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ABSTRACT  

Infections of the skin caused by fungi are one of the most common types of dermatological conditions seen across the globe. 
Because of its benefits, such as directing medications directly to the site of an infection and lowering the likelihood of the treatments 
causing systemic adverse effects, topical therapy is an appealing option for the treatment of cutaneous infections. Antifungal 
medications are often used topically in the form of creams and gels, which are considered to be more traditional treatments. The 
efficacy of such therapy is dependent on the medications being able to permeate through the layers of the skin that need to be treated 
while still maintaining their therapeutic concentrations. On the other hand, the stratum corneum, which is the skin's most superficial 
layer, functions as an efficient barrier against the entry of medicines into deeper skin layers. When it comes to topical medication 
distribution, effective aspects include the physicochemical properties of drug molecules as well as the different kinds of formulations. 
As a result of this, many different formulation methodologies have been developed with the purpose of delivering antifungal drugs via 
particular sites on the skin. The innovative alternative formulation methodologies that have been developed to promote antifungal 
medication penetration through the skin are the primary topic of this review paper. 
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INTRODUCTION 

There has been a general rise in the number of cases of superficial fungal infections of the skin, hair, and nails all across the 
globe. It is estimated that over 40 million individuals in developing and poorly developed countries have been affected by fungal 
diseases. Because of the way immune function may be disrupted by fungal infections [1,2], the course of these infections can be quick 
and severe. Tinea and onchomycosis are two of the most common skin conditions that may be caused by dermatophytes. Candidal 
infections are also among the most common superficial cutaneous fungal infections [3]. [Citation needed] When the immune system is 
compromised, candida has the ability to penetrate deeper tissues as well as the blood, which may result in a life-threatening condition 
known as systemic candidiasis [4]. 

 
The targeting of the site of infection, decrease in the danger of systemic adverse effects, augmentation of the therapy's 

effectiveness, and high patient compliance are some of the advantages offered by topical treatment of fungal infections. In order to 
effectively treat a wide range of dermatological skin infections, a number of topical antifungal agents of varying types and strengths 
have been used. Polyenes, azoles, and allylamines/benzylamines are the primary groups that make up the topical antifungal drug 
classes. Cicloprox is a topical antifungal medication that is used to treat fungal infections. At the moment, these antifungal 
medications may be purchased in standard dose forms such as creams, gels, lotions, and sprays from retail pharmacies and medical 
supply stores. 

 
The ability of the medications to penetrate through the target tissue is crucial to the success of the antifungal therapy that is 

applied topically. As a result, it is important to attain the appropriate levels of medication concentration in the skin. When antifungals 
are applied topically, the active ingredients in the medication should be able to penetrate deeper into the skin, specifically into the 
viable epidermis, and should be able to pass through the stratum corneum, which is the skin's most superficial layer. When seen in this 
light, the formulation could be a significant factor in how well medications are absorbed through the skin [5]. The development of 
alternative methods for the topical treatment of fungal infections of the skin includes the creation of novel carrier systems for 
chemicals that have been authorised and those that are under study. It is possible to improve the delivery of antifungal chemicals into 
the skin by using carriers such as colloidal systems, vesicular carriers, and nanoparticles. 

 
The categorization of topical antifungals that are used in the treatment of a variety of superficial fungal infections of the skin 

is the primary subject of this review paper. A summary was also provided of more recent research dealing with the optimization of 
different formulation techniques for the topical delivery of antifungals. 
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TOPICAL DELIVERY OF ANTIFUNGALS VIA SKIN  
The human epidermis is composed of three distinct layers: the epidermis, the dermis, and the hypodermis. The human 

epidermis is a well-organized membrane that comprises three primary layers. The stratum corneum, which is the layer of the 
epidermis that is located at the very top and is composed of keratinized and dead cells, provides an efficient barrier against the 
absorption of medicines through the skin [6]. 

 
In order for topical medication administration to result in effective drug concentrations, drugs must be able to pass through 

the layers of the skin. When it comes to the successful delivery of pharmaceuticals by topical administration, effective criteria include 
the various types of formulations as well as the physicochemical features of drug molecules. When medications are administered 
topically, they do not reach the body's systemic circulation or their entry is significantly reduced. As a result, the detrimental effects of 
medications on the system as a whole are avoided [7]. Additionally, since topical medicines are noninvasive and may be self-
administered, patients are more likely to use them [8,9]. This contributes to the fact that patient compliance with topical preparations 
is higher. After dermal delivery, antifungal medicines need achieve effective therapeutic levels in viable epidermis in order to be 
efficacious. The stratum corneum is the largest obstacle for cutaneous delivery, and in order to enhance its permeability, novel 
formulation techniques have been developed. Colloidal drug carriers such as microemulsions, vesicular carriers such as liposomes, 
ethosomes, and niosomes, and both lipidic and polymeric particulate carrier systems are examples of some of the new carriers that 
have been developed to ensure dermal administration of antifungals by dermal targeting [10,11]. 

 
THE CONVENTIONAL DOSAGE FORMS AND ACTION MECHANISMS OF TOPICAL ANTIFUNGAL MEDICATIONS 
USED IN THE TREATMENT OF DERMAL FUNGAL INFECTIONS 

Topical antifungal medicines are often compounded into a variety of vehicles, including ointments, creams, lotions, gels, and 
sprays, among others. This is the standard practise. In addition, numerous antifungal drugs that are administered intravenously or 
orally are also included in this review since studies have been done targeting dermal and transdermal delivery of these antifungals. 
Azole antifungals all function via a similar mode of action. These antifungals specifically block the formation of fungal cell 
ergosterol, and they also modify the permeability of cell membranes by interacting with the phospholipids that are found in fungal cell 
membranes. ketoconazole and miconazole, clotrimazole) or triazoles (e.g., itraconazole and fluconazole), respectively [3,12]. The 
azole antifungal agents that are currently used in clinical settings contain either two or three nitrogens in the azole ring, and are 
therefore classified as imidazoles or triazoles, respectively. The mechanism through which allylamines exert their antifungal effects is 
referred to as squalene epoxidase inhibition. Squalene epoxidase is a crucial enzyme in the route leading to the development of fungal 
cell membranes. The membranes of fungal cells may be altered, which leads to an increase in cellular permability and a suppression of 
growth. The epoxidation of squalene may be prevented by benzylamines [3,13]. Antifungal action is exerted by polyene antifungal 
drugs, which do so by permanently attaching to the ergosterol found in fungal cell membranes. Therefore, polyenes have the ability to 
kill fungus, and their antifungal activity spans the widest range of any of the antifungal drugs that are currently available for clinical 
use. The usage of the polyene derivative nystatin, which may only be applied topically, is restricted. In clinical trials, nystatin has 
shown to be effective in treating a wide variety of fungal infections, including those that affect the mucosa and the skin. [3,13,14] 
Allergic contact dermatitis is the most prevalent side event that has been recorded in connection with nystatin use. Antifungal, 
antibacterial, and anti-inflammatory characteristics are carried by the synthetic hydroxypyridone derivative known as ciclopirox. 
Ciclopirox works by inhibiting important enzymes, which in turn interferes with the processes of electron transport and energy 
generation inside mitochondria. It is effective against a wide variety of fungal organisms, including yeast and dermatophytes [3]. 

 
CURRENT ALTERNATIVE NEW FORMULATION METHODS FOR ENHANCING THE TREATMENT OF SKIN  
FUNGAL DISEASES 

Microemulsions are a potential kind of colloidal carrier system because they are transparent, thermodynamically stable, and 
isotropic liquid dispersions. Microemulsions may be used for the topical and transdermal delivery of medications. Enhancing the 
solubility of drugs is just one of the many benefits that come with using topical microemulsions, along with high thermodynamic 
stability, ease of preparation, and low costs [10]. Microemulsions have oils and surfactants as part of their composition, and these oils 
and surfactants act as enhancers for the permeation of drugs through the stratum corneum. These components of the formulation, 
microemulsions and the internal structure of phases, boost the drug's ability to diffuse, which in turn may lead to an increase in the 
amount of medication that is partitioned into the stratum corneum. The optimization and characterisation of antifungal medicines that 
are formulated as topical microemulsions have been the subject of much research in the published literature. Recent research 
conducted by El Hadidy and colleagues found that the antifungal activity of voriconazole in microemulsion systems was significantly 
more effective against Candida albicans than that of its supersaturated solution. With the use of a microemulsion formulation that was 
based on jojoba oil, the time it took for voriconazole to pass through pig skin was increased to a maximum of 4 hours [30]. 
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Itraconazole microemulsion (o/w) was added to polymeric gels made with Lutrol F127, Xanthan gum, or Carbopol 934, and the results 
were positive. The microemulsion-based gels have been studied to determine that a diffusion-controlled drug release mechanism is 
appropriate. When the antifungal activity of itraconazole was examined, the application of microemulsion gels of itraconazole 
produced with Lutrol F127 was found to provide the broadest zone of inhibition, as measured by the diameter of the inhibition zone. It 
has also been determined that the microemulsion gels in question do not cause irritation [29]. Several different topical delivery 
systems of fluconazole, such as emulsion, emulgel, lipogel, and thickened microemulsion-based hydrogel, have been evaluated in 
order to optimise the formulation type based on the drug delivery capacity to the skin and the deposition of active compound within 
the skin. These delivery systems include: emulsion, emulgel, lipogel, and thickened microemulsion. Co-solvents and penetration 
enhancers for each system have been propylene glycol and diethylene glycol monoethyl ether, respectively. Propylene glycol is also 
employed as a co-solvent. It has been discovered that the microemulsion formulation of fluconazole that contains diethylene glycol 
monoethyl ether is the optimal formulation because of its capacity to deliver the whole dosage that was put into the skin and to 
increase the fluconazole's penetration into the skin. Additionally, it has been observed that the antifungal activity of a microemulsion 
formulation that was created using diethyleneglycolmonoethyl ether had better antifungal activity than the formulation that included 
propylene glycol [29]. 
 
GELLING SYSTEMS-POLYMERIC CARRIERS  

Research has been done to determine whether or not econazole nitrate-loaded polymeric nanosponges are even possible. The 
nanosponges comprising polyvinyl alcohol:ethyl cellulose (3:2) have been created with Carbopol 934 NF as a hydrogel utilising 
varied quantities of permeation enhancers such as propylene glycol and N-methyl-2-pyrrolidone. These nanosponges have been used. 
According to the results of the optimization tests, econazole nitrate was able to remain stable inside the nanosponge delivery system, 
and the nanosponges did not exhibit any drug-polymer interactions [24]. Terbinafine hydrochloride topical hydrogel formulations have 
been enhanced by the use of several kinds of chitosan with varying molecular weights. It has been determined whether or not the 
formulation has antifungal inhibitory action. In comparison to other chitosan gels and a commercially available product, the results 
indicated that hydrogels prepared with the lowest molecular weight chitosan produced the highest drug release and the largest zone of 
inhibition [30]. This was the case regardless of the other chitosan gels that were used. 

 
CONCLUSION  

The topical treatment of cutaneous infections has been favoured over oral therapy owing to the topical treatment's 
advantages, which include the avoidance of systemic side effects, targeting of the medicine on the site of infection, and high patient 
compliance. On the other hand, in order to guarantee that a topical therapy will be effective, it is necessary to ensure that enough drug 
concentrations are present in the layers of the skin that are being targeted. Therefore, when it comes to the therapeutic component, one 
of the greatest challenges is delivery of antifungals to the target area of the skin. In this scenario, the formulation of the topical 
medicine plays a crucial part in determining the level of drug penetration through the skin. In addition to that, the physical 
characteristics of the drug molecules, such as their lipophilicity, are an effective parameter. In general, antifungal medications are 
highly lipophilic substances. This property may influence the degree to which pharmaceuticals are able to pass through the stratum 
corneum. Over the course of the last several years, a number of different formulation techniques have evolved with the goal of 
optimising novel drug delivery carriers for antifungal medications, and some evidence that is, to some degree, promising have been 
published. 
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