
INTRODUCTION

Transdermal Drug Delivery and Cosmetic Formulations 
Challenges
Pharmaceutical and cosmetic industries need to invest heavily 
in cosmeceutical formulations and transdermal drug delivery. 
These domains have enormous potential, but they also face 
several problems that need creative solutions if successful 
outcomes are to be achieved. While acting as a protective 
barrier in transdermal medication administration, the skin 
presents a significant barrier to drug absorption because of its 
intricate structure and makeup. This restricts the absorption 
of medications given by traditional techniques, frequently 
necessitating high doses that may cause systemic side effects. 
Similar to this, cosmeceutical formulations that seek to transfer 
advantageous substances to the skin’s deeper layers run across 

obstacles that reduce the absorption of active components, 
impairing their effectiveness in producing the desired cosmetic 
results.1

Introduction to Lipid-Based Vesicular Carriers with a 
Focus on Ethosomes
Ingenious ways to overcome the difficulties posed by the 
skin barrier in medication administration and cosmeceutical 
applications have evolved in the form of lipidbased vesicular 
carriers. To promote the delivery of active substances, these 
carriers take use of lipids’ affinity for the lipid matrix of the 
skin. Ethosomes have gained a lot of interest. Due to their 
unusual makeup, which contains a high proportion of ethanol, 
ethosomes, a subclass of liposomes, stand apart? The addition 
of ethanol gives ethosomes a remarkable degree of flexibility 
and elasticity, enabling them to enter the skin more effectively 
than traditional liposomes.2
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Importance of Skin Penetration and Enhanced 
Bioavailability
Transdermal medication delivery and cosmeceutical 
formulations are successful in part because of skin penetration 
and improved bioavailability. Effective skin penetration 
eliminates the requirement for invasive administration 
techniques, increasing patient comfort and compliance. Due to 
their deformability and ethanol concentration, ethosomes can 
cross the skin’s barrier more effectively, allowing for targeted 
medication delivery and minimizing systemic exposure. 
For cosmeceuticals to provide significant and long-lasting 
changes in skin health and appearance, active substances 
must be able to permeate deeper skin layers. By increasing 
bioavailability, ethosomal formulations increase the potential 
for cosmeceuticals to perform as intended.3

Ethosome Structure and Characteristics

Definition and composition of ethosomes
The field of transdermal medication delivery and cosmeceuticals 
has seen a substantial increase in interest in a specific class of 
lipidbased vesicular carriers known as ethosomes. Nanoscale 
vesicles called ethanolosomes are made of phospholipids, 
water, ethanol, and sporadically surfactants. Because of their 
unusual composition, structure is given in Figure 1a ethosomes 
stand out from traditional liposomes by enabling improved skin 
penetration and effective active ingredient delivery. Ethosomes 
are distinguished by the presence of ethanol, which contributes 
to both their flexibility and their capacity to interact positively 
with the lipid structure of the skin.4

Various types of ethosomes employed in transdermal drug 
delivery 
Classical ethosomes comprise phospholipids, ethanol, 
stabilizers like propylene glycol, charge inducers, water, and 
the desired drug or agent. Binary ethosomes share a similar 
composition but utilize an edge activator or penetration 
enhancer in place of the stabilizer. Transethosomes encompass 
phospholipids, ethanol, charge inducers, water, and the drug or 
agent, often featuring irregular spherical shapes. The structural 
differences between these three are shown in Figure 1b. 

In terms of morphology, all variations exhibit spherical 
structures, yet transethosomes may possess regular or 
irregular shapes. Size-wise, classical ethosomes are smaller 
than traditional liposomes, binary ethosomes are equal to or 
smaller than classical ethosomes, and transethosomes’ sizes 
are influenced by the type and concentration of penetration 
enhancers or edge activators. Entrapment efficiency differs 
across the board, with classical ethosomes surpassing 
traditional liposomes, binary ethosomes generally surpassing 
traditional ethosomes, and transethosomes displaying higher 
efficiency than most typical ethosomes. Skin permeation 
varies similarly, with classical ethosomes typically exhibiting 
superior permeation compared to traditional liposomes, binary 
ethosomes often matching or exceeding traditional ethosomes, 
and transethosomes frequently demonstrating superior skin 
permeation than traditional ethosomes. Stability-wise, classical 

ethosomes outshine traditional liposomes, binary ethosomes 
are generally more stable than classical ethosomes, while a 
definitive trend in stability was not evident for transethosomes. 
This comprehensive breakdown elucidates the nuanced 
distinctions and varying characteristics of classical, binary, 
and transethosomes, providing insights into their potential 
applications and strengths in transdermal drug delivery. 5-6

Lipid components and their roles in promoting skin 
penetration
Ethosomes’ lipid components are essential for improving 
skin penetration. Ethosomes’ bilayer structure is created by 
phospholipids, simulating the lipid bilayers of the skin and 
fostering compatibility. This makes it easier for ethosomes 
to join with the stratum corneum, which makes it easier to 
deliver encapsulated substances to the skin. Additionally, 
the presence of ethanol increases the lipid bilayer’s fluidity, 
reducing interfacial tension and encouraging more interaction 
with the skin. This lipid mixture creates an environment that is 
favorable for effective medication or cosmeceutical delivery.7

Elasticity and deformability are important ethosome 
properties
The crucial qualities of elasticity and deformability distinguish 
ethosomes from traditional vesicles like liposomes. These 
characteristics are attributed to the presence of ethanol, which 
gives the lipid bilayer some degree of mobility. As a result, 
ethosomes have the capacity to deform and adjust to the skin’s 
microstructures. Ethosomes’ special deformability allows 
them to fit through the stratum corneum’s narrow intercellular 
spaces, improving their penetration and raising the possibility 
that they will successfully transfer genetic material to deeper 
skin layers.
Comparisons with other lipid-based carriers
Due to their unique makeup and characteristics, ethosomes differ 
from other lipidbased carriers like liposomes and niosomes. 
Despite having a similar lipid bilayer structure, liposomes lack 
the ethanol that gives ethosomes their deformability. On the 
other hand, niosomes are lipid vesicles made of cholesterol and 
nonionic surfactants. Due to the ethanol-induced flexibility of 

Figure 1: a: Structure of ethosome b: Types of ethosomes
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ethosomes penetrate the skin more deeply than these carriers. 
This differential places ethosomes as superior options for 
cosmeceutical applications and transdermal distribution, 
where improved skin permeability is crucial. A summary of 
comparisons of ethosomes with other lipid-based carriers is 
given in Table 1a.
Manufacturing Methods and Formulation Strategies

Lipid and Surfactant Selection for Ethosomal Formulation
Commonly used lipids and surfactants in ethosome formulations 
are summarized in Table 1b. A careful selection of lipids and 
surfactants is necessary for the creation of efficient ethosomes. 
The deformability and bilayer structure of ethosomes 
are inf luenced by the lipids used. High phase transition 
temperatures for lipids can improve stability, but f luidic 
properties for lipids increase deformability. If surfactants are 
utilized, they help optimize and stabilize the characteristics 
of the vesicles.8

Incorporation of active ingredients: Drugs and 
cosmeceuticals
Drugs and cosmetics are just two examples of the wide variety 
of active chemicals that are carried by ethosomes. Selected 
active ingredients for ethosome formulations are given in 
Table 2. This encapsulation is essential to safeguard delicate 
substances, improve their stability, and direct their regulated 
release. The effectiveness of the encapsulation and the 
prolonged release profile are determined by the compatibility 
of the active ingredients with the ethosomes components, 
particularly lipids.
Role of ethanol in enhancing penetration and solubilization
Ethosomes contain ethanol, which has a variety of functions. 
Ethanol increases the fluidity of lipid bilayer, which makes 
ethosomes more deformable. Their capacity to deform is 
essential for getting past the skin’s defenses. Ethanol also 
serves as a solubilizer, which enhances the encapsulation of 
hydrophilic pharmaceuticals or cosmetics inside the aqueous 
core of ethosomes. Summary of each step is given in Table 3. 
Techniques for preparing ethosomes
Ethosomes are produced using a variety of production processes 
summarized in Table 3, each with advantages over the others. 
Hydrating a lipid film using an aqueous phase containing 
the active component is the first step in this process. Lipids 
are first dissolved in an organic solvent before being injected 
into an aqueous phase. These methods produce ethosomes 
with a variety of sizes and traits, enabling customization for 
particular purposes.
Factors influencing ethosome size, shape, and stability
Numerous factors affect ethosome features as size, shape, 
and stability. The final ethosome properties are influenced 
by the lipid composition, solvent type, lipid to drug ratio, and 
manufacturing process. While larger ethosomes might be 
able to carry more pharmacological payload, smaller ones are 
better for improved penetration. Vesicle aggregation must be 

avoided, and integrity must be preserved while being stored, 
among other stability-related factors.
Ethosome Characterization
Understanding ethosomes’ potential as efficient carriers for 
medication delivery and cosmeceutical applications depends 
in large part on how they are described. Researchers and 
professionals can evaluate these lipid vesicles’ structural 
integrity, stability, and functionality by evaluating the various 
approaches utilized to define them in this area.

Characterizing ethosomes involves a combination of 
techniques to understand their physical, chemical, and stability 
attributes. Here’s how each of the mentioned methods can be 
employed:
Morphological characterization

Microscopy
Microscopy techniques like optical microscopy allow direct 
visualization of ethosomes, offering insights into their size, 
shape, and aggregation behavior. Researchers can quickly 
assess the vesicle’s macroscopic characteristics by placing a 
sample on a slide and observing it under a microscope.
CryoTEM
Transmission electron microscopy (cryoTEM) involves 
freezing the sample before imaging, preserving its native 
structure. Thin sections of the frozen sample are then examined 
under an electron microscope, providing detailed images of the 
vesicles’ lipid bilayer arrangement and morphology.
•	 Atomic force microscopy
Atomic force microscopy (AFM) scans the surface of 
ethosomes using a tiny probe. This technique generates three-
dimensional images that reveal information about surface 
topography, roughness, and other structural features.
Physicochemical characterization

•	 Size distribution
Dynamic light scattering (DLS) or nanoparticle tracking 
analysis (NTA) can be employed to measure the size 
distribution of ethosomes in a suspension. These methods 

Table 1a: Summary of comparisons with other lipid-based carriers

Aspect Ethosomes Liposomes Niosomes

Composition Lipids, water, 
ethanol (optional 
surfactants)

Lipids, water Nonionic 
surfactants, 
cholesterol

Skin 
penetration

Enhanced due to 
ethanol-induced 
deformability

Moderate Moderate

Elasticity High, owing to 
ethanol content

Low Low

Comparisons Deformability 
sets them apart

Widely 
studied 
but less 
deformable

Utilize nonionic 
surfactants, 
similar to 
ethosomes
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analyze how light scatters off particles in the solution, yielding 
information about their size range.
•	 Zeta potential
Zeta potential, a measure of surface charge, can be determined 
using electrophoretic mobility measurements. It gives insight 
into the stability of ethosomes by indicating their ability to 
repel or attract each other due to electrostatic forces.
•	 Encapsulation efficiency
Encapsulation efficiency is assessed by separating the 
encapsulated substance from the unencapsulated fraction, often 
through techniques like centrifugation or ultrafiltration. The 
amount of substance encapsulated within the vesicles is then 
quantified and compared to the total amount added during 
formulation.
Stability studies

•	 Shelf life studies
Ethosome samples are stored under controlled conditions for 
shelf life determination. At defined time intervals, samples are 
characterized for changes in size distribution, zeta potential, 
and encapsulation efficiency. These changes can reveal the 
stability of the formulation over time.

•	 Temperature stability
Ethosomes can be subjected to various temperatures to 
simulate storage and transportation conditions. Monitoring 
size distribution, zeta potential, and encapsulation efficiency 
can help determine the temperature range within which the 
formulation remains stable.
•	 pH Stability
Similar to temperature stability, pH stability studies involve 
exposing ethosomes to different pH environments to assess 
their resilience. Changes in physicochemical properties provide 
insights into the formulation’s pH tolerance.
•	 Light Stability
Light stability studies involve exposing ethosome formulations 
to light, often simulating sunlight. Monitoring changes in 
characteristics like size, zeta potential, and encapsulation 
efficiency helps evaluate the formulation’s photostability.
In-vitro release profiles and retention studies

•	 In-vitro release profiles
To study release kinetics, ethosomes are placed in a release 
medium that simulates the target environment. The medium 
is sampled and analyzed at defined intervals to quantify the 

Table 1b: Commonly used lipids and surfactants in ethosome formulations

Component Properties and functions Roles in ethosome formulation Contribution to skin penetration

Phospholipids
Amphiphilic molecules that self-
assemble into lipid bilayers. Main 
structural component of ethosomes.

Provide the vesicle’s structural integrity. 
Form lipid bilayers that encapsulate active 
ingredients.

Promote effective encapsulation and 
controlled release. Enhance stratum 
corneum penetration.

Sphingolipids Lipids with a ceramide backbone. 
Reinforce vesicle stability and integrity.

Enhance vesicle stability, especially during 
storage. Support controlled release of 
encapsulated substances.

Aid in preserving vesicle structure during 
skin penetration. Enhance penetration 
potential.

Cholesterol Sterol lipid that modulates membrane 
fluidity and stability.

Stabilize the lipid bilayer structure. Influence 
release kinetics of encapsulated substances.

Maintain vesicle integrity during skin 
interaction. Control the release rate of 
substances.

Fatty acids Hydrocarbon chains with variable chain 
lengths and saturation levels.

Modify vesicle properties such as flexibility 
and permeability. Tailor release profiles of 
encapsulated substances.

Enhance vesicle flexibility for improved 
skin penetration. Tailor release patterns for 
optimal delivery.

Ethanol Organic solvent that disrupts stratum 
corneum structure.

Enhance penetration through stratum 
corneum barrier. Improve bioavailability of 
encapsulated compounds.

Temporarily disrupt stratum corneum for 
increased penetration. Improve drug and 
cosmeceutical delivery.

Surfactants
Amphiphilic molecules with hydrophilic 
and hydrophobic regions. Enhance 
solubility and vesicle stability.

Increase solubility of hydrophobic substances 
within vesicles. Modulate vesicle properties 
and stability.

Enhance vesicle penetration by interacting 
with skin’s lipids. Stabilize vesicles for 
effective delivery.

Tween Nonionic surfactants with good 
biocompatibility and stability.

Stabilize vesicles by forming protective 
layers. Enhance solubilization of hydrophobic 
compounds.

Improve vesicle stability for consistent 
penetration. Increase solubility of lipophilic 
compounds.

Span Hydrophobic surfactants that can 
stabilize vesicle structures.

Strengthen vesicle structure by integrating 
into lipid bilayers. Contribute to overall 
vesicle stability.

Maintain vesicle integri ty during 
penetration. Enhance penetration potential 
by stabilizing vesicles.

Cationic 
lipids

Lipids with posi t ively charged 
headgroups. Interact with negatively 
charged skin surface.

Electrostatically interact with skin’s surface. 
Promote vesicle adhesion and localized 
delivery.

Improve vesicle adhesion to skin for 
focused delivery. Enhance interaction with 
skin’s surface for better penetration.

Anionic lipids
Lipids with negatively charged 
headgroups. Suitable for encapsulating 
positively charged substances.

Encapsulate positively charged drugs or 
cosmeceuticals. Benefit from electrostatic 
interactions for encapsulation.

Optimize encapsulation of positively 
charged substances. Utilize electrostatic 
interactions for efficient delivery.
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released substance. This data helps understand the controlled 
release behavior of ethosomes.
•	  Retention studies
Retention studies involve incubating ethosomes over time 
and analyzing their encapsulated substance. This information 
indicates the stability of the vesicle’s cargo within the 
formulation.

All characteristics of ethosome formulations is summarized 
in Table 4, By combining these characterization methods, 
researchers gain a comprehensive understanding of ethosome 
properties, enabling them to design formulations with desired 
attributes for drug delivery and cosmeceutical applications.

Skin Penetration Mechanisms
In order to fully appreciate ethosomes’ efficacy in transdermal 
medication delivery and cosmeceutical applications, it is 
essential to comprehend the mechanisms by which they 
promote skin penetration. Skin penetration mechanisms of 
ethosomes given in Figure 2. 
The function of the stratum corneum as the primary barrier
The skin’s outermost layer, the stratum corneum, acts as the 
body’s main defense against foreign objects. It provides a 
tremendous obstacle for transdermal administration since it 
is made up of tightly packed keratinized cells that are kept 
together by lipids. However, ethosomes use their special 

Table 2: Selected active ingredients for ethosome formulations9-18

active ingredient therapeutic or cosmetic application encapsulation benefits in ethosomes example formulations Ref.

Vitamin C Antioxidant, skin brightening, 
collagen synthesis

Protection from oxidation. Enhanced 
stability and bioavailability. Vitamin C ethosome serum 9

Retinol Anti-aging, skin rejuvenation, 
collagen production

Improved stability and reduced 
irritation. Controlled and targeted 
release.

Retinol-containing ethosome 
cream 10

Hyaluronic acid Skin hydration, plumping, wrinkle 
reduction

Protection from enzymatic 
degradation. Controlled moisture 
delivery.

Hyaluronic acid ethosome gel 11

Coenzyme Q10 Antioxidant, cellular energy 
production

Increased stability and penetration. 
Enhanced bioavailability. CoQ10 ethosome lotion 12

Niacinamide Skin barrier enhancement, oil 
control, anti-inflammatory

Enhanced stability and protection 
from light. Controlled delivery.

Niacinamide-loaded ethosome 
serum 13

Peptides Collagen synthesis, skin firmness, 
anti-aging

Improved penetration for enhanced 
efficacy. Targeted delivery. Peptide-infused ethosome cream 14

Alpha hydroxy acids Exfoliation, skin texture 
improvement

Enhanced stability and controlled 
release. Skin-friendly delivery.

AHA-containing ethosome 
lotion 15

Tea tree oil Acne treatment, antimicrobial, anti-
inflammatory

Improved solubility and controlled 
release. Skin-friendly delivery. Tea tree oil ethosome gel 16

Curcumin Anti-inflammatory, antioxidant, 
skin brightening

Enhanced stability and 
bioavailability. Controlled delivery.

Curcumin-loaded ethosome 
serum 17

Alpha lipoic acid Antioxidant, anti-inflammatory, 
skin rejuvenation

Improved stability and penetration. 
Enhanced skin benefits.

ALA-containing ethosome 
cream 18

Table 3: Summary of different manufacturing techniques for ethosomes19-25

Manufacturing technique Advantages Disadvantages Ref.

Thin-film hydration Simple and cost-effective method. Limited control over vesicle size and distribution. 
Susceptible to aggregation. 19

High-pressure 
homogenization Produces homogeneous and small-sized vesicles. Requires specialized equipment. May lead to vesicle 

damage and instability. 20

Solvent injection Good control over vesicle size and characteristics. Involves organic solvents, which need removal. 
Complexity of manufacturing. 21

Ethanol injection Incorporates ethanol for penetration enhancement 
during vesicle formation.

Ethanol evaporation during vesicle preparation. 
Potential for solvent toxicity. 22

Supercritical fluid method Utilizes supercritical CO2 for solvent-free 
preparation.

Requires specialized equipment and high-pressure 
conditions. Limited scalability. 23

Microfluidics Precise control over vesicle size and composition. Complex setup and operation. Requires technical 
expertise. 24

Sonication Quick and simple process. Variability in vesicle size and characteristics. 
Potential for vesicle damage. 25
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qualities to get beyond this obstacle. Because of their small 
size and deformability, the vesicles can penetrate the stratum 
corneum’s intercellular gaps without being constrained by 
it. Ethosomes’ lipid makeup harmonizes with the stratum 
corneum’s as they interact with the skin’s lipid matrix, 
facilitating integration.
Ethosome elasticity and their capacity to wriggle through 
skin structures
Ethosomes’ innate flexibility and deformability are crucial 
to their effective penetration. Traditional liposomes lack 
the adaptability required to successfully navigate skin 
structures. On the other hand, ethanol gives ethosomes the 
fluidic characteristics needed for deformation. In order to fit 
through small intercellular spaces and increase their chances 
of penetrating deeper skin layers, this enables ethosomes to 
alter in size and form. Ethosomes can navigate the diverse skin 
microenvironment due to their innate plasticity.
Cofactors and penetration enhancers supporting ethosome 
mediated delivery
Ethosome mediated skin penetration can be amplified even 
more by including penetration enhancers and cofactors. The 
structure of the stratum corneum is altered by penetration 
enhancers, increasing its permeability and enabling vesicle 
movement. These boosters might work by removing 
intercellular lipids, which would lower the barrier’s resistance. 
Cofactors like hydration agents can also soften the skin, 
facilitating the penetration of ethosomes. The efficiency of 
these enhancers is increased by the interaction of ethanol in 
ethosomes with them.
Factors affecting transdermal delivery efficiency and 
penetration depth
The effectiveness of transdermal administration and the depth 
of penetration attained by ethosomes are influenced by a 
number of variables. The active ingredient’s physicochemical 

characteristics, including molecular size, lipophilicity, 
and charge, affect how well it diffuses through the skin’s 
layers. The capacity of ethosomes to penetrate the stratum 
corneum is determined by their size, which is regulated by 
the manufacturing process. Skin integrity and hydration 
are important factors as well; moistened skin has better 
permeability. The application site, length, and frequency 
of ethosome administration influence the overall delivery 
efficiency and depth.

APPLICATIONS IN DRUG DELIVERY
Ethosomes have become groundbreaking drug delivery 
vehicles, enabling a wide range of applications that take 
advantage of their special qualities to tackle the industry’s 
longstanding problems (Figure 3).
Benefits, Drawbacks, and Case Studies of Transdermal 
Drug Delivery
The use of ethosomes for transdermal drug delivery represents 
a paradigm change from conventional delivery methods. This 
strategy has a variety of benefits. First off, it provides a painless 
substitute for injections or oral delivery, minimizing patient 

Table 4: Summary of characteristics of ethosome formulations26

Characteristic Measurement techniques Significance Impact on formulation performance

Size distribution Dynamic light scattering, 
nanoparticle tracking analysis

Indicates vesicle size variability and 
distribution.

Uniform size distribution enhances 
stability and efficacy.

Zeta potential Electrophoretic mobility 
measurements

Reflects surface charge and stability of 
ethosomes.

Optimal zeta potential improves 
dispersion and stability.

Encapsulation 
efficiency

Separation techniques (e.g., 
centrifugation)

Measures the ratio of encapsulated substance 
to total substance.

Higher encapsulation efficiency leads 
to enhanced efficacy.

Vesicle stability Visual inspection, turbidity 
measurements

Evaluates aggregation and vesicle stability 
over time.

Stable vesicles ensure consistent 
delivery performance.

Morphology Microscopy (Optical, Electron), 
AFM

Provides visual insight into vesicle shape, 
structure, and aggregation.

Appropriate morphology ensures 
optimal skin penetration.

Release kinetics In-vitro release studies Describes the rate of substance release from 
ethosomes.

Controlled release ensures sustained 
therapeutic effects.

Drug retention Retention studies (e.g., dialysis) Measures the stability of encapsulated 
substances within vesicles over time.

Higher retention improves long-term 
formulation efficacy.

Cosmeceutical 
retention Skin penetration studies Evaluates the ability of ethosomes to deliver 

cosmeceuticals into the skin layers.
Effective cosmeceutical delivery 
enhances skin benefits.

Figure 2: Skin penetration mechanisms of ethosomes
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discomfort and facilitating simple administration. The second 
benefit of transdermal distribution via ethosomes is that it 
avoids the hepatic firstpass metabolism, resulting in a steady 
and prolonged drug release into the systemic circulation. This 
is especially beneficial for medications with limited therapeutic 
windows. Furthermore, ethosome-mediated transdermal 
distribution lessens the possibility of gastrointestinal side 
effects brought on by oral dosage. Through cuttingedge 
research and technology, problems like the variability in 
skin permeability and the optimization of formulation 
parameters are being addressed. Studies highlighting the 
effective transdermal medication delivery using ethosomes 
offer verifiable proof of the method’s potential to transform 
treatment methods27.
Targeted delivery using ethosomes for localized treatments
Ethosomes are a useful tool for localized treatments because 
they are excellent at permitting tailored administration to 
particular skin locations. This feature is particularly pertinent 
in dermatology, where precise medicine distribution to afflicted 
areas is essential. Therapeutic substances can be guided to the 
desired areas, decreasing systemic exposure and lowering the 
risk of side effects by taking use of ethosomes’ deformability 
and capacity to penetrate the skin’s barriers. This targeted 
strategy improves the therapeutic index of medications 
and makes it possible to treat skin conditions, wounds, and 
inflammations effectively.28

Ethosomes in drug delivery of lipophilic and hydrophilic 
compounds
When it comes to delivering both hydrophilic and lipophilic 
medicines, ethosomes are remarkably adaptable. Their 
structure enables the incorporation of lipophilic medications 
into the lipid bilayer and the encapsulation of hydrophilic 
pharmaceuticals within the aqueous core. This increases their 
applicability to a wider range of medical disorders where 
unique medication qualities necessitate specialized delivery 
strategies. Ethosomes’ versatility across therapeutic classes 
is increased by their capacity to improve the solubility and 
penetration of hydrophilic medicines and the delivery of 
lipophilic medications.29

Clinical implications and the possibility of increasing patient 
compliance
Ethosomemediated medication delivery has important 
therapeutic ramifications. In comparison to injections or oral 
doses, transdermal and targeted delivery techniques provide 
more patient-friendly options, frequently improving patient 
compliance. Transdermal administration can improve patient 
convenience and possibly boost adherence to therapy by 
avoiding the nuisance of repeated dosage. The prolonged-
release profile made possible by ethosomes helps to maintain 
therapeutic levels over time, reduce volatility, and improve 
clinical results. This improves patient wellbeing while also 
lowering healthcare expenses linked to noncompliance and 
excessive dose.30

Cosmeceutical Applications
In the field of cosmeceuticals, ethosomes have become a 
groundbreaking innovation that offers a revolutionary method 
for improving the efficacy of skincare and antiaging treatments. 
Apart from these ethosomes other applications are given in 
Table 5.
Ethosome based skin care and anti-aging products
Ethosomes have completely changed the market for skin 
care and anti-aging goods. The capacity of these lipid-based 
carriers to pass through the skin’s barriers makes it possible 
to distribute bioactive substances to the deeper layers of 
the skin, where their effects are most desired. Formulations 
based on ethosomes can enhance the distribution of important 
chemicals in skin care products, boosting collagen formation, 
skin suppleness, and moisture retention. Ethosomes provide a 
delivery system for compounds in anti-aging products that fight 
oxidative stress, lessen the visibility of wrinkles, and improve 
the texture and tone of the skin.
Enhancing active ingredient delivery using peptides, 
antioxidants, and vitamins
Ethosomes are excellent at improving the distribution of 
active chemicals that are essential for maintaining the health 
and look of the skin. Vitamins, including vitamin C and E, 
antioxidants, and peptides play a crucial role in cosmeceuticals 
that treat different skin issues. The effective delivery of these 
substances to the deeper epidermal layers, where they can exert 
their positive effects, is made possible via ethosome-mediated 
delivery. For more significant and long-lasting skin lightening 
benefits, ethosomes can be used to encapsulate vitamin C, 
which is known for its skin-brightening characteristics.
Skin lightening, hydration, and rejuvenation ethosomal 
formulations
Ethosomes provide a flexible framework for creating cosmetics 
targeted at certain skin problems. They make it possible for 
de-pigmenting agents to effectively target hyperpigmentation 
and uneven skin tone in skin lightening. Ethosomes help 
moisturizing chemicals penetrate the skin more effectively, 
hydrating the skin and enhancing barrier function. In the 
process of rejuvenation, ethosome-based formulations with 
collagen-boosting peptides can promote young skin appearance 

Figure 3: Application of ethosomes
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by stimulating cellular activity and renewal. Thus, ethosomal 
compositions meet a variety of cosmetic requirements.
Considerations for safety and efficacy in cosmetic 
applications
Despite the enormous potential of ethosomes, safety and 
efficacy are the most important factors in cosmeceutical 
applications. Because ethosomes can increase skin penetration, 
it is important to carefully consider if they have the potential 
to introduce unwanted compounds into deeper skin layers. 
Therefore, it is crucial to do thorough testing and quality 
control to make sure that only required materials arrive at target 
areas. Assessing the possibility for skin sensitivity or irritation 
is also essential because some people may experience negative 
side effects from even effective substances. Dermatologists, 
formulation scientists, and regulatory agencies must work 
together to validate the security and effectiveness of ethosome-
based cosmeceuticals.31-34

Clinical and Preclinical Research
A crucial stage in determining the potential of ethosome based 
formulations for medication administration and cosmeceutical 
applications is the change from preclinical investigations to 
clinical trials. This phase reveals the effectiveness and safety 
of these novel carriers by bridging the gap between laboratory 
results and practical outcomes.
Preclinical studies showing enhanced efficacy of ethosomal 
formulations
Preclinical investigations have built a solid foundation 
by demonstrating the improved efficacy of formulations 
based on ethosomes. These researches use animal models 
to evaluate the penetration, distribution, and therapeutic 

benefits of ethosomes. Results show that ethosomes can 
deliver drugs more effectively and penetrate the skin deeper 
than conventional formulations, leading to better therapeutic 
results. Researchers have examined several factors, such as the 
amount of active substances deposited on the skin, histological 
evaluations, and pharmacokinetic profiles, to confirm that 
ethosomes are more effective than other medication delivery 
and cosmetic delivery systems.35

Clinical trials assessing ethosome based products’ safety and 
efficacy
The gold standards for ethosome based formulations in humans 
are clinical trials. These studies are intended to assess the 
formulations’ therapeutic effectiveness, tolerance, and safety. 
Clinical studies use rigorous procedures, such as randomized 
controlled trials, for statistically sound evidence. They evaluate 
factors such skin penetration, medication release, cosmetic 
results, and any negative effects. The outcomes of these trials 
offer perceptions into therapeutic efficacy in the real world, 
patient experiences, and any potential difficulties that might 
exist.36

Translation of preclinical success to clinical outcomes: 
Challenges and limitations
Although preclinical achievement is encouraging, the 
transition to clinical outcomes can be difficult and fraught with 
difficulties. Due to differences in physiology and skin structure 
between different species, ethosome performance in animal 
models may not necessarily correspond to how they behave in 
people. Clinical outcomes can be influenced by variables such 
individual variation in skin features, absorption kinetics, and 
metabolism. During large scale production, it is vital to ensure 

Table 5: Potential applications of ethosomes in drug delivery and cosmeceuticals

Application Encapsulated substances Therapeutic or cosmetic benefits Example formulations

Transdermal drug 
delivery

Hydrophobic and hydrophilic 
drugs

Enhanced drug penetration, reduced 
systemic side effects.

Lidocaine ethosome gel, estradiol 
ethosome patch

Targeted drug delivery Specific drugs, peptides, 
siRNA

Precise delivery to target sites, 
improved therapeutic efficacy.

Antibody-targeted doxorubicin 
ethosome complex

Pain management Analgesics, anti-inflammatory 
agents Localized and controlled pain relief. Ibuprofen ethosome gel, capsaicin 

ethosome cream

Dermatological disorders Corticosteroids, antimicrobial 
agents Efficient treatment of skin conditions. Betamethasone ethosome cream, 

clotrimazole ethosomes

Skin rejuvenation Retinoids, peptides, growth 
factors

Enhanced collagen production, reduced 
wrinkles.

Retinol ethosome serum, peptide-loaded 
ethosome gel

Acne treatment Antibiotics, anti-inflammatory 
agents

Targeted therapy for acne, reduced 
inflammation.

Clindamycin ethosome solution, 
Salicylic acid ethosome gel

Antioxidant delivery Vitamins, Coenzyme Q10, 
resveratrol

Protection against oxidative stress, 
improved skin health.

Vitamin E ethosome serum, CoQ10 
ethosome cream

Skin lightening Hydroquinone, kojic acid, 
arbutin

Reduction of hyperpigmentation, even 
skin tone.

Hydroquinone ethosome solution, Kojic 
acid ethosome gel

Wound healing Growth factors, peptides, anti-
inflammatory agents

Accelerated wound closure, reduced 
scarring.

EGF-loaded ethosome hydrogel, peptide 
ethosome cream

Hair growth promotion Minoxidil, peptides, growth 
factors

Improved hair follicle stimulation, 
enhanced regrowth.

Minoxidilethosome lotion, peptide hair 
serum
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product stability, reproducibility, and adherence to regulatory 
standards. To exclude negative responses, sensitization, and 
systemic effects, ethosome-based products must undergo 
extensive safety tests.

FUTURE DIRECTIONS AND CHALLENGES
Several fascinating trends and difficulties are defining the 
future of medicine delivery and cosmetic applications as 
ethosome research continues to advance. To fully utilize 
ethosomes and reap their benefits, it is essential to navigate 
these boundaries.
Emerging Trends in Ethosome Research: Combination 
Therapies and Personalized Medicine
A move toward customized medicine and combination 
medicines is being observed in ethosome research. Ethosomes 
can be customized to meet the demands of specific patients, 
improving therapeutic outcomes, thanks to developments 
in genetic testing and personalized therapy approaches. 
Furthermore, the possibility of mixing different medications 
or bioactive substances within ethosomes creates opportunities 
for synergistic effects and all encompassing treatments. This 
tendency is consistent with the requirement for precision 
treatment interventions and our growing understanding of 
individual variability in medication reactions.37

Possibility of Targeted Delivery to Particular Cell Types 
and Deeper Skin Layers
The potential for customized distribution to particular skin 
layers or even different cell types within the skin is enormous. 
The distinctive properties of ethosomes, such as their flexibility 
and deformability, make them the perfect carriers for such 
applications. Researchers can create delivery systems that 
precisely target cells, increasing therapeutic efficacy while 
reducing off target effects, by changing ethosome formulations 
to exploit particular receptors or signaling pathways.38

Addressing the Challenges of Scalability, Cost 
Effectiveness, and Stability
To substantially impact the pharmaceutical and cosmeceutical 
sectors, ethosome formulations need to overcome difficulties 
with stability, scalability, and cost effectiveness. For constant 
performance, it is essential to maintain the stability of 
ethosomes during storage, transport, and application. The 
production process must be repeatable on a greater scale 
without sacrificing quality, hence scalability presents 
difficulties. Cost effectiveness must be attained to guarantee 
that ethosome based formulations are affordable and practical 
for general use.

CONCLUSION
In conclusion, ethosomes are groundbreaking in cosmeceutical 
formulations and medication administration. They serve as 
effective carriers for overcoming difficulties in conventional 
administration techniques thanks to their special qualities, 
including deformability, skin penetration augmentation, and the 
capacity to encapsulate various active substances. Ethosomes 
provide a link between theoretical advances and real world 

applications, opening up fresh possibilities for improved 
therapeutic and aesthetic interventions.

Ethosomes have the potential to have a significant influence, 
revolutionizing how medications are administered and 
cosmetics are created. They provide a route to better therapeutic 
outcomes and improved cosmetic results because of their 
capacity to penetrate the skin’s barriers and effectively transport 
therapeutic agents and cosmetic components to specified target 
locations. Ethosomes have the ability to rethink treatment 
paradigms by addressing the drawbacks of existing delivery 
techniques, improving patient experiences and clinical efficacy 
in medication administration and cosmeceutical formulations.
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