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ABSTRACT

The skin is the largest organ of the human body that restricts the movement of drug to the systemic
circulation. Topical drug delivery system is a system where the drug reaches the systemic circulation
through the protective layer i.e. skin. The main disadvantage of this route is the low diffusion rate
of the drugs which is across the stratum corneum layer of the skin. To overcome this problem to a
certain extent, ethosomal delivery for drugs and herbal compounds has been recently introduced.
Literature studies indicate that ethosomal formulation of acyclovir shows high therapeutic efficiency with
shorter healing time in the treatment of recurrent herpes labialis than conventional Zovirax. Also, the
ethosomes of minoxidil enhanced the skin permeation of minoxidil in vitro in comparison to its ethanolic
or phospholipid ethanolic micellar solution or hydroethanolic solution. The advantages of this system
include increased drug permeation, increased drug entrapment and improved drug delivery. Ethosomal
drug delivery system opens up doors for the development of new and novel therapies for treating
male pattern baldness, as it is an easier way to prepare, in addition to its safety and efficacy. In this
review article, we have focused on methods of preparation of ethosomes, characterization techniques,
applications, details about the various research trials for the management of androgenic alopecia and

various ethosomal products in market.
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INTRODUCTION

Topical route of delivery system is a non-invasive
method that enables the drug to reach the systemic
circulation. From the pharmaceutical point of view,
topical drug delivery offer advantages compared with
other routes of administration, including avoidance of
first-pass metabolism, lower administration frequency,
smallerfluctuationsin plasma drug profile and good patient
compliance’. Skinis a multilayered structure composed of
stratum corneum (sc) the outermost and the tightest layer
of skin and below it lies the epidermis and dermis2. Skin
is a highly hydrophobic layer composed of differentiated
non-nucleated cells and corneocytes, which are filled with
keratins and embedded in the lipid domain. Since the
rate limiting step for skin absorption of most molecules
is considered to be because of this non-viable layer,
percutaneous permeation of molecules is believed to be

governed by diffusion laws. The skin contributes to 4%
of the total body weight. The extent of skin permeation of
a compound may depend on the route of administration.
The barrier nature of skin makes it difficult for most drugs
to penetrate into and permeate through it3. In order to
improve topical drug delivery, many kinds of techniques,
including complex physical enhancement strategies,
such as iontophoresis?, sonophoresis®, microneedle®,
and electroporation’, and lipid vesicular systems such
as emulsions®, microemulsions, and liposomal-based
delivery systems, have been used to overcome the
barrier of SC. Amongst these, liposomal-based delivery
systems, including conventional liposomes?®, ultraflexible
liposomes'®and ethosomes''-'* offer a promising strategy
forimproving skin drug delivery and have attracted much
interest in recent years due to the merits, including
convenience for use and harmlessness to skin.

There are three pathways which are involved in
the transdermal permeation of drugs: (1) through the
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intercellular lipid zone in sub cutaneous (SC) region; (2)
through the skin appendages; and (3) through the keratin
bundles in SC'.

Alopecia mean loss of hair from areas where hair
normally grows. ltcomesin avariety of patternsin a variety
of cases. Male pattern baldness or androgenetic alopecia
is the most common form. Aesthetic treatment options
include wigs, hairpieces, and surgical transplantation. The
latter is expensive. Other options include low-level laser
light therapy. There is no sufficient evidence for these or
other miscellaneous options as mainstream treatments.
Hair loss concealers are cosmetic sprays, powders and
creams that are applied to the hair and scalp to either
make the hair appear thicker or to reduce the hair fall or
to improve the hair growth in the scalp.

Minoxidil and finasteride are the two drugs
currently approved by the United States Food and
Drug Administration (USFDA) for the treatment and
management of androgenetic alopecia or male pattern
baldness. In general, forthe treatment, oral administration
of finasteride tablets is the usual practice. But it often
causes side effects like male infertility and erectile
dysfunction. Different research investication have been
done on both minoxidil as well as finasteride. Few of the
research investigations with their merits and limitations
are mentioned in Table | and Table 1.

There is a need for novel delivery vehicles for the
drugs/herbal compounds that would provide superior drug
loading and skin targeting following topical application.
Many strategies have been tried by differentauthors using
the carriers micro/nanoemulsions, liposomes, polymeric
encapsulation and other lipophilic carriers. Ethosomes,
a novel type of liposomes containing 20—-50% of ethanol
(V/V), have the potential to fulfill these therapeutic
requirements because they can enhance drug loading
by increasing solubility and transdermal absorption.
Ethosomes, representing a new, innovative and interesting
vesicular system, have been used for transdermal drug
delivery in recent years because they can enable a drug
to pass through the skin and increase the accumulation
of drug in the skin. Elasticity of ethosome vesicles is
considered to increase in presence of ethanol and it
also helps in the passage through the lipid pores and
channels in the stratum corneum is facilitated's'¢. Drug
release from ethosomes is expected to be influenced by
fusion of vesicle membranes with skin lipids at various
points along the penetration pathway'. In vitroand in vivo,
animal and clinical studies have shown that ethosomes
are efficient at improving dermal/transdermal delivery of
both hydrophilic and lipophilic moieties''®. Ethosomes

are reported toimprove the skin delivery of various drugs?.
Topical formulation of ethosomes with the drug/ herbal
compounds for male pattern baldness or androgenetic
alopecia for maximum permeability into the scalp skin can
be explored with ethosomes. In the following sections,
details pertaining to ethosomes for the application of
topical drug delivery are discussed.

Ethosomes

Ethosomes are a modified form from liposomes,
which have proved to be good carriers in the transdermal
area. Ethosomes are mainly lipid vesicles made of
phospholipids, ethanol, and water. They have anaqueous
core which contains the ethanolic solution of drug and

Aqueous core

f e=me Lipid bilayer

Fig. 1 Structure of Ethosomes (Source: pharmatutor.org)

the outer layer comprises of lipid bilayer (Fig. 1). The
effect of ethanol fluidizing the bilayers of phospholipids
contributes to the creation of vesicles with a malleable
structure which enables to get molecules (drugs,
pharmaceuticals, or active agents) to deeper layers of
the skin?'22, Drug delivery from liposomes has limited
results in the transdermal formulations due to unstable
nature and low permeability?32¢, Due to the concern owing
to the stability of liposomes, a novel vesicular carrier,
niosomes, was developed to counter the problems of low
stability?”. Despite that, liposomes and niosomes could not
counter the problems of poor skin permeability?®. Hence,
ethanolic vesicles have been developed to enhance the
permeation of drugs across the skin. The size range of
ethosomes ranges from tens of nanometres to microns
andthe transdermal flux of ethosomesis more, besides its
skin permeability?>2°°, Ethosomal systems are classified
based on the composition into three types.

Classical ethosomes

In transdermal drug delivery, ethosomes were
reported to be superior over classical liposomes because
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Table I: Research trials carried out with Finasteride

STUDY TITLE

MERITS

LIMITATIONS

Finasteride in the treatment
of men with androgenic
alopecia®.

In men with male pattern hair loss,
finasteride 1mg/day slowed the
progression of hair loss and increased
hair growth in clinical trials over 2
years.

Patients reported adverse events
related to sexual function and
also adverse events on breast
enlargement which reversed on
discontinuation of drug.

Changes in hair weight in men
with androgenetic alopecia after
treatment with finasteride 1 mg
daily for 3 and 4 years®.

Long-term finasteride treatment led to
sustained improvement in hair weight
compared with placebo. Hair weight
increased to a larger extent than hair
count, implying that factors other than
the number of hairs, such as increased
growth rate (length) and thickness of
hairs, contribute to the beneficial effects
of finasteride in treated men.

This study was extended from its
original 48-week durationto nearly 4
years, the sample size available for
evaluation decreased with time.

Finasteride isthe maininhibitor of
5-areductase in dermal papillae
of human hair follicles®.

The study resulted in the conclusion that
finasteride inhibited approximately 80%
of 5-a reductase activity in the dermal
papillae and connective tissue sheaths.

No specific limitations cited in the
literature

Preparation of novel polymeric
microspheres for controlled
release of finasteride®.

The results showed that the mean
diameter of microspheres was approx 2
mm and had both smooth and spherical
surfaces. Greaterencapsulation efficiency
was obtained by increasing the ratio of
polymer: finasteride.

No specific limitations cited in the
literature

Design and in vitro-evaluation
of finasteride- loaded liquid
crystalline nanoparticles for
topical delivery®s.

Formulation with lower monoolein lipid
exhibited higher skin permeation with a
flux rate of 0.061+0.005 pg in 24 h.

The release profile was significantly
altered with addition of different
additives.

Pharmacodynamic of P-3074
(finasteride 0.25% topical
solution) in subjects with
androgenetic alopecia®’.

Topical application and oral finasteride
results found to be similar.

Only a 7- day dose of topical
P-3074 solution was administered &
therefore nolong-term measurement
of effectiveness of P-3074.

Efficacy and safety of 3%
minoxidil (MNX) versus
combined 3% minoxidil / 0.1%
finasteride (MFX)inmale pattern
hair loss : a randomised double
blind , comparative study®.

Although change of hair counts was not
statistically different between two groups,
global photographic assessment showed
significantly greaterimprovementin MFX
group than the MNX group.

There was no sexual side effect.

Comparing the therapeutic
effects of finasteride gel and
tablet in treatment of the
androgenetic alopecia®.

The results of this study showed that the
therapeutic effects of both finasteride
gel and finasteride tablet were relatively
similar to each other.

Localfinasteride gel caused erythma
in affected site which subsided on
discontinuation. Decreasing libido
due to tablet was also reported.

Finasteride cream in
hirsutism?°,

In this study of women with facial
hirsutism, topically applied finasteride
significantly decreased hair growth and
thickness.

Cannot be used during pregnancy
period. No other sexual side effects
were found.
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Table II: Research trials carried out with Minoxidil

STUDY TITLE

MERITS

LIMITATIONS

A multicellular randomized,
placebo-controlled, double-
blind clinical trial of a novel
formulation of 5% minoxidil
(MTF) topical form versus
placebo in the treatment of
androgenetic alopecia*'.

There was a significant increase in

i) Hair counts in the 5% MTF group versus
placebo(P<0.001)

Subjective assessment of improved hair
loss conditionin 5% MTF (P<0.001) group
versus placebo. The 5% MTF was well
tolerated over a 52 week period.

i)

Therewasnocollection of efficacy
data beyond 16 weeks.

Topical products for
human hair regeneration:
A comparative study on an
animal model*2.

Results suggest that 2% minoxidil topical
applicationis more efficacious than aminexilor
orkeriumininducing hairgrowth as assessed
by trichoscopy, hair weight examination
& morphometric assessment. This study
validates the hair growth effect of minoxidil
& also demonstrates that kerium treatment
induces good hair regrowth in Wistar rats.

The results failed to demonstrate
significant variation in skin
thickness between control and
treated area in any of the four
experimental groups.

Effectiveness of 5% of
minoxidil in treating male
pattern baldness*.

At the end of four months the 5% minoxidil
solution judged very effective in stimulating
new hair growth by 7.5%, effective by 55%,
moderately effective by 31.3% of the men.

The 5% minoxidil solution was
foundineffective by 6.2% of men.
Skin related side effects were
reported by 13 patients.

A randomized evaluator
blinded study of effect
of microneedling in
androgenetic alopecia: A
pilot study*.

Dermarolleralong with minoxidil treated group
was statistically superior to minoxidil treated
group in promoting hair growth in men with
Androgenic alopecia for all 3 primary efficacy
measures of hair growth. Inthe microneedling
group, 41(82%) patients reported more than
50% improvement versus only 2(4.5%)
patients in the minoxidil group.

Issues regarding microneedling
viz., different sizes of needles
of the dermaroller, frequency,
duration and end point of
the procedure are yet to be
answered.

Double-blind, placebo-
controlled evaluation of
topical minoxidilin extensive
alopecia areata®.

Hair growth was seen in seven of eleven
evaluable subjects (63.6%) in the minoxidil
group and in five of fourteen evaluable
subjects (35.7%) in the placebo group.
Excellent, cosmetically acceptable hair growth
was seen in three of eleven minoxidil-treated
subjects (27.3%) and in one of fourteen
placebo-treated subjects (7.1%).

Three instances of scalp itching
and dermatitis was observed,
two of which necessitated
discontinuing the medication.

3% topical minoxidil
compared with placebo for
the treatment of chronic
severe alopecia areata“.

Transient regrowth of sparse vellus hair
occurred in twelve patients , bilaterally in
eight, but it was not significant in any.

No significant side effects were
noted, except for a moderately
severe bilateral dermatatitis in
one patient.

Evaluation of oral minoxidil
in the treatment of alopecia
areata®’.

Oral minoxidil (5 mg every 12 hours), a dose
demonstrated to be relatively well tolerated
if a 2g sodium diet is strictly followed, was
given to 65 patients with severe, treatment-
resistant alopecia areata in an attempt to
bypass the limitations of topical treatment
and increase efficacy.

Although hair regrowth
progressed more rapidly and was
more extensive with oral than
topical 5% minoxidil, cosmetic
response was seen only in 18%
of the patients. Neither serum
nor tissue levels of minoxidil
correlated with response.
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Table lll: Different additives used in formulation of Ethosomes

Sr. No. Class Example

Uses

Disteryl phosphotidyl choline

1 Phospholipids | Soya phosphotidyl choline, Egg phosphotidyl| Vesicles forming agent
choline, Dipalmityl phosphotidyl choline,

2 Polygylcol | Propylene glycol, transcutol

Skin penetration enhancer

3 Alcohol Ethanol, isopropyl alcohol Penetration enhancer, provides softness
for vesicle membrane
4 Cholesterol |Cholesterol Provide stability to vesicle membrane

5 Surfactant | Stearylamine

Improve solubility of poorly soluble drugs
and also act as charge inducing agent.

Table IV: Various ethosome based products available in the market

Technologies, Israel

Sr. No.| Name of Manufacturer Uses
Product
1. Supravir Trima, Israel For the treatment of herpes virus, formulation of acyclovir drug has
cream a long shelf life with no stability problems, stable for 3 yrs, at 25°C.
Skin permeation experiments showed that the cream retained its
initial penetration enhancing properties even after 3 years.
2. Noicellex Novel Therapeutic Topical anti-cellulite cream

3. Cellutight EF Hampden Health,

USA

Topical cellulite cream, contains a powerful combination of
ingredients to increase metabolism and break down fat.

4. Nanominox Sinere, Germany Minoxidil 4% containing product, for hair growth
5. Decorin Genome Cosmetics, |Anti — ageing cream that reduces the visible ageing signs of
cream Pennsylvania, US |skin which includes wrinkle lines, sagging, age spots, hyper

pigmentation.

they were smallerand had negative C-potential and higher
entrapment efficiency. Moreover, classical ethosomes
showed better skin permeation and stability profiles
compared to classical liposomes?4+%'48, The molecular
weights of drugs entrapped in classical ethosomes have
ranged from 130.077 Da to 24 kDa***.

Binary ethosomes

Binary ethosomes were introduced by Zhou et al.%
Basically, they were developed by adding another type of
alcohol to the classical ethosomes. The most commonly
used alcohols in binary ethosomes are propylene glycol
(PG) and isopropyl alcohol (IPA)%2-%,

Methods of ethosome preparation

Ethosomes are usually prepared by the following
methods?%57:58
Cold method

Thisis the most widely used method forthe preparation
of ethosomes. In the cold method, phospholipid (and any
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other lipid materials) and drug are dissolved in ethanol
(and mixture of glycols) atroom temperature. This mixture
is then mildly heated to 30°C. Simultaneously, water is
heated (to the same temperature as that of the ethanolic
mixture) and added to the ethanolic mixture and stirred
for some time. The vesicle size of the ethosomes can
be decreased by sonication or extrusion of the ethanolic
mixture?. During the whole process, care should be taken
to preventevaporation of ethanol. Finally, the formulations
are stored under refrigeration. The flow sheet of the cold
method is represented in Fig. 2.

Hot method

In this method, initially the phospholipids are
dispersed in water and heated to 40°C. Simultaneously,
ethanol is heated to the same temperature as that of
the aqueous phase. The drug is dissolved either in
water or ethanol depending on its properties propylene
glycol has also been used. The organic phase is added
to the aqueous phase and sonicated to reduce particle
size?%4859 A brief description of the hot method to prepare
ethosomes is shown in Fig. 3.
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Phospholipid + drug + other lipid materials

v
Dissolve in ethanol in covered vessel with
vigorous stirring at room temperature

| Add propylene glycol at 40°C during stirring |

-

Heat mix upto 30°C
| |

v

| Add water at 30°C |

v

I Stirr for 5 min in covered vessel I

v

| Size reduction by sonication or extrusion I

4

| Store under refrigeration |

Fig. 2: Cold method for the preparation of
ethosomes

Disperse Phospolipid in

Ethanol + Prop&,rlene
water at 40°C C

glycol at 40

Mix organic phase to aqueous phase

l

Add drug dissolved in suitable solvent
(Water or Ethanol depending on solubility)

Fig. 3: Hot method for the preparation of
ethosomes

Classic Mechanical Dispersion Method

Soya phosphotidylcholine is dissolved in a mixture
of chloroform: methanol (3:1) in a round bottom flask.
The organic solvents are removed using rotary vacuum
evaporator above lipid transition temperature to form of a
thin lipid film on wall of the flask. Finally, traces of solvent
mixture are removed from the deposited lipid film by
leaving the contents under vacuum overnight. Hydration
is done with different concentration of hydroethanolic
mixture containing drug by rotating the flask at suitable
temperature®o61,

12

Classic method

The phospholipid and drug are dissolved in ethanol
and heated to 30°C+1°C in a water bath. Double distilled
water is added in a fine stream to the lipid mixture, with
constant stirring at 700 rpm, in a closed vessel. The
resulting vesicle suspension is homogenized by passing
through a polycarbonate membrane using a hand extruder
for three cycles®.

CHARACTERIZATION OF ETHOSOMES

Visualization of the vesicles

The morphology of the ethosomes can be visualized
using transmission electron microscopy (TEM) and
scanning electron microscopy (SEM)Z.

Vesicle size and Zeta potential

The particle size and zeta potential of the ethosomes
can be measured by dynamic light scattering (DLS) and
photon correlation spectroscopy (PCS)?.

Entrapment efficiency

The entrapment efficiency of the ethosomes can
be measured using ultra centrifugation method. The
formulationis centrifuged at high speeds and the free drug
present in the supernatant is estimated using a suitable
analytical method®.

Transition Temperature

The transitiontemperature, melting pointand enthalpy
of the ethosomes can be measured using differential
scanning calorimetry (DSC)®.

Vesicle Stability

The stability of the ethosomal vesicles can be
observed by periodically assessing the vesicle size and
structure of the vesicles over a period of time using DLS
and TEM®s.

Penetration and permeation studies

The depth of penetration of ethosomes upon
application on the skin can be visualized and measured
by confocallaser scanning microscope. Ethsomes loaded
with a dye can be applied on an animal skin and the depth
of the penetration can be observed®s.

Uniqueness of ethosome

Ethosomes have been studied for the delivery of
different drugs ranging from low molecular weight drugs
like testosterone, minoxidil, acyclovir, trihexyphenidyl
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penetrates into the intercellular lipids
by rupturing them. This decreases the
density of the lipids multilayer and also
simultaneously increases the fluidity of
the cell membrane lipids which will help
in the permeation of the ethosomes
across the skin. The release of the drug
in the deep layers of the skin and its
transdermal absorption could also be
duetothe result of a fusion of ethosomes,
with skin lipids and drug release at
various points along the penetration
pathway’'. Thus, ethosomes enhance
the permeation of the drugs across the
skin.

Advantages of ethosomes

1. Ethosomes cause enhanced per-
meation of drug through skin for

transdermal and dermal delivery™.

Fig. 4: Norwoods Classification for Androgenetic Alopecia or Male Pattern

Baldness (Source : www.thewestminsterpractise.com) 2.

Peptides and protein molecules of
large and diverse groups of drugscan

Immediate Post Op 1 Day Post Op

1 Week Post Op

be delivered using ethosomes.

3. Componentsusedinethosomesare
safeandapprovedforpharmaceutical
and cosmetic use.

4. No large-scale drug technology
development risk since the

Fig. 5: Post hair transplant surgery (Source : www.regrowhair.com)

hydrochloride to high molecular weight polypeptides. They
are also widely used for other clinical purpos like gene
therapy, prostate cancer and hirsutism. Ethosomes are
foundtobe productive interms of delivery of anti-HIV/AIDS
drugs via the transdermal route®”. The ethanol contentin
ethosomes is considered to be higher®. The high content
of ethanol in ethosomes helps in increased incorporation
of drug in system as well as better penetrability of drug
into the systemic circulation. Due to the interdigitation
effect of ethanol on lipid bilayers, usage of high amount of
ethanol would damage liposomal formulations. However,
ethosomes with higher amount of ethanol (25-40%) have
been formulated for better permeation of drug®. The
different additives used in the formulation of ethosomes
are given in Table IIl.

Mechanism of action of ethosomes

The permeation of ethosomes across the skin is
mainly due to the effect of ethanol and ethosomes?™. After
the application of ethosomes on the skin, the ethanol
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toxicological profiles ofthe ethosomal

components are welldocumentedin

the scientific literature.

5. Compared to iontophoresis and phonophoresis, the
ethosomal drug administrated in semisolid form (gel or
cream), leads to high patient compliance. In contrast,
the former are relatively complicated to use, which
will affect patient compliance.

6. High market attractiveness for products with
proprietary technology. No complicated technical
investments required for production of ethosomes
as simple manufacturing techniques are available

7. TheEthosomalsystemis non-invasive andis available
for immediate commercialization.

8. Various application in pharmaceutical, veterinary,
and cosmetic fields.
Stability of ethosomes

Stability of the formulations was evaluated in terms
of the entrapment capacity and the particle size for a
specified period. The proper choice of the lipid composition
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is an important factor in obtaining stable ethosomes
dispersions with optimum pharmaceutical and therapeutic
characteristics. In case of liposomes, upon storage, many
different changes could occur.

The absence of electrostatic repulsion is likely to
account for the tendency of the neutral liposome to
aggregate, but in case of ethosomes, ethanol causes a
modification of the net charge of the system and confers it
some degree of steric stabilization as leading to increased
stability of the dispersion against agglomeration that may
also lead to a decrease in the mean vesicle size. Natural
and/ or synthetic phospholipid derived sources are used
the lipid components for ethosomes. Phospholipids
containing unsaturated fatty acids are known to undergo
oxidative reactions which can cause permeability changes
in the ethosomes bilayers due to the reaction products.
Oxidative degradation of the lipids in general can be
minimized by protecting the lipid preparation from light, by
adding antioxidants such as a-tocopherol. Furthermore,
hydrolysis of lipids leads to the formation of lyso-PC.
The presence of lyso-PC enhances the permeability of
ethosomes, and thus, it is essential to keep its level to a
minimum in a given preparation’ 74,

Marketed products of ethosomes

Ethosome was first invented by and the patent for
this was awarded to Prof Elka Touitou along with her
students at the Department of Pharmaceutics of Hebrew
University?®. Anotherformulation, Lipoduction TM, is being
currently used in the treatment of cellulite. It contains
pure grape extracts that acts as anti-oxidant and is
marketed by USA. The different marketed products of
ethosomes are summarised in Table IV. These products
were produced a few years ago, but currently there is no
detailed information available™77.

Research trials of ethosomes with herbal
compounds

Topical application of herbal extracts/compounds
containing using ethosomes are reported in literature. Rutin
is a flavonoid that belongs to the class of flavonols. Rutin
presents low skin permeation rate, i.e., a lack of ability to
overcome the stratum corneum barrier, a property that
could be considered an inconvenience to the efficacy of
a cosmetic formulation to perform its antioxidant activity
onto the skin was delivered using ethosomes and the
results were encouraging’®7°. Ascenso et alincorporated
caffeine into ethosomes?®*. Permeation profiles of caffeine
in the transethosomes permeated more, followed by
ethosomes and transfersomes.

14

Li et al. associated tacrolimus with ethosomes and
compared cutaneous permeation of the ethosomalvesicles
with a commercially available ointment. Ethosomes
developed greater penetration capacity in the deeper
layers of the skin than the commercial ointment®. Paolino
etal.,incorporated ammonium glycyrrhizinate, adrug used
in inflammatory skin diseases, in ethosomes®'.

Research trials of ethosomes in cosmetics

Koli et al., have formulated ethosomes to deliver
vitamin E into the deeper layer of stratum corneum and
the findings have revealed that the synergistic interaction
of Vitamin C in the aqueous core and Vitamin A and E
in the lipid bilayer, provide complete protection from the
oxidation of the ethosome formulations®.

In a study by Esposito et al., ethosomes and
liposomes of azelaic acid (anti-keratinizing agent used in
the treatment of acne) were prepared as a topical vehicle
(gel) and the result demonstrated that ETHOS 40 could
be responsible for a higher azelaic acid absorption with
respect to ETHOS 20 and liposomes®.

Therapeutic Application of Ethosomes

DubeyV etal., reported ethosomesfortranscutaneous
immunization. Antigen-loaded ethosomes for
transcutaneous immunization against Hepatitis B were
prepared and characterized, which showed greater
entrapment efficiency, optimal size range, and a
unilamellar, spherical shape in comparision to conventional
liposomes. Spectral bio imaging and flow cytometric
studies showed an efficient uptake of HBsAg-loaded
ethosomes by murine dendritic cells in vitro, reaching a
peak by 180 minutes. The study demonstrated a much
higher skin permeation of the antigenin comparisiontothe
conventional liposomes and soluble antigen preparation.
HBsAg-loaded ethosomes topically applied in mice
showed a robust systemic and mucosal humoral immune
response compared to the intramuscularly administered
alum-adsorbed HBsAg suspension, the topically applied
plain HBsAg solution, and the hydroethanolic (25%)
HBsAg solution. The protective immune response and their
ability to transverse and target the immunological milieu
with HBSAg-loaded ethosomes in skin finds a potential
application in the development of a transcutaneous
vaccine against Hepatitis B virus®'.

Touitou et al., compared the skin permeation
potential of testosterone ethosomes (Testosome) across
rabbit pinna skin, with the marketed transdermal patch
of testosterone (Testoderm® patch, Alza corporation,
California). The authors observed nearly 30 times higher
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skin permeation of testosterone from the ethosomal
formulation as compared to the marketed formulation. The
AUC and Cmax of testosterone significantly improved after
the application of Testosome as comparedto Testoderm®.
Hence, both in vitro and in vivo studies demonstrated
improved skin permeation and bioavailability of
testosterone from the ethosomal formulation. This group
designed a testosterone non-patch formulation to reduce
the area of applicationin their progressive study and found
that with ethosomal testosterone formulation, the area
of application required to produce the effective plasma
concentration was 10 times less than that required by the
commercial gel (AndroG, US) formulation?2,

Lodzki et al., prepared the CBD-ethosomal
formulation for transdermal delivery of cannabiol for the
treatment of rheumatoid arthritis. The skin deposition
results study showed significant accumulation of
cannabidiol (CBD) in the skin, and underlying muscles
after application of CBD-ethosomal formulation to the
abdomen of Mice. A plasma concentration study showed
that a steady state level was reached in 24 hours,
which was maintained through 72 hours. A significant
increase in biological anti-inflammatory activity of CBD-
ethosomal formulation was observed when tested by
using the carrageenan-induced rat paw edema model.
The encapsulation of CBD in ethosomes significantly
increased its skin permeation, accumulation, and hence,
its biological activity®*.

Dayan and Touitou prepared ethosomal formulation
of the psychoactive drug trihexyphenidyl hydrochloride
(THP) and comparedits delivery with that with the classical
liposomal formulation for the treatment of Parkinsons
disease. THP is an M1 muscarinic receptors antagonist
and used in the treatment of Parkinson's disease. THP
has a short biological half-life (3 hours) and its oral
administration is difficult due to motor disorders and
neurogical manifestations associated with Parkinsonian
syndrome. THP ethosomal formulation, when visualized
under transmission and scanning electron microscopes,
were viewed as small phospholipid vesicles. The
transdermal flux value of the THP through nude mouse
skin from ethosomeswas 87,51, and 4.5-times higherthan
that from liposome, phosphate buffer, and hydroethanolic
solution, respectively. The quantity of THP remaininginthe
skin at the end of 18 hours was significantly higher after
the application of ethosomes than after the application
of liposome or hydroethanolic solution (control). These
results indicated the better skin permeation potential of
ethosomal-THP formulation and its use for the better
management of Parkinson's disease®.
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Dubey etal., developed optimized ethosomes-loaded
methotrexate and the skin permeation profile of the
developed formulation revealed an enhanced permeation
of rhodamine red loaded formulation to the deeper layers
of the skin. After storage the formulation retained its
penetration power and the vesicle skin interaction study
also highlighted the penetration enhancing effect of
ethosomes, with some visual penetration pathways and
corneocyte swelling®'.

Paolino et al., investigated the potential application
of ethosomes for dermal delivery of ammonium
glycyrrhizinate. Ammonium is useful for the treatment of
various inflammatory based skin diseases. In vitro skin
permeation experiments have shown that a significantly
higher cumulative amount of drug has permeated from
ethosomes (63.2%) than from the hydroalcoholic solution
(22.3%) and aqueous solution (8.9%) of ammonium
glycyrrhizinate. Ethosomal formulation showed a very
good skin tolerability in human volunteers for 48-hour
application. Biological anti-edema activity was also
significantly enhanced in case of ethosomal formulation
as compared to ethanolic or aqueous solution of the
drug®".

Paolino et al., investigated the potential application
of ethosomes for dermal delivery of ammonium
glycyrrhizinate, which is useful for the treatment of various
inflammatory based skin diseases. In vitroskin permeation
experiments have shown that a significantly higher
cumulative amountof drug has permeated from ethosomes
(63.2%) than from the hydroalcoholic solution (22.3%) and
aqueous solution (8.9%) of ammonium glycyrrhizinate.
Ethosomalformulation showed a very good skin tolerability
in human volunteers for 48-hour application. Biological
anti-edema activity was also significantly enhancedin the
case of ethosomal formulation as compared to ethanolic
or aqueous solution of the drug®'.

Tunyaluk et al., formulated ethosome containing
phenylethyl resorcinol (PR). The formulation was
produced from 0.5% w/V PR, 0.5% w/V cholesterol from
lanolin, 3% w/V L-a-phosphatidylcholine from soybean,
30% V/V absolute ethanol, and water up to 100% V/V.
It was characterized by a vesicular size of 389nm, low
polydispersity index of 0.266, zeta potential of —mV, high
PR entrapment efficiency of 71%, and good stability on
storage at 4 and 30°C at 75% RH for 4 months. In vitro
studies using pig skin revealed that permeation coefficient
of PR from ethosomes was significantly higher than that
from liposomes. In vitro retention profiles showed that PR
accumulationin pig skin following application of ethosome
formulations was 7.4-, 3.3-, and 1.8-fold higher than
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that achieved using liposomes, 20% propylene glycol
solution, and 30% hydroethanolic solution, respectively.
An inhibition value of around 80% was measured for
antityrosinase activity of PR in pig skin. Consistently,
ethosomes exhibited higher tyrosinase inhibition activity
and melanin content reduction when compared to other
formulations in B16 melanoma cells. Ethosomes did not
cause acute dermal irritation in albino rabbits. These
findings demonstrate that ethosomes are capable of
delivering PR into the skin efficiently and hold promise
for topical application of skin lightening products®®.

A.K.Barupaletal., prepared aceclofenac ethosomes
with varying the quantity of ethanol 10-50% (v/v), lecithin
1-4% (w/V), propylene glycol 5-20% (V/V) and evaluated
for their vesicle size, shape and surface morphology,
entrapment efficiency and in vitro drug permeation
study. Ethosomes of average size of 1.112 pm with a
spherical shape bearing smooth surface were observed
by transmission electron microscopy and surface electron
microscopy. The maximum entrapment of ethosomes was
91.06+0.79%. Cumulative amount of drug permeated
through the biological membrane was found to be in the
range of 0.26+0.014 to 0.49+0.032 mg/cm? . Stability
profile of prepared system was assessed for 45 days and
the results revealed that very less degradation of drug
was observed during storage condition®’.

Ethosomal systems for other applications

A hair dye of transethosomes was developed and
found to be more efficient in delivering and enhancing the
adsorption of black tea extracts to the hair surface than
a hydroalcoholic solution of the same extract®®.

Based on a literature search, only seven research
articles had reported ethosomal patch formulations
for several drugs, ie, artesunate and febrifugine,®®
ligustrazine,®® °' valsartan,®? tizanidine hydrochloride,®
and insulin®.

Two studies report the formulation of ethosomal
creams. Both of these involved the incorporation
of Curcuma longa extract-loaded ethosomal systemsina
creambase as a photoprotective and antiwrinkle agent.%-%
Inboth studies, C. longa extract-loaded ethosomal creams
were applied to human volunteers and showed promising
results as either a photoprotective®® or an antiwrinkle
agent®.

Clinical trials

Based on literature searches, only three clinical trials
have been conducted on ethosomal systems in human
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volunteers. Horwitz et al carried out a pilot, double-blind,
randomized clinical study to compare the efficacy of
an ethosomal acyclovir preparation and commercially
available acyclovir cream (Zovirax®) in treating recurrent
herpeslabialisin40humanvolunteers. The resultsrevealed
thatthe ethosomal acyclovir preparation performed better
than Zovirax cream and showed significant improvement
in allthe evaluated clinical parameters, such as the time of
crustformation and disappearance and pain parameters®’.
The efficacy of ethosomal gel of clindamycin phosphate
and salicylic acid was evaluated in a pilot clinical trial
of 40 acne patients treated with the gel twice daily for 8
weeks. Volunteers treated with ethosomal gel showed
considerable improvement in acne condition, with a
decreased number of comedones, pustules, and total
number of lesions compared to placebo®®. Ethosomal
preparation of prostaglandin E, was evaluated in a pilot
clinical study in patients with erectile dysfunction. It was
observedthat 12 of 15 tested patients had improved peak
systolic velocity and penile rigidity. Erection duration was
10-60 minutes®. There were no reported adverse skin
reactions associated with the treatment in any of the
aforementioned clinical trials.

Androgenetic alopecia

Male pattern hair loss, also commonly called as
androgenic alopecia, is a type of hair loss observed due
to the shrinkage of hair follicles because of the deposition
of dihydrotestosterone. There are different stages in which
hair loss takes place in scalp. This has been classified
by Norwood (Fig. 4). Men with androgenic alopecia are
reported to have lower amounts of total testosterone
and higher amounts of unbound/ free testosterone,
5 - alpha reductase, and free androgens such as
dihydrotestosterone. Additionally, the signaling pathway
and crosstalk between the androgens promotes hair loss.
In general, at the somatic stem cell level, androgens
promote differentiation of facial hair dermal papillae to
facilitate hair growth. But, in patients with androgenic
alopecia, this process is inhibited at the scalp'®.

Different methodologies for treating androgenic
alopecia

As hairlossis considered as a serious matter, many
remedies have been evaluated to a great extent. Both
males and females have issues regarding hair loss.

Hormones

The role of androgens in the etiology of androgenetic
alopecia is considered to be a widespread aid in the
treatment. Anti-androgens act primarily through blockade
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of the androgen receptor at the hair follicles. These
hormones are delivered systemically in women. This
treatment is not advisable to men as it can promote
development of feminine characteristics. Topical
oestrogens and anti-oestrogens have been used in both
men and women'',

Surgery

Hairrestoration surgery involves hairtransplantation,
scalp reduction surgery, or a combination of both
(Fig. 5). Hair transplantation is considered to be less
invasive. Follicles that are not affected by miniaturization
are redistributed over the scalp under local anesthesia'"'.
The result of hair transplantation is based on the texture of
hair, the quality of hair, and also the number of transplanted
hair in relation to the area to be covered or densified.

Combination therapies

Combination of surgical and medical therapy has
been found to be effective than surgery alone. A study
revealed better clinical results for male patients treated
with combination of finasteride 1 mg daily and hair surgery
versus male patients treated with hair surgery alone, 12
months after follicular unit transplantation°2.

Limitations of ethosomes

Loss of product while transferring from organic to water
media is reported'®. If shell locking is not proper; there
are chances of coalescence and parting while transferring
into water media with poor yield of the product'®. Drugs
requiring attainment of high concentration in the blood
cannotbe administered. Ethosomes can be limited only to
potent molecules. It offers slow, sustained drug delivery.
The molecular size of the drug should be considerably
less so that it is absorbed percutaneously. It is not very
economical.

Conclusion

Ethosomes have brought new understanding towards
vesicular research for topical delivery, which may provide
enhanced skin permeation with respect to that shown
by liposomes. Ethosomes can be potential carriers for
transportation of drugs across the scalp for treating
androgenic alopecia and male pattern hair loss. Drugs
like finasteride and minoxidil can be explored for topical
applications using ethosome to overcome the conventional
dosage form side effects, even the method of action is
essentially unknown. Dutasteride, 5 alpha-reductase
enzyme inhibitor, the androgen receptor antagonists
spironolactone and cyproterone acetate and prostaglandin
analogue latanoprost can also be explored using
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ethosomes as carrier atinstitutional level even though not
approved by US FDA for treating male pattern baldness.
The extracts (petroleum ether) of Phyllanthus niruri, by
inhibiting 5a.-reductase enzyme, have shown promising
results for the treatment of testosterone-induced alopecia
in an animal model. Similarly, the seed extracts of Croton
tiglum purified by sodhana process using milk and the
ethanolic extracts of the rhizomes of Zingiber officianalis
were used in equal ratio for topical application as a paste
for the treatment of alopecia areata. Ethosomes with
drugs/herbal compounds can be investigated in depth for
the development of topical formulation to manage male
pattern baldness. Ethosomes can also be used for the
encapsulation of proteins, cationic drugs, peptides, and
hydrophilic drugs.
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