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ABSTRACT

The main objective of the present study was to developed and evaluated the Bifona-
zole (BFZ) loaded Nanostructured lipid carriers (NLCs) for topical delivery of BFZ. 
BFZ-NLCs were deve26ted for Particle size, EE, DL and drug release profiles. The in-
vitro release studies show better drug release over 24h as compared to the marketed 
formulation. Ex-vivo skin permeation and Pharmacodynamic studies indicated that 
NLCs get effectively reduced the fungal infection. In-vitro antifungal activity study 
shows that the BFZ-NLCs were more effective in inhibiting the growth of Candida Al-
bicans. Therefore, the study concludes that NLCs showed a continuous release profile 
and has the prospective for treatment of topical fungal infections.
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INTRODUCTION

In the recent scenario, fungal infections are widely spread all over the world. Bil-
lions of people are treated every year with either topical or severe systemic fungal 
infections1. Although, antifungal drugs are effective in treating fungal infections 
but they are associated with severe toxicities like liver damage or they may affect 
estrogen levels or may cause allergic reactions. For example, the antifungals with 
azole groups are known to have caused anaphylaxis.

BFZ is an azole derivative and active against the fungal infections such as moulds, 
yeasts, dermatophytes and Gram-positive bacteria. BFZ is mainly preferred for 
the treatment of topical infections as like tinea pedis, cutaneous candidiasis. And 
it is virtually insoluble in water with 1-2 h of half-life2,3. 

Mycelium fungi can deeply penetrate the skin layers and causes the fungal infec-
tion. To overcome this problem, improvement in the activity of the active agent 
for the antifungal treatment is required4. Thus, the NLCs based gel was developed 
for the deeper penetration and retention of the active agents throughout the skin 
layers. Hence, the purpose of the recent study was to develop the NLCs based gel 
of BFZ for the fungal infection ultimately increases the effectiveness of the drug.

Nowadays lipids used in the novel drug delivery system. Because lipids plays a 
important role in improving the bioavailability and enhances the solubility of the 
lipophilic drugs5. NLCs are the advanced form of the nanoparticles. Hence, they 
overcome the limitations over the conventional formulations and SLNs6,7. Previ-
ously, SLNs concerned lot of consideration as a drug delivery system8. Because 
they help to improves the bioavailability and increases the solubility of poorly 
water soluble drugs9. However, depending on the drug, a variety of possible prob-
lems can occur, such as insufficient drug loading and drug leaking during storage. 
Later on, NLCs are developed and designed by mixing the solid lipid with the 
liquid lipid, which leads to exceptional nanostructures with enhanced properties 
for remedial loading, modification of the drug release profile and stability10,11.

NLCs are the advanced form of the nanoparticles and have the reason that they 
formed a less ordered lipid matrix with many imperfections has the capacity to 
integrate big quantities of drugs12. The primary site of action of Terbinafine is the 
stratum corneum in fungal infections residing superficially on the skin layers13,14.

In this context, topical NLC may prove to be a potential option for increasing 
the concentration of drug by controlled targeting up to deeper skin layers. SLNs 
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involve the incorporation of the solid lipid whereas NLCs involve the drug en-
trapment into the solid and liquid lipid mix which may contribute to make it a 
sustained release formulation and thereby overcoming the limitation of SLNs. 
Topical NLC formulation aims to reach the target site with required concentra-
tion to achieve its therapeutic action with minimal adverse effects15,16.

Therefore NLCs, the newer generation of SLNs were chosen to overcome these 
limitations and provide better therapeutic prospects. As a result, the objective of 
the present study was to prepare and optimize. BFZ loaded NLC for topical ad-
ministration and prepared formulations for in vitro release, ex vivo permeation 
and in vivo (Pharmacodynamics) studies which may be found to be more effec-
tive than the SLNs developed before.

METHODOLOGY

Materials 

BFZ was received as a gift sample from Vital Laboratories Private Limited (Gu-
jarat, India). Stearic acid and Castor oil was obtained from Central Drug House 
Ltd. Vardaan House, Daryaganj, New Delhi (India). Tween80 was obtained from 
Central Drug House Ltd. Vardaan House, Daryagan (New Delhi, India). Sodium 
hydroxide pellets, HCL (Concentrated), Methanol AR were obtained from Qua-
likems Fine Chemicals (Mumbai, India). All reagents and solvents used were of 
systematic rank.

Experimental design of BFZ loaded NLCs

A 32 full factorial was applied to design the experiments. Polymer ratio and Castor 
oil were used as independent variables, whereas particle size, percentage entrap-
ment efficiency and percentage Drug loading were kept as dependent variables. 
Formulations F1 to F9 were prepared using three different levels of lipid ratio and 
surfactant and the response parameters were evaluated (Table 1).

Selection of lipids:

The semi quantitative method was used to check the solubility of BFZ in the vari-
ous solid lipids17.the predetermined amount of the drug was precisely weighed in 
the series of test tubes. Different lipids were included increasing sum to particu-
lar test tubes and warmed till medication is absolutely solubilized. The tempera-
ture of test cylinders was kept up 10°C over the softening purpose of lipid utilized 
and shaken irregularly to break down the medication. Test tubes were watched 
outwardly for any medication buildup. The measure of lipid required for solubi-
lizing fixed measure of medication was resolved18,19.
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Selection of solid lipids

The semi quantitative method was used to check the solubility of BFZ in the vari-
ous solid lipids20. The predetermined amount of the drug was precisely weighed 
in the series of test tubes. Different lipids were included increasing sum to par-
ticular test tubes and warmed till medication is absolutely solubilized. The tem-
perature of test cylinders was kept up 10°C over the softening purpose of lipid 
utilized and shaken irregularly to break down the medication. Test tubes were 
watched outwardly for any medication buildup. The measure of lipid required for 
solubilizing fixed measure of medication was resolved21.

Selection of liquid lipid (oils) and surfactants

The solubility of BFZ in various liquid lipids (Castor oil, Oleic acid, Isopropyl 
myristate, Cremophore EL) and surfactants (Tween 20, Tween 80, Span 80 and 
Pluronic F 127) was determined by adding excess amounts of drug in 3 ml of oils 
in small vials. The vials were tightly stoppered and were continuously stirred to 
reach equilibrium for 72 h at 25⁰C in a mechanical shaker. After that, High Speed 
Centrifuge (3K30, SIGMA, Germany) were used to  centrifuge the mixtures at 
15000 rpm for 45 min at 37⁰C22. The upper layer was separated out and solubility 
was determined by UV Spectrophotometer at 254nm. The solubility studies were 
done in triplicate and results reported as ±SD.

Selection of binary lipid phase

The solid and liquid lipid with the best-solubilizing potential for BFZ were mixed 
in different ratios viz., 95:5, 90:10, 85:15, 80:20, 70:30, and 60:40 in array to 
found the miscibility of the two lipids. Lipid mixtures were agitated at 200 rpm 
for 1 h at 85⁰C using a magnetic stirrer (Remi instruments Ltd., Mumbai, India). 
Smearing a cooled sample of the solid mixture onto a filter paper was used to 
find out the miscibility between the two components, the visual observation is 
used to determine the presence of any liquid oil droplets on the filter paper. The 
binary mixture who shows the melting point above 40⁰C which did not expose 
the presence of oil droplets on the filter paper was selected for the development 
of BFZ – loaded NLCs23.

Preparation of NLCs

The weighed amount of drug was added to the lipid phase which was heated at 
10–15⁰C above the melting point of solid lipid and simultaneously, aqueous sur-
factant solution was heated at the same temperature (85⁰C). Then the lipid mix-
ture was poured in the hot aqueous surfactant solution using a magnetic stirrer 
(Remi instruments Ltd., Mumbai, India) at 12,000 rpm for 30 min, to prepare 
the primary emulsion24.
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This primary emulsion was converted to the NLC system using high pressure ho-
mogenizer (Stansted Fluid Power Ltd., Harlow, UK) at 15000 PSI. The obtained 
NLC dispersion was cooled down to room temperature. The NLC dispersion was 
lyophilized for long term stability. Mannitol (5% w/v) was added as cryoprotect-
ant. The samples were frozen at -78ºC for 10 h followed by lyophilization for 36 
h. The lyophilized formulation was reconstituted with phosphate buffer pH 6.8 as 
per the requirements for later experiments.

Evaluation and Characterization of BFZ loaded NLCs

Particle size analysis

The particle size analysis of NLC formulations was done by photon correlation 
spectroscopy (PCS) with a Zetasizer (Malvern Instruments, Worcestershire, UK). 
The PCS provides the mean particle size (z-average).

Entrapment Efficiency (EE) and Drug-loading capacity (DL)

For EE and DL, the drug-loaded NLC dispersion was uniformly mixed by gentle 
shaking. 1.0 ml of this dispersion was diluted with 9.0 ml methanol, centrifuged 
using High-Speed Refrigerated Centrifuge (3K30, SIGMA, Germany) for 45 min 
at 15,000 rpm and then filtered using Millipore membrane (0.2 μL). The analyti-
cal method employed was as per the method reported25. Hence, UV absorption 
spectra of stock solution (10 μg/mL) were scanned for absorbance in the region of 
400–200 nm at 254 nm. Serial dilutions of standard solutions were prepared and 
absorbance was recorded at 254 nm. The calibration curve was prepared and the 
method was validated. The filtrate was collected and appropriately diluted with 
methanol and measured spectrophotometrically (Shimadzu, model UV-1601, 
Kyoto, Japan) at max of 254 nm. The percent entrapment efficiency (EE %) was 
calculated using the following equation26.

% EE = 
(Total)W 

 (Free) W × (Total)W 

 
x 100

 

% DL = 
(Lipid)W 

 (Free) W × (Total)W 

 
x 100

                                              

Wtotal = the weight of drug

 Wfree = weight of drug in supernatant

 Wlipids = weight of lipid 
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Evaluation of BFZ loaded NLC

In vitro drug release study

In vitro drug release studies of NLCs were performed using dialysis bag tech-
nique. The activation of dialysis membrane was carried out. The experiments 
were carried out under sink conditions. 10 mg of each formulation i.e., (F1-F11) 
was loaded into a cellulose membrane dialysis bag immersed in 200 mL of pH 6.8 
phosphate buffer containing 0.8% tween80 solution magnetically stirred at 32⁰C 
at pH 6.8. Samples were taken at predetermined intervals from the receiver solu-
tion, replaced with equal volumes of fresh solvent, and spectrometrically assayed 
for drug concentration at max 254 nm. The correction for the cumulative dilution 
was calculated. The release studies were performed in triplicate27,28.

Differential scanning Calorimetry (DSC) study

Drug lipid interaction in NLCs formulations and crystallinity of drug was ana-
lyzed by performing DSC analysis. Samples were analyzed using SII Nanotech-
nology EXSTAR DSC 6220 in scanning range of 30-300°C at a heating rate of 
10°C/min. Plain drug, lipid, Drug-lipid physical mixture and NLCs formulation 
DSC scans were recorded and compared.

Transmission electron microscopy (TEM)

TEM studies were determined for the NLCs using TEM (TECNAI-G2, 200 kV, 
HR-TEM, FEI, The Netherlands). A drop of NLC was placed on a paraffin sheet 
and carbon coated grid was put on sample and left for 1 min to allow NLCs to 
adhere on the carbon substrate. The remaining NLC was removed by adsorbing 
the drop with the corner of a piece of filter paper. Then the grid was placed on the 
drop of phosphotungstate (1%) for 10 s. The remaining solution was removed by 
absorbing the liquid with a piece of filter paper and samples were air dried and 
examined by TEM.

Preparation of BFZ loaded NLCs Based Gels

The gels were prepared by dispersing 1% w/w Carbopol 940 in the selected NLCs 
formulations and subsequently neutralizing the Carbopol_ dispersion using 
triethanolamine (TEA). The final concentrations of BFZ in the NLCs gels were 
maintained at 0.5, 1 and 1.5% w/w and were coded as G1, G2 and G3 respectively.

Evaluation of NLCs based gel:

Viscosity

Brookfield viscometer (Brookfield engineering laboratories, Inc., MA, USA) was 
used to determined the viscosity of the optimized NLCs gel formulation (Brook-
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field engineering laboratories, Inc., MA, USA) with spindle No. 62 at 10 rpm at 
temperature of 37 ± 0.5⁰C.

Determination of pH

Weighed quantity (1gm) of the NLCs preparation was taken and put in the 100 
mL volumetric flask and made up the volume up to 50ml with distilled water 
(0.2% strength). The pH was determined using pH meter (pH Tutor Bench Me-
ter, EUTECH Instruments, Singapore).

Spreadability

Glass plate was taken and marked a circle of 1cm diameter. Then 0.5g of NLCs gel 
was placed within a circle, over which another glass plate was placed. Half kg of 
weight was placed over the glass plate for 5-10 min. gel spreading diameter was 
noted and compare with the earlier one. 

Ex vivo permeation studies

Ex vivo study was carried out using full thickness rat abdominal skin. In this 
work due to easy availability, the skin of albino rat was used. The species used 
was Wistar Albino Rats of 18–25 weeks and weight of 150–200 g of either sex. 
The abdominal skin was removed and dipped into phosphate buffer saline (PBS) 
pH 7.4. Hairs were removed from the skin by hair removal cream. The subcuta-
neous fat was removed with a scalpel. The skin was mounted on the Franz diffu-
sion cell and the receptor chamber was filled with 20 ml diffusion medium. The 
dispersion medium comprised of PBS pH 6.8 containing 0.8% v/v of Tween-80. 
The skin was situated on the receptor chamber with the stratum corneum facing 
upward in the receptor chamber and after that the donor chamber was clipped 
set up. The abundance skin was cut off and the entire get together was put on a 
magnetic stirrer to consistently mix the medium present in the receptor com-
partment. The distribution cell was set in the dispersion mechanical assembly 
to settle at 32⁰C. The test formulations (Drug dispersion, Marketed formulation, 
optimized formulation, optimized gel formulation i.e., 1% cream) equivalent to 
20 mg drug were applied to the skin. Samples were withdrawn from the receptor 
compartment at predetermined time intervals, and immediately replaced with 
fresh diffusion medium. The studies were performed for 24 h according to the 
clinical application time and samples were analyzed spectrophotometrically at 

max 254 nm. Drug permeation, Flux (μg/cm2/h) and permeability coefficient (Pb) 
[cm-2h-1] studies were calculated using the formulas mentioned29,30.
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In vitro antifungal activity

In vitro antifungal activity of the optimized formulation was determined by using 
cup plate method. In this method, firstly we prepared the dextrose agar media. 
Then sterilization was done by autoclaving and the sterilized media was trans-
ferred into the Petri plate for solidify31. After that inoculation of the fungal sus-
pension was done in solidified media. The borer was used for the bore well must 
be Presterilized (equivalent to McFarland standard no. 0.5). Presterilized stain-
less steel borer was used to bore wells in the media32. NLCs based gel; marketed 
formulation and BFZ STD solution were placed in respective bored well. Petri 
plates were allowed to incubate for growth of fungi and zone of inhibition was 
measured after incubation period33.

In vivo Pharmacodynamics

The in vivo Pharmacodynamics was performed according to the guidelines pro-
vided by institutional animal ethics committee (IAEC) (MMCP-IAEC-17).

According to the procedure required 12 male albino rats (weight 170-200gm) for 
Pharmacodynamic study. Proper diet and water was given for 24-48 h. Then the 
animals were divided into four different groups and each group contains three 
rats. Group 1 is control (untreated rats), groups 2, 3 and 4 consisted of rats induced 
with fungal infection and treated with Bifonazole loaded NLCs based Carbopol 
940 gel, commercial Bifonazole cream (commercial formulation i.e., 1% cream) 
and BFZ dispersion in water, respectively34. All sterilized materials were used.

Preparation of fungal inoculums

Candida albicans culture was obtained from Microbiology Department, 
MMIMS, Mullana, Ambala, India. The Candida albicans was subculture and al-
low for 24 hr growing at 25⁰C and Adjusted the conidial suspension density to 1 
× 106 CFU/ml by hemocytometer and it was used for the inoculum35. 

Orientation of cutaneous candidiasis infection

Firstly, 2 cm area on the back of the rat were make hairless by using hair re-
moval cream and make a hairless square. On the same day, sand paper was used 
to abrade the skin. Ethyl alcohol was used to disinfect the skin and 0.2ml co-
nidial suspension was adhered to the skin by using sterile cotton and kept for 
2-3 days35,36. Then the infected tissues of the skin was excite to the Sabouraud 
dextrose agar media with the help of sterile scalpel (at 25⁰C for 2 days) [36]. Ap-
propriate dilution was done to accomplish countable colony forming unit (CFU) 
development. CFU was checked utilizing a computerized colony forming depend-
ent on countable CFU values. This was preceded till acceptance of contagious 
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disease was affirmed in view of the quantity of CFUs.

Treatment 

BFZ loaded NLC based Carbopol 940 gel, BFZ dispersion and commercial for-
mulation i.e., 2% cream (equivalent to 4 mg drug on daily basis) were applied 
topically and the results in terms of reduction in fungal burden were compared. 
Treatment was started after confirmation of induction of fungal infection by 
counting the number of CFUs. After initiation of treatment, quantitative analy-
sis of fungal burden was performed by the above mentioned procedure.

RESULTS AND DISCUSSION

Selection of components

The criteria for selection of excipients for developing BFZ-NLC include pharma-
ceutical acceptability, non-irritant and non-sensitizing to the skin and that they 
fall under GRAS (generally regarded as safe) category. As per the results of solu-
bility studies, BFZ exhibited maximum solubility in Stearic acid, Castor oil and 
Tween 80. Therefore, BFZ-NLC was prepared using Stearic acid as solid lipid, 
Castor oil as liquid lipid and Tween 80 as surfactant. Based on the visual observa-
tion of smear test, dual lipid phase was selected in the ratio 1:1 w/w (solid: liquid 
lipid ratio) for designing NLC.

Particle size

The particle size of the optimized NLCs was found to be in the nanometric size 
range (160.4 nm) with low polydispersity index (0.338 ± 0.16) (figure 1.). it was 
observed the particle size decreased as the concentration of the liquid oily phase 
was increased. Furthermore. The increased concentration of the surfactant also 
influences the particle size of the Preparation.
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Figure 1: Particle size of optimized BFZ loaded NLCs formulation.

Entrapment efficiency and drug loading

The EE and DL was found to be 98.17 ± .69 and 19.6 ± 1.23. The EE and DL of 
the optimized BFZ-NLCs was Having the capability of lipid to integrate the drug 
and surfactant into the matrix. The solid lipid matrix encloses tiny oil section in 
which drug solubility is higher which increases their total drug loading capacity. 
And liquid lipid also affects the entrapment efficiency and helps in the loading of 
larger amount of drug (table 2).

Optimization of BFZ loaded NLCs

The 32 factorial design was used to study the responses for all formulations on 
the basis of variables. The responses observed for all formulations were Particle 
size (Y1), Entrapment Efficiency (Y2) and Drug Loading (Y3). Table 2 shows the 
experimental design of Stearic acid and castor oil nanoparticles and the results 
of measured responses. The effect of the combination of polymer and surfactant 
(Tween 80) on entrapment efficiency and drug loading was studied using the re-
sponse surface plot and the results of the response surface plot are given in Figure 
2 (a, b, c). Based on the results obtained in preliminary experiments, the amount 
of Stearic acid and castor oil (X1) and concentration of Surfactant (X2) were found 
to be major variables affecting the Particle size (Y1), Entrapment efficiency (Y2) 
and % Drug loading (Y3) of the nanoparticles. In case of particle size, the results 
showed that an increase in PS due to an increase in the polymer concentration 
and a decrease in the volume of organic phase. In case of drug entrapment effi-
ciency, the results indicate that an increase in drug entrapment due to an increase 
in polymer concentration and a decrease in the solvent.
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Figure 2: Response surface plots of factors (particle size, entrapment efficiency, drug loading

Response surface plots

Three-dimensional response surface plots generated by the Design Expert are 
presented in Fig 2(a) for bifonazole nanoparticles. Fig 2(a) depicts the response 
surface plots for the particle size of bifonazole nanoparticles which show an in-
crease in PS due to an increase in the lipid concentration and a decrease in the 
volume of the aqueous phase26,28. Fig 2(b) depicts the response surface plot for 
Drug entrapment efficiency which indicates an increase in drug entrapment due 
to an increase in lipid concentration. Fig 2(c) shows due to the concentration of 
lipids and surfactant the drug loading capacity was increased.

Quadratic model was found to be significant for particle size, entrapment effi-
ciency and drug loading.

Data Analysis

The data generated by evaluation of the formulations were subjected to statistical 
analysis using 32 full factorial designs with the help of design expert software ver-
sion 9.0.5 (state-Ease, Inc., Minneapolis, USA). A statiscal model incorporating 
interactive and polynomial terms was used the evaluated the responses.

Y=b0+b1X1+b2X2+b12X1X2+b11X1
2+b22X2

2

Where Y is the independent variable. Where b0, the intercept is the arithmetic 
mean of the main effects (regression coefficients) b1, b2, b3, b12, b13, b23 and 
b123 were calculated by use of signs in the columns, by adding or subtracting 
the value of the obtained responses, Y. Finally, the values are summed up and 
divided with the number of formulations.  Where X1 and X2 are the coded levels 
of the autonomous factors and X1X2 are the interaction and polynomial terms, 
respectively.

Based on the information acquired from the streamlined details, a general factual 
model can be depicted as for the above information. The model created can be 
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described by utilizing the polynomial condition speaking to the separate reaction 
information. This can be given as takes after: 

Particle Size = 184.70+22.17X1- 7.33X2 - 20.50 X1 X2

Entrapment efficiency = 91.40 - 5164X1+1.07 X2 + 7.53X1X2

Drug Loading = 14.83 – 3.01X1 - 0.4383X2

From the above polynomial equations, 3D response surface graphs were gener-
ated, which were used to predict the responses of dependent variables at the in-
termediate levels of independent variables. Three dimensional response surface 
plots generated.

Evaluation of NLCs

In vitro drug release study

The in vitro drug release profiles (fig. 3) were used to determine % cumulative 
drug release (CDR) varied widely b/w 56.38±2.26 – 92.5±1.18%. This variability 
was observed due to variation in particle size among all the ten formulations. 

Figure 3: In vitro release of BFZ loaded NLCs formulations (F1-F11).
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Formulation F5, F6 & F7 exhibited more than 80% CDR and among these F5 
displayed maximum CDR of 92.5 ± 1.18% due to small sized particles and opti-
mum entrapment efficiency NLCs developed from Span 80 (F1-F4) showed show 
& incomplete CDR OF (56.38 ± 2.26 – 79.35 ± 1.32) and when compared to F5 
– F7 made with Tween 80 (81.2 ± 2.1 – 92.5 ± 1.18). The determinants of this 
variability may be attributed to particle size and PDI that was in turn affected by 
type of copolymer used (Harada et al., 2011). Thus F8 – F11 prepared with PF127 
produced large sized Nanostructured lipid carriers. This led to incomplete drug 
release which was varied from (61.1 ± 2.12 – 70.56 ± 1.82 %).

Differential Scanning Calorimetry (DSC)

The DSC thermogram shows the disappearance of drug peak in the optimized 
formulation (F5) as shown in Fig 4. It means drug is fully enclosed inside the 
lyophilized drug-loaded NLCs.

Figure 4: DSC curve of drug, lipids and surfactant.
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Transmission electron microscopy (TEM) 

The TEM studies were carried out to get more insights into the morphology of 
the NLCs systems. From the study it was observed, that after loading the drug 
into placebo, the particle size of the formulation increased. This might be due to 
the accommodation of the drug in sufficient space in the lipid matrix. The TEM 
images (Fig 5) show the drug enclosed in the lipid matrix. The TEM images of 
BFZ-NLCs show uniform size distribution of lipid nanoparticles having coarsely 
spherical shape. The uniformity in particle size distribution correlates with the 
small PDI (0.38) obtained via photon correlation spectroscopy. The particle size 
after the TEM study was found to be in the range of 160–500 nm.

Figure 5: TEM image of optimized formulation.
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Preparation of BFZ – NLCs based gel

Carbopol 940 in various concentrations 1%, 1.5%, and 2% was used to formulate 
the BFZ-NLCs into the gel. Gel (1.5%) was found to be suitable for gelling the NLC 
because of desirable consistency.

Viscosity

Brookfield viscometer was used to determine the viscosity of the optimized NLCs 
gel formulation. The viscosity was found to be 593 ± 0.98 cps.

Determination of pH

pH Meter is used to determine the pH of the optimized NLCs Gel formulation in 
triplicate at 26⁰C. and the pH was found to be 5.6 ± 0.07. The pH of the NLC-
loaded gel was within the acceptable range for topical formulations and compat-
ible with the pH of the skin.

Spreadability

The ideal gelling formulation is readily spread on the site of application. The in-
creased diameter due to the spreading of test gel formulation is found to be 6.5 ± 
0.05 cm. the obtained value shows the good Spreadability of the test formulation 
and which is essential for the topical delivery

Ex vivo permeation studies 

The aim if the recent study was determined the permeation of drug through the 
skin with controlled release effect. Drug loaded Nanostructured lipid carriers can 
easily penetrate the skin layers. Ex vivo permeation studies was performed for 
drug dispersion, marketed formulation, optimized formulation (F5) and gel for-
mulation (G5) as shown in Fig 6. 
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Figure 6: Comparative ex-vivo permeation of BFZ loaded optimized NLC (F5), Dispersion, M.F 
and G5.

The drug was dispersed within the lipid matrix which was further incorporated 
into Carbopol gel which adhered to the skin and increases the contact time. NLCs 
based gel and optimized formulation shows their skin targeting ability. This is 
desirable for the topical application. NLCs incorporated into gel may induce 
structural change of particle structure due to evaporation of water resulting in 
the transition of lipid matrix into a highly ordered structure causing drug expul-
sion34. From this, it could be concluded that NLCs may play an important role in 
controlling the release of TH from NLCs as well as targeting of drug to the skin.

In vitro antifungal activity

The mean zone inhibition value of the NLCs gel was bigger than the marketed 
formulation but less than the BFZ standard solution.

NLCs based gel having the higher antifungal activity as compared to the market-
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ed formulation. This is due to the higher solubility of BFZ which helps to dipper 
penetration of BFZ loaded NLCs through the skin layer and inhibit the ergosterol 
synthesis35 (Table 4).

In vivo Pharmacodynamic 

Fungal burden was quantitatively analyzed in terms of colony forming units 
(CFUs) after initiation of the treatment. CFUs were counted using a colony coun-
ter (Microbiology lab, MMIMRS, Mullana, Ambala, India) (Table 5) gives the 
quantitative analysis of fungal burden.

Control group did not show any growth, as infection was not induced to this 
group. Group treated with NLCs showed a significant decrease in fungal burden 
after 5 days (671 ± 40.675 CFUs) (p value < 0.001) as compared to CFUs before 
initiation of treatment (2,55,000 ± 3.505.551CFUs) (p value < 0.001). Group 
treated with marketed formulation also showed a significant decrease in fungal 
burden after 5 days (1674 ± 154.65CFUs) (p value < 0.001), but it was higher as 
compared to the group treated with developed formulation. Also, the TH disper-
sion in water showed an initial reduction in fungal burden after which it almost 
came to a

Steady state36,37. These results showed that the NLC reduced the fungal burden in 
a shorter duration of time as compared to marketed formulation and dispersion. 
Thus, TH was found to be more effective when formulated as NLC based gel be-
cause of improved contact, adhesion, occlusion and sustained release.

BFZ loaded NLCs was successfully produced by high pressure homogenization 
technique using Stearic acid as solid lipid, Castor oil as liquid lipid and Tween 
80 as surfactant. Therefore, BFZ loaded NLCs were capable of treating the fungal 
infection. And it can be concluded that the use of NLCs was far better than the 
conventional creams/gels. 
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TABLES

Table 1: 32 full factorial design layout for preparation of NLCs of BFZ

Formulation     Bifonazole         Lipid ratio         Surfactant                        Dependent 
Code                   (mg)              (Castor oil:          (% W/V)                            variables
                                                Stearic acid)
                                                  (% W/W)
                                                       X1                        X2

F1                       200                       1:1 (-1)                   -1 (1%)             

F2                       200                       1:1 (-1)                   +1 (3%)            Y1= Particle size

F3                        200                           4:1 (1)                         -1 (1%)              Y2= %  entrapment efficiency

F4                       200                       1:1 (-1)                    0 (2%)              Y3=Drug loading

F5                       200                       4:1 (1)                     +1 (3%)

F6                       200                       2:1 (0)                      0 (2%)

F7                       200                       2:1 (-1)                    -1 (1%)

F8                       200                       4:1 (1)                      0 (2%)

F9                       200                       2:1 (0)                     +1 (3%)

*F10                   200                      1.5:0.5                       (1.5%)

*F11                   200                       2.5:1.5                      (2.5%)

Table 2: Results of 32 factorial design of BFZ loaded nanoparticles

Formulation
Code.

Lipid ratio
     (%)
      X1

Surfactant
    (%) 
     X2

Particle size
     (nm)
       Y1

Entrapment 
efficiency (%)

      Y2

Drug loading
      (%)
       Y3

F1   1:1 (-1)     1 (-1)   162.50   98.02 ±1.00  18.70 ±1.25

F2   1:1 (-1)     3 (+1)   174.20   96.30 ±1.50  16.50 ±0.58

F3   4:1 (+1)     1 (-1)   270.62   67.60 ±1.23  08.38 ±2.36

F4   1:1 (-1)     2 (0)   169.20   97.78 ±1.12  17.70 ±3.20

F5   4:1 (+1)     3 (+1)   160.40   98.17 ±0.69  19.6 ±1.23

F6   2:1 (0)     2 (0)   168.30   94.65 ±0.98  15.04 ±2.14

F7   2:1 (0)     1 (-1)   163.40   93.06 ±1.02  18.90 ±1.23

F8   4:1 (+1)     2 (0)   210.30   82.54 ±1.62  10.07 ±2.75

F9   2:1 (0)     3 (-1)   189.60   92.76 ±1.71  11.75 ±3.12

*F10   1.5:0.5     1.5   182.70   93.16 ±0.98  14.67 ±1.29

*F11   2.5:1.5                   2.5                          184.60                     94.31 ±0.56      15.45 ±1.87
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Table 3: In vitro release profile of BFZ loaded NLCs

Time 
(h)

Formulation code

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11

0 0 0 0 0 0 0 0 0 0 0 0

1 22.31 26.45 26.90 31.70 25.53 40.40 34.60 30.40 25.30 38.34 32.34

2 30.74 38.22 31.40 38.30 35.45 48.50 41.30 35.40 32.70 46.43 39.90

4 47.56 49.30 35.61 44.60 55.43 54.94 52.78 42.56 41.60 53.40 44.60

6 55.34 55.60 42.32 53.76 64.65 60.23 61.90 47.60 45.90 57.90 55.90

8 65.40 62.34 48.80 61.20 72.30 67.80 71.68 51.30 53.70 61.60 60.80

10 73.42 69.21 53.60 67.56 78.6 76.54 77.90 54.80 58.34 66.40 65.30

12 79.35 78.12 56.38 72.62 92.50 83.40 81.20 61.10 64.80 70.56 68.34

Table 4: Comparison of NLCs based gel, marketed formulation and Standard drug for 
antifungal activity

S. no Formulation
Mean zone of inhibition in cm (n=3)

(Mean ± SD)

1 BFZ Standard 1.45 ± 0.12

2 NLCs based gel 1.29 ± 0.09 

3 Marketed formulation 1.15 ± 0.87
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