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Introduction: Skin disorders will continue to cause complications in patients.
At present, there is an expansion of research into dermatologic treatment
due to a critical need for new treatment options to treat skin diseases.
Areas covered: The skin itself provides a natural barrier against particle pene-
tration for topical delivery. However, it also offers a potential approach for
the delivery of therapeutics, especially in diseased skin and via the openings
of hair follicles. Recent innovation might be achieved in the field of dermato-
logical treatment with improvement in the dermal localization of bioactives
into the affected skin region, via novel nanocarriers that deliver the drugs
directly to the target cells. After application, these nanocarriers can penetrate
through the stratum corneum into viable skin and accumulate at the target
site. However, noteworthy uptake does occur after damage and in certain
diseased skin.

Expert opinion: Skin-targeted topical delivery by means of nanosystems, in
order to produce sustained release and maintain a localized effect, will result
in an effective treatment of various life-threatening dermatological condi-
tions. In addition, research continues into the interactions between novel
particles, skin and skin lipid, and the influence of particle composition on
drug distribution within the skin strata.
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1. Introduction

Today, skin diseases and skin troubles are emerging aspects and afflict millions of
people every day. Throughout history, skin diseases have mainly been caused by
numerous infectious pathogens or inflammatory situations, which pose significant
challenges. Skin-related diseases encompass a vast array of situations ranging in
severity from benign to life threatening. Scientific data reveal that dermatologic dis-
eases are very acute and commonly influence the populations in many developing
countries. While these problems have not gained much attention from an interna-
tional audience, there seems to be a high demand by healthcare workers for more
consideration to be given to skin diseases [1].

Despite the great progress in dermatological treatments, many skin-associated
problems are related especially to infectious skin disease and remain difficult to treat.
Indeed, these problems depend on the type of pathogens involved, the integrity of
skin layers and their structures and, moreover, the underlying medical condition of
the patient [2]. There are various infectious diseases related to skin and hair follicles
that might be due to bacterial, fungal and viral infection. However, skin tumors
(benign and malignant) are basically derived from hair follicles and might represent
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a further concerning issue. Chronic inflammatory skin diseases such as psoriasis,
atopic dermatitis and allergic contact dermatitis are the combined result of infiltration
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Article highlights.

e Skin is the largest organ of the human body, which
represents the outermost complex barrier between the
body and the surrounding environment.

Skin disorders are caused by numerous infectious
pathogens or inflammatory situations, which pose
significant challenges.

Infectious skin-related disorders namely bacterial, fungal
and viral skin disease affect people and cause the
dermatologic illness.

e The chronic inflammatory skin diseases such as psoriasis,
atopic dermatitis and allergic contact dermatitis are
result of infiltration of inflammatory T cells.

The success of topical therapy of skin diseases depends
on the local and directed delivery of therapeutics to the
diseased cells of the skin.

Conventional topical formulation suffers the limitations
with regard to patient compliance, safety and efficacy of
the therapy.

Nanosystems can proficiently control the release of
therapeutic moiety on skin site with localized effect by
creating the skin reservoirs.

This box summarizes key points contained in the article.

of inflammatory T cells with increased production of cytokines
in the lesions (schematic representation shown in Figure 1) [3].

Several recent innovations have been made in the field of
skin disease treatment as likewise with other fields. Intensive
research proposes that the effective treatment of skin disor-
ders requires timely identification, estimation and manage-
ment of the causative agent and adoptability of efficient
treatment, as well as drug administration via the optimal
route with an optimized dosing schedule. To this end, there
are a host of new treatment options available to combat skin
disorders. In addition, the understanding of skin morpho-
logy, the barrier nature of stratum corneum, transport route
in skin as well as barrier properties of diseased skin have
expanded rapidly over the past few decades. This new know-
ledge has provided the recognition of molecular targets and
the rapid progress for development of new, specific, targeted
therapies for treating skin diseases.

The main objective of this review is to evaluate the
different novel nanocarrier-based delivery systems used to
improve the skin uptake of therapeutic moiety as well as
the iz vitro and in vivo studies performed with these types
of carriers, along with their therapeutic potential for the
therapy of skin-related disorders.

2. Skin

2.1 Skin structure

Skin is the largest organ of the human body, which represents
the outmost complex barrier between the body and the
surrounding environment. One of the major roles of the
skin is to prevent invasion of microorganisms by creating a
physical barrier from the external environment.

The defensive mechanism of skin not only presents physical
protection but also offers immunological, metabolic and UV
protection [4]. If the mechanisms that confer the barrier prop-
erties are well understood, they can be exploited as a port of
entry for therapeutic substances such as drugs and vaccines.

The skin consists of three main layers: the outermost epi-
dermis layer, which is about 50 - 150 pm thick, inner dermis
layer about 250 pm thick and subcutaneous fat tissue. No
blood vessels are present in the epidermis - therefore,
nutrients have to diffuse across the dermal-epidermal junc-
tion to maintain its vitality. It consists of five layers, which,
from the outside to the inside are the stratum corneum, stra-
tum lucidum, stratum granulosum (granular layer), stratum
spinosum (spinous layer) and stratum germinativum (basal
layer). Viable epidermis consists of the epidermis without
the stratum corneum (shown in Figure 2) [5].

The outermost part (15-20 pm) of the epidermis, named
stratum corneum, is responsible for the barrier function of
the skin. It consists of corneocytes (brick) that are embedded
in a lamellar structure formed by intercellular lipids (mortar)
that are rigid, desmosome-linked epithelial cells. The unique
arrangement of this layer represents the basic skin permeation
resistance that reduces the passage of molecules, especially of
those that are larger than 500 Da [6]. Keratinocytes, melano-
cytes (melanin production), merkel cells (sensory perception)
and Langerhans cells (immunological function) all might play
an important role in the functioning of the viable epidermis.
Keratinocytes differentiate and move upward from the basal
layer to the outermost layer through a process termed kerati-
nization. Along with the above cellular components, appen-
dages including the pilosebaceous units (hair follicles and
associated sebaceous glands), apocrine and eccrine sweat
glands are also present. Stratum disjunctum, the outer layers
of the stratum corneum, is mainly subjected for desquama-
tion. Depending on anatomical site and age, the stratum
corneum is completely renewed to maintain its optimum
protective properties [7].

Substances are transported across the stratum corneum pri-
marily by a passive diffusion process via three possible routes
namely the transcellular, intercellular and appendageal
routes [8]. Penetrants are mainly small molecules that preferen-
tially move through the intercellular route. Lipophilicity and
physicochemical properties such as molecular weight or
volume, solubility and hydrogen bonding ability govern the
diffusion rates. Lipid channels, which have been estimated to
be 19 nm [9], are expected to physically restrict the free move-
ment of particles suggesting that the stratum corneum could
also present an additional barrier that is not present for small
molecules. It is also evident that a large number of protein
transporters are present in skin, which may play a supportive
role in the active transport of drugs or other particles. Epithe-
lial layers and follicles consist of several important elements as
tight junction proteins whose localization and expression have
been shown to be altered in the diseases characterized by a
compromised skin barrier, such as psoriasis [s].
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* Impetigo: Superficial, crusting
epidermal skin infection, present in
bullous and nonbullous forms

e Cellulitis: Infection of the deeper
dermis and subcutaneous tissue with

poorly demarcated borders )
Bacterial skin Fungal skin
""""""""""""""""""""""" disease disease

Viral skin Inflammatory

* Herpes Simplex Virus (HSV) Infection: derece skin disease

Variety of clinical manifestations herpes
labialis and herpes genitalis

* Eczema herpeticum: HSV superinfection of
atopic dermatitis

* Herpetic whitlow: Digital HSV infection

* Herpes gladiatorum: Corporeal HSV
infection
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* Superficial: Confined to dead, keratinous
tissue, the epidermis, and hair follicles,
caused by dermatophytes, nondermatophyte
molds, and yeasts

Deep: Involvement of all skin layers and
often extended into the subcutaneous tissue.
Such as sporotrichosis, mycetoma, and
chromomycosis

¢ Systemic: Cutaneous manifestations.
e.g., Histoplasmosis, blastomycosis

N
\

» Atopic dermatitis: Chronic, inflammatory )
skin disease characterized by an itchy,
erythematous and intensely pruritic rash

* Psoriasis: Immune-mediated chronic skin
disease that is characterised by increased
dermal vascularity and keratinocyte
hyperproliferation

Figure 1. Schematic representation of various skin disorders and their origin.
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Figure 2. Diagrammatical representation of a cross section through human skin showing different cell layers and

appendages.
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The outer layers of the stratum corneum are regarded as a
moving, constantly renewable barrier. This upward migration
might assist in providing a mechanism to prevent foreign bod-
ies from invading the body and to eliminate pathogens,
cancerous cells or solid particulate matter [10].

The dermis is located underneath the viable epidermis and it
is the major site of cellular and fluid exchanges between the skin
and the blood and lymphatic networks. The fibroblasts, mast
cells and dermal dendritic cells (DCs) are important cell classes
in the dermis. It also contains blood vessels, lymph vessels,
nerves and an abundant level of collagen fibers [11]. An assembly
of adipocytes linked by collagen fibers is located underneath the
dermis, which forms a thermal barrier. Subcutaneous fat tissue
stores energy and functions as a mechanical cushion for the
body [12]. Structures penetrating the skin are appendages such
as sweat glands, pilosebaceous units and hair follicles that
originate either from the dermis or the subcutaneous fat tissue.
These appendages form important discontinuities in the skin
structure [11]. In addition to the barrier function, the skin has
also important immunological functions and serves a vital
role for the skin-residing antigen-presenting cells, such as
Langerhans cells and dermal DCs, which coordinate with
keratinocytes, mast cells and subsets of T lymphocytes [13].

It is also important to consider the barrier nature of
diseased skin. As stated, there are limited data available on
skin penetration of nanoparticles through diseased skin. The
topical delivery by nanocarriers for local effects is generally
to be used on diseased skin. Moreover, the barrier effects
modulate disease and its impact on the penetration of nano-
particles is unknown. It was hypothesized that nanoparticles
could penetrate these lesions more efficiently due to an altered
stratum corneum, inflammation and increased keratinocyte
turnover [s].

3. Designing of topical drug delivery system

A broad range of therapeutic indications are covered by
drugs that are intended for topical/cutaneous administration.
Although they have different molecular structures, they retain
certain  common physicochemical characteristics such as
high lipophilicity and poor aqueous solubility. The drugs
should possess log octanol/water partition coefficients value
[log P] > 6.0. The formulation scientist has assured that
the rate and extent of drug delivery are satisfactory to achieve
therapeutic local concentrations in a reasonable time frame
and provide sustained pharmacological action [14]. The effects
of formulation on the absorption characteristics are much
greater comparatively with topical drug delivery than any
other route of drug administration [15]. The barrier function
of the target biologic membrane provides a major challenge
for optimal therapy. Deprived drug penetration of skin/nail/
cornea limits their local bioavailability and drug efficacy.
While the stratum corneum, corneal, mucosal and nail
barriers all have different structures, they collectively present
considerable restrictions to drug transport. Their epithelial

architecture and physicochemical composition contribute
principally to the barrier function. Delivery efficiency and
therapeutic effect mainly depend on drug diffusion affinity
and interaction between the formulation excipients and mem-
brane components. Therefore, formulations and drugs should
be better designed and modified for traversing a given biologic
barrier. The correct balance between potency and deliverabil-
ity has to be ensured to design and develop a formulation sys-
tem so that optimum therapeutic drug levels can be achieved
at the site of infection [14]. The stratum corneum acts as a bar-
rier for topical drug delivery and its low permeability limits
the delivery of drugs via the topical route. Various efforts,
including various forms of formulation systems and strategies,
have been investigated to surmount this permeability barrier.
To overcome the complex array of enzymes and transporters
in or through the skin, various systems for the delivery and
transport of drugs have been studied including pro-drugs,
soft-drugs or particle-bound drugs [16]. The success of topical
therapy of skin diseases primarily depends on local and
directed delivery of therapeutics to the diseased cells of the
skin. Directed delivery has overcome the side effects resulting
from unspecific delivery and systemic exposure, while local
delivery requires that the drug is applied into skin where the
main protective barrier, the stratum corneum, is not intact [17].
The literature abounds with studies on in vitro models that
simulate diseased skin, which can improve the understanding
of how the skin barrier affects penetration into and perme-
ation across the skin. It was stated that skin disease therapy
may resolve the initial condition, which can alter the skin bar-
rier properties during the period of the treatment. Indeed, this
variation can also influence the penetration profile of the
administered drug substance [18].

4. Conventional approach

The majority of conventional topical preparations are
intended to deliver the drug for a local, rather than a systemic
action. Traditional therapies are proposed to act on the outer
surface of the skin. Conventional topical treatment of the skin
implies the use of ointments or creams. Drugs from such
preparations partition upon application on the skin, produc-
ing a highly concentrated layer of active ingredient that is rap-
idly absorbed [19]. Moreover, sometimes the application of
topical drugs results in lack of patient compliance due to
problems such as greasiness and stickiness associated with
the ointments. High concentration of active agents is required
by these vehicles for effective therapy due to low efficiency of
delivery system. It may also result in toxic reactions such as
irritation, allergic reactions. Other drawbacks include uncon-
trolled evaporation of active ingredient and unpleasant
odor [20]. The delivery from these systems is often unspecific,
and the skin penetration can be very low with high variation.
Two parameters are imperative for the drugs to be effective:
they have to reach the site of action or deeper layers at
significant amount, and they have to stay at the site in an
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effective concentration for a certain time. Skin being the out-
ermost organ can be easily accessed for drug application but
this does not mean that the drug has an easy access route to
the site of action. To increase the penetration of drugs across
the skin layers, penetration enhancers, for example, dimethyl-
sulfoxide or propylene glycol leads have been used. Use of
penetration enhancers increase transport rate through the epi-
dermal barrier but, in addition, it also increases unwanted
effects due to an enhanced drug level in the blood. Reports
indicate irritative or even toxic side effects of penetration
enhancers that question their use in topical drug administra-
tion (Table 1) [21,22].

5. Current issues in skin disorder therapy: need
of novel nanomedicine-based therapeutic
strategy

As discussed in the previous section, conventional topical
options suffer the limitations and are compromised with regard
to patient compliance, safety and efficacy of the therapy [23].
To overcome these issues, novel drug delivery systems are being
investigated that present the potential to reduce such erro-
neous characters without reducing the efficacy. They have
also become available and opened up both opportunities/
options for therapeutic strategies to treat skin diseases [24.25].
The new drug carrier systems with topical dermatics seem to
provide the means for achieving unreachable goals and overtake
the issues that are linked with conventional topical therapy.
Pharmacokinetic data also show low absorption of drug from
conventional formulation. All these subjects demand the need
for the development of new carrier systems that could effec-
tively improve skin penetration and reduce the undesirable
side effects associated with the drug [26]. It is obvious that
skin is a widely explored route, which can be reached directly
for drug application; however, it does not automatically mean
the drugs are getting to the right site of action (Figure 3) [22].

The applications of such novel nano-vehicle systems are
able to deliver potent drugs to the preferred site in a very pre-
cise manner. The design of nanomedicines is based on nano-
systems, which proficiently control the release of a therapeutic
moiety to the affected region at the skin site with localized
effect by creating skin reservoirs. Furthermore, nano-
sized particles and their narrow size distribution may allow
an efficient site-specific skin targeting favoring greater drug
retention [27]. The entrapment of active moiety in nanocar-
riers, which is an increasingly implemented strategy in skin
targeting and topical delivery, may provide a base for a new
generation of skin delivery of bioactive compounds. Such sys-
tems may enable sustained release, resulting in an extended
activity or enhanced uptake and the possible reduction in
adverse effects. Furthermore, encapsulated substances are
shielded from degradation in the particles [28].

In the following section, the main representatives of nano-
carriers particularly employed for skin targeting and their
applications are discussed. One way of optimizing topical

drug delivery to the skin is to employ particulate carriers
such as liposomes, nano- and microemulsions and lipid nano-
particles and polymeric nanoparticles (Figure 4). The nanocar-
riers in particular have received attention owing to their
ability to improve penetration across the stratum corneum
and targeting properties. It is a well-known fact that skin
acts as a negatively charged membrane. The presence of
charge on the surfaces of nanocarriers influences their drug
diffusion through the skin [29]. A positively charged delivery
system would strongly interact with cells and has shown better
permeability of the drug and prolonged pharmacological
activity [30]. Table 2 shows the work done recently with various
nanotherapeutics as topical drug delivery systems.

5.1 Vesicular system

Liposomes are one of the most commonly used and most
extensively studied topical drug delivery systems. Moreover,
research is also being done into improving cutaneous delivery
methods to reduce toxicity and consequently improving the
therapeutic index. The field of liposomes is complex and
involves equally basic science including chemistry, biology,
biophysics and physics. Since the discovery of classic lipo-
somes over 40 years ago by Bangham, liposomes have been
most extensively investigated as potential carriers of drugs
and biologically active molecules to date [31].

Liposomes are spherical vesicles made up of phospholipids,
and by virtue of their compatibility with biological constitu-
ents, they can carry a range of drug payloads successfully [32].
Similar to biological membranes, they can encapsulate both
water-soluble and lipophilic substances in their different
phases. In regard to their potential in cutaneous delivery, it
may be attributed to their lipid composition, which may be
similar to epidermis enabling them to penetrate the epidermal
barrier to a greater extent compared with other dosage forms.

On the basis of studies performed so far, liposomes are con-
sidered to be biodegradable and non-toxic. Liposomes can
reportedly localize the drug effect on account of their dermal
accumulation and drug reserve formation. Moreover, experi-
ments were conducted to study the possible interaction
between liposomes and keratinocytes using a reconstructed
human skin [22]. The first liposomal topical product, a liposo-
mal gel of the antifungal drug econazole (Pevaryl®; Cilag AG,
Schafthausen, Switzerland), was produced in 1994 in
Switzerland [33]. According to the literature, almost every kind
of therapeutic moiety can be encapsulated into liposomes.
In our earlier study, we reported that fluconazole-loaded
liposomal gel may be a promising option for cutaneous
candidiasis (skin fungal infection treatment). This may be due
to accumulation of drug-loaded liposomes in various strata of
skin following the topical application. The formulation showed
better antifungal activity due to localized drug-depot formation
and subsequent controlled release of drug 34].

Use of nano-liposomal formulations in topical drug deliv-
ery has been found to improve the penetration of several
entrapped agents into the skin. They have been proven to be

Expert Opin. Drug Deliv. (2012) 9(7) 787

RIGHTS LI N Ky



Expert Opin. Drug Deliv. Downloaded from informahealthcare.com by Hacettepe Univ. on 12/04/12
For personal use only.

M. Gupta et al.

Table 1. Some of the drugs administrated through conventional topical preparations.

S. No. Formulation Drug Indication
1 Gel Ketoconazole Antifungal
2 Cream Sulconazole nitrate, Cutaneous dermatophytosis
Miconazole nitrate
3 Ointment Tacrolimus Vitiligo
4 Ointment Tacrolimus Atopic keratoconjunctivitis
5 Gel Tazarotene Psoriasis
6 Cream Calcipotriol/betamethasone Psoriasis
dipropionate combination
7 Cream Calcipotriol Psoriasis
8 Gel Methotrexate Psoriasis
9 Gel Tazarotene Psoriasis
10 Ointment, cream, solution Calcipotriene Psoriasis
11 Propylene glycol-water-ethanol Minoxidil Androgenic alopecia
solutions
12 Powders, parenterals, gels, creams Miconazole Candida infections,
and ointments fungal infections
13 Cream, lotion, gels, ointments Amphotericin B Fungal skin infections
Drug loaded carriers Conventional vehicle with free drug
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Figure 3. A schematic representation of drug transport through the skin and benefits of a carrier system.

a valuable module for follicular drug targeting. The first sig-  lower systemic drug level as compared with conventional for-
nificant scientific study and contribution on liposomes in  mulation. After this, numerous studies were conducted and
topical therapy was made and reported by Mezei and  conflicting results continued to be published concerning the
Gulasekharam in 1980 (35]. In this study, liposomal lotion effectiveness of liposomes. Recently, several iz wvivo and
presented a four- to fivefold higher retention of triamcinolone  in wvitro transport studies have reported that conventional
acetonide concentration in the epidermis and dermis, with  liposomes might contribute to enhanced skin deposition of
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Figure 4. Pictorial view of novel nanocarriers used for skin delivery.

fluconazole [34] and tretinoin (36]. These results suggest that
conventional liposomes could be useful for topical dermal
delivery of these drugs. Despite the improved therapeutic
value of liposomes, it has become evident that classical lipo-
somes fail to penetrate the skin layers deeply - they remain
confined to upper layers of the stratum corneum. Confocal
microscopy studies suggest that intact liposomes do not
penetrate into granular layers of the epidermis [37].
Researchers have also exploited the targeting potential of
such vesicular structures to the appendages, especially the
pilosebaceous units (hair follicles with their associated
sebaceous glands). This area was extensively reviewed by El
Maghraby ez al. in 2006 [38] with an update. Vesicular prepa-
rations showed better results in acne vulgaris treatment com-
pared with conventional preparations including alcoholic
lotions (391. This was considered to be strong evidence that
vesicles can effectively target to skin appendages [38]. The
in vitro permeation through hamster flank skin and 7z vivo
deposition in hamster ear demonstrated the potential of
liquid-state liposomes and surfactant vesicles for successful
delivery of finasteride to the pilosebaceous unit (40). To under-
stand the influence of charge on vesicles, researchers investi-
gated negatively charged vesicles and observed higher flux
with negative as compared with positively charged vesicles,

which ultimately enhanced drug accumulation in the superfi-
cial skin layers [41]. In one study, the positively charged
vesicles of tretinoin provided permeation similar or even sta-
tistically higher (p < 0.05) than negatively charged vesicles [42].

5.2 Transfersomes

Deformable liposomes (Transfersomes) are a critical advance-
ment in topical vesicular drug delivery and have the potential
to dramatically improve drug delivery, as reported by Ceve,
1996 (43. These first generations of elastic vesicles are
reported to penetrate intact skin carrying the drugs, under
non-occlusion conditions. They consist mainly of phospholi-
pids with an edge activator that destabilizes lipid bilayers of
the vesicles and contribute to the deformability of the bilayers.
Sodium cholate, span 80, tween 80 and dipotassium glycyr-
rhizinate have successfully been employed as edge activa-
tors [44]. Several studies have reported that deformable
liposomes are capable of improving in vitro skin delivery of
various drugs [45.46) and of penetrating intact skin iz vivo,
transferring therapeutic amounts of drugs to the skin
layers [47]. In a recent study, these vesicles were found to sig-
nificantly improve ketotifen skin delivery, with an improve-
ment of ketotifen skin deposition as compared with plain
ketotifen skin permeation. Therefore, it was suggested that
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these vesicles are more valuable for dermal than for transder-
mal delivery of ketotifen (48]. They could reportedly improve
the skin deposition of 5-fluorouracil [49] and dipotassium gly-
cyrrhizinate [50], hence were considered selectively useful for
dermal delivery of these drugs.

5.3 Ethosomes

In the process of exploration of new approaches for enhanced
cutaneous delivery, ethosomes were studied and explored as
potential carriers in dermatologic area. Recently developed
ethosomes by Touitou et al., 2000 [51], exhibited enhanced
skin delivery of contained drug. The only difference between
conventional liposomes and ethosomes is that ethanol, instead
of cholesterol, is used as constituent in ethosomes [52]. An eth-
anol content of up to 45% may be present in ethosomes,
which is responsible for skin penetration resulting in drug
delivery into deep layers of the skin. This may be due to the
fact that ethanol plays a significant role in interaction between
ethosomes and skin lipids. It is thought that intercalation of
ethanol with the intercellular lipids enhances the lipid fluidity
and decreases the density of the lipid multilayer. It includes
interlipid penetration and permeation by the opening of
new pathways due to the malleability and fusion of ethosome
with skin lipids and drug release into deeper layers of the
skin [53].

Literature abounds with studies that report excellent skin
tolerability of ethosomes in human volunteers for as long as
48 h of application. In one study, the highly efficient delivery
of antdbiotics to deeper skin layers via stratum corneum
intercorneocyte lipids was successfully possible with bacitracin-
entrapped ethosomal dispersions. It was suggested that etho-
somal applications into human cadaver and rat skin eliminate
the side effects and other drawbacks associated with systemic
treatment [54]. These systems could be used for the treatment
of various dermatological disorders. Ethosomes are reported
to improve skin delivery of various drugs [55).

5.4 Penetration enhancer-containing vesicles

Intensive research has led to the introduction and develop-
ment of a new class of highly improved cutaneous delivery
of minoxidil. The formulation mainly contained penetration
enhancers. The penetration enhancer-containing vesicles
(PEVs) were prepared using soya lecithin and different
amounts of three penetration enhancers, 2-(2-ethoxyethoxy)
ethanol (Transcutol), capryl-caproyl macrogol 8-glyceride
(Labrasol) and cineole. The results showed that PEVs were
able to give a statistically significant improvement of minoxi-
dil deposition in the skin layers as compared with classic lip-
osomes and penetration enhancer-containing drug ethanolic
solutions. In addition, the most deformable PEVs, prepared
with labrasol and cineole, were highly effective in the delivery
of minoxidil in the skin suggesting that minoxidil delivery to
the skin could correlate with the deforming of vesicles and,
therefore, in turn relate to vesicle composition. Several studies
have reported that acronym PEVs were introduced to identify

the PEVs as carriers for dermal delivery of minoxidil and
diclofenac [56,57). These systems represent a judicious combi-
nation of liposome potential as carriers and penetration
enhancer ability per se to modulate the order of stratum cor-
neum packing, thus promoting the skin penetrance and hence
the drug delivery.

5.5 Transethosomes

The area of vesicular drug delivery to the skin is identified to
operate on the basis of composition of vesicles investigated.
Therefore, a novel carrier, which can cover the advantages of
both transfersomes and ethosomes, would be desirable as an
elastic carrier in order to deliver drugs to dermis layer through
stratum corneum barriers. Hence, it was exploited as another
option, transethosomes, which consist of phospholipid, etha-
nol, water and edge activator. Researchers concluded that
transethosome might be an opportunistic carrier effective for
enhanced skin delivery of voriconazole [58].

5.6 Flexible nanosomes (SECosomes)

Significant research efforts have been devoted to designing
effective carrier systems that could specifically deliver active
agents to diseased sites. Hence, lipidic nanovesicles termed
‘nanosomes’ have been investigated for topical delivery. The
nanosomes contain 1,2-dioleoyl-3-trimethylammonium pro-
pane chloride (DOTAP), cholesterol, surfactant (sodium cho-
late) and a higher percentage of ethanol, hence the name
‘SECosomes’ is used (surfactant—ethanol-cholesterol). The
benefits of the synergistic effect of ethanol and surfactant
provide an extreme flexible character and influence the skin
penetration capacity of the SECosomes [59]. A recent study
employed lipid-based nanosomes that enable the effective
delivery of siRNA into human skin. The findings provide evi-
dence that ultraflexible siRNA-containing nanosomes pene-
trate into the epidermis of freshly excised intact human skin
and is able to enter into the keratinocytes. This system might
be able to enhance efficient transfection of in vitro cultured
cells and delivered siRNA through intact human skin where
changes in the keratinocyte cell state are demonstrated [60].

5.7 Lipidic nanoparticles

The treatment of skin disease mainly implies application of a
drug to skin with an impaired epidermal barrier and linked
with the penetration profile of the drug substance as well as
the carrier into the skin. To elucidate this, the effect of skin
barrier damage on the penetration profile of various bioactives
applied as solid lipid nanoparticles (SLNs) or nanostructured
lipid nanoparticles (NLCs) composed of different lipids, vary-
ing in polarity, was studied. It is appreciated that the topical
delivery of drugs in skin diseases by lipidic nanoparticles
serves as an excellent tool in the dermatological field [18].
The SLNs of course present a great contribution in the
administration of active molecules and simultaneously in the
improvement of their therapeutic efficacy with a great degree

of feasibility of incorporation of lipophilic and hydrophilic
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drugs [61]. Moreover, their lipid core made from physiological
lipids having high biocompatibility and biodegradability with
their potential in epidermal targeting, follicular delivery and
controlled release of active moiety with increased skin
hydration due to greater occlusivity have been very well
established [62.63].

NLCs, the new improved generation of lipid nanopar-
ticles, are better in this respect as they overcome the problem
associated with SLNs mainly relating to limited drug load-
ing, risk of gelation and drug leakage during storage caused
by lipid polymorphism [s4]. NLCs consist of a mixture of
especially very different lipid molecules; that is, solid lipid(s)
is blended with liquid lipid(s). A blend of a liquid and
solid lipid forms a less perfect crystalline structure with
many imperfections providing more space for drug accom-
modation. The benefits of NLCs include the increased
drug payload of actives compared with SLNs and inclusion
of the active agents within the matrix of particles. Their
applicability for dermatological applications was also con-
firmed by successful formulations and evaluation of some
drugs for skin disease treatment [25.65].

Earlier studies recommended that both SLNs and NLCs
serve a key role in topical route of application. These lipidic
nanoparticles control the drug release profiles of incorporated
bioactives [66,67]. Moreover, the small size ensures a close con-
tact to the stratum corneum and can increase the amount of
drug penetrating into skin. Hence, these carriers emerged as
an important tool to supply the drug over a prolonged period
of time and to reduce systemic absorption [68]. Epidermal tar-
geting may successfully be exploited using SLN and NLC for-
mulations [69.70], as well as for reducing the side effects
especially during topical glucocorticoid treatment in condi-
tions such as skin thinning and atrophy as they are associated
with deeper layers of the skin, further systemic absorption can
be eliminated [71).

Most of the studies based on SLNs relating to their proper-
ties as a topical drug delivery system have been con-
ducted [62.25,18]. SLNs have shown to facilitate retention of
the entrapped drug substance in the upper skin layers and to
possess occlusive properties [72]. Aqueous SLN formulations
were proposed for topical delivery of various glucocorticoids,
for example, clobetasol propionate (73], or betamethasone val-
erate [74]. The occlusive character of the SLNs results from the
small size and strong adhesive properties of the particles,
which may ultimately lead to film formation on the skin
and reduce the transepidermal water loss and possibly help
to physically restore the barrier [75]. A recent study suggests
that SLNs containing the corticosteroid betamethasone-
17-valerate could efficiently be used for atopic dermatitis
treatment. The researchers concluded that SLNs affect the
drug substance penetration profile into and across the skin.
Principally, the penetration profile of the drug into the skin
was influenced by the type of lipids used in the SLN prepara-
tion and correlates to lipid polarity and drug substance
solubility. As a result, SLNs can be used to facilitate the extent

of drug accumulation conserve in the intact particulate struc-
ture. They may constitute dermal drug reserves especially in
barrier-impaired skin and localized distinctively in the stra-
tum corneum. But in intact skin, the reservoir effect was
more pronounced and the drug partitioning into the different
skin layers was found to be dependent on the lipid properties
of the SLNs [18]. We have published previously the influence
of various lipid cores on characteristics of SLNs designed for
topical delivery of fluconazole for cutaneous candidiasis. The
study supported that better antifungal activity in the case of
compritol 888 ATO-based SLNs compared with stearic
acid, monostearin and tristearin consisted SLNs, which could
noticeably improve the dermal localization (621. The previous
studies demonstrated that SLN and NLC dispersion of keto-
conazole and clotrimazole (antifungal drugs) were quite useful
for skin targeting via topical route and notably offer localized
effect (66,671. Most of the studies could establish conclusively
that SLNs and NLCs act as promising carriers for topical
delivery. Recently, we have reported that NLCs have excellent
ability as compared with SLNs, to increase drug accumulation
in the various skin layers without any transdermal delivery by
creation of a depot effect and as a result the maximal thera-
peutic antifungal fluconazole [25]. In one study, three psoralen
derivatives were used for psoriasis treatments by encapsulating
them in SLNs and NLCs. The results showed that enhanced
permeation and controlled release of psoralen delivery were
both achieved using the NLCs. Enhanced permeation can
be helpful for improving the skin absorption of drugs, while
sustained release is important for drugs with irritating effects
at high concentrations, hence supplying the drugs over a
prolonged period of time. This study provides supple-
mentary evidence that NLCs have great potential for psoriasis
therapies [76].

In one study, the modified lipid nanocarriers were formu-
lated by modifying the lipid matrix so as to enhance the drug
solubility in the lipid carrier by mixing solid lipid with lipo-
philic solubilizers (having very good solubility for the drug).
The modified lipid nanocarriers contained the drug dis-
solved in the solubilizer nanopockets within the solid lipid
particle matrix (i.e., drug/solubilizer/solid lipid/water). The
tacrolimus-loaded system showed the enhanced encapsula-
tion efficiency with the advantage of improved performance
in terms of stability and skin localization. In the context
of dermatopharmacokinetic parameters, the tacrolimus-
loaded modified lipid nanocarriers presented the values of
Thax and C, to be significantly higher as compared with
the reference, which indicated that tacrolimus could pene-
trate much more easily with this system than with ointment
formulation. The area under the curve (AUC) values were
less for reference formulation than modified lipid system,
and relative bioavailability of this system was 2.2 times
higher than the reference. The better transport of drug
through the stratum corneum barrier could be correlated
with better bioavailability and would lead to greater
therapeutic effect at the site of action [26].
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5.8 Polymeric nanoparticles
In the field of dermatology, increased attention has been given
to polymeric nanoparticles to overcome the limitations associ-
ated with other lipid systems. The problems such as higher
drug permeation, lower drug loading and phase stability issues
are concerning factors and so their application for clinical use
is restricted. Several non-toxic and biodegradable synthetic or
semi-synthetic polymers, including polylactic acid (PLA),
poly(lactic-co-glycolic acid) (PLGA), poly(e-caprolactone),
chitosan, have shown promising results for topical drug deliv-
ery. The polymeric carriers have shown merits of controlled
and sustained release via modification of polymer composi-
tion and reducing irritation associated with direct contact of
drug with skin. PLGA-based nanoparticles may be useful in
skin delivery as they propose a number of advantages includ-
ing non-toxicity and biodegradability and entrapment of var-
ious therapeutic moieties [77]. The topical delivery of PLGA
nanoparticles can be improved by modulating the particle sur-
face by coating with chitosan. Chitosan is a cationic polysac-
charide with many interesting biopharmaceutical properties
and has been widely explored as a penetration enhancer in
topical formulations [78]. Chitosan-modified PLGA nanopar-
ticles might be able to improve the topical delivery in various
aspects, such as incorporation of two drugs in inner and outer
layers of the nanoparticles, increased stability of the macro-
molecules, reversal of zeta potential promoting skin adhesion
and thus enhancing skin delivery and ability to conjugate with
other molecules such as penetration enhancer through the free
amino groups of chitosan. It was observed that in the case of
polymeric nanoparticles, the drug permeation was higher
due to gradual drug release from the nanoparticles on the
skin surface but the intact nanoparticles were unable to per-
meate in deeper skin layers [79,80]. Others attempted to verify
this aspect, but only a few of the researchers were able to
show permeation of nanoparticles into the skin passively
through the hair follicles, while in most cases, the nanopar-
ticles were primarily restricted to the uppermost layers of
the stratum corneum and unable to permeate the skin.
Despite the proposed benefits of topical polymeric nanopar-
ticles, their utility is debatable to obtain prolonged skin reten-
tion and controlled release for the desired therapeutic effect.
To successfully deliver a wide range of therapeutic agents, the
correct system may be PLGA-chitosan bilayered nanoparticles
with oleic acid into a proper gel matrix (Nanogel system) [s1].
Nanogels are nano-sized networks of physically or chemically
cross-linked polymeric particles. They may be useful for offer-
ing a uniform dispersion of the nano-carriers in the matrix
and augment the contact time, which results in enhanced
skin penetration of the bioactives [82]. A recent study investi-
gated the skin-permeating nanogel system containing surface-
modified polymeric bilayered nanoparticles along with a gelling
agent entrapping two anti-inflammatory drugs, spantide I and
ketoprofen. The findings support that nanogel has significant
impact on the percutaneous delivery of drugs to the deeper
skin layers and may be useful for the treatment of various

skin inflammatory disorders. A similar approach could be
extrapolated to treat other skin diseases such as fungal, bacte-
rial, viral infections and skin cancers such as melanoma (7).
Abdel-Mottaleb e al., 2011 (s3], reported a comparative study
between lipid nanocapsules (LNCs), SLNs, NLCs and poly-
meric nanoparticles for dermal delivery. They concluded that
polymeric carriers showed fourfold greater accumulation in
the skin compared with that of the LNCs and twice the accu-
mulation of SLNs and NLCs. These findings support that
the LNCs can be considered as a potential carrier with respect
to SLNs and NLCs for the transdermal drug delivery while
polymeric nanoparticles are more appropriate for localized
drug delivery to the skin.

One of the recent efforts deals with the polymeric micelles,
which have been explored as a drug carrier system in dermato-
therapy. With their size, stability and capability to incorporate
significant amounts of hydrophobic drugs in their core, these
systems seem well suited for use with azole antifungals. In
one recent study, novel amphiphilic methoxy-poly(ethylene
glycol)-hexyl substituted polylactide (MPEG-hexPLA) block
copolymer-based micelles incorporated clotrimazole, econa-
zole nitrate and fluconazole. A noteworthy increase in the eco-
nazole nitrate in skin deposition was achieved using micelles.
The study revealed their ability to improve cutaneous drug
bioavailability and improved clinical efficacy in vivo (84]. The
particle size of polymeric micelles is smaller (10 — 100 nm) as
compared with other carriers, and it is a suitable approach for
enhancing drug deposition into the skin. It was previously
reported that the small size ensures a close contact to stratum
corneumn and greatly deposited in the viable epidermis well as
dermis layer [68,85].

Dendrimers are a unique class of polymers and widely
explored in drug delivery and imaging. They are usually
10 - 100 nm in diameter with multiple functional groups
on their surface that makes them ideal carriers for targeted
drug delivery. The pharmaceutical applications of dendrimers
include nonsteroidal anti-inflammatory formulations, antimi-
crobial and antiviral drugs. The first investigational new drug
application for a topical dendrimer-based drug named
VivaGel (SPL7013 Gel) is a vaginal microbicide designed to
prevent the transmission of sexually transmitted infections,
including the human immunodeficiency virus and genital
herpes and was formulated by Starpharma (Melbourne,
Australia) [27].

5.9 Lipid-polymer hybrid system

Hybrid nanoparticles are polymeric nanoparticles enclosed by
lipidic layers that merge the high biocompatible nature of lip-
ids with its structural integrity afforded by polymeric nano-
particles. This system may be prepared by the modified
emulsification-solvent-evaporation methods using lipid as
surfactant. Generally, the biodegradable PLGA and phospha-
tidylcholine are used as the polymer and lipid models, respec-
tively. They differ from polymeric nanoparticle with respect
to their large size and higher drug-loading capacity [8s].
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However, all these properties make them attractive carriers in
dermatologic therapy.

5.10 Miscellaneous system

Lipogels are based on fatty components and are obtained by
gelling an oily phase with a lipophilic structure, using non-
ionic surfactants. The type and concentration of the gelling
agent can affect the structure on which the rheological charac-
teristics of the preparation depend and consequently on the
requirements of physical stability and consistency. Laithy
and El-Shaboury 2002 studied fluconazole in a series of
Cutina lipogels and a gel microemulsion using Jojoba oil as
an oleogenous phase [87]. In general, they are opaque thermor-
eversible semisolids that are stable at room temperature for
weeks [88]. In one study, in vitro pig skin permeation revealed
that miconazole nitrate accumulated twice as much in the case
of positively charged microemulsions than that from their
negatively charged counterparts. Hence, the positively
charged submicrometer emulsions might also bind to nega-
tively charged sites of skin, confirming the potentiality of top-
ically applied positively charged submicron emulsion (89]
described in the paragraph below.

Microemulsions are clear, isotropic, thermodynamically
stable dispersions of 2-immiscible liquids created by the pres-
ence of a suitable surfactant. These macroscopically mono-
phasic systems possess a flexible interfacial film that is
characterized by ultralow interfacial tension values. It was
concluded that microemulsion as a potential formulation
could enhance cutaneous drug delivery of both hydrophilic
and lipophilic drugs compared with conventional vehicles [90].
Patel er al. [91] reported that ketoconazole, when used in
microemulsion, was more efficiently penetrated into the skin
as compared with saturated aqueous solution. The higher
permeability rate may be due to the surfactants and the oily
phase, which taken together act as penetration enhancers.
Furthermore, the small particle size of the microemulsion
makes it an excellent carrier for promoting iz vitro skin per-
meation of ketoconazole. Some other studies for microemul-
sions were also reported by researchers including diclofenac
sodium [92], itraconazole [93] and aceclofenac [94].

Nanoemulsions typically contain 20 - 500 nm large
droplets, stabilized by surfactants. Basically, they are non-
equilibrium structures and rely on energetic input to form,
often from an emulsion. Nanoemulsion does not change on
long term, for example, into a coalesced form. But shearing
in the high-concentration range speeds up its physical deteri-
oration. This may be questionable if a concentrated nanoe-
mulsion is squeezed through a nano-porous membrane, such
as skin. The topically used NB-00X products (nanoemulsion
droplet based 200 nm based on NanoStat technology) were
prepared for Herpes labialis caused by herpes simplex virus I.

Lecithin organogels are biocompatible having jelly-like
phases, chiefly composed of hydrated phospholipids and appro-
priate organic liquid. Since they are thermodynamically stable
and viscoelastic, they provide structural and functional benefits

making them a system of keen interest to the pharmaceutical
scientist. As they facilitate transport through topical route (for
dermal or transdermal effect), several therapeutic agents have
been formulated with it. Biphasic drug solubility, the desired
drug partitioning, very low skin irritancy potental and the
modification of skin barrier function by the organogel compo-
nents are the factors that are responsible for the enhanced
topical drug delivery. Lecithin organogels are prepared by spon-
taneous emulsification, and being thermodynamically stable,
they possess prolonged shelf life. Muscle spasm as well as
peripheral or neuropathic pain has been effectively treated
by the topical application of digoxin containing Lecithin
organogel formulation [95).

Hexasomes may be defined as reverse hexagonal phases
comprised of hexagonally close-packed infinite water layers
covered by surfactants monolayer, generally in submicrometer
size range (200 nm). This carrier has the potential to be used
as optional vehicle for drug delivery. The therapeutic moiety
could be accumulated within the aqueous part or directly cou-
pled to the lipid hydrophobic moieties oriented radially out-
ward from the center of the water rods. Hence, these
features make them suitable for improving the solubility of
poorly water-soluble drugs and to transport therapeutic pepti-
des and proteins by transdermal routes [96]. Cubosomes are
nanoparticulate disperse system that may be prepared by the
emulsification of cubic lipid phase in water. The size of cubo-
somes ranges from 10 to 500 nm in diameter and they seem
like dots, square shaped, slightly spherical (97). It is an efficient
system for percutaneous delivery due to their high biocompat-
ibility and bioadhesivity. In one study, it was concluded that
this system represents an innovative approach to control the
cutaneous absorption of indomethacin [9s].

6. Mechanisms of topical drug delivery with
nano-sized particulates

There are abundant studies that report that small size of par-
ticles allow close contact with superficial junctions of corneo-
cyte and furrows between corneocyte which, in turn, may
favor their accumulation for longer time allowing sustained
drug release. As this concept is influential with liposomes,
they are different in so far as they collapse, which is considered
as compromising percutaneous penetration [99). It was sug-
gested that after vesicle application, ultrastructures of the
intercellular lipids were changed showing that small hydro-
philic head groups interact with human stratum corneum
in vitro [100]. Kirjavainen ez al. 37) revealed that vesicle compo-
sition may have a great effect, such as producing an enhancing
effect (by skin pretreatment), while their lipidic part may pen-
etrate deeply into the stratum corneum layer or may fuse and
mix with skin lipids to loosen their structure. This effect was
more pronounced in the case of liposomes containing dioleyl-
phosphatidylethanolamine (DOPE) or lyso-phosphatidylcho-
line (lyso-PC). Researchers also explained another mechanism
where the vesicles may adsorb on to the stratum corneum
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surface with subsequent transfer of drug directly from vesicles
to skin. The vesicles would be fused and mixed with the stra-
tum corneum lipids with a resultant enhanced drug partition-
ing into the skin [101]. Foldvari ez a/. [102] showed the presence
of integral liposomes in the dermis. They proposed that lipo-
somes bearing the drug may be able to penetrate the epider-
mis. But this system was more superior to a conventional gel
in the treatment of eczema but not for psoriasis. This may
be due to the fact that vesicles can penetrate diseased skin
with its ruptured stratum corneum (as in eczema) but cannot
invade skin with hyperkeratosis, as in psoriasis [103].

Researchers explored basically two different mechanisms to
identify a convincing explanation on deformable liposomes,
which improve skin delivery of drugs. The first one suggests
that invading vesicles enter the stratum corneum and carry
vesicle-loaded drugs along into the skin. The other mecha-
nism suggests that vesicles can act as penetration enhancers,
whereby vesicle bilayers enter the stratum corneum and conse-
quently adjust with the intercellular lipid lamellae with easier
penetration of free drug into and across the stratum cor-
neum [104]. In principle, the existence of edge activators in
the vesicles might be the reason for vesicle deformability so
that they could penetrate into intact skin with its dense stra-
tum corneum lipid packing, which contain very small pores
in comparison with the vesicle diameter. It appears that
lesser vesicle size may negotiate superior drug deposition
into deeper strata and penetration through skin, while large
nano-aggregates may improve deposition only [105].

Several studies supported that ethosome vesicles may act as
carrier systems; however, their mechanisms yet remain a mat-
ter of speculation. A synergistic mechanism was suggested
between ethanol, vesicles and skin lipids: As stratum corneum
lipid is densely packed and multilayered, ethanol can be inter-
acted with lipid molecules, finally increasing the fluidity of
the stratum corneum lipids with enhancing the membrane
permeability. In addition, the ethosome itself may interact
with the stratum corneum barrier and more easily penetrate
into deeper layers of the skin. The drug release is quite possi-
ble in the deeper skin layers and its transdermal absorption
could also be feasible with fusion of ethosomes with skin lip-
ids and drug release at various points along the penetration
pathway [51].

As in the case of PEV vesicles, we already have discussed in
previous section that they have shown to possess the merits of
liposome as carriers and penetration enhancer ability to adjust
the order of stratum corneum packing thus promoting skin
delivery [106]. While transethosome can encompass the advan-
tages of both deformable liposomes and ethosomes that are
suitable elastic carriers to deliver drugs to the dermis layer
through stratum corneum barriers, it consists of high ethanol
concentration and edge activator, which can enhance the skin
permeation and deposition. Thus they appear to be a poten-
tial carrier for the dermal delivery of the drug [ss].

In the subsequent section, we will consider the proposed
mechanisms, illustrating this for lipidic nanoparticulate. SLNs

and NLCs stay for a longer time at the site of application
because of their pronounced adhesive character. The adhesion
effect tends to increase with reducing particle size. Further-
more, the drug within the lipid matrix of the carrier system
adheres to the carrier surface both facilitating contact to the
outermost skin layers. In addition, a lipid film into the skin sur-
face may facilitate dermal absorption because of an additional
occlusive effect. Following the application of lipidic particles
onto the skin surface, a structural change in particle structure
may occur. Water evaporation results in a transition of the lipid
matrix to a more highly ordered structure leading to drug
expulsion, and final supersaturated solution must augment
penetration into the tissue. Moreover, improved hydration,
for the time being, opens the compact structure of the horny
layer, and the permeability of the barrier increases. The surfac-
tants used for SLN or NLC stabilization contribute to the pen-
etration into human skin but only to a limited extent [101].

Polymeric nanoparticles do not penetrate into stratum cor-
neum while follicular pathway has been reported as the pri-
mary penetration route for nanoparticles. Hence, they
accumulate preferentially in skin furrows and hair follicles
and create high local concentrations of loaded drugs that
can subsequently diffuse into the viable layers of the skin. It
is believed that it is a size-dependent phenomenon where
smaller nanoparticles show highest penetration. The smaller
size particles have a larger contact area with the skin surface.
In addition, their viscosity also supports non-invasive occlu-
sive film formation resulting in a depot at the skin surface.
Hence, they may target the drug to the follicles followed by
their accumulation, depot formation, and subsequent release
of a drug may be used to provide more effective, sustained
release. The size, composition and surface charge may have
great influence on improvement of drug delivery to the deeper
skin layers [84,107].

7. Conclusion

Skin disorders symbolize a primary category of dermatologic
illnesses that directly account for substantial health and eco-
nomic burden annually. The drawback linked with most of
the marketed topical therapy is that many of them are associ-
ated with side effects of systemic circulation origin and will
affect whole body rather than just the skin. Therefore, there
is a need for an easy and non-invasive therapeutic approach
and developing the more target oriented topical treatments.
Ongoing research has provided novel topically based nano-
aggregates for effective therapy. However, the numerous col-
loidal systems have been projected to improve topical drug
delivery, but only the most energetic systems really could
overcome the skin barrier and have the ability for customized
pharmacokinetics. These nano-vehicles mainly increase or
decrease the flux, adapt the drug depot location and size,
and even selectively permeabilize the stracum corneum. The
mechanisms of interaction of nano-aggregates with skin
structures and their microenvironment, that is, furrows, hair
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follicles, eccrine ducts, and so on, are absolutely significant for
the enhancement of cutaneous drug delivery. The topically
used nanomedicines offer promising opportunities in dermal
delivery, and recent advances and modifications appear to
have generated increased therapeutic potential. Amelioration
and variation in their composition and structure result in
vesicles with required tailored properties. Hence, nanosystems
possess a promising, adjustable platform for the biocom-
patible, safe and effective topical delivery of therapeutics,
since they did not induce any short-term cytotoxicity or
morphological changes in stratum corneum.

8. Expert opinion

Skin diseases caused by numerous infectious pathogens or some
inflammatory conditions impose significant challenges and are
emerging targets. Indeed, these problems depend on the type of
pathogens or other inflammatory skin conditions involved, the
integrity of skin layers and the structures affected, moreover so
the underlying medical condition of the patient. Intensive
research suggests that the effective treatment of skin disorders
need a timely identification, estimation and management of
the disease and adoptability of efficient treatment.

To date, the topical treatment of skin diseases appears the
most favorable choice. Yet the stratum corneum counteracts
the penetration of bioactives into viable skin, and only a few
percent of the applied drug is absorbed. Marketed topical
preparations are associated with side effects relating drug
absorption to systemic circulation and will thus affect more
than just the skin. To achieve the localized effect, an easy
and non-invasive option such as topical therapy is most
desirable and ideal for this purpose. The recent innovations
mainly focused on exploring the novel carriers such as
vesicles, lipidic particles and particulate carriers. These
nano-sized particles are of particular interest for topical
treatment of skin diseases to increase skin penetration of
drugs and to reduce side effects.

It has already been explored that skin lipids may impose
discernible influence on the potential barrier of skin, since
lipidic nano-aggregates may permit the lipid exchange
with skin surface and emerged as a suitable option. Indeed,
the nature of the lipid systems and the mode of drug inter-
action with the lipid matrix proved to be relevant as already
have been discussed. The lipidic part of vesicles might
deeply penetrate into the stratum corneum or may fuse
and mix with skin lipids to loosen their structure and subse-
quent release of drug from vesicles to skin. Research
suggests that vesicles can penetrate diseased skin with its

ruptured stratum corneum but cannot invade intact skin
in a more pronounced way. After application of lipidic par-
ticles on the skin surface, structural changes in the structure
of the particle may be induced. Water evaporation results in
a transition of the lipid matrix to a more highly ordered
structure leading to favored drug release. The localized
drug-supersaturated iz vivo reserve must augment the pene-
tration into the tissue. On the other hand, the polymeric
particles do not penetrate to the stracum corneum; however,
the follicular pathway has been the main penetration route
for nanoparticles. Hence, they can accumulate in skin fur-
rows and hair follicles and create high local concentrations
of loaded drugs that can further diffuse to the viable layers
of the skin.

Nanotechnology promises for the minuscule effects, but
most of these visions are hypothetical at this point. Cur-
rently, the biggest pitfalls of the molecular manufacturing
pattern have not yet been explored, hence their benefits/
drawbacks will remain the dominant focus of researchers.
Various therapeutic products based on ultra-adaptable,
self-regulating, nano-sized particles are marketed and
some have reached the clinical level. The first topical lipo-
somal product, a ‘liposome gel’ of econazole (antifungal
drug) (Pevaryl®; Cilag AC), has been approved in Switzer-
land, while ‘VivaGel’ is an example of a dendrimer-
based product and was formulated by Starpharma (Mel-
bourne, Australia). Another one is the topically used
NB-00X product (nanoemulsion droplet based 200 nm
based on NanoStat technology), which has progressed
for Herpes labialis caused by herpes simplex virus I.
IDEA AG, the biopharmaceutical company, announced
the start of developing targeted therapeutics based on the
novel Transfersome carriers (topically applied dosages of
IDEA-033) currently in Phase III trials in Europe for the
treatment of signs and symptoms related to osteoarthritis
of the knee. Nevertheless, many questions arise, which
remain to be unexplored and addressed. In the context
with safety, the environmental effects and the potential
effects on the health are major issue for manufacturing of
these particles. Finally, it is hoped that the application of
nanotherapeutics is limitless, but the development of
safety guidelines by the manufacturers should strongly
be considered.
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