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ABSTRACT 

The goal of this present research was to develop an antimicrobial nail lacquer incorporating Quercetin dihydrate to alleviate 
Paronychia. The focus of this research has been to develop quercetin dihydrate nail lacquer containing various types of polymers and 
concentrations, as well as various plasticizers, for the treatment of Paronychia. The goal was to optimize which polymers and 
concentrations gave better release based on in-vitro permeability studies, as well as the impact of plasticizers on film properties like 
flexibility, gloss, and adhesive property. Drying time, non-volatile content, viscosity, water resistance, drug content, in-vitro drug 
release study, antimicrobial assay, and other characteristics will be investigated in the manufactured nail lacquer. Formulation F2 was 
chosen as the best formulation based on all of these factors, including good flow and gloss, optimal drying time and viscosity, 
adhesiveness, and permeation testing. The best formulation, F2, had a drug penetration rate of 51.93% after 24 hours and a good 
antimicrobial activity. Based on the findings of the foregoing investigations, the developed medicated nail lacquer formulation 
appears to be a promising alternative to currently available Paronychia treatments.  

Keywords: Nail lacquer, Quercetin dihydrate, Paronychia, Antimicrobials. 

 
INTRODUCTION 

Nail illnesses aren't really life-threatening, and they can be 
excruciatingly painful, cause discomfort in daily activities, 
and have major physical, psychological, and emotional 
consequences, lowering people's quality of life.1 Human 
nails can be used for more than just protection and 
decoration; they can also be considered as an alternative 
pathway for drug delivery, notably in nail illnesses 
including Onychomycosis, Paronychia, and psoriasis.2  

Oral treatment is routinely utilized to treat such nail 
diseases. When a medicine is administered orally or 
systemically, the potency of the drug is reduced at the site 
of action. The topical route of administration is utilized to 
avoid this loss of medication potency.3 Because of less 
systemic adverse effects, non-invasiveness, increased 
patient compliance, localized action (site-specific action), 
and probably lower treatment costs, topical drug delivery 
is preferable to oral drug delivery.4, 5 Ointments, creams, 
gels, lotions, and powders, which are commonly used in 
dermatology, are not suited for Transungual 
administration. Such formulations are easily eliminated 
after application by washing or rubbing, resulting in non-
uniform medication release. New formulations are 
suggested in place of traditional topical formulations. 
Medicated nail lacquers are the most suited formulations. 
The addition of rate-controlling polymers to cosmetic nail 
lacquers creates medicated nail lacquers. Because a film 
generates a depot of the drug substance in the affected 
nail plate, this technique is thought to be effective as nail 
disease therapy.6 This allows for fewer applications while 
still achieving effective therapy due to the active 

substance's high bioavailability. The active ingredient is 
stored in a film on the nail plate surface, which allows for 
optimal and continuous drug diffusion. Continuous 
diffusion of the active ingredient results in therapeutic 
levels in the nail tissues, which are required for efficient 
nail disease treatment.7  

Pharmaceutically, these Nail lacquers formulations are 
known as a Transungual drug delivery system since they 
contain medications to treat topical disorders. "Trans" 
means "through," and "unguis" means "nails" in the phrase 
Transungual.5 Transungual drug delivery system has been 
defined as a mechanism for delivering a drug into the 
keratinized nail plate in order to achieve targeted drug 
delivery for the therapy of nail illnesses. Because of its 
greater adherence and localized action, which produces 
little systemic side effects, the Transungual drug delivery 
technique is regarded to be extremely successful in 
managing nail disorders.8  

The inflammation of the folds of tissue surrounding the 
finger and toe nails is known as Paronychia. Paronychial 
infections arise when the seal between the proximal nail 
fold as well as the nail plate is broken, allowing invading 
organisms to enter through a portal. Paronychia is a local 
or superficial bacterial, fungal, or viral infection of the nail 
folds. Staphylococcus aureus, Candida albicans, and 
Herpes simplex virus are the most common organisms that 
cause Paronychia. Pain, redness, swelling, thickness of the 
nail plate, discoloration of the nail, and separation of the 
nail folds and cuticles are all symptoms of this illness.9, 10  

In the making of nail lacquer, Quercetin Dihydrate is 
incorporated. Quercetin is a bioflavonoid that is rich in 
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polyphenols (Flavonol). Quercetin is a multifunctional 
chemical with antioxidant, anti-inflammatory, analgesic, 
antibacterial, antifungal, and antiviral activities. Thus from 
above -listed pharmacological properties of the Quercetin 
dihydrate and taken into account the treatment of 
Paronychia.11  

In this study, N-acetylcysteine is used as a penetration 
enhancer in the formulation of nail lacquer. The inclusion 
of N-acetyl cysteine in this formulation primarily aids in the 
achievement of the following three goals.12, 13  

a) It aids in improving medication penetration from 
the nail plate to the nail bed. 

b) It has analgesic properties. 

b) N-acetylcysteine has anti-inflammatory properties. 

Quercetin contains anti-inflammatory, analgesic, and anti-
microbial properties, which make it useful in medicine. N-
acetyl cysteine, which is used in the manufacture of 
Quercetin nail lacquer, has both penetrating and anti-
inflammatory and analgesic qualities. Because N-acetyl 
cysteine will have the same benefits as Quercetin, 
including it in the formulation creates a synergistic effect 
and a more effective therapeutic impact. 

 

Figure 1: Overview of the research conducted. 

MATERIALS AND METHODS 

Materials 

Quercetin Dihydrate was procured from Central Drug House 
(PVT) Ltd, New Delhi. Eudragit RL100 and Ethyl cellulose 
obtained as gift sample from Apex Laboratories PVT. Ltd, 
Chennai. N-acetyl cysteine, Salicylic acid and castor oil was 
purchased from Sisco research laboratories, Chennai. PEG 
400 and Ethanol was purchased from universal scientific 
Appliances, Madurai. 

 

 

 

Methodology 

Method of preparation 

Quercetin Dihydrate nail lacquer was prepared by simple 
mixing method by using magnetic stirrer. The formulation 
trials were done as per formula [F1-F12] given in table 1.  
Quercetin Dihydrate was dissolved in required amount of 
ethanol using a magnetic stirrer at a constant speed. The 
polymer was dissolved in ethanol. The dissolved drug was 
added into the polymeric solution. Finally, plasticizer, 
permeation enhancer, keratolytic agent were added in the 
desired amount and mixed properly using magnetic stirrer. 
The prepared nail lacquer was transferred to a narrow 
mouthed, plastic screw capped glass bottle. 

Table 1: Formulation of Nail lacquer [F1-F12] 

Ingredients Formulation code 

F1 F2 F3 F4 F5 F6 F7 F8 F9 F10 F11 F12 

Quercetin Dihydrate % w/v 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 0.1 

Eudragit RL 100 %w/v 5 10 15 5 10 15 - - - - - - 

Ethyl cellulose %w/v - - - - - - 5 10 15 5 10 15 

N-Acetylcysteine %w/v 1 1 1 1 1 1 1 1 1 1 1 1 

Salicylic acid %w/v 1 1 1 1 1 1 1 1 1 1 1 1 

Castor oil %v/v 10 10 10 - - - 10 10 10 - - - 

PEG 400 %v/v - - - 10 10 10 - - - 10 10 10 

Ethanol [upto 50ml] 50 50 50 50 50 50 50 50 50 50 50 50 
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Formulation Development  

Nail lacquer formulation was developed by taking into 
account various polymers [Eudragit RL100 & Ethyl cellulose] 
and different concentration [5-15%] along with various 
plasticizers [Castor oil & PEG 400]. Optimization of 
formulation was done by preparing twelve different 
formulations.  

Initial trials were taken with Eudragit RL 100 polymer. As 
seen from table 1, formulation F1-F3 were prepared 
containing 5-15% of Eudragit RL 100 with Castor oil as a 
plasticizer. Formulation F4-F6 were prepared containing 5-
15% of Eudragit RL 100 with PEG 400 as a plasticizer. Further 
trials focused on another polymer [Ethyl cellulose: 5-15%] 
along with two different plasticizer [Castor oil in F7-F9 and 
PEG 400 in F10-F12].  

The aim was to optimize which polymer and its 
concentration is suitable for the Quercetin Dihydrate nail 
lacquer based on the drug permeability studies and also 
optimize the effect of plasticizer on film properties such as 
gloss and adhesive property. 

Characterization of nail lacquer14, 15, 16, 17  

Evaluation of the developed nail lacquer was carried out as 
per Bureau of Indian Standards, IS 9245:1994  

1. Drying time: 

The prepared Nail lacquer was uniformly spreaded on a 
petri dish with the help of a brush. The time taken to form 
a dry to touch film was noted by using stopwatch. The film 
was considered sufficiently dried when no amount of 
sample was adhered to finger on touching (non stickiness).  

2. Smoothness to flow: 

The sample was poured from a height of 1.5 inches into a 
glass plate and spread on a glass plate. Made to rise 
vertically and visually observed for smoothness of flow. 

3. Glossiness: 

The glossiness of the prepared formulation was determined 
by visual inspection. 

4. Nonvolatile content: 

First taken initial weight of petri dish (M1) and then Place 
1gm (M) of each sample was taken into Petri dishes and 
spread evenly. Then weight of each Petri dish with sample 
was recorded. The Petri dish was kept in the hot air oven for 
1 hr at 105 ± 2 ◦C. After 1 hour the Petri dish was cooled 
down and weighed again (M2). The percent non-volatile 
content was calculated by determining the weight 
difference.  

% Non volatile content =
M2 − M1

M
 × 100 

5. Water resistance test: 

To determine the resistance of the formulation into water 
the water resistance test is performed. The test was carried 
out by spreading required amount of nail lacquer was 

spread on a uniform area of a glass plate and was dried. The 
sample containing glass was weighed and then placed in a 
beaker filled with distilled water. After 24 h, the plate was 
dried with the use of filter paper and was weighed again. 
Water resistance was determined by initial and final weight 
difference, and the results were expressed in weight loss 
(%). 

6. Determination of Viscosity: 

The viscosity of the formulated nail lacquer was calculated 
by using Brookfield Viscometer (model LVF), in room 
temperature by using the spindle no.63 at 20 rpm. 

7. In-vitro Film adhesion test: 

With the help of lacquer brush, a uniform film was formed 
on a glass plate and dried for 24 h at room temperature. The 
film was divided into equal areas of 1 mm by cutting with 
scalpel (0.37 mm blade thickness) both in parallel and 
perpendicular direction. Then, pressure-sensitive adhesive 
cellophane tape was placed on the film and finger was used 
to smoothen the firm, leaving aside a free piece of tape 
(unadhered). After few minutes, at 60̊ C angle, film of NL 
was pulled manually by grasping the free end of the 
unadhered tape. Total number of squares of the film that 
adhered on the tape was determined and Percentage peel 
off was determined by the below formula.  

% peel off

=
Initial squares of film − Final squares of film

Iniial squares of film
× 100 

8. Estimation of % drug content: 

Nail lacquer equivalent to 1mg was dissolved in 50 ml 
phosphate buffer solution of pH 7.4. Then the solution was 
sonicated for 15 mints. The resulting solution was filtered, 
made up to 100 ml with phosphate buffer solution of pH 
7.4. Then the diluted solution was estimated 
spectrophotometrically at a wavelength of 367 nm and 
determined the % drug content. 

9. In vitro transungual permeation study: 

Preparation of Hooves: 

Porcine hooves were used as a membrane for in vitro 
transungual permeation studies because human nails are 
hard to obtain in large quantities. Porcine hooves thickness 
and overall resemblance to human nails structure were the 
reasons for its utilization for in vitro studies. Hooves were 
washed, cleaned and was hydrated in pH 7.4 phosphate 
buffer solution (PBS) for 24 h. A blade was used to remove 
the soft tissue of the hooves. They were then divided into 
thin slices and stored for further use. Thickness and 
diameter of porcine hooves were 0.8 mm ± 0.5 and 25 mm 
± 0.8 respectively as determined utilizing micrometer. 

Transungual permeation study 

Franz diffusion cell was used to carry out in vitro 
experiment. Hoof was placed between receptor and donor 
compartment of Franz diffusion cell (16 mL volume of 
receptor). Then the test vehicle (Nail lacquer) equivalent 
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1mg was applied evenly on the surface of the nail 
membrane. In order to simulate nail plate conditions, 
mixture of pH 7.4 phosphate buffer was filled in receptor 
compartment. The Franz diffusion cell was placed on the 
Franz diffusion assembly. Assembly was continuously 
stirred for 24 h at 37 ◦C. 10 mL of sample was withdrawn at 
intervals of time i.e. at 30min, 1,3, 5, 7, 10, 13, 16, 20 and 
24 hrs  which was replaced with fresh medium. Samples 
were analyzed using a UV spectrophotometer at 367 nm. 

Selection of best formulation and evaluation 

The selection of best formulation among twelve prepared 
formulations [F1-F12] depends upon their comparison of 
their Physical characteristics and in-vitro drug permeation 
study. 

1. Comparing Physical Characterization of best 
formulation with Market product: 

The best formulation was compared with marketed 
formulation by comparing the following physical 
characteristics such as Drying time, Smoothness to Flow, 
Glossiness, Nonvolatile content, Water resistance test, 
Blush test, Viscosity. 

2. Microbiological study of best formulation: 

a) In vitro antibacterial study: 

An agar-well diffusion method was used for determination 
of antibacterial activity of prepared nail lacquer. The 
samples were dissolved in PBS, pH 7.4. The cultured 
bacteria (Staphylococcus aureus) were suspended in sterile 
water and diluted to 10 colony found per unit (CFU)/ml. The 
suspension (100 μl) was spread onto the surface of nutrient 
agar medium. Wells (4.6 mm in diameter) were cut with a 
sterile borer and formulations were added into them. PBS 
solution was used as negative control. Control sample 
gentamicin against bacteria were dissolved in PBS buffer pH 
7.4 and serially diluted to get concentration of 2-100 μg/ml. 
Incubation of the inoculated plates was done at 37 °C for 24 
h. The diameter of inhibition zone (DIZ) was evaluated and 
thereby antibacterial activity also. 

b) In vitro antifungal study: 

The antifungal activity of prepared nail lacquer was done by 
agar-well diffusion method, in which the Candida albicans 
was inoculated with molten potato dextrose agar at 45 °C 
and allowed to set in a petri dish. Wells (4.6 mm in 
diameter) were cut in a similar way as for the antibacterial 
activity and formulations were added into them. PBS was 
used to prepare the negative control. Control sample 
fluconazole against fungi) were dissolved in PBS buffer pH 
7.4 and serially diluted to get concentration of 2-100 ug/ml.  
The plates were incubated at 28 °C for 3 days. The diameter 
of inhibition zone was evaluated. 

3. Ex-vivo release kinetics:  

Determination of the release pattern of the prepared nail 
lacquer formulation, the data of ex-vivo release was 
considered & it is treated by several mathematical models 

which are zero order, first order, higuchi & korsmeyer- 
peppas model. In which the R (correlation coefficient), n 
(diffusion exponent) and K (release constant) values getting 
from curve fitting of release data were determined a model 
which is suitable for the nail formulation. 

❖ Zero order release kinetics: 

To study the zero order release kinetics the release data 
was fitted into the following equation;  

dQ / dt = Ko 

Where ‘Q’ is the amount of drug release, ‘Ko’ is the zero 
order release rate   constant and‘t’ is the release time. The 
graph is plotted percentage cumulative drug release 
(%CDR) verses time. 

❖ First order release kinetics:  

To study the first order release kinetics the release rate data 
are fitted into the following equation; 

dQ / dt = K1 Q 

Where, ‘Q’ is the fraction of drug release, ‘K1’ is the first 
order release rate constant and ‘t’ is the release time. The 
graph is plotted log %CDR remaining verses time. 

❖ Higuchi Release Model  

To study the Higuchi release model the release rate data are 
fitted into the following equation. 

Q = KH t ½ 

Where, ‘Q’ is the fraction of drug release, ‘KH’ is the 
release rate constant and ‘t’ is the release time. The graph 
plotted % CDR verses square root of time. 

❖ Kosmeyers and Peppas Kinetics: 

To study Kosmeyers and Peppas release kinetics the release 
rate data are fitted into following equation: 

Mt / M∞ = KKP tn 

Where, Mt/M∞ is the ‘fraction of drug release, ‘KKP’ is the 
release rate constant and ‘t’ is the release time and ’n’ is the 
diffusion exponent related to mechanism of drug release. 
The graph is plotted log %CDR verses time. 

RESULTS AND DISCUSSIONS 

The prepared nail lacquer were subjected to preliminary 
tests included drying time, smoothness to flow and gloss. 
Also prepared Nail lacquer will be evaluated for various 
parameters like Drying time, Non volatile content, Viscosity, 
Water resistance, Drug content, In-vitro drug release study, 
Antimicrobial assay etc.  

Drying time 

The ideal drying time, according to Bureau of Indian 
Standards IS 9245: 1994, was six minutes. For formulas F1-
F12, the drying time was determined to range between 57 
and 95 seconds. It was revealed that as the polymer 
concentration increases the drying time increases 
respectively shown in table 2.  

http://www.globalresearchonline.net/
http://www.globalresearchonline.net/


Int. J. Pharm. Sci. Rev. Res., ISSN: 0976 – 044X, 82(2), September – October 2023; Article No. 24, Pages: 167-175    DOI: 10.47583/ijpsrr.2023.v82i02.024 

 

 

International Journal of Pharmaceutical Sciences Review and Research International Journal of Pharmaceutical Sciences Review and Research 
Available online at www.globalresearchonline.net  

©Copyright protected. Unauthorised republication, reproduction, distribution, dissemination and copying of this document in whole or in part is strictly prohibited. 
Available online at www.globalresearchonline.net  

 

171 

Smoothness to flow 

Formulations F1-F6 were found to have good flow 
properties due to the use of Eudragit RL 100 as a polymer, 
which creates optimal viscous nail lacquer, whereas 
formulations F7-F12 generate high viscous nail lacquer due 
to the use of Ethyl cellulose as a polymer.. Viscosity is fair 
by using eudragit RL 100 as polymer than ethyl cellulose. 
The results of flow property are presented in table 2.  

Glossiness 

Due to the use of castor oil as a plasticizer and eudragit RL 
100 as a polymer, formulations F1-F3 have good glossiness, 
whereas formulations F4-F6 possess satisfactory glossiness 

due to the use of PEG 400 as a plasticizer. Formulations F7-
F12, on the other hand, have a fair glossiness and will 
generate a dull film due to its use ethyl cellulose like a 
polymer. The glossiness results are shown in table 2.  

Non-volatile content 

In order to have adequate coverage on nail plate, non-
volatile content should be 20% or more. Non-volatile 
content depends upon the concentration of polymers used 
and was found to be directly proportional to the 
concentration of polymer. The non-volatile content of 
different formulation F1-F12 was calculated and results are 
shown in table 2. 

Table 2: Drying time, Smoothness to flow, Gloss and % Non-volatile content of formulations [F1-F12] 

Formulations PARAMETERS 

Drying Time [Seconds] Smoothness To flow Gloss % Non Volatile Content 

F1 57 Good Good 25 

F2 63 Good Good 35 

F3 79 Good Good 48 

F4 66 Good Satisfactory 23 

F5 68 Good Satisfactory 40 

F6 85 Good Satisfactory 45 

F7 69 Fair Fair 26 

F8 65 Fair Fair 33 

F9 80 Fair Fair 53 

F10 77 Fair Fair 24 

F11 89 Fair Fair 37 

F12 95 Fair Fair 51 

 

Water resistance test 

As per Bureau of Indian Standards IS 9245: 1994, % weight 
loss was less than 10%. From the water resistant test, it is 
evident that as the water resistant capacity of the 
formulations was increased with increase in concentration 
of polymers. The results are summarized in table 3. 

Viscosity 

The viscosity of all the formulations ranged from 133- 270 
cps. Viscosity in the range of 140-160 cps resulted in good 
adherence and glossy formulations. Viscosity outside this 
range produces clouding and decreasing gloss which will 
not be cosmetically acceptable. The viscosities of all 
developed formulations are summarized in table 3. 

In vitro film adhesion 

The peel off percentage of the film should be less than 10%, 
according to Bureau of Indian Standards IS 9245: 1994. In 
comparison to all other formulations [F4-F12], the 
formulations with Eudragit RL 100 [F1-F3] created with 
castor oil as the plasticizer had the best adhesiveness of the 
film on the nail. Despite the fact that eudragit RL 100 is 
utilised as a polymer for F4-F6 with PEG 400 as a plasticizer, 

it has no adhesive properties. Similarly to F4-F6, 
formulations containing ethyl cellulose [F10-F12] as a 
polymer and PEG 400 as a plasticizer generate poor 
adhesiveness. However, formulations containing ethyl 
cellulose like a polymer and castor oil like a plasticizer [F7-
F9] provide fair but not the best adhesiveness. The results 
revealed that, the formulations containing castor oil as a 
plasticizer have good adhesiveness, compared to that of 
PEG 400. Also Eudragit RL 100 containing formulations 
produce better results. The results are shown in table 3. 

Percentage drug content 

Percentage drug contents for the entire developed nail 
lacquers were obtained to be satisfy and in between 96.07-
99.39% which is shown in table 3. Largest % of drug 
contents was obtained to be 99.39 % (F3) and the smallest 
% of drug content was 96.07% (F1) 

In-vitro Transungual permeation 

The in-vitro Transungual permeation studies of all the 
formulations were carried out using procine hooves in PBS 
pH 7.4 for 24hrs. The formulations F1-F6 consist of Eudragit 
RL 100 in varying Concentrations. It was found that increase 
in concentration of Eudragit RL 100 consequently increases 
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the % drug permeation. Conversely, the release quercetin 
dihydrate decreased when concentration of ethyl cellulose 
in nail lacquer was increased. But the ethyl cellulose 
containing formulations [F7-F12] was found to be highly 

viscous and sticky with lack of good gloss and smooth flow. 
So ethyl cellulose was determined to be not applicable for 
quercetin dihydrate nail lacquer formulations. The results 
are shown in figure 2 & 3.  

Table 3: Water resistance, Viscosity, Film adhesion, % Drug content and % Drug permeation of formulations [F1-F12] 

Formulations Parameters 

Water resistance test 

[% Weight loss] 

Viscosity 

[Cps] 

Film adhesion 

[% peel off] 

% Drug 
content 

% Drug permeation 

[At 24hrs] 

F1 12 57 5 96.07 43.57 

F2 7 63 0 98.17 51.93 

F3 4 79 0 99.39 76.40 

F4 10 66 50 98.19 45.37 

F5 8 68 60 98.94 54.09 

F6 3 85 60 99.17 82.03 

F7 13 69 25 99.29 59.67 

F8 10 65 15 99.01 47.72 

F9 4 80 20 99.07 35.35 

F10 12 77 70 99.25 62.03 

F11 8 89 60 99.03 48.25 

F12 5 95 70 99.19 36.14 

 

Figure 2: In-vitro Transungual Permeation Study [F1-F6] 

 

Figure 3: In-vitro Transungual Permeation Study [F7-F12] 
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Selection of best formulation and evaluation 

Among twelve formulations, the best formulation was 
selected on the basis of Good gloss and flow, Optimum 
drying time and viscosity, Good adhesiveness of film and 
sustained drug release.  

The formulations using ethyl cellulose as a polymer [F7-F12] 
give poor results in terms of glossiness, drying time, 
viscosity, and adhesiveness, based on the preceding data 
and results. As a result, ethyl cellulose was ruled out for 
quercetin dihydrate nail lacquer formulations. Due to the 
use of two distinct plasticizers, castor oil and PEG 400, the 
formulations [F1-F6] containing Eudragit RL 100 as a 
polymer give variable results. When compared to F4-F6, the 
formulations [F1-F3] employing castor oil as a plasticizer 
offer the greatest results due to their good glossiness, 
adhesiveness, and flow property, as well as their optimum 
drying time and viscosity. As a result, the formulations with 
Eudragit RL 100 as a polymer and castor oil as a plasticizer 
have been determined to be the best. 

According to drug permeation studies, F2 is the best of the 
three formulations [F1-F3] since it provides the best drug 
release for 24 hours. Due to the low and high 
concentrations of Eudragit RL 100, F1 has a delayed release 
while F3 has an early release. The formulation F2, which 
contains 10% Eudragit RL 100 and 10% Castor oil, was 
shown to be the most effective in terms of all nail lacquer 
criteria. 

Evaluation of best formulation  

1. Comparing Physical Characters of best formulation 
with marketed product:  

Physical characters of best formulation [F2] compared with 
marketed product [Amrolmac]. Best formulation showed 
optimum drying time, good viscosity, good adhesiveness, 
good gloss and flow property (similar to marketed 
preparation). The results are summarized in table 4. 

Table 4: Comparison of Best formulation [F2] with 
Marketed product 

PARAMETERS RESULTS 

Best 
Formulation [F2] 

Marketed product  

[AMROLMAC] 

Drying time 63 seconds 60 seconds 

Glossiness Good Good 

Smoothness 
to flow 

Good Good 

Viscosity 155 Cps 149 Cps 

Adhesiveness Good Good 

2. Microbiological study of best formulation:  

In vitro antibacterial study 

The zone of inhibition for the best formulation was 
compared with the zone of inhibition of the gentamicin 

(positive control). The zone of inhibition for gentamicin (S) 
was found to be 25 mm and for best formulation (T) 23.5 
mm, indicating that the best formulation [F2] was sensitive 
to the microorganism s. aureus.  

In vitro antifungal study 

The zone of inhibition for the best formulation was 
compared with the zone of inhibition of the fluconazole 
(positive control). The zone of inhibition for fluconazole (S) 
was found to be 23 mm and for best formulation (T) 22 mm, 
indicating that the best formulation [F2] was sensitive to 
the microorganism c. albicans.  

The Zone of inhibition of for different organisms is shown in 
figure 4 & 5. 

 

Figure 4: Antibacterial activity of best formulation F2 

 

Figure 5: Antifungal activity of best formulation F2 

3. Ex-vivo release kinetics of best formulation:  

The in-vitro release profile of the drug from formulation F2 
could be expressed by zero order equation, as the plots 
shows high linearity (R2 = 0.9909) in comparison to first 
order (R2 = 0.9668) and Higuchi (R2 = 0.9176). To confirm 
release mechanism the data were fitted into Korsmeyer- 
Peppas model. The diffusion exponent value (n) of best 
formulation F2 was found to be 0.617. Hence it shows the 
optimized formulation followed non-fickian diffusion 
release mechanism. The plots are shown in figure 6. 
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Figure 6: Ex-vivo release kinetic study of best formulation F2 

CONCLUSION 

The goal of this study was to create a Quercetin dihydrate 
nail lacquer formulation that included N-acetyl cysteine as 
a permeation enhancer. The inclusion of N-acetyl cysteine 
in the formulation of Quercetin nail lacquer not only has 
penetrating properties but also has anti-inflammatory, 
analgesic properties. Because N-acetyl cysteine will have 
the same benefits as Quercetin, including it in the 
formulation creates an synergistic effect and a more 
effective therapeutic impact. With the addition of rate-
modifying polymers such as Eudragit RL100 and Ethyl 
cellulose, it was possible to achieve sustained and full drug 
release for up to 48 hours, making it appropriate for thrice-
weekly use. F2 was the best of the twelve formulations, 
with a drying time of 63 seconds and good glossiness, 
flowability, and adhesivness. The best formulation F2 gave 
51.93% of drug permeation at 24 hrs. The best formulation 
F2 was subjected for in-vitro antimicrobial study. Microbial 
study results proved that the formulations are sensitive to 
the microorganism Staphylococcus aureus and Candida 
albicans. From the above studies, it can be concluded that, 
the developed medicated nail lacquer formulation can 
serve as a promising alternative to the available 
formulations to treat paronychia. Apart from treating the 
nail infections, the medicated nail lacquers can be also used 
for beautification of nails with ease of application. This 
improves patient compliance and acceptability. 
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