
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=iddi20

Download by: [shimaa radwan] Date: 27 April 2017, At: 04:32

Drug Development and Industrial Pharmacy

ISSN: 0363-9045 (Print) 1520-5762 (Online) Journal homepage: http://www.tandfonline.com/loi/iddi20

Microemulsion loaded hydrogel as a promising
vehicle for dermal delivery of the antifungal
sertaconazole: design, optimization and ex vivo
evaluation

Shaimaa Ali Ali Radwan, Aliaa Nabil ElMeshad & Raguia Aly Shoukri

To cite this article: Shaimaa Ali Ali Radwan, Aliaa Nabil ElMeshad & Raguia Aly Shoukri (2017):
Microemulsion loaded hydrogel as a promising vehicle for dermal delivery of the antifungal
sertaconazole: design, optimization and ex vivo evaluation, Drug Development and Industrial
Pharmacy, DOI: 10.1080/03639045.2017.1318899

To link to this article:  http://dx.doi.org/10.1080/03639045.2017.1318899

Accepted author version posted online: 19
Apr 2017.
Published online: 27 Apr 2017.

Submit your article to this journal 

Article views: 2

View related articles 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=iddi20
http://www.tandfonline.com/loi/iddi20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/03639045.2017.1318899
http://dx.doi.org/10.1080/03639045.2017.1318899
http://www.tandfonline.com/action/authorSubmission?journalCode=iddi20&show=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=iddi20&show=instructions
http://www.tandfonline.com/doi/mlt/10.1080/03639045.2017.1318899
http://www.tandfonline.com/doi/mlt/10.1080/03639045.2017.1318899
http://crossmark.crossref.org/dialog/?doi=10.1080/03639045.2017.1318899&domain=pdf&date_stamp=2017-04-19
http://crossmark.crossref.org/dialog/?doi=10.1080/03639045.2017.1318899&domain=pdf&date_stamp=2017-04-19


RESEARCH ARTICLE

Microemulsion loaded hydrogel as a promising vehicle for dermal delivery of the
antifungal sertaconazole: design, optimization and ex vivo evaluation

Shaimaa Ali Ali Radwan, Aliaa Nabil ElMeshad and Raguia Aly Shoukri

Pharmaceutics and Industrial Pharmacy Department, Faculty of Pharmacy, Cairo University, Cairo, Egypt

ABSTRACT
The purpose of the present study was to develop and optimize sertaconazole microemulsion-loaded
hydrogel (STZ ME G) to enhance the dermal delivery and skin retention of the drug. Following screening
of various oils for maximum drug solubility, 12 pseudoternary phase diagrams were constructed using oils
(PeceolVR , CapryolVR 90), surfactants (TweenVR 80, CremophorVR EL), a cosurfactant (TranscutolVR P) and water.
A 21 � 31 � 21 � 31 full factorial design was employed to optimize a ME of desirable characteristics. The
MEs were formulated by varying the oil type, oil concentration, surfactant type and surfactant: cosurfactant
ratio. Optimized ME formulae F22 [5% PeceolVR , 55% TweenVR 80: TranscutolVR (1:2), 40% water] and F31 [5%
PeceolVR , 55% CremophorVR EL: TranscutolVR (1:2), 40% water] acquired mean droplet size of 75.21 and
8.68 nm, and zeta potential of 34.65 and 24.05mV, respectively. Since F22 showed higher STZ skin reten-
tion during ex vivo studies (686.47lg/cm2) than F31 (338.11lg/cm2); hence it was incorporated in 0.5%
Carbopol 934 gel to augment STZ skin retention capability. STZ ME G exhibited higher STZ skin retention
(1086.1lg/cm2) than the marketed product “DermofixVR cream” (270.3lg/cm2). The antimycotic activity
against C.albicans revealed increased zones of inhibition for F22 and STZ ME G (35.75 and 30.5mm,
respectively) compared to DermofixVR cream (26mm). No histopathological changes were observed follow-
ing topical application of STZ ME G on rats’ skin (n¼ 9). Overall, the obtained results confirmed that the
fabricated formulation could be a promising vehicle for the dermal delivery of STZ.
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Introduction

Superficial fungal infection is considered one of the most invasive
skin diseases affecting 25% of world population [1,2]. The dramatic
increase in infection incidence is due to growing number of
immuno-compromised patients, in addition to high popularity of
health clubs and swimming pools that play an important role in
spreading this disease [3]. Dermatophytes are known to be the
most common causative agent for superficial fungal infections
such as Trichophyton spp, Epidermophyton spp and Microsporum
spp. Moreover, yeasts and nondermatophytes molds could be
another causes for the disease [4]. Dermatophyte infections such
as tinea pedis and candidiasis are diseases observed in the stratum
corneum of the epidermis and keratinized tissues such as the hair
and nails which are responsible for morbidity of immune-compro-
mised patients [5].

Sertaconazole (STZ) is an imidazole antifungal drug with a wide
spectrum against superficial mycoses like yeasts and dermatophyte
fungi [6]. STZ inhibits the synthesis of ergosterol; a mechanism of
action similar to other azoles [7]. Furthermore, it can change the
membrane permeability of fungi resulting in the loss of the intra-
cellular contents of susceptible microbes. This could be attributed
to binding of STZ to the nonsterol lipids of the cell membrane [8].
STZ is marketed as cream, gel, powder and solution formulations
in addition to vaginal creams and tablets with concentration 2%
of STZ nitrate [6]. Concerning administration safety, STZ shows an
excellent safety unlike other azoles. STZ has a limited aqueous
solubility that hinders its practical use, so different attempts have
been used to increase the drug solubility such as complexation

with cyclodextrin [9], polymeric nanomicelles formulation [10] and
preparation of solid dispersions [11].

Microemulsions (ME) are clear, thermodynamically stable, iso-
tropic systems of oil, water and surfactant, frequently in addition
to cosurfactant [12]. ME claim several advantages over other col-
loidal drug delivery systems that allow them to be promising
vehicles for dermal and transdermal drug delivery due to their sta-
bility, high solubilization power and increased concentration gradi-
ent and thermodynamic activity towards the skin [13].
Unfortunately, ME have low viscosity which limits their retention
on the skin [13]; a challenge that can be overcome by formulation
of ME-loaded hydrogels. Previous works have been performed to
enhance the permeation of STZ through the skin via its formula-
tion as ME-loaded gels [14,15].

Therefore, the aim of this work was to increase the solubility
of STZ and enhance its permeation and retention in the dermal
layers of skin via ME formation. This would produce a depot of
STZ useful to eradicate the fungal infection in the deeper layer
of the skin. Different STZ MEs were prepared using oils
(PeceolVR , CapryolVR 90), surfactants (TweenVR 80, CremophorVR EL),
a cosurfactant (TranscutolVR P) and water and evaluated in terms
of their physical stability, droplet size, zeta potential and ex vivo
permeation through mice skin to choose the optimum ME for-
mula. Carbopol hydrogel loaded with the optimized ME formula
was prepared and investigated for its rheological behavior,
ex vivo permeation, antimycotic activity, skin irritation and histo-
pathological evaluation compared to the marketed product
(DermofixVR cream, October Pharma, 6th of October City, Egypt).
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Materials and methods

Materials

Sertaconzaole nitrate (STZ) was kindly provided by October Pharma,
6th of October City, Egypt. LabrafilVR M 1944 CS, LabrafacVR lipophile
WL 1349, PeceolVR , TranscutolVR P and CapryolVR 90 were obtained as a
gift sample from Gattefoss�e, St-Priest, France. TweenVR 80 and trie-
thanolamine were purchased from El-Nasr Pharmaceutical
Chemicals, Abu Zaabal, Egypt. CremophorVR EL and Carbopol 934
were purchased from Sigma–Aldrich (St. Louis, USA). Isopropyl myr-
istate (IPM) was purchased from Loba Chemie Pvt. Ltd., Mumbai,
India. All other chemicals were of pure analytical grade.

Screening of STZ solubility in various oils

Preliminary studies were carried out to select oils which offer high
solubility for the drug. The saturation solubility of the drug in the
investigated oils (IPM, Labrafil M 1944 CS, LabrafacVR lipophile WL
1349, PeceolVR and CapryolVR 90) was carried out in triplicates.
Excess amounts of STZ (100mg) was added to each capped glass
vial containing 5 g of the selected oils and were shaken in oscillat-
ing thermostatically controlled water bath shaker (Julabo SW-20 C,
Allentown, PA) at room temperature for 72 h till equilibrium. The
resulting dispersion was centrifuged (Centurion SCI, West Sussex,
UK) for 10min at 15,000 rpm followed by filtration of supernatant
through a Millipore membrane filter (0.45 lm) to determine STZ
concentration. Half gram of the filtrate was diluted appropriately
with ethanol and its absorbance was measured spectrophotomet-
rically (spectrophotometer UV 1601, PC UV-visible, Shimadzu,
Kyoto, Japan) at the wavelength of maximum absorbance (kmax)
302 nm [9] using the same oil in ethanol at the same dilution fac-
tor as blank [13], and the concentration of STZ was determined
with reference to a pre-constructed calibration curve at the same
wavelength (R2 ¼ 0.999, n¼ 3).

Construction of pseudo-ternary phase diagrams

The pseudo-ternary phase diagrams of oil, surfactant/co-surfactant
(S/CoS) and water were constructed using water titration method
to determine the clear ME areas. Different weight ratios of the
selected oil and S/CoS mixture ranging from 9:1, 8:2, 7:3, 6:4, 5:5,
4:6, 3:7, 2:8 and 1:9 (w/w) were prepared and vortexed (Vortex
mixer, Julabo Labortechnik, Seelbach, Germany) at 1400 rpm for
3min, taking into consideration that the ratios between S/CoS
were chosen to be 1:1, 1:2 and 1:3 (w/w). The transparent and
homogenous blend formed, was diluted with water in a dropwise
manner. After each water addition, samples were left for equilibra-
tion and were visually examined for transparency and clarity. The
end point of the titration was the point that gave cloudy or turbid
system. The amount of water required to render the mixture tur-
bid was recorded. The percentages of various components used
were then calculated and the same method was followed for the
other S/Cos mixture to plot the pseudo-ternary phase diagram.
Twelve phase diagrams consisting of two oils (PeceolVR and
CapryolVR 90), two surfactants (TweenVR 80 and CremophorVR EL),
TranscutolVR P as a co-surfactant and water were constructed using
Tri-plot software Ver.4.1.2 (David Graham and Nicholas Midgley,
Loughborough University, Leicestershire, England).

Preparation of STZ O/W MEs

Three clear systems were formed by mixing certain weights of oil
(5, 10 and 15% w/w), water (40, 35 and 30% w/w) with a fixed

weight of S/CoS (55% w/w) in each pseudo-ternary phase diagram
with the aid of vortexing. The aforementioned percentages
showed common clear areas for all constructed phase diagrams of
different oils and surfactants used, so they were selected for prep-
aration of STZ ME [13]. The STZ was accurately weighted to repre-
sent 2% of the total weight of the formulation and added to oil
and S/CoS mixture and vortexed together until the drug was com-
pletely dissolved. The water was then added dropwise to the mix-
ture with continuous mixing to form STZ O/W ME [16,17]. The
composition of the investigated formulae is shown in (Table 1).

Characterization of STZ systems

Thermodynamic stability studies
According to Shafiq et al. protocol [18], 36 STZ O/W MEs were
evaluated to assess their thermodynamic stability. Initially, MEs
were subjected to six [Heat (45 �C)–Cool (4 �C)] cycles with a stor-
age period of 48 h at each temperature. The second phase was
centrifugation at 3500 rpm for 30min. Finally, MEs were allowed to
three [Freeze (�21 �C)–Thaw (25 �C)] cycles with a storage period
of 48 h at each temperature. Each stability trial was conducted on
triplicate of each formula.

Mean droplet size and zeta potential measurements
The mean droplet size (MDS) of the prepared ME was determined
by photon correlation spectroscopy that measures the fluctuations
in light scattering due to the Brownian motion of particles using a
Zetasizer Nano ZS (Ver.6.20, Malvern Instruments Ltd.,
Worcestershire, England). All measurements were performed at
room temperature after 100-folds dilution with distilled water of
each formula. Sample was transferred into 1-cm2 cylindrical quartz
cuvette and placed in a scattering chamber at 90� to the incident
beam. All measurements were run in duplicate.

The zeta potential (ZP) of the prepared formulae, after 100-
folds dilution with distilled water, was measured by a laser
Doppler anemometer coupled with the same instrument at room
temperature. A potential of ±150mV was set. All measurements
were run in duplicate.

Determination of pH
The pH of each STZ ME was determined, in triplicate, at room
temperature using pH meter (Jenway, 3510, Barloworld Scientific
Ltd., Dunmow, UK).

Experimental design
A 21 3 31 3 21 3 31 factorial experimental design was used to
evaluate and optimize the formulation and process variables for
STZ MEs using Design ExpertVR software (version 7, Stat-Ease Inc.
Minneapolis, MN, USA). Design ExpertVR was used to analyze the
measured responses and the significance of each factor was
detected using ANOVA. The effect of different types and concen-
trations of oils, surfactant type and S/CoS ratios on MDS and ZP of
STZ MEs were investigated. In this design, the type of oil (X1), its
concentration (X2), the type of surfactant (X3) and the S/CoS ratio
(X4) were selected as independent variables, where MDS of ME
(Y1) and ZP of ME (Y2) were chosen as dependent variables as
shown in (Table 2).

Ex vivo permeation and skin retention of optimized STZ formulae
The ex vivo permeation test was performed using the whole skin
of newly born mice (6 days old or younger) obtained from the
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animal house of Faculty of pharmacy, Cairo University, Cairo,
Egypt. The experiment protocol was approved by the Research
Ethics Committee of Faculty of Pharmacy, Cairo University and was
in accordance to the Association for Assessment and Accreditation
of Laboratory Animal Care international expectations for animal
care and use/ethics committees (PI 967). Initially, the animals
were sacrificed by removing the underlying cartilage and the skin
of mice was removed [19]. The skin was washed with normal
saline, dried between two filter papers and stored at �21 �C to be
used within 1week of skin harvest [13]. Before starting the test,
the skin was investigated for any surface irregularities such as
scratches or cuts using a magnifying lens (10�) then carefully
mounted between the donor and receiver compartment, fixed
with a rubber band with the stratum corneum facing upward and
the skin was floated on receptor medium for 24 h for equilibration
and pre-hydration to maintain a transepidermal hydration gradient
as described by Maghraby et al. [20]. Experiments were carried
out, in triplicate, at 37 ± 0.5 �C, using top-cut plastic tube of an
effective permeation area of 6.1 cm2. The receptor medium (60ml)
was phosphate-buffered saline (pH 7.4) containing 5% TweenVR 80
to ensure sink condition [21] and was stirred constantly by a mag-
netic stirrer (Wisd Wisestir MSH 20-D, Witeg, Germany) at 50 rpm.
One gram of each of the optimized formulae (F22 and F31) con-
taining 20mg drug/g ME system was applied to the skin surface
[22]. Samples (3ml) of the receptor medium were withdrawn at
appropriate intervals (0.5, 1, 2, 4 and 6 h) and immediately
replaced with fresh medium kept at the same temperature. Each
sample was subjected to protein precipitation using methanol and
centrifugation at 10000 rpm for 15min, the supernatant was fil-
tered using a Millipore membrane filter (0.45lm) and the drug
concentration was determined spectrophotometrically [22,23] at
302 nm. Parallel blank experiments, using drug-free formulae, were
carried out. At the same time intervals, samples were removed

from the receptor medium and were treated as previously
described [23].

After conducting the permeation study, the effective diffusion
area of the skin was separated, washed several times with normal
saline, to remove excess formula and then cut into small pieces in
capped glass vial, vortexed with 5ml methanol, soaked for 24 h to
ensure maximum extraction of the retained STZ from the skin and
then subjected to vortexing for 5min. One cycle of sonication was
done for 90min and resulting mixture was subjected to centrifu-
gation at 10000 rpm for 15min, then the supernatant was filtered
using membrane filter (0.45lm) and the drug concentration was
determined spectrophotometrically [22,23] at 302 nm.

Drug flux at 6 h (Jmax) was calculated from [Equation (1)] [24]

Jmax ¼ Amount of permeated drug
Time� Area of membrane

(1)

Finally, the locally accumulation efficiency (LAC) values for STZ
were obtained as the ratio of the amount drug accumulated into
the skin to that delivered through the skin at the end of the
experiment [25].

Transmission electron microscopy
The morphology of the optimized formula (F22) was observed
using transmission electron microscopy (TEM). A drop of the ME
was placed, after dilution with double distilled water, on a cop-
per grid and the excess was removed with a filter paper. Then,
it was stained with a drop of 2% aqueous solution (w/v) of
phosphotungstic acid onto the grid and the excess was similarly
removed after 1min. Finally, the grid was examined using a
transmission electron microscope (Jeol JEM 1230, Tokyo, Japan)
at 80 kV.

Preparation of STZ ME gel (STZ ME G)

A plain Carbopol gel was prepared at a concentration of 0.5%
w/w by adding weighed amount of Carbopol to distilled water
with mixing using a magnetic stirrer at 800 rpm till complete poly-
mer dispersion then it was neutralized with 2 or 3 drops of trietha-
nolamine to allow cross-linking of the polymeric gel. Fifty grams
of the selected STZ ME system (F22) was formulated as described
before then added to 50 g of plain Carbopol gel and mixed on
magnetic stirrer till complete homogenization to form 100 g of
STZ ME G with a STZ concentration 1% (w/w).

Table 2. Level of independent variables and constraints of dependant variables.

Factors (independent variables) Levels of variables

X1: type of oil PeceolVR and CapryolVR 90
X2: concentration of oil 5%, 10% and 15%
X3: type of surfactant TweenVR 80 and CremophorVR EL
X4: S/CoS ratio 1:1, 1:2 and 1:3

Responses (dependent variables) Constraints

Y1: MDSa of microemulsion Minimum
Y2: ZPb of microemulsion Maximum
aMDS is mean droplet size.
bZP is zeta potential.

Table 1. The composition of the prepared MEs.

Formula Oil type Oil (%) Formula Oil type Oil (%) S: Cos (55%) S/Cos ratio Water (%)

F1 Capryol 5 F19 Peceol 5 TweenVR 80: TranscutolVR P 1: 1 40
F2 10 F20 10 35
F3 15 F21 15 30
F4 5 F22 5 1: 2 40
F5 10 F23 10 35
F6 15 F24 15 30
F7 5 F25 5 1: 3 40
F8 10 F26 10 35
F9 15 F27 15 30
F10 5 F28 5 CremophorV

R

EL: TranscutolV
R

P 1: 1 40
F11 10 F29 10 35
F12 15 F30 15 30
F13 5 F31 5 1: 2 40
F14 10 F32 10 35
F15 15 F33 15 30
F16 5 F34 5 1: 3 40
F17 10 F35 10 35
F18 15 F36 15 30
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Characterization of STZ ME G

Rheological behavior
The STZ ME G was evaluated using a rotational Brookfield viscom-
eter of cone and plate structure (Model DV-I, spindles 41 and 52,
Brookfield Engineering LABS, Middleborough, MA), spindle CPE-41
at 25 ± 1 �C. About 1 g of the tested gel was applied to the plate.
The measurements were carried out over the range of speed set-
tings from 0.5 to 100 rpm with 10 s before each change of speed.
Results were obtained only when the torque was within the
acceptable range (10–100%). The rheogram of the gel was plotted;
the Y-axis representing the shear rate and the X-axis representing
the shear stress and the relationship between viscosity and shear
rate was plotted. Several models were used to evaluate the rheo-
logical behavior of the prepared formula. Rheological data
obtained from the viscometer were shear stress and viscosity at
different shear rate values. These data were fitted to the power
law model to study the rheological behavior. Evaluation of the
rheological properties of the marketed product DermofixVR cream
2% (October Pharma) was performed using the same procedure.
The viscosity was deduced from the following equation [26];

s ¼ Kcn (2)

where, s is the shear stress, c is the rate of shear, K is the consist-
ency index (s) and n is the flow index (dimensionless). When n lies
between zero and one, this indicates a shear thinning fluid, while
it approaches one in case of Newtonian systems and exceeds one
in dilatant systems.

Several equations (Bingham, Casson and Carreau) were used to
study the type of the non-Newtonian system by comparing their
regression coefficients.

- Bingham equation was used to describe the linear plastic
system:

s ¼ s0 þ Kc (3)

where, s0 is the yield value.
- Casson equation was used to describe the nonlinear plastic

system:

s
1=2 ¼ s0

1=2 þ K
1=2
c
1=2

(4)

On the other hand, pseudoplastic shear thinning systems were
described by Carreau’s model:

g� g1
g0 � g1

¼ 1�
1þ ðKcÞ2

�m=2
(5)

where g0 and g1 indicate viscosity values at lowest and highest
shear rate values, respectively, K is a constant parameter with the
dimension of time (1/K is the rate of shear at which viscosity
begins to decrease) and m is a dimensionless constant referring to
the degree of pseudoplasticity. The parameters g0, g1 and K
could be calculated from the shear rate–viscosity curve [27].

pH determination
One gram of the prepared gel was diluted with 9 g of distilled
water and mixed using a magnetic stirrer till complete homogen-
eity. The pH of the diluted gel was measured using pH meter.

Ex vivo permeation and skin retention comparison between STZ
ME G and the marketed product
Suitable quantities of STZ ME G (1% w/w STZ) and marketed prod-
uct (DermofixVR 2% cream), containing equivalent amount of drug,

were prepared and the skin permeation study was performed as
described before. Prior conducting the experiment, both STZ ME G
and the marketed product were spread on the mice skin using a
spatula.

Antimycotic activity
Antimycotic activities of the drug-free ME, STZ ME (F22) and STZ
ME G were compared to that of the marketed product “DermofixVR

cream” using agar-cup diffusion method. The experiment was con-
ducted using cultures of Candida albicans, American Type Culture
Collection (ATCC 60193) strain in Sabouraud-dextrose agar. The
optical density of an overnight culture suspension of Candida albi-
cans was adjusted to ½ McFarland standard (absorbance 0.125),
and then serially diluted with sterile 0.9% NaCl tube to correspond
to a final inoculum concentration of 109 CFU/mL. Seeding of cul-
ture was performed by swabbing method. Three seeded agar
plates were generated and using a borer (11mm diameter), in
every seeded agar plate, four wells were made. An aliquot of
100 lL of the following formulations after dilution were used to fill
each cup: STZ ME (F22) was added to coded well (I); STZ ME G
was added to coded well (II); marketed product was added to
coded well (III); and drug-free ME was added to coded well (IV).
Plates were kept in refrigerator at 4 �C for 10–15min to allow for
diffusion and then placed in an incubator at 30 �C for a period of
48 h. Results were expressed as mean diameter (mm) of “zone of
inhibition” of three agar plates [28].

Skin irritation and histopathological evaluation
Rats were used to evaluate the possible skin irritation effect of
STZ ME G. The experiment protocol was approved by the
Research Ethics Committee of Faculty of Pharmacy, Cairo
University and was in accordance to the Association for
Assessment and Accreditation of Laboratory Animal Care inter-
national expectations for animal care and use/ethics committees
(PI 967). Nine male Wistar rats (250–300 g) were housed in cages,
three per cage, of suitable size that allowed their free movement.
The cages were kept at room temperature with appropriate venti-
lation conditions and the animals received standard laboratory
diets. To ensure the safety and well-being of rats, these conditions
were checked daily. The study was conducted according to the
protocol designed by Jibry and Murdan [29]. The rats were divided
randomly into three groups. Twenty-four hours prior to the first
application, the animals’ backs were shaved with clippers; their
skin was checked for any cuts or damage using a magnifying lens
(10�) and left overnight to ensure absence of any inflammation.
The back of rats in groups (A) and (B) was divided into four sec-
tions, whereas the back of rats in group (C) was divided into three
sections only. Each section was treated differently according to
the number of the group. The topical application of treatments on
rats of group (A) was as followed: section A1 received normal
saline solution (negative control), section A2 received sodium
lauryl sulfate (SLS) solution (5%, w/v; positive control), section A3
received drug-free ME and section A4 received STZ ME, so that
each rat acted as its own control. The topical application of treat-
ments on rats of group (B) was as followed: section B1 received
normal saline solution (negative control), section B2 received SLS
solution (5%, w/v; positive control), section B3 received drug-free
ME G and section B4 received STZ ME G. The topical application
of treatments on rats of group (C) was as followed: section C1
received normal saline solution (negative control), section
C2 received SLS solution (5%, w/v; positive control) and section C3
received the marketed product (DermofixVR cream).
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Suitable quantity of each treatment containing equivalent
amount of the drug was massaged once (to test single insult
challenge) onto the marked section on each rat. For the next
days of the test (2nd–5th), each treatment was applied twice
daily at 3-h interval (to test repeated insult challenge). As sug-
gested by Jibry and Murdan [29], all treatment sections were
coated with sterile gauze and fixed with surgical tape to prevent
removal of the formulation from the skin. At the end of the
application time (1 h), the gauze was removed and the treated
skin section was gently swabbed with water-soaked gauze to
remove any residual vehicle.

Visual assessments of skin irritation. The irritation degree was
assigned for each application area on the first day of the study dir-
ectly after the removal of the gauze, 3, 6, 9 and 12 h later by vis-
ual scoring using a modified method of Draize et al. [30]. Based
on the degree of erythema, scores were assigned ranging from
0 to 4 as followed: no erythema 0, slight erythema (barely percep-
tible light pink) 1, moderate erythema (dark pink) 2, moderate
to severe erythema (light red) 3, severe erythema (extreme red-
ness) 4.

Histopathological assessment of skin patches. The rats were sacri-
ficed at the end of the fifth day. Autopsy samples (1 cm2) were
taken from the skin of rats in different groups and fixed in 10%
formol saline for 72 h before processing for histopathological stud-
ies. The bodies of rats were frozen and incinerated at the Faculty
of Veterinary Medicine, Cairo University, Egypt.

Histopathological specimens were prepared according to
Banchroft et al. protocol [31]. Washing was done in tap water then
serial dilutions of alcohols (methyl, ethyl and absolute alcohol)
were used for dehydration. Specimens were cleared in xylene and
embedded in paraffin at 56 �C in hot air oven (Heraeus, Hanau,
Germany) for 24 h. Paraffin beeswax tissue blocks were prepared
for sectioning at 4 lm thickness by sledge microtome (Leica
Microsystems SM2400, Cambridge, England). The obtained tissue
sections were collected on glass slides, deparaffinized and stained
by hematoxylin and eosin stain for examination through the light
electric microscope (Leica Microsystems DM3000, Cambridge,
England).

Statistical analysis

One way ANOVA followed by Post-Hoc (least significant difference
LSD) test was used to investigate the difference in antifungal activ-
ity within the formulations using Social Package for Statistical
Studies (SPSSVR 19.0) (SPSS Inc., Chicago, IL). Difference at p< .05
was considered to be significant.

Results

Screening of STZ solubility in various oils

The saturation solubility of STZ estimated in various vehicles
ranged from 0.09 ± 0.02mg/g oil (LabrafacVR lipophile WL 1349) to
3.44 ± 0.75 (CapryolVR 90) mg/g oil as shown in (Figure 1). Among
the screened oils, CapryolVR 90 and PeceolVR were selected for prep-
aration of STZ ME.

Pseudo-ternary phase diagrams

Two oils (PeceolVR and CapryolVR 90), two nonionic surfactants
(TweenVR 80 and CremophorVR EL) and TranscutolVR P cosurfactant
were selected for construction of twelve systems and their
respective pseudoternary phase diagrams were constructed, as
illustrated in (Figure 2).

Characterization of STZ ME systems

Thermodynamic stability studies
All MEs remained stable and clear after the alternating heat–cool
cycles. The second phase explaining the effect of centrifugation
showed no creaming, phase separation or breakdown. This indi-
cated the physical stability of the prepared MEs. Through freeze–-
thaw cycles, when the MEs were stored at �21 �C cloudiness of
the systems was observed, but it was transient and clarity was
restored at room temperature.

The effect of formulation variables on MDS
The MDS varied according to the composition of the prepared ME
system. Capryol-based MEs showed MDS ranging from
6.33 ± 0.03 nm (F10) to 225.01 ± 35.63 nm (F14) (Table 3). Peceol-
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based MEs had comparable MDS ranging from 7.65 ± 0.07 nm (F28)
to 226.7 ± 1.27 nm (F21) (Table 3). CapryolVR 90-based MEs exhib-
ited smaller MDS than PeceolVR -based MEs, while TweenVR 80-based
MEs showed larger MDS than CremophorVR EL-based MEs.
Increasing the oil percentage led to droplet size enlargement, but
increasing S/CoS ratio would decrease the MDS.

The effect of formulation variables on ZP measurement
All CapryolVR 90-based MEs were positively charged with values
ranging from 16.8 ± 3.54mV (F16) to 52.2 ± 2.69mV (F8), as in
(Table 3). Moreover, all PeceolVR -based MEs were also positively
charged with values ranging from 18.95 ± 0.49mV (F28) to

52.95 ± 0.21mV (F35), as in (Table 3). PeceolVR -based MEs showed
higher ZP than CapryolVR 90 formulae and TweenVR 80 based formu-
lae exhibited also greater ZP than CremophorVR EL formulae.

Determination of pH
The mean pH values of all formulae were in the range from 4 to 6
which is well tolerated by the skin.

Optimization of STZ O/W ME
The aim of optimization of any formulation is generally to esti-
mate the levels of variables from which a product with high

Figure 2. Pseudoternary phase diagrams of (a) Peceol O/W MEs at different TweenVR 80/Transcutol mass ratios, (b) Peceol O/W MEs at different CremophorVR EL/
Transcutol mass ratios. (c) Capryol O/W MEs at different TweenVR 80/Transcutol mass ratios and (d) Capryol O/W MEs at different CremophorVR EL/Transcutol mass ratios.
The investigated formulae are marked (x).
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quality characteristics may be prepared. The criteria set for choos-
ing the best achieved formulation is to minimize the MDS and
maximize the ZP to ensure stability of ME as presented in (Table
2).

Based on the criteria chosen and desirability estimation using
Design ExpertVR program, formulae F22 and F31 achieved highest
desirability of 0.84 and 0.83, respectively. Therefore, they were
selected for further evaluations.

Ex vivo permeation and skin retention of optimized STZ formulae
The results were recorded till 6 h as practically topical preparations
do not remain for more than 6 h on the skin. They usually get
removed by sweat or are eliminated by contact of skin with other
surfaces [2,32]. As illustrated in Figure 3, the permeation of STZ
from the selected ME formulae (F22 and F31) started immediately
without lag time. The cumulative amounts of STZ permeated
after 6 h were 466.45 ± 77.37 and 2316.94 ± 477.59 lg/cm2

for F22 and F31, respectively. F31 showed higher drug flux at 6 h
(Jmax), 386.15 ± 111.48 lg/cm2.h while that of F22 was
77.73 ± 12.89 lg/cm2.h.

The amount of STZ retained in mice skin after permeation
study was found to be 686.47 ± 47.42 and 338.11 ± 30.95lg/cm2

for F22 and F31, respectively, and the results were significantly dif-
ferent (p< .05). The calculated LAC ratio was found to be 1.47 and
0.14 for F22 and F31, respectively, indicating that the amount of
STZ released from F22 and accumulated in mice skin was 10.5
times more than that of F31.

Transmission electron microscopy

Transmission electron micrographs of the optimized formula (F22),
illustrated in (Figure 4) showed that the globules of the developed
ME were spherical, discrete with uniform droplet size distribution.
Globules appeared to have comparable size to that obtained by
photon correlation spectroscopy.

Characterization of STZ ME G

Rheological behavior
From the data shown in Figure 5 and Table 4, it was found that,
both STZ ME G and the marketed product exhibited shear-

thinning flow since the viscosity decreased with increasing the
shear rate. The respective flow indices (n) were 0.392 and 0.185
which were smaller than and far away from 1. Thus, the prepared
gel and marketed product obeyed non-Newtonian and shear-thin-
ning behavior according to power law equation. For STZ ME G
and the marketed product, fitting the data to Carreau equation
resulted in the highest regression coefficient and this concluded
that they exhibited pseudoplastic flow.

pH determination
pH measurement of STZ ME G was found to be neutral, suggest-
ing that it would not cause irritation upon topical application to
the skin.

Ex vivo permeation and skin retention comparison between STZ
ME G and marketed product
As illustrated in Figure 6, the drug permeation through mice skin
started immediately without any lag time. The cumulative
amounts of STZ permeated after 6 h were 394.43 ± 3.24 and
1136.1 ± 25.5lg/cm2 for STZ ME G and marketed product, respect-
ively. The marketed product showed drug flux at 6 (Jmax) value of
189.3 ± 4.24lg/cm2.h. This value was higher than that obtained by
STZ ME G (Jmax¼ 65.73 ± 0.54lg/cm2 h) as shown in Table 5.

The skin retention calculated after 6 h revealed that STZ ME G
showed greater skin retention (1086.1 ± 19.71 lg/cm2) than the
marketed product (270.3 ± 27.86 lg/cm2) and the LAC ratio of gel
was found to be 11.95 times higher than the marketed product.

Antimycotic activity
The obtained results for zone of inhibitions in Table 6 and
Figure 7 showed that the STZ ME and STZ ME G had the highest
antimycotic activity with zones of inhibition 35.75 ± 0.35 and
30.5 ± 0.7mm, respectively, compared to DermofixVR cream
(26 ± 1.41mm) (p< .05).

Skin irritation and histopathological evaluation
Skin erythema is caused by an increased blood flow in the dermis
layer. Erythema is used as a measure to estimate the response of

Table 3. The MDS and ZP of the prepared MEs.

Formula MDSa ± SDb (nm) Mean ZPc ± SD (mV) Formula MDS± SD (nm) Mean ZP ± SD (mV)

F1 44.91 ± 1.82 25.5 ± 2.12 F19 69.25 ± 0.08 39.9 ± 6.36
F2 116.7 ± 2.26 35 ± 2.12 F20 158.25 ± 1.2 42.35 ± 0.92
F3 156.9 ± 4.53 35.8 ± 1.98 F21 226.7 ± 1.27 45.1 ± 0.99
F4 28.47 ± 2.45 35.4 ± 2.83 F22 75.21 ± 1.02 34.65 ± 2.05
F5 125.3 ± 1.27 35.3 ± 1.13 F23 206.45 ± 2.19 50.2 ± 1.27
F6 148.3 ± 4.68 41 ± 4.53 F24 145.15 ± 0.07 42.25 ± 0.64
F7 94.31 ± 2.7 40.9 ± 3.25 F25 82.44 ± 2.47 39.3 ± 0.28
F8 93.19 ± 1.46 52.2 ± 2.69 F26 204.95 ± 0.21 52.35 ± 0.49
F9 142.2 ± 4.4 45.5 ± 2.97 F27 186.05 ± 1.48 47.1 ± 1.13
F10 6.33 ± 0.03 21.25 ± 0.49 F28 7.6465 ± 0.07 18.95 ± 0.49
F11 94.06 ± 4.7 28.85 ± 2.47 F29 79.91 ± 0.58 33.1 ± 2.55
F12 39.9 ± 9.78 33.55 ± 1.63 F30 147.5 ± 3.54 52.5 ± 3.54
F13 82.96 ± 27.5 34.7 ± 1.56 F31 8.68 ± 2.01 24.05 ± 5.44
F14 225.01 ± 35.63 24.55 ± 0.35 F32 126.5 ± 0.57 40.5 ± 0.99
F15 16.65 ± 4.54 29.75 ± 1.63 F33 161.2 ± 0.57 49.25 ± 0.07
F16 88.11 ± 83.14 16.8 ± 3.54 F34 9.3 ± 0.01 44.1 ± 5.52
F17 50.13 ± 21.9 35.5 ± 1.98 F35 242.9 ± 0.28 52.95 ± 0.21
F18 18.445 ± 0.29 28.5 ± 6.22 F36 213.55 ± 2.62 49.3 ± 0.28
aMDS is mean droplet size.
bSD is standard deviation.
cZP is zeta potential.
All measurements are mean of two trials.
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that layer to topical preparations. The erythema scores upon
exposure to all formulae as well as SLS solution (5%, w/v) are
shown in Figure 8.

In all groups, the rat skin areas exposed to the irritant solution
(SLS 5% w/v) recorded much higher erythema levels all over the
study period (12 h). Strong, infiltrated erythema with superficial
erosions was obtained after 6 h and was scored as (3). Extensive
erythema was found and was scored as (4) at the end of 12 h. In a
previous study reported by Jibry and Murdan [29], extensive irrita-
tion in the form of erythema, wrinkling and fissures on the skin
surface of some rats was observed upon the use of SLS solution
(5%, w/v) for several days, as a positive control. Under occlusion
conditions, the case aggravated to erythema, inflammation, and
significant changes in skin morphology [23]. On the other hand,
no erythema was observed and scored (0) for skin
patches exposed to any of the formulae in all groups, as shown
in Figure 9.

Histopathological results of skin rat biopsy
In negative control group receiving saline, there was no histo-
pathological alteration and the normal histological structure of the
epidermis, dermis with sebaceous glands, subcutaneous tissue and
the muscular layer were recorded in Figure 10(a). For rat group
treated with the experimental irritant, hyalinization was observed
in both the dermal connective tissue as well as the subcutaneous
one, with congestion in the blood vessels as shown in Figure 10(b).

The hyalinization was observed in both the dermal and the
subcutaneous connective tissues with intact sebaceous glands in
case of the rat group administered with the drug-free ME, as
shown in Figure 10(c). But for the rat group exposed to STZ ME,
several hyalinization and necrosis were detected in the connective
tissue of the dermis and the subcutaneous tissue as shown in
Figure 10(d and e).

On the other hand, mild hyalinization was detected in both the
dermal and subcutaneous tissue in the rat group administered
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Figure 4. Transmission electron micrograph of F22: (a) bar ¼200nm and (b) bar ¼500nm.
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Table 4. Rheological behavior of prepared gel and marketed product.

Formula Flow index (n) Nature of flow

Regression coefficient (r2)

Bingham (linear plastic) Casson (nonlinear plastic) Carreau (pseudo-plastic) Type of flow

STZ ME G 0.392 Shear-thinning 0.993 0.974 0.994 Pseudo-plastic
Marketed producta 0.185 Shear-thinning 0.797 0.869 0.997 Pseudo-plastic
aMarketed product is DermofixVR cream.

0

200

400

600

800

1000

1200

1400

20 1 3 4 5 6 7

Cu
m

ul
a�

ve
 a

m
ou

nt
 o

f S
TZ

 p
er

m
ea

te
d 

(μ
g/

cm
2 )

Time (h)

Marketed product

STZ ME G

Figure 6. The cumulative amount of STZ permeated through mice skin from STZ ME G and marketed product.

DRUG DEVELOPMENT AND INDUSTRIAL PHARMACY 9



with the drug-free ME gel as in Figure 10(f). For rat group adminis-
tered with STZ ME G, there was no histopathological alteration in
both dermal and subcutaneous connective tissue as recorded in
Figure 10(g).

Rat group administered with the marketed product revealed
that the epidermis and the dermis of the skin with sebaceous
glands and follicles were intact as shown in Figure 10(h), while the
subcutaneous tissue showed focal inflammatory cells infiltration
with congestion in the blood vessels as illustrated in Figure 10(i).

Discussion

For construction of the pseudoternary phase diagrams, PeceolVR

and CapryolVR 90 oils were used for their maximal drug solubility
power. TweenVR 80 and CremophorVR EL were nonionic surfactants
and were selected based on their safety and compatibility for

topical use. Moreover, the hydrophilic–lipophilic balance (HLB) of
the surfactant plays an important role for selection of the suitable
surfactant in ME. The formation of O/W MEs requires a surfactant
with HLB greater than 10 [33]. Since, the HLB values of TweenVR 80
and CremophorVR EL are 15 and 12–14, respectively; hence, both
surfactants were chosen to prepare MEs in our study. Selection of
the TranscutolVR P as a co-surfactant was not only due to its high
solubilization power for poorly water soluble drugs, but because it
was also associated with enhanced drug penetration, permeation
through skin and its drug depot effect [34].

Regarding the thermodynamic stability of ME, as reported by
Ammar et al. [17], cloudiness of MEs observed at �21 �C through
freeze-thaw cycles might be related to: (i) the coagulation of the
internal phase at such low temperature or (ii) the extraordinary
pressures of the ice crystals on the dispersed oil globules and S/
CoS adsorbed in the layers. But it should be noted that this
instability was transient and the clarity was recovered by residing
at room temperature. This proved the good thermodynamic stabil-
ity of the MEs prepared.

The small MDS of MEs was attributed to the penetration cap-
ability of the cosurfactant molecules to the surfactant film leading
to lowering of the droplets curvature. Decreasing the fluidity and
surface viscosity of the interfacial film might be another reason for
the small MDS [35]. There is no doubt that the oil percentage had
a significant effect on the MDS (p< .05), as increasing the amount
of oil in ME produced a system with a larger MDS. This finding
was in agreement with Chen et al. [36] and was explained by
Yuan et al. [37], that this might be due to the expansion of the oil
drop of the ME. It was also found that the type of oil significantly
affected the MDS of the ME (p< .05). The investigated oil with the
longest carbon chain length (C18), PeceolVR oil (2,3-dihydroxypropyl
(Z)-octadec-9-enoate), had a significantly larger MDS than CapryolVR

90 (Propylene glycol monocaprylate). The difference in carbon
chain lengths between surfactant and oil was the driving force for
partitioning of the surfactant at the oil/water interface. It was
revealed that TweenVR 80 and CremophorVR EL had alkyl chain of 18
carbon atoms (C18) that matched with the Peceol carbon chain
length. It was reported that the oil with carbon chain length simi-
lar to that of surfactant penetrated more into the interfacial film,
decreasing the partitioning of the surfactant and droplet stabiliza-
tion leading to the enlargement of the oil droplets [38]. These
findings are in accordance with James-Smith et al. [39].
The droplet size of ME significantly decreased with increasing the
surfactant to cosurfactant ratio (p< .05). This was attributed to the
fact that the addition of the surfactant to the ME systems led to
the condensation and stabilization of the interfacial film, while the
addition of the cosurfactant resulted in film expansion [40].
Results showed that, for both types of oils, the droplet size tended
to be significantly smaller for systems formed of a surfactant with
an HLB 12–14 (CremophorVR EL) compared to those prepared with
a surfactant with an HLB 15 (TweenVR 80) (p< .05). This result was
surprising as it was previously reported that surfactants with nar-
row ranges of HLB would not significantly affect MDS [38], but it
can be explained by the steric hindrance effect of CremophorVR EL.
Due to the highly branched chemical structure of CremophorVR EL,
compared to TweenVR 80; this improved the flexibility of the oil/-
water interface and promoted the formation of globules of
reduced size [41].

The positive charge of ME was due to the innate weakly basic
nature of the drug itself as STZ was protonated in the aqueous
medium so it conferred a positive charge to MEs. It should be
noted that ZP greater than 20mV indicated good stability of the
ME [42,43]. Increasing the electrostatic repulsive forces between
ME droplets prevented the coalescence of ME droplets, while

Table 5. Drug flux at 6 h (Jmax) and locally accumulateion effi-
ciency (LAC) ratio for STZ ME G and marketed product.

Formula
Mean drug flux at 6 h (Jmax)

± SD (lg/cm2.h) LACb ratio

STZ ME G 65.73 ± 0.54 2.75
Marketed producta 189.3 ± 4.24 0.23
aMarketed product is DermofixVR cream.
bLAC is locally accumulation efficiency.
All results are mean of three trials.

Table 6. Mean zones of inhibitions for labeled formulae I, II, III
and IV expressed in mm.

Formula labels Type of formula
Mean zone of inhibitionb

± SD (mm)

I STZ ME (F22) 35.75 ± 0.35
II STZ ME G 30.5 ± 0.7
III Marketed producta 26 ± 1.41
IV Drug-free ME 0 ± 0
aMarketed product is DermofixVR cream.
bValues are expressed as mean of three trials.

Figure 7. Zones of inhibition of different formulae.
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decreasing the electrostatic repulsive forces would lead to phase
separation. PeceolVR oil revealed significant higher ZP values than
CapryolVR 90 which might be due to the high steric stabilization
effect of the highly molecular size of oil (PeceolVR ) [44,45]. The ME

systems consisting of TweenVR 80 showed significantly higher ZP
values compared to CremophorVR EL (p< .05). This could be attrib-
uted due to the high affinity of TweenVR 80 towards the surface of
drug resulting in potential electrical double layer [46].

Figure 8. The results of skin irritation after 12 h of: (a) 5% w/v SLS acting as positive control, (b) normal saline (0.9%) acting as negative control, (c) drug-free ME gel
and (d) STZ ME G.
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During ex vivo permeation, formula F31 (containing
CremophorVR EL as a surfactant) showed better drug permeation
than F22 (containing TweenVR 80 as a surfactant) which was
ascribed to the droplet size of ME illustrating the effect of differ-
ent surfactants used on drug permeation. The higher drug flux

from ME F31 might be attributed to its small globule size
(8.68 ± 2 nm) compared to F22 (75.21 ± 1.02 nm). The extremely
low droplet size exhibited by CremophorVR EL-based ME affected
the percutaneous absorption of the drug. The small droplet size
increased the number of the vesicles that had the potential to

Figure 10. Photomicrographs of histopathological sections representing: (a) negative control, (b) positive control, (c) drug-free ME, (d) and (e) STZ ME, (f) drug-free ME
gel, (g) STZ ME G, (h) and (i) marketed product.
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interact with a fixed area of stratum corneum, thereby enhancing
the efficiency in percutaneous uptake of the drug [47]. The higher
retention of STZ, in case of F22, in the subcutaneous lipid matrix
of the skin with small diffusion through the inner more hydrophilic
skin layers might be due to its lower drug permeation through
the skin compared to F31.

Hence, F22 was selected as the optimum ME formulation due
to its high skin retention capability and it was incorporated into
gel formulation. It should be noted that the method adopted for
preparation of STZ ME-loaded gel preparation in this study pro-
vided successful gel preparation as 1 g of plain gel was added to
every 1 g of the STZ ME containing 20mg drug, so that the con-
centration of STZ in the gel would be 1%. This sequence of work
was adopted to overcome the problem encountered during gel
preparation. When Carbopol 934 powder was first added to the
prepared ME followed by triethanolamine to adjust pH of ME, the
Carbopol was not entirely swollen in the ME due to its relatively
high viscosity compared to water. Also, the addition of Carbopol
powder to the water of ME did not form good gel due to incom-
plete swelling of the Carbopol in the limited amount of water of
the ME [48].

Rheological properties play an important role in the gel prepar-
ation and during application, as they affect the product physical
form, appearance, texture and flow behavior [49]. It should be
noted that the pseudoplastic flow of the gel is highly convenient
for topical pharmaceutical preparations as at high rate of shear
during rubbing the gel on skin, the viscosity of gel decreased so it
could spread easily on skin and at low rate of shear it maintained
its normal structure [25].

The pseudoplastic behavior of both STZ ME G and the mar-
keted product might be due to the fact that there is equilibrium
between the changes induced by applying shear and the
Brownian motion which entraps water inside the coils of the poly-
mer used in gel formation. The rate of water entanglement and
randomization by the Brownian motion is constant, while the rate
of disentanglement and alignment increases with increasing the
shear stress. When the shearing stress increases, the disarranged
molecules align their long axes in the direction of flow leading to
lowering of the viscosity of material and allowing a greater rate of
shear at each successive shearing stress. Some of solvent associ-
ated with molecules may be released, resulting in an effective low-
ering of concentration and size of dispersed molecules [50].

The reason for the higher drug permeation rate through the
mice skin after 6 h from the marketed product compared to STZ
ME G was due to the hydroalcoholic or alcoholic base of the mar-
keted product which acted as a permeation enhancer through
skin. Moreover, this alcoholic base would be subjected to volatil-
ization after application on the skin, resulting in the formation of
a supersaturated solution of the drug and hence, increasing its
concentration gradient and exhibiting greater permeability [51].

STZ ME G showed higher drug skin retention than that of the
marketed product due to the effect of ME components while the
enhanced retention of STZ ME G compared to STZ ME (F22) was
ascribed to the higher viscosity of the gel, transforming the
selected ME into lamellar structure or a highly ordered microstruc-
ture [52]. The killing of a fungus is possible only if higher amount
of drug stays into the skin layers. Thereby, STZ ME G could be a
potential drug delivery system for STZ and helping in efficient
treatment of dermatophyte infections [53].

The antimycotic activity was arranged in a descending order,
F22> STZ ME G>DermofixVR cream. The selected ME (F22) exhib-
ited the highest zone of inhibition due to its small droplet size
with its larger surface area contributing to enhanced drug diffu-
sion through the skin barriers and higher drug release per unit

time from the globules. This led to an increase in the concentra-
tion gradient across the fungal cell wall, thus more drug was com-
ing in contact with the cell to efficiently inhibit the ergosterol
synthesis. Furthermore, STZ ME G was characterized by very low
interfacial tension and high interfacial area; so greater quantity of
the drug could be concentrated and localized within the same iso-
tropic medium, thereby providing an enhanced antifungal action,
compared to the marketed product [13,53].

The hyalinization observed in the skin biopsies of rats treated
with drug-free ME or STZ ME might be due to high percentage of
TranscutolVR P used in the formula (more than 20%) which led to
marked changes such as degeneration and infiltration of mono-
nuclear cells in the dermis [54]. The skin biopsies of rats treated
with STZ ME G revealed normal histopathological conditions
owing to the high viscosity and three-dimensional network struc-
ture of gel that avoided sudden exposure of the skin to whole ME
quantities and allowed slow and gradual diffusion of the ME from
the gel matrix to skin [53].

It should be noted that the histopathological evaluation of the
skin biopsies treated with drug-free ME, STZ ME, drug-free ME gel
and the marketed product showed histopathological changes to
the skin layers, whereas it was not observed by visual examination
of the skin. This is because the changes occurred in the dermis
and the other deeper skin layers which could not be observed by
visual examination of the epidermal layers of the skin.

Conclusion

STZ ME G [consisting of 5% PeceolVR , 55% TweenVR 80:TranscutolVR P
(1:2), 40% water and incorporated into Carbopol 934 (0.5%)] was
found to impart a greater skin retention power for STZ and
attained an excellent antimycotic activity compared to the mar-
keted product “DermofixVR cream”. Moreover, it proved to be nonir-
ritant to rat skin as no histopathological changes were observed
after treatment with STZ ME G compared to DermofixVR cream.
Thus, it was concluded that it was a promising vehicle for dermal
delivery of STZ. Further studies are needed to assess the systemic
bioavailability of the prepared STZ ME G and to explore its clinical
significance in human volunteers.
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