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ABSTRACT

Ethosomes are advanced phospholipid-based vesicular carriers widely used for enhanced transdermal drug delivery.
They are mainly composed of phospholipids, ethanol, and water, where ethanol acts as an important penetration
enhancer by disturbing the lipid arrangement of the stratum corneum. Due to their soft, flexible, and deformable nature,
ethosomes can penetrate deeply into the skin and improve drug permeation and bioavailability. Compared to
conventional liposomes, ethosomes show better skin penetration efficiency and improved therapeutic effectiveness.
These vesicular systems are capable of carrying both hydrophilic and lipophilic drugs, making them suitable for a wide
range of pharmaceutical and cosmetic applications. Ethosomes can be prepared by simple techniques such as hot and
cold methods and are often incorporated into gels for better stability and patient compliance. Various evaluation
parameters including vesicle size, zeta potential, entrapment efficiency, pH, viscosity, and in vitro drug release are used
to characterize ethosomal formulations. Different types of ethosomal systems such as classical ethosomes, binary
ethosomes, and transethosomes have been developed to further enhance drug delivery performance. Overall, ethosomes
represent a promising, non-invasive, and effective approach for improving transdermal drug delivery with enhanced
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permeability, controlled drug release, and reduced side effects.
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INTRODUCTION

Ethosomes are innovative lipid-based vesicular
systems used in transdermal drug delivery. They have
gained attention in recent years due to their ability to
enhance the penetration of drugs through the skin. The
skin acts as a strong barrier, mainly because of the
outermost layer called the stratum corneum, which
limits drug absorption. Ethosomes help to overcome
this barrier effectively. Ethosomes are composed of
phospholipids, a high concentration of ethanol, and
water. The presence of ethanol makes these vesicles
soft, flexible, and highly deformable, allowing them
to penetrate deeply into the skin layers. Ethanol also

disrupts the lipid structure of the skin, which further

enhances drug permeation. Structurally, ethosomes
consist of a phospholipid bilayernclosing an aqueous
core. They can carry both hydrophilic and lipophilic
drugs and improve their bioavailability. Compared to
conventional systems like liposomes, ethosomes
show better skin penetration and delivery efficiency.
Ethosomes are non-invasive and offer several
advantages such as improved drug delivery, reduced
side effects, better patient compliance, and controlled
drug release. Due to these benefits, they are widely
used in pharmaceutical and cosmetic applications for
topical and transdermal delivery systems.
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Fig 1. Structure of Ethosomes [2]

Ethosomes are soft, flexible lipid vesicles designed to
enhance transdermal drug delivery. They are mainly
composed of phospholipids, high concentrations of
ethanol, and water, which make them more malleable
and unique compared to conventional liposomes. The
high ethanol content disturbs skin lipid organization
and fluidizes both the ethosomal membrane and the
stratum corneum lipids, allowing the vesicles to
penetrate deeply into the skin layers. Because of their
soft structure and strong penetration ability,
ethosomes

significantly improve drug transport through the
stratum corneum and provide efficiencydelivery to
deeper skin tissues or systemic circulation. For
Preparation of Ethosomes mostly preferred Hot
Method and Cold Method. [1,2]

TYPES OF ETHOSOMAL SYSTEM:

1. Classical Ethosomes: Classical ethosomes are
composed of phospholipids, and high
concentration of ethanol (40%). Drugs having
molecular weight ranging from 130,077 Da to 24kDa

water

can be entrapped in classical ethosomes.

2. Binary Ethosomes: Binary ethosomes can be
prepared by adding another type of alcohol to the
classical ethosomes. Propylene glycol (PG) and
isopropyl alcohol (IPA) are most commonly used
alcohols.

3. Transethosomes: It contains basic components
from classical ethosomes and a penetrationEnhancer
(surfactant). Developed to combine the advantages of
classical ethosomes and transferosomes to produce
transethosomes. Transethosomes are advanced type
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of ethosomes as they have the advantages of both i.e
classical ethosome and transferosomes.
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Fig 2. Types of Ethosomes [2]
METHOD:
1. Cold Method
2. Hot Method
3. Mechanical Dispersion Method
4. Classic Method

Cold Method: Phospholipid, cholesterol, drug,
ethanol, and PEG were mixed and heated to 40 °C.
Distilled water was added slowly with continuous
stirring at 700 rpm, and mixing was continued for 5
minutes. The dispersion was cooled for 30 minutes at
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room temperature. Finally, it was sonicated at 4 °C for
five cycles (3 minutes each) using a probe sonicator.

[3]
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Fig 3. Cold Method [4]

Hot Method: In hot method, phospholipid was
dispersed in water and dispersion was heated in a
water bath or Hot plate at 40° C until a colloidal
solution is obtained. In a separate vessel, ethanol,
Drug and propylene glycol are mixed and heated to
40° C. Once both mixtures reach 40°C, the organic

phase was added to the aqueous phase. The drug was
dissolved in ethanol due to its hydrophobic property.
dispersion with continuous stirring on magnetic stirrer
(1500 rpm) for 10 minutes. Finally, the prepared
formulations were stored in refrigerator.[5]

/_
S
(& — & — |
Aqueous Phase Organic Phase Addition of organic liquid Ethosome
to the aqueous phase with formation
stirring
Fig 4. Hot Method [4]

Mechanical dispersion method: The phospholipid
and drug are dissolved in ethanol and heated to 30 °C.
Distilled water is then added slowly to this mixture
with continuous stirring at 700 rpm. The formed
vesicle suspension is collected in a closed vessel.

f Prosphotipid), EEE—

{ \
\ oxganic solvent)

Round bottom flask

Finally, the dispersion is homogenized by passing it
through a polycarbonate membrane using a hand
extruder for three cycles.[6]

Solvent evaporates and
thin lipid film forms on the wall
Water bath

Sonication or extrusion

Fig 5. Mechanical Dispersion Method [7]
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Classic Method:
dissolved in a chloroform:methanol (3:1) mixture in a
round-bottom flask. The solvents are evaporated
using a rotary vacuum evaporator above the lipid
transition temperature to form a thin lipid film.

—

Soya phosphatidylcholine is

Organic/aqueous
l phase |

Non-uniform
vesicles j L

Remaining solvent traces are removed by keeping the
flask under vacuum overnight. The dry lipid film is
then hydrated with a hydroethanolic drug solution by
rotating the flask at an appropriate temperature.[6]

Uniform
vesicles }

Size-reduction
process J

Organic phase:

Classical ethosomes: phospholipids + ethanol

Binary ethosomes: phospholipids + ethanol + (PG or IPA)
Transethosomes: phospholipids + ethanol + surfactant

or penetration enhancer

Aqueous phase:
Water or buffer system

Ethosomal system

Fig 6. Classic Method [8]

Mechanism of drug penetration:
Ethanol effect

Classic Method Ethanol acts as a strong penetration
enhancer by entering intercellular lipids of the stratum
corneum, increasing lipid fluidity and decreasing lipid
packing. This disruption makes the skin more
permeable for drug diffusion. Ethosomes effect: In
ethosomes, the high ethanol content fluidizes both
vesicle lipids and skin lipids, allowing the vesicles to
permeate deeply. Ethosomes then fuse with skin lipids
and release the drug into deeper skin layers,
enhancing drug delivery.[9,10]

Ethosomes effect:

In ethosomes, the high ethanol content fluidizes both
vesicle lipids and skin lipids, allowing the vesicles to
permeate deeply. Ethosomes then fuse with skin lipids
and release the drug into deeper skin layers,
enhancing drug delivery.[11]

Advantages:

1. Allows delivery of large molecules such as peptides
and proteins.

2. Uses non-toxic and safe raw materials in the
formulation.

(5]
&
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3. Provides enhanced penetration of drugs through the
skin for transdermal delivery.

4. Can be widely applied in pharmaceutical,
veterinary, and cosmetic fields.

5. High patient compliance because ethosomal
formulations are usually given as gels or creams,
which are easy to apply.[12,13]

Application of ethosomes :

1. Ethosomes are effective in treating viral and
microbial skin infections, as seen with bacitracin and
erythromycin ethosomal systems.

2. Anti-inflammatory action is shown by ammonium
glycyrrhizinate ethosomes on human volunteer skin.

3. Ethosomal patches help in treating androgen
insufficiency in males and menopausal symptoms in
women (animal studies).

4. Research suggests ethosomes
analgesic, antipyretic, and effects against erectile

dysfunction.

may provide

5. Ethosomes can transport DNA molecules topically
to help skin cells express specific genes.

6. Useful for delivering proteins and peptides
effectively through skin
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Skin :

Skin is composed of multiple layers along with fine
wrinkles, hair, and surface lipids. The layers form the
main structure of the skin, while wrinkles, hair, and
lipids are present on its outer surface. Together, these
components show different physical and optical
behaviours due to their unique structures.

Skin layers : The skin is an important and adaptable
route for both systemic and topical drug delivery. Its
outermost layer, the stratum corneum, acts as a strong
protective barrier that restricts drug penetration and
reduces the bioavailability of medications applied on
the skin.

Layers of the Skin

Epidermis

Dermis

Hypodermis —[ §

/ I_ Stratum corneum
— Stratum lucideum

Stratum granulosum

Stratum spinosum
Stratum basale

Layers Of
Epidermis

Fig.7 Layers of the skin [14]

Epidermis: The epidermis is the outermost layer of
the skin, forming the first protective barrier of the
body. Skin mainly has two layers—the epidermis and
the dermis—and a clear wavy boundary separates
them. The thickness of the epidermis
depending on age, gender, individual differences, and
body region. Its ability to hold water and maintain

varies

moisture also changes with age; for example, older
skin retains less water due to reduced natural
moisturizing factors (NMF). The transparency and
condition of the stratum corneum, the outer sub-layer
of the epidermis, depends on its water content.

Stratum Spinosum : The stratum spinosum, also
known as the prickle cell layer, consists of 10 to 20
layers of cells located above the basal layer of the
epidermis. During the natural skin turnover process,
these cells become flatter and multi-sided, forming
this layer. The cells are called prickle cells because
they have small spine-like projections on their
surface. The thickness of the stratum spinosum
usually ranges from 50 to 150 pm, helping provide
strength and support to the epidermis.

Stratum Granulosum (Granular Cell Layer):is a
thin layer of about 2-4 rows of granular cells,
In this

typically around 3 pm thick. layer,
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keratinocytes begin keratinization, where their nuclei
and mitochondria start to break down. The cells
become filled with keratin fibers, lose moisture, and
flatten as they move toward the skin surface.

Stratum Lucidum (Clear Layer): Stratum lucidum
is a thin, clear layer present only on the palms and
soles. The cells in this layer are flat, densely packed,
and highly refractive. It provides extra protection in
thick skin and forms during the normal process of cell
turnover.

Stratum Corneum (Horny Cell Layer): Stratum
corneum is the outermost layer of the epidermis, with
a thickness of 8—15 pm. It is made of several layers of
dead, flat keratinfilled cells called corneocytesp. This
layer prevents water loss and protects the skin from
dehydration. Corneocytes are surrounded by
intercellular lipids and contain natural moisturizing
factors (NMF) that help retain moisture.

Dermis: Dermis is the second, deeper layer of the skin
located beneath the epidermis. It is much thicker than
the epidermis (about 1-4 mm) and is mainly
composed of collagen and elastin fibers, which
provide strength, elasticity, and support. The dermis
contains fewer cells but many fibers and also houses
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important structures like blood vessels, nerves, hair
follicles, and glands.

Materials wused for the
Ethosomes:[3]

Preparation of

Sr. No Ingredients Role
1 Drug API
2 Phospholipid (soya lecithin) Vesical forming agent
3 Ethanol Penetration Enhancer
4 Propylene glycol Stabilizer / Co-Solvent
5 Span 80 Surfactant (reduce vesical size)
6 Distilled Water Vehicle

Table 1- Preparation of Ethosomes

Evaluation Parameter of Ethosomes:
1. Particle Shape
2. Zeta Potential & Particle Size
3. pH
4. Entrapment Efficiency
5. Stability Study

Particle Shape:

The ethosomal particle shape study under a compound
microscope is carried out by first preparing the
sample, where a small amount of ethosomal
suspension is taken and, if it appears too concentrated,
it is diluted with distilled water. A drop of this
prepared sample is then placed carefully on a clean
glass slide. After that, a coverslip is gently placed over
the drop to avoid the formation of air bubbles. The
slide is then positioned under the compound
microscope, and the observation is started at low
magnification  (10%x), followed by  higher
magnification (40x) for better clarity. Finally, the fine
focus knob is adjusted to obtain a clear view of the
vesicles, allowing proper visualization of the shape
and morphology of the ethosomal particles.

Zeta Potential & Particle Size :

The vesicle size, size distribution (polydispersity
index), and zeta potential of the formulation were
measured using a Zeta sizer based on dynamic light
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scattering (DLS) and electrophoretic light scattering
techniques.

pH:

The pH of the ethosomal dispersion was measured
using a calibrated digital pH meter at room
temperature. The measurements were carried out
directly on the dispersion, and readings were recorded
in triplicate.

Entrapment Efficiency :

Entrapment efficiency was evaluated by estimating
the amount of unentrapped (free) drug present in the
aqueous phase of the ethosomal
dispersion.Approximately 1 mL of the drug-loaded
ethosomal formulation was transferred into centrifuge
tubes and subjected to high-speed centrifugation for
about 30 minutes. After centrifugation, the vesicles
containing the entrapped drug formed a pellet at the
bottom, while the unentrapped drug remained in the
supernatant.The collected supernatant was then
analyzed using a UV spectrophotometric method to

determine the concentration of free drug.[3]

The entrapment efficiency was calculated using the
formula:

% EE = Total drug content — Free drug content x 100

Total drug content
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Stability Study :

Stability study was carried out for drug loaded
ethosomes at 3 different temperatures
refrigeration temperature (4.0 = 0.2°C) at room
temperature (25-28 + 2°C) and 45£1°C) for 45days.
The formulation subjected for stability study was
stored in borosilicate container to avoid any
interaction between the formulation and glass of
container. The particle size of formulation was
determined by optical microscopy using a calibrated

1.e.

ocular micrometer.[3]

CONCLUSION

Ethosomes represent an advanced and effective
vesicular drug delivery system for enhancing
transdermal drug penetration. Their unique
composition, especially the high ethanol content,
provides improved flexibility and permeability,
allowing drugs to penetrate deeper into the skin layers
compared to conventional systems. Ethosomes can
encapsulate both hydrophilic and lipophilic drugs and
offer advantages such as better bioavailability,
controlled drug release, and reduced side
effects.Various preparation methods like cold and hot
methods make their formulation simple
reproducible. Evaluation parameters such as particle

and

size, zeta potential, pH, and entrapment efficiency
ensure the quality and stability of the system.
Additionally, ethosomal formulations show wide
applications in pharmaceutical, cosmetic, and
therapeutic fields.Overall, ethosomes provide a
promising, non-invasive, and efficient approach for
transdermal drug delivery, improving patient
compliance and therapeutic effectiveness. Future
research can further enhance their potential in targeted

and controlled drug delivery systems.
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