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There is an increasing need to target drugs to the deeper layers of the skin to achieve
efficient dermal therapy. There are many patient populations of various ages waiting for
new and advanced treatments, including noninvasive therapy for deep and resistant
bacterial and viral skin infections, regional therapy for rheumatoid arthritis and more
efficient treatment of pilosebaceous structure-related disorders. Thus, ethosomes,
innovative carriers capable of overcoming the skin barrier, could provide a solution for
delivering drugs into the deep skin strata for successful dermal therapy. The basic
characteristics of the ethosome, as well as the mechanism by which this carrier facilitates
absorption of drugs in various layers of the skin, are presented, and results with
ethosomal formulations designed for new and improved dermal and regional therapies
both at experimental and clinical levels are discussed. The efficiency of ethosomal delivery
systems containing acyclovir, clindamycin, minoxidil, cannabidiol and erythromycin for
dermal therapies in ex vivo and in vivo studies is reviewed. New and advanced therapies
proposed with ethosomal drugs could highly increase drug-treatment efficiency and

patient convenience.

Ethosome characteristics &

mechanism of action

For many dermatological drugs, the deep layers
of the skin, viable epidermis and dermis, are the
target tissues of action. However, the therapeu-
tic efficacy of topically applied drugs is often far
from that required, owing to the resistance of
the stratum corneum (SC), the outermost layer
of the epidermis, to their transport into and
across the skin. The barrier characteristics of SC
can be explained by its composition and organi-
zation. The SC is composed of approximately
70% protein, 15% lipid and 15% water [1-3].
The SC can be described as a ‘brick and mortar’
structure, where the intercellular lipids usually
present in their crystalline phase represent the
only continuous region (the ‘mortar’). The main
components of the intercellular lipids are cera-
mids, free fatty acids, cholesterol and cholesteryl
esters. It is noteworthy that no phospholipids
are present in the SC, a characteristic feature
that distinguishes it from other biological
membranes [3-6].

A penetrant molecule, when applied on the
skin surface, has three potential routes of entry
to the deep skin tissue: through the trans-
cellular and intercellular routes in the SC, or
through the transappendageal route. However,
the main path for the permeation of the major-
ity of molecules is commonly believed to be the
tortuous intercellular route [1-3,7].
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While
lipophilicity are able to permeate through the SC

small molecules with medium
barrier unassisted, for most therapeutic agents
the required concentrations in the deep skin lay-
ers can usually be achieved only by using an effi-
cient permeation enhancement technique [3.8].
In other words, safe carriers with adequate skin
penetration enhancement properties are needed.
This paper reviews the ethosomal carrier, which
can provide an answer to these needs for many
drugs with various physicochemical properties
and pharmacological actions.

Ethosomes are innovative carriers that meet
the essential criteria for efficient and safe admin-
istration of lipophilic or hydrophilic drugs
(9.10,101). Ethosomes differ from liposomes or
other lipid vesicles in their composition, struc-
ture, mechanism of action and delivery proper-
ties. In contrast to liposomes, the ethosomal
carrier, based on phospholipid soft vesicles in a
hydroethanolic environment, can deliver mole-
cules into the various layers of the skin or
transdermally [9]. The existence of vesicles in the
ethosomal systems and their size and structure
were observed by various methods, including
31P-nuclear magnetic resonance, dynamic light
scattering, transmission electron microscopy and
scanning electron microscopy [9]. Ethosomal sys-
tems contain unilamellar or multilamellar lipid
vesicles between 30 nm to several microns in
diameter, and their structure and size can be
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modulated by the system composition [9-12,101].
Multilamellar ethosomes are characterized by a
fingerprint-like structure, with phospholipid
bilayers throughout the vesicle.

One of the unique features of ethosomes is
their ability to efficiently encapsulate molecules
of various physicochemical properties. The
presence of ethanol, together with the high ves-
icle lamellarity, allow for efficient entrapment
of hydrophilic, lipophilic and amphiphilic mol-
ecules [9,11-13,101). For example, ultracentrifuga-
tion  studies  demonstrated  that  the
encapsulation efficiency of ethosomes could be
as high as 99 and 83% in the case of the
lipophilic molecules a-tocopherol and minoxi-
dil, respectively [9,13]. This is unlike the prob-
lematic entrapment of lipophilic compounds in
liposomes, which is restricted by a limited
number of phospholipid bilayers surrounding
the aqueous core.

To investigate the properties of ethosomes
that enable them to efficiently promote drug
delivery across the SC barrier of the skin, the
transition temperature (Tm) of vesicular lipids
and free-energy measurements of the vesicle
bilayers were assessed by differential scanning
calorimetry and fluorescence anisotropy.
According to the difference of 20-35°C
between Tm values of ethosomes and classic
liposomes containing the same phospholipids
and no ethanol, as measured by differential
scanning calorimetry, phospholipid bilayers in
ethosomes are in a more fluid state [9,10-12].

These results are supported by fluorescent ani-
sotropy measurements of 9-antrivinyl labeled
analogue of phosphatidylcholine, where a 20%
lower value was measured in comparison with
liposomes [9]. The above data suggest that, com-
pared with liposomes, ethosomes are much less
rigid and possess a ‘soft’ structure, which could
be related to the fluidizing effect of ethanol on
the phospholipid bilayers of the vesicle. An
additional essential effect of ethanol present in
this system is the disturbance of SC lipids
organization. The proposed mechanism of skin
permeation enhancement by ethosomal systems
involves a number of processes. First is the dual
fluidizing effect of ethanol on the vesicle
phospholipids, as well as on the SC lipids. This
step is followed by the transport of the soft etho-
somal vesicle between the disturbed SC lipid
bilayers. Furthermore, ethosomes penetrating
the fluidized SC bilayers, generating a pathway
across the SC lipids, fuse with cell membranes
within the deep layers of the skin, where they
release their contents [9]. Data from a number of
studies show that the follicular route is another
penetration pathway that can be involved in
delivery with ethosomes [12,14].

Numerous studies have shown that ethosomes
are safe to the skin and dermal cells and stable
for at least 2 years [9-11,15]. The ingredients com-
posing the ethosomal systems have generally
been recognized as safe (GRAS status). The
safety of ethosomal systems was assessed in
in vitro and in vive studies, as summarized in

Box 1. Safety studies carried out with ethosomes.

In vitro studies on cultured cells [10,15]

Studies in animals [9,101]

patches containing the ethosomal systems.

Studies in humans [16]

ethosomes compared with saline.

Data from clinical trials [17,19]

preparations.

Postmarketing information

e Ethosomal carriers were not toxic to 3T3 fibroblasts and the cultured cells kept their viability as
assessed in a live/dead viability/cytotoxicity viability test.

¢ No acute skin irritation in rabbits was observed following a single-dose, 48-h, occlusive application of

¢ No erythema was generated following cumulative 14-day repeated ethosomal patch in rabbits.

¢ No signs of erythema following 12-, 24- or 48-h application were reported in tolerability experiments
with ethosomes on healthy volunteers using reflectance spectrophotometry.
¢ No significant variations in erythema index were measured between skin areas treated with

¢ No adverse skin reactions were associated with the treatment in clinical trials with ethosomal

¢ No reported adverse reaction with marketed ethosomal formulations (SupraVir cream).
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Box 1. Ethosomes versus control systems were
examined for their skin tolerability in a study
carried out on healthy volunteers, using reflect-

Figure 1. In vitro skin penetration of
Rhodamine red dihexadecanoyl

glycerophosphoethanolamine.

ance spectrophotometry as a noninvasive tech-
nique [16]. The authors reported no signs of
erythema following 12-, 24- or 48-h applica- ®
tion of ethosomes containing 2% phospholipid
and 45% ethanol. Moreover, no significant dif-
ference in erythema index was measured
between skin areas treated with ethosomes
compared with saline.

Feasibility of enhanced drug

skin penetration from ethosomes,
tested in in vitro studies

Challenging therapeutic agents were formu-
lated with ethosomes to enhance their dermal
and percutaneous absorption. Among these
were cationic and anionic drugs, highly
lipophilic  and  hydrophilic  molecules,
polypeptides and proteins.

In a number of 7z vitro studies designed to
assess the enhanced delivery properties of the
ethosomal carrier versus other control systems
(hydroethanolic solution and liposomes), the
penetration of fluorescent probes with differ-
ent physicochemical characteristics was moni-
tored by confocal laser scanning microscopy
(CLSM) [9,11,15]. The evaluated molecules were
calcein, a water-soluble compound, the
lipophilic phospholipid probe rhodamine red
dihexadecanoyl glycerophosphoethanolamine
(RR) and the amphiphilic cationic probe 4-(4-
diethylamino) styryl-N-methylpyridinium
iodide. When applied on the skin from the
ethosomal carrier, all three probes were deliv-
ered deep into the skin layers, exhibiting high
fluorescent intensity. For example, CLS micro-
graphs presented in Figure 1, obtained after 8-h
application of RR from ethosomes, hydroalco-
holic solution and liposomes to nude mice
skin, illustrate that delivery from ethosomes
resulted in the highest intensity of fluorescence
up to a depth of 150 pm, while liposomes
remained essentially on the surface of the skin
and did not carry the probe to the deep strata,
and the hydroalcoholic solution containing the

Evaluated systems: (A) ethosomes,

(B) hydroethanolic solution or (C) liposomes. The
systems containing Rhodamine red dihexadecanoyl
. ] ) glycerophosphoethanolamine were applied
resulted in a very low fluorescence intensity [9]. nonocclusively to the back skin of 8-week male
The results obtained in these experiments with nude mice. At the end of the experimen‘tl the skin
RR, an indicator of lipid fusion, which does | was excised and analyzed by confocal laser scanning
not usually cross lipid bilayers, suggest that | microscopy. The square sections in each micrograph
represent the optical slices of increasing skin depths.
White represents the highest fluorescent intensity.
Reproduced with permission from Elsevier [9].

same concentration of ethanol as ethosomes

ethosomes traversed to the deep skin strata, in
contrast to liposomes, which remained
confined on the superficial SC layers.
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Figure 2. Parameters

In a recent CLSM study, the efficiency of
ethosomes coloaded with two probes, RR and
fluorescent polypeptide antibiotic bacitracin,
to deliver their contents to deep layers of the
dermatomed human skin (200 pm) was exam-
ined [12]. Since both probes were delivered
from ethosomes into the deepest skin layers, it
was suggested that ethosomes penetrated into
the skin together with the drug. Again, lipo-
somes were unsuccessful in transporting the
polypeptide drug beyond the upper skin.

Data obtained in the above and other in vitro
experiments carried out versus relevant control
systems indicated that ethosomes were a much
more efficient delivery carrier than ethanol,
aqueous ethanolic solutions, micellar ethanolic
phospholipid solutions or liposomes [9-16,101].

assessed in a two-armed, randomized,

double-blind clinical study in recurrent herpes labialis patients

with two formulations containing 5% acyclovir: ethosomal
acyclovir versus Zovirax® cream.
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Efficiency & safety of ethosomal systems

in clinical trials

It is common knowledge that insufficient penetra-
tion of drugs into the deep skin strata hampers effi-
cient therapy by a topical formulation. The
capability of ethosomal acyclovir to manage labial
herpetic infection caused by herpes simplex virus
(HSV)-1 was evaluated in a two-armed, double-
blind, randomized clinical study. In this work, 5%
acyclovir ethosomal cream (EA) was compared
with a 5% acyclovir cream (Zovirax® cream [ZC]).
The measured parameters were the proportion of
abortive lesions not progressive beyond the papular
phase, time to crust development and time to loss
of crust (healing time). Compared with ZC, the
ethosomal preparation significantly improved all
evaluated clinical parameters in both parallel and
crossover study arms, as shown in Figure 2. The pro-
portions of abortive lesions measured in the paral-
lel and crossover arms were 33 and 27% for
herpetic patients treated with EA and only 10 and
7% for those treated with ZC. The healing time in
the parallel arm was 3.5 days for EA versus
6.4 days for ZC [17). Previous studies suggested
that a main reason for a nonefficient topical ther-
apy with acyclovir lies in a nonadequate penetra-
tion of this hydrophilic molecule into the basal
epidermis, where HSV-1 is replicated [18]. The data
obtained in the clinical trial described above sug-
gest that ethosomes were able to transport acyclo-
vir to the skin at therapeutically significant levels,
causing a more efficient and prompt cure of the
condition [17]. These results point toward potential
new therapies in which other antiviral drugs can be
incorporated in ethosomal carriers. Based on the
results of the study with EA, 5% acyclovir ethoso-
mal cream was developed and marketed in Israel
(SupraVir, Trima). Data on SupraVir cream indi-
cate that the formulation and the drug have a long
shelf-life, with no stability problems.

Recently, a clinical study on ethosomal clin-
damycin preparation was carried out on
40 patients with mild-to-moderate acne vulgaris.
The results of this 8-week randomized, double-
blind, parallel-group, placebo-controlled trial
show that treatment with clindamycin ethosomal
gel significantly reduced the number of inflam-
matory, noninflammatory and total lesions. Like-
wise, 71% of the participants reported partial to
complete improvement of the condition [191. It
should be emphasized that these results were
obtained in only 8 weeks of treatment, compared
with at least 12 weeks of application, as reported
in previous studies, demonstrating the efficiency
of clindamycin topical administration [20,21].
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Figure 3. In vivo healing of deep dermal infection by
ethosomal erythromycin: preclinical study.

Mice intradermally injected with 0.1 cc x 108 (107) cfu/mice

Staphylococcus aureus ATCC 29213 and treated with externally applied
hydroethanolic solution of erythromycin (left) and ethosomal erythromycin
applied on the skin (right). In both cases, the treatment started 72 h after
challenge and lasted for 4 days. (A) Clinical picture; (B) Histological skin
sections stained with hematoxilin and eosin; (C) Gram-stained histological skin
sections (arrows point to S. aureus colonies within the tissue).

Reproduced with permission from Bentham Publication [10].
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No severe or moderate adverse skin reactions
were associated with the active treatment. It is
also noteworthy that 14 out of 17 participants
with a history of previous topical treatment
(1% clindamycin lotion, 5-10% benzoyl per-
oxide gels or 5% benzoyl peroxide — 2% eryth-
romycin gel) reported that the ethosomal gel
was much better tolerated and caused less ery-
thema, burning, pruritis and photosensitivity
reactions compared with prior commercial

www.futuremedicine.com

topical medications [19]. The treatment effi-
ciency and lack of important side effects, as
well as the excellent tolerability, show that clin-
damycin ethosomes may offer a valuable new
therapy for acne.

In vivo studies for new &

advanced therapies

Deep skin microbial infections present a thera-
peutic challenge, owing to a nonsufficient pen-
etration of antibiotics into the skin and
subdermal tissues, where the pathogens are
located. Thus, important bacterial skin infec-
tions are routinely treated by systemic anti-
infective agents [22]. With the goal of finding a
new treatment type for deep dermal and sub-
dermal infections, erythromycin ethosomal for-
mulations were characterized and tested 7z vivo,
in an animal model for deep skin staphylococ-
cal infection [23]. In this work, the efficiency of
ethosomal erythromycin was compared with
parenteral drug administration. It was found
that treatment with ethosomal erythromycin
applied to the infected site was as effective as
the systemically injected drug. The wounds
were efficiently cured by ethosomal erythromy-
cin; and animals treated by skin application of
the ethosomal erythromycin preparation did
not demonstrate dermatonecroses. The animals
fully recovered from the infection and regrew
hair on their backs by the end of the 10-day
treatment. Erythromycin ethosomes were fur-
ther tested by live/dead viability/cytotoxicity
assay, and found to be nontoxic to dermal 3T3
cultured fibroblasts [10].

In additional experiments, ethosomal eryth-
romycin and erythromycin hydroethanolic
solution, both applied to the skin, were tested
for eradication of bacteria located in the deep
dermal strata [10]. Staphylococcus aureus count
immediately prior to antibiotic therapy was
1.5 x 107 cfu/g tissue. Following treatment
with ethosomal erythromycin for 7 days, no
bacteria were isolated from the inoculation
sites. By contrast, bacterial counts of 0.90 x 107
and 1.06 x 107 cfu/g tissue were assayed on
day 7 in the wounds of untreated mice and
those receiving topical hydroethanolic erythro-
mycin solution, respectively. The histopatho-
logic examination of the animals in the above
control groups, as presented in Figure 3, revealed
necrosis, destroyed skin structures and a dense
infiltrate of neutrophils and macrophages
within the abscess, mostly situated in the deep
skin layer [10,23].
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Data with ethosomal erythromycin has an
important clinical value, suggesting the possibil-
ity to substitute systemic antibiotic administra-
tion with topical ethosomal drug application.
This new therapeutic approach could decrease
systemic drug exposure, with associated adverse
reactions, thus improving patient compliance.

A novel and challenging anti-inflammatory
regional therapy was proposed by using ethoso-
mes for cannabidiol (},,Kp: ~8), a potent anti-
inflammatory agent produced by
Cannabis sativa (241. This highly lipophilic can-
nabionoid molecule presents a great challenge
for dermal and transdermal delivery, as during
the transport process it accumulates within the
SC lipids, with no further clearance to the
hydrophilic skin strata (viable epidermis and
dermis). Application of ethosomal cannabidiol
to the skin of nude mice resulted in significant
accumulation of the drug in the skin
(110.1 pg/cm?) and in the underlying muscle
(11.5 pg/lg muscle). The anti-inflammatory
effect of cannabidiol ethosomal systems was
evaluated in immunocompromised mice in a
carrageenan-induced aseptic paw inflammation
model. Figure 4 shows that the inflammation was
prevented by ethosomal cannabidiol and the
pharmacodynamic profiles between cannabid-
iol-treated and untreated animals were signifi-
cantly different at all times during the
experiment [24]. The results presented above

Figure 4. In vivo anti-inflammatory effect of

ethosomal cannabidiol.

Change in paw thickness (mm)

® No treatment
A Cannabidiol
pretreatment

{

Anti-inflammatory effect of cannabidiol transdermal ethosomal patch, applied
19 h prior to the injection, is compared with no pretreatment. Change (mean =
SEM) in the thickness of carrageenan-injected and saline-injected paws of the

same mouse at different time points postinjection.

“p < 0.05.

P <0.01.
Adapted from [24] with permission from Elsevier.
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demonstrate the ability of ethosomes to not only
enhance the drug partitioning into the SC, but
also to permit its clearance into the hydrophilic
environment of deeper skin layers. Later, the
enhancing properties of the ethosomal carrier for
skin delivery of the anti-inflammatory agents
ammonium glycyrrhizinate and ketotifen were
confirmed by other research groups [16,25].
Disorders of follicular skin units, such as alo-
pecia androgenata, seborrhea and acne, affect
many patients of various ages. Several studies
demonstrated that ethosomes could also be used
as efficient delivery carriers of drugs to piloseba-
ceous structures. In one of these works, minoxi-
dil, a lipophilic drug for hair-loss therapy, was
targeted to the hair units using ethosomes. The
quantity of minoxidil that accumulated in skin
when applied in ethosomes was two-, five- and
seven-times higher than from ethanolic phos-
pholipid dispersion, pure ethanol and hydroeth-
anolic control solutions, respectively (9. The
ethosomal system containing 0.5% minoxidil
and 50 pCi titrated drug was further evaluated
by quantitative skin autoradiography for locali-
zation of the drug into the pilosebaceous units
in vivo in hairless rats. The results of this study
revealed that five-times greater amounts of
3H-minoxidil were delivered to pilosebaceous
units from ethosomes compared with classic
liposomes (22,000 vs 4500 pmol/g tissue,
respectively; p < 0.005) [15.26-28]. Targeting the
hair follicles by using ethosomal minoxidil for-
mulations could provide a feasible improved
therapy for alopecia androgenata. Enhanced
delivery of active agents to skin shafts could
improve treatment efficiency for therapies
directed at correcting pilosebaceous disorders.

Conclusion

There is a critical need for more efficient means
of administering dermatological agents in order
to improve therapy of various conditions. There
are many patient populations of various ages
waiting for new and better treatments, including
noninvasive therapy for deep and resistant skin
infections, regional therapy for rheumatoid
arthritis and more efficient treatment of piloseba-
Studies
reviewed in this article show that ethosomes were
efficient for delivery of a variety of dermatological
therapeutic agents, including challenging mole-

ceous  structure-related  disorders.

cules such as cannabinoids and peptides, in vizro
and in animals and humans (Figure 5). Owing to
their composition, ethosomes could be used as
carriers to deliver both oil- and water-soluble

fsg

future science group



fsg

future science group

Dermal drug delivery with ethosomes: therapeutic potential - REVIEW

Figure 5. Summary of studies carried out with ethosomal systems designed for
dermal and regional therapies: evaluation in clinical trials and preclinical

animal models.
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active agents across the SC lipids to the deep lay-
ers of the skin. Substantial research has been car-
ried out to characterize this novel noninvasive
carrier for improved current therapies. New thera-
pies proposed with ethosomal drugs, such as
treatment of deep skin infections by means of
skin application of ethosomal antibiotics and
delivery of antirheumatic drugs to the inflamma-
tion site, could greatly increase drug treatment
efficiency and patient convenience. Lack of toxic-
ity, good stability and uncomplicated manufac-
turing make ethosomal carriers a valuable tool for
novel and more efficient dermal applications.
Another possible benefit from these new therapies
could be reduced treatment costs.

Future perspective
To successfully eliminate dermatological disor-
ders, there is a great need for therapeutic carri-
ers to bring drugs to the site of their action in
the deep layers of the skin. The goal of future
therapy should not only be restricted to costly
new medications, but should also include strat-
egies to improve the curative potential of cur-
used drugs. In addition,

rently many

www.futuremedicine.com

bioengineered and biotechnological therapeutic
molecules require potent enhancement tech-
niques for their efficient administration to the
deep skin strata or across the skin. Ethosomes
could offer efficient delivery for many old and
new molecules, including challenging biotech-
nological agents, through the skin barrier and
cellular membranes. Furthermore, by means of
these carriers, new noninvasive therapies could
be designed to meet unmet needs. These
include improved treatments of deep skin
microbial and viral infections and skin cancers,
and new products.  The
enhanced pharmacodynamic profile of ethoso-
mal drugs, together with their uncomplicated
preparation and good stability, make these
agents an excellent choice for the administra-
tion of various natural biological, biotechnolog-
ical and chemical drug compounds for
therapeutic use.

antirheumatic
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Executive summary

¢ Therapeutic efficacy of topically applied drugs is often not achieved, due to the resistance of the
stratum corneum to their transport into the deep skin strata.

e Ethosomes are proposed as safe and efficient carriers for a wide range of therapeutic agents aiming at
new and advanced dermal therapies.

e Future research directions with ethosomes include delivery of biotechnological active agents,
noninvasive treatment of skin cancers, noninvasive antirheumatic therapies and skin immunization.

* The goal of future therapy should not only be restricted to costly new medications, but also to create
strategies for improving the curative potential of currently used drugs.

Bibliography

1.

472

Schaefer H, Redelmeier TE: Skin Barrier —
Principles of Percutaneous Absorption.
Karger AG, Basel, Switzerland (1996).
Schreiner V, Gooris GS, Pfeiffer S et al.:
Barrier characteristics of different human
skin types investigated with x-ray
diffraction, lipid analysis, and electron
microscopy imaging. /. Invest. Dermatol.
114(4), 654—660 (2000).

Wertz PW: Lipids and barrier function of
the skin. Acta Derm. Venereol. 208(Suppl.),
7-11 (2000).

Norlen L: Skin barrier structure and
function: the single gel phase model.

J. Invest. Dermatol. 117, 830-836 (2001).
Holleran WM, Takagi Y, Uchida Y:
Epidermal sphingolipids: metabolism,
function, and roles in skin disorders. FEBS
Lett. 580(23), 5456-5466 (20006).
Bouwstra J, Pilgram G, Gooris G ez al.:
New aspects of the skin barrier
organization. Skin Pharmacol. Appl. Skin
Physiol. 14, 52-62 (2001).

Hadgraft J: Skin, the final frontier. nz. J.
Pharm. 14, 1-18 (2001).

Touitou E: Drug delivery across the skin.
Expert Opin. Biol. Ther. 2,723-733
(2002).

Touitou E, Dayan N, Bergelson L ez al.:
Ethosomes — novel vesicular carriers for
enhanced delivery: characterization and
skin penetration properties. /. Control.
Release 65, 403—418 (2000).

Godin B, Touitou E: Erythromycin
ethosomal systems: physicochemical
characterization and enhanced antibacterial
activity. Curr. Drug Deliv. 2, 269-275
(2005).

Dayan N, Touitou E: Carriers for skin
delivery of trihexyphenidyl HCI:
ethosomes vs. liposomes. Biomaterials 21,
1879-1885 (2000).

20.

Godin B, Touitou E: Mechanism of
bacitracin permeation enhancement
through the skin and cellular membranes
from an ethosomal carrier. /. Control. Release
94, 365-379 (2004).

Touitou E, Godin B: New approaches for
UV-induced photodamage protection.

J. Appl. Cosm. 24, 139-147 (2006).

Godin B, Alcabez M, Touitou E: Minoxidil
and erythromycin targeted to pilosebaceous
units by ethosomal delivery systems. Acza
Technol. Legis Medicament 10, 107 (1999).
Touitou E, Godin B, Dayan N et a/.:
Intracellular delivery mediated by an
ethosomal carrier. Biomaterials 22,
3053-3059 (2001).

Paolino D, Lucania G, Mardente D ez al.:
Ethosomes for skin delivery of ammonium
glycyrrhizinate: iz vitro percutaneous
permeation through human skin and 7 vive
anti-inflammatory activity on human
volunteers. /. Control. Release 106(1-2),
99-110 (2005).

Horwitz E, Pisanty S, Czerninsky R et al.:
A clinical evaluation of a novel liposomal
carrier for acyclovir in the topical treatment
of recurrent herpes labialis. Oral Surg. Oral
Med. Oral Pathol. Oral Radiol. Endod. 88,
700-705 (1999).

Shaw M, King M, Best JM ez 4l.: Failure of
acyclovir cream in the treatment of recurrent
herpes labialis. Br. Med. J. 291, 7-9 (1985).
Touitou E, Godin B, Shumilov M et a/.:
Efficacy and tolerability of clindamycin
phosphate and salicyclic acid gel in the
treatment of mild to moderate acne vulgaris.
J. Eur. Acad. Dermatol. Venerol. (2007)

(In Press

Leyden JJ, Shalita AR, Saatjian GD ez al.:
Erythromycin 2% gel in comparison with
clindamycin phosphate 1% solution in acne
vulgaris. J. Am. Acad. Dermatol. 16,
822-827 (1987).

Therapy (2007) 4(4)

21.

22.

23.

24.

25.

26.

27.

28.

Lookingbill DP, Chalker DK, Lindholm JS
et al.: Treatment of acne with a
combination clindamycin/benzoyl peroxide
gel compared with clindamycin gel, benzoyl
peroxide gel and vehicle gel: combined
results of two double-blind investigations. /.
Am. Acad. Dermatol. 37, 590-595 (1997).
Nichols RL: Optimal treatment of
complicated skin and skin structure
infections. /. Antimicrob. Chemother. 44,
19-23 (1999).

Godin B, Touitou E, Rubinstein E ez al.:

A new approach for treatment of deep skin
infections by an ethosomal antibiotic
preparation: an 7z vivo study. J. Antimicrob.
Chemother. 55, 989-994 (2005).

Lodzki M, Godin B, Rakou L e al.:
Cannabidiol — transdermal delivery and
anti-inflammatory effect in a murine
model. /. Control. Release 93, 377-387
(2003).

Elsayed MM, Abdallah OY, Naggar VF

et al.: Deformable liposomes and ethosomes
as carriers for skin delivery of ketotifen.
Pharmazie 62, 133-137 (2007).

Godin B, Touitou E: Ethosomes: new
prospects in transdermal delivery. Criz. Rev.
Ther. Drug Carrier Sys. 20, 63-102 (2003).
Touitou E, Godin B, Weiss C: Enhanced
delivery of drugs into and across the skin by
ethosomal carriers. Drug Dev. Res. 50,
406-415 (2000).

Touitou E, Godin B: Vesicles for enhanced
delivery into and through the skin. In:
Enhancement in Drug Delivery. Touitou E,
Barry BW (Eds). CRC Press, Taylor &
Francis Group, London, UK 255-278
(2006).

Patent

101.

Touitou E: Composition for applying active
substances to or through the skin.
US5716638 (1998).

fsg

future science group




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends false
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /SyntheticBoldness 1.000000
  /Description <<
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308030d730ea30d730ec30b9537052377528306e00200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /FRA <>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>
    /ENU <>
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [589.606 793.701]
>> setpagedevice


