Fabrication and evaluation of luliconazole loaded leciplex against

candidiasis

Abstract:

Background: Fungal infections pose a significant public health concern due to the extended duration

of treatment needed and the frequent reoccurrence of the disease.

Objectives: This study was aimed to enhance the permeability of luliconazole with sustain release for
prolonged period for the effective treatment of fungal infection by incorporating it into lipid based

nanocarrier system.

Method: Luliconazole loaded leciplex were prepared by one step fabrication method using
phospholipid, Dimethyldidodecyl ammonium bromide and transcutol P. The prepared leciplex were
optimized by using Box Behnken statistical design. Furthermore, luliconazole loaded leciplex were

incorporated into carbopol gel system and evaluated for various parameters.

Results: The luliconazole loaded leciplex showed high entrapment efficiency (98.8% +1.2) and size
were recorded around 428.11 nm with a polydispersity index value of 0.35 + 0.12, along with zeta
potential of +26.30 mV. The Transmission Electron Microscopy studies revealed the spherical
morphology of the leciplex. The developed leciplex gel was evaluated for its pH, viscosity,
spreadability, hardness and adhesiveness. Furthermore, in vitro and ex vivo release Kkinetics
demonstrated the sustained drug release pattern. Moreover, histopathology studies conducted on the
rat skin revealed that the prepared formulation was non - irritant and non — toxic. The antifungal assay
of developed formulations (containing only 0.3 % w/v luliconazole) showed significantly greater
antifungal activity against Candida albicans as compared to marketed formulation (containing 1 %

wi/v luliconazole).

Conclusion: By taking all the results in to account it can be concluded that luliconazole loaded

leciplex formulation is simple to prepare and showed excellent activity in against Candida albicans.
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DoE  Design of Experiments

DSC DifferentialScanning Calorimetry
EE Entrapment Efficiency

LCZ Luliconazole

LP Leciplex

LCZ - LP Luliconazole loaded Leciplex
LCZ - LPG Luliconazole Leciplex loaded gel
nm Nanometre

PDI  Polydispersity Index

PS Particle size

RPM Rotation per minute

SAED Selected Area Electron Diffraction
TEM  Transmission Electron Microscopy

ZOl  Zone of Inhibition

1. Introduction

In recent years, nanotechnology has made impressive strides, particularly in the development of
innovative nanoparticle-based drug delivery systems. This field offers promising opportunities for
research and has become an attractive area of study. The term "nano” originates from the Greek word
for “‘dwarf’ [1]. Nanotechnology involves modifying and rearranging materials that have atomic and
molecular dimensions that fall within the range of 1 to 100 nanometres [2]. Scientists aim to create
drug delivery systems with effective drug loading, longer storage life, and low toxicity[37,38]. It is

well known that nanoparticles are highly efficient in facilitating controlled and precise drug delivery

3.

Fungal infections pose a significant public health concern due to the extended duration of treatment

needed and the frequent reoccurrence of the disease [4]. Every year, there are over 150 million cases



of severe fungal infections globally, resulting in approximately 1.7 million deaths annually[5]. Among
the most frequent types of fungal infections are superficial mycoses, which affect the exterior layers

of the skin, hair, and nails[6].

For many years, azole compounds have been utilized as a treatment for fungal infections. One such
azole antifungal agent is luliconazole, which was developed by Nihon Nohyaku Co., Ltd. in 2005 and
received approval from the Food and Drug Administration (FDA) in 2013[7]. LCZ, also referred to as
NND-502, belongs to the imidazole class of antifungal drugs. Its chemical structure is unique as it
incorporates the imidazole moiety into the ketene dithioacetate structure[8]. It is structurally related to
lanoconazole, with a 2,4-dichlorophenyl group attached to the ketene dithioacetal structure [9]. The
drug has demonstrated broad-spectrum activity against various fungal pathogens. LCZ functions
through a mechanism of action similar to other imidazole-class drugs. Ergosterol, a crucial component

of the fungal membrane, plays a vital role in the proper functioning of membrane-bound enzymes [7].

Liposomes are vesicular systems composed of phospholipids that have been extensively studied for
delivering various drugs to the skin. They have the ability to encapsulate a wide range of drugs,
including those that are hydrophilic or hydrophobic, thereby improving their delivery through the
skin[10]. Leciplex (LP) is a platform technology known for its exceptional stability due to charge
interactions. It is prepared using a simple one-step fabrication process. LP, a positively charged
phospholipid-based vesicular system, primarily consists of phospholipids, a cationic surfactant, and a

biocompatible solvent[11].

A hydrogel is a three-dimensional structure composed of hydrophilic polymers that can retain large
amounts of water. They create a moist environment that can aid in drug solubility and release [12].
Hydrogels are classified based on various characteristics such as the type and source of polymers used,
crosslinking technique, sensitivity to stimuli, and ionic charge [13]. Carbomers are a type of polymer
used to make carbopol. Carbomer polymers are cross-linked and form a microgel structure, making

them ideal for use as a drug delivery system in dermatology [14].



This research describes a formulation of LCZ-LP in a carbopol-based hydrogel for enhanced efficacy
in fungal infection therapy. First and foremost, we optimized the LP by taking into account numerous
aspects. To boost its permeability, LCZ was transformed into a LP system. The LP were then
incorporated into a carbopol-based hydrogel. Finally, the in vitro, ex vivorelease profile and antifungal

efficacy of LP and hydrogel were determined.

2. Material & Methods

Materials

Luliconazole was provided as a free sample by Akhil Healthcare (Vadodara, Gujarat). Lipoid S-100
was provided as a free sample by Lipoid GmBH(Germany). Transcutol P was obtained from
Gattefosse India Pvt. Ltd.Dimethyldidodecylammonium bromide (DDAB) was purchased from Tokyo
Chemical Industry Co., Ltd. (Japan).The carbopol 974 P was obtained from Lubrizol India Private
Limited, (Mumbai, India). The dialysis membrane (Mol. Weight cut off 12000 — 14000) was obtained
from, Hi-Media Laboratories (Mumbai, India). The culture of Candida albicans was obtained from
National Centre for Microbial Resource, (Pune, India). The sabouraud dextrose agar and nutrient agar
were obtained from Research-lab Fine Chem Industries, (Mumbai, India). All the remaining

ingredients used were of analytical grade.

Preparation of Luliconazole loaded leciplex (LCZ - LP)

Lecithin-based Cationic Nanoparticles were prepared by simple one step fabrication process as
employed in the previously reported work(Date et al., 2011).Briefly, soybean lecithin (Lipoid S 100)
at concentration of 186 mg and DDAB at the 111 mg concentration weighed precisely and transfer
into a bottle containing 0.5 ml of transcutol — P. The phospholipids and DDAB were dissolved by
heating the bottle at a constant temperature of 70 [ in water bath, after that LCZ (30mg) was added to
lipid phase and heating was continued until the formation of clear homogenous solution. Thereafter,
9.5 ml of double distilled water maintained at 70 [J was added at once to lipid phase with continues

mixing at 1300 rpm till homogenous nano dispersion was formed.



Optimization of LCZ — LP by Box-Behnken statistical model

The LeciPlex formulations were optimised using a Box-Behnken statistical design (Design Expert®,
version 13.0.1; State Ease Inc., USA). Quality by Design was utilised to optimise the created LP
formulations based on the experimental data acquired thus far [15], [16]. The impact of formulation
variables such as Phospholipid (A), Cationic Surfactant (B), and Drug (C) ratio on dependent
variables such as Entrapment efficiency (Y1), Particle size (Y2), and PDI (Y3) were studied using this
statistical design. For optimisation of the LP system, the statistical design generated multiple
theoretical runs consisting of three independent variables and their low (-1), medium (0), and high (+1)
levels (Table 1). The Eqg. (1) illustrated the software-generated quadratic model consisting of three-

factor three-level designs:

Y = b0+ blA + b2B + b3C + b12AB + b13AC + b23BC + b11A2 + b22B2 + b33C (1)

Where Y is the measured response for each component level combination, b0 is the intercept, bl
through b3 represent the regression coefficients, and A, B, and C are independent variable coded

levels [17].

Table 1

BBD represents independent variables with their levels and measured responses from experimental

runs.
Independent variables with their Responses
Run levels

A B C Y1 (%) Y2 (nm) Y3
1 0 0 0 98.8 428.11 0.38
2 0 0 0 98.8 428.11 0.38
3 0 -1 1 97.6 456.68 0.31
4 1 0 -1 94.2 462.87 0.28
5 1 0 1 96.3 442.68 0.28
6 1 1 0 95.4 507 0.27
7 -1 0 -1 95.2 495.29 0.36
8 0 0 0 98.8 428.11 0.38
9 0 1 -1 94.1 518 0.31




10 0 -1 -1 96 480.03 0.28
1 -1 -1 0 94 429.01 0.28
12 0 -1 0 96.51 463.69 0.28
13 -1 0 1 97 480 0.34
14 0 0 0 98.8 428.11 0.38
15 0 0 0 98.8 428.11 0.38
16 0 -1 1 94.7 402.34 0.28
17 0 1 0 98 467.65 0.29
Independent variables Levels
Low (-1) Medium (0) High (+1)
A= Phospholipid (mg) 157 188.5 220
B= Surfactant (mg) 92,5 110.7 129
C=Drug (mg) 25 30 35

Dependent variables

Y1= Entrapment efficiency

Y 2= Particle size

Y 3= Poly Dispersity Index

Evaluation of LCZ - LP

Particle size & Polydispersity Index

The particle size and size distribution of LCZ - LP suspended in distilled water were measured at
room temperature using photon correlation spectroscopy on a NanophoxSympatech, Germany. The
particle size was determined using the dynamic light scattering principle based on the time variation

of scattered light from suspended particles under Brownian motion [18].

The Poly Dispersity Index (PDI) is determined by Eq. 2 equation and indicates particle distribution

uniformity in the formulation.




DI = X90 — X50 )
~ X10 @)

Xgo indicates that 10% of particles are larger than the particle size at Xq0. Conversely, Xy, indicates

that 90% of particles are smaller than the particle size at Xo. Xso denotes the average particle size.
Entrapment Efficiency

The free quantity of LCZ was measured to determine the entrapment efficiency inLCZ - LP, which
indicates the percentage of active components in the formulation (Eq. 3). To achieve this, 1 mL LCZ-
LP dispersion was centrifuged at 14000 rpm for 30 minutes in an Eppendorf Mini-centrifuge.
Electrolytes like NaCl were added to assist in the separation of nanoparticles. After sufficient dilution,
the resulting supernatant was examined at a wavelength of 295 nm using a validated UV-

spectrophotometric technique to determine the concentration of unencapsulated LCZ [19] [20].

WEE =

x100 (3)

Where, T is the total amount of LCZ used in the formulation and C is the amount of LCZ in the
supernatant

Zeta Potential

The surface properties of nanoparticles are crucial for targeted drug delivery. A proper zeta potential
can enhance drug release and dosage form stability at specific sites[21]. Zeta potential measurement

using Delsa Nano C (USA) can optimize drug release and dosage form stability[22].

DifferentialScanning Calorimetry (DSC)

DSC analysis of the pure drug, blank leciplex and optimized batch were carried out by using Perkin
Elmer 4000instrument having PYRIS Version-11.1.0.0488 software, 2009. DSC was used to

determine whether the drug was fully entrapped in the lipids or not[23].

TEM & SAED Images



The internal structure of the LP was determined using transmission electron microscopy (TEM).
Transmission electron microscopy (TEM; FEI Tecnai T 20, USA) was used to examine the
morphology of the created LCZ LP. In order to ensure even blending, the sample used for analysis
was thinned out with water by a factor of 10. SAED is used with S/TEM to analyze a sample's
crystallinity, lattice parameters, crystal structure, and orientation by examining the electron diffraction
pattern produced by the interaction of the electron beam with the sample atoms. The technique can be
used to calculate the d-spacing of crystal planes in both monocrystalline and polycrystalline

structures[24].

Incorporation of LCZ — LP intohydrogel (LCZ — LPG)

Carbopol 974p was used to create a 1% gel through the cold technique. A certain amount of Carbopol
974p was weighed and combined with a desired amount of refrigerated water. The mixture was
agitated with a magnetic stirrer before TEA (Triethyl amine) was added to adjust the pH to 5.5. After
refrigeration overnight, an optimised batch of LCZ - LP(equivalent to 1% LCZ) was added and mixed

simultaneously until a homogenous mixture was obtained[25].

Evaluation LCZ - LPG

Clarity, appearance and pH

The clarity of the developed formulation before and after gelation was evaluated using white and
black background to determine the appearance and clarity of the formulation. Additionally, the pH of
the formulation was measured using a calibrated digital pH meter (EQ-610, Equip-Tronics, Mumbai,

India). All experiments were carried out in triplicate, and the average reading was recorded [26].

Rheological studies

The viscosity of the prepared gel was determined using a Brookfield viscometer (Brookfield DV-11+
PRO, Mumbai, India) and spindle number of 94. The Brookfield viscometer's sample holder was
filled with gel sample, and the spindle was put into the sample holder. The spindle was revolved at

100 revolutions per minute. All rheological investigations were carried out at room temperature[27].



Determination of Spreadability

A pre-marked circle of 1 cm diameter on a glass slide was filled with 0.1g of gel, which was then
covered with a second glass slide. For 5 minutes, a weight of 200 g was permitted to rest on the upper

glass slide. The pressure-induced increase in diameter was observed [28].
Texture analysis

The formulation texture qualities are critical components in the optimisation of topical formulations.
These features influence the formulation's applicability at the administration location as well as the
therapeutic effect. The texture qualities of hydrogel were determined using the Brookfield CT3 texture

analyser [29].
In-vitro drug release study

An in-vitro release study was conducted using a vertical Franz diffusion cell with a surface area of
2.08 cm? and a reservoir capacity of 20 ml. A dialysis membrane was inserted between the two sides
of the cell. On the donor side, a pre-determined amount of LCZ — LPG was kept, while the receptor
compartment was filled with phosphate buffer solution (pH 5.5) and swirled continuously with a
magnetic stirrer at 37£0.5°C. To maintain the sink condition, 1 ml of the sample was removed from
the receptor compartment at regular intervals and replaced with an equivalent volume of fresh
receptor fluid. The aliquots were diluted with receptor media before being analyzed using a UV
spectrophotometer. The experiment was repeated three times, and the average data was recorded and
reported. The release kinetics of LCZ — LPG were compared to marketed luliconazole cream (1% w/w)

and LCZ - LP [30].
Ex-vivo permeation study

The ex-vivo diffusion experiment was carried out on rat skin. After removing the subcutaneous fat via
blunt dissection, the epidermal layer was exfoliated to expose the dermal layer the skin. The skin was
washed with the cold phosphate buffer in order to remove the proteins matter and the prepared skin

was soaked in the PBS for the hydration. The skin was placed on the Franz diffusion cell, with the



epidermal side facing the donor compartment and the dermal side in contact with the receptor solution.
A specific amount of LCZ — LPG was applied to the donor side. The receptor compartment was filled
with phosphate buffer solution (pH 5.5) and swirled continuously with a magnetic stirrer at
37+0.5°C.1 ml aliquots of samples were accurately withdrawn at predetermined time intervals (0.5,
1,2,3,4,5,6,7 and 8h) using sink condition. The collected samples were diluted with phosphate buffer.
The absorbancewas measured using a UV visible spectrophotometer at 295 nm. The kinetics of LCZ -

LPG release were compared to that of commercial luliconazole cream [31].

Histopathology study

Histopathology studies were carried out after exposure (8 h) of formulations to check the irritation
potential by using rat skin. Prior to the study, the experimental protocol (SIOP/IAEC/2022/02/10) was
approved by the Institutional Animal Ethical Committee. The samples were divided as untreated skin
(negative control), treated (LCZ — LPG formulation) and skin exposed to potassium hydroxide 10 %
wi/v(positive control). All the skin sections were treated with 10 % v/v formalin solution followed by
dehydration with alcohol. The haematoxylin and eosin were employed for staining and observed

under the microscope (Motic B1 — 211 A, Asia Pacific) [32].

Antifungal assay

An antifungal experiment was conducted using the agar cup diffusion method to evaluate the activity
of the formulations against Candida albicans. Before the antifungal study, all the necessary apparatus
and prepared broth were autoclaved at 15 psi, 121°C for 20 minutes. The fungi were cultured on
sabouraud dextrose agar, and Candida albicans strains were distributed on a solidified agar plate
prepared with the samemedia under sterile conditions (Khare et al., 2022) and wells were prepared
using sterile stainless still cork borer. Thesamples (50ul) were pipetted into wells under sterile
conditions. Petri plates were marked and incubated at room temperature for 48 hours. After 48 hours,
the zone of inhibition (mm)developed on the plates was measured using digital vernier calliper (MGW
precision tools), and their average of three readings was taken. The inhibition zone of LCZ — LPG was

compared with LCZ — LP and marketed luliconazole cream[33].



3. Result & Discussion
Optimization of LCZ - LP by Box-Behnken design

LP is a liposomal structure with unique self-assembled cationic characteristics based on phospholipids.
Particle size and entrapment efficiency affect stability and effectiveness. The drug, surfactant, and
phospholipid concentrations impact entrapment efficiency, particle size, and PDI. A Box-Behnken
statistical design was used to assess the effects of independent variables like the molar ratio of
phospholipid, surfactant, and drug on dependent variables like entrapment efficiency, particle size,
and PDI with the use of seventeen experimental batches. The optimized LCZ — LP formulation was
consist of LCZ (30 mg), Phospholipid (174 mg), DDAB (92.5 mg), Transcutol P (0.5 ml) and distilled
water (9.5 ml). According to the experimental results, entrapment efficiency, particle size, PDland
zeta potential of the optimized batch varied from 98.8% + 1.2, 428.11 nm,0.35 + 0.12 and 26.30 mV

respectively.
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Fig. 1. Three-dimensional surface plots demonstrate the effect of an independent variables on (A)
particle size, (B) entrapment efficiency, and (C) PDI.
3.1.1. Effect of independent factors on Entrapment efficiency

Different batches of the formulation exhibited entrapment efficiencies ranging from 94.0% to 98.8%
as shown in Table 1. The model's F-value of 8.52 indicates its significance (p<0.0001). The
insignificant lack of fit F-value (0.2078) and the quadratic sequential p-value of 0.0050 demonstrate
the model's importance. The predicted and modified R? values of the entrapment efficiency show a
reasonable degree of agreement. Lastly, the precision of 9.1308 suggests that the model’s applicability

to design space exploration.

Y = 98.85+ 0.294 + 0.065B + 0.45C + 0.747AB — 0.39AC — 0.302BC — 0.37542 — 0.377B2

—0.05C2 (4)

The positive coefficient of ‘A" indicates that the entrapment efficiency increases as the amount of
phospholipid increases, up to a certain point. On the other hand, the positive coefficients of 'B' suggest
that the entrapment efficiency initially increases and then decreases as the amount of surfactant
increases (Eg. 4). This could be due to the excess surfactant solubilizing the phospholipid, causing the
drug to leak from the LP. However, when the molar ratio remains the same and the amount of
phospholipid increases, the surfactant is unable to solubilize the phospholipid, resulting in the
formation of tight bilayers outside the LP. This leads to an increase in entrapment efficiency. This is
consistent with a prior investigation [34] in which they formulated a moxifloxacin hydrochloride
leciplex for efficient delivery to the eye. The positive coefficient of 'C' indicates that entrapment

efficiency rises as the drug concentration increases. The 3-dimensional surface plot (Fig. 1A)



demonstrates the impact of variations in independent variables on entrapment. The quadratic model

exhibits the highest level of efficiency.

Effect of independent factor of Particle size

Different batches of the formulation exhibited particle size ranging from 402 to 518 nm as shown in
Table 1. The model's F-value of 4.61 indicates its significance (p<0.0001). The insignificant lack of fit
F-value (604.27) and the quadratic sequential p-value of 0.0050 demonstrate the model's importance.
The predicted and modified R? values of the particle size show a reasonable degree of agreement.

Lastly, the precision of 6.468 suggests that the model’s applicability to design space exploration.

Y = 428+ 4304+ 1145B + 13.665C — 28 46AB + 11.42AC + 19.84BC — 10.8442 — 2.90B2

—2188C2 (5)

The quadratic model is the most suitable for representing the data on particle size, as depicted in the
3D surface plot (Fig. 1B). The positive coefficient of 'A’ suggests that when the concentration of
phospholipid declines, the particle size also lowers. This could be attributed to the production of
smaller vesicles resulting from the reduced lipid concentration. This finding aligns with the previous
study[11], which involved the creation of vancomycin hydrochloride loaded leciplex. The positive
coefficients of 'B' and 'C' indicate that the particle size decreases simultaneously with a drop in the

concentration of surfactant and drug, respectively (Eq. 5).
Effect of the independent factor of PDI

Different batches of the formulation exhibited particle size ranging from 0.28 to 0.38 as shown in
Table 1. The model's F-value of 4.05 indicates its significance (p<0.0001). The quadratic sequential p-
value of 0.0394 demonstrate the model's importance. The predicted and modified R? values of the PDI
show a reasonable degree of agreement. Lastly, the precision of 5.245 suggests that the model’s

applicability to design space exploration.

Y = 0.28 —0.0264 + 0.027B — 0.0087C + 0.014B + 0.007AC — 0.025BC + 0.026A42 + 0.33B2

+0.031C2 (6)



The positive coefficient ‘B’ indicates a decrease in the PDI as the surfactant decreases, the negative
coefficient “‘C’ indicates a simultaneous decrease in the PDI of the leciplexes with an increase in the
concentration of phospholipid and a decrease in the concentration of surfactant, and the negative
coefficient ‘A’ indicates that there would be a decrease in PDI with the decrease in the phospholipid
(Eg. 6). The 3-dimensional surface plot (Fig. 1C) shows how the independent variable changes affect

entrapment, and it can be inferred that the quadratic model provides the best fit for PDI.
Evaluation and characterization of LCZ - LP
Particle size, PDI, % EEand zeta potential

The LCZ - LP that was created showed excellent particle size and PDI. The particle size of the LP
was found to be 428.11nm (Fig. 2A) and PDI was found to be 0.35 £ 0.12.The LCZ — LP showed an
encapsulation efficiency of 98.8 £ 1.2 %, showing strong interaction of LCZ with the LP. Zeta
potential was found to be positive for LCZ — LP due to double chain cationic surfactant (DDAB) and,
hence indicating good colloidal stability. The optimized batch showed highest zeta potential value
(26.30 mV) as shown in Fig. 2B indicating stabilizing effect of cationic surfactant DDAB. The
preferential of positive charge of this formula prefers a positive charge to enhance contact between

cationic nanoparticles and negatively charged skin.
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Measurement Results
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Fig. 2. Particle size (A) and zeta potential (B) of optimized batch.
DSC study

TheoverlayoftheDSCanalysisoftheoptimizedLCZ - LPbatchshowed the phospholipid, cationic
surfactantcompatibility. The A in the Fig. 3 shows the thermogram of LCZ and it shows peak at
150°C represent its melting point. The graph B and C shows the blank LP and LCZ - LP

respectively. This results demonstrate the complete entrapment of luliconazole in the lipid bilayer.

=
B
A
| — S —_ —
-
100 \
mW \
\ |
]
100 120 140 160 180 200 20 240 260 280 300 C
0 d 4 6 8 10 12 14 16 18 20 min

Fig. 3. DSC thermograms of pure drug (A), Blank leciplex (B) and LCZ -LP (C)

3.2.4 TEM & SAED Images



The dynamic light scattering approach deals with apparent size of particle along with hydrodynamic
layers that surrounds the particles which leads to overestimation of the particle size[16] [35]. For
more accurate determination, the TEM was employed revealing micrographs of LCZ - LP with
spherical, and distinct smooth surface. The particle size was consistent and appeared dark and
uniformly dispersed without aggregation. (Fig. 4A).The size of particle observed under TEM was
comparatively smaller than that measured by particle size analyser. Additionally, the crystallographic
structure of the LCZ - LP was characterized by the SAED method. The SAED image of the optimized
batch shows polycrystalline structures. It can be concluded from the Fig. 4B, that the polycrystalline

structure consists of many small single crystals making it up a ring.

0.5 pm

A B
Fig. 4. TEM photomicrograph (A) and SAED (B) of optimized LCZ - LP.
Evaluation of LCZ - LPG

Clarity, appearance and pH

It was noticed that the LCZ — LPG had a smooth and transparent appearance.To ensure the prepared
LCZ - LPG was safe for use, a digital pH meter was utilized to determine its pH level. To maintain
the gel's pH within the topical range, we added a small amount of triethanolamine, resulting in a pH of
5.67+0.1, which closely matches the pH of the skin. It is important to adjust the pH of gel

formulations to avoid skin irritation and other potential problems.

Viscosity



The measured viscosity of the LCZ — LPG using a Brookfield viscometer. The LCZ — LPG was
placed into the sample holder of the viscometer and inserted spindle No. 91. Then the spindle was

rotated at 100 rpm and found that the viscosity was 8070 +138.95 cps, which was the desired.

Spreadability

It is a key factor in patient compliance. Through the use of a good spreadable formulation, the
application of topical preparation became simple and consistent. To determine the spreadability of the
gel, the glass plate method was utilized. The findings suggested that the gel's spreadability falls within
the range of 5 to 7 cm, indicating satisfactory spreadability. In brief, after conducting the spread test

for the LCZ - LPG, it was observed a value of 5.6-6.2cm, which reveals the gel's robust spreadability.

Texture Analysis

Fig. 5 summarizes the textural characteristics of the gel, such as hardness and adhesiveness. These
mechanical attributes are critical for its effective use in clinical settings.A structural examination was
conducted to evaluate the adherence and hardness of the preparation. The hardness of the gel affects
its flow qualities, and at lower hardness, the preparation can leak, while at higher hardness, it can be
difficult to extract from the tube. After testing, it was found that the gel's composition was suitable at
a hardness of 42.08 g. The gel's ability to stick to surfaces is crucial for retaining the penetrated dose
around an affected area, and higher adhesiveness improves this. However, spreading the mixture over

the skin's surface can be challenging. The gel's adhesiveness was found to be 0.88 mJ.
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Fig. 5. Texture analysis of LCZ — LPG.

In-vitroanalysis

The in vitro drug release of LCZ fromLCZ — LP, LCZ — LPG and marketed formulation was carried
out and compared. The Franz diffusion cell was used for this purpose, Fig.6 depicted the percentage
cumulative drug release. It is evident that release of LCZ from LP was significantly lower than
marketed formulation. LCZ released more than 50% from marketed formulation in the first 4 h
whereas LCZ — LP released less than 30% and LCZ — LPG released less than 20% . The marketed
formulation demonstrated a cumulative drug release of 95.13 + 2.3% at the end of 8 h. LCZ —
LPsuspension, on the other hand, showed a lower drug release of 85.34 +3 % in 8 hours due to the
drug being entrapped in lipids. LCZ — LPGshowed a cumulative drug release of 75.85% in 8 hours.
The LCZ - LPGI had a more tightly regulated drug release compared to the commercial formulation,
as the LCZ — LP was integrated into a thick and viscous structure of gel. The sustained release
properties of LP could be useful in maintaining therapeutic concentration of LCZ for longer duration

in vivo.
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Fig. 6.In-vitro drug release data for LCZ — LP, LCZ — LPG and marketed formulation in phosphate
buffer solution pH 5.5 (n =3+ SD).

Ex-vivo permeation study

To conduct an accurate comparison of drug permeation through rat skin, an ex-vivo investigation was
carried out using marketed formulation and LCZ — LPG. The amount of drug that permeated per unit
of skin surface area was measured over time. Results showed that the LCZ — LPG permeated71.23
+3.1% as compared to 92.81 +2.4% frommarketed formulationat the end of 8 h study (Fig. 7).
Administering the drug in its thick, viscous gel form slowed down its release, resulting in a sustained
release. The drug permeated from the LCZ — LPG was significantly different (p< 0.05) as compared

to marketed formulation.



100 -
90 y .
80
70 {,,/i "
60 A P2
50 /%,’

40+ 2 = [CZ-LPG
30, ¥ A

20~ Y L

o e
3

—eo— Marketed

% Cumulative Release

0-¢——F—

Time (Hrs)

Fig.7.Ex-vivo permeation profile of LCZ — LPG and marketed formulation using rat skin (n = 3 £ SD).

Histopathology study

Histopathology studies were carried out to check irritation potential of optimized LCZ - LPG
formulation by using rat skin and compared with the positive control (10% w/v KOH) and negative
control (PBS) for 8h exposure. The results (Fig. 8) obtained in the positive control treated skin clearly
demonstrated the damage to the epidermis layer, whereas negative control and LCZ — LPG showed
the presence of normal skin surface structure indicating that the prepared formulation of LCZ — LPG

is non - irritant and non - toxic to the skin.

Fig. 8. Skin irritation test on rat skin (A) Positive control (10% w/v KOH) (B) Negative control (PBS)
(C) LCZ - LPG.

Antifungal assay



Finally, to check the ability of LCZ — LP and LCZ — LPG formulations as a therapeutic candidate
against fungal infection, antifungal study was performed on Candida albicans culture and compared
with marketed formulation. The agar cup diffusion method was employed to establish antifungal
activity. This was performed by measuring the zone of inhibition (ZOI). All the studies were
performed in triplicates. Previous research have reported the use of agar cup diffusion method to
evaluate the antifungal activity by measuring the ZOIl in mm [36]. After 48 h, the antifungal
observations (Table 2) depicted that incorporation of LCZ in cationic liposomes (LCZ - LP) possessed
greater effect against Candida albicans when compared with marketed formulation. Moreover, LCZ —
LPG showed greater and sustained effect due to its thick and viscous gelwhich limits the diffusion of

drug through the gel matrix (Fig. 9).

Fig. 9. Antifungal assay of marketed, LCZ — LPG and LCZ — LP against Candida albicans.

Table 2. Zone of inhibition of different formulations in the antifungal assay

Sr. no Formulations Zone of Inhibition
(mm)
1 Marketed 21.2+1.2mm
2 LCZ-LPG 25.3+1.1mm
3 LCZ-LP 29.1+1.3mm




4. Conclusion

The present study established the successful preparation and optimization of LCZ — LP using Box
Behnken Design. The LCZ — LP showed high entrapment efficiency (98.8% * 1.2) and size were
recorded around 428.11 nm with a PDI value of 0.35 + 0.12. The prepared LCZ — LP were further
incorporated into carbopol gelling system. The developed LCZ — LPG was evaluated for its pH,
viscocity, spreadability, hardness and adhesiveness (texture analysis). Furthermore, in vitro and ex
vivo release kinetics demonstrated that the release of LCZ from LCZ — LPG was sustained release.
Moreover, histopathology studies conducted on the rat skin revealed that the prepared formulation
was non - irritant and non — toxic. The antifungal assay showed that LCZ — LP and LCZ — LPG have
significantly greater antifungal activity as compared to marketed formulation. Hence it could be
concluded that LCZ — LP and LCZ — LPG formulations are more promising in the effective treatment

against Candida albicans.
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