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a b s t r a c t

Matrix matching is used in analysis to compensate for matrix effects that influence analytical response. It
has been a widely discussed topic in electro-spray mass spectrometry where the ionization suppression
is a major problem in accurate quantitative analysis. However, the unique strength of mass spectrometry
to detect and quantify accurately a co-eluting stable isotope labelled internal standard offers an easy
ccepted 23 November 2010
vailable online 27 November 2010
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solution to the ionization suppression problem. Given the fact that it is impossible to match the matrix
of the calibration standards with all samples, mass spectrometry allows accurate quantitation without
the need for matrix matching, as long as the internal standard co-elutes with the analyte of interest. If
the analyte and internal standard co-elute, the slope of the calibration curve analyte response/internal
standard vs. analyte concentration is independent of the matrix composition, eliminating the need for
lectro-spray MS
atrix effects

matrix matching.

It is common practice in analysis to match the matrix of the cal-
bration standards to that of the samples. The concept of matrix

atching has been important in techniques such as atomic absorp-
ion spectrometry, in order to compensate for the matrix effects
ME). However, the impracticality of exact matching of the matrix
f the calibration standards with all samples lead to the calibra-
ion by standard addition [1,2] the method of choice in atomic
pectroscopy.

In the past, if the analysis was carried out using a technique
ther than atomic spectroscopy, the effect of the matrix was
ot significant enough to cause a major reduction in accuracy.
owever, in LC–MS, especially in liquid chromatography coupled

o electrospray mass spectrometry (LC–ESI-MS) where the ion
uppression/enhancement effects due to matrix can significantly
educe or enhance the analyte response [3–10], the matrix match-
ng concept has re-surfaced. Ion suppression is more common of
he two effects and it is of major concern in quantitative analysis
hen using LC–MS and LC–MS–MS because it affects accuracy, pre-

ision and the limit of detection [10]. When the analyte co-elutes
ith another compound, the MS detector signal of the analyte is

uppressed due to competition between analyte and the co-eluting

ompound for either the total available charge or the available sur-
ace area of the droplet [10] in the interface of MS detector. The
ffect of the ion suppression alone has been shown to reduce the
ccuracy of the assay by 26% [8].
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Let us look at the possible ways to eliminate and/or correct the
ion suppression effects, in order to obtain accurate data with ESI-
MS.

Operating LC–ESI-MS under “total solvent consumption” condi-
tion where heat and low flow rates to ESI can reduce or eliminate
ME [11]. However, this is not a practical option for a routine ana-
lytical laboratory.

It is common practice to carry out extensive sample clean up
to reduce ME. However, it is important to appreciate the fact that
even the most extensive sample cleanup protocols such as solid
phase extraction (SPE) will not remove the impurities that co-elute
with the analyte, which are the compounds that cause ion sup-
pression. The principal behind such clean up regimes is to remove
compounds that have different polarities/hydrophobicities to those
of the analyte of interest. Compounds co-elute with the analyte do
so because they have very similar polarities/hydrophobicities to
those of the analyte. Therefore, the analyte in a complex matrix
is subject to ion-suppression regardless of the extent of cleanup.
A recent study found that 134 analytes out of the total of 198 in
biological samples exhibited signal suppression or enhancement
with LC–MS followed by SPE clean up [12]. In fact, because SPE pre-
concentrates the analyte (along with interferents that have similar
polarities) this clean up process can often magnify the ion suppres-
sion/enhancement effects [13].
Improvement and optimization of the chromatography can min-
imize co-elution of other compounds with the analyte of interest.
However, if analyte specific detector parameters such as selected
or multiple reaction monitoring (SRM or MRM) are used, the co-
eluting compounds will not be detected. Unlike with modes of
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etectors such as UV and fluorescence where the co-eluting com-
ounds (if not detected) have no effect on the magnitude of the
nalyte response, the “unseen” co-eluting compounds in LC–ESI-
S can enhance or suppress the analyte response.
When the best possible chromatography is unable to separate

ll compounds in the matrix from the analyte, which is often the
ase with any biological or environmental sample, the best way to
orrect for the analyte signal suppression or enhancement is to co-
lute a stable isotope labelled (SIL) analogue of the analyte. Since
he SIL will normally elute exactly at the retention time of the ana-
yte, it will experience the same suppression/enhancement effects
s the analyte. This allows the analyst to treat the SIL as the internal
tandard and to correct for the suppression/enhancement effects
aused by the matrix.

As each sample will contain different co-eluting compounds at
ifferent concentrations, the extent of suppression in each will
e different. However, the co-eluting SIL internal standard (SIL-

S), added to each sample, can be used to fully correct for these
ffects. The question now is about the composition of the calibra-
ion standards. The common practice is to match the matrix of the
alibration standards with that of the sample. Is it practical to do an
xact matching of the matrix in calibration standards with the sam-
les, when each sample contains different co-eluting compounds
t different concentrations? Many protocols have been suggested
o address the problem of exact matrix matching such as: using the
ctual sample (containing the analyte) as the matrix and prepar-
ng calibration standards by spiking it with SIL analogue [14] (here
he SIL analogue is used as the calibration standard rather than the
nternal standard); preparation of calibration standards in many
ifferent lots of blank matrixes and comparison of slopes obtained
or each matrix [15], and then establishing an acceptable coefficient
f variation for the method to be reliable. However, some of these
rotocols are more diagnostic in nature rather than solutions to the
roblem and do not fully address the sample to sample variation in
atrix.
In realising the impracticality of exact matrix matching, the ana-

yst is forced to use the standard addition method of calibration
o obtain accurate data so that the standard addition method has
een resurfacing in recent times [13]. However, this too is certainly
ot an option that a routine laboratory, with a demand for high
hroughput, can afford.

Mass spectrometry offers an option that is not available in
tomic spectrometry or any other chromatography detection
ethod. In mass spectrometry, a co-eluting compound with a

ifferent mass can be determined accurately as long as the com-
ound and its mass are known. This allows the use of a SIL-IS for
alibration. Although the magnitudes of the individual responses
or the analyte and the internal standard will differ in the pres-
nce and absence of ion suppression/enhancement, the ratio of
esponses will be unaffected [13]. This means that whether the cal-
bration standards are prepared in the matrix or in the water or
n the mobile phase solvent, the calibration curve (ratio of analyte
esponse/internal standard response vs. ratio of analyte concen-
ration/internal standard concentration or analyte concentration)
btained will be exactly the same. This means that the calibration
tandards prepared in water or the mobile phase solvent will give
he same results as those prepared in the matrix. In fact, it was found
hat when SIL-IS’s are used for analysis, the precision of the slopes of
alibration standards prepared in five different lots of biofluid were
ithin the range 0.19–2.4%, irrespective of the HPLC–MS interface
tilized [15]. This shows that the use of SIL-IS compensates for not

nly the matrix variability but also for the other variabilities such as
ample preparation, chromatography and mass spectrometry. This
omprehensive study used five different lots of biofluid matrixes
nd the narrow precision obtained, 0.19–2.4%, was for 39 different
nalytes [15]. It also showed that when the structural analogues
gr. A 1218 (2011) 359–361

were used as internal standards instead of the SIL analogues, the
precision of the five slopes varied up to 16%. This study clearly
demonstrates the importance of SIL-IS in quantitative analysis by
MS and the effective elimination of ME by the utilisation of SIL-IS.

The common approach used for calibration, in the analysis of
complex samples such as plasma, is to prepare the calibration stan-
dards in blank matrix and to subject all calibration standards to
the lengthy extraction procedure that is used for other samples.
In fact, Food and Drug Administration (FDA) guidelines specifically
state the requirement for preparing standards by spiking the matrix
with known concentrations of analyte [16]. This requirement and
the common approach to analysing biological and environmental
samples do not take into account the unique advantage offered
by the relatively new, increasingly popular, mass spectrometric
detection: the ability to accurately quantitate the co-eluting SIL
analogue of the analyte. Also, it must be mentioned here that there
is no such “blank matrix” that resembles all samples in a batch
that can be spiked to prepare “matrix matched” calibration stan-
dards. When added to the sample at the beginning of the extraction,
the SIL-IS will experience all changes experienced by the analyte,
including the ion suppression effects as described above. There-
fore, if a SIL analogue is used as the internal standard, there is no
need to prepare calibration standards in matrix and subsequent
cumbersome extractions. The response ratio calibration using the
standards prepared in water or mobile phase solvent will produce
the same accurate results as that produced using standards pre-
pared in matrix. This allows the analyst to cut down the preparatory
work without sacrificing the accuracy of the data.

In choosing SIL-IS, labelling such as 13C and 15N are preferred to
deuterium labelling because deuterium labelled internal standards
may not sufficiently co-elute with the analyte causing differences
in ion suppression effects in analyte and the internal standard [17].
The deuterium atoms were found to be less lipophilic causing a
slightly earlier elution on a reversed phase column. This effect can
be facilitated by the presence of high concentrations of co-eluting
suppressing ions to cause a significant reduction of accuracy [18].
For the SIL-IS to fully correct for the ion suppression effects, the
analyte must completely co-elute with it. Therefore, it is impor-
tant to check whether they co-elute in each sample chromatogram.
However, if the elution time is found to be slightly different, the
gradient can be altered to force co-elution of the analyte and the
internal standard. It was shown [19] that a linear calibration plot
of peak area ratio vs. concentration ratio ensures that the mutual
suppression effects of analyte at different concentrations and SIL-IS
are equal and therefore the phenomenon does not affect the valid-
ity of quantitative analysis. When the mutual suppression effects
cause non-linearity, it can be corrected by selecting appropriate
concentration of internal standard [20].

A precaution that the analyst must take, regardless of the fact
that the matrix of calibration standards is matched or not, is to
check the linearity of the internal standard response within the
range of expected concentrations. The commonly used response
ratio method of calibration, described above, uses a single-point
calibration for the internal standard. In other words, this method
has a built-in assumption that the internal standard response
is linear within the range of internal standard concentrations
expected in all samples analysed [21]. In the case of ion suppres-
sion/enhancement in LC–ESI-MS, the range of responses obtained
for the internal standard can be wide because of the differences in
the co-eluting compounds in each sample. Therefore, ensuring the
linearity over a wide range of concentrations above and below the

added internal standard concentration is paramount for obtaining
accurate data.

When more than one analyte is chromatographed and detected
by LC–ESI-MS a SIL-IS must be included for each analyte of inter-
est in order to correct for ion suppression effects. As pointed out
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bove, matrix matching of the calibration standards cannot com-
ensate for ME’s such as ion suppression because the matrix varies
rom sample to sample. In situations where a SIL-IS or a structural
nalogue of the analyte that will co-elute with the analyte is not
vailable for each and every analyte in the sample, the standard
ddition method of calibration will be the only option that will
uarantee accurate results with LC–ESI-MS.

In summary, to obtain accurate concentration data for an analyte
n mass spectrometry the analyst must: optimise chromatography,
se a SIL-IS, prepare calibration standards in water or mobile phase
olvent and check the linearity of the internal standard response.
atching the matrix of the calibration standard with samples is not

ecessary as the SIL-IS can be used to efficiently correct for ME.
It is important that the guidelines used for analysis such as

DA are changed with the rapidly changing strengths of the ana-
ytical techniques. The approach, one guideline fits all analytical
echniques deprives the analyst of the advantages offered by the on-
oing advancements made in analytical technology. Revisiting and
hanging guidelines on a frequent basis, in keeping with the rapidly
hanging technologies, will enable analyst to take full advantage of
he new developments and cut down the time and cost associated

ith routine analysis.

eferences

[1] C.H. Harris, Quantitative Chemical Analysis, 4th ed., Freeman, New York, 1995.

[

[
[

[

gr. A 1218 (2011) 359–361 361

[2] D.A. Skoog, Principles of Instrumental Analysis, 3rd ed., Saunders, New York,
1985.

[3] P. Kebarle, L. Tang, Anal. Chem. 65 (1993) 972A.
[4] B.K. Matuszewski, M.L. Constanzer, C.M. Chavez-Eng, Anal. Chem. 75 (2003)

3019.
[5] R. King, R. Bonfiglio, C. Fernandez-Metzler, C. Miller-Stein, T.J. Olah, J. Am. Soc.

Mass Spectrom. 11 (2000) 942.
[6] M.P. Balogh, LCGC 22 (2004) 344.
[7] P.J. Taylor, Clin. Biochem. 38 (2005) 328.
[8] D.L. Buhrman, P.I. Price, P.J. Rudewicz, J. Am. Soc. Mass Spectrom. 7 (1996)

1099.
[9] L.L. Jessome, D.A. Volmer, LCGC 4 (2006).
10] R.K. Boyd, C. Basic, R.A. Bethem, Trace Quantitative Analysis by Mass Spectrom-

etry, John Wiley, West Sussex, 2008.
11] B.B. Schneider, H. Javaheri, J.R. Covey, Rapid Commun. Mass Spectrom. 20

(2006) 1538.
12] M. Ivano, V. Viette, F. Badoud, M. Fathi, M. Saugy, S. Rudaz, J.-L. Veuthey, J.

Chromatogr. A 1217 (2010) 4071.
13] F. Gosetti, E. Mazzucco, D. Zampieri, M.C. Gennaro, J. Chromatogr. A 1217 (2010)

3929.
14] M. Jemal, A. Schuster, D.B. Whigan, Rapid Commun. Mass Spectrom. 17 (2003)

1723.
15] B.K. Matuszewski, J. Chromatogr. B 830 (2006) 293.
16] Guidance for Industry on Bioanalytical Method Validation, Department of

Health and Human Services, Food and Drug Administration, Fed. Regist. 66
(100) (2001), 28526 (Docket No. 98D.1195).

17] S. Wang, M. Cyronak, E.J. Yang, Pharm. Biomed. Anal. 43 (2007) 701.

18] N. Lindegardh, A. Annerberg, N.J. White, N.P.J. Day, J. Chromatogr. B 862 (2008)

227.
19] L.E. Sojo, G. Lum, P. Chee, Analyst 128 (2003) 51.
20] H.R. Liang, R.L. Foltz, M. Meng, P. Bennett, Rapid Commun. Mass Spectrom. 17

(2003) 2815.
21] A.K. Hewavitharana, Crit. Rev. Anal. Chem. 39 (2009) 272.


	Matrix matching in liquid chromatography–mass spectrometry with stable isotope labelled internal standards—Is it necessary?
	References


