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HPLC Analysis for Simultaneous
Determination of Atorvastatin and
Ezetimibe in Pharmaceutical Formulations

Unnam Seshachalam' and Chandrasekhar B. Kothapally®

]Quality Assurance, Matrix Laboratories Limited, Secunderabad, Andhra
Pradesh, India
*Department of Chemistry, INTU College of Engineering, Ananthapur,
Andhra Pradesh, India

Abstract: A simple, isocratic, and sensitive reverse phase high performance liquid
chromatographic (RP-LC) method has been developed, for the first time, for quantitat-
ive determination of atorvastatin and ezetimibe in pharmaceutical formulations. Ator-
vastatin and ezetimibe were chromatographed using 0.01 M ammonium acetate buffer
(pH:3.0): Acetonitrile (50:50 v/v) as mobile phase. The detection was monitored at
254 nm. The retention times of ezetimibe and atorvastatin were 15.50 + 0.07 and
19.30 + 0.06, respectively. The linearity of the method was studied over the concen-
tration range of 4-400 pg/mL for atorvastatin and 5—500 wg/mL for ezetimibe. The
limit of detection for atorvastatin and ezetimibe were found as 1.25 wg/mL and
1.48 pwg/mL, respectively. The proposed method was applied for the quantitative
determination of atorvastatin and ezetimibe in commercial combination formulations.

Keywords: Column liquid chromatography, Validation, Atorvastatin, Ezetimibe,
Formulation

INTRODUCTION

Ezetimibe (EZ) [(3R,4S5)-1-(4-fluorophenyl)-3-[(3S)-3-(4-fluorophenyl)-3-
hydroxypropyl]-4-(4-hydroxyphenyl)-2-azetidinone] (Figure 1) is a selective
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Figure 1. Chemical structures of atorvastatin and ezetimibe.
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cholesterol absorption inhibitor, which potently inhibits the absorption of
biliary and dietary cholesterol™ from the small intestine without affecting
the absorption of fat soluble vitamins,” triglyceride, or bile acids.
Ezetimibe reduces the small intestinal enterocyte uptake and absorption of
cholesterol that keeps the cholesterol in the intestinal lumen for excretion.'!
Ezetimibe is rapidly absorbed and primarily metabolized in the small
intestine and liver to its glucuronide, both of which undergo enterohepatic
recycling in humans.'*! Since ezetimibe does not influence the activities of
CYP 450 enzymes, significant pharmacokinetic interactions with other medi-
cations, including statins, fibrates, digoxin, and warfarin have not been found.
Ezetimibe complements the lipid lowering effects of other therapies, such as
statins. Clinical studies have shown that coadministration of ezetimibe with
statins could provide significant reductions in both the low density
lipoproteins (LDL) and the total cholesterol, with slight increases in the
high density lipoproteins (HDL).!®=?! Also, coadministration of ezetimibe
with statins could significantly reduce the risk of coronary heart disease
(CHD) events in patients with hypercholesterolemia."'"!

Atorvastatin (AT) (Figure 1) is a selective, competitive inhibitor of HMG-
CoA reductase, the rate limiting enzyme that converts 3-hydroxy-3-methylglu-
taryl-coenzyme A to mevalonate, a precursor of the sterols, including choles-
terol. It is used to reduce LDL cholesterol, apolipoprotein B, and triglycerides,
and to increase HDL cholesterol in the treatment of hyperlipidaemias.!'' ~13!

The combination of atorvastatin (AT) and ezetimibe (EZ) has recently
been introduced in the market. There are few analytical methods reported in
literature for determination of either AT''*~ 1 or EZ?°~231 alone, or in com-
bination, of other drugs individually in biological fluids or in pharmaceutical
dosage forms. One method was reported in literature for simultaneous deter-
mination of AT and EZ through HPTLC."! Hence, no publications are
available for simultaneous determination of these two products through
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HPLC. Therefore, the aim of the current study was to develop an HPLC
method for determination of atorvastatin and ezetimibe in pharmaceutical
formulations.

EXPERIMENTAL
Reagents

Qualified working standards of atorvastatin calcium and ezetimibe were
obtained from the process research laboratory of Matrix Laboratories
Limited, Secunderabad, India. HPLC grade acetonitrile (J.T. Baker, USA)
and ammonium acetate (Qualigen Chemicals, Mumbai) were used for
mobile phase preparation as solvent and buffer. Milli Q water, generated
through the Millipore system from the quality control laboratory, was used
for preparation of solutions and for making the dilutions. Commercially
available combination formulations were procured from a local market.

Instruments

All analyses were performed with the Waters HPLC system consisting of a
2695 separation module, 2487 dual wavelength UV detector, auto sampler,
column heater, degasser, and sample cooler. Waters Empower software was
used for data acquiring and calculation of system suitability parameters.
The Inertsil ODS-3V column (250 mm x 4.6 mm, 5 wm) was procured
from M/s. GL Sciences. Inc., USA.

Chromatographic Conditions

Chromatographic estimations were performed under the following conditions:

Inertsil ODS-3V column (250 mm x 4.6 mm, 5 wm) was used at ambient
(25 £ 2°C) temperature. The mobile phase comprised of equal volumes of
10 mM ammonium acetate (pH: 3.0 + 0.02):acetonitrile (50:50 v/v) was
pumped at a flow rate of 1.0 mL/min. The mobile phase was filtered
through a Nylon 0.45 pm membrane filter and was degassed before use.
The elution was monitored at 254 nm, keeping an injection volume of 20 pL.

Preparation of Combined Standard Solution of Atorvatatin
Calcium and Ezetimibe

Atorvastatin (40 mg) and ezetimibe (50 mg) were weighed accurately and
transferred into a 100 mL volumetric flask. The sample was initially
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dissolved in 50 mL of mobile phase and diluted further up to mark. The
solution contains 400 pg of atorvastatin and 500 g ezetimibe, respectively,
per mL of solution.

Preparation of Calibration Curve

Calibration curves were constructed by plotting peak areas versus concen-
trations of atorvastatin and ezetimibe and the regression equations were calcu-
lated. The calibration curves were plotted over the concentration range
4-400 pwg/mL and 5-500 wg/mL for atorvastatin and ezetimibe, respect-
ively. The combined standard solutions prepared above were accurately
measured (1.0 mL, 5.0 mL, 10.0 mL, 20.0 mL, and 50.0 mL) and were trans-
ferred into a series of 100 mL volumetric flasks and diluted to the mark with
mobile phase. Of each solution 20 pL was injected into the chromatograph.

Preparation of Pharmaceutical Formulation Samples

The contents of 10 tablets were ground to a fine powder. The weight equival-
ent to 50 mg of each atorvastatin and ezetimibe was transferred to a conical
flask and dissolved in mobile phase. The solution was sonicated for about
20 minutes. The extract was filtered through Whatman filter paper No. 41
and the residue was washed with mobile phase. The extract and washing
were pooled and transferred to a 100 mL volumetric flask and make up to
the mark. The final test solution contains 500 pg each of atorvastatin and
ezetimibe per mL. Of this solution, 20 pL was injected into the chromato-
graph. The contents of atorvastatin and ezetimibe were determined using
the weights and corresponding areas of standard solution.

RESULTS AND DISCUSSION

A good separation was achieved with a resolution of more than 6.5. The
retention times of ezetimibe and atorvastatin were 15.20 + 0.07 and
19.30 + 0.06 (Figure 2). The limit of detection was found to be 1.25 pg/mL
for atorvastatin and 1.48 pg/mL for ezetimibe. The limit of quantification
was found to be 4 pg/mL for atorvastatin and 4.98 pg/mL for ezetimibe.

The linearity of atorvastatin and ezetimibe were in the range of
4-400 pg/mL and 5-500 pg/mL, respectively, with correlation coefficients
of more than 0.99997. The average linear regression equation was represented
for atorvastatin as Y = 276.42X 4221745 and for ezetimibe as
Y =374.11X + 2196.22.

The intra-day precision (%RSD) was determined for standard atorvastatin
and ezetimibe 3 times on the same day. The inter-day precision (%RSD) was
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Figure 2. Typical HPLC chromatogram of method specificity.

calculated for standard atorvastatin and ezetimibe 6 times over a period of one
week. The coefficients of variations for intra-day and inter-day for both drugs
were found to be in the range of 0.22-0.65% and 0.27-0.73%, respectively.
The values suggest that the developed method is precise.

The precision of the instrument was checked by six replicate injections of
standard preparation solution (400 pg/mL of atorvastatin and 500 pg/mL of
ezetimibe) without disturbing the instrument. The RSD of peak responses and
retention times of both drugs were calculated and was found to be in the range
of 0.12-0.18% and 0.07-0.09%, respectively.

The accuracy of the method was evaluated by calculating the recovery of
atorvastatin and ezetimibe by the standard addition method at three different
levels of the calibration range. The percent recovery was found in the range of

Table 1. Summary of validation parameters of the proposed HPLC method

HPLC method

Parameters Atorvastatin Ezetimibe
Linearity range (pg/mL) 4-400 5-500
Correlation coefficient 0.99997 0.99998
LOD (pg/mL) 1.25 1.48
LOQ (pg/mL) 4.0 4.98
Accuracy 99.06-100.22 99.21-99.87
Precision (%RSD)

Intra-day (n = 3) 0.32-0.58 0.22-0.65
Inter-day (n = 3) 0.27-0.66 0.55-0.73
Repeatability (n = 6)

Peak responses (%RSD) 0.18 0.12

Peak retention (%RSD) 0.07 0.09
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Table 2. Analysis of commercial formulation of two different
brands amount found + SD (%)

Formulation brand Atorvastatin Ezetimibe
Brand—A 99.36% + 0.27 99.88% + 0.11
Brand-B 100.07% + 0.84 100.16 + 0.73

99.06-100.22% for atorvastatin and 99.21-99.87% for ezetimibe and
indicates that the method is sufficiently accurate.

Various validation parameters for the proposed LC method for the simul-
taneous determination of atorvastatin and ezetimibe are summarized in
Table 1. The method was applied for the commercial formulations of two
different brands in the market. The content of each drug available in the for-
mulation was determined and the percent of label claim calculated. The label
claim of atorvastatin and ezetimibe in both formulations were found to be in
the range of 99.36—100.07% and 99.88—100.16%, respectively. The results of
percent of label claim against each formulation were presented in Table 2.
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