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Abstract: Broad-spectrum antifungal drug deployed for topical therapy, specific for onychomycosis, Itraconazole was used as the active 

pharmaceutical ingredient in a nail lacquer formulation1. The objective of the study was to optimize an antifungal nail lacquer, which 

when applied topically onto the dorsal surface of the nail plate would facilitate the transungual penetration of the drug. Itraconazole 

hydrochloride was synthesized to aid the formulation of the lacquers. The optimization involved comparing four different formulations of 

1%w/w Itraconazole nail lacquers containing combinations of penetration enhancers (Papain, Salicylic acid, Urea) based on their ability 

to facilitate diffusion of the drug through the nail plate over five days. The drug uptake was quantified by extracting the drug from the nail 

clippings and analyzing it. The tests conducted to account for the quality of the optimized formulation were drug content, spread ability, 

check for precipitation, and accelerated stability. The results demonstrated that the optimized 1%w/w Itraconazole nail lacquer contained 

5%w/w Papain, 5 %w/w Salicylic Acid, and 2.8% w/w Urea. The drug uptake from nail clippings was higher than the literature derived 

reference MIC90 value for T. Rubrum strain, and the quality of the optimized lacquer was not compromised throughout three weeks [2]. 

The hypothesis stated that the inclusion of Salicylic acid, Papain, and Urea in an Itraconazole (1%w/w) nail lacquer would have the 

highest transungual penetration on application to the nail plate. In conclusion, the hypothesis was accepted, and the optimized lacquer 

passed the drug uptake evaluation and all quality control tests. 
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1. Introduction 
 

Nails, once considered a necessary evil, have become a fa-

shion statement today. The need to maintain nail-hygiene is 

paramount to one’s overall health and well-being. Besides 

problems of etiquette, unkempt and unwashed nails can lead 

to a host of medical problems and adversely impact an indi-

vidual’s health. Aesthetic need for healthy-looking nails has 

made the consumer aware and conscious of nail hygiene and 

the harmful effects of numerous nail disorders. Corpus un-

guis, commonly known as the nail plate, is considered to be a 

hydrophilic gel matrix [3]. It can be macroscopically seg-

mented into three layers: dorsal, intermediate, and ventral in 

the ratio 3: 5: [2], respectively [3]. The nail is comprised of 

9-35% water, 0.1-1% lipid, and 10.60% disulfide linkage [3]. 

It has a maximum swelling capacity of 25% and a water loss 

rate of 1.94 mg/cm2 /h3  

 

The fungal infection, Onychomycosis, is a superficial fila-

mentous infection which falls under the category of derma-

tophytosis. Dermatophytes account for causing around 

90-95% infections, and 50-80% of incidences of onycho-

mycosis are attributed to dermatophytes [4, 5, 6]. The pre-

valence of onychomycosis is 50% in a population of patients 

suffering from nail disorders [8]. The destructive invasive 

mode of action adopted by fungi, target the inhibition of the 

human biosynthetic pathway [9]. Abnormal nail thickening 

and a substantial nail plate discoloration are manifestations of 

Onychomycosis [10]. Age is an inevitable predisposing factor 

for Onychomycosis, however conditions such as diabetes, 

HIV infection, immunosuppression, presence of athlete’s 

foot, obesity, smoking, outdoor recreational activities, and 

tight clothing also prevail [6, 9]. The lion's share of the 

Onychomycosis is caused by Trichophyton. Rubrum [6, 9]. 

This specific strain requires a concentration of 0.19μg/mL of 

Itraconazole to inhibit 90% of the fungal organisms [11].  

 

Itraconazole is known to be an efficient broad-spectrum an-

tifungal agent whose mechanism of action involves impeding 

CYP450 enzymes that play a critical role in the production of 

ergosterol, a principal component of a fungal cell wall [9, 12].  

 

Penetration enhancers, namely, Papain, Salicylic acid, and 

Urea are keratolytic agents that are utilized as chemical me-

thods to enhance the transungual diffusion of an antifungal 

agent through the intimidating nail barrier [4, 6, 14]. Nail 

lacquers are an upcoming drug delivery system intended for 

transungual mode of action. They not only have the potential 

to effectively treat nail disorders but also conceal the repul-

sive appearance of the affected nail plate.  

 

Previous studies conducted suggested that Sally Hansen Ul-

timate Shield Base & Topcoat (reference) was a compatible 

vehicle to accommodate salicylic acid, urea, and papain in 

combination with Itraconazole [5, 8, 15, 16]. The drying time 

was set at 5 minutes by the text, and the pH criteria were 

targeted to be within a range of 5-6 [5, 8, 15, 16].  

 

Problem: Systemic therapies for onychomycosis have shown 

to have significant harmful effects on the liver [6]. Associated 

drawbacks are large dose requirements, high recurrence rates, 

drug interactions, osmotic diarrhea, and expense [17].  

 

Hypothesis: Inclusion of Papain, Salicylic acid, and Urea in 

an Itraconazole (1%w/w) nail lacquer will have the highest 

transungual penetration on application to the nail plate. 
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2. Materials and Methods 
 

2.1 Itraconazole Hydrochloride Salt preparation [18]:  

 

In order to overcome concerns of solubility and potential 

bioavailability limitations of the drug substance, Itracona-

zole, a hydrochloride salt was chemically synthesized as part 

of the objective of this study [18]. The chemical synthesis of 

itraconazole hydrochloride salt involved several distinct 

steps. 

 

2.1.1. Solubilization and Dichloromethane 

The first step consisted of adding a measured volume of 

dichloromethane to a precisely measured amount of itraco-

nazole, based on its molecular weight, in an amber colored 

rotatory evaporator flask. The flask was stoppered adequately 

to ensure a conducive environment for solubilization of 

Itraconazole in Dichloromethane. This specific solvent is 

commonly known for its ability to dissolve a wide range of 

organic compounds, hence was deemed suitable for this 

study.  

 

2.1.2. Acid addition using concentrated Hydrochloric 

acid 

The next critical step involved the addition of a calculated 

amount of concentrated hydrochloric acid to the Itraconazole 

solution prepared. Addition of this acid served as an impor-

tant chemical reaction to synthesize the hydrochloric salt of 

Itraconazole.  

 

2.1.3 .Reflux and Heating 

Refluxing is a key technique commonly utilized in the 

process of chemically synthesizing salts in order to maintain a 

consistent temperature and environment during ongoing 

reactions. This technique paves way for reaction efficiency. 

In this synthesis process, following acid addition, the amber 

rotatory flask containing the suspension was securely 

clamped onto a stand such that the round bottom flask was 

just in contact with the surface of the water bath. The sus-

pension was then heated under reflux conditions of 50 de-

grees Celsius for a duration of 10 minutes with a stir speed of 

100 rotations per minute.  

 

2.1.4. Vacuum Application and Rotation Speed Adjust-

ments 

Upon completion of the previous step, a vacuum was applied 

and the rotations per minute we reduced do around 85 to 

allow for adequate removal of residual solvent and volatile 

compounds. This step facilitated precipitation in salt form.  

 

2.1.5. Precipitation and Drying 

The aforementioned procedure led to the formation of Itra-

conazole Hydrochloride salt precipitate. The Rotary evapo-

rator flask containing the salt precipitate was transferred to a 

vacuum oven and dried at 60 degrees Celsius for 1 hour. 

Drying in the vacuum oven, facilitated removal of remaining 

traces of solvent and water as a result of this chemical reac-

tion process. The resultant product was Itraconazole Hy-

drochloride salt.  

 

2.1.6. Packaging and containment 

The chemically synthesized product was then carefully 

transferred into an amber colored glass bottle, sealed and well 

labeled for identification and tracking. Measured aliquots of 

this laboratory synthesized salt was used towards serving the 

objective of this study. 

 

 

 

Quantification of Dichloromethane [20, 23]: A gas chro-

matographic system was used for the quantification of 

Dichloromethane. The column flow was set at 1.6 mL/min 

with a front inlet pressure of 16.72 and signal valve of 9.6. 

The parameters for the front inlet and outlet temperature were 

set at 140 and 250 degrees Celsius, respectively. The oven 

temperature was 40 degrees Celsius, and the overall run time 

was 40 minutes. Standards were prepared of concentrations, 

6ppm, 60ppm, and 600ppm.  

 

Quantification of Itraconazole Hydrochloride synthesized 

(λ_max=264) [19]: A high-performance liquid chromato-

graphy system was used. An isocratic method was used for 

which column, column temperature, and flow rate were C18 

(150 x 4.6mm, 3µ), 40 degrees Celsius, and 1mL/min, re-

spectively. The mobile phase composition employed was 

0.05% Trifluoroacetic acid in water for mobile phase A and 

0.05% Trifluoroacetic acid in acetonitrile for mobile phase B 

(50% mobile phase A and 50% mobile phase B) Standards of 

concentrations 0.05mg/mL, 0.1mg/mL and 0.5mg/mL were 

prepared and samples of itraconazole and itraconazole hy-

drochloride were prepared by diluting 1mg in 10mL of dilu-

ent (0.05% TFA in 50:50 ACN: Water) individually. The 

standards and samples had an injection volume of 10µL.   

 

Quantification of water content in drug synthesized: A 

mass of itraconazole hydrochloride (35.4720 mg) was 

measured for water content over a temperature ramp of 45 to 

75 degrees Celsius.  

 

Formulation protocol 

 

Table 1: Design of Experiment to aid optimization using 

JMP® 
Run Urea Pain Salicylic acid Drug extracted 

1 2.8 5 0 - 

2 2.8 0 5 - 

3 0 5 5 - 

4 2.8 5 5 - 

5 2.8 0 5 - 

6 0 5 0 - 

7 2.8 5 0 - 

8 0 0 0 - 

9 0 0 0 - 

10 2.8 0 0 - 

11 0 0 5 - 

12 0 5 5 - 
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Optimized nail lacquer formulation  

 

Table 2: Optimized nail lacquer formulation 
Ingredient Theoretical Quantity 

Itraconazole hydrochloride 1 %w/w 

Urea 2.8 %w/w 

Papain 5 %w/w 

Salicylic acid 5 %w/w 

Isopropyl alcohol: Water (50:50) 10 %v/w 

Glycerin 13.2 %v/w 

Ethanol pure 14 % v/w 

Water 14 % v/w 

Sally Hansen Ultimate Shield Top Coat  Qs 100 %w/w 

 

To formulate the optimized 1 % w/w Itraconazole lacquer, a 

measured amount of glycerin was added to water in a glass 

vial (Vial 1) and vortexed. A weighed quantity of Urea was 

added to the water-glycerin solution and mixed well. Papain 

was accurately weighed and added to the solution and vor-

texed gently to ensure the solution was homogenous. In 

another glass vial (Vial 2), a weighed quantity of Salicylic 

acid was solubilized in pure ethanol. To this solution, pre-

viously solubilized Itraconazole hydrochloride hydroalco-

holic solution (50:50, Isopropanol: Water) was added and 

sonicated until homogenous. The theoretical amount of Sally 

Hansen Ultimate Shield Top Coat (vehicle) was divided 

equally and incorporated into each of the two glass vials. The 

final step of formulation involved incorporating Vial 2 into 

Vial 1, followed by a gentle vortex.  

 

Diffusion study protocol [19]: The procured nail clippings 

were altered to the dimensions of the custom-made diffusion 

cell, which was used as a support. The segment of the nail 

clipping to be coated with the nail lacquer was marked, and 

the nails were swiped clean, three times using distilled water. 

The nail clippings were then patted dry and weighed indivi-

dually on the analytical weighing balance. The cleaned nails 

were aligned (dorsal side upwards) onto the custom-made 

diffusion cell, following which three coats of the formulated 

lacquers were applied.  

 

The nails treated with lacquer were set aside for five days 

following which the nails were swiped clean, patted dry, and 

weighed. The drug extraction procedure involved trituration 

of the nail clippings using a mortar/pestle and transference 

into 1mL of diluent (0.05% TFA in 50:50 Acetonitrile: Water. 

The extracts were agitated for 24 hours in a light protected 

environment. The supernatant was sampled out and analyzed 

using the HPLC method elaborated in the quantification of 

transungual drug penetration section. The cleaning procedure 

was checked by conducting a drug extraction study at 0
th

 hour 

on the procured nail clipping.  

 

Quantification of transungual drug penetration 

(λ_max=264): The column, column temperature, and flow 

rate were C18 (150 x 4.6mm, 3µ), 40 degrees Celsius, and 

1mL/min, respectively. The mobile phase composition em-

ployed was 0.05% TFA in water for mobile phase A and 

0.05% TFA in ACN for mobile phase B (50% mobile phase A 

and 50% mobile phase B). Standards of concentrations 

0.06µg/mL, 0.1µg/mL and 1µg/mL had an injection volume 

of 200µL, whereas 100µg/mL had 50µL and 500 µg/mL had 

10µL injection volume. The nail extract samples had an in-

jection volume of 200µL.  

Quantification of drug content in lacquer formulation: 
The drug content assay was performed to determine the rea-

sonable amount of drug present in the optimized lacquer 

formulation. The stipulated acceptable range of Itraconazole 

hydrochloride contained in the lacquer should not be less than 

90% and not exceed 110% of the labeled quantity of the 

Itraconazole hydrochloride21. A standard calibration curve 

was constructed using Itraconazole hydrochloride standard 

solutions of concentrations, 0.01mg/mL(20µL), 0.5mg/mL 

(10µL), 1mg/mL(5µL) and 5mg/mL(5µL). The diluent used 

was 0.05% Trifluoroacetic acid in Acetonitrile: Water 

(50:50). The blank for standard solution was solely the dilu-

ent.  

 

The sample solution was prepared by adding 0.35mL of 

sample in a centrifugal vial containing a 0.45µm membrane 

filter and spin centrifuging it at a speed of 10,000 rpm for 6 

minutes. A second blank, excluding the drug and containing 

all the three penetration enhancers, was prepared and ana-

lyzed for comparison to the sample solutions. In the case of 

the accelerated stability study, a sample aliquot of 0.5mL was 

taken and centrifuged before analysis. The sample and stan-

dard solution were analyzed using an isocratic HPLC method 

with column, column flow rate, and temperature set at C18 

(150 x 4.6mm, 3µ), 1mL/min, and 40 degrees Celsius re-

spectively. The mobile phase composition employed was 

0.05% TFA in water for mobile phase A and 0.05% TFA in 

ACN for mobile phase B (45% mobile phase A and 55% 

mobile phase B). The second blank and sample had an injec-

tion volume of 0.5µL 

 

Spreadability evaluation [22]: Evaluation of spreadability 

was aimed at assessing the optimized formulation for sprea-

dability on a surface in comparison to the reference, Sally 

Hansen Ultimate shield topcoat. The procedure involved a 

drop of both the reference topcoat and the formulation and 

test, to spread to the best of their ability onto different glass 

slides throughout a vertical distance which was then meas-

ured and compared. The test helped determine the ease with 

which the formulation could be evenly applied. 

 

Precipitation evaluation: Precipitation was evaluated to 

determine whether the formulation would exhibit any signs of 

precipitation which could potentially hinder therapeutic in-

tent. To assess this, a drop of the optimized formulation was 

applied onto different glass slides and cover slips were placed 

on top. These glass slides were immediately observed under a 

microscope at three different magnification levels. This 

evaluation aimed to detect microscopic indications of preci-

pitation within the formulation. 

 

pH evaluation: The formulated nail lacquers under investi-

gation were tested for their natural pH using a litmus paper 

previously wetted using distilled water. 

 

Study for accelerated stability: The six optimized nail 

lacquers subjected to refrigeration temperature (4 degrees 

Celsius) for three weeks. Quality control tests, namely, drug 

content, spreadability, check for precipitation, and pH, were 

conducted to account for the formulations’ stability, shelf life, 

and consistency when subjected to extreme temperature. 
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3. Results 
 

3.1. Quantification of residual solvent, Dichloromethane 

 

<0.1ppm reported as not detected.  

 

3.2. Quantification of Itraconazole Hydrochloride salt 

synthesized 

 

Table 3: Percentage yield results for Itraconazole Hydroch-

loride synthesized. 

Material 
Reported 

results 

Itraconazole Standard (AUC average) 1950.78 

Itraconazole hydrochloride Sample (AUC average) 1552.84 

Itraconazole hydrochloride Sample (Yield) 9.07 mg 

Itraconazole hydrochloride Sample (%Yield) 90.60% 

 

Salt factor (2 HCl) = 1.10, Weight of Itraconazole = 1.21 g, 

Weight of Itraconazole 2HCl = 1.51 g. Therefore, the theo-

retical amount of Itraconazole = 1.33 g. The obtained percent 

yield was calculated to be 113%.  

 

Optimization of itraconazole hydrochloride nail lacquer 

(DOE 1-12)  
 

Table 4: Nail extraction concentrations of DOE runs 1-6 
DOE run  Reported results (mcg/mL) 

1 0.00 

2 0.00 

3 0.50 

4 0.85 

5 0.00 

6 0.00 

 

Table 5: Nail extraction concentrations of DOE runs 7-12  

DOE run  Reported results (mcg/mL) 

7 0.60 

8 0.00 

9 0.00 

10 0.00 

11 0.00 

12 0.00 

 

3.3 Proof of concept study 

 

Table 6: Nail extraction concentrations of proof of concept 

run  
DOE run  Drug extracted (mcg/mL) Drug/mg of nail 

1 1.89 0.13 

2 1.83 0.10 

3 1.81 0.14 

4 1.80 0.10 

5 1.82 0.10 

6 1.81 0.11 

 

3.4 Quality control evaluation for optimized nail lacquer  

 

 

 

 

 

 

Table 7: Drug content for the proof of concept for the opti-

mized nail lacquer formulations  
Lacquer run   Itraconazole content (%) Itraconazole/mg of nail 

1 101.63 50.13 

2 101.44 51.67 

3 94.66 50.07 

4 101.09 50.1 

5 98.72 50.14 

6 98.58 50.04 

 

Table 8: Spreadability test results for Sally Hansen Ultimate 

Shield Base and Topcoat® (7 lengths and 4 widths) 

Replicate   Distance (cm) 

1 4.00 cm 

2 4.10 cm 

3 4.03 cm 

 

Table 9: Spreadability test results for optimized nail lacquer 

(7 lengths and 4 widths) 
Lacquer run   Distance (cm) Match (%) 

1 4.10 101.73 

2 4.03 100.05 

3 4.00 99.20 

4 4.07 100.90 

5 4.07 100.90 

6 4.13 102.56 

 

Check for precipitation 

The microscope slides observed under 5X, 10X, and 20X 

magnification power demonstrated the absence of precipita-

tion and crystallization of the drug.  

 

pH test 

The pH of all the six proof of concept formulations were 

consistently within the stipulated range of 5-6. 

Accelerated stability study data. 

 

Drug content  

 

Table 10: Accelerated stability drug content 
Lacquer run   Itraconazole content (%) Itraconazole/mg of nail 

1 105.65 50.13 

2 107.49 51.67 

3 107.77 50.07 

4 109.32 50.10 

5 111.03 50.14 

6 111.37 50.04 

 

4. Discussion 
 

The hydrochloride salt of itraconazole was synthesized to aid 

the incorporation of the various combinations of penetration 

enhancers, namely, Papain, Salicylic acid, and Urea is an 

antifungal nail lacquer containing 1 %w/w Itraconazole. The 

synthesis process of the salt involved the use of dichlorome-

thane, a class II residual solvent with a concentration limit of 

600ppm [20]. Gas chromatography was conducted to verify 

that the synthesized Itraconazole hydrochloride salt had no 

traces of residual solvent present [20]. The chromatograms 

shown in the appendix for gas chromatography indicate that 

the dichloromethane present in the synthesized salt was be-

low the limit of quantitation.  
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A high-performance liquid chromatography (HPLC) method 

was employed to ascertain the percent recovery of the syn-

thesized Itraconazole hydrochloride. Based on the linearity 

equation generated by the standard calibration curve for the 

percent recovery and taking into consideration the salt factor, 

the yield obtained was 113%. To account for the excess yield, 

a thermogravimetric analysis (TGA) was conducted to de-

termine the residual water content. The outcome of the test 

indicated a water content of about 17.07%. The results ob-

tained from the TGA were by the excess percent yield of the 

Itraconazole hydrochloride salt.  

 

A fractional factorial design was used for formulation opti-

mization in order to statistically evaluate the impact of a 

combination of different excipients on the experimental 

outcome of drag uptake within the constraints of a time bound 

experimental design. The fractional factorial design was used 

to reduce the number of experiments required to make opti-

mization manageable and efficient. With a focus on key fac-

tors, this experimental design helped provide valuable insight 

into your main effects of multiple factors using a fraction of 

the full factorial design. In order to corroborate the optimi-

zation that was an outcome of the fractional factorial design, a 

proof-of-concept study was conducted, and the optimized 

formulation was tested for quality control parameters such as, 

drug content, drug uptake, pH, spreadability, and accelerated 

stability.  

 

A design of experiment table was built using the JMP soft-

ware to facilitate the optimization of the antifungal nail lac-

quer under test. The continuous input variables were the 

concentrations of the different penetration enhancers, Papain, 

Salicylic acid and Urea. The levels of Urea used were 0%, 

2.8%, for Papain were 0% and 5% and Salicylic acid were 0% 

and 5%. The response variable was the drug diffused from the 

nail clipping after five days.  

 

Two approaches were employed to quantify the amount of the 

drug Itraconazole hydrochloride diffuse through the nail 

plate. The first approach involved conducting a transungual 

penetration study using a custom-made diffusion cell. The 

custom-made diffusion cell unit comprised of 8 diffusion 

cells within it. The procured nail clippings were altered to the 

dimensions of the diffusion cell and the formulated lacquers, 

in adherence to the DOE table were applied onto the dorsal 

surface of each nail clipping. The receptor chamber was filled 

with phosphate buffer (pH 7.4), and preservatives, namely, 

methylparaben and propylparaben were added to impede any 

microbial growth. A temperature of 34 degrees Celsius was 

maintained, and an aliquot of 250µL was sampled out at 0
th

 

hour, to check for the absence of drug diffused and at 72
nd

 

hour for drug diffused. The approach of using a custom-made 

diffusion cell was ruled out on account of the drug, Itraco-

nazole hydrochloride having a solubility of 0.0002 mg/mL in 

pH 7.4.  

 

A second approach utilized the drug uptake (elaborated in the 

method section) on the same set of 12 nails. The results from 

this method indicated that the DOE runs for 3, 4, 7 had a drug 

uptake of 0.50 µg/mL, 0.85 µg/mL, and 0.60 µg/mL respec-

tively.  

 

This study assessed the ability of the optimized nail lacquer 

formulation to penetrate the nail plate and deliver the active 

pharmaceutical ingredient, Itraconazole transungually. The 

optimization process of various combinations of the nail 

polish formulation included the application of a one way 

analysis of variance (ANOVA) and the Tucky Honestly Sig-

nificant Difference (HSD) test on the processed data ob-

tained. To further corroborate the suitability of the optimized 

lacquer composition, a proof-of-concept study was con-

ducted, and reproducibility was established. 

 

The use of ANOVA as a statistical method to compare the 

means provided insight into whether or not the various nail 

lacquer formulations generated by the design of experiment 

had significant variations in drug penetration. Based on the 

assessment result, a statistically significant difference was 

found which indicated that, at least one of the formulation 

combination of ingredients, within the design of experiment 

protocol differed in terms of the outcome, drug penetration 

into nail plate. 

 

A Tucky HSD test was added on to the one-way ANOVA 

statistics, to identify the formulations within the design of 

experiment protocol that exhibited significantly different nail 

penetration capabilities. This specific test provided valuable 

insight into short listing the formulation combinations to 

finalize optimization.  

 

Lastly, a proof-of-concept test was conducted, wherein, the 

optimized nail lacquer formulation was evaluated for per-

formance and quality by conducting 6 replicates for each 

testing. This concept was employed to capture subtle varia-

tions in experimental conditions and sample preparations that 

could potentially affect outcomes. Consistency and reliability 

of the optimized formulation was tested to corroborate the 

level of confidence in the study outcome.  

 

A combination of these rigorous statistical tools were leve-

raged to provide depth and confidence in the potential further 

development and application of this study towards improving 

patient compliance and product potential. 

 

5. Conclusions 
 

The study conducted suggested that the optimized nail lac-

quer formulation comprising of 1% itraconazole hydrochlo-

ride, 5% w/w Papain, 5% w/w Salicylic acid and 2.8% w/w 

Urea, provided the highest level of trance angle penetration 

when applied to the dorsal surface of the nail plate. The an-

tifungal nail lacquer formulation derived within this investi-

gation, successfully met the formulation performance criteria 

as well as the quality control parameters set forth, which 

included, drug content, spreadability, absence of precipita-

tion, pH, accelerated stability and demonstrated reproduci-

bility and consistency by proof of concept.  

 

The data obtained as a result of the experimentation, corro-

borated the ability of the optimized nail polish to penetrate the 

nail plate. For example, the results adhering to the specifica-

tions for drug content suggest that the lacquer contains the 

intended active ingredient in the specified concentration, 

which could be tested for therapeutic efficiency as a future 

scope for the study. The compliance of the formulation with 
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the spreadabilityperformance attribute indicated that the 

optimized nail polish can be applied easily onto the nail sur-

face, enhancing patient compliance. The results reinforce the 

formulation’s durability under different conditions and pro-

vide a level of assurance to the product’s quality. The overall 

outcome of the study has the potential to provide a scientific 

justification for nail lacquer formulations to be used within 

the pharmaceutical domain, particularly in the context of 

topical treatments for nail related conditions that have the nail 

plate as a barrier.  

 

The inconvenient nature of oral medications, alongside the 

potential for adverse effects often lead to noncompliance and 

premature discontinuation of treatment schedule. A tradi-

tional topical therapy regimen can be time consuming and 

inconsistent due to repeated applications and the need for 

compliance of a set schedule. A novel transmural drug deli-

very system strikes a balance between the aforementioned 

approaches by offering a simplified approach that can poten-

tially avoid systemic side effects while maximizing patient 

engagement through targeted action and provides for an 

aesthetic advantage over other topical therapies. 
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