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ABSTRACT: This study focuses on the
development, optimization, and in vitro evaluation
of Fluconazole-loaded Aquasomes as a novel topical
drug delivery system designed to enhance the
solubility, stability, and controlled release of
Fluconazole. Pre-formulation assessments
confirmed the drug’s purity and physicochemical
suitability, including its characteristic crystalline
nature, consistent melting point, limited aqueous
solubility, and wvalidated structural integrity via
FTIR analysis. Aquasomes were successfully
formulated with uniform physical properties,
nanoscale particle size, and high drug entrapment
efficiency. Among the formulations, ASF2 exhibited
the smallest particle size (~120 nm), highest
negative zeta potential, and maximum encapsulation
efficiency (>96%), indicating superior colloidal
stability and effective drug loading. In vitro release
studies revealed a sustained release profile for all
formulations over 17 hours, with ASF2
demonstrating the highest cumulative release.
Antimicrobial evaluation further showed that ASF2
possessed  significant  concentration-dependent
activity  against  Staphylococcus — aureus and
Escherichia coli, supporting its potential therapeutic
utility in topical infections. Overall, ASF2 emerged
as the optimized formulation, offering enhanced
stability, improved drug release, and notable
antimicrobial activity, suggesting its promise as an
effective topical Fluconazole delivery platform.
Further in vivo and clinical investigations are
recommended to validate its therapeutic potential.

Keywords: Fluconazole, Aquasomes, Topical drug
delivery, Nanoparticles, Entrapment efficiency,
Controlled release, Antimicrobial activity, ASF2
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L. INTROUDCTION
Topical drug delivery systems have gained
significant attention in recent years due to their
ability to deliver therapeutic agents directly to the
site of infection while minimizing systemic side

effects(Ezikeer al., 2023).Among various topical
formulations, nanotechnology-based carriers have
emerged as highly promising due to their capability
to enhance drug penetration, improve stability, and
provide sustained drug release. One such advanced
nanocarrier system is the Aquasome, a three-
layered, self-assembling nanoparticle composed of a
solid ceramic core, a carbohydrate coating, and a
bioactive drug layer. Aquasomes are widely
recognized for their ability to protect labile
molecules, maintain structural integrity, and offer
controlled and targeted drug delivery, making them
ideal candidates for topical applications (Das et al.,
2025).

Aquasomes provide several advantages for
enhancing Fluconazole delivery. Their nanoscale
particle size facilitates deeper skin penetration,
while their carbohydrate coating protects the drug
from  degradation and enables  sustained
release(Nayak et al, 2022).Furthermore, their high
surface area allows for efficient drug adsorption,
thereby increasing entrapment efficiency and
improving bioavailability. Optimization of such a
system ensures enhanced formulation stability,
effective drug loading, and controlled release
behavior suited for prolonged therapeutic
action(Pillai et al., 2023).

Fluconazole is a broad-spectrum antifungal
agent belonging to the triazole class, widely used in
the treatment of superficial and systemic fungal
infections. Its mechanism of action involves the
inhibition of fungal cytochrome P450-dependent
enzyme lanosterol 14a-demethylase, a key catalyst
in the biosynthesis of ergosterol, an essential
component of fungal cell membranes(Peyton et al.,
2015). By disrupting ergosterol  synthesis,
Fluconazole compromises membrane integrity,
ultimately leading to fungal cell death. Despite its
proven effectiveness and safety profile, Fluconazole
exhibits several formulation challenges, particularly
its limited aqueous solubility and variable
permeability, which can restrict its therapeutic
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efficiency when delivered through conventional
dosage forms(Sousa et al., 2020).

The preparation of optimized Fluconazole
formulations involves a systematic approach that
includes evaluating solubility, compatibility, and
stability, as well as selecting suitable excipients that
support efficient drug loading and release.
Optimization techniques, such as factorial design or
response surface methodology, are often employed
to refine formulation parameters and achieve
desirable  physicochemical and  therapeutic
characteristics(Elmotasem and Awad 2020). In
vitro characterization plays a crucial role in
assessing these optimized formulations by
determining key attributes such as particle size, zeta
potential, entrapment efficiency, and release profile.
These evaluations help predict how well the
formulation will perform in clinical settings and
guide further development(Cowley et al., 2019).

In vitro characterization plays a critical role

in evaluating the performance of Fluconazole-
loaded Aquasomes(Cheng et al, 2024).Parameters
such as particle size, zeta potential, entrapment
efficiency, surface morphology, and drug release
profile help determine the formulation’s potential
for successful topical application. Additionally,
antimicrobial activity testing provides insight into
the therapeutic effectiveness of the developed
formulation against common skin
pathogens(Pfalzgraffet al., 2018).
This study aims to prepare, optimize, and
comprehensively characterize Fluconazole-loaded
Aquasomes to provide an improved and sustained
topical delivery platform suitable for effective
antifungal therapy.

II. MATERIALS AND METHODS

2.1 Chemicals

Fluconazole were obtained from Unichem. Rankem
provided the Methanol. Merck India Ltd. Mumbai,
India provided the Ethanol, Acetonitrile, Propylene
glycol and Methyl paraben, whileSigma eldrich
supplied Ethyl cellulose. Triethanolamine were
procured from Loba, a well-known provider of high-
quality laboratory chemicals.

2.2 Pre-formulation studies of selected Drug
Fluconazole

2.2.1 Pre-formulation studies: In the case of
fluconazole, a commonly used antifungal drug, pre-
formulation studies are particularly important for
ensuring optimal performance and stability of the
final product. These studies help identify the most
suitable dosage form, improve bioavailability, and

prevent potential interactions with excipients that
may affect the drug’s efficacy. Overall, pre-
formulation studies play a crucial role in developing
a safe, effective, and high-quality fluconazole
formulatio (Robinson et al., 2015).

2.2.2 Organoleptic Properties: For fluconazole,
assessing organoleptic properties is essential to
ensure the drug is suitable for formulation into
different dosage forms like tablets, suspensions, or
syrups. Fluconazole is typically a white to off-white
crystalline powder with a slightly bitter taste and no
distinct odor. (Callemien and Collin 2009).

2.2.3 Solubility study: For visual observation, a
fixed amount of fluconazole is added to various
solvents like water, ethanol, or buffer solutions. The
mixtures are shaken for a set time and then allowed
to settle. The solutions are visually inspected clear
solutions indicate good solubility, while undissolved
particles suggest poor solubility (Li C ef al., 2022).
2.2.4 pH determination: To determine the pH, a
specific amount of fluconazole is dissolved in a
measured volume of distilled water or buffer
solution. The solution is stirred until the drug is
evenly dispersed. A calibrated digital pH meter is
then inserted into the solution to measure the pH.
(Liu et al., 2009).

2.2.5 Melting Point: The melting point
determination of fluconazole is performed to assess
its purity and identify its thermal characteristics by
using a melting point apparatus (Bergstromer al.,
2003).

2.2.6 Spectroscopic Analysis and Calibration of
fluconazole

. Lambda (1) max analysis

Spectroscopic  analysis and  calibration  of
fluconazole are performed to identify and quantify
the drug accurately. This technique helps determine
the drug’s concentration in a solution by measuring
the amount of light absorbed at a specific
wavelength. Knowing the absorbance
characteristics, especially the maximum wavelength
(. max), is essential for developing reliable
analytical methods, ensuring drug quality, and
monitoring its stability during formulation and
storage.

To perform A max analysis, A stock solution of
fluconazole is prepared at a concentration of |1
mg/mL by dissolving a known amount of the drug in
a methanol solvent. Using a UV-Visible
spectrophotometer, the absorbance of the solution is
scanned across a range of wavelengths. The
wavelength at which maximum absorbance occurs
(A max) is identified. The solution was scanned over
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the UV range of 200-800 nm using a Shimadzu
1700 double beam spectrophotometer to determine
the absorbance spectrum and identify the
wavelength of maximum absorbance (Amax) for
fluconazole (Wan, et al., 2003).

. Standard calibration curve analysis

To prepare the calibration curve for fluconazole, 10
mg of the drug was accurately weighed and
dissolved in methanol in a 10 mL volumetric flask.
The solution was diluted to the mark with methanol
to obtain the stock solution. Then, 1 mL of this
stock solution was transferred to another 10 mL
volumetric flask and diluted with methanol to
prepare the working standard solution. The
absorbance of this working solution was scanned
using a UV spectrophotometer over a wavelength
range of 200 to 800 nm to determine the Amax.
Subsequently, a series of fluconazole solutions with
different concentrations were prepared from the
stock solution, and their absorbance values at the
identified Amax were measured. These values were
then used to plot the calibration curve.

2.2.7 Preparation of calibration curve

To develop a calibration curve for
fluconazole, a stock solution was prepared and then
serially diluted with the chosen solvent to obtain
working solutions at concentrations of 5, 10, 15, 20,
25, and 30 pg/mL. The absorbance of each solution
was measured using a UV-visible
spectrophotometer, with the solvent serving as a
blank to calibrate the instrument. The absorbance
values were then plotted against their corresponding
concentrations, with concentration on the X-axis and
absorbance on the Y-axis. This process yielded a
standard calibration curve, demonstrating a linear
relationship consistent with Beer-Lambert’s law
across the selected concentration range (Azadehet
al., 2018).

2.2.8 Fourier Transform Infrared (FT-IR)
Spectroscopy of fluconazole

FT-IR spectroscopy was performed to characterize
the fluconazole sample and confirm its structural
properties. Fluconazole was finely ground and
mixed thoroughly with dry potassium bromide
(KBr) to form a homogeneous powder. This mixture
was compressed into a thin, transparent disc using a
hydraulic press. The disc was then placed in the
sample holder of the FT-IR spectrophotometer. The
spectrum was recorded over the wavenumber range
of 4000 to 400 cm™ at room temperature. Prior to
sample analysis, a background scan was taken using
a blank KBr disc to ensure accuracy. The obtained
spectrum was analyzed to verify the identity and
integrity of the fluconazole sample based on its
characteristic absorption peaks (Hemmalakshmier
al., 2017).

2.3 Preparation of Aquasomes containing
fluconazole (Kommineniet al., 2012).

The preparation of Aquasomes involved three steps
viz. core preparation, oligomer coating and drug
loading.

. Formulation of Ceramic Core

Disodium hydrogen phosphate solution (0.75) was
added slowly to calcium chloride (0.25) solution
under sonication (3 min.). Formed precipitate was
separated by centrifugation and washed twice with
distilled water. The precipitate was then suspended
in distilled water and filtered through 0.2p
membrane filter and filtered volume was freeze-
dried.

. Coating of the polyhydroxy oligomer
(Lactose)

Weighed amount of the dried ceramic core (100 mg)
was added to the lactose solution (200mg) in
distilled water and shaken using orbital shaker for a
period of 15min. The dispersion was then subjected
to sonication for 3 Min. The dispersion was
centrifuged and coated core (CC) was collected by
decanting off the supernatant and washed with
distilled water. The coated cores were dried at 45°C
in a hot air oven.

. Loading of Fluconazole in Aquasomes
An accurately weighed quantity (0.03g) of the
coated core obtained from the previous step was
dispersed in 5 mL of distilled water (Table 4). The
dispersion was subjected to stirring at 800 rpm
maintaining for 45 min. The drug (0.5%) was
accurately weighed and dissolved in methanol and
20 mL of this solution was added dropwise to the
coated core dispersion while stirring. The solution
was allowed to incubate overnight in refrigerator.
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The dispersion was centrifuged and the Aquasomes
were collected by decanting the supernatant and

drying the residue.

Table 1: Compositions of Aquasomes formulation

Formulation | Fluconazole Ceramic Methanol | Distilled | Temperature Stirring
code Drug (%) Core (mg) (ml) water ‘0 Time (min.)
ASF1 0.5 20.0 20.0 15.0 25-30°C 45 min
ASF2 0.5 30.0 20.0 15.0 25-30°C 45 min
ASF3 0.5 40.0 20.0 15.0 25-30°C 45 min
ASF4 0.5 50.0 20.0 15.0 25-30°C 45 min
ASF5 0.5 60.0 20.0 15.0 25-30°C 45 min

2.4 Evaluation parameter of Fluconazole
loaded Aquasomesformulation

2.4.1 Physical appearance

The physical appearance of fluconazole-loaded
Aquasomes can be evaluated by visual observation
to assess properties such as color, clarity,
uniformity, and the presence of any aggregation or
sedimentation (Zilles et al., 2022).

2.4.2 Particle Size

The particle size of fluconazole-loaded aquasomes
can be measured using a Malvern Zetasizer, which
operates on the principle of dynamic light scattering
(DLS) (Aledresiet al., 2020).

2.4.3 Zeta Potential

The zeta potential of fluconazole-loaded aquasomes
can be measured using a Malvern Zetasizer to assess
the surface charge and stability of the formulation
(Andrade et al., 2018).

2.4.5 Scanning Electron Microscopic (SEM)
Scanning Electron Microscopy (SEM) was used to
analyze the surface morphology and structural
features of the Fluconazole-loaded Aquasomes. The
samples were first coated with a thin conductive
metal layer (gold, palladium, or platinum, 2—20 nm)
using a sputter coater to improve conductivity. They
were then exposed to an electron beam, producing
secondary and Auger electrons that were detected to
form high-resolution surface images. These images,
based on Rutherford and Kramer’s principles,
provided detailed visualization of the Aquasomes’
surface topography (Cheng et al., 2024).

2.5 Entrapment efficiency

The primary objective of determining the
entrapment efficiency (EE) of fluconazole-loaded
aquasomes is to evaluate how effectively the drug is
encapsulated within the carrier system. This
parameter provides critical insight into the
formulation’s drug-loading capacity, stability, and
potential therapeutic efficacy. To evaluate the
entrapment efficiency, a precisely measured volume
of 10 mL of fluconazole-loaded aquasomes was
transferred into a volumetric flask containing 5 mL
of methanol. The mixture was vortexed for 1 minute
to ensure complete drug extraction from the
aquasomes. Subsequently, the volume was adjusted
to 10 mL with methanol, and the solution was
thoroughly mixed. After filtration to remove any
particulate matter, the concentration of the
entrapped fluconazole was quantified using a UV-
Visible spectrophotometer. The absorbance was

measured at the appropriate  wavelength
corresponding  to fluconazole's  maximum
absorbance(Khanum, 2017). The entrapment

efficiency was calculated using the formula:
Entrapment Efficiency (%) = (Amount of drug
entrapped / Total amount of drug added) x 100

This method provides a quantitative assessment of

the drug encapsulation within the aquasomes, which
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is crucial for evaluating the formulation's potential
for controlled drug delivery applications.

2.6 In Vitro Drug Release Study of Fluconazole -
Loaded Aquasomes

The in vitro release of Fluconazole-loaded
Aquasomes was assessed using the dialysis bag
diffusion method. Each formulation was placed in a
pre-treated dialysis bag and immersed in 100 mL of
phosphate buffer (pH 7.4) at 37 £ 2 °C, with
continuous stirring at 100 rpm. At set time intervals,
2 mL of the medium was withdrawn and replaced
with fresh buffer to maintain sink conditions.
Samples were appropriately diluted and analyzed by
UV-Visible spectrophotometry at 260 nm to
quantify drug release. Among all the formulations,
F2 showed the best performance, providing a
controlled and sustained release suitable for
therapeutic use (Das et al., 2025).

2.7 Antimicrobial Activity (Well Diffusion Assay)
2.7.1 Anti-microbial Activity

1. Preparation of Nutrient Agar Media

100 ml of distilled water was used to dissolve 2.8
grams of Nutrient Media. The pH of the media was

measured before sterilization. The media was
sterilized in an autoclave at 121 degrees Celsius and
15 pounds of pressure for 15 minutes. Nutrient
media was poured into plates and placed in a
laminar airflow until the agar solidified(Tanaka et
al., 2014).

2. Well Diffusion Assay

A well diffusion assay was used to assess the
antibacterial activity of the Fluconazole-loaded
Aquasomes against Staphylococcus aureus and
Escherichia coli. Standardized bacterial suspensions
(10® CFU/ml, adjusted to 0.5 McFarland) were
spread onto solidified, sterile agar plates to form a
uniform lawn. Wells were created using a sterile
cork borer and filled with a fixed volume of the
Aquasomes formulation, with blank Aquasomes as
the negative control and a standard antibiotic as the
positive control. After a 30-minute pre-diffusion
period at room temperature, plates were incubated at
37 °C for 24 hours. Antimicrobial activity was
determined by measuring the zones of inhibition
around each well (Baskaran et al., 2012).

IIL.RESULT AND DISCUSSION

3.1 Pre-formulation study of Fluconazole
3.1.1 Organoleptic evaluation

Table 2: Organoleptic evaluation of Fluconazole

Drug Organoleptic properties Observation
Color White or almost white
Fluconazole Odor No odor
Appearance Crystalline
State Crystalline powder

3.1.2 Determination of pH

Table 3: pH and Melting point determination of Fluconazole

Drugs Observed (pH) Reference (pH) Observed Reference
(Melting point) (Melting point)
Fluconazole 4.8 4.0t06.5 139°C 138-140°C
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3.2 Standard calibration curve
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Graph 1:Calibration curve of Fluconazole

3.2.1 Functional group identified by Infra-Red spectroscopy
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Graph 2: FTIR study of Fluconazole

Table 4: Interpretation of IR spectrum of Fluconazole

Peak obtained Reference peak Functional group Name of functional group
3449.95 3500- 3400 N-Hstretching primary amine
1623.95 1650-1600 C=C stretching conjugated alkene
1139.51 1150-1085 C-Ostretching aliphatic ether
1112.98 1124-1087 C-O stretching secondary alcohol
969.26 980-960 C=C bending alkene
917.20 1000-650 C-I stretching Halo compound

3.3 Characterization of Fluconazole loaded Aquasomes formulation
Table 5: Physical Appearance of Aquasomes

Formulation Parameters Observation
Colour White to off-white
Aquasomes Odour Odourless
Appearance Crystalline powders

3.3.1 Particle Size analysis
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Graph 3: Particle size (ASF1)

Graph 4: Particle size (ASF2) Graph 5: Particle size (ASF3)
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-18.7 mV

Zeta potential mV
-28.8 mV
-35.4 mV
-20.0 mV

(ASF5)
Table 7: Zeta potential of Aquasomes

Formulation Code
ASF1
ASF2
ASF3
ASF4

Zeta potential

(ASF4)

Graph 12:
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| ASF5 273 mV

3.3.3 Scanning electron microscope (SEM)
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Figure 1: Scanning electron microscope (SEM)

3.3.4 Entrapment efficacy
Table 8: Entrapment efficacy of Aquasomes

Formulations (ASF1-ASF5) Entrapment efficacy (%)

Aquasomes (ASFF1) 83.45

Aquasomes (ASFF2) 96.34

Aquasomes(ASFF3) 87.53

Aquasomes(ASFF4) 82.23

Aquasomes(ASFF5) 79.72

Table 9: In Vitro drug release study
Time (hrs) Cumulative % drug release study
ASFF1 ASFF 2 ASFF 3 ASFF 4 ASFF 5
0 0 0 0 0 0
2 16.06 26.85 17.53 20.78 22.36
4 23.07 34.68 30.86 31.93 29.1
6 31.73 42.83 38.76 33.08 43.13
8 46.47 57.18 48.57 39.50 57.59
10 60.79 64.74 61.76 63.12 66.83
12 73.23 77.41 71.07 70.32 77.17
14 80.07 82.06 79.17 81.03 82.41
17 87.13 90.19 88.94 93.08 94.25
CUMULATIVE % DRUG RELEASESTUDY OF ALL
FORMULATIONS

100
90
80
70
60
S0
40
30
20
10

Time Hrs

Graph 14: Drug release study of all formulations
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3.5 Antimicrobial Activity (Well Diffusion Assay)

Figure 2: In-vitro antimicrobial activity

Table 10: Antimicrobial activity of drug loaded Aquasomes formulation

Sample name Zone of Inhibition (mm) S. aureus Zone of Inhibition (mm) E. coli
Control 0.0 0.0
ASF2 (1mg/ml) 4 6
ASF2 (1.5 mg/ml) 9 13

Graphical representation of Aquasomes formulation

Graph 15: Graphical representation of aquasomes formulation

IV.  DISCUSSION

The preformulation studies confirmed that
Fluconazole possessed the expected organoleptic,
physicochemical, and structural properties required
for formulation. The drug appeared as a white,
odorless crystalline powder with a melting point of
139°C, consistent with standard values, confirming
its purity and stability. Its solubility profile showed
high solubility in methanol, ethanol, and DMSO but
only slight solubility in water, indicating the need
for an advanced delivery system to enhance its
aqueous compatibility. The FTIR spectrum further
validated the identity of Fluconazole by confirming
the presence of characteristic functional groups.The
prepared Aquasomes displayed consistent physical
characteristics, appearing as white to off-white,
odorless crystalline particles. Particle size analysis
revealed nanoscale dimensions across formulations,
with ASF2 showing the smallest size (120.41 nm)
and ASF3 the highest uniformity. Zeta potential
values ranged from —18.7 mV to —35.4 mV, with
ASF2 demonstrating the greatest stability due to its
higher negative charge. SEM imaging confirmed the
nanometric structure and successful coating, with

particles showing a rough surface favorable for drug
adsorption.

Entrapment efficiency varied across
formulations, with ASF2 achieving the highest
loading (96.34%), suggesting optimal drug—carrier
interaction. In vitro release studies showed sustained
Fluconazole release up to 17 hours for all
formulations, with ASF2 exhibiting the highest
cumulative release, indicating its potential for
prolonged therapeutic action. Antimicrobial testing
demonstrated that ASF2 produced concentration-
dependent inhibition against Staphylococcus aureus
and Escherichia coli, confirming effective drug
release and enhanced antibacterial activity.

Overall, ASF2 emerged as the most
promising formulation due to its optimal particle
size, high stability, superior entrapment efficiency,
enhanced release profile, and measurable
antimicrobial activity, making it a suitable candidate
for efficient topical delivery of Fluconazole.

V. CONCLUSION
The study successfully formulated and
optimized Fluconazole-loaded Aquasomes for
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enhanced topical delivery. Pre-formulation results
confirmed the drug’s purity, while the Aquasomal
system improved its limited water solubility. Among
the formulations, ASF2 showed the most favorable
characteristics, including the smallest particle size,
highest entrapment efficiency, and optimal zeta
potential, indicating strong stability and potential for
better skin penetration. In vitro studies revealed that
ASF2 provided sustained drug release for 17 hours
and demonstrated notable antibacterial activity
against both Gram-positive and Gram-negative
bacteria. These findings highlight ASF2 as a
promising candidate for effective topical treatment
of fungal infections, offering improved stability,
controlled release, and added antimicrobial benefits.
Further in vivo and clinical studies are
recommended to fully establish its therapeutic safety
and effectiveness.
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