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ABSTRACT

Ethosomes are elastic nanovesicles with phospholipid bases that are noninvasive delivery vehicles and have
a high ethanol concentration (20-45%). As transdermal drug delivery confers poor penetration, the major
obstacle is the low diffusion rate of drugs across the stratum corneum. The sophisticated ethosomal delivery
systems enable drugs to reach the deep skin layers and/or the systemic circulation. The development of
these new carriers involves the employment of several preparatory processes. Ethosomal dispersions are
added to gels, patches, and creams for ease of use and stability. Ethanol is known as an efficient permeation
enhancer and has been added in the vesicular systems to prepare elastic nanovesicles. It has the potential
to interact with the polar head group region of lipid molecules, lowering the melting point of the stratum
corneum lipid and raising lipid fluidity and cell membrane permeability as a result. Ethosomes’ special
structure allows them to enclose and transmit through the skin highly lipophilic substances like propranolol
and trihexyphenidil as well as cationic medicines like testosterone and minoxidil. This article provides
a detailed review of the ethosomal structure, mechanism of penetration along with various methods of
preparation. Also, the article focuses on the applications of ethosomal carriers and opportunities for the
research and future development of novel improved therapies.
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For reprints contact: reprint@ipinnovative.com

1. Introduction

therapeutic devices for transdermal delivery developed for
topical application onto the skin surface. With this delivery

(TDDS) Transdermal drug delivery are the systems used and
employed for effectively delivering painless medications
beyond the skin. Drugs that endure substantial presystemic
metabolism, are not stable in the gastrointestinal tract, or
severe side effects can be caused on oral administration
may benefit from transdermal drug delivery methods.
Additionally, these systems offer better patient compliance,
decreased dose frequency, and regulated medication
distribution. To regulate the distribution of medications
and their subsequent penetration into the skin tissue,
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system, self-administration is also an option because it
is a non-invasive method of application.! Continuous
I. V (intravenous) infusion is regarded a preferable
method for administering drugs since it not only avoids
hepatic "first-pass" metabolism but also keeps the body’s
pharmacological drug level stable and prolonged. Skin as
the drug administration port has been used to provide
uninterrupted transdermal infusion of drug into the systemic
circulation allows for a close duplication of the advantages
of intravenous drug infusion without the risks.>
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Scopolamine containing first transdermal patch for
the treatment and prevention of motion sickness was
approved in 1979 in US. The different types of transdermal
delivery systems are used for therapeutic drug delivery
for development of continuous infusion long-term for
therapeutic agents such as anti-histamine, anti hypertensive,
anti-inflammatory, anti-anginal, analgesic, contraceptive
drugs and anti-arthritic steroidal.?

1.1. Why Ethosomes

Ethosomes are vesicles having size range from 30 nm to
several microns which are soft and pliable. According to
reports, when made using the same procedure without the
use of a size-reduction step, ethosomes are smaller than
liposomes in size. The size is reduced because of the high
alcohol level, and it gets smaller as the concentration of
ethanol rises nearly to 20-45 percent. Ethosome get a net
negative charge from ethanol, which reduces their size. The
addition of 30% ethanol caused the charge of the vesicles to
change from positive to negative.>

The groundbreaking work of Touitou et al. and Cevc
and Blume in 1924 led to the identification of ethosomes,
a brand-new vesicular system made of lipid. Liposomal
and ethosomal systems differ from each other in the
quantity rather high quantity of ethanol.* In an effort to
improve and increase the skin permeation and vesicular
characteristics of ethosome influence of these ethanol
plays a pivotal role, 5-6. Other additional generations of
ethosomal systems have been produced since then by adding
other compounds to the fundamental ethosomal formula to
establish ethosomes as potential carrier system. >

1 Phaspholipid bilayer

L

Water molecules

Hydro-ethanolic core

Drug with ethanol

Fig. 1: Structure of Ethosome depicting various layers

1.2. Structure and composition of ethosomes

The hydroalcoholic or hydro/alcoholic/glycolic
phospholipid that makes up the ethosomes is a vesicular
carrier with a relatively high alcohol concentration or
combination of them. Ethosomes contain phospholipids and

it has a variety of constituents like phosphatidic acid (PA),
hydrogenated phosphatidylcholine (PC), phosphatidylserine
(PS), phosphatidylglycerol (PPG), phosphatidylinositol
(PD) and phosphatidylethanolamine (PE). They may also
contain water, propylene glycol, and other liquids (or other
glycols).* Through the skin, a high concentration of active
substances can be delivered by such a formulation. The
ratio of water to alcohol-polyol or alcohol to water can
be changed to control drug delivery. Soya phospholipids
like Phospholipon 90 (PL-90) is one of the most desired
phospholipids. It is often used within a range of 0.5-10%
w/w. To the mixture cholesterol can be added in amounts
ranging from 0.1 to 1%.57

Ethanol and isopropyl alcohol are two examples of
alcohols that can be employed. Propylene glycol and
Transcutol are the two most often utilised glycols. In
these formulations, phospholipids may also be mixed with
surfactants (non-ionic) like PEG-alkyl ethers. Additionally,
cationic lipids such as cocoamide, cetrimide, dodecylamine,
POE alkyl amines etc. are also in the list. Between 20 and
50 percent of alcohol may be present in the finished product.
Alcohol and glycol mixture content in the non-aqueous
phase can range from 22 to 70%.

1.3. Skin permeation mechanism of ethosomes

Ethosomal size is influenced by the content of phospholipid
and ethanol. It was established that vesicle size grows
when phospholipid concentration increases, ethosome size
decreases when ethanol concentration increases.
Percutaneous channel via the stratum corneum and
open hair follicles allowed the ethosomes to enter skin.
Top layer skin vesicles were split during percutaneous
penetration that allow the therapeutically active drugs
to progressively permeate while the upper epidermis is
maintained by phospholipids.® The suggested mechanism
depends upon the interaction between phospholipids and
ethanol, which increases the rate at which drugs can
permeate the ethosomes. Alcohol works well to increase
penetration. At physiological temperature, the subcutaneous
lipid layer of skin is tightly organized and packed. The Tm
of SC lipids is decreased by ethanol, and their fluidity is
increased. This results in a disruption of the skin’s lipid
bilayer organisation and a decrease in skin lipid density.
Additionally, ethanol may play the role in malleableization
and softening the vesicle bilayer. The disorganized bilayer
(SC lipid layer) is more easily penetrated by these flexible,
squishy ethosome vesicles. The mechanism for ethosome
penetration is described diagrammatically in Figure 2.

1. As it is already known that ethosomes is the
ethanol-based liposomal formulation, thus, corelating
the mechanism by which the liposomal formulation
penetrates various skin layers like lateral diffusion.
As the constituents of ethosomes are structurally
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similar with the skin lipid for that the exchange
between human membrane is the physicochemical
phenomenon. Whenever the ethanol is introduced
in the vesicle for the flexibility or malleability, the
percentage of ethanol is the cause of small shape
and high penetrability of ethosomes in the stratum
corneum.

2. Ethanol tends to disturb the fat layer of skin which
causes the high ability to penetrate the stratum
corneum layer.

3. The polar head group region reacts with lipid
molecules due to the effect of ethanol. It results in the
transition temperature reduction of lipid in the stratum
corneum. Which in turn decreasing the density of lipid
multilayer and increase the fluidity.

4. Due to fusion and high malleable property of
ethosomes with lipid layer of skin the drug release in
the deep layer of skin towards systemic circulation.
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Fig. 2: Mechanism of Ethosome penetration

1.4. Preparation of ethosomes

Ethosome preparation relies on basic scale-up processes
without the need for expensive equipment at both the
pilot and industrial levels. There are three general methods
of preparation of ethosomes comprising hot method, cold
method and classic method.

1.5. Hot method

Phospholipid in a water bath at 30°C is heated in this
technique till a solution (colloidal) is produced. Ethanol
and Propylene glycol are mixed and heated to 40°C
using a different vessel. The introduction of organic phase
and aqueous phase is done once both combinations have
reached 40°C. Depending on the nature of the drug if it
is hydrophobic or hydrophilic, it dissolves in either ethanol
or water. Using the extrusion approach or probe sonication

the size of the vesicle of ethosomal formulation can be
diminished to the desirable extent.3"'% The schematic steps
are represented in Figure 3.

Step 1 Step 2

Four Circle
Process

Fig. 3: Schematic representation of hot method

1.6. Cold method

The most popular methods for formulation of ethosomes.
This method involves two different setups. First setup
deals with dissolving ethanol at room temperature with
phospholipid and other lipid molecules. Continuous
addition of polyols like propylene glycol (PEG) where
heidolph mixer is used for vigorous stirring then heating
at 30°C in water bath. The second setup is followed by
heating water at 30°C in a different vessel. Blending of
both the mixtures (from first and second setup) together
and stirred for 5 mins using a covered vessel.!! The vesicle
size of ethosomal formulation can be decreased to desirable
size with the help of extrusion or sonication method.
The formulation is finally refrigerated for storage.'?> The
schematic steps are represented in Figure 4.

Phospholipids, drugs and other lipid materials were taken

R

Dissolved in ethanol in a covered vessel at room
temperature by vigorous stirring with the use of mixer

Propylene glycol or other polyol is added during stirring
and mixture is heated to 30 °C in water bath

Preheated water at 30 °C is added to the mixture, which
is then stirred for 5 min in a covered vessel

. 2

The vesicle size of ethosomal formulation decreased to
desired extent using sonication or extrusion method

| The formulation is stored under refrigeration |

Fig. 4: Schematic representation ofcold process

1.7. Injection method

1.7.1. The ethanol injection—sonication method
The approach involves injecting aqueous and organic phase
together in ethanol containing the dissolved phospholipid



Sheel et al. / Journal of Pharmaceutical and Biological Sciences 2022;10(2):72-78 75

where a syringe system has been used'? at a flow rate of
200 L/min, followed by 5 minutes of homogenization using
probe sonicator.

1.7.2. The thin-film hydration method

An upgrade over the standard liposome preparation
technique is thin-film hydration method but in this
technique, a hydroethanolic solution hydrates the lipid film.
In a dry, clean round-bottom flask, first the phospholipid is
dissolved in either a chloroform-methanol mixture at ratios
of 3:1'% or 2:1'> or chloroform alone.!'® For extraction
of organic solvents at temperature higher than the lipid-
phase transition temperature rotating vacuum evaporators
are used. Then the solvent residue is extracted under vaccum
overnight from the deposited lipid film. For hydration of
the lipid film a water-ethanol solution or phosphate buffered
saline-ethanol solution!” is then used. Finally, the lipid film
is rotated and heated for 30 minutes to an hour during the
hydration process. '3

1.7.3. The reverse-phase evaporation method

To produce large uni-lamellar vesicles this method has
been used. By dissolving the phospholipid in diethyl ether,
the organic phase is prepared then combining it with the
aqueous phase in an ultrasonic bath at 0°C for 5 minutes.
This generates water-in-oil emulsion. The organic solvent is
withdrawn under reduced pressure resulting a gel formation.
The gel upon vigorous mechanical agitation transforms into
a colloidal dispersion. '

1.7.4. Transmembrane pH-gradient method

Either the organic or aqueous phase is added with the
drug, and it is "passively" or spontaneously loaded in
the ethosomal system. Actively the drug is loaded in the
transmembrane pH-gradient approach, depending upon the
differences in the pH-gradient between the internal phase
with acidic environment and the ethosomal system with
basic external environment. This approach was first utilized
to manufacture liposomes.?*?! and it was afterwards
employed by Zhou et al. and Fan et al.??

1.8. Characterization of Ethosome

1.8.1. Drug entrapment efficiency
The ability of ethosomes to entrap hydrophilic and
lipophilic drugs can be explained and supposed by presence
of ethanol and high degree of lamellarity in the vesicles.
Moreover, ethosomal formulations have greater entrapment
capability compared to liposomes. >

Five hundred microliters of ethosomal formulation were
placed into a centrifugal filter comprised of two vials the
upper to recover retentate and the other to collect filtrate to
determine the efficacy of the drug in ethosomal entrapment.
Under 8000 rpm ultracentrifugation, upper vial held the
ethosome encapsulating drug. The bottom is placed with the

free drug. After 20 minutes, a 100 L aliquot extracted from
the upper vial. It was diluted, mixed, filtered, and reported
for HPLC analysis.

The EE was determined by the formula: EE = CA/TCA
x 100

where CA is the amount of drug retained in ethosomes
and TCA is the total content of CA.

1.9. Permeation characteristics

Studies like in vitro and in vivo skin permeation have shown
that ethosomal formulations can improve the penetration
of both hydrophilic and hydrophobic compounds. Several
researchers have observed that ethosomal drug formulation
penetrate the skin 5-10 times better than typical liposome
formulations. Ethanol has long been known for its ability
to improve permeability. Ethanol, which was previously
thought to be damaging to typical liposomal formulations,
offered flexible properties to ethosomes, allowing them to
easily permeate deeper skin layers. >*

2. Vesicle Skin Interaction Study

Different imaging techniques such as fluorescence
microscopy, transmission electron microscopy, confocal
scanning laser microscopy (CSLM), eosin-hematoxylin
staining was employed to evaluate the mechanism of
enhanced skin permeability of ethosomal formulation.
When utilized together, these imaging tools provided a
better understanding of vesicle structural modulation and
penetration paths. No structural alterations were identified
in cell layers underneath the stratum corneum, indicating
that the stiff liposomal formulation had no effect on the
stratum corneum’s ultrastructure and accumulated solely
in the top layer of the skin. These findings demonstrated
that liquid state vesicles may act not only in the superficial
stratum corneum layers, but also in deeper layers of the
SC, whereas gel state vesicles interacted solely with the
outermost layers of the SC.?~27

3. Applications of Ethosome

Ethosomes are very effective form of delivery of a wide
range of drug through the skin Applications of ethosomes
in various diseases are discussed below. 2833

3.1. Ethosomes for microbial and viral skin infection

Ethosomes got extremely successful rating at delivering
antibiotics for skin infections treatment. Antibiotics impact
on the treatment of skin infections have been studied in
animal models.?**3 In comparison to the therapy with
a hydroethanolic erythromycin solution, when treatment
done with ethosomal erythromycin on Staphylococcus
aureus infected mice it revealed effective healing of
cutaneous infections with no bacterial growth.3* A study
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investigates bacitracin skin permeation ability in vitro
and in vivo utilizing bacitracin and fluorescently tagged
bacitracin (FITC-Bac) ethosomes.?®> CLSM (confocal
laser scanning microscopy) and fluorescent-activated cell
sorting (FACS) tests were used to measure the outcomes.
Both investigations revealed that ethosomal formulations
penetration across the skin easily and faster. 36

3.2. Ethosomes for menopausal syndromes

Buspirone hydrochloride (BH) has a very poor oral
bioavailability of not more than 3.9 percent compared
to intravenous administration because of substantial first
pass metabolism.?” BH also has a short half-life of 2.5
hours, necessitating doses frequently.*®3° Because BH is
a hydrophilic cationic molecule, it does not penetrate
through the skin sufficiently to reach the blood therapeutic
level. Formulations of ethosomes have been done to
increase the skin permeability of BH. This also help
in the increase in pharmacologic and pharmacokinetic
efficiency for menopausal syndrome therapy. According to
the findings, BH ethosomes are beneficial and safe for the
treatment of menopausal syndrome. *

3.3. Ethosome for peptides delivery

Peptides, Proteins are macromolecules that are unable
to pass through the SC (subcutaneous) layer. As their
oral bioavailability is poor, I. V and S. C routes are
considered for their delivery. Insulin being an oligomeric
protein have a MW (molecular weight) of 6000 Dalton
per monomer that can be administered intravenously to
patients with IDDM (insulin-dependent diabetes mellitus).
Several studies with focus on nonpassive delivery of
insulin through the skin using physical methods such as
phonophoresis, iontophoresis and so on.*!**> Augmentation
with phospholipid vesicle that is deformable and its passive
delivery has been shown to improve absorption of insulin
percutaneously. +3

3.4. Ethosome for hair loss

A broad population all around the world has been affected
and suffering by hair diseases such as excessive hair loss,
acne and seborrhea. Focused drug delivery to hair follicles is
needful for the efficient treatment of pilosebaceous illnesses.
A lipophilic drug Minoxidil is proved to be effective when
applied topically to the scalp to cure hair loss. To investigate
the targeting to pilosebaceous units ethosomal Minoxidil
was formulated and in vivo test was performed in hairless
rats. The results demonstrated that minoxidil localized in the
pilosebaceous units that indicates minoxidil was delivered
more effectively utilizing ethosomal carriers.**

3.5. Miscellaneous application

1. Higher deposition of drug in deeper layers of skin
by Finasteride ethosomes at a higher flux that is
7.4, 3.2, and 2.6 times higher has been found than
those of conventional liposomes, aqueous solution and
hydroethanolic solution of drug.

2. Transferosomes and Linoleic acid ethosomes showed
promising permeation through human skin in the
treatment of topical skin (hyperpigmentation) related
disorders.

3. Ethosomes containing iodine as a contrast agent for
computed tomography for imagining applications have
been studied by some researchers.

4. In a study ethosomes were used for entrapment of new
lipophilic excited- state intramolecular proton-transfer
dyes for fluorescence spectroscopy.

5. Hair dyes of Transethosomes were developed and
showed an effective delivery and higher absorption of
black tea extracts to the hair surface as compared to
hydroethanolic solutions of the same extract.

6. Ethosomes were also suggested for potential
lung targeting for lung disease. Methoxsalen was
successfully delivered topically using a nanosized
Ethosome-based hydrogel formulation for the
treatment of vitiligo.

7. Ethosomes were also studied for the treatment of HIV
and hepatitis.

8. Gold nanoparticles have been synthesized in the
ethosome bilayer to provide a better pharmacological
effect.

9. Ethosomes containing phenyl ethyl resorcinol a skin
lightening agent showed higher tyrosinase inhibition
activity and melatonin reduction without causing skin
irritation.

10. Now a day trending research is going on to enhance
the penetration ability by applying microwaves for the
treatment of melanoma (skin cancer).

4. Conclusion

Almost two decades from the discovery of ethosomes,
different nanocarriers have been demonstrated for their
unique capacity to carry therapeutic compounds with
varying physicochemical properties via the skin for
both local and systemic use. Vast research has resulted
in the development of ethosomal systems known as
transethosomes. This have been found to have superior
characteristics in terms of vesicular system and ability
to permeate skin to classical ethosomes. The formulator
with transethosomes have the most flexibility in modifying
ethosomal properties to meet the study needs by adjusting
the penetration enhancers or edge activators. The inclusion
of ethosomal systems in proper vehicles such as patches,
creams and gels are a crucial step toward improved skin
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penetration as well as absorption. This delivery system is the
most effective and also the future of all delivery systems.
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