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ABSTRACT The use of nanotechnology has been extensive-
ly explored for developing efficient drug delivery systems to-
wards topical and transdermal applications. Ethosomes con-
stitute a vesicular nanocarrier containing a relatively high con-
centration of ethanol (20-45%). Ethanol is a well-known per-
meation enhancer, which confers ethosomes unique features,
including high elasticity and deformability, allowing them to
penetrate deeply across the skin and enhance drug permeation
and deposition. The improved composition of ethosomes of-
fer, thereby, significant advantages in the delivery of therapeu-
tic agents over particularly the conventional liposomes regard-
ing different pathologies, including acne, psoriasis, alopecia,
skin infections, hormonal deficiencies, among others. This re-
view provides a comprehensive overview of the ethosomal
system and an assessment of its potential as an efficient nano-
carrier towards the skin delivery of active ingredients. Special
attention is given to the composition of ethosomes and the
mechanism of skin permeation, as well as their potential appli-
cations in different pathologies, particularly skin pathologies
(acne, psoriasis, atopic dermatitis, skin cancer and skin
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infections). Some examples of ethosome-based formulations
for the management of skin disorders are also highlighted.
Besides the need for further studies, particularly in humans,
ethosomal-based formulations hold great promise in the skin
delivery of active ingredients, which increasingly asserts
oneself as a viable alternative to the oral route.
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ABBREVIATIONS

ALA 5-aminolevulinic acid
AUC Area under the curve
BCC Basal cell carcinoma

Cé6 Coumarin 6

CLSA Clindamycin phosphate and salicylic acid
CLSM Confocal laser scanning microscopy
Cinax Peak plasma drug concentration

COX-2 Cyclooxygenase-2

DLS Dynamic light scattering

DNA Deoxyribonucleic acid

DOPE  Dioleoyl phosphoethanolamine

DPPC  Dipalmitoylphosphatidylcholine

FDA Food and Drug Administration

Fe-CHL Ferrous chlorophyllin

Gl Gastrointestinal

GRF Griseofulvin

HPLC High performance liquid chromatography
MBC Minimum bactericidal concentration
MIC Minimum inhibitory concentration
NaOH  Sodium hydroxide

NSAID Non-steroidal anti-inflammatory drugs
PC Phosphatidylcholine

PDES5 Phosphodiesterase-5
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PDT Photodynamic therapy

PE Phosphatidylethanolamine
PG Propylene glycol

PpIX Protoporphyrin IX

ROS Reactive oxygen species
SC Stratum corneum

SCC Squamous cell carcinoma
TB-4 Thymosin p-4

TNF-a  Tumor necrosis factor alfa
uv Ultraviolet
INTRODUCTION

Over the years, the skin delivery route has become more pop-
ular and convenient to efficient drug delivery and for over-
coming the disadvantages associated with the oral and paren-
teral routes. Skin delivery constitutes a painless and non-
invasive alternative to the parenteral route and provides sev-
eral advantages, such as avoidance of the first-pass metabolism
and consequent augmented plasma concentrations, reduced
systemic side effects, and increased patient compliance. Skin
delivery comprehends both topical and transdermal drug de-
livery. Topical drug delivery is intended to treat a local der-
matological disorder without the need to target systemic cir-
culation. Examples of topical formulations include anti-acne
treatments, anti-inflammatory agents, local anaesthetics, and
antifungal treatments (1). Contrastingly, transdermal drug de-
livery requires active ingredients to diffuse through the differ-
ent skin layers into the systemic circulation, such as nicotine,
fentanyl, and buprenorphine (1, 2). To fully understand the
mechanism underneath topical and transdermal delivery, it is
important to distinguish two different concepts: penetration
and permeation. Penetration describes the passage of
molecules/ non-fragmented vesicles through a semipermeable
barrier with pores smaller than the vesicular diameter, and is
caused by a driving force, whereas permeation occurs when
this passage depends on a concentration gradient, which fol-
lows Fick’s law of diffusion (3). Active ingredients need to face
a rate-limiting skin barrier, known as the stratum coreum (SC),
in order to reach its target site of action and perform their
therapeutic action. Thus, even though the SC constitutes an
effective barrier against pathogens and xenobiotics, it can con-
currently limit drug penetration and restrict the passage of
many active ingredients (4).

Ongoing research has been developed to overcome this
challenge and several approaches have been proposed, involv-
ing the use of physical and / or chemical methods. Physical
methods apply an energy force (e.g. iontophoresis, electropora-
tion, ultrasound, laser, radiofrequency ablation, and thermal
poration) or a mechanical force (e.g. microneedles, microder-
mabrasion, needleless injections) to overcome the low perme-
ability of the SC (1, 5, 6). On the other hand, chemical methods
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take advantage of permeation enhancers, such as fatty acids,
surfactants, alcohols, phospholipids, cyclodextrins and terpenes
(1, 6). However, these strategies are associated with several dis-
advantages, such as poor stability, complex preparation process
and skin injury (7, 8). Another potential strategy is the encap-
sulation of active ingredients into nanocarriers as skin delivery
systems. Nanocarriers offer multiple benefits: (1) enhanced skin
permeation (9); (2) superior active ingredient retention in skin
and consequent sustained drug release (1, 6, 10); (3) incorpora-
tion of both hydrophobic and hydrophilic active ingredients (1,
11); (4) optimal target delivery and bioavailability (1, 6); (5)
increased stability and protection of active ingredients from
degradation (1, 11).

There are various types of nanocarriers, including lipid-
based, polymeric-based and surfactant-based nanocarriers
(12). Among lipid-based nanocarriers, vesicular systems such
as liposomes (composed of a phospholipid bilayer enclosing an
aqueous cavity), niosomes (composed by non-ionic surfactants
and amphipathic compounds, which impart a neutral charge),
ethosomes (consisting of phospholipids and high concentra-
tions of alcohol), transfersomes (containing an edge activator
and double-chain lipids) and cubosomes (curved bicontinuous
lipids bilayers arranged in three dimensions) are claimed to
facilitate skin delivery, by improving both penetration and
permeation through the SC in local and systemic treatments
(2). In addition, vesicular systems are highly compatible with
the skin, as they are prepared with lipids, which are also pres-
ent in the skin. Liposomes have been extensively studied due
to their advantageous characteristics, namely biodegradabili-
ty, low cost and straightforward manufacturing process.
However, it is widely recognized that liposomes are unable
to penetrate effortlessly through the skin layers, and hence
are generally restricted to the SC or the upper skin layers of
the epidermis (4, 13). On the contrary, ethosomes are a vesic-
ular carrier with enhanced skin delivery properties based on
its singular attributes, such as high deformability and flexibil-
ity. Similarly to liposomes, ethosomes display a phospholipid
bilayer and exceptional biocompatibility, but evidence a dis-
tinctive feature: a relatively high concentration of ethanol (20—
45%o) (8). Ethanol imparts unique characteristics to ethosomes,
including (1) small vesicular size, which ranges from tens of
nanometres to microns depending on its composition;(2) high
deformability; (3) fluidity; and (4) stability (14, 15). Therefore,
several studies suggest that ethosomes are more effective in
improving the extension and efficiency of skin penetration,
when compared to either classical liposomes or conventional
hydroalcoholic solutions (16, 17).

The current review aims to assess the significance of etho-
somes as efficient nanocarriers towards skin delivery of active
ingredients, based on their characteristics and composition, as
well as to understand the mechanism of permeation of these
nanocarriers through the skin. Additionally, this paper will
review the research conducted on potential applications of
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ethosomes in different pathologies, namely skin disorders, and
provide examples of ethosome-based formulations.

ETHOSOMES
Types of Ethosomes

First introduced by Touitou et al. (2000), classical ethosomes
are a modification of the classical liposomal formulation, and,
overall, are composed of phospholipids, a relatively high con-
centration of ethanol, and water (16). These vesicle nanocar-
riers have demonstrated enhanced drug delivery on account
of their (1) reduced particle size, (2) negative zeta-potential, (3)
higher entrapment efficiency, and (4) improved stability, when
compared to classical liposomes (18). However, in pursuit of a
more efficient skin permeation system, a new generation of
ethosomes was developed, namely binary ethosomes and
transethosomes (Fig. 1).

In 2010, Zhou et al. added another type of alcohol to the
classical ethosomes and, thus presented binary ethosomes. In
addition to ethanol, binary ethosomes include in their formu-
lation another alcohol, commonly propylene glycol (PG) and
isopropyl alcohol (18-20). PG is a well-known penetration
enhancer (18), and offers low toxicity, reduced skin irritation
(21) and both higher viscosity and hygroscopicity when com-
pared to ethanol, as well as conferring stability (21). This
improves drug affinity to the dermis layer and increases drug
retention in the deep layers of the skin (19, 22).

The combination of ethanol with other alcohols endows
binary ethosomes with smaller vesicle size, higher skin perme-
ation, higher entrapment efficiency and improved stability, as
well as minimizing aggregation (19). Nonetheless, it is highly
important to adjust the ratio of ethanol and PG in order to
optimize drug permeation.

A new generation of ethosomes has been described by
Song et al. (2012), with the objective of combining the advan-
tages of both deformable liposomes and ethosomes (23).
Transethosomes share the same composition of ethosomes,
containing additionally a penetration enhancer or an edge
activator (surfactant). Previous studies have reported en-
hanced results in comparison to classical ethosomes (23-27).
Transethosomes evidenced smaller size, superior elasticity and
deformability, and improved skin permeation, probably due
to a synergistic effect between ethanol and the surfactant, that
promotes a rearrangement in the lipid bilayer of these vesicles

(27).
Formulation/ Composition
Ethosomes are typically composed of phospholipids-usually

2%0-5% phosphatidylcholine (PC), 20%—45% ethanol and
water to 100% (w/w) (3). Touitou et al. preliminary work

revealed that high ethanol quantities enabled the formation
of soft, flexible and highly fluid vesicles (16).

Ethanol is a well-known permeation enhancer that inter-
acts with the hydrophilic head group of the SC lipid bilayer
and enhances lipid fluidity (28, 29), besides playing a key role
in determining ethosomes zeta-potential, stability, entrapment
efficiency, and average size (18, 30). The vesicular charge is
also recognised as an important factor to take into consider-
ation during ethosomes formulation since it can impact stabil-
ity and vesicle-skin interaction. Ethanol acts as a negative
charge supplier for the surface of ethosomes, consequently
the negative charge of ethosomes increases proportionately
with increasing ethanol concentrations (18). Previous studies
have reported that the addition of ethanol causes a modifica-
tion of the ethosomes’ net surface charge and confers a certain
degree of steric stabilization and electrostatic repulsion.
Ultimately, this enables to prevent aggregation and results in
smaller vesicle sizes (4, 11, 31), showing ethosomes’ vesicular
size can easily be adjusted, directly as a result of the variation
of ethanol content. For instance, a formulation with 2% PC
has vesicles with approximately 200 nm diameter. However, if
the proportion of ethanol is increased from 20% to 45%, the
diameter is halved (3). Several reports claimed that 30-40% of
ethanol is the optimal range to prepare stable and effective
ethosomes, even though this range can vary from 20 to 45%
(30). Conversely, increased levels of phospholipids lead to larg-
er vesicle size, probably due to a thickening of the structure of
the vesicles (7, 25, 32, 33). Hence, the combination of a low
concentration of phospholipids with high levels of ethanol
results in minimum vesicle size (7, 32). Yang et al. showed that
the optimal design for both compounds was 2.45% (w/v) of
phospholipids and 30% (v/v) of ethanol. The predicted value
of the vesicle size was 132.4 nm (Fig. 2). However, optimum
results are obtained with intermediate levels of both elements.
On one hand, higher levels of phospholipids produce larger
vesicles, which results in reduced skin permeation and depo-
sition. On the other hand, increasing ethanol levels from in-
termediate to greater concentrations may lead to vesicle dis-
ruption (32). Thus, the association of intermediate levels of
both elements is responsible for a synergistic effect, which
contributes to deeper drug distribution and penetration into
the skin (19, 32).

Phospholipids can be obtained from different sources, such
as natural, semisynthetic and synthetic materials, and can be
incorporated in a range from 0.5% to 10% of the final etho-
some concentration (27). Several phospholipids have been
used in previous ethosomal formulations, such as PC, dipal-
mitoylphosphatidylcholine (DPPC), phosphatidylethanol-
amine (PE), Phospholipon®90, and Lipoid S100(18). Skin
permeation also depends on the selected phospholipid, since
1t will merge with the skin lipid bilayer and allow the vesicle to
create small openings in the SC (32). Therefore, during phar-
maceutical development, the selection and concentration of
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Fig. | Structural representation of
liposomes and different types of
ethosomes

Penetration enhancer
or Edge activator

Transethosomes

the adequate phospholipid is a crucial step that will define the
cthosomes’ successful permeation through the skin.
Cholesterol is a rigid steroid molecule and has been includ-
ed in previous ethosomal systems. Lopez-Pinto et al. study
showed that the addition of cholesterol contributed to an in-
crease in the mean particle size and stabilization of the lipid
bilayer. Cholesterol regulates membrane fluidity, decreases its
permeability and elasticity. Hence, when added to the formu-
lation, ethosomes become more rigid, which limits the perme-
ation of the active ingredient. Nonetheless, high amounts of
cholesterol improved drug entrapment efficiency, due to its
stabilizing effects (29). Similar results were verified in another

Fig. 2 Three-dimensional
response surface plots showing the
effects of the independent variables
(phosphoalipid and ethanol) on the
vesicle size of ethosomes.
Reprinted from (7)
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study, in which cholesterol increased both particle size and
entrapment efficiency (34). Moreover, Zhang et al. (2017) in-
vestigated the impact of the composition of nanocarriers on
drug entrapment efficiency, in three different vesicles, namely
liposomes, transfersomes and ethosomes. Cholesterol
(30 mol%) was added into the ethosomes to convey an order-
ing arrangement of the phospholipids’ acyl chains and cause a
condensing effect. Stearylamine (0—-5 mol%) was also incorpo-
rated in order to assess the effect of cationic lipids in the
formulation.

Stearylamine, a cationic molecule, conferred a significant
improvement in drug entrapment efficiency, which reached
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70.5% at a concentration of 2 mol% of stearylamine (35). This
positive effect of stearylamine on entrapment efficiency was
previously reported (34, 36). The presence of cationic lipids
induces a positive charge to ethosomes, allowing them to es-
tablish more interactions with the negatively-charged skin
membrane. Consequently, positively-charged vesicles have
the ability to disrupt tight junctions and permeate deeper into
the SC (37), despite the negative charge conferred by ethanol,
which contributes to a decrease in its size. An improvement in
permeation appears to occur when using ethosomes in com-
parison to the use of free ethanol, suggesting the occurrence of
some kind of synergistic mechanism between ethanol, vesicles
and skin lipids. In fact, authors have been suggesting an in-
crease in thermodynamic activity, the so-called “push effect”,
which results from the evaporation of ethanol, and allows for
an increase in the penetration capacity of ethosomes (30).

Mechanism of Skin Permeation

The skin is the largest organ of the human body, with a total
area of approximately 2 m?, and is considered the body’s first
line of defense (32, 38). Therefore, the skin acts as a protection
barrier from external factors (e.g., microorganisms, allergens,
ultraviolet (UV) radiation, chemicals), prevents the loss of en-
dogenous substances (e.g., body fluids and regulates body tem-
perature (38).

The skin comprises three primary regions: epidermis, der-
mis and hypodermis (39). Epidermis is the outermost layer of
the skin and can be further divided into four distinct layers:
SC, stratum granulosum, stratum spinosum, and stratum basale (40,
41). The term “viable epidermis” is also applied to identify the
SC underlying layers (38). The viable epidermis is composed
of keratinocytes, melanocytes, Langerhans cells, migrant mac-
rophages, and lymphocytes. Keratinocytes are formed in the
stratum basale, undergo differentiation and maturation, until
they reach the SC, where they transition into corneocytes
(40). The SCi is also described as a “brick and mortar” struc-
ture due to the disposition of corneocytes (flat dead keratino-
cytes), interconnected by desmosomes, and surrounded by a
matrix of intercellular lipids (e.g., ceramides, cholesterol, and
other fatty acids) (38, 40, 41). This peculiar structure and
composition of the SC is fundamental to its barrier function.
Therefore, the SC represents the limiting factor to drug pen-
etration and permeation across the skin, after topical admin-
istration (38, 40, 42). Other defensive characteristics of the SC
are low pH, presence of enzymes, and the transcutancous
concentration gradient (43). The dermis has a thickness of
1-4 mm and it is rich in collagen and elastin, which are em-
bedded in a gel of glycosaminoglycans, salts and water (38).
Unlike the epidermis, the dermis has a vast vascular network,
as well as lymphatic vessels, and nerve endings. The skin
appendages are located in the dermis and include hair fol-
licles, sebaceous glands and sweat glands (40, 41). The

hypodermis, also known as the subcutaneous tissue, acts as a
support membrane for the epidermis and dermis (44). As well
as the dermal layer, the hypodermis is related to several skin
disorders (32).

Active ingredients (e.g. drugs) can cross the SC through
three major pathways: intercellular, intracellular, and follicu-
lar pathways (Fig. 3). In the first pathway, the active ingredient
penetrates through the skin by crossing the intercellular lipids,
while in the intracellular route molecules pass through both
the corneocytes and the intercellular lipids (5, 39). Recent
attention has particularly focused on the contribution of the
follicular pathway for active ingredients penetration, especial-
ly considering the administration of active ingredients-loaded
nanocarriers. In this region, the barrier formed by the corneo-
cytes is more vulnerable to penetration due to the presence of
hair follicles and sebaceous glands that promote discontinuity
to the SC (39, 45, 46). Also, hair follicles act as prolonged
reservoirs for nanocarriers and enable sustained drug release
(5, 6, 10). This route can be highly advantageous in the treat-
ment of inflammatory hair diseases, hair growth, and 1m-
provement of wound healing or gene therapy (10).

Research has consistently shown that classical liposomes
are unable to penetrate the skin’s deeper layers. Therefore,
Touitou et al. developed a novel vesicular system with im-
proved release of active ingredients (16). Although ethanol is
a widely known permeation enhancer, previous studies have
shown increased permeation enhancement of active ingre-
dients induced by ethosomes, when compared to hydroetha-
nolic solutions (13). This suggests a synergistic effect caused by
the interaction between ethanol and the lipid bilayer both
present in the SC and in the ethosomes (16). Ethosomes first
step to penetrate through skin is referred as the ‘ethanol ef-
fect’, in which ethanol disturbs the conformation of the SC
lipids, which are extremely compacted and ordered under
physiological circumstances. The interaction of ethanol with
the polar headgroup region of lipids increases lipid fluidity
and decreases the density of the lipid multilayer, thus provid-
ing the vesicles with soft flexible features that enable them to
penetrate the deeper skin layers. This effect is followed by the
‘ethosome effect’ that involves the fusion between the phos-
pholipids present in the SC and the ethosomal vesicle, leading
to enhanced drug delivery (Fig. 4) (7, 14, 47).

Methods of Preparation

The preparation of different types of ethosomes consists of
simple and easily scaled-up processes, without the need for
complex and sophisticated equipment. Ethosomes can be for-
mulated by two conventional methods (the cold method and
the hot method), but other methods have been also reported,
such as the classic mechanical-dispersion method and the
transmembrane pH-gradient method.
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Fig. 3 lllustration of three major pathways for active ingredients across the SC: (a) intercellular; (b) intracellular and (c) follicular. The principal route is via a tortuous
path through the lipids surrounding the coreocytes (intercellular route), while the intracellular route is more restrictive, as active ingredients need to pass through
both corneocytes and the intercellular lipids. Hair shafts and sebaceous glands constitute an incoherence of the SC, hence facilitate the penetration of active

ingredients through hair follicles openings (follicular route)
Cold Method

The cold method represents the most commonly used method
for preparing ethosomes and can be divided into two different
steps. The first step involves the preparation of the organic
phase, which 1s accomplished by dissolving the phospholipids
and other lipid material in ethanol, at room temperature. The

Fig.4 Schematic representation of
ethosomes skin permeation
mechanism: 1) the ethanol content
of ethosomes disturbs the
organization of the SC lipids; 2)
ethanol confers ethosomes
increased fluidity and flexibility; 3)
ethosomes display enhanced
penetration through deeper skin

e O000000000000

Lipid bilayer
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mixture is then stirred vigorously and heated to 30°Ci in a
water bath. The second step involves the preparation of the
aqueous phase, by heating water separately until 30°C. The
previous organic phase 1s then added to the aqueous phase at
a constant rate and stirred for five minutes, in a covered vessel
(14, 18, 27, 30). The mixture is cooled at room temperature
and may be sonicated or extruded, in order to achieve the

Ethosome

Ethanol
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desired vesicle size (14, 30, 45). Lastly, the final formulation is
stored under refrigerated conditions (14, 30). The active in-
gredient can either be incorporated in the organic or aqueous
phase, depending on its physicochemical properties (18, 45).

Hot Method

The hot method also requires the preparation of two different
steps. Firstly, the phospholipid is dispersed in water and this
mixture is heated in a water bath to 40°C, until a colloidal
solution is obtained. In a different vessel, ethanol and PG are
mixed, heated until 40°C, and then added to the aqueous
phase. Vesicle size can be decreased using sonification or ex-
trusion (14, 18, 30, 45).

Classic Mechanical-Dispersion Method

Ethosome preparation by the classic mechanical-dispersion
method can be accomplished by dissolving soya PC in a mix-
ture of chloroform: methanol (3:1), in a round bottom flask.
The organic solvents are removed with the assistance of a
rotary vacuum evaporator above the lipid transition temper-
ature of 60°C, until a thin lipid film is formed on the wall of
the flask. Traces of solvent are removed from the deposited
lipid film by leaving the contents under vacuum overnight.
This is followed by hydration with different concentrations
of the hydroethanolic mixture, containing the active ingredi-
ent by rotating the flask at an appropriate temperature (14,
48, 49).

Transmembrane pH-Gradient Method

This method includes two separate steps: preparation of emp-
ty binary ethosomes and active loading of the drug. Firstly, the
phospholipid (for example PC) is dissolved in an alcoholic
phase, which comprises ethanol and PG. A citrate buffer so-
lution is gradually added into the previous solution with con-
stant stirring at 700 rpm. The system is kept approximately at
30 £ 1°C during this process and then cooled at room tem-
perature. This completes the preparation of empty binary
ethosomes. Subsequently, the drug is actively loaded into the
ethosomes and the system is continuously stirred at 700 rpm,
in order to effectively disperse and dissolve the drug. A pH
gradient between the external phase (alkaline) and the internal
phase (acid) of the ethosomal system can be established by
adding a sodium hydroxide (NaOH) solution (0.5 M) to adjust
the external pH. Afterwards, the system is incubated under an
appropriate time and temperature, to allow the unionized
drugs pass actively through the ethosomes’ lipid bilayer and
get entrapped into the vesicles (20, 50).

Advantages of Ethosomal Active Ingredient Delivery

Skin delivery presents several therapeutic advantages, such as
sustained drug release, improved patient compliance and ac-
cess to local or systemic target sites (26). New strategies have
been developed to overcome the poor skin permeability of
nanocarriers, including liposomes. Indeed, in many cases
ethosomes have shown significantly improved skin delivery,
when compared to classical liposomes or any of the system
components alone, as discussed before (16, 24). A key feature
that differentiates ethosomes from other nanocarriers is their
ability to carry active ingredients (hydrophilic or lipophilic)
into deep skin layers, and their efficient application under
occlusive and nonocclusive conditions (3, 38, 41, 51).
Usually, hydrophilic active ingredients remain in the aqueous
core, while amphiphilic and lipophilic active ingredients inter-
act extensively with the vesicle’s lipid bilayer (27, 40).

Moreover, ethosomes exhibit a deformable character, high
entrapment efficiency, stability at room temperature, and bio-
compatibility with the SC (7). The incorporation of higher
concentrations of ethanol in ethosomes confers key attributes
toward skin delivery of active ingredients: ethosomes become
more deformable and elastic, which enhances their penetra-
tion through the skin (Fig. 4) (52-54). In addition, ethanol
reduces the phase-transition temperature of SC lipid bilayers,
increasing their fluidity and permeability, and allowing inter-
calation of ethosomes with the SC (19, 30). Lastly, ethanol
confers a negative charge to ethosomes, leading to a decrease
of vesicles size, and finally improves bioavailability of active
ingredients (30).

DERMOPHARMACEUTIC APPLICATIONS
OF ETHOSOMES

Ethosome-based formulations can be applied in a wide variety
of pathologies, namely skin pathologies (acne vulgaris, psoria-
sis, atopic dermatitis, skin cancer and skin infections), but also
inflammation, pain, erectile dysfunction, and hormonal defi-
ciencies. For these skin applications in particular, the addition
of functionalizing agents to the conventional ethosomes colloi-
dal surface structure, including polymers, and targeting
ligands, has shown to contribute to an improved skin perfor-
mance of ethosomes, as it is going to be detailed below (Fig. 5).

Ethosome-Based Formulations for Inflammation
and Analgesy

Inflammation is an essential defensive mechanism induced by
the immune system, in response to any stimuli (e.g. tissue
injury or pathogen), which involves the release of pro-
inflammatory mediators, recruitment of innate immune cells,
and tissue damage (55). In some cases, the inflammatory
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Fig. 5 Schematic representation of
the application of surface
functionalized ethosome-based
formulations in a wide variety of
pathologies for the entrapment of
hydrophobic and hydrophilic
compounds and of the
functionalizing agents

process is temporary, and the homeostasis is re-established, yet
occasionally it can become persistent and evolve into a chronic
disease. Non-steroidal anti-inflammatory drugs (NSAID) are
one of the most commonly used anti-inflammatory agents in
the treatment of chronic musculoskeletal disorders, osteoar-
thritis and acute or chronic rheumatoid arthritis (31).
However, their oral administration is associated with severe
side effects, including injury of the gastric epithelium, devel-
opment of gastric ulcers and renal impairment, so their pro-
longed use is highly unadvised. (31, 55). Therefore, topical
administration is a promising alternative to the delivery of
active ingredients in the treatment of inflammation.

A preliminary study for assessing the suitability of ammo-
nium glycyrrhizinate-loaded anti-inflammatory ethosomes
was conducted by Paolino et al. (2005). Ammonium glycyr-
rhizinate is known for its anti-inflammatory activity, particu-
larly in the treatment of inflammatory-based skin diseases. An
ethosomal suspension was prepared, using ethanol 45% (v/v),
lecithin 2% (w/v) and water. This suspension was then applied
on human volunteers with methyl-nicotinate chemically in-
duced erythema. Results showed a significant reduction in
the intensity and duration of erythema, compared to 45%
hydroethanolic solutions of the drug. Additionally, ethosomes
showed positive skin tolerability in human volunteers, even
when applied for 48 h, as well as increased percutaneous per-
meation, skin accumulation and sustained release of ammoni-
um glycyrrhizinate (17).
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Apigenin is an accessible flavonoid which has been
reported to treat skin inflammation caused by free radicals
generated by UV, X-ray, and y-radiation. A possible mecha-
nism suggests that apigenin inhibits cyclooxygenase-2 (COX-
2), an essential enzyme responsible for the synthesis of prosta-
glandins. Hence, Shen et al. (2014) designed an ethosomal
formulation with apigenin 0.02% (w/v), using different quan-
tities of lipoid S75 and an alcohol mixture (ethanol and PG).
Apigenin is a hydrophobic molecule and, consequently, is
mainly entrapped in the vesicle’s lipid bilayer. Therefore, en-
trapment efficiency of apigenin improved when the PC con-
tent increased in the ethosomal formulation, as well as skin
deposition and transdermal flux. On the other hand, excessive
levels of PG increased viscosity and reduced fluidity of the
vesicles, leading to decreased transdermal flux and skin depo-
sition. The optimal proportion of PG and ethanol was 1:10 (v/
v). Optimized ethosome formulation demonstrated higher
skin deposition of apigenin in comparison to liposomes and
deformable liposomes that were also evaluated. While lipo-
somes remained limited to the SC upper layers, ethosomes
permeated through the SC and reached blood flow. This for-
mulation showed strong reduction of COX-2 levels in mouse
skin inflammation induced by UV-B light (22).

A pre-clinical study evaluated the relevance of ethosomes
encapsulated with ketoprofen in transdermal drug delivery.
Ketoprofen is a NSAID with analgesic, anti-inflammatory
and antipyretic properties, characterized by its
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hydrophobicity. Ethosomes were prepared with soya PC
(1%—3%) and ethanol (20%—40%), showing small vesicular
size, which ranged from 120.3 £ 6.1 nm to 410.2 £ 21.8 nm,
depending on the concentration of ethanol and soya PC. The
lowest vesicle size was obtained with 1% of soya PC and 40%
of ethanol. Results also showed that entrapment efficiency
increased when ethanol concentrations were increased. A for-
mulation with 30% and 40% of ethanol reached an entrap-
ment efficiency of 73.7 £ 2.9% and 78.7 + 4.9%, respectively.
In vitro skin permeation showed improved drug permeation
and higher transdermal flux for the ethosomal formulation,
when compared to the hydroethanolic solution. Confocal la-
ser scanning microscopy (CLSM) also confirmed a significant-
ly higher fluorescent intensity of rhodamine 123 entrapped in
ethosomes in comparison to the same hydroethanolic solution.
Furthermore, based on in vitro transdermal flux, the predicted
in vivo plasma concentration revealed that the ethosomal for-
mulation could generate a therapeutic response with a patch
size of 50 cm”, as opposed to the hydroethanolic solution (56).

In an additional study, a meloxicam ethosomal formulation
was prepared as a novel transdermal system. Meloxicam is a
potent NSAID used in the treatment of arthritis, osteoarthritis
and degenerative joint disease. Its oral administration is relat-
ed to gastrointestinal (GI) tract disorders, such as stomach pain
and indigestion, as well as to poor patient compliance. An
optimized formulation was developed with ethanol
(42.5%(v/v)) and Phospholipon®90G (3% (w/v)) and sonicat-
ed for 5 min, and subsequently converted into a gel, which
contained Carbopol® 934 (1%, w/w). Skin inflammation was
significantly favoured by this ethosomal gel, accomplishing a
65% inhibition of edema after 12 h when compared to the
25.23% registered during oral administration (57).

Other NSAID-loaded ethosomes were tested for its antipy-
retic and analgesic effects in animal models. Ibuprofen is a
widely used antipyretic, analgesic and anti-inflammatory drug
with high efficacy, but its oral administration is associated with
GI ulceration and bleeding. In this study, ibuprofen was in-
corporated into an ethosomal gel and applied transdermally
to avoid the mentioned side effects. The ethosomal ibuprofen
gel was characterized by a soft unilamellar vesicle, with a
mean particle size of 249.83 *+ 44.3 nm, and entrapment effi-
ciency of 97%. Pharmacokinetic studies showed a fast increase
of ibuprofen plasma concentration, after the ethosomal gel
application, as well as longer permanence in plasma, com-
pared to the orally administered drug. The application of
the ethosomal gel gradually decreased body temperature of
fever induced rats, for at least 12 h, in comparison to 7 h after
oral administration of ibuprofen. It was also revealed a sys-
temic antinociceptive effect in rats. Moreover, the analgesic
effect was achieved 30 min after application and persisted for
at least 6 h. Data collected from this study suggests that the
ethosomal gel should be further investigated in humans for its
antipyretic and analgesic effect (58).

A recent study developed a transdermal drug delivery sys-
tem composed of an ethosomal gel containing thymosin -4
(TB-4). T-4 1s a macromolecular protein drug with numerous
functions in the human body, such as the promotion of cell
differentiation and maturation, tissue regeneration, repair-
ment of blood vessels and hair follicles, among others.
However, due to its protein nature, TB-4 faces several chal-
lenges, namely poor membrane permeability, inconstant
physicochemical properties and susceptibility to GI tract de-
struction. The ethosomal formulation included soya PC, a
surfactant (sodium deoxycholate), and cholesterol. The surfac-
tant’s inclusion resulted in higher deformability, reduced par-
ticle size and improved negative charge, which favoured the
system’s stability. This formulation revealed a superior drug
transdermal rate, compared to the free drug group, and re-
duced wound healing time, as shown in Fig. 6 (8).

Ethosome-Based Formulations for Skin Disorders
Acne Vulgaris

Acne is one of the most common skin diseases, especially af-
fecting adolescents. It is considered a chronic inflammatory
disease comprising four steps: follicular hyperproliferation,
substantial secretion of sebum, inflammation and proliferation
of Propromibacterium acnes (59). P. acnes is a Gram-positive anaer-
obic bacteria majorly involved in the pathophysiology of acne
by inducing an inflammatory response in the sebaceous follicle
(60). Over the years, new therapeutic options have been
designed, including topical and systemic treatments. Topical
therapy 1s usually the first choice and relies on antibacterial
(e.g. clindamycin and erythromycin) and anti-keratinizing
drugs (e.g. azelaic acid and tretinoin) (38).

Godin and Touitou (2004) investigated the dermal and
intracellular delivery of bacitracin-loaded ethosomes.
Bacitracin is a polypeptide antibiotic with bactericidal activity
targeted to Gram-positive bacteria. Ethosomes were prepared
with Phospholipon®90, 25% (w/w) of ethanol and the con-
centration of bacitracin varied from 1% to 3%. Dynamic light
scattering (DLS) analysis revealed a homogenous vesicular
size, ranging from 114.9 + 3.5 nm and 96.4 £ 6.9 nm, for
ethosomes with 1% and 3% of drug, respectively. Further
data showed spherical vesicles with multilamellar appearance,
which positively influenced the high entrapment efficiency
(70%). According to in vitro and in vivo skin delivery studies,
the researchers found that bacitracin was effectively delivered
and equally distributed throughout the SC, viable epidermis
and dermis, to a maximum depth of 200 pm. Additionally,
data acquired in fluorescent-activated cell sorting experiments
suggested that the fusion of bacitracin-loaded ethosomes with
the outer membranes of fibroblasts allowed ethosomes to pen-
etrate the cellular membrane, releasing bacitracin directly into
the cell cytoplasm (61).
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Fig. 6 (a) In vitro drug-release study, T3-4 ethsomes pass through the stratum corneum into the deeper layers of the skin fixed in Franz diffusion cells and the
cumulative permeation amount in unit area of the T[3-4 ethsomes and T[3-4 gel varies with time. Statistical significance was noted as follows: *p < 0.05. Kunming
mice administrated with different gel for |5 days have different degrees of wound healing (b) and the photomicrographs of the healed skin structure of using
different preparations (c). In Fig. 6C, the black arow indicated the degree of skin thickening, the red arow indicated new capillaries and the yellow arrow showed
embolization and localized parakeratosis. Originally published by (8) and used with permission from Dove Medical Press Ltd.

A clinical study involving 40 patients diagnosed with mild
to moderate acne was carried out to test an ethosomal gel with
clindamycin phosphate and salicylic acid (CLSA) for acne
treatment. Patients were randomized to receive a gel contain-
ing either CLSA or a placebo to apply twice daily for eight
weeks. The patients treated with the CLSA gel significantly
improved their acne condition. A considerable decrease of
comedones, pustules and a total number of lesions was veri-
fied, whereas in the placebo group 48% reported no improve-
ment of the acne condition. A high tolerability and few side
effects were also reported (62).

Tretinoin is a natural retinoid extensively employed in the
treatment of skin disorders, such as acne, psoriasis, skin cancer
and photoaging. However, its topical administration often
causes desquamation and erythema of the skin, leading to
poor patient acceptance (63, 64). Raza et al. (2013) prepared
several tretinoin-loaded nanocarriers, including an ethosomal
formulation with PC; tretinoin (5 mg), butylated hydroxyto-
luene and ethanol. The prepared ethosomes exhibited a mean
particle size of 120 nm, a negatively charged vesicle as well as
approximately 76% of entrapment efficiency and increased
drug permeation. However, in comparison to other tested
nanocarriers, ethosomes presented reduced skin retention
and increased skin irritancy induced by alcohol. Thus, this
study recommends the application of tretinoin-loaded etho-
somes in skin disorders originated in deep skin layers (e.g.
acne), whereas ethosomes have no benefit relatively to lipo-
somes for superficial skin disorders (64).

Another potential acne treatment involves topical adminis-
tration of azelaic acid. Azelaic acid has anti-keratinizing and
bacteriostatic activity against P. acnes (38). Therapeutic action
is achieved by inhibition of thioredoxin reductase enzymes,
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which is necessary to bacterial DNA synthesis (60). An azelaic
acid ethosome-based cream was prepared with 35% of etha-
nol to assess its antibacterial activity. Ethosomes displayed a
high percentage of entrapment efficiency (94.48 + 0.1%) and
an estimated particle size of 179 nm. The incorporation of
ethanol and phospholipids played a key role in bacteria inhi-
bition as both affected the integrity of the bacteria cell wall,
thus allowing ethosomes access to the bacterial cytoplasmatic
membrane, where they reached an optimum concentration.
Antibacterial activity was assessed in vitro by determining the
value of minimum inhibitory concentration (MIC) and mini-
mum bactericidal concentration (MBC) for both the
ethosome-based cream and the commercially available cream
(Zelface®). The ethosome-based cream obtained a MIC and
MBC of 250 pg/ml, whereas the commercially available
cream obtained a MIC and MBC of 250 pg/ml and
500 pg/ml, respectively. These results indicated that azelaic
acid ethosomal cream improved antibacterial activity against
P. acnes by the presence of ethanol, which disturbs the integrity
of the bacterial wall and enables ethosomes to enter the bac-
terial cytoplasmic membrane (60).

Psoriasis and Atopic Dermatitis

Psoriasis is a chronic, inflammatory and autoimmune skin
disorder (21, 65). The histopathology is characterized by skin
surface inflammation, epidermal proliferation, hyperkeratosts,
angiogenesis and anomalous keratinization. Psoriasis consti-
tutes an important risk factor for certain diseases (e.g. diabetes
type 2, hypertension and hypercholesterolemia) and is usually
associated with other comorbidities (e.g. arthritis, depression,
insomnia and obstructive pulmonary disease) (66). In the
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present day, since there is not any available cure, the only
possibility is to manage the skin disorder signs and symptoms
with topical and systemic therapies. Topical therapy is the
first-line treatment and is advised in moderate disease, as op-
posed to systemic therapy which is recommended only in se-
vere cases (63). Topical administration represents a valuable
route to treat psoriasis, since the drug directly exerts its ther-
apeutic action in the affected area and, consequently, avoids
adverse systemic reactions that accompany the oral and intra-
venous route (21). However, conventional topical therapies
have various limitations, such as limited drug penetration,
regular dose administration, toxicity and reduced patient
compliance (65).

Psoralen is a photosensitive coumarin used in the treatment
of psoriasis. The Food and Drug Administration (FDA) has
approved a psoralen UV-A therapy in the treatment of refrac-
tory psoriasis (67). Zhang et al. (2014) prepared psoralen-
loaded ethosomes to assess drug release in the deep layers of
animal skin. The optimized formulation contained PC from
soybean lecithin (5.0%, w/v), ethanol (40%, v/v) and psoralen
(2.0%, w/v), and was defined by a particle size of approxi-
mately 120 nm and a satisfactory level of entrapment efficien-
cy (85.62 £ 0.8%). This formulation presented a 6.56-fold en-
hanced skin deposition of psoralen when compared to the
psoralen ethanolic tincture. Also, compared to the tincture
application, the ethosomal system induced a higher peak con-
centration and a topical area under the curve (AUC_) 2.34-
fold superior. Researchers also reported enhanced perme-
ation and skin deposition of psoralen, which may help reduce
toxicity and increase efficacy in prolonged psoralen therapy
(67). Zhang et al. (2014) developed another ethosomal formu-
lation with psoralen, evaluated its skin permeation in vitro and
compared it with a psoralen-loaded liposomal formulation.
Transdermal flux and drug deposition significantly increased
and was, respectively, 3.50 and 2.15 times greater than the
liposomal system. The ethosomal system also showed im-
proved biocompatibility and safety, thus suggesting that
psoralen-loaded ethosomes constitute a potential transdermal
and dermal delivery system of psoralen (68).

Photodynamic therapy (PDT) is a local, non-invasive med-
ical treatment that requires a photosensitizer, a light source,
and singlet oxygen. PDT involves two main steps: (1) the pho-
tosensitizer is incorporated in the target tissue and, (2) upon
exposure to the light source with a specific wavelength,
becomes activated. The activation of the light-sensitive mole-
cule requires the presence of the oxygen molecule and results
in the formation of cytotoxic reactive oxygen species (ROS),
which leads to cell apoptosis or necrosis (50). Thereby, PDT is
a highly selective therapy as it is possible to target specific
regions of the skin where the light source is applied. 5-
aminolevulinic acid (ALA) is a widely used photosensitizer in
PDT. However, ALA is a prodrug and thus needs to be con-
verted into the actual photosensitizer molecule,

protoporphyrin IX (PpIX) (50, 69). Although the intravenous
route is a viable option, topical administration would be pref-
erable, since the systemic administration requires patients to
avold natural sunlight or interior light for 48 h (50). Yet, ALA
1s a highly hydrophilic drug and has notoriously limited skin
penetration. Hence, Fang et al. (2009) prepared an ethosomal
formulation in an attempt to overcome this issue in psoriatic
skin. In inflamed psoriatic skin, PDT regulates cellular func-
tions, which eventually results in the induction of transcription
factors (e.g. activator protein 1 and nuclear factor- xB), with-
out inducing cell death. The authors reported the major dif-
ferences between human and mouse skin, which are responsi-
ble for higher skin penetration rates. For instance, while hu-
man SC and epidermises present 17 pm and 47 pm thick,
mouse SC and epidermises have 9 pm and 29 um, respective-
ly. Aside from skin thickness, other key differences include
composition and organization of intercellular SC lipids, as
well as the density of hair follicles. Taking this into account,
the ALA-loaded ethosomes strategy resulted in an enhanced
cumulative amount of ALA across normal skin and hyperpro-
liferative murine skin, when compared to ALA aqueous solu-
tion. The amount of ALA-induced PpIX was used to assess
the therapeutic effect. The PpIX intensity in hyperprolifera-
tive murine skin increased about 3.64-fold in comparison to
the ALA aqueous solution, and the maximum penetration
depth ranged from 30 pum to 80 pm. Further results showed
that the ethosomal formulation improved the delivery of ALA
and subsequent formation of PpIX, in both murine skin sam-
ples. Psoriatic skin recovery was also confirmed by the reduc-
tion of tumor necrosis factor alpha (TNF-a) levels (approxi-
mately 20%), a key mediator in the inflammatory process of
psoriasis (69). Since psoriasis is a T cell mediated disease, as
soon as T lymphocytes reach lesioned skin, T-helper type-1
cytokines are released, including TINF-a, interleukin-1 and
gamma interferon. These pro-inflammatory cytokines pro-
mote the massive production of cytokines from other cells
and contribute to skin inflammation and epidermal hyper-
proliferation (65).

Psoriasis systemic therapy consists of oral or intravenous
administration of methotrexate, cyclosporine, hydroxycarba-
mide, among others, usually accompanied by immunosup-
pression, subtherapeutic effects and severe toxicity (66).
Previously, Dubey et al. (2007) analysed methotrexate-
loaded ethosomes in vitro and found that the ethosomal for-
mulation provided superior values of transdermal flux (57.2 £
4.3 ug/cm®/h) when compared to classical liposomes and a
45% hydroethanolic solution. The authors attributed the en-
hancement in skin permeation to the fusion of both the vesic-
ular lipid bilayer and SC lipids caused by the combined effect
of ethanol and phospholipids. Enhanced skin drug deposition
(31.24 = 1.34%) and better stability profile were also reported
(49). More recently, a similar effect was reported in a
methotrexate-salicylic acid ethosomal gel. Methotrexate-
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loaded ethosomes were prepared with soya lecithin, ethanol,
and methotrexate (0.25%). An optimized formulation, with
the highest efliciency of entrapment (91.77 = 0.02%), was se-
lected to prepare a gel with salicylic acid. The prepared gel
exhibited an occlusive nature, which promotes methotrexate
penetration and efficacy as well as improves its release profile,
in comparison to a simple methotrexate solution. Entrapment
efficiency benefited from an increase in lipid concentration
and particularly from high ethanol concentration. In the ex-
vivo permeation study, the ethosomal gel containing salicylic
acid demonstrated a better release profile compared to meth-
otrexate gel without salicylic acid and the methotrexate-
loaded ethosomal solution. A possible reason is concerned
with the inclusion of a permeation enhancer (i.e. ethanol)
combined with a decrease in pH by salicylic acid.
Ultimately, the addition of salicylic acid resulted in sustained
drug release, higher drug permeation, and in successful elim-
ination of psoriatic manifestations (70).

A recent study developed a new strategy to target inflam-
matory skin diseases, namely psoriasis. CD44 receptor is a
highly expressed protein in psoriatic inflamed skin, indicating
that CD44 is a potential target for topical nanocarriers.
Hyaluronic acid, an extensively used molecule in targeted
drug delivery systems, is a biological ligand to this protein.
Therefore, a modified formulation of ethosomes was prepared
with PG (in replacement of ethanol), a combination of phos-
pholipids, cholesterol, curcumin, and hyaluronic acid.
Hyaluronic acid was also added to the surface of ethosomes,
as a functionalization surface agent, via covalent bond ar-
rangement between this hydrophilic polymer and dioleoyl
phosphoethanolamine (DOPE). Curcumin-loaded ethosomes
functionalized with hyaluronic acid enhanced topical and
transdermal drug delivery. In fact, the cumulative transdermal
amount of curcumin and skin retention of curcumin were
significantly higher than the other tested formulations without
hyaluronic acid. This may be explained by the hydrating ef-
fect caused by the hyaluronic acid on the SC barrier, which
expands and relaxes with increased water amounts and thus
improves drug permeability and accumulation on the skin.
Topical delivery experiments were conducted in vivo in
imiquimod-induced psoriasis-like inflamed skin. The CD44-
targeted hyaluronic acid-ethosomes formulation produced a
strong inhibitory effect on psoriatic inflamed skin and a sub-
stantial downregulation of several cytokines (21).

Tacrolimus is an immunosuppressor agent widely used in
the treatment of psoriasis and atopic dermatitis. Atopic der-
matitis is the most common chronic skin disorder that encom-
passes severe itching, desquamation, and redness. Dysfunction
of the SC is accountable for this disease, which results in ex-
cessive transepidermal water loss and infiltration of allergens
into the skin (3). Treatment of atopic dermatitis is centred on
symptom’s control and reduction of inflammation and gluco-
corticoids are often employed as effective anti-inflammatory
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drugs. However, long-term treatment leads to severe adverse
drug reactions, such as thinning of the skin and suppression of
epidermal cell proliferation (71). Li et al. (2012) developed an
cthosomal formulation of tacrolimus for topical delivery in
atopic dermatitis induced skin. Three types of ethosomes were
prepared, using ethanol and/or PG. The tacrolimus-loaded
ethosomes displayed size homogeneity, unilamellar structure
and a spherical shape. The incorporation of PG was also
reported to decrease vesicular size. For instance, the raise of
PG concentration from 0% to 20% induced a significant de-
crease in ethosomal size. Additionally, the entrapment effi-
ciency reported varied from 76.6% to 79.8%, suggesting that
it was not particularly affected by the different ratios of etha-
nol or PG on the ethosomes composition. The formulation
with 30% (v/v) ethanol showed a significant increase in tacro-
limus permeation through the epidermis compared with the
30% (v/v) PG ethosomal system (see Fig. 7), indicating differ-
ent permeation-enhancing effects for ethanol and PG.
Furthermore, the lower amount of drug in the epidermis ob-
served for the ethosomal delivery system with a relatively high
concentration of PG suggests that ethanol has stronger en-
hancing effects on SC penetration. This enhancing effect of
ethanol appears to be concentration-dependent, showing that
greater amounts of ethanol increase the amount of drug per-
meated in the epidermis. Therefore, all ethosomal systems
established superior drug penetration in the epidermis, as well
as superior therapeutic efficacy when compared to a commer-
cial tacrolimus ointment (Protopic®) (Fig. 7) (71).

Ethosome-Based Formulations for Alopecia

Minoxidil was firstly marketed, around 1970, for the treat-
ment of hypertension as a potent vasodilator. However, in
several clinical trials, hair growth and hypertrichosis were
reported in patients, and a topical formulation was developed.
Nowadays, topical minoxidil is the only FDA-approved topi-
cal treatment for androgenetic alopecia. Its pharmacological
mechanism is not entirely clarified, but several studies demon-
strated increased scalp blood circulation and activation of the
potassium channels, leading to enhanced transition of hair
follicles from telogen phase to anagen phase (72). Topical
treatment can often cause pruritus, scaling scalp, contact der-
matitis and intensification of seborrheic dermatitis. Lopez-
Pinto et al. (2005) prepared a minoxidil-loaded ethosomal
system with a-DPPC, cholesterol and ethanol, following the
classic mechanical-dispersion method. Spherical-shaped and
multilamellar vesicles were obtained. Ethosomes mean parti-
cle size ranged from 136 to 230 nm, whereas concurrently
prepared liposomes displayed superior values, which ranged
from 412 to 520 nm. The addition of ethanol was probably
responsible for this effect, even though an increase in the par-
ticle size proportional to an increase in cholesterol concentra-
tion was reported by the authors. Concerning entrapment
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efficiency, the maximum value obtained was approximately
84%o, with an ethanol concentration of 40% (v/v). The entrap-
ment efficiency was determined by two methods: ultracentri-
fugation and dialysis method. A reduction of the entrapment
efficiency was verified when using the ultracentrifugation
method, probably due to the high speed required, which
resulted in the disruption of vesicles. Subsequently, studies of
penetration and permeation of minoxidil into the skin in an
animal skin model were performed. Depth of skin penetration
and the main permeation pathway were analysed by using f-
carotene as a fluorescent probe. Different formulations were
tested, and different intensities of fluorescence were observed.
The presence of cholesterol and ethanol generated higher
fluorescence intensity and increased penetration depth.
Additionally, increased concentrations of cholesterol and eth-
anol allowed the drug to reach deeper skin structures, includ-
ing the pilosebaceous follicles (29).

Ethosome-Based Formulations for Skin Cancer

Nowadays, skin cancer is the most common form of human
cancer. There are three major types of skin cancer: basal cell
carcinoma (BCC), squamous cell carcinoma (SCC) and ma-
lignant melanoma. The BCC and SCC are the most common
type of skin cancers worldwide, while melanoma is potentially
more dangerous and is believed to be one of the most
chemotherapy-resistant malignancies (53). Whereas BCC
and SCC are originated in epidermal keratinocytes and

usually remain confined to the same location, malignant mel-
anoma develops in epidermal melanocytes and can expand to
the dermis and even systemic circulation (42, 73). Currently,
treatment requires surgery, chemotherapy, or topical treat-
ment with chemotherapeutics. The skin route would be a
preferable alternative since it is non-invasive, effective doses
can be reduced, systemic side effects minimized, and patient’s
compliance improved (3, 15). Particularly, transdermal drug
delivery allows active ingredients to be delivered to systemic
circulation without the drawbacks of first pass metabolism and
risk of infection associated with oral and intravenous route of
administration, respectively. Furthermore, transdermal deliv-
ery is claimed to favour the treatment of superficial cancers, as
well as assist drug delivery to the lymphatic system and stim-
ulate transcutaneous immunization (74).

The efficacy of fisetin-loaded binary ethosomes was also
examined for the management of skin cancer. Fisetin is a
naturally occurring flavonoid that appears to be involved in
the inhibition of inflammatory cytokines, including TNF-a,
Interleukin-1f, and Interleukin-6. In this study, binary etho-
somes were prepared with phospholipid 90G, ethanol, and
PG. Then, the optimized ethosomes were incorporated into
a gel formulation. Data obtained from CLSM showed deeper
skin penetration (70 pm) of rhodamine B loaded binary etho-
somes formulation on rat abdominal skin fixed on Franz dif-
fusion cell. A sustained drug release was also verified with the
binary ethosomes fused to skin lipids. Accordingly, the binary
ethosomal gel significantly enhanced the concentration of fise-
tin in both epidermis and dermis, as well as increased AUC
values, in comparison with rat skin treated with conventional
gel. Additionally, in vivo studies revealed a pronounced reduc-
tion in the levels of TNF-a and Interleukin-1p, which suggests
that the treatment with fisetin binary ethosomes gel could
improve the chronic inflammation caused by these pro-
inflammatory cytokines, hence reducing the incidence of skin
carcinogenesis. The pre-treatment of mice skin with binary
ethosomes gel before UV exposure prevented lipid peroxida-
tion and reduced it by 45%, probably due to an increase in the
quantities of antioxidants. Concerning the preventive effect of
skin cancer, tumour incidence in the fisetin binary ethosomes
gel pre-treated group was 49%, whereas the UV only treated
group achieved 96% tumour incidence. As shown in Fig. 8,
the average number of tumours and its average volume was
also reduced by the tested formula (54). In addition,
concerning to histopathological evaluation, the fisetin binary
ethosomes gel treated group had shown significant reduction
in epidermal cell invasion with reduction of epidermal thick-
ness (Iig. 8).

Mitoxantrone is an antineoplastic agent that intercalates
with DNA and prevents its synthesis and transcription. Yu
X. et al. (2015) prepared a mitoxantrone ethosome gel for
the transdermal treatment of melanoma. In vitro studies, per-
formed on Franz-type diffusion cells, revealed enhanced
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Fig. 8 (a) Effect of fisetin binary
ethosomes gel on tumor incidence.
The fisetin binary ethosomes gel
prolonged the tumor latency period
compared to control. (b)
Photographs of mice at the end of
experiment (A) control (B) UV only
(C) UV + fisetin binary ethosomes
gel treated. (c) Microscopic image of
mice skin cross section stained with
hematoxyline and Eosin (A) control
(B) UV only (C) UV + fisetin binary
ethosomes gel treated. Reprinted
from (54)
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permeability of ethosomes, which the authors related to its
high deformability. On the contrary, the mitoxantrone solu-
tion barely penetrated across rat skin, since no mitoxantrone
was found in the receptor compartment. Different mitoxan-
trone formulations were daily applied on melanoma-bearing
animals, divided into three groups: the first group represented
the control group; the second group included the tumour-
bearing mice treated with a solution of mitoxantrone; the
third group included the tumour-bearing mice treated with
the mitoxantrone ethosome gel. The first and third group
displayed marked differences in tumour size, while the first
and second group exhibited minimum differences. These
results propose that the mitoxantrone solution lacked any
therapeutic effect on melanoma-bearing mice. More

@ Springer

importantly, the therapeutic effect is clearly dependent on
the transdermal formulation. Finally, the mitoxantrone etho-
some gel accomplished a tumour inhibitory rate of 68.44%
(53).

5-fluorouracil is another widely used antineoplastic agent.
Due to its polar nature, 5-fluorouracil skin penetration is pre-
cluded by the lipids of SC, and hence its retention is limited to
the surface of the skin. Consequently, as far as the topical
treatment of malignant melanoma is concerned, its therapeu-
tic efficacy might be compromised. Khan, N.R. and T.W.
Wong (2016) carried out an investigational study in which
the effect of both 5-fluorouracil-loaded ethosomes and micro-
wave technology was combined to promote skin drug deposi-
tion, as well as to reduce excessive transdermal drug
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permeation. The single application of 5- fluorouracil-loaded
cthosomes facilitated transdermal 5-fluorouracil transport.
These ethosomes contained low ethanol content and dis-
played a negative charge, which repelled the anionic lipids
of the skin and prevented excessive permeation into deep skin
layers. Moreover, data analysis suggested that ethanol acted as
a permeation enhancer by fluidizing the lipid domain of epi-
dermis, forming enlarged aqueous pores. Nonetheless, pre-
treated skin with 2450 MHz microwave for 2.5 min, followed
by the application of 5% ethanol loaded ethosomes, resulted
in further increased skin drug retention and adequate trans-
dermal drug permeation for local skin cancer treatment. The
synergistic effect between ethosomes and microwave increased
the lipid domain fluidization and decreased the protein do-
main fluidization, which improved intercellular pathways (42).
In 2018 another study was published with new insights by the
same scientific group. Likewise, the application of microwave,
under the same conditions, increased skin penetration and
skin retention of the drug (395.4 £ 7.9 pg), when compared
to the single application of ethosomes (281.3 £ 13.9 pg).
However, skin permeation was not significantly impacted by
the microwave pre-treatment, probably due to the fluidization
of specific extracellular proteins, which helped in the forma-
tion of a dermal barrier and, ultimately, narrowed the inter-
cellular pathway. The in vivo bioavailability of 5-fluorouracil
was also evaluated using an animal model in a pharmacoki-
netic study. Interestingly, permeation of the drug was consid-
erably decreased in microwave pre-treated rats. Low systemic
absorption associated with increased skin drug retention is
rather advantageous in the treatment of local malignant mel-
anoma. Hence, the combination of microwave with a vesicu-
lar nanocarriers is a promising strategy for skin malignant
melanoma treatment (73).

The combination of two therapies in skin cancer treatment
was also assessed by Nasr S. et al. (2019). PDT is a non-
invasive procedure approved in the treatment of skin diseases,
including several skin cancers. In this study, ferrous chloro-
phyllin (Fe-CHL) acted as the photosensitizer, loaded in etho-
somes and lipid-coated chitosan nanocarriers. The skin reten-
tion of Fe-CHL was analysed by high performance liquid
chromatography (HPLC). Results showed a significant in-
crease in Fe-CHL skin retention with ethosomes and chitosan
nanocarriers, especially after 24 h, in comparison to a Fe-
CHL solution. CLSM was used to evaluate the penetration
depth of both nanocarriers through mouse skin. Ethosomes
demonstrated deeper skin penetration into the epidermis and
dermis, evidenced by the presence of fluorescence in both
layers, while the chitosan nanocarriers were restricted to the
epidermis. This was attributed to the presence of ethanol and
edge activator, which provides ethosomes increased fluidity
and superior capacities to penetrate deep into skin layers.
Contrastingly, even though chitosan nanocarriers displayed
smaller vesicle size, their rigid structure limited skin

penetration. In addition, the photodynamic effect of both
nanocarriers was evaluated in vitro for human skin SCC
monolayer and 3-D spheroids. Despite ethosomes increased
retention and skin penetration, lipid-coated chitosan nanocar-
riers showed superior cellular uptake and cytotoxicity.
Therefore, the authors concluded that the chitosan nanocar-
riers would be suitable carriers in superficial SCC, whereas
ethosomes would be more adequate for invasive SCC (9).

Ethosome-Based Formulations for Skin Infections

Skin infections are highly prevalent in the global population
and can affect a wide range of ages. Antimicrobial agents have
numerous limitations, including frequent drug resistance, and
deficient drug targeting and drug release (75). Regarding anti-
biotics, the lack of adequate and effective treatment can be
fatal. Therefore, this field requires new and efficient methods
to effectively improve antimicrobial therapy with well-known
drugs or potential new ones. Accordingly, nanocarriers have
been investigated as potential drug delivery systems in the
treatment of several skin infections.

In an early study carried out by Godin et al. (2005), eryth-
romycin loaded-ethosomes demonstrated improved antibac-
terial activity in vitro and in vivo when compared to a hydro-
ethanolic solution. Bacterial growth inhibition was confirmed
in three bacterial strains, including a strain of Bacillus subtilis,
Staphylococcus aureus, and a strain of S. aureus resistant to eryth-
romycin. In addition, the ethosomal formulation reduced the
MIC against S. aureus. Specifically, in the \S. aureus strain resis-
tant to erythromycin, the MIC was 2.5 lower when the eryth-
romycin loaded-ethosomes were administered. The animals
treated with erythromycin loaded-ethosomes exhibited no
sign of skin necrosis or damage, while the untreated group
and the group treated with a hydroethanolic erythromycin
solution manifested continuous bacterial growth, leading to
necrosis, damaged skin structures and a considerable infiltrate
of neutrophils and macrophages (76).

Regarding antiviral ethosomes, an cthosomal system with
acyclovir was produced and investigated in a randomized
double-blind clinical study. Acyclovir is a poorly soluble anti-
viral drug, which is mostly used in the treatment of recurrent
herpes labialis infection. This formulation with 5% acyclovir
was compared to a commercial 5% acyclovir cream
(Zovirax®, GlaxoSmithKline). Results showed notable
improvements regarding therapeutic efficiency, leading to
the commercially available topical ethosomal-based acyclovir
cream (Supravir®, Trima, Israel) (77).

Skin fungal infections are also widely present in the world-
wide population, especially in immunocompromised patients
(78, 79). The most representative fungous agent is Candida
albicans, which is responsible for human cutaneous candidiasis.
C. albicans penetrates the SC, and often reaches the systemic
circulation, causing ulceration or infiltration of the affected
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area (79). Treatment of skin fungal infections usually com-
prises topical formulations with antifungal agents, whose ef-
fectiveness depends on the ability to penetrate and to remain
in the SC and C. albicans biofilm’s matrix (80). Clotrimazole is
an imidazole with a broad-spectrum antifungal activity that
inhibits the biosynthesis of ergosterol, a fundamental element
of the fungal membrane (81). A study, aimed at comparing the
transdermal potential of ethosomes and ultradeformable lip-
osomes containing clotrimazole, was conducted by
Maheshwari et al. (2012). Transdermal flux of clotrimazole
was assessed to determine skin permeation rate in rat abdom-
inal skin. The ethosomal formulation revealed superior trans-
dermal flux, as well as lower lag time (56.25 * 5.5 ug/h/cm?
and 0.9 h, respectively), in comparison to the ultraderform-
able liposomes, a 43% hydroethanolic solution and a clotri-
mazole solution. Additionally, clotrimazole-loaded ethosomes
exhibited greater in vitro antifungal activity against C. albicans,
with an inhibition zone of 34.6 mm, as opposed to ultrade-
formable liposomes (29.6 mm) and marketed cream formula-
tion (19.0 mm). This may be attributed to ethanol that causes
fungal proteins denaturation and lipids dissolving. Overall, the
authors considered the ethosomal formulation the most ade-
quate carrier for clotrimazole transdermal delivery (81).

Recently, hybrid vesicles composed of phospholipids, eth-
anol, clotrimazole (10 mg/mL), low content of water (<10%)
and glycerol were prepared. In vitro permeation studies
showed accumulation of clotrimazole in the epidermis and
dermis (£ 12%), and notably in the SC (£ 22%), contrary to
a marketed cream (Canesten®), which displayed a low accu-
mulation of the drug (£ 2%). Antimycotic activity was evalu-
ated in vivo, using C. albicans infected skin. Results showed that
the hybrid vesicles reduced the count of C. albicans colonies in
greater extent than the marketed cream. A possible mecha-
nism described by the authors suggests an interaction between
the vesicles and the components of the SC and the biological
fluids, facilitating the penetration through the SC and the
biofilm matrix (80).

Sertaconazole nitrate is an additional imidazole antifungal
agent with hydrophobic characteristics. Abdellatif, M. et al.
(2017) conducted a study in which several sertaconazole-
loaded vesicular systems were developed, including etho-
somes, to optimize antifungal activity at deep skin layers.
The study aimed to investigate the different vesicular systems’
skin permeation and accumulation properties to target dermal
fungal infections, in an animal model. Data obtained from
differential scanning calorimetry revealed that the gel-based
cthosomal formulation showed a phase transition temperature
of 85.8°C, suggesting that bellow this temperature the lipid
bilayer displayed an ordered arrangement, whereas for tem-
peratures above, skin permeability was facilitated due to the
disturbance of the lipid bilayer. These findings are in accor-
dance with previous studies which suggest that ethanol dis-
turbs and increases the fluidity and flexibility of the lipid
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bilayer, even at low concentrations, hence enabling drug pen-
etration into the skin, since other nanocarriers (ethanol free)
had higher transition temperatures (16, 78). During the ex-
vivo skin permeation experiments, the authors also verified
increased cumulative sertaconazol permeation from the etho-
somal gel, when compared to the other vesicular formulations
and a commercial cream (Dermofix®). This may be explained
by the presence of ethanol, which confers flexibility and fluid-
izes the lipid bilayers present both in the vesicles and the SC
(78).

Furthermore, griseofulvin (GRF) is an alternative drug in the
treatment of dermatophytosis, particularly in the paediatric
population. GRF is an antibiotic drug with antifungal activity
defined by its low bioavailability and high hydrophobicity.
Thus, Marto et al. (2016) developed a GRF ethosomal formu-
lation intended to enhance permeation through the SC barrier.
The ethosomes were prepared with soybean PC 5% (w/v), 45%
(v/v) ethanol and several concentrations of GRI (0.01-0.5%).
Permeation and penetration studies were performed in new-
born pigs using Franz diffusion cells to assess and predict the
action of the ethosomal system on the skin. A hydroethanolic
0.1% GRF solution was used as control. The obtained results
showed a significantly improved drug retention (£ 40%) in the
SC, 24 h after the formulation was applied. On the other hand,
drug retention in the viable epidermis and dermis was not sig-
nificantly higher than the GRF solution (see Fig. 9). These
results are favourable to the targeting of dermatophytosis since
the ethosomal formulation remains in its site of action and
extends its therapeutic effect even 24 h after application. The
authors concluded that both the phospholipid concentration
and the GRYT solubilization in the ethosomal structure played
a vital role in improving drug retention in the SC. A fluores-
cence assay with Nile red-loaded ethosomes confirmed these
results and revealed ethosomes accumulation in hair follicles
(Fig. 9), an additional dermatophytes target, where they de-
grade keratin to remain alive. On the contrary, the hydroetha-
nolic solution evidenced no therapeutic advantage since this
formulation permeated mainly through the epidermis to the
dermis layers, where dermatophytes usually do not disseminate.
Additionally, the in vitro antifungal activity was assessed by the
disc diffusion method. Results confirmed the fungicidal effect
and the total drug released exceeded the MIC against the tested
fungus (Fig. 9) (82).

An investigation with a terbinafine-loaded ethosomal gel,
containing Carbopol® 934P, was carried out to assess its po-
tential to deliver terbinafine to its targeted site for a prolonged
period. In the ex vivo diffusion study, the ethosomal gel-based
formulation exhibited a drug diffusion of 74.01 + 0.62%, a
transdermal flux of 144.61 £ 1.3 pg/cm?/h, and a longer per-
manence of the drug in the targeted site. Results also showed
that the dissolution profile of the ethosomal formulation fol-
lowed a zero order release, which turns out to be the most
adequate dissolution profile for transdermal drug release (83).
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Fig. 9 (a) GRF retention in different skin layers, SC (stratum comeum); E + D (viable epidermis and dermis) and GRF permeated within 24 h solution and
ethosomes (results expressed as mean = standard deviation; n = 3, independent batches). (b) Penetration of Nile red from ethosomes, after 24 h. (c) Penetration
of Nile red from ethanol:water solution 45:55 (vAv), after 24 h. The sections depict the SC (a), the epidermis (b), and the dermis (c). Pictures are obtained by
superposing normal light and fluorescence images of the same area (magnification, 100X). Black arrows are pointing to hair follicles were retention also occurred.
(d) In vitro antifungal activity of 0.19% GRF solution, 0.1% GRF ethosomes and empty ethosomes. Reprinted from (82)

Ethosome-Based Formulations for Erectile Dysfunction

Erectile dysfunction is a common sexual dysfunction in men,
affecting mainly ageing men, characterized by the inability to
develop or maintain a penile erection. Risk factors involve
age, obesity, smoking, dyslipidacmia, diabetes mellitus, and
a sedentary lifestyle (84). Moreover, damage to the cavernous
nerve may be subjacent to the route of this condition. When
an injury of the cavernous nerve is implied, oral treatment
with Phosphodiesterase-5> (PDES) inhibitors is compromised
(85). Among the available PDE5 inhibitors, vardenafil is con-
sidered more selective than sildenafil and tadalafil, and more
potent than sildenafil. Consequently, reduced doses can be
administered, and fewer side effects will appear. However,
vardenafil is classified as a class II drug of the
Biopharmaceutical Classification System and hence exhibits
low oral bioavailability. So, patients would benefit from a
transdermal formulation that could, not only improve bio-
availability and duration of action of vardenafil, but also avoid
first-pass metabolism and reduce the required dose to main-
tain an erection. In a study conducted by Fahmy et al. (2015),
ethosomes incorporated with vardenafil were examined for

the transdermal treatment of erectile dysfunction. The opti-
mized ethosomal formulation displayed a homogenous unila-
mellar arrangement with an average size of 128 nm and en-
trapment efficiency of 76.23%. An automated Franz diffusion
cell apparatus was used to evaluate the diffusion of vardenafil
from the ethosomal formulation. Additionally, the optimized
formulation was analysed in vitro by CLSM to confirm en-
hanced diffusion of vardenafil in rat skin. Results showed a
rapid diffusion of vardenafil from the encapsulated ethosomes.
The CLSM revealed a notably high deposition of the ethoso-
mal formulation, especially in the dermis and hypodermis skin
layers. The pharmacokinetic study conducted in rats showed
an approximately twofold increase of vardenafil bioavailabil-
ity from the transdermal ethosomal formulation when com-
pared to an oral drug suspension. The authors attributed this
enhanced bioavailability to several factors: firstly, ethosomes’
vesicular structure acts as a vardenafil transporting vessel into
the different skin layers; secondly, the vardenafil-loaded etho-
somes exhibited smaller particle size, with consequently in-
creased surface area, compared to the oral suspension; lastly,
the ethosomal vesicles increased the adhesion surface contact
with the absorption area. The pharmacokinetic study also

@ Springer



964

Pharm Res (2021) 38:947-970

allowed the authors to conclude that the vardenafil-loaded
cthosomes remained in the skin layers for long periods of time
(mean residency time of 16.84 + 3.54 h), forming a drug res-
ervolr for prolonged drug release into the viable epidermis.
Therefore, it was concluded that ethosomes comprised a po-
tential vardenafil drug delivery system in the treatment of
erectile dysfunction (84).

Ethosome-Based Formulations for Hormonal
Deficiencies

Androgen deficiency is usually associated with inadequate lev-
els of testosterone both in men and women. In men, testoster-
one is responsible for male sex organs development, whereas
in women it improves vaginal blood flow and lubrification.
However, testosterone’s effects are also extended to other non-
reproductive systems and can affect calcium balance and bone
health, as well as regulation of glucose and lipid metabolism,
and even prostatic hyperplasia (25). Androgen replacement
therapy is available in oral, intramuscular, and transdermal
formulations (51). Transdermal administration is considered
the most suitable delivery form, since it avoids first pass me-
tabolism, low oral bioavailability and pain related to intra-
muscular injections.

A transdermal testosterone ethosomal patch (Testosome)
was designed and compared to a commercially available tes-
tosterone patch (Testoderm®) in an early investigational
study. Following application in rabbit pinna skin, authors
reported 30 times higher skin permeation with the ethosomal
patch. In an in vivo study, the daily application of the same
patch for five consecutive days resulted in a significant increase
of the AUC and peak plasma drug concentration (Ci,,,) val-
ues (16). In a further study, a transdermal testosterone etho-
somal gel was designed and tested for enhanced transdermal
absorption. In a pharmacokinetic study, systemic absorption
was evaluated in an animal model and compared to a
testosterone-based gel (AndroGel®). The ethosomal formula-
tion achieved considerably higher C,,, and AUC values
(1970 £ 251 ng/dL and 9313 £ 385 ng/dL/h, respectively),
when compared to AndroGel® (601 * 88 ng/dL and 5678 +
719 ng/dL/h, respectively). Following ethosomal application
in men, testosterone flux through human skin was assessed
based on in vitro permeation experiments. The application
of the ethosomal formulation resulted in a six-fold enhance-
ment of transdermal testosterone permeated (51).

Moreover, transdermal testosterone propionate ethosomes
were prepared and modified by adding two surfactants (hex-
adecyl trimethyl ammonium bromide and Cremophor EL-
35). The authors highlighted the importance of an adequate
receiver medium to deliver a drug and to maintain sink con-
ditions, during in vitro experiments. Therefore, the inclusion
of these surfactants was aimed at increasing testosterone’s sol-
ubility in water since testosterone is a lipophilic molecule. The
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ethosomes displayed a spherical, unilamellar structure, and
entrapment efficiency of 92.7 + 3.7%. Skin permeation
experiments across male mouse skin demonstrated that etho-
somes enhanced transdermal permeation by fivefold when
compared to a liposomal formulation. Additionally, skin per-
meation was further assessed by CLSM, which confirmed en-
hanced permeation of testosterone ethosomes into deeper skin
layers (260 pm), as opposed to the liposomal formulation
(120 um). Regarding in vivo studies, the ethosomal formula-
tion also provided notably improved AUC and C,,,, values
and a considerably longer elimination half-life, as well as more
stable plasma concentrations than the liposomal and a 40%
hydroethanolic formulation. Thus, it was concluded that tes-
tosterone ethosomes offered enhanced drug absorption and
bioavailability (25).

On a different subject, Shumilov et al. (2010) investigated
the effects of buspirone in the management of menopausal
syndrome, which often involves hot flushes and anxiety.
Buspirone hydrochloride, a well-known anxiolytic, interacts
with two main 5-hydroxytryptamine-1A receptor subtypes,
which are thought to be engaged in body temperature control.
When administered orally, buspirone is subjected to extensive
first-pass metabolism and short elimination half-life, thus
transdermal delivery is considered a potential alternative. A
transdermal system with buspirone-loaded ethosomes was
produced and tested in an animal model. After transdermal
administration, the pharmacokinetic study revealed that bus-
pirone reached a G, value of 120.07 = 87 ng/ml after 2 h,
whereas oral administration presented a Ci,,, of 93.44 +
76.5 ng/ml after 1 h. Interestingly, despite these similar val-
ues, considerably higher values were reported in the following
12 h for the transdermal formulation. Concerning the phar-
macodynamic study, changes in tail skin temperature of ovari-
ectomized rats were monitored to evaluate buspirone’s effect
on hot flushes. The application of the ethosomal formulation
caused a significant temperature reduction 3 h following ad-
ministration and this effect lasted for 6 h (86).

COSMETIC/ SKIN CARE APPLICATIONS
OF ETHOSOMES

The history of cosmetics begins with Ancient Egyptians, where
scented oils and ointments were especially used for their heal-
ing properties. Nowadays, the cosmetic industry has become
increasingly popular and is now present worldwide.
Currently, consumers are more knowledgeable and express
more necessities, expectations and demands on a cosmetic
product. This generates a growing pressure in the cosmetic
industry manufacturers to develop more innovative products
that meet consumer’s expectations. Therefore, nanocarriers
are widely employed in the cosmetic field to provider
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antioxidants, UV filters, vitamins, anti-acne, and anti-ageing
ingredients (87).

Antioxidants are molecules with the ability to delay or pre-
vent cell oxidation by interacting with free radicals. ROS pro-
mote oxidative stress and, subsequently, accelerate the skin
ageing process (43). In addition, oxidative stress is believed
to be the primary cause of several skin disorders, such as pig-
mentation, psoriasis, atopic dermatitis, vitiligo, acne vulgaris,
melanomas, etc. Hence, antioxidants are regarded as highly
important molecules since they neutralize ROS produced
during cellular metabolism (endogenous ROS) and during
exposition to air pollutants and sunlight (exogenous ROS).
However, the incorporation of antioxidants in cosmetics is
confronted with several challenges. Firstly, they are highly
unstable towards temperature, light, pH, and oxygen, which
may compromise their activity and limit their shelf-life; sec-
ondly, antioxidants are poorly soluble, limiting their perme-
ability to the upper layers of the skin (19).

Resveratrol is a non-flavonoid polyphenol, naturally found
in a broad range of plants, particularly in red grapes (Vitis
vinfera) (11, 88, 89). Several attractive properties have been
identified in resveratrol, such as antioxidant, anti-inflammato-
ry, anti-ageing, anti-acne and anti-cancer activities (11, 32,
90). However, due to its considerable instability, resveratrol
trans form (trans-resveratrol) can easily be converted into its ¢is
form, which is biologically less active (11, 90). In addition, oral
administration of resveratrol is characterized by its poor water
solubility and short in vivo half-life (91). Hence, there is a
current need to develop a suitable formulation to deliver
resveratrol in its active form into the different skin layers. In
a study carried out by Scognamiglio et al. (2013), the ability of
different nanocarriers to topically deliver #rans-resveratrol was
assessed and compared. Instead of the original preparation
method (Touitou et al. 2000), ethosomes were prepared by
hydration of a lipid film with an aqueous solution with etha-
nol, in an attempt to homogenize vesicle morphology. For this
reason, the authors identified the prepared vesicles as ethanol-
containing vesicles. Nonetheless, ethanol-containing vesicles
with different amounts of soya PC and cholesterol were pre-
pared. Vesicles displayed a mean diameter between 92.5 and
94.0 nm and 70% of encapsulation efficiency. The incubation
of human keratinocytes with hydrogen peroxidase resulted in
an increase of ROS production, which was significantly
inhibited by both the soya PC and the soya PC/cholesterol
formulation. Enhanced permeation of trans-resveratrol
through porcine skin was only observed with the ethanol-
containing vesicles, whereas an absence of permeation was
verified for the correspondent transferosomes. In fact, with
the soya PC formulation, it was possible to visualize trans-
resveratrol permeation 1 h after application and accumulation
of the total dosage after 6 h. Additionally, accumulation of
trans-resveratrol into the dermis was also enhanced with the
soya PC/cholesterol formulation. The authors hypothesize

that ethanol and the vesicular bilayer are accountable for
the obtained results since transferosomes were unable to ac-
cumulate and permeate as efficiently. The absence of choles-
terol in the ethanol-containing vesicles also facilitated the ma-
jor role of ethanol by increasing the vesicles fluidity (88).

Arora D. et al. (2019) conducted an innovative study in
which a resveratrol-loaded ethosomal hydrogel is developed
and continuously optimized based on a Quality by Design
approach. Firstly, quality attributes which could impact the
performance of the product were defined, taking into consid-
eration the route of administration, dosage form, dosage type,
ex vivo permeation, and stability. Hence, critical quality
attributes included vesicle size, drug entrapment efficiency,
permeation flux and skin deposition. Concerning vesicle size,
data analysis showed that reduced lipid quantities associated
with increased levels of ethanol produced vesicles with mini-
mum size. The authors attributed this effect to a steric stabi-
lization mechanism and edge activation as a consequence of
high ethanol concentrations. Another possible explanation
associates the reduced vesicle size with a reduction of the
width of the membranes, on account of the establishment of
a phase with an interpenetrating hydrocarbon chain. In addi-
tion, it was also observed enhanced values of permeation flux
with increasing concentrations of ethanol, probably due to
ethosomes ability to fluidize the lipids’ membrane and pene-
trate more easily into the skin. Also, resveratrol, as a lipophilic
substance, is likely to solubilize in ethanol and improve per-
meation flux. The ex vivo permeation studies revealed a sig-
nificant improvement of the skin permeation parameters and
skin deposition (Fig. 10), following application of the ethoso-
mal hydrogel, in comparison to a conventional resveratrol
cream. Again, ethanol enables fluidization of both the vesicle
lipid bilayer and the SC lipids which, combined with the for-
mation of small openings in the SC by the phospholipids,
renders ethosomes flexible and facilitate dermal permeability.
Instead of drug, Coumarin 6 (C6) was used for histopatholog-
ical studies. Data obtained from CLSM confirmed extensive
distribution of the ethosomal hydrogel in the deeper skin
layers (Fig. 11) (32).

Ethosomes with Fraxinus angustifolia bark and leaf extract
were prepared. F. angustifolia is well-known for its antioxidant,
anti-inflammatory, diuretic and digestive properties due to its
highly enriched polyphenolic composition. Polyphenols are
plant secondary metabolites known for their ability to scav-
enge free radicals, hence contributing to the prevention and
protection of human cells from oxidative stress. In the study
performed by Moulaoui K. et al. (2015), polyphenols were
identified in F. angustifolia bark and leaf extract, including
quercetin, rutin, tannic acid and catechin. The extract-
loaded ethosomes notably inhibited hydrogen peroxidase
stress damage 1n in vitro human keratinocytes, when com-
pared to the other ethanolic solutions. After skin inflammation
and ulceration being induced in mouse skin, a model of skin
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Fig. 10 (a) Permeation profile of different resveratrol formulations: optimized ethosomes (Opt-etho); ethosomal carbopol hydrogel (Etho-CBP-Gel); resveratrol
hydroethanolic carbopol hydrogel (Res-CBP-Gel); conventional cream ofresveratrol (Res-Cream), resveratrol ethanolic solution (Res-Alc-Sol). (b) Skin deposition

of resveratrol from various formulations. Reprinted from (32)

lesion and oedema was created to evaluate the formulations
therapeutic efficacy. The bark extract was only noticeably
effective when incorporated into ethosomes, leading to a re-
duction of myeloperoxidase activity. Regarding the leaf ex-
tract incorporated into ethosomes, the enzyme’s activity was
also reduced, yet not as significantly. Overall, an improvement
in the healing process was always visually observed in the skin
treated with the leaf extract (92).

Furthermore, a cream formulation with curcumin-
loaded ethosomes was developed in order to improve its
delivery to the dermal layer. Curcumin is the primary bio-
active in Curcuma longa, which is recognized for its antioxi-
dant and anti-inflammatory properties. Similarly to other
antioxidant substances, curcumin scavenges oxygen free
radicals and superoxide radicals, which are responsible
for the activation of metalloproteinases (e.g. collagenases).
These group of enzymes catabolize the degradation of ex-
tracellular matrix proteins, such as collagen and elastin,
and hence are implicated in the formation of skin wrinkles

Fig. Il CLS micrographs (a) Cé6
loaded plain hydrogel (b) Cé loaded
ethosomal hydrogel. Reprinted
from (32)
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and premature ageing. Nonetheless, curcumin needs to
reach the dermal layer, so that it can exert its therapeutic
action. Skin permeation and deposition study were con-
ducted to select the most suitable ethosomal formulation
to be incorporated into the cream. The formulation pre-
pared with an 85% ethanolic extract of C. longa, 2% (w/v)
PC, and 40% (v/v) ethanol was selected for its high entrap-
ment efficiency (58%), enhanced deposition (44%) in the
dermal layer, and low cumulative skin permeation (6.0%).
Subsequently, the curcumin-based ethosomal cream was
applied on young female volunteers for two weeks.
Noticeable enhancements were verified in terms of elastic-
ity, viscoelasticity, recovery of deformed skin, and reduc-
tion of sagginess. The ethosomal cream increased the over-
all elasticity of the skin by 15.4%, while the curcumin
cream without ethosomes increase was 10.7%.
Additionally, the skin sagginess was considered the most
suggestive parameter of the ethosomal cream hydration

effect and was reported to decrease by 30% (93).
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CONCLUSIONS AND FUTURE PROSPECTS

In recent years, the application of ethosomes in the fields of
dermatology and cosmetics has gained growing interest
among the scientific community, owing to their high deform-
ability, high encapsulation efliciency and enhanced penetra-
tion through deeper skin layers. This review presents numer-
ous ethosomal formulations developed and investigated so far
for the treatment of several diseases, including acne, psoriasis,
alopecia, skin infections, hormonal deficiencies, among others.
Summing up the results, it can be concluded that ethosomes,
as lipid-based vesicles, are efficient non-invasive nanocarriers
for a wide range of therapeutic agents. In fact, ethosomes’
unique composition confers them high elasticity and flexibili-
ty, allowing them to penetrate deeply across the skin, and
enhance drug permeation and deposition on the skin’s distinct
layers. Semi-solid formulations, namely creams and gels, are
the most suitable to incorporate ethosomes, attending to the
adequate viscosity and adherence to the skin surface features,
improving efficiently the skin delivery pattern. Although the
exact underlying mechanism is not yet fully disclosed, the pro-
posed mechanism suggests that ethanol’s fluidizing effect, both
of the vesicles phospholipid bilayer and the SC lipid bilayer,
generates disorganization of SC lipids, resulting in the effec-
tive drug delivery across the skin.

The results arising from the use of ethosomes are
very encouraging, placings these biocompatible lipid-
based nanostructures in advantage when compared with
other vesicular nanocarriers, particularly regarding the
efficiency of delivery of active ingredients. Permeation
across the skin was invariably achieved, however addi-
tional studies are required to understand the attributes
that compose ethosomes targeted to topical or systemic
drug delivery. In addition, in vivo trials, especially on
humans, should be performed to confirm the efficacy,
safety and biocompatibility of ethosomes, which has al-
ready been proven in vitro and in other animal models,
as well as to evaluate the transposition of doses of active
ingredients to the human scale. Further research still
features as a huge challenge when referring to skin
formulations.

In this sense, future research should be focused in the eluci-
dation of the mechanism of permeation of the ethosomes, the
therapeutic efficacy, the dermal and systemic bioavailability of
the encapsulated therapeutic active ingredients agents, in order
to ultmately increase the translation of the ethosomal-based
formulations into marketed products.

Due to their enhanced drug delivery system qualities, low
toxicity, and manufacturing simplicity, ethosomes future holds
promising opportunities for the development of new and im-
proved therapies and care by using the skin as route of
administration.
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