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Antifungal effect of electrospun
nanofibers containing cetylpyridinium
chloride against Candida albicans

Abstract: It is known that cetylpyridinium chloride (CPC) has in vitro and
in vivo antifungal action against Candida albicans, with advantages over other
common antiseptics. A CPC delivery-controlled system, transported in poly-
mer nanofibers (PVP/PMMA), was developed to increase the bioavailability
of the drug in contact with the oral mucosa. The objectives of this study were
to determine if CPC in nanofiber has antifungal action against C. albicans,
and in what concentration it must be incorporated, so that the fraction re-
leased can yield an inhibitory concentration. The nanofiber was prepared
by electrospinning, and sterilized with gamma irradiation. Nanofiber disks
with 0.05%, 1.25%, 2.5% and 5% CPC, with 5% miconazole (MCZ) and with
no drug, as well as filter paper disks with 5% CPC, with 5% MCZ and with
no drug were used in this study. A Candida albicans suspension (ATCC 90028)
was inoculated in Mueller-Hinton Agar plates. The disks were placed on the
plates and the inhibition zone diameters were measured 48h later. The na-
nopolymeric disks contracted in contact with the agar. All the concentrations
of CPC incorporated in the nanofiber presented inhibitory action against
C. albicans. Concentrations of 2.5% and 5% CPC presented a significant ad-
vantage over the nanofiber with no drug, proving the antifungal action of
CPC. Under these experimental conditions, 5% CPC has greater inhibitory
action against C. albicans than 5% MCZ, both in nanofiber and in filter paper.
A modification made in the polymer to decrease the contraction rate may al-
low a larger inhibition zone to be maintained, thereby increasing the clinical
usefulness of the polymer.

Keywords: Nanofibers; Drug Delivery Systems; Administration,
Topical; Mouthwashes; Candida.

Introduction

Candida albicans is a commensal organism that can be isolated from the
gastrointestinal tract, as well as the oral and vaginal mucosa, in up to 80% of
healthy individuals. Normally, it does not represent a problem; however, in
certain cases it can cause the symptomatic infection of mucous membranes.?
A change in the pathogenic state of the Candida species may occur after the
oral cavity environment has been altered.? The clinical manifestations of
candidal infection in the mouth vary from acute pseudomembranous can-
didiasis to chronic atrophic candidal mucositis,* including denture stoma-
titis (DS), which is the most prevalent oral infection involving the Candida
species,” and which occurs in about 15% and 65% of denture wearers.1%57%
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Currently, there are a variety of topical and sys-
temic antifungal agents available for treating oral
candidiasis. The topical antifungal agents most com-
monly used are nystatin and miconazole (MCZ),
which have undesirable side effects and the risk of
developing fungal resistance.’ The main adverse
effects observed with nystatin are unpleasant taste,
nausea and motion sickness. Miconazole may cause
drug interactions, even in the case of topical use.”

Mouthwashes containing antiseptics, such as chlorhex-
idine, cetylpyridinium chloride (CPC), triclosan and oth-
ers, have been studied as alternatives for traditional anti-
fungal agents. It has been shown that CPC has proven
antifungal activity in vitro and in vivo, with advantages
over triclosan, and chlorhexidine.*> The commercially
available concentration of CPC (0.05%) was used on cul-
tured epithelial cells of human mucosa, and was found
toreduce the adhesion of C. albicans by 80%, showing effi-
cacy similar to that of 0.2% chlorhexidine, which achieved
a77% reduction, and surpassed 0.045% triclosan, which
reduced adhesion by only 20%." Other advantages of CPC
are the lower risk of developing microbial resistance and
of causing drug interactions. However, the major cause
of treatment failure with antiseptics, including CPC, is
the short time that these topical agents stay in the mouth
in active concentrations (low substantivity)," requiring
application several times a day,* a practice which could
decrease patient adherence to treatment. Furthermore,
CPCinlow concentrations may not act against resistant
fungi.®® These issues promoted the development of a sys-
tem of controlled CPC release, transported in polymer
nanofibers (PVP/PMMA), in order to increase the bio-
availability of the drug in contact with the oral mucosa,
as a future scenario for CPC use in oral treatments.

The aim of this study was to determine whether
CPC in nanofibers has antifungal action against C.
albicans, and to establish the concentration of CPC
that should be incorporated into these nanofibers
(polymer: PVP/PMMA), so that the fraction released
can attain the Minimum Inhibitory Concentration
(MIC) against this yeast.

Methodology

Polymeric nanofiber disks composed of poly-
vinylpyrrolidone (PVP) Kollidon® 90F (BASF,
Ludwigshafen, Germany) and Eudragit® RS100
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ammonio methacrylate copolymer type B (PMMA)
(Evonik Industries, Worms, Germany) were pre-
viously prepared by electrospinning. They were
characterized in the Laboratory of Chemical Pro-
cesses and Particle Technology (LPP) of the Insti-
tuto de Pesquisas Tecnologicas - IPT, Sdo Paulo, SP,
Brazil, and sterilized by Co60 gamma irradiation
(EMBRARAD Ltda., Cotia, Brazil). The disk diffu-
sion test for antifungal susceptibility analysis was
performed in the laboratory of the Department of
Prosthodontics, School of Dentistry, Universidade
de Sdo Paulo - USP, SP, Brazil.

Disk diffusion test
The disk diffusion method was performed accord-

ing to the NCCSL Approved Guideline (M44-A).'®

Polymeric nanofiber films previously made with

PVP/PMMA solutions were cut into disks 19 mm in

diameter, and subdivided into several groups:

1. Nanofiber disks containing CPC (Sigma-Aldricht
Corp., Saint Louis, USA) in the following concen-
trations: 0.05%, 1.25%, 2.5% and 5% (each n=6)

2. Nanofiber disks with no drug (n=15)

3. Nanofiber disks containing 5% MCZ (Sigma-
Aldricht Corp., Saint Louis, USA) (n=6)

4. Whatman® 40 Filter paper disks (GE Healthcare
Life Sciences, Pittsburgh, USA) with 5% CPC (n=15)

5. Whatman® 40 Filter paper disks (GE Healthcare
Life Sciences, Pittsburgh, USA) with 5% MCZ (n=9)

6. Whatman® 40 Filter paper disks (GE Healthcare
Life Sciences, Pittsburgh, USA) with no drug (n=4)

Inoculum preparation

Candida albicans (ATCC 90028) were subcultured
onto Sabouraud Dextrose Agar (DIFCO BD Diagnos-
tic Systems, Sparks, USA), at 35 °C (x2 °C), to ensure
purity and viability. Colonies were picked with a
sterile bacteriological loop, and suspended in 5 ml
of sterile saline 0.145mol / L (8.5 g / L NaCl, 0.85%
saline). The resulting suspension was vortexed for
15 s and the cell density was adjusted visually to
obtain an equivalent transmittance of 0.5 McFarland
Standard at a 530nm wavelength. This procedure
provided a standard yeast suspension containing 1
x 10° to 5 x 10° cells per mL.



Inoculation of test plates and placement of
disks on inoculated plates

Agar Mueller-Hinton (Sigma-Aldricht Corp., Saint
Louis, USA) plates were inoculated with the previ-
ously prepared suspension of Candida albicans. A
sterile cotton swab was dipped into the suspension.
The swab was then rotated several times and pressed
firmly against the inside wall of the tube above the
fluid level to remove excess fluid from the swab. The
dried surface of a sterile Mueller-Hinton Agar plate
was inoculated by streaking the swab evenly over
the entire agar surface three times, rotating the plate
approximately 60° each time to ensure even distribu-
tion of the inoculum. In the final step, the rim of the
agar was swabbed. The inoculated plates were left
undisturbed for about five minutes to allow excess
moisture to be absorbed, and the disks were then
placed on the surface of the inoculated agar plate
(inside a laminar flow chamber) using sterile tweezers
to avoid contamination. All the disks were pressed
down gently to ensure their complete contact with
the agar surface. A distance of 30 mm between one
disk and the other (center to center of the disks) and
15 mm from the edge of the plate were maintained
to prevent the inhibition zones from overlapping.

Reading the plates and interpreting the
results

After 48 hours of incubation at 35 °C, the inhibition
zone diameters were measured with a caliper (in mil-
limeters), after examining the uniformity of the fungal
growth and checking for the presence of any sign of con-
tamination. Inhibition zones were considered as those
where no colonies were observed by visual inspection.

Statistics

Statistical analysis was performed using the ANOVA
test with a variation factor (drug) and an auxiliary
Tukey test, p < 0.05 using the GraphPad Prism® 5.0
(GraphPad Software, La Jolla, USA) software program.

Results

Nanofiber disks in contact with the agar showed
contraction (final diameter smaller than 19 mm).
The nanofiber disk contraction for both MCZ
and CPC was almost twice as great as that of the
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nanofiber disks with no drugs (38.9% and 18.9%,
respectively). Filter paper disks underwent no
contraction. Despite the nanofiber disk contrac-
tion, there was inhibition zone formation with
all the concentrations tested in this study (Fig-
ure). The difference between the inhibition zone
diameter and the final diameter of the disk after
contraction was considered for interpretation of
the results. The 5% CPC concentration in nanofi-
bers showed a slightly better action than the 5%
CPC in filter paper disks (8.2 and 7.1 mm of inhi-
bition, respectively), but this difference was not
statistically significant (p > 0.05). The nanofibers
with no drug also showed an inhibition zone (3.8
mm); however, 5% and 2.5% CPC in the nanofiber
showed a significantly higher level of activity than
the nanofiber alone (p < 0.01 and p < 0.05, respec-
tively). The 5% and 2.5% CPC concentration showed
better antifungal action against C. albicans than
5% MCZ, both in nanofiber disks (p > 0.05) and
filter paper disks (p < 0.01). The inhibition zones
produced by nanofiber disks containing 5% MCZ
were slightly larger (p > 0.05) than the inhibition
zones produced by filter paper disks containing
the same drug. (Figure 1) The filter paper disks
with no drug did not show any inhibition zone.

Inhibition Zone
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Figure. Histogram representing the mean = SE values of the
difference between the inhibition zone diameter and the final
diameter of the disk in the susceptibility test against Candida
albicans. Statistical results (ANOVA and Tukey Test) are also
shown: *p < 0.05, ** p < 0.01. CPC: cetylpyridinium chloride.
MCZ: miconazole. NF: nanofiber with no drug.
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Discussion

In this study, the proposal was to use polymers
(PVP/PMMA) in the form of nanofibers as a drug
delivery system for cetylpyridinium chloride, for the
purpose of treating oral candidiasis. Several differ-
ent polymers are already used in formulations for
drug delivery systems. Eudragit® RS100 was one
of the compounds used in this study. It has been
used successfully in systems for intestinal release
of drugs”®and in transdermal drug delivery.”” The
nanofibers presented in this study were evaluated to
prove the efficacy of Eudragit® RS100 against C. albi-
cans, by determining whether these nanofibers were
capable of delivering CPC in an adequate concentra-
tion to provide inhibitory action against this micro-
organism for an extended period of time. The effect
of CPC against C. albicans''>** and in dental plaque
control®* has already been reported in the litera-
ture, in several studies, but CPC has never been used
with this type of polymer. In regular mouthwashes,
the concentration of CPC is 500ug/mL (0.05%), which
is 100 times the MIC for C. albicans found in some
studies;'>* however, these concentrations are rapidly
diluted in the mouth, and attain ineffective concen-
trations that could also lead to the development of
fungal resistance.”” For these reasons, mouthwashes
need to be used several times a day,* leading to lower
patient adherence to treatment. We wanted to offset
this disadvantage by making these nanofibers with
CPC available to the population, as an alternative
that would offer greater market availability, lower
cost, and a satisfactory therapeutic outcome.

The results of the present study indicate that the
antifungal action of CPC remains effective, even when
it is encapsulated in polymeric nanofibers (Figure 1).
Although there was no statistically significant differ-
ence between the encapsulated versus the filter paper
disk versions of CPC release, it was observed that the
concentration of encapsulated CPC has to be higher
(=2.5%) than that used in common mouth rinses (0.05%)
for this version to have an advantage over 5% CPC in
filter paper disks. Even if CPC must be provided in
high concentrations, polymeric nanofibers could have
the advantage of functioning as a controlled release
system. Thus, there would be a lower frequency of
antiseptic use, and application would be easier, result-
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ing in greater patient adherence to treatment, even in
cases of incapacitated or hospitalized patients.

The nanofiber disks with no drugs also formed
inhibition zones, showing that, in addition to the anti-
fungal effect of CPC, there could also be an antifun-
gal effect derived from the polymers composing the
nanofiber. It has been observed that guanidine and
amine polymethacrylates have an antifungal effect
against C. albicans.** This may occur because these
polymers mimic antimicrobial peptides (AMPs) that
are part of the innate defense system of the body, by
acting on microorganism cell walls or membranes.
Moreover, these polymers display a selective activity
toward microorganisms versus mammalian cells.?*
In addition to the chemical action of CCP and poly-
mers, there may exist a mechanical action that causes
yeast death by entrainment or occlusion.

The period of time analyzed in this study (48
hours) is longer than the periods evaluated in simi-
lar studies, and is one that could be used clinically,
considering that patients usually brush their teeth
and sanitize their prostheses at least once a day. In
a study published in 1990, a multilayer bioadhesive
lozenge containing CPC for slow administration
was developed, and showed effective levels of drug
release against C. albicans for only three hours.?
More recently, a buccoadhesive erodible disk of mag-
nesium stearate, mannitol, sodium carboxy methyl
cellulose DVP and hydroxypropyl methylcellulose
K4M was fabricated for CPC delivery,® and showed
diffusion of concentrations effective against C. albi-
cans, lasting 6 hours.

The inhibitory zone produced by the disks con-
taining 5% MCZ was smaller than that produced by
5% CPC. This does not necessarily mean that MCZ
has a weaker fungicidal effect than CPC. A possi-
ble explanation could be that CPC is released more
quickly, because of its lower molecular weight (CPC:
339.98% vs. MCZ: 416.12%).

The diameter of the nanofiber disks contracted
when the disks were placed on the agar plates for the
disk diffusion test. This leads us to imagine that sim-
ilar contractions may occur when the film is applied
on the oral mucosa, thereby decreasing the area of
drug delivery. Other studies using polymers did
not reveal the occurrence of this mechanical phe-



nomenon; therefore, additional tests with modified
polymers could help obtain films that undergo less
contraction, thus ensuring drug delivery to a larger
surface area of the oral mucosa for longer periods,
and improving the clinical use of these drugs.

The methodology of this study had the limitation
of evaluating only the antifungal activity and not
the release pattern of the drug incorporated in the
nanofiber, or the cytotoxicity of the polymer. Further
complementary analysis (drug release profile, cyto-
toxicity, microbiological evaluation in biofilms) is
required before clinical trials can be conducted with
this technology, as an alternative therapy in treating
oral fungal infections. In this study, we established
anumber of interesting correlations, which we were
unable to exhaust in the discussion, due to current
lack of evidence from similar trials with CPC in poly-
mers against Candida albicans, but which will cer-
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