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ABSTRACT: Fungal infections constitute a significant global health challenge,
necessitating prolonged therapeutic interventions and confronting limitations such as
inadequate dermal penetration, emerging drug resistance, and systemic toxicity.
Conventional topical formulations of antifungal agents often demonstrate suboptimal
clinical efficacy owing to poor permeation across the stratum corneum and
instability of active pharmaceutical ingredients. Recent advancements in
pharmaceutical nanotechnology have catalysed the emergence of innovative drug
delivery platforms designed to enhance cutaneous and transdermal antifungal drug
administration. A broad spectrum of carrier-based systems including liposomes,
noisome, ethosomes, solid lipid nanoparticles, nanostructured lipid carriers, and
polymeric nanoparticles have exhibited superior drug solubilization, controlled
release kinetics, targeted site-specific delivery, and improved patient adherence.
These nanocarrier-mediated formulations not only facilitate deeper skin penetration
and enhanced drug retention but also mitigate systemic exposure and associated
toxicities. Furthermore, next-generation strategies such as microneedle-assisted
delivery, nano emulsions, and transdermal patches have surfaced as potent and
patient-friendly alternatives to conventional topical therapies. The incorporation of
natural bioactive compounds and biodegradable polymers further augments the
therapeutic efficacy and biocompatibility of these systems. This review provides a
comprehensive overview of contemporary formulation strategies, mechanistic
insights, and evaluation parameters of novel topical and transdermal antifungal
delivery systems. Future perspectives underscore the imperative for translational
research, robust clinical validation, and regulatory standardization to advance the
development of safe, effective, and sustainable antifungal therapies.

INTRODUCTION:

Fungal: Fungal infections pose a significant global
health burden, encompassing superficial skin and
mucosal infections as well as invasive systemic

Immunosuppressed populations, including
individuals  with  HIV/AIDS, diabetes, or
malignancies, are particularly vulnerable to

airborne fungal infections, which can rapidly

mycoses affecting vital organs such as the lungs,
liver, and heart. These infections are primarily
caused by opportunistic fungal pathogens that
exploit compromised host immune defences.
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progress to severe or life-threatening conditions.

Despite the availability of various antifungal agents
including azoles, polyenes, echinocandins, and
allylamines  therapeutic ~ outcomes  remain
suboptimal due to poor aqueous solubility, limited
tissue penetration, emerging drug resistance, and
systemic toxicity associated with conventional
formulations *. Recent advances in nanotechnology
have facilitated the development of innovative
antifungal delivery platforms that address these
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limitations.  Nanocarrier ~ systems, including
liposomes, solid lipid nanoparticles, polymeric
nanoparticles, and nanostructured lipid carriers,
provide controlled and targeted delivery of
antifungal agents. These systems enhance drug
concentration at infection sites through improved
adherence to fungal cell walls and facilitated
permeation across biological membranes. The
nanoscale dimensions, large surface area, and
tunable surface charge of these carriers enable
enhanced interaction with fungal pathogens,
resulting in superior therapeutic efficacy and
reduced systemic exposure. Additionally, the
incorporation of biocompatible and biodegradable
polymers improves formulation stability, sustains
drug release, and augments bioavailability.
Evidence from recent studies demonstrates that
topical nanocarrier-based antifungal formulations
exhibit enhanced therapeutic performance relative
to conventional creams or gels, with minimal
cytotoxicity. Overall, nanoparticle-mediated
antifungal delivery represents a promising strategy
to overcome the limitations of traditional therapies,
emphasizing the need for continued research on
carrier—pathogen interactions, formulation
optimization, and clinical validation to fully realize
its translational potential 2.

History of Fungal: Fungi have long been
recognized as a rich source of bioactive
compounds, with traditional cultures exploiting
them for medicinal and psychoactive purposes long
before modern science. Systematic isolation of
fungal metabolites began in the late 19th century,
yet the modern era of fungal drug discovery is
epitomized by Alexander Fleming’s accidental
discovery of penicillin in the 1940s 3. This
breakthrough established fungi as a prolific
reservoir of therapeutic molecules, leading to
subsequent discoveries such as cephalosporin C
from Acremonium chrysogenum and fusidic acid
from Acremonium fusidioides, both providing
effective antibacterial activity with minimal
eukaryotic toxicity. Fungi have also contributed
directly to antifungal therapy; griseofulvin, isolated
from Penicillium griseofulvum, treats dermatophyte
infections, while echinocandins (caspofungin,
micafungin, anidulafungin) target 1,3-B-D-glucan
synthase in invasive mycoses Recently,
enfumafungin derivatives, including ibrexafungerp,
have expanded treatment options.
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The ongoing emergence of multidrug-resistant
fungi highlights the imperative for novel antifungal
agents with diverse mechanisms.

Classification:  This classification delineates
antifungals according to their mechanistic
modalities, encompassing membrane perturbation,
cell wall biosynthesis inhibition, nucleic acid
synthesis interference, and mitotic disruption, while
emphasizing both traditional and emerging
therapeutic categories °.

> Azoles
Polyenes
Echinocandins

Allylamines

vV V V V

Morpholines

Fungal SKkin Infections: Fungal skin infections are
among the most common dermatologic conditions
worldwide, affecting individuals across all age
groups. Caused by dermatophytes, yeasts, and non-
dermatophyte molds, these infections range from
superficial, self-limiting conditions to invasive,
potentially life-threatening diseases in
immunocompromised hosts. Factors such as poor
hygiene, environmental exposure,
immunosuppression, and metabolic  disorders
increase susceptibility ®. Despite the availability of
topical and systemic antifungal therapies, treatment
challenges persist due to drug resistance,
recurrence, and limited skin penetration. Early
recognition, accurate diagnosis, and appropriate
therapy are essential to reduce morbidity and
prevent complications associated with fungal skin
infections .

Types:
Systemic Fungal Infections:

e Histoplasmosis

e Blastomycosis

e Crytptococcosis

e Systemic candidiasis

e Aspergilosis
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e Coccidiodomycosis
Cutaneous Fungal Infections:
e Tinea corporis

e Tinea cruris

e Tinea pedis

e Tinea capitis

e Tinea unguium
Subcutaneous Fungal Infections:
e Chromomycosis

e Sporotrichosis

Superficial Fungal Infections:
e Pitryiasis versicolor

e Tinea nigra®

WHO Report: The World Health Organization
(WHO) has highlighted the escalating threat of
invasive fungal infections (IFls), particularly
among immunocompromised populations such as
individuals undergoing cancer chemotherapy,
living with HIV, or who have received organ
transplants. These infections are increasingly
resistant to treatment, with mortality rates reaching
as high as 88% for certain pathogens. The WHQO's
Fungal Priority Pathogens List (FPPL) categorizes
these pathogens into critical, high, and medium
priority based on their public health impact and
emerging antifungal resistance risks. The FPPL
aims to guide research and development efforts to
address the significant gaps in diagnostics and
treatment options for IFls, especially in low- and
middle-income  countries where access to
healthcare resources is limited.

The global burden of fungal diseases remains
considerable, with an estimated 6.5 million
individuals annually developing life-threatening
mycoses, resulting in approximately 3.8 million
fatalities, of which 2.5 million are directly
attributable to these infections (The Lancet).
Principal contributors include invasive aspergillosis
(2.1 million cases), chronic pulmonary aspergillosis
(1.8 million cases), invasive candidiasis (1.5
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million cases), pneumocystis pneumonia (=500,000
cases), and cryptococcal meningitis (=194,000
cases). Collectively, fungal infections account for
higher annual mortality than tuberculosis, malaria,
hepatitis, and pneumonia combined (GAFFI).
These data underscore a critically elevated case-
fatality rate of approximately 58%, highlighting the
pressing need for enhanced diagnostic capabilities,
novel antifungal therapeutics, and comprehensive
public health strategies to mitigate this escalating
global threat °.

Antifungal Drugs ***2:
1. 1955 - Amphotericin B (AMB)
e The first major antifungal drug introduced.

e A polyene antifungal used to treat systemic
fungal infections.

e Known for its broad-spectrum activity but also
nephrotoxicity.

2. 1968 — Flucytosine (5-FC)

e A pyrimidine analog
combination therapies.

used primarily in

e Effective against Candida and Cryptococcus
species.

3. 1990 — Fluconazole (FLC)

e A triazole antifungal with excellent oral

bioavailability.
e Commonly used for candidiasis and
cryptococcal meningitis.

4. 1992 — Itraconazole (ITC)

e Broader spectrum triazole

fluconazole.

compared to

e Used for aspergillosis,
other fungal infections.

histoplasmosis, and

5. 2001 — Caspofungin (CSF):
e First echinocandin antifungal introduced.

e Inhibits fungal cell wall synthesis ($-1,3-D-
glucan synthase inhibitor).
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6. 2002 — Voriconazole (VOR):

e Second-generation triazole antifungal.

e First-line treatment for invasive aspergillosis.
7. 2005 — Micafungin (MCF)

e Another echinocandin with improved safety
profile.
Candida

e FEffective for infections and

prophylaxis in hematopoietic stem cell
transplant patients.

8. 2006 — Anidulafungin (ANF)

e Echinocandin with minimal hepatic

metabolism.
e Used in invasive candidiasis.
9. 2006 — Posaconazole (POS)

e Broad-spectrum triazole with activity against
resistant molds and yeasts.

e Used for prophylaxis and treatment of invasive
fungal infections.

10. 10. 2013 - MGCD290

e A histone deacetylase (HDAC) inhibitor

explored for antifungal synergy.

e Still in investigational stages, enhances azole
efficacy.

11. 2015 — Isavuconazole (ISV)

e A newer triazole with broad-spectrum activity
and better tolerability.
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e Approved for invasive

mucormycosis.

aspergillosis and

12.12. 2018 — CAMB and SUBA-ITC

e CAMB (CAmMB): A lipid-based formulation of
Amphotericin B to reduce toxicity.

e SUBA-ITC: Super bioavailable itraconazole
formulation with improved absorption.

13. 2019-2020 — Next-Generation Antifungals

e VT-1161,
F901318:

CD101, SCY-078, APX001,

e These represent novel classes or improved
agents targeting resistant fungal pathogens. Still
under clinical or late preclinical development.

e Aim to overcome resistance,
pharmacokinetics, and reduce toxicity.

improve

Nanocarriers for Antifungal Therapy: Fungal
skin infections are a widespread health concern
worldwide. They are commonly treated using
topical or systemic antifungal therapies, with
topical treatment preferred due to targeted action
and fewer side effects . Conventional topical
formulations often face challenges such as low
drug retention and poor bioavailability. Recent
advances in nanotechnology have led to the
development of novel topical carriers, including
liposomes, niosomes, solid-lipid nanoparticles,
microemulsions, nanogels, and micelles, which
enhance drug delivery. Studies show that antifungal
drugs loaded into these nanocarriers provide
improved therapeutic outcomes, better skin
penetration, and reduced toxicity. This review
highlights these innovative strategies **.

TABLE 1: CLASSIFICATION INVOLVES SYSTEMATICALLY GROUPING DRUGS, EXAMPLES AND USES IN

FUNGAL THERAPY
S.no.  Nanocarriers Examples of nano carriers Uses in fungal therapy
1. Lipid-Based, Liposomes, Solid Lipid Nanoparticles Enhance skin penetration and target delivery to infection

Nanocarriers
Carriers (NLCs)

2. Polymeric
Nanocarriers

3. Inorganic
Nanocarriers
Nanoparticles

(SLNs), Nanostructured Lipid

Polymeric Nanoparticles (e.g.,
PLGA, chitosan), Dendrimers

Metallic Nanoparticles (e.g., silver,
gold, zinc oxide), Mesoporous Silica

sites, Reduce systemic toxicity of antifungal drugs,
Improve solubility of poorly water-soluble antifungal
agents
Provide controlled and prolonged drug release, Improve
stability of antifungal drugs, Can be functionalized for
targeted delivery, Enhance drug bioavailability at
infection sites
High surface area allows high drug loading, Improve
penetration through fungal biofilms, Provide stability
and protection of drugs from degradation
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4, Vesicular
Nanocarriers

5. Hybrid/Novel,
Nanocarriers

Niosomes, Transfersomes,
Ethosomes
Nanogels, Micelles

Enhance localized delivery and reduce systemic side
effects, Increase therapeutic efficacy of antifungal drugs
Reduce dosing frequency and improve patient
compliance, Improve solubility and bioavailability of
poorly soluble antifungals > *

‘ Nano Carners

l

Enhanced Per ||1ual|:|-n|

l

|

Reduced Toxicity

X

Targeted Delivery ‘

Improved Stabality

Sustamed Release

FIG. 1: POSITIVE ASPECTS OF NANOCARRIERS THERAPY

Transdermal Systems: Transdermal drug delivery
systems (TDDS) are a growing area in
pharmaceutical research, offering advantages over
oral and injectable routes by avoiding first-pass
metabolism and improving patient compliance.
Research focuses on enhancing drug delivery
through methods like drug/vehicle interactions,
vesicles, stratum corneum modification, energy-
driven techniques, and stratum corneum bypassing.
Microneedle technology, in particular, allows
delivery of both small and large molecules and
intradermal therapy *". TDDS have shown potential
in treating fungal skin infections by improving drug
penetration, targeting the site of infection, and
maintaining sustained antifungal activity, making
them effective for fungal disease management.

Functional Advantages:

» Avoids first-pass metabolism - Drugs bypass
the liver, improving bioavailability.

» Improves patient compliance — Easy and
painless to use compared to injections.

» Controlled and sustained release — Provides
steady drug levels over time.

» Targeted delivery — Directly delivers drugs to
skin or systemic circulation.

» Reduces side effects— Minimizes
gastrointestinal and systemic adverse effects.

» Versatile drug types — Suitable for small and
large  molecules with technologies like
microneedles.

International Journal of Pharmaceutical Sciences and Research

» Non-invasive therapy — Eliminates the need for
needles and reduces infection risk 2.

Topical Formulations: Topical formulations, like
creams and ointments, are designed to deliver
active ingredients to the skin for cosmetic,
protective, or therapeutic purposes. However, these
formulations often show very low effectiveness,
with only 1-2% of the applied dose actually
reaching the target. This low performance is mainly
due to the skin’s natural barrier and limitations in
how the active ingredients move through it. By
understanding how drugs diffuse according to
Fick’s laws, researchers can design better topical
products. Modern methods in research focus not
just on the active ingredient but also on the
behavior of the formulation itself. Advanced
analytical techniques now allow scientists to track
how and where actives reach the skin in real time.
A strong knowledge of the physical chemistry of
both the skin and the formulation is key to
developing more effective topical products *°.

Future Perspectives in Antifungal Therapy:

Antifungal Vaccines: Recent advances in
antifungal vaccine research have demonstrated
notable progress, particularly in addressing both
prevalent and life-threatening MYCOSES.
Contemporary investigations have focused on
optimizing immunogenicity, enhancing protective
efficacy, and mitigating safety concerns, thereby
paving the way for novel prophylactic and
therapeutic strategies against pathogenic fungi.
Emerging vaccine candidates, including
recombinant protein formulations, live-attenuated
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strains, and mMRNA-based platforms, exhibit
potential in eliciting robust humoral and cellular
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antifungal prophylaxis, heralding a new era of
targeted immunotherapeutic interventions for
vulnerable populations 2* %,

immune responses. Collectively, these
developments underscore a paradigm shift in
POLYENES IMIDAZOLES TRIAZOLE

Nystatin Miconazole Fluconazole

Amphotericin Clotrimazole Itraconazole

8-
Ketoconazole Voriconazole
Posaconazole

ANTIFUNGALS

p-3-GLUCAN

ALLYLAMINES SYNTHASE OTHER
INHIBITORS
Nattifine 1 Caspolungin Griseofulvin
Terbinafine Micatungin Flucytosine
Butenafine Tolnaftate
Anidulafungin

FIG. 2: LATEST ANTIFUNGAL VACCINES

Platform for Fungal Vaccine Development:
Despite the wide spectrum of platforms explored
for antifungal vaccine development, most
candidates remain confined to preclinical

into clinical trials, and to date, no fungal vaccine
has received regulatory approval. The subsequent
section of this review will provide a comprehensive
examination of the contemporary landscape of
fungal vaccine development platforms.

evaluation. Only a limited number have advanced

TABLE 2: WHO FUNGAL PATHOGEN PRIORITY LIST #

Critical group High group

Medium Group

Cryptococcus neoformans Candida glabrata
Candida auris Histoplasma spp.
Aspergillus fumigatus Eumycetoma causative agents
Candida albicans Mucorales
Fusarium spp.
Candida tropicalis
Candida parapsilosis

Scedosporium spp.

Lomentos poraprolificans

Coccidioides spp.
Candida krusei
Cryptococcus gattii
Talaromyces marneffei
Pneumocystis jirovecii
Paracoccidioides spp.

Spotting the target society for Target antigen
Antifungal vaccination selection

Vaccine designing

Commencement of
Clinical trials

Market release of the

Vaccine induced cha

Studying the Vaccine

Crafting Vaccine
delivery system

Route of injection &

nges target model selection

FIG. 3: ANTIFUNGAL VACCINE DEVELOPMENT MILESTONES
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Recombinant (Subunit) Vaccine: Recombinant
fungal vaccines, comprising purified antigenic
elements such as proteins or polysaccharides,
provide a safer alternative to live attenuated
vaccines, particularly for immunocompromised
populations . These subunit vaccines typically
require co-administration with potent adjuvants to
generate robust immune responses. Notably, the
recombinant vaccine NDV-3, targeting the Candida
albicans adhesin/invasin protein, demonstrated a
favorable safety profile and elicited specific
immunity in women with recurrent vulvovaginal

candidiasis in a phase 2, placebo-controlled,
double-blind  clinical  trial. In  preclinical
evaluations, PEV7, a fusion of truncated C.

albicans Sap2 protein with influenza virosomes,
induced strong systemic and mucosal antibody
responses, providing durable protection against
vaginal candidiasis in rodent models. Subunit
vaccines thus offer targeted immunity with
enhanced safety, albeit with dependence on
adjuvants for optimal efficacy *.

Conjugate Vaccine: Conjugate fungal vaccines,
consisting of polysaccharide antigens covalently
linked to carrier proteins, enhance immunogenicity
and induce durable, T cell-dependent antibody
responses against fungal pathogens. By overcoming
the inherently = weak immunogenicity  of
polysaccharides alone, this strategy provides a
promising platform for prophylaxis against
invasive fungal infections. Preclinical studies
demonstrate  that  conjugating  Cryptococcus
neoformans glucuronoxylomannan (GXM) to
tetanus toxoid or galactoxylomannan (GalXM) to
carrier proteins elicits potent antibody-mediated
protection in murine models. Similarly, the Lam-
CRM vaccine, comprising laminarin  from
Laminaria digitata conjugated to diphtheria toxoid
CRM197, confers protection against systemic and
mucosal Candida albicans infections and lethal
Aspergillus fumigatus challenge. Anti-B-glucan
antibodies generated inhibit fungal growth in-vitro.
Despite these advances, production complexity and
potential carrier-induced epitope suppression
remain challenges for optimization *°.

DNA Vaccines: DNA vaccines, composed of
plasmids encoding specific fungal antigens and, in
some cases, co-stimulatory molecules or cytokines,
provide a promising platform to induce robust
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immune responses via direct antigen presentation
by host antigen-presenting cells. Preclinical studies
have shown their efficacy in murine and rat
models; for instance, a DNA vaccine encoding the
P10 peptide conferred durable protection against
Paracoccidioides brasiliensis, promoting memory
CDA4+ and regulatory T cell responses, while a p55-
TAG DNA vaccine reduced pathogen load and
lung inflammation in immunosuppressed rats.
These vaccines enable targeted antigen expression
and cellular immunity, offering improved safety
over live attenuated vaccines, though challenges in
delivery, limited clinical data, and potential
2g7enomic integration require further optimization %

Nanotechnology in Fungal Vaccine
Development: Nanoparticles have emerged as
versatile platforms in vaccine development, serving
as antigen carriers that enhance stability, improve
immunogenicity, and function as
immunostimulatory adjuvants. Various
nanostructures including polymeric nanoparticles,
nanostructured lipid carriers, phospholipid-based
vesicles, dendrimers, nano emulsions, and metallic
or magnetic nanoparticles are being investigated to
optimize fungal vaccine efficacy. Liposomal
nanoparticles incorporating fatty acyl derivatives of
muramyl dipeptide (MDP) have demonstrated
potent Thl-skewed immune responses and cellular
proliferation, critical for antifungal defence %

Preclinical studies with liposomal and PLGA
nanoparticle platforms delivering DNAhsp65
vaccines have shown protective immunity and
reduced pulmonary fungal burden in murine Para
coccidioidomycosis models. Intranasal delivery of
liposomal formulations offers a non-invasive,
patient-friendly ~ route,  enhancing  clinical
applicability. While nanoparticle-based vaccines
provide targeted delivery, antigen stabilization, and
superior immunogenicity, their advancement is
constrained by biocompatibility considerations,
regulatory complexities, and cost-effectiveness
issues, necessitating further optimization to realize
their translational potential in systemic fungal
infections %°.

Natural and Herbal Formulations: Fungi
responsible for human infections are broadly
classified into three groups: filamentous fungi
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forming thread-like structures, unicellular yeasts,
and dimorphic fungi exhibiting both morphologies.
Fungal infections are often chronic, requiring
prolonged therapeutic interventions, and pose
significant  risks  to  immunocompromised
individuals. Conventional antifungal therapy
encompasses five primary classes azoles,
allylamines, echinocandins, griseofulvin, and
flucytosine yet treatment limitations, including
resistance, toxicity, and incomplete efficacy,
underscore the pressing need for novel antifungal
agents. Historically, medicinal plants have served
as a rich source of therapeutic compounds, with
traditional knowledge guiding the use of plant
extracts against fungal ailments. Phytochemical
investigations have revealed bioactive secondary
metabolites such as alkaloids, flavonoids,
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terpenoids, and phenolics that exhibit potent
antifungal activity, often surpassing synthetic
agents in selectivity and safety profiles.

Scientific validation of these plant-derived
compounds has facilitated their incorporation into
modern pharmacology as alternative or adjunctive
antifungal therapies. Screening and evaluation of
plant extracts remain a vital strategy for
discovering new antimicrobial agents, leveraging
centuries of ethnobotanical knowledge. This
section provides a detailed overview of plants with
demonstrated antifungal properties, highlighting
their chemical constituents, mechanisms of action,
and potential applications in the management of
human fungal infections Table 3.

TABLE 3: LIST OF DIFFERENT PLANT HAVING ANTIFUNGAL EFFICIENCY

Plant name (Spices) Family Parts Used Test spices Reference
Asphodelus luteus Liliaceae Whole plant Trichophyton violaceum Ali-Shtayeh and Abu
Ghdeib (1999)
Ocimum gratissimum Labiatae Leaves Trichophyton mentagrophytes, Silva et al. (2005)
(hexane Trichophyton rubrum, Microsporum
extract) canis, Microsporum gypseum
Mammea longifolia Clusiaceae Root Fusarium oxysporum Deng and Nicholson
(2005)
Combretum woodii Combretaceae Leaves Candida albicans, Cryptococcus Masoko et al. (2007)
Camptotheca Nyssaceae Leaves Alternaria alternate, Epicoccum Li et al. (2005)
acuminata nigrum, Pestalotiaguepinii
Bougainvillea glabra  Nyctaginaceae Stem, leaves, Coccidioides immitis Alanis-Garza et al.

flowers, fruits

(2007) ¥

CONCLUSION: Fungal infections represent a
major global health challenge, affecting both
superficial and systemic sites and posing significant
risks, particularly to  immunocompromised
populations. Conventional antifungal therapies are
limited by poor solubility, inadequate tissue
penetration, drug resistance, and systemic toxicity,
resulting in suboptimal clinical outcomes. Recent
advancements in nanotechnology and carrier-based
drug delivery systems including liposomes, solid
lipid nanoparticles, polymeric nanoparticles, and
nanostructured lipid carriers have demonstrated
enhanced skin permeation, targeted delivery,
controlled release, and reduced systemic exposure.
Next-generation strategies such as microneedle-
assisted delivery, nano emulsions, and transdermal
patches further improve patient adherence and
therapeutic efficacy. Global epidemiological data,
as highlighted by the WHO and Lancet reports,
reveal a high incidence of life-threatening fungal
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infections, with significant mortality rates and a
case-fatality ratio of approximately 58%. These
findings underscore the urgent need for continued
translational research, robust clinical validation,
and regulatory standardization to develop safe,
effective, and sustainable antifungal therapies.

ACKNOWLEDGEMENTS: Nil
CONFLICTS OF INTEREST: Nil
REFERENCES:

1. Kainz K, Bauer MA, Madeo F and Carmona-Gutierrez D:
Fungal infections in humans: the silent crisis. Microbial
Cellulose 2020; 7: 143-155.

2. Havlickova B, Czaika VA and Friedrich M:
Epidemiological trends in skin mycoses worldwide.
Mycoses 2008; 51: 2-15.

3. Guzman G, Allen J and Gartz J. A Worldwide
geographical distribution of the Neurotropic Fungi, an
analysis and discussion. Ann Del Mus Civ Di Rovereto
1998; 14: 189-280.

1362



Laad and Tiwari, IJPSR, 2026; Vol. 17(5): 1355-1363.

4.

10.

11.

12.

13.

14.

15.

16.

17.

Henk DA, Eagle CE, Brown K, Van Den Berg MA, Dyer
PS, Peterson SW and Fisher MC: Speciation despite
globally  overlapping distributions in  Penicillium
chrysogenum: The population genetics of Alexander
Fleming’s lucky fungus. Mol Ecol 2011; 20: 4288-4301.
Pekmezovic M, Krusic MK, Malagurski I, Milovanovic J,
Stepien K and Guzik M: Polyhydroxyalkanoate/antifungal
polyene formulations with monomeric hydroxyalkanoic
acids for improved antifungal efficiency. Antibiotics 2021;
10: 1-15.

May PJ, Tong SY, Steer AC, Currie BJ, Andrews RM,
Carapetis JR and Bowen AC: Treatment, prevention and
public health management of impetigo, scabies, crusted
scabies and fungal skin infections in endemic populations:
a systematic review. Tropical Medicine & International
Health 2019; (3): 280-293.

Amé P and Lee MD: Fungal infections. Diseases of
Poultry 2020; 1109-1133.

Sparber F, De Gregorio C, Steckholzer S, Ferreira FM,
Dolowschiak T, Ruchti F, Kirchner FR, Mertens S, Prinz I,
Joller N and Buch T: The skin commensal yeast
Malassezia triggers a type 17 response that coordinates
anti-fungal immunity and exacerbates skin inflammation.
Cell Host & Microbe 2019; 25(3): 389-403.

World Health Organization. WHO issues its first-ever
reports on tests and treatments for fungal infections.
Geneva: World Health Organization 2025.

Vitiello A, Ferrara F, Boccellino M, Ponzo A, Cimmino C,
Comberiati E, Zovi A, Clemente S and Sabbatucci M:
Antifungal drug resistance: an emergent health threat.
Biomedicines 2023; 11(4): 1063.

Houst' J, Spizek J and Havlicek V: Antifungal drugs.
Metabolites 2020; 10(3): 106.

Fang J, Huang B and Ding Z: Efficacy of antifungal drugs
in the treatment of oral candidiasis: A Bayesian network
meta-analysis. The J of Prosth Den 2021; 125(2): 257-65.
Garg A, Sharma GS, Goyal AK, Ghosh G, Si SC and Rath
G: Recent advances in topical carriers of anti-fungal
agents. Heliyon 2020; 6(8): 11-19.

Gungor S, Erdal M and Aks B: New formulation strategies
in topical antifungal therapy. J Chem Dermatol Sci 2013;
56-65.

Nogueira NC, de S& LL and de Carvalho AL:
Nanostructured lipid carriers as a novel strategy for topical
antifungal therapy. AAPS Pharm Sci Tech 2021; 23(1): 32.
Liu F, Chen Y, Huang Y, Jin Q and Ji J: Nanomaterial-
based therapeutics for enhanced antifungal therapy. J of
Materials Chemistry B 2024; 12(37): 9173-9198.

Ramadon D, McCrudden MT, Courtenay AJ and Donnelly
RF: Enhancement strategies for transdermal drug delivery
systems: Current trends and applications. Drug Delivery
and Translational Research 2022; (4): 758-791.

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

E-ISSN: 0975-8232; P-ISSN: 2320-5148

Barry BW: Novel mechanisms and devices to enable
successful transdermal drug delivery. European Journal of
Pharmaceutical Science 2001; 14: 101-114.

Hadgraft J and Lane ME: Advanced topical formulations
(ATF). International Journal of Pharmaceutics 2016;
514(1): 52-57.

Kumar R and Srivastava V: Application of anti-fungal
vaccines as a tool against emerging anti-fungal resistance.
Frontiers in Fungal Biology 2023; 4: 181-1809.

Pattison HT, Millar BC and Moore JE: Fungal vaccines.
British Journal of Biomedical Science 2021; 78(4): 167-
176.

WHO fungal priority pathogens list to guide research.
Development and Public Health Action 2022

Edwards JE, Schwartz MM, Schmidt CS, Sobel JD,
Nyirjesy P and Schodel F: A fungal immunotherapeutic
vaccine (NDV-3A) for treatment of recurrent vulvovaginal
candidiasis A phase 2 randomized, double-blind, placebo-
controlled trial. Clinical Infection Dis 2018; 66: 1928-
1936.

De Bernardis F, Amacker M, Arancia S, Sandini S,
Gremion C and Zurbriggen R: A virosomal vaccine against
candidal vaginitis: immunogenicity, efficacy and safety
profile in animal models. Vaccine 2012; 30: 4490-4498.
Devi S: Preclinical efficacy of a glucuronoxylomannan-
tetanus toxoid conjugate vaccine of Cryptococcus
neoformans in a murine model. Vaccine 1996.

Nami S, Mohammadi R, Vakili M, Khezripour K, Mirzaei
H and Morovati H: Fungal vaccines, mechanism of actions
and immunology: A comprehensive review. Biomedicine
Pharmacotherapy 2019; 109: 333-344.

De Amorim J, Magalhdes A, Mufoz JE, Rittner GMG,
Nosanchuk JD and Travassos LR: DNA vaccine encoding
peptide P10 against experimental paracoccidioidomycosis
induces long-term protection in presence of regulatory T
cells. Microbes Infection 2013; 15: 181-191.

Effenberg R, Turanek Knétigova P, Zyka D, C elechovska
H, Mas ek J and Bartheldyova E: Nonpyrogenic Molecular
Adjuvants Based on norAbuMuramyldipeptide and
norAbu-Glucosaminyl ~ Muramyldipeptide: ~ Synthesis,
Molecular Mechanisms of Action, and Biological
Activities in-vitro and in-vivo. Journal of Medicinal
Chemistry 2017; 60: 7745-7763.

Ribeiro AM, Souza ACO, Amaral AC, Vasconcelos NM,
Jeronimo MS and Carneiro FP: Nanobiotechnological
approaches to delivery of DNA vaccine against fungal
infection. Journal of BioMedical Nanotechnology 2013; 9:
221-230.

Ghosh S, Das R, Mohanty JP, Bhai S, Acharya R and Ali
MH: Current perspectives on fungal infections: pathogens
diagnosis & herbal treatment. Quantum Journal of Medical
and Health Sciences 2024; 3(4): 1-5.

How to cite this article:
Laad S and Tiwari P: Novel approaches for topical and transdermal delivery of antifungal drugs: current status and future perspectives. Int
J Pharm Sci & Res 2026; 17(5): 1355-63. doi: 10.13040/1JPSR.0975-8232.17(5).1355-63.

All © 2026 are reserved by International Journal of Pharmaceutical Sciences and Research. This Journal licensed under a Creative Commons Attribution-NonCommercial-ShareAlike 3.0 Unported License.

This article can be downloaded to Android OS based mobile. Scan QR Code using Code/Bar Scanner from your mobile. (Scanners are available on Google

Playstore)

International Journal of Pharmaceutical Sciences and Research

1363



