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ABSTRACT

Background: Onychomycosisis is a fungal nail infection mainly caused by funguses like
Trichophyton rubrum, Aspergillus, and various species of Candida that impact the nail.
Symptoms can manifest as a color change of the nails, appearing white or yellow, along
with becoming thicker of the nails and separation of the nail plate from the nail bed.
Ketoconazole-loaded fungicidal nail lacquer has been manufactured in the present study. The
objective of the formulation's development was to achieve enhanced adherence with the nail
plate and sustained release of ketoconazole over a prolonged time frame, thereby reducing the
frequency of administration, minimizing the systemic toxicity, improving the drug permeation
and clinical effectiveness, and enhancing patient acceptance. Materials and Methods: Nail
lacquer formulations were created through simple mixing methods. Among all formulations, nail
lacquers coded as F2, F3, F5, F6, and F8 were optimized based on drying time and subsequently
examined for their physicochemical, molecular, and in vitro antimicrobial investigation. Results:
The drug permeation investigation indicated that the optimized formulations F2 and F3 showed
the most prominent drug permeation. FTIR analysis indicated compatibility between the drug
and excipients. The optimized formulations F2 and F3 exhibited a substantial inhibitory zone
against Candida albicans. Conclusion: The optimized compositions of nail lacquers may be
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regarded as a viable topical therapy method for onychomycosis.
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INTRODUCTION

Onychomycosis, also known as tinea unguium, is a fungal
condition that impacts the nail. Symptoms can manifest as a color
change of the nails, appearing white or yellow, along with becoming
thicker of the nails and separation of the nail plate from the nail
bed (Dhingra et al., 2022). This is mainly linked to funguses like
Trichophyton rubrum, Aspergillus, Epidermophyton floccosum,
Trichophyton violaceum, Trichophyton soudanense, Interdigitale,
Microsporum gypseum and various species of Candida (Borman
et al., 2015). Available treatment options are oral and topical
therapy. The most used treatment method is oral therapy. Still,
it has some unavoidable drawbacks like hepatotoxicity, and
chances of drug-drug interaction, and as the disease is chronic it
requires a longer treatment period which enhances the treatment

DOI: 10.5530/jyp.20251665

Copyright Information :
Copyright Author (s) 2025 Distributed under
Creative Commons CC-BY 4.0

Manuscript

TECHNOMEDIA

Publishing Partner : Manuscript Technomedia. [www.mstechnomedia.com]

604

cost also (Gupta et al., 2020). The topical administration of
active pharmaceutical substances is advantageous because of
its non-invasiveness, targeted distribution to the site of action,
minimized systemic side effects and medication interactions,
and enhanced patient compliance (Zhang et al., 2022). But the
main issue of transungual drug delivery is the adherence of the
formulation to the nail plate and the permeation of the drug
through the nail plate (Elkeeb et al., 2010). The nail plate of
humans has a far more intricate construction than the situation
seems at first appearance. It protects the nail bed, the area just
underneath the nail plate having blood vessels, and the nail
matrix, located at the proximal ventral surface of the nail, which
is responsible for cellular proliferation and nail development
(Berker et al., 2019). To enhance nail permeability, Transungual
drug delivery mostly focuses on modifying the structure of the
nail plate (Baran et al., 1996 and Vejnovic et al., 2010).

Physical and chemical methods are there but among both
chemical permeation enhancers are most widely used due to
their easy availability and they provide self-application options
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to the patients (Yuan et al., 2022 and Lee et al., 2024). Chemical
penetration-enhancing substances such as mercaptans, urea,
sulfites, hydrogen peroxides, keratolytic agents, and keratinolytic
enzymes are used in topical formulations to improve the nail
permeability of antifungal drugs (Kaur et al., 2024). Optimal
antifungal effectiveness may be attained with the use of medicated
nail lacquers (Puri et al., 2022). Ketoconazole is a synthetic
antifungal drug of the imidazole family with broad-spectrum
efficacy. It serves as a model medication, functioning as an
antifungal agent with both topical and systemic effects, suitable
for incorporation into other pharmaceutical formulations
(Maksimov et al., 2021). After application, medicated nail
lacquer forms an occlusive film over the nail plate, serving as a
drug reservoir and enhancing the formulation's adherence to
the nail plate. This facilitates sustained release of the antifungal,
extending the duration of therapy, while the inclusion of chemical
permeation enhancers improves nail permeation (Rahal et al.,
2024). This study examined the efficacy of ketoconazole loaded
nail lacquers in the topical treatment of onychomycosis.

MATERIALS AND METHODS

Chemicals Required

Ketoconazole was procured from Yarrow Chemicals.
Ethyl cellulose and Nitrocellulose were obtained from SRL
Laboratories. Ethanol, Ethyl acetate, and Propylene glycol were
procured from CDH Laboratories. Sodium lauryl sulfate, PEG

300, and Lactic acid were of SRL Laboratories.

Preparation of nail lacquer

In one beaker required amount of ethyl cellulose and the drug
was taken and ethanol was added to it. In another beaker,
nitrocellulose was taken and ethyl acetate was incorporated to
it. Both the beakers were covered with aluminum foil and were
stirred properly with the help of a magnetic stirrer till a clear
solution was obtained. The beaker containing nitrocellulose was
incorporated into the beaker containing ethyl cellulose solution
(Aggarwal et al., 2020 and Dehari et al., 2022). After that other

ingredients were incorporated (Table 1).

Evaluation of Nail Lacquer

Optimization through drying time

A small amount of the prepared composition was poured and
applied onto a glass slide using a brush. The required time
to establish a dry-to-touch film was recorded by a stopwatch
(Kushwaha et al., 2017 and Puri et al., 2022). According to the
drying time, formulations were optimized and selected for

further study.
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Physical Properties

Optimized nail lacquers were evaluated for color, order, and
foreign particles against clarity test apparatus (Khattab et al,
2018).

pH

Using a calibrated digital pH meter, the pH of the formulations
was determined. The electrode was dipped into the beaker
containing the formulations and kept undisturbed for 1 min. The
pH value of the formulation was recorded (Ali et al., 2023).

Non-volatile content

10 mL of the composition was introduced into the petri dish, and
the initial weight was documented. The dish was then subjected
to an oven at 105°C for 1 hr. After removal, it was kept to get
cool and weighed. The weight change was noted (Chandra et al.,
2012).

Smoothness to flow

On a glass plate, the composition was introduced from the height
of 1.5 inches, distributed evenly, and allowed to rise vertically,
with ocular observation conducted to assess the film's smoothness
(Sandewicz et al., 2016).

Water resistance

All the optimized nail lacquers were mixed with red color and
poured into Petri dishes separately and allowed to dry and form
the film. 20 mL water was poured into each petri dish and kept
aside for 24 hr in ambient conditions (Murdan et al., 2017). After
this period the leaching was visually analyzed.

Viscosity

The viscosity of the developed formulations was checked with
the help of a rotational viscometer at 2 RPM (LABMAN), using
the spindle number 4. A beaker having 30 mL of the developed
formulation was placed in the platform of the viscometer and the
spindle was dipped in the beaker containing the formulation and
the viscosity was recorded (Laubé et al., 2019).

Adhesion

Equipment created at the laboratory was utilized to evaluate
the adhesive properties of nail lacquer. The equipment was
modified from a laboratory balance. Material holding vessel of
the weighing balance was substituted with two plates and 1 mL of
the formulation was affixed between the plates and evaluated the
weight required to detach the plates (Bryson et al., 2022).

Thickness

The film's thickness was measured at several locations using
a digital vernier caliper. The thickness was recorded in three
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distinct locations on the prepared lacquer film and the mean was
calculated (Shivakumar et al., 2010).

Drug content

1 mL of developed nail lacquer was measured and mixed with 100
mL of methanol. The was filtered using a 0.45 um syringe filter,
and after appropriate dilution, the sample was analyzed using a
UV-visible spectrophotometer (UV-3200 LABINDIA, Mumbai,
India) at 210 nm, from which the % drug concentration was
estimated (Giri et al., 2024).

FTIR

Using an ATR-FTIR spectrometer, the formulations and the pure
drug's FTIR spectra were captured. A comparison was made
between the drug's obtained spectrum and the final formulation.
The analysis was done to confirm the interaction between the
drug and excipients (Ali et al., 2023 and Giri et al., 2024).

DSC

Differential scanning calorimetry was done to check the
transformation of the drug from crystalline to amorphous
state. Each sample was divided into 6 g and added to a separate
aluminum pan. The temperature was recorded between 25 to
350°C, and the heating scan rate was adjusted by 20°C/min. With
STARe 15.00 software, data were evaluated (Giri et al., 2024).

In vitro drug permeation

The permeation study was performed using a modified
USP-II dissolution apparatus (DS-8000, LABINDIA, India). A
semi-permeable membrane was attached to one end of a diffusion
tube, which is open at both ends and has an inner diameter of 3.4
cm. 1 mL of the formulation was administered into the diffusion
tube, which is often referred to as the donor chamber was tied with
the paddle of the apparatus and dipped in the receptor chamber
containing the 400 mL dissolution medium (normal saline with
1% tween-80). The receptor chamber was kept at 37+2°C and
of RPM 50. A volume of 5 mL of the sample was extracted at
fixed intervals and substituted with an equivalent amount of new
dissolving media. The samples were examined at a wavelength of
210 nm using a UV spectrophotometer (Giri et al., 2024).

Rheology

The rheological behavior of optimized nail lacquers was assessed
using a parallel plate rheometer (Mars III, Thermo Fisher
Scientific, Germany). For the studies, parallel plate geometry
was used, with a diameter of 40 mm. Storage modulus (G'), Loss
modulus (G"), and intrinsic viscosity of modified nail lacquers
were investigated.

Anti-fungal study

Sabourad Dextrose Agar (SDA) was used as a medium for the
study. Sterile SDA was poured into the Petri dish and allowed
to solidify. After solidification of SDA, the fungal strain was
inoculated and a sterile disc was dipped into the nail lacquer and
placed in the center of the inoculated petri dish. Incubated for 36
hr and the zone of inhibitions were measured and noted down
(Giri et al., 2024).

Stability

The temperature and relative humidity of the stability chamber
were maintained at 40°C and 75% RH throughout the experiment.
At fixed intervals, samples were taken out and tested for color,
odor, pH, texture, and drug content and followed as per ICH
recommended guidelines of stability testing’s (Ali et al., 2023,
Jena BR et al., 2021 and Giri et al., 2024).

RESULTS

Optimization through drying time

It was found that the F2, F3, F5, F6, and F8 showed the desired
drying time and were optimized for further study (Table 2).

Physical properties

Optimized nail lacquers were evaluated for color, order, and
foreign particles against the clarity test apparatus. All the
formulations were transparent and no particulate matter was
found.

Non-volatile content

The increase in polymer concentration directly increases the
non-volatile content of nail lacquer. The results are displayed in
Table 2.

Table 1: Compositions of optimized formulations.

Ingredients (%) F2
Ketoconazole
Nitrocellulose
Ethyl cellulose
Lactic acid
Salicylic acid
PEG 300 -
Ethanol: Ethyl acetate 7:3
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F3 F5 F6 F8
2 2 2
4 6 4
1 3 1 3
3 3 3
0.5 0.6 0.7 0.8
- 5 5 5
7:3 7:3 7:3 7:3
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Figure 1: FTIR analysis of pure drug and optimized formulations.
Smoothness to flow Drug content

Following the pouring of the nail lacquer over the glass plate and
the subsequent raising of the plate to spread it, a uniform and
smooth film developed. The study findings are presented in Table
2.

Water resistance

The mixtures exhibited no notable turbidity, blistering, or
alterations in weight when in contact with water (Table 2).
Viscosity

The viscosity of all the optimized compositions was found in
the range of 122 to 168 centipoise and findings are showcased in
Table 2.

Adhesion

Formulation F3 exhibited the least film peel-off while
demonstrating the highest adhesion, whereas formulation F6
displayed the greatest film peel-off accompanied by the lowest
adhesion, results are illustrated in Table 2.

Thickness

The thickness of the films was measured with the help of a digital
vernier caliper and was found in the range of 0.1 to 0.2 mm (Table
2).
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The drug content present in preparations was found to be
satisfactory, with results of 97.12+0.16, 96.21+0.22, 98.19+0.23,
94.68+0.19, and 95.86+0.26%, for the optimized F2, F3, F5, F6,
and F8, respectively.

FTIR

FTIR spectra of pure ketoconazole showed the characteristic
peak in the region of 1646 cm™ (C=O0 stretch), 1512 cm™ (C=C
aromatic stretch), 1444 cm™ (3° amines), 1092 cm’!, and 814 cm’!
(C-Cl stretch). All the characteristic peaks were also present in
the FTIR spectra of optimized formulations (Figure 1).

DSC

DSC spectra of pure ketoconazole showed a sharp peak in the
melting point region of ketoconazole. This was confirming that
the drug was in crystalline form. While the DSC spectra of
ketoconazole-loaded formulations revealed no sharp melting
point in the melting region of ketoconazole. That confirmed the
conversion of the crystalline form to the amorphous form of the
drug after incorporation into the formulations (Figure 2).

Rheology

The observed results of optimized F2 and F3 showed that the
storage and loss modulus both increase significantly with the
increase in frequency after some time the G" gets disturbed and
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near 10 Hz its get falls and increases till 100 Hz in the F2, whilein ~ Anti-fungal activity

F3 the same phenomena happened after 50 Hz (Figure 3).

In vitro drug permeation

The formulations F2 and F3 exhibited excellent results in
anti-fungal examination tested fungi compared to the marketed

formulation. The findings are displayed in Figure 3.

The permeation rate was found highest in F3 and F8 showed

the minimum permeation among all the tested nail lacquers. ~Stability

However, the sequence of permeation was F3> F2> F6> F5> F8. At specific time intervals, the samples' physical characteristics,

All the formulations showed good permeation and negligible pH, and drug content were assessed. It can be deduced from

difference in the rate of permeation. The results are displayed in  the findings that no such alterations have been identified in the

Figure 4.

Formulations

F2

F3

F5

F6

F8

(n=3).
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parameters mentioned above.

|

 ¢2:1#

— Ketoconazole
F2
F3
F5
Fo6
F8

Drying
time
(sec)
140+ 1.2
123+2.6
80+1.3

92+2.42

96+1.83

50

75 100 125 150 175 200

Temperature (°C)

Figure 2: DSC analysis of pure drug and optimized formulations.

Nonvolatile
content

33+0.38

33+0.38

41+0.81

39+0.40

35+0.71

Table 2: Evaluation of Nail Lacquer.

Smoothness
to flow

Excellent

Excellent

Good

Excellent

Good

Water Glossiness  Viscosity Adhesion Thickness
resistance (cPs) (mm)
No Excellent 12242.24  Yes 0.1
Leaching

No Excellent 136£3.41  Yes 0.2
Leaching

No Excellent 139+£1.16  Yes 0.1
Leaching

No Good 168+2.46  Yes 0.1
Leaching

No Good 156+1.62  Yes 0.1
Leaching
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DISCUSSION

The ideal nail lacquer should not be quick drying nor delayed
drying after the application. The drying time was used to
optimize the formulations. Optimized nail lacquers were
evaluated for color, order, and presence of any foreign particles,
as the formulation was transparent and no particulate matter
was found, it was thought that it will not give any stain after
application into the nail plate. There is a correlation between
the level of cover that the nail lacquer film provides after the
application and the non-volatile content of the formulation.
Also the non-volatile content can interfere the drying time of
the formulation (Aggarwal et al., 2020). Optimum concentration
of non-volatile content is required. Upon the completion of the
solvent evaporation process, the solid, non-volatile component
that takes the form of a film that covers the entire nail surface is
retained. All the tested formulations showed satisfactory results
in non-volatile content test (Dehari et al., 2022). Optimized
formulations showed a smooth flow over the glass slide suggested
that the formulations will be readily spreadable upon application
on the nail plate. All the optimized nail lacquers were found to
be water resistant as the formulations were of nitrocellulose and
ethyl cellulose; both the polymers are non-hydrophilic in nature.

Viscosity is an important parameter for topical nail lacquers as
viscosity influences the spreadability and can interfere with the
drying time also. Increased viscosity may produce clouding, less
spreadability and decrease in gloss which will not be cosmetically
acceptable (Aggarwal et al., 2020, and Dehari et al., 2022).
However, the observed viscosity range of optimized KCZ-nail
lacquers was satisfactory and provided good adherence and
flow property. The thickness of the nail lacquer is an important
parameter that influences the drug-holding capacity of the
preparation. The observed thickness of films formed by KCZ nail
lacquers were in under desired range and exhibited good drug
holding capacity. All the optimized formulation exhibited % drug
content of more than 94%, shows the high amount of drug present
in the formulations, making sure that the methods of formulation
and the ingredients selected were capable to prepare a stable
formulation and are not impacting on the stability of the drug
after incorporation into the preparation. High drug content of
the formulations also provides an assurance that the therapeutic
effect of the formulations will be desired. In FTIR analysis all the
characteristic peaks were available in the spectra of pure KCZ were
also available in all the drug-loaded nail lacquers. No additional
peak presence and vanishing were observed in formulations
when compared with the spectra of pure KCZ. Suggesting that,

G inPa G"inPa

§

Figure 3: Antifungal study and rheological analysis of optimized formulations.
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Figure 4: Drug permeation of optimized formulations.

there was no interaction between drug and excipient (Thatai
et al., 2018). DSC thermogram of pure KCZ exhibited a sharp
peak in the reported melting point area of the drug, confirmed
that the drug was present in crystalline form. While the DSC
thermogram of KCZ-loaded nail lacquers have not showed any
sharp peak in the melting point region of KCZ. This conversion
of the drug from crystalline to the amorphous state suggested
the enhancement in the solubility of KCZ after incorporation
into the polymer matrix of the formulation (Thatai ef al., 2018).
The observed results of rheology suggested the complex shear
thinning and thickening properties of the nail lacquers. However,
tested nail lacquers exhibited non-Newtonian flow; they showed
a decrease in viscosity against increase in frequency, which will
help in the easy spreading of the lacquer after application on to
the nail plate. The result of in vitro drug release suggested that the
F2 and F3 was precursor among tested formulations. Moreover,
addition of permeation enhancer improves the permeation of
drug was also observed. After incorporation of penetration
enhancers like PEG 300 and salicylic acid the drug permeation
of the formulations are significantly increased (Giri et al., 2024).
The results of antifungal activity of optimized KCZ-loaded nail
lacquers suggested that the modified formulations F2 and F3
showed a significant zone of inhibition against the tested fungal
strains responsible for onychomycosis (Giri et al., 2024). It can be
thought that the formulation F2 and F3 will be effective in terms
of antifungal activity when applied on the infected nail. All the
formulations showed satisfactory stability during the stability
test and no such significant changes were observed in the tested
parameters, suggesting the formulations were stable and could be
store for longer period of time. However, the F2 and F3 exhibited
the most favorable results in tested parameters making them
precursor among all the optimized formulations. The F2 and F3
were able to overcome the limitations faced by transungual drug
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delivery, so they can be used in the treatment of onychomycosis
effectively.

CONCLUSION

Onychomycosis, as along-lasting and recurring fungal nail illness,
necessitates prolonged treatment accompanied by consistent
adherence to the recommended therapeutic regimen. This study
concentrated on the preparation of innovative compatible nail
lacquer. The developed lacquers underwent a comprehensive
evaluation encompassing various physicochemical and molecular
analyses and antimicrobial studies. The aforementioned studies
led to the conclusion that the drug and the excipients utilized
in the optimized formulations exhibited compatibility with one
another. All formulations demonstrated effective film formation,
optimal drying time, smooth flow characteristics, and appropriate
volatile content requirements. The findings derived from the in
vitro studies suggest that formulations F2 and F3 exhibited the
most favorable permeation and antifungal characteristics among
all the optimized formulations. The developed and optimized
ketoconazole nail lacquers were safe and effective against
causative agents and can be used as a transungual drug delivery
system for the treatment of onychomycosis.
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