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Itraconazole (ICZ) is a broad spectrum antifungal drug, but used as second or third line therapy
due to its low and erratic oral bioavailability. This work was carried out to prepare and char-
acterize matrix type lipid-polymer hybrid nanoparticles (LPHNPs) for dissolution enhancement of
ICZ. LPHNPs were prepared using solvent diffusion/emulsification technique. Matrix LPHNPs
were composed of chitosan (polymer), glyceryl monostearate (lipid) and poloxamer 188 (stabi-
lizer). LPHNPs loaded with ICZ (LPHNPs-1, LPHNPs-2, LPHNPs-3 and LPHNPs-4) were developed
using varying concentration of chitosan whereas LPHNPs (LPHNPs-5, LPHNPs-6, LPHNPs-7 and
LPHNPs-8) were prepared using varying concentrations of poloxamer 188. LPHNPs loaded with
ICZ were further evaluated for entrapment efficiency, particle size, polydispersity index (PDI),
zeta potential and dissolution profiles at biorelevant pH conditions. The particle size (LPHNPs-1
to LPHNPs-4) was found to be in range of 421-588 nm with PDI values 0.34-0.41. The particles
size of LPHNPs-5 to LPHNPs-8 was found to be in range of 489-725 nm with PDI 0.34-0.74. The
entrapment efficiency of LPHNPs-1 to LPHNPs-4 was found to be in range of 85.21%-91.34%.
The entrapment efficiency of LPHNPs-5 to LPHNPs-8 was found to be in range 78.32%-90.44%. .
The scanning electron microscopy of optimized formulations LPHNPs-1 and LPHNPs-5 indicated
formation of oval shaped nanoparticles. DSC thermogram of ICZ loaded LPHNPs also depicted the
conversion of crystalline form of ICZ into amorphous form demonstrating the internalization and
dissolution enhancement of drug in the hybrid matrix. The cumulative drug dissolved at acidic pH
1.2 was found to be 23.3% and 19.8% for LPHNPs-1 and LPHNPs-5 respectively. Similarly at basic
pH values 7.4, cumulative amount of drug dissolved was 90.2% and 83.4% for LPHNPs-1 and
LPHNPs-5 respectively. Drug dissolution kinetics exhibited fickian diffusion best described by
Korse-meyer Peppas model. The results suggested that chitosan and glyceryl monostearate based
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matrix LPHNPs could be used as promising approach for dissolution enhancement of ICZ which
could further increase its bioavailability.

1. Introduction

Itraconazole (ICZ) belongs to Biopharmaceutical classification system II drugs having low water-solubility leading to erratic oral
bioavailability. It has broad antifungal spectrum against a variety of fungus strains causing the opportunistic infection [1]. ICZ is a
weak basic drug (pKa = 3.7) which is virtually ionized at low pH, showing extremely low water solubility values, about 1 ng/mL at
neutral pH and about 4-6 pg/mL at acidic pH 1 [2]. Because of its poor aqueous solubility, its absolute oral bioavailability is only 55%
[3]. The low oral bioavailability hampers its widespread use in clinical practices. Over the last decade, extensive research has been
conducted with drug delivery approaches for poorly water-soluble and lipophilic drugs, including solid dispersions, emulsion based
systems and nanoparticulate based dosage forms [4]. Recently, nanotechnology has emerged as the most promising tool in the
fabrication of novel drug carrier systems, providing versatile clinical advantages and large scale production [5]. In addition to this,
polymeric and lipid based hybrid nanoparticles (LPHNPs) have attained considerable attention to integrate the positive attributes and
to overcome the possible drawbacks associated with drug delivery technologies. LPHNPs integrate the structural advantage of polymer
and biomimetic properties of lipids, therefore enabling the improved dissolution profile of drugs [6]. LPHNPs can incorporate both
hydrophilic and lipophilic drugs simultaneously [7]. The monolithic matrix system consists of drug particles dispersed homogeneously
throughout lipid-polymer matrix [8]. . This unique structural design provides the mechanical integrity through maintaining the
particle size, efficient drug loading and good biocompatibility [9]. Neverthless, polymeric nanoparticles and liposomes have been
effectively used for drug delivery, but these carriers pose some drawbacks including stability and aggregation. . To address these
problems associated with polymeric and liposomal drug delivery system, we report development of an alternative LPHNPs nanocarrier
for dissolution enhancement of poorly water-soluble drug ICZ. Chitosan is a key polymer for drug delivery applications due to its
biodegradability and economical nature [10]. Chitosan is a biocompatible polymer obtained from chitin [11]. Structurally, chitosan is
a linear polysaccharide consisting of randomly distributed -(1 — 4)-linked p-glucosamine (deacetylated unit) and N-acetyl-p-glucos-
amine (acetylated unit) as shown in Fig. 1.

Glyceryl monostearate (GMS) was used as lipid for fabrication of LPHNPs. It has a single fatty acid chain attached to a glycerol
backbone. Due to the amphiphilic nature, GMS molecules self-assemble both in water and oil into several types of mesophases [13].
GMS is a lipophilic surfactant generally recognized as safe (GRAS), with a broad range of applications from stabilizer to release agent
[14]. Hydrophobic modification of the carrier might be an effective way to further improve the delivery of ICZ. We employed GMS, as
the hydrophobic part since its fatty acid chains can interact with the phospholipids (structural part of the biological membrane)
thereby leading to increased permeability [15]. The future studies can also be designed to explore the in-vivo enhanced permeation of
ICZ with prepared LPHNPs.

Taking altogether these perspectives, the present study was aimed to develop LPHNPs for improving dissolution profile of ICZ. .
Chitosan and GMS were employed in the study for fabrication of ICZ loaded LHNPs. Further, newly developed LPHNPs containing ICZ
were characterized for compatibility, entrapment efficiency, particle size, polydispersity index (PDI), morphology, thermal behavior
and dissolution profiles at biorelevant pH conditions.

2. Materials and methods
2.1. Materials

Itraconazole (ICZ) was gifted by Vision Pharmaceuticals (Pvt) Limited, Islamabad (Pakistan) as research material donation.
Glyceryl monostearate (GMS), poloxamer 188, chitosan (CS), disodium hydrogen phosphate, sodium dihydrogen phosphate were
purchased from Sigma-Aldrich (Germany). Methanol was acetic acid were purchased from Merck (Germany) Dialysis membranes
(MWCO 12,000 to 14,000 Da) was procured from Sigma-Aldrich (Germany). The double distilled water was obtained from distillation
plant installed at Riphah Institute of Pharmaceutical Sciences, Riphah International University, Lahore, Pakistan.
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Fig. 1. Structure of Chitosan [12].
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2.2. Preparation of LPHNPs loaded with ICZ

Itraconazole (ICZ) loaded lipid-polymer hybrid nanoparticles (LPHNPs) were prepared using solvent emulsification/diffusion
technique with slight modification [16]. Accurately weighed amount (50 mg) of glyceryl monostearate (GMS) was dissolved in 5 mL
methanol. ICZ (100 mg) was incorporated to this lipid solution (lipid phase) and heated to 70 °C in a water bath. The respective amount
of chitosan (0.5 mg/mL) for each LPHNPs (Table 1) was dissolved in 0.1% acetic acid and filtered through 0.45 pm filter (Sartorius,
Germany). Then chitosan solution was added to lipid phase and was heated to 70 °C again in water bath. For each LPHNPs formulation,
the weighed amount of poloxamer 188 (Table 1) was mixed in 20 mL double distilled water (water phase). Then both lipid and aqueous
phase were mixed and sonicated for 20 min at 70 °C. The LPHNPs were obtained by cooling nanoparticles in an ice water bath (2-3 °C)
to quickly crystallize the lipid. The resultant ICZ loaded LPHNPs formulations were coded as LPHNPs-1, LPHNPs-2, LPHNPs-3,
LPHNPs-4, LPHNPs-5, LPHNPs-6, LPHNPs-7 and LPHNPs-8 and stored at 4 °C for further characterization. The composition of
LPHNPs is given in Table 1.

2.3. Optimization of LPHNPs

By using different ratios of the chitosan and poloxamer 188 with constant GMS concentration, ICZ-loaded LPHNPs were formulated
(Table 1). The optimized GMS to chitosan and GMS to poloxamer 188 ratios were chosen on the basis of higher entrapment efficiency
and small particle size.

2.4. Physicochemical characterization of LPHNPs

2.4.1. Drug-polymer interaction studies

The possible interactions between ICZ and LPHNPs formulation components were studied by attenuated total reflectance Fourier
transform infrared (ATR-FTIR) spectroscopy (Shimadzu, Japan). ICZ, chitosan, GMS, poloxamer 188, LPHNPs-1 and LPHNPs-5 were
subjected to FTIR measurements. Attenuated total reflectance (ATR) mode of spectrophotometer was operated and analytes were
placed directly on diamond crystal. Spectral area analyzed was 400-4000 cm .. Ten scans were recorded for each measurement.

2.4.2. Entrapment efficiency (EE) studies

The percent entrapment efficiency (%EE) of ICZ loaded LPHNPs was determined using ultracentrifugation method reported
elsewhere [17]. LPHNPs formulations were subjected to centrifugation at 15,000 rpm for 30 min at 4 °C using cooling centrifuge (DLab
Scientific INC. USA). ICZ concentration in supernatant of LPHNPs was estimated using UV spectrophotometer (UV 1800 Shimdzu,
Japan) at 262 nm %EE was calculated using following equation:

Total amount of ICZ — Amount of free ICZ «

%EE =
Total amount of ICZ

100 (€Y

2.4.3. Particle size, polydispersity index and zeta potential

The average particle size, polydispersity index (PDI) and zeta potential of LPHNPs were determined at 25 °C using dynamic light
scattering technique (Malvern, Zetasizer nano version 7.11, UK). The nanoparticle formulations (1 mL) were diluted with 10 mL
distilled water prior to measurement. All measurements were performed in triplicate.

2.4.4. Scanning electron microscopy (SEM)

The morphology of optimized LPHNPs-1 and LPHNPs-5 (based on %EE and particle size) was examined using a field emission
scanning electron microscope (FEI Nova Nano SEM 450, USA). 10 pL of optimized LPHNPs (LPHNPs-1 and LPHNPs-5) was mounted on
an aluminum stub with adhesive silver tape. The stubs were stored overnight under the vacuum and then sputter-coated using gold.
SEM was operated at an accelerated voltage of 10 kV with the magnification of 5000x and 1000x.

2.4.5. Differential scanning calorimetry
The physical state of ICZ in LPHNPs was investigated using differential scanning calorimetry (DSC). ICZ, chitosan, GMS, poloxamer

Table 1
Composition of ICZ loaded matrix LPHNPs.
Formulation Codes Glyceryl monostearate (mg) Chitosan (mg) Poloxamer 188 (mg)
LPHNPs-1 50 25 30
LPHNPs-2 50 50 30
LPHNPs-3 50 75 30
LPHNPs-4 50 100 30
LPHNPs-5 50 25 25
LPHNPs-6 50 25 20
LPHNPs-7 50 25 15

LPHNPs-8 50 25 10




R. Yousaf et al. Heliyon 9 (2023) e14281

188, LPHNPs-1 and LPHNPs-5 were subjected to DSC measurement using DSC Q200 (TA Instruments, DE, USA).

The DSC instrument was calibrated with Indium (melting point = 157.6 °C) for the temperature and heat flow. All the test samples
were weighed accurately (2-6 mg) and hermetically sealed in the aluminum pans. The loaded aluminum pans were compared with the
empty aluminum pan as a reference. The samples were heated at a heating rate of 10 °C/min from 25 to 250 °C under the inert at-

mosphere of nitrogen at a purging rate of 50 mL min™.

2.4.6. Dissolution studies of LPHNPs

ICZ dissolution from LPHNPs was carried out in biorelevant acidic medium; 0.1 N HCI (pH 1.2) and biorelevant basic medium;
phosphate buffer (pH 7.4) respectively using dialysis bag method [18]. Initially, bags were soaked in distilled water for 12 h prior to
use. 2 mL of LPHNPs formulation was poured into the dialysis bag with the two ends tightened by thread knots. The dialysis bag was
placed in a beaker containing 100 mL of dissolution medium. The beaker was placed over a magnetic stirrer at 37 °C at a speed of 100
rpm. For studying dissolution at acidic pH, aliquots of 2 mL were taken at predefined time intervals i.e. 0.25, 0.5, 1, 1.5 and 2 h and
replenished with equal amount of fresh dissolution medium. The samples were assayed for ICZ content at Ayax of 258 nm. Similarly, at
basic pH conditions, aliquots of 2 mL were withdrawn at predefined time intervals 0.5, 1, 2, 4, 6, 8, 10 and 12 h and replenished with
equal amount of fresh dissolution medium. The samples were analyzed using UV spectrophotometer (UV 1800 Shimadzu, Japan) at
262 nm [19].

2.4.7. Kinetic modelling of dissolution data

To assess the correlation coefficient (r*) and dissolution kinetics of ICZ loaded LPHNPs, the in-vitro drug dissolution data was
subjected to different kinetic models. This was achieved by plotting the drug concentration (Q) against time (t). Following models
including zero order (Eq. (1)), first order (Eq. (ii)), Higuchi model (Eq. (iii)) and Korsemyer-peppas model (Eq. (iv)) were applied to find
out mechanism of drug dissolution.

Zero order

0=0,+kt ®
First order

0 =0 + ket (€0))]
Higuchi equation

O=kxtos (iif)

Korsmeyer—Peppas equation

0=Kx1, (iv)

where Q denotes the quantity dissolved of the drug in time t, Qg denotes the value of Q at time zero, k represents the release rate
constant and “n” signifies the release exponent. The model that displayed a linear plot and showed the highest value of (r?) was
considered as the best-fit model [20].

2.5. Statistical analysis

The experiments were performed in triplicate. The results were illustrated as mean + SD. The data obtained from repeated
measurements were subjected to one-way ANOVA and a value of p < 0.05 was considered as significant.

3. Results and discussion
3.1. Preparation of LPHNPs

LPHNPs loaded with ICZ were prepared successfully using solvent emulsification/diffusion method. Chitosan, GMS and poloxamer
188 were utilized as polymer, lipid and stabilizer respectively for preparation of nanoparticles.

The emulsification/diffusion method involves rapid diffusion of the solvent into non-solvent phase which decreases the interfacial
tension between the two phases and increase the surface area which leads to the formation of nanoparticles [21]. Due to the spon-
taneous diffusion of the solvent, interfacial turbulence occurs between the aqueous and lipid phases, leading to the formation of
nanoparticles. The technique has been reported to be efficient, versatile, easy to implement and allows a high entrapment efficiency of
lipophilic drugs in polymeric matrices [22]. Emulsification-solvent diffusion method is able to produce hybrid nanoparticles with high
encapsulation efficiency, good yields, no need of high shear ultrasonication and batch-to-batch reproducibility [23]. In the current
study, ICZ loaded LPHNPs were developed using solvent diffusion technique to improve solubility and dissolution profile of the drug.
The eight formulations were divided into two groups on the basis of varying concentration of chitosan and poloxamer 188. In group-I
(LPHNPs-1, LPHNPs-2, LPHNPs-3 and LPHNPs-4), the effects of chitosan were studied with varying concentration from 25 mg to 100
mg, whereas in group-II (LPHNPs-5, LPHNPs-6, LPHNPs-7 and LPHNPs-8), the effects of poloxamer 188 were studied with decreasing
concentration from 25 mg to 10 mg. Considering the above advantages, in the present work, the feasibility of using the
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emulsification/diffusion method to prepare ICZ loaded LPHNPs was evaluated. . The other key parameters such as lipophilicity (the
influence of lipid self-emulsification properties, lipid shape and surface area) and lipid crystallization rate of nanoparticle preparation
will be different for different lipids [24]. GMS was used as a solid lipid in this study, to form the fatty core in the LPHNPs. GMS (melting
point ~60 °C), when heated to 10 °C above the melting point, will react hydrophobically with drug molecules thus trapping the drug
molecules on cooling. GMS is a safe lipid with sufficient biocompatibility and less toxic for the human body [23]. Due to the modi-
fication within the lipids, GMS provides an efficient incorporation of the drugs, thus achieving the sustainable properties of the
LPHNPs. Poloxamer 188 stabilizes the nanoparticle by forming a coating around the lipid core of the incorporated drug [25].
LPHNPs-1 and LPNPs-5 were considered optimized formulations on the basis of greater entrapment efficiency and small particle size.

3.2. Drug polymer interaction studies

FTIR spectra of pure drug ICZ, chitosan GMS, poloxamer 188, LPHNPs-1 and LPHNPs-5 are shown in Fig. 2. FTIR spectrum of ICZ
showed the characteristic peaks at 3127.1 cm’l, 3068.5, 2936.0 cm’l, 2823.6 cm’l, 1698.4 cm’l, 1510.8 cm ™! and 1451.3 cm ™. The
transmittance bands between 2800 and 3200 cm ! were 325 corresponded to the alkane, aromatic CH and amine groups [26]. The
transmittance peaks of the NH2 groups were located at 3442.0 cm ™!, 3127.1 ecm ! and 3068.5 cm L. The first band was assigned to be
due to stretching vibration of free N-H in drug molecule. The other two transmittance bands were 328 cm ™! caused by the amino group
and the sharp peak occurring at 1698.4 cm ™! was due to C=0 of the drug. This is in agreement with the previously reported spectrum
of the pure drug [27]. The IR spectrum of poloxamer 188 is characterized by principal transmittance peaks at 2883 cm ™! (C-H stretch
aliphatic), 1341 cm! (in-plane O-H bend) and 1099 cm ! (C-O stretch). Similarly, spectrum of pure GMS showed transmittance
peaks of OH stretching at 3300 cm ™!, C-H stretching at 2914.38 cm ™!, C=0 stretching at 1729.82 cm ™! and C-H bending at 1469.06
cm L. This could be due to long —CH,, chain length and -CH2 bending at 1178 cm ™! and 718 cm™!. A transmittance band at 3419 cm™*
corresponds to the combined peaks of the NHy and OH group stretching vibration in chitosan. The transmittance band at 1657 cm ™! is
attributed to the -CONH2 group [28]. FTIR spectra of LPHNPs-1 and LPHNPs-5 were observed to be different. FTIR spectra of LPHNPs
(Fig. 2) showed the remarkable attenuation of IR bands of drug and polymers with significant reduction in the intensity of peaks. Most
of the peaks were found to be diffused indicating formation of LPHNPs. Moreover, major peaks of ICZ were smooth indicating strong
physical interaction between drug and polymers. No additional peaks or shifting of peaks was observed nanoparticle formulations
indicating no chemical interaction between drug, polymers and lipids.

FTIR analysis is performed to reveal chemical interactions within the constituent formulations. The FTIR spectrum of ICZ
demonstrated the characteristic peaks at 2821.95 cm ™!, 3130.57 cm ™! due to C-H- stretching vibrations. The disappearance of the
characteristic peak of ICZ in the formulations LPHNPs-1 and LPHNPs-5 indicates that ICZ has been successfully incorporated into the
LPHNPs. Similarly, the characteristic peaks of GMS, chitosan and poloxamer 188 are also slightly shifted from their original values
which further indicated drug incorporation. The results showed that there is no significant chemical interaction between LPHNPs
components and the drug.

traconazole
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Fig. 2. FTIR spectra of LPHNPs-1, LPHNPs-5, Chitosan, GMS, Poloxamer-188 and ICZ.
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3.3. Entrapment efficiency % (%EE)

The percent entrapment efficiency (%EE) of ICZ loaded LPHNPs was found to be in range of 85.21%-91.34% for nanoparticles
coded as LPHNPs-1 to LPHNPs-4 which contained varying concentrations of chitosan whereas nanoparticles coded as LPHNPs-5 to
LPHNPs-8 showed % EE values in range 78.32%-90.44%. The optimized formulations LPHNPs-1 and LPHNPs-5 demonstrated
maximum %EE of ICZ. These results showed superiority of developed LPHNPs as %EE of formulation acts as a determining factor for
dose volume to be administered for desired therapeutic effect. The high %EE achieved might be due to conjugation of GM with
backbone of chitosan. The %EE of all LPHNPs formulations is shown in Table 2.

Higher values of %EE for ICZ were attained in this study indicating superiority of LPHNPs for delivery of ICZ This may be due to the
presence of long chain fatty acids in structure of GMS which resulted in increased %EE of lipophilic drug i. e ICZ [26]. In this method of
preparation, drug is well dissolved in molten lipid at temperature above the melting point of lipid and there is less drug leakage or
precipitation of drug during the preparation. The emulsification step using poloxamer 188 as stabilizer has provided sufficient integrity
to the LPHNPs. The %EE of LPHNPs was decreased non-significantly with increase in chitosan concentration (p > 0.05). It is reported
that chitosan has strong affinity for the phospholipid group of the prepared formulations [11]. On the contrary, direct relationship was
observed between poloxamer 188 concentration and %EE. The decrease in poloxamer 188 concentration decreased the %EE,
non-significant differences were observed among the LPHNPs-4 to LPHNPs-8 (p > 0.05). The role of poloxamer 188 is to stabilize the
hybrid nanoparticle system. The addition of this thermodynamically stabilized emulsion to high viscosity chitosan solution resulted in
higher EE [29]. This may be due to increase in solubility of ICZ in the lipid on increasing the concentration of poloxamer 188. These
finding were in agreement with previous findings reported by Abdelbari et al. [30].

3.4. Particle size, polydispersity index and zeta potential

Particle size of developed matrix LPHNPs with varying concentration of chitosan (LPHNPs-1 LPHNPs-2, LPHNPs-3 and LPHNPs-4)
was found to be in range of 421-588 nm whereas size was observed in 489-725 nm range for LPHNPs-5, LPHNPs-6, LPHNPs-7 and
LPHNPs-8 respectively. With increasing concentration of chitosan at constant poloxamer 188 (stabilizer) concentration in first five
LPHNPs formulations (LPHNPs-1 — LPHNPs-5), the particle size was also increased. There are multiple factors which can affect particle
size of nanoparticles. This includes concentration and molecular weight of chitosan. A linear relationship was seen where increase in
chitosan concentration caused increase the size of particles. This increase in the particle size at higher concentrations of chitosan might
be due to the increase in the viscosity of the resultant dispersion that have been attributed in two different ways. Firstly, the increase in
the viscosity decrease the evaporation rate of the organic solvent, resulting into the larger particle size [31]. Secondly, the viscosity at
higher polymer concentration also poses a hindrance to the size reduction of droplets into smaller particles and decreases the effect of
shear force produced by the sonication/stirring [32]. Similar results were attained in previous studies, which further supported by the
Stock’s law. According to that, differences in the viscosity of dispersion medium resist the particles collision and might decrease the
chances of breakdown into smaller particles [33]. The effect of poloxamer 188 was inverse to that of chitosan. Keeping chitosan
concentration constant and decreasing concentration of poloxamer in LPHNPs-5 to LPHNPs-8, caused increase in particle size.
Poloxamer 188, being a surfactant, stabilizes the emulsion, formed after diffusion of the organic solvent in the aqueous phase, by
decreasing the interfacial tension between the two phases. Higher concentration of poloxamer 188 effectively stabilizes the emulsion,
ultimately reducing particle size of LPHNPs [29]. The optimized formulations showed average particle size 421 nm and 489 nm
respectively with PDI value 0.34. Particle size is critical determinant for the fate of orally administered nanoparticles. The smaller
particle size can improve bioadhesion of nanoparticles, prolong residence time and thus play a contributing role in improving oral
bioavailability [34]. In addition, the cellular uptake and uptake pathway of particles are also affected by the size of nanoparticles. Our
studies were limited to evaluate in-vitro characteristics of ICZ loaded LPHNPs. Therefore, this study can be further extended in future
to evaluate bioavailability of ICZ using animal models or cell uptake studies of LPHNPs-1 and LPHNPs-2 studies intestinal Caco-2 cells.
The term “polydispersity” (or “dispersity” as recommended by IUPAC) is used to describe the degree of non-uniformity of a size
distribution of particles [35]. . PDI values were found to be 0.34-0.56 for LPHNPs-1 to LPHNPs-4 and 0.34-0.74 for LPHNPs-5 to
LPHNPs-8. The results showed that increased chitosan concentration can induce an agglomeration of nanoparticles resulting in higher
PDI values. Poloxamer 188, as a non-ionic emulsifier, may somewhat act as a co-emulsifier in the fabrication process, resulted in
smaller particle size and narrower size distribution. When used as a stabilizer, poloxamer 188 provides additional steric stabilization
effect preventing aggregation of the fine particles in the colloidal system [36]. The zeta potential also increases the stability of the

Table 2

Entrapment efficiency values of LPHNPs.
Formulation codes % Entrapment efficiency
LPHNPs-1 91.34 £ 1.1
LPHNPs-2 89.75 £ 1.1
LPHNPs-3 88.13 £ 1.5
LPHNPs-4 85.21 + 2.4
LPHNPs-5 90.44 +£ 1.5
LPHNPs-6 86.56 + 1.7
LPHNPs-7 82.44 £ 2.9
LPHNPs-8 78.32 £ 2.6
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preparation by imparting a charge on the surface of the nanocarrier, thus avoiding aggregation within the preparation. Zeta potential
determination is a significant characterization technique of nanoparticles to estimate the surface charge, which can be employed for
understanding the physical stability [37]. The zeta potential usually in the range 10 mV-25 mV, can provide sufficient stability to the
nanoformulation. t (Yuan et al., 2008). The zeta potential values was in range of 7.75-22.8 mV for LPHNPs-1 to LPHNPs-4 and
10.5-21.60 mV for LPHNPs-5 to LPHNPs-8 hybrid nanoparticles. Positive zeta potentials were obtained for all samples in the presence
of chitosan polymer with free positively-charged groups. These results are presented in Table 3.

3.5. Scanning electron microscopy (SEM)

SEM images of optimized LPHNPs (LPHNPs-1 and LPHNPs-5) revealed oval shape of particles as shown in Fig. 3A and B. The sizes of
particles measured by SEM, as can be observed from Fig. 3A and B, were larger than that recorded by zetasizer. This variation in
particle size measurement can be ascribed to slight aggregation in nanoparticle samples during preparation.

3.6. Differential scanning calorimetry (DSC)

The DSC thermograms of LPHNPs-1, ICZ, GMS, chitosan and poloxamer 188 are shown in Fig. 4. .

The thermal behavior of LPHNPs was evaluated using DSC technique which showed the melting characteristics of the LPHNPs and
its formulation components. It is a tool that gives an insight into the melting and recrystallization behavior of crystalline materials like
LPHNPs [30]. DSC thermogram of crystalline ICZ showed a single sharp melting endothermic peak at 180 °C (Fig. 4A) close to its
intrinsic melting point (168 °C). The chitosan polymer typically demonstrated an endothermic peak at 125 °C. This observation is in
agreement with another study reported previously [38]. Chitosan usually has strong affinity for water molecules and in solid state
these molecules may have disordered structures. This endothermic peak of chitosan (Fig. 4D) corresponds to the evaporation of bound
water from the pure chitosan. The thermal curves of GMS demonstrated an endothermic invagination at around 68 °C, ICZ at 65 °C,
poloxamer 188 at around 54 °C. DSC thermograms of ICZ-loaded LPHNPs-1 showed absence of characteristic peak of ICZ compared to
the pure drug, which suggested that ICZ could be present in an amorphous form in the LPHNPs, this behavior is expected to improve
the solubility of the drug in water resulting in improved dissolution profile. Further, the absence of sharp peak has been suggested to be
due to the strong interaction with the lipid component of the LPHNPs.

3.7. Dissolution studies of LPHNPs

Dissolution of ICZ from LPHNPs-1 and LPHNPs-5 was compared with the dissolution of control (aqueous dispersion of pure ICZ) in
biorelevant acid medium (0.1 N HCI, pH 1.2) and biorelevant basic medium (phosphate buffer, pH 7.4). The in vitro dissolution
profiles are depicted in Fig. 5. The percent drug dissolved was higher for tested LPHNPs compared to the control in both the dissolution
media (Fig. 5A and B). At pH 1.2, the drug dissolved after 2 h by LPHNPs-1, LPHNPs-5 and ICZ aqueous dispersion was 23.3%, 19.18%
and 11.32% respectively. The prepared LPHNPs revealed improvement in dissolution profile compared to aqueous dispersion of pure
drug at acidic pH. At acidic conditions, burst dissolution of the drug was not observed (Fig. 5A). These results indicated the advantages
of prepared LPHNPs at acidic pH as burst dissolution can cause drug concentrations near or above the toxic level in vivo leading to dose
dumping. Furthermore, drug dissolved during burst stage may also be metabolized and excreted without being effectively utilized
[39]. These findings indicated stronger intermolecular interactions between matrix components including ICZ, chitosan, glyceryl
monostearte and poloxamer 188. The pH dependent dissolution profile of LPHNPs-1 and LPHNPs-5 shows a slow drug dissolution at
acidic pH that ascended to a quick dissolution upon changing the pH. Furthermore, the stabilizing effect of the poloxamer 188 in
LPHNps prevents the escape of the drug from the matrix in an irregular manner. The mixture of surfactant and poloxamer 188 provides
sufficient rigidity to the structure and immobilizes the drug in the matrix system. The other factors which may likely to contribute to
slow dissolution of drug at acidic pH are high viscosity in matrix and long diffusion distances for the drug [40]. In addition to this,
lower amounts of ICZ dissolved from LPHNPs at acidic could be due to physical entanglement of drug inside multicomponent matrix
LPHNPs. The slower drug dissolution rate in the acidic pH than the alkaline pH is attributed to the repulsion between H+ ions and
cations of chitosan, which slow down the hydrolysis [41].

At pH 7.4, the drug dissolved after 12 h by LPHNPs-1, LPHNPs-5 and ICZ aqueous dispersion was 90.2%, 83.4% and 40.0%

Table 3

Particle size, polydispersity index and zeta potential values of LPHNPs.
Formulation codes Particle size (nm) Polydispersity index (PDI) Zeta potential (mV)
LPHNPs-1 421 £ 6.1 0.34 £ 0.1 22.8 +£2.45
LPHNPs-2 465 + 7.7 0.46 + 0.2 10.9 +£1.86
LPHNPs-3 561 + 8.24 0.56 £ 0.1 13.9 £1.92
LPHNPs-4 588 + 9.80 0.59 £ 0.2 7.75 + 0.99
LPHNPs-5 489 + 4.8 0.34 £ 0.4 21.6 £2.12
LPHNPs-6 617 £ 5.25 0.45 £ 0.3 13.0 £1.64
LPHNPs-7 716 + 6.16 0.51 £ 0.2 11.2 £ 1.32
LPHNPs-8 725 + 3.69 0.74 £ 0.1 10.5 £ 1.47

Results are presented as + SD.



R. Yousaf et al.

(A)

(B)

Heat Flow (Normalized) W/g

25 A
L]

€97 3 nm 917.3 nm

. B

1.079 um
gy

0(1_185 pum

-
-

B :

S —ah

- // — S -
\

\,\ f - . . ¢

A :

2% 50 7% 100 125 150 175 200 25 250

Temperature (°C)

Heliyon 9 (2023) e14281

Fig. 4. DSC thermograms of Itraconazole (A), Glyceryl monostearate (B), Poloxamer 188 (C), chitosan (D) and matrix LPHNPs-1 (E).

respectively (Fig. 5B). There were significant differences of drug dissolution rates of LPHNPs-1 and LPHNPs-5 compared to ICZ
aqueous dispersion at 12 h as demonstrated in Fig. 5B (p < 0.05). The high drug availability in the basic medium corresponds to the
effect of formulation components in enhancing the solubility of ICZ. The faster drug dissolution from LPHNPs-1 compared to LPHNPs
could be attributed to high concentration of poloxamer 188 in former [42]. Furthermore, higher amounts of ICZ dissolved can be
explained by the decrease in the interfacial tension and the expected increase in ICZ wettability due to poloxamer 188 [43]. Poloxamer
188 remarkably increased dissolution profile of ICZ at basic pH owing to its surface active properties [44]. To develop ICZ loaded
LPHNPs as a platform technology for fungal infections, our future studies are aimed at evaluating the in-vivo pharmacokinetics and
in-vivo efficacies of the LPHNPs in animal models.

3.8. Kinetic modelling of dissolution data

Various kinetic models were applied to the in-vitro dissolution patterns of ICZ from LPHNPs-1 and LPHNPs-5. R? values for each
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Fig. 5. Dissolution Profiles of ICZ from LPHNPs at acidic pH (A) and basic pH.

applied model are presented in Tables 4 and 5. Korsmeyer-Peppas model was found to be the best fit owing to its highest R? values for
in-vitro drug dissolution of LPHNPs-1 and LPHNPs-5. At acidic pH conditions, the “n” value for ICZ in LPHNPs-1 and LPHNPs-5 were
found to be 0.70 and 0.80, respectively, displaying dissolution via non-fickian diffusion model. At basic pH conditions, the “n” value
for ICZ in LPHNPs-1 and LPHNPs-5 were found to be 0.39 and 0.45, respectively, displaying dissolution via fickian diffusion model.

4. Conclusion

Matrix type LPHNPs loaded with ICZ were developed successfully to improve ICZ dissolution profile. Solvent emulsification/
diffusion technique was utilized successfully for the preparation of ICZ loaded matrix LPHNPs. Chitosan and poloxamer 188 with
varying content level significantly affected the various physicochemical characteristic of LPHNPs. The optimized LPHNPs-1 (minimum
chitosan concentration) and LPHNPs-5 (maximum poloxamer concentration) yielded nanoparticles with improved physicochemical
characteristics such as small particle size, higher entrapment efficiency and improved dissolution profile. The dissolution of ICZ from
matrix LPHNPs followed Korsmeyer-peppas model. The overall results of the study suggested that suitable combinations of chitosan
and poloxamer 188 with GMS have potential to act as alternate carriers for oral delivery of ICZ.
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Table 4
Dissolution kinetics of ICZ from LPHNPs-1 and LPHNPs-5 at acidic conditions.
LPHNPS Zero order First order Higuchi model Korsmeyer-peppas
K R? K R? K R? K R? n
LPHNPs-1 12.89 0.94 0.146 0.96 15.50 0.95 14.66 0.99 0.70
LPHNPs-5 9.49 0.94 0.10 0.95 11.29 0.89 10.31 0.98 0.80
Table 5
Dissolution kinetics of ICZ from LPHNPs-1 and LPHNPs-5 at basic pH conditions.
LPHNPs Zero order First order Higuchi model Korsmeyer-peppas
K R? K R? K R? K R? n
LPHNPs-1 9.45 0.56 0.27 0.95 28.71 0.96 35.57 0.98 0.39
LPHNPs-5 8.12 0.72 0.16 0.93 24.52 0.97 26.97 0.99 0.45
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