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Introduction: In recent years, there has been increased interest in developing
charged liposomes as carriers for transdermal drug delivery. It is necessary to
modify the basic composition of the liposomes in order to enhance the pene-
tration properties of the vesicles through the skin. Charged liposomes offer
several advantages compared with previous drug delivery systems.

Areas covered: This paper provides a brief overview of the different drug
delivery systems that exist which aim to improve the permeation of drugs
through the skin, focusing on the use of charged liposomes for transdermal
delivery. We propose a classification of such liposomes based on the origin
of the charge given to the vesicles.

Expert opinion: Despite the advances that are occurring in the design of
charged liposomes for transdermal drug delivery, the long-term stability con-
tinues to be a drawback in such systems. The presence of charge on the sur-
face of the vesicles favors the electrostatic repulsion among them, creating
a { potential positive or negative that prevents their aggregation and floccu-
lation. However, there is loss of the encapsulated drug, which limits the
in vivo use of these systems. It should be emphasized that charged liposomes
are indeed a promising candidate for use in gene therapy and vaccine target-
ing, in a great diversity of diseases, for which drugs are administered by the
percutaneous route.

Keywords: charged liposome, dicetyl phosphate, DOTAP, liposome, stearylamine, surfactant,

transdermal delivery
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1. Dermal and transdermal drug delivery

The main barrier for diffusion through the skin is the outermost layer of the skin,
the stratum corneum (SC), which is composed of corneocytes (15 - 20 layers)
and intercorneocyte matrix. In keratinocytes, cellular membranes account for 50%
of the dry mass and consist mainly of phosphatidylcholine (PC) and sphingomyelin.
The intercorneocyte matrix is rich in phospholipids (ceramides), cholesterol and
fatty acids (1]. The structure of the SC is often depicted in the so-called bricks
and mortar arrangement [2] where the keratin-rich corneocytes (bricks) are embed-
ded in the intercellular lipid-rich matrix (mortar). This arrangement is illustrated
in Figure 1.

For any molecules applied to the skin, two main routes of skin permeation have
been defined: the transappendageal (through the sweat glands and across the hair
follicles with their associated sebaceous glands) and transepidermal pathways (inter-
cellular or transepidermal pathways). Although the intercellular pathway is widely
regarded as the main route of permeation of most compounds, all molecules traverse
by a combination of all three routes, the relative importance of which will vary
depending on the physicochemical characteristics of molecules [3].
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Article highlights.

» We propose a new classification system of charged
vesicles for transdermal delivery: charged phospholipids,
coated liposomes and the addition of other charged
substances to the vesicle structure.

Among charged phospholipids, POPG and DMPS have
demonstrated important results as permeation
enhancers of water-soluble drugs, with the aid of
minimally invasive techniques.

Chitosan and derivatives have shown to be the most
used polymers for coating liposomes.

Other substances added to the vesicle composition are:
DOTAP, stearylamine and dicetyl phosphate.
Formulations containing DOTAP have shown to be a
promising tool for transcutaneous gene therapy

and immunization.

This box summarizes key points contained in the article.

Besides its role as a barrier, the skin regulates the flux of
water molecules into and out of the body, permitting the
influx of a variety of small molecules that are fairly lipophilic
(log P = 1.5) and have molecular mass (MM) < 500 Da [4].
Therefore, drug molecules currently administered via the
transdermal route fall within a narrow range of MM and
lipophilicity, taking advantage of the natural selectivity of
the skin membrane.

A large fraction of drug molecules such as protein and
peptide-based drugs lies outside these bounds. The biggest
challenge in transdermal drug delivery today is to open the
skin safely and reversibly to these high MM hydrophilic drugs.

2. Liposomes as carriers for skin delivery

To increase drug transport across the skin, penetration
enhancers as well as other chemical methods have been used.
One of the most controversial methods to increase drug
transport across the skin is the use of vesicles. Liposomes are
lipid wvesicles that fully enclose an aqueous volume. They
are composed of concentric bilayers formed from self-
assembly of amphiphilic molecules. In these vesicles, hydro-
philic drugs can be entrapped into the internal aqueous
compartment, whereas amphiphilic, lipophilic and charged
hydrophilic drugs can be associated with the vesicle bilayer
by hydrophobic and/or electrostatic interactions [5.6).

Many methods for preparation of liposomes are described
in the literature [7-10], giving rise to different structures of
vesicles (Figure 2).

On the other hand, the composition of the vesicles influen-
ces their physicochemical characteristics such as size, charge,
thermodynamic phase, lamellarity and bilayer elasticity [11].
These physicochemical characteristics in turn have a profound
effect on the behavior of the vesicles and hence on their
effectiveness in enhancing transdermal drug delivery [12-14].
In this sense, a different behavior has been demonstrated
when liposomes are formed with SC lipids, such as ceramides,

cholesteroil sulfate and palmitic acid, with respect to the per-
meation process [15]. Liposomes create a drug reservoir mixing
with SC lipids, whilst PC/CHOL liposome promotes lipo-
philic drug permeation through the skin. In this sense, several
authors have demonstrated that SC lipid-based liposomes
could deliver a greater amount of aqueous radiolabeled
markers to the deeper skin strata, while avoiding systemic
absorption and, hence, organ distribution and renal elimina-
tion of drug. On the other hand, an important parameter in
determining the extent of absorption is the vesicle size.
When fluid liposomes made up of unsaturated lecithins
were used, a percutaneous absorption was obtained instead
of dermal delivery that was reached using SC lipid-based
unilamellar liposomes [16].

The rationale for using liposomes in dermal and trans-
dermal drug delivery is many fold. They might act as drug
carriers to deliver entrapped drug molecules into or across
the skin; they act as penetration enhancers owing the penetra-
tion of the individual lipid components into the SC and sub-
sequently the alteration of the intercellular lipid lamellae
within this skin layer; they might serve as a depot for sustained
release of dermally active compounds; and also, they serve as a
rate-limiting membrane barrier for the modulation of sys-
temic absorption, hence providing a controlled transdermal
delivery system [17].

3. Enhancement of drug permeation:
modified vesicles

Recently, it became evident that, in most cases, classic lipo-
somes are of little or no value as carriers for transdermal
drug delivery. Although liposomes have difficulty to pass
through the skin, they can exert their action on the surface
of the skin acting as a reservoir. In order to facilitate the pas-
sage of drugs across the SC, different types of vesicles have
been designed. These vesicles provide additional benefits to
conventional liposomes [18]. They are discussed below.

3.1 Deformable liposomes (Transfersomes®)

These are the first generation of elastic vesicles introduced by
Cevc and Blume [19]. They consist of phospholipids and an
edge activator that is often a single chain surfactant, having
a high radius of curvature, which destabilizes lipid bilayers
of the vesicles and increases deformability of the bilayers [20].
As a consequence, the liposome’s lamella structure can be soft-
ened, so the vesicle enters more easily into the intercellular
lipid pathway of the SC layer and delivers the drug molecules
into the deeper layers and through the skin. Surfactants tend
to fluidize membranes and make them very elastic, resulting
in highly deformable vesicles. EI Maghraby ez a/. [21] showed
that incorporation of surfactants into vesicles reduced the
main 7,,, which indicates fluidization of the lipid bilayer.
Preparation of deformable liposomes involves methods simi-
lar to those used in preparation of traditional liposomes [22-24].
The effects of incorporation of different edge activators on

858 Expert Opin. Drug Deliv. (2011) 8(7)

RIGHTES



Expert Opin. Drug Deliv. Downloaded from informahealthcare.com by Hacettepe Univ. on 12/03/12
For personal use only.

Stratum corneum

Gonzalez-Rodriguez & Rabasco

Cell envelope

Corneocyte

Ceramides
Cholesterol
Fatty acids

High enzymatic
activity

Cholesterol
Phospholipids

Extrusion -\
of lamellae

Glucosylceramides

SG/SC
interface

Keratinocyte

Lamellar body

Stratum granulosum

Figure 1. A schematic drawing of the composition of SC and SG.

SC: Stratum corneum; SG: Stratum granulosum.

physicochemical properties (including vesicle size, entrapment
efficiency, { potential, among others) of deformable lipo-
somes were extensively investigated in several studies [25].
Also, the interaction between edge activators and liposomes
was also investigated [21,26].

The difference in skin interaction between occlusive and
non-occlusive application is of importance for deformable
vesicles. Several authors have suggested that the major driving
force for the intact penetration of Transfersomes™ is driven by
the osmotic gradient across the skin caused by the difference
in water content between the skin surface and skin interior.
Phospholipid hydrophilicity leads to xerophobia (tendency
to avoid dry surrounding). Accordingly, as the vesicles remain
swollen to the maximum, those found on the surface of the
skin try to follow the local moisture gradient, moving toward
the deeper layers [27]. Occlusion would eliminate this osmotic
gradient and is, therefore, unfavorable for the actions of the
deformable vesicles.

3.2 Niosomes

These vesicles are composed of non-ionic amphiphiles (surfac-
tants) and are similar in function to the liposomes [2s].
Niosomes attract much attention because of their advantages
in many aspects, such as chemical stability, high purity, con-
tent uniformity, low cost and convenient storage of non-
ionic surfactants, and large numbers of surfactants available
for the design of niosomes. Published works have mainly
used Spans and Tweens as non-ionic surfactants together
with limited amounts of lecithin and cholesterol [29-31].

Several studies have documented the superiority of nio-
somes in enhancing permeation of drugs across the SC. In
recent years, Paolino et al. (32] have shown that niosomes
constructed from a new non-ionic surfactant o, ®-hexadecyl-
bis-(1-aza-18-crown-6) (Bola-surfactant) show significantly
improved percutaneous permeation of ammonium glycyrrhi-
zinate with respect to both the aqueous drug solution.
Manosroi er al. (33 have evaluated the skin permeation
enhancement of diclofenac diethylammonium from bilayer
vesicular formulations composed of DPPC and Tween®
61 or Span® 60 mixed with cholesterol and ethanol. In addi-
tion, the iz vivo anti-inflammatory activity evaluated by ethyl
phenylpropiolate-induced rat ear edema showed that the drug
entrapped in the developed elastic niosomes and incorporated
in gel gave more inhibition percentages at 45 and 60 min ear
edema inhibition percentages than the commercial emulgel.
This result has not only demonstrated the enhancement of
transdermal absorption through rat skin, but also the iz vivo
anti-inflammatory effect of the drug when entrapped in the
niosomal formulations, as well. Manosroi ez a/. (34] have incor-
porated gallidermin (Gdm), an antibiotic agent with a poten-
tial advantage for the treatment of endocarditis, abscesses and
skin infections, into niosomes. Results suggested that Gdm
loaded in niosomes and incorporated in gel has a superior top-
ical antibacterial activity because of the high accumulation in
the skin with no risk of systemic effect.

However, even though niosomes exhibit good chemical sta-
bility during storage, aqueous suspensions of niosomes may
exhibit problems of physical instability such as aggregation,
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Figure 2. Schematic illustration of different structures of
liposomes as a function of the preparation method.

LUV: Large unilamellar vesicle; MLV: Multilamellar vesicle; MVV: Multivesicular
vesicle; SUV: Small unilamellar vesicle.

fusion, leaking of entrapped drugs or hydrolysis of encapsu-
lated drugs, thus limiting their shelf life. The latest approach
in the field of vesicular delivery is tended through the forma-
tion of ‘proniosomes’ which are converted to niosomes on
hydration [35-371.

3.3 Ethosomes

Ethosomes are primarily composed of water, ethanol and
phospholipids. They were developed by several authors, show-
ing enhanced skin delivery [38-41). The use of different propor-
tion of ethanol in formulations has been postulated by several
authors. Liposomal formulations containing up to 10% etha-
nol and up to 15% propylene glycol 421 and the use of
high ethanol content have been described in literature: 30,
45 and 90% [43,44).

The presence of ethanol into liposome formulations has
certain effects on the physicochemical characteristics of
vesicles, as described by several authors. With respect to the
size, ethosomes show a smaller size than liposomes, when
both are obtained by preparation methods not involving any
size reduction steps [45]. This reduction in vesicle size could
be explained as a result of incorporation of high ethanol con-
centration. Ethanol confers a surface negative net charge to
the liposome which causes the size of vesicles to decrease [38,39].
The effect of phospholipid concentration on the size of etho-
somal vesicles was also investigated [38.46]. Ethosomes have
been shown to exhibit high encapsulation efficiency for a
wide range of molecules including lipophilic drugs. This
could be explained by multilamellarity of ethosomal vesicles

as well as by the presence of ethanol, which allows for better
solubility of many drugs [47].

Ethosomes were reported to improve 7 vivo and i vitro skin
delivery of various drugs, such as hormones 48], antiviral
drugs [49] and minoxidil [39). Contrary to deformable liposomes,
ethosomes were able to improve skin delivery of drugs both
under occlusive [38,45,48] and non-occlusive conditions [45,46].

Ethanol is known as an efficient permeation enhancer and
is added to the vesicular system to prepare the elastic vesicles.
It can interact with the polar head group region of the lipid
molecules, resulting in the reduction of the melting point of
the SC lipids, thereby increasing their fluidity, and cell mem-
brane permeability. The high flexibility of the vesicular mem-
brane from the added ethanol permits the elastic vesicles to
squeeze themselves through the pores that are much smaller
than their diameters [50].

Other vesicular carriers are used in transdermal drug deliv-
ery, such as invasomes. These vesicles are composed of PC,
ethanol and terpenes. Terpenes have shown to enhance the
percutaneous absorption of many drugs because they increase
drug permeation by disrupting lipid packaging of SC and/or
disturbing the stacking of the bilayers [511. They provide
high amounts of drug in the SC and deeper skin layers,
indicating that the incorporation of a single terpene into inva-
somes could provide efficient nanocarriers of drug. They are a
promising tool for delivering the drug to the skin.

4. Charged liposomes as carriers for
transdermal delivery

Phospholipids are the main components of liposomes. Some
of them are amphiphilic lipids consisting of a rather polar
‘head group’ and comparably apolar residues. In the solid
state, the molecules tend to orientate in a distinct way, which
is that lipophilic tails and hydrophilic head groups take a sep-
arate, packed arrangement. When they are hydrated, they do
not exhibit abrupt transitions from the solid to the liquid
state, but do undergo ‘intermediate’ states, also known as
‘mesophases’ or ‘liquid crystals’, where properties of solid
crystals and liquids can be observed, as well. Phospholipid
membrane phases are commonly grouped into crystalline,
gel and fluid liquid crystalline membrane phases. A general-
ized sequence of thermotropic phase transition for phospholi-
pids that exhibit limiting hydration is indicated in Figure 3.
Not all of these phases and transitions necessarily appear
for a single phospholipid. This depends on the molecular
structure of the particular phospholipid.

The addition of water-soluble solutes into liposome disper-
sions may alter the interaction between the phospholipid
molecules at the bilayer surface. Thereby, osmotic gradients
change the bilayer properties of liposomes such as elasticity,
permeability and partition coefficients, perhaps by altering
the area per lipid at the membrane surface.

Also, in a lipid bilayer, some of the constituting lipid
molecules may carry charge due to dissociation of their
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Figure 3. Schematic drawing of the structures of the lamellar and non-lamellar phase transitions of lipids.

ionizable groups, and the charge amount could depend on
pH. Therefore, characterization of the surface charge proper-
ties under various conditions is of fundamental importance
for liposome applications [52,53].

The important role of water in the membrane structure is
explained by the fact that hydration of lipids leads to signi-
ficant changes in thermodynamic parameters of their main
phase transition depending on head group structure. The
ordering of the water molecules at the membrane surface
may be the reason of the main part of dipole potential at
the membrane boundaries and the hydration forces. In this
sense, Zellmer er al. (54 treated non-occlusively human SC
with DMPC liposomes. They observed that vesicles did not
penetrate into SC but the lipid can penetrate and change the
enthalpy of the lipid-related transitions of the SC. In addi-
tion, other studies revealed that, depending on composition,
vesicles may produce an enhancing effect, their lipid compo-
nents may penetrate deep into the SC, or may fuse and mix
with skin lipids to lose their structure [55].

However, the limited stability of liposomes during storage
and administration restricts their application and develop-
ment. Many attempts have been made to enhance the stability
of liposomes. In addition to the thermodynamical state of the
liposome membranes, many researchers have outlined that
drug penetration can be influenced by modifying the surface
charge of liposomes. Successful results were obtained by

modifying the surface charge of liposome by using several
strategies: charged phospholipids, coating liposomes with pol-
ymers and addition of charge inducer agents. Some of these
compounds are reported in Table 1.

4.1 Charged phospholipids
The lipid molecules of liposomes are arranged in a head-to-
tail and tail-to-head geometry across the bilayers. In addition
to the outer surface of a liposome in contact with the external
aqueous medium, there is an inner surface in contact with the
aqueous medium inside vesicles. When molecules are added
externally to the liposomes, they rapidly adsorb onto the outer
surface of vesicles. If the bilayer is permeable to the molecules,
they will migrate across this structure and adsorb onto the
inner surface. By symmetry, the adsorbed molecules on the
inner and outer surfaces of the liposome are oppositely ori-
ented. In this sense, Liu ez al. (56] investigated this phenome-
non by using the triphenyl organic cation, malachite green,
loaded in liposomes composed with different ratios of nega-
tively charged POPG and zwitterionic POPC. They found
that the dye adsorption increased linearly with the fraction
of negatively charged lipids in the bilayer. Similarly, the trans-
port rate constant for crossing the bilayer increased linearly
with the fraction of negatively charged lipid in the bilayer.
The enhancement of drug permeation by using a minimally
invasive method combined with the application of negatively
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Table 1. Chemical structures of several charged compounds used in the formulation of charged liposomes.
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Table 1. Chemical structures of several charged compounds used in the formulation of charged liposomes

(continued).

DDAB; g (Didecyldimethylammonium bromide)
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NH,

Dicetyl phosphate

Chitosan
H OH
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charged liposomes has been described by several authors.
Figure 4 shows the behavior of charged vesicles in contact
with the SC.

Murthy ez al. [57) reported the phenomenon of prolonged
permeabilization of mammalian epidermis after incorporating
an anionic lipid, dimyristoyl phosphatidylserine (DMPS), in
the SC lipid domain with the aid of electrical pulses. The per-
turbation of SC lipids by joule heating associated with applied
electrical pulses was previously demonstrated [58,59]. It is likely
that the exogenous lipids such as DMPS get incorporated in
the SC lipid lamellae due to the phase transition of SC lipid
brought about by the joule heating and the incorporated
DMPS retard the reformation of the SC barrier. This syner-
gistic application of anionic lipid formulation and electroos-
mosis offers a promising non-invasive technique to deliver
insulin transcutaneously.

Sen et al. (60] prepared lipid vesicles using DOPG and
DOPC. When the lipids were mixed with the transport target
molecule, the electroporation-induced transport through
porcine epidermis was increased as compared to that without
the lipids. They demonstrated that the enhancement in
transport was dependent on the size and the charge of the
transported molecule.

4.2 Coated liposomes

The lipid lamellae of the SC contain a high ratio of negatively
charged lipids that are expected to interact with cationic lipo-
somes. Transfer of some of the bilayer components of the
liposomes to the skin is then possibly induced. Recent studies

showed the efficacy of the ionic polymers in improving
skin compatibility of drug formulations and enhancing the
penetration of bioactive compounds.

There has been much interest in studying the structures
resulting from the self-assembling of liposomes with natural
or synthetic charged polyions because of their possible appli-
cations in the enhancement of drug delivery across the skin.
Several authors have postulated that in the case of charged lip-
osomes, the short-range attractive interaction (and hence the
aggregation) is promoted by the addition of adsorbing oppo-
sitely charged polyions. This peculiar mechanism produces
interesting and counterintuitive phenomenon that has been
termed ‘charge inversion’ [6162]. This effect occurs when
more polyions than necessary to the complete charge neutral-
ization adsorb at the surface and the sign of the overall surface
charge changes. This is due to the strong lateral correlations
among the adsorbed polyions (63] from which a gain in free
energy results, avoiding each other and residing as far away
as possible to minimize their electrostatic attraction. When
the charge of the polyion coating is almost completely neu-
tralized by the liposome surface charge (‘isoelectrical point
or charge neutralization), the short-range attractive potential
arising from the non-homogeneous charge distribution
promotes the aggregation of complexes.
polymers such as carboxymethyl chitin,
chitosan [64,65], poly(vinyl alcohol) [66] and Eudragit®

Several

EPO (67) have been used for preparation of polymer-coated
liposomes to enhance the permeation properties of drugs.
Figure 5 shows an illustrative scheme of this coating process.
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Figure 4. Schematic illustration of charged vesicles formulated with charged phospholipids. Left: positively charged

phospholipids. Right: negatively charged phospholipids.

Figure 5. Schematic illustration of vesicles coated with a
positively charged polymer, such as chitosan.

4.2.1 Chitosan

Chitin is a linear cationic heteropolymer of randomly distrib-
uted 2-acetamido-2-deoxy-f-d-glucose residues with B (1—4)
linkage. Higher water solubility is expected at an acetylation
value lower than 50%. Many derivatives of chitin are
described in the literature with this purpose [68.69). Among

them, carboxymethyl chitin (N-CMC) has been used for
skin delivery serving as coating material for liposomes [70].

Chitosan is a product derived from N-deacetylation of chi-
tin in the presence of hot alkali. The degree of deacetylation
and the degree of polymerization, which in turn decides
MM of polymer, are two important parameters dictating the
use of chitosans for various applications.

It is a natural-sourced cationic polymer with unique bio-
logical properties, including favorable biocompatibility and
mucoadhesiveness, and has been extensively studied in drug
delivery research [71]. However, chitosan is water insoluble
under physiological pH value, which largely constrains its
application. When the MM of chitosan is decreased by phys-
ical, chemical or enzymatic depolymerization, an excellent
improvement of its water solubility is achieved as a result of
the decrease in intramolecular hydrogen bonds (72).

Chitosan seems to be an optimal candidate to be combined
to liposomes [73]. As a cationic biopolymer, it showed the abil-
ity to improve skin compatibility of skin formulations and
enhancing effect on the penetration of drugs (74. By combin-
ing chitosan and liposomal characteristics, specific, prolonged
and controlled release may be achieved. Takeuchi et al. (75]
showed that the chitosan-coated liposomes were formed via
ionic interaction between the positively charged chitosan
and negatively charged dicetyl phosphate (DP) on the surface
of the liposomes. However, the authors do not show the
hydrogen bonding and hydrophobic interaction between chi-
tosan and neutral lipid. In addition, turbidity studies revealed
that the coating of DPPC liposomes with chitosan did not
significantly modify the main phase transition temperature
of DPPC at tested chitosan concentrations [76].

Chitosan and derivatives are able to enhance the para-
cellular permeability of hydrophilic and macromolecular
drugs by transiently opening the tight junctions in the
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epidermal barrier [77]. This mechanism can be exerted because
at skin pH value (5.5), chitosan is protonated. So, it can
interact with anionic components of glycoproteins on the
surface of the epidermal cells and with fixed negative charges
in the interior of the tight junction, which leads to trigger
the opening of the tight junctions, facilitating the transport
of hydrophilic compounds.

Chitosan coating resulted in a particle size increase and a
more positive { potential of liposomes, forming a more
stable system, as was recently described by Mady and Darw-
ish [76]. Other studies have been focused on the investigation
of the effect of chitosan concentration and lipid type (high
purity and low purity) on the characteristics of chitosan-
coated liposomes and their interactions with drug. Results
showed that polymer bridging caused flocculation at low
polymer concentration whereas at high concentration, the
adsorbed chitosan molecule led to steric stabilization. Also,
leuprolide entrapment efficiency decreased when chitosan
was added to liposomes, showing the disturbance of bilayers.
In addition, the leakage of leuprolide from low purity lipo-
somes was larger than that from high purity liposomes,
because low purity lipid possessed more negative charge
and formed thicker adsorptive layer by stronger electrostatic
attraction with chitosan [64].

With respect to the control of drug release, chitosan
coating has a significant effect on drug release behavior.
Appropriate combinations of the liposomal and chitosan
characteristics may produce liposomes with specific and pro-
longed release of drugs, such as doxorubicin [76], steroid hor-
mones (78], acyclovir and minoxidil (67]. Also, the association
of chitosan to liposomes is expected to affect also the release
rate of glycolic acid from the vesicles by decreasing it; in fact,
this compound is very small and hydrophilic and for these
reasons it is very problematic to control its diffusion rate
from lipidic bilayers.

Chitosan-EDTA was identified as an interesting gelating
agent for topical formulations. Therefore, it has been formu-
lated with liposomes as coating agent. The introduction of
EDTA on backbone of chitosan converts this cationic poly-
mer to an anionic polymer which displays strong mucoadhe-
sive properties which can be explained by the hydrogen
bond formation of its carboxylic acid groups with the mucus
gel layer [79]. Biruss and Valenta (78] have suggested that
chitosan-EDTA acts by disrupting the intercellular tght
junctions [80] and has been proposed as a promising vehicle
especially for skin because of its broad spectrum against bacte-
ria. This antimicrobial activity can be explained on the basis
of the mechanism of action, which included a high binding
affinity to magnesium and calcium [81]. These bivalent cations
are essential components in the outer membrane of bacteria
and chitosan-EDTA has a chelating effect on these ions.

4.3 Addition of charged compounds
Figure 6 shows the linkage of these compounds to the vesicle
bilayer, giving a net positive (left) or negative (right) charge.

Gonzalez-Rodriguez & Rabasco

4.3.1 DOTAP

Kitagawa and Kasamaki [82] studied the delivery of retinoic
acid to skin by using cationic liposomes containing
N-[1-(2,3-dioleoyloxy)propyl]-N,N,Ntrimethylammonium
(DOTAP) and consisting of double-chained cationic
surfactant, PC and retinoic acid. These results suggest the
potential of the use of the cationic liposomes for intradermal
delivery of lipophilic drugs.

Liposomes have been widely used to enhance transfolli-
cular delivery of low/high MM and hydrophilic/lipophilic
compounds. Ham ez al. (83] developed the transfollicular
adriamycin delivery system using cationic liposomes including
DOTAP that improved the delivery amount and penetration
of drug into the follicles and skin. In addition, to accelerate
delivery, iontophoresis was combined with the cationic
liposome, suggesting that the combinative system has a
significant synergistic effect on transfollicular delivery of
adriamycin. As this drug itself is a cationic molecule, when
iontophoresis was combined with cationic liposomes, it
showed excellent transfollicular delivery. Also, this process
was enhanced by the increased positive charges of the cationic
liposome, adding multication additives, such as DOSPER,
spermine and protamine.

Song and Kim [84] examined skin surface charge changes
with low-molecular-weight heparin cationic flexible liposomes
(flexosomes), prepared using DOTAP and Tween®. In this
study, the surface charge of skin with flexosomes has
decreased from 7.5 to -13.7 mV in 12 h, whereas the surface
charge of the intact skin was constant at -10 mV, suggesting
that cationic flexosomes could pass the SC as intact structures.

The skin is an attractive target tissue for somatic gene. In
this sense, the promoter elements of tissue-specific genes,
including keratin genes, have been identified and can be
used to target the expression of genes delivered into the
skin. In addition to treating skin disorders, cutaneous gene
delivery can be used to express gene products with
systemic effects.

Although the charge of the liposome may not influence
the penetration efficacy through the SC, the charge may influ-
ence the interaction with DNA thus influencing its penetra-
tion. Hong-Yu ez al. (85] developed a formulation for topical
skin gene delivery that utilized naked plasmid DNA. The
in vivo successes with Transfersomes led to their introduction
as carriers for non-invasive gene delivery [86]. [z vitro trans-
fection efficiency of plasmid DNA was assessed by the expres-
sion of green fluorescent protein. It was also tested for in vivo
transfection efficiency and its retention time within the
organs, by applying the complexes on hair-removed dorsal
skin of mice, non-invasively. It was found that genes were
transported into several organs for 6 days once applied on
intact skin, suggesting promising properties for non-invasive
gene delivery.

In spite of the literature concerning the formulation of
cationic liposomes for topical pDNA delivery [ss-88], the
interest for cutaneous siRNA therapy is profound [89]. Several
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Figure 6. Schematic illustration of vesicles that are formulated with a charged compound, enclosed into the bilayer structure.
Left: positively charged phospholipids. Right: negatively charged phospholipids.

penetration-enhancing techniques in combination with lipo-
somal formulations have been described [90]. Geusens ez al. [91]
develop a new lipid-based nanosome that enables the effective
delivery of siRNA into human skin. The major finding is that
ultraflexible siRNA-containing liposomes, prepared using
DOTAP, cholesterol, sodium cholate and ethanol (SECo-
somes), penetrate into the epidermis of freshly excised intact
human skin and are able to enter the keratinocytes.

The transcutaneous route is particularly attractive for
immunization, because the skin is highly accessible and has
unique immunological characteristics. The presence of profes-
sional antigen presenting cells in the epidermis and dermis
mediates the immune response following cutaneous immuni-
zation [92]. However, the SC acts as a barrier for diffusion and
thereby forms a major obstacle to transcutaneous immuniza-
tion, for example, vaccination through intact or pretreated
skin. Currently, the main challenges for cutaneous immuniza-
tion are to enhance the transport of antigens across the skin
barrier and to improve the immunogenicity of topically
applied subunit vaccines [93]. Among them, cationic liposomes
may allow them to be widely used as non-invasive delivery
agents for vaccine antigens into the skin [94]. When formulat-
ing vaccine antigens with liposomes it is critical to determine
the compatibility of the antigen with the liposome. A major
concern with the use of liposomal delivery systems for
vaccine antigens is toxicity to cells of the immune system.
Cationic lipids are highly toxic to phagocytic cells such as
macrophages [95]. This toxicity may be due to destabilization
of the lysosomal membranes by the cationic lipids [96].

The use of Transfersomes to formulate antigens in trans-
cutaneous immunization has also been reported in a few stud-
ies. Formulations prepared with soybean PC, Span® 80 and
ethanol were loaded with hepatitis B surface antigen (HBsAg).
Similar immune response was induced as compared to those

obtained by intramuscular injection of the same dose of
alum-adsorbed HBsAg [97]. In contrast, elastic cationic lipo-
somes made of PC, Span 80 and DOTAP did not improve
the immune response when loaded with diphtheria toxoid.
Transcutaneous immunization of all formulations resulted in
substantial antibody titers only if microneedle pretreatment
was applied [s].

4.3.2 Dicetyl phosphate and stearylamine

The bilayer membranes mostly consist of either natural or
synthetic phospholipids, although other double-tail surfac-
tants such as dialkyl quaternary ammonium compounds are
also used in pharmaceutical applications. In addition, minor
amounts of cholesterol, or single-tail surfactants, may be
added to modify specific characteristics such as the membrane
permeability or electric charge density [99].

Recently, Villasmil-Sanchez ez al. [100) have investigated the
effect of the charge inducer agent on the { potential values
between negatively and positively charged liposomes. In
accordance to several authors, they have concluded that DP
incorporated in liquid-crystalline PC bilayers is randomly dis-
tributed on the plane of the bilayer. Furthermore, the distri-
bution of this negatively charged phospholipid between the
two halves of the bilayer is uniform. However, this pattern
was not reproduced with liposomes containing stearylamine
(SA), where a possible asymmetrical distribution of SA in
the bilayer was obtained. In addition, several authors have
reported the capacity of SA to escape easily from the lipid
bilayer and protect its hydrocarbon chain from the hydro-
philic environment: SA is organized in micelles, undergoing
a rapid segregation into the medium, which change the
surface charge density [101].

Several studies have demonstrated that positively charged
liposomes have a remarkable effect in enhancing the
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penetration of drugs across the skin because the SC is nega-
tively charged and favors the electrostatic attraction for posi-
tively charged liposomes [82). For this reason, SA, a
positively charged lipid, has been included in numerous lipo-
some formulations. On the other hand, several studies have
been developed by using DP as an anionic surfactant that
favors the ionic interaction with the drug, which is partially
positively charged in the formulations, as was recently demon-
strated by Manosroi er 4l. 34]. The anionic niosomes loaded
with Gdm gave a high entrapment efficiency of drug due to
the effect of charge interaction between the anionic niosomes
and cationic charge of the drug at pH 5.4. This study has
demonstrated that chemical degradation of drug at high tem-
peratures was not only protected, but also its antibacterial
activity existed with more sustained release effects, showing
greater cumulative amounts and fluxes in the skin without
risk of systemic effects.

Temoporfin (mMTHPC) is a very potent second-generation
synthetic photosensitizer. Topical application of mTHPC
would be of great interest for the photodynamic therapy
of basal-cell carcinoma or psoriasis. In order to increase
topical delivery of mTHPC, Dragicevic-Curic et al. [102]
have prepared neutral, anionic (DP) and cationic (SA) flexo-
somes and investigated their penetration enhancing ability.
The results obtained were in agreement with those of
Katahira et al. [103] and Montenegro et al. [104) who found
that the skin permeation of drugs incorporated in positively
charged liposomes was higher compared to negatively
charged liposomes.

On the other hand, Puglia ez /. [105] demonstrated in vivo a
higher sustained release of methyl nicotinate from neutral and
negatively charged liposomes with respect to positively
charged liposomes, which was in accordance with results
from Katahira ez al. [103]. They proposed that the electrostatic
interaction between the negatively charged skin surface
and the positively charged liposomes could promote the
drug permeation and its consequent rapid depletion by the
bloodstream in the vascularized section of the skin.

Surfactant properties of DP contribute to the permeation
enhancement of drugs from elastic vesicles: increasing
the permeation rate of different model drugs through the
skin [106,107] or delivering the highest amount of drug in the
viable epidermis [13].

4.3.3 Other charged substances

The influence of charge and lipid concentration on the in vivo
percutaneous absorption of a model compound, methyl nico-
tinate, from DDAB,g (didecyldimethylammonium bromide)
liposomal vesicles has been investigated by Puglia ez al. [105].
Methyl nicotinate was chosen as the model compound as it
was capable of causing cutaneous erythema, the intensity
and duration of which was proportional to the amount

Gonzalez-Rodriguez & Rabasco

entering the living epidermis over time. The extent of the
erythema was monitored by reflectance spectrophotometry, a
non-invasive technique. /% vivo findings showed an interest-
ing enhancement drug permeation when positively charged
liposomes were used, giving rise to a more pronounced
erythematous effect.

5. Expert opinion

The rationale for using liposomes in dermal and transdermal
drug delivery is many fold: as penetration enhancers owing
the penetration of the individual lipid components into the
SC, as depot for sustained release of dermally active com-
pounds and as a rate-limiting membrane barrier for the
modulation of systemic absorption. Considering that the
composition of the vesicles has a great effect on the effective-
ness in enhancing transdermal drug delivery, many promising
strategies have been described in the literature to enhance the
drug permeation across the skin.

The limited stability of liposomes during storage and
administration restricts their application and development
(in vitro and in vive), although some attempts have been
made to improve stability. The addition of charged agents
to the overall structure of the lipid vesicles constitutes an
interesting strategy to improve the stability of formulations.
The use of charged phospholipids or the incorporation of
charged substances to the vesicle surface, such as SA or
DP offers many advantages with respect to the coating pro-
cess. First, the preparation process is easier, requiring
fewer stages in the process. Also, more reduced sizes are
obtained. However, besides these differences, all the systems
designed offer a proper mechanism to enhance the penetra-
tion of drugs, the permeation differences among them
being nonsignificant.

Despite the advances that are occurring in the design of
charged liposomes for transdermal drug delivery, the long-
term stability continues to be a drawback in these systems.
The presence of charge on the surface of the vesicles favors
the electrostatic repulsion among them, creating a { potential
positive or negative that prevents their aggregation and floccu-
lation. However, there is loss of encapsulated drug, increasing
the size of vesicles and destruction of structures over time,
limiting the 77 vivo use of these systems.

The high potential of charged liposomes as promising can-
didates for use in gene therapy and vaccine targeting to treat a
great diversity of diseases for which drugs are administered by
the percutaneous route should be emphasized.

Declaration of interest

The authors declare no conflict of interest and have received
no payment in preparation of this manuscript.

Expert Opin. Drug Deliv. (2011) 8(7) 867

RIGHTES

Wy



Expert Opin. Drug Deliv. Downloaded from informahealthcare.com by Hacettepe Univ. on 12/03/12
For personal use only.

Charged liposomes as carriers to enhance the permeation through the skin

Bibliography

Papers of special note have been highlighted as 11.  Coderch L, Fonollosa J, de Pera M, et al. carriers: Transfersomes.
cither of interest (®) or of considerable interest Influence of cholesterol on liposome Biochim Biophys Acta
(e9) to readers. fluidity by EPR. Relationship with 2001;1514:191-205
1. Rabasco AM, Gonzalez-Rodriguez ML. percutancous absorption. 23. Ceve G, Blume G. Biological
Lipids in pharmaceutical and cosmetic J Control Release 2000:68(1):85-95 activity and characteristics of
preparations. Grasas y aceites 12.  Liu H, Pan WS, Tang R, et al. Topical triamcinolone-acetonide formulated with
2000551(1-2):74-96 delivery of different acyclovir palmitate the self-regulating drug carriers:
. Meyer RR. Delivery system handbook ?ipo?ome formula.tions through rat skin Transfersomes. Biochim Biophys Acta
for personal care and cosmetic products: in vitro. Pharmazie 2004;59(3):203-6 2003;1614:156-64
technology, applications and 13.  Manosroi A, Kongkaneramit L, 24.  Cevc G, Blume G. Hydrocortisone and
formulations, William Andrew Inc., Manosroi J. Stability and transdermal dexamethasone in very deformable drug
USA; 2005 absorption of topical amphotericin B carriers have increased biological potency,
3. Otberg N, Richeer H, Schacfer H, et al, liposome formulations. Int J Pharm prolonged effect, and reduced therapeutic
Variations of hair follicle size and 2004;270(1-2):279-86 dosage. Biochim Biophys Acta
distribution in different body sites. 14. Bouwstra JA, Honeywell-Nguyen PL. 2004:1663:61-73
J Invest Dermarol 2004;122:14-9 Skin structure and mode of action of 25. Lee EH, Kim A, Oh YK, et al. Effect of
i Bos JD, Meinardi MHM. The vesicles, Adv Drug Deliv Rev edge activators on the formation and
500 dalton rule for the skin 2002;54:41-55 transfection efficiency of ultradeformable
. R . A good review of mode of action of liposomes. Biomaterials 2005;26:205-10
penetration of chemical compounds ! . .
and drugs. Exp Dermatol vesicles into the skin. 26.  El Maghraby GM, Williams AC,
200059(3):165-9 15.  Fresta M, Puglisi G. Application of Barry BW. Interactions of surfactants
. . liposomes as potential cutaneous drug (edge activators) and skin penetration
> iﬁi:ﬁ:sfjéslﬁiyjrﬁxsza;i principles delivery systems. In vitro and in vivo enhancers with liposomes. Int J Pharm
Braun-Falco O, Korting HC, ian:stigation with radioactively labelled 2004;276:143-61
Maibach HL, editors, Liposome vesicles. ] Drug Target 1996;4(2):95-101 27.  Ceve G, Blume G, Schatzlein A.
Dermatics, Springer-Verlag, Germany; 16.  Puglia C, Bonina F, Rizza L, et al. Transdermal drug carriers: basic
1992. p. 21-26 Evaluation of percutaneous absorption of properties, optimization and transfer
6. Mura P, Macstrelli F, naproxen from different liposomal efficiency in the case of epicutaneously
Gonzalez-Rodriguez ML, et al. formulations. ] Pharm Sci applied peptides. ] Control Release
. 2010;99(6):2819-29 1995;36:3-16
Development, characterization and
in vivo evaluation of benzocaine-loaded 17.  Cevc G, Vierl U. Nanotechnology and 28.  Choi MJ, Maibach HI. Liposomes and
liposomes. Eur ] Pharm Biopharm the transdermal route. A state of niosomes as topical drug delivery
2007:67:86-95 the art review and critical appraisal. systems. Skin Pharmacol Physiol
- Berger N, Sachse A, Bender J, et al. J Control Release 2010;141:277-99 2005;18(5):209-19
Filter extrusion of liposomes using 18.  Sinico C, Fadda AM. Vesicular carriers 29. Hao Y, Zhao F, Li N, et al. Studies on a
different devices: comparison of liposome for dermal drug delivery. Expert Opin high encapsulation of colchicine by a
size, encapsulation efficiency, and process Drug Deliv 2009;6:813-25 niosome system. Int ] Pharm
characteristics. Int ] Pharm 19.  Cevc G, Blume G. Lipid vesicles 2002;244(1-2):73-80
2001;223(1-2):55-68 penetrate into intact skin owing to the 30.  Nasseri B. Effect of cholesterol and
3. Maestrelli F, Gonzalez-Rodriguez ML, transdermal osmotic gradients and temperature on the elastic properties of
Rabasco AM, et al. Effect of preparation hydration force. Biochim Biophys Acta niosomal membranes. Int ] Pharm
technique on the properties of liposomes 1992;1104:226-32 2005;300(1-2):95-101
encapsulating ketoprofen-cyclodextrin 20.  Cevc G, Blume G, Schatzlein A, et al. 31.  Balakrishnan P, Shanmugam S, Lee WS,
complexes aimed for transdermal The skin: a pathway for systemic et al. Formulation and in vitro
delivery. Int J Pharm treatment with patches and lipid-based assessment of minoxidil niosomes for
2006;312(1-2):53-60 agent carriers. Adv Drug Deliv Rev enhanced skin delivery. Int J Pharm
9. Massing U, Cicko S, Ziroli V. 1996;18:349-78 2009;377(1-2):1-8
Dual asymmetric centrifugation 21.  El Maghraby GM, Williams AC, 32.  Paolino D, Muzzalupo R, Ricciardi A,
(DAC) - A new technique for liposome Barry BW. Oestradiol skin delivery from et al. In vitro and in vivo evaluation of
preparation. ] Control Release ultradeformable liposomes: refinement of Bola-surfactant containing niosomes for
2008;125(1):16-24 surfactant concentration. Int | Pharm transdermal delivery, Biomed.
10.  Silva R, Ferreira H, Little C, et al. 2000;196:63-74 Microdevices 2007;9(4):421-33
Effect of ultrasound parameters for 22.  Cevc G, Blume G. New, highly 33.  Manosroi A, Jantrawut P, Manosroi ]J.
unilamellar liposome preparation. efficient formulation of diclofenac Anti-inflammatory activity of gel
Ultrason Sonochem 2010;17(3):628-32 for the topical, transdermal containing novel elastic niosomes
administration in ultradeformable drug entrapped with diclofenac
868 Expert Opin. Drug Deliv. (2011) 8(7)

RIGHTES



Expert Opin. Drug Deliv. Downloaded from informahealthcare.com by Hacettepe Univ. on 12/03/12
For personal use only.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

diethylammonium. Int J Pharm

2008;360:156-63

Manosroi A, Khanrin P,
Lohcharoenkal W, et al. Transdermal
absorption enhancement through rat skin

of gallidermin loaded in niosomes.

Int J Pharm 2010;392:304-10
Alsarra 1A, Bosela AA, Ahmed SM, et al.

Proniosomes as a drug carrier for
transdermal delivery of ketorolac. Eur J

Pharm Biopharm 2005;59(3):485-90

Mokhtar M, Sammour OA,

Hammad MA, et al. Effect of some
formulation parameters on flurbiprofen
encapsulation and release rates of

niosomes prepared from proniosomes.
Int ] Pharm 2008;361(1-2):104-11

El-Laithy HM, Shoukry O, Mahran LG.
Novel sugar esters proniosomes for
transdermal delivery of vinpocetine:
preclinical and clinical studies. Eur J

Pharm Biopharm 2011;77(1):43-55
Touitou E, Dayan N, Bergelson L, et al.

Ethosomes-novel vesicular carriers for
enhanced delivery: characterization and
skin penetration properties.

J Control Release 2000;65:403-18
Lopez-Pinto JM,

Gonzalez-Rodriguez ML, Rabasco AM.
Effect of cholesterol and ethanol on
dermal delivery from DPPC liposomes.
Int J Pharm 2005;298(1):1-12

Elsayed MMA, Abdallah OY,

Naggar VF, et al. Deformable liposomes
and ethosomes: Mechanism of enhanced
skin delivery. Int J Pharm
2006;322(1-2):60-6

Fang YP, Tsai YH, Wu PC, et al.
Comparison of 5-aminolevulinic acid-
encapsulated liposome versus ethosome
for skin delivery for photodynamic
therapy. Int J Pharm
2008;356(1-2):144-52

Foldvari M, Gesztes A, Mezei M, et al.
Topical liposomal local anesthetics:
design, optimization and evaluation of

formulations. Drug Dev Ind Pharm

1993;19:2499-517
Dubey V, Mishra D, Dutta T, et al.

Dermal and transdermal delivery of an
anti-psoriatic agent via ethanolic

liposomes. ] Control Release
2007;123(2):148-54

Maestrelli F, Gonzalez-Rodriguez ML,
Rabasco AM, et al. New “drug-in
cyclodextrin-in deformable liposomes”

formulations to improve the therapeutic

45.

46.

47.

48.

49.

50.

51,

52.

53.

54.

55.

efficacy of local anaesthetics. Int ] Pharm

2010;395:222-31

Dayan N, Touitou E. Carriers for skin
delivery of trihexyphenidyl HCI:
ethosomes vs. liposomes. Biomaterials
2000;21:1879-85

Elsayed MM, Abdallah OY, Naggar VF,
et al. Deformable liposomes and
ethosomes as carriers for skin delivery of
ketotifen. Pharmazie 2007;62(2):133-7

Maestrelli F, Capasso G,
Gonzalez-Rodriguez ML, et al. Effect of
preparation technique on the properties
and in vivo efficacy of benzocaine-loaded
ethosomes. ] Liposome Res

2009;19(4):253-60

Ainbinder D, Touitou E. Testosterone
ethosomes for enhanced transdermal

delivery. Drug Deliv 2005;12:297-303
Jain S, Umamaheshwari R, Bhadra D,

et al. Ethosomes: a novel vesicular carries
for enhanced transdermal delivery of an
anti HIV agent. Indian J Pharm Sci
2004;66:72-81

Van den Bergh BAI, Vroom J,
Gerritsen H, et al. Interactions of elastic
and rigid vesicles with human skin in
vitro: electron microscopy and
two-photon excitation microscopy.

Biochim Biophys Acta 1999;1461:155-73

Dragicevic-Curic N, Scheglmann D,
Albrecht V, et al. Development of
different temoporfin-loaded
invasomes—novel nanocarriers of
temoporfin: characterization, stability and
in vitro skin penetration studies.

Colloids Surf B Biointerfaces
2009;70:198-206

Phayre AN, Farfano HMV, Hayes MA.
Effects of pH gradients on liposomal
charge states examined by capillary

electrophoresis. Langmuir

2002;18(17):6499-503
Owen RL, Strasters JK, Breyer ED. Lipid

vesicles in capillary electrophoretic
techniques: characterization of structural
properties and associated
membrane-molecule interactions.

Electrophoresis 2005;26(4-5):735-51

Zellmer S, Pfeil W, Lasch J.
Interaction of phosphatidylcholine
liposomes with the human stratum
corneum. Biochim Biophys Acta

(BBA) - Biomembr 1995;1237:176-82

Kirjavainen M, Urtti A, Jaaskelainen I,
et al. Interaction of liposomes with

human skin in vitro—the influence of

56.

57.

58.

6l.

62.

63.

64.

65.

66.

67.

Gonzalez-Rodriguez & Rabasco

lipid composition and structure.

Biochim Biophys Acta 1996;1304:179-89
Liu Y, Yan ECY, Eisenthal KB. Effects of

bilayer surface charge density on
molecular adsorption and transport across
liposome bilayers. Biophys J
2001;80:1004-12

Murthy SN, Zhao YL, Hui SW, et al.
Synergistic effect of anionic lipid
enhancer and electroosmosis for
transcutaneous delivery of insulin.

Int J Pharm 2006;326(1-2):1-6
Interesting results of delivery of insulin
transcutaneously by the combination

with minimally invasive methods.

Martin GT, Pliquett UF, Weaver JC.
Theoretical analysis of localized heating
in human skin subjected to high voltage

pulses. Bioelectrochemistry
2002;57:55-62

Pliquett U, Gallo SA, Hui SW, et al.
Local and transient structural changes in
stratum corneum at high electric field:
contribution of Joule heating.
Bioelectrochemistry 2005;67:37-46

Sen A, Zhao Y, Zhang L, et al.
Enhanced transdermal transport by
electroporation using anionic lipids.

J Control Release 2002;82(2-3):399-405

Mateescu E, Jeppepsen C, Pincus R.
Overcharging of a spherical macroion by
an oppositely charged polyelectrolyte.
Europhys Lett 1999;46:493-8

Nguyen TT, Shklovskii BI. Overcharging
of macroion by an oppositely charged
polyelectrolyte. Physica A
2001;293:324-38

Dobrynin AV, Deshkovski A,
Rubinstein M. Adsorption of
polyelectrolytes at oppositely charged
surface. Phys Rev Lett 2000;84:3101-4

Guo J, Ping Q, Jiang G, et al.
Chitosan-coated liposomes:
characterization and interaction with

leuprolide. Int J Pharm 2003;260:167-73
Rengel RG, Barisic KP. High efficiency

entrapment of superoxide dismutase into
mucoadhesive chitosan-coated liposome.
Eur J Pharm Sci 2002;15:441-8

Takeuchi H, Kojima H, Yamamoto H.
Polymer coating of liposomes with a
modified polyvinyl alcohol and their
systemic circulation and RES uptake in
rats. ] Control Release 2000;68:195-205

Hasanovic A, Hollick C, Fischinger K,
et al. Improvement in physicochemical

parameters of DPPC liposomes and

Expert Opin. Drug Deliv. (2011) 8(7)

869
RIGHTES



Expert Opin. Drug Deliv. Downloaded from informahealthcare.com by Hacettepe Univ. on 12/03/12
For personal use only.

Charged liposomes as carriers to enhance the permeation through the skin

increase in skin permeation of aciclovir
and minoxidil by the addition of cationic

polymers. Eur ] Pharm Biopharm

Eur ] Pharm Biopharm
2006;62(2):210-9

distearoylphosphatidylcholine system.
Biophys Chem 2004;110(1-2):39-47

79.  Bernkop-Schnurch A, Krajicek ME. 91.  Geusens B, Van Gele M, Braat S, et al.
2010;75:148-53 Mucoadhesive polymers as platforms for Flexible nanosomes (SECosomes) enable

68.  Sashiwa H, Shigemasa Y. Chemical peroral peptide delivery and absorption: efficient siRNA delivery in cultures
modification of chitin and chitosan 2: synthesis and evaluation of different primary skin cells and in the viable
preparation and water soluble property of chitosan-EDTA conjugates. epidermis of ex vivo human skin.
N-acylated or N-alkylated partially J Control Release 1998;50:215-23 Adv Funct Mater 2010;20:4077-90
deacetylated chitins. Carbohydr Polym 80.  Smith JM. Chitosan and transdermal o This paper clearly proved that an
1999;39(2):127-38 drug delivery. Retinoids 2003;19:72-5 ultraflexible siRNA-containing

69.  Park IK, Park YH. Preparation and 81.  Valenta C, Christen A, fw.nosome [.)osithjely charged perfetrates
structural characterization of Bernkop-Schnurch A. {“to the epldermlls of f'?Shly excised
water-soluble o-hydroxypropyl chitin Chitosan-EDTA conjugate: a novel fntact human 'skm and is able to enter
derivatives. ] Appl Polym Sci polymer for topical gels. into the keratinocytes.
2001;80:2624-32 J Pharm Pharmacol 1998;50:445-52 92.  Kupper TS, Fuhlbrigge RC. Immune

70.  Muzzarelli RAA. Carboxymethylated . This paper reported the first results surveillance in the skin: mechanisms and
chitins and chitosans. Carbohydr Polym concerning to the use of clinical consequences. Nat Rev Immunol
1988;8:1-21 chitosan-EDTA for 2004;4:211-22

71.  LiN, Zhuanga C, Wanga M, et al. transdermal delivery. 93.  Bal SM, Ding Z, Van Riet E, et al.
Liposome coated with low molecular 82.  Kitagawa S, Kasamaki M. Enhanced Advances in transcutancous vaccine
weight chitosan and its potential use in delivery of retinoic acid to skin by delivery: do all ways lead to Rome?
ocular drug delivery. Int J Pharm cationic liposomes. Chem Pharm Bull J Control Release 2010;148:266-82
2009:379:131-138 2006:54(2):242-4 ** Anexcellent review of the .

72.  Kubota N, Tatsumoto N, Sano T, et al. 83. Ham I, Kim M, Kim J. Enhanced ;:Z‘:l:e O:ioeizll f::::::; {::’ i:l:l::j;
A simple preparation of half N-acetylated transfollicular delivery of adriamycin with for transcutancous immunization.
chitosan highly soluble in water and a liposome and jontophoresis.
aqueous organic solvents. Carbohydr Res Exper Dermatol 2004;13:86-92 94.  Babiuk S, Baca—Estrac.la ME’ Babiulf LA,
2000;324:268-74 84.  Song YK, Kim CK. Topical delivery of < %l. CutanI(tOL}s \lflaccm;‘atlon.: the skin as

73.  Gonzalez-Rodriguez ML, Barros LB, low-molecular-weight heparin with zz dlr?li: l;l:liil; zfz:lt\i’;e?;:ivery.
Palma J, et al. Application of statistical surface-charged flexible liposomes. ] Control Release 2000:66(2-3):199-214
experimental design to study the Biomaterials 2006;27:271-80
formulation variables influencing the 85.  HongYu W, Kashani-Sabet M, 95. .Filion MC, Phillips N(?' 'TOXiCiFY and
coating process of lidocaine liposomes. Liggitt D, et al. Topical gene delivery to immunomodulatory jacmm}f Of. llgos.omal
Int ] Pharm 2007;337(1-2):336-45 murine skin. ] Invest Dermatol vector; formulatecifwlth catlllomc lipids

74.  Hasanovic A, Zehl M, Reznicek G, et al. 1999;112:370-5 ;\Zj}rlining::;i;eAizO;;;7; 329:345-56
Chitosan-TPP nanoparticles as a possible 86. Kim A, Lee EH, Choi SH, et al. In vitro )
skin drug delivery system for acyclovir and in vivo transfection efficiency of a %6- Wamfmx 1.{’ Jadot M, .

;VII:E enh;})nhced Stablilif)” 1160916 novel ultradeformable cationic liposome. X?;?Z;igg;ﬁ:;;;ﬂi riilobll;cne .
arm Pharmacol 2009;61:1609-1 Biomaterials 2004;25:305-13 )

5. Takeuchi H, Yamamoto H, Niwa T, §7 Babiuk S, Baca Estrada ME, v1t.r0. FEBS Lett 1997;417:199-202
et al. Enteral absorption of insulin in rats Pontarrollo R, et al. Topical delivery of 97. Mlsh‘ra P> Dubey V, {*bha)’ A, eral.
from mucoadhesive chitosan-coated plasmid DNA using biphasic lipid Elastic llposomtlts med'f*te‘:_{ _
liposomes. Pharm Res 1996;13:896-901 vesicles (Biphasix). J Pharm Pharmacol tPrIanscl.Jt.an}esoti; 1m.mumzauon against

76.  Mady MM, Darwish MM. Effect of 2002;54:1609-14 20652.22222.).4;2‘;?5
chitosan coating on the characteristics of 88.  Akita H, Kudo A, Minoura A, et al. . ’ ’ B
DPPC liposomes. J Adv Res Multi-layered nanoparticles for 98 Ding Z, Bal SM.’ ROmCIIJn.S, < al.. .
2010;1(3):187-91 penetrating the endosome and nuclear Tr.anscu.tane;ush1}1:1n.1umzat.13nl St:d(lfs "

77.  Valenta C, Auner BG. The use of membrane via a step-wise membrane \rzzjl:sflonr%nullzti:)rfsn:nz));oin;c(r)zn; dle
polymers for dermal and transdermal fusion process. Biomaterials ateay. Pharm Res 2011;28(1):145-58
delivery. Eur ] Pharm Biopharm 2009;30:2940-9
2004;58:279-89 89.  Geusens B, Sanders N, Prow T, et al. 99.  Hubbard A. El.ectrophoresis of lipDSOIIIIES.

o A good review of the mechanism of Cutaneous short-interfering RNA Ini Encyclopedia of Surface and Colloid
action of different polymers for therapy. Expert Opin Drug Deliv Science, Marcel Dekker, New York
transdermal delivery. 2009;6:1333-49 (2002)

78.  Biruss B, Valenta C. Skin permeation of 90. Tran R, Ho S, Dea P. Effects 100.  Villasmil-Sanchez S., .Dhrimeur W, _
different steroid hormones from of ethanol on lipid bilayers with and Salas SC,. et al. Posmvelyvand negatively
polymeric coated liposomal formulations. without cholesterol: the charged liposomes as carriers for

870 Expert Opin. Drug Deliv. (2011) 8(7)

RIGHTES

Wy



Expert Opin. Drug Deliv. Downloaded from informahealthcare.com by Hacettepe Univ. on 12/03/12
For personal use only.

101.

102.

103.

transdermal delivery of sumatriptan:

in vitro characterization. Drug Dev

Ind Pharm 2010;36(6):666-75 104.

Casals E, Soler M, Gallardo M, et al.
Electrophoretic behaviour of stearylamine
containing liposomes. Langmuir

1998;14(26):7522-6

Dragicevic-Curic N, Grafe S, Gitter B, 105.

et al. Surface charged temoporfin-loaded
flexible vesicles: in vitro skin penetration
studies and stability. Int ] Pharm
2010;384:100-8

Katahira N, Murakami T, Kugai S, et al.

Enhancement of topical delivery of a 106.

lipophilic drug from charged

multilamellar liposomes. ] Drug Target

1999;6:405-14
Montenegro L, Panico AM,

Ventimiglia A, et al. In vitro retinoic
acid release and skin permeation from
different liposome formulations.

Int J Pharm 1996;113:89-96
Puglia C, Rizza L, Bonina F, et al. Effect

of charge and lipid concentration on
in-vivo percutaneous absorption of
methyl nicotinate from liposomal
vesicles. ] Pharm Pharmacol

2005;57(9):1169-76

Ogiso T, Yamaguchi T, Iwaki M, et al.
Effect of positively and negatively

Gonzalez-Rodriguez & Rabasco

charged liposomes on skin permeation of

drugs. ] Drug Target 2001;9:49-59
107. Azeem A, Ahmad FJ, Khan ZI, et al.

Nonionic surfactant vesicles as a carrier
for transdermal delivery of frusemide.
J Dispers Sci Technol 2008;29(5):723-30

Affiliation

ML Gonzélez—Rodriguez* & AM Rabasco
TAuthor for correspondence

University of Seville,

Department of Pharmaceutical Technology,
Prof. Garcia Gonzélez, 2. 41012 Seville, Spain
Tel: +1 0034 95 4556397;

E-mail: malugoro@us.es

Expert Opin. Drug Deliv. (2011) 8(7)

871
RIGHTES



