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Matrix effect in LC-ESI-MS and LC-APCI-MS with off-line
and on-line extraction procedures
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Abstract

Matrix effect on mass spectrometry response was investigated with commercially available electrospray ionisation (ESI) and atmospheric
pressure chemical ionisation (APCI) sources coupled with a single quadruple mass spectrometer. A post-column infusion system was used
to observe the MS signal alterations of methadone, selected as the model compound, in plasma. For this purpose, two sample preparation
procedures were tested: (1) conventional off-line sample preparations with liquid–liquid extraction (LLE), solid-phase extraction (SPE) and
protein precipitation (PP) with perchloric acid (PA) and acetonitrile (ACN) and (2) on-line SPE with two different extraction columns packed
with a large particle support (LPS) and with restricted access material (RAM), respectively. Whatever the sample preparation procedures,
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PCI source appeared to be less liable to matrix effect than ESI source. Among the different off-line sample preparations, LL
ost efficient extraction procedure. With other techniques, MS signal was affected not only by endogenous material but also by

ntroduced compounds. Moreover, on-line SPE-LC-MS configuration exhibited matrix effects, which depend on the API sourc
xtraction support.
2004 Elsevier B.V. All rights reserved.
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. Introduction

In the last 10 years, atmospheric pressure ionisation (API)
ources have widely contributed to the success of liquid chro-
atography coupled to mass spectrometry (LC-MS) for the

ast analysis of pharmaceutical compounds in biological ma-
rices[1–6]. In order to achieve high throughput analysis, au-
omated, simplified and rapid sample preparation procedures,
uch as protein precipitation (PP) and solid-phase extraction
SPE) performed on 96-well plates, as well as on-line extrac-
ion techniques coupled to fast liquid chromatography using
hort analytical columns and fast gradients, recently appeared
7,8].

Electrospray ionisation (ESI) and atmospheric pressure
hemical ionisation (APCI) are the most currently used API
ources. In spite of the fact that they are based on different ion
ormation mechanisms[9–15], both are considered as “soft
onisation” sources inducing preferentially the formation of

∗ Corresponding author. Tel.: +41 22 379 63 36; fax: +41 22 379 68 08.
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the de-protonated or protonated molecule without fragm
tation. MS signal suppression or enhancement effects
been widely reported in the literature when complex
trices are analysed[16–32]. This undesirable phenomeno
termed matrix effect, is generally not reproducible or rep
able between various sample batches or even sample
thus, compromises a quantitative analysis. Different mo
have been proposed to explain the mechanism of matr
fect in ESI[22,30,33]but it is usually accepted that it resu
from the ionisation competition between the different spe
eluted from the column. Thus, matrix effects have to be
vestigated during the early development of a LC-ESI-
For this purpose, several approaches were described, s
the use of spiked biofluids after extraction[34] and the post
column infusion systems[21,24,27–29,35–37]. To overcome
matrix effects, different strategies can be performed, su
a selective sample preparation[17,18,23,27,35]or/and an ef
ficient chromatographic separation[16,18,20,25–27,31].

APCI is clearly less investigated than ESI source b
is generally reported that the former is less susceptib
matrix effect because ionisation takes place in the gas p
021-9673/$ – see front matter © 2004 Elsevier B.V. All rights reserved.
oi:10.1016/j.chroma.2004.08.118
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[16,17,19,29,32,38,39]. Moreover, it was demonstrated that
source design could have a relevant effect on signal response
[39].

In this paper, the matrix effect was evaluated with com-
mercially available ESI and APCI sources with a single
quadrupole mass spectrometer. Four conventional off-line ex-
traction procedures and three SPE coupled on-line to LC-
MS were evaluated for the extraction of human plasma.
Off-line liquid–liquid extraction (LLE) and SPE procedures,
already optimised for the LC-UV analysis of methadone
enantiomers[40] and two protein precipitations were
performed.

The three extraction supports selected to assess the matrix
effect in the column-switching configuration were a restricted
access media (RAM) and two large particle supports (LPS)
already used for the analysis of pharmaceutical compounds
in biological fluids[41]. All extraction procedures were in-
vestigated on the methadone (MTD) MS signal, using a post-
column infusion system for both API sources.

2. Experimentals

2.1. Chemicals

om
H A),
h hos-
p car-
b ased
f ned
f rile
( ob-
t by a
M e
( ned
f eva,
S

2

on a
m ass,
3 E
w cip-
i d to
s wa-
t a
w (see
S

2
e

and
L

2.2.2. Protein precipitation
2.2.2.1. Perchloric acid precipitation.Five hundred mi-
crolitres of an aqueous perchloric acid solution at 6% (v/v)
was added to 500�L of blank plasma. Samples were vortex
mixed and centrifuged for 5 min at 6000× g. Five hundred
microlitres of the supernatant was diluted with 250�L of am-
monium formate 1 M, the pH of the sample was adjusted to
approximately 3.6.

2.2.2.2. Acetonitrile precipitation.One thousand mi-
crolitres of ACN was added to 500�L of blank plasma.
After vortex mixing, the sample was centrifuged for 5 min
at 6000× g. Nine hundred microlitres of supernatant was
evaporated to dryness under a gentle stream of nitrogen at
37◦C. The residue was reconstituted with 300�L of mobile
phase constituted of a mixture ACN:water (35:65, v/v) at
0.1% formic acid.

2.3. On-line sample preparations

For all on-line preparations, 50�L of supernatant was in-
jected in the column-switching system (seeSection 2.4.2).

2.3.1. Direct injection
Blank plasma was diluted 1:1 with water. After vortex
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Methadone hydrochloride (MTD) was obtained fr
anseler AG (Herisau, Switzerland). Perchloric acid (P
ydrochloric acid, acetic acid, potassium dihydrogen p
hate, potassium hydroxide, isoamyl alcohol, sodium
onate, isopropanol and ammonium formate were purch

rom Sigma (Buchs, Switzerland). Ammonia was obtai
rom Reactolab S.A. (Servio, Switzerland). Acetonit
ACN), hexane, dichloromethane and formic acid were
ained from SDS (Peypin, France). Water was provided
illi-Q Gradient A10 water purifier system from Millipor

Bedford, MA, USA). Human blank plasma were obtai
rom the Centre de Transfusion of Geneva Hospital (Gen
witzerland).

.2. Off-line sample preparations

Four sample preparation procedures were used: SPE
ixed mode Bond Elut Certify sorbent (130 mg sorbent m
mL column volume) from Varian (Harbor City, USA), LL
ith a mixture of hexane: isoamyl alcohol and protein pre

tation (PP) with PA and ACN. All procedures were applie
ix human plasma from different origins and to purified
er. For all off-line preparations, 10�L of extracted plasm
as injected in the LC-MS post-column infusion system
ection 2.4.1).

.2.1. Solid-phase extraction and liquid–liquid
xtraction

One millilitre of blank plasma was extracted by SPE
LE with the procedures already described elsewhere[40].
ixing, samples were centrifuged for 5 min at 6000× g.

.3.2. After protein precipitation
One thousand microlitres of ACN was added to 500�L

f blank plasma. After vortex mixing, the sample was c
rifuged for 5 min at 6000× g.

.4. Liquid chromatography-mass spectrometry

All experiments were performed on an Agilent Se
100 LC system (Agilent Technologies, Waldbronn, G
any) equipped with an autosampler, a binary pump a

ix-port switching valve. An additional Agilent Series 11
C isocratic pump was included in the system for the colu
witching configuration. The LC system was coupled to
gilent Series 1100 MSD single quadrupole (Agilent Te
ologies) equipped with orthogonal ESI or orthogonal A
ources. MS parameters were optimised for each ionis
ource and are reported inTable 1. Nitrogen was used bo
s nebulising and drying gas. For both sources, MS dete
as conducted in the single ion monitoring mode (SIM),

able 1
S parameters optimised for ESI and APCI sources

ESI parameters APCI paramet

ebulisation pressure (psi) 25 10
low rate of drying gas (L min−1) 11 5
emperature of drying gas (◦C) 300 350
apillary voltage (V) 3000 3500
orona discharge (�A) – 3
emperature of vaporizer (◦C) – 350
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Fig. 1. Post-column infusion systems: (A) off-line sample preparation con-
figuration and (B) SPE coupled on-line to LC-MS configuration.

protonated molecule of MTD at 310 u was recorded with a
skimmer voltage optimised at 65 V.

The Chemstation software suite A.09.03 (Agilent Tech-
nologies) was used for instrument control, data acquisition
and data handling. To achieve analyte post-column infusion,
a Harvard Model 22 syringe pump (South Natick, MA, USA)
was used.

2.4.1. Off-line post-column infusion configuration
For the off-line configuration, a conventional LC set-up

with a post-column infusion system was used, as shown in
Fig. 1A. Ten microlitres of mobile phase, water and blank
plasma extracted by off-line sample preparations was in-
jected in a chromatographic Purospher STAR RP-18e col-
umn (55 mm× 2 mm i.d.,dp 3�m) from Merck (Darmstadt,
Germany). The mobile phase was constituted of 0.1% (v/v)
formic acid in water:ACN (65:35) (v/v) delivered at a flow
rate of 300�L min−1. A MTD solution in the mobile phase at
2�g mL−1 was infused post-column with the syringe pump
at a flow rate of 2�L min−1.

2.4.2. On-line post-column infusion configuration
(column-switching)

Fig. 1B represents the column-switching post-column
infusion system with a Purospher STAR RP-18e column
( l
c HLB
c .
(
i lin,
M

Table 2
Switching time in column-switching configuration according to the extrac-
tion supports used

Extraction supports Oasis HLB Cyclone LiChrospher
RP-4 ADS

Loading step (min) 0–1 0–1 0–4
Transfer step (min) 1–3 1–3 4–8
Reconditioning steps (min) 3–10 3–10 8–10

i.d., dp 25�m) from Merck. The syringe pump infused the
MTD solution at 2�g mL−1 at a flow rate of 2�L min−1.

Fifty microlitres of mobile phase, blank plasma diluted
1:1 with water or precipitated was injected on the extrac-
tion supports with a mobile phase constituted of 0.1% (v/v)
formic acid in water:ACN mixture (95:5) (v/v) (Fig. 1B).
The loading flow rates were 4 mL min−1 with both LPS sup-
ports and 0.8 mL min−1 with RAM. After the extraction step,
the switching valve was switched. The analyte was trans-
ferred from the extraction support to the chromatographic
column with a mobile phase constituted of 0.1% (v/v) formic
acid in water:ACN mixture (65:35) (v/v) at a flow rate of
300�L min−1. After the transfer step, the valve was switched
to its original position for pre-column reconditioning. The
switching time for each extraction support is summarized in
Table 2.

3. Results and discussion

3.1. Off-line sample preparation

According to Bonfiglio et al.[35], a post-column infusion
system was used with the continuous infusion of analyte so-
lution between the analytical column and the MS source. In
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55 mm× 22 mm i.d.,dp 3�m) from Merck as analytica
olumn. Selected extraction supports were (1) Oasis
olumn (50 mm× 1 mm i.d.,dp 30�m) from Waters Corp
Milford, MA, USA), (2) Cyclone column (50 mm× 1 mm
.d., dp 50�m) from Cohesive Technologies Inc. (Frank

A, USA) and (3) LiChrospher RP-4 ADS (25 mm× 2 mm
rder to ensure that matrix effect was really due to end
ous components and not to the procedure, water sa

reated by the different extraction procedures were als
ected in the LC-MS post-column infusion system with E
nd APCI sources (Fig. 1A).

Initial experiments demonstrated that plasma sam
rom different origins exhibited homogenous MS respon
hatever the sample preparation procedure and the s

data not shown).
Fig. 2 represents post-column infusion chromatogr

btained by LC-ESI-MS for all the off-line extraction pr
edures. The identical and stable profiles of mobile ph
ater and plasma extracted by LLE indicate that there
atrix effect due to endogenous or extraneous compo
lution (Fig. 2A). With the SPE procedure, the signal w
uppressed for the first minute for the extracted plasma
ater samples (Fig. 2B). Therefore, the signal suppress
as not correlated to matrix components but to the extra
rocedure itself. According to the chromatographic sys
nd to their low retention, these interferences seemed
similar phenomenon was observed for protein precip

ion procedures with PA (Fig. 2D). This could be explaine
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Fig. 2. LC-ESI-MS post-column infusion chromatograms for the four off-
line extraction procedures: (A) LLE; (B) SPE; (C) PP with ACN; and (D)
PP with PA. Analytical conditions as described in Section 2.

by large amount of salts in the samples, such as perchlorate
or formate salts which can induce MTD signal suppression.
However, some other polar compounds could also induced
matrix effect, which could be masked by the high amount
of salts introduced with the sample preparation procedure.
With ACN precipitation, the MS signal suppression was only
observed for plasma samples, while a stable MS response
was obtained for mobile phase and treated water (Fig. 2C).
Therefore, the signal suppression was certainly, in this case,
induced by substances in the matrix.

With the APCI source, no MS signal suppression occurred
for all off-line extraction procedures except protein precipi-
tation with PA (Fig. 3). However, this phenomenon was less
marked with APCI than with ESI source.

Whatever the off-line sample preparations, the MS signal
suppression was recorded during the first minute of chro-
matograms. However, given MTD eluted outside the matrix
effect window (e.g. with retention time higher than 1 min) un-
der developed chromatographic conditions, the performances
of the methods were not compromised.

3.2. On-line sample preparation

As shown inFig. 1B, a column-switching configuration in-
cluding a post-column infusion set-up was also used. Three
s ura-

Fig. 3. LC-APCI-MS post-column infusion chromatograms for the four off-
line extraction procedures: (A) LLE; (B) SPE; (C) PP with ACN; and (D)
PP with PA. Analytical conditions as described in Section 2.

tion: loading mobile phase, blank plasma diluted 1:1 with
water (direct injection) and blank plasma precipitated with
ACN. By comparing the MS chromatograms observed for
the different samples, it is possible to attribute a MS sig-
nal alteration to protein material. However, the presence of
acetonitrile in the solvent sample could be responsible of
removing some interferents during the loading step even if
a dilution of the sample was probably obtained under high
flow rate conditions. Six plasma samples coming from differ-
ent origins gave the same MS profile (data not shown).Fig. 4
presents the post-column infusion ESI-MS chromatograms
for each sample injected on the three extraction supports (Oa-
sis HLB, Cyclone and LiChrospher RP-4 ADS). With Oasis
HLB support, a stable MS signal was observed (Fig. 4A). In
all cases, the signal suppression at 1.5 min was due to the
column-switching configuration and was stabilized after 30 s
(t = 2 min).

The injection of a blank plasma diluted 1:1 with water
and loaded onto a Cyclone support led to a significant signal
suppression during the transfer step (Fig. 4B). The MS sig-
nal returned to its initial level after 3 min. This suppression
was not observed with the injection of precipitated plasma
and loading mobile phase. Therefore, it was attributed to the
elution of endogenous material (such as proteins) previously
retained by the extraction support during the loading step.
T e in-
c

SI-
M ding
m rate
amples were injected in the column-switching config
his hypothesis was confirmed by the column pressur
rease between injections (about 2 bar per injection).

With the restricted access material (RAM), similar E
S chromatograms were recorded for the injection of loa
obile phase and precipitated plasma. Given the low flow



S. Souverain et al. / J. Chromatogr. A 1058 (2004) 61–66 65

Fig. 4. SPE-LC-ESI-MS post-column infusion chromatograms for the three
extraction supports: (A) Oasis HLB (50 mm× 1 mm i.d.,dp 30�m); (B)
Cyclone (50 mm× 1 mm i.d.,dp 50�m); and (C) LiChrospher RP-4 ADS
(25 mm× 2 mm i.d.,dp 25�m). Analytical conditions as described in Sec-
tion 2.

used to perform the extraction step, the valve was switched
after 4 min. After 2 min, the ESI-MS signal intensity reached
its initial level. With the injection of the diluted plasma, im-
portant signal suppression occurred for 3 min. Although a
matrix effect was observed with the LiChrospher RP-4 ADS
pre-column, no pressure increase was recorded in the analyt-
ical column.

The APCI-MS chromatograms for the three extraction
supports and for each injected sample are reported inFig. 5.
As previously described, a stable signal was recorded with
the Oasis HLB support (Fig. 5A). The signal suppression pre-
viously observed with ESI source was negligible in APCI-
MS. A significant APCI-MS signal enhancement occurred
with the direct injection of plasma on a Cyclone pre-column
(Fig. 5B). The stable APCI-MS chromatograms obtained
with the loading mobile phase and the precipitated plasma
demonstrated that endogenous materials were partially re-
tained on this support and induced a matrix effect. An
increase of pressure was also recorded in the analytical
column after direct injection of plasma. A negligible al-
teration of APCI-MS signal was recorded for each sample
injected in RAM support at the beginning of the transfer
step (Fig. 5C). However, the APCI-MS signal alteration was
slightly more important for the direct injection of diluted
plasma.

res-
s step

Fig. 5. SPE-LC-APCI-MS post-column infusion chromatograms for the
three extraction supports: (A) Oasis HLB (50 mm× 1 mm i.d.,dp 30�m);
(B) Cyclone (50 mm× 1 mm i.d.,dp 50�m); and (C) LiChrospher RP-4
ADS (25 mm× 2 mm i.d.,dp 25�m). Analytical conditions as described in
Section 2.

However, since MTD eluted after the transfer step, no matrix
effect was observed for all developed methods.

4. Conclusion

Matrix effects were compared with ESI and APCI sources
for the analysis of a model drug (i.e. methadone) in human
plasma.

APCI was less susceptible to matrix effect than ESI source.
Among the off-line sample preparations, LLE was found to be
the most efficient extraction procedure with both API sources.
SPE and PP with PA led to plasma samples containing polar
extraneous interferences susceptible to induce signal suppres-
sion with ESI source. A similar ESI-MS signal suppression
at the beginning of the chromatogram was observed for PP
with ACN and was mainly due to the elution of endogenous
compounds. For on-line SPE-LC procedures, the two LPS
demonstrated different extraction behaviours: while no ma-
trix effect was observed for Oasis HLB, Cyclone exhibited
a relevant alteration of MS signal. A less significant matrix
effect was also observed for RAM.

Because MTD eluted after the matrix effect window,
which arisen at the beginning of chromatograms, the per-
formances of the developed methods were not compromised.

A

gies
( for
k

For all on-line SPE procedures, the MS signal supp
ion or enhancement was observed during the transfer
 .
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