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ABSTRACT

Objective: The novel topical application has several benefits over traditional dosing forms, such as preventing gastrointestinal discomfort, lowering
liver drug metabolism, and increasing medication bioavailability. Tolnaftate is used as potential anti-fungal agent various fungal infections.

Methods: The cubosomes were formulated by emulsification technique using probe sonicator. The formulation was optimized using different
concentrations of glyceryl monooleate and poloxamer 407.

Results: The formed cubosomes dispersion was subjected to entrapment efficiency, surface morphology, particle size, in vitro release, anti-fungal
study and ex-vivo study. The improved formulation was then transformed to a cubosomal hydrogel by the addition of carbopol 934. The average
particle size of the optimised cubosomes was 208.0 nm. Zeta potential has been found to be 49.8 mV, with an entrapment efficiency of almost
90.0%. The drug steady-state flux (Jss) values for Tolnaftate Cubosomal formulation, marketed formulation, and plain drug gel were nearly 11.98,
10.23, and 10.06 g/cm2. h. As compared to standard marketed preparation, the cubosome-loaded formulation demonstrated enhanced penetration,
extended deposition, and prolonged drug release.

Conclusion: The drug had low solubility and permeability; it was overcome and produced superior outcomes in the form of cubosomes, which

considerably increased the drug's solubility and permeability.
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INTRODUCTION

A vesicular drug delivery system is a highly ordered assembly of one
or more concentric bilayers that is produced when amphiphilic
building blocks self-assemble in the presence of water. Because they
can concentrate the medication at the site or organ of action by
diminishing its concentration at other body locations, they are
especially crucial for the targeted delivery of pharmaceuticals [1].

Cubosomes can be considered as a novel lipid-based nanosystem.
Recently, cubosomes have been wused in oral, ophthalmic,
dermatological, and cancer therapies. Cubosomes are attracting
particular attention as a novel drug delivery system. Cubosomes are
nanoparticles with diameters between 10 and 500 nm. They
resemble a square, slightly round spots. Each dot indicates the
presence of an aqueous cubic phase-containing pore in the lipid
water system [2].

Discrete, sub-micron-sized, nano-structured cubosomes are a type of
discontinuous cubic liquid crystalline phase [3]. Such new particles
are used to encase poorly water-soluble medicinal compounds.
Numerous novel drug delivery methods, like liposomes, cubosomes,
and solid lipid nanoparticles, have improved the penetration of anti-
fungal medications into the skin, reducing irritation and delivering
high local concentration for an extended length of time [2].

Cubosomes are most likely composed of polar and non-polar
polymers, lipids, and surfactants, which is why they are referred to
as amphiphilic. The amphiphilic molecules are spontaneously
identified and accumulate into a nanometer-sized liquid crystal by
the hydrophobic action in the polar solvent. Consequently,
cubosomes are bicontinuous cubic liquid phases with two unique
water zones divided by bilayers controlled by surfactants [3].

Longer-lasting, colloidally and/or thermodynamically stable particle
dispersions can be produced when the cubic phase fragments.

Cubosomes are essential to the synthesis of nanodrug formulations.
Unlike other liquid crystalline systems that transform into micelles
at higher dilution levels, cubosomes remain stable almost at any
dilution level because of the relative insolubility of the lipid that
forms the cubic phase in water [4]. Cubosomes can, therefore, be
conveniently added to product compositions. Typically, large energy
dispersion of bulk cubic phase results in the production of
cubosomes [5, 6].

Cubosomes and nanoparticle delivery systems offer a novel way to
reduce side effects while maintaining the effectiveness of anti-fungal
medications. Ensure sustained release or increase the skin's ability
to absorb drugs [7]. Due to their bilayers composition and structure,
the benefits of novel topical administration include increased
effectiveness and assured localization or skin penetration of the
medicine. When cubosomal medications are administered in
semisolid dose forms (gel or cream), high patient compliance can be
attained.

The prime objective of cubosomes is to avoid undesirable side
effects, increase medicine availability at the location of the disease,
and manage drug degradation and loss [8]. Developing vesicular
methods for prolonged topical administration is a novel trend.
Because of their higher viscosity, the lipid components of these
vesicles enhance skin penetration and skin residence time. Recently,
there has been an increasing interest in amphiphilic lipid delivery
systems based on glyceryl monooleate (GMO) due to its
biocompatibility, biodegradability, and bioadhesion [9]. Drug release
is achieved in a sustained manner via GMO-based delivery systems.
When there is an excess of water present, GMO expands and creates
self-assembling liquid crystalline phases due to its high viscosity.
The benefits of novel topical administration include increased
effectiveness and guaranteed localization or skin penetration of the
medication [10].
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Tolnaftate, a hydrophobic drug with poor topical bioavailability, is a
used to treat certain fungal infections, such as skin infections,
including athlete's foot, jock itch, and ringworm. The frequent
administration of Tolnaftate hinders patient adherence to treatment.
Tolnaftate is classified as a class IV drug having low solubility and
low permeability. It is insoluble in water. It is a chemically anti-
fungal drug. This study aimed to formulate and evaluate cubosomes
as skin retentive system for topical delivery of Tolnaftate [11, 12].
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MATERIALS AND METHODS
Materials

Tolnaftate was a gift sample from Aarti Drugs Limited, Mumbai, India,
Glycerol monooleate (GMO) was a gift sample from Mohini Organics
Pvt. Ltd, India. Poloxamer 407 (Pluronic F 127), Carbopol 934 and
Triethanolamine were procured from Sigma-Aldrich Corp., India. All
other chemicals, reagents and solvents used were of analytical grade.

Table 1: Formulation batches

S. No. Poloxamer 407 (mg) Glycerol monooleate (mg)
1 100 3.0

2 150 3.0

3 200 3.0

4 100 3.5

5 150 35

6 200 35

7 100 4.0

8 150 4.0

9 200 4.0

Method drug-containing solution were added to this mixture, and it was

Formulation of tolnaftate-loaded cubosomes

Tolnaftate-loaded cubosomes were formulated by emulsification
techniques, shown in fig. 1. Different quantities of Poloxamer 407
was utilised as a nonionic surfactant and lipid monoglyceride
(glycerol monooleate) as a stabiliser. GMO was melted in one beaker
at temperatures (around 50 °C) in a magnetic stirrer at 500 rpm. In
which drug was added to this solution until complete solubilization.
Poloxamer 407 was melted in second beaker at 50 °C. GMO and

agitated using a magnetic stirrer at 500 rpm until a clear surfactant
solution formed in the greasy mass. In this lipid mass, preheated
distilled water was added by dropwise (with the help of syringe or
dropper) to form milky dispersion and the volume was adjusted up
to 20 ml. With constant stirring, a stable cubosomal dispersion
emulsion developed. After the formation of cubosomal dispersion,
the solution is homogenized for 10 min. After homogenization,
solution is sonicating (By using probe sonicate) for 5 min for
reduction of vesicle size [13, 14].
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—_—
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Fig. 1: Graphical representation of tolnaftate-loaded cubosomes prepared by emulsification techniques

Scale-up studies

A trial-based approach was undertaken in order to preserve the
drug-lipid ratio. Initially, the batch size was raised while maintaining
the same ratio of surfactant to lipid concentration and all other
process parameters. Scaling up to 100 ml was done using the
improved batch composition as a basis. The resultant cubosomal
dispersion was then submitted to further characterization
investigations, as shown in fig. 2.

Characterization of tolnaftate loaded cubosomes
Physical appearance

Cubosomal gel was visually evaluated for colour and texture.
Determination of pH

The pH of the gel was measured using a pH meter. The pH meter was
calibrated with buffered solutions at pH 4, 7, and 10 before each use.

Fig. 2: Scale up batch (100 ml volume)
Viscosity

The viscosity of gel was determined on spindle 64 using a Fungilab
viscometer (Fungilab expert series serial EXPL 3000050, code
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V300003, Spain). Rotation speed of 10, 20, 50, and 100 rpm. Before
taking measurements, the gel measurement samples were allowed
to settle for 30 min at room temperature.

Drug content

The drug content of Cubosomal COL gel was evaluated by dissolving
1 g of gel in 9 ml ethanol and centrifuging the sample for 1 hour at
4000 rpm. After centrifugation, the filtrate was filtered and
spectrophotometrically analyzed at max 257 nm.

Particle size, polydispersibility index and zeta potential

Light scattering in motion (Nano zetasizer SZ-100 (Horiba nanosizer
analyzer, Japan) is used to determine the PS, ZP and PDI of
Cubosomal formulation. Prior to analysis, materials were diluted
with filtered water to a scattering intensity of 150-300 kcps at 25 °C.
The PS (z-average) and PDI were calculated in triplicate.

Entrapment efficiency

The RM 12-LC cooling centrifuge from Remi Motors was used to
centrifuge samples from each batch for 30 min at 10,000 rpm. PBS
(pH 6.8) was used to dilute aliquots from each batch's supernatant.
After analysing Using a UV spectrophotometer (UV 750, Shimadzu
Japan) set to maximum 257 nm, the drug concentration in the
diluted supernatant was determined. The entrapped drug quantity
was estimated using the following equation,

EE (%) = C (total drug concentration) - C (free drug)/C (total drug
concentration) x 100

Fourier transform infrared spectroscopy (FTIR)

The distinctive functional group was identified using this technique
using spectral bands. As the peak intensity gives a clear indication of
the kind of material present, it is an excellent tool for qualitative
investigation. Using dried potassium bromide, the baseline correction
was performed. Then the spectrum of mixture of drug and potassium
bromide was run followed by drug with excipients (physical mixture)
and percentage transmittance studied in the spectral region of 4000-
400 cmutilizing scans at 40 cm™ and 4 cm resolutions.

Differential scanning calorimetry (DSC)

DSC is a popular analytical technique for determining energy
transferred to or from a sample undergoing physical or chemical
transformation. It is also used to identify physical characteristics,
thermal transitions, glass transition temperatures, and latent heat of
materials. The difference in heat flow to the temperature was used
to measure both the sample and the reference. In general, DSC is a
potent analytical method for determining the purity, stability, and

ToL Coaqdd
Cuboﬂ‘l)
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compatibility of a medication with its excipients. Thermogram of the
drug, tolnaftate, excipients, and final formulation were acquired
using SDT Q600 V20.9 Build 20, India.

X-ray diffraction (XRD)

This is utilized for primary characterization of material features
such as crystal texture, crystal defect, crystalline, and molecular
strains. X-ray beam that was emitted from the lattice planes at an
angle. The atoms along the X-ray route under investigation scattered
or diffracted the X-ray beam that passed through the substance.
Using Bragg's law and a correctly positioned detector, the
interference generated by X-ray scattering is seen, and the material's
crystalline structural characteristics are estimated. Performed an
XRD investigation of tolnaftate with additional excipients and with
the final formulation by using Brucker.

Transmission electron microscopy (TEM)

Transmission electron microscopy (TEM) was used to investigate
the LCZ-NE's distinctive morphology (Joel JEM 1230, Tokyo, Japan).
Following sufficient dilution, a drop of cubosomes loaded with
tolnaftate was placed on a copper grid coated with carbon and
allowed to sit for two minutes. The extra liquid was removed using
filter paper. After the carbon grid was allowed to air dry at room
temperature, the sample was negatively stained with a drop of 2%
phosphotungstic acid solution and placed into the TEM apparatus
for observation.

Preparation of cubosomal gel

The required amount of Carbopol 934 was weighted; Carbopol 934
was then gently put in a beaker containing distilled water (20-40 ml)
while stirring. The mixture was continually stirred until a gel
formed. Cubosomal formulation was progressively added to the
prior carbopol solution while stirring at 500 rpm. The pH was then
adjusted with 0.5% triethanolamine. Propylene glycol, a penetration
enhancer, has been added, glycerol and methylparaben have been
added as a preservative.

Formulation of tolnaftate plain gel

The required amount of Carbopol 934 was weighted; carbopol 934
was then gently put in a beaker containing distilled water (20-40 ml)
while stirring. The mixture was continually stirred until a gel formed.
Precisely weighted Tolnaftate The drug solution was dissolved in
ethanol, and the ethanolic drug solution was gradually added to the
preceding carbopol solution while stirring at 500 rpm. The pH was
then adjusted with 0.5% triethanolamine. Propylene glycol, a
penetration enhancer, has been added, glycerol and methylparaben
have been added as a preservative, formulation shown in fig. 3.

Fig. 3: Formulation of cubosomalhydrogel of optimized batch F9

Invitro drug release study

The investigations of formed cubosomes were assessed using a
Franz diffusion cell. A cellulose acetate membrane with a molecular

cut-off of 10,000 Da was utilized. Phosphate buffer saline of pH 6.8
was used as the diffusion medium. TOL cubosomes (equal to 100
mg) were added into the donor compartment while the receptor
compartment with phosphate buffer 6.8 was agitated at 100 rpm. 1
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ml aliquots from the receptor compartment were withdrawn at
regular intervals. To maintain the sink state, an equivalent amount
of phosphate buffer was added. Using a UV-spectrophotometer set at
257 nm, aliquots were tested for TOL. Each experiment was carried
out three times in a row.

Ex vivo permeation study

The experiments of developed cubosomal gel, tolnaftateplain gel,
and commercialized formulation were conducted on animal skin
(goat ear skin) for a 24 h period using 10 ml of PBS pH 6.8 as
diffusion medium. Hairless animal skin (goat ear skin) was clean and
cut in 1.73 cm3 diameter and place into diffusion apparatus. A
Cubosomal gel of TOL was spread into the donor compartment while
the receptor compartment contains phosphate buffer 6.8 was
agitated at 100 rpm. At regular intervals, 1 ml aliquots were
extracted and replenished from the receptor compartment. To retain
the sink state, add an equal amount of fresh medium. Withdrawn
aliquots were then tested for TOL using a UV-Spectrophotometry
method at 257 nm. Every experiment was run three times
consecutively.

Anti-fungal study

Antifungal activity against Candida albicans (Well diffusion technique for
identifying the zone of inhibition) was carried out [15, 16]. Sabouraud
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dextrose agar of Hi media was used for the growth of fungus. Media with
acidic pH (pH 5.5 to 5.6) containing a relatively high concentration of
glucose (40%) is prepared by mixing (SDA) Sabouraud dextrose and
distilled water and autoclaved at 121 °C for 15 min.

25 ml of molten (45 °C) SDA medium was aseptically transferred to
each 100 mmx15 mm sterile Petri dish. For counting of spore (fungi)
were suspended in normal saline to make volume up tol ml and
then counted with help of heamocytometer (neubar chamber). Once
the agar was hardened, 6 mm wells were bored using a sterile cork
borer. Then 0.1 ml (100 pl) from each stock solution of the sample
having a final concentration of 5 mg and 10 mg was placed in each
the well and the plates were incubated for 72 h at 29 °C.

RESULTS
Optimization of process parameters
Optimization of concentration glycerol monooleate

GMO content affects the physical appearance and stability of
Cubosomal nanoparticles was investigated by using different GMO
concentrations such as 3%, 3.5%, and 4%. Due to the desirable
physical appearance and stability, 3%, 3.5%, and 4% v/v GMO were
found to be appropriate for cubosomal nanoparticles. Table 2
displays the ratios.

Table 2: Concentration of glycerol monooleate

S.No GMO Pol 407 Physical appearance Stability

1 3 1 Milky white low viscous dispersion No change
2 3 1.5 Milkywhite low viscous dispersion No change
3 3 2 Milkywhite low viscous dispersion No change
4 3.5 1 Milkywhite low viscous dispersion No change
5 3.5 1.5 Milky white viscous dispersion No change
6 3.5 2 Milky white viscous dispersion No change
7 4 1 Highlyviscous dispersion No change
8 4 1.5 Highlyviscous dispersion No change
9 4 2 Highlyviscous dispersion No change

Optimization of poloxamer 407 concentration

The amount of stabilizer employed influences the characteristics
containing Cubosomal nanoparticles [17]. If the concentration is
insufficient, the cubosomes will have different phases, whereas
when the concentration is increased, the medication and the

stabilizer interact, resulting in less integration of medication.

Various doses of stabilizer (0.1 %, 0.15 %, and 0.2 %) were
optimized, and the findings revealed that 0.1 %, 0.15 %, and 0.2 %
were adequate to achieve a stable cubosomes formulation. Table 3
displays the ratios.

Table 3: Concentration of poloxamer 407

S. No. Pol 407 GMO Physical appearance Stability

1 1 3 Milky white low viscous dispersion No change
2 1 3.5 Milky white low viscous dispersion No change
3 1 4 Milky white low viscous dispersion No change
4 1.5 3 Milky white low viscous dispersion No change
5 1.5 3.5 Milky white viscous dispersion No change
6 1.5 4 Milky white viscous dispersion No change
7 2 3 Highly viscous dispersion No change
8 2 3.5 Highly viscous dispersion No change
9 2 4 Highly viscous dispersion No change

Characterization of cubosomal dispersion
Drug content

The drug content was 99.69 %. To verify formulation consistency, the
drug concentration of tolnaftatecubosomal gel of the optimum batch
was evaluated using UV spectroscopy. The drug content indicated that
the medicine was spread uniformly throughout the formulation. The
allowable drug content ranges from 85% to 115% of the average.

Viscosity measurement

At 10, 20, 50, and 100, the cubosomal gel viscosity was 18236,
5999, 2383, and 1500 (cP), which is within the optimal gel
viscosity range.

Particle size, polydispersibility index and zeta potential

A computerized zeta sizer and the dynamic light scattering
technique were used to measure the particle size and polydispersity
index of cubosomes. All formulations have particle sizes in the range
of nanometers. The optimized batch's typical particle size was
determined to be 208.6 nm, with a PDI of 0.440.

A zetasizer was used to find the electrophoretic mobility (zeta
potential) of cubosomal dispersions. The zeta potentials were within
the normal range. Because of use of GMO and the poloxamer 407 as
a stabilizer in solution, the results show that the particles have a
balancing charge. The formulation's zeta potential is utilized to
forecast the nanoparticles' stability. The results show that the
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composition does not generate aggregation. Poloxamer 407, a
surface stearic stabilizer produces a coating on the nanoparticles'
surfaces, preventing them from aggregating. As a result, the
formulation (F9) was detected to have+49.8 mV and was
determined to be more stable than other formulations.

Entrapment efficiency

The formulation's effectiveness of trapping was assessed by the
properties of the lipid, drug, and stabilizer. Cubosomes were
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subjected for centrifugation for 1 h at 10,000 rpm. Supernatant rich
in unentrapped drug was isolated and quantified at 257 nm using a
UV spectrophotometer. All batches' entrapment efficiency varied
from 59.6 to 90.5%. The F9 formulation demonstrated entrapment
efficiency at its peak. Due to the lipophilic nature of the drug, the
entrapment efficiency of the formulations improved when bigger
doses of GMO were utilized. Similar results were reported by some
authors [18-20]. The higher lipid levels would improve lipophilic
drug solubilization and give more area for drug entrapment.

Table 4: Vesicle size, PDI, zeta potential and entrapment efficiency of all 9 batches

Formulation no Particle size (nm) PDI Zeta potential (mV) Entrapment efficiency (%)
F1 263.6+0.01 0.437+0.0004 +43.3+0.01 59.6+0.02

F2 269.7+0.01 0.407+0.0001 +44.1+0.01 73.8+0.02

F3 274.2+0.02 0.402+0.0001 +45.3+0.02 76.9+0.01

F4 234.0+0.01 0.428+0.0002 +46.2+0.01 74.4+0.02

F5 221.4+0.02 0.456+0.0002 +45.2+0.01 77.3+0.01

F6 220.1+0.02 0.439+0.0010 +46.2+0.05 87.9+0.01

F7 240.1+0.01 0.562+0.0008 +47.4+0.01 87.1+0.01

F8 221.7+0.02 0.422+0.0010 +48.2+0.02 89.6+0.01

F9 208.6+0.01 0.440+0.0015 +49.8+0.01 90.5+0.6

Fourier transform infrared spectroscopy (FTIR)

The FTIR study was performed to validate the potential of chemical
bond interaction between the drug and the excipients contained in

the formulation. Formulations shown in fig. 4, the FTIR study
concluded that drug; surfactant/lipid and cubosomes displayed the
expected bands, confirming absence of interaction between
tolnaftate, lipid (GMO) and surfactant/Polymer (Poloxamer 407).
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Fig. 4: FTIR spectrum of cubosomal formulation (F9), TOL and excipients. (Overlay graph)

Differential scanning calorimetry (DSC)

The DSC thermal profile of pure TOL showed a strong endothermic
peak at 114.88 °C, which was caused by the melting transition point of
TOL during the DSC test, fig. 5. The DSC thermal profile of drug-loaded
cubosomes revealed that TOL peaked at 102.44 °C, GMO peaked at
286.66 °C, and Poloxamer 407 peaked at 56.36 °C. The presence of a

change or modest shift in drug peaks with lower intensity suggested
that TOL entrapment in cubosomes was caused by a modest reduction
in crystallinity, which might be attributable to molecular dispersion or
a soluble form of drug in the hydrophilic center of the cubosomes. The
enthalpy change value for pure TOL was greater than cubosomal,
suggesting that the drug was molecularly disseminated in cubosomes
and transformed to an amorphous state.
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Fig. 5: DSC thermogram of cubosomal formulation (F9), Drug, GMO and poloxamer 407

X-ray diffraction (XRD)

X-ray diffraction patterns of the produced cubosomal dispersion,
as well as pure TOL, GMO, and P407 samples, were obtained using
an X-ray diffractometer. To confirm the physical state of TOL, X-
ray diffraction patterns of produced TOL-loaded cubosomes as
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well as pure drug powder samples were obtained (fig. 6). The
diffract g of pure TOL clearly showed strong characteristic peaks
in the range of 10-30° however, those characteristic peaks
vanished in TOL loaded cubosomes, indicates that the drug is
either molecularly dispersed in cubosomes or has become
amorphous.

Formulation
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Fig. 6: XRD diffractograms of cubosomal formulation (F9), Drug, GMO and poloxamer 407
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Fig. 7: TEM images of tolnaftate loaded cubosomes F9
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Transmission electron microscopy (TEM)

Morphology analysis of TOL-loaded cubosome formulation revealed
nanoparticles with spherical morphology and polyangular forms fig. 7.

Invitro drug release

All cubosomal formulations (CUB F1-F9) were tested in vitro in
phosphate buffer (pH 6.8) utilizing a dialysis membrane. The
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dialysis membrane was used to conduct release experiments on
cubosomal formulations. The structure and characteristics of lipids
were revealed to affect drug release. At the conclusion of 24 h, a
maximum of 79.4% of the drug was released, showing sustained
delivery. This prolonged-release might be attributed to the lipophilic
drug's high trapping in the lipid matrix [21]. Because F9 had the
highest drug release, it was chosen as the best formulation and
would be utilized in future trials fig. 8 depicts the picture.
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Fig. 8: Graph of in vitro drug release study of cubosomes formulation (F1-F9)

Similarly, in vitro drug release from plain gels loaded with tolnaftate
and commercialized formulation was determined to be 92.0% and
77.53%

Cubosomal gel in vitro drug release kinetics matches the Korsmeyer
Peppas mode kinetic with the highest RZ value 0.807; this prolonged
release might be owing to the strong trapping of the lipophilic drug
in the lipidic matrix. Fig. 9 depicts the picture.

Ex vivo permeation study

For the ex vivo permeation research, an optimized batch (F9) of
cubosomal dispersion was employed. 92.00% of the total medication
penetrated through the skin in the cubosomal gel formulation.
Because of the occlusive nature of cubosomalnanocarriers,

improved penetration is envisaged. The drug steady-state flux (Jss)
values for Tolcubosomal formulation, marketed formulation, and
plain drug gel were nearly 11.98, 10.23, and 10.06 g/cm?2. h, In the
meanwhile, the permeability coefficients (kp) for TolCubosomal
formulation, commercialized formulation, and plain drug gel were
2.34, 2.04, and 2.01 cm/h, respectively, as reported in table 5. The
high Jss and kp values for Cubosomal formulation may be attributed
to the high quantities of GMO and P407 in formulation as compared
to other formulations, plain medication gel and commercialized
formulation. As compared to standard marketed preparation, the
cubosome-loaded formulation demonstrated enhanced penetration,
extended deposition, and prolonged drug release (fig. 10), which
might be attributed to the intrinsic features of the proposed
Cubosomal formulation.
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Fig. 9: Graph of % CDR of cubosomal gel, plain drug gel and marketed formulation
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Ex vivo skin permeation study of Cubosomal gel Plain Gel And Marketed Gel
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Fig. 10: Graph of ex vivo permeation study of cubosomal gel, plain drug gel and marketed formulation

Table 5: Steady state flux and permeation coefficient (Cubosomal gel, plain drug gel, marketed formulation) (mean+SD, n=3)

Formula JSS(ng/cmz2. h) Permeability coefficient (cm/h)
Cubosomal gel 11.98+0.02 2.39+0.01
Plain drug gel 10.06+0.01 2.01+0.01
Marketed formulation 10.23+0.03 2.04+0.02

Table 6: Antifungal activity of samples against candida albicans.

S. No. Samples Concentration zone in diameter (mm) against candida albicans
1 Control - -
2 Tolnaftate plain gel 1mg 1
5mg 08
10 mg 14
3 Tolnaftatecubosomal gel 1mg 1
5mg 04
10 mg 10

Anti-fungal study

The antifungal activity was assessed as the diameter (mm) of the
clear zone of growth inhibition displayed in table 6.

Images of the zone of inhibition are shown in fig. 11. For Tolnaftate
plain gel and Tolnaftatecubosomal gel formulation, the zone of
inhibition was determined to be 1 mm, 08 mm, 14 mm at 1 mg, 5 mg,

x

a) Tolnaftate plain gel

and 10 mg, and 1 mm, 04 mm, and 10 mm at 1 mg, 5 mg, and 10 mg,
respectively. These results indicate that Tolnaftatecubosomal gel has
a lower zone of inhibition than Tolnaftate plain gel. This could be as
a result of the drug being more available in plain gels than it was in
cubosomal gels, where the drug is located in vesicles. Because of
this, the plain gel formulation has a bigger zone of inhibition than
the cubosomal gel formulation.

b) Antifugal study of Tolnaftatecubosomal gel

Fig. 11: a) Antifugal study of tolnaftate plain gel, b) Antifugal study of Tolnaftatecubosomal gel

Stability study

Stability studies shall be passed out in compliance with the ICH
guidelines. Here for formulated samples of optimized batch F9. A
three-month stability study was carried out at controlled room

temperature (25 °C-2 °C, 60%-5% RH). Cubosomal gel formulation
was tested for pH, viscosity, drug content, particle size, and Zeta
potential during a three-month period. The obtained results were
showed in below table 7 and result shows Formulation was stable
after 3 mo.

40



S. T. Patil et al.

Int ] Curr Pharm Res, Vol 17, Issue 1, 33-42

Table 7: Stability study of cubosomal gel of F9 formulation.

S. No. Evaluation parameter Time interval
0 d (Initial) 90 d (after 3 Mo)
1 pH 5.83+0.01 5.89+0.02
2 Viscosity (spindle 64 at 100 rpm) 1500+1.0 1563+0.12
3 Drug content (%) 99.69+0.02 98.5+0.03
4 Particle size (nm) 208.6+0.01 221.8+0.02
5 Zeta Potential (mV) +49.8+0.01 +49.5+0.01

DISCUSSION

The aim of this study was to investigate the potential use of
nanocrystalline cubosomes to improve the bioavailability of
tolnaftate and to provide the patient with a once-daily dose. The goal
is predicted to be met due to the unique features of cubosomes,
which allow tolnaftate to pass through the skin's anatomical and
physiological barriers.

Tolnaftate is an antifungal agent used to treat skin infections such as
athlete's foot, jock itch, and ringworm. It is BCS class IV drug having
less solubility and less permeability. The stratum corneum, where
pathogens live, is the location of tolnaftate activity. However, the
stratum corneum's specific character makes it an effective barrier
for drug penetration. As a result, the rate-limiting step in topical
medication absorption is stratum corneum penetration. Tolnaftate
for the treatment of fungal infections, is often prepared as a 1%
cream, lotion, spray, or solution. While the options are still limited
compared to other antifungal medications that might offer more
versatile forms such as nanocarriers, gels, or nail lacquers.
Tolnaftate is a poorly soluble drug, e. g, the solubility in wateris<1
mg/100 ml. Hence, it requires a suitable vehicle to increase its
topical absorption.

Conventional tolnaftate formulations, such as creams, powders, and
sprays, have several disadvantages. Such as poor penetration,
frequent application, residue and greasiness, variable absorption,
limited targeting and stability issues that may limit their
effectiveness and user satisfaction.

Only few researchers have developed liposomes and emulgel [22,
23] of tolnaftate. However, these formulations have poor
encapsulation and stability as they are prone to leakage. Considering
these drawbacks, advancements in drug delivery systems, such as
cubosomal gels, aim to address many of these limitations by
enhancing penetration, providing sustained release, and improving
overall efficacy and user experience. This could lead to more
effective and longer-lasting treatment of fungal infections with
potentially reduced side effects compared to traditional
formulations.

Because of the structural similarities between the bicontinuous
structures formed in human skin layers and those comprising cubic
phases, cubosomes, due to their unique shape and features, offer a
potential vehicle for topical medication administration. Formulating
hydrophobic drugs into cubosomes is a safe and promising approach
by incorporating it into lipidbilayer of cubosomes, which enhances
the solubility, permeability and stability. Furthermore, cubosomes
enable continuous drug release and extend drug skin residence
duration. Because of these qualities, typical topical treatments
'problems (dose loss and high dosage frequency) are avoided.

Formulation of cubosomes containing tolnaftate, poloxamer 407,
and glycerol monostearate involves creating a structured system
where these components work together to enhance the delivery and
effectiveness of the antifungal agent. By combining the advanced
delivery capabilities of cubosomes with the gelling and bioadhesive
properties of Carbopol 934, a highly effective and patient-friendly
topical formulation can be created.

GMOs were used to create these cubosomes. Concentrations ranging
from 3% to 4% and Poloxamer concentrations ranging from 0.1% to
0.2%. Nine formulations were created by adjusting its concentration
to achieve the best formulation in terms of physical appearance,
stability, particle size, and entrapment efficiency. The average

particle size was reduced from 263.6 to 208.6 nm by employing
Poloxamer 407 at concentrations ranging from 0.1 to 0.2 Because
Poloxamer 407 is a hydrophilic nonionic surfactant and a block
copolymer of polyethylene oxide (PEO) and polypropylene oxide
(PPO), the PPO chains adsorb on the particle surface while the PEO
chains pull away from the surface of the aqueous medium [24]. The
particle size is affected by surfactant content. It was discovered that
0.2 % Poloxamer407 was the optimal concentration for cubosomes
production, with an entrapment effectiveness of around 90.5% and
an average particle size of approximately 208.6 nm.

The optimized cubosomes formulation had the necessary
physicochemical qualities, such as particle size analysis, which was
obtained in a satisfactory nano range. The cubosomes created had a
smooth surface and a cubic shape, which was observed. TEM images
of the optimized formulation indicate a spherical and cubic
structure. Azetasizer was used to evaluate thee lectrophoretic
mobility (zetapotential) of Cubosomal dispersions. The zeta
potentials were within the expected range. Because of the
employment of Poloxamer 407 as a stabilizer and GMO in solution,
the particles have a neutral charge, according to the data.

The zeta potential of the formulation is used to predict the stability
of the nanoparticles. Because of the use of a surface stearic
stabilizer, Poloxamer 407, the results suggest that the formulation
does not cause aggregation. It produces a coating on the
nanoparticles' surfaces, preventing them from aggregating. As a
result, the formulation (F9) was detected with-+49.82 0.01mv and
was discovered to be more stable than other formulations.

The in vitro release testing lasted 24 h, and the cumulative drug
release from the improved cubosomes formulation exhibited a
release percentage of around 79.4%. It demonstrates the cubosomes
formulation's prolonged release effectas it only releases roughly
79.4% in 24 h.

The release data after fitting into several kinetic models such as zero
order, first order, Higuchi's model, and Korsemeyer-Peppas model.
Korsmeyer and Peppas' kinetic graphs were found to be fairly linear,
as indicated by their highest regression value (0.879) for ideal
formulation. In this study, the in vitro drug release of an enhanced
cubosomal formulation matched the kinetic model of Korsemeyer
and Peppas. The "n value" shows non-ficki and iffusion.
Cubosomalgel was the nmadeutilizingth is justed composition.
Formulation F 9 was put into a Carbopol 934 and Glycerol gel. The
physical appearance of these Cubosomalgels 'pH, viscosity, drug
content, in vitro drug release study, ex vivo permeation study and,
kinetic studies, and antifungal study were all examined. The
Cubosomal gel's average pH was measured to be 5.83+0.01. The
viscosity was calculated to be 182361.0, 59990.6, 23830.6, and
15001.0, At 10, 20, 50, and 100 rpm, respectively. The drug
concentration in the formed gel was determined to be
99.69%usingthe optimized method.

At the end of a 24 h in vitro release assay, the formulated Cubosomal
gel had a release rate of 92.0%. When these data were put into
kinetic release models after the release, it was discovered that they
followed the Korsemeyer-Peppasmodel. The kinetic plots of
Korsmeyer and Peppas were found to be very linear, as
demonstrated by the highest regression value (0.807) for the
optimized formulation. Its "n value" shows non-fickian diffusion.

Ina24 h examination, ex-vivo penetration was determined to be
92.00% over the skin. Cubosomalgel has improved permeability
properties. The antifungal activity of the material was determined
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using an agar well diffusion test. For To Inaftate plain gel and
Tolnaftatecubosomal gel formulation, the zone of inhibition was
determined to be 1 mm, 8 mm, 14 mm at 1 mg, 5 mg, and 10 mg, and
1 mm, 4 mm, and 10 mm at 1 mg, 5 mg, and 10 mg, respectively. The
stability study was conducted for three months of consistency. The
experiment was carried out at a controlled room temperature (25
°C, 2 °C, 60%, 5% RH). Cubosomal gel formulation was tested for pH,
viscosity, drug content, particle size, and Zeta potential during a
three-month period. And the result shows Formulation was stable
after 3 mo.

CONCLUSION

In the present study, drug's poor permeability and solubility were
overcome and better results were obtained in the form of
cubosomes, which significantly improved the drug's permeability
and solubility. The improved formulation's cubosomal gel
outperformed cubosomal dispersion. As a result, it is concluded that
the efficiency of tolnaftate for the treatment of ringworm fungal
infection is improved when administered in the form of cubosomal
gel. In the future, in vivo studies can be carried out to acquire a
better understanding of the formulations and their characteristics.
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