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ABSTRACT

Fungal infections of the skin are one of the often faced with dermatological diseases in worldwide. Topical therapy is an
attractive choice for the treatment of the cutaneous infections due to its advantageous such as targeting of drugs to the
site of infection and reduction of the risk of systemic side effects. Currently, antifungal drugs are generally used as
conventional cream and gel preparations in topical treatment. The efficiency of that treatment depends on the penetra-
tion of drugs through the target layers of the skin at the effective concentrations. However, stratum corneum, the out-
ermost layer of the skin, is an effective barrier for penetration of drugs into deeper layers of the skin. The physico-
chemical characteristics of drug molecules and the types of the formulations are effective factors in topical drug deliv-
ery. Therefore, a number of formulation strategies have been investigated for delivering antifungal compounds through
targeted site of the skin. This review article focuses on the new alternative formulation approaches to improve skin

penetration of antifungal drugs.
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1. Introduction

The incidence of superficial fungal infections of skin,
hair and nails has been increased in worldwide. It has
been estimated that about 40 million people have suf-
fered from fungal infections in developing and under de-
veloped nations. The progression of fungal infections can
be rapid and serious due to compromising with immune
function [1,2]. Dermatophytes are one of the most fre-
quent causes of tinea and onchomycosis. Candidal infec-
tions are also among the most widespread superficial cu-
taneous fungal infections [3]. Even, candida can invade
deeper tissues as well as the blood which leads to life-
threating systemic candidiasis, when the immune system
is weakened [4].

Topical treatment of fungal infections has several su-
periorities including, targeting the site of infection, re-
duction of the risk of systemic side effects, enhancement
of the efficacy of treatment and, high patient compliance.
Different type of topical effective antifungal compounds
has been used in the treatment of a variety of derma-
tological skin infections. The main classes of topical an-
tifungals are polyenes, azoles, and allylamine/benzy-
lamines. Cicloprox is an antifungal agent also used topi-
cally. Currently, these antifungal drugs are commercially
available in conventional dosage forms such as creams,
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gels, lotions and sprays.

The efficiency of the topical antifungal treatment de-
pends on the penetration of drugs through the target tis-
sue. Hence, the effective drug concentration levels should
be achieved in the skin. In topical administration of anti-
fungals, the drug substances should pass the stratum
corneum, which is the outermost layer of the skin, to
reach lower layers of the skin, particularly into viable
epidermis. In this context, the formulation may play a
major role for penetration of drugs into skin [5]. Devel-
opment of alternative approaches for topical treatment of
fungal infections of skin encompasses new carrier sys-
tems for approved and investigational compounds. De-
livery of antifungal compounds into skin can be en-
hanced with the carriers including colloidal systems, ve-
sicular carriers, and nanoparticles.

This review article focuses on the classification of topi-
cal antifungals used in treatment of various superficial
fungal infections of skin. Recent studies which deal with
the optimization of alternative formulation approaches
for cutaneous administration of antifungals have also been
summarized.

2. Topical Delivery of Antifungals via Skin

Human skin is a well-organized membrane and, it has
three main layers, which are called as epidermis, dermis
and hypodermis. Stratum corneum, the outermost layer of
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epidermis is formed by dead and keratinized cells, and it
is an excellent barrier to penetration of drugs through the
skin [6].

Drugs should penetrate into skin layers to ensure ef-
fective drug concentrations following topical administra-
tion. Types of the formulations as well as the physico-
chemical characteristics of drug molecules are effective
parameters in topical delivery of drugs. In topical ad-
ministration, the entering of drugs to systemic circulation
is prevented or minimized. Thus, the systemic adverse
effects of drugs are avoided [7]. Besides, topical prepara-
tions have better patient compliance due to their non-
invasiveness and, they can be self-administered [8,9].

Antifungal drugs should reach effective therapeutic
levels in viable epidermis after dermal administration.
The greatest challenge for dermal delivery is stratum
corneum, and in order to improve its permeability, new
formulation approaches have been investigated. Colloidal
drug carriers such as microemulsions, vesicular carriers
including liposomes, ethosomes and niosomes and, both
lipidic and polymeric particulate carrier systems are
among those new carriers to ensure dermal administra-
tion of antifungals by dermal targeting [10,11].

3. The Conventional Dosage Forms and
Action Mechanisms of Topical Antifungal
Drugs Used in the Treatment of Dermal
Fungal Diseases

A list of approved and investigational topical antifungal
compounds is given as a comprehensive table (Table 1).
Topical antifungal agents are conventionally compounded
into various types of vehicles, such as ointments, creams,
lotions, gels, or sprays. In addition, several agents used
perorally or intravenously are also included because of
the conducted studies aiming dermal/transdermal target-
ing of these antifungals.

Azole antifungals work through a common mechanism
of action; they selectively inhibit the synthesis of fungal
cell ergosterol and they alter the permeability of cell
membrane by binding with the phospholipids in the fun-
gal cell membrane. The azole antifungal agents in clini-
cal use contain either two or three nitrogens in the azole
ring and are thereby classified as imidazoles (e.g., keto-
conazole and miconazole, clotrimazole) or triazoles (e.g.,
itraconazole and fluconazole), respectively [3,12].

Allylamines work through inhibition of squalene epoxi-
dase, which is an essential enzyme in the ergosterol bio-
synthesis pathway of fungal cell membrane formation.
Alterations in fungal cellular membranes result in in-
creased cellular permability and growth inhibition. Ben-
zylamines block the epoxidation of squalene [3,13].

The polyene antifungal agents exert their antifungal
activity by binding irreversibly to fungal cell membrane
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ergosterol. Thus, the polyenes are fungicidal and have
the broadest spectrum of antifungal activity of any of the
clinically available agents. Nystatin is a polyene deriva-
tive and is limited to topical use only. Clinically, nystatin
has demonstrated broad antifungal activity in treating
mucocutaneous fungal infections. The most common
adverse effect reported with nystatin is allergic contact
dermatitis [3,13,14].

Ciclopirox is a synthetic hydroxypyridone derivative
that carries antifungal, antibacterial, and anti-inflamma-
tory properties. Ciclopirox inhibits essential enzymes in-
terfering with mitochondrial electron transport processes
and energy production. It is active against many fungi
including dermatophytes and yeast [3].

4. Current Alternative New Formulation
Approaches for Improving Treatment of
Fungal Diseases in Skin

4.1. Colloidal Carriers (Microemulsions, Micelles,
Nanoemulsions)

Microemulsions, transparent, thermodinamically stable, and
isotropic liquid dispersions, are promising colloidal car-
rier systems for topical and transdermal administration of
drugs. The advantages of topical microemulsions include
enhancing solubility of drugs, high thermodynamic sta-
bility, and ease of preparation and low costs [10]. The
oils and surfactants included in the composition of mi-
croemulsions act as enhancers for permeation of drugs
across stratum corneum. These formulation components
of microemulsions and the internal structure of phases
enhance diffusion of the drug and, that can improve the
partition of drug to stratum corneum [54].

The optimisation and characterization of topical mi-
croemulsion formulations of antifungal drugs have been
widely studied in the literature. Recently, El Hadidy et al.
reported that microemulsion systems of voriconazole
showed significantly better antifungal activity against
Candida albicans than that of its supersaturated solution.
Voriconazole permeation through pig skin has been pro-
longed up to 4 h with application of Jojoba oil-based mi-
croemulsion formulation [31].

In another study, Patel and co-workers has prepared oil
in water (o/w) microemulsions of ketoconazole by using
lauryl alcohol as oil, Labrasol as surfactant and ethanol
as co-surfactant. It was concluded that the percutaneous
absorption of ketoconazole from microemulsions has
been enhanced with increasing the lauryl alcohol and
water contents, and with decreasing the surfactant/
co-surfactant ratio in the formulation. In order to evaluate
the antifungal activity of the best formulation, Candida
albicans has been used as a model fungus. The results
indicated that the widest zone of inhibition has been ob-
tained with microemulsion formulation as compared to
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reference conventional formulation of ketaconazole. The
safety of microemulsion formulations of ketoconazole
for topical use has also been showed according to histo-
pathological data on rat skin [33].

Microemulsion (o/w) of itraconazole was incorporated
into polymeric gels prepared with Lutrol F127, Xanthan
gum, or Carbopol 934. Diffusion controlled drug release
mechanism has been followed from microemulsion based
gels. When the antifungal activity of itraconazole was
evaluated, the widest zone of inhibition has been ob-
served with the application of microemulsion gels of itra-
conazole prepared with Lutrol F127. This microemulsion
gels has been also identified as non-irritant [29].

Different type of topical delivery systems of flucona-
zole, including emulsion, emulgel, lipogel, and thickened
microemulsion-based hydrogel have been evaluated to
optimize the formulation type based on its drug delivery
capacity to the skin and deposition of active compound
within the skin. Propylene glycol and diethylene glycol
monoethyl ether have been used as co-solvent and also as
penetration enhancers for each system. Microemulsion
formulation of fluconazole containing diethylene glycol
monoethyl ether has been determined as the best formu-
lation due to its ability to deliver the all applied dose into
skin and to enhance skin penetration of fluconazole. Also,
it has been reported that microemulsion formulation pre-
pared with diethyleneglycolmonoethyl ether had higher
antifungal activity compared to the one containing pro-
pylene glycol [34].

In another study, fluconazole loaded microemulsion
systems composed of lauryl alcohol (oil), Labrasol (sur-
factant) and ethanol (co-surfactant) have been formulated
and the effect of formulation components on in vitro skin
permeation of fluconazole has been investigated. It was
observed that the percutaneous absorption of fluconazole
from microemulsions has been enhanced with increasing
the oil and water contents, and with decreasing the sur-
factant/co-surfactant ratio in the formulation. The anti-
fungal activity of the best microemulsion formulation has
been assessed in terms of the zone of inhibition of Can-
dida albicans, data indicated the widest zone of inhibi-
tion has been shown with the application of the selected
microemulsion formulation [35].

Microemulsion based lecithin organogel formulations
for topical delivery of fluconazole has been developed
and their suitability has been investigated in order to
overcome the gastrointestinal adverse effects of the drug.
The transdermal permeability of fluconazole from dif-
ferent concentrations of lecithin organogels has been
examined through excised rat skin. Organogel containing
lecithin has showed the higher drug release and better
relative consistency and that formulation has also showed
an increase in antifungal activity [36].

The influence of the vehicle on the release and per-
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meation of fluconazole dissolved in Jojoba oil was evalu-
ated by El Laithy and El-Shaboury. Series of Cutinalipo-
gels (Cutina CPA [cetylpalmitate], CBS [mixture of glyc-
eryl stearate, cetearyl alcohol, cetylpalmitate, and co-
coglycerides], MD [glyceryl stearate], and GMS [glyc-
erylmonostearate]) in different concentrations as well as
gel microemulsion were prepared. Candida albicans was
used as a model fungus to evaluate the antifungal activity
of the best formula achieved. The highest values were
assured from gel microemulsion formulation and the an-
tifungal activity of fluconazole showed the widest zone
of inhibition with gel microemulsion [37].

Microemulsion systems for topical delivery of clotri-
mazole were developed by using either lemon oil or iso-
propylmyristate as the oil phase and Tween 80 and n-
butanol as surfactant and co-surfactant, respectively. Gel
forms of microemulsions were prepared using Carbopol
934 as the hydrogel matrix. The microemulsion gel sys-
tem comprising of isopropyl myristate, Tween 80, n-
butanol and water was determined as a successful topical
delivery system of clotrimazole for treatment of cutane-
ous fungal infections because of the efficacy, tolerability
and high skin retention of the drug [43].

Zhao et al., developed gelatine containing microemul-
sion-based organogels loaded with butenafine hydrochlo-
ride as a model drug. They observed that the network
structure of microemulsion gels composed of isopropyl
myristate, sodiumbis(2-ethyl-1-hexyl) sulfosuccinate,
Tween 85 and water was affected by drug concentration
and the results showed that the microemulsion gels can
be used as potentially transdermal drug delivery vehicles
[51].

Micelles are nanosized colloidal carries with a hydro-
phobic core and hydrophilic shell. They are used as
pharmaceutical carriers for water insoluble drugs and are
attractive drug carriers providing increased bioavailabil-
ity [55]. The specificity and efficacy of micelle-based
drug delivery can be improved through the use of pH-,
thermo-, ultrasound-, or light-sensitive block copolymers
and the attachment of targeting ligands to the micelles
[56]. Bachav et al., studied the effect of miceller carriers
of different azole group of antifungal drugs including,
clotrimazole, econazole nitrate and fluconazole to im-
prove the skin deposition of antifungals following topical
administration. In this study, aqueous micelle solutions
of these compounds have been formulated using novel
amphiphilicmethoxy-poly(ethylene glycol)-hexyl substi-
tuted polylactide (MPEG-hexPLA) block copolymers. In
vitro skin transport studies performed with using full
thickness porcine and human skin for 6 hours indicated
that econazole deposition in porcine skin has been found
significantly higher than that from its commercial lipo-
somal formulation. The increase in econazole skin deposi-
tion achieved using the micelle formulation has been
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explained by the ability of micelle formulation to im-
prove cutaneous drug bioavailability [18].

Submicron emulsions or nanoemulsions also have
been evaluated as colloidal carriers to improve the effi-
cacy and tolerability of antifungal drugs applied topically.
Nanoemulsions are thermodynamically stable, transpar-
ent or translucent nano-sized dispersions of oil in water
(o/w) or water in oil (w/o) stabilized by an interfacial
film of surfactant and co-surfactant.

They are primarily produced either by high-energy
emulsification (e.g., high-pressure homogenization) or by
low-energy emulsification (using physicochemical prop-
erties of the components) [57,58].

A nystatine nanoemulsion for topical application was
developed to avoid undesirable side effects as systemic
absorption and toxicity. Ex vivo human skin permeation
studies showed that the retained amount of drug was suf-
ficient to ensure an antifungal effect and nystatin was not
absorbed into systemic circulation [52].

Econazole or miconazole nitrate, respectively, were
incorporated in positively and negatively charged submi-
cron emulsions. It was observed that there was a rela-
tionship between the charge of the emulsion and skin
permeation (Piemi et al., 1999). In another study, skin
permeation and accumulation of miconazole nitrate from
positively charged microemulsions were investigated.
The accumulation of miconazole nitrate from positively
charged microemulsions was nearly twice that from their
negatively charged counterparts without a concomitant
increase in its systemic absorption [25].

Microemulsion formulations of naftifine hydrochloride
have been optimized and the efficacy of the formulation
has been investigated by ATR-FTIR spectroscopy. Ac-
cording to ATR-FTIR data, microemulsion carrier sys-
tems have enhanced the permeation of naftifine hydro-
chloride, highly lipophilic drug, through stratum corneum,
indicating the localization of antifungal compound in
deeper layers of the skin [49].

4.2. Vesicular Carriers (Liposomes,
Ethosomes, Niosomes and Transfersomes)

Vesicular systems such as liposomes, niosomes, etho-
somes and transfersomes have been developed for opti-
mization of penetration of drugs across stratum corneum
and particularly for dermal targeting of the drug com-
pounds. Vesicular systems have numerous advantages
such as controlling drug release rate from the applied
formulation and localization of topical administered drugs
in targeted dermal layers. Besides, transdermal admini-
stration of vesicular systems helps to carry drug mole-
cules into systemic circulation.

Liposomes are defined as lipidic vesicles containing
water. Conventional liposomes are composed of phos-
pholipids, mostly phosphatidylcholine from soybean or
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egg yolk, with or without cholesterol [59]. Liposomes are
accepted as ideal dermal drug carriers due to their ability
to alter the biodistribution profile of incorporated drugs
[38]. Liposomes can be adsorbed on the skin surface or
may go into fusion. Fusion of liposomes may facilitate
dermal penetration of the drug. Another skin penetration
enhancement mechanism is penetration of liposomes to
stratum corneum to some extent before fusion with stra-
tum corneum lipids, which leads to deposition of the drug
in tissue. With this mechanism, particularly dermally
administered liposomes can be localized in different lay-
ers of the skin [6,60].

Schwarz and co-workers employed lysine derivatives
to optimize the liposomal microstructure. The effect of
the oligopeptides Lys-5 and Lys-7 on the structure as
well as on the skin permeation of the antimycotic drug
fluconazole in
1,2-dipalmitoyl-sn-glycero-3-phosphocholine vesicles was
studied using a variety of techniques. The addition of Lys-
5 and Lys-7 induced a structural change resulting in a
decrease in particle size between 10% and 40% in li-
posomes consisted mainly of unilamellar vesicles and a
retarding effect on fluconazole skin permeation [38].

The antifungal activity of liposomes loaded with mi-
conazole has been assessed using Candida albicans, and
in vitro skin penetration of liposome formulations of mi-
conazole have been also examined across human skin.
The results showed that propylene glycol-phospholipid
vesicles provided enhanced skin deposition of micona-
zole nitrate with minimum skin permeation [26]. In an-
other study, the incorporation of miconazole or keto-
conazole in liposomes was resulted in a delay and de-
creased antifungal activity of the drugs due to the various
phosholipid concentrations and different liposomal prepa-
rations [27].

The effects of two commercially available econazole
formulations (econazole nitrate cream, econazole liposome
gel) on both uninfected reconstructed human epidermis
and on a model of human cutaneous candidosis have
been investigated with the light and electron microscopy.
The data obtained indicated that barrier damage on
epidermis and irritativetoxic effects caused by a single
application of the cream to the uninfected reconstructed
epidermis were more than the liposome gel. It was also
shown that different Candida albicans-specific alterations,
namely hyperkeratosis, focal thickening of the stratum-
corneum, dyskeratosis and parakeratosis have been totally
eliminated following the application of the liposome
formulation [20].

Niosomes are a kind of liposomes prepared with non-
ionic surfactants. Niosomes have advantages in terms of
cost, and chemical stability compared to conventional
liposomes [59]. Dermal penetration of niosomes depends
on potential penetration-enhancing activity of surfactants
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in its content, penetration of the vesicle to stratum cor-
neum, accumulation of vesicle on the skin surface and/or
increasing thermodynamic activity of the drug on the
skin surface. These mechanisms depend on the physico-
chemical properties of the drug, the vesicle and the lipids
used [6,61]. In the first studies, niosomes mostly investi-
gated to encapsulate cosmetic compounds, but then they
have been also evaluated as drug delivery carriers. Nu-
merious studies also reported on the formulation optimi-
sation of niosomes loaded with antifungal compounds in
the literature.

Fluconazole loaded liposomes and niosomes were pre-
pared by the lipid/non-ionic surfactant-based dry-film
hydration method and incorporated into Carbopol gel
(1%; w/w) for sustained, localized application to achieve
a localized therapeutic concentration of drug in skin. The
skin-retention studies of fluconazole from in vitro and in
vivo experiments showed significantly higher accumula-
tion of drug in the case of liposomal or niosomal gels
compared with plain gel (14.2 and 3.3-fold higher, re-
spectively) [39].

Fluconazole-loaded niosomes composed of Span 40,
Span 60, and Brij 72 have been formulated by the film
hydration method. /n vitro skin permeation and retention
studies showed that niosomes form localized drug depots
in the skin, indicating sustained drug release and en-
hancement cutaneous retention of fluconazole [40].

In another study, an alcohol-free niosome gel contain-
ing naftifine hydrochloride has been developed and for-
mulation has been optimized to achieve maximum en-
trapment coupled with stability. Negatively charged nio-
somes has also been incorporated into a hydroxyethyl-
cellulose gel [50].

Niosomes also has been evaluated as carriers for der-
mal delivery of ciclopiroxolamine. The results suggested
that niosomes consisting of Span 60, cholesterol and di-
acetyl phosphate are promising delivery systems for cu-
taneous retention of ciclopirox [53].

Ethosomes contain phospholipids like classical lipo-
somes; however, they also contain high levels of alcohol.
It has been demonstrated that its components can reach
deeper layers of the skin or enter into systemic circula-
tion [62]. High ethanol content of ethosomes can enhance
the solubility of more lipophilic drugs (Morrow et al.,
2007). Action mechanism of these carriers in improving
permeation has been explained by presence of alcohol as
penetration enhancers. Ethanol disrupt intercellular lipid
structure of stratum corneum by the phospholipids in
their content [6,63].

Ethanolic nanovesicles of econazole nitrate have been
optimized and compared with liposomal and hydro-etha-
nolic gels. Ethosomal gel of econazole nitrate has been
found to have outstanding potential to serve as a topical
delivery system, having controlled drug release, provid-
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ing better antifungal activity, and good storage stability
[4].

Clinical efficacy of fluconazole encapsulated etho-
somes in a suitable dermatological base for the treatment
of candidiasis patients has been assessed against lipo-
somal gel, marketed product and hydro-ethanolic solu-
tion of the drug. From the clinical evaluation, the devel-
oped novel delivery system demonstrated enhanced anti-
fungal activity compared to liposomal formulation, mar-
keted formulation and hydroethanolic solution of the drug
[41].

Song et al. showed that transethosomes has enhanced
significantly the skin permeation of voriconazole com-
pared to the control and other vesicles such as deform-
able liposomes, conventional liposomes. They also indi-
cated that in vitro and in vivo skin deposition of vori-
conazole in the dermis/epidermis region has been im-
proved with the application of ethosomal formulations of
voriconazole [32].

Transfersomes are called as highly deformable, or elas-
tic liposomes. They are composed of phospholipids and a
surfactant which gives flexibility to the liposome struc-
ture. Transfersomes have been successfully assesed as
topical and transdermal carriers for drugs and have also
been shown to be effective carriers for genetic material
and vaccines [59].

Transfersomes have been evaluated as carrier for topi-
cal antifungal administration. Clotrimazole loaded etho-
somes have led to fluidization and extraction of skin lip-
ids after treatment, which was resulted in greater drug
flux compare to that of transfersomes (ultradeformable
liposomes) [44].

4.3. Nanoparticulate Carriers

The nanoparticulate carrier systems as solid lipid nano-
particles (SLNs) and nanostructured lipid carriers (NLCs)
have gained interest for the topical treatment of skin as-
sociated fungal infection as they facilitate the skin pene-
tration of loaded drugs [42].

SLN are water-in-oil emulsions containing solids as oil
phase, and these systems are prepared from solid lipids
or from blends of the lipids. NLCs are defined as new
generation of lipid particles, which have been developed
to overcome certain limitations of SLNs. NLCs contain
mixtures of different solid lipids blended with liquid oils.
The most important advantage of these carriers is to have
low risk of toxicity. Small size of lipid particles ensures
close contact with stratum corneum, and may enhance
dermal penetration of drug [45]. These carriers offer
controlled release profiles for many compounds [42]. In
recent years SLN and NLC carries have been evaluated
as carrier for antifungal compounds.

Recently, fluconazole loaded SLNs and NLCs were
prepared and characterized for different parameters. The
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data obtained from in vitro and in vivo experiments re-
vealed that significantly higher amount of drug accumu-
lation was observed in skin with the application of NLCs
formulation. The antifungal efficacy study has been per-
formed on experimentally induced cutaneous Candidiasis
in immunosuppressed albino rats, the findings confirmed
the maximum therapeutic efficacy of NLCs. It was con-
cluded that NLCs provided a good skin targeting effect
and might be a promising carrier for topical delivery of
fluconazole offering the sustained release and maintain
the localized effect, resulting in an effective treatment of
a life-threatening cutaneous fungal infection [42]. In an-
other study, topical NLC delivery system of econazole
nitrate for the treatment of deep seated fungal infection
has been developed to improve drug permeability [21].

SLNs formulations of terbinafine have been formu-
lated to overcome the problems of long treatment dura-
tions and frequent administration. /n vitro penetration
levels of terbinafine of the designed formulations and a
commercial product, in the stratum corneum, viable epi-
dermis, and dermis were measured. It was observed that
the amount of terbinafine penetrated the skin layers have
been enhanced by increasing the percentage of the lipid
phase of the formulation. The authors also concluded that
the application of terbinafine with SLNs formulations
could resolve the practical problem of the longer ad-
ministration period [47].

Sanna et al. showed that SLN formulations have pro-
moted a rapid penetration of econazol nitrate across
stratum corneum after 1 h and have improved the pene-
tration of the drug into deeper skin layers after 3 h of
application compared to reference gel [22]. Passerini et
al. have also compared econazole nitrate loaded SLNs to
solid lipid microparticles having identical formulation
components. The results indicated that econazole deliv-
ery kinetics in porcine skin was not size dependent [23].

It was observed that SLN dispersions of miconazole
nitrate significantly have increased the accumulative up-
take of miconazole nitrate in skin over the commercial
gel preparation and SLN dispersions also showed a sig-
nificantly enhanced skin targeting effect [28].

Mukherjee and co-workers designed and evaluated
itraconazole loaded solid lipid nanoparticles SLNs to
improve the therapeutic efficacy and reduction of the
antifungal agent. The in vitro drug release profile from
SLNs have prolonged up to 12 hours [30].

Clotrimazole-loaded SLNs and NLCs have led to modi-
fied drug release over a period of 10 hours [45]. In an-
other study, it was also shown that both SLN and NLC
formulations loaded with clotrimazole had a sustained/
prolonged drug release [46].

4.4. Gelling Systems-Polymeric Carriers

The feasibility of econazole nitrate loaded polymeric

Copyright © 2013 SciRes.

nanosponges has been evaluated. The nanosponges con-
taining polyvinyl alcohol:ethyl cellulose (3:2) have been
formulated with Carbopol 934 NF as hydrogel using
varying concentrations of permeation enhancers such as
propylene glycol and N-methyl-2-pyrrolidone. The opti-
mization studies showed that econazole nitrate was stable
in the nanosponge delivery system and there was no drug-
polymer interaction in nanosponges [24].

Topical hydrogel formulations of terbinafine hydro-
chloride have been optimized with using different types
of chitosan at different molecular weight. The antifungal
inhibitory activity of the formulation has been evaluated.
The results indicated that a higher drug release and the
highest zone of inhibition were obtained from hydrogels
prepared with the lowest molecular weight chitosan
compared to that of other chitosan gels and marketed
commercial product [48].

5. Conclusion

Topical treatment of the cutaneous infections has been
preferred due to its superiorities over oral treatment such
as avoidance of systemic adverse effects, targeting of the
drug on the site of infection, and high patient compliance.
On the other hand, adequate drug concentrations in target
layers of the skin should be provided to ensure the effi-
cacy of topical treatment. Thus, delivery of antifungals to
target region of the skin is a great challenge in terms of
therapeutic aspect. In this context, formulation of topical
product plays a key role for penetration of the drugs
across skin. Besides, the physicochemical properties of
drug molecules such as lipophilicity are also effective
parameter. Generally, antifungal drugs are highly lipo-
philic compounds, which can affect the penetration of
drugs across stratum corneum. Various formulation strate-
gies have emerged over recent years to optimize new
drug delivery carriers of antifungal drugs, and some pro-
missing data, to some extent, have been published.
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