
Ezetimibe belongs to a group of selective and very effective 2-azetidione cholesterol absorption inhibitors that act on the level of cholesterol entry 

into enterocytes. A new, rapid, specific reversed-phase HPLC method has been developed for assaying ezetimibe in pharmaceutical dosage 

forms. The assay involved an isocratic elution of ezetimibe in a Betasil C  (250 mm x 4.6 mm i.d., 5µ) column using a mobile phase composition of 18

Acetonitrile: 10 mM Na HPO pH 7.0 (55:45 v/v). The flow rate was 1ml/min and the analyte monitored at 233nm. The assay method was found to 2 4 

be linear from 4-24µg/mL. All the validation parameters were within the acceptance range. The developed method was successfully applied to 

estimate the amount of ezetimibe in tablets.
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INTRODUCTION

Ezetimibe belongs to a group of selective and very effective 

2-azetidione cholesterol (figure 1) absorption inhibitors that 

act on the level of cholesterol entry into enterocytes. Its 

chemical name is [(3R, 4S) - 1 - (4-fluorophenyl) - 3 - [(3S) - 3 

- (4-fluorophenyl) - 3- hydroxypropyl] - 4 - (4- 

hydroxyphenyl) - 2 - azetidinone]. It has an empirical formula 

of C H F NO and a molecular weight of 400.43. Ezetimibe is 24 21 2

rapidly absorbed and primarily metabolized in the small 

intestine and liver to its glucuronide, both of which undergo 
1,2,enterohepatic recycling in humans . Clinical studies have 

shown that co-administration of ezetimibe with statins could 

provide significant reductions in both the low-density 

lipoproteins (LDL) and the total cholesterol with slight 
3,4,5,6,7increase in the high-density lipoproteins (HDL) . It is 

available in the market as 10 mg tablets (Zetia, 

Merck/Schering-Plough Pharmaceuticals, USA; Ezzicad, 

Glenmark Pharmaceuticals, Mumbai, India; Ezta, Hetero 

Drugs Pvt. Ltd.,Hyderabad, India). Literature review reveled; 

some drawbacks in reported methods for estimation of 

Ezetimibe in formulations and in plasma are discussed below.

For determination of Ezetimibe, separation was achieved by 

reverse phase C  columns with mobile phases consisting of 18
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1,9,10,11,12,13  acetonitrile-methanol-water/buffer . Snyder L. has 

reported that presence of methanol in the mobile phase 

creates considerably more background noise compared to 
14acetonitrile .

The mobile phase of acetonitrile–buffer was selected for the 

determination of Ezetimibe by C column with MS detection 18 

1, 9, 10, 11, 13 1and radiometric detector  and it was found that the 

detection technique employed was not available commonly.

For estimation of the Ezetimibe, gradient elution with 

acetonitrile was utilized in LC-UV and LC–MS/MS methods 
1, 12, 10, 15, 16using conventional columns .  Snyder L. reported that 

gradient runs take are longer, because of the need for column 

equilibration after each run; also baseline problems are more 

common with gradient elution and solvents required should 
14be of high purity .

For determination of Ezetimibe with acetonitrile and aqueous 

solutions containing (1-heptane sulfonic acid, triethylamine) 

were utilized in LC–UV methods using conventional C  18

15, 17, 18  columns . Ion pair reagents are corrosive and hard on 

column. The presence of ion pair reagent in the mobile phase 

results in complex method and moreover column 

regeneration becomes slow and reproducibility of separation 

can't be achieved. So the addition of ion pair reagent was 
1avoided .

 For estimation of the Ezetimibe, elution with acetonitrile was 

utilized in LC-UV and LC–MS/MS methods using 

conventional columns with high flow rate is required by some 
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1, 20, 21, 22of the methods . Snyder L. reported that the high flow 

rate required by the methods is not suitable for analysis of 

large numbers of sample and affects the column eventually. 

Also, reported procedures have a very high on-column 

loading of the analytes at the ULOQ level, which may reduce 
14the efficiency of the column and may affect the column life . 

1-chlorobutane was used for extraction of the Ezetimibe from 
1plasma . Literature revels that 1-chlorobutane is a toxic 

solvent. Also one of the available method was not selective, as 
12the estimation was done in rat bile .

In the present study, a new, rapid, specific, precise and 

validated HPLC method for the quantitative estimation of 

ezetimibe in pharmaceutical dosage forms is developed.

MATERIALS AND METHODS

Chemicals and reagents: 

Ezetimibe (99.68% pure) was a gift sample from Glenmark 

Pharmaceuticals Ltd. Atazanavir sulphate (99.40% pure, 

Internal standard) was obtained from Matrix Laboratories. 

Acetonitrile (HPLC grade) and Methyl tertiary butyl ether 

was obtained from Labscan, Thailand. HPLC grade deionized 

water Milli Q (Millipore) was used throughout the analysis. 

All the other chemicals used were of analytical grade.

Instrumentation: 

The HPLC system consisted of a Prominence (Shimadzu) 

was used for analysis.  Analysis was carried out at 233 nm 

with a Betasil C  (250 mm x 4.6 mm i.d., 5µ) column using a 18

mobile phase composition of Acetonitrile: 10 mM Na HPO2 4 

pH 7.0 (60:40 v/v) that was set at a flow rate of 1mL/min.

Preparation of solutions:

Preparation of stock solution: 

Ezetimibe (Analyte)

Main stock solution (1000 µg/mL): 10.00 mg of Ezetimibe 

was taken in 10 mL volumetric flask and 5.00 mL of 

acetonitrile was added and sonicated well to dissolve. The 

volume was made up to mark with acetonitrile.

Intermediate stock solution (160 µg/mL): Intermediate 

dilution was prepared by diluting 1.600 mL of main stock 

solution to 10 mL in volumetric flask. Then it was vortexed 

for 2 minutes to mix well.

Working  standard solution (10 µg/mL): Working standard 

solution was prepared by diluting 0.625 mL of intermediate 

stock solution to 10 mL in volumetric flask. Then it was 

vortexed for 2 minutes to mix well.

Atazanavir sulphate (ISTD)

Main stock solution (1000 µg/mL): 12.93 mg of Atazanavir 

sulphate was taken in 10mL volumetric flask and 5mL of 

acetonitrile was added and sonicated well to dissolve. The 

volume was made up to mark with acetonitrile.

Intermediate stock solution (100µg/mL): Intermediate 

dilution was prepared by diluting 1.00 mL of main stock 

solution to 10 mL in volumetric flask. Then it was vortexed 

for 2 minutes to mix well.

Working  standard solution (25 µg/mL): Working stock 

dilution was prepared by diluting 2.50 mL of main stock 

solution to 10 mL in volumetric flask. Then it was vortexed 

for 2 minutes to mix well. 

Method validation

System suitability: System suitability test was carried out to 

verify that the analytical system is working properly and can 

give accurate and precise results. The overall system 

suitability was evaluated for the system suitability of the 

proposed method. Data from six injections (10.0µg/mL) were 

utilized for calculating parameters like Capacity factor (k), 

Theoretical plates/meter, Resolution, Tailing factor and % 

CV of 6 injections.

Detection and quantitation limits (sensitivity): Limits of 

detection (LOD) and quantitation (LOQ) were estimated 

from the signal-to-noise ratio. The detection limit was defined 

as the lowest concentration level resulting in a peak area of 

three times the baseline noise. The quantitation limit was 

defined as the lowest concentration level that provided a peak 

area with a signal-to-noise ratio higher than 10, with precision 

(%CV) and accuracy (%bias) within ±10%. The detection 

limit and the quantitation limit can be calculated based on the 

Standard deviation of the response and the slope of 

calibration curve.

Linearity (calibration curve): Aqueous dilutions of 

Ezetimibe were prepared by taking respective volume of 

intermediate stock(160µg/mL) as mentioned in Table 1 and 

then diluted in serial dilution manner with diluent to get the 

desired concentration .Calibration solutions were prepared in 

duplicate by placing equal volume of Ezetimibe and ISTD. 

Peak area ratios of Ezetimibe to that of ISTD were calculated 
2and graph was prepared. The regression coefficient 'r ', y-

intercept and slope of the regression were calculated .

Precision:

System Precision (Injection Reproducibility): System 

precision of method was carried out by analyzing six replicate 

injections of assay concentration of Ezetimibe (10.0 µg/mL). 

The retention time and area ratio of six determinations were 

measured and percent coefficient variation (%CV) 

calculated.

Intra day precision (Method precision): Method precision 

was carried out by analyzing six replicate injections of assay 
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that with the Betasil C  column. With Betasil C  column the 18 18

peak shape and response observed were good. Therefore, 

Thermo Betasil C  column was used for further studies.18

Mobile Phase: Acetonitrile has low viscosity, low vapour 

pressure (low back pressure, high efficiency separation) and 

is transparent in UV region therefore it was used as organic 

phase. Acetonitrile: water (50:50 %v/v) was tried first as the 

mobile phase; with this combination resolution could not be 

achieved between the solvent and drug peaks, plasma 

interferences and ISTD peaks. However good resolution was 

obtained using of acetonitrile: water (60:40 %v/v), but the 

peak were broad, showed tailing and low precision. These 

problems were solved when water in mobile phase was 

replaced with 10 mM potassium dihydrogen phosphate 

buffer, as buffer forms the ion pair with free silanol groups 

and thus reduces the tailing. The retention time of Ezetimibe 

was affected by the pH values of the systems; therefore the 

considering the pKA value (9.66), pH of phosphate buffer 

was adjusted to 7.0 in this work.

Method validation:

System suitability:  Data from six injections of assay 

concentration of Ezetimibe (10.0µg/mL) were utilized for 

calculating parameters for system suitability. Tailing factor of 

Ezetimibe was close to 1.008 which indicated that the peak 

shape was symmetrical. Representative chromatogram of 

concentration (10.0 µg/mL) of standard and sample solutions. 

Percentage assay of sample to that of label claim was 

calculated by comparing the sample solution response that of 

standard solution response. % CV of assay results were 

calculated. 

Intermediate precision (Ruggedness): Intermediate 

precision was assessed by analyzing the same standard and 

sample solution on different days.  % CV of assay results 

were calculated. 

Accuracy:  The known amount of standard was spiked (80, 

100 and 120 %) in triplicate to the pre analyzed samples and 

recovery of drug was calculated. 

Sample preparation (as such): Accurately weighed 10.00 

mg of powdered Ezetimibe tablets was transferred into three 

10 mL volumetric flasks. 5.0 mL of acetonitrile was added 

into each of the flasks, sonicated to dissolve the contents and 

then the volume was finally made up with acetonitrile. 

Further this solution was diluted appropriately using 

acetonitrile: water (60:40 %) to obtain a concentration of 

10µg/mL.A solution of 10µg/mL. Ezetimibe along with the 

fixed concentration of 25µg/mL of Atazanavir sulphate 

(ISTD) was prepared and mixture was sonicated for 10 min 

and filtered Whatman filter paper and analysed in triplicates.

Sample preparation (80 %, 100 % and 120 % levels): To 

this preanalysed samples (10 µg/ mL Ezetimibe and 25 

µg/mL ISTD), 8, 10 and 12 µg/ mL (Standard Ezetimibe API 

solutions) i.e. 80 %, 100 % and 120 % levels were added and 

the samples were analyzed in triplicates in the same 

chromatographic condition. The percentage recovery was 

calculated from standard plot of the same day by applying the 

peak area ratio method.

Specificity: The specificity of assay method was evaluated 

by the peak purity index, Single point threshold and minimum 

peak purity index of Ezetimibe using diode array detector 

(Shimadzu class LC solution software). 

RESULTS AND DISCUSSION

Method development and optimization

Detection system: The presence of chromophores in the 

molecular structure, such as benzoid ring and carbonyl group 

makes UV-Visible method suitable for the determination of 

Ezetimibe.Selection of λmax was done based on 

spectrophotometric scan of compound. Ezetimibe showed 

λmax at 233.0 nm (figure 2) and therefore 233.0 nm was used 

as detection wavelength for HPLC analysis of Ezetimibe.

Choice of Column: The efficiency of different reverse phase 

columns was evaluated. With Genesis C  column the results 18

obtained were not satisfactory as there was peak tailing 

observed as also the response was comparatively lesser than 

F O

N

OH
OH

F

Fig. 1: Structure of Ezetimibe

Fig. 2: Calibration curve for Ezetimibe

Y = 0.005693487 X + 0.0007439077,   Regression-coefficient 
2(r ) = 0.9999311
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covariance of percent assay of intraday precision were found 

to be 100.38 and 0.22 respectively. which confirms that 

suggested method was precise. 

Intermediate precision (Ruggedness): Intermediate 

precision was assessed by analyzing the same standard (10.0 

µg/mL)   and sample solution (10.0 µg/mL) on different days. 

The mean and percent covariance of percent assay of 

intermediate precision were found to be 99.81 and 1.32 

respectively. The acceptance criteria were 2.0 % and the 

outcomes of the experiments were within the acceptable 

limits for the intra day assay and the inter day assay .Hence, it 

can be concluded that the method was both precise and 

rugged. 

Accuracy: The recoveries at three different concentrations 

were found to be 100.27 %, 99.00 % and 101.30 %.The results 

indicated that the mean recovery of Ezetimibe at three 

different concentrations was 99.42 %. The recovery 

experiments of the method are depicted in the table 3. The 

higher percentage mean recovery indicated that the proposed 

method was accurate and reliable.                

Specificity: The developed method was used for the 

estimation of Ezetimibe in tablets. The excipients did not 

interfere in the estimation.  It was evaluated for the spectral 

purity using the diode array detector and the purity of the peak 

constituting for Ezetimibe passed the test.  Interferences from 

the tablet formulation were absent. Using shimadzu class LC 

Solution software it was found that threshold and minimum 

purity index were found as 0.999520 and 480 respectively. 

The peak purity of Ezetimibe spectra is given in the figure 4. 

The results indicated that the method was specific.

Robustness: The system suitability parameters obtained 

from normal experimental conditions and that obtained from 

small and deliberately changed conditions passes each of the 

system suitability parameters like Capacity factor (k), Tailing 

factor, Resolution and Theoretical plates/meters for all the 

conditions. The percent covariance of six estimations were 

found to be in the range of 0.10 to 0.20 which concluded that 

the method was robust.

Ezetimibe at assay concentration (10.0 µg/mL) is represented 

as figure 3. The high counts of theoretical plates revealed the 

column efficiency. The capacity factor was found to be 5.318 

and 7.702 for Ezetimibe and Internal standard respectively 

Hence, it can be concluded that the system suitability 

parameter meets the requirement of method validation.

Linearity: The response was found to be linear over a 

concentration range of 4-24µg/mL for Ezetimibe. The 
2regression-coefficient (r ) was found to be 0.9999 which is 

within the acceptance criteria limit of ≥ 0.99. 

Precision:

System Precision (Injection Reproducibility): System 

precision of method was carried out by analyzing six replicate 

injections of assay concentration of Ezetimibe (10.0 µg/mL). 

It is observed from the data in table 2, that the retention times 

of Ezetimibe and ISTD and peak area ratios are consistent. 

Hence, it can be concluded that the system precision 

parameter meets the requirement of method validation. 

Intra day precision (Method precision): Percentage assay 

of sample to that of label claim was calculated by comparing 

the sample solution (10.0 µg/mL) response to that of standard 

solution (10.0 µg/mL) response. The mean and percent 

Sr.No Conc. Area Area Mean Cal %
(µg/mL) Ratio-1 Ratio-2 Area Conc. Normal

Ratio  conc.

1 4.000 0.286 0.287 0.287 4.113 102.81

2 6.000 0.421 0.419 0.420 6.024 100.41

3 8.000 0.551 0.549 0.550 7.883 98.53

4 10.000 0.698 0.698 0.698 9.993 99.93

5 12.000 0.836 0.836 0.836 11.971 99.76

6 18.000 1.254 1.253 1.254 17.938 99.66

7 24.000 1.683 1.683 1.683 24.078 100.32

Table 1: Back calculated concentration of standards from 
calibration curve of Ezetimibe

No. of Peak area Retention time Retention time 
injection Ratio for   Ezetimibe for  ISTD

1 0.611 4.918 6.283

2 0.610 4.915 6.278

3 0.610 4.913 6.276

4 0.611 4.917 6.286

5 0.610 4.912 6.276

6 0.611 4.918 6.284

Mean 0.611 4.916 6.281

%CV 0.12 0.05 0.07

Table 2: Results of System Precision 
8.000 8.058 99.28 100.27

8.000 7.988 100.15

8.000 8.019 99.77

10.000 9.845 98.45 99.00

10.000 10.051 100.51

10.000 9.803 98.03

12.000 12.095 100.79 101.30

12.000 12.134 101.12

12.000 12.221 101.85

Mean 99.42

Sample Preparation 

(~80%)

Sample Preparation 

(100%)

Sample Preparation 

(120%)

Recovery level Amt of drug 
added

(µg/ mL)

Amt of drug 
found

(µg/ mL)

Recovery 
(%)

Mean %
recovery

Table 3: Accuracy of the assay method for Ezetimibe
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88–96. 

12. Oswald SR, Scheuch IE, Cascorbi IT and  Siegmunda WY, A 

LC–MS/MS method to quantify the novel cholesterol lowering 
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15. Ozaltin NY. And Ucakturk ET. Simultaneous determination of 

Ezetimibe and Simvastatin in pharmaceutical formulations by 

dual-mode gradient LC. Chromatographia 2007;66: S87-S91.

16. Sistla RR, Tata VY, Kashyap YE, Chandrasekhar DE and  

Diwan PR. Development and validation of a reversed-phase 

Detection Limit and Quantitation Limit: For the present 
method LOD and LOQ were found to be 286.77 ng/mL and 
869.01 ng/mL respectively. 

CONCLUSION

An new, rapid, specific isocratic HPLC method has been 
developed for the determination of ezetimibe using a UV 
detector. The method was validated for accuracy, precision, 
linearity and stability. The method uses a simple mobile phase 
composition, easy to prepare with little or no variation. The 
rapid run time of 9 min and the relatively low flow rate (1 
ml/min) allows the analysis of large number of samples with 
less mobile phase that proves to be cost-effective. Hence, this 
HPLC-UV method can be used for the routine drug analysis.
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