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ABSTRACT 
An innovative imidazole antibacterial option for the treatment of fungal skin infections is liconazole (LCZ). The problem 
can only now be treated with long-term, recurrent doses due to the exceedingly slow and poor skin absorption. A 
stability-indicating analytical method is needed to separate the active pharmaceutical ingredient (API) peak from the 
peaks of all potential degradation products, process related impurities, potential packaging leachable, excipients, and 
also separate these compounds from one another in order to perform batch release testing and stability studies of 
liconazole in pharmaceutical semisolid products. The stationary phase in the already proposed approach was Inertsil 
ODS -3V (150 mm × 4.6 mm, 5 µm). While the 0.1% Perchloric acid buffer mixture and acetonitrile were used as the 
mobile phase A and the 0.1% Perchloric acid buffer mixture and methanol were used as the mobile phase B in a gradient 
mode. 1.5 ml per minute is used to pump it through the chromatographic apparatus. At 210 nm, the UV detector is in 
operation. The validation study is conducted in accordance with ICH guidelines Q2 (R1) to demonstrate that the new 
analytical method satisfies the reliability characteristics, which demonstrate an analytical method's capacity to 
maintain the fundamental validation criteria over time, including selectivity, linearity, precision, accuracy, and 
specificity. During the working day, the stability indicating method is used for commercial Luliconazole semisolid dosage 
form quality control to quantify the drug and its degradation products and to verify the Tube uniformity test. 
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INTRODUCTION 
Fungi in the environment are frequently one of the primary causes of skin problems. Fungi-caused 
diseases are responsible for the deaths of around 150 million people worldwide each year. The 
underdeveloped world and the third world have the highest prevalence of these illnesses. Despite the fact 
that they do not cause death, fungal pathogens are the most prevalent cause of illness and significant 
medical care expenditures. Twenty to twenty-five percent of the world's population suffers from 
opportunistic fungal infections, which are connected to common factors such as dirty environments and 
insufficient medical care. [1-2]. The optically active version of Lanoconazole is Luliconazole, also known 
as the R-enantiomer. In the course of ongoing clinical research for more effective topical treatments for 
fungal infections, it was discovered that a novel imidazole molecule has improved patient compliance, 
increased efficacy, and improved tolerability. [3, 4]. The antifungal medicine Luliconazole has been shown 
to effectively cure tinea pedis, as well as cruris and corporis. [5, 6]. According to laboratory study, it has 
been proven efficient against both dermatophytes and Candida. In 2005, luconazole derived from licorice 
was introduced as a topical antifungal therapy in Japan. Dermatophytosis, candidiasis, and Pityriasis 
Versicolor can be treated with Iraconazole. 1% creams and solutions are now permitted for use [6-8]. 
A stability-indicating analytical method for pharmaceutical cream and ointment products must separate 
the API peak from the peaks of all potential degradation products, process-related impurities, potential 
packaging leachables, and excipients, as well as the separation of these peaks from one another. 
Additionally, the peaks of these compounds are separated from one another. In the product release 
specifications, approval criteria and limitations for the quantity of luconazole in the formulation should 
be specified [9, 10]. Product Stability Guideline Q1A (R2) of the International Conference on 
Harmonization (ICH drug) recommends performing stress tests on a drug in order to determine its 
inherent stability features. This will make it possible to identify degradation byproducts and evaluate the 
applicability of the specified analytical methodologies. Through the process of analytical method 
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validation, we are able to ensure the reliability and accuracy of the results from our numerous HPLC 
analytical methods. During this approach, the restrictions of accuracy, linearity, precision, detection, and 
quantitation are revealed, making it a crucial step in the process of generating new dosage forms. In 
accordance with the ICH guideline, validation is required prior to establishing that an analytical technique 
is suitable for the purpose for which it was intended. As part of the process for producing a new drug, it is 
now required to send validation data to the relevant authorities. Not always was this the case. ICH and 
USP publications [11–14] contain a description of technique validation. 
Throughout the course of scientific history, a range of measuring instruments, such as the UV 
spectrophotometer, high performance liquid chromatography, HPLC-MS, and UPLC [15-17], have been 
used to determine the quantity of luconazole present, either simultaneously or singularly. On the other 
hand, it was discovered that the currently existing technology for detecting luconazole in dosage forms, 
which was developed using RP-HPLC, was user-friendly, accurate, rapid, and cost-effective. Several RP-
HPLC approaches for determining LCZ concentrations have been published in a variety of books; 
however, each of these procedures was found to be overly difficult and time-consuming. The objective of 
this study was to develop a novel RP-HPLC method for determining LCZ in pharmaceutical dosage forms. 
This technique had to be dependable, sensitive, cost-effective, stable, and involve a minimum of 
potentially harmful substances. These initiatives contribute to the advancement of eco-friendly chemistry. 
On this newly designed LCZ, RP-HPLC technology, validation was performed in compliance with ICH Q2 
specifications (R1). The method for LCZ [18-20] was developed after comprehensive testing of its 
precision, accuracy, linearity, specificity, limit of detection (LOD), and limit of quantification (LOQ), as 
well as its capacity to measure LCZ in the semisolid dosage form recommended. After extensive testing of 
its precision, accuracy, linearity, and specificity, the method was devised. 
 
MATERIAL AND METHODS  
Chemical and reagents  
Dr. Reddy's Laboratories provided a gift sample of Luliconazole (99.73 percent pure) (Hyderabad, India). 
The HPLC-grade solvents used in this study were obtained from Merck Ltd. in Bangalore, India, including 
acetonitrile, methanol, Perchloric acid and water. All of the chemicals used were of the highest quality for 
HPLC. 
Instruments and chromatography condition  
The HPLC was carried out on a Waters 2695 Alliance system equipped with a 2996 photodiode array 
detector (Waters) (PDA). The standards were resolved on a reverse-phase Inertsil ODS -3V (150 mm× 4.6 
mm, 5 µm). Whereas Mixture of 0.1% Perchloric acid buffer and acetonitrile in the ratio 80:20 as Mobile 
phase A and Mixture of 0.1% Perchloric acid buffer, acetonitrile and methanol in the ratio 20:70:10 as 
Mobile phase B in a gradient mode used as mobile phase. The selected diluent is mixture of water and 
acetonitrile in the ratio of 20:80. Before the first injection, the column was saturated for 30 min with the 
initial mobile phase. The temperature was maintained at 40°C. Injection volume was decided to maintain 
at 10 μL. The PDA was set by optimizing wavelength to give the best response for two peaks at 210 nm to 
acquire the chromatogram. A software system called Water Empower 3 was used to collect the 
chromatographic data for this study. The standard Luliconazole were identified by comparing the 
retention time and spectra obtained from the sample and standard solutions [20-22]. 
Selection of lambda max  
An ultraviolet (UV) spectrophotometer is used to calculate Lambda's maximum value. You must choose 
this option considering how crucial sensitivity is to the RP-HPLC procedure. When measuring the 
absorbance of a drug, finding the wavelength that produces the most precise reading enables pinpoint 
accuracy. High-performance liquid chromatography was employed in this work to scan between 200 and 
400 nm. The findings demonstrated that CC concentrations could reach 100 ppm of purity (Waters 2695 
Alliance system). 
Gradient Program 
Preparation of Luliconazole Standard Stock Solution: 
From a scale that measures mass, precisely 40 mg of the working standard for luconazole should be 
transferred to a volumetric flask that has a capacity of 50 mL. Utilizing a sonicator, dissolve the substance 
in 35 mL of diluent, and after that, add more diluent until the volume is the same. (The concentration of 
Luliconazole in its theoretical form is 800 parts per million.) 
Preparation of Standard Solution: 
Pipette out 5.0mL of Luliconazole Standard Stock Solution transfer it into 50 mL volumetric flask and 
dilute to volume with diluent and mix well. (Theoretical Concentration: 80ppm of Luliconazole) 
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Preparation of Sample solution: 
Weigh and transfer accurately about 2000 mg of sample to a 250mL volumetric flask, add about 150mL of 
diluent and vortex for 2 minutes. Sonicate for 15 minutes with intermittent shaking. Allow the Sample 
solution to equilibrate to room temperature. Make up to volume with diluent and mix well. Pipette out 
5.0mL of above solution to 25mL volumetric flask and dilute to volume with diluent and mix well. Filter 
the solution through 0.45µm Teflon filter with discarding first five mL. 
Method of analysis  
The baseline stabilisation procedure took 30 minutes under the same chromatographic conditions as 
before. After stabilizing each peak region, the repeatability of the Blank and the produced concentration 
solution of the standard drug was assessed. The concentration of the material was determined by an 
injection of its solution. The ratio of the standard peak to the sample peak served as our basis for 
estimating the response factor. To make sure the novel method could be repeated, it was tested six times 
using the same procedure [23–25]. 
Validation of RP-HPLC method  
Accuracy  
The precision of a measurement refers to how closely the measured value matches the real value. Each of 
the three LCZ standards and samples contained a concentration ranging from 80 to 120 milligramme. To 
make sure the plan we established worked, these solutions were administered to the volunteers serving 
as testing. The discrepancies that appeared between the sample solutions of all three concentrations were 
then analyzed. This section provides a detailed explanation of the formula used to calculate the 
proportion of successful recoveries. The recommended range for recovery rates is between 98 and 102 
percent. 
Precision  
The numerical difference that exists between the various outcomes for the same quantity or range of 
amounts is what we refer to as accuracy. In order to determine whether or not there were substantial 
differences on a daily or weekly basis, six replicates of a solution with a concentration of 100 ppm were 
analyzed on the same day and on three additional days. Following is the formula that was used in the 
calculation of the percent relative standard deviation (RSD): In most circumstances, the barrier for the 
admission of RSD is set at a percentage of the entire that is lower than 2%. 
Linearity  
To ascertain the linearity of the LCZ solution, several different LCZ solutions with concentrations ranging 
from 50 mg/ml to 120 mg/ml were introduced to a test tube. Each concentration solution was injected 
into the column six times, and each time it was tested under the same circumstances. By matching the 
peak area in the chromatogram to the amount of LCZ solution used in the experiment, a linearity 
calibration curve was created. Because the slope and intercept values were already known, regression 
analysis was used to determine the coefficient of correlation (R2). Regression analysis' significance level 
should be set to more than 0.999. 
System suitability  
In order to evaluate the practicability of the approach, the United States Pharmacopeia was analyzed 
(USP). It took six injections of the LCZ concentration solution in order to obtain values for things like peak 
symmetry factor, column efficiency, resolution, and percentage coefficient in peak area or height. The 
relative standard deviation (RSD), theoretical plate value (TPV), tailing factor (TF), and system 
correctness were all calculated utilizing its observed value [26-28]. 
Specificity and selectivity  
The excipients that were making it difficult to detect the LCZ needed to be discovered, and since assessing 
the specificity and selectivity of the new approach was essential, this testing had to take place as soon as 
possible. To serve as a control, a "blank solution" that did not include LCZ was prepared and given. The 
chromatograms that were obtained from the standard, the sample, and the blank chromatogram were all 
compared to one another, and the results showed that there was no discernible difference between any of 
them. Comparing the three let us determine whether or not the excipients made the dosing process more 
difficult. 
Robustness and ruggedness  
To demonstrate the resilience and reliability of the LCZ RP-HPLC method, we made only minimal 
modifications to the chromatographic conditions used in the initial development of the technique. In 
order to determine the effect of changing parameters, we adjusted the temperature, flow rate, and mobile 
phase concentration of the column's operating conditions. Here, we have taken into account changes in 
chromatographic parameters. 
The following modifications to the Chromatographic conditions will be evaluated: 
 Change in column Temperature (±5°C) 
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 Change in wavelength (±5 nm) 
 Change in Flow rate (± 0.1 ml\min) 10% change [29-30].  
 
RESULTS AND DISCUSSION: 
Development of RP-HPLC method  
Completed is an RP-HPLC method for the quantification of LCZ in medicines. Mobile phase A was 0.1% 
Perchloric acid buffer and acetonitrile (80:20), whereas Mobile phase B was 0.1% Perchloric acid buffer, 
acetonitrile (20:70:10), and methanol (10:1). Various chromatographic settings, including flow rate, 
column temperature, and the ratio of mobile phase components, were investigated in order to create a 
sharp, symmetric peak with the proper retention time. We used the Inertsil ODS -3V column to improve 
the peak (150 mm × 4.6 mm, 5 µm). To customize the chromatographic parameters to meet particular 
needs, researchers may vary the mobile phase to modify the retention time, theoretical plate number (N), 
retention factor, and selectivity. We utilised a Waters 2695 Alliance system outfitted with a 2996 
photodiode array detector to determine the wavelength. This was undertaken to assure the sensitivity of 
the LCZ technique (PDA). Between 200 and 400 nm, the LCZ standard solution was analyzed to determine 
its peak wavelength. The best peak was found at 210 nautical miles (Figure 1). 
Validation of RP-HPLC method  
Accuracy  
Placebo of Luliconazole gel was spiked with Luliconazole drug Substance at three different levels: 80%, 
100% and 120% of the label claim in triplicate (in total nine determinations) and then proceeded with 
Sample solution as described under. As demonstrated in Table 2, the information received was deemed 
to be accurate. According to the findings, the percentage recovery of standard and sample LCZ was 101.2 
percent, respectively. It was determined that the acquired result is within the range of typical recovery 
values (98.0 percent to 102.0 percent). 
Precision  
This study looked at the system, technique, and intermediate degrees of accuracy. Six replicates of the 
same standard were injected from the same vial to test the system's accuracy. The findings were recorded 
in terms of percent relative standard deviation (% RSD), tailing, plate count, and resolution. The material 
was processed six times using the aforementioned steps. To depict the % assay for each analyte, standard 
deviation percentages were used (percent RSD). The data were reported as a percentage relative 
standard deviation after two independent analysts examined six different extract samples on two 
different systems, one using a Waters e2695 Alliance system with a 2996 PDA and the other using a 2489 
ultraviolet (UV) detector. The results of this investigation showed a better way to locate LCZ in its dose 
form (Table 3). 
Linearity and range  
The linearity calibration curves were found to have an R2 value of 1.0000. The calibration curve that was 
drawn in the concentration range of 40–120 ppm was found to be linear in nature (Table 4). The 
equation and regression coefficient (R2) are presented in Fig. 2. According to the results, the relative 
standard deviation was in the range of 1.0 to 1. A higher correlation value was discovered between the 
observation derived from peak value and the concentration of the drug solution than had previously been 
seen. A series of Standard preparations of Luliconazole were prepared over a range of 50% to 150% of 
the working concentration of Luliconazole. (Minimum Five points in the range 80-120% of standard / 
sample concentration for Assay). Since the working concentration is 80 µg per ml of Luliconazole, the 
range proposed is about 40 µg per ml to 120 µg per ml of Luliconazole. 
 System suitability  
During the testing to determine whether or not the system was suitable, a standard LNZ solution 
containing 100 ppm of concentration was utilised, and the findings were analyzed. It was determined that 
9.9 minutes were required in order to properly separate the components using chromatographic 
conditions. The tailing factor, retention length, theoretical plate number (N), and system accuracy were 
found to be within the permissible limits of 2 percent in a variety of frameworks. The results of the tests 
showed that the substance fell within the parameters established by the United States Pharmacopeia for 
what was considered to be acceptable at the time. Table 5, which was displayed right here, had a great 
deal of informative data. 
Specificity and selectivity  
When comparing the results of the current study to those of past research studies on the same 
medication, it was discovered that the retention period with readily accessible mobile phase was 
superior. The approach was quantified accurately and with high resolution. It was not possible to draw 
any conclusions from the blank sample. A cost-effective mobile phase consisting of Mixture of 0.1% 
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Perchloric acid buffer and acetonitrile in the ratio 80:20 as Mobile phase A and Mixture of 0.1% 
Perchloric acid buffer, acetonitrile and methanol in the ratio 20:70:10 as Mobile phase B is utilised in this 
procedure. Figure 3 shows the retention time for standard and sample LCZ concentrations. The retention 
time for standard and sample LCZ concentrations was 9.9 minutes. When compared to other approaches 
that have been developed, the retention time attained was found to be shorter. 
 Robustness  
In order to determine the robustness of the currently developed luliconazole RP-HPLC method, minor 
variations in chromatographic parameters, such as the rate of flow of mobile phase (1.4 ml/min and 1.6 
ml/min), different wavelengths (205 and 215), and temperature of the column (35 degrees Celsius and 45 
degrees Celsius), were applied. The collected results did not reveal any statistically significant differences 
in peak area or retention duration. The percentage recovery of LCZ for the standard solution was almost 
identical to 99.0 percent, whereas the percentage recovery of LCZ for the sample solution was nearly 
identical to 99.2 percent. According to the findings, the percent RSD was less than 2.0 percent under 
various situations, indicating that the current approach is robust and tough. The values of % RSD as 
shown in Table 6 indicate better robustness of the method [28-30]. 
 

Table 1: Details of Gradient program 
Time (Minutes) Mobile Phase A (% v/v) Mobile Phase B (%v/v) 

0 80 20 
10 65 35 
15 32 68 
17 80 20 
20 80 20 

Table 2: Accuracy studies of developed method 
Sample No. Amount  added (mg) Amount recovered (mg) % Recovery 
Acc. 80% -1 80.40 81.00 100.7 
Acc. 80% -2 80.08 80.98 101.1 
Acc. 80% -3 80.44 81.12 100.8 

Acc. 100% -1 99.86 101.81 102.0 
Acc. 100% -2 100.19 101.27 101.1 
Acc. 100% -3 99.64 101.33 101.7 
Acc. 120% -1 119.51 120.95 101.2 
Acc. 120% -2 119.35 121.27 101.6 
Acc. 120% -3 119.94 121.13 101.0 

Mean 
SD 

% RSD 

101.2 
0.433 
0.43 

Table 3: Method Precision and Intermediate precision Results 
Sample Method Precision 

% Assay 
Intermediate Precision 

% Assay 

1 102.2 103.0 
2 101.4 100.4 

3 101.7 99.9 

4 101.2 100.7 

5 101.3 100.8 
6 101.5 100.5 

Mean 101.6 100.9 
SD 0.362 1.083 

%RSD 0.36 1.07 
Overall Mean 101.2 

Overall SD 0.845 
Overall  %RSD 0.83 
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Table 4: Linearity of Luliconazole 
% 

Concentration 
Concentration 

(µg per ml) 
Response 

(Area) 
Statistical analysis 

50% 40.077 1217552 Slope 30570.24206 
80% 64.124 1949310 
90% 72.139 2196004 Intercept -8617.79594 

100% 80.155 2440345 
110% 88.170 2686431 
120% 96.186 2932388 Correlation 

Coefficient 
1.0000 

150% 120.232 3665931 
 

Table 5: System suitability of Luliconazole 
Sr.No. Solution Name Retention Time USP Tailing USP Plate Count 

1 Standard 9.946 1.3 75214 
2 Sample 4,256 1.3 73113 

 
Table 6: Robustness for Luliconazole 

Robustness parameter % RSD Remark 
Luliconazole  

Wavelength (nm) 
205 1.88 Pass 
210 0.36 Pass 
215 1,27 Pass 

Temperature (°C) 
35 1,25 Pass 
40 0.36 Pass 
45 1.06 Pass 

Flow (mL/min) 
1.4 0.84 Pass 
1.5 0.36 Pass 
1.6 0.84 Pass 

 
Figure 1: HPLC spectra of LCZ 
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Figure 2: Linearity Graph for Luliconazole 
 

 
Figure 3: System suitability of Luliconazole 

 
CONCLUSION  
The amount of LCZ in dosage form may now be measured with accuracy, precision, strength, 
dependability, and repeatability thanks to the RP-HPLC method. The mobile phase utilised had a very 
high resolution rate while requiring a shorter retention period. The method was carried out in 
accordance with ICH and FDA regulations, and the provided report complied with all requirements. The 
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correctness, precision, and straightness of the operation were all evaluated in order to determine how 
effective the medicine was. It is possible to measure LCZ repeatedly using the RP-HPLC technique 
described in this article. The proposed strategy might be a useful addition to how we often solve 
problems, according to the statistics. According to the specificity report, the excipient had no impact on 
the outcomes. The pace of reactions might then be investigated using plasma and biological fluids as a 
potential next step. A crucial discovery was the fact that this novel method outperformed earlier trials in 
terms of cost-effectiveness ratio. 
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