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Abstract

Molecular imprints selective for a homologous series of local anaesthetics, including bupivacaine, ropivacaine and mepivacaine, were
prepared and the resultant polymers were used for solid-phase extraction of human plasma. The template was a structural analogue, penty-
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aine, which was imprinted in methacrylic acid–ethylene glycol dimethacrylate copolymers. Equilibrium ligand binding experime
adiolabelled bupivacaine were performed to characterize the imprinted polymers, as well as to identify optimal conditions for
xtraction of plasma samples. Dilution of the plasma prior to extraction with citrate buffer pH 5.0 containing ethanol and Tween 20 w
ptimal for selective imprint–analyte binding, and for reduction of non-specific adsorption of lipophilic contaminants to the hydroph
urface. Wash steps using 20% methanol in water followed by a solvent switch to 10% ethanol in acetonitrile removed contam
trengthened the selective imprint–analyte binding. Elution under basic conditions using triethylamine–water–acetonitrile mixtures
upivacaine in 89% yield with superior selectivity over elution under acidic conditions. The final protocol extracted trace levels of ro
nd bupivacaine from human plasma and allowed determination of bupivacaine in the range of 3.9–500 nmol L−1 and ropivacaine in th
ange of 7.8–500 nmol L−1 with inter-assay accuracies of 94–99 and 95–104%, respectively. This present investigation provides an
nderstanding of approaches available for optimization of protocols for molecular-imprint based solid-phase extraction of plasma
2004 Elsevier B.V. All rights reserved.
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. Introduction

Trace and ultra-trace analysis of complex sample matri-
es often rely on efficient sample pre-treatment and selective
ethods where a more efficient sample clean-up, performed
ither on-line or off-line, simplifies downstream analytical
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separation and facilitates accurate and sensitive dete
Various formats of solid-phase extraction (SPE) is curren
routine sample preparation technique employed in nume
environmental and bioanalytical applications[1–5]. Separa
tion on most current solid-phase extraction sorbents is b
on physicochemical retention on the functionalized sur
and the SPE column retains not only the target analy
but also other matrix components. Therefore, a conside
amount of method development work is often spent on
mizing the complete analytical method. More selective
materials, such as immunosorbents[6,7] and molecularly im
printed polymers (MIPs)[8–11], rely on affinity interaction
and potentially offer a higher degree of sample clean-u
ficiency than that achieved using conventional type SPE
bents. Characteristic for both types of affinity materials
their high ligand selectivity and affinity, where selectivity c
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be pre-determined for a particular analyte by, respectively the
choice of antigen used for antibody generation and the choice
of template used for MIP preparation.

From an analytical separation point of view, a MIP may be
best characterized as a material, which in addition to the im-
printed affinity sites contains both polar and lipophilic surface
functionality. Thus, chromatographic retention of analyte is
due to a mixed-mode mechanism involving both selective
affinity binding with imprints and non-specific physicochem-
ical adsorption on polymer surface. Accordingly, the develop-
ment of a MIP based solid-phase extraction (MISPE)[12–16]
method requires a fundamental understanding of the strength
and nature of imprint–analyte and polymer surface–analyte
interactions, respectively, and how these vary with the type of
solvent or buffer employed. Under conditions where physico-
chemical adsorption mechanisms dominate, non-specific re-
tention of other sample components leads to poor clean-up ef-
ficiency. Also, the analyte will be retained primarily through
interaction with polymer surface and selectivity of the im-
prints may remain undetected. Under normal-phase condi-
tions non-specific physicochemical retention is due mainly
to polar interactions and under reversed-phase conditions
to hydrophobic interaction. Hence, non-specific binding can
be eliminated by the choice of appropriate wash and eluent
solvents. Also, selectivity of the imprint–analyte binding is
t ium,
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anaesthetics, including mepivacaine, ropivacaine and bupi-
vacaine (Fig. 1)[21]. The resultant MIPs were used for de-
velopment of a MISPE protocol for pre-concentration of these
drugs from plasma samples. To examine imprint–analyte se-
lectivity and to study the influence of incubation medium
composition on selective and non-specific binding modes a
series of radioligand binding experiments were conducted.
These investigations defined a starting point for optimiza-
tion of the MISPE protocol. The final protocol was evaluated
with respect to accuracy and precision of the determination
of ropivacaine and bupivacaine in human plasma.

2. Experimental

2.1. Materials and methods

(R,S)-Mepivacaine, (R,S)-ethycaine, (S)-ropivacaine,
(R,S)-bupivacaine and (R,S)-pentycaine (Fig. 1) were
obtained from AstraZeneca R&D Söderẗalje. Ethy-
lene glycol dimethacrylate (EGDMA), methacrylic acid
(MAA), 2-(trifluoromethyl)acrylic acid (TFMAA) and
2,2′-azobisisobutyronitrile (AIBN) were all purchased from
Aldrich (Milwaukee, WI, USA) and used as-received. All
solvents were HPLC grade and used as-received.
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olar functionalities of the analyte increases in relative im

ance and under reversed-phase conditions imprint rec
ion of lipophilic moieties become more significant[17–19].
ost MIP syntheses are organic solvent based, and stud

mprint rebinding are often conducted using organic solv
s the incubation medium, where establishment of condi

or strong and selective rebinding is fairly well understo
his is not yet true to the same extent for aqueous rebin
uch as in the presence of biofluids, and this present stu
uses on optimization of conditions for direct SPE of pla
amples.

Imprinted polymers are made in the presence of high
entrations of template and it is known that despite exhau
ashing trace amounts of imprint species may remain i
IP and later leak during use[12–16,20], i.e. template blee

ng. While being less pronounced for on-line SPE syst
here the MIP column is continuously washed by the sol
ow as well as for templates where weaker binding inte
ions are employed, template bleeding is acknowledged
rally as an inherent problem associated with the use of M
or MISPE applications in trace analysis near-complet
oval is essential as even very small amounts of rema

emplate species may interfere with the assay. Hence,
late bleeding must be addressed in each MISPE dev
ent. An approach to circumvent this problem comple

s the alternative template approach[20], which uses a clos
tructural analogue of the analyte(s) of interest for the
reparation. In this present study, imprinting of pentyc
roduced MIPs selective for a homologous series of l
.2. Polymer synthesis

In a typical procedure the free base of pentycaine (
late, 0.55 mmol) and AIBN (initiator, 0.73 mmol) were d
olved in toluene (8.7 g) and then EGDMA (33.2 mm
nd either MAA (6.64 mmol) or TFMAA (6.64 mmol) we
dded. The tubes were placed in an ultrasonic water ba

il clear solutions were obtained, then cooled on ice and
olutions sparged with nitrogen. The tubes were place
er a UV-lamp (366 nm) at 4◦C for 7 h and then at roo

emperature for 20 h. The hard polymers were groun
laboratory mortar grinder (Retsch, Haan, Germany)

er wet conditions. The particles were sieved with wate
her to collect particles 25–45�m in size (for solid-phas
xtraction experiments) or particles that passed throu
5�m sieve (for radioligand binding experiments). Gri

ng and sieving were repeated until all material pa
he 45�m sieve. Fines in the <25�m fraction were re
oved by repeated sedimentation from ethanol. The par
ere washed with methanol–acetic acid (4:1 v/v), metha
thanol–water–5 mol L−1 NaOH (5:3:2 v/v/v), methano

ig. 1. Structures of the compounds studied. Mepivacaine: R = methyl; ethy
aine: R = ethyl; ropivacaine: R =n-propyl; bupivacaine: R =n-butyl; pen-
ycaine: R =n-pentyl.
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ethanol–acetic acid–water (18:1:1 v/v/v), methanol and fi-
nally dried under vacuum. In parallel, non-imprinted refer-
ence polymers were prepared using the same conditions with
the exception that template was omitted.

2.3. Template leakage test

To glass test tubes were added 5 mg of imprinted poly-
mer, 260�L of ethanol, 340�L of NaOH (2.5 mol L−1) and
3.4 mL of heptane. The contents of the tubes were mixed
by continuous end-over-end rotation for 1 h and then the
tubes were centrifuged at 3000 rpm for 10 min. The organic
layers were washed with 800�L of NaOH (2.5 mol L−1),
and then transferred to borosilicate test tubes and evapo-
rated to dryness. The residues were re-dissolved in 150�L
of heptane–ethanol (9:1 v/v) and 1�L analyzed by GC.

2.4. Organic solvent based radioligand binding
experiments

Suspensions of each polymer in the incubation sol-
vent were made and the particles allowed to swell for
at least 16 h before use. To Eppendorf test tubes were
added [3H]-bupivacaine (specific radioactivity 6 Ci mmol−1,
220 GBq mmol−1), appropriate volumes of polymer and
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column (25 m× 0.20 mm× 0.31�m film thickness) (Palo
Alto, CA, USA). The oven temperature program was as fol-
lows: the initial temperature of 120◦C was kept for 2 min,
then increased to 280◦C at a rate of 40◦C/min and the final
temperature kept for 6 min. The carrier gas was helium at a
flow velocity of 35 cm s−1. Injection in the splitless mode was
carried out at 260◦C. Data collection was performed using
HP Chemstation Software (Palo Alto, CA, USA).

2.7. Optimization of MIP extraction elution conditions

2.7.1. Experiment 1
Plasma samples (400�L) containing 800 nmol L−1 bupi-

vacaine, 80 nmol L−1 [3H]-bupivacaine and 800 nmol L−1

ropivacaine were diluted to 1 mL with citrate buffer pH 5.0 in
a final concentration of 0.2 mol L−1 citrate, 5% ethanol and
0.05% Tween 20. Samples were loaded on pentycaine-MIP
columns and columns washed with 1 mL of water–ethanol
(4:1 v/v). Analytes were eluted with 5× 1 mL of eluent as
listed in Table 1. Radioactivity was counted in 10 vol.% of
fractions 1 and 2, and in whole fractions 3–5. The remaining
90 vol.% of fractions 1 and 2 were evaporated to dryness, re-
dissolved in heptane–ethanol (9:1 v/v) and analyzed by GC.
Recovery in each fraction is reported as percent of total ra-
dioactivity added to sample.
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.5. Aqueous buffer based radioligand experiments

Suspensions of each polymer in water were made
he particles allowed to swell for at least 24 h before
o Eppendorf test tubes were added [3H]-bupivacaine (spe
ific radioactivity 6 Ci mmol−1, 220 GBq mmol−1), appro-
riate volumes of polymer and competing ligand stock s

ions, buffer, ethanol and detergent to a total volume of 1
he tubes were placed on a rocking table for 3 h, centrifu
t 10,000× g and 700�L of the supernatants analyzed

iquid scintillation counting.

.6. GC-analysis

The GC system consisted of a Hewlett Packard 5890
hromatograph with an NPD detector operated at 260◦C, a
ewlett Packard 7673 auto-sampler and an HP 50 cap

able 1
ypical recovery of bupivacaine with elution using methanol, ethanol o

luent First (%) Second (%)

EA in methanol 67.7 13.1 4
EA in ethanol 72.7 13.1 4
EA in acetonitrile 61.3 8.9 3

amples were applied to columns as described in Section 2.7.1. The
arying amounts of TEA in solvent.
onitrile based elution solvents

%) Fourth (%) Fifth (%) Total recovery

1.7 0.94 87.8
2.6 1.2 94.5
1.5 1.0 76.1

ns were washed with 1 mL of 20% ethanol in water and eluted with× 1 mL of

.7.2. Experiment 2
Plasma samples (400�L) containing 20 nmol L−1 [3H]-

upivacaine, 1000 nmol L−1 ropivacaine and 2000 nmol L−1

thycaine were diluted to 1 mL with citrate buffer as ab
nd loaded on bupivacaine-MIP columns. The columns
ashed with 2×1 mL of water–methanol (4:1 v/v) followe
y 2×1 mL acetonitrile. Analytes were eluted with 2× 1 mL
f eluent as listed inTable 2. Radioactivity was count

n 10 vol.% of each fraction and the remaining 90 vol.%
ach fraction were evaporated to dryness, re-dissolv
eptane–ethanol (9:1 v/v) and analyzed by GC. Reco

n each fraction is reported as percent of total radioact
dded to sample.

.8. Solid-phase extraction on MIP and non-imprinted
eference polymer

MIP and reference polymer stock suspensions in w
ere prepared at a concentration of 40 mg mL−1. Appro-
riate volumes of stock suspension were transferred
mpty solid-phase extraction columns and particles pa
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Table 2
Recovery of bupivacaine as a function of water in TEA–acetonitrile or acid
in acetonitrile

Elution solvent First
(%)

Second
(%)

Total
recovery (%)

2% TEA in acetonitrile 41.5 20.8 62.3
2% water + 2% TEA in acetonitrile 63.8 13.8 77.6
4% water + 2% TEA in acetonitrile 71.2 11.0 82.2
6% water + 2% TEA in acetonitrile 76.8 8.9 85.7
10% water + 2% TEA in acetonitrile 75.3 9.1 84.4
15% water + 2% TEA in acetonitrile 78.1 8.1 86.2
20% water + 2% TEA in acetonitrile 74.2 7.2 81.4
30% water + 2% TEA in acetonitrile 76.1 7.2 83.3
2% TFA in acetonitrile 72.3 10.6 82.9
10% TFA in acetonitrile 81.4 6.5 87.9
2% formic acid in acetonitrile 49.1 15.5 64.6
10% formic acid in acetonitrile 65.5 13.5 79.0
2% acetic acid in acetonitrile 13.6 11.1 24.7
10% acetic acid in acetonitrile 36.9 12.7 49.6

Samples were applied to columns as described in Section 2.7.2. The columns
were washed with 2×1 mL of 20% methanol in water, then 2× 1 mL of
acetonitrile and finally eluted with 2× 1 mL of elution solvent.

by help of vacuum and pressure. The columns were stored
in the dry state until use. Prior to use columns were ac-
tivated by treatment with 1 mL methanol and 1 mL water.
Plasma samples (400�L) were diluted with 100�L of ethy-
caine internal standard solution and 500�L of 0.4 mol L−1

citrate buffer pH 5, containing 0.1% Tween 20 and 10%
ethanol, and applied onto the columns. After washing the
columns with 2 mL of water–methanol (4:1 v/v) and 0.5 mL
of acetonitrile–ethanol (9:1 v/v), the analyte was eluted with
2 mL of acetonitrile–water–triethylamine (46:3:1 v/v/v). The
eluates were evaporated to dryness, the residues re-dissolve
in 150�L of heptane–ethanol (9:1 v/v) and 5�L analyzed by
GC.

3. Results and discussion

3.1. Polymer synthesis and initial characterization

MIPs were synthesized by copolymerization of ethylene
glycol dimethacrylate (EGDMA) with either methacrylic
acid (MAA) or 2-(trifluoromethyl)acrylic acid (TFMAA) in
the presence of pentycaine, called MIPMAA and MIPTFMAA ,
respectively. Following grinding and sieving particles of
25–40�m were collected for use in solid-phase extraction
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which then immediately partitions into the organic layer. The
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quantified by GC-analysis. A general observation was that
a more thorough washing scheme gave less template leak-
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Fig. 2. Binding of [3H]-bupivacaine (7 nmol L−1) to MIPMAA (open
squares), MIPTFMAA (open circles), REFMAA (filled squares) and REFTFMAA

(filled circles) as a function of polymer concentration. The solvent of in-
cubation was heptane–methylenechloride–ethanol (36:9:5 v/v/v) containing
0.5% acetic acid.

in PC50-value relative to that recorded for a non-imprinted
reference polymer is analyzed. The combination of a low
PC50-concentration for the MIP and a high PC50-value for
the reference polymer, such as that seen for the MAA sys-
tem, indicates the presence of a high density of high-affinity
binding sites in the MIP. In contrast, a low PC50-value for
a non-imprinted reference polymer and a small difference
between reference polymer and MIP, as is the case for the
TFMAA system, indicates strong non-specific binding under
the conditions used and a low number of imprints in the MIP.
Hence, the methacrylic acid system is the more efficient one
for imprinting of pentycaine.

3.2. Investigation into aqueous re-binding conditions

A series of radioligand binding experiments to optimize
the conditions for selective analyte binding from plasma sam-
ples was performed. The first experiment, which employed
phosphate buffer of pH 7.4 containing 10% ethanol as the in-
cubation medium, resulted in binding isotherms for MIPMAA
and REFMAA with PC50-values of 0.27 and 0.47 mg mL−1

(Fig. 3A), demonstrating a strong non-specific hydrophobic
adsorption under these conditions. The binding isotherms ob-
tained for MIPTFMAA and REFTFMAA were essentially iden-
tical with PC50-values of 0.27 and 0.26 mg mL−1. The objec-
t stan-
t ec-
t un-
a

es-
t pH
1 IP
b the
r ence
b d at

Fig. 3. Binding of [3H]-bupivacaine (7 nmol L−1) to MIPMAA (open
squares) and REFMAA (filled squares) as a function of polymer concen-
tration. The buffer of incubation was (A) 0.1 mol L−1 sodium phosphate, pH
7.4, containing 10% ethanol, and (B) 0.1 mol L−1 sodium citrate, pH 5.0,
containing 5% ethanol and 0.5% Tween 20.

pH 5 for the MAA system and at pH 3 for TFMAA system.
Since the separation between MIP and reference polymer was
significantly greater for the MAA system, it was decided to
proceed with the MAA polymers only and no subsequent
studies were made on the TFMAA system. Acetate and cit-
rate/phosphate buffers gave marginally higher non-specific
binding than citrate buffer (all at pH 5.0), and citrate buffer
was used in subsequent experiments.

Attenuation of non-specific hydrophobic interactions can
be achieved through the use of organic modifiers, such as
methanol, ethanol and acetonitrile[17,18]. Analogously to
that found for propranolol[17] and bupivacaine[18] MIPs,
addition of increasing concentrations of ethanol to the buffer
induced a non-uniform reduction in binding to the two poly-
mers. While the non-specific binding was reduced dramati-
cally, the level of selective binding was found affected much
less. Ethanol concentrations of 4–16% resulted in a slight
increase in relative selectivity for the MIP. The upper limit
of ethanol content is, however, limited as precipitation of
plasma proteins may occur at high ethanol concentrations,
and an ethanol concentration of 5% was used in subsequent
ive of subsequent experiments was to reduce this sub
ial non-specific binding initially observed, while the sel
ive imprint–analyte binding component should remain
ffected.

The effect of buffer pH on bupivacaine binding was inv
igated over the range of pH 3–9 for the MAA system and
.5–9 for the TFMAA system (Fig. 4). For both types of M
inding increased with increased pH, as did binding to
espective reference polymers, and the maximal differ
etween binding to MIP and reference polymer occurre
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Fig. 4. . Binding of [3H]-bupivacaine to: (A) MIPMAA (open squares),
REFMAA (filled squares), and (B) MIPTFMAA (open circles), REFTFMAA

(filled circles) as a function of pH. The incubation mixtures consisted of
1.2 mg mL−1 polymer, 7 nmol L−1 [3H]-bupivacaine, 0.1 mol L−1 buffer and
5% (v/v) ethanol. The buffers were citrate/HCl (pH 1.5–3), citrate (pH 3–6),
phosphate (pH 6–8) and carbonate (pH 9).B/T is the ratio of the amount of
radioligand bound (B) to the total activity (T) added to the test tubes. For
each pH the precise total activity,T, was determined, in tubes without poly-
mer but otherwise treated identically to samples, in order to confirm that the
ligand did not adsorb to the tube walls and was found constant for pH-values
of 7 and below, above pH 7 adsorption increased with increasing pH.

experiments. A second means of reducing non-specific hy-
drophobic interactions is the use of detergents. Non-charged
detergents, such as Tween 20, Triton X-100 and Brij 35, ef-
ficiently reduce non-specific binding while leaving selective
imprint–analyte binding unaffected[24]. The influence of
combinations of Tween 20 and ethanol on imprint–analyte
binding for a bupivacaine-MIP has been studied in detail and
maximal level of selective binding was found obtained with
0.05% Tween 20 and 5% ethanol[18]. Using citrate buffer of
pH 5 with this combination the binding isotherms for MIP and
reference polymer could be well separated with PC50-values
of 1.8 and 6.1 mg mL−1 for MIPMAA and REFMAA , respec-
tively (Fig. 3B). Finally, it was confirmed that the presence of
40% (v/v) plasma in the buffer did not affect binding. Both in
the absence and presence of plasma a 10 mg mL−1 MIP sus-

pension bound 91% of the radioactivity from a 7.5 nmol L−1

solution and 82% from a 2.9�mol L−1 solution.

3.3. Optimization of solid-phase extraction protocol

Studies into adsorption, washing and elution steps of
the solid-phase extraction protocol were done using human
plasma spiked with varying amounts of tritium-labelled bupi-
vacaine. Aliquots of 400�L were diluted with the buffer de-
scribed above to a total volume of 1 mL and applied onto MIP
columns. Then, several 1 mL aliquots of wash solvent and
elution solvent followed. For application and each wash step
analyte breakthrough was measured by radioactivity count-
ing, and following elution each eluate volume was split into
100�L for measurement of recovery by radioactivity count-
ing and 900�L for analysis of chromatographic purity by gas
chromatography.

Having established conditions for efficient and selective
MIP–analyte binding the next series of experiments were per-
formed to find optimal SPE column size. MIP particles, 12.5,
15, 25 or 35 mg, were packed into empty 1 ml solid-phase
extraction columns, and their ability to quantitatively extract
bupivacaine from plasma samples investigated. Slight break-
through was observed for the 12.5 mg columns only, on which
occasionally a few percent (<6%) of the applied radioactivity
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A second wash step using 2 mL of acetonitrile signifi-
cantly reduced remaining contaminant peaks. This solvent
switch from water to acetonitrile causes a switch in bind-
ing mechanism and removal of hydrophobically bound con-
taminants. In addition, the solvent switch re-distributes the
fraction of analyte, which is non-specifically adsorbed to
polymer surface to all analyte molecules being selectively
bound in imprints. Addition of ethanol to the acetonitrile
wash solvent was found to remove the few remaining small
contaminating peaks, however, at the expense of some leak-
age of analyte. Therefore, both composition and volume
of this mixture had to be optimized, where it was found
that 10% ethanol was required to eliminate contaminants,
while the volume must be 0.5 mL or less to reduce loss
of analyte to below 5%. A technical hint is that, in order
to avoid loss of analyte, it was found advantageous to dry
columns of inter-particle liquid between washes, in particular
when switching from water–methanol to acetonitrile–ethanol
mixtures.

Initially, strong imprint–analyte binding prevented a high
over all extraction recovery[21], and a series of experiments
was performed to study elution solvent composition. Com-
parison of methanol, ethanol and acetonitrile based eluents
containing 1, 2, 3, 5 and 10% TEA showed that ethanol
gave higher recovery than methanol and acetonitrile. Vary-
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Fig. 5. Chromatograms of: (A) plasma spiked with 300 nmol L−1 ropiva-
caine and 300 nmol L−1 bupivacaine and (B) blank plasma. B: bupivacaine;
R: ropivacaine; i.s.: internal standard.

ates containing essentially pure analyte plus internal standard
(Fig. 5).

The investigations above resulted in a final extraction pro-
tocol, which is presented inTable 3, for extraction of ropi-
vacaine and bupivacaine using ethycaine as the internal stan-
dard. The recovery of bupivacaine was 89%. In contrast, ex-
traction on a non-imprinted reference polymer gave both sig-
nificant breakthrough during sample application, as well as
loss of most of the retained bupivacaine during the solvent
switch wash step (Table 3). This indicates that in parallel with
selective imprint binding a significant fraction of the bupi-
vacaine is retained from the aqueous sample through non-
specific physicochemical retention on the polymer surface.
This fraction is re-distributed to selective binding with im-
printed sites during the solvent switch when hydrophobically
bound structures are washed off and electrostatic and hydro-
gen bonding interactions are strengthened.

3.4. Evaluation of MISPE method

The extraction is highly selective, yielding GC traces with
essentially only peaks derived from analyte and internal stan-
dard (Fig. 5). An additional fourth peak is, however, due
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inal MISPE extraction method

xtraction step Recovery
MIP (%)
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REF (%)

olumn activation: 1 mL methanol then 1 mL
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pplication of sample: 1 mL of 400�L plasma
in 0.2 mol L−1 citrate buffer, pH 5, containing
0.05% Tween 20 and 5% ethanol

0.8 19.6

ash 1: 2 mL of 20% methanol in water 0.8 11.1
ash 2: 0.5 mL of 10% ethanol in acetonitrile 4.5 58.8
lution 1: 2% TEA and 6% water in acetonitrile 79.0 8.0
lution 2: 2% TEA and 6% water in acetonitrile 10.0 0.6

otal recovery 95.1 98.1
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Table 4
Method characteristics

Analyte Concentration
(nmol L−1)

Accuracy
(%)

Intra-assay
imprecisiona

(%)

Inter-assay
imprecisionb

(%)

Bupivacaine 4.5 95 9 17
10.3 96 5 9
39.9 99 6 7

300 94 6 6

Ropivacaine 10.0 99 15 21
39.9 104 9 13

300 95 2 7
a Calculation based on six replicates.
b Calculation based on three assays with two replicates in each assay.

to leaking template molecules. Radiolabelled bupivacaine
is extracted with high recovery (Table 3). Spiked human
plasma samples with known concentrations of ropivacaine
and bupivacaine were analyzed and inter- and intra-assay
precisions and accuracies are presented inTable 4. The fig-
ures of merit show the extraction protocol can be used to
support GC determination of bupivacaine in the concentra-
tion range of 3.9–500 nmol L−1 and ropivacaine in the range
of 7.8–500 nmol L−1. This is sufficient for determination of
both drugs in plasma samples from pharmacokinetic studies
[25–27].

4. Conclusions

This present investigation provides an improved under-
standing of the approaches available for optimization of
molecular-imprint based solid-phase extraction of plasma
samples. The use of appropriate pH and buffer additives, such
as ethanol and detergents, reduce non-specific adsorption o
hydrophobic compounds to the hydrophobic MIP surface.
While significant non-specific adsorption of analyte is still
present, this is, however, probably an advantage as it facili-
tates quantitative retention on a small column. A subsequent
solvent switch from water–methanol to acetonitrile–ethanol
w well
a cules
t tion
u was
f ons.
T ong
i y by

addition of some water in the elution solvent. The extraction
protocol developed gave highly efficient and selective clean-
up of plasma samples, resulting in chromatographic traces
with few and small contaminating peaks.
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