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ABSTRACT 

In order to improve therapeutic efficacy and skin compatibility, the current work focusses on the 

development and formulation of a nanoemulgel containing the antifungal drug ketoconazole 

using natural extracts. The benefits of both nanoemulsions and gels are combined in 

nanoemulgels, which provide better drug solubility, increased skin penetration, and prolonged 

drug release. Natural ingredients like coconut oil and aloe vera were added to this composition as 

biocompatible carriers and penetration enhancers. High-energy emulsification techniques were 

used to create the nanoemulsion, which was then incorporated into a Carbopol 940 gel base. 

Physical appearance, pH, viscosity, drug content, spreadability, in-vitro drug release, and 

antifungal efficacy were all assessed for the produced nanoemulgels. 

In comparison to traditional gel formulations, the optimised formulation demonstrated greater 

antifungal activity, improved release profile, and good stability, according to the results. With 

better patient compliance and therapeutic potential, this innovative method offers a viable 

method for the topical administration of ketoconazole. 
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1. INTRODUCTION 

The last two decades have seen unprecedented changes in the pattern of fungal infections in 

humans. These diseases have assumed a much greater importance because of their increasing 

incidence in persons with the acquired immunodeficiency syndrome AIDS in recipients of solid 

organ or haematopoietic stem cell transplants HSCT in persons with haematological 

malignancies and in other debilitated or immunocom  promised individuals. Although gains have 

been made in the treatment and prevention of fungal infections, major changes in health care 

practices have resulted in the emergence of new atrisk populations. Fungi are a varied group of 

eukaryotic organisms that are essential to many ecological functions including breaking down 

organic matter and recycling nutrients. They can appear as single celled forms like yeasts or as 

multicellular filamentous structures such as molds. Fungi inhabit a wide range of environments 

including soil, water and living organisms like plants and animals they hold significant 

ecological and medical importanceFungi are believed to have appeared on Earth around a billion 

years ago making them some of the oldest living organisms and silent witnesses to the planet’s 

ancient history. Fossil evidence suggests their presence dates back roughly 600 million years 

offering valuable insight into their early development and evolution.  In those early days, fungi 

played a crucial role in shaping Earth’s ecosystems
[2]

. By forming partnerships with the first land 

plants, they helped pave the way for life to thrive on land. One of the most important of these 

partnerships involved mycorrhizal fungi, which supported early plants by improving their ability 

to absorb nutrients from the soil. This relationship was key to helping plants establish themselves 

on the once-barren land setting the stage for the rich and diverse environments we see today. 

1.2 The Modern Role of Fungi in Medicine and Technology:  
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Over the last few centuries, our view of fungi has changed dramatically. Once seen as oddities of 

nature they’re now recognized as vital players in medicine industry and science fundamentally 

changing how we understand and use them in everyday life. 

Antoni van Leeuwenhoek, often called the Father of Microbiology was one of the first people to 

truly glimpse the hidden world of microorganisms. Using microscopes he crafted himself he 

managed to observe yeast cells in detail something no one had seen before. At the time, this was 

a groundbreaking discovery. 

2. AIM AND OBJECTIVE 

2.1 Justification for Disease Selection 

To address these limitations, novel delivery systems such as nanoemulgels have been explored. 

Nanoemulgels combine the advantages of nanoemulsions—such as enhanced drug solubility, 

stability, and bioavailability—with the ease of application and patient compliance of gels. The 

small droplet size in nanoemulsions promotes better penetration through the stratum corneum, 

while the gel matrix allows for sustained release and localization at the site of infection 

2.2 Objectives 

1. To formulate a nanoemulgel of ketoconazole for topical antifungal treatment. 

2. To incorporate natural extracts as stabilizers, permeation enhancers, or therapeutic 

agents. 

3. To improve the solubility and bioavailability of ketoconazole. 

4. To enhance skin penetration and retention of the drug. 

5. To achieve sustained and controlled drug release. 

3. DRUG PROFILE 

Table No. 1: List of content 

S. No. Component Category Function 

1. 
HPMC(Hydroxyprop

ylMethylcellulose) 

Semi Synthetic 

Polymer 

Gelling agent thickner, stabilizer, 

controlled-release agent 
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2 
Coconut Oil (Virgin 

or Fractionated) 

Natural Oil / 

Functional Excipient 

Acts as oil phase; provides emollient 

and antifungal effects 

3 Carbopol 940 Gelling Agent 
Converts Nanoemulsion into gel for 

better skin adherence 

4 Propylene Glycol 
Co-surfactant / 

Penetration enhancer 

Enhances drug solubility and skin 

penetration 

5 
Tween 80 

(Polysorbate 80) 
Surfactant 

Reduces interfacial tension; helps 

stabilize Nanoemulsion 

6 Triethanolamine 
pH Adjuster / 

Neutralizer 
Adjusts pH to skin-compatible range 

7 Distilled Water Vehicle / Solvent 
Forms the aqueous phase in the 

emulsion 

8 Ethanol (optional) 
Co-solvent / 

Penetration enhancer 

Improves solubility and drug 

permeation 

9. Methylparaben Preservatives Prevents microbial contamination 

A variety of functional excipients are included in the formulation of the ketoconazole 

nanoemulgel to improve skin compatibility, stability, and drug administration. While coconut oil 

functions as the oil phase with additional emollient and antifungal properties, HPMC works as a 

gelling agent and stabiliser. For improved skin adhesion, carbopol 940 turns the nanoemulsion 

into a gel. Ethanol and propylene glycol improve drug solubility and skin absorption by acting as 

penetration enhancers and co-surfactants. As a surfactant, Tween 80 lowers interfacial tension 

and stabilises the emulsion. Distilled water serves as the main aqueous solvent, and 

triethanolamine balances the pH to meet skin values. The inclusion of methylparaben as a 

preservative ensures formulation stability and safety by preventing microbiological 

contamination. 

4. MATERIAL AND METHOD 

Table2:  List of Chemicals and Solvents. 

S. No. Name Supplier / Manufacturer 

1 ketoconazole Torrent Pharma  Pvt. Ltd. 

2 Propylene Glycol Signet Chemicals Pvt. Ltd., Mumbai 

3 Carbopol 940 Central Drug House (P) Ltd., Mumbai 
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4 Triethanolamine Central Drug House (P) Ltd., Mumbai 

5 Span-80 Central Drug House (P) Ltd., Mumbai 

6 Coconut Oil Central Drug House (P) Ltd., Mumbai 

7 Arachis oil Central Drug House (P) Ltd., Mumbai 

8 Methyl Paraben Central Drug House (P) Ltd., Mumbai 

9. Tween 80 Central Drug House (P) Ltd., Mumbai 

Table 3: Listof Instruments and Equipment 

S. No. Name Manufacturer with model 

01 Melting Point Apparatus Sunbim,  India 

02 Digital Weighing Balance Wensar Limited 

03 UV Spectrophotometer Shimadzu UV-1800 

04 
Differential Scanning Calorimeter 

(DSC) 
Perkin Elmer, Pyris-1, DSC, USA 

05 FTIR Spectrophotometer Parkin Elmer India Ltd. New Delhi 

 

5. EXPERIMENTAL WORK 

5.1 Preformulation studies 

1. Organoleptic Properties 

Ketoconazole was evaluated for its physical characteristics. It appeared as a white to off-white 

crystalline powder, was odorless, and tasteless. These properties confirm its identification and 

are consistent with pharmacopeial standard 

2. Melting Point Determination 

The melting point of Ketoconazole was determined using a digital melting point apparatus and 
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found to be approximately 152°C. This value confirms the purity and stability of the drug, as it 

matches the literature-reported melting point. 

3. Solubility Studies 

Solubility of Ketoconazole was tested in various solvents. The drug was practically insoluble in 

water but showed good solubility in organic solvents like methanol, ethanol, and propylene 

glycol, and in natural oils like coconut and arachis oil. This supports its suitability for an oil-

based nanoemulsion system. 

4. Compatibility Studies (FTIR Analysis) 

Fourier Transform Infrared (FTIR) spectroscopy was used to evaluate compatibility between 

Ketoconazole and formulation excipients, including natural oils and polymers. No significant 

shifts or disappearance of characteristic peaks were observed, indicating chemical compatibility. 

5. Differential Scanning Calorimetry (DSC) 

DSC was used to assess the thermal behavior of Ketoconazole. A sharp endothermic peak near 

152°C confirmed the purity and crystalline nature of the drug. No additional peaks suggested 

there was no drug-excipient interaction, supporting its thermal stability in the formulation. 

5.2 Formulation table 

Table 4: nanoemugel (API containing) 

Ingredients (% 

w/w) 

F1 F2 F3 F4 F5 F6 F7 F8 F9 

Ketoconazole 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 2.0 

HPMC  0.5 1.0 2.0 - - - - - - 

Coconut Oil - - - 2.5 3.5 5.0 - - - 
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Carbopol 940 - - - - - - 1.0 1.5 2.0 

Tween 80 10.0 10.0 10.0 12.0 12.0 12.0 15.0 15.0 15.0 

Triethanolamine 

(TEA) 

pH 

6.5–

7.0 

pH 
6.5–
7.0 

pH 
6.5–
7.0 

pH 
6.5–
7.0 

pH 6.5–
7.0 

pH 6.5–
7.0 

pH 
6.5–7.0 

pH 
6.5–7.0 

pH 
6.5–
7.0 

Methylparaben 0.1 0.1 0.1 0.15 0.15 0.15 0.2 0.2 0.2 

Distilled Water 
87.4 86.9 85.9 83.35 82.35 80.85 81.8 81.3 80.8 

 

6.RESULT 

6. ANALYTIC PROFILE OF ACTIVE DRUG (DSC & FTIR) 

a) Ketoconazole: The DSC thermogram of Ketoconazole   is shown in Figure 1. The 

DSC thermogram of Ketoconazole showed sharp peak at 162
0
C. The IR spectra 

obtained was elucidated for important chromophore groups. The IR spectra showed 

peaks at 3640, 1450, 1057, 1250, 810 and 690 cm
-1

.  

 

 

 

Figure 1: DSC Thermogram of Ketoconazole 
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6.4 DSC OF NANOEMULGEL FORMULATION 

 

Fig. 2 DSC Nanoemulgel Formulation 

6.7  STANDARD CURVE OF KETOCONAZOLE 

The Ketoconazole   was characterized in methanol as solvent by measuring absorption spectrum 

using Shimadzu UV Visible Spectrophotometer. The drug exhibited λmax at 272 nm when 

scanned between 180-400 nm. Standard curve of Ketoconazole   was obtained by plotting 

absorbance values at different concentrations of the drug UV- spectrophotometer. The standard 

plot was made with concentration (μg /ml) on X axis and Absorbance on Y axis. 

7.7.1 Preparation of Calibration curve of Ketoconazole   inDMSO: 

Table-5 Absorbance of Ketoconazole    in DMSO 

 

Concentration Absorbance (272 nm) 

0.0 0 

2.0 0.125±0.003 

4.0 0.259±0.002 

6.0 0.384±0.003 

8.0 0.528±0.002 

10.0 0.653±0.003 

12.0 0.786±0.001 
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All values are expressed as mean (± SD), n = 3 

 

Fig.3: Standard curve of ketoconazole 

Formulation 

Name 

Zeroorder Firstorder  Higuchi KorsymerPeppas 

F8 R
2 

R
2 

R
2 

R
2 

0.9892 0.9971 0.9488 0.9989 

Discussion: mathematical models are commonly used to predict the release mechanism and 

compare release profile. For all optimized formulations, the % drug release vs time (zero order), 

log% drug remaining vs time (first order), log% drug release vs sequare root of time (higuchi 

plot) and log fraction drug releasevs log time (korsmeyerpeppas) were plotted. Considering the 

determination coefficient, Korsmeyermodelfit the release data. 

7.CONCLUSION 

The goal of the current study was to improve the local therapeutic efficacy of ketoconazole, an 

antifungal medication that is poorly soluble in water, and to avoid hepatic first-pass metabolism 

by developing and thoroughly evaluating nanoemulgel formulations of the drug. By combining 

the benefits of emulsions and gels, nanoemulgels enable improved medication penetration 

through the skin as well as a stable, non-greasy, and patient-acceptable dose form for topical use. 

Using variable quantities of gelling agents (HPMC, Carbopol 940), oil phase (Coconut oil), and 

surfactants (Tween 80), nine distinct formulations (F1 to F9) were created. To find the best 

candidate for efficient skin administration of ketoconazole, these formulations underwent 

extensive preformulation, physicochemical, and in vitro release tests. 
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