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ABSTRACT 

In this research, a medicated antifungal nail polish containing Terbinafine and Clobetasol propionate was developed. Long-

term, sustained release of Terbinafine and Clobetasol propionate was investigated in the hopes of lowering the frequency of 

dosing. Toenail fungus, also known as onychomycosis, is quite common. Infection with dermatophytes, Candida, or non-

dermatophytic molds can lead to onychomycosis. In terms of non-volatile content, drug release, drug content estimate, and 

inhibitory zone, the optimum formulation was a nail lacquer comprising 1-2 percent Terbinafine and Clobetasol propionate, 

as well as 3 percent ethyl cellulose. Up to 48 hours after administration, 98.12% of the drug was still active. FTIR tests 

confirmed that the drug and excipient were safe to use together. It was expected that this would improve clinical efficacy 

and patient compliance. The nail polish formulations were created by simply combining the necessary ingredients together, 

and then evaluated for non-volatile content, flowability, drug diffusion studies, and an estimate of the drug content. The 

selected optimized formulation, F4, showed no significant change in initial attributes throughout a month-long accelerated 

stability analysis performed at 40-20°C in accordance with ICH norms. The development and deployment of these systems 

pose no known dangers. Antifungal nail lacquer is a potential novel dosage form in the healthcare and pharmaceutical 

industries.

 

Keywords: Fungal infection, nail polish formulations, drug diffusion studies, DSC study allylamine agent 

1. INTRODUCTION 

Some treatments for conditions like onychomycosis and psoriasis are applied to the nails directly, where they might offer 

benefits in terms of both protection and aesthetics. Nail infections are common among the elderly, affecting one in three 

people over 65 [3]. Even though only a small number of topical drugs penetrate the nail plate due to the structure and material 

of the nail, systemic adverse effects and medication interactions may occur with oral prescriptions. The keratinized layer of 

the nail plate must be penetrated for an active drug to reach the nail matrix and nail bed [2, 4]. The matrix, the nail bed, and 

the nail plate have all received insufficient attention. Therefore, the ungual system was neglected. Drugs are able to more 

easily enter the body through the horny nature of the nail plate. Due to the difficulty, only a small percentage of topical 

treatments are effective. As a result, there is no way to determine an effective therapeutic dose. Diminish the nail's natural 

shine, and you risk giving it an unnatural look [5]. Nail bed involvements and decreased blood flow, in addition to the 

fingernail plate's anatomical or chemical features, are to blame. This results in many different diseases. Nail drug delivery 

systems can be used to administer therapeutic dosages of medication [6]. Two of the most common nail illnesses are 

onychomycosis hematoma and onychomycosis hematoma, both of which can be caused by fungus, yeasts, and other bacterial 

and fungal infections. Lack of understanding of the barrier properties of nails and formulations that favor greater ungula 

diffusion [10, 11] reduces the efficacy of topical therapy for nail illnesses.  

1. Methodology  

Because of its film-forming and adhesive capabilities, ethyl cellulose was selected as a polymer. When compared to other 

polymers, this polymer exhibits a high compatibility with alcohols. Thioglycolic acid and dimethyl sulfoxide are used to 

increase medication penetration through the epidermis of the fingernails. As a plasticizer, dibutyl phthalate was used. These 

are drug-friendly, inexpensive, and readily accessible. 

1.1 Melting point  

The melting points of Terbinafine and Clobetasol propionate were measured using a melting point instrument. One capillary 

tube with a lid was used to hold a little quantity of medication. The drug's melting temperature was measured when the 

capillary was submerged in a bath of silicone oil 
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heated using an electrical heating coil. The results of three measurements were averaged and compared to pre-determined 

criteria.[4] 

1.2 UV –visible spectrophotometric characterization of Terbenafine and Clobetasol propionate (λmax determination) 

It was then diluted with methanol to a stock solution of 1000g/ml by dissolving 100 mg Terbenafine and 100 mg Clobetasol 

propionate in 100ml volumetric flasks and diluting to the mark. Using methanol, 1 mL of this solution was reduced to 10 

mL, and the result was tested. It was then determined that this solution (100g/ml) absorbed at a wavelength between 200 and 

400 nm using a UV-visible spectrophotometer (Shimadzu 1700) [3]. 

1.3 Standard curve of Terbenafine and Clobetasol propionate. 

100mg of Terbinafine was placed in a 100ml volumetric flask and weighed. After 30 minutes of sonication in 50ml methanol, 

this was diluted to 100ml with 1000g/ml methanol. When the stock solution was made by diluting one litre of the solution 

with another one, the concentration of the stock solution was set at 100 grammes per millilitre. 

1.4 Difference scanning calorimeter (DSC) 

Terbinafine and Clobetasol propionate were studied using DSC for their thermotropic characteristics and thermal behaviour. 

About 5mg of the sample were put in aluminium pans and heated at a rate of ten minutes at 40 to 300 degrees Fahrenheit in 

a nitrogen environment with a flow rate of 100ml/min [4]. 

Infrared spectral (FTIR) analysis  

The purity of Terbinafine and Clobetasol propionate was determined using FTIR spectroscopy. An FTIR spectrophotometer 

was used to record the infrared spectra of Terbinafine and Clobetasol propionate. There were 10 milligrammes of stuff that 

needed to be collected. The sample was tested in the range of 600 cm-1 to 4000 cm-1. It was then examined and compared 

to an established standard using the FFTIR spectrum [15-17]. 

Optimization of formulation. 

To find the optimal concentration for the making of films, scientists measured the film's thickness, strength at tensile stress, 

folding perseverance and water resistance. 

Table 1 Composition of nail lacquer containing Terbinafine and Clobetasol propionate 

SIngredients 
SFormulationS 

SF1 SF2 SF3 SF4 SF5 SF6 

STerbinafine S250mg S250mg S250mg S250mg S250mg S250mg 

SClobetasol propionate S250mg S250mg S250mg S250mg S250mg S250mg 

SEthyl cellulose S2gm S2gm S2gm S2gm S2gm S2gm 

SIsopropyl alcohol S10ml S10ml S10ml S10ml S10ml S10ml 

SEthyl acetate S5ml S5ml S5ml S5ml S5ml S5ml 

SToluene  S2ml S2ml S2ml S2ml S2ml S2ml 

SThioglycolic acid S0.3ml S0.3ml S0.5ml S0.5ml S0.7ml S0.7ml 

SSDMSO S0.4ml S0.5ml S0.6ml S0.4ml S0.5ml S0.6ml 

SSDibutyl pthalate S2ml S2ml 2ml S2ml S2ml S2ml 

2. Evaluation of nail lacquer  

 2.1Film thicknessS 

A screw gauge accurate to within 0.01 mm was used to measure a variety of locations on the film. Five different spots were 

measured for film thickness, and an average of them was determined. 

2.2 Folding endurance 

The film's ability to withstand being repeatedly folded was evaluated employing a 2x2 cm sample folded till it snapped. The 

number of instances a piece of film is able to be folded without cracking is a fair measure of its folding resilience. 

Non-volatile content S 

 The contents of a petri dish were weighed after 10 ml were placed onto them. The petri dish was baked for an hour at 105 

degrees Celsius, then cooled, and finally weighted. The weight shift was clearly seen by onlookers. The average of three 

separate readings was calculated. 
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Drying timeS S 

A brush was used to apply a film sample to a petri plate. The production time for a film that is dry to the touch was timed 

using a stopwatch. 

Smoothness to flowS S 

 Visual inspection for smoothness was carried out on a glass plate that had been poured from a height of 1.5 inches before 

the sample was spread out horizontally on the plate. 

ViscosityS 

Spindle No. 3 was spun at 20 rpm in a room temperature viscosity test using a Brookfield Viscometer, model LVF. 

Water resistanceS 

The ability of a film to withstand the passage of water through it will be evaluated using this method. This was accomplished 

by first soaking a surface that had a film coating on it, and then peeling off the film. The resistance to water decreased with 

each additional pound of weight. 

Drug content estimationS 

The drug concentration in 1 ml of nail polish was determined by dissolving the polish in methanol. After the appropriate 

dilution, absorbance at 260nm was measured using UV-1700, Shimadzu, Japan. 

Diffusion studies across artificial membrane  

In this experiment, a Franz diffusion cell was used. Artificial membranes (cellophane) were used in the diffusion experiments. 

The membrane was immersed in a 7.4-pH phosphate buffer solution for an hour before the solvent was added to the receptor 

compartment. The membrane's surface was uniformly coated with a 10mg test vehicle. The membrane of the cell was 

positioned cautiously onto the membrane. The temperature was held at 37 degrees Celsius for the entire 10 hours, and the 

stirring speed was maintained at 600 revolutions per minute. After an hour, five milliliters of the drug sample were withdrawn 

and replaced with fresh solvent. Each test was taken a total of three times. A dual-beam UV spectrophotometer was used for 

drug analysis. 

3.0 Stability study:A sample was tested for two months while it was kept in a stability chamber at 40 degrees Celsius and 

75% relative humidity. Water resistance, diffusion, nonvolatile content, and drying time were all tested using a synthetic 

membrane [58, 60]. 

4.0 RESULT 

4.1SMelting point S 

Terbinafine and clobetasol propionate, in terms of melting points, were found to have values between 195 and 198 degrees 

Celsius, respectively. Lab experiments revealed that the melting point of terbinafine was 197.2 degrees Celsius, while that 

of clobetasol propionate was 199.7 degrees Celsius.  

4.2 Purity of drug S 

 

 

 
Fig. 1: DSC of Terbenafine S 
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Fig. 2: DSC of Clobetasol propionate S 

 

Using a thermogram, the melting points of Terbenafine and Clobetasol propionate were determined to be 156.8 

degrees Celsius and 199.6 degrees Celsius, respectively. The purity of the medicine can be seen in the DSC plot. 

4.3 UV spectroscopy :Terbenafine's maximum absorbance in phosphate buffer was recorded at 283 nm. The 

phosphate buffer Terbenafine standard calibration curve was generated using the following absorbance values at 

various concentrations. 

 

Fig. 3SCalibration curve of Terbenafine

 
Fig. 4: S FTIR spectra of Terbenafine S 
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Fig. 5: SFTIR spectra of Clobetasol propionate S 

 

 

 
Fig.5: S FTIR spectra of Drug + Ethyl acetate S 

 

 
Fig. 6: S FTIR spectra of drug + isopropyl alcohol S 

S 

5.0 Evaluation of Nail lacquerS 

5.1 Thickness (µm) 

The consistency of the formulations' thickness demonstrates the method's efficacy. All 

4.4 Drug Excipient compatibility study  The IR reference peaks for terbinafine and clobetasol propionate 
were also present in the spectra of the drug-polymer and drug-permeation enhancer-excipient 
combination, as indicated in Table No. 1. In other words, FTIR analysis showed no evidence of drug-
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permeation enhancer interactions. As a result, the drug and the permeability enhancer work well together. 
The Figures contained visual representations of the IR thicknesses were measured with a micrometer screw 

gauge. The data showed that the formulation thicknesses ranged from 55 m to 59 m. A Table contains the data 

that was entered. The requested thickness range was found by combing through film literature, which provided 

data on film thickness. 

 

5.2 Folding enduranceS The length of time a sheet of polymer film can be folded indicates how flexible it is. 

The films' adaptability to folding was measured by conducting endurance tests. A film's ability to withstand 

folding is indicated by counting the number of folds it can make before snapping. The developed films had a 

value more than 135, and all figures between 127 and 184 were also present in the table. Films made with any 

amount of polymer demonstrated remarkable folding endurance, indicating they were flexible enough to endure 

mechanical stress. The film's ability to withstand repeated foldings is a key indicator of its pliability. 

 

5.3 Tensile strength The phrase "tensile strength" refers to the amount of mechanical force that may be applied 

to film without it tearing or breaking. Tensile strength values vary depending on the polymer:plasticizer ratio and 

the polymer solution concentration. The strength of the tensile force was measured by means of analytical 

instruments. Table No.16 showed that the average tensile strength was lowest for the film with a contents of 8% 

ethyl cellulose and highest for the film with a concentration in order of 6%. 

 

Table 4.5 Sthickness, folding endurance and tensile strengthS 

SFormulations SThickness (µm) SFolding Endurance STensile Strength (kg/cm2) 

SF1 S58 ± 0.01 S165 S2.74 ± 0.12 

SF2 S54 ± 0.01 S137 S2.68 ± 0.04 

SF3 S59 ± 0.04 S168 S2.47 ± 0.09 

SF4 S57 ± 0.02 S158 S2.52 ± 0.16 

SF5 S58 ± 0.02 S156 S2.83 ± 0.24 

SF6 S56 ± 0.01 S163 S2.53 ± 0.03 

 

5.4 SWater resistanceSThis is the standard for assessing the impermeability to water. This appearance was 

achieved by coating the surfaces and then submerging them in water. Immersion weight loss or increase could be 

determined. The resistance to water is decreased when a person gains weight. When compared to a film made of 

15% ethyl cellulose, one made of 6% ethyl cellulose is lighter and more resistant to water. A table was used to 

organize the information. 

 

Table  6. Water resistance of nail lacquer S 

SFormulation SW1 SW2 

SF1 S6.85 S6.92 

SF2 S6.83 S6.95 

SF3 S6.88 S6.90 

SF4 S6.92 S7.14 

SF5 S6.81 S6.90 

SF6 S6.84 S6.91 

The optimal amounts of ethyl cellulose (6 percent w/v) and Thioglycolic acid (10 percent w/v) were determined 

based on the results of the research mentioned above, and so the F3 formulation was chosen. 

5.6 Drying time   

Table 7. Sdrying time of nail lacquers 

SFormulation SDrying time (sec) S 

SF1 S50 

SF2 S52 

SF3 S127 

SF4 S52 
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SF5 S58 

SF6 S59 

5.9 Diffusion studies across artificial membrane  

Each mixture was subjected to a 48-hour test using a cellophane membrane (artificial membrane, 0.8m in 

thickness). All of the Table formulas were tested in diffusion studies.An in vitro diffusion analysis only detected 

64.18 percent of the medication released after 48 hours in the initial batch F1 and F2, both of which contained 

0.3ml permeation enhancers. Diffusion trials using 0.5ml (F3), 0.7ml (F4), and 0.8ml (F5) of a permeation 

enhancer showed that only 64.18 %, 65.10 %, 99.12 %, and 69.10 % were discharged in 48 hours. The keratolytic 

effect of the penetration enhancer greatly improved drug uptake. Medicine was only partially absorbed, and 

researchers discovered that increasing the dosage had no effect. Salicylic acid concentrations of 15% w/v were 

determined to be optimal. 

Table 10:  Diffusion studies across artificial membrane 

STime 

S(hrs) 

 SPercentage drug release S 

SF1 SF2 SF3 SF4 SF5 SF6 

S0 S0 S0 0 S0 S0 S0 

S2 S9.82 S11.22 S13.35 S12.82 15.25 S26.25 

S4 1 S0.20 S12.05 S14.98 S27.12 16.88 S32.23 

S6 S13.28 S14.35 16.35 S28.31 S17.22 S38.51 

S8 S16.42 S17.88 S18.85 S32.72 S20.13 S46.52 

10 S26.58 S28.95 S32.05 S46.25 S30.35 S48.22 

12 S32.45 S36.33 S40.20 S50.21 S36.15 S56.28 

16 S43.10 S42.30 S48.38 S58.65 S42.95 S65.15 

20 S48.22 S49.98 S51.80 S60.21 S50.10 S76.45 

24 S49.65 S50.80 S52.61 S68.11 S54.32 S79.92 

28 S52.55 S54.89 S56.80 S70.22 S58.38 S82.40 

32 S56.25 S58.75 S59.33 S78.85 S60.21 S80.25 

36 S58.95 S59.98 S61.28 S84.15 S63.45 S79.45 

40 S60.18 S62.15 S63.92 S88.85 S66.21 S77.31 

44 S62.52 S63.25 S65.99 S90.25 S68.84 S76.65 

48 S64.18 S65.10 S68.34 S98.12 S69.10 S74.71 

S 

 

Fig. 8 Percent Drug release between artificial membranesAnti-microbial study 
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S6.0 Antimicrobial study 

The typical zone of inhibition is 21 mm, but other formulations showed zones of inhibition between 18 and 23 

mm. All of the compositions were susceptible to infection by the yeast Candida albicans. A table and a diagram 

depict the findings. 

 
Fig 9. Zone of inhibition of Formulated Nail Lacquers 

 

Table. 11 SZone of inhibition of nail lacquersS 

Formulation Zone of inhibition 

(in mm) 

Standard zone of 

inhibition (in mm) 

% Zone of 

inhibitionS 

SF1 23 27 85.18% 

SF2 19 27 70.37% 

SF3 22 27 18.48% 

SF4 23 27 85.18% 

SF5 18 27 66.66% 

SF6 17 27 62.96% 

 

6.1 Stability studiesS 

Stability studies determined shelf life and storage circumstances. F4 underwent rapid stability testing for a month. Stability 

studies were ICH-compliant after adjustments. Non-volatile content, drying time, and active component % all varied across 

the studied temperature range of 40 to 20 degrees Celsius. The duration of the tests was one month. Table 1 summarizes the 

findings 

Table. 12 stability studies data of F4S 

 

SParameters SInitial SAfter 

SNon-volatile content S37±0.92 S36±8.47 

SDrying time (sec) S57 S59 

SDrug content S99.12 S98.75 

 

Table 13 :  In vitro Diffusion profile of F4 upon stability studies 

STime (hrs) SPercentage drug release S(µg/ml) 
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SBefore stability SAfter stability 

0 0 0 

2 12.82 10.6 

4 27.12 24.9 

6 28.31 26.45 

8 32.72 30.25 

10 46.25 39.95 

12 50.21 45.75 

16 58.65 52.55 

20 60.2 58.81 

24 68.11 62.5 

28 70.22 72.05 

32 78.85 76.8 

36 84.15 81.25 

40 88.85 90.53 

44 90.25 92.2 

48 98.12 97.75 

 

 

Fig. 10: SIn vitro Diffusion profile of F4 upon stability studies 

Stability charge had no effect on non-volatile content, drying time, percent drug content, or drug diffusion when 

compared to data acquired before and after the charge. After conducting ICH stability testing, it was confirmed 

that all formulations were in compliance.  

6.2 CONCLUSION 

The primary objectives of this research were to compare the effectiveness of two nail lacquers often used for the treatment 
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of onychomycosis, terbinafine and clobetasol-nitrate.  The FTIR analysis showed that the formulations were safe to use, as 

the medication was compatible with the excipients. The film strength, drying time, flow, and volatile content were all 

satisfactory in all of the tested formulations. In a microbiological study, it was found that Candida albicans was vulnerable 

to the formulations. For one month, formulations were stable at 40 degrees Celsius. There is likely to be a solid correlation 

between in-vitro and in-vivo ungual permeation investigations.Formulation F4 kept a steady concentration of medicine for 

more than 48 hours in in vitro tests. The F4 formulation's keratolytic component worked as an intestinal permeability 

enhancer at an amount of 0.5 ml. The percentage of non-volatile material in the F4 formulation was 37.92.The amount of 

non-volatile material lost to vaporization was perfect for our purposes. The F4 formula dries rapidly. With a viscosity of 127, 

the F11 formulation shone and was transparent. When compared to a commercial sample, the F4 formulation's adhesive 

strength on the applied nail surface performed satisfactorily. The overall drug content in F4 was 99.01 percent. Therefore, 

the prognosis for a successful treatment is good. Diffusion tests performed over artificial membranes have showed that drug 

diffusion is increased by F4 by 98.40 percent. According to the results of these studies, medicated nail lacquers are an 

improved means of administering antifungal medication to the ungual area for the treatment of onychomycosis. Nail 

infections can be treated using medicated nail lacquers, but they can also be used for nail art. The patient is much more likely 

to follow instructions and accept treatment. 
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