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Abstract: The main aim and objective of this project work aimed at development and evaluation of Nanosponges hydrogel 

of luliconazole and the formulating them as suitable dermatological gel for systemic delivery of drug after topical 

application, for improved therapeutic effect, better dispersibility, and good storage. Nanosponges is water soluble, this does 

not mean molecule chemically break up in water but it means that nanosponges particle mix with water and use it as 

transport fluid. Nanosponges have several advantages over other drug delivery method. Nanosponges using ethyl cellulose 

as polymer were prepared using PVA as surfactant by emulsion solvent diffusion method. Optimized batch of nanosponges 

with the entrapment efficiency were used to formulate the gel with carbopol 940. The prepare gel were evaluated for pH, 

viscosity, spreadability, In Vitro diffusion study, In vivo skin Irritation test. 

Nanosponges system are non-toxic, non- irritating, non-allergic, non-mutagenic. Nanosponges gel have large and 

tremendous effect or potential to serve as topical drug delivery system, better antifungal activity, and storage and stability. 
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Introduction: 

Topical drug delivery is the medication which can be defined as application of drug containing formulation applied to the surface 

of the skin or mucous membrane, directly to treat the cutaneous disorder or cutaneous manifestation of general disease with the 

intent of confining pharmacological or other effect of drug to surface of skin or within the skin. The combination of both the active 

ingredients and base provides the opportunity for a wide range of topical preparations such as gels, cream, foam, ointments, lotions 

etc appropriate for many types of drug delivery and therapy terms used to classify the bases of topical preparations in which 

therapeutically active ingredients are incorporated, based on their physical properties or on their intended use or on their 

composition. The outcome of topical dermatological drug treatment is significantly influenced by the choice of vehicle or delivery 

system. The most common dosage form example of topical dosage form includes solution, suspension, emulsion (e.g lotion), 

semisolids (ointment, cream, pastes, gels), solids such as powder and aerosol, spray. 

Porous polymeric delivery system in which small spherical particle with large porous surface are called as Nanosponges these are 

used for passive targeting of cosmetic agent to skin for avoidance of systemic absorption. A wide variety of substances can be 

encapsulated in nanosponges, they have solubilization capacity for poorly soluble drug and prolong the release of the drug by 

increasing the bioavailability. Both the hydrophilic and lipophilic drug molecule can be loaded into nanosponges because of inner 

hydrophobic cavities and external hydrophilic branching. 

Now a days, targeting the delivery of drug has been a long problem for the medical researchers, How to deliver the drug at the right 

place at the right time in the body, How to control the release of the drug, its action on the body, its therapeutic effect, safety, How 

to control the release so as to prevent the overdose effect. This problems were solved using the nanotechnology. i.e Nanosponges 

which is complex molecule. This nanosponges can be easily targeted to specific targeting cells or tissues. For viable and helpful 

treatment different methodologies have been use to improve the entrance of ineffectively solvent skin parceled sedate atom, one of 

the fascinating element is probability of nanosponges for which the framework must be joined into the generally utilized dermal 

bearers, for example, gel keeping in mind the end goal to have appropriate semisolid consistency. Therefore the approach was 

chosen to combine the Nanosponges technology with the transdermal delivery principle to improving systemic as well as local 

delivery of Luliconazole, which would efficiently transfer drug into skin. 

 

Materials and Methods:  

Material: The following materials were used with AR/LR grade or the best possible grades available, supplied by the manufacturer 

without further purification or investigation. The drug Luliconazole used was gift sample from Glenmark Pharmaceuticals, Sinnar, 

Nashik. Ethyl cellulose, Poly vinyl alcohol, DMSO Carbopol 940, HMPC, sodium alginate, acacia, methyl Paraben, propyl Paraben 

was obtained from Modern science, Nashik. All the reagents and solvents used for study were of Pharmacopoeial and analytical 

grade. 

1) Preparation of Ethyl cellulose nanosponges: Ethyl cellulose based Nanosponges were prepared by using Emulsion solvent 

diffusion method using Polymer and crosslinker were taken. For each ratio the disperse phase having polymer, cross linker (PVA) 
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were weighed accurately and dissolved in solvent DMSO. Finally homogenized ethyl cellulose and DMSO were placed in conical 

flask. The mixture was added in aqueous phase, followed by three hours continuous stirring at 1000rpm on magnetic stirrer. The 

reaction mixture was cooled and the required nanosponges were collected by the process of filtration and Purification of 

nanosponges was done by acetone and kept for drying in oven at 40 0 C for 12 hr. After purification the nanosponges were stored 

at 250C for further use. 

2) Preparation of luliconazole loaded nanosponges: The drug Luliconazole loading into ethyl cellulose nanosponges was carried 

out by solvent evaporation technique. The solvents used were acetone and ethanol. Ethyl cellulose nanopsonges was mixed with 

the suitable solvent (organic phase)in 100ml Mixture was added to excess amount of crosslinker preferably in ratio 4:16.i.e in 100ml  

of solvent 4000mg of luliconazole  drug was dissolved. Reaction carried out at 100C to reflux of solvent for 1-48 hrs.  The solution 

was cooled at room temperature and distilled water was added.  The mixture was filtered. Product was recovered by filtration and 

dried in oven at 400. 

3) Formulation of topical gel containing luliconazole loaded nanosponges. The dried drug encapsulated nanosponges were 

collected and required quantities of drug equivalent to nanosponges i.e 0.2gm were transferred into 250ml volumetric flask 

containing 100ml ethanol in order to remove the free un-encapsulated drug by solubilizing in the ethanol. The drug encapsulated 

nanosponges were separated from the free drug by membrane filtration. The residual drug loaded nanosponges were collected and 

dispersed in distilled water by using ultra sonication to form a nanosuspension. 250 mg of gelling agent was dispersed in 5 ml of 

distilled water and allowed for swelling overnight. Different gelling agent were used such as carbopol 940, acacia, HPMC, sodium 

alginate. Add weighed quantity of other excipient to previously soaked carbolpol940 with continuous stirring at magnetic stirrer for 

1-2 hrs. pH was adjusted using Triethanolamine. The gel was transferred in to a measuring cylinder and the volume was made up 

to 20ml with distilled water. 

 

 

 

 

 

 

 

Table 1. Formula for nanosponges 

 

 

 

 

 

 

                                                                           

                                                                          

 

 

 

Table no. 2: Composition of Luliconazole nanosponges gels containing various polymers                                     

A] Evaluation of nanosponges: 

Physical appearance: Physical appearance of prepared nanosponges was observed visually. The white spongy powder was 

observed. Spherical appearance of nanosponge depends on the viscosity ethyl cellulose solution. 

Production yield:  The production yield was determined by following formula. 

 Production yield =
Practicle mass of nanospong

Therotical mass (drug+polymer)
 × 100  

Ingredients F1 F2 F3 F4 

Ratio 1:1 1:2 1:3 1:4 

Ethyl cellulose(mg) 80 160 240 320 

DMSO(ml) 20 20 20 20 

%PVA(in 100ml) 0.5 0.5 0.5 0.5 

Ingredients F1 F2 F3 F4 F5 F6 

Nanosponges (gm) 0.2 0.2 0.2 0.2 0.2 0.2 

Na alginate (gm) 1 - - - 0.5 - 

HPMC K-15(gm) - 1 - - 0.5 0.5 

Acacia(gm) - - 1 - - 0.5 

Carbopol 934 (gm) - - - 1 - - 

Methyl Paraben (mg) 0.1 0.1 0.1 0.1 0.1 0.1 

Propyl Paraben (mg) 0.05 0.05 0.05 0.05 0.05 0.05 

DMSO (ml) 10 10 10 10 10 10 

Water (ml) 20 20 20 20 20 20 
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Drug entrapment efficiency: Accurately weighed 10 mg of nanosponges were, suspended in 100 ml of phosphate pH 6.8 buffer 

solution. After that, the solution was filtered through filter paper and from filtrate appropriate dilution were made and absorbance 

was measured at 296 nm by using Shimadzu 2450 UV spectrophotometer. The entrapment efficiency was determined by following 

formula,  

Entrapment efficiency =
Total drug−Free drug

Total drug
 × 100 

Actual drug content: Precisely weighed equivalent quantity (10 mg) of nanosponges containing drug was kept in 100 ml of 

phosphate buffer pH 7.4 solution for an hour with continuous stirring. Filtered samples were further analysed at 296 nm next to 

blank using UV spectrophotometer. Estimation of drug content for all batches were done using following expressions:  

Actual Drug content (%) = (Nact / Nms) * 100.Where Nact = actual luliconazole content in weighed quantity of nanosponges, 

Nms = weighed quantity of nanosponges and Nthe = theoretical Luliconazole content in nanosponges.  

Swelling and Water uptake: The prepared nanosponges were soaked in aqueous solvent to determine swelling and water uptake. 

Swelling index and water uptake was calculated using equation. 

 

                                 Marking of cylinder at a specific time point  

Water uptake =      ---------------------------------------------------------       ×     100  

                                      Initial marking before soaking      

                                                

                                            Mass of Hydrogel after 72 hr 

 Swelling index   =      -------------------------------------------------      ×     100  

                                                  Initial mass of Polymer   

 

Infrared spectroscopy: The FTIR spectrum of luliconazole nanosponge formulation batch F5 was recorded in the wavelength 

range of 4000 to 400 cm-1.The characteristics IR absorption peaks of luliconazole were studied. 

Particle size: The mean particle size analysis was done with the help of zeta sizer (Malvern) to evaluate the effect of concentration 

of polymer on size. 

 

B] Evaluation Of Topical Nanosponges loaded Gel:  

Evaluation parameter for gel are pH, viscosity, drug content, skin irritation test, in vitro dissolution test, spreadability.  

Physical evaluation: Homogenicity and clarity was observed.  pH of formulation was measured using digital pH meter. Firstly 

adjust the pH of water at 7 pH and then measured the pH of prepared gel.  

Viscosity:   Viscosity of prepared gel was measured using Brookfield viscometer spindle LV6 at different RPM viscosity was 

measured and noted. 

Drug content: 1gm of gel which was quantity equivalent to dose i.e. 2% of drug was dissolved in 100ml of phosphate buffer pH 

7.4 and measured the absorbance at λ max 296 nm. Calculate the drug content on the basis of slope and intercept obtained from 

linearity equation i.e. Y= mx + C of pure drug.  

Spreadability test: 1 gm of gel was weighed and put it on the spreadability apparatus having one glass slide at lower side and 

another slide at upper side weight was tied at upper slide. After putting gel onto the lower slide, upper slide put onto lower slide 

and counted the time required to slide over both slides from gel. And calculate the spreadability using formula, (Length of slide = 

7.5cm): S= M*L/ T 

S = spread ability.     M = weight tied to upper slide.  L = length of glass slide.  

T = Time taken to separate two slides(sec). 

 

In vitro drug release study: Diffusion study was performed as per procedure. In-vitro studies of the gel was carried out across the 

Dialysis Membrane. The receptor compartments was filled with phosphate buffered saline (PBS) pH 7.4, Study was carried out 

using excised Dialysis membrane. The entire setup was placed on a thermostatic magnetic stirrer and the temperature was 

maintained at 37 ͦC throughout the study. Studies was carried out over a period of 6 hrs at regular intervals. Samples were withdrawn 

and analyzed spectrophotometrically at 296nm.  

 

Skin irritation test: In this study all the experiments were carried out with the animal ethical committee permission (CPCSEA) 

and all the guidelines were followed for care and handling of animal. The permission from the ethical committee was obtained. 

Skin irritation test was performed as per procedure. Skin irritation studies on 10 healthy rats. The hair of the dorsal portion will be 

removed physically with help of sharp surgical scissors and chemical depilatory  

Then skin was washed properly one day prior to use. The animals was divided into 2 experimental groups with 5 animals in each 

group. Group 1: Control and 0.8% formalin solution 

 Group 2: Control and medicated gel (with drug). And latter observed for any sensitivity after 24hrs, 48hrs, 72hrs and the reaction 

if any graded as: Score Erythema scale : 0 No reaction, 1 Slight, patchy erythema, 2 Slight but confluent or moderate but patchy 

erythema, 3 Moderate erythema, 4 Severe erythema with or without edema.  
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Antifungal test: Weighed 16.25 gm of sabouraud dextrose agar was transfered in a 500ml of conical flask and 250 ml of purified 

water and some amount of heat is applied to dissolve it completely. Sterilized for 15 min at 121°C at 15 lb pressure in autoclave for 

about 20 min. Then cooled it at room temperature and the fungal strain(Candida albicans) was dispersed in the medium and then 

the medium was poured it in to the three petridish and allowed it cool it for sometime at room temperature untill it forms solidifies 

at room temperature and then the three cups are bored in each petridish with the help of sterile steel bore of 6 mm and calculated 

concentration of the standard drug (Luliconazole), gel formulation(F1) and placebo gel were placed in the bores and incubated the 

petriplates for 72 h at 37°C in incubators. Then the zone of inhibition was observed and calculated the radius of the zone of 

inhibition. 

 

Infrared spectroscopy: The FTIR spectrum of luliconazole nanosponge Formulation batch F4 was recorded in the wavelength 

range of 4000 to 400 cm-1. The characteristics IR absorption peaks of luliconazole were studied. 

 

Ex vivo permeation study: The histological and biochemical properties of porcine skin have been repeatedly shown to be quite 

similar to human skin. For the penetration studies, pig ear skin was used, which was obtained from the local slaughter house. The 

hair on the skin and subcutaneous fatty tissues were removed and washed with Ringer’s solution. The skin was allowed to dry and 

packed in aluminium foil and stored in a polyethylene bag at -20C. The same in vitro drug release experimental set up was used 

here. Franz diffusion cells having surface area zof 3.14 cm2 were used for permeation studies. The receptor compartment was filled 

with phosphate buffer of pH 7.2. To mimic the body condition during the experiment, the temperature was maintained as 37.50C 

with an external constant water circulator. The receiver medium was continuously stirred with a small magnetic bead to prevent 

any boundary layer effects. The pig skin was placed between the donor and receptor compartment. 1 gm of hydrogel was placed on 

the skin surface. 3 ml aliquots were collected at 1, 2, 3, 4, 5, 6, 7, 8 and 24 hours and replaced with fresh receptor solution. The 

withdrawn samples were analysed spectrophotometricaly at 296nm. The flux at 24 hours was observed and the release profile curves 

were drawn for optimized batch F4And the apparent permeability was calculated using formula: P = dQ/dt = Jss  

Where P – Apparent permeability     dQ/dt – Cumulative amount of drug release    Jss – Flux  

 

Stability Study: Stability studies of formulation which gave maximum dissolution rate was carried out to point out any visual 

physical or chemical stability of optimized batch was assessed at 40 ±20C / 75±5% RH as per ICH guidelines. The luliconazole 

loaded nanosponges of optimized batch were packed with aluminium strips and stored for three months. Samples were analyzed 

after 90 days for physical appearance, Drug entrapment efficiency.  

 

Result and discussion: 

A] Evaluation of nanosponges of luliconazole: 

Physical appearance of prepared nanosponges was observed visually. All batches observed were spongy white powder. The % 

production yield of F1 to F4 batches was observed in wide range from 65.45 to 73.65%. From this, F1, and F4 batch have good % 

production yield (71.42% and 73.65%). It was concluded that, ethyl cellulose concentration and cross linking time affects the 

production yield of nanosponges. The production yield may varied due to change in polymer concentration. 

% Entrapment efficiency of batches F1 to F4 was in range from 62.87 to 77.06%. Highest % entrapment efficiency shown in F1 

and F4 batch was 73.41%, and 77.06% respectively. It was concluded ethyl cellulose concentration increase then % entrapment 

efficiency increase. The prepared nanosponges were soaked in aqueous solvent to determine swelling and water uptake. Swelling 

index and water uptake was calculated using equation. 

 Precisely weighed equivalent quantity (10 mg) of nanosponges containing drug was kept in 100 ml of phosphate buffer pH 7.4 

solution for an hour with continuous stirring. Filtered samples were further analysed at 296 nm next to blank using UV 

spectrophotometer. 

 

 

 

 

 

 

 

 
Table no. 3: Actual drug content, production yield, entrapment efficiency, swelling index and water uptake of luliconazole nanosponges 

 

All characteristic peaks were observed in the IR spectra of nanosponge formulations (Figure no. 1 and 2). No significant shifts are 

observed in the positions of wave numbers when compared to that of nanosponges. These results showed that there was no chemical 

interaction or changes during hydrogel preparation and luliconazole was stable in all formulations. 

Formulation 

Code 

Production 

Yield 

Entrapment 

efficiency 

Actual drug 

content 

% Swelling 

index 

 Water 

uptake 

F1 71.42 73.41 17.43 75 96 

F2 69.35 62.87 28.67 80 108.69 

F3 70.99 69.92 48.654 74.35 129.26 

F4 73.65 77.06 35.112 73.91 114.28 
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Figure no.1: FTIR Spectra of nanosponges 

 

 
 

Figure no. 2:  FTIR spectra of nanosponges loaded hydrogel    

 

Particle size was done by zeta sizer of optimized batch F4.The particle size was found to be 173.3nm or 0.173 microns which is 

less than 30 micron hence preferred for Nanosponges preparation. Graph was observed, in which the particle size ranges from 100 

to 250nm which is in increasing order due to increase in concentration of polymer but after certain concentration the ratio of drug 

to polymer was increased the particle size decrease. This was because of high drug to polymer ratio, amount of the polymer available 

was less. Hence it was concluded that particle size varies with the concentration of drug polymer ratio. 

The average particle size of optimized batch F5 was observed 173.3nm.   

  

 
+ 
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Figure no. 3:  Particle size of Luliconazole Nanosponges batch F4 

 

B] Evaluation of gels: 

 Physical appearance i.e clarity and homogenicity was observed visually. Viscosity was measured by Brookfield viscometer. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Table no. 4: Viscosity of different formulations 

 Torque RPM Viscosity 

 

F1 

98.61 

99.1 

96 

95 

60 

100 

150 

200 

21010 

11150 

11050 

10020 

 

 

F2 

95 

94 

94 

90 

60 

100 

150 

200 

18675 

16650 

14655 

11650 

 

 

F3 

95 

92 

91 

89 

60 

100 

150 

200 

13750 

12600 

11850 

11050 

 

 

F4 

98.1 

94.1 

90.3 

89 

60 

100 

150 

200 

19250 

15180 

13200 

10050 

 

 

F5 

98 

96 

91 

90 

60 

100 

150 

200 

13490 

12070 

11664 

10110 

 

 

F6 

95 

93 

93 

90 

60 

100 

150 

200 

15190 

13410 

10540 

10250 
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+             turbid 

++           clear 

+++         very clear 

Table no. 5: Clarity and homogenicity of the formuations. 

 

     

 

 

 

 

 

 

 

 

 

Table no. 6: Actual drug content, spreadability and pH 

The diffusion rate studies were performed to evaluate the diffusion character of the luliconazole from the prepared nanosponges 

hydrogel. Table no. 7 & Figure no. 4 shows release profile of all batches. The diffusion study of all formulations shows the 

percentage drug release was found to be in between 59.34 to 85.20% within given time period. From the data F4 shows the highest 

drug release compare to any other batch & F1 batch shows the lowest drug release & hence F4 was considered as the best formulation 

based on its kinetic release characteristic as the polymer used ethyl cellulose. Maintaining the temperature and stirring speed is 

important during the diffusion experiment for consistent & accurate measurement of the diffusion rate.  This could be maintained 

throughout the diffusion study & drug solubility could not be a factor responsible for retardation of drug release from the formulation 

studies.   

 

 

 

 

 

 

Formulation code Clarity  Homogenicity 

F1 + Good 

F2 ++ Good 

F3 ++ Good 

F4 +++ Good 

F5 +++ Good 

F6 ++ Good 

Formulati

on code 

Actual drug 

content 

Spreadab

ility 

pH 

F1 90.32 5.866 6.9 

F2 88.234 6.122 7.0 

F3 76.387 6.235 7.2 

F4 95.56 6.352 7.2 

F5 89.453 6.171 7.1 

F6 92.498 6.036 6.9 
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Time(Hr.)                                Formulation code 

F1 F2 F3 F4 F5 F6 

1 4.99±0.01 4.8±0.02 5±0.01 7.12±0.021 6.06±0.02 6.54±0.01 

2 5.21±0.03 6.56±0.01 7.55±0.02 10.54±0.04 8.65±0.03 8.43±0.02 

3 15.56±0.01 10.54±0.02 15.67±0.02 21.94±0.01 16.34±0.01 16.23±0.03 

4 19.6±0.03 18.6±0.01 24.45±0.02 31.44±0.04 29.55±0.01 26.45±0.02 

5 25.56±0.02 23.78±0.02 29.37±0.03 39.34±0.02 35.56±0.02 33.3±0.01 

6 31.78±0.01 29.56±0.03 35.34±0.02 50.12±0.01 41.29±0.01 45.7±0.03 

7 40.97±0.03 35.87±0.02 41.1±0.03 60.4±0.02 50.78±0.01 54.1±0.01 

8 43.76±0.01 40.11±0.01 45.4±0.02 65.48±0.04 56.65±0.03 58.3±0.01 

9 50.43±0.02 49.45±0.04 50.07±0.01 68.78±0.01 60.61±0.03 61.9±0.01 

10 53.1±0.01 53.54±0.03 54.09±0.03 76.22±0.02 66.65±0.01 69.1±0.01 

11 56.2±0.01 57.9±0.03 59.54±0.01 80.76±0.01 68.33±0.04 72.33±0.02 

12 59.34±0.02 60.66±0.01 62.13±0.02 85.43±0.02 69.85±0.01 77.76±0.03 

 

Table no. 7: % Drug release of various formulations 

 

 

 

                               

 

 

 

 

 

 

 

 

 

Table No. 8: Mathematicals models for drug release 

 

 

 

 

 

 

Formulation 

Code 

Zero order plot First order plot Hixson-Crowell plot Higuchi plot Korsmaeyer 

-peppas plot 

                               Regression Coefficient (R²) n value 

F1 0.896 0.857 0.868 0.887 0.867 0.801 

F2 0.884 0.863 0.905 0.875 0.871 0.844 

F3 0.897 0.876 0.85 0.79 0.886 0.844 

F4 0.912 0.881 0.865 0.940 0.892 0.875 

F5 0.913 0.894 0.876 0.811 0.907 0.922 

F6 0.901 0.881 0.866 0.800 0.902 0.932 
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Figure no. 4: % drug release of Nanosponges formulation Batches F1 to F6 

 

 
 

Figure no. 5: Higuchi Plot of optimized batch F4 

 

% drug release of Nanosponges formulation Batches F1-F6 Mathematical models for drug release: The diffusion rate of 

batches F1 to F6 was fitted to Higuchi as show in Table no. 8 and Figure no. 5 The Regression coefficient (R²) was used as criteria 

to choose best model to fit drug release from the Luliconazole loaded nanosponges. The R² values of all models are given in above 

table. In almost all case the R² of Higuchi model is higher than any other model indicating that the drug release from the formulation 

followed Higuchi diffusion mechanism. The release exponent n for optimized batch F4 was found to be 0.940.  

Skin irritation test was performed by using in vitro skin irritation test method. The formulation did not indicate any evidence of skin 

irritation such as redness of skin or any change in skin. Thus it may be concluded that formulation does not have skin irritation 

potential and is safe for topical application. 
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           (a)                                                                      (b)                                                           (c) 

 

                        
                (d)                                                               (e)                         (f) 

 

a) Formalin solution 0.8% at 24 hrs          d) Medicated gel at 24 hrs    

b) Formalin solution 0.8% at 48 hrs          e) Medicated gel at 48 hrs    

c) Formalin solution 0.8% at 72hrs            f) Medicated gel at 72 hrs    

Figure no.6: Skin Irritaton test 

 

In this study the fungi used was Candida albicans. The studies was carried for optimized batch F4 and the zone of inhibition 

observed for F4 was 6.5mm2, placebo gel as 0 mm2, and of pure drug Luliconazole was 7.7 mm2. , which indicates the antifungal 

study of luliconazole gel was effective against Candida albicans. 

 

Formulation Presence of edema 24 hrs Presence of edema 48 hrs Presence of edema 72 hrs 

Control 0 0 0 

Aqueous 

formalin 

solution 

2 3 3 

Medicated Gel 0 0 0 

        

Table no. 9: Skin Irritation test 

 

 

 

 

 

Table no. 10: Zone of Inhibition 

Sr.no Formulation Zone of inhibition (mm2) 

1 Placebo gel 0 

2 Pure drug (luliconazole) 6.5 

3 Formulation batch F4 7.7   
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Zone of inhibition formulation       Zone of inhibition formulation      Zone of inhibition of  

Batch 4                                            placebo gel                                        pure drug                                                             

Figure no. 7: Zone of Inhibition 

Optimized batch F4 containing Luliconazole loaded hydrogel gives better drug release and encapsulation as compared to their single 

use in formulation. In vitro drug release profile of optimized batch F4 compared with marketed formulation was shown in Table 

no.11 and comparison between both are shown in Figure no. 8 

Comparison study of permeability of nanosponges loaded hydrogel and marketed gel 

For batch 4 formulation                                                 Marketed gel  

Jss= (dQ/dt)                                                                  

             A  
(dQ/dt) = Jss x A(dQ/dt)                                      (dQ/dt) = Jss x A(dQ/dt)                   

             = 10.068cm-2 hr-1 x 5.6cm2                               =  6.425 mg cm-2 hr-1 x 5.6cm2                                   

             = 56.38mg hr-1                                                    =  35.98mg hr-1 

P = (dQ/dt) /AC= Jss/Cd                                     P= (dQ/dt) /AC= Jss/Cd  

 = 56.38mg hr-1 / 5.6 cm2 x 0.5 mg.cm-3            = 35.89mg hr-1 / 5.6 cm2 x 0.5 mg.cm-3  

 = 20.13cm.hr-1                                                    = 14.68cm.hr-1 

The enhancement ratio was calculated by formula,  

P of formulation/ P of control 20.13/ 14.2= 1.56 

It was concluded from this study that the enhancement of the permeability was more in nanosponges hydrogel by 1.56 folds than 

marketed formulation. 

 

 

 

 

 

 

 

 

 

 

 

Table no.11: Cumulative drug release of F4 Batch 

Time 

(hrs) 

% cummulative drug 

release of F4 

% cummulative drug 

release of marketed gel 

1 2.2 1 

2 7.14 2.8 

3 19.19 8.3 

4 28.32 18.5 

5 37.87 26.6 

6 50.62 30.9 

7 61.88 37.32 

8 69.08 49.5 
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Figure no.8: Cummulative drug release and marketed gel of batch 4 and marketed gel 

 

The results of stability study shows that no significant change was observed for physical appearance, Entrapment efficiency and In 

vitro drug release study.  The stability study also revealed that there was no change in drug release profile. This shows that the 

selected batch F4 is stable and reproducible.    

       

Formulation Flux(µg/cm2/h) Permeability  

co-efficient (kp)x10-3 

Nanosponge 

Hydrogel F4 

105.4±5.2 20.13 

Marketed 

preparation 

56.3±7.6 14.2 

Table no. 12: Ex- vivo permeation study 

 

 

 

 

 

 

 

 

 

 

Table no. 13: Stability test study of nanosponges gel 

Conclusion: 

 From all above observation and results it can be concluded that all the formulations show satisfied organoleptic properties. 

Nanosponges loaded Luliconazole was formulated by Hyper crossed linked method and examined for entrapment efficiency, 

Physical properties,  Production yield, swelling and water index, Drug content, Particle size of nanosponge. The results obtained 

from study confirm, maximum entrapment efficiency were found in formulation code F4 entrapment efficiency found to be 77.06% 

from which the formulation was found to be optimized. Hence the formulation was subjected for Particle size, and morphological 

study. Average mean diameter of optimized formulation was found to be 173.3nm. Nanosponges gel prepared and evaluated for 

viscosity, in-vitro drug diffusion study, ex-vivo permeation study and in-vivo animal study of nanosponges gel and results are 

compared with results obtained from marketed conventional gel. 

The present study demonstrate that when an antifungal drug Luliconazole is formulated in the form of nanosponges topical gel for 

the antifungal activity can be best suitable approach in novel drug delivery system than conventional gel. Hence it is concluded that 

above formulation can be more effective than conventional gel used in treatment of fungal infection. 

 

 

 

y = 10.068x - 10.768
R² = 0.9944

y = 7x - 9.635
R² = 0.9796
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Parameters Before stability testing After stability testing 

Colour White Translucent White Translucent 

Visual appearance Clear and homogenous Clear and homogenous 

% Drug release 85.20%% 84.67% 
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