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Abstract

Among the most prevalent conditions affecting the skin are fungus infections. OTC and oral antifungal medications are used 
in treatment regimens. Considering the potential negative effects of oral treatment, the topical method is usually favoured. 
Soon, traditional products like gels, ointments, and creams may become obsolete due to advancements made in formulation. 
When used to treat cutaneous fungal infections, a number of carrier systems that are packed with antifungal medications have 
shown encouraging outcomes. These more recent carriers include liposomes, ethosomes, liposomes, Microemulsion, and lipid 
systems such solid lipid nanoparticles and nanostructured lipid carriers. Penetration enhancer vesicles are another example of 
these newer carriers. Compared to cream and ointment, gel and composition have superior stability and application qualities. 
Among the most prevalent dermatology issues are skin interactions resulting from fungal infections. The most effective 
treatment for cutaneous infections is topical medication.

Keywords: Antifungal; Topical Formulation; Mycoses; Nanosponge; Microemulsion; Amphiphilic Gel

Abbreviations: GI: Gastro Intestinal; IV: Intravenous; 
RES: Reticular Endothelial System; O/W: Oil in Water.

Introduction

Oral medication delivery is the most widely used mode 
of administration; yet, in cases where the medicine has a 
high hepatotoxicity, it presents significant challenges. Topical 
formulations may be developed to circumvent this limitation 
and increase the efficacy of most anti-fungal drugs, especially 
those that target fungal infections. Every medical condition 
calls for a specific and appropriate course of treatment. In 
fact, it’s thought that treating a patient’s ailment with the 
least amount of harm to their health is the primary goal of any 
therapy [1]. Applying topical medications externally is meant 
to have a localizing effect on one or more skin layers. Topical 
drug delivery systems use a wide range of pharmaceutical 

dosage forms, including semisolids, liquid formulations, 
sprays, and solid powders. The semisolid topical medication 
delivery formulations that are most commonly used are 
gels, creams, and ointments [2].Their effects can be either 
fungicidal or fungistatic, depending on the agent used. It is 
advised to use fungus agents as they have fewer side effects 
when taken orally. Another advantage of topical formulation 
is the prevention of drug interactions, which are more 
common when drugs are taken orally [3].

Three Primary Purposes for Topical Formulation

Due to their emollient qualities, they aid in hydrating the 
skin
1. To repair a damaged or undamaged skin or to protect the 

skin form external factors.
2. Using topical medicine
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Benefits of Topical Pharmaceutical Delivery 
Include

1. Prevents problems with GI medication absorption 
brought on by changes in pH, enzyme activity, and 
drug interactions with meals, beverages, and other oral 
medications [4].

2. This route is utilized in cases where other administration 
methods (such as oral administration, intravenous 
injection) are not working, such as in cases of vomiting, 
dysphagia, resistant youngsters, or diarrhoea.

3. Because this method of medicine distribution is non-
invasive and does not involve parenteral therapy’s 
discomfort, patient acceptance is less intrusive and 
without the pain associated with parenteral therapy.

4. Prevents the first-pass effect, which could lead to the 
inactivation of enzymes by the liver and digestive 
systems.

5. Lower dosage in comparison to oral dosage types.
6. The capacity to dissolve a wide variety of medications 

with different chemical properties, enabling combination 
therapy using a single transdermal gel.

7. Increases adherence by allowing for a longer course of 
treatment with just one application.

8. The skin is less greasy and simpler to remove.

Drawbacks of Topical Medicine Delivery

1. It is not appropriate for drugs that cause skin irritation 
or sensitivity [5].

2. The cost of topical medicines is higher than that of 
conventional dosage forms.

3. The delivery system’s surface area and the dose that 
needs to be given during the chronic stage of sickness 
limit the route.

Characteristics of Gel

1. The optimum gelling agents for use in pharmaceutical or 
cosmetic formulations should be safe, inert, and unable 
to react with other ingredients [6,7]. 

2. The preparation’s gelling ingredient should, when 
stored, have a suitable solid-like character that breaks 
quickly under shear forces from shaking the bottle, 
squeezing the tube, or applying it topically.

3. It ought to protect against microbial assault with the 
proper antibacterial action.

4. The topical gel ought not to be sticky.

Fungal Infection Mycoses, a prevalent type of fungal 
infection, are just one example of the many physiological and 
environmental variables that can lead to the development 
of fungal illnesses. As long-term infections can arise from 
breathing in fungus spores or from localized colonization on 

the skin, mycoses typically begin in the lungs or on the skin. 
Fungal skin infections affected 984 million people worldwide 
in 2010 and were the fourth most prevalent illness. Fungi 
are eukaryotic (meaning they have many cells) and are 
widespread in nature. Like mushrooms, fungus, yeast, and 
molds can all be seen with the unaided eye and appear in a 
variety of forms. The fungal disease affects billions of people 
and claims the lives of about 1.5 million people [8].

Not, withstanding the continued neglect of this issue 
by public health professionals, fungal deaths remain an 
infrequent concern. Moderate fungal infection has been 
linked to cancer, organ transplantation, asthma, and the use 
of corticosteroids. Not all fungi are dangerous to humans; just 
a tiny portion can, under specific conditions, spread illness. 
Fungi can disseminate their spores by direct collection, 
inhalation, or other means. The skin, lungs, and nails are 
the primary organs affected by fungal infections, but the 
infections can also spread to the internal organs through the 
skin and result in a systemic infection. Fungal infections, or 
mycosis, are different from most bacterial ailments. Since 
fungal infections are uncommon among viral and bacterial 
diseases, there is less interest in health surveillance, which 
leads to a lack of understanding about illness prevention.

Antifungal Drugs and Their Modes of Action

There are currently five common types of antifungal 
drugs available for both topical and systemic treatments: 
• Azoles
• Polygenes
• Echinocandins
• Allylamines
• Pyrimidine Analogues

The potential cellular targets and mechanism of action 
of these drugs, the azole class of drugs, which comprises the 
imidazole’s (and ketoconazole) and triazoles (fluconazole 
and voriconazole), has been the most successful in facilitating 
the creation of several antifungal substances for use in 
medicine. These medications are effective against Candida 
species and other fungi, and they are palatable due to their 
numerous delivery options [9].

Azoles inhibit sterol 14a-demethylase, an essential 
enzyme in the formation of sterols. They also convert 
lanosterol into ergosterol, which is required to maintain the 
fluid and stable nature of fungal cell membranes. Conversely, 
polyene antimycotics, such as amphotericin B and nystatin, 
sequester membrane sterols and use hydrophobic 
interactions to create membrane holes and fungal cell death. 
Capsofungin, micafungin, and anidulafungin are examples 
of the semisynthetic lipopeptides known as echinocandins, 
which work against Aspergillus and Candida species by 
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inhibiting the growth of fungal cell walls.

These drugs work as fungistatic agents by inhibiting 
the 1,3-8-0-glucan synthase enzyme, which is encoded 
by the FKS gene family and required for the synthesis of 
important 1,3-8-0-glucan components found in the cell 
walls of numerous fungi. Because allylamine medicines 
inhibit ergosterol production, which slows down fungal 
development, they are often used to treat superficial 
dermatophytoses. Naftifine and terbinafine are two of these 
drugs that block squalene. Epoxidase that converts squalene 
into lanosterol. Drugs such as 5-fluorocytosine (5-FC), an 
analogue of pyrimidine, work well against some species of 
Cryptococcus and Candida. Via cytosine permeases, 5-FC 
penetrates cells where it is transformed into 5-fluorouracil, 
which subsequently prevents the synthesis of proteins by 
interfering with the synthesis of both DNA and RNA nucleic 
acids. Apart from these primary mechanisms, it has been 
noted that both miconazole and amphotericin B induce 
oxidative stress while exhibiting more potent antifungal 
properties. Moreover, new targets within the cell, such 
as the inhibition of griseofulvin’s capacity to assemble 
microtubules, the suppression of sordarin’s capacity to 
synthesize proteins, and the inhibition of triphenylethylenes 
capacity to signal calcineurin.

Figure1: New Cellular Targets Including Mode of Action of 
Antifungal Drugs.

Sr. No Examples
1 Fluconazole
2 Amphotericin B
3 Ketoconazole
4 Itraconazole
5 Terbinafine
6 Tioconazole
7 Clotrimazole
8 Moinetasone
9 Fucidic acid

Table 1: Antifungal Drugs Available in Market.

Nano Sponges: A “Nano sponge” is a novel kind of material 
composed of tiny particles with a hollow that is only a few 
nanometer’s wide. There are numerous materials that can 
be used to plug these tiny holes. The durability of drugs and 
molecules that are only occasionally soluble in water can 
be improved by these microscopic particles’ ability to carry 
both lipophilic and hydrophilic medicinal substances [10].

Targeting pharmaceutical delivery systems has long 
been a goal in the effort to achieve desired results. Although 
the medication delivery method with nanosponges was once 
restricted to the surface, it is now possible to inject them 
intravenously (IV) in addition to orally. The three dimensional 
scaffold or network of polyester nanosponges has the 
potential to break down organically. To create Nanosponges, 
these polyesters are dissolved in a solution containing a 
cross linker. Polyester often degrades naturally, therefore in 
this instance; the body doesn’t break it down too much. The 
disintegration of the nanosponges’ framework results in the 
unfavourable release of the loaded drug molecules.

Figure 2: Structure of Nano sponges.

Amphiphilic Gel: Methods of self-assembly based on 
amphiphilic macromolecules present unprecedented 
chances to develop novel materials for cutting-edge 
nanotechnology applications. Recent research indicates that 
the thermodynamic incompatibility of the various blocks 
results in a spatial organization into ordered morphologies 
on the Nano scale, which produces unique structural 
features. One of the main examples of how extraordinarily 
precise cellular functions can be carried out in bio systems 
is the assembly of several amphiphilic macromolecular 
components and their coordinated actions [11].

Other medication administration techniques, such as 
topical, inhalation, and ophthalmic, are also being studied. 
The ideal psoriasis treatment has yet to be discovered 
since the drug must accumulate in the skin area rather than 
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the circulation. Consequently, non-ionic surfactant-only 
Amphiphilic gels have been created for topical drug delivery. 
Many drugs can be dissolved in the gels and possibly given 
via and into the skin because the surfactants enhance skin 
penetration. The potential of these cyclosporine-containing 
amphiphilic gels to irritate skin while taking the form of 
patches was investigated [11].

The skin is composed of multiple layers, each with 
distinct properties and functions. The skin’s outermost 
layer, or epidermis, has two main purposes: it acts as a 
barrier to keep out harmful substances and microbes and to 
restrict the body’s capacity to lose water and other ions to 
the environment. Cornfield cells embedded in a lipid matrix 
make up the stratum corneum, the uppermost layer (Elias 
1983). This impermeable layer prevents medications from 
reaching the skin and protects the body from the outside 
environment. Any product applied topically will therefore 
initially come into contact with this layer [12].
 

The process of treating a cutaneous condition by 
topically administering a medication formulation is known 
as topical drug delivery. This method is used when a 
localized cutaneous condition, such as a fungal infection, 
manifests itself or when other drag delivery routes, like oral, 
sublingual, rectal, and parental, are insufficient. The drug is 
absorbed by the skin in the topical delivery system and goes 
to the site of action to produce a therapeutic effect. For both 
local and systemic disorders, topical medication delivery is a 
well-liked therapeutic strategy. The pace at which a medicine 
releases from a topical preparation is directly influenced 
by the physiological properties of the carrier. The primary 
benefit of a topical administration system is its ability to 
avoid first-pass metabolism [13].

The term “micro emulsion” is derived from the size of 
the particles. Because the drug particles are tiny, they can 
easily permeate the skin and reach their intended site of 
action. The gel will hold the micro emulsion in place for a 
long period of time and aid in the drug’s continual release. 
These days, there’s a major threat to civilization from a 
number of viral infections that are becoming more prevalent. 
Severe infections are brought on by skin conditions such as 
tinea corporis, tinea pedis, and tinea capitis. One technique 
that can help the drag easily penetrates the skin and provides 
a rapid net of action is emulgel [14].

Microemulsion: A thermodynamically stable, optically 
isotropic colloidal dispersion with a droplet width typically 
ranging from 10 to 100 nm is referred to as a “micro 
emulsion.” It is made up of the proper concentrations of 
an aqueous phase, an oil phase, a co-surfactant, and a 
surfactant. The bioavailability of poorly soluble medications 
in relation to macro emulsions has been extensively studied. 

In these circumstances, they provide a feasible scheme. Micro 
emulsions exhibit remarkable levels of penetration and 
absorption due to their small droplet size and extremely low 
surface tension. In addition to the conventional oral route, 
these flexible carriers are becoming more and more popular 
and are being used in several different administration routes 
[15].

Micro emulsions are superior to traditional emulsions, 
suspensions, and micellar solutions, as well as colloidal 
systems under study. As such, they may be used as 
replacement drug carriers. For the administration of 
parenteral, topical, transdermal, ophthalmic, percutaneous, 
and oral medications, they provide controlled or prolonged 
drug release. These medication delivery techniques show 
great promise. Increased solubility of hydrophobic drugs, 
bioavailability, thermodynamic stability, spontaneous 
synthesis, and simplicity of manufacturing and scaling up 
are some of their benefits. In addition, inverted micellar 
structure micro emulsions may be less comedogenic than 
creams or solutions [16].

Figure 3: Microemulsion.

Nanoemulsion: An improved drug administration system 
has been developed in response to the primary drawbacks 
of conventional drug delivery methods. This review offers a 
comprehensive overview of a Nano emulsion technology. The 
goal of Nano emulsions, also known as Nanosized emulsions, 
is to improve the way that active pharmaceutical ingredients 
are delivered. When two immiscible liquids are combined 
into a single phase using a co-surfactant and surfactant, often 
known as an emulsifying agent, the resulting systems are 
thermodynamically stable isotropic systems. The typical size 
of a Nano emulsion droplet is 20-200nm. The main differences 
between an emulsion and a Nano emulsion are the size and 
shape of the particles dispersed in the continuous phase. 
Giving a general grasp of its idea and preparation process is 
the aim of this review [15,16].

Colloidal particle systems in the submicron size range, 
known as Nano emulsions, are used to transport drug 
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molecules. Their diameters vary from 10 to 1,000nm. 
These carriers are solid spheres with a negatively charged, 
lipophilic, amorphous surface. Magnetic nanoparticles can be 
used to increase the site specificity. As a medication delivery 
technique, they maximize the medicine’s therapeutic efficacy 
while minimizing negative effects and adverse reactions.

Conclusion

Key uses include immunization, liver enzyme 
replacement therapy, cancer treatment, and the control of 
reticular endothelial system (RES) infections. An emulsion is 
a biphasic system in which the other phase contains deeply 
distributed microscopic droplets whose diameters range 
from 0.1 to 100µm [15].

In contrast to Other Dosage Forms, 
Nanoemulsion Offers a Number of Advantages.

1. Increased absorption rate [16]
2. Decreased variability in absorption
3. Protection against oxidation and hydrolysis in O/W 

Nano emulsions
4. Lipophilic drug delivery after solubilisation
5. Water-insoluble medication dose form, increased 

bioavailability of various drugs
6. The ability to mix lipophilic and hydrophilic drugs
7. Delivery systems that enhance the overall efficacy of 

dosage
8. When applied as safe, non-irritating cutaneous and 

mucosal membrane delivery methods; and [4] Drug 
release regulated by a precisely controllable liquid 
film with regulated hydrophilicity or lipophilicity and 
thickness [17-23].
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