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A precise stability-indicating an ultra-fast liquid chromatographic method was developed 
for determination of fenticonazole and its related substances in pharmaceutical 
formulations. Chromatographic separation was achieved on a C18 column (100 × 4mm,  
3 µm) under gradient elution by using mixture of 85% phosphoric acid solution adjusted to 
pH 3.0 using triethyamine and acetonitrile at a flow rate of 0.8 mL per minute. The analytes 
were detected using photodiode array detector at 235 nm. The retention time for 
fenticonazole was about 7.5 min. The drug was subjected to different stress conditions like 
hydrolysis (acid, alkaline and neutral), oxidation, photolysis and thermal degradation in 
accordance to ICH guidelines. A minor degradation was observed during oxidative 
hydrolysis. No degradation was observed under the other stress conditions. The method 
was validated for specificity, linearity, precision, accuracy, robustness, and system suitability. The method was linear in the drug 
concentration range of 5–150 µg/mL with the correlation coefficient being 0.9985. The relative standard deviation for precision was 
below 2%. The mean recoveries were between 99.12–100.47% for drug substance. According to the obtained results, the method can 
successfully be applied for routine quality control analysis of fenticonazole in pharmaceutical formulation. 
 
 
 

INTRODUCTION1 

There is a growing incidence of fungal 
infections along with the rise in the numbers of 
immunocompromised individuals in society. Old 
age, immunosuppressant therapy, hyperglycemia, 
and uncontrolled diabetes mellitus are the major 
factors leading to immune deficiencies.1 Imidazole 
derivatives are used for the treatment of fungal 
infections. They inhibit the fungal P450 isozyme 
and they damage the cell membrane of fungi by 
means of this mechanism of action. Fungal P450 
isozyme is necessary for the conversion of 

                                            
 

lanosterol to ergosterol, which is involved in the 
synthesis of the essential components of the fungal 
cell membrane.2 Fenticonazole (FEN) is an 
imidazole derivative and an antifungal agent. 
Studies in the literature have demonstrated that it 
is effective and well tolerated with a broad 
spectrum of action. It is used topically to treat 
cutaneous and vulvovaginal infections caused by 
fungi. Both in vitro3 and clinical4 studies have 
clearly established and proven the efficacy of 
imidazole derivatives and fenticonazole, demon-
strating that fenticonazole displays in vitro activity 
against a wide range of pathogenic fungi. 
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(A) Fenticonazole Nitrate   (B) Fenticonazole impurity A 

   
 

(C) Fenticonazole impurity B   (D) Fenticonazole impurity C 
 
 

   
 
 
 

(E) Fenticonazole impurity D   (F) Fenticonazole impurity E 
 
 

   
 

Fig. 1 – Chemical structures: Fenticonazole nitrate and imprurities. 
 

Furthermore, fenticonazole has been shown to be 
effective against Gram-positive bacteria, too. 

Fenticonazole, 1-[2-(2,4-Dichlorophenyl)-2-
[[4-(phenylthio)phenyl]methoxy]ethyl]-1H-
imidazole Nitrate, is a chiral azoic antifungal agent 
used in therapy as racemic mixture. Five 
impurities can be found in the drug which reported 
in the European Pharmacopoeia  Supplement 2000. 
The chemical structures of fenticonazole nitrat and 
its related substances are presented in Figure 1. 

Impurity is a critical issue, which can significantly 
impair the quality, efficacy, and safety of pharma-
ceutical agents. For this reason, quality control is an 
essential step in the manufacturing process of drug 
products for detecting possibly emergent impurity 
issues.5, 6 

There were several methods for the analysis of 
FEN in biological fluids and pharmaceutical 
formulation  including high performance liquid 
chromatography with ultraviolet detection (HPLC–
UV).7 and high performance liquid chromatogra-
phy–tandem mass spectrometry (HPLC–MS/MS). 
7-9 There were studies in the literature reporting 

two different methods to demonstrate stability by 
using HPLC without requiring any analysis of the 
impurities in the pharmaceutical dosage forms of 
FEN.10, 11 Quaglia et al. reported analyses of FEN 
and its impurities, conducted using HPLC and 
CE.12 The time required for this analytic process 
was significantly long. The aim of this study was 
to develop a fast method, allowing for simultane-
ous determination of FEN and associated five 
impurities using ultra-fast liquid chromatography 
(UFLC). The time-efficiency and cost-efficiency of 
UFLC has been shown in estimating the quantities 
of several different active pharmaceutical agents in 
combined pharmaceutical products.12-18 The com-
petence of UFLC in using small particles of active 
pharmaceutical ingredients at the stable state 
allows for improving the peak capacity and speed 
of analysis used in this method without 
compromising the quality of the analysis. Thereby, 
using UFLC is advantageous compared to 
conventional HPLC because it is associated with 
superior resolution features and a shorter time 
required for analysis. The method we developed 
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with the use of UFLC requires 10 minutes to 
complete analyses.  Furthermore, there is a require-
ment in the ICH guideline, which mandates that 
stress degradation studies should be performed 
under more than one type of conditions for stability 
testing of new drug substances. Therefore, the 
stability of FEN was also studied under several 
different types of stress conditions in this study. 

EXPERIMENTAL 

1. Reagents and solutions 

Fenticonazole nitrate and impurities were supplied by 
Optimus Drugs Private Limited (Telangana, India) Fenticonazole 
nitrate pharmaceutical preparations (Cream and vaginal 
suppositories) were taken by local drugstore. All chemicals 
and reagents were of analytical-reagent grade. HPLC grade 
ultra pure water was prepared by an Elga Purelab Option Q 
(VWS Deutschland) water purification system. 

2. Instrumentation and chromatographic conditions 

The chromatographic separations were performed on a 
Shimadzu LC 20A UFLC (Shimadzu, Kyoto, Japan). A 
system was consisted of LC 20AB Binary pump, SIL 20AC 
Autosampler, CTO-10As column oven, and SPD M20A 
photodiode array (PDA) detector. Chromatographic data were 
collected and computed by LC Solution system software. 
Chromatographic separation was achieved on a Inertsustain 
C18 column (4.0 x 100 mm, 3 µm) (GL Sciences, Tokyo-
JAPAN) under gradient elution by using a binary mixture of 
85% phosphoric acid solution adjusted to pH 3.0 using 
triethyamine and acetonitrile at a flow rate of 0.8 mL per 
minute. The detection was carried out at 235 nm and the 
column temperature was set at 30 oC. 

3. Preparation of standard solutions 

The stock solution of fenticonazole nitrate was prepared 
by dissolving amount corresponding to 10 mg concentration of 
Fenticonazolee nitrate in methanol and then diluted with 
asetonitrile: water (70:30) mixture. The final concentrations of 
each drug were 5–150 µg/mL. FEN impurities stock solutions 
were prepared by dissolving 1 mg of FEN impurities in 1 mL 
of methanol and further diluted with asetonitrile: water (70:30) 
mixture. The stock solutions were stored at 4 oC and were 
stable for a month. 

4. Sample preparation  

Two pharmaceutical preparations including one ovule and 
one cream were studied. For cream preparations, 10 g cream 
were accurately weighted and transferred to a 100 mL 
volumetric flask (1 g cream contained 20 mg fenticonazole 
nitrate). For ovule preparations, one ovule was transferred to a 
100 mL calibrated flask (one ovule contained 600 mg 
fenticonazole nitrate) and further studied as same as below:  
50 mL methanol was added to both solutions and sonicated for 
30 minutes. Then the volume was made up to the mark and 
centrifuged for 10 minutes at 3000 rpm. The centrifuged 
solution was filtered with 0.45 µm syringe filter. Appropriate 
dilutions were made with asetonitrile: water (70:30) mixture to 
obtain final concentrations. 

5. Method validation 

The analytical method development and validation were 
performed according to the International Council on 
Harmonization (ICH) guidelines.19 The methods were validated 
with the following parameters: specificity, linearity, range, 
precision, accuracy, limit of detection, and quantification.  

Specificity 
The stress degradation studies were carried out in 

compliance with the ICH guidelines Q1A (R2) (19) for the 
purpose of showing the specificity and the efficacy of the 
proposed method in indicating stability. In this present study, 
the standard solutions, which are standard FEN solutions at a 
concentration of 1 mg/mL, were subjected to forced degradation 
test under acidic (1 N HCl at 80°C for 1 h), basic (1 N NaOH 
at 80°C for 1 h), neutral (water at 80°C for 1 h), and oxidation 
conditions (3.0% v/v H2O2 at room temperature for 1 h). The 
acid and base degradation samples were neutralized with 1 N 
NaOH and 1 N HCl, respectively, and they were made up to 
volume by adding the diluting solution. For the thermal stress 
study, the drug product was left in a temperature-controlled 
oven at 100°C for a period of up to 1 h. Photolytic degradation 
was carried out by exposing the drug to daylight for a period 
of 24 hours. After a pre-determined period of time, the test 
solutions exposed to above mentioned stress degradation 
conditions. For this purpose, they were diluted with the 
acetonitrile:water (70:30) mixture (at 40 µg/mL). Then, the 
elicited degradation samples were analyzed by using the 
UFLC method as described in the chromatographic conditions. 
A peak purity test was carried out in all stress-exposed 
samples to determine the FEN peaks, using a PDA detector. 

Linearity  
The linearity of the method was established for FEN and its 

impurities. The solution of FEN and its known impurities was 
prepared at five different concentrations from 5 to 150 µg/mL of 
analyte concentration. The regression line was plotted with 
area versus concentration using the method of least squares 
analysis. The values of the slope and Y-intercept of the plot 
were calculated. 

Limit of detection and Limit of quantitation  
The limit of detection (LOD) and the limit of quantitation 

(LOQ) were determined based on the 3.3 and 10 times the 
standard deviation of the response, respectively, divided by 
the slope of the calibration curve. 

Precision   
The precision of the method was determined in terms of intra-

day precision and inter-day precision. The inter- and intra-day 
precisions were examined by analysis of FEN with the three 
concentrations (n=5) for five consecutive days. The precision was 
given as the relative standard deviation (RSD%).  

Accuracy  
The accuracy of method was determined by calculating 

recoveries by spiking method. Known amount of standard 
solutions of 5.0, 10.0, 15.0 µg/mL were spiked with known 
amount sample solutions (20 µg/mL). The amount was 
estimated by the regression equation of the calibration curve.  

Robustness  
The robustness of the method was studied by deliberately 

changing method parameters like flow rate of the mobile phase, 
detection wavelength, and organic phase composition. Solution 
stability of the drug in the mobile phase was determined by 
keeping the drug solution at ambient conditions for 24h.  
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RESULTS 

1. Chromatographic conditions 

The tailing factor and theoretical plates 
obtained for FEN were used for carrying out the 
optimization of the mobile phase. During the 
conduct of the several phases of the study, a 
variety of mobile phase compositions were used in 
the tests including acetonitrile: water, methanol: 
water, acetonitrile, and methanol phosphoric acid 
(pH 3.0) mixtures at various proportions (50:50, 
60:40, 70:30, 75:25; v/v) and flow rates (0.8, 1.0 
and 1.2 mL/min). Chromatographic separation was 
performed on a C18 (4.0 x 100 mm, 3 µm) column 
under gradient elution (Table 1). For this reaction, 
a binary mixture of 85% phosphoric acid solution 
adjusted to pH 3.0 with triethylamine (mobile 
phase B) and acetonitrile (mobile phase A) were 
used at a flow rate of 0.8 mL/min. PDA detection 
was carried out at a wavelength of  235 nm and the 
column temperature was set at a temperature of  
30 oC. Figure 2 shows the typical chromatograms 
obtained during this study.  
 

Table 1 

Gradient elution program 

Time (minutes) B% concentration 
0 10 

1.5 30 
5 50 
7 60 
10 80 
15 95 

 
The evaluation of the method ability in 

producing good resolution between the peaks of 
interest and determining the high repeatability of 
the solutions was performed by injecting five 
replicates of freshly prepared FEN solutions at a 50 
µg/mL concentration spiked with impurities. The 
chromatogram was analyzed for testing the 
following parameters, including its resolution (R), 
theoretical plates (N), the tailing factor, and the 
retention time (tR). The system suitability test 
revealed that the proposed method met the 
requirements within the accepted limits (Table 2). 

2. Method validation 

The validation of the optimized method was 
performed in agreement with the ICH guidelines 
[19]. The following parameters were considered: 

specificity, linearity, accuracy, precision, LOD and 
LOQ, and robustness.  

Linearity 

The solutions for the linearity test were 
prepared from the solution of FEN and impurity 
stock solution at six different levels of 
concentration ranging from 5-150 µg/mL. The 
calibration curve was created by plotting the 
substance area versus the concentration. The 
correlation coefficients, slopes and y-intercepts of 
the calibration plots were obtained and reported. 
Calibration plots for the seven related substances 
were found out to be linear over the ranges tested. 
The correlation coefficients were found to be at 
values of >0.999 for all the components (Table 3).  

The LOQ and LOD were measured following 
formula (according to ICH Q2 (R1) recommenda-
tion.19 The formula has been shown as: 
     LOD = 3.3SD/slope    LOQ= 10SD/slope  (Eq. 1) 

where SD is the standard deviation of the intercept. 
The LOD and LOQ values shown in Table 3 
suggest that the developed methods are sensitive to 
determine FEN. 

Precision  
The precision studies were carried out for a 

period of five consecutive days by analyzing the 
quantity of FEN and impurities at 50 µg/mL (each 
n = 5). The RSD values were found to be in the 
range of 0.38-0.84% for intra-day precision and 
they were in the range of 0.74-1.17% for inter-day 
precision. All these values were below 2%, 
confirming that the method was precise. The 
results of the tests have been shown in Table 3. 

Specificity 

Forced degradation samples under the condi-
tions described above were analyzed at an initial 
concentration of 1 mg/mL. A PDA detector was 
used for ensuring the homogeneity of the FEN 
peaks. When the drug was subjected to acidic 
hydrolysis (1N HCl at 80°C for 1 h), FEN was 
immediately degraded into Imp-B and Imp-C. The 
process of base hydrolysis (1N NaOH at 80°C for 
1 h) yielded Imp-B. When the drug was subjected 
to peroxide degradation (using 3% H2O2 at room 
temperature for 1 h), FEN was degraded into Imp-
B. In the thermal, water hydrolysis, and photolytic 
stress studies no significant degradation was 
observed (Figure 3). These results confirmed that 
the drug product was very stable to forced 
degradation studies (Table 4).  
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Fig. 2 – Representative chromatograms of (A) blank , (B) FEN spiked with 50 µg/mL of impurities. 

 
Table 2 

System suitability parameters 

Name (tR) ± SD (min) Tailing factor N R RSD % 

imp A 3.877±0.025 1.073 11897.693 17.261 0.66 

imp B 6.197±0.047 1.962 25902.988 15.664 0.77 

imp C 6.957±0.060 2.153 24788.565 4.596 0.88 

imp D 7.762±0.048 1.892 51658.479 5.136 0.62 

Fenticonazole 9.107±0.027 2.021 46857.135 8.824 0.56 

imp E 12.042±0.053 1.97 98859.072 18.261 0.44 

N, theoretical plates; R, resolution; tR, retention time and RSD relative; standard deviation obtained from five replicate 
injections. 
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                                              (A)                        (B) 

 
 (C) (D) 

 
 (E) (F) 

 
Fig. 3 – Chromatograms of FEN 40 µg/mL (A) acid-degraded drug, (B) base-degraded drug, (C) water hydrolysis-degraded drug,  

(D) oxidation-degraded drug, (E) thermal-degraded drug and (F) daylight-degraded drug. 

 
Table 3 

Regression, precision, limit of detection (LOD) and limit of quantification (LOQ) data 

Parameter FEN Imp A Imp B Imp C Imp D Imp E 

Slope 12648 6697 16607 24008 90782 9044 

Intercept 39590 16457 21646 24051 -756 4892 

Correlation coefficient 0.9987 0.9995 0.9988 0.9995 0.9996 0.9997 

Linearity range 
 ( µg/mL) 10-150 10-150 5-150 5-150 10-150 10-150 

LOD 0.027 0.056 0.017 0.016 0.011 0.008 

LOQ 0.080 0.170 0.052 0.049 0.033 0.242 
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Table 3 (continued) 

Intraday  precision 
(RSD)a 

0.84 0.68 0.65 0.95 0.38 0.53 

Interday Precision 
(RSD)b 

1.08 0.96 0.89 1.24 0.74 1.17 

a n = 5 

b Results of five different days 
 

Accuracy  

The standard addition technique was used in 
order to prove the accuracy of the method. The 
certain amount (20 µg/mL) of pure sample solution 
was added to the 5.0, 10.0, 15.0 µg/mL 
concentrations of the standard solutions of the FEN 
and to the related impurities. Then the analysis was 
performed. The percentage recoveries for the drug 
and impurities were within the range of 99.12–
100.42%. The results of the recovery study have 
been presented in Table 5. 

Robustness  

The method was found to be robust based on 
the observed changes in the mobile phase flow rate 
(± 0.1 mL/min), in the detected wavelength (± 5 
nm), and the determined organic phase 
composition (± 2%). During the analyses, the 
mobile phase pH (3.0 ± 0.2) and column oven 
temperature (30 ± 5°C) were measured and 
recorded. The study demonstrated that minor 
variations in the method variables did not 
significantly affect the results elicited by the 

proposed method. The data obtained in this present 
study proved the robustness of the proposed 
method. 

The chemical stability of the stock solutions, 
which contain the study compounds in acetonitrile: 
water (70:30) mixure, was tested after storing the 
solutions at room temperature (25°C) for 48 hours. 
All of the studied compounds were found stable in 
mobile phase for 48 hours at room temperature and 
in the refrigerator (at 4 oC). During the stability 
studies, no other peaks were detected in the 
chromatograms.  

Analysis of commercial drugs 

The proposed method was applied for the 
quantitative evaluation of FEN and impurities in 
the pharmaceutical forms of cream and ovules. The 
obtained results (given in Table 6) were in 
agreement with the results specified in the 
approved labeled content of FEN. In our study, the 
chemical impurities were found below the accepted 
lower limit specified in the product label.  

 
Table 4 

Forced degradation results 

Stress Condition Recovery (%) Purity index Purity Threshold 

Water hydrolysis 97.82 0.999888 0.99992 

Acid hydrolysis 95.82 0.999785 0.999863 

Base hydrolysis 98.54 0.999806 0.999878 

Oxidation 88.40 0.999806 0.999851 

Thermal 
degradation 97.10 0.999788 0.999867 

Day light 
degradation 99.26 0.999882 0.999868 



208 Cem Önal et al. 

 

Table 5 

Results of recoveries data of FEN and impurities 
Compound Amount takena 

(µg/mL) 
Amount 
Added 

(µg/mL) 
 

Total amount  found b  
(µg/mL) 

(Mean S.D.c ) 
 

Recovery RSD 

5 24.99±0.08 99.91 0.33 

10 30.01±0.03 100.05 0.11 

FEN 

25 45.11±0.193 100.42 0.42 

5 24.86±0.05 99.44 0.20 

10 29.91±0.08 99.70 0.27 

Imp A 

25 45.02±0.176 100.04 0.39 

5 24.78±0.03 99.12 0.12 

10 30.12±0.01 100.40 0.03 

Imp B 

25 45.21±0.182 100.47 0.40 

5 25.01±0.07 100.04 0.28 

10 30.18±0.04 100.06 0.13 

Imp C 

25 44.98±0.193 99.98 0.43 

5 24.92±0.09 99.68 0.36 

10 30.09±0.03 100.30 0.10 

Imp D 

25 45.17±0.146 100.38 0.32 

5 24.95±0.06 99.80 0.24 

10 30.04±0.02 100.13 0.107 

Imp E 

 

 

 

 

20 

25 45.19±0.138 100.42 0.31 

a GYNO-LOMEXIN® 600 mg 

b Five independent analyses 

c Standard deviation 
 

Table 6 

FEN assay on commercial pharmaceutical products 

Ovule1 Cream2 Active ingredient 

Mean3 S.D Recovery (%) Found mean±standart deviation Recovery (%) 

FEN 602.52±2.91 100.42 19.99±0.17 99.97 

1 GYNO-LOMEXIN® 600 mg 

2 GYNO-LOMEXIN® %2 Cream (1g cream contains 20 mg fenticonazole nitrate) 

3five independent analyses. 
 

CONCLUSIONS 

In this present paper we described a sensitive, 
specific, accurate, validated, and well-defined 
stability-indicating UFLC method for determining 

fenticonazole nitrate and its related products in the 
presence of degradation products. We also studied 
the behavior of fenticonazole nitrate under a 
variety of stress conditions. All degradation 
products formed under stress conditions and 
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process impurities were separated from the drug 
substance appropriately, indicating that the method 
was suitable to stability indicating. The informa-
tion presented in this present article can be 
significantly beneficial for use for the purpose of 
monitoring the quality of the bulk drug and they 
can be used for checking out the quality of the drug 
during stability studies. 
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