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A B S T R A C T

Superficial fungal infection in immunocompromised patients can lead to many disorders and complications.
Currently, new topical treatment options are critically needed to treat these fungal infections. Luliconazole (LZL)
is a topical antifungal medicine used for fungal infection treatment. The purpose of this paper was to develop a
new topical luliconazole nanocrystal (LNC) incorporated hydrogel. This study suggested the potential benefits of
LNC embedded in a gel as a drug delivery system for topical antifungal treatments. Preliminary experiments were
therefore carried out to characterize the LNC in comparison with raw drug. Prepared gel was homogeneous for
human use with about 88 percent trapping, non-irritant and safe. Nano-systems showed an overall 5 fold
enhancement in solubility, 4 fold increase in dissolution velocity, higher skin retention and better antifungal
activity. Drugs retained from LNC hydrogel (N-GEL) in different skin layers within 8 h were the highest, i.e.
62.17% compared to coarse suspension (41.87%), nanosuspension (49.77%), D-GEL (55.76%). In addition, LNC
and N-GEL had higher ZOI (41.20 � 0.61mm and 44.25 � 0.57mm respectively) than LZL and D-GEL (35.98 �
0.81mm and 36.83 � 0.83mm respectively). Therefore, it was observed that LNC loaded hydrogel was more
effective in killing the fungus. Consequently, hydrogel incorporated with LNC could be a new approach with
improved activity and increased dermal delivery for drugs with poor aqueous solubility rather than coarse drug
containing gel.
1. Introduction

LZL is a topical broad-spectrum antifungal drug, approved by the FDA
(USA) in November 2013 [1] LZL has lower aqueous solubility that limits
dermal bioavailability and acts as a barrier to topical delivery [1, 2]. The
solubility of the drug in the lipid phase of stratum corneum also acts as a
rate-limiting step for permeation [3]. Fungal infection involves
epidermis, dermis as well as deeper layers of skin that require to
customize the drug delivery in such a way which localize high drug
concentrations at epidermis and dermis layers. However, the commercial
topical formulation of LZL (1%w/v cream LUZU®) is associated with
lower skin permeation and shorter skin retention of drug [1]. In recent
years, the nano-carriers based topical formulation such as nanoparticle,
nanoemulsion, lipid nanoparticle, nanocrystals etc. have gained a great
importance as a potential drug carrier for topical delivery due to their
unique advantages and great versatility as compared to conventional
formulations. Presently nanocrystals have gained an increasing interest
and found to be superior to other nano-particulate system due to high
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drug payload capacity, use of minute quantity of excipients, higher
chemical stability, lower toxicity, easy scale up and manufacturing [4].
Drug nanocrystals are crystalline nanosized particles with a 100% drug
load. Nanocrystals are produced as a liquid dispersion and consist of raw
drug stabilized with a polymer or surfactant [5, 6]. Drug preparation as
nanocrystals improve bioavailability and skin penetration due to
improved solubility and prolonged retention at site of infection [7, 8].
The synergistic effect of the dermal delivery observed with nanocrystals
was depot formation in hair follicles and increased penetration. The
increased penetration resulting from the nanocrystals will be due to
improved saturation solubility. Therefore, resulting in increased con-
centration gradient between skin and formulation in the initial stage,
followed in the later stage by maintaining the concentration gradient
between the follicular space and the surrounding cells [9].

In present work, the prepared nanocrystals of LZL was incorporated
into hydroalcoholic gel for providing improved drug penetration and skin
retention at site of infection. Hydrogels are crosslinked in a three-
dimensional arrangement with the advantages of having porosity in the
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gel matrix that allows the loading of hydrophilic or hydrophobic drugs.
They have high water content, bioadhesive nature, high biocompati-
bility, biodegradability and form deposits from which drugs slowly elute
into surrounding tissues, maintaining a high local concentration over a
long period of time [10, 11]These are good alternatives to oil-based
ointment, convenient for topical application with ease [12]. The
hydro-alcoholic gel used in this study consists of water and alcohol (PEG,
propylene glycol) containing a gel-type mixture. Propylene glycol acts as
a cosolvent and penetration enhancer while ethanol acts as a cosolvent to
facilitate the distribution of drugs in gel [13]. Ethanol plays an important
role in increasing the concentration of low aqueous soluble and hydro-
phobic drugs in stratum corneum for permeation, resulting in synergistic
action [14].

Therefore, the aim of the study was to prepare and characterize LNC
loaded hydrogel as potential carrier for topical delivery. Here firstly, LNC
were prepared by modified nanoprecipitation method, which were later
used for incorporation into the prepared hydrogel base. The optimized
LNC loaded hydrogel formulation were evaluated for its particle size
distribution, in vitro drug permeation through excised rat skin, in vivo
skin retention study in different layers of skin, in vitro antifungal activity
and skin irritation study. The results of the study showed that N-Gel
showed highest retention of drug into skin and wider zone of inhibition
compared to D-Gel.

2. Material and method

2.1. Materials

LZL was obtained as a gift from Virupaksh Organics Ltd., Telangana,
India; Vit. E TPGS received as a gift from Antares Health Products Inc.,
Bhiwandi, India; HPMC K100 and Carbopol 934P acquired fromHiMedia
Laboratories Pvt. Ltd., India; Candida albicans (MTCC No 183) bought
from CSIR-IMT, Chandigarh, India.

2.2. Preformulation studies

2.2.1. Determination of Aqueous Solubility
Saturation shake - flask method was used to determine LZL's aqueous

solubility. The excess amount of LZL was dispersed in distilled water and
shaken at 50rpm and 37 �C for 72h, filtered and analyzed at a λmax of
299 nm using UV spectroscopy [15, 16].

2.2.2. Determination of lipophilicity
The traditional shake flask method was used to determine lip-

ophilicity. LZL was placed into a flask andmeasured volumes of n-octanol
and aqueous buffer (acetate buffer pH 5.5) were added. The flask was
agitated for 72h to achieve equilibrium. The solution was transferred to a
separating funnel and left aside for half an hour to separate the two
phases. The test compound in each phase was sampled and quantitated
using UV spectrophotometer at wavelength of 299nm. The ratio of ob-
tained concentration in n-octanol phase to the concentration in the buffer
phase was determined and the log10 P of the ratio was calculated [17].

2.3. Compatibility study

FTIR analysis for LZL, Vit. E TPGS, Physical Mixture (LZL: Vit. E TPGS
in 1:1) and LNC was performed by FTIR NICOLET 6700. Each sample was
mixed in 1:100 with potassium bromide and later compressed into pellets
observed from 4000 to 400cm�1.

2.4. Preparation of LNC

The modified method of nanoprecipitation used in this study was
adopted from studies conducted by Bilati, U. et al., 2005; Geng, T. et al.,
2017; Choi, J.S. and Park, J.S., 2016; Mishra, B. et al., 2015 with some
minor modifications. Vit. E TPGS (0.1–1%w/v) was employed as a
2

dispersion stabilizer. Initially, 10ml organic solution (0.05%w/v of drug
in methanol) was added to 50ml of aqueous Vit. E TPGS solution using a
22 gauze syringe while continuously stirring at 2000rpm with a me-
chanical stirrer (Remi Electrotechnik Limited). The aqueous solution was
maintained at 2 �C using ice bath while stirring for immediate precipi-
tation, preventing crystal growth and acquiring a uniform size distribu-
tion. Rapid addition of organic phase to aqueous phase maintained at 2
�C resulted in immediate precipitation from antisolvent. Formed
dispersion was stirred at 2000rpm for additional half hour and probe
sonicated (Sonics Vibro Cell, 20 kHz, 1500 Watt) for 30 min at pulse rate
30/30 while maintaining the dispersion at 25 �C. LNC was collected by
centrifuging for 10 min at 4 �C and 10000rpm using a high speed cooling
centrifuge (Remi C-24 BL). For modifying the LNC surface, LNC was re-
dispersed in 1% HPMC for an interval of time while stirring to obtain
modified nanocrystals, collected by centrifugation at 10000 rpm at 4 �C
and then re-dispersed in distilled water, filtered (Whatmann filter paper
0.2μm) and dried at room temperature [18, 19, 20, 21].

2.5. Evaluation of nanocrystals

2.5.1. Particle size and size distribution
Dynamic light scattering was used to determine particle size of

nanosuspension in distilled water using Zetasizer Model ZEN3690 Ver.
7.03 Serial Number: MAL1093032 (Malvern Instruments, UK). Average
particle size diameter (ZAve) and polydispersity index (PDI) reflecting
mean particle diameter and size distribution width were measured
parameters.

2.5.2. Determination of drug content
Drug content of prepared LNC dried at room temperature was

determined using UV-visible Spectrophotometer (Shimadzu 1800). 5mg
of nanocrystals was dissolved in 10ml methanol in a 10ml volumetric
flask followed by filtration (Whatmann filter paper 0.2μm). Concentra-
tion of filtrate was determined spectrophotometrically at a λmax of
299nm [15].

2.5.3. Determination of solubility
LNC in excess was dispersed in distilled water and acetate buffer pH

5.5 and subjected to the shaking at 50rpm and 37 �C for 72h to attain
equilibrium, filtered (Whatmann filter paper 0.2μm) and analyzed at
299nm using UV-Visible spectrophotometer [16].

2.5.4. In-vitro dissolution study
The in vitro powder dissolution study of LZL and LNCwas determined

using USP Apparatus 2 dissolution tester [22]. The dissolution test was
carried out in 900ml of pH 5.5 acetate buffer with rotating speed of
50rpm and temperature maintained at 37 � 0.5 �C. An equivalent
amount of drug was introduced directly into the dissolution medium. At
predetermined time interval, 5ml of sample was withdrawn and replaced
with fresh medium. Samples were filtered (Whatmann filter paper
0.2μm) and analyzed at observed λmax 299nm (Model: UV-1800 Shi-
madzu). Three replicate dissolution tests were performed for each
formulation [16, 23].

2.5.5. Short term stability study
Effect of temperature: For stability testing of prepared nano-

suspension, selected samples were stored at room temperature, 2 �C and
40 �C. The particle size was analyzed on 0, 1 and 7 days of storage [24,
25].

Effect of thermocycling: Nanosuspension was stored at 2 �C for 24h
followed by storage at 40 �C for next 24h for one cycle. After four cycles,
particle size and zeta potential were determined [24].

2.5.6. Scanning electron microscopy (SEM)
The morphology of LZL and LNC was examined by SEM (LEO, model

no. 435 VP, England). A small quantity of drug nanocrystals was placed
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on the surface of metal stubs by aid of adhesive tape and was gold coated
with a sputter coater for preparation of sample.

2.5.7. Powder X-Ray diffraction (PXRD)
PXRD analysis was performed for LZL, physical mixture (LZL: Vit. E

TPGS in 1:1) and LNC using D8 Advanced Diffractometer (Bruker AXS D8
Advance, Serial Nr- D8-03/202035 D76181 Karlsruhe, Germany at
scanning rate of 2 �C/min over a 2θ range of 5–40 �C.

2.5.8. Differential scanning calorimetry (DSC)
DSC was performed using instrument EXSTAR TG/DTA 6300. In DSC

analysis 10 mg of sample was placed in an aluminium pan and examined
at scanning rate of 10 �C/min at temperature range of 0–800 �C in an
inert atmosphere maintained with nitrogen.

2.6. Preparation of gel

Firstly gel base was prepared by dispersing the Carbopol 934P into
known quantity of water while continuously stirring at 600rpm followed
by addition of methyl paraben sodium (0.02%w/v) and propyl paraben
sodium (0.1%w/v) and was stirred for additional half hour. Prepared gel
base was kept aside for a period of 24h. Secondly LZL (0.5%w/w) and
LNC (0.5%w/w) was dispersed in appropriate quantity of propylene
glycol (5%w/w) and 1% ethanol (20%w/w) later added to carbopol gel
bases while stirring at 1000rpm followed by further agitation for 30min
to obtain D-GEL and N-GEL respectively. Tri-ethanol amine (TEA) was
added to maintain pH of 5.5–6.5 for maximum efficiency and stirred
thoroughly to get clear homogeneous gel [26].

2.7. Evaluation of gel

2.7.1. Determination of pH
Determination of gels’ pH was done with the help of Digital pH meter

(Systronics). The glass electrode of pH meter was dipped in prepared gel
and rotated to measure the pH of gel.

2.7.2. Determination of viscosity
Viscosity of gel was determined with the help of Brookfield Viscom-

eter. The Viscosity of different batches of gel was measured at 50 and
100rpm and compared to select desired viscosity range.

2.7.3. Drug content uniformity
Drug content uniformity study for gel was done to measure the ho-

mogeneity of system. In order to measure homogeneity of system, the
top, middle, and bottom layers of gel (1g) was taken out and dissolved in
methanol. The gel was vortexed (5min) and centrifuged (10min) to
extract drug from matrix and the drug content was determined using UV
Visible Spectrophotometer.

2.7.4. Skin irritation study
Skin irritation study of gel was assessed on male albino Wistar rats

110–125g after receiving an approval from Control and Supervision of
Experiments on Animals, CPCSEA Committee (CPCSEA/IAEC/SBS/
2017–18/0015). The formulation was applied on 1cm2 region of skin
and left exposed for 48h. The application site was wiped with water and
examined for the dermal reaction (edema and erythema) after pre-
determined interval [27, 28]. Area was inspected visually according to
irritation score method reported by Dreher F. et al. 1996 for judging
erythema graded as 0 no erythema, 1 slight redness (spotty or diffused), 2
moderate uniform redness, 3 intense redness, 4 fiery red with edema
[28].

2.8. Ex-Vivo drug permeation studies

Male albino Wistar rats of 5–6 weeks old weighing 110–125g were
used. Informed consent has been obtained for experimentation with
3

animal subjects (CPCSEA/IAEC/SBS/2017–18/0015). Rats were sacri-
ficed, shaved and excised from the dorsal region of skin. Skin was
mounted on Franz diffusion vertical cells between receptor compartment
and donor compartment facing the stratum corneum (SC). The receptor
was filled with 7.5ml physiological saline solution (pH 7.4 buffer:
methanol as 9:1 to provide sink condition) continuously stirred at 50rpm
and thermostated at 37 � 0.5 �C. Coarse Suspension and Drug Nano-
suspension (5mg each ml), D-GEL and N-GEL (5mg each gram) was
applied to the skin surface and complete emptying of the receiving so-
lution was made at predetermined time intervals with replacement with
the fresh solution after each sampling. Finally aliquots were filtered and
analyzed at 299nm for drug content. After 8h, the skin specimens was
gently washed, Subcutaneous (SC) and Epidermis (EP) were separated
from the dermis (DE) with a scalpel. SC, EP and DEwere cut and placed in
a flask with methanol to sonicate for 10 min for extracting the drug.
Tissue suspensions were centrifuged at 3000rpm for 10 min, filtered and
assayed for drug content. Cumulative amount of drug was plotted as a
function of time [27, 29].

2.9. Antifungal study

Using Candida albicans (MTCC No 183), an in vitro inhibition zone
assay was conducted. Filling 25mL of Sabgroud Dextrose Agar into a petri
dish prepared the agar plates. Two wells with volumes of 100μL were
punched into the agar plate after solidification. To avoid the growth of
other undesirable microorganisms except for Candida albicans, all plates
were sterilized at 121 �C for 15min before use, followed by a uniform
spread of 100μL Candida albicans (4� 106 cfu/ml) across the entire agar
surface using a sterilized spreader rod. After 1 h of rest, 100μL of LZL
suspension (1 mg/ml) as control and 100μL of LNC nanosuspension (LNC
equivalent to 1 mg LZL/1ml) as test were filled into two separate wells in
a plate and 100mg each of D-Gel and N-GEL into two separate wells of
other plate were filled. All plates were incubated for 72 h at 30 �C. The
inhibition zone assay samples were examined in triplicate [30].

2.10. Statistical analysis

All results were statistically analyzed using version 6.05 of graph pad
prism. The results were shown with standard deviation (SD) in mean (*n
¼ 3). For group comparison, ANOVA and Student's t - test were used. The
statistical significance at p 0.05 has been set.

3. Results

3.1. Preformulation studies

Preformulation studies have been conducted to determine the phys-
icochemical properties of the drug (e.g. solubility and permeability). LZL
compatibility with excipients has been determined to prevent the prob-
lem of incompatibility. LZL solubility has been obtained as 0.003435 �
0.00678 mg/ml and 0.003356 � 0.000102 mg/ml in aqueous and ace-
tate buffer (pH 5.5) reflecting poor solubility. In addition, the non-
aqueous solubility was found to be 18.734 � 0.24 mg/ml for LZL in n-
octanol. The LZL's lipophilicity was successfully determined where log10
P was obtained as 3.75 near the reported value of 4.07 [1]. Luliconazole
has therefore been concluded to be a drug of BCS Class II.

FTIR analysis for LZL, Vitamin E TPGS, physical mixture and LNC was
successfully conducted (Fig. 1). The FTIR analysis of LZL showed ab-
sorption at 3039.39, 3076 & 3119cm-1 for Aromatic C–H Stretching,
2941 for C–H aliphatic stretching, 2527 & 2614cm-1 for S–H Stretching,
2199.08 for C�N Stretching, 1698cm-1, 1737, 1816, 1892 for C¼C
Alkene Stretching, 1634cm-1 for C¼N Stretching, 1555.96cm-1 for C¼C
Aromatic Stretching and 761 & 1100cm-1 for C–Cl Stretching. Spectra of
Vit E TPGS showed absorption at 2916.5 for C–H aliphatic stretching,
1465, 1574.6, 1643 C¼C for aromatic stretching, 742.7 for C–Cl stretch
and 3474 for O–H stretching. Physical mixture showed band at 3039,



Fig. 1. FTIR Spectra for luliconazole (LZL), Vitamin E TPGS, Physical Mixture of drug and Vitamin E TPGS in 1:1 (PM) and luliconazole nanocrystals (LNC F 19).
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3124 for C–H Aromatic stretching, 2925 C–H aliphatic stretching, 2201,
2240 C�N Stretching, 1642 C¼N- stretching, 1471, 1557 C¼C aromatic
stretching, 1471, 1586 Aromatic C¼C for Chlorobenzene, 759 C–Cl
stretch and 3440 for O–H stretching. No difference was observed in the
absorption band for chemical bonding of pure drug and vitamin E TPGS.
This revealed the compatibility of luliconazole with vitamin E TPGS.
Furthermore, bands for LNC found that there were not many peaks
observed with LZL alone (2941 C–H aliphatic stretch, 2527, 2614 S–H
Stretching, 1698, 1737, 1816, 1892 C¼ C Alkene Stretching) although
peaks for vitamin E TPGS (3441 O–H Stretch, 3) were observed. This
reflected proper LZL encapsulation within the stabilizer protective layer.
3.2. Development of method

Modified nanoprecipitation method has been selected as an ideal
method for the preparation of luliconazole nanocrystals involving tem-
perature maintenance at both treatment phases, i.e. nanoprecipitation
and cooling sonication probe. Step by step Optimization was performed
for stirrer speed, solvent system, stabilizer concentration, and tempera-
ture to bring microcrystals in nano-range. For the preparation of lulico-
nazole nanocrystals, methanol as solvent, 2000rpm velocity,
concentration ranging from 0.1 to 1% w/v and temperature control of 2
�C in the first phase and 25 �C in the second phase were selected
(Table 1). The rapid addition of organic phase to aqueous phase main-
tained at 2 �C in modified method resulted in immediate precipitation
from antisolvent also reported by Geng, T et al., 2017 [19]. Temperature
Table 1
Optimization table for speed, solvent and concentration.

Formulation code Concentration of Vit. E TPGS (%w/v) Spe

F1 0.25 100
F2 0.25 200
F3 0.25 400
F4 0.25 600
F5 0.25 200
F6 0.25 200
F7 0.1 200
F8 0.5 200
F9 0.75 200
F10 1 200
F11 2 200
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control at the initial stage of nanoprecipitation helped to achieve ho-
mogeneity as a result of which smaller nanocrystals with lower PDI were
obtained on cool probe sonication. The combination resulted in similar
results to combinations such as bead milling with HPH which increased
homogeneity by decreasing larger crystals and aggregates of bead milling
[9, 25].
3.3. Evaluation of nanocrystals

3.3.1. Determination of particle size
Nanocrystals were successfully prepared where the size and PDI value

of Vit. E TPGS increased from 0.263 to 0.896μm and 0.093 to 0.96
respectively (Table 2). Results were obtained in contrast to Ghosh I et al.,
2011, where size decreased with increasing Vit. E TPGS concentration
[31]. The size of prepared nanocrystals was between 0.263-0.611μm,
close to the reported value of 0.25 and 0.66 μm, which are optimal for
fast dissolution and hair depot formation, respectively, as Zhai X et al.
concluded in 2014 [25]. Particles from 0.2 to 0.6μm may penetrate
deeply and locate in hair follicles [9].

3.3.2. Determination of drug content, % entrapment and solubility
Drug content, percentage of trapping and solubility have been suc-

cessfully determined. Each LNC 5 mg found 4.66 mg LZL with 93.206
percent w/w entrapment. Similar drug trapping (90–95% w/w) was also
reported for Ige P. P. et al. 2013 nanosuspension [6]. LNC water solu-
bility was found to be 0.015809 � 0.001752 mg/ml, i.e. 5 times the LZL
ed (rpm) Solvent Size (μm) PDI

0 Ethanol 15.3 0.238
0 Ethanol 2.795 0.350
0 Ethanol 4.996 0.815
0 Ethanol 18.6 1
0 Propanol 3.689 0.656
0 Methanol 2.272 0.287
0 Methanol 2.312 0.312
0 Methanol 2.648 0.572
0 Methanol 3.747 0.717
0 Methanol 4.064 0.853
0 Methanol 5.727 1



Table 2
Effect of temperature control on nanocrystal size.

Concentration of Vit. E TPGS (%w/v) Formulation code Method Size (μm) PDI

0.25 F12 Nanoprecipitation þ Simple Probe Sonication (No temperature control) 28.96 1
F15 Nanoprecipitation þ Cooling Probe Sonication for 15min (temperature controlled) 0.910 1

0.5 F13 Nanoprecipitation þ Simple Probe Sonication (No temperature control) 16.5 1
F16 Nanoprecipitation þ Cooling Probe Sonication for 15min (temperature controlled) 0.991 0.731

0.75 F14 Nanoprecipitation þ Simple Probe Sonication (No temperature control) 19.3 1
F17 Nanoprecipitation þ Cooling Probe Sonication for 15min (temperature controlled) 1.225 0.849

0.05 F 18 Modified Nanoprecipitation method. 0.112 0.353
0.1 F 19 0.263 0.093
0.25 F 20 0.278 0.254
0.5 F 21 0.506 0.556
0.75 F 22 0.611 0.772
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solubility.

3.3.3. Determination of dissolution velocity
LNC and LZL dissolution testing was conducted to determine the ef-

fect of nanosizing on the velocity of dissolution. There was a noticeable
increase in dissolution and was significantly different (P < 0.05). About
7.27 � 2.41 percent and 27.65 � 3.63 percent of LZL and LNC respec-
tively were dissolved within 6h (Fig. 3 C).

3.3.4. Stability studies
Effect of Drying: Nanosuspension based on 0.25% w/v vitamin E

TPGS analyzed on 0 and 1 day prior to drying showed a slight increase in
crystal size. Significant increase in nanocrystals size was observed after
drying at room temperature with more pronounced increase in oven
drying at 40 �C (Table 3). In addition, a slight decrease in PDI with an
increase in nanocrystals size was observed. Results favored the study of
Vidlarova L et al., 2016 where it was reported that increased size
decreased PDI for nanoparticles based on Plantacare 1200 and 2000 [9].

Effect of Additional Stabilizer: Nanosuspension based on 0.1 percent
w/v Vit. E TPGS showed an increase in particle size at room temperature.
Particulate size was steady at 2 �C for lower storage temperature. Crystal
exposure to higher temperatures, i.e. 40 �C, and drying at room tem-
perature resulted in an increase in particle size. Whereas a slight increase
in size was observed with combination nanosuspension based on vitamin
E TPGS (0.1 percent w/v) and HPMC (1 percent w/v) stored for a week at
room temperature and 40 �C. Nanosuspension stored at different tem-
peratures (thermocycling) was more likely to grow in particle size. In
addition, although the combination-based nanocrystal thermocycling
process resulted in a larger size, the observed size was still within the
nano-range with very low PDI. Thus, the stabilizer combination found to
have a synergistic effect on stabilization (Table 4), identical to the
observation made by Ghosh I et al. 2012 that prevented agglomeration
and crystal growth during processing or its shelf life by providing better
steric hindrance [32].

3.3.5. Scanning electron microscopy
LZL and LNC morphology has been successfully identified. LZL with

broad size distribution was found to be irregular (Fig. 2 A). LNC was a
narrow size plate shaped (Figs. 2B & 2C), similar to the nanosuspension
based on TPGS as reported by Yue P. F. et al., 2013 [33].
Table 3
Effect of Drying on Particle size and PDI.

Sample Storage Condition Size (μm) PDI

0.25%w/v Vitamin E TPGS Room Temp/0 day 0.278 0.254
Room Temp/1 day 0.289 0.253
Room Temp/1 week 0.292 0.32
Dried at Room Temp 0.493 0.112
Oven Dried (40 �C) 1.438 0.316
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3.3.6. X-Ray Powder Diffraction
X Ray Powder Diffraction studies were conducted to determine the

stabilizer's influence on the existing LZL state and analyze potential
changes in crystalline state after drug formulation as nanocrystals
(Fig. 3A). Coarse luliconazole (LZL) showed characteristics peak at 2θ ¼
15.6857, 17.5783, 20.665, 21.1058, 22.6466, 23.8135, 25.0052,
26.2619, 27.2455, 29.1017and 42.6894 indicating presence of crystal-
line nature. Diffraction patterns for 1:1 physical mixture of drug and
stabilizer were observed at 2θ ¼ 15.8295, 18.8069, 20.8869, 21.3359,
22.96, 24.2447, 25.1518, 27.5892, 30.9059, 33.6395, 34.9483,
35.4005, 39.5721, 41.6825, 42.9524, 44.8374 and 53.8326 with iden-
tical peaks for coarse drug. The patterns for Vit. E TPGS stabilized
nanocrystals exhibited sharp peaks at 2θ ¼ 21.0533, 22.4937, 24.9074,
26.1712, 30.601, 34.3614, 36.6835, 37.8667, 42.4697, 43.4029,
45.9582, 46.6987, 47.6778, 48.6929, 49.9848 and 51.1346. Diffraction
peak observed at 2θ¼ 23 in PXRD pattern represented (021) plane due to
two chlorine and a nitrogen atom belonging to cyano group [34]. Pat-
terns observed for LZL and physical mixture were found to be quite
similar, probably due to the non-homogenous distribution of the drug to
the stabilizer's interior and surface. In addition, the peak at 2θ ¼ 23 with
LNC was most likely not observed due to the presence of stealth layer
around drug stabilizers and thus reflected complete encapsulation of
drug within the polymer matrix. Ige P.P. et al., 2013; Kumar R. and Siril
P.F., 2017 has achieved similar results [6, 35].

3.3.7. Differential scanning calorimetry (DSC)
The DSC curve for LZL showed a sharp endothermic peak at 149 �C

similar to the reported value [42] and a degradation curve at 589 �C,
while the LNC showed an endothermic peak at 590 �C (Fig. 3B) with
endothermic peak at 151 �C. Thus DSC Curve for LNC revealed the
crystalline state to be preserved.

3.4. Optimization of gel

Viscosity and percentage entrapment were assessed for the prepared
gel. For the study, 0.75% w/w and 1% w/w carbopol had insufficient
viscosity, i.e. 30 and 48cP respectively. 1.5 percent w/w viscosity was
sufficiently good (377cP) similar to the gel viscosity reported by Jana S.
et al. 2014 [36]. Prepared gel (1.25–2% w/v) was checked for trap ef-
ficiency where only 1.25% w/w and 1.5% w/w showed acceptable re-
sults (68.8% and 74.4% respectively). Based on reflected viscosity and
better trapping, 1.5 percent w/w carbopol gel base was selected as ideal
for LNC gel preparation Plastic homogenizer was used as a stirrer to
ensure proper mixing, resulting in a homogeneous gel with 88 percent
entrapment. Loss in trapping may be due to material adhesion to
container surfaces.

3.5. Evaluation of gel

PH, viscosity, spreadability, and trapping were evaluated for the
prepared gel. The D-GEL (375 cP) and N-GEL (372.9 cP) viscosity



Table 4
Stability Study for 0.1%w/v Vitamin E TPGS and Combination (0.1%w/v Vitamin E TPGS with 1%w/v HPMC) based Nanocrystals.

Storage Condition/No of Week Exposed 0.1%w/v Vitamin E TPGS

Size (μm)* PDI* Zeta*

Room Temp/0 day Sample 0.263 ± 22.12 0.093 � 0.11 -18.36 � 0.21
Room Temp/1 day 0.312 � 50.08 0.120 � 0.10 -18.36 � 0.23
Room Temp/1 week 0.446 ± 40.01 0.94 � 0.102 -17.6 � 0.87
2�C/1 week 0.358 � 51.14 0.15 � 0.13 -17.36 � 0.40
40�C/1 week 2.571 � 405.89 0.80 � 0.34 -1.81 � 0.08
Air dried/1 week 2.038 � 1115.66 0.53 � 0.40 -1.81 � 0.14
Room Temp/0 day þ1%w/v HPMC 0.296 ± 11 0.53 � 0.19 -19.1 � 0.21
Room Temp/1 day 0.335 � 39.43 0.502 � 0.49 -19.1 � 0.23
Room Temp/1 week 0.352 ± 50.57 0.12 � 0.072 -19.07 � 0.66
2�C/1 week 0.405 � 50.20 0.76 � 0.25 -19.07 � 0.66
40�C/1 week 0.562 � 33.24 0.26 � 0.16 -19.5 � 0.30
Air dried/1 week 0.833 � 252.54 0.44 � 0.49 -19.0 � 0.26
40 �C for 1 h and 2 �C for 1h 3 cycle/1 week (thermos-cycling) 0.664 � 49.51 0.12 � 0.041 -18.60

*n¼3, mean � SD.
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observed were equivalent to the desired value and suitable for use. Gel
pH was about 5.8 � 0.06 close to the pH of normal human skin and had
good spreadability of the skin surface. Percentage entrapment was found
to be 88 percent with homogeneity throughout the different layers of gel
for both formulation with developed method.

3.5.1. Skin irritation study
In order to confirm the safety of formulated gel, skin irritation test

was conducted. Even after 48h, the formulation did not show any
erythemal and edemal scores. The average skin irritation score was 0.33
(slight redness in a rat) which is less than 5 indicating the non-irritating
nature of gel when applied to human skin [28]. All excipients used in the
formulation were therefore found to be non-irritating and safe for topical
application.

3.6. Ex-Vivo permeation study

Using Franz diffusion cell, Ex-Vivo permeation study from coarse
suspension, nanosuspension, D-GEL and N-GEL was successfully carried
out on rat skin. No significant difference was observed in drug perme-
ation rate across the skin due to coarse suspension and nanosuspension or
D-GEL and N-GEL (P < 0.05). The drug permeated with coarse suspen-
sion, nanosuspension, D-GEL and N-GEL was approximately 128, 163, 93
and 77μg respectively within 2h and 154.78, 200.15, 154.32 and
119.65μg respectively within 6h.

Cumulative skin-permeated drug from N-GEL (4.79 %) compared to
D-GEL (6.18 %) was found to be significantly different within 6 h (P <

0.05), whereas no significant difference was observed for nano-
suspension and coarse suspension. Thus, N-GEL retained a larger amount
of drug into the skin layer. The percentage of drugs retained within 8 h
from coarse suspension, nanosuspension, D-GEL and N-GEL was
Fig. 2. SEM images for A) luliconazole, B) Vitamin E TPGS based nanocrysta
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approximately 41.87, 49.77, 55.76 and 62.17 respectively (Fig. 4B)
where the retention rate with nanosized systems was higher.
3.7. In-vitro antifungal activity study

In vitro antifungal activity for LZL, LNC, D-GEL and N-GEL has been
performed. To determine antifungal activity, the mean inhibition zone
(ZOI) for Candida albicans was calculated. Compared to LZL with a ZOI
diameter of 35.98 � 0.8172 mm, LNC (ZOI 41.20 � 0.6110 mm) was
observed to be more effective in killing fungus. N-GEL also exhibited
higher ZOI of 44.25 � 0.57mm compared to D-GEL (36.83 � 0.83mm).
Microscopy of Candida albicans survived outside the inhibition zone was
found to be similar to previously reported, confirming the presence of
only Candida albicans [37].

4. Discussion

4.1. Effect of speed in nanosization

The system was continually stirred at varying speeds of
1000–6000rpm. It was seen from Table 1, that 2000rpm resulted in
smallest size nanosuspension. Lower speed than 2000rpm resulted in
larger particles which may result from insufficient organic phase
dispersion [38]. Particulate size increased with mechanical stirrer speed
as 2000 (2.795μm) > 4000 (4.996μm) > 6000 (18.6μm) which can be
explained by aggregation of particle. Probably higher rpm generated
greater force on individual particles as additional mechanical energy
which broke the repulsive forces between particles as Ghosh I. et al.,
2012 explained and resulted in aggregation of particle [32]. Similar re-
sults were observed by Kumar S. et al., 2015 [39].
ls and C) Vitamin E TPGS & 1% HPMC Combination based nanocrystals.



Fig. 3. A. X-Ray Diffraction Pattern for luliconazole (LZL), Physical Mixture of LZL and Vit. E TPGS (1:1) and luliconazole nanocrystals (LNC F 19). B. DSC Curve for
luliconazole (LZL) and its nanocrystals (LNC F 19). C. Dissolution Study for luliconazole (LZL) and its nanocrystals (LNC F 19).
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4.2. Effect of solvent system in nanosization

Solvent system used for preparation of organic phase was observed to
influence the particle size. Methanol produced smaller size particles than
ethanol and propanol. Mean size increased in sequence as methanol
(2.272μm) > ethanol (2.795μm) > propanol (3.689μm) (Table 1).
Possibly methanol may have been higher in diffusion rate of solvent into
non-solvent. The rapid diffusion of methanol into the dispersion medium
resulted in nanocrystals being formed. Results were identical to the
observation concluded by Bilati U. et al., 2005 [18].
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4.3. Effect of stabilizer concentration

As demonstrated by Table 2, increased particle size was observed
from 0.112 to 0.893μmwith increasing concentration of Vit. E TPGS. The
result was in contrast to Makhlof A. et al., 2008 study where size
decreased with increasing concentration of stabilizer [40]. Particle ag-
gregation or the ripening of Ostwalds could be a possible cause for the
increase in particle size. The interactions between the hydrophilic chains
of one particle and the hydrophilic chains of another particle, leading to
an agglomeration at higher concentrations, might result in particulate
aggregation [38]. Particle growth with stabilizer overdosing could also



Fig. 4. A. Cumulative amount of Drug Permeated. * D-Gel is gel containing
luliconazole, N-Gel is gel containing nanocrystals. B. Drug Retention Profile. * D-
Gel is LZL Incorporated Gel, N-Gel is LNC Incorporated Gel.
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be due to Ostwalds ripening as stated by Malamatari M. et al., 2018 [4].
Result achieved is in accordance with Colombo M. et al., 2017 where
nanocrystals size rose from 0.188 to 0.206μm with increased concen-
tration of Vit. E TPGS from 0.02 to 2%w/v [41].

4.4. Effect of temperature

Table 2 illustrates the effect of the temperature of the dispersion
systems on particle size during sonicator therapy. The size increased with
simple sonomination as opposed to simple nanoprecipitation due to the
heat generation during sonication (Table 2). The sonification of the
cooling sond (at 25 �C) led to nanosizing crystals and thus reduced the
size of larger, simple nanoprecipitation, crystals. More rapid stabilization
has also been observed as a coolant which encourages crystal formation
while reducing the dissolution of the crystal by prevention of crystal
growth [6, 9, 21]. Likewise Liu D. et al., 2015 prepared nanoparticles by
ultrasonicating micro dispersion for 15 min at 4–8 �C andMishra B. et al.,
2015 restricted the Ostwald ripening by keeping antisolvent system at 3
�C while precipitation [21, 42]. Temperature control in both treatment
phase i.e. nanoprecipitation and probe sonication showed that size
decrease was further reduced due to the weakened recrystallization
mechanism which resulted in a homogeneous nanosuspension with
lower PDI (Table 2).
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4.5. Stability studies

As noted in Table 3, the evident growth of particles after drying could
be due to capillary forces encountered [6, 24, 43]. Changed temperature
results in the destabilization of adsorbed stabilizers on crystals due to
temperature stress [24]. Nanosuspension stored at varying temperatures
(thermal cycling) was prone to crystal growth to a greater extent due to a
higher rate of solubility change [24]. Coalescence of nanoparticles could
be prevented by freezing the sample where a redispersent or cryopro-
tectant such as maltose or mannitol was added before drying [6, 24, 42].
Theoretically, crystal growth during storage may be due to particle
agglomeration or ripening of Ostwalds or both. This observation justified
adding HPMC as an additional steric stabilizer to overcome the stability
problem observed with Vit. THE TPGS alone. Size analysis revealed a
slight increase in size from 0.263 � 22.12 to 0.296 � 11μm with a
combination that could be due to surface modification of Vit E
TPGS-based nanocrystals with HPMC (Table 4). Zeta potential was higher
with Vitamin E TPGS (-18.36 � 0.21) than with combination (-19.1 �
0.21) and more stability will be the zeta potential. The PDI value
observed after one week of combination was also very low whereas a
higher value was observed with Vitamin E TPGS alone due to possible
recrystallization and polydispersed system formation. As a result, better
LNC stabilization was reflected by combination due to improved surface
coverage [44]. HPMC present molecule inside the polymeric network to
give an amorphous product [45]. HPMC also play a major role in
arresting nanocrystal growth possibly due to formation of hydrogen
bonding between moisture held and polymer chain of HPMC. It also
decreases pore formation from leaching of polymers thus providing good
stability [46].

4.6. In-vitro dissolution study

Approximately twice increment was observed with LNC within 1h
which continued to increase within 6–8 h for 4 fold of drug dissolution.
Probably improved in-vitro dissolution was due to strong hydrophobic
interaction between vitamin TPGS and drug molecule [31]. In addition,
nanosization increased the exposed surface area for the media to a large
extent and thus the rate of dissolution. Additionally, shifting particle size
to nano-range increased the solubility of saturation due to increased
dissolution pressure as explained by Gao et al., 2008 [47].

4.7. Crystallinity study

PXRD data as shown in Fig. 3A suggested that neither the method of
nanoprecipitation nor the stabilizer altered the crystalline nature of the
drug. Peaks observed with LZL were wider and diffused where physical
mixture showed peak narrowing. LNC had a distinctive pattern with
respect to LZL pattern. Horizontal small peak shifts may be due to the
presence of a stabilizer protective layer around LZL [21, 35]. The com-
bined results of DSC and PXRD thus confirmed the crystalline nature of
prepared nanocrystals although a reduction in crystallinity was observed.

4.8. Ex-Vivo permeation study

Permeation studies reflected similar permeation across different skin
layers but significantly different skin retention (P < 0.05). Possibly, the
dermal delivery was increased as a result of nanocrystals that increased
adhesion, solubility, and velocity of dissolution. Enhanced adhesion may
be due to increased contact points as a result of nanosizing. Increased
solubility of saturation was the result of increased pressure of dissolution
which maintained the gradient of concentration between formulation
and skin. Increased solubility due to enlarged surface area also resulted in
the rapid dissolution of molecules from the surface of nanocrystals
resulting in an active deposit in the water phase. Molecules penetrated
into the skin were replaced bymolecules as depot in the water phase. As a
result, increased penetration could result from transfollicular absorption,
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reservoir formation, and improved diffusion due to increased concen-
tration gradient between hair follicular space and surrounding cells.
Depot formed from a super-saturated solution in hair follicle is due to a
limited water/moisture ratio [9].

Higher permeation from formulated gel was observed compared to
coarse suspension and nanosuspension (Fig. 4A). Lower cumulative
release observed with coarse suspension and nanosuspension could be
due to crystallization as a result of methanol evaporation from coarse
suspension and nanosuspension. There may be a reduction in concen-
tration gradient and thus in permeation due to crystallization. The higher
permeation observed from gel was due to the synergistic results obtained
with methanol and propylene glycol which maintained the concentration
gradient throughout the application and thus the permeation was slightly
higher [25]. In contrast, the lower permeation observed with N-GEL in
comparison to D-GEL reflected better drug retention from N-GEL. In
addition, drug partition into different skin components was observed
where maximum retention with N-Gel was followed by D-gel, Nano-
suspension and Coarse Suspension (Fig. 4B). Nanosized systems found to
have greater retention with an increase of about 6 percent in drug
retention from N-GEL compared to D-GEL, whereas nanosuspension
increased by about 8 percent compared to coarse suspension (Fig. 4B).
Thus, LNC containing gel could be a promising delivery system for more
efficient treatment of dermatophyte infections.

4.9. Antifungal activity

In vitro antifungal activities were encouraging where LNC systems
showed significantly different ZOI compared to LZL (P < 0.05). Possibly
LNC showed wider diffusion and improved efficiency against Candida
albicans providing enhanced antifungal action. In addition, the ZOI
observed with LNC was also higher than Kansagra H. and Mallick S. 2016
reported for microemulsion-based gel [27]. Thus, formulating LZL as
nanocrystals could be an effective way to improve antifungal potency.

5. Conclusion

Luliconazole is a topical antifungal drug with lower bioavailability
problem due to its poor aqueous solubility. Improving the solubility
could increase the dermal bioavailability and thus LNC were prepared
using Vit E TPGS and HPMC as stabilizer. For preparation of luliconazole
nanocrystal (LNC), a modified nanoprecipitation method was used
involving several optimization parameters such as the stirring speed,
solvent system, stabilizer concentration, and temperature. LNC revealed
several benefits over parent drug (LZL), including 5-fold enhanced sol-
ubility, 4-fold increased dissolution velocity, 6–9% increase in skin
retention and a better antifungal activity. Here, LNC loaded topical
hydrogel was prepared successfully using carbopol as gelling agent which
could potentially be considered as a new antifungal treatment. The re-
sults obtained from this study revealed that prepared LNC loaded
hydrogel has a great potential to improve the topical delivery of LZL as
compared with conventional formulations. In vitro skin permeation and
skin retention studies revealed that LNC loaded hydrogel could obviously
increases skin permeation of LZL in skin and amount of drug retention in
skin layers was significantly enhanced as compared to conventional
formulation (coarse suspension). The skin irritation studies in rat was
furthermore revealed that irritation potential of LZC hydrogel was min-
imal. Therefore, it was concluded that LNC loaded hydrogel formulation
has a great potential for topical delivery with better drug penetration and
retention as well as were safe for treatment of various skin diseases.
However, further studies are needed to fully explore these formulations
such as extensive pharmacokinetic studies, histopathological studies and
toxicity studies. In conclusion, LNC hydrogel could be a new approach
which can be applied in future to improve the dermal delivery of drugs
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with poor aqueous solubility.
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