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ABSTRACT

Background: Fungal infections are the primary cause of skin diseases. Topical application of
antifungal drugs is the most preferred treatment which is associated with key limitations viz.
need for high doses and frequency of application. By considering the limitations of current
topical treatment, the present study involves the formulation and characterization of luliconazole
nanogel. Materials and Methods: The luliconazole nanoparticles were prepared by using
biodegradable polymer PLGA 50:50 and dispersed in polymeric dispersion prepared by Carbopol
940 and HPMC K4M. For optimization of nanoparticles as well as their polymeric dispersion a
factor-three level (3?) design was implemented. Optimized nanoparticles were characterized for
various parameters viz. particle size, PDI, entrapment efficiency, XRD, SEM, whereas the nanogel
was investigated for viscosity, cumulative drug release, spreadability, extrudability, skin irritation
test, and antifungal activity. Results: The nine batches of nanoparticles as well as nanogel were
prepared. Nanoparticles prepared by using 100 mg PLGA at 6 HPH cycles showed size, PDI, and
% entrapment as 406 nm and 87% respectively was the desired batch. The XRD and SEM study
ensured the encapsulation of drug with satisfactory surface morphology. Nano-gel formulated
with 0.3% Carbopol and 1.0% HPMC was selected as optimized; it showed viscosity and %
cumulative drug release as 3650 cP and 54% respectively. Nanogel showed significant sustained
luliconazole release (54.12%) in comparison to simple nanoparticles (65.22%). The formulation
showed improved antifungal activity than standard treatment without any skin irritation signs.
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INTRODUCTION

Infections caused by fungal species are the major skin disease
burden, which on an average result in more than 150 million
cases annually. Furthermore, about 1.7 million deaths have been
reported per year because of fungal infections.' At an early stage,
fungi attack on the skin surface and start to invade the different
layers of skin if they remain untreated.>® Depending on the skin
layer infected by fungi, infection can be categorized as cutaneous
mycoses and subcutaneous mycosis. Additionally; COVID-19 has
further increased the mobility and mortality of fungal infection.'

In practice most of infections to the skin are being known
treated by topical application of suitable agent instead of oral
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and systemic application to avoid undesired effects. Advantages
topical therapy includes the targeted application directly on
the desired site with limited systemic side effects, absence of
pre-systemic metabolism, along with ease of application which
increases the patient compliance.* Despites the several advantages
of topical delivery of antifungal drugs, the adverse skin reaction,
itching, need of high dose, poor retention on skin, high frequency
of application and need of high dose has placed limitations on
topical drug delivery of antifungal drugs.”” A topical antifungal
Luliconazole inhibits the enzyme lanosterol demethylase which is
assumed to be the cause of luliconazole's antifungal effect, while
the precise mechanism of action is still unknown. Ergosterol, a
crucial component of the fungus cell membranes, is produced
through the action of lanosterol demethylase. In order to
surmount above mentioned undesired effects/characteristics of
conventional therapy the novel approach that is drug delivery
system is envisaged. Nano-carriers loaded with anti-fungal drugs
known to exhibit promising results.
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With this understanding in the present study, preparation of
PLGA nanoparticles of luliconazole and further loaded in gel
prepared by carbopol and HPMC. In order to optimize process
parameters, a 3* factorial design approach has been employed
successfully. At the initial stage of nanoparticles were optimized
and characterized for particulate dimension, PDI, percent
entrapment, zeta potential, XRD, SEM and DSC. In the lateral
stage, the optimized lyophilized nanoparticles were dispersed in
the polymeric structured vehicle (gel) prepared by using Carbopol
and HPMC. Nanogel was optimized and further evaluated for
various parameters. Antifungal activity was confirmed by using
the zone of inhibition method’ The suitability of the prepared
formulation was confirmed by using a skin irritation study on an
animal model.

MATERIALS AND METHODS

Materials

Luliconazole and PLGA 50:50 was gifted by Blue Cross
Pharmaceuticals (Nashik) and Evonik Pvt. Ltd. (Mumbai)
respectively.

Methods

Preparation of Luliconazole nanopatrticles

Nanoparticles were obtained by incorporating the organic
phase (PLGA+Drug+DMSO) gradually in aqueous phase
(PVA+Polysorbate 80) under the probe sonication to obtain the
O/W emulsion (single emulsion solvent evaporation method). The
prepared crude emulsion was sheared through a high-pressure
homogenizer with different cycles at a fixed pressure of 10
kpsi. The organic phase was vaporized by placing the sample
over a magnetic stirrer for 10 hr. Prepared nanoparticles were
investigated for size, PDI, and entrapment. The optimized batch
was lyophilized by standard protocol.®

Experimental design (optimization)

The effect of Polymeric concentration (PLGA) and X2: HPH
cycles on the Y1: size, Y2: PDI, and Y3: % EE was tested by using
3? factorials designs. The X1 and X2 were investigated at three
levels and the resulting data was statistically analyzed by using
Design Expert Software V13.

Characterization of Nanoparticles

Particle size and Polydispersity Index (PDI)

Prepared nanoparticles were investigated for size and PDI by
using Zetasizer (HORIBA SZ 100 Z-Type Ver 2.40) as both
the parameters are strongly related to stability and efficacy.
Furthermore; for better topical uptake, the nanoparticles should
possess a size below 500 nm which also relates to dose reduction.®
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Entrapment efficiency

A supernatant obtained after the 20 min of cold centrifugation
(4°C, 15000 rpm) of prepared nano-dispersion was evaluated for
the free drug concentration by UV-spectrophotometer at 299 nm
and entrapment was calculated by following formula;®

Total amount of drug—amount of free drug
% EE = X 100

Total amount of drug
Zeta potential

Charges on the shear plane of colloidal particles and its magnitude
define the stability of dispersion by maintaining enough repulsion
between particles. Zeta potentialt20 mV or above indicates
the good stability. However; in absence of desired value of zeta
potential, formulation can be stabilized by structured vehicle like
Carbopol, HPMC etc.’

Drug loading (DL), product yield and drug content

Nanoparticles obtained after Lyophilization was tested for
product yield and luliconazole loading efficiency by using
following formula;

Total amount of drug — amount of free drug

% DL = X100

Weight of freeze dried nanoparticles

Weight of freeze dried nanoparticles

% Yield = X 100

Drug + Polymer weight + dispersing agent

The drug content was determined by dissolving 100 mg of
nano-particles in DMSO and further volume was adjusted to
10 mL by phosphate buffer (pH 5.8). The system was analyzed
at 299 nm (UV-Shimadzu 1700, Japan) to investigate the drug
concentration. Evaluation of these parameters plays crucial role
in calculation of weight of nanoparticles equivalent to required
drug dose.’

Surface morphology of NPs

The nanoparticles were further subjected for SEM (scanning
electron microscopy) testing to determine the
morphology.

surface

X-ray Diffraction studies (XRD)

Prepared nanoparticles, drug and polymer was subjected for
X-ray diffraction study (3-80" angle) to confirm the entrapment
of drug.

Preparation of nanoparticles loaded gel

To prepare the nanoparticle loaded gel, required quantity of
Carbopol 940 and HPMC K4M was soaked in 25 mL of water
for 12 hr. Nanoparticles equivalent to 50 mg of drug was added
in polymeric mixture. Weight of formulation was adjusted to
100 g by further addition of water. Prepared mixture was placed
on magnetic stirrer (20 rpm) and pH was adjusted by gradual
addition of Triethanolamine to obtain the gel. Prepared gel was
used for further investigation.'’
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Experimental design optimization

To optimize the concentration of Carbopol 940 (X1) and HPMC
K4M (X2), 3* factorial design was implemented. Viscosity (Y1)
at 20 rpm and cumulative percent drug release (Y2) at the end
of 5 hr were the responses. The X1 and X2 were analyzed ate
three levels and obtained data was further statically examined by
design expert software v13.

Characterization of Nanogel Formulation
Appearance and pH

All prepared nanoparticles laded gel were subjected for visual
inspection against black and white background to confirm
the clarity and presence any contaminant particles. The pH of
Nanogel was measured in triplicate by using a calibrated digital
pH meter."

In vitro Drug Release Study

A Franz diffusion cell was used to perform in vitro drug release
of nanogel by using cellophane membrane which was soaked for
12 hr in diffusion medium prior to study. A phosphate buffer (pH
6.4) was placed in receptor compartment and membrane was
clamped between the donor and receptor compartment. Nanogel
(1 g) was transferred in donor compartment and the system was
placed on magnetic stirrer (37+0.5°C, 50 rpm). The 1 mL sample
was withdrawn at intervals time interval of 60 min for 5h and
drugconcentration wasmeasured by using UV-spectrophotometer
at 299 nm. Study was performed in triplicate. Sink condition
was maintained while performing the experiment. Data
obtained was analyzed for release kinetics. Similarly, simple
nanoparticles were also investigated for the drug diffusion
behavior with same experimental condition."

Viscosity

One of the major factors that governs the residence of semisolid
preparation on the targeted site is the viscosity. All batches were
subjected for viscosity testing at 20 rpm by using a Brookfield
viscometer."’

Spreadability study

Prepared nanogel (1 g) was placed at the center of a glass slide
and another glass slide was covered on it to determine the
spreadability. For the next 10 min, 1 kg weight was placed over
the slide and the diameter of the gel was measured in g.cm/sec."?

Extrudability

Extrudability test involves the measurement of the number of
semisolids that get expelled upon application of weight on the
tube. A nanogel (10 gm) was filled in the aluminum collapsible
tube with 5 mm opening tip. The tube was further clamped in
glass slides and a weight of 1 kg was placed. The quantity of gel
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extruded was collected and weighed and percent extrusion was
calculated (Grades +++: excellent; ++: good; and +: fair)."

Antifungal Activity

The anti-fungal activity of prepared nano-gel was confirmed by
the zone of inhibition method against Candida albicans. The
zones of inhibition of a simple drug, a marketed formulation,
and an optimized nano-gel were compared using the agar disc
diffusion approach. The prepared plates were incubated at 35°C
for 24 hr.®

Skin irritation test

Optimized nano-gel was evaluated for dermal irritation study on
Albino Wister rats as per OECD -404 guidelines. Rats (n=6) of
weight 200-250 gm of either sex were placed on normal food and
water intake for 24 hr prior to study. Skin was shaved carefully
and formulation was applied. Skin was observed for any sign of
irritation as redness, erythema and edema.'®

RESULTS AND DISCUSSION

Development of drug loaded nanoparticles

The nine batches of nanoparticles were fabricated and optimized
batch was subjected for the lyophilization in order to obtain
maximum yield.

Experimental design (optimization)

The optimization was carried out by using 3* factorial designs in
which independent variables were investigated at three levels as
shown in Table 1 in their actual and coded form.

Impact of independent variables was studied on responses Y1:
Particle size, Y2: PDI and Y3: % Entrapment efficiency which was
found to in the range of 367-670 nm, 0.345-0.548 and 81-94%
respectively as depicted in Table 1.

Data was subjected to optimization by Design Expert v13
software. The model suggested by software and regression analysis
for responses are represented in Table 2. The suggested model was
found to be suitable since the probability value was less than 0.05.

Software suggested polynomial equations;
Y1 = 417.74+142.33%X1-28.83*X2+422.00%X 1
X2+498.33#%X12427.83*%X2% 1
Y2 = 0.4432-0.0250%X1-0.0928*X2 2
Y3 = 87.67+4.17%X14+2.33%X2 3

From the above equation, it was observed that PLGA
concentration (X1) has a positive impact on particle size as well
as on entrapment i.e., increasing the concentration of polymer
increases the size of nanoparticles as well as the entrapment of the
drug. At the same time, it leads to a drop in the PDI. On the other
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Table 1: Experimental design for fabrication of nanoparticles.

SI. No. Batch No Conc. Of HPH Cycles Particle Size PDI Entrapment
Polymer (mg)  (x2) (nm) (Y2) Efficiency (%)
(X1) (Y1) (Y3)

1 E1 50 4 436 0.548 81

2 F2 50 6 372 0.481 84

3 F3 50 8 367 0.396 86

4 F4 100 4 512 0.549 85

5 F5 100 6 406 0.429 87

6 F6 100 8 396 0.470 88

7 7 150 4 670 0.512 90

8 F8 150 6 672 0.418 92

9 E9 150 8 689 0.345 94

Table 2: Summary of results of regression analysis for responses.

Response Model p-value F-value Adjusted R*

Particle size Quadratic 0.0121 24.81 0.9370

Polydispersity index Linear 0.0001 54.28 0.9177

Entrapment Efficiency  Linear <0.0001 351.86 0.9887

hand, HPH cycles showed a negative impact on the particle size
and PDI, whereas the increased HPH cycles showed a positive
impact on entrapment.

The impact of X1 and X2 on responses can be further confirmed
by using 3D surface response plot (Figure 1).

The desirability search approach was used to obtain the optimized
batch. The selection of optimized batch was done on the basis of
moderate particle size, less PDI, and good entrapment of drug
with minimum HPH cycles. The batch F5 (particle size 406 nm;
PDI-0.429, %EE-87%) with desirability 1 was selected as the
optimized batch (Figure 2). Optimized batch was lyophilized and
used for further analysis.

Characterization of nanoparticles

Particle Size, PDI and zeta potential

Particle size and PDI can relate with the stability of
nano-formulation. For topical application, particle size below
500 nm is one of the important requirements to improve the
penetrability through various barriers. Optimized batch showed
406 nm particle size and 0.429 PDI which fulfils the requirement
of targeted site (Figure 3). Zeta potential measures the charges
on particles. Optimized batch showed zeta potential value as
-1.7 mV (Figure 4). Zeta potential+20 mV and above indicates
the satisfactory repulsion between the dispersed particles
which prevents their aggregation. Even though for prepared
nanoparticles the charges are less negative, these nanoparticles
have been stabilized in lateral stage by use of polymeric structured
vehicle.
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Drug Loading (DL), product yield and drug content

Lyophilized nanoparticles were evaluated for drug loading,
product yield and drug content which was found to be 8.92,
83.20% and 92.30% respectively. Results indicate maximum
entrapment of drug in polymer with minimum loss.

Scanning Electron Microscopy (SEM)

The lyophilized nanoparticles were tested for surface morphology
by SEM analysis. Results are illustrated in Figure 5. Particles were
found to be needle shaped which is characteristics of lyophilized
material.

X-ray Diffraction (XRD)

The drug and nanoparticles were subjected for X-ray diffraction
study. The characteristic sharp peaks were recorded in drug X-ray
diffractogram (Figure 6) which were vanished in diffractogram of
nano-particles (Figure 7). Results confirms the encapsulation of
drug by PLGA.

Preparation of nanoparticle loaded gel
After confirmation of desired properties of lyophilized
nanoparticles, the nano gel was formulated.

Experimental design

The optimization was carried out by using 3* factorial designs in
which independent variables were investigated at three levels as
shown in Table 3 in their actual and coded form.

Impact of independent variables was studied on responses Y1:
Viscosity at 20 rpm, Y2: % drug release at 5 hr which was found
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Table 3: Experimental design for development of nano-gel.

SI. No. Batch No Conc. Of Carbopol Conc. HPMCK4M  Viscosity at 20
934 (%) (%) rpm in cP
(X71) (X2) (Y1)

1 F1 0.15 0.5 2010

2 F2 0.15 1.0 2867

3 F3 0.15 1.5 3532

4 F4 0.3 0.5 3025

5 F5 0.3 1.0 3650

6 F6 0.3 1.5 4050

7 F7 0.45 0.5 3850

8 F8 0.45 1.0 4062

9 F9 0.45 1.5 4542

Table 4: Summary of results of regression analysis for responses.

Response Model p-value F-value
Viscosity ZIE 0.0082 17.96
% Drug release Linear <0.0001 165.12

Particle size
(nm)
3

HPH cycles

e O g L gy
S s
T L i 8
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€

Figure 1: Three dimensional (3 D) response surface plot for response a) Particle size, b) Polydispersity index (PDI), c) % Entrapment Efficiency (EE).
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responses are represented in Table 4. As the probability value is Figure 6: XRD of Luliconazole.

less than 0.05 for each model that confirmed the significance of . . o L
also increases. Equation 5 indicates the negative impact of

model for responses. . . .
P both variables on % drug release ie., increases in polymer

Software suggested polynomial equations; concentration showed decreased drug release.

R1=+3509.78+674.17 X14+539.83 X2-207.50 X1X2 4 The impact of X1 and X2 on responses can be further confirmed

by using 3D surface response plot (Figure 8).
R2=+53.44-933 X1-417X2 5
Selection of optimized batch was done by desirability search

Form the equation 4 it was observed that the concentration of approach and batch F5 containing 0.3% carbopol and 1.0%
Carbopol as well as HPMC has the positive impact on viscosity HPMC which was selected as the optimized batch and used for

i.e, as the concentration of polymer increases the viscosity further analysis.
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Figure 10: Comparative zone of inhibition.

b)

Figure 8: Three dimensional (3 D) response surface plot for response a)
Viscosity, b) % Cumulative Drug Release (%CDR).

Characterization of nano-gel

Clarity and pH

Figure 11: Skin irritation test.

All prepared batches were visually inspected against dark and
white background. Formulations were clear, homogeneous and
free from grittiness. The pH of all batches was found in the range

Indian Journal of Pharmaceutical Education and Research, Vol 58, Issue 1 (Suppl), Jan-Mar, 2024 S193



Chhajed, et al.: Luliconazole Nano-gel for Dermal Fungal Treatment

Table 5: Model fitting for release profile.

Formulation Coefficient of determination (R?) Best fit model
First order Zero order Higuchi Hixon-Crowel
cube root
Nanoparticles 0.9188 0.9562 0.9779 0.9662 Higuchi
Nps loaded in-situ ~ 0.9281 0.9044 0.9889 0.9548 Higuchi
gel
Table 6: Korsmeyer-Peppas drug release kinetics.
Formulation R? n value Mechanism
Nanoparticles 0.9688 0.505 Non-Fickian
NPs loaded in-situ gel 0.9699 0.459 Fickian
of 6.38 to 6.56 which fall in the normal range of the skin and Antifungal study

makes formulation compatible with skin.

Determination of Viscosity

Viscosity is one of the important factors associated with
semisolid preparation which can be correlated with spreadability,
extrudability, retention on skin and ultimately the patient
compliance. All batches were tested for viscosity by using
Brookfield viscometer at 20 rpm. Viscosity was found to be in the
range of 2010-4542 cP. Optimized batch showed viscosity 3650 cP
which ensures the ease of movement over skin upon application.

In vitro drug diffusion study

Prepared nanoparticles and nano-gel were subjected for
comparative in vitro drug diffusion study. Nanoparticles showed
65.22% drug release at the end of 5 hr, whereas nano-gel showed
more sustained drug release as 54.12% at the end of 5 hr (Figure
9). Results clearly indicate more prolog release pattern from
nano-gel than simple nanoparticles. This difference is due to the
two-step movement of drug from nano-gel as nanoparticles to
gel-matrix and then from gel to diffusion medium.*

Obtained data was subjected for to determine release kinetic
profile. From the slop, the release constant was calculated, and the
regression coeflicient was determined (Table 5). Higuchi model
was found to be the suitable to describe the drug release kinetics
from nano-gel as well as the simple nanoparticles.

Korsmeyer-Peppas equation showed characteristic Fickian drug
release mechanism against the non-Fickian mechanism of the
nanoparticles (Table 6).

Spreadability and Extrudability Test

The spreadability as well as Extrudability are the essential
parameters of semisolid dosage form which are dependent on
viscosity and affects the patient compliance. Optimized nano-gel
showed satisfactory results for the both parameters. Spreadability
was fond to be 7.4+0.5 cm with excellent extrudability (+++)."
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The therapeutic benefit of the prepared nano-gel was confirmed by
the zone of inhibition method. Drug, marketed formulation, and
nano-gel showed 18 mm, 15 mm, and 20 mm inhibition zones,
respectively, as shown in Figure 10. These results indicate that the
antifungal activity shown by prepared Luliconazole nanogel is
greater than that of normally marketed Luliconazole. This is due
to enhanced permeation and solubility by nanoparticles. Similar
results were observed by Kumar M et al. 2019."

Skin irritation test

After confirming the antifungal activity of prepared nano-gel, skin
irritation study was carried out on Albino Wister rats to confirm
the safety of prepared formulation for proposed use. Formulation
was applied on the shaved skin of rats and animals were observed
for any sign of skin irritation for 60 min. No redness, edema and
erythema were observed (Figure 11). Results clearly indicate the
suitability and safety of prepared formulation in management of
topical fungal infections.

CONCLUSION

In proposed research, we prepared luliconazole nanoparticles
by PLGA which were further dispersed in the gel of Carbopol
934 and HPMC K4M. At early stage, nanoparticles were
optimized by using 3* factorial design and further lyophilized.
Optimized nanoparticles were further loaded in gel of Carbopol
and HPMC which was again optimized by using 3* factorials
designs to set suitable concentration of polymer. Optimized
formulation showed satisfactory extrudability and spreadability.
A comparative antifungal study between drug, standard and
optimized nano-gel showed significant zone inhibition than drug
and marketed formulation. No, any sign of skin irritation was
observed on Albino Wister rats. Based on available evidences,
there is scope to consider the prepared nano-gel as the suitable
substituent to current fungal treatment.
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ABBREVIATIONS

ANOVA: Analysis of Variance; CDR: Cumulative drug release;
DOE: Design of experiments; DSC: Differential Scanning
HPH: High-Pressure Homogenizer; MIC:
Minimum Inhibitory Concentration; NPs: Nanoparticles; P80:
Polysorbate 80/Polyoxyethylene Sorbitan Monooleate; RH:
Relative Humidity; SEM: Scanning Electron Microscopy; XRD:
X-ray diffraction.

Colorimetry;

SUMMARY

Large population of the globe is suffering from the fungal
infection. Fungal infections are preferably treated by the topical
application of antifungal drugs. Conventional topical dosage
form needs to be applied frequently and in high dose due to
poor penetrability. Current research involves the formulation
of ‘luliconazole nano-gel. Drug nanoparticles were prepared
by using the PLGA 50:50 polymer and further dispersed in
gel obtained from Carbopol 934 and HPMC K4M. Two-stage
optimization was carried out viz. fabrication of nanoparticles
and development of nano-gel by using 3? factorials designs.
During a zone of inhibition test, prepared formulation showed
better antifungal action than standard therapy. No signs of skin
irritation were observed during the skin irritation test.
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