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Abstract: This research work is focused on the development of luliconazole-loaded microemulgel
using lemongrass oil to enhance its topical delivery. Different microemulsion formulations were
prepared based on pseudoternary phase diagrams by varying the amounts of lemongrass oil, Labrasol,
and Labrafil M 2125 CS, and evaluated. An optimized formulation was selected based on systematic
comparison of evaluation parameters, loaded into 1% Carbopol 940 gel, and examined. pH, viscosity,
drug content, and in-vitro diffusion for microemulsions ranged from 5.1+0.15 to 5.6£0.11, 41+1.5 to
48+1.5 cP, 97%0.21 to 98+0.67%, and 58+1.82 to 86+2.18%, respectively. Among four formulations,
the F1 formulation was selected as the optimized formulation as it exhibits pH, viscosity, and drug
content of 5.4+0.10, 41+1.5, and 98+0.44%, respectively. Results showed that optimized
microemulsion exhibited pH, viscosity, drug content, and drug diffusion of 5.4+0.10, 41+1.5cP,
98+0.44%, and 86+2.18%, respectively. Particle size and zeta potential of optimized microemulsion
were 187.9nm and -34.4mV, respectively. pH, viscosity, drug content, in-vitro diffusion, and ex-vivo
diffusion of microemulgel were 6.0£0.11, 10032+1.5cP, 98+0.44%, 71+0.95%, and 68+2.06%,
respectively. Zone of inhibition for the prepared microemulgel and the marketed gel was 29 and 26mm,
respectively. These results demonstrated that the combination of luliconazole with lemongrass oil in an
emulsion formulation enhanced antifungal activity.
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1. Introduction

"Mycoses™ are fungal infections of the skin [1]. Every year, fungal infections caused
by the species Candida detrimentally affect around 1.5 million individuals [2,3]. The reason
for inflammatory lesions known as superficial candidiasis is the ability of Candida to adhere
to epithelial cells, multiply, and filamentate [4]. Although these infections can develop on
nearly any part of the body, they are more prevalent in intertriginous areas, where two skin
surfaces may come into contact or rub against one another [5,6]. For the treatment of fungal
infections, five antifungal classes are currently available: azoles, echinocandins, allylamines,
polyenes, and pyrimidine analogs. Among these, azole antifungals are usually used for treating
candidiasis. Biosynthesis of ergosterol is restricted by these agents, as azoles block the enzyme
14a-sterol demethylase, preventing the conversion of lanosterol into ergosterol and impairing
the synthesis of fungal membranes [3]. Broad-spectrum antifungal azole derivative
https://nanobioletters.com/ 10f17
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luliconazole acts by a similar mechanism, but it suffers from restricted solubility [7].
Components of lemongrass essential oil, such as geraniol, citral, limonene, myrcene, and
linalool, exhibit strong antifungal properties. Geraniol enhances potassium ion efflux from
fungal cells, whereas citral disrupts microtubule structures and reduces fungal viability.
Monoterpene alcohol linalool has variety of fungicidal effects. Moreover, other aldehydes
present in lemongrass essential oil may exert antifungal effects by forming cross-links within
the fungal cell membrane [8]. In combination with antifungal agents, lemongrass oil is
responsible for enhancing the antifungal activity and reducing overall resistance. Promoting
the leakage of the cell membrane of the fungal cell wall, it also enhances the permeability of
antifungals in fungal cells. Labrasol (Caprylocaproyl Polyoxyl-8 glycerides) and Labrafil M
2125 CS (Linoleoyl Polyoxyl-6 glycerides) are non-ionic surfactants and cosurfactants,
respectively. Labrasol weakens interfacial forces between oil and aqueous layers, allowing fine
dispersion of oil droplets containing lipophilic drug. Labrafil M 2125 CS inserts between
surfactant molecules at interface, increasing flexibility of interfacial film and improving droplet
stability. Lipophilic drugs are solubilized in oily core of microemulsion droplets, protected by
a surfactant-cosurfactant layer, and form a clear and stable microemulsion (ME). Carbopol 940
creates viscous, smooth, and stable gels. Its matrix-forming ability can help sustain or control
release of drug from the gel, improving therapeutic outcomes.

Microemulsions are isotropic, clear liquid systems that remain thermodynamically
stable and are formed from oil, water, and surfactants, often with a cosurfactant added.
Microemulgel is a term used to describe formulations that combine the benefits of both
microemulsions and emulsions. Incorporation of microemulsion into the gel helps stabilize it,
enhances its aesthetic appeal, and allows it to be easily washed off when necessary [9].

The objective of this study was to formulate and assess a microemulgel for the topical
delivery of luliconazole, incorporating lemongrass oil as the oil phase. The microemulsion was
converted to a microemulgel to increase the drug's contact time with the skin, improving
absorption and prolonging the antifungal effect.

2. Materials and Methods

2.1. Materials.

Luliconazole was purchased from Swapnroop Drugs and Pharmaceuticals Ltd., India.
Lemongrass oil was obtained from Nisarg Biotech Pvt. Ltd., Maharashtra, India. Labrasol and
Labrafil M 2125 CS were generously gifted by Gattefosse Ltd., India. Carbopol 940 and
Triethanolamine were procured from Thermosil Fine Chem Industries, Maharashtra, India.
Potassium dihydrogen ortho phosphate, methanol, and sodium hydroxide were purchased from
Thermosil Fine Chem Industries, India.

2.2. Methods.
2.2.1. Drug-excipient compatibility study by ATR-FTIR.

The compatibility between the drug and excipients was studied by ATR-FTIR
spectroscopy. Briefly, Luliconazole, lemongrass oil, Labrasol, and Labrafil M 2125 CS were
thoroughly mixed in a 1:1 ratio. This mixture was subjected to 40°C at 75% RH for one month
and scanned by ATR-FTIR in the wavelength range of 4000 to 400cm™.
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2.2.2. Solubility of luliconazole in oil, surfactant, and cosurfactant.

The shake flask method is used to assess the solubility of luliconazole in oil (lemongrass
oil), surfactant (Labrasol), and cosurfactant (Labrafil M 2125 CS). Solubility was assessed by
dissolving an excess amount of the drug in lemongrass oil, Labrasol, and Labrafil M 2125 CS,
separately. Mixtures were then continuously stirred in an orbital shaker (Bio Techniques India,
Maharashtra, India) at 75rpm for 48h, followed by centrifugation in a high-speed centrifuge
(C-24 plus, Remi Electrotechnik Ltd, India) for 15min at 5000rpm [10]. Supernatant was
collected, diluted with methanol, filtered using Whatman filter paper (45u), and subjected to
analysis using a UV-Visible spectrophotometer (UV 1800, Shimadzu Corporation, Kyoto,
Japan) at 296nm [11]. Triplicate (n=3) determinations were carried out for each measurement.

2.2.3. Construction of pseudoternary phase diagram.

Development of a pseudoternary phase diagram was carried out via the water titration
method by Ternary plot software (TernaryPlot.com). Labrasol and Labrafil M 2125 CS were
blended at different weight proportions, 1:1, 2:1, 3:1, 4:1, 5:1, 6:1, 7:1, and used as Smix. For
each phase diagram, the ratio of oil to Smix was 1:9, 2:8, 3:7, 4:6, 5:5, 6:4, 7:3, 8:2, 9:1 (% wiw),
respectively [12]. Then water was gradually added to each oil-Smix blend with continuous
vigorous stirring till it forms a clear homogeneous phase to determine the microemulsion
region. Component concentrations at this stage were documented to build a pseudoternary
phase diagram [13].

2.2.4. Formulation of microemulsion.

The Smix ratio of 7:1 showed a higher microemulsion region. Hence, selected further
for the formulation of a microemulsion [14]. Once the microemulsion region was determined
from the phase diagram, formulations were developed accordingly at different oil-to-Smix
ratios. Luliconazole was added to oil, then Smix was added to this mixture. Mixtures were
stirred at room temperature using a magnetic stirrer (Bio Techniques, India). Then water was
added drop by drop to these mixtures until it became clear and transparent [13]. The
composition of microemulsion formulations is shown in Table 1.

Table 1. Composition of microemulsion.

Formulation Qil (%) Smix (%0) Water (%) Drug (% w/w)
F1 5.56 50.00 44.44 1
F2 13.11 52.46 34.33 1
F3 22.64 52.83 24.53 1
F4 28.07 4211 29.82 1

2.3. Characterization of microemulsion.

2.3.1. Determination of pH, viscosity, and drug content.

pH values were recorded using a digital pH meter (Labman Scientific Instruments Pvt.
Ltd., India) [15]. Viscosity measurements of microemulsion were performed with LVDVE
Brookfield digital viscometer (Brookfield Engineering Corporation, Massachusetts, USA)
using spindle number 63 at 60rpm in triplicate (n=3) [16]. To determine the drug content,
microemulsion (20mL, containing 200mg luliconazole) was dissolved in methanol, and the
final volume was brought up to 100mL, followed by stirring for 10min. [17]. The solution was
filtered through Whatman filter paper (45um), and the absorbance of the filtrate was
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spectrophotometrically analyzed at 296nm in three replicates [11]. Drug content was calculated
as shown in equation (1).

Actual amount of luliconazole

x 100 (1)

Drug content (%) =

Theoretical amount of luliconazole
2.3.2. In-vitro drug diffusion study.

Franz diffusion cell apparatus was utilized to perform an in vitro drug diffusion study
in triplicate (n=3, DBK diffusion cell apparatus, DBK Instruments, India) using a cellophane
membrane (HiMedia Laboratories, 150LA401, molecular weight cut-off of 12-14 kDa, India).
Phosphate buffer (pH 7.4) and methanol mixture in a 9:1 ratio [18] served as diffusion medium
(20mL) maintained at 37+5°C. A cellophane membrane was fixed between the donor and
receiver compartments. Freshly prepared luliconazole-loaded microemulsion 1mL (10mg/mL)
was placed on a cellophane membrane, and the stirring speed was set at 100 rpm to agitate the
receptor fluid. Then, ImL aliquot was periodically removed from receptor chambers at time
intervals 0f0.5,1,1.5,2,2.5,3,3.5,4,4.5, ........ 7,7.5, 8h and replaced with ImL of phosphate
buffer and methanol mixture (9:1) to adjust sink conditions. Samples were analyzed at 296nm
spectrophotometrically [11].

2.4. Selection and evaluation of optimized formulation.

Among the F1, F2, F3, and F4 formulations, the formulation with the highest percent
of drug diffusion, pH, drug content, and microemulsion viscosity was selected as the optimized
formulation.

2.4.1. Analysis of particle size, Polydispersity index (PDI), and zeta potential.

Microemulsion (0.1 mL) was suitably diluted in 10 mL of Milli-Q deionized water
(Direct-Q, Merck KGaA, Darmstadt, Germany). Measurements of particle size and PDI were
performed with Malvern Zetasizer (ZEN1002, Malvern Zetasizer Lab. United Kingdom) at
25°C, with a scattering angle of 90° based on the dynamic light scattering technique [19].

2.4.2. Differential scanning calorimetry (DSC).

A differential scanning calorimeter (Mettler Toledo, SW STAR, Mettler-Toledo
International Inc., USA) was employed for thermal analysis of luliconazole and luliconazole-
loaded microemulsion. Accurately weighed luliconazole (4.2mg) and luliconazole-loaded
microemulsion (3.8mg) samples were placed in cuvettes separately with aluminum lids and
heated from 20°C to 200°C at a rate of 10°C/min in a nitrogen blanket [20].

2.4.3. Scanning electron microscopy (SEM).

Microemulsion’s surface morphology was studied through scanning -electron
microscopy analysis (SEM Quanta-200-EDX system, ICON Labs, Mumbai). One drop of
microemulsion was placed on carbon tape, which was then attached to the stub and allowed to
air dry. Subsequently, the sample was analyzed via a scanning electron microscope operating
at 20kV voltage [21].
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2.5. Formulation of microemulgel.

Carbopol 940 was dispersed in distilled water to prepare 1% w/v gel, followed by
overnight hydration. Smooth and viscous gel was obtained by blending the prepared
microemulsion and 1% Carbopol gel in a 1:1 ratio [22]. Then, pH was adjusted using
triethanolamine.

2.6. Characterization of microemulgel.

2.6.1. Determination of pH, viscosity, and drug content.

pH of formulation was assessed by mixing gel (1g) with purified water (10mL) and
measuring its pH with a digital pH meter [17]. Viscosity measurements of microemulsion were
carried out using a Brookfield viscometer with spindle number 64 at 60rpm [23]. Drug content
of microemulgel was determined by transferring the microemulgel containing 10mg of
luliconazole to a 10mL volumetric flask. It was dissolved in methanol, stirred for 30min, and
filtered using Whatman filter paper (45u). Absorbance of the resulting solution was recorded
for the prepared solution at 296 nm spectrophotometrically [11].

2.6.2. Texture analysis of microemulgel.

CT3 Texture Analyzer was employed to assess the spreadability of microemulgel in
triplicate (n=3, CT3 Brookfield Engineering Labs Inc., USA). The female probe was carefully
filled with the microemulgel formulation, ensuring the absence of air bubbles. With a diameter
of 35mm and a 45° angle, an analytical male probe was inserted into every sample at a
controlled rate of 1mm/s until reaching a depth of 10mm, with a trigger force of 2g. From the
force-time plot, the work of adhesion was calculated [24].

2.6.3. In-vitro diffusion study.

Similar to the previously described in-vitro diffusion study, drug diffusion studies were
carried out for pure luliconazole, luliconazole-loaded microemulsion, and luliconazole-loaded
microemulgel.

2.6.4. Exvivo diffusion study.

The Franz diffusion cell apparatus served as a system for ex vivo drug-diffusion studies
of the optimized formulation of microemulsion, microemulsion-loaded gel, marketed gel, and
luliconazole plain gel. Goat skin was employed as a diffusion membrane. Freshly excised goat
abdominal skin was gently rinsed with a cold saline solution and shaved to remove hair. Non-
dermatome tissue was carefully excised using a scalpel. Precautions were taken to avoid
making transverse cuts while removing hair and excess skin. Goat skin was fixed between the
donor and recipient compartments so that the donor compartment faces the stratum corneum
directly [24]. Freshly prepared 10mg/mL luliconazole-loaded microemulsion, microemulsion-
loaded gel, marketed gel, and plain luliconazole gel were put on the skin separately and stirred
at a speed of 100rpm to agitate receptor fluid. The rest of the study was performed similarly to
the in-vitro diffusion study described above.
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2.6.5. Antifungal activity.

The agar well diffusion method was employed to assess the antifungal activity of pure
luliconazole, lemongrass oil, luliconazole-loaded microemulsion, luliconazole-loaded
microemulgel, and marketed gel against Candida albicans. In brief, 100 mL of distilled water
was mixed with 7g of nutrient agar in a 250mL conical flask. It was boiled till complete
dissolution. The resultant solution was sterilized for 30 min at 15psi pressure at 121°C by using
an autoclave (Space Lab Instruments, India). After sterilization, the agar solution was cooled,
subsequently poured into sterilized petri plates, and allowed to solidify. Then, Candida
albicans suspension was spread onto these solidified petri plates. A sterile cork borer (6mm)
was used to punch wells into solidified agar. Then, samples were added to these wells
separately, and agar plates were maintained at 37°C for 24h to allow incubation, followed by
measurement of inhibition zones [25].

3. Results and Discussion

The present study was aimed at enhancing the solubility of luliconazole by the
microemulsion approach. Besides, lemon grass oil was used to enhance the antifungal activity
of the formulation. Literature studies revealed the antifungal activity of numerous essential
oils. Clove oil and tea tree oil-based topical microemulsion gel have been studied in
combination with luliconazole for topical antifungal delivery [26]. Eucalyptus and clove oil
were also investigated for antifungal activity in combination with ketoconazole [27]. Clove oil
was also used in combination with fluconazole to enhance its antifungal activity against
Candida albicans in the microemulsion formulation [28]. This literature highlights the
synergistic activity of antifungal agents in combination with essential oils. Hence, the current
research work was based on a combination of luliconazole with lemon grass oil.

3.1. Drug-excipient compatibility study by ATR-FTIR.

Luliconazole showed characteristic peaks at 3035.11, 3178.51, 1689.19, and
1126.55cm™ corresponding to C-H stretching, N-H stretching, C=N stretching, and C=0
stretching, respectively (Figure 1A).

=Y G nire /\ @) NS
('\\) T / i\ /\/ \\}H\/}WL\/

3500 3000 2500 2000 1500 10000
Wavenumber cm-1

Figure 1. FTIR spectrum of (A) luliconazole; (B) physical mixture of luliconazole, lemon grass oil, Labrasol,
and Labrafil M 2125 CS in a (1:1) ratio, indicating compatibility of these excipients with the drug.

ATR-FTIR spectrum of a physical mixture showed peaks at 2922.93, 2854.91, 1671.66,
and 1119.29cm™ corresponding to C-H stretching, N-H stretching, C=C stretching, C=N
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stretching, and C=0 stretching, respectively (Figure 1B). The peaks of luliconazole in the
physical mixture were slightly shifted to lower wavelengths, indicating physical interaction
between the drug and the excipients. These results confirmed the compatibility between the
drug and the excipients.

3.2. Assessment of luliconazole's solubility.

Luliconazole was tested for solubility in lemongrass oil, Labrasol, and Labrafil M 2125
CS, with results noted as mentioned in Table 2. The concentration of the luliconazole in various
solvents was determined by UV-Spectrophotometry, which was validated for accuracy,
linearity, reproducibility, range, specificity, and robustness. The same instrument and method
were used to carry out other methods that require UV analysis.

Table 2. Solubility of luliconazole in oil phase, surfactant, and co-surfactant.

Sr. no. Component Solvent Solubility
1 Oil phase Lemongrass oil 15.84+0.06mg/mL
2 Surfactant Labrasol 9.72+0.39mg/mL
3 Cosurfactant Labrafil M 2125 CS 12.44+0.30mg/mL

3.3. Construction of a pseudoternary phase diagram to prepare a microemulsion.

Each surfactant: cosurfactant ratio of 5:1 (Figure 1A), 6:1 (Figure 1B), and 7:1 (Figure
1C) was used to construct a pseudoternary phase diagram by plotting the concentration of oil,
surfactant, and cosurfactant. Among these combinations, the 7:1 ratio showed a larger
microemulsion zone, as it contained a higher surfactant-to-co-surfactant ratio. Surfactant
molecules gather at the oil-water interface and reduce interfacial tension to ultra-low levels,
facilitating the better solubilization of the oil and water phases into a stable microemulsion.

Sand

Figure 2. Pseudoternary phase diagrams of microemulsion with Spyix of (A) 5:1; (B) 6:1; (C) 7:1; Surfactant
ratio 7:1 showed a higher microemulsion zone.

3.4. Characterization of microemulsion.
3.4.1. pH, viscosity, and drug content.

pH of all four microemulsion formulations ranged from 5.1+0.15 to 5.6+0.11, which is
within the reported skin pH of 4.5 to 6 [29]. Viscosity plays a key role in stability and release
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of the drug from the microemulsion. Viscosity ranged from 41+1.5 to 48+1.5¢cP (Table 3).
Microemulsion formulation F4, which contained a higher proportion of oil, shows the highest
viscosity (48+1.5). In contrast, formulation F1, with lower oil content and higher Smix ratio,
exhibited the lowest viscosity (41+1.5). Drug content of these four formulations was in the
range of 97+0.21 to 98+0.67%, demonstrating maximum solubilization of luliconazole during
formulation. This range complies with the British Pharmacopoeial requirement of 95-110%.
Formulations F1 and F2 exhibited the highest drug content of 98+0.44 and 98+0.67%,
respectively, indicating efficient incorporation of the antifungal agent [30]. In comparison,
formulations F3 and F4 showed slightly lower drug content values of 97+0.13 and 97+0.21%.
Slight variation observed among different formulations attributed to differences in oil and Smix
proportion. From F1 to F4, oil content increases, and Smix content decreases, resulting in a
decrease in drug content. This is because Smix plays a crucial role in stabilizing the
microemulsion system and solubilizing the drug at the oil-water interface. High drug content
also reflects thermodynamic stability and solubilization capacity of the microemulsion system.

Table 3. Evaluation parameters of microemulsion.

Formulation pH Viscosity (cP) Drug content (%)
F1 5.4+0.10 41+1.5 98+0.44
F2 5.1+0.15 42+1.2 98+0.67
F3 5.3+0.17 44+1.6 97+0.13
F4 5.6+£0.11 48+1.5 97+0.21

3.4.2. In-vitro diffusion study.

The Franz diffusion cell apparatus was employed for an in-vitro diffusion study, which
was carried out for 8h. Among all formulations, F1 demonstrated the highest cumulative drug
permeation through the membrane, which was 86+2.18% as compared to F2, F3, and F4
formulations (75+2.71, 63+2.19, and 58+1.82%, respectively) as shown in Figure 3.
Formulation F1, F2, F3, and F4 followed Higuchi diffusion kinetics with R? values of 0.9664,
0.9687, 0.9792, and 0.9837, respectively. Water was selected as the external phase in o/w
microemulsions and serves as the medium through which the drug diffuses. F1, with the highest
water content, provides a more favorable environment for the drug to partition into the aqueous
phase and diffuse across the membrane. Smix facilitates the formation of microemulsions by
reducing interfacial tension and stabilizing droplets. F1 and F2 have relatively higher Smix

content, promoting the formation of smaller and more stable droplets with a larger surface area
for diffusion.

100

80

F2
60 3
1

40

20

Cumulative drug diffusion (%)
¢
=

0 2 4 6 8 10
Time (h)
Figure 3. In vitro diffusion study of microemulsion, indicating drug diffusion from F1 to F4 formulations,
formulation F1 showed higher drug diffusion as compared to F4.

https://nanobioletters.com/ 8 of 17


https://doi.org/10.33263/LIANBS152.057
https://nanobioletters.com/

https://doi.org/10.33263/LIANBS152.057

As oil content increased from F1 to F4, a gradual decrease in drug diffusion was
observed. Higher oil content leads to greater solubilization of the drug in the oil phase, thereby
reducing its thermodynamic activity and its diffusion from the formulation. These results were
consistent with those of Alkhaldi et al. (2025), who reported enhanced curcumin release with
increased water content [31].

3.4.3. Analysis of particle size, PDI, and zeta potential.

These studies were carried out to analyze the colloidal characteristics of luliconazole-
loaded microemulsion. Particle size of formulation F1 was 187.9+1.23nm, which was closer to
the standard microemulsion particle size (10-200 nm) [32]. PDI serves as an indicator of
globule size uniformity in formulation, with values between 0.0 and 1.0. Lower PDI values,
approaching 0.0, signify a narrower size distribution and greater homogeneity of the
microemulsion system. The polydispersity index of the optimized formulation was 0.2493 in
Figure (A), which indicates that the prepared microemulsion showed a narrow size distribution.
The zeta potential value of the F1 formulation was -34mV in Figure 4(B). Negative zeta
potential is primarily attributed to the non-ionic nature of Labrasol and Labrafil M 2125 CS,
which allows adsorption of hydroxyl ions (OH") from the aqueous phase onto the surface of
oil droplets. Additionally, components of lemongrass oil, such as citral and geraniol, carry
partial negative charges or undergo ionization in aqueous environments, further contributing
to the negative surface charge. Typically, stable microemulsion systems showed zeta potential
values more than£30Mv. These results were found to be approximately similar to the results
reported by Laxmi et al. (2015) for nanoemulsion of artemether [33]. On this basis, the F1
formulation indicated a stable microemulsion.

100
904

80

604
504
40 4
304
204

Intensity (Percent)

0 T 1
01 10 100 1e+03 le+04

Size (dnm)

(A)

Te+06 1
9e+05 1
8e+05 -
7e+05 -
6e+05 -
5e+05 -
4e+05 -
3e+05 -
2e+05 -
Te+05 -

0 -

-200 -100 0 100 200
Zeta Potential (mV)
(B)

Figure 4. (A) particle size; (B) zeta potential of optimized F1 formulation, indicating the particle size of
187.9 nm and zeta potential of -34mV.
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3.4.4. Differential scanning calorimetry (DSC).

The melting point and physical state of luliconazole were assessed by DSC in a
microemulsion formulation. Figure 5(A) presents a thermogram of pure luliconazole, which
shows a distinct endothermic peak near 153°C. This peak corresponds to the drug's melting
point as reported by Chatur et al. (2025) [34], confirming its crystalline nature. In contrast, the
thermogram of microemulsion in Figure 4(B) did not show the characteristic endothermic peak
of luliconazole. This shift indicates successful solubilization of the drug in the microemulsion
formulation.

\ A APl
B \ﬂ ( MICROEMULSION
B i —
\ 7—/
2
mw
153°C
60 8 100 120 140 160 180 200 20 w0 C
by
0 2 a 6 8 1 12 i 16 18 min

Figure 5. DSC study of (A) luliconazole; (B) microemulsion formulation, revealing complete solubilization of
the drug in the microemulsion as evidenced by the disappearance of the peak of luliconazole.

3.4.5. Scanning electron microscopy (SEM).

SEM image of the microemulsion exhibited a clearly defined spherical morphology
with sharp boundaries, suggesting a nearly perfect particle structure, as shown in Figure 6. This
characteristic can be attributed to the formation of oil globules that were dispersed in an
aqueous environment. Observed morphology resulted from the use of non-ionic surfactants,
whose hydrophobic tails turned away from the aqueous phase while hydrophilic heads
remained in contact with it. This amphiphilic arrangement promoted the development of
distinct, uniformly spherical oil globules in the microemulsion system.

< . 9 .5 «4»»- sy ¢ .:.'

wWD HV De wW essure —>5.0pm

1V
10.3 mm | 20.0 kV | 2( 4.92 pm ICON LABS

Figure 6. SEM image of microemulsion showing spherical, discrete microemulsion globules.
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3.5. Characterization of microemulgel.
3.5.1. pH, viscosity, and drug content.

The microemulgel formulation exhibited a pH of 6.0£0.11, aligning closely with the
physiological pH of skin. Maintaining a pH value close to that of normal human skin (around
pH 5.5) is particularly important in antifungal gel formulation. A slightly acidic environment
not only helps maintain skin health but also inhibits the growth of common fungal pathogens.
Viscosity of formulation was 10032+1.5cP. High values of microemulgel confirmed prolonged
adhesion of the formulation to skin. Drug content of microemulgel was 98+0.44%, which
indicates maximum drug solubility. The high drug content of the microemulgel formulation
might contribute to its enhanced therapeutic efficacy.

3.5.2. Texture analysis of microemulgel.

The technique of texture analysis quantifies and evaluates how a material reacts to
applied external force. Viscosity, spreadability, ease of removal from containers, and residence
time on the skin are important characteristics of topical gels that can be assessed using texture
analysis. The force-time plot obtained during texture analysis was used to determine
mechanical properties, including firmness, stickiness, and the work done. Firmness of the
sample was reflected by the maximum force recorded during the probe’s insertion. It measures
the sample's deformation under shear. A higher firmness value indicates improved formulation
density and uniformity. The maximum negative force measured during probe retraction during
the withdrawal phase was used to assess the gel's stickiness or cohesiveness. The hardness of
the work done was calculated as the ratio of the area under the firmness curve to the area under
the stickiness curve. Figure 7 and Table 4 showed that the marketed gel demonstrated
marginally higher firmness, enhanced stickiness, and greater work compared to microemulgel.
These observations suggest that the marketed gel is more viscous and less spreadable, whereas
the microemulgel enhances user comfort by enabling effortless application and even
distribution across the skin.

Brookfield Engineering Labs

Brookfield Engineering Labs

I
L/ |
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|
|
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Figure 7. Texture profile analysis of (A) microemulgel; (B) marketed gel.
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Table 4. Spreadability of microemulgel and marketed gel.

Sample Firmness(g) Hardness of work done(mJ) Stickiness(g)
Microemulgel 60+2.14 300£1.43 23+1.24
Marketed gel 64+1.83 320+2.11 24+1.36

The firmness and stickiness of microemulgel and marketed gel were analyzed by an
unpaired t-test to determine the significant difference between microemulgel and marketed gel.
The result of the firmness demonstrated pooled variance, a t-stat, and p-value of 1, -4.90, and
0.008, respectively. Since the p-value of 0.00805 < 0.05, it signifies a significant difference
between microemulgel and the marketed gel. This conclusion is valid with 99% confidence. A
t-test was also applied to check the significant difference between these formulations to
evaluate stickiness. Results indicated pooled variance, a t-stat, and p-value of 1, 2.77, and 0.29,
respectively. Since the p-value of 0.29 >0.05, it signifies no statistical difference between
microemulgel and the marketed gel stickiness. The small difference observed (1 unit) could be
due to random variation rather than a true effect.

3.5.3. In-vitro drug diffusion study.

The Franz diffusion cell apparatus was used to carry out an in vitro diffusion study.
Drug diffusion from luliconazole-loaded microemulsion, luliconazole-loaded microemulgel,
and luliconazole was 86+0.81, 71+0.95, 29+0.69%, respectively, within 8h, as shown in Figure
8. Drug release kinetics from luliconazole-loaded microemulsion, luliconazole-loaded
microemulgel, and luliconazole followed Higuchi diffusion kinetics; R? values were 0.9664,
0.9969, and 0.9964. Microemulsion showed the highest percent drug diffusion compared to
microemulgel and luliconazole, due to the oil phase (lemongrass oil) and surfactants (Labrasol
and Labrafil M 2125 CS), which help improve drug solubilization and maintain luliconazole
in solubilized form. Luliconazole-loaded microemulgel showed sustained release of the drug
over time. This was due to the incorporation of a microemulsion into the gel, which acted as a
barrier, slowing the diffusion of the molecule from the formulation and increasing the time of
contact between the formulation and the site of application. Limited drug diffusion of
luliconazole was observed, attributed to its low aqueous solubility.

100

-+-Microemulsion
80

Microemulgel

60 -+-Luliconazole

40

20

Cumulative drug diffusion (%)

Time (h)

Figure 8. In-vitro diffusion study of luliconazole diffusion from microemulsion, microemulgel, and
luliconazole, indicating more luliconazole diffusion from microemulgel and restricted drug diffusion from
luliconazole-loaded gel.

3.5.4. Ex vivo diffusion study.

Goat skin was employed in an ex vivo diffusion study to assess drug diffusion.
Microemulsion, microemulgel, marketed gel, and luliconazole plain gel showed 79+1.75,
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68+2.06, 64+1.97, and 27+1.58% drug diffusion, respectively, in 8 h, as shown in Figure 9.
Drug release kinetics from microemulsion, microemulgel, marketed gel, and luliconazole
followed Higuchi diffusion kinetics, and R? values were 0.9805, 00.9972, 0.9883, and 0.9809,
respectively.  Microemulsion showed the highest percent drug diffusion compared to
microemulgel, marketed gel, and luliconazole-loaded microemulgel. Luliconazole-loaded
microemulgel showed sustained drug release over a defined period due to the viscous gel
matrix. Luliconazole has low aqueous solubility, and in plain gel, it was present in a partially
suspended or crystalline state, limiting diffusion. The absence of solubilizers or penetration
enhancers reduces drug diffusion in luliconazole plain gel.

100
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¥ 40
=
E --Luliconazole gel
=
E 20
=
&}

0

0 2 4 6 8 10
Time (h)

Figure 9. Ex vivo diffusion study indicating diffusion of luliconazole from microemulsion, microemulgel,
marketed gel, and luliconazole-loaded gel

3.5.5. Antifungal activity.

Antifungal activity of pure luliconazole, lemongrass oil, luliconazole-loaded
microemulsion, luliconazole-loaded microemulgel, and marketed gel was performed against
C. albicans in triplicate (n=3). Figure 10 shows observed inhibition zones.

Figure 10. Antifungal activity of (A) Luliconazole; (B) Lemongrass oil; (C) Microemulsion; (D) Microemulgel;
(E) Marketed gel demonstrating antifungal activity of luliconazole and lemon grass oil individually and
enhanced activity in the formulation of microemulgel, as well as comparison with the marketed gel against
Candida albicans.
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Diameter of zone of inhibition of pure luliconazole, lemongrass oil, luliconazole-loaded
microemulsion, luliconazole-loaded microemulgel, and marketed gel was 18+0.3, 14+0.2,
24+0.6, 29£0.4, and 26+0.4mm, respectively. The zone of inhibition of luliconazole-loaded
microemulgel was greater than that of microemulsion and the marketed gel. Microemulgel
contains a gel base, which provides sustained drug release. This allows continuous drug
availability at the site, maintaining inhibitory concentrations against Candida for longer. Also,
the combined effect of luliconazole and lemongrass oil revealed better antifungal activity.

4. Conclusion

Luliconazole-loaded microemulgel was successfully developed using lemongrass oil
with a Smix of Labrasol and Labrafil M 2125 CS at a ratio of 7:1. The small globule size of
the microemulsion favored availability at the application site, while the microemulgel covered
a wider area of the skin for a longer duration, helping prevent fungal infection. A combination
of luliconazole with lemongrass oil enhances antifungal activity against Candida albicans.
Further studies must be conducted for the long-term stability of the formulation and its
effectiveness in preclinical and clinical studies.
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