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ABSTRACT
Objective: The present study was aimed to develop and assess a Luliconazole-loaded nano emulgel for topical application.

Methods: Nanoemulsion of Luliconazole was prepared by ultrasonication method. A pseudo-ternary phase diagram was constructed to determine
the ideal ratio of oil and the surfactant/co-surfactant mixture for nanoemulsion preparation. The Box Behnken statistical design was utilized to
optimize the nanoemulsion. The optimized batch of nanoemulsion was incorporated into the 1% Carbopol gel as nanoemulgel. It was evaluated for
various parameters like globule size, zeta potential, pH, spreadability, viscosity, drug content, drug release, ex vivo permeation study, in vivo animal
skin irritation study, and histopathology studies.

Results: The optimized formulation showed a globule size of 130.5 nm and entrapment efficiency of 80% and the values were found to be
within+5% of predicted values, indicating the suggested statistical model was significant at 95% of confidence interval. The zeta potential of the
formulation was found to be-22.1 mV, indicating enhanced stability of the formulation. Transmission Electron Microscopy (TEM) images revealed
that the formulation had a smooth surface texture with a mean globule size meeting the nanoscale size range. The drug release study demonstrated
a sustained release pattern for the formulation, with a maximum release of 74.93+0.8% over 8 h. The formulated gel exhibited appreciable ex vivo
permeability. An in vivo skin irritation test on Wister rats showed no signs of skin irritation from the formulation. The histopathological examination
further confirmed that the formulation was dermatologically safe, exhibiting no toxicity or irritation.

Conclusion: The results of the present study concluded that Luliconazole-loaded nanoemulgel could be a potential topical drug delivery approach
for the management of fungal infections.
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INTRODUCTION

The topical route is the most preferred route since the oral route has
various limitations like gastric irritation, hepatic first-pass metabolism,
and systemic toxicity. Due to its high efficacy and ability to localize drugs
at the site of infection, the topical route is preferred to be the first-line
treatment for superficial and uncomplicated infections [1, 2].

Luliconazole is an imidazole antifungal drug used topically. It
inhibits the ergosterol synthesis by inhibiting the enzyme lanosterol
demethylase, which causes the cell death. Luliconazole is used in the
treatment of ringworm, jock itch, and athlete's foot infection also [3].

The therapeutic efficacy of Luliconazole has various limitations,
including less skin retention, poor skin penetration, and aqueous
solubility [4]. To overcome these drawbacks a novel nanosized
formulation has been developed. One example of the nanosized drug
delivery system is the nanoemulsion [5].

Nanoemulsions are isotropic, transparent, and thermodynamically
stable clear dispersions that are composed of oil, water, and
surfactants with droplet sizes ranging from 20-200 nm. Due to the
smaller particle size, they easily penetrate the skin. Emulsifiers are
required while preparing nanoemulsions to reduce the interfacial
tension between the two immiscible liquids [6]. Nanoemulsions are
heterogeneous systems that enhance the solubility of hydrophobic
drugs and improve the bioavailability of poorly water-soluble drugs.
These are non-toxic, non-irritant, and hence can be easily applied to
the skin and mucous membranes. Nanoemulsions can be further
incorporated into a gelling agent to prepare as nanoemulgel which
further enhances the viscosity and permeability properties [7, 8]. It
also exhibits site-specific action with more drug penetrability, with a
non-greasy, non-invasive nature that encourages consumer
compliance, and helps to stabilize the formulation by lowering
surface and interfacial tension [9, 10].

The objective of this study was to develop and characterize a
Luliconazole  nanoemulgel for topical application. The
nanoemulsions were fabricated using the ultra-sonication method. A
three-factor, three-level Box Behnken Design (BBD) was chosen to
optimize the Luliconazole nanoemulsions. Further, the optimized
batch of nanoemulsion was converted to topical nanoemulgel and
was characterized for various parameters [11].

MATERIALS AND METHODS
Materials

Luliconazole pure drug was purchased from Ajanta Pharma Limited,
Mumbai. Clove oil, and Transcutol P were procured from Loba
Chemie, Mumbai, India. Tween 80, Methanol, Carbopol 934, and
Triethanolamine were purchased from Lobo Chemie, Mumbai, India.

Methods
Solubility assessment of Luliconazole

The Luliconazole pure drug was added in excess to each of the
Eppendorf tubes bearing 1 ml of clove oil, olive oil, castor oil, oleic
acid, and eucalyptus oil and aggressively mixed with the help of a
vortex mixer. After this, the samples were placed in the Roto spin
and rotated at 25 rpm for 72 h to attain equilibrium. After
equilibration, the samples were centrifuged for 15 min at 10000
rpm. The supernatant was collected and diluted with 10 ml
methanol. A UV-1900 spectrophotometer was used to measure the
filtrate concentration at 296 nm [12].

Selection of surfactant

10ul of oil was added to each of 1 ml of 10% v/v surfactant solution,
followed by vortexing. The oil was gradually added until the mixture
became cloudy, and the volume added was noted and expressed as a
percentage [13].
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Selection of co-surfactant

A Ternary Phase Diagram (TPD) was constructed to determine the
nano-emulsion existence region. The degree of the emulsion regions, i.
e., the proportion in which the three essential components must be
combined to form a transparent homogeneous, clear, stable, and
single-phase emulsion, was described by constructing phase diagrams.

Based on the solubility studies of Luliconazole, the oil, surfactant,
and co-surfactant were chosen for constructing the TPD. The
surfactant and co-surfactant (Smix) mixture was initially selected
with increasing concentrations of co-surfactant while keeping the
surfactant concentration constant in ratios of 1:1, 1:2, and 1:3. Later,
the co-surfactant concentration was maintained constant, and the
surfactant concentration was increased (2:1, 3:1). TPDs were
studied using the aqueous titration method, where water was added
to each weight ratio of oil and surfactants incrementally, followed by
mixing with a vortex mixer. The endpoint was determined when the
solution became turbid or cloudy. The amount of aqueous phase
needed to reach this turbidity point was recorded. The nano-
emulsion phase was identified visually as a clear, easily flowable,
and transparent formulation. Fifteen potential combinations of oil
and Smix weight ratios (1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2, 9:1, 1:2,
1:3, 1:5, 1:6, 1:7, and 1:8) were tested. The physical state of the
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resulting emulsion was then plotted on a pseudo-ternary phase
diagram using Triplot software, with one axis representing water,
another representing oil, and the third representing a mixture of
surfactant and co-surfactant (Smix) at fixed weight ratios [14].

Fourier transform infrared spectroscopy (FTIR)

The IR spectra of Luliconazole, Tween 80, Transcutol P, and their
physical mixture were obtained using the ATR-Bruker IR
spectrophotometer. Compatibility of drug with surfactant and co-
surfactants was investigated by FTIR interpretation study. After
obtaining the respective spectra, the major peaks with functional
groups were verified [15].

Optimization of nanoemulsions by design of experiments (DoE)
approach

The Luliconazole nanoemulsions were optimized using Design
Expert 13.0.5.0 software utilizing the BBD model. The oil %, Smix %,
and sonication time were chosen as the independent variables at
three different levels, low (-1), medium (0), and high (+1). The
globule size (nm) and entrapment efficacy (%) were selected as
dependent variables [16]. The independent variables selected at
different levels are given in table 1 and the experimental runs for the
three different factors are represented in table 2.

Table 1: Box behnken design (BBD) for nanoemulsions with independent values

Factors Levels actual (coded)

(1) (0) (+1)
Independent variables
A=0il % (v/v) 5 10 15
B= Smix %(v/v) 15 30 45
C= Sonication time (min) 5 10 15

Dependent variables
Globule size (nm)
Entrapment efficiency (%)

Table 2: DoE suggested luliconzaole nanoemulsion formulation trials

Std Factor 1 Factor 2 Factor 3
A: 0il B: Smix C: Sonication time
% V/V % V/V min

1 5 15 10

2 15 15 10

3 5 45 10

4 15 45 10

5 5 30 5

6 15 30 5

7 5 30 15

8 15 30 15

9 10 15 5

10 10 45 5

11 10 15 15

12 10 45 15

13 10 30 10

14 10 30 10

15 10 30 10

16 10 30 10

17 10 30 10

Preparation of Luliconazole loaded nanoemulsions

The oil phase for nanoemulsion was generated by combining clove
oil with the Smix comprising Tween 80 and Transcutol P, to which a
predefined amount (30 mg) of Luliconazole was added and vortexed
to make a homogenous solution. To get a crude emulsion, the oil
phase was introduced dropwise to the aqueous phase followed by
magnetic stirring (1500 rpm) for 10 min. The resultant emulsion
was then subjected to ultrasonication at different periods with a
fixed frequency of amplitude to get nanoemulsion [17, 18].

Evaluation of Luliconazole nanoemulsions
Globule size and PDI

The mean globule size and PDI of all formulated nanoemulsions and
optimized nanoemulgel was measured using a Malvern Zetasizer,

which utilizes dynamic light scattering at 25 °C. Each sample was
diluted with distilled water at a 1:10 ratio before analysis [19].

Entrapment efficiency (%)

The entrapment efficiency (%) of Luliconazole nanoemulsions and
nanoemulgel was assessed using the centrifugation method. Initially,
the formulated nanoemulsions were diluted with methanol in a 10
ml volumetric flask. This mixture underwent sonication for 15 min
followed by centrifugation at 13000 rpm for 10 min in a cold
centrifuge to collect the supernatant liquid. Subsequently, the drug
concentration was analyzed using a UV-visible spectrophotometer
set at 296 nm [20]. The drug entrapment efficiency was calculated
by the following equation.

Entrapment efficiency (%) = [Ct — Cf)/Ct]X100

212



Where Ct is the amount of total drug and Cf is the concentration of
unentrapped drug.

Zeta potential measurement

The Zeta Potential of optimized formulation was measured by
Electrophoretic Light scattering method using Malvern Zeta sizer at
25 °C. The zeta potential of the formulation was measured with an
undiluted sample [21].

Transmission electron microscopy (TEM) analysis

The morphological study of optimized formulation was carried out
by using transmission electron microscopy. The formulation was
diluted ten times using distilled water, and the sample was
ultrasonicated for 10 min. After sonication, one drop of sample was
taken and placed in the copper grid. The grid with the sample was
subjected to drying for two days under a 60 W incandescent bulb.
Then the sample was analyzed [22].

Preparation of Luliconazole loaded nanoemulgel

The optimized Luliconazole topical nanoemulgel was prepared by
incorporating the optimized nanoemulsion into 1% Carbopol 934. At
first, 1g of Carbopol 934 was dissolved in 100 ml of distilled water,
agitated for 2 h, and then left overnight to swell. Then the optimized
batch of nanoemulsion was added and the dispersion was
neutralized with Triethanolamine for pH adjustment and also to get
the consistency of the gel [23].

Evaluation of Luliconazole-loaded nanoemulgel
pH

The pH of the optimized formulation was measured using a digital pH
meter. This involved submerging the electrode into a beaker
containing 1 g of nanoemulgel diluted in 10 ml of distilled water [24].

Spreadability

A wooden block apparatus equipped with a pulley at one end was
used to test the spreadability. The wooden block was fitted with a
glass slide. Approximately 1g of gel was placed on the ground slide
and then sandwiched between two glass slides of identical
dimensions. A 100g weight was placed on top of the slides to expel
any air and making the gel to spread uniformly on the glass slides
[25]. Spreadability was calculated by using the following formula.

S=MxL/T

Where M= weight tied to the upper slide, L= length of the glass slide T=
time taken in seconds for the expansion of gel to spread on glass slide.

Drug content

It was measured by dissolving an accurately weighed sample of gel
in about 10 ml of methanol. From this, 1 ml was diluted with 100 ml
of phosphate buffer of pH 7.4 and analyzed spectroscopic ally at 296
nm [26].

Viscosity

The viscosity of nanoemulgel was measured using a Brookfield
viscometer using spindle no. 96 at 3, 6, 12, 30, 50, and 100 rpm
shear rates. A plot of rpm versus viscosity was drawn to check the
flow nature of the optimized formulation [27].

Invitro drug release study

The drug release study of the nanoemulgel was conducted using a
Franz diffusion cell apparatus, which includes a donor and a
receptor chamber. 1g of the gel was placed on a dialysis membrane
positioned between the donor and receptor compartment. The
experiment was performed at 37+5 °C with constant stirring at 100
rpm. At various time intervals (0.5, 1, 2, 3, 4, 5, 6, 7, and 8 h), 1 ml of
aliquots were withdrawn and replaced with 1 ml of fresh buffer. The
withdrawn samples were diluted with 10 ml of phosphate buffer pH
7.4 and analyzed using a UV spectrophotometer at 296 nm. The
Percentage Cumulative Drug Release (% CDR) was calculated, and
the resulting data were further subjected to curve fitting for the drug
release study [28].
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Drug release kinetics

The data from the drug release study were fitted to various kinetic
models (Zero order, First order, Higuchi, and Korsmeyer-Peppas) to
elucidate the drug release mechanism of the optimized formulation.
The model with the highest regression coefficient was selected as
the best one [29].

Ex-vivo permeation studies

The study was conducted in the same manner as described for the in
vitro drug release study using goat skin as a diffusion membrane.
Goat abdominal skin was procured from slaughter house and placed
between the donor and receptor compartment. 1 g of nanoemulgel
was placed on the donor compartment and the receptor
compartment was filled with phosphate buffer pH 7.4 and mounted
on the magnetic stirrer hot plate followed by rotation at 100 rpm
and maintained at 37+0.5 °C. 1 ml of sample was withdrawn at a
different time intervals and diluted with 10 ml of buffer and the
absorbance was measured spectroscopically at 296 nm. The study
lasted for 8 h for the complete diffusion. A plot of time versus
percentage cumulative release was drawn [30].

In vivo animal sKin irritation studies

An in vivo skin irritation study was conducted on Wister rats to
assess product safety, following ethical approval from the IAEC of
NGSMIPS under reference number NGSM/IAEC/2022-23/289. The
study involved male and female Wister rats (200-250g) procured
from animal house facility of NUCARE, NGSMIPS, Mangaluru. A total
of nine rats were chosen for the study and animals were divided into
three groups: Group I (control), Group II (standard), and Group III
(test). The animals were fed a commercial pellet diet and water ad
libitum. The hair on the abdominal skin area of the rats was shaved
24 h prior to the study. The optimized Luliconazole nanoemulgel
was applied to the test group, plain Carbopol gel was applied to the
standard group, and the control group was left untreated. The
animals were visually observed for dermal reactions, such as
erythema and edema, at 24, 48, and 72 h and the grading scores
were recorded as per standard scores given in table 3 [31].

Table 3: Standard score grades for skin irritation study

Erythema formation grading score

No erythema

Very slightly erythema
Well-defined erythema
Moderate to severe erythma
Severe erythema

Edema formation grading score
No edema

Very slightly edema
Well-defined edema

Moderate to severe edema
Severe edema

Total possible score formation

BwWwN R o

QOB WN RO

Histopathology studies

To determine possible topical irritation and toxicity, portions of rat
skin were subjected to several treatments, including a control group
(untreated), a standard group (plain Carbopol gel), and a test group
(optimized formulation). The rats were then sacrificed, and their skin
was isolated using phosphate buffer and fixed with 10% formalin.
Samples were prepared and sectioned using a microtome, then stained
with eosin and haematoxylin. Each histopathological image was
captured and visually analyzed for skin anatomical structure using an
optical Leica microscope at 400x magnification [32].

RESULTS AND DISCUSSION
Solubility assessment of luliconazole

The solubility analysis of Luliconazole was assessed in various
vegetable oils. Among them, clove oil showed the highest solubility
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of 775+0.14 pg/ml. The study demonstrated that Luliconazole was compared to other vegetable oils and the current study also claimed
highly soluble in clove oil and as per the literature it was suggested that Luliconazole nanosuspension can have enhanced solubility in
that clove oil as one of the vegetable oils can be used for getting clear clove oil as compared to the previous study [12]. The obtained
nanoemulsions [11]. Hence, in the present study, it was found that solubility values of Luliconazole pure drug in different vegetable oils
Luliconazole solubility was higher in clove oil (fig. 1) when were represented in table 4.

Table 4: Solubility analysis of luliconazole in oil phase

S. No. Vegetable oil Solubility concentration (pg/ml)+SD
1 Castor oil 44+0.22
2 Clove oil 775+0.14
3 Oleic acid 104+0.23
4 Eucalyptus oil 148+0.36
5 Oilve oil 32+0.15
(n=3)
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Fig. 1: Solubility of luliconazole in different vegetable oils, the results are given in mean
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Fig. 2: Ternary phase diagrams of smix ratio (tween 80: transcutol P) A(1:1), B(1:2), C(1:3), D (2:1), E(3:1)
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0il emulsification studies

The oil-emulsifying ability of the surfactant has a vital role in getting
nanoemulsion formulations. The current study utilized various
surfactants to check their oil emulsification studies. A combination
of various lipophilic and hydrophilic surfactants would be necessary
to produce a stable nanoemulsion. A combination of Tween 80 and
Transcutol P were further studied at various ratios
(0:1,1:1,1:2,1:3,3:1,2:1) to determine their Smix mass ratio to
produce a stable nanoemulsion region. The emulsification of the oil
can be directly correlated to the HLB value of the surfactant and thus
in the present study, it was evident from the ternary phase diagrams
(TPDs), that Tween 80 and Transcutol P in the ratio from 1:1 and 2:1
gradually increased the nanoemulsion region whereas a decrease in
the nanoemulsion region was observed with further increase in the
Tween 80 in the Smix ratio. Further increase in the Transcutol P in
the Smix ratio could not produce an appreciable nanoemulsion
region. Thus, the combination of Tween 80 and Transcutol P at a 2:1
ratio was selected as the optimum Smix ratio that emulsified the oil
(clove oil) and produced a stable nanoemulsion region in the TPDs.
Pseudo-ternary phase diagrams were constructed (fig. 2) by using
Smix (surfactant: co-surfactant) ratios of A(1:1), B(1:2), C(1:3), D
(2:1), E(3:1).
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FTIR studies

In the IR spectrum of pure Luliconazole, prominent peaks were
observed at wavelengths of 722.11, 2198.75, 3006.73, 1554.81, and
941.33 cm™, corresponding to C-CI (alcohol) stretching, C=N (nitrile)
stretching, C-H (aromatic) stretching, C=C (aromatic) bending, and C-
S-C (sulfide) stretching functional groups, respectively (fig. 3A). The IR
spectrum of pure Transcutol P (fig. 3B) showed absorption bands at
3429.09, 1104.63, and 2974.87 cm™ for O-H (alcohol) stretching, C-O-
C (ether) stretching and C-H (aromatic) stretching functional groups.
In the IR spectrum of pure Tween 80 (fig. 3C), peaks at 1734.73,
3475.26,1093.84, and 2921.37 cm ™~ were observed, representing C=0
(carbonyl group) stretching, O-H (alcohol) stretching, C-O-C (ether)
stretching, and C-H (aromatic) stretching functional groups. The IR
spectrum of the physical mixture of Luliconazole with transcutol P and
tween 80 (fig. 3D) revealed prominent peaks at 720.56, 994.09,
3378.56, 2923.72, and 1095.98 cm™, corresponding to C-Cl (chloride)
stretching, C-S-C (sulfide) stretching, O-H (alcohol) stretching, C-H
(aromatic) stretching, and C-O-C (ether) stretching functional groups.

The FTIR study confirmed that the prominent peaks observed in the
drug, surfactant, co-surfactant, and their physical mixture remained
consistent, with no additional IR peaks or interactions between the
drug and the surfactants/co-surfactants used in the formulation.
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Fig. 3: (A) FTIR of pure luliconazole (B) FTIR of Transcutol P (C) FTIR of Tween 80 (D) FTIR of physical mixture of drug and surfactants

Optimization of nanoemulsions

Using the DoE approach, the linear model suggested 17 formulation
batches with varying concentrations of oil (%,) surfactant, and
sonication time. These nanoemulsions were prepared by mixing the
oil phase with the aqueous phase, followed by ultrasonication at the
specified levels. All the formulated nanoemulsions were evaluated
for globule size and % entrapment efficiency. The results for these
dependent factors, obtained from the experimental trial using BBD,
showed that the globule size of the formulations was ranging from
72.3 to 172.3 nm, and the % entrapment efficiency was in the range
0f 69.3% to 92.2% (table 5).

Effect of globule size on independent factors

From the ANOVA and regression analysis of linear model of globule
size, the F value was 161.63 and the P value was 0.0500, indicating
that the model was significant. The predicted R? of 0.9687 is in
reasonable agreement with the adjusted R? of 0.9891, as the
difference is less than 0.2 for globule size. The following linear
equation was derived from the ANOVA results for the Luliconazole
nanoemulsion.

Globule size=+140.20+6.54A-2.45-35.94CA-17.55BA-
9.38CB+13.75C+0.2875A2-1.04B2-21.06C2 (coded terms)

215



P.S.etal

Where, A-0il (%), B-Smix (%), and C-Sonication time (min)

From the surface plot of globule size against oil (% v/v) and Smix
ratio, it was observed that an increase in oil concentration led to a
consistent increase in globule size, and as the Smix ratio was raised,
the globule size was also gradually increased (fig. 4). Both the oil (%
v/v) and Smix factors were found to be not significant for globule
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size. In another plot (fig. 5), it was noted that globule size increased
gradually with an increase in the Smix ratio. Additionally, with
increased sonication time, there was a slight initial increase in
globule size, followed by a constant reduction, indicating that
sonication time had a more significant effect on the globule size of
the nanoemulsion compared to the oil (% v/v) and Smix ratio
factors.

Table 5: Luliconazole nanoemulsion experimental batches with glouble size (nm) and entrapment efficiency (%) results

Std Factor 1 Factor 2 Factor 3 Response 1 Response 2
A: 0il B: Smix C: Sonication time Globule size EE
% V/V % V/V min nm %
1 5 15 10 117.4+1.12 76.5+1.46
2 15 15 10 166.8+1.26 92.2+2.27
3 5 45 10 147.2+2.15 78.6 £1.64
4 15 45 10 126.4+2.22 78.9+£2.33
5 5 30 5 141.7+1.18 82.4+1.57
6 15 30 5 172.3+1.15 78.9+ 2.46
7 5 30 15 85.3+1.20 69.3£2.54
8 15 30 15 78.4+1.15 90.6+2.66
9 10 15 5 168.4+2.26 88.4+1.53
10 10 45 5 136.4+1.23 77.5+1.48
11 10 15 15 72.3+2.13 77.7£1.58
12 10 45 15 95.3+1.47 85.6+0.73
13 10 30 10 142.9+1.32 76.9+1.64
14 10 30 10 136+1.25 82.4+2.53
15 10 30 10 140.2+2.13 83.9+1.48
16 10 30 10 144.2+2.19 81.8+1.62
17 10 30 10 137.7+1.27 82.5+2.52
Results are expressed in mean+SD (n=3)
Factor Coding: Actual 3D Surface

Globule size (nm)
Design Points:
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Fig. 4: 3D Surface plot of globule size against oil (%v/v) and Smix

Effect of % entrapment efficiency on independent factors

From the ANOVA and regression analysis for the linear model of
entrapment efficiency (%), the F-value was found to be 17.07 and
the P-value was found to be 0.0001, indicating that the model was
significant. The predicted R? of 0.7666 is in reasonable agreement
with the adjusted R? of 0.8577, as the difference is less than 0.2 for
entrapment efficiency (%). The following linear equation was
derived from the ANOVA results for the Luliconazole nanoemulsion.

% Entrapment efficiency =+81.42+4.23 A-1.77 B-0.5000 C-3.85
AB+6.20 AC+4.70 BC (Coded terms)

Where, A-0il (%), B-Smix (%), C-Sonication time (min)

Fig. 6 illustrates the 3D surface plots of entrapment efficiency against
0il (% V/V) and Smix ratio factors. It was evident that the entrapment
efficiency of nanoemulsions was marginally increased as Smix ratio
was increased and similarly, increases in oil (% V/V) increased the %
entrapment efficiency of nanoemulsions substantially to a higher level.
The study revealed the fact that entrapment efficiency (%) was greatly
influenced by both independent factors.

The 3D surface plot obtained with entrapment efficiency (%) on
sonication time and oil-independent variables is depicted in fig. 7.
Notably, there was a gradual increase in entrapment efficiency (%)
with an increase in sonication time and a significant increase in
entrapment efficiency was observed with an increase in oil (%v/v).

216



P.S.etal

Int ] App Pharm, Vol 16, Issue 6, 2024, 211-223

Therefore, the study claimed that both sonication time and oil factors nanoemulsions since the objective of enhancing the entrapment

were to be significant in increasing the entrapment efficiency (%) of efficiency was achieved with both the independent variables.

Factor Coding: Actual

Globule size (nm)
Design Points:

@ Above Surface
© Below Surface

723 [ 1723

X1=8
X2=C

Actual Factor
A=10

Globule size (nm)

B: Smix (% V/V)

Fig. 5: 3D surface plot of globule size against sonication time and Smix
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Fig. 6: 3D Surface plot of entrapment efficiency (%) against oil (%v/v) and Smix
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Percentage error between predicted and observed values

The optimized Luliconazole nanoemulgel exhibited a mean globule
size of 130.5 nm and an entrapment efficiency of 80%. The actual
values for both globule size and % entrapment efficiency in the

Int ] App Pharm, Vol 16, Issue 6, 2024, 211-223

optimized nanoemulsion were within+5% error. This study showed
that the results were statistically significant at 95% confidence
interval, which is highly commendable. The selected solution and %
error between predicted and observed results for the factors are
presented in table 6.

Table 6: Selected solution and the % error between the predicted and observed values

Factors Responses
A: oil (% v/v) B: surfactant (% v/v) C: sonication time (min) Globule size (nm) Drug entrapment (%)
Predicted
15% 45% 10 min 134.42 78.16
Actual
130.5+£3.23 80£1.43
Error 3.28 2.3

+SD (n=3) represented as mean of 3 values

Globule size and polydispersibility index (PDI) of optimized
formulation

The mean globule size of the optimized Luliconazole nanoemulgel was
found to be 130.5£3.23 nm and PDI was found to be 0.263%2.67 (fig.
8), showing that the formulation was within the nanoscale range and
the PDI less than 0.3 indicated globules were mono dispersed without

any precipitation and segregation. Research literatures generally
claims that nanoemulgels with globule size within 200 nm are highly
recommended for topical application since the lesser globule size of
these gels allow them to easily permeate through skin barriers and
provide a good localized effect, and even drugs with other systemic
problems like first-pass effect can also be formulated as nanoemulgels
for successful drug delivery through skin [18].

Results
Size (d.nm): % Intensity: St Dev (d.n...
Z-Average (d.nm): 130.5 Peak 1: 172.2 100.0 56.80
Pdi: 0.263 Peak 2: 0.000 0.0 0.000
Intercept: 0.927 Peak 3: 0.000 0.0 0.000
Result quality : Good
Size Distribution by Intensity
BT+ e e
o BN
=
3
&
= 101"
=
5
=
= 5l
0
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Size (d.nm)
[ Record 98: D6 (6) 3

Fig. 8: Globule size and PDI of optimized formulation

Zeta potential measurement

Zeta potential plays a crucial role in the stability of
nanoformulations, directly impacting their performance. According
to the literature, nanoemulgel systems with higher zeta potential
values generally ranging from+20-40 mV tend to be more stable.
Greater zeta potential values facilitate the maintenance of globules
in Brownian motion by creating repulsive forces between similarly
charged particles, preventing their agglomeration [20]. The
optimized formulation exhibited a zeta potential value of-21+2.35
mV (fig. 9), which was found to be within the compliance range of
nanoemulsions and predicted good physical stability with no signs
of fluctuations. This negative charge arises from the presence of
anionic surfactants in the formulation. Additionally, nanoemulgels
have greater negative zeta potential as compared to nano-emulsions,

the reason being is presence of a negatively charged carboxylate
group of carbapol, which was used as gelling to convert
nanoemulsions to nanoemulgels [12]. Despite the negative zeta
potential, the formulation was observed to be stable, indicating that
the obtained zeta potential value was sufficient for maintaining
stability.

Transmission electron microscopy (TEM) analysis

TEM analysis was used to investigate the surface morphology of the
optimized formulation. The analysis revealed the presence of well-
defined, spherical droplets with a smooth surface texture. These
droplets had a globule size in the range of 100 nm (fig. 10), which
aligned well with the results of globule size obtained from the
Malvern Zeta Sizer.
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Results
Zeta Potential (mV): -221 Peak 1:
Zeta Deviation (mV): 9.70 Peak 2:
Conductivity (mS/em): 17.6 Peak 3:

Result quality : Good
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Mean (mV) Area (%) St Dev (mV)
-22.1 100.0 9.70
0.00 0.0 0.00
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Fig. 9: Zeta potential data of optimized formulation

Fig. 10: TEM Image of optimized formulation

pH

The pH measurement is an important parameter for topical
formulations. The pH of the Luliconazole nanoemulgel was found to
be 6.8+2.25 (table 5), which indicated that the prepared formulation
was compatible with the skin, which was in the acceptable range of
5.5to0 7.4.

Spreadability

The spreadability of nanoemulgel was found to be 13+2.43 g. cm/sec
(table 5). As a result, the prepared gel may be easily spread with less
shear, indicating that it has good spreadability.

% Drug content

The drug content of Luliconazole nanoemulgel was found to be
94.6+1.9 (table 7), indicating good content uniformity. The drug
content determination also revealed that the drug was distributed
uniformly throughout and ensured homogeneity, which is essential
for semi-solid preparations.

Viscosity measurement

The viscosity of the formulation was measured using a Brookfield
viscometer, where the viscosity of nanoemulsions is influenced by
the oil and surfactant concentration. According to fig. 11, the

viscosity of the optimized Luliconazole nanoemulgel was in the
range of 378 to 5640 cps, falling within the acceptable range of 50 to
50,000 cps, which is ideal for semisolids. A rheogram was also
generated, revealing a shear-thinning behavior in the formulation.
The results of the study demonstrated that as the shear rate
increases, the viscosity decreases, indicating a pseudoplastic curve
and non-Newtonian flow.

Table 7: Results of pH, spreadability and drug content (%) for
luliconazole nanoemulgel

Evaluation parameters Results
pH 6.8+2.25
Spreadability (g/cm?) 13+£2.43

% Drug content 94.6+1.9

Results are expressed in mean+SD (n=3)

In vitro drug release study

The in vitro drug release study of the formulated Luliconazole
nanoemulgel was conducted for 8 h, during which the formulation
showed arelease rate of 74.93%=0.8% (fig. 12). Initially, there was a
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burst release within the first hour, which could be attributed to the
presence of free drug adsorbed on the surface of the gel. As time
progressed, there was a sustained release, possibly due to the
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Fig. 11: Rheogram of optimized luliconazole nanoemulgel
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Fig. 12: Drug release profile of luliconazole-loaded nanoemulgel
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Fig. 13: Higuchi release kinetics model of Luliconazole loaded nanoemulgel

lipophilic membrane entrapped within the gelling system. This led
to the confirmation that the drug was released in a sustained
manner over an extended period.
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Drug release Kkinetics

The drug release mechanism of the optimized formulation was
investigated using different kinetic models, with a focus on the
significance of the regression coefficients. Analysis of the data
revealed good linearity for Luliconazole nanoemulgel, with a release
rate regression coefficient (R?) of 0.9828. This indicates that the
formulation follows the Higuchi release kinetics mechanism (fig. 13),
suggesting that the drug release from the formulation is influenced
by diffusion and swelling of the polymeric gel.

Ex vivo permeation studies

The ex vivo drug permeation of the optimized formulation was found
to be 70.67 % (fig. 14) at the end of 8 h. In comparison to in vitro
drug release, slightly less drug release was observed, which might be
due to the physiological properties of the goat skin, such as
thickness, hydration level, and barrier integrity, which have
influenced the ex vivo permeation of the nanoemulgel. Notably, there
was also delayed drug release observed due to the slow diffusion of

P.S.etal
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nanoemulgel through goat skin. The reason might be that goat skin
is a biological membrane composed of many skin barriers like
epidermis, dermis, and hypodermis, and generally the semisolid
dosage form has to permeate through all these skin layers for the
drug release.

SKin irritation studies

Wister rats were employed as an animal model for conducting in
vivo skin irritation study aimed at predicting the irritation potential
of the optimized formulation by comparison with standard and
control groups. The grading scale scores of the erythema and edema
for the animals of all the groups were noted by observing visually. It
was found that animals of the standard group had slight erythema
with a score of 1 (table 8) and all the remaining animals didn’t show
any irritation signs and were compatible with standard grading
score ranges [30]. The study findings indicated the absence of edema
or erythema in any of the animals, affirming the safety of the
formulated nanoemulgel for topical application (fig. 15).

%Cummulative drug release
[=] o o o (=]

=
o

o

100 200

300
Time (min)

400 500 600

Fig. 14: Ex vivo drug permeation profile for optimized formulation

Table 8: SKin irritation score grading for nanoemulgel

Irritation score grading for parameters

Erythema Edema
Group-I 1 0
Group-II 0 0
Group-II1 0 0

(a)

(b)

Fig. 15: Images of skin irritation study (a-control, b-standard and c-test)
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Histopathological study

Histopathological images were captured for the standard, control,
and test groups. Upon comparison, no anatomical differences were
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observed between the optimized formulation and the standard and
control groups (fig. 16). Additionally, there was no evidence of skin
rupture or damage in the rats, confirming the non-toxicity of the
formulation to the skin surface and its safety for topical application.

Fig. 16: Histopathology studies of treated rat skin (a) control (b) standard (c) test

CONCLUSION

The study aimed to develop a Luliconazole-loaded nanoemulgel for
topical use in effectively managing fungal infections. Luliconazole
nanoemulsions were fabricated by selecting oil, surfactant, and
cosurfactant using a ternary phase diagram, followed by
optimization using the BBD statistical design. The high solubility of
Luliconazole in clove oil was advantageous for encapsulating the
drug, resulting in nanosized oil droplets achieved through
ultrasonication. This optimized nanoemulsion was then formulated
into a topical gel. The optimized Luliconazole nanoemulgel
demonstrated globule size and entrapment efficiency within
acceptable ranges as predicted by the software. Zeta potential values
indicated good stability, and parameters like pH, viscosity, and
spreadability met the required standards. TEM images confirmed
the nano-sized globules in the emulsion. Furthermore, drug release
and ex vivo permeation studies exhibited a sustained release pattern
following the Higuchi drug release kinetics mechanism. In vivo,
studies on skin irritation and histopathology confirmed the non-
irritant and non-toxic nature of the nanoemulgel. In conclusion, the
study suggests that the Luliconazole-loaded nanoemulgel could be a
promising novel topical formulation for effectively treating fungal
infections.
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