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Abstract

Objective

Every year, fungal diseases claim the lives of over 3.75 million people worldwide, and the lack of effective treatments
and the emergence of medication resistance are significant obstacles. The natural substance curcumin, which has strong
antibacterial qualities, has a low bioavailability.

Methods

Curcumin loaded leciplex formulated by simple one step creation technique using phospholipid, CTAB and transcutol
HP. The prepared leciplex were optimized through custom design. Formulation integrated into Carbopol gel system and
assessed for various parameter such as mean particle size, PDI, entrapment efficiency, zeta potential, in-vitro drug
release and EX-vivo permeation.

Results

The optimized CUR-LP formulation exhibited a particle size of ~206.6 nm, PDI of 0.418, high entrapment efficiency
(92.81 + 1.02%), and a positive zeta potential (+26.30 mV), indicating good stability and enhanced skin adhesion. DSC
and SEM analyses confirmed successful incorporation of curcumin into uniformly distributed spherical nanoparticles.
The CUR-LPG gel showed suitable physicochemical properties, including a skin-compatible pH (5.64 + 0.1), good
spreadability, and appropriate mechanical strength for topical application. In vitro and ex vivo studies demonstrated
sustained drug release and controlled skin permeation compared with CUR-LP and the marketed formulation.
Furthermore, CUR-LPG exhibited superior antifungal activity against Candida albicans, with the highest zone of
inhibition (24.1 = 0.6 mm), highlighting its potential as an effective topical delivery system for prolonged antifungal
therapy.

Conclusion

Overall, the results support the potential of CUR-LPG as a promising and effective topical therapy for fungal
infections, offering enhanced stability, extended drug release, and improved therapeutic efficacy.
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INTRODUCTION

Recent studies suggest that fungal diseases are
responsible for around 3.75 million deaths globally
each year — nearly twice the earlier estimates of 1.5 to
2 million annual deaths. Of these, approximately 68%
(about 2.5 million) are directly caused by fungal
infections!. Individuals with weakened immune
systems are more prone to developing fungal
infections, which can occur on various parts of the
body. Common examples include onychomycosis and
candidiasis. Certain fungal infections are linked to high
mortality rates due to their severity and difficulty in
treatment®. Fungal infections can range from gentle,
facile conditions affecting the skin to severe, life-
threatening systemic illnesses. Current antifungal
treatments are confined to a few drug classes with
many medications specifically targeting limited fungal
species like Candida, Aspergillus, and Cryptococcus.
Although these treatments can be effective, their use is
often restricted due to issues such as toxicity,
interactions with other drugs, suboptimal therapeutic
outcomes, and rising antifungal resistance —
especially in strains like Candida auris and Aspergillus
fumigatus. These challenges emphasize the need for
the modification of novel antifungal factor?.

Curcumin, that is present in nature fall out under
lipophilic polyphenolic compound*. The primary
component of Curcuma longa is its rhizome, which
contains a small, lipophilic molecule capable of easily
penetrating cell membranes®. Curcumin’s therapeutic
utility is limited by its poor aqueous solubility, low
gastrointestinal absorption, and rapid metabolic
degradation, which collectively reduce its systemic
bioavailability and hinder effective clinical outcomes
®Research has demonstrated that curcumin have a wide
range of biological activities, including blood sugar-
lowering, antimicrobial, antiviral, neuroprotective,
anti-inflammatory, anticancer, properties’. Minimizing
the particle size of curcumin is essential for improving
its pharmacological efficacy and bioavailability®.
Nanotechnology enhances drug delivery, solubility,
targeting, and exhibits direct antifungal effects by
fungal cell disruption. However, clinical translation
faces challenges like safety, toxicity, scalability, and
controlled drug release * '°.

Liposomes, composed of phospholipid bilayers, have
been widely studied as carriers for transdermal drug
delivery'"'2.  Liposomes can encapsulate both
hydrophilic and hydrophobic formed by combining
anionic phospholipids with cationic surfactants'>.
Leciplex, prepared via a one-step fabrication process,
carry a positive charge that enhances drug penetration
by interacting with the negatively charged skin'®.

Hydrogels are three-dimensional structures formed by
hydrophilic polymers'® which contains chemical or
physical cross-linking Carbopol®!®, and also
biocompatible with the dermal cells Carbomer
polymers have a cross-linked microgel network, which
makes them highly suitable for use in dermatological
drug delivery systems. The research study describes
Curcumin-loaded  Leciplex =~ was  successfully
formulated and incorporated into a Carbopol-based
hydrogel'®. The optimized system showed improved
drug release, skin permeability, and enhanced
antifungal activity, indicating its potential as an
effective topical antifungal treatment.

17,18

MATERIALS AND METHODS

Materials

Curcumin obtained from Herbo Nutra Pvt. Ltd (India).
Transcutol® HP was acquired from Gattefoss¢, Saint-
Priest, France. Cetyl trimethyl Ammonium bromide
(CTAB) was purchased from Sisco Research
Laboratories (Mumbai, India). Soybean Lecithin
(Phospholipon® 90G, PL-90G) was an Otto Chemie
Pvt Ltd. The Carbopol 940 was obtained from Lubrizol
I Private Limited, (Mumbai). Dialysis membrane (Mol.
Weight cut off 12000 — 14000) was obtained from, Hi-
Media Laboratories (Mumbai). The culture of Candida
albicans was received from National Centre for
Microbial Resource (Pune). The Agar-Agar media
were got from Research-lab Fine Chem Industries,
(Mumbai, India). All remaining ingredients utilized of
analytical grades.

Pre-formulation studies

Solubility study

To evaluate the solubility of curcumin, an excess
amount of curcumin was added separately to (PBS, pH
6.8), distilled water, ethanol. Each mixture subjected to
continuous agitation at 75 rpm using a shaker incubator
maintained at 37+0.5°C for 48 hours to ensure
equilibrium. Later on, incubation, samples centrifuged
at 10,000 rpm for fifteen minutes to separate
undissolved curcumin. The resulting supernatant was
collected and analyzed spectrophotometrically to
determine the concentration of solubilized curcumin.

UV spectrophotometric analysis of drug in various
solvents

In ethanol

Stock solution initially processed by dissolving 10 mg
drug in 100 mL of ethanol, yielding a concentration of
100 pg/ml. From primary solution, dilutions were
prepared (1 pg/mL to 9 pg/ml). Readings of these
diluted samples were UV spectrophotometrically
calculated at 425 nm?.

In phosphate buffer (PBS) 6.8
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Preparation of curcumin stock solution involved
solubilizing 10 mg of curcumin in 100 mL of PBS
solution with a resulting concentration of 100 pg/mL
were formulated using a pH 6.8 PBS containing 1.5%
polysorbate 80. Subsequently, 5 pg/mL working
solutions were prepared media. UV-Visible
spectrophotometric analysis was carried out using the
corresponding solvent systems as blanks, to identify
the maximum absorbance wavelength (Amax) of
curcumin. Figure represents the concentration versus
absorbance data phosphate buffer at pH 6.82!.

FTIR Studies

The FTIR spectrum of Curcumin, Physical mixture,
Transcutol HP and CTAB were recorded across a
range of 4000-400 cm™, with resolution of 2 cm™
using FTIR Spectrophotometer (Brucker)?

Preparation of Curcumin Loaded Leciplex (CUR -
LP)

The formation of lecithin-based cationic nanoparticles
was done using a simple one-step production
procedure. In short, 180 mg of soybean lecithin (Lipoid
S 100) and 90 mg of CTAB were carefully weighed
and then transferred to transcutol (0.5 mL). Before
adding CUR (30 mg) to the lipid phase and continuing
to heat the bottle until a clear, homogenous solution
formed, the phospholipids and CTAB were dissolved
by heating it to a continuous 70 °C in a water bath.
Following that, 9.5 ml of double-distilled water kept at
70°C was immediately poured into lipid phase with
continuous mixing (1200 rpm) until a uniform nano
dispersion was created?’.

Optimization of CUR- LP by custom design Model
Optimization was done by using a custom design,
using Design Expert® software (version 13.0, Stat-
Ease Inc., Minneapolis, USA). While EE (Y1), particle
size (Y2), and PDI (Y3) were chosen as dependent
factors, soylecithin (A) and CTAB (B) were chosen as
independent variables (Table 1). CUR-LP formulations
were created, and the responses of each CUR-LP were
applied to various experimental models (linear, 2F,
quadratic, and cubic) in order to analyse the best-fit
model. The results confirmed using the ANOVA test. A
polynomial equation, a contour plot, and a (3D) graph
were computed for entrapment efficiency and PDI,
particle size.

Evaluation of CUR-LP

Particle size and Polydispersity index

CUR-LP particle size and PDI were analyzed using
photon correlation spectroscopy at 25.1 °C with a 90°
detection angle. Double-distilled water, passed through
a 0.45 um filter, was utilised for diluting samples and
maintain ideal light scattering conditions.

Entrapment efficiency

Encapsulation efficiency of the CUR-LP formulation
was evaluated by adding 1000 mg of NaCl to 10 mL of
the dispersion, centrifugation at 8,000 rpm for 60 min
to promote phase separation. The supernatant was
analysed spectrophotometrically at 425nm to get

concentration of free (un-encapsulated) curcumin,
using a validated calibration curve (R?>=0.999). The
(EE %) was measured using the following equation:
EE (%) =[(T - C)/T] x 10

where T is amount of curcumin used and C is amount
of free curcumin®*

Zeta potential

Zetasizer Delsa™ Nano (Beckman Coulter, Brea,
USA) was used to evaluate the particle surface charge.
The zeta potential, an essential parameter for assessing
stability of nanoparticles, was measured using
electrophoretic light scattering (Horiba SZ-100, Japan)
at 25 °C, with 3.3 V voltage and a sample conductivity
0.394 mS/cm?.

Differential scanning calorimetry (DSC)

Differential scanning calorimetry was conducted to
know effect of temperature on curcumin-loaded
LeciPlex using a Perkin Elmer 4000 instrument
(Germany). 3—4 mg of the sample was subjected to
thermal analysis, with temperature increased from
20 °C to 420 °C at a constant heating rate?.

SEM

The outer structure of curcumin-loaded LeciPlex was
examined using Scanning Electron Microscopy (SEM)
at (Icon labs, Mumbai). A small amount of the dried
leciplex were placed on a carbon tape and wrapped
with gold to follow conductivity. The sample was then
observed under the SEM at 20.0 kV with a
magnification of 16000x.

Preparation of Hydrogel containing CUR-LP

To prepare the gel, Carbopol 940 was initially
distributed in water and allowed to swell overnight.
Neutralization was carried out using triethanolamine.
Magnetic stirrer was utilized for formation of uniform
blend of CUR-LP into gel. All constituents were
combined in calculated ratios to formulate uniform gel,
containing 0.035% (w/w) curcumin.

Evaluation of Hydrogel containing CUR-LP
Appearance, Clarity 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 by digital pH meter (EQ-
610, Equip Tronics, and Mumbai, India)?’.

Rheological studies

Gel viscosity was determined at ambient temperature
(around 25°C) using a Brookfield viscometer fitted
with spindle no. 64, operating at 100 rpm. About
100 mL of the gel was transferred into a beaker for the
measurement. The viscosity was recorded in centipoise
(cP)®,

Determination of spreadability

Parallel plate method was used for spreadability.
Around 0.1 g of the formulation was positioned within
a 0.5 cm radius circle noted on a glass slide. Another
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slide was carefully placed over it, followed by the
application of a 200 g weight for 5 minutes. The spread
diameter was then measured to determine the extent of
gel spreading?.

Texture analysis

The mechanical possession of hydrogels was tested
using a texture-Pro CT V1.3 texture analyser
(Brookfield Engineering Labs) with a 10Kg load cell
and a TA3/100 probe. The probe compressed each
sample twice at 0.5 mm/s to a depth of 10 mm, with a
15s interval between compressions. Measurements
were done in triplicate at room temperature
(~21£2°C). Texture Exponent software was used to
evaluate hardness, adhesiveness from force—time
graphs. 3,

In vitro drug release study

Franz diffusion cell with capacity of 20 mL and a
diffusion area of 2.08 cm? was used to study in vitro
drug release. A dialysis membrane separated the donor
and receptor chambers. CUR-LPG was evenly applied
to the membrane. The receptor side contained pH 6.8
buffer, stirred continuously at 37 + 0.5 °C. To preserve
sink conditions, 1 mL samples were drawn and filled
back with fresh media. The collected aliquots were
appropriately diluted and read spectrophotometrically
to determine amount of CUR released over period. The
release of CUR-LPG was assimilated with that of a
commercial curcumin cream (1% w/w) and CUR-LP3!,

EX-vivo permeation study

These studies executed using Franz diffusion apparatus
with receptor volume of 20mL, area of 2.08 cm?.
Freshly excised goat skin, obtained from a local
slaughterhouse, was employed as the biological
membrane. The CUR-LPG formulation was loaded to
the donor compartment, while the receptor chamber
was filled with PBS (pH 6.8) and replicate
physiological condition. The skin was placed between
the two chambers. At specific time intervals, samples
were extracted, suitably diluted, and assessed at

425 nm using a spectrophotometrically to determine
curcumin concentration. From the resulting data,
parameters such as cumulative drug permeation (Qaz,
pg/cm?) and the permeability coefficient (Kp, cm/h)
were calculated®2.

Antifungal study

The antifungal activity of CUR-LPG evaluated using
the agar well diffusion method against Candida
albicans. To fix the agar medium, essential
components were dissolved in distilled water and
subsequently sterilized using an autoclave at 15 psi and
121 °C for 20 minutes. Post-sterilization, the medium
was transferred into sterile Petri dishes and left
undisturbed at r 37°C to solidify, after the agar
solidified, a consistent layer of Candida albicans was
uniformly applied over the surface. Using a sterile
stainless-steel borer, wells punched into the medium,
and each was filled with either the CUR-LPG
formulation or a placebo using a sterile syringe. The
inoculated plates nurtured at a temperature range of
28-35 °C for 48 hours to facilitate fungal proliferation.
Upon completion of the incubation period, the
diameters of the inhibition zones around each well
were recorded to evaluate the antifungal activity*>.

RESULTS

Pre-formulation studies

Solubility study

Solubility was evaluated in various solvents, and the
results were revealed in Table No. 01. Curcumin
exhibited extremely low solubility in water, with a
measured value of 0.0016 mg/mL, indicating its poor
aqueous solubility. In contrast, a significantly higher
solubility was observed in ethanol (13 mg/mL),
suggesting ethanol as a suitable solvent for enhancing
curcumin’s solubility. At 0.0059 mg/mL, curcumin
demonstrated marginally greater solubility than water
in PBS, pH 6.8. These results emphasize curcumin's
hydrophobic properties and provide credence to the use
of organic solvents or formulation techniques to
increase its bioavailability.

Table 1: Solubility of curcumin in different solvents.

Drug Solubility in water | Solubility in ethanol | Solubility in PBS (6.8)
(mg/ml) (mg/ml)

(mg/ml)

Curcumin 0.0016

13

0.0059

Standard curve of curcumin in ethanol

A standard curve for curcumin in ethanol was constructed in range of 1-9 pg/mL and the linear regression equation, y =
0.099x + 0.0475, with a (R?) of 0.9993, demonstrating excellent linearity. The corresponding linearity plot is presented

in Figure la.
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Figure 1a: Linearity plot of curcumin in ethanol

Standard curve of Curcumin in phosphate buffer (PBS)
6.8

A curcumin calibration curve has been created for the
concentration range of 0.5-5 pg/mL in PBS, pH 6.8.
Excellent linearity was indicated by (R2) of 0.9993 and
the equation y = 0.174x + 0.0299 that was obtained

from the data (Figure 1b). This robust association
demonstrates  that,  within  the  investigated
concentration range, the absorbance obeyed Beer-
Lambert's rule. Figure (1b) illustrates the calibration
curve's linearity, confirming the technique for precise
curcumin quantification in PBS.
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Figure 1b: linearity plot of curcumin in PBS 6.8

FTIR analysis

The FTIR spectrum of the curcumin drug sample was analyzed to identify characteristic functional groups (Figure 1c).
A broad band around 3222 cm™ indicated O—H stretching, confirming phenolic hydroxyl groups. A sharp peak at
approximately 738 cm™ corresponded to C—H bending vibrations, arising from both aromatic and aliphatic hydrogen
atoms. A prominent peak near 1681 cm™ was assigned C=O stretching confirmed a conjugated diketone; peaks near
1560 cm™ indicated aromatic C=C stretching. Supporting the existence of benzene moieties. Additional bending
vibrations of C—H bonds were noted in the 1450—1350 cm™ region. These spectral features collectively confirm the

chemical structure of curcumin.
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Figure 1c: FTIR spectra of Curcumin (Drug).

FTIR of Cetyltrimethylammonium Bromide (CTAB)

The FTIR of CTAB was recorded and characteristic peaks were observed at Peaks at 2914 cm™ and 1461 cm™ indicated
C—H stretching and bending; 960 cm™ confirmed C—N stretching, verifying CTAB’s quaternary ammonium group and
structural integrity (Figure 1d).

-
= _Bw)ﬂ )
=
= | |
E o
g >
2 .
£«
E = | \
= | L]
£ o
= = |
=
-
e
E i
s
S = 28 3
RE 2 g8 £
3500 3000 2500 2000 1500 1000

Wavenumber crm-1

Figure 1d. FTIR spectra of Cetyltrimethylammonium Bromide (CTAB).

FTIR Analysis of Transcutol

The Fourier Transform Infrared (FTIR) spectrum of Transcutol HP was recorded to confirm its chemical identity and
assess the presence of functional groups (Figure le). Peak at 3437 cm™ indicated O-H stretching; 2926 cm™, C—H
stretching; 1106 cm™, C—O-C stretching, confirming alcohol and ether group in transcutol HP, consistent with its
chemical structure as diethylene glycol monoethyl ether. The results validate its structural integrity and suitability for
use as a solubilizer and permeation enhancer in pharmaceutical formulations.
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Figure 1e: FTIR spectra of Transcutol HP.

FTIR of physical mixture

The FTIR of physical mixture (Figure 1f), was
analyzed to investigate any possible chemical
interactions among the components. The spectrum
revealed distinct absorption bands corresponding to the
functional groups of the individual constituents,
indicating that their chemical structures remained
unchanged within the mixture. Prominent peaks were

detected around 3350 cm™ (O-H signaling), 2920—
2850cm™ (C-H signaling), 1735cm™ (C=0
signaling), and within the range of 1050-1250 cm™
(C-O signaling). The lack of noticeable peak shifts,
disappearance, or formation of new bands suggests that
no significant chemical interactions occurred, thereby
confirming the compatibility of the components in the
physical blend.
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Figure 1f: FTIR spectra of Physical mixture.

FTIR overlay spectrum

The FTIR overlay spectrum illustrates the characteristic functional group

vibrations of Curcumin, CTAB

(Cetyltrimethylammonium bromide), and Transcutol, confirming their chemical identities and interactions in the
formulation. For Curcumin, notable peaks include O—H stretching at 3222 cm™, C=0O stretching at 1681 cm™, and
aromatic C=C stretching at 1560 cm™, indicating phenolic and conjugated diketone functionalities. CTAB shows
distinct C—H stretching and bending at 2914 cm™ and 1461 cm™, respectively, corresponding to its long hydrocarbon
chain (Figure 1g). Transcutol presents C—H deformation at 1377 cm™ and C—H rocking/wagging 986 cm™, affirming

its presence as a solvent/co-solvent.
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Optimization of CUR-LP by Custom Design
Optimization of CUR - LPG was done using a
response surface method custom design, to evaluate
two independent variables— concentrations of
surfactant, phospholipid—on the aforementioned
response parameters. Nine experimental formulations
were developed to statistically assess these effects.
Optimized CUR-LP formulation comprised curcumin
(30mg) phospholipid (175 mg), CTAB (105 mg),
Transcutol P (0.5 mL), and distilled water (9.5 mL).
Impact of Independent Variables on Entrapment
Efficiency (EE %)

EE across different formulations lie in 86.9% to
98.54%, as shown in Table 2. Statistical analysis
indicated that the quadratic model was highly
significant, demonstrated by F-value (4.69) and p-

Pane 171

Figure 1g: FTIR Overly Spectrum

value (< 0.0001). Additionally, the sequential p-value
(0.0035) supports the model's reliability. Adjusted and
predicted R? values aligned well, and a precision value
of 6.432 confirmed the model’s suitability for design
optimization.

Y=69.82+0.178 A+0.381B—0.000837AB—0.000376 A%~
0.00165B%(4)

The coefficients for A (soyalecithin) and B (CTAB)
suggest that elevation in concentrations leads to higher
entrapment efficiency, likely due to enhanced vesicle
formation and stabilization. However, the negative
quadratic terms imply that excessively high levels of
these components can reduce EE%, possibly due to
vesicle instability or saturation. The corresponding 3D
surface plot (Figure 2) further supports the selection of
a quadratic model for optimizing EE%.

3D Surface

Figure 2: 3D surface plot demonstrates the effect of an independent variable on Entrapment efficiency
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Impact of Independent Variables on Particle Size

The measured particle size for different formulation
batches ranged from 186 nm to 349 nm, as shown in
Table 2. The developed quadratic model was found to
be statistically significant, with F-value (4.61) (p <
0.0001) and a sequential p-value (0.0050), confirming
reliability. The predicted and adjusted R? values were
in good agreement, and an adequate precision of 6.468
indicated a desirable signal-to-noise ratio, supporting
the model’s use in optimizing particle size within the
experimental space.
Y=428+4.30A+11.45B—28.46AB—10.84A%-2.90B%(5)
The positive coefficients for A (soyalecithin) and B
(CTAB) suggest that an increase in either component

rises particle size. This confirms formation of larger
vesicles as more lipid or surfactant material becomes
available for vesicle assembly. The negative
coefficients of AB, A% and B? indicate that beyond
certain levels, interactions between the components or
excessive concentrations may lead to a reduction in
particle size, likely due to changes in vesicle stability
or packing efficiency. The corresponding 3D surface
plot (Figure 3) further confirms that the quadratic
model offers good suits to data. This used to predict
particle size behavior effectively, based on variations in
soyalecithin and CTAB concentrations.

Figure 3: Three -dimensional surface plot demonstrate the effect of independent variables on Particle size

Impact of Independent Variables on Polydispersity
Index (PDI)

The PDI values ranged between 0.352 and 0.595
(Table 2), indicating moderate homogeneity in particle
size distribution. The quadratic model developed for
PDI was statistically relevant to F-value 7.03 (p =
0.0117), and p-value of 0.0394 confirmed importance
of the model. Although the predicted R? was slightly
negative (-0.18), adjusted R? (0.715) and adequate
precision value of 6.03 support the model’s relevance
for design space evaluation.
Y=0.418+0.0309A-0.0254B+0.0608 AB+0.0731 A%+0.
0486B%(6)

C

PO

p
S e
SIS
LSS
S

The positive coefficient for A (soyalecithin) indicates
that increasing its concentration may lead to a slight
rise in PDI, possibly due to the formation of varied
vesicle sizes. In contrast, the negative coefficient for B
(CTAB) implies that higher surfactant levels can
promote uniform particle formation, thereby lowering
the PDI. The interaction (AB) and squared terms (A2,
B?) further demonstrate the complexity of their effects.
These trends are visually confirmed in the 3D surface
plot (Figure 4), emphasizing that a quadratic model
appropriately describes the PDI behavior.

3D Surface

s
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R E e
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Figure 4: Three -dimensional surface plot demonstrate the effect of independent variables on PDI
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Table 2: Custom design represents variable with their levels and measured responses from experimental runs

Run | Factor-1 A: Soya | Factor-2 B: CTAB | Response-1 EE | Response-2 Particle Size | Response-3
lecithin (mg) (mg) (%) (nm) PDI
1 150.0 120.0 87.4 186 0.352
2 175.0 105.0 92.8 206 0.418
3 210.3 105.0 98.54 313 0.577
4 139.6 105.0 86.9 309 0.574
5 200.0 90.0 96.24 349 0.583
6 150.0 90.0 88.6 320 0.583
7 175.0 126.2 94.8 306 0.532
8 200.0 120.0 95.6 340 0.595
9 175.0 83.78 94.5 301 0.521

Assessment and Characterization of CUR-LP Formulation

Particle Size, PDI, Entrapment Efficiency, and Zeta Potential

The optimized leciplex formulation of CUR was systematically evaluated. The mean particle size of the formulation
was 206.6nm, confirming the formation of nano sized vesicles suitable for enhanced topical penetration. The
Polydispersity index (PDI) was measured to be 0.418 + 0.046.

The formulation exhibited entrapment efficiency (%EE) of 92.81 + 1.02%, suggesting efficient incorporation of
curcumin within the lipid bilayer structure. This high encapsulation may be attributed to the lipophilic nature of the drug
and its strong interaction with the phospholipid and surfactant matrix.

The optimized batch exhibited zeta potential (+26.30 mV), which can be attributed to the incorporation of the cationic
surfactant, Cetyltrimethylammonium bromide (CTAB). This positive surface charge contributes to electrostatic
stabilization by minimizing particle aggregation, thereby enhancing the colloidal stability of the system (Figure 5).
Moreover, the presence of positively charged vesicles is anticipated to promote electrostatic interactions with the
negatively charged skin surface, which may enhance drug deposition and improve permeation across the stratum
corneum.
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Figure S. (a) Particle size and (b) Zeta potential of optimized batch

DSC study loaded Leciplex (CUR-LP) formulation. Pure curcumin
The DSC study in (Figure 6) illustrates the thermal exhibits a distinct peak at 179.5°C, conforming
behaviour of pure curcumin (API) and the curcumin- melting point and crystallinity. However, piercing peak
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absent in DSC profile of CUR-LP formulation,
suggesting that curcumin is no longer in its crystalline
form. Instead, two broad thermal events appear around
123°C, which may be attributed to the thermal
properties of formulation excipients such as lecithin,
CTAB, or the evaporation of Transcutol. The

“exo

disappearance of the curcumin melting peak in the
formulation indicates successful encapsulation and a
likely transition of the drug into an amorphous or
molecularly dispersed state within the nanocarrier. This
change may enhance the solubility and bioavailability
of curcumin.

20
s
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\ /l LECIPLEX
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Figure 6: DSC thermogram of pure drug and CUR-LP

Scanning Electron Microscopy (SEM)

As shown in figure 7; demonstrates the formation of
spherical to nearly spherical particles with relatively
uniform distribution and no signs of aggregation,
indicating good dispersion. The surface appears

smooth, which may reflect successful encapsulation of
the drug within the vesicular matrix. The nano scale
size of the particles, as inferred from the scale bar (5.0
um), supports their potential suitability for enhanced
skin permeation and bioavailability.

] Figure 7: Scanning electron microscopy of leciplex

Assessment of CUR-LPG

Clarity, Visual characteristics and pH

The prepared curcumin gel exhibited a smooth,
homogeneous texture with a uniform yellow colour and
no visible lumps or grittiness. The formulation had a
characteristic mild odour consistent with curcumin.
The observed pH of the gel was 5.64 + 0.1, which falls
within the acceptable range of 5.5-6.5 for topical
application, ensuring skin compatibility. The pH was
adjusted using Triethanolamine (TEA), which
neutralized the gelling agent to form a stable gel and
maintain suitable pH.

Viscosity

The sample was placed in the viscometer container,
and spindle No. 64 was used at a rotation speed of
100rpm to record the viscosity. The viscosity was
found to be 5837 + 146.22 cps.

Spreadability

Spreadability is a critical parameter influencing patient
compliance, as it ensures easy and uniform application
of the topical formulation. A well-spreadable gel
enhances user comfort and therapeutic effectiveness.
To evaluate the spreadability of the CUR-LPG
formulation, the glass plate method was employed. The
results showed that the gel exhibited a spreadability
range of 5.8 to 6.5 cm, which falls within the
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acceptable standard of 5 to 7 cm, indicating adequate
and consistent spreadability. These findings confirm
that the gel has a suitable consistency for topical
application, ensuring smooth and effortless spreading
over the skin.

Texture analysis

The textural properties of the CUR-LPG gel were
evaluated to ensure its suitability for topical application
(Figure 8). The gel exhibited a hardness of 45 g with a
deformation value of 9.9 mm, indicating a balanced
firmness that allows easy dispensing without leakage.
The work cycle during hardness testing was 1.2mJ,

reflecting the energy needed for extrusion and
confirming smooth applicability. Adhesiveness was
recorded as 1.2 mJ, suggesting adequate stickiness for
localized retention without compromising

spreadability. Additionally, the adhesive force was
measured at 22 g, supporting the formulation’s ability
to maintain contact with the skin surface. These values
collectively confirm that the gel possesses optimal
mechanical strength and adhesive behavior, making it
well-suited for effective and user-friendly topical
delivery.

Figure 8: Texture analysis of CUR-LP

In-vitro analysis

The release of CUR from three formulations—CUR~—
LP, CUR-LPG, and a marketed product with results
illustrated in Figure 9a. The marketed formulation
exhibited fast release, 50% CUR released in the first 4
hours, reaching a cumulative release of 96.45 + 1.3%
at 8 hours. In contrast, the CUR-LP suspension
exhibited a slower release profile, with less than 30%
released in 4 hours and a total of 86.46 + 2% at 8

hours. The CUR-LPG gel showed the most controlled
release, with less than 20% released in 4 hours and a
final cumulative release of 76.70 % at 8 hours. The
reduced release rate in the LP and LPG formulations is
attributed to the encapsulation of CUR within lipid
structures and the viscous nature of the gel matrix,
respectively. The sustained release behaviour of CUR—
LPG suggests its potential to maintain therapeutic
levels over an extended period.

% Cumulative Release
cBbE8sEsyme B

Time (Hrs)

—o—Marketed

—&— CUR-LPG

—&—CUR-LP

Figure 9a: In-vitro drug release data for CUR-LP, CUR-LPG and marketed formulation phosphate buffer
solution pH 6.8 (n=3 + SD)

Ex -vivo permeation study

This study performed using goat abdominal skin to compare CUR permeation profiles of the marketed curcumin
formulation and the CUR-LPG. The permeation of curcumin per unit area was measured over an 8-hour period. The
marketed formulation showed a higher cumulative permeation of 93.95 + 0.8%, while the CUR-LPG gel demonstrated
a slower permeation of 74.61 + 0.3 % (Figure 9b). The lower permeation rate from CUR-LPG can be attributed to the
viscous gel matrix, which created a diffusion barrier, resulting in a sustained and controlled release profile. The
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difference in permeation between CUR-LPG and the marketed product notable (p < 0.05), indicating that CUR-LPG
system effectively modulates curcumin release, potentially enhancing its therapeutic efficacy over an extended duration.
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Figure 9b: EX-vivo permeation profile of CUR-LP and marketed formulation using goat skin.

Antifungal assay

To evaluate the therapeutic potential of CUR-LP and
CUR-LPG formulations against fungal infections, an
antifungal study was conducted using Candida albicans
as the test organism. This method has been widely
reported in literature for assessing antifungal activity
through ZOI measurement.

After 48 hours of incubation, the results (Table 3)
revealed that curcumin-loaded Leciplex (CUR-LP)
exhibited improved antifungal action compared to the

a

marketed curcumin formulation, likely due to enhanced
drug penetration facilitated by the cationic liposomal
system. Furthermore, the CUR-LPG formulation
demonstrated an even greater and prolonged antifungal
effect. This sustained activity is attributed to the
viscous gel matrix, which modulates drug release and
maintains therapeutic levels over time by slowing
diffusion through the gel structure (Figure 10). These
findings support the enhanced antifungal potential of
CUR-LPG for topical application.

C

Figure 10: Anticandidal action of (a) Marketed (b) CUR-LPG and (c) CUR-LP

Table 3: Zone of Inhibition of Various Formulations against Candida albicans

Srno | Formulation | Zone of inhibition (mm)
1 CUR-LP 21.3+0.8
2 CUR-LPG 24.1+£0.6
3 Marketed 19.5+£1.0

Discussion

This study focused on developing a curcumin-loaded
Leciplex (CUR-LP) system and its gel-based
formulation (CUR-LPG) to enhance the topical
treatment of candidiasis. Curcumin's therapeutic
applications have long been limited by its low
solubility and poor bioavailability. By incorporating
curcumin into lipid-based nanocarriers, the study
aimed to overcome these drawbacks and improve both
drug delivery and efficacy.

The optimized CUR-LP formulation demonstrated
desirable physicochemical characteristics, including a
small particle size (~206.6 nm) and a narrow particle
size distribution (PDI 0.418), supporting uniformity
and  stability. ~ High  entrapment  efficiency
(92.81£1.02%) indicated successful incorporation of
curcumin into the lipid matrix, which can be attributed
to its lipophilic nature and interaction with
phospholipids and surfactants. The positive zeta
potential (+26.30 mV), due to the presence of CTAB,
enhances stability and supports better adhesion to the
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negatively charged skin surface, facilitating deeper
penetration.

Thermal analysis using DSC confirmed that curcumin
was effectively incorporated in an amorphous or
dispersed form, as indicated by the disappearance of its
characteristic melting point. SEM imaging further
validated the formation of uniformly distributed,
spherical nanoparticles, consistent with nanoscale
morphology.

Incorporation of CUR-LP into a Carbopol 940 gel
matrix resulted in a formulation (CUR-LPG) with
favourable characteristics for topical use. The gel was
smooth, uniform, and had a skin-compatible pH
(5.64+0.1). Rheological and textural evaluations
revealed that the formulation was easy to apply,
spreadable, and had good mechanical strength, which
are essential for patient comfort and consistent drug
application.

The in vitro release study highlighted the sustained-
release nature of the CUR-LPG gel compared to
CUR-LP and a commercially available curcumin
cream. This controlled release can be attributed to both
the lipid carrier system and the gel matrix, which
together create a diffusion barrier and prolong drug
availability at the site of application. Similarly, ex vivo
permeation studies showed that the gel formulation
resulted in slower but steady drug permeation through
the skin, suggesting improved retention and localized
drug action.

In terms of antifungal activity, both CUR-LP and
CUR-LPG  formulations demonstrated  greater
effectiveness against Candida albicans than the
marketed product. CUR-LPG exhibited the largest
zone of inhibition (24.1£0.6 mm), indicating
enhanced bioavailability and sustained action due to its
formulation. This confirms the benefit of combining a
cationic nano-carrier with a hydrogel base for
prolonged and targeted topical antifungal therapy.

Conclusion

This study successfully developed and optimized a
CUR-LP formulation using Custom Design, achieving
high drug entrapment efficiency (~92.8%) with
uniform nano sized particles (~204 nm, PDI 0.418),
indicating good stability. The CUR-LP was effectively
incorporated into a Carbopol gel base to form CUR—
LPG, which was then characterized for its
spreadability, pH, viscosity, , texture all of which
confirmed its suitability for topical application.

Drug release studies, in vitro and ex vivo, showed that
CUR-LPG formulation offered sustained release,
enhancing curcumin retention on the skin over time.
The antifungal activity assessed against Candida
albicans demonstrated that both CUR-LP and CUR—
LPG provided superior antifungal effects compared to
a conventional marketed formulation.

Overall, the results support the potential of CUR-LPG
as a promising and effective topical therapy for fungal
infections, offering enhanced stability, extended drug
release, and improved therapeutic efficacy.

Abbreviation-

CTAB: Cetyl trimethyl ammonium bromide
DSC: Differential Scanning Calorimetry
EE: Entrapment Efficiency

LP: Leciplex

CUR-LP: Curcumin loaded leciplex
CUR-LPG: Curcumin loaded leciplex gel
NM: Nanometre

PDI: Polydispersity index

PS: Particle size

RPM: Rotation per minute
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