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ABSTRACT

Ethosomes are novel lipid and ethanolic phospholipid vesicles that are primarily employed for medication
administration through the skin. These nanocarriers are designed to carry therapeutic delivery of drugs with varying
physicochemical qualities into skin layers. Ethosomes have a better penetration rate into the skin than liposomes, so
they can be used to replace liposomes. Ethosomes' enhanced penetration is most likely due to their ethanolic
component. Ethanol enhances the lipid fluidity of the cell membrane, resulting in greater ethosome skin penetrability.
These ethosomes penetrate the skin, fusing with the cell membrane of lipids to release the medication. Since their
discovery in 1996, ethosomes have undergone substantial investigation; additional substances were added to their
basic formula, resulting in the development of various types of ethosomes such as classical, binary, and
transethosomes. These are created using hot, cold and other procedures. Different types of materials are used for
ethosomal formulation. Size, drug content, shape, zeta potential, and other properties are evaluated by using different
techniques. Some ethosomal formulation are available in market like Supravir cream, Decorin cream etc. This review
provides a thorough examination of the impacts of ethosomal system elements, production techniques, and their

critical roles in defining the final characteristics of these nanocarriers.
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INTRODUCTION

Skin is the body’s largest and the most widely
available organ and it can be used to provide drugs
with systemic effects [1]. Skin comprises of distinctive
multilayers, termed as the epidermis, the stratified
epithelium which is regularly regenerates and the
dermis, which is made up of connective tissues, are
superimposed on the sub-cutis/hypothermis, or
deepest layer, made up of fatty loose connective
tissues [2, 3]. The epidermis is derived embryological
form ectoderm and the dermis and hypodermis from
mesoderm. The skin is the principal organ that covers
the entire body’s surface and is connected to the
mucous membrane that lines the body’s orifices. It
accounts for around 15% of the total body weight of
the adult [4] and the surface area of 1.5 -2m2 [5]. The
skin protects against physical, chemical, and
biological threats and helps in thermoregulation [6]. It

has cells, fibers, and glands which are arranged in
different layers [7].

Ethosomes are lipid-based nanovesicles with benefits
for transdermal or dermal drug delivery because
nanoparticles can easily penetrate the skin, release
encapsulated drugs for extended periods of time while
shielding them from degradation, behave as drug
depots, and control the rate of confined transdermal
delivery via their membrane [8]. Ethosomes are
mostly used in cosmetic preparations to abduct
antioxidants, vitamins, and other active substances
available in gels, creams, and other forms of
dispersion. They are rich in ethanol, which bestows
malleability and softness on the vesicles and increases
skin penetration, distinguishing them from other lipid-
based vesicles such as liposomes [9]. Because ethanol
prevents aggregation, ethosomes have more stable
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vesicles and negative charges. Drug-loaded ethosomes
penetrate deep into the skin, allowing the drug to reach
deeper into the skin layers and enhance drug efficacy
[10]. Propylene glycol (PG) is a popular penetration
enhancer used at concentrations ranging from 5% to
20% in ethosomal preparations [11]. The presence of
PG and ethanol in ethosomes improve drug solubility,
resulting in greater entrapment efficiency and better
drug distribution through the wvesicle [12]. PG
improves ethosome stability by enhancing anti-
hydrolysis property and viscosity [13].

In general, the phospholipid concentration range in the
formation of ethosomes is 0.5-5%. The formulation's
concentration and phospholipid type are critical
factors in the development of an ethosomal
formulation because they affect the size, zeta-
potential, stability, entrapment efficacy, and
penetration characteristics of the wvesicles [14].
Cholesterol is a steroid molecule that is rigid and is
used to reduce vesicular permeability and fusion while
preventing leakage. It is typically used at a
concentration of 3% [15], but in specific formulations,
it has been used up to 70% of the overall phospholipid
concentration for the ethosomal formulation [16].
Tween 80 is used in the ethosomal system at

concentration up to 45 percent by weight) and water.
Because they were smaller, had a negative-potential
and had a better entrapment efficiency, classical
ethosomes were found to be more significant than

classical  liposomes
administration.

for  transdermal  drug

Furthermore, when compared to

classical liposomes, classical ethosomes had better
skin penetration and stability profiles [18]. The
entrapment of drug in classical ethosomes have
molecular weights ranging from 130.077 Da to 24 kDa

[19].
Binary Ethosomes

Binary ethosomes were produced by mixing another
sort of alcohol with the classical ethosomes [20].
Propylene glycol and isopropyl alcohol are the most
widely used alcohol in binary ethosomes [21].

Transethosomes

The latest generation of ethosomal system are known
as transethosomes. This ethosomal system includes the
essential constituents of classic ethosomes as well as
an additional substance in their composition such as a
penetration enhancer or a surfactant [22, 23]. Drugs
having molecular weights in range of 130.077 Da t0
200-325 kDa have been reported to be entrapped by

transethosomes [24].

concentrations ranging from 10% to 50% of the METHODS OF PREPARATION OF
cumulative phospholipid concentration. Tween-80 ETHOSOMES
was expected to lower vesicular size and improve Ethosomes are prepared by following methods
stability of the system and skin-permeation 1. The classical cold method
characteristics in ethosomal systems [17]. 2. The ethanol injection-sonication method
TYPES OF ETHOSOMES 3. The hot method
Classical Ethosomes 4. The thin-film hydration method
Classical ethosomes are a modified form of classical 5. The reverse-phase evaporation method
liposome that contains phospholipids, ethanol (high
Table 1: Comparison of different types of ethosomes.
Parameters Classical ethosomes Binary ethosomes Transethosomes
Composition Ethanol Ethanol Ethanol
Phospholipid Phospholipid Phospholipid
Water Water Water
Charge inducer Charge inducer Charge inducer
Stabilizer Propylene glycol/ other | Edge activator or
Drug alcohols penetration enhancer
Drug Drug
Size Less than classical liposomes | Smaller than or equal to | Based on concentration
classical ethosomes and type of penetration
enhancer used
Morphology Spherical Spherical Spherical
Entrapment More than classical liposomes | More than classical ethosomes | More  than  classical
efficiency ethosomes
Stability Stable than classical liposomes | Stable than classical ethosomes | No particular trend
Zeta-potential Negatively charged Negatively charged Negatively or positively
charged
Skin permeation | More than classical liposomes | More than and equal to classical | More  than  classical
ethosomes ethosomes
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The Classical Cold Method

This is the most basic and extensively used approach
for preparing ethosomal systems and it can be
conducted under nitrogen protection if needed. It
entails preparing both the organic and aqueous phases
separately. For the manufacturing of binary ethosomes
at 25-30 °C, the organic phase is generated by
dissolving the phospholipids (along with surfactants or
transethosome penetration enhancers) in ethanol or a
mixture of solvents (ethanol/PG). Water, buffer
solution, or normal saline solution are employed as the
aqueous phase. At a steady rate of 175 or 200 L/min,
the aqueous phase is introduced to the organic phase
in a fine stream, dropwise, or using a syringe pump.
An overhead or magnetic stirrer is used to stir the
mixture at a speed of 700-2,000 rpm. To obtain the
requisite ethosomal suspension, the mixture is mixed
for 5-30 minutes [25].

The Hot Method

By using this approach, phospholipid is mixed in water
and heated in a water bath at 400 °C until it forms a
colloidal solution. In another vessel, ethanol and
propylene glycol are thoroughly combined by heating
it to 400 °C. The organic and aqueous phases are
combined. Depending on the drug's solubility,
dissolve it in water or ethanol. With the help of probe
sonication or extrusion, the ethosomal formulation's
vesicle size can be reduced to the desired extent [26].
The Ethanol Injection-Sonication Method

Using a syringe system, the organic phase containing
the dissolved phospholipid in ethanol is injected into
the aqueous phase at a flow rate of 200 L/min, then
homogenized for 5 minutes with an ultrasonic probe
[27].

The Thin Film Hydration Method

This approach is an elaboration of the classic liposome
synthesis method, however, the lipid film is hydrated
by a hydro-ethanolic solution in this method. In a
clear, sterile, round-bottom flask, dissolve the
phospholipid in chloroform alone or a chloroform-
methanol combination at a ratio of 3:1 or 2:1. A
rotational vacuum evaporator at a temperature higher
than the lipid-phase transition temperature removes
organic solvents. The solvent traces are then removed
from the deposited lipid coating overnight under a
vacuum. The lipid film is then hydrated using a water-
ethanol solution or a phosphate-buffered saline—
ethanol solution. During the hydration process, the
lipid film is spun and heated for 30 minutes, one hour,
or six hours, depending on the phospholipid
characteristic [28].

The Reverse Phase Evaporation Method

This is the least commonly used approach and is
specifically designed to generate huge unilamellar
vesicles. The organic phase is formed by mixing the
phospholipid in diethyl ether and then combining it

with the aqueous phase in an ultrasonic bath at 0°C for
5 minutes to generate a water-in-oil emulsion. The
organic solvent is extracted under reduced pressure to
form a gel, which upon intense mechanical agitation
transforms into a colloidal dispersion [29]
MECHANISM OF PENETRATION /
PERMEATION OF DRUG

Ethosome components play a vital role in permeating
ethosomes into the skin layers. Touitou et al. proposed
a theoretical mechanism in which the inter-dependent
impact of phospholipids and ethanol aids drug
permeation into the systemic circulation and deeper
skin layer.

The primary benefit of ethosomes is increased drug
permeation over liposomes. The mechanism of drug
absorption in ethosomes remains unknown. Drug
absorption is most likely divided into two stages [30].
1. Ethanol effect, and 2. Ethosome effect.

Ethanol Effect

Ethanol improves penetration through the skin. The
mechanism underlying its penetration-enhancing
effect is well understood. Ethanol penetrates the
intercellular lipids, increasing the fluidity of the lipid
cell membrane and decreasing the density of the cell
membrane's lipid multilayer.

Ethosome Effect

The increased lipid fluidity of cell membranes caused
by the ethanol of ethosomes results in increased skin
permeability. As a result, the ethosomes permeate very
easily into the deeper skin layers, where they fuse with
the skin lipids and release the drugs.

MATERIALS MOST COMMONLY USED IN
ETHOSOMAL FORMULATION

Ethanol

Ethanol is a powerful penetration enhancer [31] and it
is important in ethosomal systems because it gives
vesicles unique properties such as size, zeta-potential,
entrapment efficacy, stability, and enhanced skin
permeability [18]. Ethanol concentrations in
ethosomal formulations have been observed to range
between 10% and 50% [32]. Many researchers note
that increasing the concentration of ethanol reduces
the size of the ethosomes [33]. However, increasing
the ethanol concentration above the optimum level
causes the bilayer to leak, resulting in a minor increase
in the vesicular size and a significant decrease in the
entrapment efficacy, and further increasing the ethanol
concentration solubilizes the vesicles. According to
some studies, high ethanol concentrations cause inter-
penetration of the ethanol hydro-carbon chain, which
leads to a reduction of vesicular membrane thickness
and thus vesicular size. Other scientists have
suggested that ethanol modulates the net charge of the
systems, resulting in steric stabilization and a decrease
in the mean vesicle size [34]. The vesicular charge is
a critical parameter that influences vesicular properties
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like stability and vesicle-skin interaction. Because of
the high ethanol concentration in ethosomes, the
vesicular charge has shifted from positive to negative
[35]. According to one study, the negative charge of
empty ethosomes increases with the increasing ethanol
concentration [36]. Ethanol plays the role of a negative
charge provider for the ethosomes, preventing
vesicular system aggregation due to electrostatic
repulsion. Furthermore, ethanol has been reported to
have stabilizing properties [37]. Ethanol has a
significant effect on the ethosomal system and
entrapment  efficiency, and increasing ethanol
concentration increases entrapment efficiency in
general. This effect is applicable to molecules with
varying lipophilicities, in which ethanol enhances the
solubility of amphiphilic and lipophilic drugs, thereby
increasing drug loading. With ethanol concentrations
ranging from 20% to 40%, this relationship was
discovered to be linear [38]. As a result, ethanol
concentration should then be optimized during the
formulation process, as entrapment efficacy will be
minimal at low concentrations, and at very high
concentrations, the ethosomal membrane becomes
more permeable because the phospholipids can easily
dissolve in ethanol, resulting in a substantial decrease
in entrapment efficacy.

Cholesterol

Cholesterol is a rigid steroid molecule and its presence

Ethanol causes
skin disruption

Ethosomes

Ethosomes
permeates
inside

Fuse with skin
lipids

Release drug
into the deep
skin layer

in ethosomal systems improves drug stability and
entrapment  efficiency. It reduces vesicular
permeability and fusion while preventing leakage. It is
typically used at a concentration of 3% [15], but in
some formulations, it has been used upto 70% of the
overall phospholipid concentration [39]. Several
studies have found that cholesterol increases the size
of ethosomal vesicles [40]. When 25.87 mM of
cholesterol was used in the formulation, researchers
discovered that the ethosomal size increased from
136+42 nm to 230£27 nm [16]. Another study found
that increasing cholesterol concentration from 0 to
0.15 percent w/w increased vesicular size from
102+13 nm to 152412 nm [40]. Even so, only one
study showed that cholesterol had no effect on
ethosome stabilization. In the formulation, the authors
used 15% ethanol and phosphatidylethanolamine [41].
The inclusion of cholesterol in ethosomal formulation
increased vesicular stability and rigidity, according to
the researchers. However, in vitro studies using Franz
diffusion cells and CLSM revealed that due to their
higher rigidity, these multi-lamellar vesicles (MLVs)
were unable to pass across the stratum corneum,
making it more challenging for the drug to permeate
across the skin. Other researchers reported that the
addition of cholesterol increased the rigidity of the
ethosomal vesicles.

Increase lipid
fluidity

More
permeation
through the skin

Figure 1: Mechanism of action of ethosomes.
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Propylene Glycol (PG)

PG is a popular penetration enhancer and is used in the
preparation of ethosomes at concentrations ranging
from 5% to 20% and has been shown to influence
ethosomal properties such as size, permeation,
entrapment efficiency, and stability. When PG is
added to ethosomal systems, particle size is reduced
even further when compared to systems without using
PG. When the PG concentration was changed from 0%
to 20% vlv, the particle size decreased significantly
from 103.7+0.9 to 76.3x0.5 nm. The researchers
discovered that when PG was incorporated into the
ethosomal system at a 1:1 ethanol-to-PG ratio, the
entrapment efficiency of sophocarpine, sophoridine,
lehmanine, and matrin extracted from Sophora
alopecuroides  increased  significantly.  Other
researchers believe that the inclusion of ethanol and
PG in ethosomes improves drug solubility, resulting in
increased entrapment efficiency and better drug
distribution all across the vesicle. In vitro drug-
permeation investigations utilizing Franz diffusion
cells revealed no significant difference in tacrolimus
accumulation in the stratum corneum between
classical and binary ethosomes. It was also found that
raising the PG content in ethosomes from 0 to 20% v/v
reduced tacrolimus accumulation in the epidermis
from 2.23+0.10 g/m? to 1.48+0.04 g/m?. Furthermore,
vesicles containing PG at a concentration of 30%v/v
still  wouldn't significantly improve tacrolimus
distribution in the epidermis. On the contrary,
ethosomes containing just 30 percent v/v ethanol
showed the maximum drug distribution in the
epidermis. As a result, this data revealed that ethanol
had more permeation-enhancing effects on the stratum
corneum than PG. In another study researcher studied
the effects of various PG to ethanol weight ratios of
10:0, 9:1, 5:5, 7:3, 3:7, 1:9, and 0:10 on the in-vitro
skin deposition of terbinafine HCL ethosomes. In the
ethosomal system, the overall amount of ethanol or PG
was 45 percent v/w. They discovered that raising the
PG fraction in the ethosomes reduced terbinafine
hydrochloride skin deposition. This might be owing to
the reduced ethanol content in ethosomes, which
influenced phospholipid bilayer  solubility.
Terbinafine skin deposition was greatest in ethosomes
containing ethanol: PG at a 7:3 ratio [11]. As a result,
it can be stated that the ethanol: PG ratio in binary
ethosomes should be improved to get better drug
permeability. When kept at 4°C, binary ethosomes
were shown to be more stable than classical ethosomes
[20]. As a result, it is proposed that PG improves
ethosome stability by enhancing viscosity and
antihydrolysis characteristics.

Phospholipids Used in Ethosomes

In the formulation of the ethosomal system,
phospholipids from various sources were used. The

formulation's phospholipid type and concentration are
critical factors in the development of an ethosomal
system because they affect the size, zeta-potential,
stability, entrapment efficacy, and penetration
characteristics of the vesicles. In particular, the
concentration of phospholipids in an ethosomal
formulation ranges from 0.5 to 5%. Increasing
phospholipid concentration increases vesicular size
gently or moderately, but significantly increases
entrapment efficiency. However, the relationship is
only valid until a certain concentration is reached, after
which further increases in phospholipid concentration
have no impact on entrapment efficiency.

To provide photodynamic localized treatment in
squamous cell carcinoma, ferrous chlorophyllin-
infused ethosomes and chitosan-infused nanocarriers
were formed and compared for entrapment efficiency,
skin permeation in mouse skin, and ex vivo studies
using HPLC. Ferrous chlorophyllin was used as a
photosensitizer in this study. Ethosomes were made
using the Touitou et al.*®* method with minor
modifications. Nanocarriers were also encased with
lipids to improve permeation. The results showed that
the ethosome vesicles were larger in terms of size and
the entrapment efficiency for the hydrophilic drugs,
while ethosomes penetrated deeper into the mouse
skin than nanocarriers, which remained confined to the
epidermis. It was determined that, depending on the
type of cancer, either formulation could be beneficial
[42].

The ethosome containing griseofulvin, a hydrophobic
drug, was prepared using a biocompatible and
biodegradable phospholipid (Phospholipon 90H), and
the zeta potential, vesicle size, entrapment efficiency,
and polydispersity index were measured. The drug
penetration ability can be increased by using
appropriate phospholipids because phospholipids line
up with the lipid layer of the skin and are amphiphilic,
allowing them to penetrate the skin. Five formulations
were created, each with a different ethanol
concentration. The drug, phospholipid, and cholesterol
were first mixed with methanol: chloroform before
being evaporated. Different ethanol concentrations
were used to hydrate these vesicles. A significant rise
in ethanol concentration decreased the particle size
and increased drug and vesicle penetration through the
skin. The findings supported the hypothesis that the
ethosomes have the ability to transport BCS class 2
drugs and poorly water-soluble drugs [43].
Rosamarinic acid loaded ethosome and liposomal
vesicles were ready by using soya phosphatidylcholine
and dipalmitoyl phosphatidylcholine and dissolved in
chloroform or methanol. The film was rehydrated with
the ethanol by using the mechanical dispersion
method. The particle size, polydispersity index, zeta
potential, and SEM of these ethosomal and liposomal
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vesicles were all measured. HPLC was used to
evaluate the contents of in vitro release studies. The
study found that the rosamarinic acid can be
incorporated into both types of vesicles and that it has
enzyme inhibition activity. Rosamarinic acid was
directly incorporated into both vesicles, but ethosomes
have greater permeation power than liposomes. The
ethosomes were observed to be more effective in
interpreting rosamarinic acid effects [44].

There is a wide variety of phospholipids available for
use in the preparation of ethosomes. Phospholipids
that are commonly used include phospholipon 90 G,
phospholipon 90 H, phospholipon 80 H, phosphatidyl
ethanolamine, and many others. These phospholipids
are essential in the formation of vesicles, but their
relative concentration is critical.

Surfactants used in ethosomes

Selecting an appropriate surfactant is a crucial stage in
the preparation of transethosomes because they have a
major impact on the ethosomal system's properties.
Surfactants and their effects on vesicle stability,
dispersity, size, and permeability have been
extensively studied in recent decades. It was
discovered that the vesicular size and surfactant
parameters (number and length of carbon chains,
concentration, hydrophilicity, and HLB value) have an
inverse relationship. Increase in any of the parameters
result in a reduction in vesicle size. This is because the
lipid and the surfactant compete for space. Surfactants
influence vesicle Entrapment Efficiency (EE), but the
effect of the drug is also important; for example,
hydrophobic drugs are effectively entrapped when
surfactants with low HLB values are used [52]. In the
case of hydrophilic drugs, surfactants with high HLB
values enhance the entrapment of the hydrophilic
drugs [53].

Beside from these three parameters, carbon chain
length, surfactant transition temperature, and gel-like
surfactants were also discovered to improve vesicle
EE. It was also assumed that increased membrane
permeability led directly to less entrapment.
Surfactants play a crucial role in vesicle stability by
imparting increased charges on the vesicles [54].

In 2015 researchers investigated the permeation of the
red ginseng using transferosomes containing
ethosomes and surfactants without surfactants in
comparison to conventional liposomes. The study
found that transferosomes containing edge activators
or surfactants (tween 80) had an irregular shape
compared to liposomes and ethosomes. Similarly,
liposomes and ethosomes had similar vesicle sizes,
whereas transferosomes were smaller because of the
result of surfactant. The negative charge on the
ethosomes and the liposomes was anticipated based on

the presence of permeation enhancers, whereas the
negative charge on the transferosomes was anticipated
based on the presence of the tween 80. Because
surfactants  increase  vesicle flexibility, the
permeability  of  transferosome  formulations
containing the tween 80 was increased [49].
Liposomes, ethosomes, and transferosomes  of
lamivudine drugs were prepared for HIV treatment in
a comparative study. In the liposomal formulation, no
surfactant was used, whereas one transferosome
formulation was prepared without using tween 80
(surfactant) and another with tween 80. In the situation
of ethosomes, a mixture of tween 80 with varying
amounts of less and more was prepared. The results
showed that the concentration of surfactant or edge
activator increases the efficiency of transferosomal
vesicle entrapment. The formulation with an edge
activator outperforms the other without using
surfactants in terms of entrapment efficiency. It was
concluded that an ethosomal formulation with a
greater quantity of surfactants was more efficient in
terms of entrapment efficiency, followed by
transferosomes with less entrapment, and finally
liposomes with poor entrapment efficiency due to
vesicle inflexibility. Similarly, ethosome formulations
with a high surfactant content and transferosome
formulations with surfactants demonstrated better
dissolution and in vitro release of surfactant-
containing vesicles than others [55].

In one investigation reseachers formed conventional
liposomes (L-RSV), deformable liposomes (LD-
RSV), ultra-deformable liposomes (LUD-RSV), and
ethosomes (Etho-RSV) to improve resveratrol
penetration and compared and characterized them for
best performance. In conventional liposomes,
phospholipid was mixed with chloroform, whereas in
LD-RSV, tween was used in addition to chloroform
and water. In addition to the phospholipid and the
surfactant (tween 80), cholesterol was added to LUD-
RSV. The results of the characterization revealed that
the drug RSV can be effectively carried by LD-RSV
due to the use of a rising surfactant ratio with the
phospholipid in the ratio of 1:4 phospholipid: tween 80
respectively. The amount of surfactant improved the
entrapment efficiency and also increased the size of
deformable liposomes, while ideal characteristics
were deemed due to the use of an appropriate amount
of ethanol. Although ethanol was used in ethosomes,
the lack of a surfactant affected the vesicles and made
them less desirable [56].

The surfactant review concludes that the use of an
appropriate surfactant in sufficient amounts can make
ethosomes a perfect carrier for the delivery drug.
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Table 2: Different types of phospholipids that are used in preparation of ethosomes.

Phospholipids

Composition &source

Phospholipon 90H

Hydrogenated phosphatidylcholine from soya bean 90% [45]

Phospholipon 80H

Hydrogenated phospholipids from soya bean with phosphatidylcholine (70%) [38]

Phospholipon 90G

Phophatidylcholine from soya bean 90% [46]

Phospholipon 50

Lecithin from soy phosphatidylcholine, 45% concentration, rich in palmitic acid [38],
linoleic acid (65%) and solid wax [47]

Lipoid E80 Phosphatidylcholine (81.7%) content from egg yolk [48]

Lipoid S75 Phophatidylcholine (68-73%) content from soya bean [21]

Lipoid S100 Phosphatidylcholine from soya bean [19]

Lipoid S75-3 Phosphatidylcholine (70%-75%) content from soya bean [49]

SPC50 Phosphatidylcholine (50.3%) content from soya bean [48]

NAT 8539 Contained  phosphatidylcholine  73-75%, phosphatidic acid upto 6%,

lysophosphatidylcholineupto 6%, and cephalin upto 4%, sterol and natural oil upto
6% and ethanol (23-27%) [45]

L-a-Phosphatidylcholine (PC)

1,2-diacyl-sn-glycero-3-phosphocholine (90%) from egg yolk and soya bean [14]

Dipalmitoylphosphatidylcholine
(DPPQC)

1.2-dipalmitoyl-rac-glycero-3-phosphocholine (99%) [50]

Phosphatidylethanolamine (PE)

3-sn-phosphatidylethanolamine (98%) from sheep brain or bovine [51]

Table 3: Different types of surfactants that are used in preparation of ethosomes.

Surfactants Type Concentration

Tween 20 Nonionic surfactant 15-20% of the total phospholipid concentration [17]
Tween 60 Nonionic surfactant Upto 50% of the total phospholipid concentration [48]
Tween 80 Nonionic surfactant 10-50% of the total phospholipid concentration [57]

Span 20,40,60,80

Nonionic surfactant

Upto 50% of the total phospholipid concentration [58]

N-Decylmethyl sulfoxide

Nonionic surfactant 0.35-1% of the total ethosomal formulation [59]

Cremophor EL-35

Nonionic surfactant

0.5-1.5% of the total ethosomal formulation [60]

Cremphor RL-40

Nonionic surfactant

Upto 50% of the total phospholipid concentration [48]

Dimethyl sulfoxide

Penetration enhancer 10% of the total ethosomal formulation [59]

Oleic acid

Penetration enhancer 0.5-3% of the total ethosomal formulation [61]

L- Menthol

Penetration enhancer 5%of the total ethosomal formulation [62]

Polyethylene glycol 4000

Surfactant

Phosphatidylcholine: cholesterol: polyethylene glycol 4000 at
molar ratios of 2:1:1 and 6:2:1 [14]

Sodium cholate

Anionic surfactant

0.66% of the total ethosomal formulation [17]

Sodium dodecyl sulfate

Anionic surfactant

0.8% of the total ethosomal formulation [63]

Sodium taurocholate

Anionic surfactant

0.53% of the total ethosomal formulation [23]

Sodium deoxycholate

Anionic surfactant

0.8% wi/v of the total ethosomal formulation [61]

Sodium stearate

Anionic surfactant

Phosphatidylethanolamine: cholesterol: sodium stearate at a
molar ratio of 2:1:2.5 [41]

Hexadecyltrimethyl
ammonium bromide

Cationic surfactant

1% of the total ethosomal formulation [60]

Table 4: Parameters for the evaluation of ethosomes.

Sr.no. | Parameters Importance Method
1 Zeta-potential Stability of vesicles Zeta meter
2 Size and shape Determine skin penetration SEM, TEM, DLS
3 Skin permeation Determines the rate at which drugs are transported | CLSM
through the skin.
4 Drug content Important in determining how much vesicle | UV, HPLC
preparation to use.
5 Entrapment efficiency | Suitability of method Ultracentrifugation
6 Stability studies To ascertain the shelf life of a vesicle formulation SEM, TEM, HPLC
7 In-vitro dissolution To determine the vesicle drug release rate Franz diffusion cell
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Table 5: Ethosomal formulations that are commercially available.

Sr.no. | Product name Drug Importance Manufacturer

1 Supravir cream | Acyclovir For herpes infection treatment | Trima, Israel

2 Nanominox Minoxidil 4% Hair growth promotor Sinere, Germany

3 Cellutight EF Combination of ingredients | Topical cellulite cream and for | Hampden  health,
increase breakdown and | USA
metabolism of fat

4 Skin genuity Combination of ingredients | Reduces orange peel, powerful | Physonics,
cellulite buster Nottingham, UK

5 Decorin cream | Combination of ingredients | Antiaging and for | Genome cosmetics,
hyperpigmentation Pennsylvania, US

6 Noicellex Combination of ingredients | Topical anticellulite cream Novel therapeutic

technologies, Israel

EVALUATION OF ETHOSOMES

Vesical Size and Zeta-Potential

Photon correlation spectroscopy (PCS) and dynamic
light scattering (DLS) can be used to determine the
particle size of ethosomes. The formulation's zeta
potential can be measured using a zeta meter [64].
Vesicle Shape

Scanning  electron  microscopy (SEM) and
transmission electron microscopy (TEM) can be used
to easily visualize ethosomes [65].

Stability Studies

The size and shape of the vesicles can be used to
determine their stability. The evolution of vesicle
structure DLS calculates the mean size. TEM detects
structural changes.

Drug Content

A UV spectrophotometer can be used to determine the
drug content of ethosomes. A modified high-
performance liquid chromatographic (HPLC) method
can also be used to quantify this.

Drug Entrapment

The ultracentrifugation technique can be used to assess
the entrapment efficiency of the ethosomes [66].

Skin Permeation Studies

Using CLSM (confocal laser scanning microscopy),
the ability of the ethosomal formulation to penetrate
into the deep skin layers can be determined [67].
Transition Temperature

Differential scanning calorimetry can be used to
determine the transition temperature of vesicular lipid
systems [60].

Surface Tension Measurement

The surface tension activity of a drug can be measured
using the ring method in a Du-Nouy ring tensiometer
in an aqueous solution [36].
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