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Abstract: 

Clinically available antifungals have a restricted range of efficacy, substantial toxicity, and emerging resistance. 

Because fungi and the humans who host them are both eukaryotic, it has been difficult to identify precise targets for 

antifungals. Novel antifungals include first-in-class compounds, new structures for a known target, formulation 

changes to antifungals already on the market, and repurposed medications. The authorized antifungal drugs, and 

39; mechanisms of action, pharmacological profiles, and susceptibility to certain fungi were assessed. The field is 

paying more and more attention to membrane-interacting peptides and aromatherapy. Antifungal antibodies are 

making progress in clinical studies, making immunotherapy another intriguing therapeutic approach. New 

antifungal therapeutic targets are also being found, enabling the development of innovative, potentially effective 

drugs that could solve the resistance problem. Due to their unique structural and functional characteristics, 

advanced topical carriers get beyond biopharmaceutical issues with traditional drug delivery vehicles, such as poor 

retention and low bioavailability. 
Topical nanocarriers containing anti-fungal pills have improved healing responses with little toxicity, in line with 

literature evidence. Topical antifungal medications are frequently delivered via nanocarriers such as solid- lipid 

nanoparticles, microemulsions, liposomes, niosomes, microsponges, nano gel, nanoemulsions, micelles, and so on. 

This review offers an overview of modern-day tendencies in new topical providers used to enhance the therapeutic 

efficacy of antifungal medicines. 
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INTRODUCTION: 

For many years, treating fungal infections has been a 

challenging medical problem. This phenomenon can 

be linked to the limited therapeutic window, 

significant toxicity, prolonged length of therapy, and 
widespread development of resistance to 

therapeutics. In the tragic COVID-19 epidemic, 

secondary life-threatening infections in intensive care 

units served as a reminder of how deadly fungal 

diseases may be.1 Life-threatening human fungal 

infections are most frequently caused by Candida, 

Cryptococcus, and Aspergillus.2 The fungus Candida 

auris is multi-drug resistant.3 All clinically used 

antifungals are intrinsically resistant to 

Lomentosporaprolificans. Treatment-resistant 

Aspergillus fumigatus makes aspergillosis more 

challenging to cure; in rare cases, the fatality rate can 
reach 100% 4 

Millions of lives can be saved worldwide by early 

diagnosis and treatment of fungal meningitis and 

chronic pulmonary aspergillosis. Before it's too late, 

quick action is required to address the silent disaster 

that is fungal infections. To give the reader a 

thorough, up-to-date resource that will impact future 

synthetic efforts, we will highlight the most recent 

state-of-the-art advances in the antifungal pipeline, 

both in the clinical and preclinical stages, with a 

special focus on their chemistry. 5-6 
 

Fungal infection is one of the major burdens of skin 

disease worldwide. The informed frequency of fungal 

contamination is about 40 million people in 

evolving & undersized countries. Fungi usually 

attack the skin surface during the initial phase and 

later invade the deeper layer by desquamation. 

Candida species is one of the fungi which are the 

most superficial cutaneous infection. The most 

prevalent problem concerning skin health is fungus-

related skin infections. Topical or systemic antifungal 

treatment is frequently used to treat fungal infections. 
Due to their tailored therapy and limited adverse 

effects, topical fungal therapies are typically 

favored.7-9 

 

Additionally, standard formulations require frequent 

administration at high doses, which increases the risk 

of both local and systemic toxicity.10 To decrease 
local side effects and improve therapeutic efficacy, 

innovative drug delivery systems are therefore being 

considered. The current review focuses on topical 

nano carrier techniques for the cutaneous application 

of anti-fungal drugs. One of the topics of topical 

formulation that has received the most attention in 

pharmaceutical research is novel drug delivery 

systems (NDDS). NDDS reduces dose frequency and 

improves clinical efficacy because of its exceptional 

capacity to control the release kinetics of 

encapsulated medications, encapsulate a broad range 

of pharmaceuticals, and boost disease-specific 
localization. However, to maintain enough 

effectiveness of an appropriate topical formulation, it 

is necessary to comprehend the precise mechanism of 

antifungal treatments. 

 

A few examples of how various anti-fungal 

medications work include: Azoles (Ketoconazole, 

Itraconazole, Fluconazole, and Posaconazole) prevent 

the production of ergosterol. Lanosterol cannot be 

converted to ergosterol by anti-fungal drugs like 

morpholines, and terbinafines. Since squalene 
epoxidase is the therapeutic target, lipids in 

nanoparticles such as solid lipid nanoparticles, and 

liposomes will increase the drug's permeability to the 

intended tissues.11 Amphotericin B and nystatin, two 

polyene antibiotics, interact with ergosterol to 

generate a complex that modifies the permeability of 

fungal cell membranes, causing leakage of cellular 

contents and eventual cell death. The main elements 

involved in maintaining the strength of the fungal cell 

wall are glucans. The glucans syntheses enzyme 

helps preserve the integrity of the fungal cell by 

adding glucose monomers to preexisting glucan. The 
recent updates in antifungal agents and their 

marketed status are depicted in Table No. 1. 

Name of 

Antifungal Agents 

Types of Dosage 

Forms 

Mechanism of Action Name of 

Company 

Status 

 

 

 

 

 

 

 

Amphotericin B 

Amyfy Gel 

(zero.1p.CW/W) 

It kills fungi by using 

destroying the fungal mobile 

membrane 

Intas prescribed 

drugs LTD 

to be had in 

the marketplace 

 

 

Amphonex injection 

(Lyophilized 50 mg) 

Is polyene macrolide that binds 

to ergosterol of fungal cell 

membrane and bureaucracy pores 

that alters membrane balance and 

permit leakage of cell contents 

 

Bharat Serum 

and Vaccine 

LTD 

 

 

Available in 

market 

 

Clotrimazole 

Clotrimazole cream IP 

Candid cream 

Interferes with the formation of 

the cell membrane 

Glenmark 

pharmaceuticals 

LTD 

Available in 

market 
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Canesten cream 

Interferes with the formation of 

the cell membrane 

Bayer 

Pharmaceuticals 

PVT LTD 

Available in 

market 

 

 

 

 
 

Ketoconazole 

 

 

Ketocross cream 

Inhibition of cytochrome P450 

14a-demethylase. this enzyme 

sterol biosynthesis pathway 

leads from Lanosterol to ergo 
sterol 

 

 

PCD Pharma 

Franchise 

 

 

Available in 

market 

 

 

Ketomac shampoo 

Inhibition of cytochrome P450 

14a-demethylase. this enzyme 

sterol biosynthesis pathway 

leads from Lanosterol to ergo 

sterol 

 

 

ALKEM Labs 

 

 

Available in 

market 

 

 

Econazole 

 

 

Oricon cream 

Inhibition of cytochrome P450 

14a-demethylase. this enzyme 

sterol biosynthesis pathway 

leads from Lanosterol to ergo 

sterol 

 

 

Green Apple 

Life Science Ltd. 

 

 

Available in 

market 

 

Miconazole 

 

Miconazole cream IP 

Inhibit biosynthesis  of 

triglycerides and 

phospholipids by fungi 

 

Cipla LTD 

Available in 

market 

Bifonazole Bifotosh cream Azoles inhibit fungal 

cytochrome P450 

SK Pharma Available in 

market 

 

 

Oxiconazole 

 

 

Oxinaz cream 

Inhibition of cytochrome P450 

14a-demethylase. this enzyme 

sterol biosynthesis pathway 

leads from Lanosterol to ergo 

sterol 

 

 

CAMBRO 

 

 

Available in 

market 

Tioconazole Trosyd cream Azoles inhibit fungal 

cytochrome P450 

Weefsel Pharma Available in 

market 

 

 

Sertaconazole 

 

 

Onabet cream 

Inhibition of cytochrome P450 

14a-demethylase. this enzyme 

sterol biosynthesis pathway 

leads from Lanosterol to ergo 

sterol 

 

 

Glenmark 

 

 

Available in 

market 

Luliconazole Ludra Soft cream Azoles inhibit fungal 

cytochrome P450 

Cipla Available in 

market 

 

Eberconazole 

 

Ebergen cream 

Inhibition of cytochrome P450 

14a-demethylase. this enzyme 

sterol   biosynthesis   pathway 

PCD Pharma 

Franchise 

Available in 

market 
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  that leads from Lanosterol to 

ergo sterol 

  

 
 

Sulconazole 

 
 

Sulconazole nitrate 

cream 1.0 % 

Inhibition of cytochrome P450 
14a-demethylase. this enzyme 

sterol biosynthesis pathway 

leads from Lanosterol to ergo 

sterol 

 
 

JG Pharma 

 
 

Available in 

market 

 

 

Fenticonazole 

 

 

Fenza cream 

Inhibition of cytochrome P450 

14a-demethylase. this enzyme 

sterol biosynthesis pathway 

leads from Lanosterol to ergo 
sterol 

 

 

Glenmark 

 

 

Available in 

market 

 

 

Fluconazole 

 

 

Flucos Gel 

Azoles inhibit fungal 

cytochrome P450 3-A dependent 

enzyme 14-alpha 

demethylase 

 

Onknet Healthcare 

 

Available in 

market 

 

 

Efinaconazole 

 

 

JUBLIA 

Inhibition of 14-alpha- 

demethylase production of 

ergosterol inhibited the 
accumulation of toxic 

intermediate sterols 

 

 

Valeant 

 

 

Available in 
market 

 

 

 
 

Terbinafine 

 

 

 
 

Terbest cream 

Terbinafine inhibits the fungal 

enzyme squalene epoxidase. this 

leads to accumulation of the 
sterol  squalene,  which is 

toxic to the organism 

 

Systopic 

Laboratories Pvt 
Ltd 

 

 

Available in 
market 

 

Naftifine 

 

Naftifast cream 2% 

Inhibition of ergosterol+ 

Lanosterol synthesis 

Zydus Available in 

market 

 

Butenafine 

 

Fintop cream 

Inhibition of ergosterol+ 

Lanosterol synthesis 

Glenmark Available in 

market 

 

Amorolfine 

 

Tefcros cream 

Inhibition of ergosterol 

biosynthesis 

White Eagle 

Laboratories 

Available in 

market 

 

 

 

Ciclopirox 8% 

 

 

 

Ciclorite cream 

CPX inhibition of m TORC-1 

signaling is associated with the 

activation of AMPK-TSC 

and AMPK-raptor pathways 

 

Edolf Healthcare 

private limited 

 

Available in 

market 

 

Tolnaftate 

Tolnaftate 1% 

Antifungal cream 

Squalene epoxidase inhibitors Taro Available in 

market 

 

Tavaborole 5% 

Tavaborole 5% 

Topical solution 

Inhibition of fungal protein 

synthesis by binding to 

cytoplasmic leucyl-tRNA 

Alembic Available in 

market 
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Anti-fungal drug resistance and Biofilm 

formulation: 

A Biofilm represents a structured microbial group 

attached to a substrate and present within a self-

produced complex organic matter.12 Biofilms 
constitute distinct protection against external 

threats.13–15 Fungal Biofilm formation results from a 

series of biochemical events comprising cell adhesion 

to a suitable substrate, proliferation, production of 

matrix components, maturation, and dispersion. The 

cell density within the Biofilm matrix and the types 

of microorganisms are critical factors that influence 

antifungal resistance. Candida spp. is the most 

prevalent fungal species associated with Biofilm 

formation.16–17 Apart from Candida, other 

filamentous fungi, including Malassezia, 

Saccharomyces, Histoplasm, and Trichosporon, are 
also suggested to develop Biofilm.18–22 Some of these 

pathogens are ubiquitous, and it is assumed that 

Biofilm plays an important role in their survival 

under adverse conditions.23–24 The microtiter plate 

model is frequently used to study fungal Biofilm. 

Biofilm formation in the case of C. albicans depends 

on morphogenetic conversions, growth conditions, 

cell density, and type of interactions with the 

extracellular matrix. As the Biofilm matures, the 

entire event is finely tuned and controlled by a 

complex regulatory network.25-26 Current reports 

revealed liposomal formulations of Amphotericin B 

exhibit excellent anti-fungal performance against 

resistant strains of C. albicans 
27. 

Antifungal Agents and their basic features used in 

the dosage form designing: 

Subsequently the nineteen fifty’s, antifungal drug 

finding has identified 3 modules of natural goods 

(griseofulvin, polyenes, and echinocandins) and 4 

modules of artificial compounds (allylamines, azoles, 
flucytosine, and phenyl morpho-lines) through 

clinical value against fungal infections. For life-

threatening fungal diseases, polyene amphotericin B 

is still a common choice despite its toxic side effects. 

The azoles remain the most widely used group of 

antifungals active against a wide range of mycoses, 

benefiting from creative chemistry to boost their 

effectiveness. More recently, the echinocandins show 

great promise, with caspofungin licensed for clinical 

use in 2002 and two other molecules close to 

registration. New advances in molecular genetics 
afford the promise of revealing new antifungal 

targets, together with new agents to inhibit those 

targets specifically.28 The summarized classification 

is presented in Figure no. 1 

 

Fig-1: Schematic classification of Antifungal Agents with their basic chemical groups 
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Allylamines: 

Each of the allylamines terbinafine and Naftifine is 

very effective against an extensive range of 

dermatophytes, and yeasts causing tinea corporis, 

tinea cruris, tinea pedis, cutaneous candidiasis, and 
pityriasis versicolor. Each is properly tolerated, not 

often causing destructive activities together with 

local infection or burning at the site of utility. 

‘Terbinafine’ is theorized to act by constraining 

squalene epoxidase, therefore obstructive the 

biosynthesis of ergosterol, an important component 

of mycological cellular skins.29 

 

Azoles: 

The first topical imidazole antifungal agent, 

chlormidazole, was developed in 1959. Since that 

time, the number of agents in this class that are well 
tolerated has increased. The azoles can be subdivided 

into the imidazoles and the triazoles; all azoles work 

employing the same mechanism of action, that is, the 

inhibition of the cytochrome P450-dependent enzyme 

14-a-demethylase, an essential enzyme in ergosterol 

synthesis. At the minimum inhibitory concentration, 

these agents are fungistatic, although at 5-10 times 

the minimum inhibitory concentration they do 

demonstrate fungicidal activity.30 

 

Amorolfine: 
Amorolfine is a morpholine derivative type of 

antifungal, unrelated to polyenes, azoles, or 

allylamines. At present, Amorolfine is not available 

in the US. It has activity against dermatophytes, 

yeasts, and filamentous fungi (molds). In the 

treatment of cutaneous dermatophyte or Candida 

species infection, Amorolfine 0.25% cream applied 

once daily is effective. The advantage of this 

medication has been as a topical therapy for 

onychomycosis. Amorolfine inhibits D14 reductase 

and D7-D8 isomerase, which depletes ergosterol and 

causes ergosterol to accumulate in the fungal 
cytoplasmic cell membranes.31 

 

Ciclopirox: 

Cicloprox has a wide spectrum of antifungal activity. 

It is applied topically as cream, solution, and powder 

for the treatment of cutaneous candidiasis and other 

fungal skin infections, namely dermatophytosis and 

pityriasis versicolor. Cicloprox is thought to act 

through significant activity against dermatophytes. 

The principal chelation of polyvalent metal cations, 

such as Fe3+ and Al3+. These cations inhibit many 
enzymes, including cytochromes, thus disrupting 

cellular activities such as mitochondrial electron 

transport processes and energy production.32 

 

Mechanical methods to enhance drug delivery: 

The penetration of antifungal agents can be enhanced 

by following methods 

A. Chemical methods 

B. Physical Methods 

 
A. Chemical Methods: 

Use of keratolytic, for example, forty percentage urea 

and ten percentage to forty percentage salicylic acid 

reasons become softer of the nail plate and organic 

avulsion of the nail, especially when useful under 

occlusion for one to two weeks, and will improve the 

preoccupation of up-to-date antifungals. One percent 

salicylic acid powder and Whitfield's ointment can 

also be used as adjuvants to topical therapy of tinea 

of glabrous skin as the keratolytic effect of salicylic 

acid can help in reduce the fungal burden. Still, 

carefulness is to be exercised because of possible 
skin irritation and salicylism, especially when used in 

extensive areas. The addition of propylene glycol, 

hydroxypropyl-β-cyclodextrin or two-n-nony one-

one, and three-dioxolane to nail polishes improves 

infiltration of the antifungals in the nails. 

Ethylcellulose added to nail lacquers can give a 

sustained and slow release of the drug. 

B. Physical Methods: 

Following are the techniques used to enhance the 

penetration of topical antifungal agents 

i) Ultraviolet-curable gel formulations, 
ii) Iontophoresis, 

iii) Microporation, 

iv) Lasers etc. 

 

New antifungal agents and their recent effective 

dosage forms: 

 

Solid Lipid Nanoparticles (SLN) Based Antifungal 

Agents: 

These are nano-lipid carriers where the active 

beneficial is discrete inside a lipid essential medium. 

These are nanoparticle-imprinted media self-
possessed of lipids & surfactants. Solid lipid 

nanoparticles can be prepared using high 

homogenization or through the preparation of 

microemulsions.33 SLN owing to their high lipid 

content shows increased drug payload, exhibiting 

slow and controlled drug release properties, 

particularly for azole drugs. SLNs comprising of 

Compritol and co-surfactant (PEG 600) prepared by 

using a hot high-pressure homogenization technique 

exhibits high encapsulation efficiency of 

Ketoconazole as high as 70%. However, the type of 
lipids, surfactants, their concentration, and method of 

preparation play pivotal roles in determining the 

efficacy of encapsulated therapeutics. Lipid 

nanoparticles with high molecular weight fatty 

alcohols and straight-chain primary alcohols show 
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poor drug loading capacity and delayed-release 

behavior due to their highly ordered crystalline 

structure of lipid matrix, leaving little space for 

therapeutic molecules. On the other hand, low 

melting point lipids, triglycerides, partial glycerides, 
and amphiphilic lipids considered suitable for SLNs, 

offer increased drug loading, improved skin 

penetration, and reduced drug leakage of topically 

applied anti-fungal drugs. Seeing proportional 

rewards, SLN give the impression to be a potential 

construction for the up-to-date delivery of anti-fungal 

chemotherapeutics. Souto and co-workers prepared 

SLNs and nano structured lipid carriers (NLCs) for 

the topical delivery of Clotrimazole.34 

 

SLNs are w/o emulsion containing solids lipids as 

oil phase. The compensations of SLNs include a low 
danger of toxicity (used lipids are physiologically the 

same), henceforth biocompatible. The smaller size of 

lipid particles allows close contact with the stratum 

corneum, and facilitates dermal penetration of the 

drug and controlled release of the drug. Their 

formulation generates a film on the skin and prevents 

water evaporation. As a result, the skin remains 

hydrated and barrier function remains intact. The 

lipid nanoparticles are spherical and hence have 

excellent lubrication behavior preventing skin 

irritation and allergy. They have high drug entrapping 
capacity and the release kinetics is well-modulated. 

The active constituents are endangered from 

deprivation finished encapsulation. The commercial 

sterilization procedure can be employed for a 

versatile range of preparations. The stability is 

excellent for the long term with bioavailability 

remaining high. However, SLNs suffer from a few 

limitations like limited numbers of drugs soluble and 

inappropriate lipids.35 

 

Freshly lipid carriers based up-to-date gels were 

designed to overwhelmed potential limitations of 
lipid nano- carriers like poor preservation at the 

submission place, low drug shipment, poor storage 

stability, and the option of drug removal. Recently 

Shaimaa and co-workers studied the therapeutic 

potential of Fluconazole-loaded SLNs Cremophor 

RH 40 and Poloxamer 407 topical gel against 

Vesicular. The results showed entrapment 

efficiency between 55.49 to 83.04%. Clinical 

studies demonstrated a 1.4-fold greater clinical 

response against marketed cream.36 

 
Notwithstanding rewards, SLNs have been suffering 

from a few limitations like low drug pay-load and 

uneven drug announcement. NLCs are second-

generation nano-lipid carriers consisting of both solid 

and liquid lipids that can hold a wide variety of 

drugs. In a comparative study between NLC and 

SLNs on encapsulation performance for 

Ketoconazole, it is found 62.1 and 70.3 percent 

encapsulation for SLN and NLC respectively. 

Additional NLC has positively better-quality the light 
stability of Ketoconazole compared to SLNs.37 

Additional, the size of SLNs frolicked an significant 

title role in the action consequence of cutaneous 

mycosis. In a current study the impact of SLNs size 

on skin penetration was assessed by Zahra and co-

workers, result indicated that SLNs size in the range 

of 50–200 nm easily penetrate the cutaneous layer 

whereas sizes between 200 and 400 nm accumulate 

in the dermis, thereby recommended as appropriate 

regimens for treating fungal skin infections.38 

Although nano-lipid preparation has exhibited 

improved safety and higher therapeutic performance 
to treat critical fungal disorders. However poor 

storage stability, particle size, size distribution, poor 

drug payload, high manufacturing cost, and poor 

scalability remains a constant challenge for transition 

into the clinical set-up. 

 

In addition to the drug, the anti-fungal efficacy of 

lipid Nanocarriers can be increased to a great extent 

using cationic lipids. Cationic lipids are known to 

modulate antifungal activity through various 

mechanisms including disruption of endosomal 
membranes, form complexes with DNA, and 

enhanced cell permeability. Recently Debora and co-

workers suggested that cationic lipids like di 

octadecyl dimethylammonium bromide (DODAB) 

and hexadecyltrimethylammonium bromide (CTAB) 

show excellent anti-fungal activity against Candida 

albicans. Nonetheless, cationic lipids induce local 

toxicity over a therapeutic concentration.39 

 

Niosomal-Based Antifungal Agents: 

These are a kind of spherical lipids prepared by non-

ionic surfactants.40 They interact with the stratum 
corneum, resulting in the reduction of transepidermal 

water loss41 its skin permeation depends on the types 

of surfactant, properties of the drug used, and 

morphological characteristics of Niosomal 

preparations.42-43 the therapeutic activity of 

Ketoconazole was found to be increased in Niosomal 

preparations. Niosomes of Itraconazole and 

Miconazole were also found to be effective, proving 

themselves to be effective carrier systems for 

antifungal drugs. Fluconazole-loaded niosomes 

prepared using different surfactants (Span 40, Span 
60, and Brij 72) revealed prolonged localized and 

sustained effects of Fluconazole44 Another group has 

attempted to prepare and optimized a Niosomal gel 

containing Naftifine hydrochloride, in which drug 

loaded Niosomal preparation was incorporated into a 
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hydroxymethyl-cellulose gel to improve physical 

drug stability and drug loading45 These are a kind of 

bilayer lipid structure with non-ionic surfactants.46 

They interact with the stratum corneum, resulting in 

the reduction of transepidermal water loss47 The 
degree of skin permeation depends on the interaction 

between noisome and skin, the nature of the drug, 

composition, and morphology of noisome48-49 

Niosomes owing to their stable bilayer structure 

protects the encapsulated therapeutic agent from 

proteolytic enzymes, surrounding pH and osmotic 

agents, thereby increasing the product stability. 

However, noisome exhibits relatively leaky 

vasculature compared to liposomes. Irrespective of 

comparable features, niosomes provide several 

distinct merits over liposomes including higher skin 

permeation, making them suitable for the treatment 
of dermal and cutaneous mycosis, higher chemical 

stability increases product shelf life, and lower costs. 

Further niosomes due to their unique amphiphilic 

properties can entrap a wide variety of therapeutics. 

Further shape, size, fluidity, and surface 

functionalization of Niosomal preparation can be 

easily tailored by changing formulation composition 

and method of preparation. The antifungal activity of 

Ketoconazole was found to be increased by 

encapsulating it into niosomes. Niosomes of 

Itraconazole and Miconazole were also found to be 
effective in the treatment of fungal infections. 

Niosomal formulation containing Fluconazole 

prepared by using different surfactants (Span 40, 

Span 60, and Brij 72) showed enhanced skin 

permeation and drug accumulation following topical 

application.50 

 

Similarly, another study demonstrated that Niosomal 

gel exhibits approx. 6.5 times higher drug 

localization in the skin when compared with plain 

carbopol gel indicating better target accumulation of 

Niosomal gel. Charge inducers such as anionic 
(diacetyl phosphate and lipoamide acid) or cationic 

(sterylamine and cetylpyridinium chloride) 

components are often incorporated in formulation to 

increase the stability of the vesicles. It acts by 

inhibiting the aggregation of vesicles due to net 

repulsive forces.51 Negatively charged niosomes 

incorporated in hydroxymethyl cellulose gel show 

higher physical and chemical stability compared to 

plain Niosomal formulations.52 Unique features of 

niosomes allow for usage through various topical 

routes like vaginal, mucosal, ocular, etc. Ning and 
co-workers investigated the antifungal activity of 

Clotrimazole-loaded Niosomal gel. Results indicated 

sustained and controlled release patterns with good 

tolerability on tissue level in rats for suitable local 

vaginal therapy.53 

 

Liposomal-Based Antifungal Agents: 

These are bilayer phospholipids spherical vesicles 

composed of amphiphilic lipids (phospholipids and 

cholesterol). They can quarter a wide diversity of 
drugs including both hydrophilic and lipophilic 

medications. They may trap hydrophilic molecules in 

their aqueous core and lipophilic drugs in their lipid 

bilayer.54-55 The amphiphilic phospholipids and ultra-

flexible character of liposomes protect the drug from 

degradation and increase skin permeability. Due to 

their ability to alter the bio-distribution profile of 

entrapped drugs, these are considered suitable for 

topical drug delivery. They can be either adsorbed on 

the outermost skin surface or penetrate deeper layers. 

Drug release profile, liposome morphology, and skin 

retention play a crucial role in deciding the 
therapeutic performance of the liposomal 

formulation. Amphotericin-B has a broad-spectrum 

antifungal activity but due to its ability to bind 

mammalian cell cholesterol produces unwanted 

toxicity. Liposomal Amphotericin B can reduce 

toxicity, due to its ability to form complex with 

Amphotericin. Liposomes with dissimilar surface 

properties and morphology have been examined for 

topical antifungal medication delivery including 

conservative, deformable, mucoadhesive liposomes. 

The liposomal gel of Ketoconazole shows higher 
drug retention in the skin as compared to the gel and 

cream formulations.56 The therapeutic effects of two 

marketed Econazole formulations i.e. Econazole 

nitrate cream, and Econazole liposome gel have been 

investigated on both uninfected and infected 

reconstructed human epidermis. Toxicological 

findings suggested that a single application of the 

cream showed higher acute skin toxicity compared to 

the liposome gel. It was also observed that liposomal 

formulation eliminated Candida albicans- induced 

specific pathological alterations like hyperkeratosis, 

dyskeratosis, and parakeratosis.57 Liposomes can be 
prepared from different techniques using a variety of 

phospholipids. Deformable or flexible liposomes 

characterize a new session of phospholipids vesicles 

designed to progress dermal and cutaneous antifungal 

drug distribution. Ultra-deformable liposomes 

prepared with Tween 80 as edge activator showed 

1078 nm diameter, PDI of 0.078, and -3   0.2 mV 

zeta potential displayed 40 times higher accumulation 

of drugs compared to Am Bi some. In addition to 

lipid composition, liposome morphology, and 

surface properties also play a crucial role in 
determining drug permeability and dermal 

accumulation. Verma and co-workers reported 

liposomes with 120 nm size resulted from higher skin 

permeation compared to larger ones.58 in an ongoing 

effort to improve antifungal activity; cationic 
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liposomes have been found advantageous. AmB-

loaded cationic liposomes exhibited a size range of 

400–500 nm and zeta potential between 40–60 mV, 

exhibiting higher antifungal activity compared to 

plain drugs. However, the clinical application of 
cationic liposomes is limited due to the toxicity of 

cationic components. Irrespective of advantages, 

major complications related to liposomal 

formulations include drug-drug-carrier compatibility 

complex, drug expulsion, scale-up procedures, and 

stability. 

 

Microemulsions-based Antifungal Agents: 

These are stable, translucent, and isotropic 

dispersions of oil in water stabilized by surfactants 

and co-surfactants for topical and transdermal 

administration of drugs with a droplet size of 0.1–1.0 
μm. These have been reported as very promising 

delivery systems of anti-fungal agents due to their 

unique ability to enhance drug solubility. The 

antifungal variety of numerous azole drugs is 

negotiated due to their little aqueous solubility. A 

recent study by Ashara and co-workers determined 

the solubility of voriconazole in a microemulsions 

system developed by using Neem oil Acrysol™ K-

150 and PEG as oil phase, surfactant, and co-

surfactant respectively. Results indicated the 

solubility of voriconazole in Neem® oil 
microemulsions was found to be 7.51±0.14 mg/g 

against 2.7±0.12 mg/g of plain drug characterized by 

a significant increase in MIC values.59 They offer the 

advantages like increasing drug solubility, high 

thermal stability, high permeability, easy 

manufacturing, optical clarity, and low cost. They 

show outstanding biocompatibility for the reason that 

microemulsions are the suitable distribution system 

for up-to-date and transdermal organizations. The 

presence of oils and surfactants in microemulsions 

formulation facilitates drug permeability across the 

stratum corneum.60-63 A microemulsions gel 
containing Fluconazole seems to be effective for the 

treatment of invasive fungal infections.64 Similarly, 

Radwan and co-workers in their study reported 

enhanced skin retention of Sertaconazole in 0.5% 

Carbopol 934 gel. Sertaconazole-loaded 

microemulsions Carbopol gel showed higher drug 

retention (1086.1μg/cm2) compared to the marketed 

formulation "Dermofix® cream" (270.3μg/cm2).65 

Microemulsions due to reduced interfacial tension 

and low particle size can be easily designed into a 

gel. Microemulsions topical gel not only improves 
stability but also enhances their antifungal activity, 

further gel formulation helps to reduce the local 

toxicity accounted due to the high content of 

surfactant in microemulsions. Accordingly, Kumari 

and Kesavan studied the antifungal effect of chitosan-

coated microemulsions containing Clotrimazole. In 

vitro, anti-fungal study results demonstrated that 

chitosan-coated microemulsions revealed higher 

antifungal activity compared to plain microemulsions 

due to the controlled release behavior of 
encapsulated drug and intrinsic fungicidal activity of 

chitosan.66 Several researchers further confirmed the 

ability of microemulsions to increase the 

percutaneous permeability of Fluconazole.67-68 The 

same results were obtained with microemulsions 

formulae of Ketoconazole, Itraconazole, voriconazole, 

and Econazole. The microemulsions-based hydrogel 

containing Clotrimazole showed higher skin 

permeation, retention, and better in vitro 

antimicrobial activity against C. albicans compared to 

the reference cream.69 Patel and co-workers 

investigated the therapeutic performance of 
Ketoconazole-loaded microemulsions prepared by 

using lauryl alcohol, Labrasol, and ethanol as oil 

phase, surfactant, and co-surfactant respectively. 

Experimental findings suggested that the developed 

microemulsions show superior percutaneous 

absorption of Ketoconazole. Further, it has been 

found that the skin permeation of Ketoconazole has 

increased with increasing the quantity of lauryl 

alcohol and with decreasing the surfactant/co- 

surfactant ratio in the microemulsions. The optimum 

formulation was chosen based on their activity 
against Candida albicans. The results indicated that 

microemulsions formulation shows a higher zone of 

inhibition compared to reference Ketoconazole 

cream. Histopathological analysis of the rat skin 

revealed no sign of toxicity.70 Microemulsions 

formulations need a high concentration of surfactant 

and co-surfactants combination to cover a wider 

interface, complete emulsification of the ingredients, 

and long-term stability. However, the undesirable 

residues on the substrate may cause local skin 

toxicity on prolonged use, hence local toxicity must 

be taken into account, particularly when they are 
intended to be used for a longer period. 

 

Micelles-Based Antifungal Agents: 

Polymeric micelles, or aggregation colloids created in 

solution by the self-assembly of amphiphilic 

polymers, represent a novel way to address several 

problems with drug administration, Yogeshwar N. 

Kalia et.al. Developed an antifungal formulation 

using micelles and the ingredients Econazole (ECZ), 

terbinafine (TBF), and Amorolfine (AMF). For the 

simultaneous cutaneous delivery of three medications 
with complimentary modes of action using D-

tocopheryl polyethylene glycol succinate (TPGS). 

Drug loading was ten times lower in the antifungal 

"tri-therapy" micelle-based formulation (Pevaryl®, 

1% ECZ; Lamisil®, 1% TBF; Loceryl®, 0.25% 
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AMF) than in the "reference" commercial 

formulations.71 

 

Nanogel-Based Antifungal Agents: 

It has been proposed to use nanotechnologies to 
address penetration issues to overcome the 

drawbacks of these conventional topical treatments. 

Nishil Mohammed et.al. Formulated and 

characterized dermal administration of Terbinafine 

HCL (TBH) nano gels that are biodegradable, pH-

responsive, chemically cross-linked, and composed of 

Pluronic F127 co-poly (acrylic acid) to boost its 

permeability and serve as a novel method for 

treating skin fungal infections. The rat skin ex-vivo 

skin retention investigations revealed that nanogel 

retained drugs more effectively than 1% Lamisil 

cream (a commercial product) furthermore, research 
on skin irritancy revealed that nanogel was not 

irritating. Bhalekar MR et.al., Developed a 

Miconazole nitrate lipid nanoparticle which was 

incorporated in the gel for simple topical treatment 

and their skin penetration was tested ex vivo.72 In 

comparison to a conventional gel containing a free 

drug, gel with nanoparticulate dispersion allowed for 

better drug localization in the skin while allowing for 

less drug penetration into the receptor compartment.72  

 

CONCLUSIONS: 
The concentration attained in the target skin tissue 

has a significant impact on an antifungal agent's 

therapeutic effectiveness. The best way to reach 

therapeutic levels in the tissue is through frequent 

topical administration, although this is arduous and 

may have unpleasant side effects. A larger molecule 

size, however, may occasionally limit their inherent 

penetrability. As a result, the Novel Drug Delivery 

System provides new opportunities for the 

development of ophthalmic/cutaneous formulations 

of these antifungal drugs. It is possible to repackage 

and administer these medications more effectively 
using novel drug delivery systems, which will 

increase their bioavailability. They can be made more 

soluble and more likely to become trapped in 

niosomes, liposomes, and microspheres by using 

cyclodextrins, polymers, or other appropriate 

surfactants. The additional possibilities to increase 

permeability, reduce dosing frequency, and reduce 

side effects include SLNs, NLCs, microemulsions, 

and emulsions. This will increase the antifungal 

therapy's tolerance, affordability, and safety. 

Although the therapy may initially be expensive due 
to the expense of production, it may become 

profitable with less frequent use. The cost will also 

not be a concern for production companies that use 

more modern technologies for product development. 

For topical administration, the qualities of the chosen 

drug agent and the application site have an impact on 

the development of a good formulation. Since 

potency, deliverability, and effective therapeutic 

concentration at the target site must all be in balance. 
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