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ABSTRACT

Onychomycosis, or fungal nail disease, affects a large segment of the population worldwide and is associated with
significant morbidity, including nail deformities, discomfort, and psychosocial impacts. Conventional treatments,
though effective, are often accompanied by undesirable side effects and limitations in efficacy. In recent years, interest
has surged in natural and alternative treatments due to their potential for fewer side effects, accessibility, and cost-
effectiveness. This review synthesizes findings on various natural therapies, including essential oils, plant extracts, and
other naturally derived substances, which have demonstrated antifungal activity in laboratory and clinical studies. The
mechanisms of action, efficacy, and safety profile of these treatments are critically examined, with an emphasis on
understanding their role in integrative and complementary medicine.
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1. INTRODUCTION

Onychomycosis, commonly known as fungal nail disease, is caused primarily by dermatophytes such as Trichophyton
rubrum and Trichophyton mentagrophytes, although non-dermatophyte molds and yeasts (notably Candida species) can
also contribute to infections [1]. The condition often manifests as discolored, thickened, brittle, and distorted nails, and
in severe cases, may lead to pain and secondary bacterial infections. Traditional treatment options, including systemic
antifungal agents (such as terbinafine and itraconazole) and topical formulations (e.g., amorolfine and ciclopirox), come
with challenges such as limited penetration, potential hepatotoxicity, and drug resistance [2].

Natural therapies offer alternative approaches to managing onychomycosis. These therapies utilize plant-derived oils,
extracts, and compounds that possess inherent antifungal properties. The appeal of natural treatments lies in their
favorable safety profile, ease of access, and historical use in folk medicine. This review provides a comprehensive
assessment of the efficacy, mechanisms of action, and potential application of various natural therapies for fungal nail
disease.

Fungal toenail classifications

Distal lateral Superficial white  Proximal subungual Endonyx Total dystrophic
subungual onychomycosis onychomycosis onychomycosis onychomycosis
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Fig. 1: Various types of Onychomycosis
» Recent Approaches Of Transungual Drug Delivery :-
The development of nail patches for the treatment of onychomycosis in order to accomplish targeted drug delivery is
the study’s primary focus. Therefore, the goal of the research is to choose a more effective drug delivery method in order
to stop the illness. There are several therapy limitations with conventional dose formulations. The study employed a
variety of therapy options, including in-situ hydrogels, nail lacquers, nanoemulsions, microemulsions, and nail patches.
Drug distribution, penetration, therapeutic efficacy, treatment strategies, patient compliance, and treatment procedures
are the criteria's primary concerns.
* Nanoparticles

Nanoparticles in topical/transungual drug delivery have received a lot of attention in recent years. Nanoparticles in the
form of a topical treatment can be readily administered to nails while avoiding the side effects associated with oral
drugs. The inclusion of nanoparticles improves therapeutic targeting while also improving drug profile and permeability

(3]
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a) Nano-emulsion.
b) Nanocapsules.

* Liposomes

Liposomes are phospholipid bilayered vesicles with an aqueous centre and a phospholipid outer membrane. The
structure is similar to that of a natural membrane, providing a distinct feature for medication administration. Liposomes
are suitable for both hydrophilic as well as hydrophobic drug delivery. Liposomes are frequently used in topical drug
delivery applications due to their advantages such as biocompatibility, improved skin penetration, stability, low toxicity,
and prolonged release [3]

* Microemulsion

Microemulsion is a thermodynamically stable carrier with low surface tension and droplet sizes ranging from 10 to 100
nanometres. It has exceptional properties such as increased bioavailability, absorption, and permeability. It improves the
bioavailability of all medicines, both hydrophilic and lipophilic. They have become a preferred mode of delivery for
topical and transdermal formulations due to their ability to store high amounts of medication and improve diffusion
across skin membranes [3].

* Hydrogel

Hydrogels are water-soluble polymeric networks capable of absorbing large amounts of water or physiological fluids.
Hydrogels are often created via natural and synthetic polymers. They exhibit good viscosity and bioadhesion without
generating irritation or sensitisation. They are easily washable and adhere well. Self assembling hydrogels are created
in response to external stimuli such as temperature, pH, as well as concentration. Such systems are known as in situ
gelling systems [3].

* Nail lacquer

Nail lacquers (enamel or varnish) have long been used as a cosmetic to protect and embellish nails. Drug-containing
nail lacquers are a relatively new type of preparation known as transungual delivery techniques [4].

» Natural Treatments and Their Efficacies

e Black Cumin (Nigella Sativa)

Nigella sativa, commonly known as black seed or black cumin, has a long history in traditional medicine due to its broad
antimicrobial and anti-inflammatory properties.The essential oil of a N.sativa targets cell wall, plasma membrane,
Membraneous oraganell mainly in nuclei and mitochondria of fungi.

The various extract of black cumin containing Thymoquinone, thymol, thymohydroquinone reveled potent antifungal
effect against several fungal strains including dermatophytes, molds and yeasts [5]. Its ether extract and
thymohydroquinone show inhibitory activity against T. Rubrum, T. Interdigitale, T. Mentagrophytes, Epidermophyton
floccosum and microsporum canis [6]. Its Methanolic extract followed by chloroform extract shows strong antifungal
effect against candida albicans [7].

Fig. 2: Nigella Sativa

e Clove (Eugenia cariophylata)

Eugenol has high antifungal activity against T.rubrum, as well as yeast and filamentous fungal species. [8]eugenol
additionally induced significant morphological defects in T. Rubrum, prohibiting its growth, viability, and virulence.
Eugenol is lipophilic in the sense that it increases the fluidity and permeability of the microbe’s cell membrane. Eugenol
inhibits ergosterol manufacturing, resulting in an antifungal impact on T. Rubrum’s cell wall and membrane. Clove oil
has been shown in studies to dramatically limit the growth of dermatophytes and can be administered topically to nail
infections, making it a promising natural alternative or additional treatment for onychomycosis [9].
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Fig. 3: Eugenia cariophylata

e Neem (Azadirachta indica)

Neem oil is rich in compounds such as azadirachtin, nimbidin, nimbin, and gedunin, which contribute to its antifungal
efficacy [10] . Neem oil and neem-based extracts have demonstrated significant antifungal activity against
dermatophytes, including Trichophyton rubrum, one of the most common causative agents of onychomycosis [11]. In
clinical observations and anecdotal evidence, patients applying neem oil topically to the affected nails report
improvements in nail color, reduction in thickness, and overall healthier nail appearance within 3—6 months of consistent
application [12].

Some formulations combine neem oil with other carrier oils (such as coconut oil) or include neem extract in nail lacquers
to improve retention and penetration, enhancing neem’s transungual activity [13].

Fig. 4: Azadirachta indica
e Senna (Cassia alata Linn.)

Cassia alata Linn (Fabaceae) is a tropical tree that can thrive in a variety of temperatures. C. alata functions as both an
attractive and therapeutic plant. C. alata contains bioactive compounds such as flavonoids, tannins, saponins, alkaloids,
phenols, steroids, alatinon, alanonal, and B-sitosterol-B-D-glucoside (Fatmawati et al., 2020). These constituents were
reported to have anti-inflammatory, anti-allergic, antioxidant, antidiabetic, anticancer, and antifungal properties in
various studies [14].

The methanol leaf extract of Cassia alata displayed the strongest antimycotic activity, as evidenced by both the least
inhibitory and minimum fungicidal concentrations. Finally, the study found that Cassia alata (Linn.) had in vitro
antimycotic action against field strain dermatophytes, indicating that the plants are a good vegetal drug candidate and a
feasible alternative to conventional medications [14],[15].

e/ ¢ s/

Fig. 5: Cassia alata Linn.
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¢ Garlic (Allium sativum)

Garlic, known for its antibacterial, antiviral, and antifungal properties, contains allicin, an organosulfur compound that
disrupts lipid synthesis in fungal cell membranes, thereby inhibiting fungal growth [16]. A clinical trial showed that
garlic extract applied as a gel was effective in reducing fungal growth on infected nails within a month [ 17]. Additionally,
its anti-inflammatory effects make garlic a valuable option for reducing discomfort and inflammation associated with
onychomycosis.

Fig. 6: Allium sativum

e  Vinegar (Acetic Acid)

Vinegar is widely used as a natural antifungal due to its acetic acid content, which lowers the pH of the infected area,
creating a hostile environment for fungi [18]. Although robust clinical evidence is sparse, case reports and small
observational studies support the use of vinegar soaks (typically a 1:1 dilution with water) to control mild fungal
infections. Users often report reduced discoloration and improved nail texture after 2-3 months of regular use.

= A z
Fig. 7: Acetic Acid
e Oregano Oil (Origanum vulgare)

Oregano oil contains high concentrations of phenolic compounds, such as carvacrol and thymol, which have
demonstrated robust antifungal activity against a range of pathogenic fungi, including Candida and dermatophyte
species [19]. Carvacrol in particular disrupts the structural integrity of fungal cells by interacting with cell membrane
phospholipids, leading to increased permeability and cell death [20]. Clinical evidence suggests that a 10% oregano oil
solution applied daily can lead to visible improvement in nail appearance within 2—3 months [21].

Fig. 8: Origanum vulgare
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e Tea Tree Oil (Melaleuca alternifolia)

Tea tree oil has gained widespread recognition due to its potent antifungal, antibacterial, and anti-inflammatory
properties. Studies attribute its effectiveness primarily to the presence of terpinen-4-ol, a monoterpene that disrupts
fungal cell membranes, resulting in cellular leakage and cell death [22]. In a comparative study, Syed et al. demonstrated
that 100% tea tree oil was comparable in efficacy to 1% clotrimazole solution, with approximately 60% improvement
observed after 6 months of daily application [23]. Notably, tea tree oil may also exhibit anti-inflammatory effects that
can reduce irritation and redness around the infected nail.

Fig. 9: Melaleuca alternifolia

e Coconut Oil (Cocos nucifera)
Coconut oil is rich in medium-chain fatty acids, particularly lauric acid, which has been studied for its antifungal activity.
Lauric acid integrates into the fungal cell membrane, causing structural damage that inhibits fungal replication [24].
While limited clinical studies exist on coconut oil’s efficacy for onychomycosis, anecdotal evidence and laboratory
studies on dermatophytes suggest potential benefits as a supportive treatment. Coconut oil’s emollient properties may
also provide additional benefits for nail health, reducing brittleness and dryness.

]

Fig. 10: Cocos nucifera
Turmeric (Curcuma longa)

Turmeric contains curcumin, a polyphenol with strong antifungal, antibacterial, and anti-Inflammatory properties.
Curcumin inhibits fungal growth by disrupting fungal cell membranes and metabolic pathways [25]. In animal and
laboratory studies, oral curcumin has demonstrated broad antifungal activity against Candida, dermatophytes, and
molds. Although clinical trials on turmeric for onychomycosis are limited, curcumin supplements have shown safety in
high doses, making it a promising candidate for oral antifungal therapy [26].

-

Fig. 11: Curcuma longa
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» Nutritional healthcare of Nails :-

Lack of vitamin A, Vitamin D and calcium causes dryness and brittlness of nail. Sources of these micronutrients include
fortified milk ,cereal, juices, salt water fish, fish liver oil and some vegetables. Lack of vit B12 causes excessive dryness,
darkened nail, rough and rounded nail ends [27].

Low dietary protein results in white nail bed. Protection is essential building material for nail. Dietary source of these
nutrients are egg, milk, cheese, meat, beans and legumes. Essential fatty acids play a large role in healthy nail. Fatty
acids are obtained from fish, flaxseed, canola oil, seeds, leafy vegetables and nuts. Iron deficiency may cause pale, flat
and concave nails. Iron found in meat, fish and poultry, fruit, vegetables, dried beans, nuts and grain products [27].

» Mechanisms of Action :-

Natural antifungal agents primarily exert their effects by compromising the structural integrity of fungal cells or
inhibiting critical biochemical pathways necessary for fungal survival and replication.

e  Membrane Disruption:

Compounds such as terpinen-4-ol in tea tree oil and carvacrol in oregano oil disrupt fungal cell membranes, resulting
in cellular leakage and death.

e Inhibition of Lipid Synthesis:

Allicin, found in garlic, interferes with lipid biosynthesis pathways, preventing the formation of essential cell
membrane components.

e Environmental Modification:
Acetic acid from vinegar reduces the pH of the affected area, which hampers fungal metabolism and growth.

e These actions, combined with potential anti-inflammatory effects (notably from compounds like menthol and
camphor), underscore the multifaceted benefits of natural therapies in managing onychomycosis [28].

2.  SAFETY PROFILE AND POTENTIAL SIDE EFFECTS

Natural treatments are generally associated with a favorable safety profile; however, some adverse effects have been
reported. Essential oils, such as tea tree oil and oregano oil, may cause skin irritation or allergic reactions in sensitive
individuals.

To minimize such risks, these oils should be diluted before application. Vinegar may cause mild burning or irritation
when used in high concentrations, especially on broken or sensitive skin. Vicks VapoRub, though widely used, contains
camphor, which should be used cautiously, particularly in young children [29].

e Compared to systemic antifungal medications, which can cause gastrointestinal and liver toxicity, natural treatments
offer a safer alternative for individuals seeking non-pharmacological approaches.

3. LIMITATIONS AND FUTURE RESEARCH DIRECTIONS

Despite promising findings, limitations exist in the current body of research on natural therapies for onychomycosis.
Most studies are small-scale, and there is significant variability in the concentration and purity of natural products used
across studies, which complicates standardization and replication.

Larger randomized controlled trials are needed to determine the optimal formulations, application frequencies, and long-
term efficacy of these therapies. Standardization in the preparation and application of natural antifungal agents will
enhance their clinical applicability and acceptance in mainstream medicine.

4. CONCLUSION

Natural therapies offer a valuable addition to the management of onychomycosis, particularly for patients seeking
alternatives to conventional antifungal agents. Essential oils such as tea tree and oregano oil, as well as garlic, coconut
oil, vinegar, and Vicks VapoRub, exhibit promising antifungal properties supported by both laboratory studies and
clinical evidence.

While these treatments may not be as potent as systemic antifungal medications, their safety profile, accessibility, and
cultural acceptance make them appealing options for integrative and complementary treatment of fungal nail disease.
Further research is essential to standardize these therapies and establish clear guidelines for their use, enabling clinicians
to provide evidence-based recommendations to patients.
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