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Abstract: Itraconazole (ITZ) is a broad-spectrum triazole antifungal agent suitable for the
treatment of superficial and systemic mycoses. This study aimed to formulate, characterize,
and evaluate the in vitro antifungal performance of single-jet electrospun itraconazole-
loaded polyvinylpyrrolidone-based fibers. Fibrous mats were prepared under the following
experimental conditions: 10, 12.5, and 15 cm needle–collector distance, 20 kV tension, and
1, 1.5, and 2 mL/hour flow rate. The fibers were characterized by SEM, DSC, FTIR, assays,
disintegration tests, dissolution tests, and in vitro antifungal activity. Using a 22 factorial
design, the effects of preparation variables on the characteristics of the fibrous sheets were
described. The electrospinning process led to smooth-surfaced, randomly oriented, and
bead-free fibers. The average fiber diameter ranged from 887 nm to 1175 nm. The scanning
calorimetry of pure ITZ revealed a sharp endothermic melting point at a temperature of
170 ◦C, not present in the curves of the fibers. After 60 min, between 70 and 100% of ITZ
was released. The antifungal assay revealed that the fibers inhibited the growth of Candida
albicans and Candida parapyilosis. The obtained fiber mats prepared from the hydrophilic
polymer presented almost instantaneous disintegration, with potential applications for
rapid antifungal delivery in oral or topical pharmaceutical form.

Keywords: polyvinylpyrrolidone; itraconazole; fibrous sheets; antifungal; dissolution

1. Introduction
Polymeric drug delivery systems can be defined as formulations that enable the

delivery of active substances into the human body. These systems are characterized by
well-known place, time, and rate of drug delivery, improving the safety and efficacy of
the treatment [1]. A wide range of biodegradable and non-biodegradable polymers have
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been explored in the formulation of delivery systems [2,3]. Polyvinylpyrrolidone (PVP) is
a white, bulky, non-toxic, and non-irritating, water-soluble polymer, containing a strong
hydrophilic pyrrolidone moiety and a hydrophobic alkyl group [4,5]. PVP is stable over a
wide pH range, from 3.7 to 11.5 [6].

Itraconazole (ITZ) is a broad-spectrum triazole antifungal agent suitable for the treat-
ment of a variety of superficial and systemic mycoses, including aspergillosis, blastomy-
cosis, cryptococcosis, candidiasis, and histoplasmosis [7]. Imidazole derivatives interfere
with lanosterol-14-α-demethylase, the enzyme responsible for converting lanosterol into
ergosterol. This leads to the depletion of ergosterol in the fungal cell membrane and in-
creases membrane permeability, leading to fungal growth inhibition [8]. ITZ is available
in capsules, oral solutions, and intravenous formulations [9]; however low solubility and
dissolution rate limit its bioavailability after oral administration [10]. ITZ capsules dis-
play a large variability in plasma concentrations and low bioavailability; thus, monitoring
plasma concentrations is recommended during therapy [11]. ITZ presents significant drug
interactions and hepatotoxicity with cyclophosphamide. ITZ is a highly lipophilic but
poorly water-soluble weak base (pKa = 3.7), and, thus, it is ionized only at a low pH, such
as in gastric secretion. The solubility of ITZ (Figure 1) is estimated at 1 ng/mL at pH 7.0
and 4 ng/mL at pH 1.0 in water [12,13]. Given the fact that its permeability is adequate,
ITZ is included among class II drugs in the Biopharmaceutical Classification System (BCS).
To overcome this problem, solubility-enhancing techniques can be used to improve the
bioavailability of BCS class II drugs [14].
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Micro- and nanotechnology-based approaches are one of the most suitable methods to
increase the solubility and dissolution rate of an active pharmaceutical ingredient (API).
Nanofibers are micro- and nano-scale structures with high porosity and a high surface
area-to-volume ratio, which contribute to their dissolution-improving effects [15]. Electro-
spinning is a simple, economical, and versatile method for fiber production, during which
an electric force is used to stretch and elongate charged threads from polymer solutions or
melts, forming polymer nanofibers [16]. Numerous factors influence the electrospinning
process. These parameters may be grouped in three classes: electrospinning factors (electric
field, needle–collector distance, flow rate, and needle diameter), solution factors (solvent,
polymer concentration, viscosity, and solution conductivity), and environmental factors
(humidity and temperature) [17,18]. Therefore, a thorough understanding of these pa-
rameters is required to produce electrospun nanofibers with favorable characteristics [19].
Experimental designs, such as fractional designs and full factorial designs, can be em-
ployed to identify the process variables and/or their coupled effects that have a significant
influence on ultimately aiding production process optimization [20–22].
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Itraconazole nanofibers can be prepared via electrostatic spinning using water-soluble
hydroxypropyl methylcellulose as a polymer for immediate release in oral applications [22],
while, for topical application, segmented polyurethane, a non-biodegradable water-
insoluble polymer, is used to ensure controlled drug delivery. Three solvent-based tech-
nologies (spray-drying, electrospinning, and air-assisted electrospinning) are similarly
applicable for improving the dissolution rate of ITZ from Eudragit E-based solid disper-
sions; however, only the electrospinning and air-assisted electrospinning methods result in a
homogenous distribution of ITZ in the polymer matrix [23]. ITZ-loaded polymer nanofibers
with PVPVA64 have been previously prepared on a larger scale using high-speed electro-
spinning, which is a pharma-compatible scaled-up technology. The dissolution results of
these electrospun fibers showed significant improvement when compared to crystalline
ITZ [24]. In a follow-up study, the authors demonstrated the feasibility of the scaled-up
tableting of an electrospun material with a rotary press [25]. In a recent study, nanofibrous
ocular inserts were developed by electrospinning. Polymeric nanofibers of ITZ were pre-
pared using polyvinyl alcohol–cellulose acetate and polycaprolactone–polyethylene glycol
12 000 polymeric blends. The results indicated that the nanofibers could be considered
suitable for prolonged delivery of ITZ [26].

ITZ is authorized on the Romanian market only as 100 mg capsules. ITZ microfibers
as an intermediary pharmaceutical form may be incorporated in gelatine capsules or
compressed into tablets for their finite form.

Novel antifungal drug delivery systems offer the benefits of improving antifungal
pharmacokinetics with targeted delivery, thus combating drug resistance [27,28]. Solubility
enhancement can mend insufficient and variable bioavailability [29].

This study aimed to fabricate, characterize, and evaluate the in vitro antifungal per-
formance of ITZ-loaded hydrophilic polymer-based single-jet electrospun fibers. In the
current study for antifungal fiber formation, we chose polyvinylpyrrolidone, a polymer not
previously studied for ITZ. A factorial design with two independent variables (flow rate
and needle–collector distance) was employed for a better understanding of the preparation
conditions and their influence on the characteristics of the fibrous sheets.

2. Materials and Methods
2.1. Materials

Itraconazole (ITZ, 99.64% purity) was purchased from Acros (Geel, Belgium).
Polyvinylpyrrolidone (PVP, Plasdone K29/32) was obtained from ISP Technologies (Wayne,
NJ, USA). Dichloromethane, chlorohydric acid, and ethanol 96◦ of analytical grade were
purchased from Chemical Company (Ias, i, Romania). Chlorohydric acid was obtained from
Silver Chemicals (Bucharest, Romania).

2.2. Methods
2.2.1. Fiber Preparation by Electrospinning

ITZ was dissolved at room temperature under continuous stirring (at a speed of
500 rpm) on a JK SMS HS magnetic stirrer (JKI, Shanghai, China) in a dichloromethane
and ethanol mixture (1:1 volume ratio). After the solution was formed, PVP was added
and stirred with the MS-H280-Pro DLAB agitator (DLAB, La Mirada, CA, USA) for 40 min
at 1000 rpm at room temperature. ITZ-loaded mats were prepared with an eSpin Tube
system (SpinSplit, Budapest, Hungary) under the following conditions: 10 and 15 cm
needle-to-collector distance (controlled mechanically), 20 kV tension, and 1 and 2 mL/hour
flow rate using a G21 needle with ID = 0.8 mm. The electrospinning was conducted at
ambient temperature (25 ± 2 ◦C) and humidity (30–60%). Empty fibers were also prepared.
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2.2.2. Fiber Morphology—Scanning Electron Microscopy (SEM)

The fiber diameter and morphology were determined using a JOEL JSM-5200 (JOEL,
Tokyo, Japan) instrument with a 10 kV accelerating voltage. The fibrous sheets were
examined in their original state, without sputter coating. The average fiber diameter was
calculated using 100 fibers measured randomly from three SEM photos of different parts of
each sample, with a magnification of 5000×. The open-source ImageJ version 1.45 (National
Institution of Health, Bethesda, MD, USA) software was used to perform the measurements.

2.2.3. Differential Scanning Calorimetry (DSC)

Calorimetry was performed by a Shimadzu DSC 60 (Shimadzu, Kyoto, Japan) appara-
tus, using a temperature range of 30 to 300 ◦C, at a 5 ◦C/min linear heating rate, under air
flow. Accurately weighted samples of 5 mg were sealed in 40 µL aluminum pans at room
temperature. Aluminum oxide was used as a reference.

2.2.4. Fourier-Transform Infrared Spectroscopy (FTIR)

The infrared spectra were recorded with ATR at room temperature using a Thermo
Nicolet 380 spectrometer (Thermo Electron Corporation, Madison, WI, USA), with a scan
range of 4000–1000 cm−1, performing 32 scans at a resolution of 4 cm−1. The samples were
positioned in thin layers on the Zn-Se crystal surface.

2.2.5. Determination of Drug Content

Fibrous sheets containing 10 mg of ITZ were weighed and dissolved in a 20 mL vol-
umetric flask in chlorohydric acid 0.1 N. The ITZ content of the sheets was measured
spectrophotometrically at a wavelength of 268 nm using a 10 mm diameter cuvette (appara-
tus UV-1800 240V IVDD, SHIMADZU UV-VIS, Kyoto, Japan) based on a calibration line of
solutions with known concentrations (10–60 µg/mL, R2 = 0.9991, and y = 0.0184x − 0.0183).

2.2.6. Disintegration Test

The disintegration time was measured with the TFUT3 Tablet Four Usage Tester
(Biobase, Jinan, China) at 37 ± 1 ◦C. The tests were performed using disks in water medium
(900 mL) on six fibrous sheets with 10 mg of each sample. The device oscillated with a
frequency rate of 28 and 32 cycles/min.

2.2.7. In Vitro Dissolution Test

The dissolution of the fibrous mats was measured with an ERWEKA DT rotating basket
apparatus (Erweka Gmbh, Germany). Samples containing 10 mg of ITZ were weighed and
immersed in 500 mL of 0.1 N chlorohydric acid at 37 ± 0.5 ◦C, with a rotation speed of
50 rpm. After 5, 10, 15, 30, and 60 min, 5 mL of samples was collected and replaced with
fresh 0.1 N chlorohydric acid. The ITZ content was measured in UV at a wavelength of
268 nm (apparatus UV-1800 240V IVDD, SHIMADZU UV-VIS, Kyoto, Japan).

2.2.8. In Vitro Antifungal Activity

For the antifungal assay, two yeast strains (Candida albicans ATCC 90028 and Candida
parapsylosis ATCC 22019) were used. Each strain was inoculated in a sterile saline solution
to make a suspension equal to 0.5 McFarland (1.5 × 108 CFU/mL) and plated on Sabouraud
dextrose agar medium, which facilitates fungal growth. A total of 10 mg of the fibrous
sheets was accurately weighted, folded, and placed on the medium. The inoculated plates
were kept at room temperature for 30 min to allow for the diffusion of the agent into the
agar; this was followed by 48 h of incubation at human body temperature (37 ◦C). After
incubation, the zone of inhibition was measured in millimeters.
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2.2.9. Factorial Design

The influence of the flow rate and needle-to-collector distance was studied using a
22 factorial design with a triplicate of the central points for estimating the experimental
error. The data were analyzed using Modde 12.1 Software (Unmetric, Umea, Sweden). The
parameters of the seven fibrous sheets (four plus three central points) and the independent
variables are presented in Table 1.

Table 1. Electrospinning parameters and independent factor level of ITZ sheets.

Code Flow Rate (mL/hour) Level Needle–Collector Distance (cm)

N1 1 −1 10
N2 2 +1 10
N3 1 −1 15
N4 2 +1 15
N5 1.5 0 12.5
N6 1.5 0 12.5
N7 1.5 0 12.5

The evaluated measures (dependent parameters) were fiber diameter (nm), disinte-
gration time (seconds), and ITZ release after 5, 10, 15, 30, and 60 min. The parameters
for the evaluation of the model were the coefficient of determination R2 (which indicates
the variance in the response variable as explained by the model), Q2 (which indicates the
variation in the response as predicted by the model), model validity, and reproducibility.
The software (Modde version12.1) offered an equation for the evaluation of the influence of
the independent parameters [30,31].

2.2.10. Statistical Analysis

All measurements were performed in triplicate and are hereby presented as the
means ± standard deviation. A one-way analysis of variance (ANOVA) was used to
determine differences between the groups (Data Analysis Toolpack, Microsoft Excel 365).
The significance level was set to 0.05.

3. Results and Discussion
3.1. Fiber Preparation by Electrospinning

The first challenge of fiber preparation is the solubilization of poorly soluble active
pharmaceutical ingredients. In this study, the BCS class II drug ITZ, with a water solubility
of less than 5 ng/mL at an acidic pH, was dissolved in a dichloromethane and ethanol mix-
ture (1:1 volume ratio) under magnetic stirring at 500 rpm, at room temperature. The next
step was the addition of a polymer, also under continuous stirring. Scouting experiments
were performed to adequately adjust the concentration of PVP. The viscoelasticity of the
polymer’s dispersion, the charge density carried by the jet, and the surface tension were the
main parameters influencing the formation of beaded fibers [32–35]. Increasing the PVP
concentration resulted in smooth-surfaced bead-free fibers.

Microfiber-based nonwoven fabrics were obtained using drug–polymer dispersions in
a dichloromethane and ethanol mixture. The electrospinning resulted in randomly oriented
smooth fibers at all the investigated parameters. The average fiber size ranged from 887 nm
to 1175 nm, depending on the electrospinning parameters (Figure 2).
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Empty fibers were prepared at a 1.5 mL flow rate and a 12.5 cm needle–collector
distance, resulting in smooth and bead-free fibers with a diameter of 796 ± 157 nm.

3.2. Fiber Morphology—Scanning Electron Microscopy (SEM)

The SEM images indicated no crystallized ITZ on the surface of the microfibers,
suggesting that the drug was in a non-crystalline state after electrospinning [36]. N1 and
N3 samples prepared at a 1 mL/h flow rate compared to N2 and N4 at a 2 mL/h flow
rate led to smaller-diameter fibers. The needle-to-collector distance of 10 cm resulted in a
lower fiber diameter compared to 15 cm, specifically for samples N1 (887 ± 238 nm) and
N2 (907 ± 206 nm) compared to N3 (1101 ± 292 nm) and N4 (1175 ± 226 nm).

All fiber histograms were unimodal, N1 appeared to be symmetric, N2, N3, N5,
N6, and N7 were right-skewed, and N4 was left-skewed (with the highest values for
fiber diameter, flow rate, and needle–collector distance). The lowest fiber diameter of
887 ± 238 nm was associated with the lowest flow rate and needle-to-collector distance.
The needle-to-collector distance influenced the diameter of the fibers in a statistically
significant manner (p < 0.001, when comparing N1 to N3 and N2 to N4).

3.3. Differential Scanning Calorimetry (DSC)

The scanning calorimetry of pure ITZ revealed a sharp endothermic melting point
at a temperature of 170 ◦C with a starting temperature 163.6 ◦C, an end temperature of
173.9 ◦C, and 69.4 J/g enthalpy (Figure 3), which is comparable to the results obtained in
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the literature [22]. The PVP curve showed a larger peak under 100 ◦C, which was related to
water loss.

Figure 3. FTIR spectra (a) and DSC curves (b) of ITZ, physical mixture (PM), N1 and N2 fibers,
and PVP.

The DSC curve of PM at a 1:1 weight ratio presented a well-detectable melting peak
of ITZ at 169.6 ◦C (starting temperature 161.9 ◦C and end temperature 172.6 ◦C), with
an enthalpy value (24.1 J/g) which was half of that of pure ITZ. Differential scanning
calorimetry revealed that the DSC curves of the fibrous samples resembled the thermogram
of PVP, not presenting melting endotherm peaks. This suggests the incorporation of ITZ
into the fibers in an amorphous state [24].

3.4. Fourier-Transform Infrared Spectroscopy (FTIR)

Our results showed ITZ peaks at 1180 cm−1 (C–N stretching) and 1138 cm−1 (C–O–C
ring cyclic ether stretching). Peaks attributable to alkyl C–H stretch vibrations were detected
at 2800–3100 cm−1 [29]. The FTIR spectrum of fiber-forming PVP showed a broad band at
3500–3200 cm−1 assigned to O-H stretching of the hydroxyl groups and at 1647 cm−1 for
C=O stretching. The peak at 1437 cm−1 was assigned to the C-H deformation of the CH2

group [6,35].
The fibrous sheets showed peaks at 1179 cm−1 and 1123 cm−1, as well as a broad band

at 3500–3200 cm−1 assigned to the O-H stretching of the hydroxyl groups (from PVP).
The peaks were very similar to those of pure ITZ, presenting a shift to lower wave

numbers and weaker peak intensities. Shifts in FTIR spectrum peaks suggested, in the case
of drug–polymer interactions, hydrogen bonding [34].

3.5. Determination of Drug Content

The determined drug content (Table 2) of the fibers corresponded well to the theoretical
value of 3.08 mg/10 mg fibers (calculated from the composition, considering full solvent
evaporation). Differences may be attributed to incomplete solvent evaporation.

Table 2. Drug content of ITZ sheets.

Codes N1 N2 N3 N4 N5 N6 N7

Drug content
mg/10 mg
fibers ± SD

2.73 ± 0.21 2.71 ± 0.26 3.27 ± 0.28 2.89 ± 0.23 2.88 ± 0.17 2.75 ± 0.19 2.83 ± 0.18
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3.6. Disintegration

Disintegration times between 1.47 and 2.12 s (Table 3) were well below the stipulations
of the currently in-force European and United States Pharmacopeia. Lower disintegration
times were observed for the 10 cm needle-to-collector distance (N1 compared to N3 and
N2 compared to N4), with an increasing flow rate leading to slightly higher disintegration
time values (N1 compared to N2 and N3 to N4).

Table 3. Dependent parameters for the samples.

Code
Fiber

Diameter (nm) ± SD
Disintegration

Time (s)
ITZ Released

5 min (%) 10 min (%) 15 min (%) 30 min (%) 60 min (%)

N1 887 ± 238 1.47 ± 3.1 71.88 ± 4.65 77.37 ± 3.87 82.96 ± 6.63 95.65 ± 2.36 100.20 ± 1.99
N2 907 ± 206 1.65 ± 1.2 42.09 ± 2.20 57.98 ± 3.80 67.45 ± 6.00 75.55 ± 4.30 78.49 ± 2.14
N3 1101 ± 292 2.01 ± 0.9 20.17 ± 2.00 36.66 ± 3.01 51.47 ± 4.32 66.29 ± 5.11 95.60 ± 6.2
N4 1175 ± 226 2.12 ± 0.6 38.70 ± 8.32 56.57 ± 2.09 64.28 ± 0.89 69.66 ± 1.11 70.83 ± 1.06
N5 931 ± 275 1.76 ± 0.7 42.03 ± 3.61 63.95 ± 5.60 68.94 ± 5.27 78.84 ± 6.38 86.98 ± 5.02
N6 1027 ± 212 1.83 ± 0.7 51.77 ± 5.25 54.07 ± 3.95 66.51 ± 2.88 78.85 ± 2.88 83.65 ± 1.77
N7 935 ± 324 1.86 ± 1.4 39.64 ± 4.86 59.85 ± 3.87 68.77 ± 5.10 76.73 ± 2.99 83.79 ± 0.06

The highly hydrophilic nature of PVP combined with the porous three-dimensional
structure and the high surface area of the fibrous webs explain the instantaneous disinte-
gration of the samples. The 1090 nm diameter PVP fibers measured a disintegration time
under 3 s [37].

3.7. In Vitro Dissolution Studies

The performance of the fibrous sheets was evaluated by dissolution in 0.1 N HCl
(Figure 4) compared to pure ITZ. The dissolution curve of pure crystalline ITZ showed a
dissolved amount of 16.7% after 60 min. All the fibrous sheets proved to have a superior
dissolution rate, as the dissolved amount of ITZ was between 78 and 100% after 60 min.
For N1, ITZ was fully dissolved during this test. One speculation is that differences in the
dissolution rates may be related to solvent accessibility between fibrous sheets [38].
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ameters above 6 mm. The inhibition zone of the fibers could not be attributed only to the 
alcohol content [41], because, during fiber formation in the electrostatic field, the solvent 
evaporated. A flow rate of 2 mL/h led to a smaller inhibition zone, while increasing the 
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Solid dispersions of drugs with low water solubility and highly hydrophilic polymers
present a hidrophobization effect, making dissolution study results highly variable and
poorly reproductible, as described by Nagy et al. for ITZ and PVPVA64 [24]. In our case,
the rotating basket method ensured an acceptable sample variability. An almost complete
dissolution in 0.1 N HCl medium after 60 min, comparable with our results for N1, was
also obtained with PVPVA64-based high-speed-electrospun ITZ fibers and single-needle
electrospun ITZ fibers [24]. In another study, optimizing the electrospinning parameters
offered a tailored drug release of ITZ from HPMC-based fibers [22].

3.8. Antifungal Activity

The antifungal effect of the fibers (Table 4) was demonstrated on Sabouraud dex-
trose agar.

Table 4. Inhibition zones of the antifungal assay.

Codes E D N1 N2 N3 N4 N5 N6 N7

Inhibition zone
diameter (mm) 3.0 7.1 7.1 6.9 7.5 7.0 6.6 6.5 6.2

E (empty fibers) and D (drug-containing dispersion) for samples N1 to N7.

The antifungal assay revealed that the fibers inhibited the growth of Candida albicans
(Figure 5) and Candida parapsylosis. The inhibition zone of blank fibers could be explained
by the alcohol content of the fibers [39,40]. The diameter of the inhibition ring was only
3 mms for the blank fibers, compared to the itraconazole-containing fibers, which had
diameters above 6 mm. The inhibition zone of the fibers could not be attributed only
to the alcohol content [41], because, during fiber formation in the electrostatic field, the
solvent evaporated. A flow rate of 2 mL/h led to a smaller inhibition zone, while increasing
the needle-to-collector distance showed wider inhibition zones. Another study showed a
similar result, where 3.8 mm inhibition zones were measured for empty fibers of PVA [42].
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Figure 5. Inhibition zones for Candida albicans for samples (N1–N7), empty fibers (E), and dispersion
of ITZ (D).

The effectiveness of the solid dispersions was also demonstrated by Qiu et al. in
the case of nanoparticles against Candida albicans via in vitro and in vivo experiments
on mice [43,44]. In the study, the inhibition zones were equal in diameter for both the
solid dispersions and the microfibers, suggesting the diffusion of ITZ into Sabouraud
dextrose agar.
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3.9. Factorial Design

The results of the evaluated dependent parameters are presented in Table 3 and
Figures 6 and 7, including R2, Q2, validity, and reproducibility.
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(b) replicates, (c) summary of fit, (d) coefficients, and (e) residuals.

Screening for influencing factors offered additional data (Figure 6).
The experimental data were analyzed from a statistical point of view. R2 (Figure 6)

presented values between 0.82 and 0.99 and Q2 (Figure 6) showed values between 0.44 and
0.76. None of the validity values were under 0.25. The values for reproducibility were over
0.75 in all cases.

The needle-to-collector distance was the significantly influencing parameter for fiber
diameter (Figure 7). The disintegration times were positively influenced by the needle-to-
collector distance and highly influenced by the interactions between the needle-to-collector
distance and the flow rate.

The dissolved amounts of ITZ after 5 min were negatively influenced by the flow
rate, positively by the distance, and negatively by the combination of the two factors. The
dissolved amounts of ITZ were dependent on the distance and flow rate.

Our study had some limitations, such as the lack of in vivo testing to confirm antifun-
gal efficacy and the limited strain variability (there were only two Candida species tested).
Future studies will be required to prove the antifungal effect of these fibrous sheets on mice
infected with Candida albicans and Candida parapsylosis via susceptibility and safety testing
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of the drug delivery system. Scaling up this process may lead to the development of an
oral or topical delivery system.
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4. Conclusions
PVP-based microfibrous sheets loaded with ITZ were prepared successfully by single-

jet electrospinning. The spinning process resulted in bead-free, smooth-surfaced fibers.
The FTIR and DSC investigations proved that the ITZ was homogeneously incorporated
into the PVP fibers in an amorphous state. Rapid fiber disintegration allowed the fast
dissolution of the ITZ. Solubility was 4.2- to 6-fold enhanced compared to crystalline ITZ.
All the fibrous sheets inhibited fungal growth on the Sabouraud dextrose agar medium. The
electrospinning parameter of the needle-to-collector distance significantly influenced the
fibers’ morphology. Optimizing the electrospinning parameters improved the antifungal
performance of the drug delivery system. An optimized delivery system may lead to
further potential clinical applications.
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