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Abstract 

Fungal infection is one of the most common causes of skin diseases. The frequency of fungus 

infections is increasing worldwide. Oral treatment of fungal infections it has to do with the 

toxic effect, long-term treatment and patient intolerance while over-the-counter treatments 

for mild fungal infections are associated with reduced drugs, irritation to the skin and 

minimal clearance of the skin. So to improve drug penetration, to minimize side effects of 

drugs and rapid symptomatic relief from fungal infections, nanoemulsion based hydrogel 

(Carbopol 934) containing an antifungal drug was prepared.  Excipients were screened on 

the bases of solubility of drug in these excipients. Cinnamon oil was selected as oil phase, 

Tween 80 as surfactant and PEG 400 as cosurfactant. Ternary phase diagram was 

constructed between oil Smix (Tween 80 and PEG 400 (1:1) and water. Luliconazole 

nanoemulsion was prepared and incorporated into hydrogel. Hydrogel (1%) was prepared by 

dispersing the Carbopol 934 in distilled water and kept for 24 hours for complete swelling of 

carbopol. Triethanolamine was added for crosslinking of gel. The prepared nanoemulsion 

based hydrogel formulations were then characterized for appearance, pH, rheology, and 

drug content and drug release. Drug content was found above 85% and drug release was 

sustained for 12 hrs.  Viscosity and pH was found optimum and safe for topical use. Hence 

the formulation of antifungal LZL into Nanoemulsion for topical drug delivery proves to be 

promising carrier for the delivery of the drug. 

 

Keywords: Fungal infection, Luliconazole, Nanoemulsion, Homogenizer, Hydrogel, 

Carbopol 934, Triethanolamine 

 

 

 

 

 

 

 

 

 

 

 

 

YMER || ISSN : 0044-0477

VOLUME 21 : ISSUE 12 (Dec) - 2022

http://ymerdigital.com

Page No:575

mailto:ramansinghal002@gmail.com
mailto:twinklegarg2004@yahoo.com


1. Introduction 

Nanoemulsion is a thermo-dynamically stable isotropically clear dispersion of two 

immiscible liquids, such as oil and water, stabilized by an interfacial film of surfactant 

molecules. In addition to the surfactant the Co-surfactant / Co-solvent is used with the oil and 

water phase. The dispersed phase typically comprises small particles or droplets, with a size 

range of 5-200 nm, and has very low oil / water interfacial tension (Jaiswal et al., 2015; 

Gupta et al., 2016). 

Unlike coarse emulsions micronized with external energy, nanoemulsion is based on low 

interfacial tension which is achieved by adding a co-surfactant, which leads to spontaneous 

formation of a thermodynamically stable nanoemulsion (Kumar et al., 2012; Patel et al., 

2011). The nanosized droplets leading to increase in interfacial surface area associated with 

nanoemulsion would affect the transport properties of the drug (Tadros et al., 2004). 

Nanoemulsions have a larger capacity for micellar solubilisation compared to simple 

solutions, give advantages in thermodynamic stability to unstable dispersions as it can be 

produced with less energy input, and have a greater shelf life a low viscosity, high kinetic 

stability against creaming or sedimentation, and large interfacial area make nanoemulsion of 

increasing use in different applications (Shen et al., 2011). Nanoemulsions have been 

increasingly developed for use as drug-delivery systems for parenteral, oral, ocular, and 

topical administration (Araujo et al., 2011; Hagigit et al., 2012). Specifically, in topical 

delivery, nanoemulsions offer several significant advantages including no skin irritation, 

powerful permeation ability, and high drug-loading capacity (Abdulkarim et al., 2010; 

Sonneville-Aubrun et al., 2004). 

Nanoemulsion-based cosmeceuticals have improved efficacy; whereby, the active ingredient 

will have better skin penetration and a higher rate in successful drug delivery to the target site 

due to its small particle size. Besides, the long-term colloidal stability of nanoemulsion can 

be achieved through high potential due to the increase of the repulsive force between 

droplets. Nanoemulsion is a non-equilibrium colloidal system where oil phase is dispersed as 

fine droplets, usually with particle size from 20–200 nm, throughout the aqueous phase 

stabilized by surfactants. Nanoemulsions can be prepared by high-energy emulsification or by 

low-energy emulsification methods. However, nanoemulsions are thermodynamically 

unstable colloidal systems that are highly dependent on their physicochemical properties, 

usually based on the preparation method (Mason et al., 2014; Dhadde et al., 2020). 

 

Nanoemulgel 

Nanoemulgel which known as the formation of nanoemulsion based on hydrogel is the 

addition of nanoemulsion system intergraded into hydrogel matrix which influences a better 

skin penetration (Mou et al., 2008). This mixture of nanoemulgel has attracted the attention 

of many scientists for the development of numerous drugs that function to treat various kinds 

of skin disorders. The formulation of nanoemulgel for the topical delivery system acts as drug 

reservoirs which, influence the release of drugs from the inner phase to the outer phase and 

then further onto the skin (Bernard 2012). These release mechanism depends on the 

composition of the network polymer chains and the crosslink density (Alves et al., 2007). 

Besides that, the ability of a drug to permeate the skin and successfully release of therapeutic 
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agent is influenced by drug affinity to diffuse out from the vehicle and permeate through 

barrier (Babihav et al., 2011). Nanoemulgel on intact with skin will release the oily droplets 

from the gel network. The oil droplets then will penetrate into the stratum corneum of the 

skin and directly deliver the drug molecules without a transfer via hydrophilic phase of 

nanoemulsions (Mou et al., 2008). 

 

Luliconazole 

Luliconazole (LUL), an antifungal drug containing imidazole moiety with ketone 

dithioacetate, is a broad-spectrum agent, which has shown its potential against wide varieties 

of fungi, especially against filamentous fungi, for example, dermatophytes. 

Although the exact mechanism of this novel agent for antifungal efficacy is unknown, it has 

been reported that LUL acts by inhibiting the fungal cytochrome P450; that is, 14-α 

demethylase enzyme thus prevents the biosynthesis of ergosterol from lanosterol and 

interrupts cellwall synthesis within the fungi. Solubility of LUL is low which restricts 

permeation of the drug across the skin upon topical delivery. Alternatively, conventional 

topical cream formulations possess several drawbacks of low permeation from the stratum 

corneum along with reduced retention at the site of application. Moreover, the rate-limiting 

step for LUL permeation is its solubility in the lipid phase of the stratum corneum that limits 

its dermal availability (Nabil et al., 2021). There is an urgent requirement for novel deliveries 

for improved retention and penetration from the site of skin application. 

In context of above principle a strong need was recognized for the development of sustained 

release drug delivery system for the drug. An approach known to fulfil both the needs is 

Luliconazole nanoemulgel. This is useful in sustaining the drug release. The prepared 

formulation will be characterized for several parameters such as appearance, pH, rheology, 

and drug content and drug release. 

 

2. MATERIAL AND METHODS 

Materials 

Luliconazole was received as gift sample from Allastir Pvt. Ltd. Chennai. Other excipients 

like Carbopol 934, Castor oil, cinnamon oil, PEG, triethanolamine, Tween 40 and Tween 80 

etc. were obtained from college laboratory. 

 

Experimental Methods 

Formulation of Nanoemulsion 

a. Construction of Pseudo ternary phase diagram 

On the basis of the solubility studies and drug excipient compatibility studies, Cinnamon oil 

was selected as the oil phase. Tween-80 and PEG400 were selected as surfactant and co-

surfactant, respectively. Distilled water was used as an aqueous phase. Surfactant and co-

surfactant (Smix) were mixed at (1:1) ratio and prepared phase diagram. For phase diagram, 

oil and Smix at a specific ratio was mixed thoroughly at different mass ratios from 1:9 to 9:1 

in different glass vials (Chang et al., 2020). The mixtures of oil, surfactant and co-surfactant 

at certain weight ratios were titrated by adding water dropwise, under moderate magnetic 

stirring. After being equilibrated, the mixtures were assessed visually and at the same time 
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examined for the transparency. Samples with low viscosity, single phase and transparent 

nature were considered as stable formulation. The data obtain after titration was used for the 

construction of ternary phase diagram. 

 

b. Preparation of Nanoemulsion 

The preparation of NE was performed using high speed homogenizer. In this technique, the 

drug was dissolved in the lipid. The lipid phase was then added to the aqueous Smix 

(surfactant and co-surfactant v/v) phase heated at 70-80oC under stirring at 11000 rpm with 

the help of high speed homogenizer for at least 15 min (Gupta et al., 2016). Three 

formulations were designed by altering the concentration of formulation variables like Lipid, 

S mix as shown in Table I. A 5% w/v PVA solution was prepared by adding 0.25 gm of PVA 

to 4ml deionized water and heated at 60oC to dissolve PVA added. 

Ingredients Role F1 F2 F3 

Drug (mg) API 100 100 100 

Cinnamon Oil (ml) Carrier 0.9 1.4 1.9 

S mix (ml) Emulsifier 3.5 2.5 1.3 

Water (ml) Carrier 5.1 5.6 6.3 

Table I: Compositions of various nanoemulsion formulations 

 

Preparation of Hydrogel 

Hydrogel was prepared by dispersing the 1gm of Carbopol 934 in sufficient quantity of 

distilled water. After complete dispersion, the solution was kept for 24 hours for complete 

swelling of carbopol 934. Triethanolamine was added for crosslinking. Clear and transparent 

1% gel of Carbopol 934 was prepared (Helal et al., 2012). 

 

Incorporation of Nanoemulsion into Hydrogel 

Nanoemulsion was incorporated to hydrogel (1:1 w/w) with continuous stirring. Prepared 

nanoemulsion based hydro gel was placed in a suitable container (Helal et al., 2012). 

 

Characterization of nanoemulsion based hydrogel 

Appearance 

Prepared nanoemulsion based hydrogel was visually checked for its colour and clarity. 

Drug content 

The drug content of nanoemulsions was determined by diluting 1mL of the formulation with 

100 mL methanol, further diluted 10ml to 50ml with methanol followed by analysis with UV-

visible spectrophotometer (Shishu et al., 2006). 

pH 

The pH of nanoformulations was determined using a pH meter at 25 ± 0.5oC. 

Rheology study of Nanoemulsion based hydrogel 

The viscosity of Nanoemulsion based hydro gel of different formulation was measured at 10 

rpm for 3 min at 25 C by Brookfield type rotary viscometer with spindle (Kaplan et al., 

2019). 
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In vitro release 

About 2gm of prepared gel were placed on dialyzing membrane containing diffusion cell 

phosphate buffer 7.4 in its receptor compartment, 1ml of phosphate buffer was taken after 1 

hr interval up to 12 hr. Mention steady state condition in diffusion cell by placing 1ml of 

fresh phosphate buffer after removal of 1ml of sample from receptor compartment (Barradas 

et al., 2017). 

 

3. RESULT AND DISCUSSION 

Preparation of Nanoemulsion 

Construction of Pseudo Ternary Phase diagram 

The solubility of oil (Cinnamon oil, castor oil, soyabean oil and oleic acid), surfactant (Span 

80, Span 20, Tween 20 and Tween 80) and co-surfactant (PEG 400, PEG 300 and PG) was 

determined and displayed in Table II. 

 

S. No. Compound Solubility (mg/ml) 

OIL 

1 Cinnamon Oil 105.1 ±0.08 

2 Castor Oil 17.85±0.38 

3 Soyabean Oil 3.96±0.09 

4 Oleic acid 5.11±0.06 

SURFACTANT 

1 Span 80 0.11±0.11 

2 Span 20 4.17±0.28 

3 Tween 80 7.63±0.07 

4 Tween 20 2.77±0.05 

CO-SURFACTANT 

1 PEG 400 22.39±0.2 

2 PEG 300 12.38±0.06 

3 PG 2.89±0.03 

 

Table II Solubility of Luliconazole in oil, surfactant and co-surfactant (mean ±SD, n=3) 

Ternary phase diagram 

 

On the basis of the solubility studies and drug excipient compatibility studies, Cinnamon oil 

was selected as the oil phase. Tween-80 and PEG400 were selected as surfactant and co-

surfactant, respectively. Distilled water was used as an aqueous phase. Surfactant and co-

surfactant (Smix) were mixed at (1:1) ratio and prepared phase diagram (Fig. I). 
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Figure I Pseudo Ternary Phase Diagram 

 

Characterization of nanoemulsion based hydrogel 

Prepared nanoemulsions were characterized for appearance; pH, viscosity and drug content 

(Table III). 

Appearance 

Prepared formulations were visually checked for its colour, and clarity. They were found 

yellow and clear. 

Drug content 

The drug content of formulation F1, F2 & F3 was found to be 96.62%± 1.13%, 

99.51%±0.4% and 87.4%±2.10% respectively. 

pH 

pH of nanoemulsions F1, F2 and F3 was found to be 7.29±0.02, 7.33± 0.04 and 7.13 ± 0.02 

respectively. 

Viscosity 

The viscosity of formulation F1, F2 & F3 was found to be 4910 ±2.59 mPa.S, 4851±2.56 

mPa.S and 4893 ±3.66 mPa.S respectively. 

 

Formulation 

Code 

Appearance pH Viscosity 

(mPa.S) 

Drug content 

F1 Yellow colored clear 

transparent gel 

7.29±0.02 4910 ±2.59 96.62%±1.13% 

F2 Yellow colored clear 

transparent gel 

7.33±0.04 4851±2.56 99.51%±0.4% 

F3 Yellow colored clear 

transparent gel 

7.13±0.02 4893 ±3.66 87.4%±2.10% 
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Table III Characterization of nanoemulsion based hydrogels 

In vitro release 

The in vitro release of all formed batches exhibited a sustained delivery of LZL (>70% in 12 

h) (Table IV, Fig. II). The first hour release was found to be moderate (10-25%) i.e. no initial 

burst release was observed. 

 

Time 

(hrs) 

% drug release 

F1 F2 F3 

1 13.58 16.04 13.67 

2 22.12 24.75 18.36 

3 28.34 30.85 26.74 

4 35.65 37.35 35.18 

5 48.05 51.78 45.67 

6 55.76 57.5 57.64 

7 62.12 67.77 64.37 

8 66.03 76.26 69.48 

9 71.41 79.84 74.58 

10 82.31 88.37 77.37 

11 86.13 90.76 79.48 

12 91.11 94.87 83.76 

 

Table IV % Drug release of nanoemulsion based hydrogels 

In vitro release graph of all three formulations (figure II) shows that formulation F2 give the 

better release as compared to formulation F1 and F3. So further studies done on formulation 

F2. 

 

 
Figure II % Drug Release of nanoemulsion based hydrogels 
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4. CONCLUSION  

In conclusion, nanoemulsions composed of antifungal drug and natural novel excipients were 

prepared. A homogenization method was employed. Different characterization study and in 

vitro studies supports the successful formulation of nanoemulsion based hydrogel, safe and 

effective of antifungal drugs in the skin. 
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