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Abstract
Objective: To develop and validate the RP- HPLC method for determining
Luliconazole in bulk and pharmaceutical formulations. Methods: Following
the International Conference on Harmonization (ICH) guidelines, a sensitive,
accurate, and specific reversed-phase HPLC technique was created and
validated for the detection of Luliconazole. Using high-performance liquid
chromatography, this drug was examined. A better separation of the drug was
achieved by using Agilent Eclipse XDB C (4.6mm x 250mm, 5𝜇m) with a mobile
phase consisting of a mixture of Acetonitrile and Buffer in HPLC water. The
ratio of 30:70 v/v (Formic acid and Acetonitrile) at a flow rate of 1.0 ml/ min
and the detection was at the wavelength 295 nm using a Photodiode Arrays
Detector. The planned method was able to produce good quality separation of
the drug and its degradation products with sharp peaks. Findings: Luliconazole
had a retention time of 2.38 ± 0.127 minutes. The technique was linear in the
range of 10-100 𝜇g/ml, with a correlation (r2) of 0.9995 and a run duration
of 4 minutes. The method limit of detection (LOD) and limit of quantification
(LOQ)were set at 0.1 and 1 g/ml, respectively. Themethod accuracy and system
precision were estimated, and the findings were calculated as percentage
RSD values, which were found to be limitations. Luliconazole recovery was
100% confirming the method’s efficiency. Novelty: The presented approach
was innovative and successfully fulfilled all validation requirements, including
linearity, robustness, accuracy, reduced retention, and run time. This suggests
that the method is appropriate for identifying the stability of luliconazole in
bulk and pharmaceutical formulations.
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1 Introduction
Luliconazole (LUZ) belongs to the imidazole class of drugs renowned for their potent antifungal effects, especially
against dermatophytes. The USFDA has approved the commercial formulation of cream since 2013 (1). LUZ is a BCS
(Biopharmaceutical Classification System) class II drug, which means it is highly permeable and weakly soluble.Themolecular
formula for Luliconazole is C14H9C𝑙2N3S2. The enzyme lanosterol demethylase, which is crucial for the production of
ergosterol, a crucial component of the fungal cell membrane, is thought to be blocked by LUZ, and its disruption can alter the
fluidity and integrity of the cell membrane and cell wall. Luliconazole available in the marketed formulation as 1% w/v cream
is associated with lower skin permeation and shorter skin retention of the drug (2–4). To overcome these conditions, targeted
drug delivery is selected by using the carrier, which enhances the skin permeation and also prolonged the action of the drug.
Here transferosomal patches were selected for drug administration. The goal of the current study was to develop and validate
the RP-HPLC (Reverse Phase - High-Performance Liquid Chromatography) method that would meet ICH requirements for
the quick, easy, and accurate determination of LUZ (5). The advancement of analytical techniques helps in the comprehension
of critical process parameters and minimizes their effect on accuracy and precision. In the pharmaceutical industry, validation
is a critical process that improves the standard of work and helps in the development of medications and other products. The
objective of this study was to maintain sensitivity while reducing cost, time, and retention time efficiency. Therefore, it may be
a useful technique for routine analysis of luliconazole.

Fig 1. Structure of Luliconazole

2 Methodology

2.1 Chemicals and Reagents

The LUZ is a gratis sample from, Apex Labs Chennai. Acetonitrile HPLC grade was procured from Hi Media. Formic acid and
Methanol were purchased from fine chemicals. All other chemicals and reagents used were of analytical grade.

2.2 Instrumentation

An autosampler and PDA detector-equipped water 2489 HPLC system was used for the method development and validation.
Agilent Eclipse XDB, size (250mm x 4.6mm, 5m), was used to conduct the analysis at room temperature. With the aid of the
Empower 2 program, the data was compiled and evaluated.

2.3 Preparation of solutions

The 1ml formic acid is dissolved in a 1000 ml volumetric flask, the volume is dissolved and diluted to 1000ml with HPLC grade
water (Milli- Q water). The pH was adjusted and the buffer was degassed in an ultrasonic water bath and filtered through a
0.45𝜇m filter using vacuum filter using vacuum filtration.

2.3.1 Preparation of mobile phase
The mobile phase was prepared by mixing with 0.1% formic acid and acetonitrile in the ratio of 30: 70 v/v. The mobile phase
was degassed in the ultrasonic water bath for 15 min and it can be filtered through a 0.45 𝜇m filter using vacuum filtration.

2.3.2 Preparation of diluent
Themobile phase is used as a diluent.
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2.3.3 Preparation of Luliconazole Standard Solution
5mg of Luliconazole standard was weighed into a 10ml volumetric flask and diluted to the volume with diluent (mobile phase).
Further, 1 ml of the above solution was diluted to 10 ml using a diluent to get the final concentration of 10 𝜇g/ ml.

2.3.4 Preparation of Luliconazole Sample Solution
Transfer 64.5mg of Luliconazole tablet (Each tablet contains 200mg of Luliconazole) transferred into a 100 ml volumetric flask
and add 70 ml of diluents, and sonicate to dissolve and make up. Further diluted with the 5ml of the above solution into 50ml
volumetric flask and diluted to volume with diluents, then filter through 0.45𝜇 nylon syringe filter (6).

2.3.5 Selection of wavelength for method development
Luliconazole was prepared in stock solution at a concentration of 1000 mg/ml, and then serial dilutions were made using
methanol to achieve the concentration of 100 g/ml. By scanning the above-mentioned drug solution between 200 and 400
nm, the wavelength was determined. The scan results revealed that the absorbance peaked at 295 nm. As a result, shows the
RP-HPLC detection wavelength.

2.4 Method development

Thechromatographicmethodwas developed by performing the trials considering the response as United States Pharmacopoeia
(USP) plate count and tailing factor. The variables considered for conducting experiments were column type and mobile phase
composition.The wavelength (295 nm), flow rate (1.0 ml/min), and injection volume (10𝜇l) were kept constant throughout the
trials.

2.4.1 Construction of Calibration Curve
The standard stock solution was diluted using diluent (Mobile phase) to get the various concentrations of 10, 20, 40, 60, 80,
and 100 𝜇g/ ml. The chromatograms were captured under ideal chromatographic circumstances. The chromatograms were
used to compute the mean peak areas at various concentration levels.Themean peak areas of the corresponding concentrations
were then used to build the linear plot.

2.5 Method Validation

The suggested technique was verified for the ICH-recommended characteristics of specificity, linearity, accuracy, precision,
limit of detection, limit of quantitation, robustness, and system applicability (7,8).

2.5.1 Specificity
Spiking a pure particular concentration of a drug with allowable levels of impurities demonstrated specificity, which was
explained. A marketed formulation of LUZ from Apex Labs was used to assess specificity in 6 repetitions at a concentration of
100 g/ml, and % RSD (Relative Standard Deviation) was obtained.

2.5.2 System Suitability
System suitability is the process of ensuring system performance before or during the analysis of unknowns. By conducting six
replicate analyses of LUZ at a concentration of 100 g/ml, the suitability of the system was evaluated. The peak area and LUZ
retention times had to be under 2% to be accepted.

2.5.3 Linearity and Range
The capacity to provide test results that are directly proportionate to analyte concentration is referred to as linearity. To
evaluate linearity, three injections of eight different LUZ concentrations (10, 20, and 30) were employed. Peak areas and average
concentrations were plotted. Plots of concentrations v𝑠 linear area were made. In order to evaluate the linearity using linear
regression analysis, the least square regression approach was used. A correlation coefficient (r2) value of 0.999 is typically
regarded as proof that the data fit the regression line well.

2.5.4 Accuracy
The degree to which the expected and observed values are near to each other is expressed by an analytical procedure’s accuracy.
By dividing the analyte recovered by the percentage recovery (%R), it is calculated. In order to assess the efficacy of the suggested
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procedure, a successful analysis (n=3) for three different concentrations of LUZ solution (50g/ml) was carried out in this
example. The experiment data were statistically analyzed using the formula (% Recovery = (Recovered conc/ injected conc)
to examine the recovery and validity of the designed technique. The typical recovery should range from 90 to 110% in order to
be acceptable.

2.5.5 Precision
Using the devised method and six replicate analyses with a concentration of 100 g/ml of standard LUZ solution, the precision
was computed. The precision was expressed as % RSD, and it was discovered to be less than 2%, demonstrating the system’s
good precision in accordance with USP (9–13).

2.5.6 Robustness
Robustness is an evaluation of the accuracy of an analysis to purposeful changes in technique parameters. It involves measuring
changes in analytical circumstances. In the current investigation, robustness was examined by permitting a slight deliberate
alteration in injection flow rate, and organic phase buffer concentration was calculated using the RSD of %.

2.5.7 Limit of detection and Limit of quantification
Under certain experimental settings, the LOD is the lowest quantity in a sample that can be detected but not always quantified.
The lowest concentration of an analyte that may be identified with reasonable accuracy and precision is known as the LOQ.The
formula was used to determine these two parameters.

𝐿𝑂𝐷 = 3.3𝜎
𝑆

Where, 𝜎 = standard deviation of response and S = slope of the calibration curve.

3 Results and Discussion
The purpose of developing the RP-HPLC method was to separate and measure the significance of any impurities or other
excipients (14). The technique was developed with the purpose of resolving chromatographic peaks for active pharmaceutical
ingredients (LUZ).The Agilent Eclipse XDBC (4.6mm x 250mm, 5𝜇m) used amobile phase of acetonitrile and buffer in HPLC
water. The ratio of formic acid and acetonitrile was 30:70 v/v at a flow rate of 1.0 ml/min, with detection at 295 nm using a
Photodiode array detector.The approach was linear between 10-200 𝜇g/ml, with a correlation (r2) of 0.9995 and a run time of 4
minutes. The literature review data reveals that there were no previously published methods available for method development
and validation of LUZ transferosomal patches, indicating the novelty of this current work.

3.1 Development of HPLC Method

The chromatogram represents the blank mobile phase and the chromatogram represents LUZ’s average retention time of and
with no interfering peaks. This is an indication of the specificity of the developed HPLC method (Figure 2).

Fig 2. Blank chromatogram
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3.1.1 System Suitability
System suitability was assessed by six replicate analyses of LUZ at a concentration of 100𝜇g/ ml. The acceptance criterion was
±2% for the percentage relative standard deviation (% RSD) for the peak area and retention times for LUZ as shown in Table 1.

Table 1. System suitability of Luliconazole sample
S.NO Name of Drug RT Area % Area USPplate count USP tailing
1 LUZ 2.317 2930654 100.0 2358 1.14
2 LUZ 2.313 2977351 100.0 2652 1.69
3 LUZ 2.310 2987251 100.0 2452 1.56
4 LUZ 2.315 2915471 100.0 2164 1.24
5 LUZ 2.316 2933031 100.0 2261 1.48
6 LUZ 2.312 2902356 100.0 2236 1.75

3.1.2 Linearity
From the stock solution 10, 20, 40, 60, 80, and 100 𝜇g/ml solution was made and their chromatograms were recorded
chromatograms their respective mean peak areas were calculated and the linearity plot was constructed using the mean
peak areas of their respective concentrations. The correlation coefficient (r2) was found to be 0.9991. The linearity curve and
regression data are shown in Figure 3, and Table 2 respectively.

Fig 3. Calibration plot of Luliconazole

Table 2. Regression parameters of Luliconazole
Parameters Results
Linearity 10-100
Regression equation Y=0.02466x+0.01523
Slope 0.02466
Intercept 0.01525
Correlation coefficient (r2) 0.99949

3.1.3 Accuracy
A recovery study was conducted to evaluate the method precision at the three levels of 50%, 100%, and 150%. For each level, a
recovery study was conducted three times, and the percentage of recovery and relative standard deviation were computed. LUZ
average recovery was found to be 100.1%The accuracy of the chromatogram is shown in Figure 4.
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Fig 4. Sample Name LUZ 100%-1; Vial 43; Injection 1; Injection Volume 20.00; Run Time 4.00 Accuracy Data 100%

3.1.4 Precision
Precision was indicated in percentage relative standard deviation (% RSD) which was determined to be less than 2% displaying
satisfactory precision of the system. This indicating the current method is precise and reproducible.

3.1.5 Robustness
Robustness was evaluated by permitting the modest change in injection flow rate and organic phase buffer concentration by ±
7 and % RSD was determined and findings are presented in table. It was found that the concentration of the organic phase was
less than 2% when the flow rate was slightly altered.

3.1.6 Limit of Detection and Limit of Quantification
LOD and LOQ were found to be 0.1 and 1 𝜇g/ ml respectively. This expresses the sensitivity of the developed method. The
results of LOD and LOQ are shown in Table 3.

Table 3. LOD and LOQ of Luliconazole
S.No Luliconazole RT Area % Area USP plate count USP Tailing
1 LOD 2.346 87289 100.0 2277 1.11
2 LOQ 2.350 295784 100.0 2284 1.56

4 Conclusion
A simple, precise, specific, and exact RP-HPLC method obtained results that met all of the validation criteria for Luliconazole
in bulk and therapeutic dosage form.The approach is linear throughout a wide range, cost-effective, and utilizes a mobile phase
that can be promptly prepared. The percent RSD of precision was determined to be less than 2%. LUZ retention time was 4
minutes, with a mean recovery of 100%.The LOQ validated the approach’s sensitivity.Themethod was validated in accordance
with ICH criteria and it can be used for routine luliconazole analysis.
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