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Abstract: This study aimed to develop a suitable buccal mucoadhesive nanoparticle (NP)
formulation containing fluconazole for the local treatment of oral candidiasis. The suitability
of the prepared formulations was assessed by means of particle size (PS), polydispersity index,
and zeta potential measurements, morphology analysis, mucoadhesion studies, drug entrapment
efficiency (EE), in vitro drug release, and stability studies. Based on the optimum NP formula-
tion, ex vivo drug diffusion and in vitro cytotoxicity studies were performed. Besides, evaluation
of the antifungal effect of the optimum formulation was evaluated using agar diffusion method,
fungicidal activity-related in vitro release study, and time-dependent fungicidal activity. The effect
of the optimum NP formulation on the healing of oral candidiasis was investigated in an animal
model, which was employed for the first time in this study. The zeta potential, mucoadhesion,
and in vitro drug release studies of various NP formulations revealed that chitosan-coated NP
formulation containing EUDRAGIT® RS 2.5% had superior properties than other formulations.
Concerning the stability study of the selected formulation, the formulation was found to be stable
for 6 months. During the ex vivo drug diffusion study, no drug was found in receptor phase, and
this is an indication of local effect. The in vitro antifungal activity studies showed the in vitro
efficacy of the NP against Candida albicans for an extended period. Also, the formulation had
no cytotoxic effect at the tested concentration. For the in vivo experiments, infected rabbits were
successfully treated with local administration of the optimum NP formulation once a day. This
study has shown that the mucoadhesive NP formulation containing fluconazole is a promising
candidate with once-a-day application for the local treatment of oral candidiasis.

Keywords: mucoadhesive nanoparticle, buccal application, oral candidiasis, fluconazole,
chitosan

Introduction
Oral candidiasis (OC) is an opportunistic fungal infection frequently observed in
immunocompromised patients, such as those suffering from AIDS, diabetes mellitus,
various metabolic disorders, poor nutrition, poor denture hygiene, and those undergo-
ing cancer or antibiotic therapy. The primary cause of OC is Candida albicans and
other pathogenic yeasts. Even though several antifungal agents have been used for
treating OC, high concentration of these substances may cause improvement of resistant
Candida strains, several side effects, and drug—drug interactions.'*

The antifungal agent fluconazole (FLZ) is one of the most important active agents
in the site-specific treatment of OC, as reported by several researches.®” It is a synthetic
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antifungal agent belonging to the group of triazole compounds.”®
Oral FLZ interacts with several medications, including oral
hypoglycemics, antihypertensives, cyclosporins, coumarin-type
anticoagulants, terfenadine, theophylline, phenytoin, rifampin,
and astemizole.” Because of the well-reported side effects
(like headache, nausea, liver disease), drug interaction, and
the ominous risk of drug resistance of systemic FLZ, a buccal
local formulation without the aforementioned risks is needed
in clinical practice.t’

Conventional formulations such as mouth paints, rinses,
troches, lozenges, or oral gels are available for the treatment
of OC. However, these formulations are incapable of main-
taining the salivary concentration of active agents for a pro-
longed period of time. Mucoadhesive drug delivery systems,
which adhere to the buccal mucosa and remain in place for a
considerable period of time, are primary candidates for the
treatment of OC.%7!! In this work, we have designed and
formulated mucoadhesive nanoparticle (NP) formulations
of FLZ for buccal administration. Mucoadhesive NPs are
proposed for improving bioavailability, extending release
of the drug, and maintaining the local effect in the targeted
area. Particulates have the advantage of being relatively
small and are more likely to be accepted by the patients. NPs
coated with chitosan (CSH) have attracted a special interest
for mucoadhesive applications, mainly because of their abil-
ity to interact with the negatively charged mucosal surface,
increased retention time, mucoadhesive properties, and also
increased local concentration of NPs.!>!3 CSH, the deacety-
lated derivative of chitin, is mostly preferred as the coating
polymer, because it is a cationic, nontoxic, biocompatible, and
biodegradable polymer and has mucoadhesive, antibacterial,
antifungal, antitumor, and stimulating immunoenhancing
properties.*!” The enhanced mucoadhesive property follow-
ing CSH coating is attributed to increased retention of the
formulation at the buccal surface.'® CSH-coated NPs have
reached an important position in the arena of drug delivery,
and thus, it appears quite relevant to describe and compare
various methods explored for preparation and characteriza-
tion of CSH-coated NPs."

EUDRAGIT® (EUD) is a nonbiodegradable and cationic
copolymer that has been prepared by the polymerization of
acrylic and methacrylic acids or their esters. EUD RS has a
lower content of quaternary ammonium groups (4.5%—6.8%)
and is considered less permeable to water with respect to the
more readily permeable EUD RL (8.8%—12%).2>2 EUD RS
and RL are insoluble in water at physiological pH values
and capable of swelling; so, they are good for the dispersion
of active ingredients. EUD polymers have been proposed

for use in various studies because of their good stability,
reproducible release rates of active substance, and mucosal
tolerability. 2

In this context, the objective of this investigation was
to develop a suitable mucoadhesive NP formulation with
FLZ and to examine its efficacy for the treatment of OC
by evaluation of its cytotoxicity and in vitro and in vivo
antifungal activity.

Materials and methods

Materials

FLZ was donated by Deva Holding A.S, Istanbul, Turkey.
EUD RS 100 and RL 100 were gifts from Karadeniz Chemi-
cal Company (Karadeniz, Turkey). High-molecular-weight
CSH (Brookfield viscosity [1%, m/V, in 1% acetic acid
solution at 25°C]; 800,000 mPa-s.75% deacetylated) and all
high-performance liquid chromatography (HPLC) reagents
were purchased from Sigma-Aldrich (St Louis, MO, USA).
All other materials were of analytical grade.

Methods
Preparation of NPs/CSH-coated NPs
The NPs were prepared adapting the spontaneous emulsifi-
cation technique previously described by Bodmeier et al.?
Specified amounts of EUD polymers and FLZ were dis-
solved in 25 mL ethanol. The alcoholic solution mixture
was added dropwise (3 mL/min) to 50 mL of distilled water
under continuous magnetic stirring at 800 rpm. The formed
NP were further stirred for 48 hours at room temperature.
The compositions of formulations for preliminary studies
are given in Table 1.

Coating the prepared NPs with CSH was done during
particle formation by replacing the distilled water in the

Table | The composition of NPs for preliminary studies

Formulation EUD RS EUD RL
code 100 (%) 100 (%)
NI 2.5 -

N2 5 -

N3 7.5 -

N4 10 -

N5 - 2.5

Né - 5

N7 - 7.5

N8 - 10

N9 1.25 1.25
NI0 2.5 2.5

NI 3.75 3.75
NI12 5 5

Abbreviations: NPs, nanoparticles; EUD, EUDRAGIT®.
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aforementioned procedure with 0.025% w/v aqueous CSH
solution. The compositions of main NPs are given in Table 2.

Measurement of particle size and polydispersity
index

The particle size (PS) and polydispersity index (PI) were
measured at 25°C using a Nano-ZS Zetasizer (Malvern
Instruments, Malvern, UK). The PS and PI values were
obtained by averaging ten measurements at an angle of 173°
using disposable cells (n=5).

Measurement of zeta potential

The zeta potential (ZP) of the NP was measured using dis-
posable plain-folded capillary zeta cells (Malvern Zetasizer
Nano-ZS) at 25°C. The ZP was calculated from the electro-
phoretic mobility using the Helmholtz—Smoluchowski equa-
tion under an electrical field of 40 V/cm. The processing was
done using the software included within the system (n=5).

Morphology analysis

Morphological analysis of the selected drug-loaded NPs was
performed by transmission electron microscopy (Philips TEM
208 S; Philips, Eindhoven, the Netherlands). Samples of the
NP suspension (1015 puL) were dropped onto Formvar-coated
copper grids. After complete drying, the samples were stained
using 2% w/v uranyl acetate for 20 seconds. Digital Micro-
graph (Gatan Inc, Pleasanton, CA, USA) and Soft Imaging
Viewer software were used for image capture.

Mucoadhesive evaluation of CSH-coated NPs:

ZP determination and turbidimetric measurement
Two in vitro methods were used to assess the mucoadhe-
sive evaluation of CSH-coated NPs. In the first method, the
mucoadhesive properties of CSH-coated NPs were evalu-
ated by measuring the changes of ZP on interaction with

Table 2 The composition of main NP formulations

Formulation EUDRS EUDRL CSH (%) FLZ (%)
code 100 (%) 100 (%)

NI3 2.5 - - 0.5
NI4 - 25 - 05
NI5 1.25 1.25 - 05
NI6 2.5 - 0.025 -
NI7 - 25 0.025 -
NI8 1.25 1.25 0.025 -
NI9 2.5 - 0.025 0.5
N20 - 25 0.025 0.5
N2 1.25 1.25 0.025 05

Abbreviations: NPs, nanoparticles; EUD, EUDRAGIT® CSH, chitosan; FLZ,
fluconazole.

negatively charged mucin.?*?” The NPs were incubated at
37°C in 0.1% mucin dispersion. The ZP of the NPs was
measured up to 4 hours during incubation. The alteration of
ZP of the NPs indicates interaction with mucin.

Turbidimetric measurements of CSH-coated NPs were
compared with mucin dispersion at 650 nm by ultraviolet—
visible spectrophotometer.”” The accurately coated NPs (5
mL) were added to 5 mL aqueous mucin dispersion and
stirred at 200 rpm. The turbidity of the dispersions was mea-
sured at certain time intervals and compared to the turbidity
of the mucin dispersion. The increase in turbidity of mucin
NPs dispersion indicated mucoadhesive property.

Drug entrapment efficiency and drug loading capacity
The amount of FLZ in samples was analyzed by HPLC
(Hewlett-Packard Agilent 1100, Agilent Technologies,
Santa Clara, CA, USA) using a C18 column (5 um,
4.6x250 mm), ultraviolet detector set at 261 nm, and water/
methanol (60:40, v/v) as mobile phase with a flow rate of
1.0 mL/min. The flow rate was maintained at 25°C. Reten-
tion time of FLZ was 12 minutes, and total analysis time
was 15 minutes.

The drug entrapment efficiency (EE) was determined the
free FLZ (non-encapsulated) at 261 nm by validated HPLC
method. NP dispersion was ultracentrifuged for 1 hour at
60,000 rpm (Beckman Coulter Inc., Brea, CA, USA). The
supernatant was used for FLZ analysis by HPLC, and the
quantity of free drug was determined. The encapsulated
amount of FLZ was calculated by subtracting the free amount
of FLZ from the total amount in the dispersion (n=6).

The drug loading (DL) capacity of NPs was determined
by dissolving 1 mL of the NP in 100 mL methanol, followed
by a validated HPLC assay for FLZ. The EE and DL capacity
were calculated according to the following equations!®?%2°:

Total amount of FLZ — The amount of free FLZ »

EE (%) = 100
Total amount of FLZ
(&)
DL (%) = Total amount of FLZ —The a.mount of free FLZ %100
Total amount of formulation components
2)

In vitro drug release studies

The release of FLZ from 2 mL of NPs was assessed using a
dialysis bag (cellulose membrane, 12,000—14,000 molecular
weight cut off Spectrum Labs, Rancho Dominguez, CA,
USA into simulated saliva fluid (2.38 g Na,HPO,, 0.19 g
KH,PO,, and 8.00 g NaCl per liter of distilled water adjusted
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with H,PO, to pH 6.75) at 37°C+£0.5°C, stirred continuously
with magnetic stirrer at 300 rpm for 8 hours. The amount of
the drug in the receiving solution was analyzed by validated
HPLC method. Sink conditions were maintained in the recep-
tor compartment during in vitro release studies (n=5).

Determination of release mechanism

The dissolution data were fit to Peppas equation, and best-fit
parameters were calculated to determine the release mecha-
nism of tablets.’

Stability studies

In stability studies, FLZ-loaded NPs were stored at 4°C£1°C
in the refrigerator and at 25°C£2°C with a relative humidity
of 60% for 6 months in the stability cabinet (Nuve ID 300,
Ankara, Turkey). NPs were evaluated for changes in PS, ZP,
PI, and the amount of FLZ (n=5).

Ex vivo drug diffusion study
FLZ diffusion study from the selected NP was determined
using semiautomatic Franz diffusion cells (model VTC 200,
Logan Instruments, Somerset, NJ, USA) using cow buccal
mucosa (0.5 cm?). The cow buccal mucosa was clamped
between the donor and the receptor chamber of vertical dif-
fusion cells. Approximately 0.3 mL of the formulation and
S mL of SSF (simulated saliva fluid) were filled into the donor
and receptor chambers, respectively. The open ends of the
apparatus were sealed with parafilm to prevent evaporation.
The cells were maintained at 37°C£0.5°C with magnetic
stirring. The samples withdrawn directly at appropriate time
intervals during 24 hours were analyzed by a validated HPLC
method. Sink conditions were maintained in the receptor
compartment during ex vivo drug diffusion studies.

At the end of the experiment, buccal mucosa was taken
and extracted with receptor medium to find the amount of
FLZ in the mucosa (n=5).

Cytotoxicity assay

Cytotoxicity potential of the selected optimum formula-
tions was evaluated by MTT (3-[4,5-dimethylthiazol-
2-yl]-2,5-diphenyltetrazolium bromide) assay. Chinese
hamster ovary (CHO) cells were cultured in 10% fetal
bovine serum—supplemented Ham’s F12 medium. Cells
were plated in 96-well plates at a density of 5x10° cells/cm?
and incubated at 37°C in a humid atmosphere containing
5% CO, for 24 hours for cell attachment. Then, the cells
were treated for 24 hours with a 1:1,000 dilution of selected
NPs. Vehicle-only, negative (medium-only), and positive

(triton X-100) controls were also included. After removing
the medium, cells were washed with phosphate buffer saline
(PBS). Approximately 100 uL of medium and MTT solu-
tion were added to each well. After incubation for another 4
hours, formazan crystals were dissolved in dimethyl sulfox-
ide (DMSO) and the absorbance was measured at 550 nm
in microplate reader. The ratio of the absorbance of treated
samples to the absorbance of control (taken as 100%) was
expressed as % cell viability.

In vitro antifungal activity

Agar well diffusion method

Anticandidal activities of selected optimum formulations
were investigated by agar well diffusion method. Fresh
cultures of C. albicans ATCC 90028 were adjusted to a
McFarland 0.5 turbidity in sterile serum physiological solu-
tion, then spread on glucose- and methylene blue-added
Mueller-Hinton Agar (G-MB-MHA) medium plates and left
to dry. After that, the formulations were filled aseptically
into 12 mm diameter drilled wells on the inoculated G-MB-
MHA medium, and the plates were then incubated at 35°C.
After 24-48 hours, diameters of the inhibition zones were
measured. The tests were repeated three times and averages
of the measurements were calculated. For testing of probable
contamination, the preparations were processed identically
on the agar plates without C. albicans.

Fungicidal activity of NP formulation-related in vitro
release study

With the aim of observing time-dependent variations in the
efficacy of the formulation and determination of the best time
to reach its highest activity, in vitro release samples were taken
at different time intervals and tested by the agar well diffusion
method as described earlier. According to the stated intervals,
release samples were filled aseptically in the wells on yeast-
inoculated agar plates and incubated at 35°C. After ~24-—48
hours, the diameters of the inhibition zones were measured.

Time-dependent fungicidal activity

The prepared formulations was added to an equal volume
of 0.5 Mc Farland-adjusted suspension of C. albicans in
sterile PBS in the test tubes. The mixtures were incubated
at 35°C. The samples from the mixtures were taken at dif-
ferent time intervals and were diluted 1:10 and 1:100 in
physiological serum. Diluted samples were inoculated on
Sabouraud Dekstroz Agar (SDA) medium and incubated
for 24-48 hours. The number of viable cells was estimated
by counting the yeast colonies grown on the SDA plates.
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Blank formulation was studied as negative control, and
PBS-C. albicans mixture was tested as growth control.

In vivo studies

After receiving approval from Dokuz Eylul University
Animal Ethics Committee (109/2013), healthy, young adult
male New Zealand white rabbits weighing between 2.5 and
3.0 kg were purchased for this in vivo animal model. Experi-
ments were carried out in accordance with the Guidelines
laid down by the National Institute of Health (NIH) in the
USA regarding the care and use of animals for experimental
procedures and in accordance with local laws and regulations.
Throughout the investigation, the animals were fed ad libitum
with standard food and tap water.

To the authors’ knowledge, this model was employed for
the first time in this study. The most prevalent sites of OC,
the buccal mucosa, palate, and tongue of the animals, were
used as the test sites.

Before infecting the oral cavity with C. albicans ATTC
90028, swab samples from buccal mucosa, palate, and tongue
of the animals were inoculated on SDA medium to control
yeast colonization. Rabbits already infected with yeast were
excluded from the study.

To cause OC, 50 uL of C. albicans ATTC 90028 suspen-
sions containing 10° CFU/mL of microorganisms in PBS
were applied to the oral mucosa of the rabbits once a day
with cotton swabs for 6 days. To confirm the presence of
OC, oral mucosal smears from buccal mucosa, palate, and
tongue of the animals were obtained every day after the third
application, and the smears were inoculated on SDA medium.
Following incubation at 35°C for 2 days, the proliferation
of C. albicans was assessed at 24—48 hours, and 21 rabbits
with infection were enrolled in the study.

The infected animals were divided into the following
three groups: the first group received no treatment, the second
group received formulation blank N16 codes NP dispersion,
and the third group received N19 codes NP dispersion with
FLZ. NP dispersions were applied locally once a day with
sterile plastic Pasteur pipette, and FLZ amount was 5 mg for
the third group. The rabbits were not anesthetized during the
in vivo study.

Oral mucosal smears were obtained from the animals on
days 1,2,3,4, 5, 6,and 7 of the treatment and were inoculated
on SDA medium. After incubation at 35°C for 2 days, 24- to
48-hour C. albicans proliferation was established, and the
efficacy of the formulations was investigated.

After complete infection, follow-up with oral smears, and
complete healing of the animals, the rabbits were euthanized

using 150 mg/kg pentobarbital. The oral buccal, palatal, and
tongue mucosa of the animals were excised and were kept
in 10% formalin for standard tissue preparation procedures
required for histological examination under light microscopy.

Results
Measurement of PS, Pl, and ZP

In our study, NPs and coated NPs were successfully prepared
adapting the spontaneous emulsification technique. Table 3
shows the PS, PI, and ZP of the prepared formulations.

Morphology analysis

The shape and surface morphology of the selected drug-
loaded NPs by transmission electron microscopy analysis
are presented in Figure 1.

Mucoadhesive evaluation of CSH-coated
NPs: ZP determination and turbidimetric
measurement

To obtain insight into the mechanism of CSH-coated NPs—
mucin interaction, ZP measurements of their dispersions were
carried out, and the results are shown in Figure 2A. For the
turbidimetric study, the absorbance of 0.1% aqueous mucin
dispersion at A=650 nm was used as a reference. Figure 2B
shows the results of the turbidimetric assay.

Table 3 PS, Pl, and ZP of NPs

Formulation PS (nm) £ SD Pl £ SD ZP (mV) £SD
code

NI 173.41£6.4 0.183+0.016 30.0+0.9
N2 223.1+£0.9 0.192+0.009 30.8+1.9
N3 348.31+3.8 0.175+0.002 25.9+0.3
N4 447.943.9 0.161+0.022 23.5+0.3
N5 134.2+1.4 0.228+0.018 21.5t1.5
Né 200.5£1.5 0.164+0.021 20.2+0.7
N7 292.3+3.9 0.161+0.002 19.3+1.0
N8 372.7+3.7 0.191+£0.010 17.9+0.7
N9 147.2+0.6 0.200+0.001 25.1+0.7
NI0 227.8+0.7 0.166+0.016 24.3+1.4
NI 306.8+2.1 0.226+0.031 23.910.6
NI12 388.7+1.9 0.182+0.031 23.5+1.4
NI3 181.1£1.3 0.189+0.040 28.3%1.3
N4 141.0£1.3 0.207+0.019 18.7+0.8
NI5 173.7£2.2 0.240+0.014 21.9+0.5
NIé6 194.5£1.5 0.251+0.007 33.0+0.4
NI17 165.0+£3.7 0.262+0.010 22.9+0.9
NI8 213.1+3.8 0.270+0.025 26.2+0.3
NI9 210.2+3.0 0.255+0.012 29.7+0.5
N20 197.7£2.8 0.294+0.019 14.8+1.2
N2I 216.2t1.4 0.275+0.020 20.8+0.4

Note: Data is presented as mean * SD.
Abbreviations: PS, particle size; Pl, polydispersity index; ZP, zeta potential;
NPs, nanoparticles; SD, standard deviation.

International Journal of Nanomedicine 2016:1 |

submit your manuscript

2645

Dove


www.dovepress.com
www.dovepress.com
www.dovepress.com

Rengber et al Dovepress

Figure | TEM photographs of the NP formulations.
Notes: (A) NI (the scale bar for image represents 500 nm), (B) N3 (the scale bar for image represents 5,000 nm), (C) N 16 (the scale bar for image represents 20,000 nm),

and (D) N19 (the scale bar for image represents 100 nm).
Abbreviations: TEM, transmission electron microscopy; NP, nanoparticle.
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Figure 2 (A) Estimation of the ZP of the CSH-coated NPs during incubation in 0.1% aqueous mucin dispersion (B) estimation of the interaction between CSH-coated NPs

and mucin dispersion by turbidimetric assay.
Abbreviations: ZP, zeta potential; NPs, nanoparticles; CSH, chitosan.
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Drug EE and DL capacity

A validated HPLC method was used to measure the con-
centration of FLZ in the aqueous phase. The calibration
curve of FLZ was linear in the concentration range of
0.5-200 pg/mL (7=0.9995). The limit of detection (LOD)
and limit of quantification of FLZ were found to be 0.172
and 0.344 pg/mL, respectively.

The EE% of FLZ from the NPs (the percentage of
FLZ encapsulated with respect to the total amount of FLZ
added to the system) was as high as 85.789%—87.474%.
EE% and DL capacity of the NP formulations are given in
Table 4.

In vitro drug release studies
The in vitro FLZ release from FLZ-loaded NP formulations
using dialysis bag for 8 hours is shown in Figure 3.

Determination of release mechanism
The values of n, k, and r* calculated with Peppas equation
are listed in Table 5.

Log (M/M ) =log k + n-log ¢

where M /M_is the fractional release, & is the diffusional
constant, and » is the diffusional exponent that characterizes
the drug release mechanism.

Stability studies

The stability studies of NP formulations were performed at
4°C=£1°C and 25°C+2°C for 6 months. No significant changes
of drug content, PS, ZP, and PI of NPs were observed.

Ex vivo drug diffusion study

During the ex vivo drug diffusion study for selected N19
formulation, no drug was found in receptor phase. After
24 hours, the buccal mucosa was extracted and the amount of
FLZ in the mucosa was found to be 23.6%%0.7% (0.354 pg
FLZ) of the initial dose.

Table 4 EE and DL capacity of the NPs

Formulation code EE (%) DL (%)

NI3 87.39£1.59 99.22+0.67
N14 87.39t1.44 98.6811.62
NI15 87.07+0.50 99.86+0.51
N19 87.47+1.30 99.50+1.52
N20 85.79t1.62 99.93+0.21
N21 86.08t1.6 99.55+1.80

Note: Data is presented as mean * SD.
Abbreviations: EE, drug entrapment efficiency; DL, drug loading; NPs, nanoparticles;
SD, standard deviation.

Cytotoxicity assay

N16 and N19 formulations were selected as optimum
formulations, and so we used these for cytotoxicity assay
studies because they possessed appropriate PS, PI, ZP, high
mucoadhesive property, and also extended release. None of
the formulations had a cytotoxic effect at their tested concen-
trations (Figure 4). The N19 also had proliferative effect on
cells; however, this effect was statistically insignificant.

In vitro antifungal activity

N16 and N19 formulations were selected for in vitro anti-
fungal activity assay studies because of appropriate PS, PI,
ZP, high mucoadhesive property, extended release, and also
noncytotoxic effect.

Agar well diffusion method

The zones that occurred on G-MB-MHA medium caused by
the effects of selected formulations are shown in Figure 5,
and the inhibition zone diameters for N16 and N19 were
found to be ~0+0 mm and 56.0+1.7 mm, respectively. N19
was quite active against the C. albicans strain, while the N16
blank formulation was completely ineffective (Figure 6).

Fungicidal activity of selected NP-related in vitro
release study

Inhibition zone diameters of in vitro release samples of
N19 are shown in Figure 6 (A). Significant antifungal effect
was observed at 15 minutes, and the diameter of zone that
occurred on SDA measured 30+0 mm. Then, the effect
reached its highest value, with a 41+0.6 mm zone diameter
in 120 minutes. At the end of 24 hours, the zone diameter
was 3710 mm, and this ultimately pointed out that the effect
of FLZ was still protected by the formulation.

Time-dependent fungicidal activity

Time-dependent effect of selected N19 formulation on viable
yeast cells/mL is illustrated in Figure 6B. N19 reduced the
number of the cells sharply in a short time; after the second
hour, N19 formulation killed all C. albicans cells in the
suspension.

In vivo studies

The fungal infection model was produced in almost identical
positions on the oral cavity of the rabbits and allowed the
healing phases to be examined by microbiological and histo-
logical examination. The infected rabbits were successfully
treated with local administration of N19, which was chosen
as optimum formulation.
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Figure 3 (A) in vitro release of noncoated NPs and (B) in vitro release of CSH-coated NPs.

Abbreviations: FLZ, fluconazole; CSH, chitosan; NPs, nanoparticles.

Before infecting the oral cavity with C. albicans, swab
samples from buccal mucosa, palate, and tongue of the
animals were inoculated. After 3—5 days of inoculation of
C. albicans in the oral cavity, yeast cells on the swab samples
from the rabbits grew on SDA, and Candida infection was
confirmed. Applications of N16 and FLZ-containing N19
dispersions were initiated immediately on infected rabbits
using a Pasteur pipette. The formulations were administered
once a day for 7 days. After 3—5 days of treatment, rabbits
in Group 3 healed with N19 application. Even after 7 days
of application, C. albicans colonies were seen when swab
samples of control group (Group 1) and N16-applied group
(Group 2) were inoculated on the SDA medium.

Images of histological specimens are shown in Figure 7.
Generally, degraded epithelial tissue was apparent. Also,
lymphocyte-predominant inflammatory cell infiltration at
epithelial area and a small amount of lamina propria were
observed. Epithelization was completed in the tissue speci-
mens retrieved from the tongue, palate, and buccal mucosa
of the animals in Group 3, and normal tissue histology was
observed. In all tissue samples, no lymphocyte infiltration
was noticed. The epithelium and lamina propria revealed
normal histological characteristics, and no inflammation,
abscess, vascular congestion, and vasodilatation were
detected. These histological properties suggested that the

Table 5 Release parameters of FLZ from NPs

Formulation code n Log k r’

NI3 1.220 —-0.150 0.977
N4 0.507 0.794 0.954
NI15 0.767 0.530 0.999
NI9 0.796 0.324 0.964
N20 0.559 0.808 0.973
N21| 0.866 0.337 0.982

Abbreviations: FLZ, fluconazole; NPs, nanoparticles.

infection was over at the buccal mucosa and that the animals
had healed.

Statistical analysis

The statistical significance of the values was analyzed with
two-way analysis of variance, and pairwise comparisons
were done with Tukey’s test. P-value was set as 0.05 in all
statistical analyses.

Discussion
Recognition of the commonness and relapse frequency of
OC has led to a search for alternative treatment options. For
this reason, the present study aimed to develop a mucoad-
hesive NP formulation with FLZ that provides extended
residence time and effective treatment of OC after buccal
application.

The NPs were prepared by adapting the spontaneous
emulsification technique previously described by Bod-
meier et al.>® The main advantage of this technique is the

180
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120 99
100 I
80
60
40
20

129

% cell viability

*15

Triton X N16 N19

Figure 4 Cytotoxic effect of selected NPs evaluated by MTT assay.

Note: Bars represent “mean * standard deviation” values from five individual
experiments. *P<<0.0005, group compared to control group (taken as 100%).
Triton X-100 used as control for cytotoxic activity.
Abbreviations: NPs, nanoparticles; MTT,
diphenyltetrazolium bromide.
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Figure 5 Zones caused by the formulations on G-MB-MHA medium (A) N16, (B) N19.

Abbreviation: G-MB-MHA, glucose- and methylene blue-added Mueller-Hinton Agar.

avoidance of using toxic organic solvents. The coated NPs
were characterized in terms of PS, ZP, drug EE, and DL
capacity. Also, the mucoadhesive properties of coated NPs
were determined.

The size of the particle affects its important properties.
Pharmaceutically, the most important properties influenced
are increased saturation solubility and adhesiveness to
surfaces/membranes. Pharmaceutically positive effects
justify the definition of NPs with a size below 1,000 nm,
and this size limit should be considered when defining a
classification system.?!3!

Another important size limit is 100 nm. Particles larger
than 100 nm can only enter the cell by phagocytosis. Particles
below 100 nm in size can be internalized by any cell via
endocytosis, and they have a higher toxicity risk. It should
also be considered in the classification system.?-!

The PS values of noncoated NPs were greatly increased by
the increment of EUD concentration in formulations. Lowest
EUD ratios produced NPs of smaller PS. This is similar to
the findings of Tbrahim et al,*?> who reported that higher EUD

>

Zone diameter (mm)
N
o

15 30 45 60 90 120 180 240 300 4801,440
Time (minutes)

amount results in higher PS. The mean sizes of the prepared
noncoated NPs ranged from 134.167 to 447.933 nm. The
PI of all formulations was low (PI <0.5), showing that this
method of preparation results in highly uniform NPs. ZP is an
important parameter that gives an indication of the potential
stability of colloidal systems. It is the overall charge required
in a specific medium for the particles to be suspended without
being aggregated. All formulations were positively charged,
with ZP values in the range of 19-30 mV. Noncoated NPs
prepared with 2.5%—5% EUD RS had significantly higher ZP
values than the others, but noncoated NPs prepared with 2.5%
EUD RS had smaller PS than the others. So, N1 formulation
was selected for coating process (Table 3).

The PS of the CSH-coated NPs was larger than non-
coated NPs (Table 3). The greater increase in PS on coating
with CSH was probably due to its effect on the viscosity
of the external phase. The PI for the coated formulations
reached higher values than the noncoated NPs, indicating
that aggregation took place. Probably, these aggregates
resulted from interactions between free CSH and free EUD

B 8
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Figure 6 (A) Fungicidal effect of N19-related in vitro release study; (B) Time-dependent fungicidal effects of N19.
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Figure 7 Images of histological examination.

Notes: (A) Palatal mucosa of a cured animal (I: epithelium, 2: lamina propria) (HE x10). (B) Palatal mucosa of an animal with ongoing infection (I: epithelium, 2: lamina
propria) (HE x10). (C) Tongue mucosa of a cured animal (HE x10) (I: epithelium, 2: lamina propria, 3: muscle, [—] papillae of the tongue). (D) Tongue mucosa of an animal
with ongoing infection (HE x10) (I: epithelium, 2: lamina propria, 3: muscle, [—] papillae of the tongue). (E) Buccal mucosa of a cured animal (HE x10) (I: epithelium,
2: lamina propria, 3: muscle). (F) Buccal mucosa of an animal with ongoing infection (HE x10) (I: epithelium, 2: lamina propria, 3: muscle, [—] degradation in the stratified

epithelium).
Abbreviation: HE, hematoxylin—eosin.

in the suspension medium. But, the CSH coating of NPs did
not perturb the distribution of NPs and the produced system
was still homogeneous, as indicated by the PI being smaller
than 0.5. CSH-coated NPs had high ZP values (>30 mV).
NPs with a ZP > 30 mV have been shown to be stable in
suspension, as the surface charge prevents aggregation of
the particles.?!

The transmission electron microscopy photographs of
the selected NPs showed that NPs were roughly spherical
in shape (Figure 1).

Two in vitro methods were used to demonstrate the
interaction between CSH-coated NPs and mucin. The elec-
trostatic interaction is the most expectable mucoadhesive

mechanism, and the decrease in ZP for CSH-coated NPs
after incubation with mucin. This may be due to interaction
of negatively charged sialic groups of mucin with positively
charged surface layer of CSH-coated NPs.?"* After 4 hours
of incubation with mucin, the surface charge of NPs reduced,
and this reduction could be attributed to the ionic interaction
between the negatively charged mucin particles and NPs.
Therefore, it can be concluded that the NPs were able to
interact with mucin due to ionic interaction.

Turbidity of CSH-coated NP-mucin dispersions were
examined to obtain information about the CSH-coated NPs.
The absorbance of the mucin-free dispersions of NPs did not
significantly deviate from 0.4. Changes in the turbidity of
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coated NP-mucin dispersions should be considered as an indi-
cation for an eventual interaction between NPs and mucin, and
not due to the motion of particles. The turbidity of N19-coated
NP-mucin dispersions was higher than that of mucin disper-
sion itself (Figure 2). This phenomenon could be explained due
to the higher thickness of CSH layer around these particles,
as discussed earlier. Previously, Yoncheva et al** reported that
CSH-coated poly(lactide-co-glycolide) NP-mucin dispersion
demonstrated higher turbidity than mucin itself.

In this study, NPs with FLZ had high drug EE% and
DL%. The EE of the NPs with FLZ ranged from 85.789%
to 87.474%. Also, the DL capacity of NPs was determined
to be ~99% (Table 4). The polymer composition showed no
obvious effect on the EE and DL capacity of the FLZ. Previ-
ous studies have shown that FLZ can be successfully loaded
into NPs. In the study of Chopra et al,** the EE of FLZ-loaded
CSH NPs for ocular delivery was lower than 63.1%.

In vitro drug release of NPs or CSH-coated NPs in the
SSF was studied. The coated NPs were accompanied by a
decrease of the percentage of FLZ release. Figure 3 shows
that N19-coated NP formulation significantly extended the
release. No burst effect has been observed, indicating that
FLZ was homogencously dispersed in the NP dispersion
and that no significant amount of drug was adsorbed onto
the NP surface.

The theory of the determination of drug release mecha-
nism from NPs is based on an empirical equation proposed
by Ritger and Peppas.’® When n=0.45, this indicates case |
(Fickian) diffusion or square root of time kinetics; when
0.45<n<<0.89, this indicates anomalous (non-Fickian) diffu-
sion; when n=0.89, this indicates case II transport; and when
n>0.89, this indicates super case II transport. The n values
obtained from the release equation proposed by Peppas are
shown in Table 5. In this study, the values of n fell within
the range of 0.507—1.220, indicating that the drug release
from the NPs is non-Fickian and super case II type. In case I1
transport, the release kinetics is assumed to be controlled
by a rate-limiting relaxation phenomenon. Non-Fickian
behavior, by comparison, requires two parameters to describe
the coupling of diffusion and relaxation phenomena. Super
case II transport would be the consequence of a plasticiza-
tion process in the gel layer arising from a reduction of the
attractive forces among polymeric chains that increases the
mobility of macromolecules.

The 6-month stability results of NPs showed no signifi-
cant changes in the physical appearance, drug content, PS,
ZP, and PI of NPs at 4°C%1°C and 25°C+2°C with a relative
humidity of 60% (P>0.05).

As a result of the in vitro characterization studies, the
N19-coded formulation was chosen to be the optimum for-
mulation because of its suitable PS, high ZP, high mucoad-
hesion values, and extended release. It was used for further
studies like ex vivo drug diffusion, cytotoxicity assay, in vitro
antifungal activity, and in vivo study.

Ex vivo studies can be easily set up using various types
of diffusion apparatus and the experimental conditions can
be controlled. In addition, ex vivo studies are cheaper than
in vivo testing, because only small pieces of animal tissues
are used in these studies.’® The ex vivo diffusion study
showed that there was no permeation through the cow buccal
mucosa under the study conditions, which suggests that the
prepared formulation might potentially be used as a vehicle
for local delivery. Although FLZ was not detected in recep-
tor phase, the fact that 23.6%%0.7% (0.354 pug FLZ) of the
FLZ was extracted from the buccal mucosa confirmed that
the coated NP was localized in this tissue. The remaining
FLZ lingered in the coated NP.

The failure of early identification of toxic effects of com-
pounds results in attrition of new drug candidates and causes
important losses for pharmaceutical industry. Therefore,
cytotoxicity testing has become one of the most important
steps in early phases of drug discovery process. In the present
study, cytotoxicity of the NPs was evaluated by using the
tetrazolium salt, MTT. The assay is based on the reduction of
MTT only by metabolically active cells to a colored formazan
product, which can be quantified spectrophotometrically.?’
The formulations, either with or without active ingredient,
had no cytotoxic effect at their tested concentrations
(Figure 4), which is the first step of the safety assessment of
a pharmaceutical candidate. Further studies will be needed
to evaluate its total toxicological profile.

According to the antifungal activity test results, N19
showed significant antifungal effect to a yeast strain
C. albicans, one of the causative agents for OC. N 19 started to
inhibit the yeast cells in the first 15 minutes, and a maximum
inhibition zone 0of 41+0.6 mm was obtained with aliquot from
120 minutes; afterward, its activity was almost consisted for
24 hours (Figures 5 and 6). In addition, antifungal activity test
results of N19 were found to correlate well with dissolution
studies, as expected. Observing the antifungal effect after
brief contact times with the yeast cells might be an important
advantageous feature of N19 for buccal applications; thus,
it would be a promising formulation for buccal infections
caused by C. albicans.

The in vivo model on rabbits was successfully employed
for the first time in this study. According to the results, almost
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3-5 days later, rabbits in the third group healed with the N19.
Even after 7 days of application, C. albicans colonies were
seen when swab samples of control group (Group 1) and
blank formulation—applied group (Group 2) were inoculated
on the SDA medium. After complete infection, follow-up
with oral smears, and healing of the animals, the rabbits
were sacrificed and buccal, palatal, and tongue mucosa of
the rabbits were evaluated histologically to verify the heal-
ing of each group. According to the histological studies,
generally degraded epithelial tissue was apparent. In addition,
lymphocyte-predominant inflammatory cell infiltration at the
epithelial area and a small amount of lamina propria were
observed. Epithelization was completed in the tissue speci-
mens retrieved from the tongue, palate, and buccal mucosa
of the animals in Group 3, and normal tissue histology was
observed. In all tissue samples, no lymphocyte infiltration
was noticed. The epithelium and lamina propria revealed
normal histological characteristics, and no inflammation,
abscess, vascular congestion, and vasodilatation were
detected. These histological properties suggested that the
infection was cured and the animals were healed. The infected
rabbits were successfully treated with local administration
of N19 once a day in 3-5 days (Figure 7).

Conclusion

A mucoadhesive NP formulation with FLZ for the treatment
of OC was prepared successfully in this work. The prepared
formulation could improve patient compliance due to its
extended action. During the ex vivo drug diffusion stud-
ies, no drug was found in receptor phase, and this was an
indicator of local effect. Local treatment of OC with buccal
mucoadhesive CSH-coated NP would be beneficial to not
only reduce the overall required dosage and minimize side
effects but also to eliminate the possibility of drug interac-
tion that is encountered during systemic therapy of FLZ. In
addition, the formulation had no cytotoxic effect at its tested
concentrations.
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