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Abstract

The use of molecularly imprinted polymers (MIPs) as sorbents for the solid phase extraction (SPE) of a pharmaceutical compound in
development, prior to quantitative analysis was investigated. Three MIPs were synthesised using a structural analogue as the template
molecule. Each polymer was prepared with different monomers and porogens. The MIPs were then tested for their performance both in
organic and agueous environments, the final aim being to load plasma directly onto the polymers. At an early development stage, there is a
limited amount of compound available. Due to this limitation, reducing the amount of template required for imprinting was investigated. A
MIP capable of extracting the analyte directly from plasma was produced. The specificity of the polymer allowed the method to be validated
at a lower sensitivity than a more conventional SPE assay. For the first time, MIPs were packed into 96-well blocks enabling high throughput
analysis. The analytical method was fully validated for imprecision and inaccuracy down to 4 ng/ml in plasma.
© 2003 Elsevier B.V. All rights reserved.
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1. Introduction biosensorg$7,8] and solid phase extraction (SPE) materials
[9,10].
Molecularly imprinted polymers (MIPs) are highly cross- Solid phase extraction is routinely used to pre-concentrate

linked polymer matrices bearing specific recognition sites drugs present at low levels of concentration and to remove in-
for individual analytes. Their preparation is based on the co- terfering components from complex matrices prior to quan-
polymerisation of functional and cross-linking monomers titative analysis. Much of method development work is spent
around a target molecule, which acts as a molecular tem-on optimising SPE-based assays that yield cleaner extracts in
plate. After removal of the template, the three-dimensional the analysis of biological fluids and new strategies are called
complementary binding sites, which remain in the host, can for to eliminate interferences in the subsequent matrix. One
rebind the molecule with an affinity similar if not better than approach is to implement MIPs as chromatographic material
those of natural antibody—antigen systems. Due to an ex-in SPE, potentially allowing a higher degree of specificity
ponential growth in the interest of molecular imprinting in  to be achieved.
the past 10 years, a broad range of potential applications in- The introduction of MIPs into SPE11], a technique
volving MIPs have emerged. This includes antibody mimics commonly referred to as MISPE, is fast emerging as a
[1,2], enzyme-like catalysiE3], chiral stationary phases for  very popular tool capable of overcoming these restrictions.
HPLC [4] or capillary electrochromatography (CE(5)6], The fact that MIPs can bind a particular analyte from a
mixture of similar structures makes MISPE a very desir-
able technique for the development of selective and sensi-

- _ tive methods for trace analysis. During recent years there
* Corresponding author. Tel+44-1304-644136;

fax: 144-1304-651987. have been several pgbllcatlons describing the success of
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many, the extraction of triazine herbicidég], steroid413], Acetonitrile Super purity HPLC grade was purchased from
nicotine[14], clenbuterol[15,16], propranolol[17], darife- Riedel-de-Haen, UK. Chloroacetic acid (MCA) was ob-
nacin[18], local anaestheticf,19], sameriding20], caf- tained from Acros, UK. Acetic acid (AcOH) HPLC grade,
feine [21], coumaring22] and even nerve agents degrada- ammonium formate, ammonium acetate and ammonium
tion productg23]. Some applications were also reported for phosphate were obtained from Fisher Scientific, UK. Con-
on-line SPH?24,25] trol dog plasma was obtained from Charter House, UK. The
The overall aim of this study was to investigate the po- 96-well SPE blocks (C18, 25 mg) were obtained from Var-
tential use of MIPs as SPE sorbents for the direct extrac- ian, UK. The 96-well collection blocks were purchased from
tion of a Pfizer development compound from plasma. This Porvair, UK. The MCA solution was prepared by dissolving
work investigates the behaviour of three MIPs produced us- 1 mole of MCA in 11 of 90/10 (v/v) water/methanol.
ing different monomers and porogens. The first aim was to
overcome limitations associated with template leaching by 2.2. Methods
using a structural analogue capable of being chromatograph-
ically separated from the analyte of interest. The second aim2.2.1. Synthesis of the MIPs
was to use the MIPs to extract a Pfizer development com- Compound B was chosen as templdiig( 1. Its structure
pound directly from plasma. The use of a minimal amount of was close enough to the target, such that any polymer im-
template to imprint with, either by using lower template-to- printed with compound B would also recognise selectively
monomer ratios, or less actual polymer for each extraction compound A. The difference in lipophilicity between target
was also investigated. The optimised MIP was used quanti-and template was sufficient to obtain a good separation be-
tatively in a 96-well SPE plate format for the first time. A tween compounds A and B by reversed-phase HPLC. Three
high throughput assay was fully validated using MISPE as MIPs were synthesised using different monomers and poro-
an extraction method. The sensitivity of the assay was com-gens Fig. 2), partly inspired by recent optimisation studies
pared with a more conventional C18 solid phase extraction. [29]. The choice of the monomers was determined according
to a miniMIP screening approach described elsew[
Several polymers with different functional monomers were

2. Experimental synthesised in the presence of the template. The selection
criteria were then based on the amount of released template
2.1. Materials in the same solvent used as porogen during polymerisation.

Thus, for a particular MIP, a quantitative release of the tem-

The target compound A and its structural analogues, the plate indicates that it will not recognise the template to a
template compound B and the internal standard (IS) (seesignificant degree and the MIP may thus be discarded. In the
Fig. 1) were synthesised at Pfizer Global R&D, Sandwich, second step, the rebinding of the template to the miniMIPs
UK. Methacrylic acid (MAA), methacrylamide (MAM), and to blank non-imprinted polymers was compared. The
ethylene glycol dimethacrylate (EDMA), dichloromethane miniMIPs that rebound the template selectively were then
(DCM) and acetonitrile (ACN) for the MIP synthesis were synthesised in a large scale version.
purchased from Sigma—Aldrich, Germany. 2-Vinyl-pyridine A previously described procedurd,26] for the syn-
(VPy) was purchased from Merck (Darmstadt, Germany) thesis of the MIPs on a large scale was adopted, but
and the initiator azobisisobutyronitrile (AIBN) was obtained the template-to-monomer ratio used was reduced. MAA
from Janssen, Germany. Trifluoracetic acid HPLC grade (4 mmole) was used as monomer for the preparation of
(TFA) was obtained from BDH Lab Supplies, UK. Formic MIP1, MAM (2mmole) and VPy (2mmole) were used
acid, methanol (MeOH) and tetrahydrofuran (THF) HPLC for MIP2, Vpy (2mmol) and MAA (2 mmol) for MIP3.
grade as well as propan-2-ol (iPrOH), triethylamine (TEA) The template-to-monomer ratio was 1/80 (Gf@ole) for
and ammonia were purchased from Sigma—Aldrich, UK. MIP1, 1/20 (20Qumole) or 1/80 (5GQumole) or 1/200

Target (compound A) Template (compound B) Internal standard (IS)

Fig. 1. Structures of the target, the template and the internal standard.
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Fig. 2. Monomers and porogens used to prepare the MIPs.

(20pmole) for MIP2 and 1/20 (20@mole) for MIP3. 2.23. C18 SPE
EGDMA (20 mmole), the monomer(s) (4 mmole) and the  The calibration standards and replicates in plasma
initiator (AIBN, 0.25mmole) were mixed with approxi- (500ul) were diluted with 75Q.1 of MCA solution. The
mately 6 ml of the porogen. The solvent used as porogen96-well SPE block (25mg, Varian C18) was conditioned
was DCM for MIP1 and acetonitrile for MIP2 and MIP3. with iPrOH (0.5ml) followed by MCA solution (1ml).
The solutions were transferred to a glass tube (14 mm i.d.). The samples were transferred onto the SPE block with
The polymerisation mixture was degassed with nitrogen for Pasteur pipettes and were loaded using a weak vacuum.
5min. The tubes were sealed, transferred to a water bathThe SPE block was washed with 1ml of water followed
and the mixture was polymerised thermally at°@5 After by 1ml of 40/60 (v/v) methanol/water. Full vacuum was
24 h the tubes were crushed, the polymers were extracted inapplied for approximately 5min to ensure the SPE block
a Soxhlet for 17 h with 99% acetic acid, washed with wa- was fully dry. Two aliquots of iPrOH (% 0.5ml) were
ter to remove the acid and dried at room temperature. Thesequentially added to each well, a light vacuum was ap-
polymers were then ground (with a ball mill) and sieved by plied and the eluates were collected into a 96-well (2 ml)
hand under water to 25-36n grain size fractions (Resch block.
stainless steel sieves). Crushing and sieving were repeated
in cycles until all polymer had passed the |8 sieve. 2.2.4. MIP2

MIP1 was produced at Dortmund University, Germany  The calibration standards and replicates in plasma
(Fig. 2) and was received in a loose powder form, which was (500uwl) were diluted with 50Qul of 75/25 (v/iv) 25 mM
manually packed into 1 ml SPE cartridges (25 mg). MIP2 ammonium acetate/acetonitrile. The MISPE 96-well block
and MIP3 were produced by MIP Technologies in Lund, (25mg per well) was conditioned with methanol (1 ml),
Sweden and were packed by IST, UK, into 96-well SPE water (1ml) and 75/25 (v/v) 25mM ammonium ac-
blocks (25 mg). This is the first reported use of MIPs in a 96- etate/acetonitrile. The samples were transferred onto the
well SPE format, making them available for high through- block with Pasteur pipettes and were loaded using a weak
put analysis. Some loose powder was also sent to carry outvacuum. The block was washed with water (1 ml) followed
method development in a cartridge format. Blank reference by four aliquots (4x 0.5 ml) of 60/40 (v/v) 50 mM ammo-
polymers (RP) were synthesised by using the same proce-nium phosphate/acetonitrile. Full vacuum was applied for

dure as the corresponding MIP, but without template. approximately 5min to ensure the block was fully dry. The
compounds were eluted, by adding to each well 1 ml of
2.2.2. SPE extraction from plasma methanol containing 2% TFA. The eluates were collected

Dog plasma (50Q.1) was spiked at different concentra- into a 96-well (2 ml) block.
tions of compound A into 12 ml polypropylene tubes. The
internal standard solution (I%ig. 1) (1 ng/ml, 20ul) and 2.2.5. MIP3
the template solution (1g/ml, 20ul) were added to all sam- Cold acetonitrile (0.5ml, 4C) was added to calibration
ples, except to the double blanks. A different extraction was standards and replicates in 0.5ml of plasma, causing pro-
used for each of the three sorbents: C18 SPE, MIP2 andtein to precipitate. The mixture was centrifuged at 2609
MIP3. for 10min at £C. The supernatant was then diluted with
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1.5ml of MCA solution and loaded onto the MIP3 96-well
SPE block (25 mg per well). The MISPE block was pre-
conditioned with methanol (1 ml), water (1 ml) and 1 ml of 3.1. Synthesis of the MIPs
MCA solution. The samples were transferred onto the block
with Pasteur pipettes and loaded using a weak vacuum. A limitation associated with the use of MIPs is the contin-
The block was washed with water (1 ml) followed by five ual leaching of template from the polymer even after exten-
aliquots (5x 1 ml) of 65/35 (v/v) 5mM ammonium formate  sive washing. The necessary extent of removal depends on
(pH =?)/acetonitrile. Full vacuum was applied for approx- the application in which it is to be used. Template leaching
imately 5min to ensure the block was fully dry. The com- has been identified in the past as one of the main limitations
pounds were then eluted with 1ml of methanol containing for the use of MIPs in quantitative trace analysis and has
2% TFA. The eluates were collected into a 96-well (2ml) hindered the development of applications such as MISPE for
block. many years. Many groups have tried various approaches to

The eluates from the C18 SPE, the MIP2 and MIP3 blocks remove it all including thermal annealing, controlled in situ
were evaporated to dryness under heated nitrogen at approxeecomposition of template, and microwave assisted extrac-
imately 55°C. The residues were reconstituted in 100 tion all failing to get the leaching below that required for
of 44/56 (v/v) water/acetonitrile containing 0.2% TFA. The trace analysis. These attempts have been published recently
block was vortex-mixed thoroughly and centrifuged at ap- [27]. An alternative approach can be used in order to avoid
proximately 2000x g for 15min at 4C. The reconstituted  limitations associated with template leaching. Rather than
samples were then injected onto the HPLC systemu{50 imprinting with the actual analyte of interest, a structural
injection volume). analogue is used, and providing the two can be separated

chromatographically then template leaching does no longer

2.2.6. HPLC get in the way of quantificatiof28]. The so-called ‘target-

A Varian ProStar 230 tertiary pump (Varian, Walton- analogue’ approach is very effective in preventing that any
on-Thames, Surrey, UK) delivered the mobile phase at template contamination coming from the MIP during the
a 0.5ml/min flow rate onto a C18 Phenomenex Luna extraction step could not interfere with the analysis of the

3. Results and discussion

150mmx 3mm i.d. HPLC column, with m packing.
The composition of the mobile phase was 44/56 (v/v) wa-
ter/acetonitrile containing 0.2% TFA. A Jasco AS-950-10

target during the chromatographic sfp]. The three MIPs
prepared during this study were imprinted with a structural
analogue to the target analyte (s&ection 2.

autosampler (JASCO, Great Dunmow, Essex, UK) injected
50l aliquots of reconstituted plasma extracts. The tem-
plate (compound B), the target (compound A) and the
internal standard (IS) were eluted at approximately 10.7,
12 and 14.5min, respectivelyFig. 13. The overall run
time was 22.5min including a 2min wash with 10/90
(v/v) water/acetonitrile containing 0.2% TFA and a 4min
re-equilibration period. A LaChrom L-7480 fluorescence in DCM, compared to RPHig. 3). Most of compound A
detector (Merck-Hitachi-VWR, Poole, Dorset, UK) was was eluted from RP during the washing steps, whilst be-
used for the detection of the analytes. The excitation anding selectively retained on MIP1. Strong acidic conditions
the emission wavelengths were set at 255 and 312 nm,were required to elute compound A from MIP1. The final
respectively. aim of this work was to obtain a MIP capable of retaining

3.2. Evaluation of the MIPs

It was expected that a greater imprinting effect would be
obtained if the analyte was dissolved in the porogen before
being loaded onto the SPE cartridges. MIP1 was demonstrat-
ing a good imprinting effect towards the analyte dissolved

80
70 A
60 -
50 -
40 -
30
20 A
0

Load

OMIP1
B RP

% of relative recovery

CH2CI2

CH2CI12+0.2% acetic CH2CI2+10%acetic

Fig. 3. Recovery profile for MIP1 in dichloromethane. The cartridges were preconditioned with methanol (1 ml), dichloromethane with 0.2% acetic acid
(A ml) and dichloromethane (1 ml). Compound A (0.5ml, 300 ng/ml solution in dichloromethane) was loaded onto the cartridges. The cartridges were
then washed with two aliquots of dichloromethanex(2L ml) followed by 1 ml of dichloromethane with 0.2% acetic acid. Compound A was then eluted

with two aliquots of dichloromethane with 10% acetic acidX21 ml).
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Fig. 4. Recovery profile for MIP1 in aqueous conditions. The cartridges were preconditioned with two aliquots of methahohlj2zand two aliquots

of water with 10% of methanol (& 1 ml). Compound A (0.5ml, 300 ng/ml solution in water with 10% methanol) was loaded onto the cartridges. The
cartridges were then washed with water containing 30% methanol (1 ml) and 70% methanol (1 ml). Two aliquots of methanol containing 5% acetic acid
(2 x 1 ml) were used for the elution step.

selectively compound A directly from an aqueous biologi- used in either purely organic or aqueous solvent mixtures.
cal sample, such as plasma. Compound A was dissolved inThe presence of the porogen in the aqueous load was ex-
a mainly aqueous solution and loaded onto MIFig( 4). pected to enable the polymer to interact selectively with the
In aqueous conditions, MIP1 appeared to behave very simi-target. MIP2 was first tested in pure acetonitrifgg( 5).
larly to RP and did not show any imprinting effect towards MIP2 showed some imprinting effect in that a lot more of
the target. The compound did not break through on the load,the analyte was breaking through in the loading step for
but was eluted with a weak wash, indicating that compound RP. However, the compound was eluted from MIP2 as well
A was most probably bound to the polymer by non-specific as RP during the first few weak wash steps. MIP2 did not
interactions. MIPs generally express better recognition abil- perform as well as MIP1 in presence of the porogen.
ities towards the target when the SPE is carried out in the MIP2 was then evaluated in aqueous mode. Compound
same environment as the one used for the polymer synthe-A was loaded onto the cartridges using two buffers, one
sis[31]. This was the case for MIP1, which was performing containing a percentage of porogen, the other being 100%
well in dichloromethane, but not in water. Extracting drugs aqueous. By using 25% of acetonitrile in the loading buffer,
directly from mostly aqueous biological fluids using MIPs the polymer can generate interactions similar to its imprint-
is a very challenging process. The selective interactions be-ing environment, favouring analyte binding. Any more than
tween template and monomers vary according to their envi- 25% of acetonitrile would result in protein precipitation
ronment, and are based mostly on normal phase interactionswhen plasma is diluted with the buffer before loading onto
In most cases the selective binding occurs in organic sol- the block. As seen ifrig. 6, the effect of acetonitrile in the
vents, where hydrogen bonding and dipole—dipole interac- load greatly improves the imprinting effect. Without ace-
tions predominate. When loading the analyte onto a MIP, it tonitrile, MIP2 shows poor imprinting effect and in fact be-
interacts via both specific and non-specific interactions and haves almost identically to RFFig. 6A). In the presence of
the extraction process is designed to try to maximise the spe-acetonitrile during the loading stepig. 6B), MIP2 behaves
cific binding. When loading aqueous samples (i.e. plasma) selectively with most of the compound being eluted from
hydrophobic interactions come into play and this generally RP during the wash stages whilst most of it is retained on
increases the amount of non-specific binding, reducing the MIP2 until the elution stage. The relative recovery values
imprinting effect. given inFig. 6 represent the percentage of the total amount
MIP2 was synthesised by using acetonitrile as a porogenof compound eluted from the polymer during the overall
(Fig. 2). Acetonitrile, which is miscible with water, can be process. Experiments were also performed in order to op-

50 A

40 -

307 O MIP2

ERP

20 A

10

% of relative recovery

0 - =

Load wl w2 w3 w4 w5 wé w7 w8

Fig. 5. Recovery profile for MIP2 in acetonitrile. The cartridges were preconditioned with two aliquots of methan@Inf® followed by acetonitrile
(I ml). Compound A (0.5ml, 300 ng/ml solution in acetonitrile) was loaded onto the cartridges. The cartridges were then washed with acetonitrile (1 ml
W1) followed by acetonitrile with 0.1, 0.3, 0.5, 1, 2, 5 and 10% acetic acid (1 ml each, W2-W8).
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Fig. 6. Recovery profiles for MIP2 in aqueous mode with (B) or without (A) acetonitrile in the loading solution. The cartridges were preconditioned
with methanol (1 ml) followed by 25 mM ammonium acetate buffer with (B) or without (A) 25% acetonitrile. Compound A (0.5ml, 400 ng/ml in 25 mM
NH4Ac with (A) or without (B) acetonitrile) was loaded onto the cartridges. The cartridges were then washed with water (1 ml) followed by four aliquots
(4 x 0.5ml, W2-WS5) of a 60/40 (v/v) 50 mM ammonium phosphate/acetonitrile. The elution was carried out with two aliquotsn(@} of methanol
containing 5% formic acid.

timise the composition of the elution solvent. A range of hydrogen bonds. The extraction was also carried out with
strong bases and strong organic and inorganic acids werevarious mixtures of organic solvents as well as with a small
used in combination with methanol in order to increase the percentage of water. The presence of water did not cause
analyte recoveryKig. 7). TFA (2%) gave the greater re- the polymer to swell and therefore did not help to release
covery with 54% of compound A coming off in the elution more compound from the polymer. Even with the optimised
step. Another set of experiments used TFA as an organic98/2 (v/v) methanol/TFA mixture, only 54% of the analyte
modifier but this time in combination with other solvents was recovered during the elution step, 26% of the analyte
(Fig. 7). It was expected that 2% TFA in acetonitrile might breaking through during the various washes and 20% being
work better since acetonitrile was the original porogen. Still, irreversibly retained on the polymer.
methanol with 2% TFA seemed to give the best recovery The main limitation with the preparation of MIPs is the
results, may be due to the fact that methanol can disruptamount of template required for the imprinting process, lead-
ing to a high cost for the production of the polymer. One way
to avoid this is to use lower ratios of template-to-monomer.

€01 All the experiments shown so far have been done using a
50 1/80 ratio (MIP1) or a 1/20 ratio (MIP2). MIP2 was also pro-
> 40| duced with the two lower template-to-monomer ratios 1/80
s and 1/200. The chromatogramshig. 8 show, as expected,
g 301 an increase in template leaching with higher ratios. The an-
;g 20 1 alyte was loaded in buffer containing 25% acetonitrile, onto

the three different MIP2 cartridges: 1/20, 1/80 and 1/200
ratio. The results are shown Kig. 9. For the 1/20 ratio, a
good imprinting effect was obtained in aqueous conditions.
Most of the analyte was eluted from RP in the wash stages
but retained on MIP until the strong acidic elution. The elu-
Fig. 7. Recovery of compound A using MIP2 with various elution solvents. tion recovery in buffer was approximately 54% from MIP2
Solvents a—e contained methanol with (a) 2% TFA, (b) 5% ammonia, /20 ratio and only 24% from the RP. The results obtained
(c) 5% triethylamine, (d) 5% formic acid and (e) 0.1M HCI. Solvents for the two lower ratios were not as clear. MIP2 1/80 ratio
f—j contained 2% TFA in (f) acetonitrile, (g) acetonitrile/methanol/water . )

60/35/5 (viviv), (h) THF/water 70/30 (v/v), (i) acetonitrile/water 70/30 @nd MIP2 1/200 ratio seemed to behave the same way as
(viv) and (j) methanol/water (v/v). MIP2 1/20 ratio during the load and washing steps but not

10 +

a b c d e f g h i j
Elution solvent
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Fig. 8. Differences ir_1 template leaching from the three different tem- Fig. 9. MIP2 performance using three different template-to-monomer
plate-to-monomer ratios: 1/20, 1/80 and 1/200. ratios: 1/20, 1/80 and 1/200 (same conditionsFags 6B).

during the elution step. The overall recoveries obtained with the more breakthrough of compound there is during the load
MIP2 1/80 and 1/200 ratio were quite low, with approxi- and subsequent washes. In light of this, various increasing
mately 60% of the loaded compound seemingly still retained amounts of MIP2 (35, 45 and 55 mg) were used to see if the
on the MIP. A low template-to-monomer ratio generates less recovery could be further improved. The results suggest that
recognition cavities and may result in a higher polymer den- at 55 mg almost 80% of the analyte is released during the elu-
sity not in favour of an efficient mass transfer. Alternatively, tion step Fig. 10). With lower amounts of MIP2, for example
the template sites may be better defined per se due to the re10 mg, the analyte was breaking through in the loading and
duced influence of template self-association during their for- wash stages, whereas in the 55 mg experiment, the analyte
mation. Stronger elution solvents failed to release any more was retained until the elution step. The possibility of increas-
compound from these lower ratios. Using stronger condi- ing the recovery from 52 up to 80% would make it worth-
tions, such as 10% acetic acid, also led to the degradation ofwhile using more polymer. However, to get a fair assessment
the polymer itself and resulted in the blockage of the HPLC of these experiments, the results obtained with MIP2 had to
column upon analysis of the extracted samples. Due to thebe compared with the ones generated with the same amount
low recovery as well as the apparent poor imprinting effect of reference polymer in order to check if the imprinting
obtained with lower template-to-monomer ratios, MIP2 with  effect was affectedRig. 11). Although there was a much
a 1/20 ratio was used for the rest of this study. higher recovery when using more MIP2, the imprinting ef-
Another way of reducing the amount of template is to de- fect seemed to be drastically reduced. This may be due to the
crease the actual amount of MIP used per cartridge or per ex-fact that the height of the MIP packing in the 45 mg cartridge
traction well. All the experiments described so far were done is almost double that of the 25 mg. Therefore the compound
using 25 mg of loose MIP powder packed into 1 ml SPE car- travels slower through the polymer and binds through non-
tridges. Various other amounts (10, 15 and 20 mg) were tried specific weak interactions. A compromise between recovery
to see if the same results could be obtained with less poly- and more importantly, imprinting effect was found by using
mer (Fig. 10. The results indicate that the less MIP is used 25 mg of polymer for all the following experiments.
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> 60 - m15mg
8 5 D25mg
5 40 035mg
<
30 4 b45mg
m55mg
20 A
10 4
0 i

Load Wash 1 Wash 2 Wash 3 Wash 4  Elution 1

Fig. 10. Extraction profile using various amounts of MIP2 per cartridge (same conditidfig.a8B).
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Fig. 11. Recovery profiles for three different amounts of MIP2 and
reference polymer.

3.3. Plasma extraction with MIP2

Since MIP2 demonstrated a good imprinting effect in
agueous conditions, experiments involving the direct extrac-

tion of plasma were carried out. The same method as for the

buffer samples was used (sBection 2. It was not possible

to analyse all the extraction steps on the HPLC as the other
stages were all containing too many protein residues to be

directly injected in the analytical system. The recovery was

only monitored in the last elution step but it was assumed that
the load and wash steps behaved the same way as the buffe

profiles. The recovery from plasma was approximately 43%,
to be compared with the 54% obtained by loading the ana-
lyte in buffer only. The reduced recovery from plasma may
be due to the high protein binding of the analyte.

3.4. MISPE validation

An assay involving HPLC with fluorescence detection
was developed and validated to analyse plasma sample
extracted with MIP2. The internal standard (IS) was a struc-
tural analogue to compound Aig. 1). Due to the fact that

it was essential that the two compounds, as well as the IS
could be separated chromatographically, such that any tem
plate bleeding would not interfere with the analytical and
internal standard peaks.
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Table 1
Imprecision and inaccuracy data for C18 SPE extraction

Compound A Found concentration Imprecision Inaccuracy n

Spiked (%R.S.D.)  (%error)
concentration Mean  (+S.D.)
5 5.22 0.14 2.8 4.3 7
15 15.0 0.6 3.6 0.0 7
250 256 4 1.7 2.4 7
500 524 7 2.4 4.9 7

As shown inTable 1 the imprecision and inaccuracy did
not exceed 5% at the top, middle, lower and bottom con-
centration levels. The lower limit of quantification (LLOQ)
was 5ng/ml. The coefficient of correlation for the calibra-
tion line was 0.998Kig. 12). The extraction recovery was
close to 100%.

In order to compare the MISPE method with the more con-
ventional C18 SPE, a validation was carried out using MIP2.
The same LLOQ as the C18 SPE method was achieved, even
though the recovery for the MIP assay was less than half the
recovery of the C18 SPE. A cleaner baseline was obtained
by using the MIP compared with the SPE, with less endoge-
nous materials being retained on the MRy, 13. Also, an
interference, which was eluting just after the analyte in the
SPE extract, was selectively removed by MIP2. The LLOQ
5f an assay is determined by the sensitivity of the detection
method and the recovery of the extraction, but also by the
level of the background noise. Although the intensity of the
peak was lower with MIP2 due to low recovery, the baseline
noise was much lower than with the C18 SPE. The chro-
matogram of blank dog plasma extracts showrFig. 14
highlights the baseline difference between the MIP and the
C18 SPE. Due to the specificity of the MIP extraction, high
Ssensitivities were obtained with MIP2 despite the low recov-
ery. The imprecision and inaccuracy results obtained with
the MIP2 using dog plasma are givenTable 2 The val-
ues were well within thet15% limits required for the assay

o validate. The assay was linear over a 5-500 ng/ml range
'with a correlation coefficient of 0.99Fi(g. 15.

Peak height ratio (compound A/IS)

A conventional C18 SPE was validated in order to com- 3
pare the extraction results with the data generated with
MISPE. The dynamic range of the assay was 5-500 ng/ml.
Imprecision and inaccuracy, were determined on one oc- e
casion at four concentration levels spanning the calibration
range. These were calculated using the formulae shown1

below: )
R“=0.998
S.D.

mean concentration

imprecision(%R.S.D.) = 100 x

200 300 500

Concentration (ng/ml)

100 400

inaccuracy%oerrorn
found concentration—spiked concentration

spiked concentration

Fig. 12. Calibration line (5-500ng/ml) of compound A in dog plasma
extracted by C18 SPE.

= 100 x
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Fig. 13. Chromatograms of control dog plasma spiked at 5ng/ml and extracted by C18 SPE and MIP2.
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Fig. 14. Chromatograms of blank dog plasma spiked with IS and extracted by C18 SPE and MIP2.

tivity. MIP3 was tested in the aqueous mode and showed a

good imprinting effect ig. 16). The elution recovery ob-

The aim of this new polymer was to build on the experi- tained with MIP3 when the analyte was loaded in an aque-
ence acquired with MIP2, which was working well in aque- ous buffer containing 10% methanol, was over 90%, signifi-
ous mode and to get a polymer that would also release more
of the analyte. The recovery obtained with MIP2 was 43%

only. Improved recovery would lead to higher assay sensi- 301 a
2.5 -

ke
Table 2 & 20
Imprecision and inaccuracy data for MIP2 extraction % 1.5]

[=)]
Compound A Found concentration Imprecision Inaccuracy n '__&11":3 1.0
Spiked (%R.S.D.) (%error)
concentration Mean  (£S.D.) 0.51 R® = 0.997
(ng/ml) (ng/ml) -

5 538 061 11.2 7.6 7 0 50 100 150 200 250 300 350 400 450 500 550

15 16.9 1.0 5.8 12.9 7 Amount Ratio
250 263 16 59 5.2 7 Fig. 15. Calibration line fi lidati f MIP2 ) f d
500 448 42 9.4 _104 7 ig. 15. Calibration line from validation o extraction of compoun

A from dog plasma.
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Fig. 16. Recovery profile for MIP3 in aqueous mode. The cartridges were
preconditioned with methanol (1 ml), water (1 ml) and two aliquots of
water with 10% of methanol (& 1 ml). Compound A (0.5ml, 300 ng/ml
solution in water with 10% methanol) was loaded onto the cartridges. The
cartridges were then washed with water containing 30% methanol (1 ml)
and methanol containing: 30% waterx4 ml). Two aliquots of methanol
containing 5% acetic acid (2 1 ml) were used for the elution step.

Table 3
Imprecision and inaccuracy data for MIP3 extraction

Compound A Found concentration Imprecision Inaccuracy n

Spiked (%R.S.D.) (Yoerror)
concentration Mean  (£S.D.)
(ng/ml) (ng/ml)
4 4.27 0.53 12.3 6.8 7
8 8.68  0.53 6.0 8.4 7
250 187 5 2.6 —6.3 7
400 372 14 3.8 —-6.8 7

cantly higher than MIP2. However, there was only approxi-
mately 10% of the analyte recovered in the elution step with

spiked plasma, no matter how much the plasma was diluted

with the buffer. Due to the promising performance observed
with buffer, a protein precipitation step was carried out be-

fore loading the plasma. The supernatant was then diluted

with buffer and loaded onto MIP3 (se®ection 2. Using
protein precipitation followed by SPE with MIP3 increased

to 55% the extraction recovery, a 12% increase compared

with MIP2. The MIP3 assay validated in dog plasma at
4 ng/ml, which is slightly more sensitive than, both MIP2
and the original C18 SPE methotiaple 3. The assay was
linear over a 4-400 ng/ml range with a correlation coeffi-
cient of 0.996 Fig. 17). Although MISPE technology ap-
plied to compound A only provided half the recovery of

conventional C18 SPE, it was possible to validate the assay

down to more sensitive levels.

] |
7.5 o
4 ] o
= - T
& B o
5 P
© i
L 25—_ .’_,.v""-—
! o R? = 0.996
O-Oﬂ-"‘l'"'l""I'"'I""I""l""l""l"'
0 100 200 300 400

Amount Ratio

Fig. 17. Calibration line from validation of MIP3 extraction of compound
A from dog plasma.
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4, Conclusion

The results generated during this study highlight the
strong potential of molecularly imprinted polymers as SPE
sorbents. Three different polymers were investigated. MIP1
performed very well in dichloromethane but showed no
imprinting effect in aqueous conditions. MIP2 was syn-
thesised using a water miscible porogen. This allowed the
polymer to be very selective in aqueous mode. It was a ma-
jor breakthrough to be able to load plasma directly onto the
polymer. An assay involving the extraction of the analyte
from plasma with MIP2 was validated down to a limit of
guantification of 5ng/ml. It was directly comparable to the
results obtained with a more conventional C18 SPE method,
even though the analyte recovery with MIP2 was less than
half of that seen with the C18 SPE. The fact that there was
always 20% of analyte retained on this polymer, no matter
how much it was washed, limited the performance of MIP2.
A third MIP was prepared in order to overcome the poor
recovery issue observed with the previous polymer. MIP3
was designed using a combination of monomers from MIP1
and MIP2. MIP3 was working perfectly in aqueous buffer
with recoveries close to 100%. However, when plasma was
loaded onto MIP3, the recovery fell to less than 10% no
matter how much the plasma was diluted with buffer. A
protein precipitation step was included before the MISPE
extraction in order to prevent this recovery loss in plasma.
The protein precipitation step did increase the recovery
from 43% with MIP2 to approximately 55% with MIP3,
and subsequently the assay was able to validate at a slightly
more sensitive level of 4 ng/ml, performing better than both
MIP2 and conventional C18 SPE.

Much cleaner baselines were obtained by using a MISPE
approach, leading to low background noise. Hence a higher
sensitivity even with lower analyte recovery was obtained.
The attempt to reduce further the amount of template needed
for imprinting in order to reduce costs was not successful.
The performance of the lower ratios of template-to-monomer
was poor compared to that of the 1/20 ratio. Reducing the
amount of template by using less polymer was not suitable
since it resulted in recovery loss. Imprinting with a high
template-to-monomer ratio, becomes a real issue at an early
development stage when large quantities of compounds are
not available yet.

MISPE technology was used in a 96-well block format
for the first time allowing for the high throughput extraction
of samples. This 96-well format contributed to the good re-
sults obtained for inaccuracy and imprecision. It improved
the reproducibility of the technique and for the first time al-
lowed a MISPE method to be used quantitatively in a fully
validated assay. This study is one of the few cases reported
whereby a MIP made in an organic porogen is successfully
used in agueous conditions, allowing for the extraction of a
compound directly from plasma, which was the main aim of
this work. This demonstrates the potential of MIPs as a valu-
able alternative tool for sample extraction prior to quantita-
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tive analysis. Work in progress involves the use of MISPE [10] K. Ensing, C. Berggren, R.E. Majors, LCGC 19 (2001) 942.
with mass spectrometry as an end point instead of fluores-[11] B Sellergren, Anal. Chem. 66 (1994) 1578.

cence detection. The fact that the MIP baselines are so cleari?! gig'\g";t)sg'é M. Okada, M. Tsuruoka, T. Takeuchi, Anal. Commun. 34

means that there would be very low ion suppression on the[;3) k. sreenivasan, J. Appl. Polym. Sci. 82 (2001) 889.

mass spectrometer, such that a more sensitive assay can b@4] w.M. Mullet, E.P.C. Lai, B. Sellergren, Anal. Commun. 36 (1999)
obtained. Future work will also involve trying new methods 217.

to completely remove the template irreversibly bound to the [15] C. Berggren, S. Bayoudh, D. Sherrington, K. Ensing, J. Chromatogr.

. L . A 889 (2000) 105.
MIP. This would allow to imprint with the actual analyte of [16] A. Blomgren, C. Berggren, A. Holmberg, F. Larsson, B. Sellergren,

interest and also to recycle the polymer. K. Ensing, J. Chromatogr. A 975 (2002) 157.
[17] P. Martin, I.D. Wilson, D.E. Morgan, G.R. Jones, K. Jones, Anal.
Commun. 34 (1997) 45.
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