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ABSTRACT: Matrix effects are dependent on biological fluid, ionization type, and sample preparation method.
Although matrix effects are observed for both ionization types, ESI is especially susceptible, while APCI has proved
to be less vulnerable. Sample preparation method has a clear influence on matrix effects as does, in particular,
the choice of internal standard. When matrix effects result in severe ion suppression or enhancement of the target
analyte by co-eluting residual components, they are typically located in isolated regions of the chromatogram.
Postcolumn infusion and postextraction addition methods have been developed for the assessments of matrix
effects. Approaches used for eliminating, minimizing, or compensating for matrix effects include improved sample
preparation and chromatographic separation, sample dilution, and the utilization of internal standards. Matrix
effects may not always be fully circumventable because a perfectly consistent matrix does not exist, but they can
be significantly minimized and largely compensated for by various approaches, such as standard addition, matrix-

matched calibration, and the use of isotopic analogs of the analytes as internal standards.
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INTRODUCTION

Liquid chromatography (LC) coupled with tandem
mass spectrometry (MS/MS) has been demonstrated to
be a powerful technique for the quantitative analysis of
drugs and metabolites in biological fluids. This technique
isnow widely applied to toxicological analysis and human
pharmacokinetic studies. The ever-increasing demands
for high-throughput bioanalysis have often resulted in
LC-MS/MS methods with minimum sample preparation
and chromatography, where large amounts of endogenous
matrix components may potentially co-elute with the target
analyte. These co-eluting components — often invisible
to the mass spectrometric detector when multiple reaction
monitoring (MRM)is employed for the detection of analyte
and the internal standard (IS) — may significantly affect
(usually attenuating) the efficiency and reproducibility of
the ionization processes occurring in the ion source.

Electrospray ionization (ESI) and atmospheric pressure
chemical ionization (APCI) are the most commonly used
softionization sources in mass spectrometry. Both ESI and
APCI are susceptible to errors in quantification caused
by matrix ion suppression or enhancement effects due
to co-elution of matrix components [9,44,47,48]. This
undesirable phenomenon, termed “matrix effects” in LC-
MS/MS bioanalysis, is generally neither reproducible nor
repeatable between sample batches or even samples; thus,
it compromises the quality of the quantitative data derived
from the assay process. The presence of a matrix effect
can dramatically decrease the response of the analyte,
thus affecting sensitivity, or it can adversely affect the
accuracy/precision of a bioanalytical method by affecting
the analyte to IS response ratio.

Even more dismaying is that matrix effects, despite
whatever precautionary steps are taken, may occur at
any given point even with the most rigorously validated
analytical procedure. This is simply because whatever
matrix is being analyzed is almost never consistently
homogenous, i.e., always the same and never varying.
For the forensic toxicologist, heavily variable forensic
blood samples are often the norm. Even commercially
supplied human plasma samples have been shown to have
such different characteristics as to cause ion depression
varying from one lot to the other [9,52].

I. MECHANISM OF MATRIX EFFECTS

Based on different ion formation mechanisms as
illustrated in Figure 1 [50], both ESI and APCI induce
preferential formation of the protonated or deprotonated
molecule without fragmentation. Kebarle and Tang [23]
first reported the ion signal suppression phenomenon,
showing that ESI responses of organic bases decreased
with increases in concentrations of other organic phases. In
the presence of a variety of co-eluting matrix components
from biological samples usually procured from different
sources, the MS/MS response signal can vary significantly
for the analyte(s) of interest. The matrix-effect presence
or absence is highly dependent on the degree of sample
cleanup and the degree of chromatographic separation
[35].

A. Formation of Matrix Effects

Matrix effects were thought to originate from the
competition between an analyte and the co-eluting,
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