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ABSTRACT

Objective: This study aimed to develop fluconazole (FLC)-loaded spanethosomes by investigating the effects of various formulation variables, with
the goal of identifying the optimal formulation that exhibits desirable vesicular characteristics for topical delivery.

Methods: Fifteen formulations containing 0.5% w/v FLC spanethosomes were prepared using the ethanol injection method. The formulations were
assessed for vesicle size, polydispersity index (PDI), entrapment efficiency and in vitro drug release. The optimal formulation was further

characterized for its morphological features and FTIR spectra.

Results: All prepared spanethosomes exhibited nanoscale vesicle sizes ranging between 79+8.54 and 3517+80.85 nm, with entrapment efficiency
between 42.35+4.55 and 95.46+0.68%. The optimum formula, composed of Span 60 and sodium deoxycholate (SDC) in a 200:15 mg weight ratio,
exhibited a spherical morphology without aggregation. It achieved a cumulative FLC release of 94.6% within 6 h.

Conclusion: These results suggest that spanethosomes are promising drug delivery systems that can enhance the therapeutic efficacy of FLC for

treating superficial fungal infections while minimizing systemic side effects.
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INTRODUCTION

Fungal infections have markedly increased in recent years and are now
acknowledged as a significant new concern to millions worldwide. The
most common fungal diseases are superficial infections of the skin and
nails, primarily caused by dermatophytes [1].

Options for treatment of fungalinfections may be classified as
systemic or topical. Traditional systemic therapies are frequently
avoided due to several risks, including organ injury, drug deposits,
interactions with other drugs, and elevated medical expenses [2].
Today, topical and transdermal therapies provide simplicity of
application and enhanced patient adherence, rendering them more
advantageous [3].

Fluconazole (FLC) belongs to the third generation triazole-based
multi-functional antifungal agent. It has a broadspectrum activity
that can be utilized for the prevention and treatment of superficial
and systemic fungal infections. Fluconazole is slightly soluble in
water (5mg/ml at 37 °C) and has moderate lipophilicity (logP
equal 0.5). Although both oral and parenteral injections are
commercially available to deliver FLC, they may result in GIT upset,
floating, hematological changes, rashes and hepatotoxicity [4].
Subsequently, FLC topical formulation is represented an alternative
approach to reduce systemic undesired effects. A study conducted
by Salerno et al. (2010) focused on the development of various
topical formulations (including; emulsions, emulgels, lipogels, and
microemulsion-based hydrogels) to enhance the therapeutic efficacy
and skin penetration of FLC. The researchers demonstrated that
microemulsion-based systems, particularly those containing
Transcutol® as a penetration enhancer, achieved superior FLC
release profiles and significantly improved percutaneous absorption
through pig skin, delivering nearly the entire dose to the target site.
In contrast, the conventional formulations like lipogels delivered
only about half of the applied dose into the skin [5].

In recent decades, numerous topical nanovesicles as drug carriers
have been created to address challenges related to drug solubility
and limited penetration through stratum corneum. They facilitated
sustained drug delivery by enhancing epidermal/dermal drug
depositions, thereby minimizing systemic side effects [6]. Most

nanovesicles are characterized by highly organized concentric
bilayers that self-assemble and mature upon contact with an
aqueous phase containing amphiphilic building blocks, including
nonionic  surfactants and phospholipids. These vesicles
demonstrate significant safety, biocompatibility, and the capacity
to encapsulate both hydrophilic and lipophilic chemical
compounds [7].

Traditional nanovesicles such as liposomes and niosomes have
difficulties in effectively delivering the medicine through the skin
[8]. In response, novel deformable nanovesicle systems such as,
ethosomes, transferosomes, transethosomes and spanlastics have
been developed. Spanlastics, a flexible nanovesicular system, are
capable of delivering diverse of the pharmacological agents,
demonstrates potential as a drug delivery vehicle. Spanlastic has
multiple advantages compared to conventional vesicular systems
used topically, such as increased stability, adaptability in
penetration, and superior targeting efficacy [9]. A novel generation
of spanlastics is designated as spanethosomes, achieved by
integrating ethanol into the spanlastics' structure. This synergistic
combination of Span, edge activator, and ethanol is anticipated to
facilitate the restructuring of the vesicular bilayer, leading to surface
irregularity, improved elasticity, and greater permeability across the
skin [10]. Ethanol is widely recognized as an excellent penetration
enhancer, as it intercalates with the hydrophilic regions of the
intercellular lipid domains of the stratum corneum, resulting in a
reduction of the lipid melting point, hence increasing lipid fluidity
and cell membrane permeability. Furthermore, ethanol in
ultradeformable formulations renders the membrane bilayers less
thick and highly pliable, resulting in the creation of more deformable
and flexible vesicles capable of easily traversing the minute
apertures generated in the disrupted stratum corneum lipids [11].

The aim of this study is to develop and optimize FLC-loaded
spanethosomes as a novel topical delivery system to enhance the
therapeutic efficacy of FLC for superficial fungal infections while
minimizing systemic side effects. The study mainly focuses on
investigating the impact of various formulation variables including;
Span amount, edge activator type and ethanol volume on the
physicochemical characteristics of the prepared vesicles.
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MATERIALS AND METHODS
Materials

FLC was gifted from Sama-alfayhaa Pharmaceutical Industry; Iraq.
Span 60 (sorbitanmonostearate) was purchased from alpha
chemika, India. Tween 80 and ethanol were from (loba chemie pvt,
Ltd, India. Sodium deoxycholate SDC was from HIMEDIA labritories,
India. Phosphate buffer 5.5 (Himedia Laboratories, India). Dialysis
membrane, molecular weight 8000-14000 Da (Special products
laboratory, USA).

Preparation of fluconazole-loaded spanethosomes

An attempt was made to prepare SEs using the ethanol injection
method [9]. Briefly, an ethanolic solution of 0.5% w/v FLC and Span
60 at varying concentrations (1, 2, and 1.5% w/v) was injected
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slowly into a beaker containing Tween 80 (50, 75,100, 150 mg)
dissolved in deionized water. In a separate set of preparation,
sodium deocxycholate (SDC) was added at amount (5, 10 and 15
mg). The mixture was continuously stirred using homogenizer (HG-
150, Witeg Labortechink, Germany) at 2000 rpm for 10 min,
followed by stirring with magnetic stirrer (Witeglabortechnik
GmbH, Korea) at 1500 rpm for 30 min. In order to reduce particle
size, the resulting dispersion was subjected to probe sonication
(QSON ICA Sonicator, Qsonica, USA). The sonicator was set up with a
pulse cycle of 50 seconds on and 10 seconds off, amplitude of 30%,
and a total sonication time of 5 min. A 1/8-inch diameter probe was
used for the process [12]. Table 1 showed the composition of fifteen
prepared FLC-loaded spanethosomes dispersion. The obtained
dispersion was then refrigerated overnight to allow vesicle
maturation and stored under refrigeration until further
physicochemical characterization.

Table 1: Formulation composition of FLC-loaded spanethosomes

Formula code FLC (mg) Span 60 (mg) Ethanol (ml) Tween 80 (mg) SDC (mg) Deionized water g. s to (ml)
F1 50 100 2 75 0 10
F2 50 100 3 75 0 10
F3 50 100 4 75 0 10
F4 50 200 2 75 0 10
F5 50 200 3 75 0 10
F6 50 200 4 75 0 10
F7 50 300 2 75 0 10
F8 50 300 3 75 0 10
F9 50 300 4 75 0 10
F10 50 200 3 50 0 10
F11 50 200 3 100 0 10
F12 50 200 3 150 0 10
F13 50 200 3 0 5 10
F14 50 200 3 0 10 10
F15 50 200 3 0 15 10

Charecterization of FLC-SEs formulation
Determination of FLC entrapment efficiency percent (EE %)

The indirect method has been employed to determine the EE% of
FLC in the spanethosomes. Total amount of FLC added in each
formulation was subtracted from the amount of unentrapped (free)
FLC present in the dispersion media. To separate free FLC from
spanethosomes, 1 ml of spanethosomes dispersion was placed in an
eppendorf tube and rotated using colding centrifuge at 15000 rpm
for 1 hour at 7 °C. The supernatant was then collected and
appropriately diluted with ethanol. The concentration of free FLC
was quantified by measuring drug absorbance using a UV-VIS
spectrophotometer at 261 nm. The amount of free FLC was then
determined  using  previously  establisheddrug-absorbance
calibration question (y=0.0021x-0.0114, R?=0.9993). The EE% was
then calculated using the following equation [13]:
Total amount of FLC — amount of free FLC

% =
EE% Total amount of FLC * 100

Particle size and PDI analyzer

The size of the spanethosome vesicles is a critical for their
penetration into the skin; smaller vesicles or particles penetrate
more profoundly. By employing a 5mW neon laser and a Nano ZS90
(Malvern Instrument Ltd. UK), the average vesicles size and PDI
were determined. An expandable polymeric cell with a diameter of
10 mm and a runtime of 180 s was employed to conduct the analysis
atambient temperature of 25 °Cata 170° angle [14].

In vitro drug release of the selected spanethosomes
formulations

The drug release from the spanethosomes was conducted for 6 h at
100 rpm using the paddle method. The dissolving medium's
temperature was maintained at 32+1 °C. The saturated solubility of
fluconazole in phosphate buffer pH 5.5, as dissolution medium, was
previously determined to be approximately 3.07 mg/ml. The

spanethosomes dispersion corresponding to 50 mg of FLC was
evaluated in the vitro release study. A volume of 150 mL of
dissolution medium was employed, which is sufficient to dissolve
more than nine times the total drug content. Therefore, the amount
of drug released at each time point remained below saturation
solubility, confirming that sink conditions were maintained
throughout the experiment. At specified intervals, three milliliters of
the dissolving medium were withdrawn, and an equivalent volume
of fresh dissolution medium was concurrently added to the
apparatus to maintain a consistent volume. The removed samples
were tested spectrophotometrically at 260 nm [15].

Fourier-transform infrared spectra (FTIR) and x-ray diffraction
analysis

The physical and chemical compatibility as well as crystallinity status
were assessed using Fourier-transform infrared spectroscopy (FTIR)
and X-ray diffractometer, respectively. These analyses included the
pure FLC, a physical mixture of FLC, span 60 and SDC ina 1:1:1 ratio as
well as the selected formulation. The FTIR measurement was
performed using a (Shimadzu FTIR-1800 spectrometer, Japan).
Samples were directly applied onto the crystal spectra data were
recorded over the range of 4000-400 cm™ to evaluate potential
interactions and structural characteristics [16]. The X-ray diffraction
analysis was performed using (Malvenpanalytical, Aeris, UK)
diffractometer equipped with a copper (Cu) X-ray source. The
diffraction patterns were recorded over a 26 range spanning from 5°
to 90°. Diffractograms were captured at room temperature with a
voltage of 45 kV, a current of 30 mA [17].

Assessment of FLC stability in spanethosome formulations
using HPLC-UV

The stability of the FLC-loaded spanethosome formulation (F15)
was assessed after 3 mo of storage at room temperature to verify
that no degradation or chemical changes had occurred. This was
done by comparing retention times. Samples were analyzed using a
high-performance liquid chromatography (HPLC) system (SYKAM,
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Germany), equipped with a C18-0ODS column (25 cm x 4.6 mm). The
mobile phase consisted of a buffer: acetonitrile mixture (80:20)
adjusted to pH 5 with acetic acid. Detection was performed at 260
nm using a UV detector, with a flow rate of 1 ml/min. The retention
time of FLC in the freshly prepared F15 formulation and its blank
was compared with that of the same formulation stored at room
temperature for 3 mo. The consistency in retention times indicated
no significant degradation or alteration in the chemical composition
of the formulation during the storage period [18].

Surface morphology determination

An aliquot of the optimal spanethosomes formula dispersion was
examined under an optical microscope to verify vesicle formation and
their homogeneity. The surface morphology was also investigated using
Field Emission Scanning Electron Microscopy. The samples were evenly
distributed on double-sided carbon adhesive tapes and mounted onto
SEM stubs. To enhance conductivity and improve image quality, a
uniform thin layer of conductive material was applied to the samples via
sputter coating for two minutes prior to imaging [19].
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Statistical analysis

The results of all evaluation tests were reported as the mean+SD,
and they were done in triplicate. For the statistical analysis,
GraphPad Prism 10.5.0 conducted a one-way ANOVA. Statistical
significance was determined by P values of 0.05 or less, while values
exceeding 0.05 were considered statistically insignificant.

RESULTS AND DISCUSSION
Preparation of fluconazole-loadedspanethosomes

A uniform, milky-white liquid dispersion was the appearance of the
fifteen prepared formulas. The results of the investigation the effects
of the formulation variables, which include varying amounts of
span60, ethanol volume, the amount of SDC and tween80, on the
characteristics of spanethosome vesicles are revealed in table 2.

The nanosize of spanethosomes was varying between 79+8.54 and
3517+80.85 nm, and the PDI ranged from 0.06+0.02 to 0.51+0.01.
Meanwhile, the EE % data ranged from 42.35+4.55 to 95.46+0.68%.

Table 2: The spanethosomal vesicular size, PDI and entrapment efficiency % of the prepared formulas

Formula code Vesicles size (nm)” PDI" EE (%)"

F1 79.00+£8.54 0.25+0.02 42.35+4.55
F2 301.00£18.52 0.06+0.02 94.34+2.18
F3 3517.00+80.85 0.35+0.01 87.63+£7.81
F4 224.33+£10.02 0.51+0.01 89.94+10.35
F5 186.33+13.05 0.19+0.01 91.4148.35
Fé6 1803.00+25.94 0.24+0.02 94.97+£1.67
F7 233.67+£14.84 0.46+0.01 85.74+1.31
F8 202.00+17.52 0.28+0.02 70.86+3.63
F9 745.33+32.25 0.21+0.01 92.874£3.10
F10 277.77£11.11 0.42+0.02 45.74+1.10
F11 158.73+10.00 0.27+0.02 78.25+0.90
F12 151.33+9.02 0.21+0.02 64.47+0.72
F13 277.17£18.41 0.41+0.01 95.46+0.68
F14 185.00+5.00 0.38+0.01 90.87+0.45
F15 188.7+1.80 0.25+0.01 91.91+0.80

*The results were presented as the mean+SD, n=3.

Characterization of FLC entrapment efficiency percent

At constant span amount and tween amount, the effect of ethanol
volume on the EE% of FLC-loaded spanethosomes was shown in fig.
1. There was high significant (p<0.05) increase in EE% with increase
ethanolas in grouped F3>F2>F1 fig. 1A. Meanwhile, increasing
ethanol volume showed a non-significant (P>0.05) difference in
EE% when 200 mg of span60 used as shown in fig. 1B. At higher
span 60 amount (300 mg), there was significant decrease in EE%
with increase ethanol volume as shown in fig. 1C. These findings
were well related with the studies done by Bhalaria M [20] and

Almajidi YQ [14] who incorporated ethanol as a cosolvent, observed
enhanced solubility of the active pharmaceutical ingredient, that
enabling greater entrapment within both the hydroalcoholic core
and the vesicular membrane. Ethanol also contributes to increased
fluidity of the lipid bilayer, thereby facilitating improved
encapsulation of drug. However, further increase in ethanol volume
appears to disrupt membrane integrity by enhancing permeability,
which may result in a decrease in the overall entrapment efficiency
of the ethosomal formulations. The low EE% observed of formula F1,
despite its small size (79 nm) may potentially due to surface-
associated drug loss or vesicle instability.
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Fig. 1: The impact of ethanol volume on the entrapment efficiency of FLC-loaded spanethosomescontaining; (A) 100 mg Span 60, (B) 200
mg Span 60 and (C) 300 mg Span 60, (ns,*, ** and *** represent non-significant, P<0.05, P<0.01 and P<0.001 respectively), n=3, mean
valuesSD
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On the other hand, an increase in Span 60 concentration from 100 mg
to 200 mg and 300 mg, across various ethanol concentrations, resulted
in a significant enhancement in EE%. This improvement may be
attributed to a reduction in interfacial energy and an increase in the
dispersion's viscosity, both of which help to minimize drug leakage
from the vesicles. Moreover, Span 60 is nonionic surfactant with a long
alkyl chain (C18) and low hydrophilic-lipophilic balance (HLB) value
that contributes to the formation of a more rigid and stable lipid
bilayer, thereby further enhancing EE% by reducing drug diffusion,
even at higher ethanol concentrations [21, 22].

Notably, formulations F10-F15 were designed to directly compare
the effects of Tween 80 and SDC along with their concentrations
under identical conditions, while keeping all other components
constant. As shown in fig. 2A, there was a statistically significant
(p<0.05) increase in the drug EE% when the amount of tween 80
was increased. However, a notable decrease of the EE% was
observed with further increases of tween 80 amounts
(F12<F11<F5). The vesicular bilayer is softened by the addition of
tween80, which increases the flexibility of the bilayer and thereby
enhances the drug's permeation into vesicles. The incorporation of
tween 80, a nonionic surfactant, enhances the flexibility of the
vesicular bilayer, thereby facilitating improved drug incorporation
into the vesicles. Nonetheless, at higher concentrations, tween 80
increases membrane fluidity to an extent that promotes drug
leakage into the surrounding aqueous phase. This is likely due to its
hydrophilic nature, which can compromise bilayer integrity and
reduce overall entrapment efficiency [23].
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Using SDC as edge activator revealed higher EE % compared to
tween 80 (table 2). The observed variation may be attributed to the
differing interactions between span 60 and the selected edge
activators. Span 60, a nonionic surfactant with a high phase
transition temperature, forms rigid and stable bilayers that are less
permeable to drug leakage [9]. The incorporation of SDC, an anionic
surfactant (HLB=16.7), enhances membrane flexibility without
compromising vesicle stability, thereby facilitating greater drug
encapsulation. In contrast, tween 80 (HLB=15), with its large
hydrophilic head group, may disrupt the structural integrity of the
span 60 bilayer. These findings are consistent with previous studies
indicating the superior performance of SDC in enhancing drug
loading within vesicular systems [24, 25].

The effects of increasing SDC amount caused statistically significant
(p<0.01) decreasing in the EE% when its quantity was increased, as
shown in fig. 2B. This is because the likelihood of the formation of
mixed micelles with increase the amount of SDC. Furthermore, the
fluidity and permeability of the vesicular membranes is enhanced by
elevated SDC levels, which results in a decrease in the EE% of FLC.
The results agreed with Hadi H and Hussein a who studied the effect
of SDC concentration, as an edge activator, for preparation of stable
ondansetronHCl-loaded tansfersomal dispersion [26]. On another
study, Salem H F et al. concluded that SDC, example of bile salt, can
integrate into bilayer membranes, imparting enhanced elasticity and
surface charge, which stabilizes vesicles and improves EE% by
reducing leakage [27].
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Fig. 2:The effect of different amount of (A) Tween 80 and (B) SDC, edge activators,onentrapmentefficiency of FLC-loaded spanethosomes,
(ns,*, ** and *** represent non-significant, P<0.05, P<0.01 and P<0.001 respectively), n=3, mean values+SD

Characterization of spanethosomes vesicular size and PDI

The statistical analysis of the effect of increasing ethanol volume on
the size of spanethosomes, while maintaining a constant span 60
amount as illustrated in fig. 3A-C, revealed a significant increase in
vesicle size (P<0.01), particularly when 4 ml of ethanol used in
formulas F3, F6, F9, they showed dramatic incease in size about
3517 as shown in fig. 4, 1803 and 745 nm, respectively. The
unusually large vesicle size may due to the excessive ethanol content
(4 ml), which likely disrupted optimal vesicle formation by altering
lipid packing or destabilizing the bilayer structure. This disruption
could lead to vesicle aggregation or fusion, ultimately increasing
particle size. Similar observations were reported by Sallustio et al.
[28], who found that increasing ethanol concentration up to a
certain threshold can reduce vesicle size by enhancing membrane
fluidity. However, beyond that limit, ethanol may cause bilayer
expansion and reduced vesicle stability, contributing to increased
vesicle size.

Moreover, it was evident that increasing the amount of span 60 also
led to an increase in vesicle size. In comparison with previous
studies which reported a decrease in vesicle size with higher ethanol
concentrations, have attributed to ethanol-induced bilayer
fluidization and interpenetration into lipid chains by hydrogen-bond

interaction with polar head of lipid. Further addition may lead to
bilayer destabilization or vesicle aggregation, resulting in larger
vesicles [29, 30]. Additionally, an increase in span 60: tween 80
ratios from 1.3:1 to 2.6:1 and 4:1 led to a proportional decrease in
vesicle size that hinder the flexibility of the bilayer membranes of
spanethosomes and, thus, decrease the elasticity of the vesicles and
water uptake so leading to decrease in the nanovesicles’ size [31].

The mean vesicle size also showed a significant decrease (P<0.05)
with increasing amounts of Tween 80 as illustrated in fig. 5A for
formulas F10>F5>F11>F12. These findings are consistent with those
of Almugbil R et al. [32] and Abdelbari M et al. [33], who reported
that tween 80 acts as an intercalating agent with unsaturated alkyl
chain. It reduces surface energy and enhances membrane bilayer
bending, thereby decreasing vesicle size and preventing vesicle
aggregation. On the other hand, the vesicle size also showed a
statistically significant decrease (P<0.05) with increasing amounts
of SDC, as shown in fig. 5B; F13>F14. Similar findings were reported
by Leonyza A [34]. The reduction in vesicle size was attributed to
increased membrane curvature and electrostatic repulsion between
charged molecules on the outer membrane surface, which reduced
vesicle aggregation and inhibited crystal growth. Additionally, the
small particle size may be influenced by the high hydrophilic-
lipophilic balance (HLB) value of SDC [35].
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Fig. 4: The surface morphological photo of FLC spanethosme dispersion by SEM (120Kx magnification) (formula F3)
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The PDI of all prepared formulations was between 0.06+0.02 and
0.51+0.01 (table 2). According to an ANOVA test, the variables including
span60 amount, ethanol volume and edge activator amount had a
significant (P<0.05) influence on the values of PDI for FLC-loaded
spanethosomes. Generally, a PDI value below 0.3 indicates a
homogeneous dispersion, reflectinga narrow particle size distribution in
the colloidal systems [36]. The formulations F1, F2, F5, F6, F8, F11, F12
and F15 exhibited approximately monodisperse system.

A high PDI (such as in F4, PDI = 0.51) suggested the heterogeneous
size distribution, reflecting the coexistence of both small and large
vesicle populations within the system. This heterogeneity can
negatively impact the physical stability of the system. Smaller vesicles,
due to their high surface energy, are more prone to aggregation or
fusion, while larger vesicles may be more likely to sediment under
gravity over time, both of which can lead to phase separation or drug
leakage during storage [37]. Furthermore, a wide size distribution may
result in inconsistent vesicle behavior during application. For
transdermal delivery, it has been shown that formulations with
narrow size distribution (i. e, low PDI) enable more uniform
penetration across the stratum corneum, whereas higher PDI may lead

to uneven distribution of vesicle sizes on the skin surface. This could
reduce the reproducibility and predictability of drug delivery, as
different-sized vesicles may follow different penetration pathways or
deposit differently within skin layers [38, 39].

In vitro drug release of the selected
formulations

spanethosomes

Based on the criteria of EE% greater than 90%, vesicles size less
than 300 nm and PDI below 0.3 for the collected data (table 2), the
formulations F2, F5 and F15 were selected for comparison their
dissolution profiles.

As observed in fig. 6, the percentage of FLC released from the
spanethosomes formulations after 6 h followed the order: F5
(100+0.0%)>F2 (95.15+£1.32%)>F15 (94.60+1.64%). A comparison
of their dissolution profiles revealed that all three formulations
exhibited a similarity factor (f2) of less than 50 (table 3), indicating a
significant difference in their dissolution behavior [40]. Notably, the
majority of the release (around 50%) occurred within the first 2 h.
This rapid initial release can be attributed to the smaller particle
size of formulations F2 and F5, as its reduced vesicle diameter likely
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facilitated quicker diffusion of the drug into the aqueous dissolution
medium [41]. On the contrary, the formulation F15 containing SDC
exhibited a slower initial release of FLC, ultimately reaching 94.6%
after 6 h. This agree with El Zaafarany G [24] and Ali S [42], who

Int J App Pharm, Vol 18, Issue 1,2026,454-463

attributed the slower initial drug release with SDC is due to its rigid
integration into the vesicle membrane, enhancing stability and
reducing permeability, unlike tween 80, which fluidizes the bilayer
and promotes faster release.

100
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Release 100%
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- F5
- F15

Time(hours)

Fig. 6: The dissolution profile of the selected FLC-loaded spanethosomes formulations

Table 3: Similarity factor f2 for comparison of dissolution profiles of the selected FLC spanethosomes dispersion

Formula code F2 F5 F15

f2 compare to F2 (standard) - 43.814 40.584
f2compare to F5 (standard) 43.814 ---- 27.924
f2 compare to F15 (standard) 40.584 27.924 ----

"y

R SO 2O 2800 2e00 2000

7 S G~ S > A~ ™ = A

Fig. 7: The FTIR spactra of FLC, physical mixture of FLC: span 60: tween 80, physical mixture of FLC: span 60: SDC and formula F15 for up
to down, respectively

Optimization of FLC spanethosomes

Formula F15 was chosen as the optimum formula for further
investigation in light of the results. Since it exhibited an optimal
nanosize (188.7.00£1.8 nm), PDI (0.25%0.01). Additionally, it
demonstrated an acceptable EE (91.91+0.80%) and FLC release rate
of approximately 94.6% at 6 h.

Fourier-transform infrared spectra (FT-IR)

The FTIR spectra of pure FLC, physical mixture and the optimum
formula (F15) were shown in fig. 7. The FTIR spectrum of FLC
displayed key characteristic bands at approximately 3115.04 cm™
(O-H and aromatic C-H stretching), 1618.28 cm™ (aromatic C=C
stretching), 1506.41 and 1417.68 cm™ (triazole ring stretching),
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1278.81 cm™ (C-F stretching), 1141.86 cm™ (C-O tertiary alcohol
stretching), and 964 cm™ (C-H bending vibrations). These findings
align with previously reported spectra and confirm the presence of
FLC functional groups [43, 44]. The FTIR spectra of the physical
mixture showed all characteristic peaks of FLC as well as the used
excipients without the appearance of new bands, indicating the
absence of chemical interaction. Slight boarding in the O-H and C=0
regions suggest possible hydrogen bonding or physical associations
among the components. The spectrum of the formula F15 exhibited
all major characteristicpeaks of FLC as illustrated in fig. 7 confirms
the chemical integrity of FLC [45]. Notably, there were reduction in
peaks intensity with minor deviation of peak at 1141.86 cm™ to
1132.21 cm-' which may indicate partial amorphization or
dispersion at the molecular level, which is expected in vesicular
systems [46].
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The characteristic X-ray diffraction (XRD) patterns of FLC were
compared with those of its physical mixture and the final formulation
(F15), as illustrated in fig. 8. The diffraction pattern of pure FLC
showed sharp peaks at 20 angles of 14.93° 17.39°, 19.5° 24.55°,
26.91° and 29.31°, indicating its crystalline nature. These findings are
in agreement with the previous report by Modha et al. [47]. The
diffractogram of the physical mixture exhibited all the characteristic
peaks of FLC, albeit with reduced intensity, indicating no significant
change in the drug’s crystallinity. Additionally, a new peak appeared in
the physical mixture, which may be attributed to Span 60, as reported
by Yassin GE et al. [48]. Meanwhile, the diffractogram of formulation
F15 demonstrated the complete absence of the sharp crystalline peaks
of FLC except for a broad peak around 21° (26). This confirms the
transformation of FLC from its crystalline form to an amorphous state,
likely encapsulated within the vesicular system. These results are
consistent with previous findings [49].

Fig. 8: The X-ray spactra of (A) FLC, (B) physical mixture of fluconazole: span 60: SDC and (C) formula F15

F15

Fig. 9: The HPLC chromatograms: (A) Pure FLC, (B) Fresh F15 formulation, (C) F15 after 3 mo of storage at room temperature, (D) Blank
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Assessment of FLC stability in spanethosomeformulations

The analysis HPLC showed consistent retention times (RT) for FLC
across samples: 4.15 min for pure drug, 4.18 min for freshly
prepared F15, and 4.10 min for F15 stored at room temperature for
3 mo (fig. 9 A-C). This minor variation indicates that FLC remained
chemically stable, with no signs of degradation or new peak
formation. Two additional peaks (approximately 2.3 and 6.0 min)
were observed in both the F15 and blank formulations (fig. 9D),
attributed to formulation excipients, not degradation products.
These findings are supported by recent validated HPLC studies that
confirm fluconazole’s stability under various storage conditions and
analytical methods [50]. Additionally, modern vesicular system like
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novasomes, has demonstrated protective effects on FLC stability
during storage [44]. Thus, the F15 formulation effectively preserves
FLC’s chemical integrity over time.

Surface morphology determination

Microscopy photo (fig. 10, left) confirmed the presence of spherical
vesicles with a well-defined outer boundary. The dispersion
appeared uniform, with no signs of aggregation. Additionally, the
SEM imaging (fig. 10, right) supported these findings, revealing
smooth, discrete vesicles with intact morphology. These
observations are in agreement with previous studies, which
similarly demonstrated stable, well-formed fluconazole-loaded
transfersomal vesicles using electron microscopy [51].

Fig. 10: Surface morphological photos of FLC spanethosomes taken by; (left) optical microscope, and (right) SEM (120Kx magnification,
500 nm scale)

CONCULSION

The ethanol injection method was employed to effectively prepare FLC
spanethosome in the present study. A promising drug carrier was
introduced in the form of FLC spanethosome dispersion, which can be
applied topically or incorporated into a topical dosage form.
FLCspanethosome entrapment efficiency and vesicle size decreased as
more amount of sodium deoxycholate introduced. The optimized FLC
formula (F15) exhibited a nanosized range, high entrapment
efficiency, and 94.6% of drug release over 6 h. The dispersion will be
later incorporated into a gel base as the final dosage form. Future work
will include stability testing and ex vivo skin permeation studies for
gel to confirm formulation robustness and targeting potential.
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