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ABSTRACT 

A normal phase enantioselective high performance liquid chromatographic method was developed for enantiomeric 
resolution of Ezetimibe it reduces the overall delivery of cholesterol to the liver. The enantiomers of Ezetimibe were 
resolved on a Chiral Pak AS-H (250 × 4.6 mm, 5 µm) column using a mobile phase system containing n-hexane, etha-
nol, 2-propanol and trifloroacetic acid (84:12:4:0.1 v/v). The resolution between enantiomers was found to be more than 
2.0. The limit of detection and limit of quantification of (R)-enantiomer were found to be 0.2 µg/mL and 0.5 µg/mL, 
respectively, for 10 µL injection volume. The sample solution and mobile phase were found to be stable for at least 48 h. 
The final optimized method was successfully applied to separate (R)-enantiomer from Ezetimibe and was proven to be 
reproducible and accurate for the quantitative determination of (R)-enantiomer in bulk drugs. 
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1. Introduction 

Enantiomers of racemic drugs often show different be- 
haviors in pharmacological action and metabolic process. 
It is not uncommon for one enantiomer to be active while 
other isomer is toxic in biological systems. The pharma- 
ceutical industry has raised its emphasis on the genera- 
tion of enantiomerically pure compounds before under 
taking phamarmacokinetic, metabolic, physiological, and 
toxicological evaluation in the search for drugs with 
grater therapeutic benefits and low toxicity [1,2]. Now- 
adays, chiral separations are playing more and more im- 
portant role for the analysis of single enantiomers in the 
field of pharmaceutical industry [3]. However, the deve- 
lopment of the methods for the quantitative analysis of 
Chiral compounds and for the assessment of enantio- 
meric purity is extremely challenging, because the same 
physical and chemical properties of the two enantiomers 
make discriminating and separating them very difficulty 
[4]. 

Ezetimibe was a selective inhibitor of intestinal cho- 
lesterol and related phytosterol absorption, is designated 
as 1-(4-fluorophenyl)-3(R)-[3-(4-fluorophenyl)-3(S)-hyd 
roxypropyl]-4(S)-(4-hydroxypenyl)-2-azetidinone [5]. Eze- 
timibe selectively prevents the absorption of cholesterol 
from dietary and biliary sources by blocking the transport 

of cholesterol through the intestinal wall. This reduces  
the overall delivery of cholesterol to the liver, there by 
promoting the synthesis of LDL receptors and the sub-
sequent reduction in serum LDL-C [6,7]. Few HPLC 
methods for the determination of Ezetimibe and its phar- 
maceutical dosage forms were reported in literatures [8- 
10]. The (R)-enantiomer is an undesired enantiomer, which 
can be present as a chiral impurity without any pharma-
cological and toxicological reports by now. So it is es-
sential to find a effective way to analyze the enantiomers 
of Ezetimibe, the chemical structures Ezetimibe and (R)- 
enantiomer are shown in Figure 1. 

Ezetimibe, is reported by Normal phase liquid chroma- 
tography using modified amylose as chiral stationary 
phases. The aim of this work was to optimize the chro- 
matographic conditions in terms of temperature and mo- 
bile phase composition in order to separate, identify and 
quantify the enantiomer of Ezetimibe. The developed chi- 
ral HPLC method was reproducible and accurate for the 
quantitative determination of (R)-enantiomer in Ezeti- 
mibe. 

2. Experimental 

2.1. Chemicals and Reagents 

Ezetimibe racemic mixture (±) was obtained from the  
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Figure 1. (3R,4S)-1-(4-fluorophenyl)-3-[(3S)-3-(4-fluorophe- 
nyl)-3-hydroxypropyl]-4-(4-hydroxyphenyl)azetidin-2-one. 
 
R & D department of Inogent Laboratory (Hyderabad, 
India). Chemical structure is presented in Figure 1. HP- 
LC grade n-hexane, 2-propanal, trifluoroaceticacid and 
ethanol was purchased from Merck (Mumbai, India). 
Stock solution of analyte were prepared in n-hexane and 
ethanol in the ratio (80:20) (diluent) at a concentration 1 
mg/mL. Ezetimibe and (R)-enantiomer (the undesired 
enantiomer (99% ee)) were prepared in the laboratory by 
using preparative HPLC. 

2.2. Chromatographic Conditions 

Chromatography was carried out by using Agilent Tech- 
nologies 1200 series instrument equipped with column 
oven, UV detector, and the data was processed using a 
computer program (chemestation, Dayton, OH). The chr- 
omatographic conditions were optimized using a chiral 
stationary phase, Chiralpak AS-H column (250 × 4.6 mm, 
5 µm, Daicel, Japan). The isocratic mobile phase compo- 
sition was a mixture of n-hexane, ethanol, 2-propanol and 
trifluoroacetic acid (84:12:4:0.1 v/v), which was pumped 
at a flow rate of 1 mL/min. The temperature of the col-
umn was maintained at 30˚C and the eluent was moni-
tored at a wavelength of 230 nm. The injection volume 
was 10 µL. 

The chromatographic parameters, including the reten- 
tion factor (k), the separation factor (α), and the resolu- 
tion (Rs) were selected to evaluate the separation of com- 
pounds. All the chromatographic results were repeated 
three times. 

2.3. Sample Preparation 

Stock solutions of Ezetimibe (1 mg/mL) and (R)-enantio- 
mer (1 mg/mL) were prepared by dissolving appropriate 
amount of the substance in n-hexane and ethanol in the 
ratio (80:20). The analyte concentration of Ezetimibe 
was fixed as 1000 µg/mL. Ezetimibe solutions spiked 
with low levels of (R)-enantiomer were prepared by 
transferring calculated amount of undesired enantiomer 
stock solution with pipette into the calculated amount of 
Ezetimibe stock solution, and then the solution was 
added to volume with diluent and mixed well. 

2.4. Validation of the Method 

The specificity of the method is performed by injecting 
both isomers and recemic mixture individually. The spe- 

cificity determined by using peak purity, resolution. 
The system suitability of the method performed by 

adding known concentration (5.0 µg/mL) of undesired 
isomer to Ezetimibe. The system suitability is confirmed 
by using resolution, tailing factor, Tangent. 

Method reproducibility was determined by measuring 
repeatability and intermediate precision of retention times 
and peak areas for each enantiomer. The repeatability of 
the method was determined by analyzing six replicate 
injections containing Ezetimibe (1000 µg/mL) spiked 
with (R)-enantiomer (0.3%, 3 µg/mL). The intermediate 
precision was determined over 3 days by performing six 
successive injections (n = 6) each day and also performed 
intermediate precision with different system, different 
analyst and with different column by using six injections 
(n = 6). 

The limit of detection (LOD) and limit of Quantifica- 
tion (LOQ) for (R)-enantiomer was achieved by injecting 
a series of dilute solutions of by using standard deviation 
slope method (ICH Q2 (R1)). The LOQ level precision 
of the developed chiral method for (R)-enantiomer was 
checked by analyzing six solutions of (R)-enantiomer 
prepared at LOQ level and calculating the percentage re- 
lative standard deviation of area. 

Detector response linearity was assessed by preparing 
eight calibration sample solutions of (R)-enantiomer co- 
vering from 0.5 µg/mL (LOQ) to 12 µg/mL (0.5, 1.5, 3.0, 
4.5, 7.5, 9.0, 10.5 and 12 µg/mL) in diluent. The regres- 
sion curve was obtained by plotting peak area versus 
concentrations, using the least square method. The per- 
centage relative standard deviation of the slope and y- 
intercept of the calibration curve was calculated.  

The accuracy of method was carried out by injecting 
known concentration of R-enantiomer to the Ezetimibe. 
The accuracy was calculated in terms of recovery (%). 
The study was carried out in triplicate at covering from 
1.5 µg/mL to 12 µg/mL (1.5, 3.0, 4.5, 7.5, 9.0, 10.5 and 
12 µg/mL) in diluent. The recovery of (R)-enantiomer 
was calculated.  

To determine robustness of the method, flow rate was 
changed at the pace of 0.2 units from 0.8 to 1.2 mL/min. 
The effect of change in the percent 2-propanol and etha- 
nol (±10%), and column temperature at 25˚C and 35˚C 
instead of 30˚C were studied, and the other chromato- 
graphic conditions were held constant as stated previ- 
ously.  

The solution stability of Ezetimibe at analyte concen- 
tration was studied by keeping the solution in tightly 
capped volumetric flask at room temperature on a labo- 
ratory bench for 48 h. The content of (R)-enantiomer was 
checked at 6 h interval up to the study period. Mobile 
phase stability was carried out by evaluating the content 
of (R)-enantiomer in Ezetimibe sample solutions pre- 
pared freshly at 6 h interval of 48 h. The same mobile  
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phase was used during the study period. from the method development and optimization activities, 
Chiralpak AS-H (250 × 4.6 mm, 5 µm) column with mo-
bile phase of n-hexane, ethanol, 2-propanol and trifluo- 
roacetic acid (84:12:4:0.1 v/v) was selected from the me- 
thod development. The flow rate of the final method was 
1.0 mL/min with injection volume 10 µL. The column 
temperature was 30˚C, and the detection wavelength was 
230 nm. Under these conditions, the two enantiomers 
were separated well and the peak of (R)-enantiomer 
eluted before the peak of Ezetimibe. In the optimized 
method, the typical retention time of (R)-enantiomer and 
Ezetimibe were 10.4, 12.2 min, respectively. Base line 
separation of Ezetimibe and (R)-enantiomer was obtained 
with total run time of 25 min. The separation of an ap-
proximately 1:1 (wt/wt) mixture solution (in diluent) of 
the two enantiomers in shown in Figure 2 HPLC chro-
matogram of Ezetimibe bulk drug sample (1000 µg/mL) 
spiked with (R)-enantiomer (0.3%) was shown in Figure 
3. 

3. Results and Discussion 

3.1. Optimization of Chromatographic  
Conditions 

Racemic mixture solution of Ezetimibe and (R)-enan- 
tiomer (1000 µg/mL each) prepared in diluents was used 
in the method development. To develop a rugged and 
suitable normal phase HPLC method for the separation 
of the two enantiomers, different stationary phases and 
mobile phases were employed. Chiralpak AS-H column 
(250 × 4.6 mm, 5 µm) with mobile phase consisting of n- 
hexane, ethanol, 2-propanol and trifluoroacetic acid (84: 
12:4:0.1 v/v) was used. It was continued to select the best 
stationary and mobile phases that would give optimum 
resolution and selectivity for the two enantiomers. There 
was an indication of separation on Chiralpak AS-H (250 
× 4.6 mm, 5 µm) column using a mobile phase consisting 
of n-hexane, ethanol, 2-propanol and trifluoroacetic acid 
acid (84:12:4:0.1 v/v). The composition of the mobile 
phase was optimized to enhance the chromatographic 
efficiency and resolution between the enantiomers. The 
results of resolution factor (Rs) and selectiveity factor (α) 
are summarized in Table 1. Based on the data obtained  

3.2. Validation Results of the Method 

The HPLC condition of the final method was evaluated 
for its specificity, LOD, LOQ, linearity, accuracy, preci- 
sion, robustness and stability. 

 

 

Figure 2. R-Isomer and Ezetimibe (1:1). 
 

 

Figure 3. Ezetimibe + 0.3% R-Isomer spiked. 
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Table 1. Specificity. 

Compound Purity angle Purity threshold Peak purity 

R-Isomer 0.9325 2.3458 Pass 

Ezetimibe 3.5871 4.6204 Pass 

 
The specificity of the method was determined by using 

peak purity. 
The specificity results are given in Table 1.  
The LOD and LOQ concentrations were estimated 0.2 

µg/mL and 1.0 µg/mL for (R)-enantiomer. Calculated the 
LOD and LOQ by using standard and slope method. The 
LOD and LOQ values for (R)-enantiomer were 0.2 µg 
and 0.5 µg. Method precision for (R)-enantiomer at LOQ 
was less than 2.0% RSD. Therefore, this method had 
adequate sensitivity for the detection and estimation of 
(R)-enantiomer in Ezetimibe. R-Isomer and Ezetimibe indi- 
vidual sample chromatograms are shown in Figures 4 
and 5. 

Good linearity of (R)-enantiomer was evaluated over 
eight levels of (R)-enantiomer solutions from 0.5 µg/mL 
to 12 µg/mL, with the linear regression equation y = mx 
+ c, where x is the concentration in µg/mL, and y is the 
corresponding peak area of undesired enantiomer in 
mV/s. We observed linear results with respect to concen- 
tration for (R)-enantiomer. The correlation coefficient 
value is more than 0.999 (Table 2). The linearity graph 
was shown in Figure 6. 

The standard addition and recovery experiments were 
conducted for (R)-enantiomer in bulk samples in tripli- 
cate at 1.5 µg/mL to 12 µg/mL (1.5, 3.0, 4.5, 7.5, 9.0, 
10.5 and 12 µg/mL). The accuracy was in terms of re- 
covery (%). The recovery was calculated by back calcu- 
lated concentration at each level in each preparation. The 
recovery is not less than 99.6% and not more than 
102.2% (Table 3). 

The repeatability and intermediate precision were ex- 
pressed as relative standard deviation (RSD). For this 
study, solution of Ezetimibe (1000 µg/mL) spiked with 
(R)-enantiomer (0.3%, 3 µg/mL) was analyzed in six in- 
jections to establish repeatability. RSD values were bet- 
ter than 0.5% for the retention times of both the enanti- 
omers. In the intermediate precision study results shown 
that RSD values were in same order of magnitude than 
those obtained for repeatability studies (Table 4). All 
these values indicated that the method was precise. 

The method robustness studies were demonstrated by 
adjusting flow rate, column temperature and mobile pha- 
se composition variations. The chromatographic resolu- 
tion of Ezetimibe and (R)-enantiomer was more than 2.0 
under all separation conditions tested (Table 5), demon- 
strated sufficient robustness. 

The stability of the solution and mobile phase used in  

Table 2. Linearity. 
S.No Concentration (%) R-Isomer peak (n = 6) 

1 0.05 11331.0 

2 0.15 33375.3 

3 0.30 68981.3 

4 0.45 101922.7 

5 0.75 168752.7 

6 0.90 202998.7 

7 1.05 237024.7 

8 1.20 270043.7 

Correlation coefficient 0.99998 

Slope 225064.81 

Y-intercept 358.22 

r2 0.99996 

 
Table 3. Accuracy. 

Added amount (µg) Recovery (%) %RSD (n = 3) 

1.5 99.33 1.01 

3.0 101.67 0.76 

4.5 102.00 0.33 

7.5 101.87 0.26 

9.0 100.33 0.68 

10.5 99.24 1.13 

12.0 100.75 0.25 

 
Table 4. Ruggedness. 

Name %RSD (n = 6) 

Day-1 0.2 

Day-2 0.5 

Day-3 0.4 

Diff system 0.6 

Diff column 0.7 

Diff analyst 0.4 

 
Table 5. Robustness. 

Description USP Tailing 
USP  

Tangent 
USP  

Resolution

Column flow: 0.80 mL/min 1.1 3817 2.5 

Column flow: 1.20 mL/min 1.0 4525 2.1 

Column Temp: 25˚C 1.0 4049 2.1 

Column Temp: 35˚C 1.1 3302 2.4 

Organic ratio: 110% 1.1 3142 2.1 

Organic ratio: 90% 1.1 4557 2.4 
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Figure 4. Ezetimibe sample as such. 
 

 

Figure 5. Chromatogram of R-Isomer. 
 

 

Figure 6. Linearity graph. 
 
this method was tested over a long time. No significance 
change in (R)-enantiomer content was observed in Ezeti- 
mibe sample during solution stability and mobile phase 
stability experiments, and the RSD values were less than 
2.0% for (R)-enantiomer peak area. No unknown peak 
was observed in above stability conditions. Hence, the 
Ezetimibe sample solution and the mobile phase were 
stable for at least 48 h. 

4. Conclusion 

A simple, specific, linear, accurate and precise normal 

phase HPLC method was successfully developed, which 
was capable of separating the undesired enantiomer from 
Ezetimibe. Amylose based chiral column Chiralpak AS- 
H column was found to be selective for the enantiomers 
of Ezetimibe. The developed and validated method can 
be used for the chiral purity testing of Ezetimibe. The de- 
veloped method is also stable and can be used for the 
quantitative determination of chiral impurity in bulk ma- 
terials. 

5. Batch Analysis 

By using this method we can anlyze and quantify (R)- 
enantiomer in Ezetimibe in manufacturing batches and R 
& D samples. We get repeatable results in all QC sam- 
ple. 
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