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ABSTRACT 
 

Nanoparticulate systems present potential platform for drug therapy that can improve its performance and rise above its 

limitations. Among the different investigated nano-systems, lipid nanoparticles keep immense promise in the area of 

drug delivery.  As its lipid content represented only by solid lipid, low drug payload is the major challenge for 

applicability owing to internal rearrangement of crystal lattice and then drug expulsion. In order to increase drug loading, 

the second generation lipid nanoparticles; nanostructured lipid carriers (NLCs) was developed. Isoconazole loaded NLC 

based gel evaluated for Visual appearance and pH, spreadability, viscosity and drug content, In-vitro drug permeation 

and stability for the optimized formulation. The present investigation deals with formulation and Characterization of 

Isoconazole loaded NLC based gel. The ingredient s like lipid (Glyceryl mono stearate), liquid lipid (olive oil), 

surfactant (tween 80) and soya lecithin were selected for formulation using ethanol as solvent. All the nine formulation 

prepared were evaluated for particle size, entrapment efficiency, zeta potential. The mean particle size was observed in 

between range of 121±8.14nm to 342±8.55nm, the least mean particle obtained for   formulation FINLC5. Entrapment 

efficiency was obtained in between the range of 68±2.88 %to 88±1.74%.The highest entrapment efficiency was found 

for   FINLC5.  Zeta potential for all nine formulation obtained in between -21.3 to -32.1 mV. A surface study of the 

Isoconazole loaded NLC s using SEM displayed aggregation and fusion of the particles, which could be attributed to 

the mechanical stress of ice crystals. The Best formulation of Isoconazole loaded NLC (FINLC5) was converted into 

nine different Gel preparation using Cold method. This Method incorporates the Poloxamer and Carbopol 934 as gelling 

agent. The best gel found to be FINLCG5 having spreadibility 5.95gm/s, viscosity 2314 centipoise (cP) and drug content 

98.76%. In-vitro drug permeation for the optimized FINLCG5. Showed the best result by releasing Isoconazole 98.35% 

in 12hr. There was no significant changes in Physical appearance, viscosity and drug content was observed in selected 

FINLCG5 gel formulation after various time point and temperature condition which refers it as a stable formulation. 

From above data it was concluded that the Isoconazole loaded NLC based gel FINLCG5 Gel is the best formulation can 

be considered for animal study. 
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INTRODUCTION 

Nanotechnology 

Nanoparticulate systems present potential 

platform for drug therapy that can improve its 

performance and rise above its limitations. Among the 

different investigated nano-systems, lipid nanoparticles 

keep immense promise in the area of drug delivery.  

As its lipid content represented only by solid lipid, 

low drug payload is the major challenge for 

applicability owing to internal rearrangement of crystal 

lattice and then drug expulsion. In order to increase 

drug loading, the second generation lipid nanoparticles; 

nanostructured lipid carriers (NLCs) was developed. 

NLCs are binary system which contains both solid and 

liquid lipids which in turn produced less ordered lipidic 

core.  

This imperfection of internal arrangement aids 

more drug accommodation. So, NLCs overweigh NLC 

(Fig. 1) as the former can encapsulate higher drug 

amounts, contains lower water content and improves 

drug entrapment with minimized leakage during 

storage. They also since then, researchers paid attention 

to NLCs and discovered different applications. 

 

Solid lipid nanoparticles (NLCs) and 

nanostructured lipid carriers (NLCs). 

NLCs comprise of lipids that stay high at room 

and body temperature and surfactants that act as 

stabilisers. It is not harmful, prohibits the use of 

organic solvents and can be investigated in order to 

target pharmaceutical products and controlled 

releases of drugs. NLCs have shown that 

pharmaceutical stability is improved and easy to 

sterilize.  

NLCs are able to create crystalline phases and 

thus reduce the imperfections within the space net 

leading to drug eviction and low payload. NLCs 

consisting of a blend of solid and liquid lipid (ol) 

have been developed to address this obstacle, 

resulting in structural imperfections that lead to 

better drug loading [25]. For this reason. 

Nonetheless, the lipid stability and nanotoxicity 

challenges for the NLCs are also present. Both 

NLCs and NLC have many advantages such as 

improved lipophilic solubility, increased dissolving, 

improved stay times and higher lymphatic 

absorption. 

 

Advantages of Nanostructured Lipid 

Carriers 

More drug loading potential, Water is less 

dispersed, Prevent or decrease drug expulsion while 

being processed, Targeted Drug Release and 

Monitoring, Loading of both lipophilic and 

hydrophilic medicines, Utilization of biologically 

and biofriendly lipids. 

 

Types of NLC 

Depending on the situation of incorporated 

drug moieties in NLC, following three sorts of 

morphological models (Figure 1) has been 

proposed: 

 

 
Fig 1: Types of nanostructure lipid carrier 
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NLC type I (imperfect crystal model) 

Uncertain type of glass The NLC consists of a 

very uneven matrix with many vacuums and areas 

capable of accommodating more drug molecules in 

amorphous clusters. These crystal imperfections are 

obtained by the blending of solid lipids and ample 

amount of liquid fluids (oils).  

The matrix of the NLC is not ready for forming a 

highly ordered structure due to the various chain 

lengths of fatty acids, and hence the mixture of mono-

di- and triacylglycerols. The mixing of spatially 

different lipids improves drug usefulness, but this 

model provides minimum entangling efficiency. 

 

NLC type II (multiple type) 

Multiple NLC type is oil/fat/water type. 

Lipophilic medicines in liquid lipid products are more 

soluble than solid lipid. This concept results in the use 

of high liquid lipid content for multiple NLC forms. Oil 

moieties are easily distributed within the lipid matrix at 

low concentrations. The addition of oil over and above 

its solubility leads to a separation of phases that forms 

small nano compartments of oil within the solid matrix. 

Oil Form II provides advantages such as high efficiency 

of drug trapping, managed drug releases and reduced 

drug leakages. 

 

NLC type III (amorphous model) 

Amorphous NLC is formulated to minimize the 

drug leakage due to phase of crystallization by carefully 

mixing lipids.. Substantive, but non-crystalline, lipid 

formations such as hydroximy-loctacaine, hydroxyl 

stearate, isopropyl myristate or dibutyladicate. During 

homogenous amorphous conditions, the lipid matrix is 

available. 

 

MATERIALS AND METHODS 
 

Materials and Equipment  

The following materials and equipment’s were 

used for experiment. 

 

Table 1: List of Materials 

 

S.NO RAW MATERIALS MANUFACTURER 

1. Isoconazole MSN laboratories PVT. LTD, Hyderabad 

2. Soybean lecithin Advantage Oils Pvt. Ltd. 

3. Glycerol monostearate Spectrum chemical mfg.corp 

4. Poloxamer 188 Research lab Fine Chem .Industries 

5. Carbopal 934 Research lab Fine Chem .Industries 

6 Ethanol Research lab Fine Chem .Industries 

7. Oleic acid Research lab Fine Chem .Industries 

8. Tween 80 Fisher scientific  

9. Medium chain triglyceride (Olive oil ) Research lab Fine Chem .Industries 

 

Table 2: List of Equipment 
 

S.NO EQUIPMENT MAKER 

1. Weighing balance Shimadzu 

2. FT-IR spectrophotometer Bruker 

3. UV-Visible  spectrophotometer Shimadzu 

4. Magnetic stirrer 2 MLH 

5. Ph meter Lab India 

6. Viscometer Brookfield 

7. Probe sonicator Sonics 

8. Micro centrifuge Radical scientific private limited 

9. Stability Chamber Cintex 

10. Refrigerator Whirl Pool 

11. Scan electron microscope Hitachi 

12. Nanopart analyser Horiba 
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Formulation of Isoconazole Loaded Nano Lipidic Carrier 

 

Table 3: Formulation Table for Isoconazole loaded NLC 

 

Ingredients FINLC1 FINLC2 FINLC3 FINLC4 FINLC5 FINLC6 FINLC7 FINLC8 FINLC9 

Isoconazole 

(mg) 

10 10 10 10 10 10 10 10 10 

GMS(g) 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 

Olive oil(mg) 800 750 700 650 600 550 500 450 400 

Soya 

lecithin(mgs) 

100 150 200 250 300 350 400 450 500 

Tween 80(ml) 5 5 5 5 5 5 5 5 5 

Ethanol(ml) 20 20 20 20 20 20 20 20 20 

 

Preparation of Isoconazole loaded NLC 

NLCs loaded with Isoconazole were prepared by 

modified emulsification evaporation method at a high 

temperature and solidification at a low temperature 

[17]. Approximately 1.4 g of solid lipid GMS (glyceryl 

mono stearate), liquid lipid (Olive oil) and lecithin were 

weighed precisely and then co-dissolved into ethanol in 

water bath at 75°C. The resultant organic solution was 

added drop wise into aqueous phase containing Tween 

80, was added under mechanical agitation with 

1000 rpm in water bath maintained at 75 °C for 5 h.  

The Nano emulsion thus obtained was immediately 

dispersed into cold distilled water (0–2 °C) with 

constant stirring at 1000 rpm for 1 h to obtain the drug 

loaded NLCs dispersion. Loading of NLC with pure 

drug (10 mg) was performed, respectively, by adding 

drug to the melted lipid. 

 

Evaluation of NLC formulation 

 

Particle size and particle size distribution 

➢ A Horiba Nanoparticle Size Analyzer was used to 

quantify the particle size, mean particular size 

(PS-Z average in nm), NLC's Pole Dispersion 

Index (PI) (SZ-100 Nanopartica series). Samples 

were prepared with the desired NLC dilution 

twice deionized with purified water. Samples 

were prepared.  

➢ The analyzes were carried out using the 0,45μ 

membrane filter to filter the above solution. A 

system centered on the medium, i.e. 90° light 

dispersing for low viscous samples and 170o light 

scattering for high viscous samples, automatically 

set the dynamic light dispersing rate.  

➢ The NLC particle size should be from 10 to 1000 

nm and the PI < 0.3 which is the uniform size 

distribution of the single model or uniform mono 

size dispersion distribution. Triplicate (n=3) is 

obtained for both measurements. 

➢ Using the Horiba Nanoparticle size analyser, the 

zeta potential or surface charge potential was 

determined (SZ-100 nanopartica series). In an 

electrophoretic cell, an 80 mV electronic field was 

supplied to the probe with diluted NLC dilution 

[69]. Triplicate all tests at 25°C have been 

completed. 

 

Entrapment efficiency 

➢ The entrapment efficiency Percentage(EE%) of 

the NLC s was determined by indirect method 

wherein the amount of unentrapped drug in the 

aqueous surfactant solution i.e., supernatant after 

centrifugation at 22,000 rpm for 45 min was   

determined, against the total amount of drug 

added to the formulation.  

➢ The supernatant was diluted appropriately with 

0.1 N HCl and analyzed by using U.V 

Spectrophotometer. The below mentioned 

formula was used for the calculation of 

entrapment efficiency 

 

 

Entrapment efficiency =  × 100 
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Scanning Electron Microscope (SEM) studies 

The Scan Electron Microscope observed the 

surface morphology of the NLCs for the optimized 

formulation (Hitachi S-3000N). Lyophilized powder 

samples of NLC 600 Å platinum were bound by a 

sputter cover and tested by SEM. Coated NLC was then 

placed and scaned on a sample holder by an electron 

beam.  

The electron beam struck the NLC particles and 

emitted secondary electrons based on the surface nature 

which gives the NLC's surface morphology image. The 

medium size NLC obtained by the SEM is then 

compared to the NLC size obtained by the Horiba 

Nanopart analyzer. 

 

Preparation of Isoconazole loaded NLC Gel 

The NLC dispersions were gelled using different 

concentrations of poloxamer 407 and carbopol 940 by 

a cold method. Briefly, 1% of carbopol 940 and 

poloxamer407 were selected as a gelling agent. 

Carbopol 940 (1% w/w) was added in small quantities 

to  NLC  s formulation with continuous strirring with a 

mechanical overhead stirrer at 400rpm until a 

homogenous dispersion was obtained. The resultant gel 

was evaluated for pH, Viscosity, Spreadability, Invitro 

drug release 

 

Evaluation of Isoconazole loaded NLC gel  

Appearance and Homogeneity 
Physical appearance and homogeneity of the repared 

gels were evaluated by visual perception. 
 

pH   

The pH of Isoconazole loaded NLC gel 

formulation were measured by using a calibrated pH 

meter. 

 

Viscosity 
Brookfield digital viscometer was used to 

measure the viscosity of prepared gel formulations. The 

spindle no. 6 was rotated at 10rpm. The reading, near 

to 100% torque was noted. Samples were measured at 

30 ± 1°C. 

 

Spreadability 
Two sets of glass slides of standard dimensions 

were taken. The gel formulation was placed over one of 

the slides. The other slide was placed on the top of the 

gel, such that the gel was sandwiched between the two 

slides in an area occupied by a distance of 7.5 cm along 

the slides. Hundred g weight of gel was placed on the 

upper slides so that the gel was between the two slides 

was pressed uniformly to form a thin layer. The weight 

was removed and the excess of gel adhering to the 

slides was scrapped off. The two slides in position were 

fixed to a stand without slightest disturbance and in 

such a way that only upper slides to slip off freely by 

the force of weight tied on it. A 20 g weight was tied to 

the upper slide carefully. The time taken for the upper 

slide to travel the distance of 7.5 cm and separated away 

from the lower slide under the influence of the weight 

was noted. The experiment was repeated for three times 

and the mean time was taken for calculation. 

 

Spreadability was calculated by using the following formula: 

 

S= m × l/t 

 

where,  

S= spreadability, m-weight tied to upper slides (20 g),  

l- length of the glass slide (7.5 cm),  

t- time taken in sec. 
 

Drug content 
Gel equivalent to 100mg of Isoconazole was taken 

and dissolved in 100mL of methanol in a volumetric 

flask. Gel solution was subjected to shaking for 2h on 

mechanical shaker to obtain complete solubility of 

drug. The solution was estimated spectro-

photometrically at 272.2nm using methanol as solvent. 

 

In vitro Drug Release Study 
➢ In vitro release studies were performed using the 

static vertical Franz diffusion cells with a 

diffusion area of 0.636 cm2 and a receptor 

compartment of 5 mL. A dialysis cellulose 

membrane, as artificial membrane, was placed 

between both compartments, and a receptor 

solution composed of phosphate buffer at a pH of 

6 was used, ensuring sink condition This receptor 

compartment was stirred at 400 rpm and 

maintained at 34 ± 0.5 °C by a thermostatic water 

pump, which circulated water through each 

chamber jacket, mimicking mucosa conditions.  
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➢ Formulations NLC gel were applied in the donor 

compartment. Subsequently, 5ml of receptor 

medium was collected according to the intervals 

and immediately replaced with the same volume 

of fresh solution. Withdrawn samples were 

analysed for the drug content using the UV 

method.  

 

Stability 

Stability Studies Selected formulations 

(FINLCG5) were stored at different storage conditions 

at elevated temperatures such as 250 C±20 

C/60%±5%RH, and 40 0 C± 20C / 75%±5% RH at for 

180days.  

The samples were withdrawn at intervals of 30 

days and checked for physical changes, viscosity and 

Drug content %. 

 

RESULTS AND DISCUSSION 

 

The study deals with the Preparation and 

characterization of Isoconazole loaded Nano lipidic 

carrier (NLC), Best Nano lipidic carrier is converted 

into Gel formulation and evaluated. Total Nine NLC 

formulation were prepared by emulsification 

evaporation method at a high temperature and 

solidification at a low temperature, Glyceryl mono 

stearate was used as lipid in this formulation, All nine 

formulation were characterized for particle size, 

entrapment efficiency and zeta potential and drug was 

scanned by FTIR. Isoconazole loaded NLC based gel 

evaluated for Visual appearance and pH, spreadibility, 

viscosity and drug content, In-vitro drug permeation 

and stability for the optimized formulation.  

 

 
 

Fig 2: FTIR of Pure Isoconazole 

 
Fig 3: FTIR of Isoconazole with polymers 
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Table 4: Formulation Table for Isoconazole loaded NLC 

 

Ingredients FINLC1 FINLC2 FINLC3 FINLC4 FINLC5 FINLC6 FINLC7 FINLC8 FINLC9 

Isoconazole(mg) 10 10 10 10 10 10 10 10 10 

GMS(g) 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 1.4 

Olive oil (mg)     800 750 700 650 600 550 500 450 400 

Soya lecithin(mgs) 100 150 200 250 300 350 400 450 500 

Tween 80(ml) 5 5 5 5 5 5 5 5 5 

Ethanol(ml) 20 20 20 20 20 20 20 20 20 

 

Table 5: Characterization of Isoconazole loaded NLC (FINLC) 

 

Batch Particle size(nm) EE% Zeta potential 

FINLC1 311±10.01 72±1.02 -32.1 

FINLC2 288±9.12 76±2.31 -21.3 

FINLC3 271±8.74 74±1.14 -26.1 

FINLC4 301±9.88 80±1.08 -25.4 

FINLC5 121±8.14 88±1.74 -22.5 

FINLC6 342±8.55 74±1.31 -29.1 

FINLC7 289±7.03 77±3.01 -28.4 

FINLC8 271±6.31 68±2.88 -26.4 

FINLC9 265±5.24 69±2.14 -24.7 

 

 
Fig 4: Particle size of Isoconazole loaded NLC (FINLC) 
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Fig 5: Entrapment Efficiency% of Isoconazole loaded NLC (FINLC) 

 

 
 

Fig 6: Zeta Potential of Isoconazole loaded NLC (FINLC) 

 

 
 

Fig 7: Scanning electron microscope of Isoconazole loaded NLC dispersion 
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Characterization of Isoconazole loaded NLC 
➢ Particle size:The mean particle size was observed   

in between range of   121±8.14nm to 342±8.55 

nm. The least mean particle obtained for 

formulations FINLC5 due to less content of lipid, 

while maximum particle size was obtained for 

FINLC6. Results of mean particle size in table 

7.2.1. 

➢ Entrapment Efficiency%: The entrapment 

efficiency in developed formulations produces 

higher load for all formulations. Entrapment 

efficiency was obtained in between the range of 

68±2.88 to 88±1.74 .The highest entrapment 

efficiency was found for   FINLC5 due to less 

content of lipid and higher content of surfactant. 

Results of EE% size in table 7.2.1. 

➢ Zeta potential: Zeta potential for all nine 

formulation obtained in between -21.3 to -32.1 

mV. 

➢ Scanning electron microscope: A surface study 

of the Isoconazole loaded NLC dispersions using 

SEM (Figure 7.1.9) is displayed aggregation and 

fusion of the particles, which could be attributed 

to the mechanical stress of ice crystals that are 

formed during the freeze drying process, on the 

vesicles wall as previously mentioned. 

 

Evaluation for Isoconazole loaded NLC based 

gel 

➢ Visual appearance and pH: The physical 

appearance of Isoconazole loaded NLC based gel 

was found to be yellow in colour, smooth in 

texture and the pH of gel was found to be 6.4. 

➢ Spreadability: All the formulation of NLC based 

gels are evaluated for spreadability test and the 

spreadability of different formulation can be 

observed from given table the spreadability of 

optimized gel was found to be 5.95gm/s. The 

observations of spreadability of few formulations.

 

Table 6: Spreadability 

 

S.NO Formulation code Spreadability (gcm/s) 

1 FINLCG1 4.80 

2 FINLCG2 4.23 

3 FINLCG3 5.82 

4 FINLCG4 5.54 

5 FINLCG5 5.95 

6 FINLCG6 5.10 

7 FINLCG7 4.87 

8 FINLCG8 4.37 

9 FINLCG9 3.62 

 

 
Fig 8: Spreadability of of  Isoconazole loaded NLC based gel 
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Table 7: Viscosity 
 

S.NO Formulation code Viscosity cps 

1 FINLCG1 1057 

2 FINLCG2 1354 

3 FINLCG3 1276 

4 FINLCG4 1801 

5 FINLCG5 2314 

6 FINLCG6 1782 

7 FINLCG7 1329 

8 FINLCG8 1278 

9 FINLCG9 1032 

 

 
 

Fig 9: Viscosity of Isoconazole loaded NLC based gel 

 

Viscosity of gel thickened microemulsion is 

increased with decreased in concentration surfactant 

cosurfactant mixture in the formulations. Viscosity of 

different formulations were done and the optimize F5 

formulation the viscosity is found as 1834 ±10.02 cps 

respectively. 

Viscosity of the formulation is important since 

higher the viscosity of the formulation greater will be 

contact time for absorption.It is determined using the 

brooke field viscometer. As viscosity increases shear 

rate decreases. Viscosity of NLC gel increased with 

decrease in shear rate the thixotropic nature of gel 

formulation is desirable as it allows case in local 

application of NLC gel.  

All the formulation of NLC based gels are 

evaluated for Drug content and the drug content of 

different formulation can be observed from given table 

7.3.5 the drug content FINLCG5 gel was found to be 

98.76%.      

 

Table 8: Drug content 

S.No Formulation code Drug content (%) 

1 FINLCG1 96.23% 

2 FINLCG2 90.45% 

3 FINLCG3 87.12% 

4 FINLCG4 85.89% 

5 FINLCG5 98.76% 

6 FINLCG6 90.28% 
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7 FINLCG7 89.27% 

8 FINLCG8 85.23% 

9 FINLCG9 87.21% 

                                                                                         

 
 

Fig 10: Drug content of Isoconazole loaded NLC based gel 

 

Table 9: Invitro Permeation of Isoconazole loaded NLC based Gel: 

 

Time(hr) FINLCG1 FINLCG2 FINLCG3 FINLCG4 FINLCG5 FINLCG6 FINLCG7 FINLCG8 FINLCG9 

0 0 0 0 0 0 0 0 0 0 

0.5 12 34 25 12 20 16 29 34 39 

1 21 48 32 44 32 46 37 47 48 

2 34 68 59 52 46 50 62 56 58 

3 42 81 75 75 61 59 77 78 79 

4 53 88 86 88 68 72 84 89 87 

6 59 90 91 90 78 83 93 96 89 

8 61 91 92 92 88 91 94 92 90 

12 74 92 92 92 98.35 92 93 93 90 

The In-vitro drug Permeation for all nine formulation was evaluated by the Franz diffusion cell technique In-vitro drug 

release for the FINLCG1 is 74% in 12hr, FINLCG2 show 90% in 6hr FINLCG5. Showed the best result by releasing 

Isoconazole 98.35% in 12hr. 
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Fig 11: Invitro Permeation study of Isoconazole gel 

 

Stability Study 

Table 10: Stability Results for best formula FNLCG5 

 

Days 250 C±20 C/60%±5%RH 40 0 C± 2 0C /75%±5% RH 

Physical 

Appearance 

Viscosity cPs Drug 

Content % 

Appearance Viscosity cPs Drug 

Content % 

0 NC 2314 98.76 NC 2314 98.76 

30 NC 2314 98.76 NC 2314 98.76 

60 NC 2313.99 98.75 NC 2314 98.75 

90 NC 2313.98 98.75 NC 2313.98 98.75 

180 NC 2313 98.75 NC 2313.97 98.75 

NC=No changes 

 

There was no significant changes in Physical 

appearance, Viscosity and Drug content were observed 

in selected FNLCG5 Gel formulation after various time 

point and temperature condition which refers it as a 

stable formulation.  

 

SUMMARY AND CONCLUSSION 

 

The present investigation deals with formulation 

and Characterization of Isoconazole loaded NLC based 

gel. The ingredient s like lipid (Glyceryl mono stearate), 

liquid lipid (olive oil), surfactant (tween 80) and soya 

lecithin were selected for formulation using ethanol as 

solvent. A solution of Isoconazole in methanol was 

scanned in UV range between 200 to 400 nm (Lab India 

UV1601spectrophotometer, India). Isoconazole showed 

maximum absorbance at 272.2 nm in methanol. All the 

nine formulation prepared were evaluated for particle 

size, entrapment efficiency, zeta potential. The mean 

particle size was observed in between range of 

121±8.14nm to 342± 8.55nm. The least mean particle 

obtained for formulation FINLC5. Entrapment 

efficiency was obtained in between the range of 68±2.88 

%to 88±1.74%.The highest entrapment efficiency was 

found for   FINLC5.  Zeta potential for all nine 

formulation obtained in between -21.3 to -32.1 mV. A 

surface study of the Isoconazole loaded NLC s using 

SEM displayed aggregation and fusion of the particles, 

which could be attributed to the mechanical stress of ice 

crystals. The Best formulation of Isoconazole loaded 

NLC (FINLC5) was converted into nine different Gel 

preparation using Cold method. This Method 

incorporates the Poloxamer and Carbopol 934 as gelling 

agent. The best gel found to be FINLCG5 having 

spreadibility 5.95gm/s, viscosity 2314 centipoise (cP) 

and drug content 98.76%. In-vitro drug permeation for 

the optimized FINLCG5. Showed the best result by 
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releasing Isoconazole 98.35% in 12hr. There was no 

significant changes in Physical appearance, viscosity 

and drug content was observed in selected FINLCG5 gel 

formulation after various time point and temperature 

condition which refers it as a stable formulation. From 

above data it was concluded that the Isoconazole loaded 

NLC based gel FINLCG5 Gel is the best formulation 

can be considered for animal study. 

 

REFERENCES 

 

1. Wong TY, Ng TP, Fong KS, Tan DT. Risk factors and clinical outcomes between fungal and bacterial keratitis: 

a comparative study. CLAO J. 1997;23(4):275-81. PMID 9348453. 

2. Sharma N, Chacko J, Velpandian T, Titiyal JS, Sinha R, Satpathy G, Tandon R, Vajpayee RB. Comparative 

evaluation of topical versus intrastromal voriconazole as an adjunct to natamycin in recalcitrant fungal keratitis. 

Ophthalmology. 2013;120(4):677-81. doi: 10.1016/j.ophtha.2012.09.023, PMID 23246119. 

3. 3, Elshiek H, Pineda R. Fungal keratitis. Al-Basar Int J Ophthalmol. 2015;3:1. 

4. Ansari Z, Miller D, Galor A. Current thoughts in fungal keratitis: diagnosis and treatment. Curr Fungal Infect 

Rep. 2013;7(3):209-18. doi: 10.1007/s12281-013-0150-110.1007/s12281-013-0150-1, PMID 24040467. 

5. Saha S, Banerjee D, Khetan A, Sengupta J. Epidemiological profile of fungal keratitis in urban population of 

West Bengal, India. Oman J Ophthalmol. 2009;2(3):114-8. doi: 10.4103/0974-620X.57310, PMID 20927207. 

6. Srinivasan M, Mascarenhas J, Prashanth CN. Distinguishing infective versus noninfective keratitis. Indian J 

Ophthalmol. 2008;56(3):203-7. doi: 10.4103/0301-4738.40358, PMID 18417820. 

7. Biswas NR, Verma K, Gupta SK, et al. Antifungal drugs for ophthalmic use. In: Gupta AK, Krishna V, editors. 

Clinical OphthalmologyContemporary perspectives. 9th ed. India; 2009. p. 96-104. 

8. Qiu S, Zhao GQ, Lin J, Wang X, Hu LT, Du ZD, Wang Q, Zhu CC. Natamycin in the treatment of fungal 

keratitis: a systematic review and Meta-analysis. Int J Ophthalmol. 2015;8(3):597-602. doi: 10.3980/j.issn.2222-

3959.2015.03.29, PMID 26086015. 

9. American Academy of Ophthalmology. Fungal keratitis – Latin America. Am Acad Ophthalmol. October 1, 

2014. 

10. Müller GG, Kara-José N, Castro RSd. Antifungals in eye infections: drugs and routes of administration. Rev 

Bras Oftalmol. 2013;72(2):132-41. doi: 10.1590/S0034-72802013000200014. 

11. Dong X, Qian T, Gao W. The mechanism of action and research methods of natamycin and polyene antimycotics. 

Chin J Mod Appl Pharm. 2010;27(10):878-82. 

12. Koontz JL, Marcy JE, Barbeau WE, Duncan SE. Stability of natamycin and its cyclodextrin inclusion complexes 

in aqueous solution. J Agric Food Chem. 2003;51(24):7111-4. doi: 10.1021/jf030333q, PMID 14611180. 

13. Remington LA. Clinical anatomy of the visual system e-book. PA: Elsevier Health Sciences; 2011. 

14. Patel A, Cholkar K, Agrahari V, Mitra AK. Ocular drug delivery systems: an overview. World J Pharmacol. 

2013;2(2):47-64. doi: 10.5497/wjp.v2.i2.47, PMID 25590022. 

15. Gaudana R, Ananthula HK, Parenky A, Mitra AK. Ocular drug delivery. AAPS J. 2010;12(3):348-60. doi: 

10.1208/s12248-010-9183-3, PMID 20437123. 

16. Patil A, Lakhani P, Taskar P, Wu KW, Sweeney C, Avula B, Wang YH, Khan IA, Majumdar S. Formulation 

development, optimization, and in vitro–in vivo characterization of natamycin-loaded pegylated nano-lipid 

carriers for ocular applications. J Pharm Sci. 2018;107(8):2160-71. doi: 10.1016/j.xphs.2018.04.014, PMID 

29698725. 

17. Joshi M, Patravale V. Formulation and evaluation of nanostructured lipid carrier (NLC)–based gel of valdecoxib. 

Drug Dev Ind Pharm. 2006;32(8):911-8. doi: 10.1080/03639040600814676, PMID 16954103. 

18. Thangabalan B, Kumar PV. Analytical method development and validation of natamycin in eye drop by RP-

HPLC. Asian J Pharm Clin Res. 2013;6:134-5. 

19. Battaglia LS, Gallarate M, Panciani P, et al. Techniques for the preparation of solid lipid Nano and 

microparticles. In: Application of nanotechnology in drug delivery. London. 

20. Baranowski P, Karolewicz B, Gajda M, et al. Ophthalmic drug dosage forms: characterisation and research 

methods. Sci World J. 2014;2014:14. 

https://www.ncbi.nlm.nih.gov/pubmed/9348453
https://doi.org/10.1016/j.ophtha.2012.09.023
https://www.ncbi.nlm.nih.gov/pubmed/23246119
https://doi.org/10.1007/s12281-013-0150-110.1007/s12281-013-0150-1
https://www.ncbi.nlm.nih.gov/pubmed/24040467
https://doi.org/10.4103/0974-620X.57310
https://www.ncbi.nlm.nih.gov/pubmed/20927207
https://doi.org/10.4103/0301-4738.40358
https://www.ncbi.nlm.nih.gov/pubmed/18417820
https://doi.org/10.3980/j.issn.2222-3959.2015.03.29
https://doi.org/10.3980/j.issn.2222-3959.2015.03.29
https://www.ncbi.nlm.nih.gov/pubmed/26086015
https://doi.org/10.1590/S0034-72802013000200014
https://doi.org/10.1021/jf030333q
https://www.ncbi.nlm.nih.gov/pubmed/14611180
https://doi.org/10.5497/wjp.v2.i2.47
https://www.ncbi.nlm.nih.gov/pubmed/25590022
https://doi.org/10.1208/s12248-010-9183-3
https://www.ncbi.nlm.nih.gov/pubmed/20437123
https://doi.org/10.1016/j.xphs.2018.04.014
https://www.ncbi.nlm.nih.gov/pubmed/29698725
https://doi.org/10.1080/03639040600814676
https://www.ncbi.nlm.nih.gov/pubmed/16954103


Kannaki. D et al / Int. J. of Pharmacy and Analytical Research Vol-11(2) 2022 [61-75] 
 

www.ijpar.com 

~74~ 

21. Satya D, Suria K, Muthu P. Advanced approaches and evaluation of ocular drug delivery system. Am J 

PharmTech Res. 2011;1(4):72-92. 

22. Hao J, Fang X, Zhou Y, Wang J, Guo F, Li F, Peng X. Development and optimization of solid lipid nanoparticle 

formulation for ophthalmic delivery of chloramphenicol using a Box-Behnken design. Int J Nanomedicine. 

2011;6:683-92. doi: 10.2147/IJN.S17386, PMID 21556343. 

23. El-Badawy MF, Tawakol WM, El-Far SW, Maghrabi IA, Al-Ghamdi SA, Mansy MS, Ashour MS, Shohayeb 

MM. Molecular identification of aminoglycoside-modifying enzymes and plasmid-mediated quinolone 

resistance genes among Klebsiella pneumoniae clinical isolates recovered from Egyptian patients. Int J 

Microbiol. 2017;2017:8050432. doi: 10.1155/2017/8050432, PMID 28638412. 

24. Vivek K, Reddy H, Murthy RS. Investigations of the effect of the lipid matrix on drug entrapment, in vitro 

release, and physical stability of olanzapine-loaded solid lipid nanoparticles. AAPS PharmSciTech. 

2007;8(4):E83. doi: 10.1208/pt0804083, PMID 18181544. 

25. Müller RH, Maèder K, Gohla S. Solid lipid nanoparticles (NLC) for controlled drug delivery a review of the 

state of the art. Eur J Pharm Biopharm. 2000;50(1):161-77. 40. 

26. Abd-Elbary A, Tadros MI, Alaa-Eldin AA. Sucrose stearate-enriched lipid matrix tablets of etodolac: modulation 

of drug release, diffusional modeling and structure elucidation studies. AAPS PharmSciTech. 2013;14(2):656-

68. doi: 10.1208/s12249-013-9951-3, PMID 23572253. 

27. 41. NanoComposix. Zeta Potential Anal Nanoparticles. 2012;1(1):1-6. pdf. 

28. 42, LAS Bahari HH, Hamishehkar H. The impact of variables on particle size of solid lipid nanoparticles and 

nanostructured lipid carriers; a comparative literature review. Adv Pharm Bull. 2016;6(2):143-51. doi: 

10.15171/apb.2016.021, PMID 27478775. 

29. Seyfoddin A, Shaw J, Al-Kassas R. Solid lipid nanoparticles for ocular drug delivery. Drug Deliv. 

2010;17(7):467-89. doi: 10.3109/10717544.2010.483257, PMID 20491540. 

30. Sawant KK, Dodiya SS. Recent advances and patents on solid lipid nanoparticles. Recent Pat Drug Deliv Formul. 

2008;2(2):120-35. doi: 10.2174/187221108784534081, PMID 19075903. 

31. Kasim NA, Whitehouse M, Ramachandran C, Bermejo M, Lennernäs H, Hussain AS, Junginger HE, 

Stavchansky SA, Midha KK, Shah VP, Amidon GL. Molecular properties of WHO essential drugs and 

provisional biopharmaceutical classification. Mol Pharm. 2004;1(1):85-96. doi: 10.1021/mp034006h, PMID 

15832504. 

32. Lucio D, Irache JM, Font M, Martínez-Ohárriz MC. Supramolecular structure of glibenclamide and β-

cyclodextrins complexes. Int J Pharm. 2017;530(1-2):377-86. doi: 10.1016/j.ijpharm.2017.08.002, PMID 

28779983. 

33. Elle IC, Olsen LCB, Pultz D, Rødkaer SV, Faergeman NJ. Something worth dying for: molecular tools for the 

dissection of lipid metabolism in Caenorhabditis elegans. FEBS Lett. 2010;584(11):2183-93. doi: 

10.1016/j.febslet.2010.03.046, PMID 20371247. 

34. Ahmadi A, Khalili M, Farsadrooh M, Ghiasi M, Nahri-Niknafs B. Antihyperglycemic and antihyperlipidemic 

effects of newly synthesized glibenclamide analogues on streptozotocin-diabetic rats. Drug Res. 

2013;63(12):614-9. doi: 10.1055/s-0033-1349128. 

35. Ozsoy N, Yanardag R, Can A, Akev N, Okyar A. Effectiveness of Aloe vera versus glibenclamide on serum lipid 

parameters, heart and skin lipid peroxidation in typeII diabetic rats. Asian J Chem. 2008;20(4):2679. 

36. Waysbort J, Regitz G, Chaimowitz D, Tuval M, Nakash I, Brunner D. Effects of glibenclamide on serum lipids, 

lipoproteins, thromboxane, beta-thromboglobulin, and prostacyclin in non-insulin-dependent diabetes mellitus. 

Clin Ther. 1987;10(4):358-71. 

37. Garigan D. Genetic analysis of tissue aging in Caenorhabditis elegans: arole forheatshock factor and bacterial 

proliferation, Genetics 161 (2002) 1101-1112. (49) G.L. Sutphin, M. Kaeberlein, Measuring Caenorhabditis 

elegans life span on solid media. J Vis Exp. 2009;27:1152. 

38. Jahangir MA, Imam SS, Kazmi I, et al. Type 2 diabetes current and future medications: a short review. Int J 

Pharm Pharmacol. 2017;1:101. 

39. Samad A, Sultana Y, Aqil M. Liposomal drug delivery systems: an update review. Curr Drug Deliv. 

2007;4(4):297-305. doi: 10.2174/156720107782151269, PMID 17979650. 

https://doi.org/10.2147/IJN.S17386
https://www.ncbi.nlm.nih.gov/pubmed/21556343
https://doi.org/10.1155/2017/8050432
https://www.ncbi.nlm.nih.gov/pubmed/28638412
https://doi.org/10.1208/pt0804083
https://www.ncbi.nlm.nih.gov/pubmed/18181544
https://doi.org/10.1208/s12249-013-9951-3
https://www.ncbi.nlm.nih.gov/pubmed/23572253
https://doi.org/10.15171/apb.2016.021
https://www.ncbi.nlm.nih.gov/pubmed/27478775
https://doi.org/10.3109/10717544.2010.483257
https://www.ncbi.nlm.nih.gov/pubmed/20491540
https://doi.org/10.2174/187221108784534081
https://www.ncbi.nlm.nih.gov/pubmed/19075903
https://doi.org/10.1021/mp034006h
https://www.ncbi.nlm.nih.gov/pubmed/15832504
https://doi.org/10.1016/j.ijpharm.2017.08.002
https://www.ncbi.nlm.nih.gov/pubmed/28779983
https://doi.org/10.1016/j.febslet.2010.03.046
https://www.ncbi.nlm.nih.gov/pubmed/20371247
https://doi.org/10.1055/s-0033-1349128
https://doi.org/10.2174/156720107782151269
https://www.ncbi.nlm.nih.gov/pubmed/17979650


Kannaki. D et al / Int. J. of Pharmacy and Analytical Research Vol-11(2) 2022 [61-75] 
 

www.ijpar.com 

~75~ 

40. Amnuaikit T, Limsuwan T, Khongkow P, Boonme P. Vesicular carriers containing phenylethyl resorcinol for 

topical delivery system; liposomes, transfersomes and invasomes. Asian J Pharm Sci. 2018;000:1–13;13(5):472-

84. doi: 10.1016/j.ajps.2018.02.004, PMID 32104421. 

41. Singh D, Mital N, Kaur G. Topical drug delivery systems: a patent review. Vol. 3776(December 2015); 2016. 

42. Romero EL, Morilla MJ. Highly deformable and highly fluid vesicles as potential drug delivery systems: 

theoretical and practical considerations. Int J Nanomedicine. 2013;8:3171-86. doi: 10.2147/IJN.S33048, PMID 

23986634. 

43. Jain S, Patel N, Shah MK, Khatri P, Vora N. Recent advances in lipid-based vesicles and particulate carriers for 

topical and transdermal application. J Pharm Sci. 2018;106:1-23. https:. doi: 10.1016/j.xphs.2016.10.001. 

44. Aggarwal N, Goindi S. Preparation and evaluation of antifungal efficacy of griseofulvin loaded deformable 

membrane vesicles in optimized guinea pig model of Microsporum canis - dermatophytosis. Int J Pharm. 

2012;437(1-2):277-87. https:. doi: 10.1016/j.ijpharm.2012.08.015, PMID 22939964. 

45. Pandit J, Garg M, Jain NK. Miconazole nitrate bearing ultraflexible liposomes for the treatment of fungal 

infection. J Liposome Res. 2014;24(2):163-9. doi: 10.3109/08982104.2013.871025, PMID 24479833. 

46. Abdallah MH. Transfersomes as a transdermal drug delivery system for enhancement the antifungal activity of 

nystatin. Vol. 5(4); 2013. 

47. Perez AP, Altube MJ, Schilrreff P, Apezteguia G, Celes FS, Zacchino S, de Oliveira CI, Romero EL, Morilla 

MJ. Topical amphotericin B in ultradeformable liposomes: formulation, skin penetration study, antifungal and 

antileishmanial activity in vitro. Colloids Surf B Biointerfaces. 2016;139:190-8. doi: 

10.1016/j.colsurfb.2015.12.003, PMID 26709977. 

48. Bhalaria MK, Naik S, Misra AN. Ethosomes: a novel delivery system for antifungal drugs in the treatment of 

topical fungal diseases. Indian J Exp Biol. 2009;47(5):368-75. PMID 19579803. 

49. Song CK, Balakrishnan P, Shim CK, Chung SJ, Chong S, Kim DD. A novel vesicular carrier, transethosome, 

for enhanced skin delivery of voriconazole: characterization and in vitro/in vivo evaluation. Colloids Surf B 

Biointerfaces. 2012;92:299-304. doi: 10.1016/j.colsurfb.2011.12.004, PMID 22205066. 

50. Maheshwari RGS, Tekade RK, Sharma PA, Darwhekar G, Tyagi A, Patel RP, et al. Ethosomes and 

ultradeformable liposomes for transdermal delivery of clotrimazole: a comparative assessment. Saudi Pharm J. 

2012;20(2):161-70. https:. doi: 10.1016/j.jsps.2011.10.001, PMID 23960788. 

51. Guo F, Wang J, Ma M, Tan F, Li N. Skin targeted lipid vesicles as novel nanocarrier of ketoconazole: 

characterization, in vitro and in vivo evaluation; 2015. p. 1-13. 

52. Li H, Liu Y, Zhang Y, Fang D, Xu B, Zhang L, Chen T, Ren K, Nie Y, Yao S, Song X. Liposomes as a novel 

ocular delivery system for brinzolamide: in vitro and in vivo studies. AAPS PharmSciTech. 2016;17(3):710-7. 

doi: 10.1208/s12249-015-0382-1, PMID 26335415. 

53. Nava G, Piñón E, Mendoza L, Mendoza N, Quintanar D, Ganem A. Formulation and in vitro, ex vivo and in 

vivo evaluation of elastic liposomes for transdermal delivery of ketorolac tromethamine. Pharmaceutics. 

2011;3(4):954-70. doi: 10.3390/pharmaceutics3040954, PMID 24309316. 

54. Qushawy M, Nasr A. Design, optimization and characterization of a transfersomal gel using miconazole nitrate 

for the treatment of Candida skin infections. Pharmaceutics. (Mic). 

55. Abdellatif MM, Khalil IA, Khalil MAF. Sertaconazole nitrate loaded nanovesicular systems for targeting skin 

fungal infection: in-vitro, ex-vivo and in-vivo evaluation. Int J Pharm. 2017;527(1-2):1-11. doi: 

10.1016/j.ijpharm.2017.05.029, PMID 28522423. 

56. Magdy I, Mohammed AMAM. Formulation and characterization of ethosomes bearing vancomycin 

hydrochloride for transdermal delivery. 2014;6(11):190-4. 

57. Chen R, Li R, Liu Q, Bai C, Qin B, Ma Y, Han J. Ultradeformable liposomes: a novel vesicular carrier for 

enhanced transdermal delivery of procyanidins: effect of surfactants on the formation, stability, and transdermal 

delivery. AAPS PharmSciTech. 2017;18(5):1823-32. doi: 10.1208/s12249-016-0661-5, PMID 27834056. 

58. Faisal W, Soliman GM, Hamdan AM. Enhanced skin deposition and delivery of voriconazole using ethosomal 

preparations. J Liposome Res. 2018;28(1):14-21. doi: 10.1080/08982104.2016.1239636, PMID 27667097. 

 

https://doi.org/10.1016/j.ajps.2018.02.004
https://www.ncbi.nlm.nih.gov/pubmed/32104421
https://doi.org/10.2147/IJN.S33048
https://www.ncbi.nlm.nih.gov/pubmed/23986634
https://doi.org/10.1016/j.xphs.2016.10.001
https://doi.org/10.1016/j.ijpharm.2012.08.015
https://www.ncbi.nlm.nih.gov/pubmed/22939964
https://doi.org/10.3109/08982104.2013.871025
https://www.ncbi.nlm.nih.gov/pubmed/24479833
https://doi.org/10.1016/j.colsurfb.2015.12.003
https://www.ncbi.nlm.nih.gov/pubmed/26709977
https://www.ncbi.nlm.nih.gov/pubmed/19579803
https://doi.org/10.1016/j.colsurfb.2011.12.004
https://www.ncbi.nlm.nih.gov/pubmed/22205066
https://doi.org/10.1016/j.jsps.2011.10.001
https://www.ncbi.nlm.nih.gov/pubmed/23960788
https://doi.org/10.1208/s12249-015-0382-1
https://www.ncbi.nlm.nih.gov/pubmed/26335415
https://doi.org/10.3390/pharmaceutics3040954
https://www.ncbi.nlm.nih.gov/pubmed/24309316
https://doi.org/10.1016/j.ijpharm.2017.05.029
https://www.ncbi.nlm.nih.gov/pubmed/28522423
https://doi.org/10.1208/s12249-016-0661-5
https://www.ncbi.nlm.nih.gov/pubmed/27834056
https://doi.org/10.1080/08982104.2016.1239636
https://www.ncbi.nlm.nih.gov/pubmed/27667097

