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ARTICLE INFO ABSTRACT

Arfic{e history: ) Liquid chromatography-mass spectrometry (LC-MS) is considered today as a mainstay tool for the struc-
Received 10 April 2013 ture characterization of minor components like impurities (IMPs) and degradation products (DPs) in drug
Accepted 18 April 2013 substances and products. A multi-step systematic strategy for the purpose involves high resolution mass

Available online 28 April 2013 and multi-stage mass studies on both the drug and IMPs/DPs, followed by comparison of their fragmen-

tation profiles. Its successful application requires consideration of many practical aspects at each step.
The same are critically discussed in this review.

Keywords:

Impurities
Degradation products
Characterization
Strategy

Practical aspects
LC-MS

© 2013 Elsevier B.V. All rights reserved.
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1. Introduction

The definition of quality of pharmaceuticals has changed in
recent times. From previous focus on purity, a greater emphasis
is being paid today on impurities (IMPs), degradation products
(DPs), etc. The characterization of such trace to minor analytes
is not only important during drug and product development, but
also from the perspective of regulatory approvals. Fortunately, the
advent of a variety of sophisticated hyphenated techniques has
made this task much simpler [ 1], against the time-consuming exer-
cise involving isolation and enrichment of targeted compounds to
milligram quantities, followed by acquisition of the spectral (mass,
UV, NMR and IR) and elemental (CHN) data. In particular, lig-
uid chromatography-mass spectrometry (LC-MS) is a technique
of choice among all other hyphenated techniques due to its sensi-
tivity and ease of use. Also, it carries potential in itself to provide
unequivocal characterization of the structure of most trace to minor
components, except enantiomers and epimers. A variety of LC-MS
instruments are available today, which vary in (i) atmospheric
pressure ionization (API) sources, like electrospray ionization (ESI),
atmospheric pressure chemical ionization (APCI) and/or atmo-
spheric pressure photo ionization (APPI); and (ii) analyzers, like

quadrupole, ion trap, time of flight (TOF), Orbitrap, etc. Usually ESI
and APCl interfaces along with ion trap, TOF and Orbitrap analyzers
are more useful for providing qualitative information on compo-
nent structures.

The unequivocal structure elucidation of unknown analytes
by LC-MS techniques is possible through the strategy put
forth by us earlier [1,2]. It entails the generation of molecu-
lar ion and fragment spectra of both the drug and its related
substances; determination of their accurate and exact masses,
elemental formula, ring plus double bonds and number of nitro-
gens; determination of the number of labile hydrogens through
hydrogen/deuterium (H/D) exchange mass studies; MS" study on
molecular ions and fragments, and establishment of fragmenta-
tion pathways, followed by their comparison. Introductory details
on each of these steps were provided by us in our previous
publication [1]. The strategy has been duly validated in our lab-
oratories and even by other researchers by application to the
characterization of process impurities [3], drug degradation prod-
ucts [4-6], drug-drug interaction products [7,8], drug-excipient
interaction products [9], and metabolites of a variety of drugs
[10,11].
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