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In the current study, four formulae (BNS1-BNS4) of butenafine (BTF) loaded nanosponges (NS) were fab-
ricated by solvent emulsification technology, using different concentration of ethyl cellulose (EC) and
polyvinyl alcohol (PVA) as a rate retarding polymer and surfactant, respectively. Prepared NS were char-
acterized for particle size (PS), polydispersity index (PDI), zeta potential (ZP), entrapment efficiency (EE)
and drug loading (DL). Nanocarrier BNS3 was optimized based on the particle characterizations and drug
encapsulation. It was further evaluated for physicochemical characterizations; FTIR, DSC, XRD and SEM.
Selected NS BNS3 composed of BTF (100 mg), EC (200 mg) and 0.3% of PVA showed, PS (543 ± 0.67 nm),
PDI (0.330 ± 0.02), ZP (�33.8 ± 0.89 mV), %EE (71.3 ± 0.34%) and %DL (22.8 ± 0.67%), respectively.
Fabricated NS also revealed; polymer-drug compatibility, drug-encapsulation, non-crystalline state of
the drug in the spherical NS as per the physicochemical evaluations. Optimized NS (BNS3) with equiva-
lent amount of (1%, w/w or w/v) BTF was incorporated into the (1%, w/w or w/v) carbopol gel. BTF loaded
NS based gel was then evaluated for viscosity, spreadability, flux, drug diffusion, antifungal, stability and
skin irritation studies. BNS3 based topical gels exhibited a flux rate of 0.18 (mg/cm2.h), drug diffusion of
89.90 ± 0.87% in 24 h with Higuchi model following anomalous non-Fickian drug release. The BNS3
based-gel could be effective against pathogenic fungal strains.
� 2021 The Author(s). Published by Elsevier B.V. on behalf of King Saud University. This is an open access

article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Nanomedicine brings about the revolutionary improvement and
development in the medical sciences, applying nanotechnology in
the medicines by employing nanoscale materials could be useful
to monitor, control, construct and repair the biological systems
(Ventola et al., 2010). In recent years, pharmaceutical scientists
have explored nanotechnology for temporal and targeted drug
delivery systems (Radaic et al., 2020). There have been various
nanocarriers systems including metallic, polymeric-nanoparticles
(Anwer et al., 2016), nano-suspension, nano-tubes (Bianco et al.,
2005), nanofibers (Sousa et al., 2020) and nanosponges (NS)
(Ahmed et al., 2020a) extensively used for the effective treatment
of infectious diseases, besides the commercial application in the
consumer products. Reports have shown that apremilast loaded
nanoparticles increased drug solubility, bioavailability and efficacy
in the treatment of psoriasis (Anwer et al., 2019). Smart hand-wash
prepared by Azadirachta indica, silver nanoparticles was found
effective against the pathogenic microbes contrary to commercial
hand sanitizers (Nomura and Terwilliger, 2019). Nanoparticle
matrix of chitosan showed potential antifungal activity against fun-
gal pathogens (Bautista-Baños et al., 2017). Nanoemulsion of olive
oil showed a marked enhancement in permeability and efficacy of
amphotericin B (Hussain et al., 2016). Nanosponges (NS) prepared
by b-cyclodextrin proclaimed to enhance the solubility of BCS class
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Fig. 1. Chemical structure of Butenafine hydrochloride.
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II and IV drugs (Kang et al., 2019). Nanosponges (NS) have been
tested to deliver drugs, biocatalysts and gases, adsorption of toxic
materials (Varan et al., 2020). Recently an increase in interest
towards the development of nanosponges based drug delivery sys-
tem was observed in order to improve the solubility and bioavail-
ability of poorly soluble drugs (Kang et al., 2019; Omar et al.,
2020). NS are proved to be an innovative spherical nanocarrier with
wide cavities and large porous surface into which both lipophilic
and hydrophilic drug entities can be encapsulated (Conte et al.,
2014; Appleton et al., 2020; Shoaib et al., 2018; Rao et al., 2018;
Trotta et al., 2012), and overcome the drug limitations
(Manchanda and Sahoo, 2017; Rao et al., 2018; Trotta et al.,
2012). Fabricated nanomatrix could be bestowed in oral, parenteral
and topical dosage forms (Manchanda and Sahoo, 2017).

Nanocarriers in topical delivery systems are more manifested
due to their increased penetrability and passive accumulation at
the target site (Vyas et al., 2014). Topical drug delivery systems
(TDDS) can be manufactured easily into liquid, solid and semisolid
dosage forms, chiefly intended to deliver a therapeutically effective
concentration of drug in the skin or mucosal layers (Luís et al.,
2016).

Topical formulations possess certain merits over the peroral or
parenteral dosage forms including, low risk of unavoidable adverse
reaction due to systemic drug distribution and patient compliance.
Dermatologists preferred the topical semisolid formulations for the
treatment of superficial skin infections and disease conditions
(Chang et al., 2013).

The skin covers and protects the body against the environmen-
tal threats and it’s one of the largest organ, representing approxi-
mately 2 m2 of a total body area. Skin considered to be an
impermeable membrane that acts as a barrier for the external
stimuli and xenobiotic. Therefore, it’s a challenge for the formula-
tion scientists to develop successful topical dermal dosage forms,
especially to treat dermal infections and disease states (Bergfelt,
2009). The prevalence of superficial fungal infections (SFI) of skin,
hair, and nails has been increased worldwide. The progression of
fungal infections can be rapid and serious due to compromising
immune function (Bongomin et al., 2017). Many epidemiological
studies are reflecting the predominance of SFI in the Arabian
Peninsula. There are about 20–25% of population affected by fungal
infections globally. The fungal infection includes; dermatophytes
and candidiasis triggered mainly in a tropical regions and humid
environment with an ambient temperature (25–28 �C) that favors
the fungal germination (Yapar, 2014). Besides these implications,
the current trends of migration, urbanization, poor sanitization,
sports activity and occlusiveness of the skin by clothing also sup-
ports the SFI. The cyclic encounter of fungal infection renders poor
performance, introverted of the workforce with financial encum-
brance on the national health budget.

Antifungal drugs incorporated in nanocarriers showed excellent
results compared with conventional drug carriers (Garg et al.,
2020). The SFI persists on the skin, genital region, nails and hairs.
Fungal infection therapy considered to be refractory due to the lack
of clinical evidence and deprived physicochemical properties of
azole (miconazole, fluconazole) and allylamines (terbinafine, bute-
nafine) derivatives (Gintjee et al., 2020).

Butenafine HCL (BTF), the derivative of benzylamine is a new
generation antimycotic compound with potent fungicidal activity.
It acts by inhibiting the sterol synthesis thereby blocking the squa-
lene epoxidation stage in fungi (Arika et al., 1990). Butenafine is
sparingly soluble in water but readily soluble in methanol, ethanol,
dichloromethane, and chloroform with molecular weight less than
400 Da makes it suitable drug candidates for NS (Fig. 1). Currently,
butenafine sustained release topical dosage form is neither avail-
able in the market nor any research published in the scientific lit-
erature. The objective of the present study was to develop the BTF
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loaded NS into the carbopol polymeric gel for prolonged drug
release and permeation. The developed formulation may enhance
the drug permeation deeper into the skin layer, which might erad-
icate the fungal infections of the dermal region by which cyclic
recurrence of infection possibly will be terminated.

2. Materials and method

2.1. Chemical and solvents

Butenafine Hydrochloride (BTF) was obtained as a gift sample
from Jazeera Pharmaceutical Industries (JPI), Riyadh. Ethyl
cellulose, Polyvinyl Alcoho (PVA, Mole wt- 85,000–124,000),
Dichloromethane and Carbopol 934P were purchased from
‘‘Sigma-Aldrich (St. Louis, Missouri, USA)”. All other reagents and
chemicals utilized were of analytical grades. Deionized water
(18.2 MX�cm at 25 �C) were collected from Millipore Mill-Q Gradi-
ent A-10 water-purification systems (Bedford, MA, United States).

2.2. Analysis

Analysis of BTF and their prepared formulation samples was
carried out using RP-HPLC according to reported method
(Bhosale and Rajput, 2011). Briefly, RP-HPLC equipped with UV
detector using C18 column, mobile phase consisting of methanol
and water (90:10, v/v) at flow rate 1 mL/min. Detection was per-
formed at 254 nm. The calibration curve of BTF was plotted using
concentration (50, 75, 100, 150 and 200 mg/mL) Vs peak area. The
regression coefficient of correlation was measured (R2) 0.9973.

2.3. Development of BTF loaded NS

BTF loaded NS (BNS) were prepared by the emulsion solvent
evaporation technique (ESE-Tech) using the drug (BTF) 100 mg
and polyvinyl alcohol (PVA) 0.3%, w/v, compositions of formula-
tions were tabulated in Table1. Briefly, organic phase was prepared
by dissolving ethyl cellulose (EC) (100–250 mg) and BTF in 20 mL
dichloromethane (DCM). Separately, an aqueous phase was pre-
pared composed of (0.3%, w/v) PVA in 100 mL of deionized water.
Thereafter, the organic phase was emulsified dropwise into the
aqueous phase by ultrasonication, at power 65% W for 3 min
(10 s on-off cycles) (Ahmed et al., 2020a). The formed NS was sta-
bilized by PVA, which avoid particle agglomerations. Thereafter,
the dispersion was kept on thermostatically controlled magnetic
stirrer ‘‘(Fisher Isotemp Hot Plate and Stirrer, Canada)” with con-
tinuous stirring at 1000 rpm under atmospheric pressure and tem-
perature for 24 h (Pawar et al., 2019). After complete evaporation
of the organic solvent, the BNS were washed three times with
ultra-purified water to remove the adsorbed PVA, NSs were then
collected by ultracentrifugation at 16,900g and 4 �C for 30 min ‘‘



Table 1
Preparation and characterization Butenafine loaded Nanosponges.

Formulation code Nanosponge composition Particle characterization and drug analysis

BTF
(mg)

EC
(mg)

PVA
(%w/v)

PS
(nm)

PDI ZP
(mV)

EE
(%)

DL
(%)

BNS1 100 100 0.3 310 ± 0.16 0.421 ± 0.06 �18.4 ± 0.34 51.2 ± 0.67 8.4 ± 0.42
BNS2 100 150 0.3 410 ± 0.98 0.490 ± 0.04 �28.6 ± 0.87 60.5 ± 0.51 18.6 ± 0.78
BNS3 100 200 0.3 543 ± 0.67 0.330 ± 0.02 �33.8 ± 0.89 71.3 ± 0.34 22.8 ± 0.67
BNS4 100 250 0.3 808 ± 0.32 0.620 ± 0.04 �31.4 ± 0.87 78.4 ± 0.87 20.9 ± 0.0.87

Butenafine (BTB), EC (Ethyl cellulose), PVA (polyvinyl alcohol), PS (Particle size), PDI (Polydispersity index), ZP (zeta-potential), EE (Entrapment efficiency), DL (Drug loading).
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(Eppendorf, centrifuge 5418R, Hamburg, Germany)” and freeze-
dried ‘‘(Millirock Technology, Kingston, NY, USA)”.
2.4. Development of topical gel impregnated with optimized NS (BNS3)

Based on the size, PDI, ZP, EE and DL evaluation, BNS3 was opti-
mized and selected to incorporate into carbopol gel. The optimized
BNS3 (BTF, 1% w/w) was incorporated into using carbopol 934P as
gelling agent (1%, w/v) in a 30:70 ratio of propylene glycol and
deionized water. Further, methyl paraben (0.1%, w/w) was added
as a preservative, transparency was achieved and pH was adjusted
by adding triethanolamine (Yang et al., 2016). The developed gel
was then continuously stirred on a shaft stirrer at 500 rpm for
about 6 h and kept overnight to achieve complete hydration
(Moglad et al., 2020).
2.5. Particle characterization

The particle size analysis of BTF loaded NS (BNS1-BNS4) was
performed by using ‘‘Malvern Zetasizer NanoZS (Malvern Instru-
ments, UK)”. The sample under investigation was diluted with dis-
tilled water (1: 200) and filled in disposable polystyrene cuvette.
Measurement of particle size and PDI was done based on the
dynamic light scattering (DLS) theory. The same procedure was fol-
lowed for the measurement of zeta potential (ZP) except using
electrode cuvette (Ahmed et al., 2019). All the samples were tested
in triplicate (n = 3).
2.6. Measurement of entrapment efficiency (EE) and drug loading (DL)

Percent entrapment efficiency (% EE) and drug loading (% DL)
were estimated by collecting the filtrate from the dispersion after
ultracentrifugation at 16,900 � g and 4 �C for 30 min ‘‘(Eppendorf,
centrifuge 5418R, Hamburg, Germany)”. The supernatant was col-
lected, filtered and analyzed by RP-HPLC at 254 nm to determine
the BTF concentrations (Bhosale and Rajput, 2011). The % EE and
% DL of BTF loaded NS were calculated by using following equa-
tions (Ahmed et al., 2019).

%EE ¼ ðInitial amount of drug added�Drug amount in supernatantÞ
Initial amount of drug added

� 100

ð1Þ
%DL ¼ Initial amount of drug added�Drug amount in supernatantð Þ
Total amount weight of nanosponges

� 100

ð2Þ
2.7. Evaluation of optimized NS

Based on particle size, PDI, ZP, %EE, and %DL, the BTF loaded NS
(BNS3) was found the best formulation. Therefore, BNS3 was cho-
sen and subjected for further evaluation.
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2.7.1. Fourier transform infrared (FTIR) spectroscopy
The FTIR spectra of pure BTF, Blank NS and optimized BNS3 NS

were recorded and interpreted for the possible chemical interac-
tions. The transparent pellets of these samples were prepared by
mixing each of these components with potassium bromide and
FTIR spectras were recorded in the region of 4000–400 cm�1 ‘‘(FTIR
Spectrophotometer, Jasco-Japan).

2.7.2. Differential scanning calorimetry (DSC)
Thermal peaks of pure drug BTF, Blank NS and optimized NSs

(BNS3) were evaluated for drug encapsulation. The samples
(5 mg) were enclosed in aluminum pan and heated at a rate of
10 �C/min in the temperature range of 30–300 �C, the device was
purged with inert N2 gas at flow rate 20 mL/min ‘‘(Scinco N650,
made in Italy)” during the study.

2.7.3. Scanning electron microscopy (SEM)
SEM images of the optimized BNS3 NS was taken by scanning

electron microscope ‘‘(JEOL, JSM-SEM 5200, Tokyo, Japan)”. A con-
centrated aqueous suspension of samples was spread over a slide
and dried under vacuum. Surface topography was captured by
the machine operated at 15 kV acceleration voltage. The sample
was shadowed in a cathode evaporator with a gold layer of
20 nm thick. Microphotograph was captured and processed by an
image processing program and individual NS diameters was mea-
sured and surface characteristic feature of the BNS3 was examined
(Anwer et al., 2019).

2.8. Characterization of topical gel impregnated with nanosponge

Based on the physical and physicochemical characteristics BNS3
was selected and incorporated into the polymeric gel. The devel-
oped gel was further evaluated.

2.8.1. pH determination
The pH of BTF loaded NS based topical gel was checked directly

by dipping the electrode into the gel and allowed to equilibrate,
then the pH was measured by calibrated pH meter ‘‘(Edge pH ser-
ies, Hanna instruments)” maintained at 25 �C (Ahmed et al.,
2020b). The sample was tested in triplicate.

2.8.2. Viscosity determination
The viscosity of the developed NS based gel was measured using

Brookfield viscometer (Prime Rheometer DV 1; Middleboro, USA).
Viscosity was measured at 25 �C at 100 rpm (Ahmed et al., 2020b).

2.8.3. Spreadability measurement
The spreadability test was performed by in-house fabricated

apparatus. The apparatus consists of wooden block with a pulley
at one end. The spreadability was measured by slip and drag of
gel. A glass slide was fixed on wooden block and approximately
one gram of gel was sandwiched between the two 5 � 20 cm glass
plates. The top plate was laden with 100 g for 40 sec. The initial
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and final gel spreading diameters were noted and percentage
spreadability was calculated by following equation.(Moglad et al.,
2020; Shukr and Metwally, 2013).

Spreadability ¼ D2� D1
D1

� 100 ð3Þ

Where; D1 was initial diameter of gel before weight load, and D2
was final diameter of gel after load.

2.8.4. Drug content estimation
The percentage of drug content was estimated in nanosponge

loaded gel. Drug was extracted by dispersing the known quantity
of gel in methonolic:HCl (1:1) and sonicated for 30 min, then fil-
tered and analyzed for drug content by RP HPLC at 254 nm
(Bhosale and Rajput, 2011).

2.8.5. Determination of partition coefficient, permeation coefficient
and flux of drug

Organic solvent (octanol) and aqueous phase (deionized water)
were mixed in a 1:1 ratio and kept for saturation for 1 h. Optimized
BNS3 gel (equivalent to pure drug BTF 100 mg) was added in sepa-
rating funnel containing octanol and water solvent mixture, flask
was shaken vigorously and then allowed to stand for 24 h at con-
trolled room condition. Both the phases were separated, the sol-
vent then filtered and drug content was determined in both
organic and aqueous phases by RP HPLC at 254 nm. The partition
coefficient was determined by following equation:

Ko=w ¼ BTF conc: in octanol
BTF conc: in water

ð4Þ

Further the permeability coefficient (Kp) was calculated by an
empirical relationship between Ko/w and molecular weight of BTF
(MW 353.93 g/mol, BTF). Permeability coefficient (Kp) was mea-
sured as per the following equation (Mahajan et al., 2018).

Log Kp cm=hð Þ ¼ �2:72 þ 0:71 LogKo=w

�� 0:0061 X MWð Þ ð5Þ
Flux of drug was also determined by using the following equa-

tion (Moglad et al., 2020).

Flux ¼ log KpX aqueous solubility of drugð Þ ð6Þ
2.9. Drug diffusion and release kinetics

Drug diffusion study was performed by using Franz diffusion
cell mounted with artificial cellophane membrane (MWCO
14 kDa). The sample BNS3, BNS3 loaded topical gel (1 g) and
Fig. 2. Particle size distributi
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marketed formulation (Derfina�) were placed in the donor com-
partment, separately. The receptor chamber was filled with phos-
phate buffer (pH 7.2), kept on thermostatically controlled
magnetic stirrer at temperature (37 ± 0.5 �C) and magnetic bar stir-
ring (50 rpm). At pre-determined time intervals 1 mL of drug-
diffused solution was withdrawn and replaced with the equivalent
volume by fresh release medium, the aliquots were analyzed by RP
HPLC at 254 nm. The amount of drug released was calculated and
cumulative (%) drug released vs time graphs for BNS were plotted.

2.9.1. Calculation of drug release kinetics from porous NS matrix
Drug release data was fitted in four kinetic models, zero-order,

first order, Higuchi and Korsmeyer–Peppas kinetics models and
regression analysis was performed.

Qt ¼ Q0 þ k0t zero� orderð Þ ð7Þ

logQt ¼ logQ0 �� k1t = 2:303 first � orderð Þ ð8Þ

Qt ¼ kHt1=2 Higuchið Þ ð9Þ

Mt= M1 ¼ ktn Korsmeyer � Peppasð Þ ð10Þ
Where, Qt (drug dissolved over time t), Q0 (initial amount of drug
dissolved in diffusion medium i.e equal to zero), k0 (zero order
kinetics constant), k1 (first-order rate constant), kHt1/2 (Higuchi
model constant). Mt and M1 are cumulative drug release at time t
and infinite time, respectively; k is rate constant of NS particle’s
structural and geometric characteristics feature, t is the release time
and n denotes diffusional exponent indicating release mechanism.
When n = 0.45 (Case I or Fickian diffusion), 0.45 < n < 0.89 (anoma-
lous behavior or non-Fickian transport), n = 0.89 (Case II transport)
and n > 0.89 (Super Case II), based on the exponent value release
mechanisms were reported (Pudjiastuti et al., 2020).

2.9.2. Comparative release studies of BNS3 gel and marketed
butenafine cream

In vitro drug release of BTF nanosponge loaded gel was com-
pared with marketed butenafine topical gel (1%, w/w cream). All
the parameters and conditions for diffusion study were mimicked
in this study (Moglad et al., 2020).

2.10. In vitro antifungal studies

Antifungal study was done to determine the efficacy of the
BNS3 gel against Candida albicans (C. albicans) and Aspergillus niger
(A. niger) fungal strains. Sabouraud dextrose agar (SDA) media,
on of BNS3 nanosponge.
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standard paper disc and sterilized Petri dishes were used in this
study. SDA (20 mL) treated with the test organism (0.5 mL) was
allowed to solidify in the sterilized Petri-plate. Paper discs (Watt-
man filter No. 42, diameter of 4 mm), soaked in test solutions;
BTF, BNS3 Gel and marketed Butenafine gel (1%, w/w cream). Pre-
treated paper discs were carefully placed on the surface of SDA
media under a sterile condition. Then Petri plates were incubated
at 27 �C for 48 h (Moglad et al., 2020). The diameters of the zones
Fig. 3. FTIR Spectrum of drug (BTF), Blank
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of inhibition (ZI) were observed and measured using ruler. Read-
ings were taken in triplicate (n = 3) in millimeter unit.

2.11. Stability studies

Developed BNS3 loaded topical gel was assessed for stability
test for 90 days by exposing the sample(s) at room temperature
(25 ± 2 �C) and accelerated condition (50 ± 2 �C, 75%RH) in
NS and optimized BNS3 nanosponge.



Fig. 4. Thermograms of drug (BTF), Blank NS and optimized BNS3 nanosponge.

Fig. 5. SEM picture - surface morphology of BNS3 nanosponges.
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programmable environmental test chamber (Parameter Genera-
tion and Control). BNS3 gel after a stability period of 12 weeks
was tested for particle size and drug release (Ahmed et al.,
2020a,b). Thereafter, the release data of both before and after sta-
bility test was computed into the similarity index equation as
referred in SUPAC guidelines.

f2 ¼ 50Xlogf½1þ ð1=nÞ
Xn

t�1
ðRt � TtÞ2� � 0:5X100g ð11Þ

where, f2 means similarity factor, n stands for dissolution time, Rt

and Tt denote reference and test dissolution values at time t.

2.12. Statistical analysis

All the data were analyzed by one-way analysis of variance
(ANOVA), using ‘‘Dennett’s test”. A difference was considered
statistically significant when q � 0.05. All the tests samples were
assessed In triplicate and data were expressed as a
mean ± standard deviation.

3. Results and discussion

3.1. Particle characterizations

The developed BTF loaded NS (BNS) showed size in the range of
(310 ± 0.16 nm to 808 ± 0.32 nm), PDI (0.330 ± 0.02 to 0.422 ± 0.04)
and, ZP (�33.8 ± 0.89 to �18.4 ± 0.34 mV). Further, the particle
size, ZP and PDI were found to be increased with an increase in
EC polymer concentration (Table 1). The data of the zeta potential
and PDI exhibits that all the NS were negatively charged with suf-
ficient inter-particle repulsive force (�33 mV) with the narrow size
distribution as the PDI value was found to be less than � 0.7, the
results interrelated with the statement presented in the review
of Danaei et.al (Danaei et al., 2018). Based on the particle charac-
terization, BNS3 could be the optimized NS with the particle size
(543 ± 0.67 nm), PDI (0.330 ± 0.12) and zeta potential of �33.8 ± 0
.89 mV. Particle size distribution by intensity for optimized BNS3 is
represented in Fig. 2.
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3.2. Entrapment efficiency and drug loading calculation

Entrapment efficiency of developed NS (BNS1-BNS4) was found
to be in the range of (51.2 ± 0.67% to 78.4 ± 0.87%), the results are
given in Table 1. Amount of the drug entrapped was found to be
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increased with the higher particle size and EC polymer concentra-
tion. In contrast, less particle size would be responsible for low
entrapment efficiency, as the small particles could have more sur-
face area to give more prospect for drug escape from the porous
nanocage (Srikar and Rani, 2019). BTF being water insoluble drug
that enforce its maximum entrapment in nanocarriers. BTF repre-
sents higher drug-polymer interaction and miscibility in organic
solvent (DCM). Therefore, higher concentration of EC polymer lead-
ing to maximum drug entrapment in NS. This result was in agree-
ment with Sharma et.al (Sharma and Pathak, 2011). BTF loading in
NSs was found to be in the range of (8.4 ± 0.42% to 22.8 ± 0.67%).
BNS3 showed the maximum drug loading. The loading of drug
was found to be increase by increasing the EC concentration. How-
ever further increment in the EC polymer concentration in case of
BNS4 decreases the drug loading, which could be due to the max-
imum loading of drug in the polymer reached the % DL capacity.
Furthermore, an increase in the amount of EC polymer, increased
the viscosity of the organic phase leading to a decrease in the drug
diffusion from organic phase to an aqueous phase leading to the
formation of aggregates and henceforth decreased the DL. The
results of EE and DL are given in Table 1.

3.3. Evaluation of optimized NS

3.3.1. FTIR studies
FTIR spectra(s) of pure drug BTF, blank NS and optimized

nanosponge (BNS3) were showed in Fig. 3. BTF spectrum showed
identical peaks at (3150–3050 cm�1) amine stretching, (2700–
2800 cm�1) alkyl stretching, alkyl bending (1600–1900 cm�1)
and (550–950 cm�1) alkene bending. Functional group peaks of
Fig. 6. In-vitro drug release of fa
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BTF also have a fingerprint region spectrum. The identical peaks
of drug at 3000 cm�1, 2500 cm�1, 1500 cm�1 and 800 cm�1 were
disappeared and shift(s) in the BNS3 NS, these alteration and shifts
indicates electrostatic interaction of the drug with the polymers.
Furthermore, the fingerprint region analysis of drug molecule in
BNS3 NS showed broadening and disappearance of the functional
peaks that could be due to drug encapsulation.
3.3.2. DSC studies
DSC Thermograms of pure BTF and BNS3 were presented in

Fig. 4. The endothermic DSC curve of a BTF was reflected at
219.41 �C, corresponding to its melting temperature of BTF. DSC
curves of BNS3 exhibits a broad endothermic peak, formed by coa-
lescence of EC and BTF as a result of successful drug encapsulation
in porous cavities of NS. The disappearance of sharp drug peak and
upward line higher than the baseline (exothermic) curve repre-
sents fusion of drug with homogenous drug distribution in the
polymer, signifies stable BTF loaded NS (Al-Suwayeh et al., 2014).
3.3.3. Scanning electron microscopy
Scanning electron microscopy (SEM) image of the optimized

BNS3 as shown in Fig. 5, depicted the spherical, porous and
nano-size range of BNS3. The SEM image revealed the porous,
spongy feature of NS and it could be due to the in-ward diffusion
of DCM in the EC polymeric surface of NS during the fabrication
(Al-Suwayeh et al., 2014). The image showed the surface porous-
ness, which could be interrelated with the results of porous mate-
rial prepared by Chadwick et.al (Chadwick et al., 2012).
bricated BNS3 nanosponges.
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3.4. Evaluation of topical gel impregnated with BNS3 nanosponge

3.4.1. pH, viscosity, spreadability and drug content estimation
The optimized BTF loaded NS based topical gel showed a pH

6.04 ± 0.30, meet the benchmark pH for skin application. The con-
sistency and spreadability were found to be 36,741 ± 0.76 cps and
14.67 ± 0.76 g-cm/sec, respectively. Drug content estimation BTF
was found to be 99.87 ± 0.65%. Viscosity reading was within the
topical application range of 35,000–40,000 cps, the rheology study
revealed the shear thinning nature (pseudoplastic flow) of the
developed topical-gel. As per spreadability value, BNS3 based gel
could be easily smear over the applied affected skin area and drug
content results showed BTF was homogenously mixed in the
nanosponge based gel.

3.4.2. Determination of partition partition, permeation coefficient and
flux of drug

The partition coefficient of optimized BNS3 gel was found to be
Ko/w 3.25, calculated permeability coefficient was (Kp 4.5) with the
flux of 0.18 mg/cm2/h. Permeability coefficient data alone couldn’t
be sufficient to predict the efficiency of the topical formulation for
skin. Flux was considered to be augmentation of the permeability
coefficient and concentration of drug in the vehicle/base of the
formulation.

3.5. Drug diffusion and release kinetics

The fabricated BNS3 subjected to in vitro drug release showed
an initial burst release followed by sustained drug release. The ini-
tial burst effects at 0.5 h was resultant to the desorption of drug on
the NS surface. The porous matrix formed by EC was conferred for
sustained and progressive release of BTF. Slow diffusion of water
Fig. 7. In-vitro drug release of fa

474
inside the hydrophobic EC lead to a release of drug for prolong per-
iod (24 h), (Fig. 6). The cumulative (%) drug release data of the
BNS3 was fixed in four mathematical release kinetics model(s)
and regression analysis was executed. The results revealed that
release fitted into higuchi diffusion kinetic model based on the
coefficient of correlation (R2 values 0.999). Korsmeyer-Peppas
model with a diffusion exponent (n values 0.315) represents
anomalous non–Fickian release kinetics.

3.5.1. Comparative release studies of BNS3 gel and marketed
butenafine cream

The comparative drug release profiles showed 92.88 ± 0.22%
BTF release within 3 h for commercial (1% w/w, cream) whereas,
BNS3 gel exhibited 89.9 ± 0.15% drug release sustained for up to
24 h (Fig. 7). Relatively slow, less drug release was evident from
the release profiles BNS3 gels. This could be due to viscosity that
hinders and controlling the drug release.

3.6. In vitro antifungal studies

In-vitro results of antifungal activity performed against two fun-
gal strains is represented in Fig. 8. Zone of inhibition (mm) exhib-
ited for pure BTF (C. albican: 10.2 ± 0.2; A. niger: 14.3 ± 0.1), BNS3
gel (C. albican: 25.5 ± 0.8; A. niger: 28.4 ± 0.3) and for commercial
fungicidal cream (Product Name with Copyright or TM symbol) (C.
albican: 15.5 ± 1.2; A.niger: 18.7 ± 0.2). It was also established that
BTF had more fungicidal activity against A. niger as compared to C.
albican pathogenic fungi. The order of fungicidal activity was found
to be BNS3 gel > marketed cream > BTF. According to classification
of antimicrobial activity three levels were reported: strong activity
if diameter of inhibitory zone (ZI > 20 mm), moderate activity
(12 mm < ZI < 20 mm), and weak activity (ZI < 12 mm; As per
bricated BNS formulations.



Fig. 8. In-vitro antifungal activity of BTF, BNS3 gel and Mked cream.

Fig. 9. Stability testing’s drug release profiles (day 1 vs week 12).
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the clause of antimicrobial activity, distance for ZI classified in
highest activity (ZI > 20 mm), moderate (10 mm < ZI < 20 mm)
and lowest activity if (ZI < 10 mm). Based on the aforementioned
statement the developed BNS3 gel formulation was considered to
elucidate the highest fungicidal activity against the selected patho-
genic fungal strains.

3.7. Stability studies

The particle size was found to be (543 ± 0.67 nm) and (568 ± 0.
37 nm) for before and after stability testing of BNS3 gel formula-
tion respectively. The variation could be due to storage and imbib-
ing of NS with gel, particle still remain in the nanorange scale.
Based on the cumulative % drug release the similarity factor value
of BNS3 gel, for before and after stability testing was found to be
(f2: 75) Fig. 9. If the calculated f2 ranged between 50 and 100, then
drug release profiles considered to be similar and compendia com-
ply. On the ground of particle size and similarity factor (f2) BNS3
gel was considered to be stable.

4. Conclusion

The nano based gel formulation is ideal for the effective treat-
ment of fungal infections, since the nanocarrier could permeate
the drug deeper into skin layer where other topical semisolid
preparations may not reach. Nanocarriers improve therapeutic effi-
cacy by channelizing drug into target site deeper into skin layers
for complete eradicated of fungal infections. The developed BTF
loaded NS impregnated carbopol polymeric gel could be efficient
drug delivery system (DDS) of antifungal agent for the effective
treatment of fungal infections by sustaining the drug release,
thereby reducing the dosing frequency and reoccurrence of SFI.

Reoccurrence of fungal infection is very often in Candidiasis and
Aspergillosis, therefore BNS3 topical gel could be considered as a
potential DDS in the treatment of skin-related fungal infections.
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