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INTRODUCTION:  
 

 
 
INTRODUCTION: 
Fungal infections have become a major public health 
problem and are growing in number and severity over 
several decades. More than 1.7 billion people worldwide 
are estimated to suffer from fungal diseases, ranging 
from superficial to invasive infections [1]. Ketoconazole 
is a broad-spectrum antifungal agent and used for the 
regimen or stoppage of fungal infections. It is an 
imidazole derivative that appears as a white crystalline 
powder. It is poorly soluble in water and miscible in 
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ABSTRACT: Background: Fungal infections have become a major public health problem and are 
growing in number and severity over several decades. Ketoconazole is a broad-spectrum antifungal 
agent that belongs to BCS class II drug. Aim: In this study, a simple, rapid, accurate, precise and 
sensitive UV-visible spectrophotometric method has been developed and validated for the 
determination of ketoconazole in Pharmaceutical Tablet Formulation. Method: The solvent used for 
the development of the proposed method was Phosphate buffer 6.8 at 208 nm in the wavelength 
range of 200 to 400 nm. The Beers' law was obeyed in the concentration range 10 to 60 µg/ml. 
Result: The developed method was validated as per ICH guidelines such as linearity, accuracy, 
precision, the limit of detection, the limit of quantification, and robustness. The mean correlation 
coefficient was found to be 0.999. The accuracy was found between 98.99 and 99.32 %. The % RSD 
of Ketoconazole was found to be 0.10 to 0.56 for intraday and 0.13 to 0.55 for interday precision. 
The method was found to be precise as % RSD was found to be less than 2 %. The LOD and LOQ 
were found to be 1.37 and 4.07 µg/ml respectively. Conclusion: The results demonstrated that the 
excipients in the commercial tablets did not interfere with the method and can be conveniently 
employed for routine quality control analysis of ketoconazole in pharmaceutical tablets formulations. 
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strong bases [2]. Ketoconazole belongs to the 
Biopharmaceutical Classification System (BCS) as a 
class II drug, since it has high permeability and its 
solubility in aqueous media is not sufficient. It is used 
for the treatment or prevention of fungal infections 
especially against thrush, gastrointestinal (GI) infections, 
and infections of the skin, nails, and scalp. Ketoconazole 
has oral tablets, cream, and dandruff shampoo 
formulations [3].  
Chemically, it is cis-1-acetyl-4-[4-[[2-(2,4 
dichlorophenyl)-2-(1H-imidazol-1-ylmethyl)-1,3-
dioxolan-4-yl]methoxyl]phenyl] piperazine and is shown 
in Fig 1. Ketoconazole is an azole derivative act by 
inhibition of sterol 14-α-demethylase, a microsomal 
cytochrome P450 dependent enzyme system that 
converts lanosterol into ergosterol indispensable for 
fungal cell membrane organization [4]. Ketoconazole 
obstructs the changeover of the lanosterol in ergosterol 
and disturbs the virtue of membrane-bound enzymes and 
fungal cell membranes. This ketoconazole action 
increases membrane permeability and the leakage of 
small ions, amino acids, and proteins from the fungi, 
leading to cell death. Ketoconazole spectrum of activity 
is broad as an antifungal drug. The objective of this 
research is to develop a novel, easy, precise, less time 
utilizing and reproducible method and validate it 
according to the International Council for Harmonization 
(ICH) guidelines [5]. 

 
Fig 1. Chemical Structure of Ketoconazole. 

MATERIALS AND METHODS: 
Materials:  
Ketoconazole was a gift sample obtained from Gufic 
Biosciences Ltd, Mumbai. All the other chemicals and 
reagents used were of analytical grade and procured 
from Sigma chemicals, Mumbai. The pharmaceutical 

tablets of Ketoconazole (NIZORAL 200) were 
purchased from a local Pharmacy shop. 

Instrumentation:  
Spectroscopic analysis was carried out using Double 
beam Shimadzu recording UV-Visible 
Spectrophotometer (Kyoto, Japan) model 1800 with 10 
mm path length matched quartz cells were used for 
analytical purposes. 

Preparation of standard stock solution and working 
solution:  
Accurately weighed 100 mg of pure Ketoconazole drug 
and transferred into a 100 ml volumetric flask. The small 
quantity of methanol was added to ensure complete 
solubilization of drug and finally, volume was made up 
to the mark with Phosphate buffer 6.8 [6]. The solution 
was sonicated to dissolve and remove air completely. 
The clear solution was obtained having the strength of 
1000 μg/ml (standard stock solution) [7]. From this stock 
solution, 10 ml was taken into a 100 ml volumetric flask, 
diluted up to 100 ml with Phosphate buffer 6.8 to get 
them working solution of 100 μg/ml concentration and 
filtered through Whatman filter paper [8]. 

Method Validation:  
The process validation of the proposed method was 
developed as per the guideline of the International 
Conference on Harmonization (ICH) under section Q2 
(R1).  

Linearity and calibration curve:  
The serial dilution was prepared in the range of 10 to 60 
µg/ml from the working solution [9]. The samples were 
scrutinized by the use of the UV-Visible 
spectrophotometer, testing phosphate buffer 6.8 as a 
blank. The calibration curve was constituted by plotting 
a graph concentration level of drug versus absorbance 
[10]. The least-square regression analysis and the 
ANOVA test used for statistical data processing were 
applied. The UV spectrum of ketoconazole solution in 
phosphate buffer 6.8 (10 µg/ml) at 208 nm is shown in 
Fig 2. 

Accuracy:  
An accuracy study was performed to check the recovery 
of the test sample [11]. It was carried out, by spiking the 
sample solution at three different levels 80, 100 and 120 
%. The accuracy was reported as % recovery ± (% 
confidence interval) with % relative error on the base of 
actual and estimated concentrations. 
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Precision:  
A precision test was to be performed to check the degree 
of repeatability of the method. In this context, the 
sample measured at least three times on the same day at 
intervals of an hour and three different days for intra-and 
inter-day study [12]. The standard deviation (SD) and 
relative standard deviation (RSD) were calculated. 

 

Fig 2.   UV Spectrum of Ketoconazole at 208 nm in 
Phosphate buffer 6.8 (10 µg/ml). 

Limit of detection (LOD) and limit of quantification 
(LOQ):  
The LOD and LOQ were performed to check the 
sensitivity of the method. LOD means the limit of the 
method to detect the minimum concentration of an 
analyte in the sample, however undoubtedly quantitated 
as an exact value [13]. The limit of quantification (LOQ) 
may be defined as the limit of minimum detection 
capacity of the method to analyze the analyte in a sample 
which shows the quantitated reliably with the specified 
level of accuracy and precision.  
The estimation of LOD and LOQ is positioned on the 
standard deviation of response and the slopes of the 
calibration curve were determined as an average value 
[14]. LOD and LOQ were experimentally verified by 
diluting the known concentration of drugs until the 
average responses were approximately 3 or 10 times the 
standard deviation of the responses for six replicate 
determinations. 

Robustness:  
The robustness of the proposed method was determined 
by altering the λ max of the analysis by ± 3 nm. The % 
mean recovery (± % confidence interval), as well as % 
relative error, were determined. The analysis of the 
standard pure drug of ketoconazole solution in 

phosphate buffer 6.8 was performed at different 
wavelengths (± 3 nm). 

Assay of marketed formulation:  
Ten tablets (NIZORAL 200) were weighed and crushed 
in a pestle mortar [15]. Drug powder equivalent to 10 mg 
was weighed accurately and moved to a 10 ml 
volumetric flask, dissolved in about 4 ml of Phosphate 
buffer 6.8 and sonicated for 10 min to get a clear 
solution [16]. The volume was made up to the mark with 
Phosphate buffer 6.8 to obtain a sample solution. The 
absorbance of the sample solution was measured at 208 
nm using Phosphate buffer 6.8 as the blank [17]. 

RESULTS AND DISCUSSION:  
Method Validation:  
The proposed method was validated as per ICH 
guidelines for its linearity, accuracy, precision, 
robustness, the limit of detection, the limit of 
quantitation and robustness [18,19]. The overall results of 
the validation parameters were compiled in Table 1. 

Table 1. Validation parameters for determination of 
Ketoconazole in Phosphate buffer 6.8.  

Parameters Values 
Absorption  

maxima (nm) 
208 nm 

Linearity  
range (µg/ml) 

10-60 

SRE y = 0.040x + 0.528 
CC (R²) 0.999 

Accuracy                
(% recovery ± SD) 

98.99±0.28 to 99.32±0.23 

Precision (% RSD) 
Intraday assay = 0.10 to 0.56 
Interday assay = 0.13 to 0.55 

LOD (µg/ml) 1.37 
LOQ (µg/ml) 4.07 

SRE - Standard Regression Equation AND CC- 
Correlation coefficient. 

Linearity:  
The linearity of Ketoconazole was found to be in the 
range of 10 to 60 μg/ml with a correlation coefficient of 
0.999. The over ray spectra and the calibration curve of 
ketoconazole in Phosphate buffer 6.8 at 208 nm are 
shown in Fig 3 and 4 respectively [20]. The linearity of 
Ketoconazole was shown in Table 2. The significant 
linear regression is validated by the ANOVA test within 
the F value. It is observed from the result obtained that 
the F calculated value is greater than F critical at 208 
nm. 
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Fig 3. Overlay spectra of ketoconazole in Phosphate 
buffer 6.8 within the linearity range at 208 nm.  

 
Fig 4. Calibration curve of Ketoconazole at 208 nm. 

Table 2. Linearity of Ketoconazole at λmax of 208 nm. 

Conc. 
(µg/ml) 

Absorbance  
Value Absorptivity 

10 0.95 0.095 
20 1.31 0.0655 
30 1.73 0.057667 
40 2.12 0.053 
50 2.54 0.0508 
60 2.94 0.049 

Avg. 1.93167 0.06183 
SD 0.75008 0.01729 

% CV 0.38831 0.2797 
RE y = 0.040x + 0.528 
r2 0.999 

SD - Standard Deviation, CV – Co-efficient of variance 
and RE - Regression equation. 

Accuracy:  
The accuracy of the proposed method was estimated by 
% recovery of the method at the three-level of 
percentage addition [21]. The % recovery of 

Ketoconazole was found to be in the range of 98.99 to 
99.32 and was shown in Table 3. The results of the 
recovery studies undoubtedly demonstrate the accuracy 
of the proposed method. 

Table 3. Estimation of Accuracy by percentage 
recovery method. 

Conc. 
(µg/ml) 

LOA 
(%) 

Amount (µg) 
Mean ± SD* 

% MR  
±% RSD 

10 

80 7.89 ± 0.05 

98.99±0.28 100 9.90 ± 0.02 

120 11.91 ± 0.03 

20 

80 15.82 ± 0.09 

99.32±0.23 100 19.89 ± 0.08 

120 23.9 ± 0.03 

30 

80 23.74 ± 0.07 

99.12±0.05 100 29.69 ± 0.09 

120 35.81 ± 0.07 
LOA - Level of addition, MR - Mean Recovery and * (n=3) 
determinations. 

Precision:  
The precision of the proposed method was estimated by 
the Intraday and Interday Precision at the three-level of 
percentage addition. The repeatability results indicate 
the precision over a short interval of time, as well as 
during interday assessment. The % RSD of 
Ketoconazole was found to 0.10 to 0.56 for intraday and 
0.13 to 0.55 for interday precision and data were shown 
in Table 4. The intraday and interday relative standard 
deviation (RSD) values obtained by the proposed 
method are within 2 % relative standard deviations. 

Table 4. Intraday and Interday Precision. 

Conc.  
Intraday precision Interday precision 

X±SD % RSD Mean±SD* % RSD 
10 09.87±0.05 0.56 09.88±0.05 0.55 
20 19.89±0.03 0.15 19.89±0.17 0.17 
30 29.91±0.03 0.10 29.21±0.13 0.13 

X±SD – Mean ± Standard deviation (n=3). Concentration 
in µg/ml. 

Limit of detection (LOD) and limit of quantification 
(LOQ):  
The LOD and LOQ study was performed to check the 
sensitivity of the proposed developed method.  The LOD 
and LOQ were found to be 1.37 and 4.07 µg/ml, 
respectively. 

Robustness study: The robustness of the developed 
method shows a non-significant influence of the 
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absorption level through the analysis of the ketoconazole 
solution in Phosphate buffer 6.8 at different wavelengths 
(± 3 nm). The data of the robustness study were shown 
in Table 5. 

Table 5. Robustness study at concentration of 10 
µg/ml. 

At 206 nm At 210 nm 

      Abs 
X± 
SD 

% R  
±%RSD 

Abs 
X± 
SD 

% R 
±%RSD 

0.95 
0.94± 
0.015 

99.64± 
1.613 

0.93 
0.93±  
0.015 

99.29±  
1.619 

0.96 0.94 

0.93 0.96 

X±SD – Mean ± Standard deviation (n=3). R – Recovery 
and RSD – Relative Standard deviation. 

Assay of marketed formulation:  
The marketed tablet formulations were analyzed by the 
developed method [22]. As per ICH guidelines, the assay 
values for all these formulations were found to be 
ranging between 99.89 to 100.19 % with a maximum % 
confidence interval of ± 0.11. The formulation label 
claim meets with the claim as the performed accuracy 
shows the % recovery of 99.21 %.  

CONCLUSION: 
This proposed developed method on UV 
spectrophotometer was considered simple, reliable, and 
selective providing satisfactory accuracy, precision with 
lower limits of detection, more specific quantification 
and sensitivity. This method has faster speed, low cost, 
satisfactory precision, and good specificity, to assess 
unequivocally the analyte in the presence of 
components.  
The good recoveries were obtained in all cases and the 
reliable agreement with the reported procedure proved 
that the proposed method could be applied efficiently for 
the determination of Ketoconazole. The method was 
successfully validated as per ICH guidelines and can be 
conveniently employed for routine quality control 
analysis of Ketoconazole in bulk drug, marketed tablets, 
and other formulations. 
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