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Abstract 
_______________________________________________________________________________________________________________ 

Ethosomes, a novel vesicular carrier system, have emerged as a promising approach in the field of 
drug delivery. These lipid-based carriers, characterized by their high ethanol content, exhibit 
unique properties that enhance the delivery of therapeutic agents across biological barriers, 
particularly the skin. Ethosomes overcome the limitations of conventional delivery systems by 
improving drug solubility, stability, and permeation. Their ability to encapsulate both hydrophilic 
and lipophilic drugs makes them versatile carriers for a wide range of pharmaceutical 
applications, including transdermal, dermal, and systemic delivery. This review explores the 
composition, preparation methods, mechanisms of action, and therapeutic applications of 
ethosomes, highlighting their potential to revolutionize drug delivery practices. Furthermore, 
challenges in their large-scale production and future prospects are discussed to provide a 
comprehensive understanding of this innovative technology. 
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Introduction 

Human skin acts as an effective and selective barrier to 
chemical permeation, which limits the entry of water-
soluble molecules and drugs. Despite these challenges, 
skin-based drug delivery offers notable advantages, 
including avoidance of first-pass metabolism, reduced 
fluctuations in plasma drug levels, targeted delivery for 
localized effects, and improved patient compliance.1 The 
stratum corneum, the outermost layer of the epidermis, 
consists of bundled keratins stabilized by a cell 
envelope of cross-linked proteins and covalently bound 
lipids. This structural composition makes it a formidable 
barrier, particularly to water-soluble drugs. 

Human skin acts as a highly selective barrier to chemical 
permeation, particularly limiting the penetration of 
water-soluble molecules and drugs. Despite these 
challenges, transdermal drug delivery offers several 
advantages, including bypassing first-pass metabolism, 
reducing plasma drug level fluctuations, providing 
localized effects, and improving patient compliance. The 
stratum corneum, the outermost layer of the epidermis, 
consists of bundled keratins and a lipid matrix, making 
it an effective barrier, especially against hydrophilic 
drugs.   

Various strategies have been developed to enhance drug 
permeation, including physical and chemical methods. 
Physical approaches such as iontophoresis, 
sonophoresis, and microneedles have demonstrated 

efficacy but often involve complex procedures affecting 
patient compliance2. Chemical penetration enhancers, 
including surfactants and organic solvents, can disrupt 
skin integrity, leading to irritation3. Consequently, 
vesicular systems, such as liposomes and ethosomes, 
have gained attention as non-invasive alternatives for 
drug delivery4.   

The epidermis, specifically the stratum corneum, plays a 
pivotal role in controlling drug permeation. In its 
absence, small water-soluble and non-electrolytic 
molecules can diffuse into systemic circulation up to a 
thousand times more rapidly. Therefore, various 
strategies have been developed to enhance drug flux by 
mitigating the barrier function of the skin. Technological 
advancements over recent decades have introduced 
both physical and chemical methods to overcome the 
skin’s barrier properties.5 

Physical approaches, such as iontophoresis, 
sonophoresis, and microneedles, have demonstrated 
efficacy but often require complex procedures that may 
affect patient compliance. Chemical penetration 
enhancers, including surfactants and organic solvents, 
can irritate or damage the skin, compromising its 
natural barrier function. Consequently, there is an 
increasing preference for drug delivery systems that 
maintain the skin’s integrity while facilitating drug 
penetration.6 
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Vesicular systems, such as liposomes and ethosomes, 
have gained considerable attention for their ability to 
enhance skin permeation without causing irritation. 
Over the past decade, the topical delivery of drugs using 
liposomal formulations has shown significant promise.7 
Deformable liposomes and transferosomes, introduced 
by Ceve and Blume in 1992, represent the first 
generation of elastic vesicles capable of penetrating 
intact skin and delivering therapeutic concentrations of 
drugs under non-occlusive conditions. These vesicles 
are composed of phospholipids and non-ionic 
surfactants, which encapsulate the drug and facilitate its 
transport into and across the skin.8 

Ethosomes build upon this concept, offering enhanced 
deformability and penetration efficiency. Their high 
ethanol content disrupts the lipid structure of the 
stratum corneum, further improving drug delivery to 
deeper skin layers and systemic circulation. This makes 
ethosomes a superior choice for non-invasive 
therapeutic applications, ensuring effective delivery of 
both hydrophilic and lipophilic drugs.9 

 

Figure 1: Structure of skin 

 

Ethosomes 

Ethosomes have emerged as a cutting-edge drug 
delivery system, offering significant advancements in 
transdermal and topical applications. These vesicular 
carriers, composed of phospholipids, ethanol, and 
water, enable the delivery of both hydrophilic and 
lipophilic drugs through the skin. By enhancing 
permeability and stability, ethosomes overcome the 
limitations of conventional delivery systems, making 
them particularly effective in treating skin disorders, 
fungal infections, and systemic diseases. This review 
provides a comprehensive analysis of the structure, 
preparation methods, mechanisms, applications, and 
future prospects of ethosomes, highlighting their 
transformative potential in pharmaceutical sciences.10 

Ethosomes are phospholipid-based nanocarriers 
containing high concentrations of ethanol (20-45%), 
which enhances skin permeability by disrupting the 
stratum corneum lipid matrix11. Compared to 
conventional liposomes, ethosomes offer superior 
deformability, allowing them to penetrate deeper into 
the skin, facilitating both topical and systemic drug 
delivery12.   

Ethosomes: Composition and Structure 

Ethosomes consist of three primary components:   

Phospholipids: Form the vesicle bilayer and provide 
biocompatibility.   

Ethanol (20-45%): Enhances vesicle flexibility and 
disrupts skin lipids to facilitate drug penetration.   

Water: Acts as a solvent and stabilizer for ethosomal 
vesicles13.   

This composition allows ethosomes to encapsulate 
hydrophilic, lipophilic, and amphiphilic drugs, making 
them versatile carriers for dermatological and 
transdermal applications14.   

This composition allows ethosomes to encapsulate a 
wide range of drugs, including hydrophilic, lipophilic, 
and amphiphilic molecules, making them versatile 
carriers for diverse therapeutic applications.15 

Ethosomes enhance transdermal drug delivery through 
a dual mechanism:   

1. Ethanol Effect: Ethanol increases skin permeability by 
disrupting intercellular lipid organization in the stratum 
corneum16.   

2. Flexible Vesicular System: The deformable ethosomes 
penetrate through the skin layers and deliver drugs into 
deeper tissues17.   

 

 

Figure 2: Structure of ethosomes48

 

 

 

 



Manpreet et al.                                                                                                                           Journal of Drug Delivery & Therapeutics. 2025; 15(2):186-192 

ISSN: 2250-1177                                                                                           [188]                                                                                            CODEN (USA): JDDTAO 

Table 1: Different composition of ethosomes 

Class Example Uses 

Phospholipids Soya phosphatidyl choline 

Egg phosphatidyl choline 

Dipalmityl phosphatidyl choline 

Distearyl phosphatidyl choline 

Vesicles forming component49 

Polyglycol Propylene glycol 

Transcutol RTM 

As a skin penetration enhancer50 

Alcohol Ethanol 

Isopropyl alcohol 

For providing the softness for vesicle 
membrane As a penetration enhancer51 

Cholesterol Cholesterol For providing the stability to vesicle 
membrane49 

Dye Rhodamine-12353 

Rhodamine red 

Fluorescene Isothiocynate (FITC)54 

For characterization study52 

 

Vehicle Carbopol O93455 As a gel former56 

 

Advantages of Ethosomes 

Ethosomes offer several advantages over conventional 
drug delivery systems: 

 Enhanced Skin Permeation: Ethanol facilitates 
drug penetration across the stratum corneum18.   

 Sustained Drug Release: Provides prolonged 
therapeutic effects, reducing dosing frequency19.   

 Non-Invasive and Patient-Friendly: Improves 
patient compliance compared to injections or oral 
medications20.   

 Encapsulation of Both Hydrophilic and Lipophilic 
Drugs: Increases versatility for different drug 
molecules21.   

 High Encapsulation Efficiency: Ethosomes can 
encapsulate drugs of varying solubilities, providing 
flexibility in formulation. 

 Improved Bioavailability: By bypassing the hepatic 
first-pass metabolism, ethosomes enhance systemic 
drug bioavailability. 

 Controlled Drug Release: Sustained drug release 
profiles can be achieved, improving therapeutic 
outcomes. 22 

Method of Preparation: 

Ethosomal formulations can be prepared using various 
methods, including the cold method, hot method, classic 
mechanical dispersion method, and classic method. 
These techniques are simple, cost-effective, and 
adaptable for both laboratory-scale preparations and 
industrial production, making them a practical option 
for large-scale pharmaceutical manufacturing. 

 

a) Cold Method 

The cold method is the most widely used approach for 
preparing ethosomal formulations. In this method, 
phospholipids, the drug, and other lipid components are 
dissolved in ethanol in a covered vessel at room 
temperature while being stirred vigorously using a 
mixer. Propylene glycol or another polyol is added 
during the stirring process. The mixture is heated to 
30°C in a water bath. Separately, water is heated to the 
same temperature and added to the mixture with 
continued stirring for 5 minutes. The size of the 
ethosomal vesicles can be reduced to the desired level 
using sonication or extrusion techniques. The final 
ethosomal formulation is stored under refrigeration to 
maintain stability.23 

b) Hot Method 

In the hot method, phospholipids are dispersed in water 
by heating in a water bath at 40°C until a colloidal 
solution is formed. Separately, ethanol and propylene 
glycol are mixed and heated to the same temperature. 
Once both mixtures reach 40°C, the organic phase is 
added to the aqueous phase. Depending on the 
hydrophilic or hydrophobic nature of the drug, it is 
dissolved in water or ethanol before being added. The 
size of the ethosomal vesicles can be adjusted using 
probe sonication or extrusion techniques24. 

c) Classic Mechanical Dispersion Method 

In this method, soya phosphatidylcholine is dissolved in 
a mixture of chloroform and methanol (3:1 ratio) in a 
round-bottom flask. The organic solvents are removed 
using a rotary vacuum evaporator at a temperature 
above the lipid transition temperature, resulting in the 
formation of a thin lipid film on the walls of the flask. 
Residual solvents are further removed by leaving the 
flask under vacuum overnight. The lipid film is then 
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hydrated by adding a hydroethanolic mixture containing 
the drug at various concentrations, with the flask 
rotated at an appropriate temperature to facilitate the 
formation of ethosomes25. 

d) Classic Method 

In the classic method, the phospholipid and drug are 
dissolved in ethanol and heated to 30°C ± 1°C in a water 
bath. Double-distilled water is added in a fine stream to 
the lipid mixture under constant stirring at 700 rpm in a 
closed vessel. The resulting vesicle suspension is 
homogenized by passing it through a polycarbonate 
membrane using a hand extruder for three cycles, 
resulting in a stable ethosomal formulation26. 

Mechanism of Action 

The enhanced permeability of ethosomes can be 
attributed to their unique mechanism of action: 

a. Ethanol Effect: Ethanol disrupts the lipid bilayer of 
the skin’s stratum corneum, increasing its fluidity 
and permeability. 

b. Vesicle Deformability: Ethosomes’ flexible 
structure enables them to pass through narrow 
intercellular spaces without breaking. 

c. Sustained Release: The drug is gradually released 
from the vesicles, maintaining Mechanism of Drug 
Delivery Through Ethosomes27. 

Although the precise mechanism of drug delivery via 
ethosomes remains speculative, their enhanced efficacy 
is largely attributed to the interactions between 
ethosomes and the lipids within the skin. At 
physiological temperatures, the lipid multilayers of the 
stratum corneum are densely packed, presenting a 
significant barrier to permeation. Ethosomes overcome 
this barrier through two primary mechanisms: the 
"ethanol effect" and the "ethosome effect."28 

a. The Ethanol Effect 

Ethosomes contain a high concentration of ethanol, 
which plays a crucial role in disrupting the tightly 
packed lipid bilayers of the skin. Ethanol, when 
integrated into the vesicle membrane, enhances the 
fluidity and deformability of the ethosomes, enabling 
them to penetrate the stratum corneum more 
effectively.29 

Ethanol interacts with the polar head groups of the 
lipids in the stratum corneum, reducing the rigidity of 
the lipid structure and increasing its fluidity. This 
interaction disrupts the skin's barrier function, creating 
small openings in the lipid matrix that ethosomes can 
exploit to deliver drugs into deeper skin layers. The high 
ethanol content also imparts a less tightly packed lipid 
membrane in the ethosomes themselves, maintaining 
stability while allowing for efficient penetration through 
the skin30. 

b.  The Ethosome Effect 

Beyond the ethanol-induced disruption, the ethosomes 
themselves actively participate in enhancing drug 
delivery. The malleable and interdigitated vesicles can 

fuse with the skin lipids, creating new pathways for 
drug permeation. This process facilitates the delivery of 
the encapsulated drug to deeper skin layers and, 
potentially, into systemic circulation.31 

Ethosomes' flexible vesicle structure allows them to 
navigate the disrupted stratum corneum, releasing their 
drug payload efficiently. Drugs encapsulated in 
ethosomes exhibit improved attachment to the skin due 
to the positive zeta potential imparted by the vesicles32. 

This enhances the retention of the drug at the target 
site, promoting sustained delivery and improved 
therapeutic outcomes.33 

Applications of Ethosomes 

Ethosomes have been successfully employed in a variety 
of therapeutic areas: 

a. Dermatological Disorders: 

➢ Psoriasis and Eczema: Ethosomes enhance the 
delivery of corticosteroids and immunomodulators, 
providing rapid relief and reducing systemic side 
effects. 

➢ Acne Treatment: Ethosomal formulations of 
antibiotics like clindamycin improve skin 
penetration and reduce bacterial resistance.34 

b. Fungal Infections: 

➢ Clotrimazole and Ketoconazole: Ethosomal gels 
show superior efficacy in treating tinea and 
candidiasis by delivering antifungal agents to deeper 
skin layers. 

➢ Terbinafine: Enhanced bioavailability and reduced 
recurrence rates have been observed with ethosomal 
delivery.35 

c. Transdermal Drug Delivery: 

➢ Hormone Replacement Therapy: Ethosomes 
effectively deliver estradiol and testosterone, 
ensuring steady plasma levels. 

➢ Pain Management: Drugs like diclofenac and 
lidocaine exhibit prolonged analgesic effects when 
delivered via ethosomes.36 

d. Vaccination: 

➢ Ethosomes are being explored as carriers for 
transdermal vaccines, enhancing immunogenicity 
and patient compliance. 

e. Cosmeceuticals: 

➢ Ethosomes are increasingly used in anti-aging, skin 
whitening, and moisturizing formulations, leveraging 
their ability to deliver active ingredients 
effectively.37 

Limitations and Challenges 

Despite their numerous advantages, ethosomes face 
certain limitations: 

Stability Issues: Ethosomal formulations are prone to 
aggregation and leakage during storage.38 
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High Ethanol Content: May cause irritation or dryness 
in sensitive skin types. 

Manufacturing Challenges: Scaling up production 
while maintaining uniformity is complex.39 

Cost of Production: The use of high-purity 
phospholipids and ethanol increases manufacturing 
costs. 

Recent Advances and Applications   

Ethosomes have demonstrated promising results in 
treating various conditions, including:   

Fungal infections: Terbinafine hydrochloride 
ethosomal gels have shown improved antifungal activity 
in onychomycosis and athlete’s foot40,41.   

Dermatological disorders: Kaempferol-loaded 
ethosomes for antioxidant and anti-inflammatory 
effects42.   

Systemic drug delivery: Naftifine-loaded 
transethosomes enhance drug deposition into deeper 
skin layers43.   

Future Directions 

Recent advancements in nano-formulations and quality-
by-design approaches have improved the efficiency and 
stability of ethosomes44. Ongoing research focuses on 
targeted delivery, combinational therapies, and smart 
ethosomal systems, ensuring optimized therapeutic 
outcomes with minimal side effects.   

To maximize the potential of ethosomes, future 
research should focus on: 

Optimization of Formulations: Exploring novel 
excipients and stabilizers to enhance vesicle stability.45 

Green Synthesis Methods: Developing eco-friendly 
processes to reduce environmental impact.46 

Advanced Delivery Systems: Combining ethosomes 
with other nanocarriers like nanoparticles and micelles 
for synergistic effects. 

Clinical Studies: Conducting large-scale trials to 
establish efficacy and safety across diverse patient 
populations.47 

Conclusion 

Ethosomes represent a promising and innovative 
approach in the field of transdermal drug delivery. Their 
unique composition, including phospholipids, ethanol, 
and water, enables the delivery of both hydrophilic and 
lipophilic drugs through the skin, offering significant 
advantages over traditional drug delivery systems. 
These include enhanced skin penetration, improved 
bioavailability by bypassing first-pass metabolism, high 
encapsulation efficiency, non-invasive delivery, and 
controlled drug release. Ethosomes hold great potential 
for treating a wide range of conditions, from 
dermatological disorders and fungal infections to 
systemic diseases and cosmeceuticals. 

Despite their numerous benefits, there are still 
challenges to overcome, such as stability issues, high 

ethanol content, and manufacturing complexities. 
Future research should focus on optimizing 
formulations, improving stability, and exploring greener 
synthesis methods to make ethosomes a viable option 
for large-scale production. Furthermore, clinical studies 
are necessary to validate their safety and efficacy across 
diverse patient populations. 

With continuous advancements and research, 
ethosomes have the potential to revolutionize drug 
delivery, offering more effective, patient-friendly, and 
cost-efficient treatments for a variety of medical 
conditions. 
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