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From the viewpoint of regulatory guidelines, validation of LC-UV and LC-MS based methods
have the same requirements. Matrix effects are not considered for most method validations if
they do not influence reproducibility or assay linearity. Since matrix effects can strongly
suppress ionizaton efficiency and therefore reduce sensitivity, they must be evaluated (and
discussed in the context of method development)—prior to method qualification. The severity
of matrix effects is directly dependent upon chromatographic performance. We suggest that
evaluation of matrix effects and LC efficiency is essential information for method assessment,
optimization and transfer to other mass spectrometers, and should be a mandatory part of
routine LC/MS method validation. (J Am Soc Mass Spectrom 2005, 16, 1757–1759) © 2005
American Society for Mass Spectrometry

One of the essential steps in LC/MS method develop-
ment is the choice of MS or MS/MS mode or the choice
between single or triple quadrupole instruments. For
routine quantitative analysis (if fragmentation is not
essential for identification), a single quadrupole instru-
ment is cost-effective and provides higher analyte sig-
nal in SIM mode compared to MRM (SRM), where
signal is limited by fragmentation and transmission
efficiencies.
LC/MS analysis of low purity biological samples can

cause signal suppression, elevated background, and
other negative matrix effects. In this situation, it is only
possible to increase S/N while simultaneously maintain-
ing high throughput performance by implementing the
SRM mode. This, of course, implies a much higher cost
of initial investment in sophisticated triple quadrupole
instruments. An alternative approach to increasing S/N
is to improve the quality of chromatography purifica-
tion. This decreases matrix effects and makes possible
the use of comparatively less expensive single quadru-
pole instruments while still achieving high analytical
performance. Implementation of assays on single quad-
rupole mass spectrometers can be a good alternative for
non-time intensive or budgeted limited projects. There-
fore, enhancement of chromatography by implementa-
tion of two-dimensional LC methods or even off-line

purification of analyte (especially from complex biolog-
ical matrices) with resultant reduction of matrix effect
can significantly improve the sensitivity of mass spec-
trometers by increasing ionization efficiency of a purer
analyte. From the viewpoint of method development
and optimization, information about the strength of matrix
effects and chromatographic efficiency is important if the
goal is to achieve optimum sensitivity.
From a regulatory viewpoint, method validation

procedures review the following parameters: precision,
recovery, specificity, linearity, limit of detection (LOD)
and limit of quantitation (LOQ), ruggedness, and ro-
bustness [1]. From the viewpoint of regulatory guide-
lines, validation of LC-UV and LC-MS based methods
have the same requirements. In other words, the mass
spectrometer is considered just as another type of
passive detector. Matrix effects are not considered for
most method validations if they do not influence repro-
ducibility or assay linearity. Not directly addressed are
technical issues unique to mass spectrometry based
assays such as impact of matrix effects on theoretical
maximum sensitivity. As mentioned previously, matrix
effects can strongly suppress ionization efficiency and
sensitivity, and therefore, must be evaluated (and dis-
cussed in the context of method development—before
method qualification). Therefore, we would like to sug-
gest that the estimation of the strength of matrix effects is
a critical technical aspect of MS based assay development.
Unfortunately, method development is sometimes

treated as a technical step and a tool for data generation
only. As a result, in papers discussing new methods, the
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discussion may be more focused on the data obtained.
Discussion about method development, therefore, is
brief and focuses only on validation parameters. From a
regulatory viewpoint, there are no qualitatively unac-
ceptable methods if the method is validated and allows
reproducible data generation. What is often not appre-
ciated is that even properly validated LC/MS or LC/
MS/MS methods can suffer from loss of sensitivity
attributable to matrix effects resulting from insufficient
(or inefficient) chromatographic purification.
The gain in sensitivity attributable to chromato-

graphic efficiency might be evaluated as the S/N ratio
of a real sample injected onto the column (LC/MS)
compared to the S/N injected directly to source (FIA)
[2]. However, FIA provides reliable information only
when analyzing relatively pure samples; therefore, this
method is generally unacceptable for the majority of
complex samples.
We suggest that an initial assessment of the strength

of the matrix effect can be made by comparing the
average values of the background of an actual complex
sample compared to a solvent blank by Q1 SIM. A more
precise initial approach is to compare the relative re-
sponse (S/N, area or peak height) of analyte spiked into
an actual blank sample (blank plasma for example)
compared to being spiked into pure solvent, then ana-
lyzed by Q1 SIM. If the analyte concentration in the
complex sample is known (e.g., a drug formulation),
pure analyte can be added to pure solvent to the same
concentration. However, if the analyte concentration in
the complex sample is unknown and/or an analyte-free
complex sample is not available, another way to esti-
mate the matrix effect is to compare an isotope labeled
internal standard spiked into the actual sample com-
pared to being spiked into pure solvent. The assump-
tion is made that the ionization efficiency and back-
ground are similar for both the analyte and internal
standard. If the ratio of these two S/Ns is close to 1, the
matrix effect for the assayed analyte is minimal and
indicates that the LC part of LC/MS method is opti-
mized. In other words the maximal theoretical S/N for
this particular instrumental configuration has been
achieved. (In rare circumstances, the matrix effect can
increase signal [3, 7] and/or decrease background. As a
result, the suppression coefficient can exceed the theo-
retical maximum of 1.0). This value, which we have
termed the suppression coefficient, actually depends upon
two factors: initial sample matrix complexity and chro-
matographic separation efficiency. However, as dis-
cussed above, these parameters usually can not be
measured separately.
Defining the matrix suppression coefficient relative

to the measured sensitivity of tandem mass spectrom-
etry involves additional considerations. It is misleading
to compare signal ratios obtained from analyte spiked
into a matrix actual sample blank to pure solvent and
measured by Q3 MRM (SRM) mode. This value is
actually composed of the superposition of two factors:
(1) efficiency of matrix effect reduction by LC purifica-

tion and (2) MS/MS enhancement. These two parame-
ters should be evaluated separately.
Evaluation of the degree of S/N enhancement of

an MS/MS method requires separate Q3 MRM (SRM)
and (its precursor) Q1 SIM tests of the same sample in
addition to measurements described above of the
S/N ratios of pure standard in solvent compared to
standard in a complex matrix sample at Q1 SIM
mode. The ratio between S/N for the same complex
sample measured at Q3 MRM (SRM) and (precursor)
Q1 SIM tests is a criterion of overall MS/MS enhance-
ment. We have termed this the tandem enhancement
factor. If this number is low, perhaps 2 to 5, it is
possible to evaluate the likely success of transferring
an MS/MS method to a single quadrupole instrument
(if fragmentation of analyte is not mandatory) with-
out significant loss in sensitivity. Based upon our
experience, improvements in sample purification, by
minimizing matrix effects, maximizes the inherent
sensitivity of any and all mass spectrometers, includ-
ing those relying on MS/MS for isolation of analytes
from contaminants in the sample.
Although numerous papers in the LC/MS literature

discuss matrix effects [3–12], we believe that assessing
its importance during initial assay development has not
been sufficiently emphasized in the research commu-
nity. A current search of the LC/MS literature suggests
that in manuscripts describing quantitative analysis
from plasma, matrix effects are mentioned in only 20%
of them, and are the subject of more in depth focus
(appearing in the title, abstract, or keyword) in less than
5%. Matrix effect usually causes signal suppression. It is
a common LC/MS problem and, therefore, should be
evaluated with each LC/MS method. Evaluation of matrix
effects and chromatography/mass spectrometry effi-
ciency is critical information about the quality of
LC/MS method development; it is essential in the
further optimization and ability to successfully transfer
successfully methods across platforms to other mass
spectrometers.
We would like to suggest that estimation of the

strength of matrix effects (and the tandem enhancement
factor) should be a mandatory part of LC/MS method
development. We consider the suppression coefficient and
enhancement factor as two parameters inherent to each
LC/MS method; they are “quality control” variables of
method optimization. Knowledge of the suppression
coefficient and enhancement factor will facilitate subse-
quent assay validation.
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