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ABSTRACT

Onychomycosis, a chronic fungal infection of the nail, poses a
significant challenge in terms of treatment. However, recent
advancements in novel technologies and formulations have
improved treatment outcomes. This overview provides an update
on the latest developments in onychomycosis treatment,
including topical therapies, laser and photodynamic therapies,
nanoparticle-mediated delivery, transungual drug delivery
systems, prodrug approaches and chemical modifications. These
innovative approaches enhance drug efficacy, improve nail
penetration, and offer alternative treatment options. This abstract
highlights the progress made in the field and provides a glimpse
into the future of onychomycosis treatment.

INTRODUCTION

G G Onychomycosis” originated from the Greek
phrases “onyx” (meaning nail) and “mykes”
(meaning fungus). It is a chronic fungal

infection of the fingernails or toenails brought on by
non-dermatophytic moulds, yeast, or dermatophytes,
which is the most prevalent nail condition. There are
many predisposing factors for onychomycosis like
diabetes, HIV virus infection, obesity, smoking, age,
etc. The majority of cases of onychomycosis occur in
adults, while it can also strike youngsters. Common
clinical symptoms include nail discoloration,
subungual hyperkeratosis, onycholysis, nail plate
cracking, and nail plate disintegration. An estimated
19% of people worldwide are thought to be affected by
it, and it causes around half of all nail infections. It was
once mostly thought to be a cosmetic problem, but

recently, because to its persistence and difficulty in

curing due to relapses, attention has been focused on it
[1.2]

In addition to being difficult to cure,
onychomycosis has a high likelihood of treatment
failure and recurrence. Since the nails are tightly
packed with 80% keratin and disulphide linkages, the
nail plate serves as the strongest barrier against drug
penetration. While topical therapy is associated with
fewer side effects and patient compliance, its main
drawback is its poor penetration into the rigid structure
of the nails. In contrast, oral therapy is associated with
adverse effects, including hepatotoxicity, drug
interactions, and a longer treatment duration. A large
number of studies conducted in the past few years have
demonstrated the use of topical therapy in conjunction
with physical and chemical procedures; however,
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these approaches come with their own set of problems
and are not even commercially available . Therefore,
the development of innovative medicines that enhance
patient compliance and yield effective outcomes is
imperative. The treatment strategies and several novel
therapies for onychomycosis are outlined in this
review.

Clinical manifestation

Onychomycosis typically manifests as a yellow-

Table 1 : Classification of Onychomycosis

brown or white nail discolouration. There have also
been reports of violaceous, green, and black
discolorations on the nail plate. Subungual
hyperkeratosis, onycholysis (the separation of the nail
from the nail bed) and onychauxis (the thickening of
the nail plate) are additional clinical symptoms . The
location of the infection in respect to the nail structure
allows for the classification of onychomycosis into
distinct subgroups (Table 1)
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DIAGNOSIS

are sensitive tests for onychomycosis. Fungal culture

is a useful tool for pathogen identification, but it has a

The diagnostic gold standard remains the isolation
of fungus in the laboratory, as clinical symptoms alone
cannot usually provide a reliable diagnosis. Periodic
acid-Schiff (PAS) stains and other fungal stains, along
with nail clippings delivered in formalin for histology,

Table 2 : Different diagnostic technique for Onychomycosis

low sensitivity and can produce contaminated findings
that are falsely positive. Although false positives are
frequently observed, polymerase chain reaction (PCR)
testing is a highly sensitive and good diagnostic
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Figure 1 : Various systems / technologies for transungual drug delivery systems

technique. Molecular diagnostics can help choose the
right antifungal treatment, since mixed
onychomycosis and non-dermatophyte infections are
becoming more common . The various diagnostic
techniques are listed in the table 2.

TREATMENT

Oral treatment, topical treatment, or combination
therapy are the three primary pharmacologic
approaches to onychomycosis treatment. Treatment
for onychomyecosis is influenced by the clinical type of
the condition, the quantity of affected nails, and the
degree of nail involvement.

ORALTREATMENT

Because oral antifungal therapy requires fewer
courses of treatment and has a greater cure rate than
topical antifungal therapy, it is regarded as the gold
standard for treating onychomycosis in both adults and
children. Oral treatment is readily available and has a
relatively cheap cost. Although oral antifungals show
very good results, their prolonged treatment duration,
low absorption, hepatotoxic effects, and medication
interactions have caused a significant halt in their

market share .

TOPICALTREATMENT

Transungual drug delivery is a technique that
delivers medication through the nails to treat a variety
of nail conditions and achieve the desired drug
distribution. There are numerous nail lacquers and

remedies on the market right now for the treatment of
nail problems. The application of topical therapy is
effective in treating superficial onychomycosis and
yields encouraging outcomes when combined with
oral antifungals. Nonetheless, the main obstacle to
medication administration is the nail plate's low
penetration. A variety of physical and chemical
techniques are employed to improve efficacy and get
around the obstacles of nail delivery because topical
medications used to treat onychomycosis have a poor
cure rate and a high relapse rate . This is shown in the
Figure 1.

Strategies to improve transungual
delivery

drug

The various strategies to improve transungual drug
delivery are shown inthe Figure 2.

Chemical Strategies

The chemical enhancers target the polar, hydrogen,
peptide, and disulfide bond cleavage of the nail plate in
order to maintain its structural integrity. The chemical
enhancer can be put to the nail's surface before or after
formulation. By hydrolyzing the nail plate's keratin
layer, keratinolytic enzymes like papain change the
barrier and improve drug penetration. The
permeability of the medication increased when nail
clippings were soaked in a salicylic acid solution for
ten days after being cultured for one day in a papain
solution. Sulfites function by rupturing the disulfide
bond found in the nails, increasing drug flow and
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Figure 2 : Strategies to improve transungual drug delivery

lowering the nail plate barrier. When employed as an
enhancer, sodium sulfite increased 5,6-
carboxyflurosceine's penetrability. Thiols work by
lowering the disulfides in the keratin of the nail plate,
such as thioglycolic acid, pyrithone, mercaptoethanol,
and N acetyl-L-cysteine. Since this reduction is
irreversible, nails can either be included in the
formulation or pretreated with these enhancers prior to
formulation administration. Similarly, thioglycolic
acid was used as an enhancer to boost caffeine flow.
The drug's penetration was enhanced when
voriconazole nail lacquer was mixed with 5%
thioglycolic acid. The transungual permeability is also
improved by the use of several solvents during the
formulation's production. When used as a solvent,
dimethyl sulfoxide (DMSO) alters the concentration
of lipids in the nails and causes alterations to the
keratin's structure. Water as a solvent causes the nails
to swell and become hydrated, which has an impact on
the structure of the nails as well. Water cannot be
regarded as a significant factor for improving
penetration, though, as evidenced by the fact that drug
penetration in another trial did not increase with
increasing water content. When used in the
formulation (20%), the epidermal enhancer ethanol
was unable to affect the drug's flow. Salicylic acid and

urea belong to the category of nail softening agents.
They cause keratin denaturation and solubilization,
which breaks and destroys the nail's structure. This
breaks down the disulphides and encourages the
medication to penetrate. When N-(2-
mercaptopropionyl) and urea were combined, there
was an increase in permeability. .

Physical strategies

The term "physical strategies" describes a variety of
methods or approaches that entail making bodily
gestures or movements in order to accomplish a goal.
The use of physical techniques for topical and
transdermal medication delivery has been extensively
studied” . The various physical strategies are listed in
Table 3.

Challenges in Transungual Delivery

In earlier times, fungal infections in nails were
treated with surgery, which was a severe and
unpleasant procedure. As an alternative, systemic
treatment with several antifungal agents, such as
fluconazole, itraconazole, terbinafine, griseofulvin,
etc., can be used to cure onychomycosis. Systemic
therapy does, however, come with drawbacks,
including long-term medication administration, drug
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Table 3 : Physical strategies
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combinations, and negative effects on other body
organs (nausea, vomiting, upset stomach, hepatic
issues). With the drawbacks of systemic and surgical
therapy, topical therapy with antifungal drugs is much
sought after and does not have these drawbacks.
However, there are some challenges that must be

addressed before effective topical treatment may be
sold.

For transungual medication delivery, the human
nail plate serves as a strong biological barrier that
needs to be overcome. The formation of cysteine
disulfide bonds between keratin fibres is what gives
the nail plate its strength. Therefore, a medication
molecule finds it extremely difficult to get through this
highly keratinized nail plate. Therefore, for a greater

transungual permeability, the molecule or formulation
should have certain physicochemical properties, such
as small size, high diffusion rate, and presence of
penetration enhancer. The therapeutic molecule needs
to be integrated or coupled with an appropriate drug
delivery vehicle in order to accomplish these qualities.
In order to reduce the local fungal growth, the
medicine should be concentrated enough in the vehicle
to surpass the minimum inhibitory concentration
(MIC) and carry enough drug molecules over the nail
plate.

Because of this, nail lacquers make up the majority
of topical nail preparations. They consist of
plasticizers, suspending agents, organic solvents, and
polymers that create films. As soon as the nail lacquer
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is applied to the affected area, the solvent evaporates
and a polymeric film coating is applied to the surface.
The medication diffuses through the nail plate after
being progressively liberated from the polymeric layer
and eventually comes into contact with the nail bed .

The strong keratinized barrier of the nail plate is not
the only element that influences nail permeability;
additional aspects include the size and molecular
weight of the bioactive, the molecules' lipophilicity,
their affinity for the keratinized membrane, the
formulation's pH, the ionisation of drug molecules,
etc. Therefore, while creating new formulations or
technologies for improved bioactive permeability,
formulation scientists must consider these variables".

Novel technological discoveries for
onychomycosis treatment

The development and utilisation of functional
devices at the nanometric scale, usually about 100 nm,
is the main goal of nanotechnology, an
interdisciplinary subject of applied science . Recent
years have seen a notable surge in the use of

nanostructured drug delivery technologies, especially
[10,11,12]

for topical and transdermal applications

Mann lipht
eansirugls

Future perspectives

Onychomycosis is the subject of extensive study,
with several novel formulations being created and put
through pre-clinical and clinical testing. As was
previously said, creating animal models of the illness
is difficult, but with further work in this area, reliable
and real animal models for testing will be established.
At the moment, nail lacquers which are made of
organic solventsare among the various topical dose
forms that are accessible. But if used over an extended
period of time, these solvents can reach the nail plate
and enter it, and their negative consequences are
unavoidable. As a result, scientists all over the world
are developing aqueous-based formulations with a low
concentration of hazardous organic compounds.
Additionally, as the field of nanotechnology grows,
scientists from all over the world are becoming
interested in it. As a result, dosage forms based on
different nanocarrierssuch as liposomes,
lipidic/polymeric nanocarriers, nanosuspension,
nanoemulgel, microemulsion, nanovesicles, etc.are
being developed and their efficacy assessed. Good
clinical trials and ongoing research in this field will
provide some positive results, and before long, these

Figure 3 : Various drug nanocarriers used for the transungual delivery of drugs
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efforts will pay off and innovative technologies-based
dosage forms will be available for purchase"”.

CONCLUSION

Onychomycosis, a fungal infection affecting
millions worldwide, requires effective treatment
options. Recent advancements in novel technologies
and formulations have improved treatment outcomes.
Topical therapies, such as nail lacquers and creams,
have shown promise, while laser and photodynamic
therapies offer alternative approaches. Nanoparticle-

medicated delivery and transungual drug delivery
systems enhance drug efficacy. Prodrug approaches
and chemical modifications improve drug affinity and
penetration. Penetration enhancers and
ionotrophoresis facilitate drug delivery. These updates
offer hope for improved treatment outcomes and
enhanced quality of life for patients with
onychomycosis. Ongoing research and development
will continue to shape the future of onychomycosis
treatment.
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