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The current investigation aimed for loading Fenticonazole nitrate (FTN), an antifungal
agent with low aqueous solubility, into solid lipid nanoparticles (SLNs) phospholipid complex
for management of candida albicans topically. Fenticonazole nitrate is an antifungal
medication which has substantial first pass metabolism results in low oral bioavailability. In
order to prevent oral complications, the production of SLNs-phospholipid complex for
improving Fenticonazole nitrate topical distribution was the focus of this study. By using a 21.3!
full factorial design and different solid lipids and surfactants, SLNs formulas were created.
SLNs phospholipid complex were fabricated applying thin film hydration method. SLNs
phospholipid complex were evaluated with regard to entrapment efficiency percent (EE%),
particle size (PS), polydispersity index (PDI), and zeta potential (ZP). Further explorations
were conducted on the optimum formulation. Utilizing Design Expert® software, the optimum
formula (F2) was determined, revealing ZP of -23.50+1.11 mV, PDI of 0.41+0.005, PS of
137.05£0.45nm, and EE% of 77.44+0.94%. Further, the optimum formula showed spherical
SLNs without aggregation under transmission electron microscope evaluation. In-vitro release
study showed that the optimum formula was released more rapidly than FTN suspension. In
addition, during storage the optimum formula was stable. The histological investigation verified
the safety of the optimum SLNs
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histopathological study
INTRODUCTION

Recently, there has been an increase in the
global spread of skin infections caused by
various fungal species, including Trichophyton
species and Candida albicans. The rise in
immunocompromised individuals from organ
transplants, cancer chemotherapy, and human
immunodeficiency virus infections has led to
an increase in the frequency of fungal
infections.! Antifungal medicines are mostly
treated by topical application or systemic oral
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administration. While systemic antifungal
medications administered orally are proven to
be more effective, doing so typically carries a
higher risk of drug-drug interactions and
unpleasant side effects.? An antifungal
imidazole derivative called Fenticonazole
nitrate  (FTN) works by preventing the
formation of ergosterol and subsequently
causing damage to the cytoplasmic membrane.?
Additionally, it inhibits the particular release of
protease acid by Candida albicans, which
facilitates the yeast's adhesion to epithelial
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cells, as well as cytochrome oxidases and
peroxidases.! FTN therefore has fungicidal and
fungistatic effects on yeasts, fungi, and
dermatophytes. Azole (such as FTN) exhibits
both fungistatic and fungicidal effect as it acts
as fungistatic at low concentration as they
interfere  the ergosterol formation, and
fungicidal at high concentration resulted from
the complete destruction of cell wall.*
Furthermore, FTN has broad-spectrum
antibacterial activity against Gram positive
bacteria as well as bacteria that are frequently
linked to vaginal infections and fungal skin
infections. Consequently, FTN is regarded as
the best topical treatment for combined
bacterial and mycotic infections, as opposed to
other multiagent regimens. FTN has been
studied in previous research studies using
several nanocarriers for topical management of
tinea corporis® and candida albicans.®
Regrettably, FTN's poor solubility in
water (<0.1 mg/ml) necessitates the
development of a novel vesicular delivery
technology in order to efficiently administer
FTN and force the treatment of fungal
diseases.® Hydrophobic drug-loading solid lipid
nanoparticles (SLNs) have been regarded as an
appealing colloidal drug delivery vehicle. This
is due to the potential to combine the benefits
of other established colloidal carriers,
including liposomes, fat emulsions,
microemulsions, and nanoparticles.” In order to
enhance drug absorption and distribution,
encapsulating medications in SLNs will not
only guarantee their controlled release but also
shield them from enzymatic degradations.?
However, during storage, medicines with
high crystalline structures exhibited a
propensity to recrystallize  from  their
amorphous state in the SLN, which could cause
instability in the SLN in suspension form.
Therefore, earlier research encouraged the
addition of phospholipid to SLNs to create an
SLNs-phospholipid complex, which inhibits
the tendency of cooled melt to re-crystallize
even at refrigerator temperatures.®
Phospholipid complex-loaded nanoparticles
have been shown in the literature to enhance
the oral bioavailability of medications through
a variety of mechanisms, including improving
the solubility, dissolution, permeability, and
absorption of  medications from the
gastrointestinal tract by examining the
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intestinal lymphatic pathways and avoiding
their first pass metabolism.°

Thus, the goals of the present
investigation were to evaluate the safety of
SLNs-phospholipid complex applied topically
as well as the possibility that it might raise
Fenticonazole nitrate for topical use. In order to
do that, many factors affecting the features of
SLNs-phospholipid complex were investigated
using full factorial 2*.3' design using Design
Expert® software to determine the optimum
formulation. Entrapment efficiency percentage
(Y1), particle size (Y2), and polydispersity
index (Y3) were chosen as dependent factors,
and solid lipid type (X1) and SAA type (X,)
were examined as independent variables. The
optimum  SLNs-phospholipid complex was
further assessed in terms of stability and shape.
Furthermore,  histopathology  studies  of
Fenticonazole nitrate from the optimum SLNs-
phospholipid complex were conducted using
male Wistar rats.

MATERIALS AND

Fenticonazole nitrate (FTN), phospholipid
from soya bean were purchased from Sigma
Aldrich  Chemical Co. (St. Louis, USA).
Glyceryl dibehenate, and Geleol were gifted
from gattefosse, France. Tween 20 (T20),
Tween 80 (T80), Span 60 (S60), chloroform,
and methanol were obtained from EI-Nasr
Pharmaceutical Chemicals Co. (Cairo, Egypt).
Methods

Preparation of Fenticonazole nitrate loaded
SLNs-phospholipid complex

By applying the thin film hydration
method, three surfactants (100 mg) Tween 20,
Tween 80, and Span 60 and different kinds of
solid lipids (200 mg) Glyceryl dibehenate and
Geleol were combined to create the SLNs-
phospholipid complex. In a long-necked,
round-bottom flask, the phospholipid (100 mg),
surfactants, and solid lipids were first dissolved
in 10 milliliters of chloroform together with 10
mg of fenticonazole nitrate. Using a rotatory
evaporator, the organic phase was gradually
evaporated at 60°C to produce a thin,
transparent layer of particles (Rotavapor,
Heidolph VV 2000, Burladingen, Germany) at
90 rpm while keeping pressure under vacuum
for 30 minutes. For 45 minutes, the film was



hydrated with 10 mL of hydration media (bi-
distilled water). To obtain mature vesicles, the
vesicles dispersion was kept overnight at 4°C.*

Characterization and optimization of
Fenticonazole  nitrate  loaded  SLNs-
phospholipid complex

Determination of entrapment efficiency
percentage (EE%0)

The SLNs-phospholipid complex
dispersion for the developed formulations was
centrifuged at 20,000 rpm for 1 hour at 4°C
using a cooling centrifuge (Sigma 3K 30,
Germany). The pellet was then lysed in
methanol and assessed at Amax 252 nm using a
UV-Vis spectrophotometer (Shimadzu UV1650
Spectrophotometer, Koyoto, Japan)® EE% was
found using the direct technique. 2

Determination of particle size (PS),
polydispersity index (PDI) and zeta potential
(ZP)

Using a Malvern Zetasizer 2000 (Malvern
Instruments Ltd., UK), the mean PS, PDI, and
ZP of the SLNs-phospholipid complex’s
dispersions were estimated for the generated
formulae. Following dilution, the
measurements were carried out. By monitoring
the particles' electrophoretic movement in the
electrical field, the ZP assessment was
accomplished. Every measurement was done
three times.*3

Assessment of the influence of different
formulation parameters using 213! full
factorial design

Applying lowest experimental runs, a
complete 2.3 full factorial design was
employed to determine the impact of several
factors on the aspects of Fenticonazole nitrate
loaded SLNs-phospholipid complex
dispersions.* Two factors were assessed in the
chosen design: one had two levels (Xi: solid
lipid type), and the other had three levels (X::
SAA type). As dependent variables, the EE%
(Y1), PS (Y2), and PDI (Y3), were identified
(Table 1). To create Fenticonazole nitrate
loaded SLNs-phospholipid  complex, all
probable combinations were tested in the
experiments (Table 1). The experimental data
were analyzed using Design Expert® software
version 11 (Stat Ease, Inc., Minneapolis,
Minnesota, USA) to independently source the
impacts of these components, and then analysis
of variance (ANOVA) was used to assess the
significance.

Optimization of Fenticonazole nitrate loaded
SLNs-phospholipid complex

To determine which formulation should be
selected for further investigation, the
desirability function was established. This
function predicts the optimal levels of selected
components. Selecting the optimal formulation
required meeting specific criteria, including
achieving the lowest PS and PDI and the
maximum EE%.

Table 1: 2*.3! Full factorial design for optimization of Fenticonazole nitrate loaded SLNs-phospholipid

complex.
Factors (independent variables) Levels
Xi: Solid lipid type Glyceryl dibehante Geleol
Xz: SAA type T20 T80 S60

Responses (dependent variables)

Constraints

Yi: EE (%) Maximize
Y2: PS (nm) Minimize
Ys: PDI Minimize

Abbreviations: EE%; entrapment efficiency percent, PS; particle size, PDI; polydispersity index, T20;
tween 20, T80; tween 80, SAA, surfactant, and S60, Span 60.

825



Determination of amount of drug release

The amount of medication released was
measured for six hours at 37°C using the USP
dissolution tester equipment Il. The optimal
SLNs-phospholipid complex of (2 mL samples)
was added into plastic cylindrical as donor
compartment and sealed with cellulose
membrane with surface area of 3.14 cm? that
contained 5 mg of FTN. The formulations were
immersed in 50 milliliters of pH 5.5 phosphate
buffer release medium.*® In this volume, the
sink state was preserved. At 1, 2, 3, 4,5, and 6
hours, aliquots were removed. A UV
spectrophotometer with a Amax Of 252 Nnm® was
used to evaluate aliquots (1 ml) of
Fenticonazole nitrate. Three experiments were
carried out.

Transmission electron microscopy (TEM)

Using a Joel JEM 1230 transmission
electron microscope (Tokyo, Japan), the
optimal SLNs-phospholipid complex’s
morphology was examined. A thin layer of the
nanodispersion was applied to a copper grid
covered with carbon, dyed with 1.5%
phosphotungstic acid, then observed, and
photographed.*®

Stability studies

For forty-five days, the ideal SLNs-
phospholipid complex was kept at 4°C. At 0
and 45 days, samples from each formulation
were taken out. Comparing the initial
measurements with the values obtained after
storage allowed for the evaluation of stability.
As previously mentioned, measurements of the
EE%, PS, PDI, ZP, and Q6h (%) from the
SLNs-phospholipid complex were made.
Statistical significance was analyzed by
Student’s t-test using SPSS® software 22.0.
Difference at p<0.05 was considered
significant.!’

pH assessment

The pH of the optimum SLNs-
phospholipid complex was estimated, by a
calibrated pH meter (Hanna, type 211,
Romania).

Histopathological study

The study design was authorized by the
ethical committee of the Mazaya University
College, (reference number = (PI) 150). Six
animals were divided into two groups where
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groups one behaved as control left untreated,
while group two was treated with the optimum
SLNs-phospholipid complex. The treatment
duration lasted one day. After being fixed for
24 hours in 10% formol saline, skin samples
were cleaned, and alcohol was used to
dehydrate them. Following a 24-hours period at
56°C, the specimens were cleaned in xylene,
embedded in paraffin wax blocks, and
sectioned using a sledge microtome (Rotary
Leica RM2245, USA) at a thickness of 4 mm
for each skin sample. Using light microscopy,
the specimens were deparaffinized and stained
with  hematoxylin and eosin stains for
histological analysis. (Axiostar plus, Zeiss,
New York, NY).18

RESULTS AND DISCUSSION

Results
Analysis of factorial design

Two  independent  variables  were
investigated: the solid lipid type (X1) and SAA
type (X2); dependent variables included EE%
(Y1), PS (Y2), and PDI (Y3). The experimental
results were evaluated using Design Expert®
(Stat Ease, Inc., Minneapolis, MN) version 11
to source independently the main effects of
these factors, which were then evaluated
employing analysis of variance (ANOVA) to
decide the significance of each factor. The two-
factor interaction (2 FI) model was utilized,
and it was seen that the predicted R? values
were in reasonable agreement with the adjusted
R?in all responses, with reference to the design
analysis results in Table 2, all responses
showed adequate precision with a ratio greater
than 4.

The effect of formulation variables on EE%

It is possible to create multilayered
nanosystems into an efficient drug delivery
system for the targeted or controlled release of
lipophilic medicines. Encapsulating bioactive
inside phospholipid containing formulations
offers the best distribution, enhanced stability,
protection, and permeability, depending upon
the lipid composition and characteristics.®

The effect of the independent variables,
solid lipid type (X1) and SAA type (Xz) on the
EE% of Fenticonazole nitrate loaded SLNs-
phospholipid complex is shown in Table 2,3
and is graphically illustrated as 3-D surface



plots in Fig. 1A-B. EE%
65.35+0.46 to 81.66+0.83%.
The polynomial equation for EE% is:
EE%=+73.44-4.62* A+6.00* B [1] +1.73*
B[2] +2.39*AB[1]+2.34*ABJ2]

It is observed that solid lipid type (X1) had
a significant effect on EE% (p<0.0001). In
comparison to Geleol, Glyceryl dibehnate was
found to produce greater EE% values. The
previous results could be correlated to the fact
that glyceryl dibehenate is a mixture of 13%—
21% monoacylglycerols, 40%—-60%
diacylglycerols, and 21%-35% triacylglycerols
of behenic acid. The mono- and diglycerides of
glyceryl behenate possess surface active
properties  (Hydrophilic-Lipophilic Balance
(HLB) = 2-5).2° Hence imparts an amphiphilic
character to the utilized system and enhanced

ranged from

Fenticonazale nitrate  solubilization and
entrapment inside the nano-system, the
previous results agreed with previous

literature.?!

It is important to note that a high drug
solubility in the lipid melt is a requirement for
obtaining adequate drug loading. Following the
cooling of the lipid melt, solubility often

declines and may even be lower in the solid
lipid. Drug solubilization is facilitated by the
presence of mono and diglycerides in the lipid
utilized as the matrix material. In addition, the
chemical feature of the lipid is also significant
as lipids that form highly crystalline particles
with a perfect lattice led to drug expulsion.
Lipids that are mixtures of mono-, di-, and
triglycerides and lipids (such as Glyceryl
dibehnate) composing of fatty acids of different
chain lengths form fewer perfect crystals with
various imperfections, offering space to load
the drugs.?? Further, the perfect structure of
glyceryl monostearate would lead to drug
expulsion.?

Considering SAA type (Xy), it has a
significant effect on EE%, it was found that
EE% increased by using more hydrophilic SAA
in the subsequent order:
Tween20>Tween80>Span 60 as the HLB
values for the utilized SAA were 16.7, 15, and
4.6, respectively.’® The aforementioned
findings could be correlated to that high HLB
of SAA improved the solubilization of
Fenticonazole nitrate inside SLNs, hence
improved EE% of the formed SLNs.?

Table 2: Output data of the 21.3* full factorial analysis of SLNs-phospholipid complex formulations and predicted
and observed values for the optimum SLNs-phospholipid complex (F2).

Responses EE% PS (nm) PDI

Adjusted R? 0.924 0.969 0.920
Predicted R? 0.835 0.943 0.853
Adequate precision 15.08 16.94 10.59
Significant factors X1, X2 X1, X2 X1

Predicted value of optimum formula (F2) 77.44 137.05 0.410
Observed value of optimum formula (F2) 77.44 137.05 0.410

Abbreviations: EE%, entrapment efficiency percentage; PS, particle size; and PDI, polydispersity index.

Table 3: Experimental runs, independent variables, and measured response of the 2*.3* full factorial experimental

design of SLNs-phospholipid complex.

Solid Lipid type | SAAtype | EE% PS (nm) PDI ZP (mV)
F1 | Glyceryl dibehnate | T20 81.66+0.833 225.10+3.33 0.273+0.01 -23.10£1.61
F2 | Glyceryl dibehnate | T80 77.44+0.94 137.05+0.45 0.410+0.005 -23.50+1.11
F3 | Glyceryl dibehnate | S60 75.06+2.56 121.85+5.05 0.393+0.009 -24.75+0.25
F4 | Geleol T20 77.21+0.28 322.55+25.55 0.572+0.033 -24.41+0.01
F5 | Geleol T80 72.90+2.90 190.55+5.45 0.491+0.059 -32.95+0.45
F6 | Geleol S60 65.36+0.46 149.70+0.25 0.351+0.001 | -29.50+0.50

Note: Data represented as mean + SD (n=3).

Abbreviations: EE%, entrapment efficiency percentage; T20, tween 20; T80, tween 80: S60, Span60: PS, particle
size; PDI, polydispersity index and ZP, zeta potential.
All formulae contained 100 mg SAA, and 200 mg solid lipid.
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Fig. 1: Effect of solid lipid type (Xi) and SAA type (X2) on EE%, and PS on SLNs-phospholipid

complex.

The effect of formulation variables on PS

The mean hydrodynamic diameter of the
particles is indicated by the z-average
diameter®® was measured and presented in
Table2,3 and graphically illustrated in 3-D
surface plots (Fig. 1C-D). The PS of the
nanosystem might affect the degree of drug
deposition as well as skin penetration.?® PS
ranged from 121.85+5.05 to 322.55+25.55 nm.

It is noticeable that both solid lipid type
(X1) and SAA type (Xp), influenced
significantly (p<0.0001) the PS of the vesicles.
The polynomial equation of PS was as
following:

PS (nm) =+201.18+19.84* A+72.65* B [1]-
37.38* B [2]+28.88* AB[1]+6.91* AB[2]

For solid lipid type (X1), it was found that
Geleol produced larger PS than Glyceryl
dibehnate this was in accordance with previous
literature.?” In addition it was found that
Glyceryl dibehnate produced larger EE% than
Geleol, hence accommodates larger spaces for
drug inclusion and subsequently increased
PS.5  Further, it was also observed from the
results that the PS was in accordance with the
amount of drug entrapped into the vesicles.
Therefore, the increase in EE% would give
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another explanation for the larger PS of
vesicle.?®

For SAA type (X2), it was observed that
PS augmented in the subsequent order
S60<T80<T20, this could be related to SAA
hydrophilicity, as the hydrophilicity of SAA
increased the PS increase. Aziz et al stated by
increasing SAA hydrophilicity resulted in
increasing the water uptake by the nanosytems
with resultant increase in PS.8

The effect of formulation variables on PDI
The width of unimodal size distributions is
measured by the PDI. Further, PDI was
measured and presented in Table 2,3 and
graphically illustrated in 3-D surface plots
(Fig. 2 A-B). PDI ranged from 0.237+0.01 to
0.572+0.033. A homogeneous dispersion
shows a value of 0, whereas a completely
heterogeneous polydisperse population is
indicated by a value of 1. A PDI that is
considered acceptable should be less than 0.5.
The produced vesicles' polydispersity indices
were often minimal, as can be seen from the
data, indicating strong homogeneity and a
narrow size distribution. %
The polynomial equation for PDI is:
PDI= +0.42+0.056* A+7.417E-003* B [1]
+0.03* B[2]+0.093* AB[1]-0.01* AB[2]
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Fig. 2: Effect of solid lipid type (X1) and SAA type (X2) on PDI, and ZP on SLNs-phospholipid complex.

Factorial analysis of variance displayed
that only solid lipid type (Xi) showed
significant effect on PDI with p values of
(p=0.0027), Geleol produced bigger PDI than
glyceryl dibehnate. The previous outcomes
showed agreement of PS results with PDI
values, as the PS of SLNs-phospholipid
complex increased PDI subsequently increased
this was described previously in literature.'®

ZP evaluation

ZP ranged from -23.10+1.61 to -
32.95+0.45 mV. For electrostatic reasons,
colloidal particles with (>|15/mV) are expected
to be stable due to steric reasons.*®

The negative charge present in SLNs
formulae was due to carboxylic groups present
in solid lipids (Glyceryl dibehnate, and
Geleol).*'Both factors should no significant
effect hence ZP was removed from SLNs
optimization.

Selection of the optimized formulation

A set of criteria was first established in the
Design Expert® software (Stat Ease, Inc.,
Minneapolis, MN) version 11 in order to
choose the best formula. Particles having the
highest EE%, and lowest PS and PDI were
given preference according to these parameters.
The primary effects of these parameters were
separately found through the use of Design

Expert® to examine the experimental data. An
analysis of variance (ANOVA) was then
performed to ascertain the importance of each
element. The formula that satisfied the
predetermined criteria was the best one. The
optimum SLNs-phospholipid complex (F2) had
a ZP of -23.50+£1.11 mV, PDI of 0.41+0.005,
PS of 137.05+0.45nm, and EE% of
77.44+£0.94%. The expected and observed
responses of were compared and are displayed
in Table 2 to verify the validity of our
experiment. There was a strong correlation
found between the actual and anticipated
values for the optimum formula F2 that
composed of glyceryl dibehnate and Tween 80.

Characterization of the optimum formula
In-vitro drug release

When expecting a drug's in-vivo
performance, the release profile is a crucial
indicator. High surface area and a faster rate of
disintegration are the outcomes of PS
decrease.® Q6h for the optimum SLNs-
phospholipid complex (F2) and Fenticonazole
nitarte suspension is displayed in Fig. 3.
Additionally, the results indicated that the
optimum SLNs-phospholipid complex contains
Tween 80 that provides a significant (P=0.001)
higher  release  percent compared to
Fenticonazole nitarte suspension. As the
aqueous solubility of Fenticonazole nitarte
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represents its main drawback as it is less than
0.10mg/mL, as it could significantly affect the
drug activity, release rate or even results in
microbial resistance. Further, the enhanced
release rate from nanosystem is likely due to
the fact that Tween 80 created the small PS
particles, increasing the total surface area and,
thus, the release rate.** Furthermore, the
inclusion of Tween 80 led to the formation of
mixed micelles with phospholipid and solid
lipid hence, improved Fenticonazole Nitrate's
aqueous solubility in the aqueous phase.*

80+

N a
< <

Amount of Drug released (%)
N
=
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Morphology of vesicles

TEM examination was used to examine
the external morphology of the obtained
optimum SLNs-phospholipid complex
formulation. The morphological shape revealed
that they were spherical and had a consistent
size distribution (Fig. 4). The Zetasizer-
determined  SLNs-phospholipid ~ complex
particle sizes correlated with TEM particle size
evaluation

— F2

=
P
' Y

4

Time (h)

Fig. 3: In-vitro drug release for Fenticonazole nitrate and the optimum formula (F2).

Fig. 4: Transmission electron micrograph for the optimum SLNs-phospholipid complex.
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Stability study

During storage, lipid nanoparticles
formulations have a tendency to fuse and
disintegrate, changing PS, PDI, and ZP.
Additionally, these modifications result in a
decrease in the EE% and medication leakage
from the vesicles.®®  SLNs-phospholipid
complex (F2) were visually inspected for
aggregation  and  appearance  changes.
Furthermore, it was determined what EE% of
76.34+0.71, PS of 140.00+2.00 nm, PDI of
0.39£0.01, ZP of -23.00+2.00 mV, and Q6h of
64.15+2.10%. After 45 days at 4°C, statistical
analysis showed that there was no significant
change between the fresh and preserved SLNs-
phospholipid complex in terms of EE%, PS,
PDI, ZP and Q6h with p values of 0.9, 0.76,
0.89, 0.56, and 0.5 respectively. These results
suggest that the ideal optimum SLNs-
phospholipid complex is stable.

pH measurement

The inspected pH assessments for
optimum SLNs-phospholipid complex ranged
from 4.70 £ 0.11 to 5.12 + 0.14, which is
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regarded as suitable for topical application on
skin. 3¢

Histopathological study

Permeation enhancers are thought to be a
key barrier to topical delivery due to skin
irritation*” When compared to untreated skin
sections (group 1), light microscopy analysis of
groups Il which were treated with the optimum
SLNs-phospholipid  complex, respectively,
revealed no histological alterations in
epidermal and dermal cells (Fig. 5). These
results showed that the optimum SLNs-
phospholipid complex formulation had a
tolerable level of acceptability. Further,
previous studies confirmed the tolerability of
both glyceryl dibehnate and Tween 80.%*° The
obtained results suggest that the optimized
SLNs-phospholipid  complex  have an
acceptable safety level and are not expected to
cause skin irritation in clinical trials according
to the fact that there were no clear signs of skin
intolerability in the performed in the in-vivo
histopathological study.

4
7
A A AR ~

Fig. 5: Histopathological study for the optimum SLNs-phospholipid complex (F2) (b) compared to the negative

control (a).
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Conclusion

In this study, we developed SLNs-
phospholipid  complex as a topical
Fenticonazole nitrate delivery drug. In
accordance with the 2%.3! full factorial design,
six formulations were created using the thin
film hydration process. These formulations
were then utilized to choose the best
nanoformula, which had spherical morphology,
a good drug EE%, minimal PS, and good ZP
values. The optimum formula was stable during
storage period. The in-vitro release study
confirmed the enhancement of solubilization
and release of fenticonazole nitrate from the
optimum formula. Additionally, the in-vivo
histological investigation verified that optimum
formula did not cause irritation when applied to
rat skin. The findings therefore indicated that,
since SLNs-phospholipid complex applied
topically without any irritation it could be
regarded as a potential topical administration
strategy. To prove that SLNs-phospholipid
complex is therapeutically effective in humans,
more research is required.
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