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ABSTRACT

Fluconazole (FLZ) is the most widely used antifungal
agent for treating cutaneous candidiasis. Although
oral FLZ has been proved to be effective, the incidence
of side effects necessitates the development of an effec-
tive formulation that could surpass the pitfalls associ-
ated with systemic availability. Accordingly, this re-
search aimed at developing a self-assembled mixed
micelles topical delivery system to enhance the topical
delivery of the drug. Self-assembled mixed micelles
were developed using D-a-tocopheryl polyethylene
glycol 1000 succinate and phospholipids and opti-
mized using Box-Behnken design. The optimized for-
mulation with minimized size was then tested in vivo
for the antifungal activity against C. albicans in immu-
nocompromised mice. Treatment with the optimized
formulation led to decreased peripheral erythema as
well as lesions due to fungal infection in comparison
to raw FLZ loaded gel. Therefore, the developed for-
mulation was found to be a promising vehicle for the
treatment of cutaneous candidiasis.

Keywords: fluconazole, fungal infections, Candida albi-
cans, self-assembled mixed micelles, D-a-tocopheryl
polyethylene glycol 1000 succinate, phospholipids

Fungal infections prevalence has increased worldwide by virtue of several causative
factors including utilization of broad-spectrum antibiotics and elevated numbers of
immune-compromised people (1). These factors can lead to the changing of commensal
fungal species to pathogenic ones, thereby leading to the spread of fungal diseases
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especially in susceptible individuals (2). Fungal infections range from superficial ones
affecting the skin to systemic ones invading the body’s interior. Cutaneous candidiasis is
a common superficial skin infection caused by various Candida species, mostly Candida
albicans (C. albicans). The clinical manifestations of such infection include dry, erythema-
tous, or flaky skin (3). Azoles are the most commonly used antifungal drugs for the treat-
ment and prevention of candidiasis (4), whereas fluconazole (FLZ) is the most widely
used triazole with proven efficacy against the majority of pathogenic fungi and some
Gram-positive bacteria (5). Oral FLZ has been proved to be effective against candidiasis at
once-weekly oral doses of 150 mg (6). Despite the good tolerance and the low toxicity risk
associated with FLZ oral administration, adverse reactions including gastrointestinal
irritation, taste disorders, hepatotoxicity especially in immune-compromised subjects, in
addition to anaphylactic and allergic responses have been reported (7). The possibility of
occurrence of such side effects necessitates the development of an effective FLZ formula-
tion that could surpass the systemic availability of the drug. Thereby, researchers have
attempted to develop topical FLZ formulations including microemulsions, hydrogels,
lipidic nanoparticles, liposomes, and cubosomes (8-10).

Researches in the drug formulation arena have recently focused on nanotechnology
applications (11). Amongst the nanocarriers investigated, micelles have attracted attention
for enhancing the delivery of drugs via the diversity of routes (12, 13). Micelles, developed
by the self-assembly of amphiphilic molecules, are regarded as efficacious drug carriers due
to their miniature size and solubilizing capability for poorly soluble drugs (14). Self-assem-
bled mixed micelles (SAMMs), developed using two or more amphiphilic molecules, allow
for the simultaneous incorporation of multiple functionalities into one formulation (15).
SAMMs provide additional advantages over conventional micelles of increasing their hydro-
phobic core space, thus increasing the solubilization and loading capacities for drugs (16).

D-a-tocopheryl polyethylene glycol 1000 succinate (TPGS) a water-soluble derivative
of vitamin E that has recently attracted focus in the arena of drug formulation. Being an
amphiphilic molecule that comprises a hydrophobic head and a hydrophilic tail, TPGS has
been considered as a promising solubilizing candidate that could provide efficient drug
entrapment and emulsification capacity for lipidic formulations (17). Recently, TPGS has
been successfully used for developing micelles alone or blended with other biocompatible
materials (18). Phospholipids (PL), natural components of the cell membrane, represent a
familiar class of biocompatible molecules. PL conjugates have been extensively employed
to enhance the drugs’ permeability and biological activity (19, 20).

Therefore, this study aimed at investigating the potential of SAMMSs based on TPGS
and PL for enhancing the antifungal activity of FLZ. Box-Behnken experimental design
was utilized for designing an optimized micellar system with reduced size. The opti-
mized formula was then examined for the antifungal activity against C. albicans in immuno-
compromised mice.

EXPERIMENTAL

Materials

Fluconazole, D-a-tocopherol polyethylene glycol 1000 succinate (TPGS), L-a-phospha-
tidylcholine phospholipids (PL) were purchased from Sigma-Aldrich (USA). All other
reagents and solvents were analytical grade.
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Design of experiment applying Box-Behnken design

Response surface design (Box-Behnken) was applied for the development of FLZ loaded
SAMMs using Design-Expert software (12.0; Stat-Ease Inc., USA). Three independent
numerical variables were investigated, namely PL amount (X,, mg), TPGS amount (X,, mg),
and sonication time (X;, min) for their impacts on the particle size as a response (Y). Table I
shows the levels of the investigated factors.

As per the design, 17 experimental trials were generated by the software, including
five centre points. Table II displays the combination of the independent variable’s levels in
each experimental run and its mean determined particle size. The optimal fitting sequen-
tial model was chosen by the model fit statistical analysis. The selection was performed
based on the greatest adjusted and predicted R* and the least predicted residual sum of
squares (PRESS). 2D- contour and 3D- surface plots were developed to present the influ-
ence of the variables and the interaction between them.

Preparation of FLZ loaded SAMMs

Solvent evaporation followed by film hydration was utilized for preparing FLZ loaded
SAMMs (21, 22). Specified quantities of FLZ (50 mg), PL, and TPGS were dissolved in 50 mL
ethanol. The solvent was then completely eliminated by rotary evaporation at reduced
pressure at 45 °C for 45 min. The precipitated thin film was dispersed in 10 mL double
distilled water and left for equilibration at ambient temperature for 2 h. The solution was
magnetically stirred (1000 rpm) at a controlled temperature for 2 h and then sonicated at
amplitude 40 %, 20 kHz, 750 W for the predefined time (Sonics Vibra Cell, Sonics & Mate-
rials Inc., USA). The resulting micellar dispersion was dialyzed to remove any un-en-
trapped FLZ using a cellulose dialysis membrane tube (cut-off 12,000-14,000).

Particle size determination of FLZ loaded SAMMSs

Particle size (z-average) of FLZ loaded SAMMs in distilled water with proper dilution
was measured using Zetatrac (Microtrac Inc., USA). Each measurement was repeated five
times, and the particle size was displayed as the mean.

Optimization of FLZ loaded SAMMSs

The numerical approach integrating the desirability function was utilized for the
optimization of FLZ loaded SAMMs. The optimized levels of the studied independent

Table I. Levels of formulation variables and particle size constraints used in the Box-Behnken design for the
formulation of fluconazole loaded self-assembled mixed micelles

. Levels

Independent variables

() © D
X,: PL amount (mg) 50 100 150
X,: TPGS amount (mg) 10 30 50
X5: Sonication time (min) 1 3 5
Responses Desirability constraints
Y;: Particle size (nm) Minimize
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Table 11. Combinations of variables’ levels and observed particle size for fluconazole loaded self-assembled
mixed micelles experimental runs

Independent variables

Experimental — Particle size?®
un PL amount TPGS Spmcatlfm + 5D (nm)
(mg) amount (mg) time (min)

F1 100 30 3 124 £3.1
F2 100 10 5 76 £19
F3 100 30 3 131+5.2
F4 100 30 3 129 +4.8
F5 50 10 3 98+2.8
F6 100 50 5 113+ 3.6
F7 100 30 3 107 £3.1
F8 150 50 3 207 +5.5
F9 100 50 1 198 +4.2
F10 100 30 3 123 £2.8
F11 50 30 1 143+3.3
F12 50 50 3 107 +2.9
F13 150 30 1 189 +4.1
F14 150 10 3 9+24
F15 100 10 1 98 +2.6
F16 150 30 5 159 + 3.9
F17 50 30 5 91+21

“Mean +SD, n=5.

variables were anticipated based on the goals of decreasing particle size. The optimized
formulation was then prepared for investigation of the antifungal activity.

Characterization of the optimized formulation

Entrapment efficiency was calculated after quantifying the amount of incorporated
drug, using the ultracentrifugation technique (23). To separate the un-entrapped drug, the
specified volume of the optimized formulation was subjected to ultracentrifugation at
20,000 rpm at 4°C for 30 min using cooling ultracentrifuge (Sigma 3-30 KS, Sigma
Laborzentrifugen GmbH, Germany). The concentration of free drug in the supernatant
was measured using a previously reported modified HPLC method, where the drug was
determined at 211 nm (24).

In vitro release of FLZ from the optimized SAMMs formulation and LLZ gel were
evaluated by the dialysis bag technique (25). FLZ loaded SAMMs dispersion and FLZ gel
equivalent to 5 mg of FLZ was placed in cellulose dialysis bags having a molecular weight
cut off from 12,000 to 14,000 Da. The bags were immersed in 50 mL phosphate buffer pH
5.5 and ethanol. The flask was kept in an incubator at 32 °C and stirred at 50 rpm. The
specific volume of the samples was withdrawn at regular intervals over a period of 24 h
and an equivalent volume of fresh buffer was added to the release medium to replenish it.
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The release of FLZ from micelles and gel was determined using a previously reported
modified HPLC method, where the drug was determined at 211 nm (31). The release study
was performed in triplicate.

The viscosity of prepared FLZ-SLNs gels was measured using Brookfield viscometer
(DV-II Pro Viscometer, USA) using the CPE-42 spindle.

Antifungal activity assessment of optimized FLZ loaded SAMMs

Animals. — Male Adults (Swiss mice) weighing 25-30 g were used. The animal study
procedure obtained approval from the Animal Ethical Committee of the Faculty of Phar-
macy, King Abdulaziz University (Reference number: PH-127-41). All procedures were
carried out as per the Declaration of Helsinki. Animals were allowed to adapt in naturally
controlled enclosures for a minimum of two weeks in dark/light cycles of 122 h each at 20 +1 °C
and fed with were fed pelleted food and water ad libitum.

Candida and culture conditions. — C. albicans (ATCC 90028) was kept on Sabouraud’s
dextrose agar (SDA) plate at 35 °C for 48 h. 5 mL of sterile phosphate buffer saline (0.85 %)
was used to suspend the colonies. The concentration was adjusted to get 2 x 10”7 colony
forming units mL™.

Animal preparation and cutaneous infection. — Twenty adult Swiss mice were randomly
distributed among four groups (11 = 5). Cyclophosphamide (100 mg kg™ day!) was injected
into mice intraperitoneally for three days before fungal infection to induce immunocom-
promised animals (26). Induction of cutaneous candidiasis model was made following the
procedure published by Maebashi et al. (27) with some modification. The back of the mice
was shaved with an electronic shaver (area 2 x 2 cm). After 48 hours, the skin was mode-
rately abraded with sandpaper. One hundred microliters of Candida cell suspension (2 x 10”
cells) were gently applied by a cotton-tipped swab onto the skin.

Treatment and evaluation of infection. — Mice were divided into three groups. Treatments
were given once a day for 5 successive days, starting 24 hours after candida infection.
Group-1 was the negative control with no infection and no treatment (control group),
group-2 was the positive control receiving infection with no treatment (untreated group),
group-3 was given FLZ topically as a gel formulated using hydroxypropyl methylcellulose
1.5 % at a dose of 10 mg kg™ day™ (FLZ group), and group-4 received an equivalent dose
of FLZ-loaded SAMMs applied topically (FLZ loaded SAMMSs group).

The infection was macroscopically evaluated by measuring erythema score from 0 to
4 as described: 0 — not erythematous (normal), 1 — mild erythema, 2 — moderate erythema,
3 — sparingly erythema and 4 — severe erythema (27).

To evaluate infection microbiologically, mice were sacrificed 24 hours following the
last dose and 1 x 1 cm of skin from the infected site was removed. This was then washed
with sterile PBS, plated onto SDA plates and incubated at 37 + 1 °C for 48 hours. The colony-
-forming units (CFU) values of C. albicans were noted.

Statistical analysis

Data were statistically analyzed using one-way ANOVA and recorded as mean + SD
using SPSS software (SPSS Inc., USA). GraphPad Prism 6 (GraphPad Software, USA) was
used to estimate the confidence level (* p <0.01 and ** p <0.001).
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RESULTS AND DISCUSSION

Fit statistics and diagnostic analysis

The summary of fit statistics for particle size is displayed in Table IIl. Among the
investigated polynomial models (linear, two-factor interaction, and quadratic), the best
fitting model for the particle size of FLZ loaded SAMMs was the quadratic model as
evidenced by its highest R? and lowest PRESS. The adjusted R*> was in harmony with the
predicted R?. In addition, the adequate precision value was 19.85 which is greater than the
desired value indicating an appropriate signal to noise ratio. Thus, the selected model
could be considered adequate to navigate the experimental design space.

Diagnostic plots for particle size, developed for establishing the goodness of fit of the
chosen model, are displayed in Fig. 1. Fig. 1a representing the Box-Cox plot for power
transforms displays a recommended lambda (1) value of 1.97. The 95 % confidence interval
(shown by the red lines) comprise the current A value of 1; thereof no specific transforma-
tion for observed size is suggested (28). The un-necessity for transformation is advocated
by the computed maximum to minimum particle size ratio of 2.72, where a ratio exceeding
10 probably calls for a transformation requirement. Studentized residual is a good crite-
rion for identifying potential outliers that could influence the regression model. It could
be computed by dividing the deleted residual by its estimated standard deviation. Fig. 1b
represents a plot of the externally studentized residuals vs. predicted response values. This
plot tests the assumption of constant variance; random distribution of the points in the plot
within the limits implies the absence of constant error. Moreover, the residual vs. run plots,
Fig. 1c, shows that no lurking variable could influence the measured size as evidenced by
random scatter of points and absence of trends that could possibly indicate a time-related
variable lurking in the background. The predicted versus observed size plot, Fig. 1d, was
plotted to detect a value, or group of values, that are not easily predicted by the model; the
plot reveals a highly linear correlation that reflects the harmony between the observed and
predicted values indicating the suitability of the model (29).

Variables influence on particle size (Y)

Nanoparticulate systems have shown good ability to circumvent the stratum corneum
barrier, and consequently the reduced uptake rates of drugs upon topical treatment of skin
disorders (30). Accordingly, the size is considered a crucial parameter for optimizing the
proposed micelles. FLZ loaded SAMMs showed nanometric sizes ranging from 76 + 1.9 to

Table I11. Fit summary statistics for the particle size of fluconazole loaded self-assembled mixed micelles

Sequential Lack of fit Adjusted  Predicted

Source SD p-value p-value ’ R2 R2 PRESS
Linear 20.75 0.0002 0.0432 0.7659 0.7118 0.5319 11190.42
2FI 14.26 0.0143 0.1443 0.9149 0.8639 0.6544 8262.33
Quadratic 8.50 0.0161 0.6704 0.9788 0.9516 0.8768 2945.50
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Fig. 1. Diagnostic plots for particle size of FLZ loaded SSAMMs: a) Box-Cox plot for power transforms,
b) externally studentized residuals vs. predicted values plot, c) externally studentized residuals vs.
run number plot, d) predicted vs. actual values plot.

198 + 4.2 nm (Table II). Analysis of variance (ANOVA) according to the selected quadratic
model revealed an F-value of 35.96 (p < 0.0001). In terms of coded factor, the quadratic
model equation for the particle size was generated as follows:

Y =122.80 + 26.88X, + 31.75X, — 23.63X,, + 24.75X, X, + 5.50X, X, — 15.75X, X, + 14.60X,2
~9.65X,2+8.10X,2

Alllinear terms (X, X,, and X;) referring to the three investigated variables displayed
a significant impact on particle size (p = 0.0001). The interaction terms between TPGS
amount and either PL. amount (X,X,) or sonication time (X,X5) were also significant (p =
0.0006 and 0.0076, respectively). Furthermore, the quadratic term X2 corresponding to the

553



S. M. Badr-Eldin et al.: Optimized D-a-tocopherol polyethylene glycol succinate/phospholipid self-assembled mixed micelles:
A promising lipid-based nanoplatform for augmenting the antifungal activity of fluconazole, Acta Pharm. 72 (2022) 547-560.

a) d) Particle size (nm)

Particle size (nm)
TPGS amount (mg)

290
TPGS amount (m: 20 0 ™ 0 na 10 i%
gt PL amount {mg)
b) e) Particle size (nm)
250
g £
s E
= @
s =
= S
. g
=
o
w
150
. 10
s ' PL amount (m: L4
Sonication time (min) pri (mg) PE SRR (A
Q) f) Particle size (nm)
5
250
200 —_— 4
= €
= £
E’ @
2 £
H 5
i kel
£ g
o 5
w 2
50
4 /
Sonication time (min) TPGS amount (mg) ® M % » %
1 TPGS amount (mg)
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(Xy), TPGS amount (X,), and sonication time (X;) on the particle size of FLZ loaded SAMMs.
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PL amount was also significant (p = 0.0097). Fig. 2 illustrates the 2D-contour plots and 3D-
for the effects and the interactions of the investigated variables on particle size.

It can be seen that the particle size increases with increasing PL and TPGS amounts
while decreasing with increasing sonication time. Although surfactants are previously
reported to reduce size in other studies, increasing TPGS resulted in higher particle sizes.
Being a hydrophobic drug, FLZ tends to stay in the lipophilic phase; however, with an
increase in surfactant concentration in the mixture, the drug might be diffused out from
the hydrophobic core and solubilized in the external hydrophilic phase. More solubiliza-
tion of FLZ outside the core might cause a reduction in the surfactant availability in the
aqueous/organic interface and thus agglomeration of nano micelles may take place (31).

Optimization

The numerical optimization method was selected according to the constraints previ-
ously set to particle size; the optimized levels of the investigated variables were antici-
pated as follows: 51.39 mg for PL amount, 49.75 mg for TPGS amount, and 4.94 min for
sonication time. The particle size of the optimized formulation was evaluated following
preparation. The percentage error (2.99 %) between the predicted (73.15 nm) and obtained
particle size (75.34) was relatively small ensuring the appropriateness of the optimization
process.

Characterization of optimized SAMMSs

The entrapment efficiency of FZL within the optimized FZL loaded SAMMs was
found to be 89.14 + 2.95 %, which indicates that, the entrapment of FZL is high enough due
to the entrapment of the drug within the hydrophobic core of the micellar structure. This
effect can be connected to the solubility augmentation property of TPGS due to its amphi-
philic nature as a result of the polar hydrophobic long carbon chain. This result is in agree-
ment with the previously reported studies (22).

Since viscosity is an important parameter for characterizing the gels as it affects the
extrudability, spreadability as well as the release of the drug. The viscosity of the opti-
mized formulation was found to be 21000 cps. Easy spreadability is one of the important
characteristics of topical gel formulations.

In vitro drug release from the optimized FLZ loaded SAMMSs and FLZ gel were per-
formed in PBS (pH 5.5 at 32 °C) using dialysis bag technique over 12 h and the cumulative
release percentages are illustrated in Fig. 3. Data of the release profiles show that opti-
mized FLZ-loaded SAMMs were capable to release FLZ in a controlled pattern over 24 h.
The release profile achieved about 86 % drug release at the end of the period. It was found
FLZ loaded SAMMs significantly improved the cumulative amount of permeated drug as
compared with the raw FLZ gel. The higher release from the optimized formulation could
be attributed to the enhanced solubility of the drug. The controlled pattern of release could
be attributed to the PL component of the micelles, while the presence of TPGS could assist
in enhancing the total amount released from the micelles. TPGS represents the hydro-
philic portion in the mixed micelles that could facilitate the entry of water into the core of
micelles forming hydrophilic channels (32). Thus, the proposed micellar formulation could
enhance the solubility of FLZ while sustaining its release. The result obtained was in good
agreement with previous studies (33).
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Fig. 3. In vitro release of optimized FLZ loaded SAMMs in phosphate buffer pH 5.5 at 32 + 0.5 °C.

In vivo antifungal activity

Antifungal efficacy of FLZ loaded SAMMSs was assessed in the treatment of candidia-
sis in immunocompromised mice models compared to FLZ gel. It is worthy to note that
our aim was to compare the performance of our formulation with the standard drug solu-
tion. Since the formulation was intended for topical delivery, the drug solution was incor-
porated in a gel. A culture study was performed after 24 hours following the last dose on
the 5" day of treatment. Skin samples taken after 24 h following the last dose were evalu-
ated. The colony-forming units (CFU) of C. albicans in infected skin of mice after treatment
are given in Table IV. From the results of the untreated group, it was clear that the number
of pathogens was remarkably higher after 5 days of post-infection. The CFU were signifi-
cantly reduced (*p < 0.01) in the group treated with FLZ loaded SAMMs. Based on these
results, it can be inferred that FLZ loaded SAMMs are effective in reducing the CFU as
compared to FLZ gel in the treatment of candidiasis in immunocompromised mice.

The reduction in the CFU value of FLZ SAMMSs might be attributed to the capability
of the drug-loaded micelles to infiltrate through surrounding medium and fungal spores

Table IV. Colony-forming units (CFU) of C. albicans in the skin of mice after treatment with fluconazole
(FLZ) loaded self-assembled mixed micelles (SAMMs) compared to fluconazole gel

Sample Groups }r?fic(’E:c}]si te
1 Control 0

2 Untreated 14+£22

3 FLZ gel 42+03

4 FLZ loaded SAMMs 1.2+0.012

* Significant reduction in the fungal count of FLZ loaded SAMMs
vs. FLZ treatment (p < 0.01). Values represent mean + SD (1 = 5).
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(34, 35). Moreover, the controlled release of FLZ resulted in a higher amount of drug at the
site of infection for a longer period, and thus a reduction in fungal load was achieved as
compared to FLZ gel. The reason for this might be the smaller size of micelles, and its
enhanced solubility due to the presence of PLs and TPGS. This might be enabled a homo-
genous aqueous dispersibility which in turn increased the contact time of the drug with
the spores and cells resulting in a possible rapid internalization of the drug (34).

Macroscopic evaluation of infection was assessed by the degree of erythema as an
indication of skin irritation. A score of erythema from 0 to 4 was noted for the control
group, untreated group, FLZ gel group and FLZ-SAMMs group (Fig. 4a). The erythema
score was noted on day 1, day 3 and day 5 since the dosing was performed once a day for
five consecutive days. It was found that there was a significant reduction in erythema score
for the FLZ loaded SAMMSs group on the 5" day of post-infection treatment. The FLZ
loaded SAMMs treated group showed a score less than 1 while the untreated and FLZ
treated group scored above 3. Thus, according to the results, it can be concluded that the
developed optimized formulation not only reduced the irritation caused by the fungal
infection but also proved that the formulation is non-irritant to the skin. So, the formula-
tion can be considered as a non-irritant platform for application at the site of infection. This
could be credited to the solubilization and entrapment of FLZ in the SAMMSs. This contributes
to a slow and continuous release of drug directly to the site of application with decreased
wasting of the drug by migration to undesired areas (10).

Average lesion score in C. albicans induced candidiasis induced mice was noted for the
control group, untreated group, FLZ gel group and FLZ loaded SAMMs group on day 5 post-
infection (Fig. 4b). Lesion scores after inoculation of C. albicans in untreated as well as FLZ
group were much higher than FLZ loaded SAMMs group. In all the groups, post-infection
inflammation occurred and slightly erythematous lesions were observed initially and
started to decrease with the treatment. It was found that in the FLZ loaded SAMM:s group,
the lesions were slowly relapsed and hardened with successive scaling. Atend of the 5 day,
it was found that treatment with the optimized formulation could clear the candidiasis

3 Control )
~$- Lanro 4  Average lesion score
& Untreated °
o -+ FLZ 'g
8 4 + FLZSAMMs % 3 .
© E
E 2 ] ee
£ &
e o
7] 21 @
& & 11
© (7]
[ =3
= =4
< 0 + T + T 4 1 o~
1 2 3 4 5 6 Control Untreated FLZ FLZ-SAMMs
Time (days)

Fig. 4. Establishment of infection expressed as lesion scores after starting treatment in the cutaneous
candidiasis mouse model. Mice (male adult, n = 5) received 10 mg™ kg™ day™ of fluconazole gel (FLZ
group) or fluconazole-loaded SAMMs (FLZ-SAMMs group) applied topically for 5 days. a) Erythema
scores were measured at days 1, 3 and 5, b) average lesion score on day 5. Data are presented as mean
(n=5).““ Significant FLZ-SAMMSs vs. untreated (p <0.0001). * Significant FLZ-SAMM:s vs. FLZ (p <0.001).
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infection even though the mice were immunocompromised (27). Therefore, it was concluded
that the treatment with the optimized formulation led to decreased peripheral erythema as
well as lesions associated with a fungal infection, in comparison to FLZ gel.

CONCLUSIONS

Box-Behnken design and numerical optimization approach were successfully employed
for the anticipation of the optimized FLZ loaded SAMMSs with minimized particle size.
The optimized formulation with an average observed size of 75.34 nm showed a superior
in vivo antifungal activity against C. albicans in the immunocompromised mice model. In
summary, the developed FLZ loaded SAMMs offers a promising vehicle for the topical
delivery and treatment of cutaneous candidiasis. This novel delivery system could be explo-
ited for skin targeting since it offers great potentials in dermal delivery and treatment for
different types of cutaneous infection.
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