to treat terminally
ill patients with severe dry mouth, older immunosuppressed
patients, and bedridden patients in long-term care [8—11].
HT is a tropolone monoterpene obtained from Chamae-
cyparis obtusa var. formosana (Formosan cypress). HT
has multiple pharmacological effects, such as anti-inflam-
matory, antioxidant, antitumor, antibacterial, and antiviral
properties [12—17]. Therefore, HT is incorporated in oral
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hygiene products against periodontitis prevention, food
preservation, and cosmetics and has remarkable biologi-
cal safety features. Particularly, nearly all the commercial
oral hygiene products containing HT are fixed-dose com-
binations with the other antimicrobial agents dispersed
in a base material, such as 4-isopropyl-3-methlphenol
[18]. All these mixed drugs (gel or liquid agents) con-
tain base agents (ointment or suppository) without excep-
tions. Bianchi et al. demonstrated the usefulness of the
commercial oral hygiene products, particularly gel agents
containing amine fluoride against caries, periodontitis,
and peri-implantitis [19]. However, analyzing the active
principal component of the fixed-dose combination is
very challenging. Further, we noted that the loss of gel
substrate with antimicrobial agent on the mouse tongue
mucous membrane might enhance Candida albicans (C.
al) adhesion in experimental oral candidiasis mice. Thus,
we first investigated the antifungal effects of HT alone
or the combination with miconazole (MCZ) because the
precise mechanism of the inhibition and interaction of the
antifungal effects of HT remains uncertain.

Oral candidiasis is an opportunistic infection primar-
ily caused by Candida albicans (C. al). The infection is
not limited to the oral cavity and can spread to the upper
respiratory tract and bloodstream, leading to a deep-seated
mycosis. This condition is refractory, has a high mortal-
ity rate, and can significantly affect the life expectancy
of patients [20, 21]. Salivary gland dysfunction, drugs,
dentures, diabetes mellitus, malignancy, and immunosup-
pressed states predispose individuals to oral candidiasis.
Oral candidiasis has a favorable prognosis with proper
antifungal therapy, although attaining asepsis for myco-
logical eradication poses a challenge [20, 22]. Further-
more, oral candidiasis can present with various clinical
manifestations, rendering it susceptible to misdiagno-
sis, difficulty in treating the underlying host cause, and
risk of relapse and poor control with the inappropriate
use of antifungal agents, decreased drug sensitivity, and
prevalence of azole-resistant strains over time [22, 23].
Prioritizing the prevention of oral Candida infections is
crucial because of the risk of oral candidiasis transitioning
to deep-seated mycosis [24]. Moreover, Wu et al. reported
important findings concerning the association between
C. al induced cerebral mycosis and Alzheimer’ disease
[25]. Therefore, HT could potentially act as an efficient
prophylactic agent. However, the basic research informa-
tion concerning HT is not adequate to consider its use
for preventing oral candidiasis from progressing to deep
mycosis in immunocompromised and high-risk patients
in the acute phase of hospitalization. Therefore, this study
aimed to examine the preventive effects of HT on C. al and
its effectiveness when administered alongside miconazole
(MCZ), a treatment for oral candidiasis.
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Materials and methods
Range of MCZ concentration settings used with HT

A preliminary experiment was conducted to investigate the
minimum inhibitory concentrations (MICs,) of HT (Fuji-
film Wako Pure Chemicals Corporation, Osaka, Japan)
using the microliquid dilution method.

The dose response curve obtained by measurements
(MIC5,=7 pg/mL) performed 6 times is presented in
Fig. la. Our study aimed to investigate the synergistic
pharmacological effects of HT and MCZ (Sigma-Aldrich
Co., LLC, St. Louis, MO, USA) against the ability of C.
al (IFM40009:ATCC48130) to switch between yeast and
hyphal growth forms (dimorphism). Therefore, the con-
centrations of HT alone that do not inhibit C. al cell prolif-
eration were preferred for use in this study, because MICs,
or higher concentrations of HT may mask the fungicidal
effects of MCZ using the both agents. Moreover, consider-
ing oral adaptation in clinical practice, the drug concentra-
tion (above MICs,) will be decreased due to dissolution
and diffusion by saliva with the passage of time; thus, the
effects of sub-MICs, HT against C.al should be investi-
gated. Figure 1b showed the dose response curve of MCZ
alone or with 3.0 pg/mL HT obtained by measurements
performed thrice. The synergistic effects were observed
at the concentration area of MCZ (0.5-4 pg). Thus, we
used HT (0.625-4.0 pg/mL) and MCZ (0.5-4.0 pg/mL)
in this study.

Change in germ tube (GT) formation following HT
treatment

A loopful of C. al cells were inoculated into 100 mL PYG
medium (1% peptone, HIPOLY PEPTON, 2% p(+)glucose,
and 0.5% yeast extract, DRIED YEAST, Fujifilm Wako
Pure Chemicals Corporation, Osaka, Japan) and incubated
in a water bath with shaking (24 h, 37 °C, 140 rpm). After
24 h, the cells harvested from the PYG medium were
washed with distilled water by centrifuging three times
(5 min, 3000 rpm). The cells were then transferred into
100 mL sterile distilled water and shaken (4 h, 37 °C,
140 rpm) to starve the C. al cells. After starvation, the C.
al cells were collected. The cell suspension was adjusted
to achieve a final cell concentration of 5x 10° cells/mL
using a turbidimeter (Vi-Spec II PHOTO METER, Kyo-
kuto Pharmaceutical Industries, Tokyo, Japan).

The cell suspension was mixed with 5 mL N-acetyl-
D-glucosamine (Glc-NAc)-HEPES buffer (pH 6.8) to
induce GT and divide it into microtubes. The experimen-
tal group contained 1.0, 2.0, 2.5, and 3.0 pg/mL of HT in
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Fig. 1 Concentration setting range for HT and MCZ when HT and
MCZ are used together. The concentration setting range for HT was
set at 0.625—4 ug/mL, which is not related to cell proliferation against
the C. al 40009 strain. *MIC5,=7.0 pg/mL **HT concentration set-
ting range (0.625—4 pg/mL) In the same way, for MCZ antifungal
activity when HT and MCZ were used together, the concentration set-
ting range for MCZ was set at 0.5-4 pg/mL, where the synergism was
achieved*: MCZ concentration adjustment range (0.5-4.0 ug/mL).
HT, hinokitiol; MCZ, miconazole

each microtube, and the control group comprised sterile
purified water in each microtube. The experimental and
control cells were incubated at 37 °C with slow shaking
(60 rpm), and a portion of the cells was collected at 0, 1,
2, 3, and 24 h. The collected GTs were fixed in 10% for-
malin and observed under a fluorescence microscope (all-
in-one optical microscope; BZ-800; KEYNENCE, Osaka,
Japan). When observed by fluorescence microscopy, the

cells were stained with Fungiflora Y fluorescence stain
for fungi (Fungiflora Y®, Trust Medical, Sendai, Japan).

The outcome measures were changes in GT length and
ratio after 24 h, as measured using an all-in-one optical
microscope. The experiment was repeated five times with
different concentrations of HT; the representative GT forma-
tion following HT treatment (24 h) is shown in Fig. 2 and
Tables 1 and 2.

Evaluation of the combined effects of HT and MCZ
using the disc diffusion method

Growth inhibition tests were performed using the upper
(1.0% soft agar) and lower (1.5% base hard agar) layered
PYG agar plate. The yeast cells grown in liquid PYG
medium with shaking (24 h, 37 °C, 140 rpm) were har-
vested. The cell solution was added into 50 °C 25 mL melt-
ing soft agar containing 3.0 pg/mL HT, and then poured
into the prepared 25 mL 1.5% base agar containing 3.0 pg/
mL HT using 100 mL square petri dish (final cell concen-
tration of the upper soft agar was adjusted to 2 x 10° cells/
mL). For control, the same two-layered agar plates without
HT were prepared. Drug resistance test filter papers con-
taining 2.0 pg/disc MCZ and 4.0 pg/disc MCZ were placed
on the plates and incubated at 37 °C under different culture
conditions (normal aerobic and anaerobic cultures using
AnaeroPac, Mitsubishi Gas Chemical Co., Tokyo, Japan),
and inhibition circles were observed after 48 h.

This experiment was repeated five times with similar
results; the representative inhibition circles obtained in the
experiment are shown in Fig. 3a—d.

HT- and MCZ-induced reactive oxygen species (ROS)

ROS production assay was performed using highly sensi-
tive DCFH-DA (Dojin Chemical Laboratory Co., Tokyo,
Japan) with reference to the manufacturer’s instruction. The
cell pellets contained approximately 2 x 10° cells for ROS
production prepared in the aforementioned PYG culture. The
working solution (DCFH-DA dye diluted with tenfold dilu-
tion of the loading buffer) was added to the cell pellet in each
microtube. The reaction mixture was incubated at 37 °C for
30 min to absorb the dye into the cells and centrifuged to
collect the stained cells. The cells were resuspended in ster-
ile Hank’s balanced salt solution without phenol red (HBSS)
(Fujifilm Wako Pure Chemicals Co. Osaka, Japan) as a con-
trol. For experimental groups, 3.0 pg/mL HT, 0.5 pg/mL
MCZ alone, and a combination of both drugs were prepared.
The samples in the microtube were incubated at 37 °C for
1 h with shaking. Then, 50 pL of the samples was added
to 10 wells in a 96-well plate for fluorescence microscopy
and measured using a SpectraMax iD3 multimode micro-
plate reader (MOLECULAR DEVICE, San Jose, USA) at
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Fig.2 Change in GT formation after 24 h as a function of HT con-
centration. The final cell concentration in the bacterial solution was
adjusted to 5x 10° cells/mL for starved C. al. The cells were mixed
with 5 mM N-acetyl-p-glucosamine (Glc-NAC)-HEPES buffer
(pH 6.8), which induces GT, divided into experimental and control

an excitation wavelength of 490 nm and fluorescence wave-
length of 540 nm.

Moreover, the effects of antioxidant butylated hydroxy-
anisole (BHA) on ROS production and GT formation were
investigated using 1 mM BHA following the same experi-
mental systems mentioned above.

The ROS experiments and the effect of BHA on ROS
production were performed a total of six times, and the sta-
tistical analysis of the measured results is shown in Figs. 4
and 5.

The effect of BHA on GT formation is shown in Fig. 6
and Tables 3 and 4, which show the number and percentage
of GTs and GT formation after a typical HT treatment (24 h)
obtained in one experiment.

Statistical analysis

Statistical analysis was performed using Excel statistics (Bell
Curve). Data are presented as means + standard errors of
mean. Significant differences between the experimental and
control results are indicated by p values < *0.05 or **0.01.
GT length and ROS production were compared using the
Steel-Dwass test. Further, the GT ratio after adding BHA
was analyzed using the difference of mother means (with
correspondence).
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1.0pg/mL HT

2.0pg/mL HT
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groups, collected over time, and fixed in 10% formalin. Cells were
stained with Fungiflora Y stain and observed under a fluorescence
microscope, which showed concentration-dependent inhibition of GT
formation. GT, germ tube; HT, hinokitiol

Results
Effect of HT on GT formation

The length and percentage of GTs decreased after 24 h in
2.0, 2.5, and 3.0 pg/mL HT. In 3.0 pg/mL HT, GT forma-
tion was completely inhibited and remained in yeast form.
However, 1.0 pg/mL HT produced no inhibitory effect on the
length and percentage of GTs (Fig. 2, Tables 1, 2).

Changes in growth inhibition circle using the disc
diffusion method

We used the double-layered agar method to form a clear dis-
tinct growth inhibition circle and set the aerobic or anaerobic
culture conditions, considering the environments of the oral
cavity and biofilm of C. al. In both anaerobic and aerobic
cultures, the growth inhibition circles of 2.0 and 4.0 pg/disc
MCZ on 3.0 pg/mL HT additional agar (Fig. 3a, b) were
larger than those on HT non-additional agar (Fig. 3c, d).
Regarding the change in growth inhibition circle formation
between aerobic and anaerobic cultures, 2.0 and 4.0 pg/disc
MCZ in anaerobic culture (Fig. 3b) resulted in larger growth
inhibition circles than those in aerobic cultures (Fig. 3d).
In addition, anaerobic cultures (Fig. 3a, b) formed growth
inhibition circles with well-defined margins.
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Medium with 3.0 pg/mL HT
anaerobic culture

(a)

MCZ
2.0pg/disk

MCZ
4.0pg/disk

Medium with 3.0 pg/mL HT
aerobic culture

(c)

MCZ
2.0pg/disk

MCZ
4.0pg/disk

Medium without 3.0 pg/mL HT
anaerobic culture

(b)

MCZ
2.0pg/disk

MCZ
4.0pg/disk

Medium without 3.0 pg/mL HT
aerobic culture

(d)

MCZ
2.0pg/disk

MCZ
4.0pg/disk

48 hours later

Fig.3 Change in the formation of MCZ inhibition circles in a
medium containing 3.0 ug/mL HT by the disk diffusion method.
Two-layer plates were prepared with HT 3.0 pg/mL added to soft agar

ROS production and changes in GT formation

HT and MCZ induced ROS production in C. al cells. Signifi-
cantly higher ROS levels were produced at HT 3.04+MCZ
0.5 pg/mL compared to those in the control, HT 3.0 pg/mL
alone, and MCZ 0.5 pg/mL alone. ROS production in C.
al cells before and after BHA treatment was significantly
reduced (Fig. 4). However, the difference before and after
BHA treatment was not statistically significant in each group
(Fig. 5). Compared to BHA alone, the combination of BHA
and HT resulted in an increase in GT length and percentage
(Fig. 6, Tables 3, 4).

Discussion

Adhesion of C. al to epithelial cells is involved in the early
stages of the pathogenesis of oral candidiasis. As C. al
develops into mycelial form in single or multi-species bio-
film, the hypha presses into the epithelial cell membrane

in the upper layer and hard agar in the lower layer (The inhibition cir-
cle was larger for HT). HT, hinokitiol; MCZ, miconazole

and forms invasion pockets. It then produces candidalysin
(peptide toxin), which causes epithelial inflammatory reac-
tions and cellular damage [26-28]. Therefore, considering
prevention of oral candidiasis, it is important to prevent this
early stage [29]. HT has been shown to be effective in inhib-
iting C. al growth; however, it was unclear which growth
form was inhibited under the sub-MIC of HT [30]. The pre-
sent study showed that HT inhibited, in a concentration-
dependent manner, the morphological change from yeast
form to GT (the model of dimorphism), which is involved
in the early stage of oral candidiasis. Recently, Ohara et al.
reported similar results to ours; thus, the inhibition of GT
formation by HT is an important morphological finding for
preventing the onset of initial biofilm formation and is fol-
lowed by oral candidiasis [18].

In the present experiment, the inhibition circle formed
by MCZ 2.0 and 4.0 pg/disc on HT 3.0 pg/mL-supple-
mented medium was greater in aerobic and anaerobic cul-
tures than that formed by MCZ 2.0 and 4.0 pg/disc on HT-
free medium, suggesting that the addition of HT 3.0 pg/
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Fig.4 ROS production of C. al
cells by HT and MCZ. A bacte-
rial solution with a final cell
concentration of 2 x 10° cells/
mL was used to incorporate the
fluorescent dye for ROS detec-
tion into the cells, and each
group was prepared and meas-
ured using a multiple reader

at an excitation wavelength

of 490 nm and a fluorescence
wavelength of 540 nm. Imme-
diately after the measurement,
the cells were mixed with 1 mM
BHA and measured in the same
manner. Each group was sub-
jected to the Steel-Dwass test.
Differences in maternal means
(with correspondence) were
determined before and after
BHA administration in each
group (*P <0.05, **P <0.01;
n=06). BHA, butylated hydroxy-
anisole; HT, hinokitiol; MCZ,
miconazole; ROS, reactive
oxygen species

Fig.5 C. al cell ROS produc-
tion by HT and MCZ (ROS
levels of difference before and
after BHA). No statistically sig-
nificant difference (Steel-Dwass
test) was observed for each
group (n=6). BHA, butylated
hydroxyanisole; HT, hinokitiol;
MCZ, miconazole; ROS, reac-
tive oxygen species
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Fig.6 Change in the GT at

24 h after BHA alone and HT
and BHA in combination. GT
formation was increased when
BHA was added. BHA, butyl-
ated hydroxyanisole; GT, germ
tube; HT, hinokitiol

Control

1004um

Table 1 Change in the GT length at 24 h after the addition of HT

Cont HT HT HT HT
1.0 ug/mL 2.0 pg/mL 2.5 yg/mL 3.0 ug/mL

Average 136.2 131.5 51.8 39.5 35
GT length
(um)

n 13 13 70 44 100

GT, germ tube; HT, hinokitiol

Table 2 GT ratio when HT was added and at 24 h

Cont HT HT HT HT
1.0 pg/mL 2.0 pg/mL 2.5 pg/mL 3.0 ug/mL
GT (n) 100 100 70 44 0
GT +yeast 100 100 75 60 100
(n)
GT ratio (%) 100% 100% 93.30% 73.30% 0%

GT, germ tube; HT, hinokitiol

Table 3 Change in the GT length at 24 h with the addition of BHA
and HT

BHA BHA+HT

3.0 ug/mL
Average GT length (um) 6.2 9.0
n 13 36

BHA, butylated hydroxyanisole; GT, germ tube; HT, hinokitiol

mL complements the antifungal effect of MCZ. MCZ has
been reported to induce ROS production in C. al, and ROS
production is important for the antifungal activity of MCZ.
Moreover, low concentrations of HT can promote iron-cat-
alyzed ROS production and enhance DNA damage [31-34].

BHA 1mM

BHA ImM+HT 3.0ug/mL

Table 4 Change in the GT ratio when BHA and HT were added and
after 24 h

BHA BHA+HT
3.0 pg/mL
GT (n) 13 36
GT + yeast (n) 56 82
GT ratio (%) 23.2% 43.9%

BHA, butylated hydroxyanisole; GT, germ tube; HT, hinokitiol

In view of this, we measured the amount of ROS in HT and
MCZ alone and in HT and MCZ together and found that
the amount of ROS significantly increased when HT and
MCZ were combined, suggesting that HT, which comple-
ments MCZ action, was related to ROS. However, when HT
was combined with BHA, which is used as an antioxidant
and preservative in food and feed additives, ROS levels
were significantly reduced, and no significant difference in
ROS levels was observed before and after BHA adminis-
tration. Superhydroxy anion radicals have been reported to
have an excellent ability to remove these radicals [34, 35].
The highly sensitive DCFH-DA ROS assay kit used in this
experiment detects ROS, such as singlet oxygen, superoxide
anion radicals, hydrogen peroxide, and hydroxyl radicals.
These results suggest that ROS, particularly hydrogen perox-
ide and superoxide anion radicals, were associated with HT
action complementary to MCZ and may have acted together
in each group.

MCZ decreases ROS production and antifungal activity
when co-administered with antioxidants [36]. In the pre-
sent study, HT and MCZ alone and HT and MCZ together
resulted in lower ROS levels when administered with BHA,
suggesting that HT may have also reduced antifungal activ-
ity. When BHA alone and HT and BHA in combination
were administered to GT, which is considered a pre-stage
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of pathogenic C. al, GT grew better when HT and BHA were
combined. This suggests that, as in the case of MCZ, the co-
administration of HT with an antioxidant effect reduces the
ability to produce ROS and its antifungal activity.

From the results of these experiments, we observed that
HT suppressed the yeast-to-hyphal transformation of C. al
and complemented the antifungal activity of MCZ by pro-
ducing ROS. Farnesol, a quorum sensing molecule synthe-
sized by C. al, acts as a negative regulator of morphogenesis,
inhibits the yeast-to-hyphal transformation of C. al, and is
associated with reactive oxygen species. Farnesol, a common
molecule with antibacterial properties among monoterpenes
and other fungi, is involved in biofilm formation and acts as
a virulence factor. In particular, 200-300 mM concentrations
of farnesol exhibit antifungal activity, whereas 40 mM, the
physiologically active concentration, exhibits stress inhibi-
tory activity; this duality depends on the concentration [37].
Since HT is a cyclic monoterpene with antimicrobial activ-
ity, it is possible that it acts similarly to farnesol, and it is
necessary to further investigate the mechanism of action of
HT against the dimorphism of C. al and its relationship with
farnesol.

Jin et al. presented the results of a detailed study of HT
on C. al concerning the chelating effects of HT particularly
against Fe?*. They revealed that HT inhibited the enzyme
activities of mitochondrial complexes I and I in C. al with
the generation of ROS. As a result, ATP generation of C.
al was reduced by down regulation of the Ras 1—cAMP—
PKA pathway. This down regulation might depress the Efg
I—inducing gene expressions, which are important for GT
formation [38]. Since ROS of eukaryotic origin are produced
from mitochondrial complexes I and III, when the mitochon-
drial function is impaired, the ROS production from C. al
under the treatment of HT observed in our study may be
attributed to mitochondrial complexes I inhibition by HT as
previously reported. Komaki et al. revealed that the fungi-
cidal effects of HT were decreased under complete anaerobic
conditions using the RPMI 1640 medium containing 10 mg/
mL sodium sulfate (Na,SO;+ O, =2Na,SO,). This result
demonstrates involvement of the fungicidal effect of HT in
the respiration systems of C. al. However, they reported that
5 pg/mL HT did not inhibit the respiration system and ATP
production of C. al did not decrease compared with the con-
trol; thus, they suggested that the phenomenon was caused
by the C. al respiration signal branched at Co-enzyme Q to
the ATP production system and cAMP activation system
[30]. We also found the diameter of the inhibitory circle
treated with 100-pg HT/disk under complete anaerobic con-
ditions using 10-mg/mL sodium sulfate containing PYD
medium after 48 h to be shorter than that of aerobic condi-
tions (data not shown). In contrast, HT revealed the fungi-
cidal effects for C. al, such as amphotericin B, to be dis-
tinctly different from fungistatic fluconazole under aerobic
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conditions, from the degree of clarity of inhibition circle
edges after 48 h using disk plate method (data not shown).
Based on these results, HT may have unknown lethal action
points. Thus, further studies on the fungicidal mechanism
of HT against C. al are warranted.

We have previously performed C. al slide cultures on
cornmeal agar, a nutrient-poor medium that relies primarily
on the respiratory system for growth. When a single yeast-
like cell is placed in the center of a slide, it initially grows
in a yeast-like form under aerobic conditions; however, as
oxygen is consumed and the culture becomes anaerobic,
mycelia grows from the edge cells of the small yeast-like
colony. The tips of the mycelia extend to the edge of the
slide, where they come into contact with air, and when they
reach the aerobic edge, they proliferate again in a yeast-like
form [39]. Although we cannot directly relate the results
of the experimental culture to growth in vivo, our finding
that the combination of HT and MCZ inhibited both the
aerobic and anaerobic growth of C. al may be of interest in
clinical applications, particularly in the prevention of oral
candidiasis.

The results of this experiment showed that C. al can act in
a mixed aerobic and anaerobic environment in the oral cavity
and that synergistic effects were observed using HT, which
has fewer side effects, in combination with known antifun-
gal agents. Meanwhile, new agents and combinations are
being developed in recent years due to the increase in resist-
ant strains of C. al. These findings provide useful informa-
tion for clinical applications. However, there are still many
unknowns regarding C. al studies when HT is combined
with other antifungal agents and the basic clinical aspects of
HT. Our goal is to elucidate these in the future.

Conclusion

In this study, the inhibition of GT formation by HT on C.
al is an important morphological finding that reduces C. al
pathogenicity; HT in combination with MCZ was found to
produce ROS in C. al cells and has a complementary effect.
These findings suggest that HT may effectively prevent the
development of oral candidiasis.
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