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Abstract

The present study reports the characterization of four degradation products from ezetemibe (EZB) through liquid
chromatography–tandem mass spectrometry (LC–MS/MS) and the development of a validated and stability-indicating reversed-
phase ultra-performance liquid chromatographic method for the determination of EZB in the presence of its process-related impurities
in bulk drugs. The forced decomposition of EZB was carried out and studied under acidic, basic, oxidative, photolytic and ther-
mal conditions. The degradation of EZB was observed under basic and acidic conditions, and four degradation products (DPs)
were formed. Successful chromatographic separation of EZB and its degradation products were successfully separated through
chromatography with a Waters Acquity HSST3 C18 stationary phase (50 ×  2.1 mm, 1.7 �m). The analytes were detected with a
PDA detector set at 230 nm. The figures of merit for this method were adequate. The assay remained linear from concentrations of
0.09 �g mL−1 to 600 �g mL−1 for EZB and its four DPs (r2 = 0.99914, 0.99945, 0.99917, 0.99923 and 0.99936 for EZB, Imp-A,
Imp-B, Imp-C, and Imp-D, respectively). The method precision, which was expressed as the %RSD, ranged from 0.2 to 1.0 for
the four impurities. The DPs from EZB were characterized by LC–MS/MS, and the most likely degradation and fragmentation
pathways for EZB and its DPs were proposed.
© 2015 The Authors. Production and hosting by Elsevier B.V. on behalf of Taibah University. This is an open access article under
the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1.  Introduction

Ezetimibe (1-(4-flurophenyl)-(3R)-[3-(4-fluorophe-
nyl)-(3S)-hydroxypropyl]-4S-(4-ydroxyphenyl)-2-azet-
idinone) is a known lipid-lowering agent that selectively
inhibits the intestinal absorption of cholesterol [1,2].
Previous studies of ezetimibe (EZB) include the RP-
HPLC quantitation of EZB in pharmaceutical dosage
forms [3,4] and stability-indicating assays utilizing
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different techniques including the HPLC, HPTLC and
micellar electro kinetic chromatography of EZB in
single doses or in combination with other drugs applying
different techniques [5–10]. These reported stability-
indicating assays have major drawbacks, such as long
run times (45–60 min) and low selectivity. Therefore,
the development of analytical methods that monitor the
levels of every possible impurity in EZB formulations
and consequently ensure the safety of these formulations
has great research potential. These methods should be
fast and reliable. We developed a sensitive, robust and
fast UPLC method (run times below 5 min). The factors
affecting the efficiency of the method were optimized,
and the resultant method exhibited high sensitivity
and selectivity. However, a literature survey revealed
that the structural elucidation of the degradation
products (DPs) of EZB has received little attention;
a few attempts were made for the major impurities
[11,12]. In addition, these papers have not reported
the characterization of stress-related DPs while using
LC–MS/MS with one exception [13]. During our study,

EZB was subjected to stress degradation, producing four
stress-induced DPs (referred to as Imp-A, Imp-B, Imp-C
and Imp-D). These DPs were studied by LC–MS/MS,
and the most probable degradation and fragmentation
pathways for EZB and the DPs were proposed. EZB
and Imp-D were prepared in our laboratory starting
from Imp-A for method validation and characterization.
The studied impurities are 4-(4-fluorobenzoyl)butyric
acid (Imp-A), 4-[[(4-fluorophenyl) imino]methyl]-
phenol (Imp-B), 1-(4-fluoro-phenyl)-3-[3-(4-fluoro-
phenyl)-allyl]-4-(4-hydroxy-phenyl)-azetidin-2-one
(Imp-C), 6-(4-fluoro-phenyl)-2-(4-hydroxy-phenyl)
-tetrahydropyran-3-carboxylic acid (4-fluoro-phenyl)-
amide (Imp-D).

2.  Materials  and  methods

2.1.  Chemicals  and  reagents

Analytical-grade reagents were used throughout the
method unless stated otherwise. LC-grade acetonitrile

Scheme 1. Synthetic scheme for the degradation products of ezetimibe.
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