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Abstract. – Superficial fungal infections 
(SFIs) are characterized by diverse etiologies, 
complex pathogenesis, and marked geograph-
ical differences in patient symptoms. Conven-
tional management of SFIs is associated with 
complications such as hepatotoxicity, skin prob-
lems, severe headaches, and clinical difficulties 
including intractable relapses and drug-drug in-
teractions in patients with chronic diseases re-
main to be addressed. Moreover, in topical treat-
ment, low penetration of antifungal drugs in hard 
tissues such as finger (toe) nails and drug-resis-
tant fungi are emerging concerns in current anti-
fungal therapy. Nanotechnology has been a lead-
ing research topic in recent years for new dosing 
forms of antifungal drugs, chemical modifica-
tion of traditional drugs, and pharmacokinetic 
improvement, providing potential opportunities 
for the effective treatment of SFIs. The present 
study reviewed the direct use of nanoparticles 
in SFIs and the use of nanoparticles as carriers 
in SFIs and discussed their future medicinal ap-
plications.
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Introduction

Dermatophytic fungal infections are the 
fourth most common public health issue, involv-
ing approximately 1 billion people worldwide1. 
Superficial fungal infections (SFIs) with kera-
tinophilic properties are caused by dermato-
phytes, Candida albicans, and Malassezia spp. 
and easily invade the skin, hair, and nail plates2. 
Pathogenic fungi can be transmitted by contact, 
inhalation, or ingestion, and SFIs are classified 
as tinea capitis, tinea corporis, tinea manuum, 
tinea pedis, tinea versicolor, and tinea unguium 
according to their distribution sites3. Candida 
albicans is commonly found in superficial in-
fections of the vagina, gastrointestinal tract, and 
oral cavity, and Malassezia is commonly located 
in areas of high seborrhea and is closely associ-
ated with folliculitis, seborrheic dermatitis, and 
pityriasis versicolor4. The dramatic rise in SFIs 
after the popularity of antibiotic therapy in the 
late 1960s has posed a global health threat, es-
pecially for patients with immunodeficiency dis-
eases, cancer, acquired immune deficiency syn-
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drome (AIDS), diabetes, organ transplantation, 
old age, and cystic fibrosis5. 

Topical antifungal drugs are the preferred treat-
ment modality for SFIs, allowing penetration of the 
stratum corneum and high local drug concentra-
tions. In addition, self-administration by patients re-
sults in high patient compliance with medications6. 
Despite the widespread use of various topical and 
systemic agents such as ketoconazole, fluconazole, 
itraconazole, ashwagandha, and terbinafine, the 
emergence of resistance with the formation of fun-
gal biofilms and efflux pump proteins requires al-
ternative therapeutic strategies7. Current research 
has indicated that topical preparations may elicit 
adverse skin reactions such as skin irritation, aller-
gic reactions, and pruritus8. The stratum corneum 
of the skin causes low skin drug concentrations, 
dermatophytosis recurrence or treatment failure, 
and results in short retention of antifungal drugs at 
the site of skin action, thereby necessitating frequent 
drug administration9. Thus, multiple clinical inter-
ventions, including chemical agents, iontophoresis, 
and electroporation, have been developed to disrupt 
the integrity of the skin barrier to enhance topical 
drug penetration10. However, they may induce skin 
irritation due to their disruptive effect on the lipid 
structure of the skin and may produce stinging and 
burning sensations with improper use11.

Nanotechnology is an important area of mod-
ern research involving the synthesis and manipula-
tion of material structures, commonly referred to as 
nanomaterials, ranging in size from approximately 
1 to 100 nm, and their surface-to-volume ratio and 
antimicrobial activity increase with the decrease in 
nanoparticle size12. A bidirectional relationship ex-
ists between mycology and nanotechnology, as metal 
nanoparticles (NPs) possess antifungal activity and 
fungi can produce NPs from metal salts13. Nanotech-
nology is a research hotspot for new dosage forms of 
antifungal drugs, chemical modifications of tradition-
al drugs, and pharmacokinetic improvements14. NPs 
can be synthesized and administered in combination 
with antifungal agents to boost one or both of their 
antifungal abilities, and the use of NPs as potential 
antifungal agents is a promising research direction15.

Antibacterial Activity of Nanoparticles 
Against Superficial Pathogenic Fungi

Chemical synthesis of antifungal metal 
nanoparticles

Kim et al16 dissolved solid silver in nitric acid at 
90°C, added sodium chloride to reduce the silver 

ions, synthesized silver nanoparticles (AgNPs) 
with a diameter of 3 nm for the first time, and 
verified the minimum inhibitory concentrations 
(MICs) of AgNPs in Candida albicans, Candi-
da tropicalis, Candida smoothis, Candida sub-
smoothis, Candida krusei, and Trichoderma spp. 
Using amphotericin B and fluconazole as positive 
controls, AgNPs showed significant antibacterial 
efficacy in Candida and Trichophyton spp. with 
80% inhibitory concentrations (IC80) ranging 
from 1 to 7 μg/mL. Its antifungal efficacy was 
comparable to that of amphotericin B [IC80 (1-5 
μg/mL)] and significantly higher than that of flu-
conazole [IC80 (10-30 μg/mL)]16.

Li et al17 reduced silver nitrate (AgNO3) to Ag-
NPs by adding AgNO3 to a graphene oxide (GO) 
solution. AgNPs were attached to GO through 
oxygen-containing functional groups and sur-
face defects, and GO-AgNPs complexes were 
prepared by microwave reduction method, ex-
hibiting strong antifungal activity against clini-
cally resistant strains of Candida tropicalis and 
Candida albicans in abdominal surgery, Candida 
vaginitis, and burn wounds. Copper oxide NPs 
(CuO-NPs) was synthesized by chemical method 
and evaluated their antifungal activity. CuO-NPs 
were found to provide good antifungal activity 
against Trichophyton spp. and Trichophyton ru-
brum, and morphological changes and mycelial 
lysis of Trichophyton rubrum could be observed 
under electron microscopy. The presence of car-
boxyl and amine groups on the surface of fungi 
provides a strong affinity for copper ions, which 
may be the main reason for the antifungal effect 
of CuO-NPs. CuO-NPs have a large surface area 
and can be absorbed into the blood by the skin at 
a size of less than 30 nm18. 

Ayatollahi Mousavi et al19 found the strongest 
antibacterial activity of AgNPs against Micros-
porum canis, followed by Trichoderma spp. and 
M. gypsum-like microsporidia. It was found19 that 
AgNPs coupled with monoclonal antibodies for 
combined treatment with Q-switched Nd: YAG 
and that they exhibited significant antibacterial 
activity even at a low concentration. The laser 
creates pits in the cell wall of the fungus, allowing 
for easier access of AgNPs into the cell. The ther-
mal effect of the laser causes the electron exci-
tation of AgNPs, which react with oxygen to pro-
duce superoxide radicals, and these radicals can 
produce reactive oxygen species with antifungal 
activity and reduce dermatophyte keratinase ac-
tivity in co-administration. Of skin surface fun-
gi, Flocculent epidermidis is the most sensitive 
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and Trichophyton rubrum is the most tolerant19. 
Characterization and improvement of the in vitro 
antifungal activity of ketoconazole-poly (lactic 
acid) against Candida and dermatophytes showed 
that ketoconazole-containing nanoparticles ex-
hibited superior antifungal activity to free keto-
conazole against all fungal strains tested and also 
achieved inhibition of yeast biofilm formation20. 
Ketoconazole-poly (lactic acid) nanoparticles en-
abled better antifungal activity of ketoconazole 
nanoparticles as free agents against dermato-
phytes and Candida species21. 

Biosynthetic Antifungal Metal 
Nanoparticles

Biosynthetic antifungal nanoparticles are an-
other focus of research. Nitrate reductase in fungi 
converts nitrate to nitrite and transfers electrons 
to silver ions, generating nano-silver. The extra-
cellular biosynthesis of AgNPs was performed by 
using the fungus Xylella rickettsii with an average 
diameter of 50 nm, which effectively inhibited the 
growth of gypsum-like microsporidia, Trichoder-
ma spp. and Penicillium wanzii with a minimum 
inhibition range of 17-25 mm, significantly great-
er than amphotericin B22. Plant extracts can also 
be used as reducing agents to synthesize nano-sil-
ver. AgNPs with a diameter of 2 nm either alone 
or in combination with amphotericin B exhibited 
antifungal activity against dermatophytes of 1-2 
mg/mL and 1-5 mg/mL. It was found that AgNPs 
could disrupt the lipid bilayer of cell membranes, 
leading to ion transfer, pore formation, and mem-
brane potential attenuation, and showed the stron-
gest antifungal activity against flocculent S. epi-
dermidis, as well as disrupting the cell membrane 
of Candida albicans and increasing its permeabil-
ity23. Antifungal drugs derived from natural plant 
extracts and oils are a viable approach to address 
fungal resistance. Furthermore, cinnamon, men-
thol, fennel, lemongrass, pepper, clove, and cam-
phor extracts have been used in the preparation 
of antifungal drugs because of their potent anti-
fungal properties24. However, the poor solubili-
ty, stability, and bioavailability of plant extracts 
may hinder the potential therapeutic effects25. 
In combination with nanocarriers, these natural 
antifungal chemicals feature different composi-
tions, surface properties, and membrane fluidity 
to be efficiently transported in nanostructures26. 
Rónavári27 investigated the ability of Saccharo-
myces cerevisiae and Streptomyces sp. to biosyn-

thesize AgNPs and AuNPs, and the formation 
of NPs was associated with the presence of the 
potent antioxidant astaxanthin in the microorgan-
isms. In the evaluation of the biological activity of 
NPs, AgNPs inhibited almost all of the pathogenic 
bacteria detected in the study. These AgNPs ex-
hibited strong antifungal activity against the der-
matophytes Trichoderma spp. and Microsporum 
canis, and no cytotoxicity of NPs was observed 
in HaCaT keratinocytes. Moreover, AuNPs have 
antifungal activity against Cryptococcus novelis, 
but at 10-30 μg/mL, dermatophytes are resistant 
to AuNPs27.

Pereira et al28 synthesized AgNPs using a 
combination of biosynthesis and chemical syn-
thesis and compared the efficacy of AgNPs with 
other antifungal drugs by reducing AgNO3 in an 
aqueous solution of polyvinylpyrrolidone and 
glucose and chemically synthesizing AgNPs. A 
comparison of the antifungal activity of chemi-
cally synthesized AgNPs, as well as biosynthetic 
AgNPs against Trichoderma reesei strains using 
extracellular biosynthetic AgNPs from Penicil-
lium flavum-producing and Aspergillus oryzae, 
revealed that chemically synthesized AgNPs 
showed a lower MIC than biosynthetic AgNPs 
and that the antimicrobial activity of chemically 
synthesized AgNPs with smaller diameter was 
correlated with a larger surface area/volume ra-
tio28. The biosynthetic ZnO-NPs were found to 
demonstrate anti-dermal fungal activity and to 
enhance the antifungal activity of ketoconazole29. 
Currently, selenium sulfide NPs are also available 
biosynthetically, selenite, sodium sulfite, biosyn-
thesized by Saccharomyces cerevisiae, and sup-
press pathogenic bacteria such as saprophytes and 
yeasts as well as dermatophytes30.

Non-Metallic Antifungal 
Nanoparticles

A nanoemulsion called NB-002 has also been 
used against surface fungal infections and the cat-
ionic quaternary ammonium compound, which 
contributes to the antifungal activity and stability 
of the nanoemulsion droplets. Pannu et al31 eval-
uated the antifungal activity of NB-002 against 
Candida albicans, dermatophytes, and other fil-
amentous fungi with broad-spectrum antifungal 
activity and identified that this antifungal activity 
was directed against the pathogens of tinea cruris, 
tinea pedis, tinea capitis, tinea corporis, and nail 
fungus. Moreover, they compared the antibacteri-
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al activity of NB-002 with that of oral antifungals 
such as terbinafine, ashwagandha, and itracon-
azole against Microsporum canis, Trichophyton 
spp. and epidermophyton floccosum and discov-
ered significant heterogeneity in the antifungal 
activity of the oral drugs, demonstrating the anti-
fungal activity of NB-002 against other filamen-
tous genera and the resistance of these filamen-
tous genera to a wide range of drugs. These fungi 
were isolated from immunodeficient patients. 
Furthermore, NB-002 showed strong activity 
against azo-resistant Candida albicans isolates, 
terbinafine-resistant Trichoderma reesei isolates, 
and multidrug-resistant mycobacteria, providing 
inactivation of both microconidia and mycelium, 
even in dormant fungal cells31.

Nanoparticles as Carriers for 
Superficial Fungal Infections

Many nanocarriers have been used for topical 
delivery of antibiotics against skin fungi. Nano-
carriers deliver antifungal drugs to the target site 
without causing damage to the liver through the 
bloodstream or rapid excretion from the kidneys. 
By controlling the release of antifungal drugs, 
nanocarriers contribute to prolonged drug dam-
age counteracting and aiding wound healing.

Nanoparticles in Liposomal Drug 
Delivery Systems

Liposomes are one of the most widely used nano-
carriers that can penetrate the stratum corneum, 
which is the part most exposed to skin fungal attack. 
Sudhakar et al32 conducted in vitro experiments on 
rabbit skin and found that liposomes dispersed in 
carrageenan gels were more durable antibacterially 
in gels containing drug-laden liposomes vs. carra-
geenan-containing terbinafine hydrochloride with-
out liposomes32. Elmoslemany compared the effect 
of transdermal administration of miconazole nitrate 
propylene glycol liposomes with conventional li-
posomes and reported that the MIC of miconazole 
nitrate propylene glycol liposomes was 1.46 μg/mL 
for Candida albicans and 2.93 μg/mL for conven-
tional liposomes. In addition, the penetration and 
skin retention of miconazole nitrate liposomes in 
human skin is higher than that of miconazole nitrate 
suspensions and conventional liposomes33.

Alcohol plasmas are nanocarriers of phos-
pholipid-based vesicles with a good ethanol 

concentration to dissolve the lipids in the stra-
tum corneum and allow the vesicles to penetrate 
the skin. The diameter of the alcohol plasmid 
is controllable by changing the ratio of ethanol 
and phospholipid, and the more ethanol, the 
smaller the size of the nanocarrier. Jarratt et 
al34 found that luliconazole cream 1% applied 
once daily for either 2 or 4 weeks is safe and 
effective for treatment of tinea pedis. More im-
portantly, the antifungal effects of luliconazole 
persist for several weeks, resulting in increased 
rates of mycological cure. Terbinafine is a com-
monly used drug for topical fungal infections 
with limited solubility in water and skin per-
meability35. The results of the 3-(4,5-dimeth-
yl-2-thiazolyl)-2,5-diphenyl-2-H-tetrazolium 
bromide, Thiazolyl Blue Tetrazolium Bromide 
(MTT) study showed that terbinafine liposomes 
were not cytotoxic and had a lower MIC than 
terbinafine in anti-Trichoderma, Fusarium, and 
Trichoderma effects36. Besides, the nanoprecip-
itation method was used36 to compound terbin-
afine-loaded nanoparticles. 

Application of Nanoparticles 
in Fibrous Drug Delivery Systems

Electrospinning technology is an efficient and 
low-consumption technique for the preparation 
of nanofibers, and the combination of polyhex-
anoate/gelatin nanofibers prepared with terbin-
afine hydrochloride can deliver antifungal drugs 
to the surface infection site and allow continu-
ous and stable drug release, which can success-
fully inhibit the growth of Trichoderma spp. and 
Aspergillus fumigatus. Nanofiber carrier eugenol 
prepared using polyacrylonitrile nanofibers as a 
delivery system for eugenol (a phenolic com-
ponent of clove oil with antifungal effects) can 
effectively inhibit the growth of Candida albi-
cans and is of interest in the treatment of super-
ficial Candida albicans infections37. Mofidfar 
prepared nanofibrous polymeric carriers of clo-
trimazole by first co-extracting with poly(eth-
ylene oxide) containing polycaprolactone clo-
trimazole and then removing the poly(ethylene 
oxide) to obtain polycaprolactone clotrimazole 
fibers. Compared with the electrospinning tech-
nique, this formulation of clotrimazole provided 
a longer duration of activity retention38. Zhang 
et al39 prepared ketoconazole-lecithin-zebrahin 
nanoparticles (KLZ-NPs) and used the Franz 
diffusion cell method for in vitro penetration and 
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retention ability of ketoconazole in rat and pig 
skin. The in vitro permeation assay confirmed 
that the ketoconazole concentration was signifi-
cantly higher in the stratum corneum and deep 
KLZ-NPs groups (2.98-fold and 1.51-fold higher 
than free ketoconazole, respectively). Moreover, 
the hair follicle closure technique indicated a 
significant enhancement in the entry of formed 
nanoparticles into the skin through the hair fol-
licle route, suggesting that KLZ-NPs facilitate 
enhanced drug retention in different skin layers, 
thereby increasing the concentration of keto-
conazole in the skin and allowing sustained re-
lease to extend the dosing interval. In addition, 
KLZ-NPs demonstrated advantages in reducing 
hepatic drug accumulation and toxicity39. Na et 
al40 prepared econazole-loaded nanostructured 
lipid carrier hybrid film-forming systems to en-
hance antifungal activity against dermatophytes, 
which could form transparent, uniform, and dif-
ficult-to-remove films after topical application. 
The drug allows sustained release and prolonged 
antifungal activity, enabling continuous expo-
sure to the infection site and reducing the fre-
quency of single-dose applications. 

Direct potassium hydroxide (KOH) micros-
copy and fungal culture are considered the gold 
standard for the diagnosis of dermatophytosis. 
However, direct KOH microscopy and other 
available direct microscopy-based techniques 
require proper sampling as well as skills in iden-
tifying microorganisms41. Direct antigen-anti-
body interactions have been employed to prepare 
antigen-antibody-gold NPs-pAbs complexes for 
the detection of dermatophyte antigens present 
in hair, nail, and skin debris samples, and results 
can be obtained within 3 to 7 minutes after sam-
ple collection42. However, additional studies are 
required for confirmation.

Conclusions

The difficulties in the treatment of SFIs lie 
in the resistance of topical drugs and recurrent 
adverse effects such as hepatotoxicity of oral 
treatment. NGs are a novel field of drugs for the 
treatment of fungal infections, offering better 
antifungal efficacy alone or in combination with 
other antibiotics. NGs can provide a good drug 
delivery system to deliver antifungal drugs to 
the target tissue. Liposomal nanocomposites and 
other liposomal products, due to their lipophilic 
nature, easily pass through the surface layer to 

target the drug to the pathogenic fungus. Fibrous 
drug delivery systems enable direct drug delivery 
to target tissues, gradual release, and shortened 
treatment time through direct contact with patho-
genic microorganisms. Nanotechnology offers vi-
able and more effective solutions for the manage-
ment of SFIs, especially for patients with cancer, 
autoimmune diseases, and immunosuppressive 
drugs. Nevertheless, its clinical application re-
quires further promotion and popularization.
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