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Abstract. In this study, the antifungal activity of both fluconazole and ketoconazole was compared. The drugs were
loaded into the polycaprolactone (PCL)/polyvinylpyrrolidone (PVP) nanofibrous mats and the effect of the drug-loaded
samples on Candida albicans (Ca) were investigated by disc diffusion method. Furthermore, the characterization of
nanofibrous mats was performed by field emission scanning electron microscopy, Fourier transform infrared (FT-IR) and
contact angle tests. The mean diameter of nanofibres was 656 nm and it decreased with the addition of drugs into the
electrospinning solutions, because the viscosity of solutions were decreased while electron conductivity of solutions was
increased. With increase in the amount of the drug from 5 to 15%, the hydrophilicity increased. FT-IR revealed both drugs
were physically embedded in the nanofibres and confirmed their presence in the composition. In addition, the degradation
behaviour of samples was significant due to by the amount and the dissolution of PVP and approximately 40% loss weight
occurred after 22 days. In the disc diffusion tests, both drug-loaded samples had antifungal effect on sensitive isolates of
Ca, while for resistant of isolate the ketoconazole had more effective than fluconazole. Overall, the study highlights the
ability of antifungal drug-loaded PVP/PCL nanofibrous mats as potential wound dressing materials and local delivery

systems.
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1. Introduction

Drug delivery systems (DDSs) are rapidly developing to
help pharmacological effects. They promote patient
comfort and reduce drug toxicity as opposed to con-
ventional drug usage. Major progress has been made in
the design of appropriate carriers with the capability of
controlling the amount of drug delivery, increasing drug
bioavailability and reducing the side effects [1,2].
Furthermore, the DDSs can prevent degradation of the
drugs [3]. Some of the most successful DDSs were
designed for local delivery [4]. New DDSs that fabri-
cated with suitable polymers have provided many ways
to enhance the effectiveness of drugs. The drug can be
loaded into/onto the fibers by some methods such as
coating and electrospinning to fabricate drug-loaded
nanofibres [5]. They are one of the suitable choice for
biomedicine like as fibrous scaffolds, wound healing,
and DDSs due to their unique properties, such as high
surface-to-volume ratio, highly porous and accept-
able strength [6,7].
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In a recent research, the nanofibres has been used for
delivery of drugs with low solubility [8,9]. Furthermore,
they exhibit sustained DDSs [10]. Usually, nanofibres are
produced directly from most polymers by electrospinning
method [11]. They are fabricated using different synthetic
and/or natural polymers for biomedical applications [7].
Polycaprolactone (PCL) is one of the synthetic and
approved polymers for biomedical usage. It is biocompati-
ble and also low cost [12,13]. Furthermore, it is approved by
FDA and has potentials to use for DDSs as electrospun
nanofibre [14].

Polyvinylpyrrolidone (PVP) is another biocompatible
synthetic polymer. It is used for biomedical applications due
to some features such as water-solubility and non-toxicity
[15]. PVP and PCL nanofibres are commonly used in bio-
materials as blended, core-shell or multilayered [16-18].
Suganya et al [19] demonstrated PCL/PVP nanofibre con-
taining a medicinal plant for wound healing and evaluated
their antibacterial properties. Lee et al [20] prepared the
effect of electrospun PCL/PVP scaffolds on stem cells.
Veeren et al [21] reported on the successfully loading of
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various anticancer drugs into the PVP/PCL nanomicelles. Li
et al [22] developed an electro-hydrodynamic jet 3D
printing of PCL/PVP composite scaffold for cell culture.

Vaginal candidiasis (VVC) is an opportunistic mucosal
infection caused by yeast-like fungi localized on the female
genital tract. Candida albicans (Ca) species are the most
common causes of VVC. It was reported to account for
85-95% of yeast strains isolated from the lower genitouri-
nary tract. VVC affects approximately 75% of healthy
women at least once during their lifetime; and about 5-8%
of them experience recurrent VVC [23-25]. VVC has some
symptoms such as pain, itching, irritation, vaginal dis-
charge, erythema and dysuria [26]. The infection is often
associated mainly in the immunocompromised and/or dia-
betic women, and who are pregnant or the women who use
high estrogen contraceptives [27,28].

The treatment of Ca infections is based on the adminis-
tration of antifungal medications from different pharmaco-
logical classes, such as imidazoles and triazoles [29].
Triazole antifungals agents, such as ketoconazole and flu-
conazole are a systemic therapies for patients who require
treatment against fungal infections [30,31]. The azole drugs
can be used orally (tablets and capsules) or locally, such as
solutions, creams, etc. [24]. However, the oral dosage forms
exhibit drug interactions and can cause allergic responses
and systemic toxicity. The local use of azoles is safer.
Anyway, the vaginal delivery systems do not persuade the
retention of the drug in the vagina [32,33].

In this study, PVP/PCL-based electrospun nanofibres were
performed subsequently to load fluconazole and ketocona-
zole drugs. Therefore, in the study, we aim to fabricate flu-
conazole/PVP/PCL and ketoconazole/PVP/PCL nanofibres
with superior antifungal activity and good biocompatibility
by electrospinning technology. The samples were charac-
terized by field emission scanning electron microscopy
(FE-SEM), Fourier transform infrared (FT-IR) analysis and
contact angle tests. After that, the antifungal effects of the
samples were assayed by disc diffusion method.

2. Materials and methods

2.1 Materials

PCL (Mw = 70000-9000 g molfl) and PVP (Mw = 360000
g mol ™) were purchased from Sigma-Aldrich. Chloroform
and methanol were obtained from Merck Co. (Germany).
Phosphate buffer saline (PBS) solution was obtained from
Cyto Matin Gene, Iran. Fluconazole and ketoconazole were
purchased from the Amin pharmaceutical Co, Iran.

2.2 Methods

2.2a  Preparation of the electrospinning solutions: Two
series of solutions, i.e., without drug and with drug were
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prepared for electrospinning. Table 1 shows the components
of each electrospinning solution.

Solution without drug (sample with S1 code): To provide
solution with concentration of 12% (wt/vol), PCL and PVP
with a ratio of 80:20 were dissolved in chloroform/methanol
solution with a ratio of 4:1. Prepared solution was stirred on
magnetic stirrer for 24 h at a temperature of 25°C.

Solution with drug (samples with S2—-S7 code): Flu-
conazole and ketoconazole were selected to be loaded in
nanofibres separately. The preparation of solutions con-
taining fluconazole and ketoconazole was similar. At first,
certain amount of the drug (according to Table 1) was
dissolved in methanol and the solution was stirred for 3 h,
then PCL, PVP and chloroform were added to it. The
amounts of these materials were as described in the previ-
ous section. These solutions were stirred for 24 h at a
temperature of 25°C.

2.2b Viscosity and electron conductivity: The viscosity
of all electrospun solutions was measured with a viscometer
(Brookfield, USA). The spindle of viscometer was worked
at six different speeds (0.5, 1, 2, 2.5, 4 and 5 rpm).
Furthermore, a conductivity meter (Jenway, Barloword
Scientific Ltd., EU) was used to measure the electron
conductivity of the solutions.

2.2c Electrospinning of nanofibres: Electrospinning
method was wused to fabricate nanofibre mats.
Electrospinning setup consists of a syringe pump (Pars
Nanoris, Iran), fixed drum as the collector and high-voltage
DC power supply (Pars Nanoris, Iran). Each of
electrospinning solutions was transferred to syringe with a
needle gauge of 23 and fed at constant rate 0.2 ml h™'. The
distance between nozzle and fixed collector drum was 18
cm. The applied voltage used for the production of
nanofibres was 12 kV. Temperature and humidity were
constant (25°C and 65%, respectively) during the
electrospinning process.

2.3 Characterization of nanofibres

2.3a FE-SEM: Morphology of electrospun nanofibres
was investigated by FE-SEM (Philips EM 208S, USA). In
each FE-SEM image, 100 fibres were selected and the
diameter of them were measured by using Digimizer
software.

2.3b FT-IR analysis: FT-IR analysis was performed to
confirm the presence of fluconazole and ketoconazole in
nanofibres and investigation of chemical reactions between
PVP, PCL and drugs. Electrospun nanofibres and pure
polymers were mixed with potassium bromide (KBr) and
were pressed well to form a pill. Fourier transform infrared
analysis (FTIR, Victoria, Australia) was used in the range
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Table 1. Components of each electrospinning solution.

Sample codes Compound PCL/PVP (%) Fluconazole (%) Ketoconazole (%)
S1 PCL/PVP 80/20 0 0

S2 PCL/PVP/5% fluconazole 80/20 5 0

S3 PCL/PVP/10% fluconazole 80/20 10 0

S4 PCL/PVP/15% fluconazole 80/20 15 0

S5 PCL/PVP/5% ketoconazole 80/20 0 5

S6 PCL/PVP/10% ketoconazole 80/20 0 10

S7 PCL/PVP/15% ketoconazole 80/20 0 15

400-4000 cm™" at room temperature. OMINIC software
was used for analysing FT-IR spectrum.

2.3c Nanofibres  degradation: To  determine the
degradation of nanofibrous mats, loss weight method was
used according to ASTM F1635-04A 31. For each time
interval, three pieces (4 x 4 cm) of the sample without drug
(sample with Slcode) were cut and their weights were
measured. Then the samples were transferred to Petri dishes
contains 5 ml of PBS (pH = 7.4) at the temperature of 37°C.
The samples were removed from the Petri dish and they
were dried under vacuum after specified time intervals. In
addition, the weight of samples was measured after drying.
Weight loss was calculated according to the following
equation:
wip — wa

weight loss% = x 100,

wi
where, w; was sample’s weight before soaking in PBS and
w, was sample’s weight after soaking in PBS and dried.

2.3d Hydrophobicity assessment: The contact angle of
distilled water on the surface nanofibre mats was measured
to investigate the surface hydrophobicity or hydrophilicity.
In this method, a drop of distilled water was dropped by
micropipette on the flat surface of each sample at three
different points. A digital camera (Canon, Japan) was used
to take image from the sample during this process. The
angle between the water droplet and surface of samples
were measured from digital image by using the Digimizer
software.

2.3e In-vitro test-disk diffusion method: The antifungal
activity of the drug-loaded nanofibrous samples were
carried out by disc diffusion method to determine the
sensitivity of the Ca Pttc 5027 to ketoconazole and
fluconazole, according to CLSI M44-S2 protocols. For
this purpose, a suspension of the Candida with
concentration of 0.5 MacFarland standards was prepared
and then it was spread on a plate containing Sabouraud
dextrose agar (Merck, Germany) with a sterile swab. After
that 6 mm disk shapes of the samples containing different

amount of the drugs were prepared and they were put on the
prepared plates. Then, the inoculated plates were incubated
at 37°C for 24 h and the diameter of the inhibited haloes
around the disks were measured and expressed in
millimetres as its antifungal property [34].

3. Results and discussion

3.1 Viscosity and electron conductivity

Viscosity and electron conductivity are two influential
factors in the electrospinning process. For example, if both
viscosity and electron conductivity are low, the electrospray
process takes place instead of electrospinning, resulting in
nanoparticles. Table 2 presents the results of viscosity test.
According to the table, the viscosity of each sample was
decreased with increase in the speed of spindle from 0.5 to 5
rpm. Furthermore, the viscosity of the solutions was
decreased with addition of fluconazole and ketoconazole to
PCL/PVP solution and increasing their quantity.

The results of electron conductivity are shown in table 3.
The Conductivity of the solutions was increased by adding
fluconazole and ketoconazole to the PCL/PVP solutions. In
addition, it was increased with increase in the concentration
of drugs.

3.2 Morphology of nanofibres

Figure la—g shows FE-SEM images of PCL/PVP nanofi-
brous mats with and without fluconazole and ketoconazole.
All of the samples were uniform and beedless. Table 4
shows the results of measuring the diameter of the nanofi-
bres diameter by Digimizer software.

Figure 1h indicates the average fibre diameter of the
sample loaded with fluconazole compared to similar blank
sample. The mean diameter of PCL/PVP nanofibres was
656 + 179 nm, which decreased to 577 £ 226, 467 & 96
and 439 + 137 nm by adding 5, 10 and 15% wt fluconazole,
respectively. In addition, according to figure 1i, the mean
diameter of PCL/PVP nanofibres was 656 £ 179 nm, which
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Table 2. Viscosity of electrospinning solutions.
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Viscosity (cP)

Sample codes

RPM = 0.5 RPM =1 RPM =2 RPM =25 RPM =4 RPM =5
S1 1269.95 536.00 515.50 430.00 412.00 404.00
S2 1257.00 524.45 378.95 353.55 335.95 326.65
S3 881.00 424.50 368.00 329.50 280.45 264.65
S4 723.20 410.15 356.23 320.00 274.20 256.00
S5 1229.50 525.40 508.15 429.40 407.25 400.90
S6 943.55 504.90 500.95 419.70 392.35 364.40
S7 893.95 382.95 356.70 345.65 308.05 281.80

Table 3. Electron conductivity of electrospinning solutions.

Sample codes Electron conductivity (ps)

S1 1.38 £ 0.75
S2 225 £0.18
S3 7.22 £ 0.32
S4 9.56 £ 0.29
S5 6.31 £ 2.10
S6 7.56 £ 0.26
S7 10.47 £ 0.54

decreased to 564 + 165, 505 + 196 and 416 £ 130 nm by
adding 5, 10 and 15% wt ketoconazole, respectively.

This reduction in diameter can be attributed to the thin-
ning of the jet during the electrospinning process [35]. As
the dose of drug was increased, the fibres pull harder
towards the collector and take on the shape of a horned horn
due to the instability of the electrospinning jet. Another
reason for the decrease in diameter with the addition of the
drug can be attributed to the increase in conductivity and
decrease in viscosity [36]. According to the results of vis-
cosity measurement, PCL/PVP solution viscosity (all men-
tioned speed of spindle) was decreased after adding both of
the drugs (fluconazole and ketoconazole). Furthermore, it
was decreased with increase in amount of the drugs from 5
to 15%. Unlike of the viscosity, the electron conductivity
was increased with the addition of drugs and increase in
their quantity. These parameters can have an effect on the
nanofibres diameter and they were decreased with adding
the drugs and increasing their concentrations.

No beaded fibres were found in FE-SEM images after
loading fluconazole and ketoconazole in nanofibres with
various amounts.

3.3 FT-IR analysis

FT-IR analysis was performed to investigate the functional
groups of compounds and chemical interactions between
them.The FT-IR spectra of PCL, PVP and PCL/PVP are
shown in figure 2a.

In PCL spectra, vibration of C=0 (carboxyl group which
is ester functional group) and C—O were located at 1720 and
1175 em™, respectively [37-39]. In PVP spectra, vibration
of C=0 (in amide) and C-N were found at 1662 and 1423
cm™', respectively [38,39]. A broad peak at 3230-3550
cm ! is related to O-H bond [40]. The PVP and PCL index
peaks were also observed in the blend PCL/PVP nanofibres,
indicating the presence of these two polymers in the com-
position [41]. In addition, no change was observed in the
peak at position 2939 cm™'. This peak belongs to the
alkanes group that forms the polymer backbone [38].

Figure 2b illustrates fluconazole, ketoconazole, PCL/
PVP/fluconazole and PCL/PVP/ketoconazole FT-IR spec-
tra. In fluconazole spectra, vibration of triazole ring was
found at 1508 and 1420 cm™'. Two peaks located at 1618
and 1017 cm™" were related to stretching bond of C=C and
stretching C—(OH). In addition, stretching of CF groups was
found at 1277 cm™'. Peaks in the region 1650-1760 cm ™"
were related to (C(=0)OH)(carboxyl group) [42-44].

In ketoconazole spectra, stretching vibration of C=0
(carbonyl group), aromatic stretching C=C and stretching of
cyclic C-O (ether) exhibited at 1743 and 1645 cm™ !, 1505
and 1240 cm™ ', respectively [45,46]. Stretching of N—H and
C—CI was observed at 3085 and 814 cm™". Stretching of C—
H (aliphatic) was observed at 2927 and 2740 cm™! [47].
Two peaks which appeared at 1223 and 1200 cm™ are
related to tertiary (3°) amine [48]. Index peaks of PVP,
PCL, fluconazole and ketoconazole were found in PCL/
PVP/fluconazole and PCL/PVP/ketoconazole spectra,
which confirmed the presence in the composition. No
changes were observed in other peaks.

3.4 Nanofibres degradation

Figure 3 illustrates the weight loss of PCL/PVP nanofibrous
mats during 528 h.

PCL is synthetic biomaterial with hydrophobic nature.
This polymer has no functional group in its structure, also
degraded over a long period of time (3-5 years) [49]. PVP is
a water-soluble polymer with excellent biocompatibility
and low cytotoxicity [50]. A suitable scaffold with
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Figure 1.
loaded with fluconazole and ketoconazole compared with similar blank, respectively.

Table 4. Results of measuring the nanofibre’s diameter.
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(a—g) FE-SEM images of S1, S2, S3, S4, S5, S6 and S7 and (h and i) the average fibre diameter of sample

Sample codes PCL/PVP (%)

Fluconazole (%)

Ketoconazole (%) Nanofibre diameter (nm)

S1 80/20 0
S2 80/20 5
S3 80/20 10
S4 80/20 15
S5 80/20 0
S6 80/20 0
S7 80/20 0

656 + 179
577 £ 226
467 £ 96

439 £ 137
564 + 165
505 + 196
416 £+ 130
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hydrophilicity and desirable degradation properties are
obtained by blending PCL with PVP [51]. According to
previous studies, adding PVP to PCL improves its
hydrophilicity. The porosity of PCL/PVP nanofibres mat
was increased after degradation due to the dissolution of
PVP in the PBS solution [41] and contact with surrounding
environment increased [40]. The degradation in the first 7
days (168 h) was very significant due to the dissolution of
PVP [51]. Approximately 40% weight loss occurred after
22 days.

3.5 Contact angle measurements

The contact angle measurements result of all samples are
presented in figure 4 and table 5.

PCL is widely used in medical applications, while it is
hydrophobic and there are no functional groups on its sur-
face [52]. Hydrophilicity of PCL improved by adding PVP
to it [53] due to hydrophilicity of the PVP [41], which leads
to the formation of hydrogen bond between PVP and water
molecules. PCL/PVP nanofibres become more hydrophilic
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Figure 3. Weight loss of PCL/PVP nanofibrous mats.
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by the addition of fluconazole and ketoconazole. In addi-
tion, with increase in the amount of the drug from 5 to 10
and 15%, the contact angle decreased and hydrophilicity
increased. Adding the drug may smooth the surface of
nanofibres, which helps hydrophilicity [54]. On the other
hand, result of fibre diameters shows reduction after adding
drug; therefore, hydrophilicity was increased by reduction
of fibre diameter and increase in surface area [55].

3.6 In-vitro test-disk diffusion method

Figure 5 shows the results of the disc diffusion tests. Fur-
thermore, the diameters of the inhibited zones around the
disks are presented in table 6.

Candida is a common human fungal pathogen which is
capable of causing local infections. More than a billion
people worldwide travail from fungal infections, and
recently, these infections has significantly increased due to a
rise in the number of immunocompromised patients. On the
other hand, antifungal resistance has increased due to rea-
sons like the lack of compliance of patients and the decrease
in release rate of new antifungal drugs [56].

In this study, it was demonstrated that the fluconazole-
and ketoconazole-loaded nanofibrous mats had inhibitory
effects against resistant and sensitive Ca. If the diameter of
inhibition zone around the isolate is more than 19 mm, the
isolate is sensitive to the drugs (19 S) and if the diameter is
fewer than 14 mm, the isolate is considered resistant to
them (6 R) [57]. According to the disc diffusion tests and
for the resistant isolates, the inhibition zones for the con-
centrations of 5, 10 and 15% ketoconazole-loaded mats
were determined 2, 5 and 7 mm, respectively. While for the
sensitive isolates, they are 12, 15 and 17 mm, respectively.
The growth inhibition zone of fungal around the disks
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Figure 4. The contact angle measurements.
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Table 5. The contact angle measurements of all samples.
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Sample codes PCL/PVP (%) Fluconazole (%) Ketoconazole (%) Water contact angle (°)
S1 80/20 0 0 63 L5
S2 80/20 5 0 36 +2
S3 80/20 10 0 32+4
S4 80/20 15 0 30+ 3
S5 80/20 0 5 41 £ 2
S6 80/20 0 10 37+ 3
S7 80/20 0 15 35+ 1

Figure 5. Antifungal activities of (a and b) fluconazole and (¢ and d) ketoconazole-loaded PCL/PVP nanofibrous

mat.

shows that these samples have a good ability to ketocona-
zole release and eliminating fungal. Furthermore, for the
sensitive isolates, the diameters of growth inhibition zone of
the fluconazole samples (5, 10 and 15%) were between 7

and 10 mm and they can prevent the growth of the fungal
around the fluconazole-loaded samples. However, different
concentrations of the fluconazole-loaded samples do not
have antifungal effect on resistant isolates of Ca.
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Table 6. Zone of inhibition of drug-loaded disks in CA.
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6 R 19 S
Samples S1 S2 S3 S4 S6 S7 S1 S2 S3 S4 S5 S6 S7
Zone of inhibition in Ca (mm) 0 0 0 0 5 7 0 7 8 10 12 15 17

4. Conclusion

PCL/PVP nanofibrous mats with and without fluconazole
and ketoconazole were successfully prepared by electro-
spinning. FE-SEM and contact angle test showed that the
nanofibres had the uniform morphology and hydrophilic
surface, respectively. The hydrophilicity of the samples was
increased by increasing the drug amounts due to the effect
of drugs on surface smoothing and increasing the surface
area. In addition, FT-IR results showed that PCL/PVP
nanofibrous mats were successfully loaded with fluconazole
and ketoconazole. In addition, the drug-loaded samples had
good antifungal effect for Ca, while ketoconazole-loaded
samples had more effective than the fluconazole ones,
especially for resistant isolates. The results showed that
both the drug-loaded samples had effective antifungal
properties and can be used for local drug delivery.
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