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Abstract 

Superficial fungal infections remain highly prevalent and often require extended treatment before full 

resolution is achieved. Ketoconazole, an imidazole-class antifungal, demonstrates strong activity against 

dermatophytes and yeasts; however, its poor water solubility and limited ability to penetrate skin restrict 

the effectiveness of conventional topical formulations. These shortcomings often result in inconsistent 

therapeutic outcomes. Solid lipid nanoparticles (SLNs) have gained attention as a modern drug-delivery 

technology capable of enhancing solubility, modulating drug release, and improving dermal uptake of 

lipophilic agents. This review discusses the pharmacological relevance of ketoconazole, the drawbacks of 

traditional topical systems, and the formulation considerations, characterization methods, and therapeutic 

promise of SLN-based ketoconazole gels as an advanced approach for treating superficial mycoses. 

 

1. Introduction 

Superficial fungal infections affecting the skin, hair, or nails represent a major portion of global 

dermatological disorders. Although multiple antifungal drugs are available, treatment often proves 

challenging due to insufficient skin penetration or instability within conventional dosage forms. 

Ketoconazole, a well-established antifungal compound, demonstrates potent activity against diverse 

fungal species, yet its clinical value in topical preparations is diminished by restricted solubility and a 

tendency for rapid removal from the skin’s surface. 

Advances in nanotechnology offer new solutions for these formulation-related barriers. Among various 

nanoscale systems, SLNs have emerged as a promising platform capable of improving drug encapsulation, 

enhancing topical delivery, and providing stable, sustained release. This review examines the scientific 

foundation for developing ketoconazole-loaded SLNs and their integration into topical gels for improved 

therapeutic performance. 

 

2. Ketoconazole: Pharmacological Significance 

Ketoconazole exerts its antifungal effect by interfering with sterol synthesis, ultimately compromising 

fungal cell membrane integrity and inhibiting growth. Its broad-spectrum activity makes it suitable for 

conditions ranging from dermatophyte infections to candidiasis. 

Key Physicochemical Attributes 

• Strong lipophilicity 

• Minimal aqueous solubility 

• Chemical stability under acidic conditions 
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• Compatibility with lipid-based carrier systems 

These characteristics make ketoconazole particularly well-suited for incorporation into lipid-structured 

nanoparticles designed to enhance cutaneous drug delivery. 

 

3. Limitations of Conventional Topical Ketoconazole Products 

Despite its established efficacy, ketoconazole in traditional topical forms presents several limitations, 

including: 

• Poor movement across the stratum corneum 

• Easy removal by sweat, friction, or washing 

• Requirement for frequent reapplication 

• Low drug levels at the intended therapeutic site 

• Potential irritation during prolonged use 

Such drawbacks have encouraged the development of alternative delivery strategies that improve drug 

retention and patient adherence. 

 

4. Solid Lipid Nanoparticles (SLNs) as an Innovative Delivery System 

SLNs are colloidal carriers composed of solid lipids stabilized by one or more surfactants. Their nanoscale 

dimensions allow efficient entrapment of hydrophobic drugs and enable controlled, predictable release 

profiles. 

Advantages of SLNs 

• Better solubilization of poorly water-soluble drugs 

• Ability to modulate drug release over extended periods 

• Improved penetration and distribution across skin layers 

• Enhanced chemical stability of encapsulated agents 

• Biocompatibility and suitability for topical use 

• High loading capacity for lipophilic compounds 

For ketoconazole, these attributes translate into greater bioavailability and potentially improved 

therapeutic outcomes with less frequent application. 

 

5. Approaches to Formulating Ketoconazole-Loaded SLNs 

SLNs can be developed using a variety of preparation techniques, such as: 

• Hot and cold homogenization 

• High-shear processing 

• Ultrasonication 

• Solvent-based evaporation or diffusion methods 

Lipids such as stearic acid are commonly employed due to their safety and solid-state properties, while 

surfactants like Poloxamer 188 contribute to particle stability and uniform dispersion. 

 

6. Characterization of SLNs and Their Incorporation into Gel Systems 

Extensive evaluation is necessary to ensure that SLNs and their gel-based formulations possess suitable 

quality attributes. 

6.1 SLN Characterization 

• Particle size and polydispersity index (PDI): Indicators of uniformity and long-term stability 
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• Zeta potential: Predicts electrostatic stability 

• Entrapment efficiency: Reflects the proportion of drug successfully encapsulated 

• SEM imaging: Provides insight into particle morphology 

• FTIR analysis: Confirms compatibility between excipients and the active compound 

6.2 Gel Characterization 

• pH and rheological behavior 

• Spreadability and texture properties 

• Drug content uniformity 

• In-vitro drug-release behavior 

• Short- and long-term stability studies 

SLN-incorporated gels often demonstrate better retention, improved controlled release, and enhanced user 

acceptability compared with traditional formulations. 

 

7. Therapeutic Advantages of Ketoconazole SLN Gels 

Formulating ketoconazole within SLN-based gels offers several clinical and performance-related benefits: 

• Enhanced deposition and persistence within skin layers 

• Gradual, sustained release of drug over time 

• Reduced need for frequent application 

• Lower incidence of irritation due to controlled exposure 

• Improved antifungal activity compared with conventional gels 

These benefits make SLN gels especially attractive for managing chronic or recurrent fungal infections. 

 

8. Future Perspectives 

Ongoing research suggests further potential for ketoconazole-loaded SLNs, with emerging interests 

including: 

• Combination formulations targeting multi-species fungal infections 

• Integration into advanced gel networks such as thermo-responsive or bioadhesive systems 

• Clinical evaluations to confirm safety, tolerability, and improved outcomes 

• Development of scalable manufacturing processes for commercial deployment 

Continued innovation may lead to next-generation topical antifungal products that offer higher efficacy 

and improved patient convenience. 

 

9. Conclusion 

SLNs provide a compelling solution to the limitations of conventional topical ketoconazole formulations. 

By enhancing solubility, improving dermal penetration, and offering controlled release, SLN-based gels 

demonstrate significant promise as modern therapeutic systems for superficial mycoses. This approach 

represents a valuable direction in dermatological drug delivery, with the potential for meaningful clinical 

advancement. 
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