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Abstract

Purpose Skin fungal infections are widely spreading worldwide and are considered a main cause of skin, mucous membranes,
and systemic diseases. In an approach to enhance the topical delivery of miconazole nitrate (MZN) as a poorly permeable
antifungal agent, spanlastics nanocarriers as a type of elastic vesicles were adopted in the current work.

Methods MZN spanlastics were prepared and optimized according to a D-optimal response surface design to investigate
the influence of formulation variables, edge activator (EA) percentage, EA type on particle size (PS), and drug entrapment
efficiency percentage (% EE) as dependent variables. The spanlastics optimized formula (F7) was further assessed for its
elasticity and physico-pharmaceutical properties before being incorporated into a gel. The F7 gel formula was also examined
for its physical properties, in vitro release, in vitro antifungal activity against Candida albicans (ATCC® 10231), and ex vivo
skin deposition studies. The results of the F7 gel formula were compared to the F7 aqueous dispersion.

Results The D-optimal design revealed that F7, developed using Tween 60 as EA and Span 60 at a weight ratio 2:8, is the optimized
formula. F7 was an elastic, spherical, non-aggregated vesicle with an average PS of 210 nm and a drug entrapment efficiency of
90%. The drug was present in an amorphous form within the vesicles. The gel form of F7 showed a prolonged drug release behavior
relative to the solution form, where 75% of the drug was released over 10 h for the former and 5 h for the latter. The antifungal study
revealed a significant (p < 0.05) increase in the zone of inhibition of Candida albicans (ATCC® 10231) demonstrated by spanlastics
compared to MZN suspension at the same concentration level. MZN suspension showed cytotoxic activity at a concentration of 20
pg/mL and above; the incorporation of the drug in spanlastics dispersion or gel form increased the cell viability percentage. The skin
deposition studies showed that F7 deposition in the dermal layer, where deep skin infections occur, is 164-folds that of the plain drug.
Conclusions The results confirm the potential application of MZN-spanlastics to treat deeply seated skin fungal infections.
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Introduction

Although many fungi thrive in our daily lives without
causing harm, the incidence of fungal infections appears
to be rising worldwide. Fungi can cause skin and mucous
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membrane diseases and systemic infections of many internal
organs. Skin or mucosal membrane fungal infections are the
most common reason for victims to contact dermatologists.
Cutaneous fungal infections affect 20-25% of the human
population. Immunocompromised patients are at a high risk
of infection, especially those who suffer from viral infections
or use chemotherapeutic agents [1, 2].

Skin fungal infections may be classified according to the
level of tissue invasion: superficial, cutaneous, or subcu-
taneous. When invading fungus affects only the outermost
skin layers, the resulting infection is known as a superficial
fungal infection. A superficial fungal infection raises the
skin’s pH, accompanied by inflammation and mild scaling at
the infected site. In this situation, the skin’s barrier function
deteriorates [3—6].
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Cutaneous fungal infection, or dermatomycoses, occurs
when the invasion reaches the epidermal layer with or without
skin appendages such as nails and hairs. A cellular immuno-
logical response may be triggered as a result of the infection,
causing pathological changes in individuals. Furthermore, the
infection can spread to the dermal or subcutaneous regions,
resulting in a subcutaneous fungal infection, e.g., Candida
albicans. In this case, the infected areas are characterized by
ulceration or infiltrating nodular lesions [7-9].

Azole-based antifungal drugs can reduce fungal prop-
erties by inhibiting cytochrome P450, responsible for the
14-alpha-demethylation pathway. The medication works
well for pityriasis versicolor, tinea, otomycosis, and vul-
vovaginal candidiasis. According to the biopharmaceutics
classification system, miconazole (MZN) is a class II drug.
MZN is characterized by poor water solubility with a water
partition value of around 6.25 in octanol, and limited skin
penetration is observed for the drug [10].

Traditionally, skin fungal infections are treated using
conventional topical dosage forms, e.g., lotions, creams, and
gels containing antifungal drugs [11]. Nanocarriers have been
employed to overcome the drug’s poor permeability, maintain
and control medication release, ensure direct contact with
the stratum corneum, and shield the drug against chemical
or physical instability [11]. The aforementioned benefits,
in turn, reduce negative effects and dose frequency. Several
nano-based formulation techniques have been previously
investigated to enhance MZN skin penetration [3, 10, 11].
Miconazole nitrate has been loaded in solid lipid nanoparti-
cles [12, 13], nanostructured lipid carriers[14], chitosan nan-
oparticles [15], transferosomes [16], ultra-flexible liposomes
[17], propylene glycol nanoliposomes [18], cubosomes [19],
nanoemulgel [20], nanoemulsion [21], and as an inclusion
complex in f cyclodextrin [22].

Spanlastics are a type of elastic vesicles. It is composed of
a non-ionic surfactant and an edge activator. Nonionic sur-
factants have low toxicity and compatibility with biological
systems [23]. The non-ionic surfactant Span 60 has saturated
alkyl chains and a lipophilic character. This amphiphilic
property of the Span 60 allows the formation of unilamellar
or multilamellar matrix vesicles. The surface-active features
of this surfactant would enhance the edge activator’s activity,
resulting in a decrease in interfacial tension and the conse-
quent formation of fine spanlastics dispersion [24].

On the other hand, the edge activators belong to a unique
class of hydrophilic surfactants owing to their high HLB
values. They are also considered single-chain surfactants
that reduce the interfacial tension of the vesicles, destabi-
lize them, and make the bilayer vesicles more deformable.
Hence, they provide these vesicles’ lipid bilayer mem-
branes with flexibility and production systems with vary-
ing degrees of packing disruption. Vesicles improve drug
permeability by expanding the biological membranes’ pore

size momentarily. This mechanism, in turn, allows larger
vesicles to fit and permeate the skin [24-26].

The preparation and optimization of the nanovesicles can
be facilitated by utilizing computer-aided designs. For this
reason, optimal designs were utilized being computer-aided
rather than orthogonal, like traditional response surface
methodology (RSM) types. In these designs, the impacts
of the variables are associated. The key advantage in this
case is that it may be used to fit any model (first and sec-
ond orders, quadratic, or cubic) or for any specific research
goal, such as screening or generating a response surface.
Furthermore, optimal designs allow fewer experimental tri-
als than traditional types and have a limited design space.
Based on the number of trials, the R-square values, and the
fitted models of Akaike and Bayesian information criteria,
determined that the D-optimal design is the best design for
generating response surfaces. These findings were supported
by Ranade and Thiagarajan’s 2017 statistical comparison of
several RSM designs [27]. The D-optimal design provides
several equations to aid in the identification of the optimum
formula. The selection of the optimum formula is based on
employing a variety of variables that can be studied to corre-
late their effect on various responses: drug entrapment effi-
ciency, absolute zeta potential value, in vitro drug release,
particle size, and polydispersity index [28-30].

In the current study, miconazole nitrate was selected as a
model antifungal drug for the treatment of deeply seated skin
fungal infections. The drug was incorporated into spanlastics
to enhance drug permeation into the deeper skin layer. A
D-optimal design was employed to produce the least num-
ber of formulas that can be prepared to study the effect of
surfactant level (at three levels) and EA type (at six levels)
as independent variables on the responses, namely particle
size and % EE of the drug.

Materials and Methods
Materials

Miconazole nitrate (MZN) was kindly supplied by Medi-
cal Union Pharmaceuticals, Egypt. Brij 35, Brij 58, Brij 97,
and dialysis cellulose membrane (cut-off 14,000 g/mol) were
purchased from Sigma-Aldrich, USA. Acros Organics, USA,
supplied Span 60, Tween 20, Tween 60, and Tween 80. Pro-
pylene glycol 4000 was obtained from Loba-Chemie, India.
Triethanolamine and ethanol were purchased from ADWIC,
Egypt. Carbopol 934 was acquired from Goodrich Chemical
Company, USA. The buffer constituents were obtained from
El-Nasr Pharmaceutical Chemicals Co., Egypt: disodium
hydrogen phosphate and potassium dihydrogen phosphate.
All other solvents and chemicals were of analytical grade
and were purchased and used as received.
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Methods

Preparation of Miconazole Nitrate-Loaded Spanlastics
Using D-Optimal Design

The composition of the various MZN-loaded spanlastics is
listed in Table 1. The materials used in preparing the span-
lastics are considered safe (GRAS), besides being FDA-
approved [31]. Span 60, a non-ionic surfactant (SAA), was
selected as the membrane-forming material. In addition, a
range of non-ionic SAAs with various HLB values were
employed as edge activators (EAs). Generally, the non-ionic
surfactant class was selected owing to its safety, compatibil-
ity, and stability relative to the other surfactant classes [31].
Due to its simplicity and reproducibility, the ethanol injec-
tion method was adopted to prepare MZN-spanlastics [32,
33]. MZN (0.2 g) and the surfactant Span 60 were dissolved
in 3 mL of 100% ethanol. The ethanolic solution was gently
injected into a warmed aqueous medium containing the EA
and constantly stirred on a magnetic stirrer (Jenway 1000,
Jenway, UK) for 30 min until spanlastics dispersion (10 mL)
was formed. The temperature was set to 80 °C and the stirring
speed to 1000 rpm. The total SAA percentage in the formula
(Span 60 and EA) was kept constant at 2% (w/v) of the total
formulation volume (10 mL). In addition, the Span 60 percent-
age was varied in relevance to the EA percentage so that their
sum would make 100% of the total SAA percentage used in
the formula. To ensure that all of the alcohol was removed, the
dispersion was stirred for another hour at the same room tem-
perature and speed. The prepared formulas were left to mature
overnight and then stored at 4 °C for further studies [34].

Experimental Design MZN-loaded spanlastics were pre-
pared as proposed by D-optimal design using Design-
Expert® 12.0.3.0 software (Stat-Ease Inc., USA) to examine
the influence of formulation variables on the vesicle proper-
ties. In this design, two independent factors were evaluated,
namely the percentage of edge activator (EA) (A) and the
type of EA (B). The dependent variables were particle size
(PS) (R1) and % EE (R2). The first independent factor was
studied at 2 levels (10 and 30%) and 1 center point (20%),
whereas the second was studied at 6 levels, namely Brij 35,
Brij 58, Brij 97, Tween 20, Tween 60, and Tween 80, where
17 possible combinations were experimented as shown in
Table 1 [35]. A summary of the factors and their levels is
presented in the supplementary material, Table S1.

Model Selection and Validation The best-fitted models for
both R1 and R2 were selected based on the lowest model
p-value (significant), highest R? value, highest lack of fit
p-value (non-significant), and where the difference between
the predicted R* and the adjusted R is in reasonable agree-
ment (less than 0.2) [36, 37].

Optimized Formula Selection and Evaluation Based on
the desirability approach, numerical optimization was
carried out by selecting PS between 150 and 250 nm and
maximizing the % EE. All factor weights were equal and
set to ¥2. [38] The optimized formula, proposed by the
software was prepared in triplicate and assessed by re-
measuring the dependent variables and comparing them
with the expected results, yielding the percentage bias;
consequently, the validity of the design was checked. The

Table 1 Composition of the

. Formula code EA (%) Type of EA R1 (particle size (nm)) R2 (entrapment
various formulgs of MZN- efficiency (%))
loaded spanlastics and the
responses measured. Data F1 10 Brij 97 201 + 6.03 80 + 3.2
?ﬁerf:;tie;nean * range, F2 10 Tween 80 170 + 5.1 78 +3.12

F3 30 Tween 20 410 +12.3 30+1.2
F4 10 Brij 35 338 + 10.14 55+22
F5 30 Brij 58 200 + 6 58 +3.16
F6 30 Tween 60 90 +2.7 85+34
F7 20 Tween 60 210 £ 0.28 90 +3.6
F8 30 Brij 35 207 £ 6.2 40+ 1.6
F9 30 Brij 97 108 + 4.86 70 £2.8
F10 10 Tween 80 170 £ 5.1 78 +£3.12
F11 30 Tween 60 90 +2.7 82+34
F12 10 Brij 58 302 +£9.06 68 +2.72
F13 30 Brij 58 203 +£6.8 58 +£3.16
F14 10 Tween 20 730 +21.9 50+2
F15 10 Brij 35 338 +14.8 55+22
Fl16 30 Brij 97 108 + 4.86 70+£2.8
F17 30 Tween 80 105 +4.71 68 +2.72
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optimized formula was subjected to further investigations
such as drug released percentage, physico-pharmaceutical
characterization, and an ex vivo skin deposition test. For
some tests, an adequate volume of the prepared aqueous
dispersion was lyophilized to obtain it in powder form.
The F7 aqueous dispersion was transferred to a 15-mL
falcon tube and frozen overnight at —20 °C. After that,
the sample was lyophilized using a Novalyphe-NL 500
freeze-dryer (Savant Instruments Corp., USA) for 24 h
under a pressure of 7 x 1072 mbar at —45 °C. The fluffy
powder obtained was then kept in a dry, cool place for
further use.

Statistical Analysis Statistical analysis was performed using
Design-Expert® 12.0.3.0 software. Data was analyzed using
one-way analysis of variance (ANOVA), and differences
were considered significant when p was less than 0.05.

Characterization of Miconazole Nitrate-Loaded Spanlastics

Particle Size, Polydispersity Index, and Zeta Potential Meas-
urements Dynamic light scattering was utilized to deter-
mine the average particle size (PS) and polydispersity index
(PDI) of the developed particles at 25 °C using a Malvern
Zetasizer (Nano-ZS, Malvern Instruments, Malvern, UK).
Before measuring the PS, all formulations were adequately
diluted with distilled water to guarantee a proper scattering
intensity [39, 40]. The PDI was employed to indicate the
homogeneity of the formulas, where a small value implies
a homogenously sized vesicle and vice versa. The measure-
ment was conducted three times for each sample, and the
mean + SD was calculated.

The vesicles’ zeta potential (ZP) was assessed using the
same instrument by detecting their electrophoretic mobility
in an applied electrical field. The ZP measurements were
determined in double-distilled water. Three replicates for
each formula were taken [39, 41]. The ZP indicates the
physical stability of the prepared particles, where a value
above +30 mV or below —30 mV suggests the stability of
the particles.

Entrapment Efficiency To determine the amount of MZN
entrapped in the formulas, the MZN-loaded vesicles were
centrifuged at a rotation speed of 15,000 rpm and a tem-
perature of 4 °C for 1 h (Laborzentrifugen, 2k15, Sigma,
Germany). The supernatant was then separated from the
particles, and the amount of the free drug was meas-
ured spectrophotometrically at Amax 271 nm (Shimadzu
UV spectrophotometer, 2401/PC, Japan). The entrapped
percentage (EE%) of the drug was then calculated from
Eq. 1 [41]:

D, — D,
EE (%) = ‘D L % 100 )]

t

where D, is the total amount of drug, and D, is the amount
of entrapped drug [42, 43].

Elasticity Measurement The extrusion technique Van den
Bergh et al. [44] described was followed to assess the
elasticity of the optimum formula for spanlastics aqueous
dispersion (F7). F7 was diluted and extruded through a
220-nm pore-size microporous filter (Jinteng Experiment
Equipment Co., Ltd., China) under a constant pressure of
2.5 bar (Haug Kompressoren AG; Biichi Labortechnik AG,
Flawil, Switzerland). The particle size was compared before
and after extrusion, and the percentage of deformation was
calculated [45].

Physico-pharmaceutical Characterization
of the Optimized Formula

Transmission Electron Microscopy (TEM) The morphological
examination of the optimized MZN spanlastics formula was
carried out using a transmission electron microscope (JEM-
2100, Jeol, Japan) at an acceleration voltage of 80 kV. The
vesicles were properly diluted, and one drop was applied to a
carbon-coated copper grid surface and dehydrated. Phospho-
tungestic acid, at a concentration of 2%, was used to stain the
sample, which was dehydrated again at ambient temperature
to give a good contrast upon TEM inspection [41].

Differential Scanning Calorimetry (DSC) The thermograms
of pure MZN powder and lyophilized F7 (the optimized
MZN-spanlastics formula) were studied using a differential
scanning calorimeter (DSC-50, Kyoto, Japan). An amount
of 2 mg of each sample was loaded in aluminum pots, and
the temperature was raised gradually at a rate of 10 °C/min
from 25 to 300 °C under an inert nitrogen flow of 25 mL/
min [41, 46].

Incorporation of MZN and Optimized Formula F7
in Carbopol Gel

Preparation of Carbopol Gel A Carbopol gel was formulated
to incorporate the F7 and free medication within it. A quan-
tity of 2 g of Carbopol 934 was dispersed in distilled water
using a magnetic stirrer operating at 800 rpm for 60 min.
The addition of propylene glycol 4000 (20 g) was carried
out incrementally to the mixture. The addition of trietha-
nolamine was carried out in a dropwise manner to achieve
neutralization of the mixture. Manual stirring was performed
using a glass rod until gelation occurred, and the resulting
solution’s pH was measured [47].
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Incorporation of Free MZN and Optimized MZN-Spanlastics
in Gel The prepared gel was used as a vehicle for the free
drug and optimized formula, where an amount of 0.6 g of
the drug was added to 15 g of the gel, and the weight was
completed to 30 g with distilled water. Therefore, the MZN
percentage in the gel was 2%.

Similarly, the optimized MZN-spanlastics in an amount
equivalent to 0.6 g of the free drug was incorporated into
the gel, and likewise, the MZN percentage in the spanlastics
gel was 2% [41].

Characterization of Gel Formulas

Visual Inspection The prepared gel formulations’ color,
homogeneity, consistency, and spreadability were visually
inspected [47, 48].

pH To determine the pH of the formula, a sample of the pro-
duced gel weighing 1 g was weighed and completed to 10 g
with distilled water. The pH of the diluted sample was meas-
ured using a Jenway pH-Meter (model 3510, UK) [47, 48].

Viscosity The viscosity of the prepared gels was measured
using a Brookfield rheometer with a spindle CP 41. The
viscosity test was performed at room temperature with a
rotating speed of 1 rpm [47, 48].

Drug Content An amount of 100 mg of the gel formula-
tions was dissolved in 20 mL of ethanol and filtered, and
the volume was completed with 10 mL of distilled water in
a volumetric flask. The drug concentration in the solution
was detected spectrophotometrically at 271 nm [47].

In Vitro Drug Release Studies of the Optimized Formulas
in Aqueous Dispersion and Gel Form

The in vitro drug release profiles were performed using the
membrane diffusion method for the following samples: the
optimized MZN-spanlastics aqueous dispersion formula (F7),
MZN-spanlastics gel (F7 gel), MZN gel, and MZN aqueous
suspension. Before commencing the experiment, the cellu-
lose membrane was soaked in a phosphate-buffered saline
solution (pH = 5.4) for 24 h at room temperature. Afterward,
1 mL of each sample (or an amount equivalent to 20 mg
of the drug) was loaded into the cellulose membrane, and
both ends of the membrane were tightly tied. The loaded
membrane was dropped into a beaker containing 300 mL of
a phosphate-buffered saline solution with a pH of 5.4. The
beaker was covered with parafilm and placed in an incuba-
tor shaker (IKA KS 4000, Germany). The shaker operation
speed was 50 rpm, and the temperature was 37 + 0.5 °C.
At specific time intervals, aliquots of 5 mL were withdrawn
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and substituted by an equivalent volume of fresh buffer solu-
tion to maintain a constant volume. The withdrawn samples
were analyzed spectrophotometrically at Amax of 271 nm to
determine the percentage of the released drug. The results
are presented as mean values + SD of the percentage of
drug release as a function of time for a total of three repeats
per experiment [34]. The release data were fitted to various
release kinetic models: zero, first, Higuchi diffusion, Hixson-
Crowell, and Korsmeyer-Peppas models.

In Vitro Antifungal Activity Study of the Optimized
Formulas in Aqueous Dispersion and Gel Form

In Vitro Antifungal Activity by Well Diffusion Assay The
in vitro antifungal assay was used to determine and com-
pare the samples’ antifungal properties against C. albicans
(ATCC® 10231). The tested samples were MZN suspension,
MZN gel, the optimized MZN-loaded spanlastics (F7) aque-
ous dispersion, and F7 incorporated in the gel. The yeasts
from a 24-h culture on Sabouraud dextrose agar (SDA)
were subcultured to create the inoculum. The culture was
left in the incubator overnight; afterwards, 5-6 colonies of
the organism were transferred to 0.9% saline, and the sus-
pension turbidity was adjusted to match the 0.5 McFarland
standard (9.95 mL of 1% sulfuric acid (H,SO,)) according
to the Clinical and Laboratory Standards Institute (CLSI)
protocol. A fresh SDA medium was prepared according to
the manufacturer’s recommendation and poured into plates
at a depth of 5 to 6 mm, and the plates were left to air dry for
30 min. The adjusted culture in saline was swabbed on the
prepared SDA plates in three different directions to ensure
complete coverage of the agar surface. The antifungal assay
was done using both well and surface agar assays. As for the
well agar assay, four wells, each 4 mm in diameter, were cut
out of the agar using a sterile cork borer, and 100 pL of the
tested sample (20 mg/mL) was placed into each well.

On the other hand, in the surface agar assay, 10 pL of the
tested antifungal agent was placed onto the agar surface and
left to dry. Plates were incubated at 35 °C for 24 h. Zones of
complete inhibition were measured in millimeters. The assay
was repeated three times for confirmation [49, 50].

In Vitro Antifungal Activity by Broth Microdilution
Method The minimum inhibitory concentration (MIC) was
determined using the broth microdilution method for MZN-
containing samples against C. albicans (ATCC® 10231),
namely MZN suspension, MZN gel, F7 aqueous dispersion,
and F7 gel [51]. The media utilized in this test was prepared,
similar to the “In Vitro Antifungal Activity by Well Diffu-
sion Assay” section; the cultures were incubated overnight,
and their turbidity was adjusted with 9.95 mL of 1% sulfuric
acid (H,SO,) to match a 0.5 McFarland standard. Finally,
the media were further diluted to give a final concentration
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equivalent to 10® CFU/mL according to the CLSI protocol.
On the other hand, the stock solution of MZN-containing
samples (20 mg/mL) was serially diluted using sterile Sab-
ouraud dextrose broth (SDB) to concentrations between 0.48
and 500 pg/mL.

One hundred microliters of the adjusted bacterial cul-
ture were added to an equal volume of the diluted MZN
samples in a 96-well microtiter plate. Two controls were
utilized: a negative control (Sabouraud broth only) and
a positive control (Sabouraud broth with C. albicans) to
confirm medium sterility and organism viability, respec-
tively. The plates were then incubated at 35 °C for 24 to
48 h. The effect of loading MZN into spanlastics and their
gel formulations was determined by measuring the change
in the MIC of pure MZN. This loaded formulation’s syner-
gistic or antagonistic activity was reflected by a decrease
or increase in the MIC values, respectively, compared to
MZN suspension.

The MIC was recorded as the highest dilution of the anti-
fungal agent, which gave no visible growth. Breakpoints for
C. albicans were set by CLSI for azoles as follows: itracona-
zole (susceptible, MIC < 1 pg/mL and resistant, MIC > 1
pg/mL) and fluconazole (sensitive, MIC < 2 pg/mL and
resistant, MIC > 8 pg/mL). There was no defined break-
point for miconazole; however, previous research indicated
that Candida sp. is susceptible and resistant at MIC < 5 pg/
mL and MIC > 5 pg/mL, respectively [52, 53]. The experi-
ment was conducted in triplicate. The mean and the standard
deviation were recorded.

In Vitro Cytotoxicity Studies of Optimized Formulas
in Aqueous Dispersion and Gel Form

MTT [3-(4,5-dimethylthiazol-2-yl)-2,5-diphenyltetra-
zolium bromide] test was used to assess cell viability in
human skin fibroblast (HSF) cell lines. First, HSF cells
(passage 10) were seeded in 96-well plates at a density
of 5000 cells/well in full Dulbecco’s modified eagle
(DMEM) media with 10% fetal bovine serum (FBS) and
100 g/mL penicillin and streptomycin for 24 h at 37 °C
in a 5% CO, incubator. The cells were then treated with a
range of concentrations of MZN suspension, F7 aqueous
dispersion, and F7 gel for 24 h at 37 °C and 5% CO,. A
volume of 100 pL of MTT/DMEM mixture with a ratio of
1:9 was applied to each well and incubated at 37 °C for 4
h to allow metabolically active cells to generate formazan
crystals. After removing the medium, 100 pL of solubi-
lized agent (DMSO) was added, and the optical density
was measured spectrophotometrically at a wavelength of
570 nm (OD570). The viable cell percentage is directly
proportional to the OD570 [54].

Ex Vivo Study of Gel Containing MZN and MZN-Spanlastics:
Skin Deposition Test

Male Sprague Dawley rats weighing 220-240 g were sac-
rificed, and the back skin was meticulously removed using
electrical clippers in accordance with ethical guidelines. The
protocols of the conducted study were all approved by the
MSA research and ethics committee (application number
PT15/Ec15/2020F). Using a scalpel, the subcutaneous fats
and cartilage were separated from the skin, which was then
cleaned with phosphate-buffered saline, wrapped in alu-
minum foil, and frozen until needed.

Before use, the rat skin was given an hour to soak in phos-
phate buffer (pH 5.5) and divided into the proper sizes. The
skin deposition experiment was performed on a Franz dif-
fusion cell apparatus (MicroettePlus™; Hanson Research,
Chatsworth, USA). The stratum corneum side of the skin
was mounted in open, two-chamber Franz-type diffusion
cells that were filled with phosphate buffer saline, pH 5.5.
A thermostatically controlled water bath was used to place
the diffusion cells, resulting in a skin surface temperature
of 37 °C.

A Teflon-coated magnetic bar was used for stirring in
the receptor compartment, which was filled with 10 mL of
buffer; the stirring speed was set to 200 rpm. The stratum
corneum surface was then covered with 1 g of the optimized
formula and plain MZN gel. Experiments were conducted
in triplicates, and the results from each experiment were
presented as an average.

Following the incubation period, skin samples were
taken out and thoroughly cleaned thrice using phosphate
buffer soaked to remove any formulations that might have
remained. The skin was then separated into three layers: stra-
tum corneum, dermis, and epidermis. The stratum corneum
was separated using a tape-stripping technique, whereas a
pair of forceps was used to separate the dermis from the
epidermis. Absolute ethanol was used to extract any drug
retained on each skin layer sonicated for 30 min. Then, the
skin extracts were filtered using 0.47 pm Millipore filters
and injected into the HPLC coupled with an ultraviolet
detector (Model SPD-10 A; Shimadzu) to quantify the drug
content at Amax of 220 nm. The used column was Inertsil
ODS: 4.6 X 250mm, 3.5 pm, and a mixture of water and
methanol with a ratio of 15:85 was utilized as the mobile
phase. The sample flow rate and temperature were set to 0.8
mL/min and 25 °C, respectively [41, 55, 56].

Stability Studies of Spanlastics Aqueous Dispersion
The change of the particle size as a function of time deter-

mines the formula’s stability. Thus, the optimized formula
was kept in the refrigerator for 6 months, and the particle
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size and drug entrapment efficiency were re-measured and
compared to the freshly prepared samples [57].

Results and Discussion

In this work, nanovesicles enriched with Span 60 as the
chief constituent of the vesicular bilayer were prepared
with a range of EA types. These vesicular carriers were then
assessed, and the optimized formula was selected. The opti-
mum formula was further tested for its capability to increase
the cutaneous delivery of MZN to treat deep skin infections.
To this objective, the nano-vesicular systems were devel-
oped using six types of hydrophilic EA: Tween 20, Tween
60, Tween 80, Brij 35, Brij 58, and Brij 97. In addition, the
percentage of EA in the vesicular carrier was varied in cor-
relation with the Span 60 percentages, to be 10, 90; 20, 80;
and 30, 70%. The variables A (EA%) and B (type of EA), as
well as the measured responses R1 (particle size (nm)) and
R2 (entrapment efficiency (%)), are presented in Table 1.

D-Optimal Design Analysis

The measured responses of the 17 experimental runs
(F1-F17) are shown in Table 1.

The Effect of Formulation Variables on the Particle Size (PS)
of MZN-Loaded Spanlastics

The particle size is crucial in the formulation of cutaneous
delivery systems as it affects the permeation capability of the

800 _|

600 _|

400 _|

Size

200 _|

carrier. Deeper skin permeation is guaranteed for vesicles
with a diameter of less than or equal to 300 nm. However, as
the vesicle diameter approaches 70 nm or less, the possibility
of transdermal delivery increases. Therefore, in this study, a
size range between 200 and 250 nm was targeted [58].

The prepared formulas PS (R1) ranged from 90 + 1.2 to
730 + 17.01 nm (Table 1). The effect of the two independent
variables on the PS of MZN-loaded spanlastics is shown in
Fig. 1A and B. The PDI of the vesicles ranged from 0.211 +
0.10 to 0.366 + 0.14. In addition, the ZP of all the formula-
tions ranged from —22.9 + 0.02 to —34.5 + 0.31, indicating
considerable stability of the particles [31] (data provided in
the supplementary material; Table S2). PS was best fitted to
a two-factor interaction (2FI) model showing the highest R
(Table 2). The interaction term AB shows how the response
changes when the two variables simultaneously change at
each level.

The ANOVA results revealed that the formula particle
size is significantly affected by the level of EA (%) and
its type (p < 0.0001). ANOVA results and fit statistics are
summarized in Table 2. The PS was significantly affected
by the level of EA, where a smaller particle size was
observed for the high percentage of EA and vice versa
(Fig. 1A) [35]. The reduction in the interfacial tension
may explain the reduction in the particle size; hence, the
emulsification power was increased [59]. At low EA %,
the spanlastics surface may not be fully covered with the
EA, leading to particle aggregation. The aggregates pos-
sess a lower surface area in an attempt to be fully coated
with the present amount of EA. To sum up, larger vesicles
are formed to increase the dispersion stability [60].

800 _|

600 _| E

Size
IS
8
8

R S

Tween 20 Tween 60 Tween 80 835 81 58 8ij 97

B: Type of EA

Fig. 1 The average effect of A EA % and B EA type on the size (nm) of the formed vesicles. Data express the mean + SD, where n =3
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Table 2 Summary O_f ANOVA Response  Source  Sequential p-value  Lack of fit p-value ~ Adjusted R  Predicted R?
results and fit statistics for
the D-optimal design studied RI Linear < 0.0001 < 0.0001 0.9047 0.7176 Suggested
responses (RI and R2) I <0.0001 1.0000 Suggested
R2 Linear  0.0005 0.8436 0.8020 0.6902 Suggested
2FI 0.8436 0.7132

The bold values represent the values of the significant (suggested) models of the studied responses

Figure 1B correlates the particle size to the type of EA.
The selected EAs had variable HLB values where the order
of the HLB values for the used EAs from the lowest to the
highest is Brij 97 < Tween 60 < Tween 80 < Brij 58 <
Tween 20 < Brij 35. The use of EA with lower HLB (Tween
80, Brij 97, and Tween 60) (Fig. 1B) increases the vesicle
hydrophobicity; as a result of the decreased water uptake
and surface energy, smaller vesicles are formed [61].

The Effect of Formulation Variables on the Entrapment
Efficiency of MZN-Loaded Spanlastics

The quantity of encapsulated MZN in spanlastics is criti-
cal for treatment efficiency. From Table 1, the % EE of the
prepared vesicles ranged from 30 = 0.12 to 90 + 2.60%.
The effect of the formulation variables on MZN % EE is
illustrated in Fig. 2A and B. ANOVA results showed that
MZN % EE is significantly affected by all studied factors (p
< 0.0001 for all factors).

Figure 2A shows a direct correlation between decreas-
ing the EA concentration and enhancing the drug entrap-
ment efficiency in the formed vesicle. Increasing the

100 _|

80 _|

EE

40 _|

EE

concentration of the EA decreases the hydrophobicity of
the formed vesicle due to the variation of the HLB value of
Span 60 (HLB value = 4.7) and the used EA (HLB ranges
12.5-16.9). MZN is a lipophilic drug and thus might be bet-
ter entrapped in the relatively lipophilic vesicles [14].

Figure 2B illustrates the effect of using various edge acti-
vators (EAs) on the entrapment efficiency of the formed ves-
icles. The highest entrapment efficiency has been observed
for Tween 60, whereas Tween 20 showed the lowest entrap-
ment efficiency. It may be concluded that two factors mainly
affect the efficiency upon varying the type of edge activa-
tor. The first factor is the EA’s HLB value; the lower the
HLB value, the better the entrapment efficiency. Figure 2B
illustrates that the highest entrapment efficiency value is
observed for spanlastics prepared using EA, Tween 60 >
Brij 97 > Tween 80.

Although the HLB value of Brij 97 is lower than Tween
60, the former showed a lower EE%. Therefore, another fac-
tor must have affected the entrapment efficiency, which is
the unsaturation possessed by EA [62]. The more the unsatu-
ration possessed by the EA, the more flexible the vesicle is
formed due to the ability of the chain to bend. The elastic

100 _|

60 _|

40 _|

Tween 20 Tween 60 Tween 80 Biij 35 Bij 58 Bij 97

B: Type of EA

Fig.2 The average effect of A EA % and B EA type on the drug entrapment efficiency (%) in the formed vesicles. Data express the mean + SD,

where n =3
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vesicles show a lower entrapment efficiency due to the
drug’s ability to escape from the formed vesicle. Consid-
ering this conclusion, using Tween 60 as EA exhibited a
higher entrapment efficiency than the other surfactants due
to forming rigid and hydrophobic vesicles relative to the
other surfactants [60, 63].

Optimization Using D-Optimal Design

Formulation variables of MZN-loaded spanlastics were
optimized for responses R1 (PS) and R2 (% EE). The tar-
get was to keep the PS between 200 and 250 nm and
maximize % EE. The numerical optimization was per-
formed using the Design-Expert software and yielded the
optimal values of the variables depending on the selected
desirability criteria. The highest desirability value (0.712)
was found for the F7 formula; accordingly, it was chosen
as the optimized formula. F7 was prepared in triplicate
using Span 60 and 20% EA, namely Tween 60. F7 was
prepared again, and its particle size and % EE were meas-
ured for the freshly prepared aqueous dispersion to be
210.5 + 0.14 and 90.5 + 1.54, respectively. The results
of the freshly prepared sample were compared with those
determined with the D-optimal design. The lower magni-
tude of errors (0.24 and 0.56%) observed for mean parti-
cle size and % EE, respectively, could indicate no marked
differences and/or reasonable agreements between the
previous and current experimental results. It is an index
of robustness and high extrapolative ability of the gen-
erated optimization model [36]. Data verifying that the
model can predict actual outcomes at the optimal settings
determined from the analysis was added as supplementary
material (Table S3).

Characterization of the MZN-Spanlastics Aqueous
Dispersion Optimized Formula F7

The optimized formula F7 aqueous dispersion was sub-
jected to elasticity and physico-pharmaceutical assess-
ment. The MZN suspension and F7 aqueous dispersion
were incorporated into a suitable gel base evaluated for
visual inspection, viscosity, pH, in vitro release, and anti-
fungal activity against Candida albicans (ATCC® 10231).
Cytotoxicity studies were performed for MZN suspension
to benchmark the cell viability percentage and compare it
to F7 aqueous dispersion and F7 gel. Moreover, the MZN
gel and F7 gel were used for the ex vivo skin deposition
studies. Finally, stability studies were performed on F7
aqueous dispersion. The particle size and drug entrapment
efficiency percentage were evaluated for the particles after
six months of storage and compared to the freshly prepared
formula values.

@ Springer

Elasticity Measurement

Elasticity testing of F7 revealed a minimal change (12%) in
particle size pre- and post-extrusion, where the measured par-
ticle size was 210 and 185 nm, respectively. This deformability
property allows the vesicles to spontaneously pass through
biological membranes, reducing the chance of full vesicle
rupture upon permeation. The incorporation of Tween 60 in
the vesicle may account for the flexibility of the vesicle, as
shown by the DSC studies. The shift of the Span 60’s endo-
thermic peak from 93, as stated in references [45], to 63.5 °C
(presented in the supplemental section Fig. S2) may reflect
the disruption in their packing characteristics. Thus, higher
fluidity is observed for the vesicle. These results agree well
with Badria and Mazyed’s findings, which suggest that using
EA has improved the elasticity of the prepared vesicles [38].

Physico-pharmaceutical Characterization of the Optimized
Formula F7

Transmission Electron Microscopy (TEM) The TEM micrograph
of formula F7 is illustrated in Fig. 3. Dark, almost spherical,
non-aggregated particles were observed. The average particle
size values observed from the TEM micrographs agree with
those obtained from the Zetasizer measurement [41] [35].

Differential Scanning Calorimetry (DSC) Figure 4 represents
the thermograms of MZN drug powder and lyophilized F7
formula. The DSC thermogram of pure MZN shows a melt-
ing endotherm at 186 °C, corresponding to its melting point
[64]. The disappearance of the drug’s endothermic peak in
the lyophilized optimized formulation indicates the drug
dispersion in an amorphous form [41].

Characterization of Gel-Containing MZN
and Spanlastics Optimized Formula F7

Physical Property Studies

The prepared gel formulas were subjected to the evaluation tests
illustrated in Table 3. The MZN gels were visually inspected,
revealing an opaque, smooth, homogeneous gel with adequate
spreadability. The measured pH was also appropriate for topical
application. Similar observations were noted for the optimized
spanlastics (F7) gel formula, except that the formula was trans-
parent and had a higher viscosity than MZN-loaded gel [35].

In Vitro Drug Release of the Optimized Formulas
in Aqueous Dispersion and Gel Form

Figure 5 shows the percentage of drug released through the
cellulose membrane displayed as a function of time (k).
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Fig.3 TEM micrographs for
the optimized formula of MZN
loaded spanlastics F7. A Non-
aggregated particles, and B
almost spherical particles

Upon comparing the release profile of MZN from both the
F7 and gel-loaded F7, a slower rate over a prolonged time
was observed from the gel formula. In the case of F7, more
than 70% of the drug was released within the first 6 h,
while spanlastics gel showed a slower release rate, where
only about 45% of the drug was released within the same
period [35]. The MZN released percentage from the drug
suspension and gel was 17 and 20% over 24 h, respectively.
The aforementioned released percentages from the MZN
formulas were significantly lower than the spanlastics for-
mulas, owing to the poor water solubility of the drug.
The release data were fitted to various release kinetic
models: zero-order, first-order, Higuchi diffusion, Hixson—
Crowell, and Korsmeyer—Peppas models to determine MZN
release behavior from the spanlastics gel. The coefficient of
determination (R%) was calculated for each fit model. The
release data were best fitted to the Hixson-Crowell model
based on the highest R? value of 0.9959, indicating that the

o

200 nm

main mechanism of drug release is based on the fact that there
is a change in the surface area and diameter of the particle
when there is dissolution, where there is a proportional
relationship between the surface area of the particle and the
cube root of its volume [65, 66]. Upon further fitting to the

9

Korsmeyer-Peppas model, the diffusional exponent “n” was
found to be between 0.43 and 0.85 (n = 0.83), indicative
of anomalous (non-Fickian) transport where the rates of
drug diffusion and polymer relaxation are comparable [36].
Generally, incorporating MZN in various nanoparticulate
systems for topical delivery provides an extended-release
profile. Al-Maghrabi et al. incorporated MZN in solid lipid
nanoparticles, providing a controlled release profile for up to
48 h [13]. Similar findings were reported by Abdel-Rashid
et al., where the drug release from polymeric nanocapsules
and lipid nanocapsules was extended over 48 h. The reported
findings agree well with our results; however, the spanlastics
controlled the drug release over a shorter period, 24 h [54].

k-
MZN-Spanlastics
MZN
b i i s ==

Fig.4 DSC thermogram of pure MZN and lyophilized F7
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Table 3 Physical properties of F7 optimized MZN-loaded spanlastics
gel

Parameter MZN gel F7 gel
Clarity Opaque Transparent
Homogeneity Homogenous Homogenous
pH 55+0.1 55+0.1
Spreadability (cm) 2.5 2.3

Drug content 99.7 + 0.2% 99.2 + 0.25%
Viscosity (CP) 11,990 14,050

To conclude, incorporating the drug in the spanlastics
enhanced the drug release profile due to the dispersion of
the drug in an amorphous form within the nanovesicles, as
proved by the DSC results.

In Vitro Antifungal Activity Study of the Optimized
Formulas in Aqueous Dispersion and Gel Form

In Vitro Antifungal Activity by Well Diffusion Assay

Figure 6A shows the average value for the zone of inhibition
diameter in mm for MZN suspension, MZN gel, F7 aque-
ous dispersion, and F7 gel on Candida albicans (ATCC®
10231) using well diffusion assay. The F7 dispersion and F7
gel showed an increase in the diameter of the fungal zone of
inhibition and enhanced activity relative to MZN suspen-
sion and MZN gel preparation. Statistical analysis revealed
a significant (p < 0.05) difference in inhibition zones of

the F7 dispersion (31.0 + 1.414 mm) and gel (29.0 + 1.31
mm) form relative to MZN suspension (17.7 + 0.707 mm)
and gel (24.0 + 1.414 mm). The highest zone of inhibition
was reported for the F7 dispersion, ensuring that the drug
incorporation in the nanovesicle enhanced its antifungal
activity (Fig. 6B).

The agar overlay assay results were consistent with the
well diffusion assay in Fig. 6B, where the F7 dispersion
and F7 gel showed a wider zone of inhibition than MZN
suspension and MZN gel. The pure gel did not show any
antifungal activity against C. albicans. The F7 dispersion
and F7 gel-enhanced antifungal effect may be attributed to
the small size of particles formed in the presence of Tween
60, which results in a larger surface area and improved mem-
brane permeability [67, 68].

Our findings agree with EI-Meshad and Mohsen, where
it was noted that itraconazole-loaded spanlastics showed
more antimycotic activity against C. albicans than pure
itraconazole. The enhanced antimycotic activity of itra-
conazole-loaded spanlastics was demonstrated by a higher
zone of inhibition of the cultured C. albicans demonstrated
by spanlastics compared to itraconazole powder at the
same drug concentration [69]. In addition, Marques et al.
reported that the spanlastics-loaded hydrogel formulation
of luliconazole showed a greater zone of inhibition than
the marketed formulation, providing optimum antifungal
activity against C. albicans [70]. Finally, Shirland et al.
reported that the niosomal gel of ketoconazole nitrate
showed better antifungal activity due to its prolonged drug
release [71].

Fig.5 In vitro drug release for
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Fig.6 The in vitro antifungal
activity. A Bar chart showing
the average zone of inhibition
of different samples measured
from well diffusion and agar
overlay assay. The growth
inhibition was measured in
millimeters after incubation at
35 °C for 24 h. Data express the
mean + SD, where n = 3. Sta-
tistical analysis was done using
Student’s t test where statisti-
cal significance is represented
by *p < 0.05, **p < 0.01, and
**%p < 0.001. B Plates show-
ing the zone of C. albicans
(ATCC® 10231) using well
diffusion assay, whereas C plate

A

Zone of inhibition

(mm)

401

30

10+

T o

mm MZN MZN-gel
B MZN-Spanlastic T3 MZN-Spanlastic gel
m Gel

showing the zone of C. albicans

(ATCC® 10231) using agar
overlay assay. The symbols on B
the plate represent the follow-
ing: D, MZN; D-G, MZN-gel;
Sp, optimized MZN-spanlastics
(F7) aqueous dispersion; Sp-gel,
F7 gel; gel, gel alone

In Vitro Antifungal Activity by Broth Microdilution Method

The results of in vitro antifungal susceptibility profiles
(MIC) of the tested antifungal against C. albicans (ATCC®
10231) are shown in Table 4. The MICs of pure MZN,
MZN-gel, F7 dispersion, and F7 gel were detected against
C. albicans (ATCC® 10231). C. albicans showed sensitiv-
ity to pure MZN, and its MIC was 0.96 pg/mL, as shown

in Table 4. Loading MZN on the nanocarrier spanlastics
reduced the MIC of MZN and increased the fungal sensi-
tivity. As illustrated in Table 4, the MIC against C. albi-
cans (ATCC® 10231) of F7 dispersion and gel formulas
was reduced twofold relative to MZN suspension. The
reduction in the MZN MIC for the spanlastics formulas
may be related to the ability of spanlastics formulation to
enhance the drug solubility, thus improving its penetration

@ Springer



2414

Journal of Pharmaceutical Innovation (2023) 18:2402-2418

Table 4 Results of antifungal MIC of pure MZN, MZN loaded with gel, MZN-loaded spanlastics, and MZN-Spanlastics gel formula against C.

albicans (ATCC® 10231)

Fungal strain Minimum inhibitory concentration (MIC)

MZN (pg/mL) MZN-gel (ug/mL)

MZN-spanlastics (pg/mL) MZN-spanlastics gel (pg/mL)

Candida albicans
(ATCC® 10231)

0.96 + 0.00 (S)* 3.84 +0.43 (S)

0.48 + 0.00 (S) 0.48 + 0.00 (S)

*§ sensitive

through the fungal cell wall and increasing its activity [72].
Incorporating the F7 dispersion into the gel subtly affected
the MIC. On the other hand, the MZN gel MIC increased
by fourfold relative to MZN suspension and eightfold rela-
tive to F7 formulas.

A study conducted by Marques et al. reported that a
spanlastics-loaded hydrogel formulation of luliconazole
showed no difference in the MIC values in comparison to
the drug alone [70]. However, another study conducted by
Aziz and co-workers demonstrated that tolnaftate-cosolvent
spanlastics formulation enhanced the antifungal activity of
tolnaftate, where the MIC of the spanlastics formula was
reduced compared to the drug alone. The MIC reduction was
correlated to the tolnaftate-enhanced solubility and, hence,
better cell wall permeability [72].

In Vitro Cytotoxicity Studies of Optimized Formulas
in Aqueous Dispersion and Gel Form

Figure 7 shows the human skin fibroblasts (HSF) cell viabil-
ity percentage for a range of concentrations of F7 aqueous
dispersion and F7 gel form compared to MZN suspension.
The drug suspension showed a lower cell viability percent-
age relative to F7 aqueous dispersion and gel form, indi-
cating the safety of the nanocarrier and the prepared gel.

Fig. 7 Cell viability percentage 120

for MZN aqueous suspension, ==
F7 MZN-spanlastics optimized \‘; = oL E5
. . 100 = EmE
formula aqueous dispersion NEE NRE
optimized formula, and F7 gel. . § = § =
Data express the mean + SD, X 80 § = § =
where n =3 Fo § = § =
3 NNE NEE
© 40 N = \ =
NBE NEE
» [ NNE NNE
e NE
0 [ — [ =
0.25pg/ml 0.5 pg/ml

[ MZN aqueous suspension
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In general, MZN’s cytotoxic impact can be attributed to
the generation of ROS in human keratinocytes, which can
cause oxidative stress and cell death. Furthermore, MZN is
known to suppress cell proliferation by activating extrinsic
and intrinsic apoptotic pathways [73, 74]. A published study
corroborated our findings by demonstrating that the inclu-
sion of MZN in polymeric and lipid nanocapsules resulted
in an improvement in cell viability [54]

Ex Vivo Study of Gel-Containing Drug
and Spanlastics: Skin Deposition Test

As the foremost objective of this study is the effective deliv-
ery of MZN to deeper skin tissues for the effective treatment
of fungal infections, in vitro skin permeation and deposition
behavior of MZN using a gel containing optimized span-
lastics formulation (F7) in comparison to MZN-loaded gel
were studied [75].

Rat skin was utilized for the in vitro skin deposition
investigations due to its advantageous characteristics,
including minimizing variation in drug permeability and
ease of handling. While there exists a notable correlation
between drug penetration rates in human and rat skin, it
is often observed that the permeation rates of drugs in
human skin are somewhat slower when compared to rats.

HmE =

e NBE NME &RE

N NE NE NE

NBE NNE NBE NBE =
NBE NBE NBE NBE REE
NBE NNE NBE NBE NBE
NE NPE NME NBE NBE _aa
WE NEE NE NPE NIE AlE
NEE NEE NEE NEE NEE REE
NBE NBE NBE NBE RNBE RNBE
NUE NEE NEE NEE NEE NEE
1 pg/ml 2 pg/ml 5 pg/ml 10 pg/ml 20 pg/ml 40 pg/ml

B F7 MZN spanlastics aqueous dispersion ~ BF7 MZN spanlastics gel
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Fig.8 Percentage of drug 100
deposited in various skin layers
for MZN gel and F7 gel. Data 90
expresses the mean + SD,
80
where n =3
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© 50
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Stratum corneum

The observed discrepancy can be ascribed to the com-
paratively larger thickness of human skin in comparison
to that of rats [75].

Figure 8 depicts the deposition profiles of MZN, as meas-
ured 24 h after the commencement of the in vitro skin deposi-
tion analysis. The analysis utilized both the optimized MZN
spanlastics—loaded (F7) gel and the MZN-loaded gel. The find-
ings indicated that the F7 gel exhibited a greater percentage
(70%) of drug deposition in the dermis compared to the epi-
dermis and stratum corneum. In contrast, the proportion of the
drug deposited in the stratum corneum was found to be 79%,
surpassing the amounts deposited in both the epidermis and
dermis for the MZN gel formulation. The deposition charac-
teristics of F7 provide an overview of the efficacy of spanlas-
tics as carriers for the treatment of cutaneous fungal diseases
[75]. The enhanced deposition of the spanlastics formulas in
deep skin tissues may be correlated to the vesicle’s flexibility
and particle size, which targeted deeper skin layers. Our find-
ings are consistent with the study conducted by Shamma et al.,
which reported a twofold increase in retinoic acid skin deposi-
tion when incorporated into the spanlastics nanovesicles [41].

Stability Studies of Spanlastics Aqueous Dispersion

Upon comparing the results of the freshly prepared sam-
ples and the samples stored for 6 months, good stability was

Table 5 Effect of storage on properties of the optimum formulation
F7

Parameter Freshly prepared sample After 6 months
PS 2105+ 0.14 220 + 1.05
% EE 91 +1.54 90 + 1.83

Epidermis Dermis

B MZN Gel #F7 Gel

noted, indicated by no significant (p > 0.05) changes in the
vesicle size or the drug % EE, as shown in Table 5.

Conclusion

Miconazole nitrate—loaded spanlastics were successfully
prepared and optimized using D-optimal response sur-
face design for topical application targeting deeply seated
skin fungal infection. Spanlastics formulated using 20%
EA (Tween 60) and Span 60; F7 offered a good morpho-
logical characteristic in terms of size and polydispersity,
vesicle elasticity, high drug EE% (90%), and a sustained
drug release pattern. The physicochemical characterization
revealed the presence of the drug in an amorphous form. The
incorporation of F7 in a gel showed a slower release pattern
relative to the solution form. Furthermore, F7 dispersion and
gel formulas showed higher cell viability percentages and
enhanced antimycotic action against C. albicans compared
to MZN formulas. F7 gel was compared to MZN gel ex vivo
skin deposition, where F7 gel showed a superior deposi-
tion in the dermal skin layer (70%) relative to the drug’s
(0.4%). To conclude, this formula carries great potential to
be applied in treating deep skin fungal infections due to the
mitigation of MZN downsides by enhancing its solubility
and skin permeability.
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