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bstract

The study reports pig-skin permeation and skin accumulation of miconazole nitrate (MCZ) from positively charged microemulsions containing
ater, 1-decanol/1-dodecanol (2:1, w/w), lecithin and/or decyl polyglucoside at different weight ratios, propylene glycol, 1,2 hexanediol and a

ationic charge-inducing agent (stearylamine (ST), l-alanine benzyl ester (ALAB) or cetyltrimethylammonium bromide (CTAB)). Zeta-potential
alues of the positively charged microemulsions ranged from 14.2 to 37.5 mV and mean droplet size from 6.0 to 16.8 nm.

In vitro pig-skin permeation of MCZ after a single 24 h application was negligible for all microemulsions; accumulation from positively charged
icroemulsions was nearly twice that from their negatively charged counterparts.
The increased accumulation might be ascribed to the interaction between positive microemulsive systems and negatively charged skin sites; no

ignificant difference was observed among the various cationic charge-inducing agents.

Skin accumulation from the microemulsion containing most lecithin was lower than those of other microemulsions; this was ascribed to the

hase transformation from microemulsion to a liquid crystal system after skin contact.
These results suggest that positively charged microemulsions could be used to optimize drug targeting without a concomitant increase in systemic

bsorption; ALAB, an ester of a natural aminoacid, is an appropriate cationic charge-inducing agent.
2007 Elsevier B.V. All rights reserved.
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. Introduction

Epithelial cells carry a negative charge upon their surface,
ue to the presence of negatively charged protein residues on
he outer side of their membranes, and to selective active ion
umps (Rojanasakul et al., 1992). All epithelia should thus be
elective to positively charged delivery systems that interact with
ells, leading to increased drug permeability and prolonging the
harmacological effect.

In recent years, positively charged liposomes and emulsions
ave been used as drug carriers. Positively charged liposomes
repared with stearylamine (ST), a cationic lipid, have been
sed for ocular delivery of Acyclovir (ACV) (Law et al., 2000).

ince the cornea provides a negatively charged surface it allows
ositively charged liposomes to permeate it. Positively charged
iposomes increased absorption of ACV, because of a stronger
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E-mail address: michele.trotta@unito.it (M. Trotta).

p

a
t
m
t
b

378-5173/$ – see front matter © 2007 Elsevier B.V. All rights reserved.
oi:10.1016/j.ijpharm.2007.05.065
accumulation

inding effect to the cornea surface than occurs with negatively
harged liposomes.

It has also been shown (Nagarsenker et al., 1999) that incor-
oration of ST into liposomes results in more consistent and
igher AUC values for tropicamide; this formulation was found
o be more effective in dilating the pupil than drug-loaded neutral
iposomes.

Elbaz et al. (1993) prepared the first positively charged sub-
icron emulsion using stearylamine. It was later demonstrated

hat a positively charged submicron emulsion formulation of
iroxicam used in the management of corneal alkali-burning
ad a pronounced effect on both ulceration rate and epithe-
ial defects compared to all the other test treatments, such as
iroxicam solution or blank emulsion (Klang et al., 1999).

Drug-loaded positively charged submicron emulsions might
lso bind to negatively charged sites present on the skin, making

he development of topically applied positively charged sub-
icron emulsion promising. This hypothesis is supported by

he results of Conrads and Zahn (1987) who showed maximum
inding of anionic surfactants with the stratum corneum at pH

mailto:michele.trotta@unito.it
dx.doi.org/10.1016/j.ijpharm.2007.05.065
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Table 1
Microemulsion compositions

Components M1 (%, w/w) M2 (%, w/w) M3 (%, w/w)

1-Decanol/1-dodecanol (2:1) 1.61 1.59 1.53
Epikuron 200 6.22 1.90 –
Oramix NS 10 4.35 12.00 13.04
1,2-Hexanediol 6.80 4.20 3.38
Propylene glycol 11.60 9.80 15.95
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, and decreased binding with increased pH. It can therefore be
educed that the stratum corneum is a positively charged mem-
rane at low pH, and becomes negatively charged at high pH,
bove the isoelectric point of keratin.

Recently, positively charged submicron emulsions of about
30 nm, incorporating econazole and miconazole nitrate, have
een proposed as a new type of colloidal drug carrier (Youenang
iemi et al., 1999).

During the last decade, numerous studies have suggested that
novel type of vehicle, i.e. the microemulsion, has the poten-

ial to increase cutaneous drug delivery of both hydrophilic and
ipophilic drugs compared to conventional vehicles, and thereby
ulfil the many promises of the cutaneous drug-delivery route
Kreilgaard, 2002).

Microemulsions are a special class of transparent disper-
ions, which actually have little in common with emulsions
Tadros et al., 2004). Unlike submicron emulsions, which are
nly kinetically stable, microemulsions are thermodynamically
table systems and are characterized by a highly-dispersed
nternal phase with droplet size ranging from 5 to 50 nm. As

consequence of their thermodynamic stability, microemul-
ions can be prepared by an inexpensive process through
utoemulsification. These dispersed systems are isotropic, as
pposed to liquid crystals which are anisotropic (Langevin et
l., 1985). Moreover, investigations have shown that the unique
tructural organization of the phases in microemulsions may
ontribute to additional solubility regions, increasing their load-
ng capacity versus non-structured solutions containing the same
ractions of the constituents (Kreilgaard, 2002). As far as the
uthors have been able to determine, no reports have described
ositively charged microemulsions for pharmaceutical appli-
ations, so it is of interest to verify the potential of such
ystems.

MCZ, one of the broad-spectrum antifungal agents, is a
eak base (pKa = 6.7) characterized by relatively high molec-
lar weight and melting point. This drug is poorly soluble in
ater (1.03 �g/ml) (Pedersen et al., 1993) and in mineral oil

10 �g/ml) (Fujii et al., 2002), which reduces its efficacy for
any therapeutic applications. MCZ is usually employed at 2%

w/w) in topical suspensions for the treatment of dermatophy-
oses, superficial mycoses and mixed infections, or as an oral
el in treating Candidal infections; two to daily applications are
equired.

The aim of the present research was to develop and charac-
erize positively charged microemulsions containing MCZ and
o investigate the in vitro behavior of the formulations, using
ig-skin.

. Materials and methods

.1. Materials

Soybean lecithin (Epikuron® 200, phosphatidylcholine con-

ent above 95%) was from Lucas Meyer (Hamburg, G) and
as used without further purification. 1-Decanol, 1-dodecanol,

nd 1,2-hexanediol were from Fluka (Buchs, CH); decyl
olyglucoside (Oramix® NS 10) was from Seppic (Milan, I).

r
b
(

hosphate buffer pH 5.8 68.42 69.51 65.10
iconazole nitrate 1.00 1.00 1.00

etyltrimethylammonium bromide (CTAB) was from Merck
Darmstadt, D). Propylene glycol (PG) was from Carlo Erba
Rodano, Milan, I), miconazole nitrate (MCZ), stearylamine
ST), and l-alanine benzyl ester (ALAB) were from Sigma (St.
ouis, MO, USA). Distilled water was purified using a Milli-
system (Millipore®, Bedford, MO). All chemicals were of

nalytical grade.

.2. Microemulsion formulations

Microemulsions were prepared by weight using appropriate
mounts of oil phase (1-decanol:1-dodecanol 2:1, w/w), sur-
actant (Oramix® NS 10 or a mixture of lecithin and Oramix®

S 10), aqueous phase (phosphate buffer 0.01 M at pH 5.8)
nd co-surfactant (PG and 1,2-hexanediol). The microemul-
ion compositions (w/w) are given in Table 1. Drug-loaded
icroemulsions were obtained by dissolving MCZ (1.0%, w/w)

n the previously prepared microemulsion.
One of three different charge-inducing agents was added to

he various batches of drug-loaded microemulsions: ST (1%,
/w), ALAB (2%, w/w) or CTAB (1.2%, w/w).

.3. Physical characterization

Microemulsion droplet size was determined at 25 ◦C by
hoton correlation spectroscopy (PCS) using light-scattering
quipment (90 Plus, Brookhaven Instruments Corporation, New
ork, USA). Measurements were obtained at an angle of 90◦
n microemulsions after filtration through a microporous filter
ith 0.45 �m pore diameter (Millipore®). Scattering intensity
ata were analyzed with a digital correlator and fitted by the
nverse Laplace transformation method. Each system was ana-
yzed twice, and ten size determinations were made for each
ample. Viscosity values were determined in triplicate using an
bbelohde micro-viscometer (Schott-Geräte, Hofheim, D).
Zeta potential of the microemulsions was measured using

he ZetaPlus-Zeta Potential Analyzer (Brookhaven Instruments
orporation, New York, USA). Measurements were obtained on
icroemulsions after filtration through a microporous filter with

.45 �m pore diameter. Each system was analyzed twice, and
After 6 h application onto the skin the microemulsions were
ecovered and observed under polarized light to distinguish
etween microemulsion systems (isotropic) and liquid crystals
anisotropic).
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.4. In vitro permeation and skin deposition studies

Full-thickness pig ear skin was used for permeation experi-
ents using a vertical cell, as proposed by Franz (Franz, 1975).
xcised skin was rinsed with normal saline and pre-hydrated by
oating it with the stratum corneum upward on 0.002% (w/v)
queous sodium azide to maintain an in vivo transepidermal
ydratation. The skin was then sandwiched between ground
lass with the stratum corneum side upwards. The receptor
hamber was filled with 6 ml of phosphate buffer solution at
H 7.4 containing 20% (w/w) propylene glycol. Drug solubility
n the receiving medium determined at 37 ◦C was 1.3 mg/ml.
he test formulations (500 �l) were applied to the skin surface,
hich had an available diffusion area of 1.7 cm2. The content of

he receptor cell, continuously stirred at 300 rpm by a rod-shaped
agnet and thermostated at 37 ◦C, was removed at appropriate

ntervals for HPLC determination, and the cell was immediately
efilled with fresh receptor solution.

After 24 h, the skin surface was washed five times with
thanol:water (1:1) followed by water, to remove excess drug
rom the surface. The skin was then cut into small pieces, homog-
nized with methanol and left for 6 h at room temperature. After
haking for 5 min, it was centrifuged for 5 min at 5000 rpm and
he supernatant analyzed by HPLC for MCZ determination. Each
xperiment was repeated at least in triplicate from two different
atches of formulation.

Some experiments were carried out after pre-treating the skin
or 6 h with drug-free microemulsion containing ALAB, and
hen washing it five times with ethanol:water (1:1) followed
y water. It was then used for MCZ permeation studies from
LAB-free microemulsion.

.5. MCZ analysis

MCZ content was determined by using an HPLC apparatus
onsisting of a pump (LC 10-AD), a UV detector (SPD-10A)
nd a data station (Shimadzu, Kyoto, Japan). An Ultrasphere®

-18 column (250 mm × 4.6 mm i.d., 5 �m particle size, Waters,
ilford, MA) was used. After mixing, the mobile phase, which

omprised methanol:phosphate buffer solution at pH 3.0 (90:10,
/v), was degassed. The eluent was run at a rate of 1.0 ml/min
nd monitored at 230 nm following injected volumes of 20 �l.
he relative retention time was found to be 7.2 min. A calibration
raph was constructed in the 5–100 �mol/l range (eight points,
ach determined in quadruplicate); its linearity was shown by
he R2 coefficient value (0.9985) of the regression equation:

= 2 × 1010x + 34458

The LOQ, defined as the lowest MCZ concentration in the
urve that can be measured routinely with acceptable precision
nd accuracy, was 10.0 �mol/l; the LOD, defined as the lower
etection limit, was 2.0 �mol/l (signal to noise > 2.0).

.6. Data report
Each set of skin uptake experiments was performed at least
hree times. Results are reported as means ± standard deviations
S.D.); statistical analysis was via a two-tailed Student’s test.
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. Results and discussion

Microemulsion components were chosen taking their bio-
ompatibility into account; in particular, lecithin and decyl
olyglucoside (Oramix® NS 10) were used as surfactants. Nat-
ral lecithins are normal constituents of biological membranes
nd have no toxic effects even at high concentrations. Alkyl
olyglucosides are a mixture of glucosides from degraded starch
ractions; they are stable at high pH values, but sensitive to low
H values, at which they hydrolyze to glucose and fatty alco-
ol. The main attraction of these sugar-based surfactants is their
avorable environmental profile, as the rate of biodegradation is
sually high while toxicity is low. In addition, alkyl polyglu-
osides have favorable dermatological properties, being very
ild to the skin and eye (Manconi et al., 2006). A mixture of

-decanol:1-dodecanol 2:1 (w/w), in which drug-solubility was
etermined to be 0.44 mg/ml, was used as oil phase.

To obtain microemulsion systems at low surfactant concen-
ration, co-solvents can be added (Kreilgaard, 2002); for this
urpose we used propylene glycol and 1,2 hexanediol, pharma-
eutically acceptable ingredients.

The antifungal activity of the imidazole derivatives, micona-
ole and ketoconazole, is reported to be reduced when they were
ntrapped in liposomal structures. The association of phospho-
ipids with imidazole inhibits the antifungal activity, similarly
o the effect observed when miconazole or ketoconazole are
ntrapped in SUV liposomes (De Logu et al., 2000). Accord-
ngly, to avoid similar effects we progressively decreased the
mount of lecithin used as surfactant in the microemulsion
ystems. The microemulsion M3 only contained decyl polyglu-
oside as surfactant (Table 1).

As a consequence of the supersolvent properties of
icroemulsions, MCZ was solubilized at a relatively high con-

entration (1.0%, w/w).
Cationic charge-inducing agents were added to the

icroemulsions. Particularly, ST and CTAB were employed
nly for comparison purposes, as their toxic effects would need
o be taken into account for practical use; ALAB, an ester of a
asic aminoacid with low toxicity (Gorecki et al., 1980), was
sed as a suitable alternative molecule.

The zeta potential of all cationic microemulsions was positive
Table 2). The positive surface potential value of the microemul-
ion droplets was probably due to the presence of the cationic
gent in its ionized form at the oil/water interface. Moreover, the
ntroduction of cationic charge-inducing agents in the formula-
ion determined no significant variation in viscosity or mean
iameter compared to microemulsions without cationic agents.

Skin permeation experiments (Table 3) revealed that unde-
ectable amounts (<0.8 �g/ml) of drug were found in the
ranz-cell receptor solution. Skin accumulation values of MCZ
rom microemulsion M1 were lower than from M2 and M3,
lthough the presence of cationic agents in microemulsions
ncreased accumulation about twofold compared to their neg-

tive counterparts. Analysis in polarized light may explain these
ow accumulation values: Fig. 1 shows that, after 6 h contact with
ig-skin, system M1 was birefringent, unlike systems M2 and
3. This was attributed to a variation in the microemulsion water
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Table 2
Viscosity, mean diameter, and zeta potential of the microemulsions

Microemulsion Viscosity ± S.D. (mPa s) Mean diameter ± S.D. (nm) Zeta potential ± S.D. (mV)

M1 11.6 ± 0.4 6.5 ± 1.5 −30.4 ± 0.1
M1 ST 11.7 ± 0.3 7.3 ± 2.3 27.0 ± 3.8
M1 ALAB 11.6 ± 0.5 6.2 ± 2.8 32.6 ± 4.3
M1 CTAB 11.8 ± 0.4 6.0 ± 0.5 28.0 ± 2.5

M2 6.5 ± 0.2 16.8 ± 4.6 −30.8 ± 0.1
M2 ST 6.7 ± 0.2 13.2 ± 5.1 37.5 ± 4.0
M2 ALAB 6.4 ± 0.3 6.8 ± 1.2 35.7 ± 2.9
M2 CTAB 6.6 ± 0.3 9.1 ± 3.8 30.2 ± 1.5

M3 6.1 ± 0.3 7.0 ± 2.3 −33.2 ± 0.6
M3 ST 6.6 ± 0.3
M3 ALAB 6.2 ± 0.1
M3 CTAB 6.0 ± 0.4

Table 3
Skin permeation and skin accumulation of miconazole

Microemulsion Flux (�g cm−2 h−1) Skin accumulation ± S.D.
(�g/cm2)

M1 Negligible 24 ± 3
M1 ST Negligible 53 ± 6
M1 ALAB Negligible 52 ± 5
M1 CTAB Negligible 59 ± 7

M2 Negligible 68 ± 7
M2 ST Negligible 153 ± 22
M2 ALAB Negligible 122 ± 15
M2 CTAB Negligible 102 ± 12

M3 Negligible 73 ± 8
M3 ST Negligible 164 ± 15
M3 ALAB Negligible 175 ± 20
M
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3 CTAB Negligible 173 ± 17

egligible <1.5 �g cm−2 h−1.

ontent producing a phase transformation from microemulsion
o a liquid-crystal system. This transformation decreased drug
elease, as is also reported in the literature (Mueller-Goymann
nd Hamann, 1993; Trotta, 1999); reduction of drug diffusion
oefficients by a factor as high as 100 has been reported.
MCZ skin accumulation from positively charged microemul-
ions was nearly double that from negatively charged ones. In
articular, to determine whether the enhanced skin-transport of
CZ is attributable to direct damage of the skin by the aminoacid

a
h
o
t

Fig. 1. Polarised light photography of the microemulsion
10.8 ± 3.8 15.0 ± 1.9
6.7 ± 1.3 14.2 ± 2.1
6.3 ± 1.8 17.4 ± 2.5

ster, permeation experiments were carried out after pre-treating
he skin with drug-free microemulsion containing ALAB. After
kin pre-treatment, MCZ fluxes from the negatively charged
icroemulsions were undetectable and skin accumulation did

ot change significantly (75 ± 7 �g/cm2) compared to accumu-
ation from the same microemulsions without pre-treatment.

When lecithin was removed from the microemulsions, MCZ
kin accumulation further increased, as can be seen from the
alues obtained for M3, which were higher than those for M2.

Youenang Piemi et al., 1999 reported that a positively
harged submicron emulsion promoted the diffusion rate of
CZ through hairless female rat skin, with skin accumulation

f about 16 �g/cm2. MCZ accumulation in snakeskin after 24 h
ocal application of an oil suspension and a water suspension
as 1.4 and 31 �g/cm2, respectively (Fujii et al., 2002), and
uman skin accumulation of about 5 �g/cm2 after 16.6 h appli-
ation of 1% cream base has also been reported (Shaeffer and
tüttgen, 1976). These reported values are much lower than

hose found for the microemulsions studied here, in which, after
4 h topical application, skin accumulation was about 70 �g/cm2

rom negatively charged microemulsions and reached a value of
70 �g/cm2 from the positively charged microemulsions.

The favorable drug-delivery properties of microemulsions

re attributable to the concentration gradients provided by the
igh drug-solubility potential of the vehicles. Since the object
f topical MCZ formulations is to deliver the drug locally to
he skin, it is interesting to note that remarkable skin accumula-

s after 6 h application (a) M1, (b) M2 and (c) M3.
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ion with negligible drug flux optimizes drug targeting without
concomitant increase in systemic side effects.

. Conclusions

This study suggests the effectiveness of positively and nega-
ively charged microemulsions in promoting drug accumulation
n pig-skin. Microemulsions containing MCZ were formulated
ith components considered safe for topical application, and
LAB, a molecule with low toxicity, was employed as cationic

nducing-agent for the positively charged microemulsion formu-
ations. Skin accumulation of MCZ from the positively charged
icroemulsions was higher than that from their negatively

harged counterparts, and was attributed to the binding affinity
f the droplets for the skin. Positively charged microemulsions
ppear to be a promising formulation for topical drug delivery,
onfirming the potential use of these vehicles.
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