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Abstract 
Fungal infections pose a significant health concern globally, with a rising incidence of resistance to 
conventional treatments. Topical drug delivery systems offer a promising approach to enhance the efficacy and 
safety of antifungal agents while minimizing systemic side effects. This review explores the design, 
development, and optimization of bigel-based topical drug delivery systems containing Amphotericin-B and 
Fluconazole for the treatment of fungal infections. It discusses the challenges associated with current treatment 
modalities, the rationale for utilizing bigel formulations, and recent advances in this field. Additionally, the 
review highlights the optimization strategies, including formulation variables, rheological properties, and in 
vitro/in vivo evaluation methods, aimed at enhancing the therapeutic outcomes of these novel formulations. 
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Introduction 

Fungal infections represent a significant burden on 
public health, affecting millions of individuals 
worldwide. Despite advancements in antifungal 
therapy, challenges such as resistance, poor drug 
penetration, and adverse effects associated with 
systemic administration persist. Topical drug 
delivery systems offer an attractive alternative for 
localized treatment, providing targeted therapy with 
reduced systemic exposure. Bigels, characterized 
by their dual gel and liquid phases, have emerged 
as promising carriers for delivering antifungal 
agents due to their enhanced stability, 
mucoadhesive properties, and controlled release 
capabilities. This review aims to provide a 
comprehensive overview of the design, 
development, and optimization of bigel-based 
topical formulations containing Amphotericin-B 
and Fluconazole for the management of fungal 
infections. Fungal infections pose a significant 
public health concern worldwide, with increasing 
incidence rates and challenges associated with 
treatment efficacy and patient compliance. Topical 
drug delivery systems have emerged as promising 
approaches to address these challenges by 
providing targeted therapy with reduced systemic 
side effects.  

Among the various antifungal agents, 
Amphotericin-B and Fluconazole stand out for their 
broad-spectrum activity against a wide range of 
fungal pathogens. In recent years, bigel-based 
topical drug delivery systems have garnered 

attention as novel formulations to enhance the 
therapeutic efficacy and safety of Amphotericin-B 
and Fluconazole for the treatment of fungal 
infections. Bigels, characterized by their dual-phase 
structure combining gel and liquid phases, offer 
advantages such as enhanced stability, controlled 
drug release, and improved skin permeation, 
making them ideal candidates for topical delivery. 
This review explores the design, development, and 
potential applications of bigel-based topical drug 
delivery systems containing Amphotericin-B and 
Fluconazole for the treatment of fungal infections. 
It discusses the rationale for utilizing bigel 
formulations, the challenges associated with 
conventional treatment modalities, and the recent 
advancements in this field. Additionally, it 
highlights the optimization strategies, formulation 
variables, and characterization techniques aimed at 
enhancing the therapeutic outcomes of these novel 
formulations. Understanding the multifaceted 
aspects of bigel-based topical drug delivery 
systems of Amphotericin-B and Fluconazole is 
crucial for advancing their clinical translation and 
addressing the unmet needs in the management of 
fungal infections. By harnessing the unique 
properties of bigels, researchers and clinicians can 
potentially improve treatment outcomes, reduce 
systemic side effects, and enhance patient 
adherence, ultimately contributing to the global 
efforts to combat fungal diseases. 

Challenges in Fungal Infection Treatment 
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Conventional treatment modalities for fungal 
infections include topical creams, oral medications, 
and intravenous administration of antifungal 
agents. However, these approaches are often 
associated with limitations such as poor drug 
penetration, low patient compliance, and systemic 
side effects. Moreover, the emergence of drug-
resistant fungal strains further complicates 
treatment outcomes, necessitating the exploration 
of novel delivery systems to overcome these 
challenges. 

Amphotericin B (AmB) is a polyene antifungal 
drug known for its broad-spectrum activity against 
a wide range of fungal infections. Despite its long 
history of clinical use, AmB continues to be an 
essential component in the armamentarium against 
life-threatening fungal diseases. This review 
provides a comprehensive overview of the 
pharmacology, clinical applications, therapeutic 
challenges, and emerging trends related to 
Amphotericin B.Fluconazole is a broad-spectrum 
antifungal agent that has been widely used for the 
treatment of superficial fungal infections for 
decades. With its efficacy against various 
dermatophytes, yeasts, and molds, fluconazole has 
become a cornerstone therapy in the management 
of conditions such as tinea infections, candidiasis, 
and pityriasis versicolor. This review provides an 
in-depth examination of the pharmacology, clinical 
applications, therapeutic challenges, and recent 
advancements related to fluconazole. 

Rationale for Bigel-Based Topical Delivery 

Bigels offer several advantages for topical drug 
delivery, including enhanced bioavailability, 
prolonged retention at the site of application, and 
improved patient acceptance. The dual-phase 
nature of bigels allows for the incorporation of 
hydrophilic and hydrophobic drugs, enabling 
synergistic therapeutic effects and enhanced 
efficacy against fungal pathogens. Additionally, the 
mucoadhesive properties of bigels promote 
intimate contact with the skin or mucosal surfaces, 
facilitating sustained drug release and prolonged 
therapeutic action. Bigel-based topical delivery 
systems have garnered significant attention in 
recent years due to their unique properties and 
potential applications in pharmaceutical and 
cosmetic formulations.  

These systems, characterized by a combination of 
both gel and liquid phases, offer advantages such as 
enhanced stability, controlled release, and 
improved skin permeation compared to 
conventional formulations. Additionally, it 
discusses recent advancements, challenges, and 
future perspectives in this field, highlighting the 
potential of bigels to revolutionize topical drug 
delivery and skincare products. Topical drug 
delivery systems play a crucial role in the treatment 

of dermatological conditions and cosmetic 
formulations by providing localized therapy with 
reduced systemic side effects. Bigel-based 
formulations, characterized by their dual-phase 
nature, offer unique advantages over traditional 
dosage forms, making them promising candidates 
for various applications. This review aims to 
explore the formulation aspects, characterization 
methods, and diverse applications of bigel-based 
topical delivery systems, shedding light on their 
potential in pharmaceutical and cosmetic industries. 

Design and Development of Bigel Formulations 

The formulation of bigel-based topical delivery 
systems involves the selection of suitable gelling 
agents, surfactants, and rheological modifiers to 
achieve the desired physicochemical properties. 
Various techniques such as phase inversion, cold 
processing, and solvent evaporation are employed 
to prepare stable and homogeneous bigel 
formulations. Optimization strategies focus on 
controlling drug release kinetics, enhancing skin 
permeation, and improving patient comfort. 

Advantages of Bigel Formulations 

Enhanced Stability 

Bigel formulations exhibit improved stability 
compared to conventional gels or emulsions due to 
their unique dual-phase structure, which helps 
prevent phase separation and degradation of active 
ingredients. 

Controlled Drug Release 

Bigels offer controlled release of active ingredients, 
allowing for sustained and prolonged drug release 
at the site of application. This controlled release 
profile can enhance therapeutic efficacy and patient 
compliance. 

Versatile Formulation Platform 

Bigels can accommodate both hydrophilic and 
hydrophobic drugs, making them suitable for a 
wide range of active pharmaceutical ingredients 
(APIs) with different physicochemical properties. 

Improved Skin Permeation 

The dual-phase nature of bigels enhances skin 
permeation by promoting intimate contact with the 
skin and facilitating drug penetration through the 
stratum corneum, leading to improved therapeutic 
outcomes. 

Enhanced Mucoadhesive Properties 

Bigel formulations possess mucoadhesive 
properties, allowing them to adhere to mucosal 
surfaces for prolonged periods, thereby increasing 
residence time and bioavailability of drugs at the 
application site. Ease of Application: Bigel 
formulations are typically easy to apply and spread 
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over the skin or mucosal surfaces, providing 
uniform coverage and ensuring efficient drug 
delivery. 

Potential for Combination Therapy 

Bigels can incorporate multiple drugs or 
therapeutic agents, enabling combination therapy to 
target different aspects of a disease or achieve 
synergistic effects. 

Optimization Strategies 

Optimization of bigel formulations involves the 
systematic investigation of formulation variables, 
including polymer concentration, drug-to-polymer 
ratio, and lipid composition, to optimize drug 
release kinetics and rheological properties. 
Advanced characterization techniques such as 
rheology, microscopy, and spectroscopy are 
utilized to evaluate the physicochemical attributes 
of bigels. In vitro and in vivo studies assess the 
efficacy, safety, and pharmacokinetic profile of 
optimized formulations, guiding further refinement 
and clinical translation. 

Conclusion 

Bigel-based topical drug delivery systems represent 
a promising approach for the treatment of fungal 
infections, offering enhanced efficacy, improved 
patient compliance, and reduced systemic toxicity. 
The design, development, and optimization of bigel 
formulations containing Amphotericin-B and 
Fluconazole hold significant potential in addressing 
the unmet needs of current antifungal therapy. 
Further research focusing on clinical validation and 
commercialization of these novel formulations is 
warranted to translate these advancements into 
clinical practice. 
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