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Introduction

Vesicular system, both liposomes and niosomes are uni- or multi-lamellar spheroidal structures composed of amphiphilic
molecules assembled into bilayers. They are considered primitive cell models, cell-like bioreactors and matrices for bio-
encapsulation. In the recent years, nonionic surfactant vesicles known as niosomes received great attention as an alternative

potential drug delivery system to conventional liposomes. Moreover, compared to phospholipid vesicles, niosomes offer
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higher chemical and physical stability [1] with lower cost and greater availability of surfactant classes [2]. Niosomes have
been reported to enhance the residence time of drugs in the stratum corneum and epidermis, while reducing the systemic
absorption of the drug and improve penetration of the trapped substances across the skin. In addition, these systems have
been reported to decrease side effects and give a considerable drug release [3]. They thought to improve the horny layer
properties both by reducing trans epidermal water loss and by increasing smoothness via replenishing lost skin lipids.
Moreover, it has been reported in several studies that compared to conventional dosage forms, vesicular formulations
exhibited an enhanced cutaneous drug bioavailability [4].

Stratum corneum (SC) is a main barrier of many compounds passing through the skin. Several approaches have been
developed to weaken this skin barrier. One possibility for increasing the penetration of drugs and many cosmetic chemicals is
the use of vesicular systems, such as liposomes and niosomes. Several researchers have developed novel elastic vesicles in
order to deeply and easily penetrate through the skin [5,6].

Eberconazole is a topical imidazole antifungal agent which inhibits sterol synthesis and is active against most species of yeast
and dermatophytes and has very good local tolerability. Eberconazole is distinct from other imidazole as it shows anti-
inflammatory activity, which favors its use in the management of inflamed dermatophytic infections [7]. To avoid from
hepatic toxicity, it has been formulated as topical use for the treatment of dermatophytosis. It has shown high potency against
dermatophytes and yeasts. Dermatophytosis is superficial skin infection caused by dermatophytes. Since the infection is
limited to the superficial layers of skin, topical application of eberconazole is helpful in the treatment.

The aim of present research work was to enhance the penetration of the drug and increase the residence time at the target.
Niosomes were prepared by thin film hydration technique because in this method, multilamellar vesicles are formed and
entrapment efficiency is high. Niosomes with controlled release rates of drug was made into gels using carbopol 934 and the
skin permeation study was conducted in comparison with the marketed cream. Further, the antifungal activity measurement
was done using the eberconazole niosomal gel.

Materials and Methods

Materials

Eberconazole gift sample from Dr. Reddy’s laboratory Hyderabad. Span 60, cholesterol and carbopol were supplied by NR

chemicals limited Hyderabad. All the chemicals used were of analytical reagent (AR) grade.

Preparation of eberconazole niosomes

Eberconazole niosomes were prepared by thin film hydration technique following 32 factorial designs. Respective amounts
of span 60 and cholesterol in different proportions were dissolved in 10 ml methanol keeping amount of drug constant. The
solvent was allowed to evaporate by continuous rotating over the rotary vacuum evaporator until a thin dry film was formed

along the wall of the round bottom flask, which was then hydrated with 10 ml of phosphate buffer pH 6.4 at 60°C [8].
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The formulation was designed to study the interaction of variables of formulation on physical characteristics of niosomes.
The studied variables and the levels of each factor contain the formulation of the factorial design is represented in TABLE 1.
Each row identifies an experiment and provides a result (response). The levels of the factors studied were chosen so that the
irrelative difference was adequate to have a measurable effect on the response, along with the information that the selected
levels are within practical use [9].

TABLE 1. Variables in 32 full factorial design

Independent variable, Levels used
Factor Lower (-1) Middle (0) Upper (+1)
Span 60 (X1) mg 20 40 60
Cholesterol (X2) mg 20 40 60

Dependent variable,
response
Entrapment efficiency

Amount of EBZ drug used was 10 mg in all the formulations

Characterization of niosomes

Microscopic examination, pH and appearance

Small amounts of the formed niosomes were spread on a glass slide and examined for the vesicles structure and the presence
of insoluble drug crystals using ordinary light microscope with varied magnification powers (10X and 40X).
Photomicrographs were taken for niosomes using Fujifilm Finepix F40 f; 8.3 MP digital camera with 3X optical zoom. The
pH of the various gel formulations was determined by using digital pH meter. All developed gels were tested for
homogeneity by visual inspection. Physical parameters such as color and appearance were checked. Then gels were filled in
the container and tested for their appearance and presence of any gritty particles and aggregates.

Entrapment efficiency
Each formulation was centrifuged at 3,000 rpm for 40 min to separate the free drug in the supernatant from the drug
incorporated in the niosomes. Entrapment efficiencies were determined by complete disruption of vesicles using Triton X-

100. The drug content was determined using a spectrophotometer at 237 nm using %0.1 triton solutions as blank.

Entrapment efficiency=drug entrapped/total drug*100
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Particle size, zeta potential determination and polydispersity index

Vesicle properties such as particle size diameter, zeta potential and size distribution were determined by HORIBA scientific
nano partica (Nano particle size analyzer) SZ-100. Zeta potential is a measure of magnitude of electrostatic or charge
repulsion or attraction between particles, and is one of the fundamental parameters known to affect stability [10]. Its
measurement brings detailed insight into the causes of dispersion, aggregation or flocculation. The niosomal dispersion was
determined using zeta potential analyzer. The temperature was set at 25°C. Electrophoretic mobility and mean zeta potential
values were obtained directly from the measurement.

The polydispersity index (PDI), which is the width of the particle size distribution curve, was determined as a measure of the
homogeneity [11]. The Polydispersity of eberconazole loaded niosomes of non-uniform size was calculated from the formula,
Polydispersity=[D0.9-D0.1] + D0.5
Where DO0.9, D0.1 and DO0.5 are particle diameters determined at 90th, 50th and 10th percentile of undesired particles

respectively.

Assessment of eberconazole release rates from niosomes

In vitro drug release studies for eberconazole niosomal solution were carried out using dialysis membrane employing two
sides open ended cylinder [12]. Cellophane membrane previously soaked overnight was mounted onto one end of the
cylinder; weighed amount of niosomal solution was placed uniformly on the dialysis membrane. The two sides open ended
cylinder was placed in a beaker containing 50 ml of phosphate buffer saline pH 7.4. Sample (5 ml) was withdrawn by taking
into consideration. The dose of the drug at predetermined intervals (0, 1, 2, 3, 4,5, 6, 7, 8, 16, 18, 20, 22 and 24 h) are
replaced with fresh medium. The volume of aliquots withdrawn shows desired sink conditions with minimum dilution in the

receptor compartment. The appropriate correction factor for the same is used to calculate the amount of drug released.

Preparation of eberconozole niosomal gels

Required quantity of carbopol 934 (1% w/w) was weighed and dispersed in small quantity of distilled water to prepare an
aqueous dispersion. The dispersion was allowed to hydrate for 3-4 h. Other ingredients like propylene glycol (10% w/w) and
glycerol (30% w/w) were added subsequently to the aqueous dispersion with continuous stirring. The niosomal pellet
obtained after centrifugation was added to the dispersion. The dispersion was neutralized with 1% w/v sodium hydroxide
solution and pH was adjusted to 6. The entrapped air bubbles were removed using vacuum and leaving the gels overnight
[13].
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Viscosity analysis

The viscosity of gel was measured by using a programmable viscometer (model DV-1I + Pro, Brookfield Engineering
Laboratories, Inc., USA). T-bar spindle (spindle-C, S-96) was lowered perpendicularly into the gel placed in a beaker taking
care that the spindle did not touch the bottom of the beaker. The spindle was rotated at a speed of 50 rpm and the readings

were recorded after 30 s when the gel level was stabilized.

Ex-vivo skin permeation studies

Niosomes are composed of nonionic surfactants, which are biocompatible and relatively nontoxic and themselves serves as
excellent penetration enhancers [14]. In this study, in order to assess the influence of the drug carriers on the accumulation
into and diffusion of drug through the skin, skin permeation studies using pig ear skin. Superficial skin was taken from the
back of pig ear and using a depilatory preparation hair was removed. The cleared area was washed with pH 7.4 phosphate
buffer. The collected and prepared skins were tied mounted onto one end of the cylinder; weighed amount of niosomal gel
and the marketed eberconazole cream were placed uniformly on the skin and the study was conducted. The two sides open
ended cylinder was placed in a beaker containing 50ml of phosphate buffer saline pH 7.4. Sample (5 ml) was withdrawn at
predetermined intervals and replaced with fresh medium. The volume of aliquots withdrawn presents desired sink conditions
with minimum dilution in the receptor compartment and the appropriate correction factor for the same is used to calculate the

amount of drug released.

Antifungal activity zone of inhibition by cup plate method

Sabouraud dextrose agar can be used for cultivating yeasts, moulds and acid uric microorganisms. This medium is also used
for determining the microbial and fungal content of cosmetics and for the mycological evaluation of food. The formula is
based on European pharmacopoeia. Dextrose is a fermentable carbohydrate providing carbon and energy. Peptone mixtures
provide nitrogen, vitamins, minerals and amino acids essential for growth. The high dextrose content and acidic pH makes
this medium selective for fungi.

The selected Candida albicans is transferred into the prepared Sabouraud dextrose agar and incubated at 37°c for 24 to 48 h.
The antifungal activity is studied by zone of inhibition of cup plate method. For the study of zone of inhibition firstly agar is
prepared. Prepared agar is transferred into petri plate and left for solidification aseptically by using laminar air flow after
solidification of that agar spread the fungal solution of Candida albicans.

After the whole spreading of fungal solution, prepare holes in middle by using cork borer and then the eberconazole loaded

niosomal gel (EBZG4), marketed formulation, are poured into that holes by using pipette, during pouring make sure that the
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solution doesn’t get flooded. Then these Petri-plates are incubated at 37°c for 24 to72 h, and then count the zone of inhibition
[15].

Results and Discussion

Microscopic examination, pH and appearance

The niosomes were prepared by thin film hydration method. The prepared niosomes were discrete, (FIG. 1) nearly spherical
nanometric particles in the size range of 230-470 nm. The pH values of the formulations EBZG4 and EBZG7 and marketed

gel were found to be 7.2 pH. The formulated gels showed good homogeneity and no lumps in the formulation. The

formulated preparations were much clear and translucent.

FIG. 1. Photomicroscopic of Eberconazole niosomal solution.

Entrapment efficiency

Effect of cholesterol: The entrapment efficiency is the most important parameter from pharmaceutical viewpoint in niosomal
formulations. Various techniques may be used to optimize the drug loading and this is very important in industrial settings.
Incorporation of cholesterol was known to influence vesicle stability and permeability. It is also one of the common and

essential additives in niosome formulation in the present study.
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A high percentage of entrapment would mean less time and effort involved in removal of unentrapped material. To study the
effect of cholesterol on the amount of drug entrapment in niosomes, a series of formulations were prepared with different
cholesterol amounts at a fixed amount of eberconazole (10 mg). The effect of cholesterol on eberconazole entrapment was
varied according to the nonionic surfactant. As the HLB of the surfactant increases, the minimum amount of cholesterol
necessary to form vesicles increases [10]. Niosome formulation EBZ7 prepared using Span 60 showed the maximum
entrapment efficiency. Increasing cholesterol content from 20 to 60 mg lead to a significant decrease in the entrapment
efficiency of eberconazole niosomes are shown in Quadratic 3d surface plot and Contour plots obtained by fixing the XC
factor at its cholesterol and span and varying (XA) and (XB) over the range used in the factorial study. FIG. 2 and 3 depicts
Quadratic 3d surface plot and contour plots which show the effects of XA and XB on EE%.
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FIG. 2. Quadratic 3d surface plot showing the effect of span and cholesterol on entrapment efficiency.
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FIG. 3. Contour plot for entrapment efficiency of eberconazole niosomal solution.
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The major reduction in drug entrapment when cholesterol content was further increased may be due to two conflicting
factors: (1) with increased cholesterol, the bilayer hydrophobicity and stability increased [16] and permeability decreased
[17] which may lead to efficiently trapping the hydrophobic drug into bilayers as vesicles formed. (2) In contrast, higher
amounts of cholesterol may compete with the drug for packing space within the bilayer, hence excluding the drug as the
amphiphiles assembling into the vesicles. Another study suggested that the decreasing the entrapment efficiency with
increasing cholesterol ratio above a certain limit may be due to the fact that increasing cholesterol beyond a certain

concentration can disrupt the regular linear structure vesicular membranes.

Effect of non-ionic surfactants

The HLB value of span 60 is 4.7.since the HLB value of span 60 is less cholesterol is added to make vesicles more stable.
Cholesterol lends greater stability to the bilayer membrane by raising the gel liquid transition temperature of vesicles. The
liquid transition temperature of nonionic surfactants (span 20 to span 60) increases from 46° to 56°C as the hydrocarbon
length is increased from Cy-Cy5. When the gel transition temperature increases it leads to greater stability of the bilayer. Thus
increased stability decreases leakage of the vesicles and stabilizes against osmotic gradients [18-20].

The entrapment efficiency was in a range of 69 to 78%. The EBZ7 formulation having high entrapment efficiency. It was
observed that the percentage entrapment efficiency was significantly affected by the applied processing variables such as
concentration of span 60 as well as cholesterol. Cholesterol improves the fluidity of the bilayer membrane and improves the
stability of bilayer membrane in the presence of biological fluids such as blood/plasma. Span 60 having high phase transition
temperature (gel to liquid transformation) and having critical packing parameter (CPP) ranging from 0.5 to 1 entrap drug
molecule without any cholesterol. It was clearly indicated that with increase in concentration of span 60 percentage,
entrapment efficiency was increased whereas concentration of cholesterol was inversely related to the percentage entrapment
efficiency.

Particle size, zeta potential determination and poly dispersity index

The formulation produced particles of size less than 1000 nm, and hence characterized as nanoparticles. The zeta potential is
an important parameter upon consideration of stability of the nanoparticles invitro. The value of zeta potential of the EBZ 7
(optimized drug loaded) niosomal formulation was -25.7 mV. The values of zeta potential showed prepared niosome have
sufficient charge to inhibit aggregation of vesicles due to electric repulsion [21]. Presence of charge tends to increase the
interlamellar distance between successive bilayers in multilamellar vesicle structure and leads to greater overall entrapped
volume. The polydispersity index (PDI), which is the width of the particle size distribution curve, was determined as a
measure of the homogeneity. Polydispersity index was very low it reflects uniform size particles, whereas remaining

formulation has somewhat non-uniform. The PDI values of the niosomal formulations are shown in TABLE 2.
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TABLE 2.Variables in 3 full factorial design

Code of formulation Span 60 Cholesterol
Concentration Concentration
(X1) (X2)

EBZ1 -1 (20 mg) -1 (20 mg)
EBZ2 -1 (20 mg) 0 (40 mg)
EBZ3 -1 (20 mg) +1 (60 mg)
EBZ4 0 (40 mg) -1 (20 mg)
EBZ5 0 (40 mg) 0 (40 mg)
EBZ6 0 (40 mg) +1 (60 mg)
EBZ7 +1 (60 mg) -1 (20 mg)
EBZ8 +1 (60 mg) 0 (40 mg)
EBZ9 +1 (60 mg) +1 (60 mg)

Assessment of eberconazole release rates from niosomes

In-vitro drug release of EBZ loaded niosomes prepared using span 60 and cholesterol in various molar ratios are shown in
FIG. 3. it has been observed that the niosomes prepared using span 60 and cholesterol in the molar ratios 1:1 (EBZ5)
formulation showed drug release of 87.52% while the drug release of 85.33%, for the formulation EBZ7. From the results it
is obvious that lipophilicity of the surfactants may determine the rate of drug release. Span 60 being relatively lipophilic
impedes the easy permeation to the aqueous phase and could account for higher drug release.

Skin permeation study

The ex vivo diffusion data indicates that the release is diminished to a great extent as compared to the in vitro release of
niosomes (EBZG4). This could be because of accumulation of drug in the skin layers. The delayed drug release rate may be
attributed largely to the drug transport by diffusion controlled mechanism resulting in prolonged drug release profile. The
release profile of the developed formulation data is shown in FIG. 4. The fluxes after 24 h of the formulations (EBZG4 and
marketed) investigated were 30.83 and 27.35 pg/cm?h respectively. This result has supported that EBZG4 is efficiently

releasing drug from the niosomal gel when compared to marketed formulation (FIG. 5).
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FIG. 4. Comparison of influence of formulation variables on invitro drug release of eberconazole loaded niosomes.
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Antifungal activity measurement

The niosomal gel with good entrapment and controlled release was selected for antifungal measurement and compared with
the marketed product. The tests showed that the pure drug has maximum zone of inhibition of 30 mm whereas the niosomal
formulation showed less zone of inhibition than pure drug. The marketed formulation and niosomal gel is having zone of
inhibition of 21 mm and 23 mm. The gradual increase in zone of inhibition during the study is period due to the controlled
release of medicament. The results were shown in TABLE 3.

TABLE 3. Antifungal activities of eberconazole

Zone of inhibition (in mm)* £ S.D
Samples 24 h 48 h 72 h
Pure drug 19.2+0.4 23.2+0.7 30.7+0.9
Marketed cream 156+ 15 19.6+15 215+1.1
Eberconazole loaded 16.1+1.0 20.3+£05 23211
niosomal gel (EBZG4)

Conclusion

Controlled release niosomal gel dosage form of eberconazole was successfully developed using factorial statistical design.
Dissolution studies for 24 h showed extended drug release for prolonged duration. The optimized formulation, when
compared to the marketed formulation seems to be promising for improving penetration and antifungal activity of
eberconazole.
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