
 

1 
 

Improved Topical Antifungal Medication using 

Sertaconazole Bilosomes: In vitro Permeability, 
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ABSTRACT  
 

Objective: The purpose of the current study was to develop Sertaconazole bilosomes (SBs) with 
enhanced permeability, skin deposition, anti-fungal properties, and clinical efficacy. 
Methods: By changing span 60 to cholesterol molar ratio, bile salt type, and concentration, 12 
formulations of SBs were prepared using the thin film hydration method and characterized by 
particle size (PS), zeta potential (ZP), polydispersity index (PDI), % entrapment efficiency (% 
EE), and %cumulative drug released after 8h (%Q8h ) and 24h (% Q24h). The optimized 
formulation (SB 5) was incorporated into 1% carbopol 940 hydrogel (SBG 5) and tested for ex-
vivo permeability, skin deposition, and anti-fungal efficacy compared to the commercial 
formulation (Dermofix® cream) and sertaconazole alone hydrogel (SAG). A randomized 
controlled clinical trial of SBG 5 compared to Dermofix® cream and SAG was done on 30 patients 
diagnosed with Tinea corporis with a 4-week follow-up. 
Results: SB 5 showed PS of 158 ± 6.4nm, ZP of −55 ± 1.7mV, PDI of 0.16 ± 0.01, % EE of 96 
± 3.4, % Q8h of  70.3 ± 3.6, and % Q24h of  97.2 ± 3.0. SBG 5 exhibited in vitro release after 24h 
(1.25 and 1.51-fold), skin permeability (1.6 and 2.3-fold), skin deposition (3.86 and 14.82-fold), 
and anti-fungal efficacy against Candida albicans (two and 1.44-fold) compared to Dermofix® 
cream and SAG respectively. Patients receiving SBG 5 exhibited a 1.25 and 1.8-fold higher 
recovery rate on days 14 and 21 respectively compared to Dermofix® cream, and a 4.5 and two-
fold recovery rate on days 14 and 21 respectively compared to SAG. 
Conclusion: Bilosomes could be utilized to enhance permeability, skin deposition, anti-fungal 
properties, and clinical efficacy of Sertaconazole.  
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1. INTRODUCTION  
 
Regarded as one of the most common skin conditions, superficial fungal infection affects 25% of 
people globally [1, 2]. The growing number of immunocompromised individuals and the extensive 
use of swimming pool facilities are major contributing factors to the dramatic rise in infection 
incidence [3-5]. Dermatophytes being part of the Epidermophyton, Microsporum, and Trichophyton 
genera are the most common cause of superficial fungal infections. Additionally, yeasts and non-
dermatophyte molds could produce similar lesions [6, 7]. These infections are mainly observed in 
the superficial stratum corneum of the epidermis and its keratin-rich appendages such as the hair 
and nails. The effectiveness of a particular antimycotic drug in eliminating fungal isolates 
determines the course of treatment [8-10]. 
Sertaconazole (STZ) is a broad-spectrum imidazole antifungal that acts effectively against most 
fungi that cause superficial cutaneous infections such as yeasts and dermatophytes [11-13]. STZ, 
like other azoles, has two modes of action, fungistatic and fungicidal [13-15]. STZ selectively inhibits 
ergosterol biosynthesis, which causes a decrease in the cell membrane integrity followed by a 
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disruption of normal cell growth and replication [12, 13, 16, 17]. Moreover, at higher concentrations, 
STZ directly binds to non-sterol lipids in the fungal membrane altering its permeability, resulting in 
leakage of intracellular components and cell death as a consequence [12, 16, 18, 19]. Unlike other 
azoles, STZ has excellent safety with low incidence of side effects [20-22]. Being hydrophobic, STZ 
shows limited water solubility leading to poor skin penetration [23-25]. So, different attempts have 
been used to either localize STZ in the layers of the skin or enhance its penetration and absorption 
through the skin such as cyclodextrin complexation [23] and incorporation into mixed micelles [26], 
microemulsions [27], and nanofibers [28]. 
Developing innovative drug delivery systems that can get around the problems with traditional 
systems is crucial because of the rise in fungal infections and resistance to antifungal drugs 
delivered by conventional systems [29]. In recent years, bilosomes have been identified as possible 
delivery systems for better topical, transdermal, ophthalmic, and oral administration of medications 
and vaccines. Bilosomes are closed bilayer vesicles consisting of non-ionic amphiphiles, the same 
as niosomes but incorporating bile salts. The primary distinction between bilosomes and niosomes 
is thought to be the nature of the vesicular wall; niosome structure does not include the extra edge 
activators (EAs) of bile salts [30-36]. Bile salts could be introduced into the lipophilic mixture directly 
and then dissolved in the organic solvent during the thin film formation step, or introduced with the 
aqueous medium during the thin film hydration step into the thin film formed after organic solvent 
evaporation [37]. By lowering surface tension, EAs cause the vesicular bilayer to become unstable, 
resulting in the formation of deformable vesicles with improved tissue penetration. As a result, the 
addition of bile salts improves the stability of the colloidal system, particle size diameter, and the 
fluidizing effect, which enhances drug permeability and deposition in the skin [38-42]. 
To the best of our knowledge, STZ-loaded bilosomes (SBs) have not been investigated to date. 
So, this work aimed to formulate SBs to enhance in vitro release, permeability, skin deposition, 
anti-fungal properties, and the clinical efficacy of STZ. Different SBs were prepared, evaluated, and 
optimized. The optimized formulation was incorporated into a hydrogel and tested for ex-vivo 
permeability, skin deposition, anti-fungal properties, and clinical efficacy. 
 

2. MATERIAL AND METHODS 
 

2.1. Materials 
 
Sertaconazole nitrate (STZ) was generously provided by E.G.P.I. (Egyptian group for 
pharmaceutical industries) company, Egypt. Sodium deoxycholate (SDC) was obtained from Acros 
Organics, Belgium. Sodium dehydrocholate (DE) was obtained from European Egyptian 
Pharmaceuticals, Egypt. Span 60 (SP 60) was received from Qualikems, India. Cholesterol (CH) 
was obtained from ADVENT, India. Carbopol 940, triethanolamine (TEA) and methylparaben were 
obtained from LANXESS, Germany. Cellulose membrane (molecular weight cut-off 12,000–
14,000) was purchased from Sigma Chemical Company (USA). HPLC grade methanol, ethanol, 
and chloroform were purchased from Fisher Scientific Co., UK. Nylon millipore syringe filter, 0.45 
μm, Berlin, Germany. Disodium hydrogen phosphate, potassium hydroxide, and potassium 
dihydrogen phosphate were purchased from El-Nasr Pharmaceutical Co. (Cairo, Egypt). 
 

2.2. Preparation of Sertaconazole bilosomes by the thin film hydration method 
 
The thin film hydration method was used to prepare 12 formulations of Sertaconazole bilosomes 
(SBs) [32, 43]. The composition of SBs is presented in Table 1. Briefly, bile salt (40 or 20 μmol), 
STZ (20 mg), and lipid mixture (210 or 230 μmol of SP 60 and CH taken in 2:1, 1:1, and 1:2 molar 
ratios) were dissolved in 10 ml organic solvent of a chloroform and methanol mixture (7:3). The 
resultant clear solution was removed to form a thin dry film by slow evaporation under reduced 
pressure for 30 min at 60 °C and 90 rpm using a rotary evaporator (Rotavapor, Heidolph VV 2000, 
Burladingen, Germany). The resultant dry film was then hydrated with 10 ml phosphate buffer (pH 
= 7.4) under normal pressure for 30 min at 60 °C and 150 rpm using the same apparatus, followed 
by a 30-minute bath sonication (Ultrasonic bath sonicator, Model Sonix IV SS101H 230; USA) at 
25 °C to obtain SBs suspension containing both free and entrapped drug. 
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Table 1. Composition of Sertaconazole bilosomes (SBs). 
 

Formulation 

Component 

Molar ratio 
(SP 60:CH) 

Type of Bile salt SP 60 (mg) CH (mg) Bile Salt (mg) 

SB 1 2:1 SDC 66.0 30.0 8.3 
SB 2 1:1 SDC 49.5 44.5 8.3 
SB 3 1:2 SDC 33.0 59.0 8.3 
SB 4 2:1 SDC 60.0 27.0 16.6 
SB 5 1:1 SDC 44.5 40.6 16.6 
SB 6 1:2 SDC 30.0 54.0 16.6 
SB 7 2:1 DE 66.0 30.0 8.5 
SB 8 1:1 DE 49.5 44.5 8.5 
SB 9 1:2 DE 33.0 59.0 8.5 
SB 10 2:1 DE 60.0 27.0 17.0 
SB 11 1:1 DE 44.5 40.6 17.0 
SB 12 1:2 DE 30.0 54.0 17.0 
SP 60, CH, SB, SDC, and DE indicate span 60, cholesterol, Sertaconazole-loaded bilosomes, sodium 
deoxycholate, and sodium dehydrocholate respectively. A total of 250 μmol of all lipid components (including 
SDC or DE, SP 60 and CH) was used in all formulations. A 20 mg of Sertaconazole nitrate was used in all 
formulations. 
 

2.3. In vitro characterization of Sertaconazole loaded bilosomes 
 
2.3.1. Determination of the particle size, polydispersity index and zeta potential  
 
The average particle size (PS) and polydispersity index (PDI) of all formulations were determined 
by Photon Correlation Spectroscopy (PCS) using a Zetasizer nano-ZS (Malvern Instrument, UK). 
The formulations were suitably diluted with distilled water and the analysis was performed at 25оC 
and 173 о angle of detection using the helium-neon laser of 633 nm in disposable clear cells. The 
size distribution's width was measured using the PDI. A homogeneous and monodisperse 
population is indicated by a PDI of less than 0.4.  Zeta potential (ZP) measurement was also carried 
out at 25оC by the same instrument using the laser Doppler velocimetry function [32, 44]. 
 
2.3.2. Determination of Entrapment Efficiency (% EE) 

The suspensions of SBs were centrifuged using a cooling centrifuge (Sigma 3K 30, Germany) at 
13,000 rpm for two hours at 4 °C. After centrifugation, the resultant sediments were lysed with 
methanol and analyzed for STZ at 260 nm using a UV-Vis spectrophotometer (Shimadzu UV 1650 
Spectrophotometer, Japan) against blanked bilosomes. Triplicate runs of each experiment were 
conducted. Equation (1) was utilized to calculate % EE [45]. 

 %  EE = ( 
ES

TS
 )× 100                                    (1) 

Where % EE is the entrapment efficiency percent, ES is the amount of entrapped STZ and TS is 
the total STZ content. 

2.3.3. In vitro drug release  
 
To investigate STZ release from freshly prepared SBs, modified Franz diffusion cells with an 
effective diffusion area of 3.8 cm2 were utilized [28, 46]. In a shaking incubator running at 100 rpm, 
a release medium (150 ml of 40% ethanol to guarantee sink condition) was kept at 37±1ºC. A 
semipermeable cellulose membrane, equilibrated with the release medium for 24 hours, was firmly 



 

4 
 

mounted between the donor and receptor compartments. In the donor compartment, each 
formulation was added, and at predetermined intervals of 0.5, 1, 2, 3, 4, 6, 8, and 24 hours, 5 mL 
aliquots of the release medium were withdrawn from the receptor compartment and replaced with 
an equal volume of fresh medium to preserve the sink condition during the whole experiment. At 
260 nm, the obtained aliquots were analyzed for STZ using the UV–Vis spectrophotometer. Each 
experiment was done in triplicate and the percent cumulative STZ released was plotted versus 
time. Using zero-order, first-order, Higuchi matrix, Hixson-Crowell, and Korsmeyer-Peppas kinetic 
models, the STZ release mechanism was determined [28, 47-53]. 
 
2.2.4. Transmission electron microscopy (TEM) 
 
The optimized formulation (SB 5) morphology was examined by a transmission electron 
microscope (JEM-1230; JEOL, Tokyo, Japan) operating at 80 kV. After the dispersion was properly 
diluted with deionized water, a drop of the diluted dispersion was applied to a carbon-coated copper 
grid, stained with a 2% w/v solution of phosphotungstic acid, and then allowed to air dry for 
approximately five minutes before being examined by TEM [54]. 
 
2.2.5. Differential Scanning Calorimetry (DSC) 
 
DSC analysis of STZ powder, SP 60, CH, SDC, the physical mixture of all components, and the 
optimized formulation (SB 5) was carried out with a differential scanning calorimeter (Shimadzu 
TA-60, Japan). The samples were precisely weighed (5 mg), packed airtightly in aluminum pans, 
and heated between 20 and 350 °C at a steady rate of 10 °C per minute. For reference, a sealed, 
empty aluminum pan was utilized. A 50 mL/min flow rate of dry nitrogen gas was employed as the 
carrier gas [26, 55].  
 
2.2.6. Fourier transform infrared spectroscopy (FT-IR) 
 
FT-IR spectral studies in the range of 4000 and 500 cm-1 were performed on STZ powder, SP 60, 
CH, SDC, the physical mixture of all components, and the optimized formulation (SB 5) using an 
FT-IR spectrophotometer (Shimadzu IR-Affinity-1, Japan) to observe the chemical compatibility 
between STZ and the vesicle membrane components (SP 60, CH and SDC) [32]. 
 
2.2.7. Stability study 
 
The stability of SB 5 was investigated for six months at ambient and refrigerated (4±1 °C) 
temperatures. Freshly prepared SB 5 suspensions were placed in glass vials, covered with 
aluminum foil, and kept at the above-mentioned temperatures. samples were withdrawn at definite 
time intervals (0, 1, 3, and 6 months) and analyzed for PS, % EE, PDI, and ZP as described earlier 
[32, 56, 57]. 
 

2.4. Hydrogel preparation and evaluation 
 
Carbopol 940 was chosen as the macromolecular polymer gel matrix according to earlier studies 
for the preparation of the optimized formulation (SB 5) hydrogel (SBG 5) [58, 59]. Briefly, one gram 
of carbopol 940 was dispersed in an appropriate amount of water for 24 hours. SB 5 suspension 
(volume equivalent to 2% w/w of STZ in the final formulation) was slowly added to the highly viscous 
solution of carbopol 940 under magnetic stirring. TEA was added dropwise till a semisolid gel-like 
consistency was obtained. With constant stirring, water was added to reach the final weight of 100 
g of SBG 5 [60, 61]. SBG 5 was evaluated for drug content, pH, and viscosity using a Brookfield 
cone and plate viscometer (LVDVIIPro Viscometer, Middleboro, MA) [27, 32, 62]. STZ alone 
hydrogel (SAG) was prepared with the same method except that pure STZ was used instead of SB 
5. 
 
2.4.1. In vitro drug release of SBG 5 
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The in vitro release of SBG 5, marketed product (Dermofix® cream), and STZ-alone hydrogel (SAG) 
were evaluated using the modified Franz diffusion cells by the method previously mentioned for the 
in vitro release of SBs [63]. 
 
2.4.2. Permeability and drug deposition study 
 
2.4.2.1. Permeability study 
 
Ex-vivo permeability study was performed for SBG 5, Dermofix® cream, and SAG on the skin 
obtained from ears of white albino rabbits using modified Franz diffusion cells having an effective 
diffusion area of 3.8 cm2 [64]. Following hair removal, the ear skin was carefully separated, washed 
with saline, and placed between the donor and recipient diffusion chambers at a constant 
temperature of 37 ± 0.5 °C in a shaking incubator running at 100 rpm. 5 ml aliquots of the recipient 
medium (100 ml of 40% methanol) were removed at pre-determined intervals of 0.5, 1, 2, 3, 4, 6, 
8, and 24 hours, and promptly replaced with an equivalent volume of new recipient medium to 
preserve sink condition. After being filtered using a Millipore filter (0.45 µm), the collected aliquots 
were examined in the UV–Vis spectrophotometer at 260 nm against appropriate blanking. The 
cumulative amount of STZ that penetrated the skin was plotted as a function of time [60, 65]. The 
study computed the parameters of STZ permeation through rabbit skin, including the cumulative 
amount of STZ permeated (Dn), the apparent permeability co-efficient (Papp), and the steady-state 
flux (Jss) [66]. The cumulative amount of STZ permeated across the skin was determined using 
equation (2). 

Dn= VrCr(n)+∑ Vx=n
x=1 a(x-1)Cr(x-1)                             (2) 

where: n indicates sampling time point (n = 1, 2, 3…...10) corresponding to 0.5, 1, 2…...24 hours 
respectively); Vr and VS represent the volume of the medium in the recipient chamber (100 mL) and 
the volume of the aliquot collected at the nth time point (5 mL); and Cr(n) represents the concentration 
of the STZ in the recipient chamber at the nth time point (mg/mL). The rate of STZ permeated 
through the skin (dD/dt) was calculated from the slope of the cumulative amount of STZ permeated 
against time plot. The steady-state flux (Jss) of STZ was computed according to equation (3): 

Jss = (dD/dt)/S                                       (3) 

where D and S represent the cumulative amount of STZ permeated and the surface area of the 
skin utilized in the experiment (3.8 cm2). The  apparent skin permeability co-efficient of STZ was 
calculated according to equation (4): 

Papp = 
Flux (Jss)

Cd 
                                        (4) 

Where Cd represents the concentration of STZ in the donor chamber. The permeability 
enhancement ratio (ER) was computed according to equation (5): 

ER = 
𝐽𝑠𝑠 (𝑡)

𝐽𝑠𝑠 (𝑟)
                                             (5) 

Where Jss (t) and Jss (r) represent the steady-state flux of test and reference formulation 
respectively. 
 
2.4.2.2. Drug deposition study 
 
For the determination of STZ deposited in the skin, diffusion cells were disassembled after the 24-
hour permeability study. Samples on the skin surface were carefully removed, and the skin was 
gently rinsed with water, chopped into little pieces, and homogenized with 50 ml of methanol for 24 
hours under magnetic stirring for STZ to be extracted. Following a 30-minute, 10,000-rpm 
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centrifugation of the homogenate dispersion, the supernatant was collected, filtered through a 0.45-
micron membrane filter, and analyzed at 260 nm for STZ using a UV-visible spectrophotometer 
(UV-1800, Shimadzu) [65, 67]. 
 

2.5. Microbiological efficacy assessment study  
 
Using the agar well diffusion technique, the antifungal properties of SBG 5, Dermofix® cream, and 
SAG were assessed against Candida albicans derived from ATCC® 10231 (Ca), Aspergillus 
brasiliensis derived from ATCC® 16404 (Ab), and Saccharomyces cerevisiae derived from ATCC® 
9763 (Sc). Sabouraud Dextrose Agar (SDA) plates were inoculated with the fungal suspension 
(104-105 CFU/ml). Next, using gel puncture, three 10-mm wells were made on each SDA plate. The 
wells were filled with one of the three formulations with the same STZ amount and then were 
incubated for 72 hours at 25° C. Using a ruler, the diameters of the fungal growth inhibition zone 
were measured to determine the inhibition zones in mm. Each test was carried out three times [63, 
68]. 

2.6. In vitro cytotoxicity  

The in vitro cytotoxicity of SBG 5 formulation was evaluated by sulforhodamine B (SRB) colorimetric 
assay. Human skin fibroblast (HSF) cells were maintained in Dulbecco’s Modified Eagle Medium 
(DMEM) media with 10% streptomycin, 100 units/ml of penicillin, and 10% heat-inactivated fetal 
bovine serum (HI FBS) supplementation, in a humidified atmosphere containing 5% CO2 at 37 °C. 
100 µL aliquots of the cell suspension, at a concentration of 5×103 cells/ml, were plated in 96-well 
plates and the plates were incubated for 24 hours. Following that, cells were exposed to a 100 μL 
aliquot of media containing SBG 5 at concentrations of 10 and 100 µg/ml. Following a 72-hour drug 
exposure period, the cells were fixed by substituting the media with 150 μL of 10% trichloroacetic 
acid (TCA) and incubated for one hour at 4 °C. Following the TCA solution removal, the cells 
underwent five rounds of distilled water washing. 70 μL aliquots of SRB solution (0.4% w/v) were 
added and incubated for 10 minutes at room temperature in a dark place. After being washed with 
1% acetic acid three times, the plates were left to air dry overnight. Then, to dissolve the protein-
bound SRB stain, 150 μL of tris aminomethane base solution (TRIS) (10 mM) was added, and the 
absorbance was measured at 540 nm using a FLUOstar® Omega Multi Detection Microplate 
Reader (BMG Labtech. Ortenberg, Germany) [69, 70]. The test was repeated with an oral epithelial 
cell (OEC) cell line. 
 

2.7. Clinical study  
 
The selection of patients was done in the Dermatology Department, Faculty of Medicine, Mansoura 
University Hospitals. 30 patients clinically diagnosed with Tinea corporis (TC) were selected for the 
study. 
 
2.7.1. Patients 
 
The inclusion criteria were patients of both genders with at least one TC skin lesion and displaying 
positive fungal skin scrapping with potassium hydroxide (KOH). The exclusion criteria were 
Pregnant and lactating women. Also, patients having HIV, any other life-threatening infection, or 
any medical condition that might have unacceptable risks were excluded. 
 
2.7.2. Study design 
 
This is a prospective, randomized, and controlled study. The eligible thirty patients who fulfilled the 
inclusion criteria were randomized into three treatment groups (1:1:1 ratio). Group I included 
patients treated topically with SBG 5 (1% Carbopol 940 hydrogel containing: SB 5 of 4.5% SP 60, 
4.1 % CH, 1.6% SDC, and 2% STZ). Group II included patients treated topically with Dermofix® 
cream (2% STZ). Group III included patients treated topically with SAG (1% Carbopol 940 hydrogel 
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containing 2% STZ). Patients were directed to apply the topical formulation to the lesions twice 
daily until complete recovery, or for a maximum period of 4 weeks. The efficiency and safety of 
SBG 5 in comparison to Dermofix® cream 2% and SAG 2%  in the topical treatment of TC were 
reported in the current study. Following the initial visit, the patients followed up every week during 
the treatment course. Clinical and mycological examinations were used for assessment of the 
treatment outcome. 
 
2.7.3. Assessment of efficacy and safety 
 
The efficacy and safety of SBG 5 were compared with Dermofix® cream 2% and SAG 2% for the 
positive clinical response and changes from baseline for the clinical parameters for evaluation of 
TC (signs and symptoms) that were reported every week by the clinical, visual and mycological 
examinations. The clinical parameters for evaluation of TC including pruritus, erythema, vesicles, 
and desquamation were assessed using a subjective score to assess the improvement degree 
according to the dermatologist’s point of view. Five degrees of improvement were utilized; none 
(0% improvement), (minimal (25% improvement), mild (50% improvement), moderate (75% 
improvement), and complete improvement (100% improvement). The findings of the clinical 
examination were validated with the mycological microscopic examination of skin lesions based on 
the KOH test. A mycological cure from TC was considered with a negative KOH test [71, 72]. 
Throughout the study, patients were asked to describe any discomfort or irritability, which allowed 
for the assessment of the safety of each treatment. The data are expressed as the mean ± standard 
deviation. The results were statistically evaluated using a non-parametric analysis of variance 
(Kruskal-Wallis test). p < 0.05 was considered statistically significant. 
 

3. RESULTS AND DISCUSSION 
 
3.1. Physicochemical characteristics of SBs 
 
SBs were well prepared by the thin-film hydration technique combined with bath sonication. SBs 
showed PS (nm) ranging from 158.0 ± 6.4 to 561± 11.6 with a PDI of 0.16 ± 0.01 to 0.61 ± 0.01, 
ZP (mV) of −47.9 ± 0.6 to − 64.0 ± 1.6 and % EE of 68.7 ± 3.7 to 96.0 ± 3.4 (Table 2). PS, PDI, ZP, 
and % EE were previously reported to rely on the ratio of SP 60 to CH, as well as the type and 
concentration of bile salts [32, 43, 73, 74]. Therefore, in this investigation, the effects of bile salts 
(SDC and DE) and CH on these parameters were examined by changing the SDC or DE amount, 
and the SP 60 to CH molar ratio, while maintaining an overall lipid content of 250 μmol. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Table 2. Physicochemical characteristics of SBs (mean ± SD; n = 3) 
 

Formulation Evaluation parameter 

PS (nm) PDI ZP (mv) % EE Q8h (%) Q24h (%) 
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SB 1 224.4 ± 10.2 0.23 ± 0.02 -47.9 ± 0.6 83.1 ± 4.5 58.5 ± 2.9 76.4 ± 3.8 
SB 2 180.8 ± 3.40 0.29 ± 0.02 -45.2 ± 4.2 88.5 ± 5.0 65.7 ± 2.6 88.5 ± 2.8 
SB 3 196.3 ± 3.40 0.31 ± 0.02 -54.4 ± 2.0 78.1 ± 4.8 60.7 ± 2.4 84.9 ± 2.7 
SB 4 303.4 ± 13.1 0.18 ± 0.03 -54.1 ± 0.9 90.2 ± 2.3 70.9 ± 2.8 96.0 ± 3.8 
SB 5 158.0 ± 6.40 0.16 ± 0.01 -55.0 ± 1.7 96.0 ± 3.4 70.3 ± 3.6 97.2 ± 3.0 
SB 6 164.2 ± 7.90 0.24 ± 0.02 -42.3 ± 2.2 80.3 ± 3.0 73.9 ± 4.4 100 ± 2.0 
SB 7 493.5 ± 17.4 0.33 ± 0.11 -53.5 ± 3.4 76.6 ± 5.1 59.9 ± 3.0 85.8 ± 2.6 
SB 8 315.8 ± 6.30 0.35 ± 0.03 -52.6 ± 0.4 90.3 ± 4.1 59.1 ± 3.3 79.8 ± 2.6 
SB 9 561.1 ± 11.6 0.61 ± 0.01 -51.7 ± 2.2 87.9 ± 3.4 63.5 ± 2.9 83.5 ± 3.1 
SB 10 384.9 ± 9.00 0.29 ± 0.04 -62.1 ± 4.1 79.6 ± 3.7 70.8 ± 3.5 98.0 ± 3.9 
SB 11 460.0 ± 4.40 0.40 ± 0.01 -64.0 ± 1.6 85.2 ± 5.0 69.3 ± 4.3 99.2 ± 2.0 
SB 12 465.9 ± 9.30 0.58 ± 0.07 -59.1 ± 2.3 68.7 ± 3.7 71.1 ± 4.3 99.3 ± 4.0 

SB, PS, ZP, PDI, % EE %, Q8h %, and Q24h %  represent sertaconazole-loaded bilosomes, particle size, zeta 
potential, polydispersity index, % entrapment efficiency, % cumulative drug released after 8 hours, and % 
cumulative drug released after 24 hours respectively 
 

3.1.1. Cholesterol effect 
 
The CH composition seems to affect the PS and % EE of SBs. It was observed that in the 
formulations (SB 1 to SB 2, SB 4 to SB 5, or SB 7 to SB 8), the PS decreased in contrast to the 
increase in the CH proportion (Table 2). In general, CH regulates the stiffness and packing of the 
vesicles by interacting with the hydrophobic tails of the lipids in the vesicle bilayer [75]. So, the tight 
packing of the bilayers in the vesicles caused by the enhanced interactions between CH and SP 
60 might be the cause of the PS decrease. In the formulations (SB 1 to SB 2, SB 4 to SB 5, SB 7 
to SB 8, or SB 10 to SB 11), the % EE increased correspondingly with the CH proportion, indicating 
successful intercalation of STZ inside the bilayer with higher hydrophobic interactions and 
decreased STZ leakage from the rigid vesicles [75, 76]. It's interesting to note that larger PS and 
lower % EE were observed following the further increase in the CH proportion in the formulations 
(SB 3, SB 6, SB 9, and SB 12). This could be explained by the disruption of the bilayer structure 
caused by the accommodation of the extra cholesterol, which could cause STZ to be expelled out 
of the vesicles [76, 77]. 
 
3.1.2. Bile salts effect 
 
Bilosomes prepared with DE (SB 7-SB 12) had significantly larger PS than those prepared with 
SDC (SB 1-SB 6) (Table 2). This may be explained by the fact that vesicles having DE had 
noticeably higher ZP values. The vesicles with higher ZP would have a stronger repulsion force 
between the charged neighboring vesicular bilayers, increasing the distance between them, and 
causing comparatively larger vesicles to develop [78, 79]. The % EE was lower in bilosomes with 
DE (SB 7-SB 12) compared to those with SDC (SB 1-SB 6). This could be related to the fact that 
SDC has higher hydrophobicity (HLB value = 16.0) than DE (HLB value = 25.0). Compared to 
vesicles containing DE, this enhanced hydrophobicity of SDC vesicles would allow the hydrophobic 
STZ to effectively intercalate inside the hydrophobic core of the bilayer, resulting in a larger % EE 
[80, 81]. The PS of formulations with 40 µm (16.56 mg) SDC or (17 mg) DE (SB 5, SB 6, SB 10) 
were lower compared to those with 20 µm (8.3 mg) SDC or (8.5 mg) DE (SB 2, SB 3, SB 7), at 
similar molar ratios between SP 60 and CH. This revealed that the PS was dramatically reduced 
when the quantity of bile salts, in these molar ratios, was increased, which may be explained by 
the fact that bile salts, as anionic surfactants, reduce interfacial tension and cause smaller vesicles 
to form as a consequence [82]. The production of mixed micelles, which have smaller PS than 
vesicles as bile salt content increases, is another possible explanation [83-86]. The PS of SBs with 
40 µm (16.56 mg) SDC or (17 mg) DE (SB 4, SB 11, SB 12) were lower compared to those with 20 
µm (8.3 mg) SDC or (8.5 mg) DE (SB 1, SB 8, SB 9), at similar molar ratios between SP 60 and 
CH. These findings are consistent with earlier reports that showed that a larger PS would appear 
as a result of the repulsion between vesicle bilayers because of the presence of a greater ZP 
negative charge with the increased bile salt concentrations [78]. Furthermore, the extra SDC or DE 
that the bilayers accommodate might make the bilosomes bulkier, which increases the PS [87, 88]. 
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Remarkably, as the amount of bile salt increased, so did the % EE of STZ, which was consistent 
with the previous reports [74, 89]. This might be because mixed micelle production increases the 
solubility of STZ in the medium of the prepared system [90]. The lipid bilayers of the vesicles were 
observed to fluidize at very high bile salt concentrations, which would lead the encapsulated drug 
to leak out [73, 88, 91]. 
 

3.2. In vitro drug release 
 
The release profile of all the twelve SBs (58.5 and up to 73.9% % within 8 h and 76.4 and up to 
100.0% % within 24 h) exhibited a biphasic process, displaying a quick burst at first, followed by a 
slower release phase, as shown in Fig. 1(a). This could be the result of STZ adsorbed on the 
vesicle's surface dissolving quickly in the dissolution medium, whereas the vesicle barrier effect 
was responsible for the slower phase [92-95]. Regardless of the molar ratio between SP 60 and 
CH or the kind of bile salt utilized, the amount of bile salt had a substantial effect on the drug release 
percentage (%Q8h and %Q24h) (Table 2). This could be due to the increase in bile salt amount, 
which would increase the fluidity of the lipid bilayer and permit more STZ to seep out [92, 96-98]. 
The Korsmeyer-Peppas kinetic model was shown to have the best fit to the in vitro release data 
when compared to the zero-order, first-order, Hixson-Crowell, and Higuchi kinetic models, as 
indicated by the greatest coefficient of determination (R2) (Table 3). Diffusion exponent "n" was 
found to be less than 0.45, suggesting that the Fickian diffusion process is applicable to SBs 
dispersions [92, 99]. The SB 5 formulation showed uniformly distributed spherical bilosomes of 158 
± 6.4 nm, −55 ± 1.7mV, and  0.16 ± 0.01, for PS, ZP, and PDI, respectively, with higher % EE and 
Q24h (96 ± 3.4 and 97.2 ± 3.0 respectively). As a result, SB 5 formulation was optimized and used 
in further studies as well as for the preparation of SB 5-loaded hydrogel (SBG 5). 
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Fig. 1. In vitro release study of sertaconazole (STZ)-loaded bilosomes (SBs) (a). The in vitro 

release study (b) and the ex vivo permeation study (c and d) of the optimum sertaconazole-

loaded bilosome hydrogel (SBG 5), marketed formulation (Dermofix® cream) and 

sertaconazole-alone hydrogel (SAG) 

Each point represents the mean ± SD (n = 3) 
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Table 3.  In vitro release kinetics of different SBs formulations, SBG 5, Dermofix® 
cream, and SAG 
 

Formulation Zero-order First-
order 

Hixson-Crowell Higuchi square root Korsmeyer-
Peppas 

R2 R2 n 

SB 1 0.697 0.884 0.826 0.947 0.992 0.364 
SB 2 0.717 0.960 0.897 0.956 0.995 0.363 
SB 3 0.765 0.963 0.912 0.974 0.995 0.408 
SB 4 0.715 0.993 0.940 0.954 0.993 0.369 
SB 5 0.730 0.997 0.959 0.962 0.994 0.380 
SB 6 0.711 0.950 0.991 0.953 0.991 0.380 
SB 7 0.714 0.947 0.885 0.952 0.996 0.346 
SB 8 0.704 0.910 0.850 0.949 0.990 0.347 
SB 9 0.672 0.910 0.840 0.933 0.996 0.322 
SB 10 0.723 0.994 0.965 0.959 0.996 0.363 
SB 11 0.759 0.981 0.984 0.974 0.998 0.385 
SB 12 0.704 0.981 0.973 0.949 0.997 0.343 
SAG 0.574 0.706 0.662 0.863 0.999 0.241 
Dermofix® cream 0.405 0.518 0.478 0.739 0.945 0.255 
SBG 5 0.572 0.866 0.771 0.875 0.989 0.285 

R2 and n represent coefficient of determination and diffusion exponent respectively

 

3.3. TEM 
 
The transmission electron microscopy image, depicted in Fig. 2, showed layered spherical 
nanovesicles with a size range of 123–177 nm, which validated the vesicular structure of the 
optimized SB 5 formulation.  Photon correlation spectroscopy only estimates the size of the 
nanovesicles based on scattered light and intensity, not their actual size [100, 101]. 
Consequently, investigation using a transmission electron microscope is helpful in both 
verifying the findings from photon correlation spectroscopy and examining the morphology of 
SBs. 

 Fig. 2.  Electron microscope image of sertaconazole-loaded bilosomes (SB 5). 
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3.4. DSC 
 
DSC thermograms of STZ, SP 60, CH, SDC, physical mixture, and the optimized formulation 
(SB 5) are presented in Fig. 3(A). DSC thermograms of  STZ, SP 60, CH, and SDC showed 
endothermic events at 159.2, 54.44, 149.8 and 116.27 °C respectively, corresponding to their 
melting temperatures [85, 102-104]. The endothermic peak of STZ continued to exist in the 
physical mixture with some dilution effect but was missing in the optimized formulation (SB 5) 
thermogram. This observation might suggest that the physical state of STZ was transformed 
from crystalline to amorphous upon being integrated into the vesicular system [45, 76]. The 
physical mixture thermogram showed that the fused peaks of SP 60, SDC, CH, and STZ were 
represented by a wide peak that ranged from 50 to 165 °C, while the optimized formulation 
(SB 5) thermogram showed a wide peak ranging from 50 to 150 °C, that represented the fused 
peaks of SP 60, SDC, and CH.  
 

3.5. FT-IR  
 
FT-IR spectra of STZ, SP 60, CH, SDC, physical mixture, and the optimized formulation (SB 
5) are portrayed in Fig. 3(B). STZ infrared spectra revealed bands at 1311 cm-1 (C-O ether 
stretch), 1462 cm-1 (C=C aromatic stretch), 1647 cm-1 (C=N aromatic stretch), and 3144 cm-1 
(C-H stretch), as reported earlier [45]. An asymmetric and symmetric aliphatic C-H stretching 
at 2916 and 2849 cm-1 respectively, and a C=O stretching of the ester group at 1735 cm-1 
were all seen with SP 60, along with an aliphatic OH stretching band at about 3392 cm−1, as 
reported earlier [105]. Around 3400 cm−1 (OH stretching) and 2900 cm−1 (C–H stretching), 
bands of CH were observed, while SDC displayed bands at 2923, 2861 (C–H stretching), and 
1562 (COO− stretching) cm−1, as previously reported [45]. Fig. 3(B) illustrates how the STZ 
spectrum displays three distinct peaks at about 1311, 3144, and 1462 cm -1. The distinctive 
peaks of STZ and other excipients did not significantly alter when the STZ spectrum was 
compared to the physical mixture and SB 5 spectra. Thus, it may be concluded that there is 
no interaction between STZ and the components of the vesicle membrane in SB 5 formulation 
[32, 45]. 
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3.6. Stability study 
 
Table 4 specifies the stability parameters of the optimized SB 5 formulation at ambient and 
refrigerated (4 ± 1 °C) temperatures. After a month at ambient temperature, the PS, PDI, ZP, 
and % EE of SB 5 formulations were not altered statistically from the original observations, 
but they were significantly altered after six months (p < 0.05). This could be the result of 
bilosome aggregation along with STZ leaking [32]. SB 5 could be stored in a refrigerator at 4 
± 1 °C since there were no changes in PS, PDI, ZP, or % EE after six months of storage [106].  
 

 
 
 
 
 

Fig. 3. DSC thermogram (A) and  FT-IR spectra of (B) of STZ (a), SP 60 (b), CH (c), SDC (d), physical 

mixture (e), and SB 5 (f) 
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Table 4.  Physical stability of the optimized SB 5 formulation stored at ambient 
and refrigerated (4 ± 1 °C) temperatures (mean ± SD; n = 3) 
 

Parameter Storage time 

zero time 1 month 3 months 6 months 

Ambient temperature 
 

PS (nm) 158.0 ± 6.4 174.9± 7.91 192.0± 5.41* 234.5± 5.22** 
PDI 0.16 ± 0.01 0.22 ± 0.02 0.272 ± 0.03* 0.283 ± 0.06* 

ZP (mV) -55.05 ± 1.7 -53.83± 3.5 -49.37 ± 2.6 -46.56 ± 3.2* 
% EE 96.0 ± 3.4 91.3 ± 3.9 88.2 ± 2.5 84.5 ± 48* 

Refrigerated temperature 
(4 ± 1 °C) 

PS (nm) 158.0 ± 6.4 162.4 ± 4.71 167.1 ± 6.82 170.4 ± 7.30 
PDI 0.16 ± 0.01 0.19 ± 0.06 0.20 ± 0.05 0.23 ± 0.05 

ZP (mV) -55.05 ± 1.7 -53.56 ± 2.4 -50.37 ± 4.0 -48.56 ± 4.5 
% EE 96.0 ± 3.4 94.8 ± 3.9 93.7± 2.8 91.6±  3.5 

*p < 0.05, **p < 0.005  against the matching value at zero time 
 

3.7. Evaluation of SBG 5 
 
At a concentration of 1% w/w of Carbopol 940, SBG 5 displayed optimal viscosity. The drug 
content was determined to be within permissible limits, ranging from 97.87% to 99.34%. The 
pH was close to the skin's normal pH, ranging from 6.5 to 6.8. Therefore, for additional 
investigations on SBG 5, 1% hydrogel of Carbopol 940 was employed [67, 107]. 
 
3.7.1. In vitro release study of SBG 5 
 
The release profile of SBG 5, Dermofix® cream, and SAG ranged from 44.2 to 70.5% within 8 
h and from 56.8 to 85.7% % within 24 h, as shown in Fig. 1(b). SBG 5 had a higher release 
percentage ( 70.5 and 85.7%) compared to Dermofix® cream (64.0 and 68.7) and SAG ( 44.2 
and 56.8%) after 8 and 24 hours respectively. This significant increase in release percentage 
at 8 hours compared to SAG (1.60-fold) and at 24 hours compared to Dermofix® cream (1.25-
fold) and SAG (1.51-fold) could be due to the presence of SDC in high amounts. In addition 
to its permeability-enhancing capability, SDC improves the fluidity and flexibility of the vesicle 
bilayer when introduced into the bilayer membrane, making it easier for STZ to escape from 
the vesicles [92, 97]. The in vitro release data of SBG 5 were best fitted to the Korsmeyer–
Peppas kinetic model according to the highest coefficient of determination (R2)(0.989) (Table 
3). Based on the highest coefficient of determination (R2) (0.989), the Korsmeyer-Peppas 
kinetic model provided the best fit for the SBG 5 in vitro release data (Table 3). The diffusion 
exponent "n" was found to be less than 0.45, suggesting that the Fickian diffusion process 
applies to SBG 5 [92, 99]. 
 
3.7.2. Permeability and drug deposition study 
 
3.7.2.1. Permeability study 
 
The ex vivo STZ diffusion profiles of SBG 5, Dermofix® cream and SAG ranged from 10.3 to 
19.4% within 8 h and from 12.5 to 27.7% % within 24 h, as shown in Fig. 1(c and d). SBG 5 
had a higher cumulative STZ permeated ( 19.44 and 27.68 %) compared to Dermofix® cream 
(16.59 and 19.91) and SAG ( 10.32 and 12.50%) after 8 and 24 hours respectively. The 
cumulative STZ permeated from SBG 5 after 24 hours was found to be 366.7 ± 24.3 ug/cm2, 
which was significantly higher (p < 0.05) than Dermofix® cream (285.4 ± 33.1 ug/cm2) and 
SAG (163.8 ± 36.3 μg/cm2) (Table 5). The SBG 5 flux was determined to be 15.3 μg/cm2 /h, 
which was 1.4-fold higher than Dermofix® cream (10.9 μg/cm2 /h) and 2.3-fold higher than 
SAG ( 6.8 μg/cm2 /h) (Table 5). The nano-size of the vesicle and its significant internalization 
into the lipid matrix could be responsible for the permeation enhancement outcomes of SBG 
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5. Moreover, nonionic surfactants (SP 60) change the subcutaneous layer to facilitate vesicle 
penetration by enhancing the permeation capability as well as increasing the hydrostatic 
pressure [97, 98]. Bile salt (SDC) breaks through intercellular lipids of the skin and overcomes 
the blockade property of the skin via its interaction with the coenocyte’s keratin threads forcing 
it to open. In addition to improving vesicular elasticity and deformability, it may also lower the 
drug efflux from the skin [97, 98, 108-111].  
 
3.7.2.2. Drug deposition study 
 
Table 5 shows the result of STZ deposition from SBG 5, Dermofix® cream, and SAG. SBG 5 
showed considerably more STZ deposition (p<0.05) in the skin after a 24-hour treatment 
(16.3%) than Dermofix® cream (4.25%) and SAG (1.1%). SBG 5 showed a significantly higher 
drug deposition enhancement ratio (3.84-fold and 14.82-fold) concerning Dermofix® cream 
and SAG respectively, which could be due to the enhanced permeability through the stratum 
corneum and the ability to preserve the STZ reservoir effect in the skin layers in case of SBG 
5 in contrary to the conventional systems due to the effect of SDC [65]. In topical skin 
treatment, the presence of higher drug levels in the skin would improve the efficacy. More drug 
retention in the skin allows for more effective treatment of deep tissue fungal infections [67]. 
Therefore, it may be suggested that SBG 5 could be more efficient in treating topical fungal 
infections than conventional systems. 
 
Table 5.  Permeability and drug deposition parameters of SBG 5, Dermofix® 
cream and SAG 
 
 

SAG, SBG 5, D24h, Papp, ER, DD%, and  ERDD represent Sertaconazole-alone hydrogel, the optimum 
Sertaconazole-loaded bilosome hydrogel, cumulative Sertaconazole permeated after 24 hours per unit 
area (μg/cm2), apparent permeability co-efficient, permeability enhancement ratio, % drug deposition, 
and drug deposition enhancement ratio respectively 
 

3.8. Microbiological efficacy assessment study  
 
The in vitro antifungal properties of SBG 5, Dermofix® cream, and SAG were assessed through 
the agar well diffusion technique against Ca, Ab and Sc as an indicator for the antifungal 
activity [112]. Zones of inhibition are the clear rings that start to form around the dishes. The 
more effective the formulation, the bigger the zone of inhibition. It is noted that the plain 
formula used in this study showed no antifungal activity. The results represented in Fig. 4(a) 
revealed that zones of inhibition against Ca were 10.5 ± 0.3, 5.4 ± 0.2, and 7.3 ± 0.2 mm for 
SBG 5, Dermofix® cream, and SAG respectively. From the results, it is clear that the developed 
SBG 5 was more effective than the tested commercial formulation (Dermofix® cream) (two-
fold) and drug alone hydrogel (SAG) (1.4-fold) suggesting higher efficacy against Cutaneous 
candidiasis caused by Ca [113]. Zones of inhibition against Ab, as shown in Fig. 4(b), and Sc, 
as shown in Fig. 4(c), were 7.7 ± 0.1 and 20.8 ± 0.2 mm, 7.3 ± 0.2 and 17.0 ± 0.2 mm, and 
5.4 ± 0.2 and 14.5 ± 0.2 mm for SBG 5, Dermofix® cream and SAG respectively, as shown in 
f. SBG 5 exhibited anti-fungal efficacy against Ab (1.4-fold) higher than SAG suggesting higher 

Formulation 

Permeability Deposition 

D24h 
(μg.cm−2) 

Flux 
(μg.cm−2.h−1) 

Papp ×10−4 

(cm.h−1) 
ER DD% ERDD 

SAG 163.8 ± 36.3 6.8 3.4 _ 1.10 ± 0.6 _ 

Dermofix® cream 285.4 ± 33.1 10.9 5.5 1.6 4.25 ± 2.31 3.86 

SBG 5 366.7 ± 24.3 15.3 7.7 2.3 16.30 ± 3.12 14.82 
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efficacy against ocular keratitis and non-dermatophyte mold onychomycosis (NDMO) caused 
by Ab [114, 115]. Also, SBG 5 exhibited anti-fungal efficacy against Sc (1.4-fold) higher than 
SAG suggesting higher efficacy against numerous cases of S. cerevisiae-
induced vaginitis and oropharyngeal infection [116]. From the results of in vitro antifungal 
activity, it is clear that the developed SBG 5 was more effective than the drug alone formulation 
(SAG) in the same degree (1.4-fold) against the three fungi used (Ca, Ab and Sc), which may 
be attributed to the penetration enhancer effect of the bile salt (SDC) and the encapsulation 
properties of the vesicles leading to the higher in vitro release, permeability and drug 
deposition potential of SBG 5, in comparison with SAG as discussed earlier. As a result, the 
concentration gradient across the fungal cell wall increased, allowing more STZ to come into 
contact with the fungal cell, and effectively inhibit the ergosterol synthesis [27]. This suggests 
the promising approach of bilosomes to magnify the antifungal potential of STZ topically.  
 

Fig. 4. Microbiological activity of SBG 5, Dermofix® cream and SAG against Candida 
albicans (a), Aspergillus brasiliensis (b) and Saccharomyces cerevisiae (c) using agar 
diffusion technique 
 

3.9. Cytotoxicity assay 
 
The in vitro cytotoxicity study was performed to evaluate the safety of SBG 5 formulation. The 
SRB colorimetric assay is the recommended approach among currently available methods for 
in vitro cytotoxicity screening studies as it offers increased reproducibility and linearity, less 
susceptibility to changes in the environment, and independence from intermediary 
metabolism. [117]. The SRB assay offers reduced variance between cell lines in addition to 
increased sensitivity [118]. HSF and OEC cell lines were utilized in the cytotoxicity assay, 
which provides a useful model for the topical application of the SBG 5 formulation on the skin. 
As seen in Fig. 5, SBG 5 did not exhibit any noticeable toxicity against HSF and OEC cells at 
the used concentrations, preserving cell viability > 99.4% and 97.43%, respectively, in 
comparison to untreated HSF and OEC. Positive controls (cisplatin and doxorubicin) were 
used to verify the validity of the experimental conditions. At the same utilized concentrations, 
cisplatin showed % cell viability of 42 and 67.84%, and doxorubicin showed % cell viability of 
55.64 and 39.03% against HSF and OEC respectively.  
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Fig. 5. Cytotoxicity profile of SBG 5 in HSF and OEC cell lines 
 

3.10. Clinical study 
 
All 30 patients with TC presented with circinate erythematous scaly lesions with elevated 
raised borders on the trunk and extremities. The diagnosis was positively confirmed when 
positive KOH scraping showed fungal elements in the shape of hyphae. After 14 days of 
treatment, 90% of patients receiving SBG 5 experienced a full cure (100% improvement), 
compared to 50% of patients receiving Dermofix® cream and 20% of those receiving SAG 
(Fig. 6). After 21 days of treatment, 100% of patients having SBG 5 experienced a full 
recovery, compared to 80% of patients receiving Dermofix® cream and 50% of patients 
receiving SAG. After being evaluated by the dermatologist, SBG 5 exhibited a cure rate that 
was 1.8 times higher at day 14 and 1.25 times higher at day 21 than Dermofix® cream. Day 
14 and 21 cure rates for SBG 5 were 4.5 and 2 times respectively, higher than those of SAG. 
Comparing SBG 5 to Dermofix® cream and SAG, the patients cure rate was statistically 
improved on days 14 and 21. Table 6 represents the different clinical parameters and overall 
response of different treatments used in the study. There is a significant difference between 
the three formulations in all clinical parameters included, overall response, and duration of 
complete improvement as shown in Table 6 with SBG 5 showing the better performance. Fig. 
7 represents a TC lesion in a patient before and after treatment with SBG 5. Since it is 
commonly recognized that an antifungal agent's concentration in the target organ determines 
its therapeutic performance, SBG 5 was also able to markedly increase STZ deposition and 
accumulation in deeper layers of the skin. The deep skin penetrating potential of STZ from 
SBG 5 formulation is confirmed by the presence of a specific percentage of STZ (27.68 %) in 
the modified Franz diffusion receptor compartment compared to 19.91% STZ with Dermofix® 
cream and 12.50% with SAG as reported earlier in ex-vivo permeability study. The reason for 
this could be that STZ was able to enter the epidermis more freely and flexibly due to the 
bilosomes deformability [31]. Also, the earlier skin deposition study showed 16.30% STZ skin 
deposition from SBG 5 compared to 4.25% with Dermofix® cream and 1.10% with SAG. The 
ex-vivo skin deposition study has demonstrated that a significant amount of the drug 
accumulates in skin layers, which may account for the fast onset of action. Clinical trials 
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performed on TC patients demonstrated the advantages of nanovesicles over free drug-
containing gel and traditional topical therapy creams in curing such fungal infections. The 
ability of the bilosome vesicles to enhance the antifungal potential of STZ is suggested by the 
fact that SBG 5 outperformed Dermofix® cream and SAG in terms of cure magnitude and rate. 
The TC lesions healed more quickly with SBG 5, which had an equivalent dosage of STZ to 
the commercial Dermofix® cream and SAG. Pharmacologically, the presence of bile salt (SDC) 
and the fact that the SDC is present in small vesicles (158.0 ± 6.40 nm) may contribute to the 
vesicles' improved skin penetrability. However, the small number of patients on which the 
investigation was conducted is a drawback of this clinical study. As a result, we advise 
conducting more extensive research in the future. 
 

 
Fig. 6. % Patients cured with complete improvement treated with SBG 5, Dermofix® 
cream and SAG for 14 and 21 days 
 
Table 6.  Summary of the different clinical parameters with respect to different 
treatment formulations (% improvement) 
 

Formulation Erythema Pruritus Vesicles Desquamation 
Overall 
response 

Duration of 
treatment in 
weeks 

SAG 80.00 ± 7.50 78.00 ± 2.7 75.00 ± 5.3 82.50 ± 4.5 81.5 ± 6.3 3.0 ± 0.7 

Dermofix® cream 83.13 ± 10.5 88.75 ± 8.5 91.00 ± 1.0 90.00 ± 2.4 91.0 ± 3.2 2.7 ± 0.8 

SBG 5 95.00 ± 4.20 97.50 ± 5.0 98.75± 2.5 93.75 ± 12.5 95.0 ± 5.0 1.7 ± 0.5 

*p value .001 .001 .001 .002 .001 .003 
Mean of ten patients ± SD 
Significance difference at p<0.05 
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4. CONCLUSION 
 
SBs were successfully produced and evaluated. Small, spherical, uniformly dispersed vesicles 
with greater percentages of % EE, ZP, % Q8h, and Q24h were formed by the SB 5 with an 
equimolar ratio between the vesicular components and a higher proportion of bile salt (SDC). 
The optimized SB 5 formulation was refrigerated for six months at 4±1 °C and showed good 
stability throughout this period. The optimized SB 5-loaded hydrogel (SBG 5) performed better 
in terms of the in vitro drug release, permeability, skin deposition characteristics, and 
antifungal activity than the commercial formulation (Dermofix® cream) and STZ alone hydrogel 
(SAG). The in vitro cytotoxicity study was performed on human skin fibroblast (HSF) and oral 
epithelial cell (OEC) cell lines, and the safety of SBG 5 formulation for topical application on 
humans was confirmed. The clinical study showed that SBG 5, outperformed Dermofix® cream 
and SAG in terms of the magnitude and rate of healing of Tinea corporis lesions. Therefore, 
SBG 5 is considered a good option for a more extensive clinical study down the road. 
 
 

CONSENT 
 
All authors declare that written informed consent was obtained from the patient. 
 

Fig. 7. Photographic pictures before and after treatment with SBG 5 
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