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Two rapid, simple and sensitive spectrophotometric methods for the quantitative analysis of ezetimibe (EZB) and 
atorvastatin calcium (ATVC) in bulk powder and combined tablet form have been developed and validated. The first 
method is bivariate calibration and the second method is ratio subtraction in conjunction with second derivative (D2) 
spectrophotometry. These methods are tested by analyzing synthetic binary mixtures of the above drugs and they are 
applied to commercial pharmaceutical preparation of the subjected drugs. Standard deviation is < 2  in the assay of 
raw materials and tablets. Methods are validated as per ICH guidelines and statistical comparison of the suggested 
methods with the reported spectrophotometric one using F and t tests showed no significant difference regarding 
both accuracy and precision. 
Keyword: Ezetimibe, Atorvastatin Calcium, Spectrophotometry, Bivariate calibration, Ratio subtraction, Derivative 
spectrophotometry. 
 
 
1. Introduction 
Ezetimibe (EZB) inhibits the absorption of 
cholesterol, decreasing the delivery of intestinal 
cholesterol to the liver, and atorvastatin calcium 
(ATVC) is a synthetic lipid-lowering agent that 
inhibits ß-hydroxy-ß-methylglutaryl-coenzyme A 
(HMG-CoA) reductase. Recently, a combination 
of EZB and ATVC has been introduced to the 
market. The co-administration of both drugs 
offers a well-tolerated and highly efficient 
treatment option for patients with dyslipidemia 
and helps in prescribing a low dose ATVC, which 
may reduce side effects[1]. Chemically EZB is 
[(3R,4S)-1-(4-fluorophenyl)-3-[(3S)-3-(4-
fluorophenyl)-3-hydroxypropyl]-4-(4-
hydroxyphenyl)-2-azetidinone], and  ATVC is    
[R-(R*, R*)]-2-(4-Fluorophenyl)-β,δ-dihydroxy–

5-(1–methylethyl)-3–phenyl–4-
[(phenylamino)carbonyl]-1H-pyrrole–1– 
heptanoic acid –calcium  salt (2:1) trihydrate[2]. 
The chemical structures of ATVC and EZB are 
shown in Figure 1. 
Several analytical reports  are concerned with the 
simultaneous determination of EZB / ATVC 
mixture. These reports include  HPTLC[3-7], 
HPLC[4,8-15], UPLC[16-17] and Capillary 
electrophoresis[18]. Reported spectrophotometric 
methods for the simultaneous determination of 
EZB / ATVC mixture include simultaneous 
equation method[4,15,19], isosbestic point[7], 
derivative spectrophotometry[7], dual wavelength 
measurement[20-21],  the mean centering of ratio 
spectra[21], absorbance ratio method[19,22], 
derivative ratio method[14,23], H-point standard 
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addition method[23], differential 
spectrophotometry[23], multiwavelength 
method[24], ratio spectra peak to peak 
measurement method[25] and area under curve 
method[26].  
The aim of this work is the development of two 
new alternatives of spectrophotometric methods 
for the simultaneous analysis of EZB and ATVC 
in their binary mixture without prior separation. 
The bivariate calibration method provides simple 
and rapid simultaneous determination of binary 
mixtures of both drugs with minimal sample and 
data manipulation and the fact that there is no 
need to use the derivatization procedures.  The 
ratio subtraction method has the advantages of 
being simple, accurate and zero order 
spectrophotometric method that does not require 
further data processing. D2 spectrophotometric 
method[7] is a well established technique that is 
able to enhance the resolution of overlapping 
spectra and is used coupled to the ratio 
subtraction method to determine ATVC in its 
binary mixtures.  
 
2. Experimental 
2.1. Instruments 
A double beam UV–visible spectrophotometer 
model UV-1650 PC (SHIMADZU, Japan) 
connected to IBM compatible computer was used 
for all determinations. Hardware control as well 
as data acquisition and treatment was carried out 
using UV Probe software, version 2.2.1 
(SHIMADZU, Japan). 
 
2.2. Materials 
EZB and ATVC pure standards were kindly 
supplied by Marcyrl Pharmaceutical Industries, 
El-Obour City, Egypt. Their purity were found to 
be 99.85% and 100.35%, respectively, according 
to the absorptivity values reported in reference 
methods[4,15]. Methanol used was of analytical 
grade. Samples of Atoreza® tablets (Marcyrl); 
batch no.1030599, labeled to contain 10 mg 
Ezetimibe and 10 mg Atorvastatin, per tablet 
were obtained from the market.  
 

2.3. Standard Solutions 
EZB and ATVC stock solutions (100 µg/mL) 
were prepared by weighing accurately 25 mg of 

each powder into two separate 250-mL 
volumetric flasks. Methanol (50 mL) was added, 
shaken for a few minutes and completed to 
volume with the same solvent. A set of laboratory 
prepared mixtures were prepared by transferring 
different volumes of each of EZB and ATVC 
stock solutions into 10-ml volumetric flasks and 
diluting to volume with methanol. 
 
3. Procedures 
3.1. Construction of Calibration Curve for 
Bivariate Calibration Spectrophotometric 
Method  
Aliquots equivalent to (50 – 300 μg) of EZB and 
(100 – 350 μg) of ATVC from their 
corresponding stock solutions (100 μg/mL) were 
transferred separately into two sets of 10-mL 
volumetric flasks, completed to the mark with 
methanol. The zero order spectra for EZB and 
ATVC were recorded, and the corresponding 
regression equations were computed at the 
selected two wavelengths for the two drugs.  
  
3.2. Construction of Calibration Curve for 
Ratio Subtraction Spectrophotometric Method 
Aliquots containing 50 – 300 μg from EZB stock 
solution (100 μg/mL) were transferred into a 
series of 10-mL volumetric flasks then completed 
to volume with methanol, the spectra of the 
prepared standard solutions were scanned. A 
calibration curve was constructed relating the 
absorbance of zero order spectra of EZB at λmax 
232.6 nm to the corresponding concentrations and 
the regression equation was computed. Aliquot 
equivalent to 150 μg from the ATVC stock 
solution (100 μg/mL) was transferred into 10-mL 
volumetric flask and completed to volume with 
methanol to be used as a divisor (15 μg/mL). 
 
3.3. Construction of Calibration Curve For D2 
Spectrophotometric Method  
Aliquots of ATVC working solution (100 µg/mL 
in methanol) equivalent to 100 – 350 µg were 
accurately transferred into a series of 10-mL 
volumetric flasks. The volume was completed to 
the mark with methanol and the D2 spectra were 
recorded against methanol as a blank at Δλ = 8 
and scaling factor = 1000. Calibration curve was 
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obtained by plotting the peak amplitude at 313.0 
nm (corresponding to zero-crossing of EZB) 
versus the corresponding concentration of ATVC. 
 
4. Application to Pharmaceutical 
Formulations 
A total of ten Atoreza® tablets were accurately 
weighed and crushed to a fine powder. An 
amount equivalent to one tablet (containing10 mg 
of EZB and 10 mg of ATVC) was taken, 
extracted using 30 ml of methanol using a 
magnetic stirrer for 30 minutes. The mixture was 
transferred into a 100 mL volumetric flask 
through a Whatman No. 10 filter paper (pore size 
= 11 µm). The residue was washed twice with 
methanol and the combined filtrate and washings 
were made up to the mark with methanol to a 
final concentration of 100 μg/mL of each drug. A 
suitably diluted sample was measured as 
mentioned under each method. The possibility of 
interference from dosage form additives to assay 
performance was investigated using the standard 
addition technique. 
 
5. Results and Discussion 
One of the main challenges facing analytical 
chemists around the world is the 
spectrophotometric determination of two or more 
compounds in the same sample without 
preliminary separation. The absorption spectra of 
EZB and ATVC show severe overlap (Figure 2), 
that the application of the direct 
spectrophotometry failed to determine both drugs. 
In this work, our main task was to develop 
simple, sensitive and accurate analytical methods 
to overcome the mutual interference of each 
compound in the determination of the other with 
satisfactory precision for good analytical practice 
(GAP). 
 
5.1. Bivariate Calibration Spectrophotometric 
Method 
The resolution of two components by bivariate 
calibration has been proposed in 1996[27]. This 
method is based on the simple mathematical 
algorithm, in which the data are used from four 
regression equations, two calibrations for each 
component at two wavelengths selected using 

Kaiser method[28]. The advantage of the bivariate 
calibration is its simplicity and no need for 
derivatization procedures. The principle of 
bivariate calibration is in the measurements of 
binary mixture (A, B) at two carefully selected 
wavelengths (1, 2), to obtain two equations:  
 

AAB1 = mA1CA + mB1CB + eAB1,   AAB2 = mA2CA + mB2CB + eAB2 
 

Where eAB1, eAB2 are the sum of the intercepts of 
the linear calibration at 2 wavelengths (eAB1 = 
eA1+ eB1), mA, mB are the slopes of the linear 
regression and CA, CB are the concentrations of 
the analytes.  
The resolution of such equations, allows the 
evaluation of CA and CB values: 
 

 
The simple mathematical algorithm allows the 
resolution of the binary mixture by measuring the 
absorbance of the mixtures at the two 
wavelengths and using the parameters of the 
linear regression functions evaluated individually 
for each component at these same wavelengths. 
The method of Kaiser[28] was used for the 
selection of optimum wavelengths set which 
assured the best sensitivity for the determination. 
A series of sensitivity matrices, K, was created 
for each binary mixture and for every pair of pre-
selected wavelengths: 
 

K = ቂ   mA1    mB1   

mA2 mB2    
ቃ 

 

Where mA1, 2, mB1, 2 are the sensitivity parameters 
of the components A, B at the two selected 
wavelengths (1, 2). It was decided to use the 
values of the linear regression calibration slopes 
at the sensitivity factor. The determinants of these 
matrices were calculated and the wavelength set 
was selected for which the highest matrix 
determinant value was obtained. 
For EZB and ATVC mixture, six wavelengths 
(227.0, 232.6, 237.0, 242.0, 246.6, 251.0 nm) 
were taken and the slope values of the linear 
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regression were estimated for the respective 
components at the selected wavelengths. Using 
the obtained data, the sensitivity matrices were 

created and the respective determinants were 
calculated, Table 1. 
 
 
 

 
Fig 1: Chemical structures of ezetimibe (a) and atorvastatin calcium (b) 

 

Table 1: Application of the Kaiser method[28] for the selection of wavelength set for the mixture of ezetimibe and 
atorvastatin calcium 

         λ1                                 
λ2         227.0 232.6 237.0 242.0 246.6 251.0 

227.0 
 0 11.27 6.61 30.42 35.53 36.55 

232.6 
  0 20.27 46.99 52.78 53.57 

237.0 
   0 27.17 32.96 34.33 

242.0 
    0 5.66 7.78 

246.6 
     0 2.28 

251.0 
      0 

The absolute values of determinations of sensitivity matrices (K x 10-5) 

 

For bivariate determination of EZB and ATVC, 
232.6 nm and 251.0 nm were used. At these 
selected wavelengths, the one-component 
calibration curve were obtained in the range of (5 
– 30 µg/ml) for EZB and (10 – 35 µg/mL) for 
ATVC, Figures 3 and 4, respectively. The linear 
regression equations were found to be: 
 

 
 

Where A is the absorbance value at 232.6 nm and 
251.0 nm, C is the concentration in µg/mL and r 
is the correlation coefficient. 
The proposed method can determine different 
concentrations of bulk powder with mean 
percentage recoveries of 100.69 ± 0.980 for EZB 
and 99.23 ± 1.327 for ATVC. 
The proposed procedure was successfully applied 
for the determination of EZB and ATVC in 
laboratory-prepared mixtures containing different 
ratios of both. The mean percentage recovery and 
standard deviation were shown in Table 2. 
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Fig 2: Zero order absorption spectra of 20 µg/mL ezetimibe (….) and 20 µg/mL atorvastatin calcium (ـــــــ) using methanol 
as a blank. 

 
The suggested method is valid and applicable for 
the analysis of Atoreza® tablets with no 
interference of the excipients. The method was 

further assessed by application of standard 
addition technique as shown in Tables 3 and 4. 
 

 

 
 

Fig 3: Linearity of the absorbance at 232.6 nm and 251.0 nm of the zero order spectra to the corresponding ezetimibe 
concentration (5 – 30 ug/mL). 
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Fig 4: Linearity of the absorbance at 232.6 nm and 251.0 nm of the zero order spectra to the corresponding atorvastatin 
calcium  concentration (10 – 35 ug/mL). 

 

5.2. Ratio Subtraction Spectrophotometric 
Method 
It starts by scanning zero order spectra of the 
prepared standard solutions of EZB in methanol 
as shown in Figure 5, and then the linearity was 
checked between absorbance at the selected 
wavelength 232.6 nm and the corresponding 
concentration of EZB. Different divisor 
concentrations (5, 10, 15, 20 and 25 µg/mL) of 
ATVC were tried. The divisor concentration 15 
µg/mL was found the best regarding average 
recovery percent when it was used for the 
prediction of EZB concentration in its laboratory 
prepared mixtures. 
The ratio subtraction method depends on that, 
when a mixture of EZB (X) and ATVC (Y) 
where the spectrum of (Y) is extended than (X), 
Figure 2. The determination of (X) could be done 
by scanning the zero order absorption spectra of 
the laboratory-prepared mixtures (EZB& ATVC), 
then divide them by carefully chosen 
concentration (15 µg/mL) of standard  ATVC (Y' 
= divisor) producing a new ratio spectra that 
represent X/Y' + constant, then subtraction of the 
absorbance values of these constants (Y/Y') in 
plateau, followed by multiplication of the 
obtained spectra by (Y') the divisor as shown in 
Figure 6. Finally, the original spectra of (X) could 
be obtained which are used for direct 
determination of EZB at 232.6 nm and calculate 
the concentration from the corresponding 

regression equation. This can be summarized as 
follow: 
 

(X+Y)/Y' = X/Y' + Y/Y' = X/Y' + constant  
X/Y' + constant - constant = X/Y' 
X/Y' x Y' = X 
 

The constant can be determined directly from the 
curve (X+Y)/Y' by the straight line which is 
parallel to wavelength axis in the region where 
(Y) is extended. The correct choice of the divisor 
is fundamental, as if the concentration of the 
divisor increased or decreased; the resulting 
constant value will be proportionally decreased or 
increased[29]. 
A linear correlation was obtained between the 
absorbance against the corresponding 
concentration of EZB at its corresponding 
wavelength (232.6 nm). The regression equation 
was: 

A = 0.0429C – 0.0064    r = 0.9998  at 232.6 nm 
 

Where A is the absorbance of EZB at 232.6 nm, 
C is the concentration of EZB in µg/mL and r is 
the correlation coefficient. 
The proposed method can determine different 
concentrations of EZB in bulk powder with mean 
percentage recoveries of 99.82 ± 1.343. 
The proposed ratio subtraction procedure was 
successfully applied for the determination of EZB 
in laboratory-prepared mixtures containing 
different ratios of EZB and ATVC. The mean 
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percentage recovery and standard deviation were 
shown in Table 2. 
The suggested method is valid and applicable for 
the analysis of Atoreza® tablets with no 
interference of the excipients. The validity of the 
proposed procedure was assessed by applying the 
standard addition technique by spiking different 
known concentrations of pure drug to the tablet 
formulation then the procedure described under 
the assay of pharmaceutical formulations was 
followed as shown in Table 3. 
 
5.3. D2 Spectrophotometric Method 
D2 spectrophotometric technique[7] was also used 
in conjuction with ratio subtraction method to 
resolve spectral overlapping of the absorption 
spectra of EZB and ATVC, Figure 2. Upon 
applying D2 technique, ATVC could be 
determined by measuring peak amplitude of D2 
spectrum at 313.0 nm (corresponding to zero-
crossing of EZB), Figure 7.  
A linear correlation was obtained between peak 
amplitude and the corresponding concentration in 
the range of 10 – 35 µg/mL for ATVC. 
Regression equation was computed and found to 
be: 

PA = 0.0349C - 0.0047      r = 0.9994   at 313.0 nm 
 

Where PA is peak amplitude at 313.0 nm, C is the 
concentration in µg/mL  and r is the correlation 
coefficient.  

The proposed method can determine different 
concentrations of bulk powder with mean 
percentage recoveries of  99.72 ± 1.359 for 
ATVC. The method is valid for determination of 
ATVC in presence of EZB in different laboratory 
prepared mixtures with mean percentage 
recoveries of 100.47 ± 1.064 as represented in 
Table 2. The suggested method has been applied 
to assay ATVC in Atoreza® tablets, and its 
validity was further assessed by applying the 
standard addition technique, Table 4. 
The D2 method failed to determine EZB in the 
presence of ATVC. Thus, EZB concentration was 
determined using the above ratio subtraction 
method. 
A statistical comparison of the results obtained by 
the two proposed methods and the reference 
method[19] was carried out. The values of the 
calculated t and F were found smaller than the 
tabulated ones. This proved that there is no 
significant difference between the proposed 
methods and the reference method with respect to 
accuracy and precision. Results are summarized 
in Table 5. 
Results of assay validation are presented in Table 
6. The data reveals that the methods are accurate, 
precise and specific over the specified range. 
 

 
 

Fig 5: Zero order absorption spectra of ezetimibe 5 - 30 µg/mL using methanol as a blank 
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Fig 6: Absorption spectra of a (1:1) mixture contains 20 µg/mL of ezetimibe and atorvastatin calcium (ـــــ), mixture after 
division by the divisor (ــ . ــ), mixture after subtraction of the constant (ــ ــ) and mixture after multiplication by the divisor 

(….), using methanol as a blank 
 

 

 
 

Fig 7: Second derivative absorption spectra of 20 µg/mL ezetimibe   (- -) and 20 µg/mL atorvastatin calcium (ـــ) using 
methanol as a blank 

 
 
 

Table 2: Determination of ezetimibe and atorvastatin calcium in laboratory-prepared mixtures by the proposed methods 
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Ratio 
EZB:ATVC 

Bivariate 
calibration 

Ratio 
subtraction D2 

EZB 
Recovery %* 

ATVC 
Recovery %* 

EZB 
Recovery 

%* 

ATVC 
Recovery %* 

1 : 2 98.03 100.04 101.50 101.53 
1 : 1.5 101.05 99.32 99.39 100.23 
1 : 1 100.11 101.59 98.76 98.77 

1.5 : 1 98.21 98.20 98.74 100.80 
2 : 1 98.39 98.31 100.86 101.10 

Mean 99.16 99.48 99.85 100.47 
SD 1.346 1.402 1.259 1.064 

RSD % 1.357 1.409 1.260 1.059 
*Average of three determinations. 
 

Table 3: Determination of ezetimibe in Atoreza® tablets by the proposed methods and application of standard addition 
technique 

 

Method Recovery%* 
± S.D. 

Standard addition 
Taken 
µg/mL 

Added 
µg/mL 

Found 
µg/mL 

Recovery   
%** 

Bivariate 
calibrationme

thod 
99.49 ± 1.521 

10 
5 

10 
15 

5.02 
9.93 

15.30 

100.34 
99.25 
101.97 

Mean 100.52 
SD 1.365 

RSD% 1.358 

Ratio 
subtraction 

method 
100.16 ± 1.543 

10 
5 

10 
15 

5.08 
10.04 
14.80 

101.55 
100.43 
98.65 

Mean 100.21 
SD 1.462 

RSD% 1.459 
* Average of five determinations. 
** Average of three determinations. 

 

Table 4: Determination of atorvastatin calcium in Atoreza® tablets by the proposed methods and application of standard 
addition technique 

 

Method Recovery%* 
± S.D. 

Standard addition 
Taken 
µg/mL 

Added 
µg/mL 

Found 
µg/mL 

Recovery   
%** 

Bivariate 
calibrationmet

hod 

100.60       ± 
1.750 

10 
5 
10 
15 

4.93 
10.15 
14.91 

98.63 
101.55 
99.38 

Mean 99.85 
SD 1.513 

RSD% 1.515 

D2 method 100.46       ± 
0.833 

10 
8 
10 
12 

7.88 
10.09 
11.86 

98.51 
100.87 
98.87 

Mean 99.42 
SD 1.273 

RSD% 1.281 
* Average of five determinations. 
** Average of three determinations. 
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Table 5: Statistical Analysis of the Results Obtained by by applying the Proposed Methods and the Reported Reference 
Method[19] for the Determination of Ezetimibe and Atorvastatin Calcium 

 

Value 
Bivariate calibration Ratio 

subtraction D2 Reported method* 

EZB ATVC EZB ATVC EZB ATVC 

Mean 100.69 99.23 99.82 99.72 99.69 100.45 

SD 0.980 1.327 1.343 1.359 0.747 0.733 

RSD 0.974 1.337 1.346 1.363 0.749 0.729 
n 6 6 6 6 6 6 

Variance 0.960 1.761 1.804 1.847 0.558 0.537 
Student’s t 

test 
(2.23) 

1.970 1.979 0.200 1.155 ------ ------ 

F value 
(5.05) 1.720 3.279 3.233 3.44 ------ ------ 

 

* Absorbance ratio method (Q-analysis) at 238.6 nm (iso-absorptive point) and 232.6 nm (λmax of EZB). 
The values in the parenthesis are the corresponding theoretical values of t and F at (P=0.05). 

 
Table 6: Assay validation sheet of the proposed methods for the determination of ezetimibe and atorvastatin calcium 

 

Parameter Bivariate Calibration Ratio subtraction D2 

EZB ATVC EZB ATVC 
Accuracy (mean ± SD) 100.69 ± 0.980 99.23 ± 1.327 99.82 ± 1.343 99.72 ± 1.359 

Specificity 99.16 ± 1.346 99.48 ± 1.402 99.85 ± 1.259 100.47 ± 1.064 
Precision 

Repeatability* 
Intermediate precision** 

 
100.31 ±  0.785 
100.74 ± 0.838 

 
99.51 ± 1.028 
99.43 ± 1.177 

 
100.27 ± 0.971 
100.32 ± 1.065 

 
99.83 ± 1.098 
100.42 ± 1.171 

Linearity  

Slope   0.0429 0.0349 
Intercept   - 0.0064 -0.0047 

Correlation coefficient (r)   0.9998 0.9994 
Range 5 – 30 µg/mL 10 – 35 µg/mL 5 – 30 µg/mL 10 – 35 

Standard error of the slope   0.00034 0.00059 
Confidence limit of the slope   0.0429 ± 0.00096 0.0349 ± 0.00165 

Standard error of the 
intercept 

  0.00675 0.01437 

Confidence limit of the 
intercept 

  - 0.0064 ± 0.01874 -0.0047 ± 0.03991 

LOD***   1.27 µg/mL 3.33 µg/mL 
LOQ***   3.85 µg/mL 10.09 µg/mL 

* The intraday (n=3), average of three concentrations repeated three times within the day. 
** The interday (n=3), average of three concentrations repeated three times in three successive days.  
***LOD and LOQ are determined via calculations (LOD = 3.3xSD/slope and LOQ = 10xSD/slope). 

 

6. Conclusion 
The suggested methods were successfully applied 
for the simultaneous analysis of the studied drugs 
either in their bulk powder form or in their 
pharmaceutical formulations. Results 
demonstrated the lack of interference from 

dosage form additives and the usefulness of the 
methods. Therefore, the presented methodology 
is adequate for the routine quality control analysis 
of this fixed-dose combination. 
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