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The need for on-line sample preparation for high-throughput applications in bioanalysis has increased during the past decade. I
robust and on-line sample preparation technique, micro extraction in packed syringe (MEPS) has been developed and validated.

s a miniaturized, fully automated, solid-phase extraction (SPE) technique that can be connected on-line to GC or LC without any m
f the chromatographs. The performance of MEPS as sample preparation method is illustrated by the determination of local ana
uman plasma samples on-line with high performance liquid chromatography (HPLC) and tandem mass spectrometry. The samp
as 1 mg silica based benzenesulphonic acid cation exchanger that was inserted in a 250�l syringe. Ropicavine and two of its metaboli

PPX and 3-OH-ropivacine), lidocaine and bupivacine were used as model substances. The accuracy values of quality control sa
ere between 95% and 109%, and precision (relative standard deviation, R.S.D.) had a maximum deviation of 9% for the analyte
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. Introduction

In pharmaceutical industry, the measurement of drug lev-
ls in biological fluids gives information that is needed dur-

ng drug discovery and development. The more rapidly these
easurements can be done the more quickly drugs may
rogress toward regulatory approval. It may thus be impor-

ant to minimize sample preparation and analysis times where
ossible. Sample preparation is frequently done off-line and
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in fact, this is often a limiting step to get fast bioanalysis;
introduction of on-line sample pretreatment would gre
speed up the analyses. Further, as the number of sa
grows high-throughput and fully automated analytical te
niques becomes required. Current developments of sa
handling techniques are directed toward automatization
on-line coupling of sample preparation units and detec
systems. In addition, there is a trend toward developme
more selective sorbents for sample clean-up and enrich

The sample preparation is an important step in the p
maceutical analysis process because of the difficulties
follow with complex sample matrices, e.g. plasma and u
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Proteins and other interferences may result in deterioration of
the performance of separation columns and in increased col-
umn backpressure. Typical demands on sample preparation
are automation, miniaturization, on-line coupling, consump-
tion of small solvent volumes, and short extraction times [1].
The procedure should be highly reproducible, with high re-
covery, it should be fully automated, and involve a minimum
number of steps [2]. Also enrichment of the compounds is
among the reasons for the use of a well-designed sample
preparation.

Solid-phase extraction (SPE) is today the most commonly
used sample preparation method [3]. SPE is used to extract,
concentrate and clean-up compounds of interest from a sam-
ple matrix using a solid support. Here, the analytes are ad-
sorbed on the packing bed and this is followed by the elution
or thermal desorption for recovery.

There are two different formats for solid-phase extraction,
cartridges and SPE discs [3]. Cartridges were initially devel-
oped to provide the possibilities for higher sample through-
put [4–8]. The use of SPE discs was the first attempt to
miniaturize SPE [9]. Further miniaturization in SPE has,
for instance, resulted in pipette tips [9–10], column switch-
ing systems [1,11–14], and multi-well plates [15]. Solid-
phase microextraction (SPME) is another commonly used
sample preparation method [16]. The method is based on
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1 min for each sample. Compared to solid-phase micro ex-
traction, MEPS reduces sample preparation time (∼1 min),
sample volume (10–1000�l) and a much higher recovery
(>50%) can be obtained.

A method based on MEPS on-line with gas chromatog-
raphy and mass spectrometry was recently developed and
validated [2]. In this paper, a method for on-line MEPS using
a cation-exchanger as sorbent with HPLC–MS–MS has been
developed and validated. Local anaesthetics in human plasma
samples were used as model compounds for the evaluation.
A simple sample preparation, a low quantification limit, high
recovery and the possibility to automate were considered.

2. Experimental

2.1. Chemicals

Ropivacaine, PPX (pipecoloxilidide), 3-OH-ropivacaine
(3-hydroxyropivacaine), lidocaine, bupivacaine and2H7-
ropivacaine (internal standard) in hydrochloride form, Fig. 1,
were supplied by the Department of Medicinal Chemistry,
AstraZeneca (S̈oderẗalje, Sweden). Acetonitrile, methanol,
formic acid and ammonium hydroxide were obtained from
Merck (Darmstadt, Germany). All chemicals were of analyt-
i

Fig. 1. Chemical structure and molecular weight of ropivacaine and its
metabolites (PPX and 3-OH-ropivacaine), lidocaine, bupivacaine and in-
ternal standard,2H7-ropivacaine.
artitioning of the analytes between the sample matrix
fused-silica fiber that is coated with an appropriate

ionary phase [16–17]. The extraction efficiency of SP
epends on a number of factors such as extraction
gitation, sample pH, salt concentration and temper

18].
In a number of cases, SPE has been used in connectio

igh performance liquid chromatography (HPLC) for ext
ion of local anaesthetics in plasma samples [19–24].
sually gives recoveries above 70%. However, most o
PE methods use relatively high sorbent amounts (>100
nd high sample loading (>1 ml). Further, SPE cartridge
elatively expensive and the systems are difficult to autom
lso SPME has been used for extraction of local an

hetics in plasma samples [25–27]. Large sample volu
≥1000�l), long sample preparation time (> 40 min), l
ecovery and limited life time of the fiber were some of
rawbacks with this technique. Micro extraction in pac
yringe (MEPS) is a new technique for miniaturized, s
hase extraction that can be connected on-line to GC o
ithout any modification of the chromatograph [2,28–
EPS differs from commercial solid-phase extraction in

olid support is inserted into a syringe (100–250�l) as a plug
hus, there is no need for a separate robot to apply the
le into the solid-phase as with conventional SPE. Fur

he packed syringe can be used several times, more tha
imes with plasma, whereas a conventional SPE colum
sed only once.

Compared to SPE or liquid–liquid extraction (LLE
EPS will reduce sample preparation time and organic

ent consumption. MEPS is fully automated and takes
cal grade.
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2.2. Apparatus

The high performance liquid chromatography instrument
included two pumps, Shimadzu (Kyoto, Japan), an autosam-
pler, CTC-Pal, Crelab (Knivsta, Sweden) and a 50�l sample
loop. The mass spectrometric instrument was a QII Z-spray
mass spectrometer from Micromass (Manchester, UK) and
the chromatographic data system was MassLynx version
3.4. The guard column, Optiguard (C8, 10 mm× 1 mm) was
from Optimize Technologies (Oregon City, USA). A Valco
C4W valve, Valco Instruments (Houston, USA) was used
as gate valve between the liquid chromatograph and the
mass spectrometer. The Milli-Q water was obtained using
a Reagent Grade Milli-Q Plus water purification system
from Millipore Corporation (Bedford, USA). A centrifuge,
Hettich Rotanta/AP (Tuttlingen, Germany), was used for
plasma centrifugation.

2.3. Preparation of samples

Plasma samples were stored at−20◦C. Before use, the
plasma was thawed at room temperature and centrifuged at
3500 rpm for 10 min. Stock solutions of ropivacaine, PPX, 3-
OH-ropivacaine, lidocaine, bupivacaine and2H7-ropivacaine
(internal standard) in methanol/water 1:1 (v/v) (0.1% formic
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The scan mode was multiple reaction monitoring (MRM)
using precursor ion at (M + 1)m/z (m/z: 235, 289, 233, 275,
291 and 282) and after collisional dissociation the product
ions 86, 140, 84, 126, 126 and 133 were used for quantifi-
cation of lidocaine, bupivacaine, PPX, ropivacaine, 3-OH-
ropivacaine and the internal standard.

2.5. MEPS conditions

MEPS was performed using a 250�l gas-tight syringe.
The sorbent used was a benzenesulphonic acid cation ex-
change silica based sorbent, having cation exchange and sig-
nificant non-polar secondary interactions. This sorbent has
irregular particles with average size of 50�m and nominal
60Å porosity. One milligram of the solid material was manu-
ally inserted inside the syringe as a plug. The sorbent material
is tightened by filters to avoid moving inside the syringe.

Before using for the first time, the sorbent was manu-
ally conditioned with 50�l methanol followed by 50�l of
water (0.1% formic acid). After that, the syringe was con-
nected to the autosampler and spiked plasma sample (25�l)
was drawn onto the syringe by the autosampler. It is im-
portant that plasma samples are drawn slowly (20�l s−1)
and with caution to obtain good percolation between sam-
ple and solid support. The sorbent was then washed once
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f centrifuged plasma. Then 25�l of 2H7-ropivacaine wa
dded. After vortexing the samples were extracted an
lyzed. The concentration range of the standard curve
etween 2 and 2000 nM. All standard solutions were st
t 4◦C.

.4. Analytical procedure

.4.1. Chromatographic system
Isocratic HPLC was used. Mobile phase was metha

ater 1:1 (v/v) (0.1% formic acid). The flow rate w
.20 ml/min and sample volume (loading) was 25�l. A guard
olumn was used between the valve and the ionization so

All experiments were conducted using a triple quadru
ass spectrometric instrument (Micromass) equipped w
-electrospray interface operated in positive ion mode.
arameter settings used were: capillary voltage at 3.
one voltage at 38 V, extractor at 5 V, RF lens at 0.2 V, so
lock and desolvation temperatures at 150 and 320◦C, re-
pectively. Nitrogen was used both as drying (400 L h−1) and
ebulizing gases (20 L h−1), the vacuum was 2× 10−5 in the
ass analyzer and 2× 10−3 in the collision cell. Argon wa
sed as collision gas and collision energy was 25 eV.
ases were from AGA (Liding̈o, Sweden). The eluate fro

he syringe was introduced into the valve before introdu
nto the ionization source. The data were collected and
essed using MassLynx version 3.4, and all calculations
ased on peak area ratios.
ith 100�l of water (0.1% formic acid) to remove prote
nd other interferences. The analytes were then desorb
0�l methanol/water 95:5 (v/v) (0.25% ammonium hydr

de) directly into a gate valve, which was situated betw
he liquid chromatograph and the tandem mass spectrom
leaning of the sorbent was done with 5× 50�l elution so-

ution followed by 5× 50�l of the washing solution betwee
very extraction. This step decreased memory effects, bu
unctioned as conditioning step before the next extrac
he same packing bed was used for about 100 extrac
efore it was discarded.

.6. Validation

Each calibration curve consisted of nine calibration po
overing 2–2000 nM for the test compounds in plasma
zero concentration. The plasma used was collected

ifferent objects (at least six). The peak area ratios for
tances and internal standard were measured and a st
urve without zero concentration was constructed. The
ration curves were described by the equation:

= ax2 + bx + c

herey is peak area ratio,x is the concentration,a is the cur-
ature,b is the slope andc is the intercept. The calibratio
urves were quadric and the weight was 1/x. The quality con
rol (QC) samples were prepared with the concentration o
00 and 1500 nM for ropivacaine and its metabolites (P
nd 3-OH-ropivacaine), and for lidocaine and bupivacain
uman plasma. The accuracy and precision were calcu

or the QC samples, both within and between days. Th
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periments were done three times during three different days.
The method was validated at optimized conditions.

3. Results and discussion

3.1. Method development

Ropivacaine, lidocaine and bupivacaine are widely used
amide type local anaesthetics that belong to the pipeloxili-
dide group [24]. Lidocaine is widely used in anaesthesiology.
Lidocaine also has antiarrhytmic effects and is used as a ther-
apeutic agent in the treatment of cardiac disorders. Ropiva-
caine is a relatively new amide-type local anaesthetics drug,
mainly used for surgery and post-operative pain relief. Also,
it has a lower central nervous and cardiotoxic potential than
bupivacaine [30]. The major metabolites of ropivacaine are
PPX and 3-OH-ropivacaine. To optimize micro extraction in
packed syringe, factors affecting the recovery such as amount
of sorbent, the composition and volume of washing solution,
and the composition and volume of the elution solution were
studied.

3.1.1. Washing
The studied substances have pKa-values between 7.0 and
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of methanol/water 95:5 (v/v) (0.25% ammonium hydrox-
ide) at high pH, the amines then were in uncharged form.
Fig. 2 shows a mass chromatogram at the optimum condi-
tions. This solution was selected as elution solution for the
method.

3.1.3. Amount of sorbent
To achieve selective extraction of target substances with

acceptable recovery from plasma samples, the amount sor-
bent material was optimized in relation to the volume of elu-
tion solution. When spiked plasma samples were extracted
using 0.5 mg of the sorbent material, with the above men-
tioned washing and elution solution, the recovery was de-
creased by about 10%. Probably, the adsorption capacity was
insufficient here. Also when using 2 mg of packing bed the re-
covery decreased. The reason for this was that a larger volume
elution solution was needed for desorption of the substances.
The smallest amount sorbent by which acceptable recovery
(∼50%) was obtained was 1 mg when 25�l of sample was
used with 100�l water (0.1% formic acid) as washing solu-
tion and 50�l methanol/water 95:5 (v/v) (0.25% ammonium
hydroxide) as elution solution, Fig. 3. The relative standard
deviation (R.S.D.) was about 5% (n= 3).

The packing bed showed good reproducibility and stability
for repeated use. It was used for more then 100 extractions

Fig. 2. Mass chromatograms obtained from human plasma spiked with an-
alytes (m/z: 291, 282, 275, and 233 for 3-OH-ropivacaine, internal standard,
ropivacaine and PPX, respectively). Sample preparation: 25�l (1.5�M)
of spiked plasma sample was drawn into the syringe, then washed with
100�l water (0.1% formic acid) and eluted with 50�l methanol/water 95:5
(v/v) (0.25% ammonium hydroxide) directly into the HPLC. Mobile phase:
methanol/water 1:1 (v/v) (0.1% formic acid). Flow rate: 0.20 ml/min.
.1. This means that at low pH the analytes are posit
harged. Using a strong cation exchange silica based so
uch as benzenesulphonic acid the substances were r
dsorbed. The sample was then cleaned from interfer
y washing with a solvent having a low ionic strength. D
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yringe, it was washed once with 100�l of the washing solu
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he recovery was measured as the response of a proc
piked plasma sample expressed as percentage of pur
ard solution. The use of methanol in the washing mix

ncreased the leakage and decreased the recovery. The
mount leakage (<0.4%), with no interferences and hig
ecovery was obtained with 100�l water (0.1% formic acid
s washing solution. Thus, 100�l water (0.1% formic acid
as selected as washing solution for the method.

.1.2. Elution solvent
Because a cation exchange silica based sorbent wa
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Fig. 3. Extraction yield (%) when amount sorbent was optimized. The recov-
ery of ropivacaine and its metabolites PPX and 3-OH-ropivacaine compared
to direct injection of pure standard solutions. The relative standard deviation
(R.S.D.) was about 5% (n= 3). Experimental conditions as in Fig. 2.

without any significant problems such as loss of extraction
power.

3.2. Selectivity

Chromatograms from human plasma samples spiked with
ropivacaine, lidocaine and bupivacaine as well as blank chro-
matograms are shown in Figs. 4 and 5. The blank shows no
peaks interfering with those of the target substances.

3.3. Calibrations

The same experimental conditions (precolumn, sample
volume, elution volume, washing volume and sorbent) were

F t con-
c

Fig. 5. Mass chromatograms obtained from human plasma spiked with ana-
lytes (m/z: 235, 275 and 289 for lidocaine, ropivacaine and bupivacaine, re-
spectively, 1.0�M) and internal standard2H7-ropivacaine (m/z: 282). Other
experimental conditions as in Fig. 2.

used for the calibration set.2H7-ropivacaine was used as in-
ternal standard to validate the method. The constructed cali-
bration curve consisted of nine levels of human plasma sam-
ples in the concentration range 2–2000 nM. The regression
parameters for all calibration curves are given in Table 1. The
correlation coefficients (R2) values obtained were >0.998 for
all runs. The calibration curves indicate that the method is
suitable for quantitative analysis.

Table 1
Regression parameters for calibration curves (n= 3)

Substance Curvature,
a (10−8)

Slope,b Intercept,c R2

Ropivacaine −10.39 0.0017 0.0056 0.9999
−8.599 0.0017 0.007 0.9996

4.962 0.0015 −0.007 0.9998

Lidocaine −6.788 0.0019 0.0057 0.9999
−10.243 0.0021 0.0114 0.9999

13.296 0.0015 0.0071 0.9999

Bupivacaine −6.374 0.0019 0.0028 0.9999
−6.025 0.0019 0.0099 0.9998
10.422 0.0019 0.0071 0.9999

PPX 2.37 0.0005 0.0028 0.9992
−2.375 0.0017 0.0011 0.9996

0.256 0.0005 0 0.9992

3-OH-ropivacaine 1.235 0.0009 0.00061 0.9985
9
5
ig. 4. Chromatogram of human blank plasma after injection of highes
entration (2.0�M) plasma standard. Experimental conditions as in Fig. 2.
−1.421 0.0009 0.00145 0.999
3.588 0.0008 0.00029 0.999
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Table 2
Intra- and inter assay precision and accuracy for ropivacaine and its metabolites (3-OH-ropivacaine and PPX), and lidocaine and bupivacaine

Substance Accuracy Precision

Concentration (nM) Accuracy (%) Intraday (n= 6) (R.S.D., %) Interday (n= 3 days) (R.S.D., %)

Ropivacaine 1500 99 4 6
400 100 4 5
40 98 7 9

Lidocaine 1500 98 4 6
400 98 4 8
40 95 7 8

Bupivacaine 1500 98 4 5
400 106 4 6
40 102 5 5

PPX 1500 100 6 5
400 102 5 4
40 108 7 8

3-OH-ropivacaine 1500 106 5 5
400 105 2 4
40 104 4 8

3.4. Accuracy and precision

The accuracy and precision were determined by analysis
of quality control samples at three different concentrations,
40, 400 and 1500 nM. The results are shown in Table 2. The
intra-assay precisions (R.S.D.) were between 2% and 7%
(n= 6) and the inter-assay precisions (R.S.D.) were between
4% and 9% (n= 18) for all analytes.

The accuracy was from 95% to 109% for all analytes. The
results from this study were in close agreement with earlier
published data [2,23–25]. The accuracy and the precision
of the method were both within the internationally accepted
limits [31].

3.5. Limit of quantification (LOQ) and carry over

The carry-over was investigated by injecting elution solu-
tion after the highest standard concentration. Less than 0.5%
carry-over was observed and after one additional blank injec-
tion no carry over could be detected. For high concentration
samples two blanks would be advised.

The limit of quantification was set as the lowest measur-
able concentration with acceptable accuracy and precision.
The LOQ for the analytes studied was set to 2 nmol/l. At this
concentration the accuracy of LOQ was between 97% and
1 een
8

4

epa-
r tion
o only
s ption
w done

in 1 min. The MEPS was easily coupled to an auto sampler
and was used for more than 100 extractions before it was
discarded.
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