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1. ABSTRACT:

Luliconazole nanosomal gels signify a significant breakthrough in topical antifungal treatment, providing superior
drug absorption, better retention, and extended antifungal efficacy compared to standard formulations. This review
examines the formulation and characterization of a luliconazole nanosomal gel that includes tea tree oil, castor oil,
and clove oil, which act as permeation enhancers and antimicrobial agents. The formulation process entails
selecting lipid-based carriers, excipients, and optimal preparation methods to ensure stability and effectiveness. The
characterization of the nanosomal gel encompasses assessments of physical appearance, viscosity, pH levels, and in
vitro release studies, which together ascertain its structural integrity and drug release performance. The antifungal
efficacy of the formulation is assessed through minimum inhibitory concentration (MIC) and zone of inhibition
tests, validating its therapeutic potential against dermatophytid infections. Furthermore, skin permeation studies and
cytotoxicity evaluations confirm its safety and efficacy in transdermal drug delivery. Clinical implications
underscore its benefits over conventional formulations in enhancing bioavailability and therapeutic results. Future
efforts will concentrate on refining formulation parameters, executing large-scale clinical trials, and addressing
regulatory issues to promote commercialization. In summary, this cutting-edge nanosomal gel system exhibits
considerable promise for improved antifungal therapy, with encouraging market prospects in dermatology.

KEYWORDS: Luliconazole, Nanosomal gel, Antifungal formulation, Topical drug delivery, Natural oils in
pharmaceuticals, Skin permeation enhancers

2. INTRODUCTION:

Luliconazole is a broad-spectrum antifungal medication belonging to the imidazole class, mainly used to treat
superficial fungal infections such as onychomycosis, tinea pedis, tinea corporis, and tinea cruris. [2] Although it
possesses potent antifungal properties, conventional topical formulations of luliconazole face challenges related to
poor aqueous solubility and limited skin penetration, which reduce its therapeutic effectiveness. [2] To overcome
these issues, nanosomal gel technology has emerged as a promising drug delivery method. Nanosomal gels utilize
lipid-based nanocarriers to enhance drug solubility, stability, and skin
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absorption, ensuring prolonged drug retention at the site of application. [1] The incorporation of natural oils like tea
tree oil, clove oil, and castor oil further improves the formulation by acting as permeation enhancers, antimicrobial
agents, and stabilizers.This review focuses on the formulation and characterization of luliconazole nanosomal gel
combined with natural oils, highlighting its formulation strategy, physicochemical properties, antifungal
effectiveness, safety profile, and clinical significance. [3] The aim of this study is to illuminate the potential
advantages of nanosomal gel technology over traditional antifungal treatments and its prospective applications in
dermatology.

3. BACKGROUND OF LULICONAZOLE:

Luliconazole is a versatile imidazole antifungal medication mainly utilized for the treatment of superficial fungal
infections such as onychomycosis, tinea pedis, tinea corporis, and tinea cruris. Its mechanism of action involves the
inhibition of ergosterol biosynthesis, an essential element of fungal cell membranes, resulting in membrane
disruption and subsequent fungal cell death. [4-5]

3.1 Chemical Structure and Mechanism of Action

Luliconazole shares a structural similarity with azole antifungals, yet it demonstrates greater potency owing to its
improved lipophilicity, facilitating superior penetration into fungal cells. It specifically targets and inhibits
lanosterol 14a-demethylase, a crucial enzyme in the synthesis of ergosterol, thus undermining the integrity of fungal
membranes. [6-8]

3.2 Pharmacokinetics and Bioavailability

e Topical luliconazole is designed to stay mostly on the skin’s surface, with very little being absorbed into the
bloodstream. This means it has a lower risk of causing side effects. [9-10]

e One of its key strengths is that it stays in the outer layer of the skin—the stratum corneum—for an extended
period, which helps it fight fungal infections more effectively over time. [11-12]

e Unlike some traditional antifungal treatments, luliconazole penetrates the skin more efficiently, allowing for
just one application per day while still delivering strong and lasting results. [9-10]

3.3 Limitations of Conventional Luliconazole Formulations

O

Restricted absorption through the skin, leading to decreased drug bioavailability. [13- 14]
Short duration of effect necessitating regular application. [11-12]
o Possible irritation, particularly in individuals with sensitive skin conditions. [15-16]

(@)

4. NANOSOMAL GEL TECHNOLOGY:
Nanosomal gels use lipid- grounded nanoparticles to ameliorate medicine solubility and grease targeted delivery.

4.1 NEED FOR NANOSOMAL TECHNOLOGY:

=  They offer extended medicine retention and enhanced penetration through the stratum corneum.

= To address being challenges, phrasings of nanosomal gels have been created. [17-18]

= These gels make use of lipid- grounded nanocarriers to- Enhance medicine solubility and stability.
= Ameliorate skin saturation and retention. [19-20]

= Give controlled medicine release, thereby dwindling the frequency of dosing. [21-22]
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5. Role of Natural Oils in Pharmaceutical Formulations

Natural Canvases (Oil) are essential for enhancing medicine delivery, perfecting skin immersion, and offering
antimicrobial advantages in pharmaceutical phrasings. They serve as saturation enhancers, stabilizers, and bioactive
agents, rendering them significant factors in

topical medicine delivery systems.
5.1 TeaTree Qil:

Tea tree oil (Melaleuca alternifolia) is well- known for its antimicrobial,anti-inflammatory, and skin- penetration-
enhancing characteristics. It contains terpinen-4-ol, which demonstrates strong antifungal parcels against
dermatophytes and Candida species.

e Exploration indicates that tea tree oil disrupts fungal cell membranes, thereby adding the effectiveness of
antifungal specifics. [23-24]

e It enhances medicine immersion by modifying the lipid structure of the stratum corneum, easing better
penetration of active pharmaceutical constituents. [25-26]

e Tea tree oil has been employed in nanoemulsions and lipid- grounded carriers to enhance stability and
bioavailability. [27-28]

5.2. Clove Qil:

Clove oil (Syzygium aromaticum), abundant in eugenol, an important antimicrobial and antioxidant emulsion, is
generally employed in topical phrasings due to its antifungal and analgesic goods.

o Eugenol displays broad- diapason antifungal exertion, effectively inhibiting the growth of Candida
albicans and dermatophytes. [29-30]

o Clove oil also promotes skin hydration and hedge function, making it ideal for dermatological uses. [31-
32]

o Research has delved clove oil loaded microemulsions to enhance medicine delivery and stability. [33-34]

5.3. Castor Ol

Castor oil (Ricinus communis) is recognized for its moisturizing, anti-inflammatory, and skin-penetrating
properties. It contains ricinoleic acid, which plays a significant role in its therapeutic benefits.

- Enhancement of Drug Solubility: Castor oil facilitates the solubility of lipophilic medications, rendering it a
valuable carrier in nanosomal formulations. [35]

- Antimicrobial Properties: It demonstrates antibacterial and antifungal characteristics, thereby supporting its
application in topical antifungal preparations. [36]

- Improvement of Skin Permeation: Castor oil boosts transdermal drug delivery, enhancing the absorption of
drugs through the skin. [37]

6. Formulation Development of Luliconazole Nanosomal Gel

The development of luliconazole nanosomal gel requires the careful selection of suitable excipients, preparation
methods, and optimization strategies to guarantee stability, effectiveness, and improved skin absorption. The
addition of natural oils, including tea tree oil, clove oil, and castor oil, enhances the formulation by serving as
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permeation enhancers, antimicrobial agents, and stabilizers.

6.1. Selection Of Excipients:

The formulation of luliconazole nanosomal gel requires careful selection of suitable excipients, preparation
methods, and optimization strategies to guarantee stability, effectiveness, and improved skin absorption. The
addition of natural oils such as tea tree oil, clove oil, and castor oil enhance the formulation by serving as
permeation enhancers, antimicrobial agents, and stabilizers. The excipient selection is vital for ensuring stability,
drug release, and compatibility with the skin, with key excipients including lipid carriers like soy lecithin,
phospholipids, and solid lipid nanoparticles that boost drug solubility and bioavailability; polymers such as
Carbopol 934 and HPMC that function as gelling agents to provide viscosity and stability; surfactants like Tween 80
and Span 20 that facilitate dispersion and emulsification of the nanosomal gel; and natural oils that enhance
permeation and possess antimicrobial properties. [1]

6.2. Preparation Methodology:

The preparation methodology involves creating a nanoemulsion-based gel to ensure uniform dispersion and
improved drug delivery, with critical steps including conducting a solubility study to determine the optimal oil
phase, surfactant, and co-surfactant for drug solubility; forming the nanoemulsion through high-pressure
homogenization or ultrasonication to produce stable nanosomes; incorporating Carbopol 934 or HPMC to transform
the nanoemulsion into a gel-based system; and optimizing parameters such as pH, viscosity, and drug loading to
enhance skin retention and therapeutic effectiveness. [38-40]

7. Characterization of Luliconazole Nanosomal Gel:

Characterizing luliconazole nanosomal gel is essential to ensure its stability, efficacy, and effective drug delivery.
Various physicochemical and biological tests are conducted to assess its quality, performance, and therapeutic
potential.

7.1. Physical Appearance:

The gel's visual and tactile characteristics are assessed to confirm uniformity, a smooth texture, and consistent
dispersion of nanosomes. The gel should be either transparent or slightly opaque, contingent on its formulation. It
must possess a smooth, non-gritty texture to enhance patient compliance. Stability tests are conducted to verify that
there is no separation of oil and aqueous phases over time. [41]

7.2. Viscosity Analysis:

Viscosity is a critical factor in drug retention and spreadability on the skin, typically measured using a Brookfield
viscometer. The gel should demonstrate pseudo-plastic behavior, thinning upon application while maintaining its
structure at rest. Proper viscosity is essential for optimal skin adherence and controlled drug release. [42-43]

7.3. pH Measurement:

The gel's pH must align with skin physiology to avoid irritation, ideally within the range of
5.5 to 6.5, mirroring natural skin pH. A pH meter is utilized for accurate measurement, and adjustments with
buffering agents are made to ensure stability and compatibility with the skin.

7.4. Stability Testing:
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Stability testing is vital for confirming the formulation's long-term efficacy, involving accelerated studies under
various temperature and humidity conditions. Freeze-thaw cycles are employed to evaluate the gel's resilience to
temperature changes, and shelf-life predictions are derived from degradation kinetics and drug retention
assessments. [44-45]

8. In Vitro Release Studies:

In vitro release studies play a vital part in assessing the medicine release characteristics, prolixity rates, and
sustained delivery of luliconazole nanosomal gel. These evaluations are essential for determining the expression's
efficacity and stability previous to clinical use.

8.1. Franz Diffusion Cell Method:

The Franz prolixity cell system is a generally employed fashion for assaying medicine saturation and release
kinetics. This system involves a setup that includes a patron cube containing the nanosomal gel expression, a
receptor cube filled with a simulated skin medium (similar as phosphate buffer or saline), and a synthetic membrane
or gutted skin that serves as a hedge for medicine prolixity. Regular slice is conducted to measure medicine
attention through UV spectrophotometry or HPLC analysis. [46]

8.2 Drug Release Kinetics:

The medicine release kinetics of luliconazole nanosomal gel are examined using colorful fine models, including
zero- order kinetics, where medicine release is independent of attention; first- order Kkinetics, where release is
dependent on the attention grade; the Higuchi model, which describes medicine prolixity as following a square-
root time reliance; and the Korsmeyer- Peppas model, which assesses the mechanisms of medicine release,
including corrosion and prolixity- controlled release. [47]

8.3 Effect of Natural Oils on Drug Release:

The impact of natural canvases (Oil) similar as tea tree oil, clove oil, and castor oil on medicine release is
significant, as these oil affect medicine solubility, saturation, and release rates. Specifically, tea tree oil enhances
skin penetration, thereby perfecting medicine prolixity; clove oil contributes to the stabilization of the expression
and extends medicine retention; and castor oil boosts medicine solubility, icing a harmonious release.

9. Antifungal Activity Assessment:

Assessing the antifungal effectiveness of luliconazole nanosomal gel is crucial for understanding its therapeutic
capabilities against dermatophytes, Candida species, and various other fungal pathogens.

Minimum Inhibitory Concentration (MIC) and Zone of Inhibition (ZOI) tests to measure the gel’s efficacy.
9.1 Minimum Inhibitory Concentration (MIC)

The MIC test identifies the minimum concentration of luliconazole nanosomal gel necessary to prevent fungal
growth, utilizing methods like broth dilution and microplate assays for
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optical density measurements. The results are then compared with standard antifungals like fluconazole and
terbinafine to determine relative effectiveness. [1&41]

9.2 Zone of Inhibition (ZOI) tests

Additionally, the ZOI test assesses the diameter of fungal growth inhibition on agar plates, employing the agar
diffusion method and measuring inhibition zones post-incubation. [48]

Furthermore, natural oils such as tea tree oil, clove oil, and castor oil enhance the antifungal properties of the
nanosomal gel by disrupting fungal cell membranes, providing broad- spectrum activity, and improving drug
solubility, respectively.

10. Skin Permeation Test of Luliconazole Nanosomal Gel

Investigations into skin permeation are crucial for assessing the transdermal absorption, drug retention, and
penetration efficacy of luliconazole nanosomal gel. These evaluations are instrumental in determining the
bioavailability and therapeutic effectiveness of the formulation.

10.1. Ex Vivo Skin Permeation Studies

Ex vivo research involves the use of removed human or animal skin to evaluate the diffusion and retention of drugs.
The Franz diffusion cell method entails applying the gel to excised rat or porcine skin, with drug permeation being
monitored over a specified duration. Regular sampling is performed to analyze drug concentration through UV
spectrophotometry or HPLC. Additionally, the nanosomal gel is compared to traditional creams or lotions to assess
improvements in permeation. [48]

10.2 Role of Natural Oils in Enhancing Skin Permeation

Natural oils like tea tree oil, clove oil, and castor oil enhance skin absorption and boost drug retention:
- Teatree oil alters the lipids in the stratum corneum, facilitating drug diffusion.

- Clove oil aids in stabilizing the formulation and extends drug retention.

- Castor oil improves drug solubility, ensuring steady permeation [49-50]

10.3 In Vivo Skin Permeation Studies
In vivo research evaluates the absorption of drugs within living organisms, thereby ensuring clinical significance.
Animal models, such as rat or rabbit skin, are employed to assess the depth of drug penetration.

Histological examinations verify the distribution of the drug across various skin layers.
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Pharmacokinetic studies quantify drug concentration in plasma, thereby confirming systemic absorption.

11. Safety and Toxicity Evaluation

Assessing the safety and toxicity of luliconazole nanosomal gel is crucial to confirm its appropriateness for use in
dermatology. This evaluation involves examining its cytotoxic effects on cells and understanding its potential to
induce irritation. Conducting these studies is vital for establishing the clinical significance of this formulation in
treating skin conditions.

11.1Cytotoxicity Assessments
Cytotoxicity evaluations investigate the biocompatibility of the gel formulation through cell viability tests.

- MTT assay: Assesses cell viability by evaluating mitochondrial function in human keratinocyte or fibroblast
cell lines.

- Live/dead staining: Distinguishes between viable and compromised cells following exposure to the gel.

- Comparison with traditional formulations: Confirms reduced cytotoxic effects in relation to standard
antifungal creams. [51-52]

11.2Irritation Evaluations

Irritation evaluations analyze the skin compatibility of the nanosomal gel.

- Patch test on human subjects: Evaluates redness, itching, and inflammation following gel application.

- Draize test on animal subjects: Assesses erythema and edema development to gauge irritation potential.

- Histological examination: Investigates the integrity of skin tissue after application. [53]

12. Clinical Implications of Luliconazole Nanosomal Gel

The clinical importance of luliconazole nanosomal gel lies in its remarkable antifungal potency, which surpasses
that of traditional treatments. Additionally, it boasts improved retention on the skin, allowing for prolonged
therapeutic effects. Furthermore, its easy-to-use application makes it a convenient option for patients, contributing
to better adherence to treatment regimens.

12.1Advantages Over Conventional Formulations

Improved Skin Penetration: The use of nanosomal gel significantly enhances the efficiency of drug delivery
compared to standard creams, allowing for deeper and more effective absorption of active ingredients into the skin.

Prolonged Drug Retention: This formulation offers sustained antifungal effects, which means that patients can
enjoy longer-lasting relief and may not need to apply the treatment as frequently.

Reduced Side Effects: By minimizing skin irritation and limiting systemic absorption, this approach leads to a
more comfortable experience for patients, ultimately improving adherence to treatment regimens. [54-55]

12.2Potential Applications in Dermatology

Onychomycosis Treatment: This formulation is particularly effective for treating fungal infections of the nails,
providing targeted action where it is most needed.
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Tinea Infections: It is suitable for managing various tinea infections, including tinea pedis (athlete's foot), tinea
corporis (ringworm), and tinea cruris (jock itch).

Cosmeceutical Applications: Beyond treating infections, this formulation shows promise in enhancing skin barrier
function and improving hydration, making it a valuable addition to skincare regimens.

13. Regulatory Considerations for Luliconazole Nanosomal Gel

The formulation of luliconazole nanosomal gel must adhere to regulatory standards to guarantee safety,
effectiveness, and quality assurance. Numerous international and national regulatory bodies supervise the approval
process for topical nanosomal products.

13.1FDA and EMA Guidelines

- The U.S. Food and Drug Administration (FDA) necessitates that preclinical and clinical trials are conducted to
establish safety and efficacy prior to granting market authorization. The European Medicines Agency (EMA)
requires comprehensive quality control evaluations, which encompass stability assessments and toxicity tests.

- Adherence to Good Manufacturing Practices (GMP) guarantees uniform production and consistency across
different batches. [56]

13.20bstacles in Regulatory Approval

% Formulations utilizing nanotechnology encounter intricate approval procedures owing to their innovative drug
delivery systems.

o,

% Concerns regarding the safety of nanoparticle interactions with dermal cells demand thorough toxicological
investigations.

o,

% The standardization of nanosomal gels presents difficulties due to inconsistencies in particle dimensions and
drug release characteristics.

14. Future Directions for Luliconazole Nanosomal Gel

There are instigative unborn openings for luliconazole nanosomal gel, especially as innovative expression ways
continue to evolve, medicine delivery systems come more effective, and its use is explored across a wide range of
remedial areas.

14.1Innovations in Nanotechnology

Using polymeric nanoparticles for targeted drug release and improved skin absorption, nanoemulsions for better
solubility, and smart delivery systems with biosensors for monitoring.

14.2Clinical Advancements

Clinical progress includes extensive trials for safety, combo therapies with natural antifungals, and personalized
medicine based on individual skin types and fungal strains. [57]

15. Limitations of Current Study

While luliconazole nanosomal gel demonstrates significant potential for therapeutic applications, there are several
challenges that must be addressed in upcoming research efforts.
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15.1Stability and Scalability Issues

The long-term stability of nanosomal formulations poses challenges due to issues such as particle aggregation and
degradation. Additionally, scaling up production necessitates sophisticated manufacturing techniques to ensure
consistency across batches.

15.2Limited Clinical Data

Furthermore, the clinical data available is limited, as most research emphasizes in vitro and ex vivo assessments
with few human trials conducted. Clinical validation is essential to establish efficacy and safety in real-world
applications.

15.3Regulatory and Market Barriers

Moreover, regulatory and market obstacles, including intricate approval processes, hinder commercialization, while
elevated production costs may restrict broader accessibility. [58]

16. Comparison with Existing Treatment:

Drug Penetration Enhanced skin permeation  Limited  penetration, Moderate penetration, 59
due to nanosomal technology requiring prolonged use varies by formulation

Retention Time  Prolonged drug retention in  Short retention, Moderate retention, 60

skin layers requiring frequent depends on excipients
application

Antifungal Higher efficacy due to Effective but requires  Varies based on fungal 61

Efficacy sustained release higher concentration  strain

Side Effects Reduced irritation and Potential irritation and Some formulations 62
systemic absorption sensitivity cause dryness or redness

Application Once-daily application Twice-daily application Varies (once ortwice 63

Frequency daily)

Natural Oil Teatree oil, clove oil,and  No natural oil Some formulations 64

Benefits castor oil enhance antifungal components include herbal extracts
activity

JETIR2504B29 | Journal of Emerging Technologies and Innovative Research (JETIR) www.jetir.org | 1251


http://www.jetir.org/

© 2025 JETIR April 2025, Volume 12, Issue 4 www.jetir.org (ISSN-2349-5162)

17. Market Potential of Luliconazole Nanosomal Gel

Market Factor Impact on Luliconazole Nanosomal Reference
Gel

Global Demand for Increasing due to rising cases of
Antifungal onychomycosis and dermatophytosis 66
Treatments

Consumer Preference High demand for natural oil-based
for Natural formulations with minimal side 67
Ingredients effects

Regulatory Approval Requires FDA and EMA compliance

Challenges for commercialization 68
Competitive Superior skin penetration, retention,
Advantage and antifungal efficacy compared to 69

existing treatments

Potential for Can be marketed for skin barrier
Cosmeceutical repair and hydration 70
Applications

Production Cost &  Requires advanced manufacturing
Scalability techniques for large-scale production 71

Market Expansion  Potential growth in dermatology and
Opportunities pharmaceutical sectors 72
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18. Conclusion:

The creation of a luliconazole gel with natural oils like tea tree, clove, and castor oil is a cool step forward in
treating fungal infections on the skin. This new formula improves how well the drug dissolves, penetrates the skin,
and releases over time, solving some of the issues with regular cream antifungal treatments. [73-74]

18.1. Key Takeaways:

Nanosomal tech boosts how long drugs stay effective and how well they're absorbed, leading to longer-lasting
antifungal effects.

Natural oils help drugs penetrate better and fight germs, making treatments even more effective.

Lab studies show improved drug release and skin absorption, proving it's a solid alternative to old-school
formulations.

Safety tests show low toxicity and irritation, making it safe for skin use.

Regulatory aspects stress the importance of consistent production and clinical testing before hitting the market. [75-
76]

18.2. Future Prospects:
Clinical trials are needed to confirm long-term effectiveness and safety for people.

Cutting-edge nanocarrier systems like lipid nanoparticles and nanoemulsions could enhance drug delivery even
more.

There's potential for growth in the cosmeceutical market for skin repair and hydration.

[77-78]
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