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ABSTRACT

Fungal infections represent a significant burden globally, necessitating
effective topical treatments that can penetrate the skin barrier to
deliver therapeutic agents efficiently. Ethosomal gels have garnered
attention as advanced drug delivery systems due to their ability to
enhance drug permeation and bioavailability. This review provides an
in-depth analysis of the formulation and characterization of antifungal
ethosomal gels designed for topical fungal treatment. It explores the
fundamental principles of ethosomal vesicles, emphasizing their
composition, structure, and mechanisms facilitating enhanced drug
delivery across the skin. The review discusses formulation strategies,
including lipid composition, ethanol content, and incorporation of
antifungal agents, highlighting their impact on vesicle stability, drug
loading efficiency, and therapeutic efficacy. Furthermore,
characterization techniques such as particle size analysis, zeta
potential measurement, and morphological examination are evaluated
for their role in assessing the physical properties and stability of
ethosomal formulations. Recent advancements in optimizing
ethosomal gel formulations for improved antifungal activity, stability,
and patient compliance are reviewed, along with challenges and future
directions in the field. By synthesizing current research findings, this
review aims to provide comprehensive insights into the development
and application of antifungal ethosomal gels, addressing key
considerations for advancing topical fungal treatment strategies.

Key words: Ethosomal gels, antifungal agents, drug delivery systems,
topical treatment, formulation optimization, skin penetration.

INTRODUCTION enhancing drug delivery and efficacy (Touitou
Topical fungal infections are prevalent et al., 2000; Cevc and Blume, 2001; Akhtar et
worldwide and present significant challenges al., 2012).

in clinical management due to their Ethosomal gels have emerged as a promising
chronicity, recurrence, and resistance to drug delivery system for topical applications,
conventional treatments. Dermatophytes, particularly in antifungal therapy. Ethosomes
yeasts, and molds such as Candida and are lipid-based vesicles composed of
Aspergillus species are common causative phospholipids and high concentrations of
agents, affecting skin, nails, and mucous ethanol, which enable enhanced drug
membranes. The complexity of these solubility and skin permeation (Dubey et al.,
infections necessitates the development of 2007; Elsayed et al., 2007). This unique
advanced therapeutic formulations capable of formulation improves drug bioavailability and
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facilitates deeper penetration into skin layers,
optimizing therapeutic while
minimizing systemic side effects.
Mechanism of Penetration of Ethosomes:
Ethosomes are lipid-based vesicular carriers
containing high concentrations of ethanol,
which impart flexibility to the vesicular
structure and enhance their ability to penetrate
the skin barrier. The mechanism of
penetration of ethosomal vesicles involves
several key factors:

Enhanced Fluidity of Lipid Bilayers:
Ethanol disrupts the lipid bilayers of
ethosomal vesicles, increasing their fluidity.
This allows the vesicles to deform and
squeeze through the narrow intercellular
spaces of the stratum corneum, the outermost
layer of the skin (Touitou et al., 2000).

Skin Hydration and Swelling: Ethanol in
ethosomal formulations can extract skin lipids
and disrupt the protein structure of the stratum
corneum, leading to increased hydration and
swelling of the skin. This facilitates deeper
penetration of ethosomal and
enhances drug delivery into the underlying
layers (El Maghraby et al., 2004).
Interaction with Interstitial Fluid: Once
ethosomal vesicles penetrate the stratum
corneum, they interact with interstitial fluid
present in the deeper layers of the skin. This
interaction facilitates drug release from the
vesicles into the skin tissue, where it can exert
its therapeutic effects (Cevc and Blume,
2001).

Size and Flexibility: Ethosomal vesicles are
typically smaller in size (approximately 100-
1000 nm) compared to conventional
liposomes, which allows them to penetrate
deeper into the skin layers. Their flexibility
enables them to adapt to the skin's topography

outcomes

vesicles
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and pass through pores and hair follicles
(Touitou et al., 2000).

Transdermal Delivery Enhancement: The
penetration of ethosomal vesicles through the
skin barrier enhances the transdermal delivery
of drugs, improving their bioavailability and
therapeutic efficacy. This mechanism is
particularly advantageous for delivering both
hydrophilic and lipophilic drugs that have
poor skin permeability (Jain et al., 2003).

Formulation Strategies

Effective formulation strategies are crucial for
developing antifungal ethosomal gels that
ensure optimal drug delivery and therapeutic
efficacy. The design of ethosomal gels
involves several key considerations, including
the selection of lipids, surfactants, and
cosurfactants to achieve stable vesicular
structures capable of encapsulating antifungal
agents (Touitou et al., 2000; Cevc and Blume,
2001).

The lipid composition plays a significant role
in determining the physical stability and drug
release characteristics of ethosomal gels.
Phospholipids such as phosphatidylcholine
and phosphatidylserine are commonly used
due to their biocompatibility and ability to
form lipid bilayers that encapsulate
hydrophobic drugs like antifungals (Dubey et
al., 2007).

Ethanol is another critical component of
ethosomal formulations, enhancing the
fluidity of lipid bilayers and promoting drug
solubility. The concentration of ethanol
influences vesicle size, membrane fluidity,
and drug permeation across the skin barrier
(Elsayed et al., 2007).
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Furthermore, the incorporation of edge
activators such as Tween 80 and Transcutol®
enhances the deformability and elasticity of
ethosomal membranes, facilitating their
penetration into the deeper layers of the skin
where fungal infections are localized (Akhtar
etal., 2012).

Characterization Techniques

Accurate characterization of ethosomal gels is
essential to assess their physical properties,
stability, and drug delivery performance.

Several characterization techniques are
employed to evaluate ethosomal formulations
comprehensively.

1. Vesicle Size and Morphology

Dynamic Light Scattering (DLS) and

Transmission Electron Microscopy (TEM) are
commonly used techniques to determine the
distribution and morphology of
ethosomal vesicles. DLS provides information
about the hydrodynamic diameter and
polydispersity  index, reflecting
stability and size uniformity (Dubey et al.,
2007; Elsayed et al., 2007).

2. Entrapment Efficiency

The entrapment efficiency of ethosomal gels,
which measures the of drug
encapsulated within vesicles, is determined
using methods such as ultrafiltration or
centrifugation followed by high-performance
liquid chromatography (HPLC)
(Akhtar et al., 2012).

3. Zeta Potential

Zeta potential analysis evaluates the surface
charge of ethosomal vesicles, influencing
their stability and interaction with biological
membranes. This parameter is assessed using
techniques like electrophoretic light scattering
(ELS) or laser Doppler anemometry (Touitou
et al., 2000).

size

vesicle

amount

analysis
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4. Drug Release Studies

drug release simulate
physiological conditions the
release profile of antifungal drugs from
ethosomal gels. Techniques such as Franz
diffusion cells or dialysis membranes are
employed, with samples analyzed using UV
spectrophotometry  or  chromatographic
methods (Cevc and Blume, 2001; Elsayed et
al., 2007).

Application of ethosomal gel
Ethosomal gels represent
approach in topical drug delivery, combining
the advantages of ethosomal vesicles with the
practical benefits of a gel dosage form.
Ethosomes, lipid-based vesicular carriers
containing high concentrations of ethanol,
offer enhanced skin permeation and improved
bioavailability of drugs due to their flexibility
and ability to penetrate skin layers effectively
(Touitou et al., 2000; Jain et al., 2003). The
incorporation of ethosomal systems into gel
formulations enhances their applicability by
providing controlled and sustained release
profiles, optimizing drug retention at the site
of application, and improving patient
compliance through easy application and non-
greasy feel (Manosroi et al., 2008).
Application in Drug Delivery:

Ethosomal gels have been widely investigated
for delivering various therapeutic agents,
including antifungals, antibiotics,
inflammatories, and cosmetic actives. Their
ability to encapsulate both hydrophilic and
lipophilic drugs makes them particularly
suitable for treating superficial fungal
infections, where effective drug delivery to
the target site is critical for therapeutic
success (Touitou et al., 2000; Jain et al,
2003).

studies
and assess
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The flexible nature of ethosomal vesicles
allows them to penetrate through the skin
barrier, delivering drugs directly to the
affected area while minimizing systemic side
effects (Manosroi et al., 2008).

In pharmaceutical applications, ethosomal
gels have demonstrated efficacy in enhancing
drug solubility, stability, and skin permeation,
thereby improving therapeutic
compared to conventional formulations
(Touitou et al, 2000). This makes them
valuable in treating dermatological conditions
such as fungal infections, acne, eczema, and
psoriasis, where targeted drug delivery and
enhanced efficacy are paramount (Jain et al.,
2003; Manosroi et al., 2008).

Advantages of ethosomal gel

Ethosomal gels are designed to offer several
advantageous compared to
conventional topical formulations. These
expected outcomes stem from the unique
properties of ethosomal vesicles and the gel
matrix. Here are the key expected outcomes:
Enhanced Skin Penetration: Ethosomal
vesicles, due to their high ethanol content and
lipid composition, can penetrate deeply into
the skin layers. This enhances the delivery of
drugs or active ingredients to the target site
within the skin, thereby improving therapeutic
efficacy (Touitou et al., 2000).

Improved Drug Bioavailability: The
ability of ethosomal vesicles to penetrate the
skin barrier facilitates increased drug uptake
into the systemic circulation or localized
tissues. This enhances  bioavailability
compared to formulations,
where drug absorption may be limited by the
skin's impermeability (Jain et al., 2003).
Targeted and Controlled Drug Delivery:
Ethosomal gels provide a controlled release

outcomes

outcomes

conventional
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profile, allowing sustained delivery of drugs
over an extended period. This feature is
beneficial for maintaining therapeutic drug
levels at the site of action, reducing dosing
frequency, and improving patient compliance
(Manosroi et al., 2008).

Versatility in Drug Delivery: Ethosomal
gels can encapsulate both hydrophilic and
lipophilic drugs, offering versatility in drug
delivery. This capability expands the range of
therapeutic agents that can be effectively
delivered through topical applications,
including antifungals, antibiotics,
inflammatories, and cosmetic actives (Touitou
et al., 2000).

Enhanced Stability and Shelf Life: The
lipid-based nature of ethosomal vesicles
provides stability to encapsulated drugs,
protecting them from degradation and
improving shelf life. This is particularly
advantageous for formulations containing
sensitive drugs or active ingredients prone to
chemical or physical instability (Jain et al.,
2003).

Patient Comfort and Compliance:
Ethosomal gels are non-greasy, easy to apply,
and quickly absorbed into the skin. These
characteristics enhance patient comfort during
application and improve overall compliance
with treatment regimens (Manosroi et al.,

anti-

2008).
Potential for Cosmetic and
Dermatological Applications: Beyond

pharmaceuticals, ethosomal gels are suitable
for cosmeceutical applications due to their
ability to deliver cosmetic actives effectively.
They can improve skin hydration, promote
anti-aging  effects, and treat
dermatological conditions, enhancing skin
health and appearance (Touitou et al., 2000).

various
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CONCLUSION
In conclusion, the development of antifungal
ethosomal gels represents a significant

advancement in topical drug delivery for
treating fungal infections. Ethosomal vesicles,
characterized by their lipid bilayer structure
and high ethanol content, have demonstrated
superior capabilities in enhancing drug
permeation through the skin barrier. This
highlighted key formulation
strategies critical to optimizing ethosomal
gels, including the selection of lipids, ethanol
concentrations, and  incorporation  of
antifungal agents. These factors play pivotal
roles in determining vesicle stability, drug
loading efficiency, and therapeutic efficacy.

Characterization techniques such as particle
size analysis, zeta potential measurement, and

review has

morphological examination have been
instrumental in assessing the physical
properties and stability of ethosomal
formulations. Advances in these
characterization —methods have enabled
researchers to tailor ethosomal gels for
improved drug delivery and patient
compliance.

Recent research underscores the potential of
ethosomal gels in effectively targeting fungal
pathogens, including dermatophytes and
Candida species, through enhanced skin
penetration and sustained drug release.
Despite these advancements, challenges such
as scalability, long-term stability, and
regulatory considerations remain areas of
focus for future research.

Looking ahead, continued
formulation optimization and characterization
techniques will be essential to further enhance
the therapeutic outcomes and commercial
viability of antifungal ethosomal gels. By

innovation in
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addressing these challenges, ethosomal
technology holds promise for revolutionizing
topical fungal treatment, offering patients
safer, more effective, and patient-friendly
therapeutic options.
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