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Monitoring of trace organic contaminants in aquatic media has become a major concern today. The presence of
Carbamazepine (CBZ), anticonvulsant and analgesic used in the treatment of pain associated with trigeminal neuralgia,
has been reported in effluents from sewage treatment plants due to its low biodegradability. To monitor its content in
waters, a Molecularly Imprinted Polymer (MIP) of CBZ was synthesized to extract this molecule from river waters by
Solid Phase Extraction (SPE). This MIP was prepared in dichloromethane with carbamazepine, 2-(trifluoromethyl) acrylic
acid and divinyl-benzene as template, functional monomer and crosslinker, respectively. After synthesis, the template was
completely removed by sonication. The selectivity between MIP and its related Non Imprinted Polymer (NIP) was greater
than 2 and CBZ was completely recovered at the elution step regardless of the volume of sample loaded in the 1-100 mL
range. The specificity of the material was evaluated by adding some Tricyclic Antidepressants (TCAs) to water samples
containing CBZ. Analysis of these drugs was carried out by Capillary Electrophoresis (CE) after the introduction of a new
developed background electrolyte. The results showed that TCAs exchanged strong specific and non-specific interactions
with the polymer, which resulted in a decrease in elution yield of CBZ (64%).

Molecularly imprinted polymer, Carbamazepine, Tricyclic antidepressants, TEMAA, Solid-phase extraction, Capillary

electrophoresis

The presence of human pharmaceuticals and their
metabolites in the aquatic environment has drawn sig-
nificant attention during the past decade due to their
potential in altering the normal endocrine function and
physiological status of wildlife [1,2]. Among these com-
pounds, Carbamazepine (CBZ) ( ) is of increas-
ing concern due to its low biodegradability in treated
water, surface water, groundwater and drinking water
[3,4]. This drug is used as an anticonvulsant primarily in
the treatment of epilepsy to control seizures. Like most
other pharmaceuticals, CBZ and its metabolites enter the
water cycle through human excretions. Previous investi-
gations have demonstrated that biodegradation of CBZ
in wastewater treatment plants was almost impossible
[5-8]. Thus, CBZ has been found in some effluents in
concentrations up to 16 nM [9]. It has been detected at

concentrations of 5 nM in river, stream and groundwater
[10,11] and at a maximum concentration of 22 nM in
landfill leachate [12]. In drinking water, it was found at a
concentration below 1 nM [11].

The analysis of compounds at low concentrations in
complex matrices requires a sensitive analytical method
and an efficient sample preparation procedure in or-
der to extract and pre-concentrate the analytes at trace
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levels. In the last decade, Molecularly Imprinted Poly-
mers (MIPs) have been developed to selectively adsorb
contaminants from environmental waters [13]. MIPs
are cross-linked polymers, which are synthesized in the
presence of a template molecule, a monomer and a po-
rogen solvent. Cross-linkers enclose the pre-polymerisa-
tion complex formed by the functional monomer and the
template. After polymerization, removal of the template
leaves cavities with geometrical and functional proper-
ties able to specifically recognize the template molecule
and its analogues. In this context, several MIPs have been
synthesized for CBZ extraction from biological and en-
vironmental samples [14-18]. In all cases, CBZ was used
as template. The influence of different parameters such
as the type of monomer and cross-linker, the porogenic
ability of the solvent and also the ratio of starting ma-
terials was studied. The most used monomer was Meth
Acrylic Acid (MAA), which forms stable complexes ei-
ther by electrostatic interactions or hydrogen bonding
with the Car Bamyl Moiety of CBZ. Two cross-linkers,
Ethylene Glycol Di Metha Arylate (EGDMA) and Di
Vinyl Benzene (DVB-80), were assessed in order to op-
timize MIP capacity for complex samples. In all cases,
aprotic porogenic solvents (dichloromethane, acetoni-
trile and toluene mixtures) were used so as not to disrupt
the interactions between the monomer and the template.

In this paper, a novel carbamazepine MIP has been
synthesized with a more acidic monomer 2-(Trifluoro-
methyl) Acrylic Acid (TFMAA) than methacrylic acid
in order to bind efficiently CBZ in mineral waters. The
MIP-SPE protocol has been optimized to ensure good
selectivity and high recoveries for CBZ pre-concentra-
tion in ultrapure water as well as in mineral and river wa-
ters. Cross-reactivity was tested by adding to the sample
four Tri Cyclic Antidepressants (TCAs) - Clomipramine
(CLO), Imipramine (IMI), Desipramine (DES) and
Trimipramine (TRIMI)-whose structures and functions
are close to that of CBZ ( ). These basic drugs are
easily ionized and, therefore, SPE fractions have been an-
alyzed by Capillary Electrophoresis (CE) [19-21].

Chemicals

2,2’-Azobisisobutyronitrile (AIBN, 98%), 18-crown-6,
heptakis (2,6-di-O-methyl)-B-cyclodextrin (DM-B-CD,
DS = 12.6 per CD), phosphoric acid and sodium hy-
droxide were purchased from Fluka (Saint-Quentin-Fal-
lavier, France). Acetic acid (AcOH), ammoniac (NH,),
2-(N-cyclohexylamino) ethanesulfonic acid (CHES),
3-(N-cyclohexylamino)-2-hydroxy-1-propanesulfon-
ic acid (CAPSO), Carbamazepine (CBZ), carbamaze-
pine-"C, (“C-CBZ) 100 ug mL" in methanol, Clomip-
ramine hydrochloride (CLO), Desipramine hydrochlo-
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-

NH

CH,
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Figure 1: Structures of tricyclic antidepressants and carba-

mazepine.

e Page 4 »




Citation: Claude B, Fayad S, Dufresne C, et al. (2017) Synthesis and Preliminary Assays of a Novel Molecularly
Imprinted Polymer Dedicated to the Extraction of Carbamazepine from River Water. Chromatogr Spectrosc Tech

1(1):3-11

ride (DES), Imipramine hydrochloride (IMI), Trim-
ipramine maleate salt (TRIMI), Divinylbenzene 80%
(DVB-80), Ethylene Diamine Tetraacetic Acid disodium
salt (EDTA), formic acid (HCOOH), potassium chloride
(KCl), Sodium Dodecyl Sulfate (SDS), sodium dihydro-
gen phosphate, sodium tetraborate (Na,B,0..10 H,0),
a- and B-cyclodextrin (a-CD and -CD), and 2-(Trifluo-
romethyl) Acrylic Acid (TFMAA, 99%) were purchased
from Sigma-Aldrich (Saint-Quentin Fallavier, France).
2-Hydroxypropyl-p-cyclodextrin (HP-B-CD, DS = 6.3
per CD) was purchased from Wacker Chemie (Munich,
Germany). Trimethyl-B-cyclodextrin (TM-B-CD, DS
= 18 per CD) was purchased from Cyclolab (Budapest,
Hungary). Acetonitrile (ACN), Chloroform (CHCL,), di-
chloromethane (CH,CL ) and methanol (MeOH) (HPLC
grade) were purchased from VWR International (Fon-
tenay-sous-Bois, France). Ultrapure water (18 MQ. cm)
was produced from an Elgastat apparatus (Elga, Villeur-
banne, France).

Syringes and hydrophilic Polyvinylidene Fluoride
(PVDF) Millex-HV Syringe Filters, pore size 0.45 um,
were purchased from Millipore (Molsheim, France). SPE
cartridges (3 mL capacity) and polyethylene frits were
purchased from Agilent Technologies (Massy, France).
A mineral water was purchased from a local supermar-
ket. River water (Oise, France) was filtered through 0.45
um nylon filter prior any extraction by MIP-SPE.

Instrumentation

For MIP-SPE development, a Merck-Hitachi LaChrom
HPLC system L-7100 pump (Merck KGaA, Darmstadt,
Germany) was coupled to a Kratos Spectroflow 783 UV
spectrophotometric detector (Applied Biosystems, Les Ulis,
France). Data were collected and analyzed using EZ-Chrom
Elite software (version 2.5). The column was a Hyperprep
column (Thermo) (150 mm x 4.6 mm, I.D. 5 um) with a
C18 bonded-silica stationary phase maintained at 25 °C.

The flow rate was set at 1 mL min™'. Manual injections
were conducted using a Rheodyne (Cotati, CA, USA)
Model 7125 injection valve fitted with a 20 pL loop. The
mobile phase composition was NH,-AcOH (pH 3.5) buf-
fer/ ACN/MeOH, (60/35/5, v/v/v). The UV detector was
set at 230 nm wavelength.

For trace analysis of mineral and river waters sam-
ples spiked with CBZ 1 ug L, an Acquity UPLC QSM
(Waters, Guyancourt, France) system was used. This in-
strument was equipped with a quaternary pump Acquity
UPLC H-Class Quaternary Solvent manager, a vial auto
sampler and a triple quadrupole mass spectrometry with
an electrospray ionization in positive mode. The column
was a Kinetex’ C18 (Phenomenex) (100 mm x 2.1 mm,
I.D. 2.6 um). The injected volume was 10 pL. The mobile
phase was composed of MeOH and acidified water (0.1%
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HCOOH). The solvent gradient profile started with 10%
MeOH and reached 75% MeOH within 15 min, then
95% within 0.1 min. From 15.1 to 17 min, 95% MeOH
was maintained, and from 17.1 to 21 min the MeOH
concentration decreased to 10%. The flow rate was 0.4
mL L' and the column oven temperature was set to 40 °C
throughout the analytical run (21 min). Analyses were
performed by tandem MS with electrospray ionization in
positive-ion mode using Multiple Reaction Monitoring
(MRM). Each sample was spiked with *C-CBZ 1 pg L
before being analyzed. CBZ and “C-CBZ were respec-
tively detected by the following m/z transitions: 237.1-
194.1 and 243.2-200.2.

The CE system was a 1600 Hewlett Packard3DCE
(Agilent, Waldbronn, Germany) equipped with a pho-
todiode array detection system. Agilent software 3D-CE
Chemstation (rev B.04.02) was used to pilot the CE sys-
tem and for signal acquisition. Analyses were performed
in bare fused-silica capillary (100 cm total length, 91.5
cm effective length, 50 um i.d.) purchased from Polymi-
cro Technologies (Phoenix, AZ, USA). New capillaries
were conditioned by 1 M NaOH for 15 min and water
for 5 min. The separation was conducted at a voltage of
+ 30 kV (current of +4.5 pA) and a temperature of 25 °C.

All rinse cycles were carried out at 950 m bar. The
Background Electrolyte (BGE) in the separation vials
was renewed every three runs. Between runs, the capil-
lary was flushed for 2 min with water and 4 min with
BGE. The UV detection was set at 214 nm.

The microwave system used to improve template
elimination from MIP was a Start SYNTH Microwave
Synthesis Labstation (Milestone, Shelton, United States).

Solution preparation

The stock solutions (1000 mg L") of CBZ, DES, IMI,
CLO and TRIMI were prepared by dissolving 10 mg in
10 mL methanol and stored at 4 °C in the dark for one
month. Dilutions were made daily to a suitable concen-
tration in water for MIP-SPE and CE or in mobile phase
for HPLC. The standard concentrations for CE linearity
assessment were 0.1, 0.5, 1, 5 and 10 mg L.

The running CE buffers were prepared fresh each day.
Their pH was checked with a Meter Lab PHM 201 Por-
table pH-Meter (Radiometer Analytical, Villeurbanne,
France).

Phosphoric acid aqueous solution (pH 2.5) was pre-
pared for the conditioning step of MIP-SPE.

Preparation of MIPs

The template (CBZ, 0.83 mmol), functional mono-
mer (TFMAA, 2.82 mmol), cross-linker (DVB-80, 13.50
mmol) and initiator (2.2’-azobisisobutyronitrile, 0.38
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Table 1: SPE protocol optimization.

Solvents
MeOH

Steps
1 Conditioning

aqueous H,PO, (pH 2.5)

2 Loading
3 Aqueous washing

CBZ (5mg L")
H,0

Percolated vol (mL)
10

5

1

5

or aq. EDTA solution (18.6 mg L)

4 Organic washing ACN (100%)

or ACN/MeOH (98/2, viv)
or ACN/MeOH (80/20, v/v)

or CH,CI, (100%)
5 Elution

MeOH

mmol) were dissolved in 3.35 mL of porogenic solvent
(CH,CL). The reaction mixture was purged for 5 min
with nitrogen bubbling and then polymerized at 60 °C
for 24 hours. The polymer was ground and sieved to 45
pm. MIP and NIP were exposed to six successive ex-
tractions with ACN, CHCI, and MeOH. Each extraction
consisted in putting the tube containing the MIP and
NIP for 30 min in an ultrasonic bath with 10 mL of each
solvent, then for 10 min in the centrifuge (7500 rpm at
20 °C) in order to separate the washing solution from the
polymer. The cycle was repeated until complete elimina-
tion of CBZ. A Non-Imprinted Polymer (NIP) was pre-
pared in the same manner but without the template in
the pre-polymerization mixture. Then, the dried powder
was subjected to decantation in acetone to remove fine
particles.

SPE protocol

250 mg of polymer (MIP or NIP) were introduced
into a polypropylene SPE cartridge (3 mL capacity)
maintained between two polyethylene frits (porosity 10
um). Thus, the MIP and NIP-SPE cartridges were condi-
tioned by 10 mL MeOH and 5 mL phosphoric acid aque-
ous solution (pH 2.5). A water sample was spiked with
CBZ 5 mg L" and loaded onto MIP and NIP. Then, after
an aqueous washing step, several organic solvent mix-
tures were percolated as washing and elution fractions

( ).

Performance of MIP

MIP/NIP selectivity determination: The SPE frac-
tions recovered at the loading and aqueous washing steps
were directly analyzed by HPLC, while those obtained for
organic washing and elution steps were first evaporated
to dryness under a gentle nitrogen flow and recovered
in 1 mL mobile phase before being analyzed by HPLC.
All experiments were performed in duplicate (n = 2) and
recoveries of CBZ were determined for each SPE step.

MIP specificity assessment: To assess the specificity
of the MIP-CBZ, the described SPE protocol was applied
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CH,CI,/MeOH (80/20, v/v)

a anNnN NN~

to ultrapure water spiked with a mixture of CBZ, IMI,
DES, CLO and TRIMI (5 mg L*). The sample and MIP/
NIP elution fractions were analyzed using HPLC and CE.

Application of MIP-SPE to mineral and river
water

The optimized SPE protocol was applied to a mineral
water sample in order to assess its abitility to specifically
extract CBZ. Thus, different volumes (1-100 mL) of min-
eral water were loaded on a MIP cartridge while keep-
ing constant the amount of CBZ loaded (5 pg). On this
purpose, CBZ concentrations were 5 mg L' for 1 mL of
mineral water loaded, 0.5 mg L™ for 10 mL, 0.1 mg L' for
50 mL and 0.05 mg L' for 100 mL, respectively. Further
analyses were performed by HPLC. Moreover, MIP-SPE
was also applied to 100 mL of river water spiked with
CBZ 1 pg L. The extraction was duplicated and elution
fractions were spiked with »C-CBZ 1 pg L' before be-
ing analyzed by UPLC - tandem MS for quantification
by MRM.

MIP synthesis

The MIP was prepared from CBZ and TFMAA with
a molar ratio of 1/3.34 (n/n), which means an excess of
monomer compared to template in order to favor the
pre-polymerization template-monomer complex for-
mation. Furthermore, TFMAA was chosen instead of
the more commonly used monomer MAA because of its
stronger ability to exchange hydrogen bonding. To our
knowledge, this is the first time TFMAA was used for
preparing a MIP of CBZ.

Articles dealing with MIPs of CBZ report the use of
either EGDMA or DVB-80 as cross-linkers; however, as
DVB was proved to minimize non-specific polar inter-
actions thanks to it’s a polar character, it was also used
as cross-linker [16]. Moreover, we assumed that DVB
was able to develop m-n stacking with aromatic groups
of CBZ during MIP synthesis, which would contribute
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to the building of specific cavities around each molecule
of template. Hence, CH,Cl, was preferred to toluene or
ACN-toluene mixtures [14] as synthesis solvent to avoid
any interference with the m-m interactions between the
template and the cross-linker. Moreover, hydrogen
bonds between template and monomer should not be
disrupted in an aprotic solvent such as CH,CL,.

Optimization of MIP-SPE protocol

The selectivity of MIP versus NIP and the quantitative
recovery of CBZ at the elution step of MIP-SPE were the
main focuses for developing the SPE protocol. The selec-
tivity is improved by promoting the Specific Interactions
(SI) present inside imprints while reducing the Non-Spe-
cific Interactions (NSI) with the polymer material. For
this, different washing mixtures were tested ( ).
Recoveries obtained for MIP and NIP are reported in

Thus, after an acidic (pH 2.5) conditioning step, we
observed that CBZ was totally retained by both MIP and
NIP at the loading step and, also, at the first washing step
(5 mL of ultrapure water). Since no difference appears
between MIP and NIP, the retention of CBZ was sup-
posed to be mainly hydrophobic NSI.

Next, the organic washing step was subjected to mod-
ifications such as the nature and percentage of solvents

in order to reach a good MIP/NIP selectivity. As report-
edin , pure ACN failed to break NSI since equal
amounts of CBZ were recovered in the elution fractions
of MIP (103.1%) and NIP (104.6%). As ACN is a po-
lar but aprotic solvent, MeOH was added in order to
enhance the competitive effect of the washing solution
against NSI hydrogen bond. Thus, 2% MeOH ( )
improved the selectivity of MIP versus NIP with respec-
tive elution recoveries of 51% versus 8.3%, but decreased
the extraction rate of CBZ by MIP. Higher percentage of
MeOH (20%, ) confirmed the high competitor
effect of this protic solvent on both NSI and SI since elu-
tion recoveries were 1.5% for NIP and 12.5% for MIP.

Therefore, CH,Cl, previously used as porogenic sol-
vent during the MIP synthesis, was tested as organic
washing solvent. As often mentioned in literature, the
use of porogenic solvent during the washing step pro-
motes the specific recognition of target analytes by res-
tituting the initial conformation of imprints [18]. This
was verified in our case since high elution recoveries and
selectivity was achieved (106.5% for MIP versus 14.5%
for NIP, ).

Then, CH,CL-MeOH mixtures were tested at differ-
ent compositions for the elution step. We observed that
percolation of CH,Cl,-MeOH mixture (80/20, v/v) fol-
lowed by MeOH allowed full CBZ recovery (100-110%).

a) c)
120 - 120
103,1104.6 08.4100.9
100 - 100 - z
80 - 80 -
60 1 mmp 60 7 mMIP
40 NIP 40 - NIP
20 - 20 12,1
0 0 0 0 o 0 o 1,5
0 | | | 0 | | i
Loading Aqueous Organic washing Elution Loading Aqueous Organic washing Elution
washing washing
b) d)
100 - 120
85.5 106,5
= 100 - 92,8
80 - I
80 -
60 51
avip 80 7 = MIP
40 | NIP 40 | NIP
21,3
20 . 8.3 20 - 1‘;:,5
0 o 0 0 = 0 0 0 o0 1,2
0 . . . 0 . : T
Loading Aqueous  Organic washing Elution Loading Agueous  Organic washing Elution
washing washing
Figure 2: Effect of the nature of the solvents used during organic washing (2 mL) of MIP and NIP cartridges on the recoveries
(%), reported to Y axis, obtained at the different steps of the SPE (n = 2). Organic washing composition: a) CAN; b) ACN/
MeOH 98/2 (viv); c) ACN/MeOH 80/20 (v/v); d) CH,Cl,. Analyses were conducted by HPLC-UV (230 nm) (see section 4.2).
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a) Sample loaded : 1 mL c) Sample loaded : 50 mL
140 - o 120 -
120 100 | 100,8
100 | 83,3 a0 | "
il h ,
» MIP 60 I MIP
60 - 47,3 " -
0 | NIP 40 - 311,4 NIP
20 - 20 -
0 0 0 o0 1.4 0 0 0 o0 1,5
0 . . . 0 . . B
Loading Aqueous Organic washing Elution Loading Aqueous Organic washing Elution
washing washing
b) Sample loaded : 10 mL d) Sample loaded : 100 mL
120 108,6 140 - 1252
100 - 120
80 | 72 100 -
= 80 - 65
60 1 BMP || g I 602 mMIP
40 - 3':1[,1 NIP 40 | NIP
20 - 20 -
4,1
0 0 0 o0 : 0 0 0 o0 15
0 ; o . 0 : SR
Loading Aqueous Organic washing Elution Loading Aqueous Organic washing Elution
washing washing
Figure 3: Influence of the sample volume loaded on recoveries (%), reported to Y axis, obtained at different steps of the
SPE (n = 2). Sample: mineral water spiked with CBZ at various concentrations (see section 4.7) in order to keep a constant
loaded amount of analyte (5 ug). Aqueous washing: EDTA 18.6 mg L aqueous solution (5 mL). Organic washing: CH,CI, (2
mL). Other SPE conditions reported in . HPLC analysis conditions reported in section 4.2.

This is certainly due to the protic character of MeOH that
was effectively able to break the hydrogen bonds estab-
lished between the CBZ and the polymer. Moreover, the
presence of CH,Cl, in the first elution fraction ensured
an optimum solvation of CBZ.

Application of SPE on mineral and river waters

The MIP-SPE protocol described in the previous
section was applied to mineral water and proved its effi-
ciency to extract CBZ with good recoveries. However, a
decrease of selectivity was observed since recoveries ob-
tained at the elution step of NIP-SPE were higher than
those obtained with ultra-pure water samples.

As divalent metal ions are known to form coordinate
bonds with ligands possessing -COOH and -NH groups,
we assumed that Ca** and Mg* may form coordinate
bonds with the carboxyl moiety of TFMAA and the ami-
no moiety of CBZ leading to strong NSI which were not
removed by aqueous and organic washing steps.

For this reason, the first washing step was done with
an EDTA solution (18.6 mg L") instead of ultrapure wa-
ter. Indeed, the addition of EDTA, a strong complexing
agent of divalent cations, was expected to prevent the for-
mation of any coordination complex between TFMAA
and CBZ and, therefore, to maintain a good selectivity

Claude et al. Chromatogr Spectrosc Tech 2017, 1(1):3-11

[22]. As expected, elution recoveries equal to 119% for
MIP versus 47.3% for NIP were obtained in these condi-
tions as shown in

With this modified protocol, pre-concentration as-
says were carried on at several loaded volumes (10,
50 and 100 mL) of mineral water and constant loaded
amount of CBZ (5 pg) as described in the experimental
section 4.7. The MIP extraction of CBZ was very good
with elution recoveries of 100% ( , and

).

For all experiments, the Imprinting Factor (IF), de-
fined as the MIP/NIP recovery ratio was calculated. IF
values were found to be equal to 3.8, 3.9, 4.5 and 2.0 for
a volume of mineral water of 1, 10, 50 and 100 mL, re-
spectively. Thus, it is obvious that whatever the loaded
volume, the imprinting factor was greater than unity
meaning that the developed SPE protocol succeeded in
promoting SI regarding to NSI, even in the presence of a
mineral matrix.

In order to prove that MIP-SPE protocol was suitable
for extraction of CBZ at trace level in a river water, 100
mL of Oise river water, spiked with CBZ 1 ug L, was per-
colated through MIP-SPE cartridge. The MIP-SPE pro-
tocol was the same as that previously applied to mineral
water. Both elution fractions were gathered, evaporated
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until dryness under a gentle stream of nitrogen at room
temperature and recovered in 1 mL MeOH-H,O (90/10,
v/v), spiked with *C-CBZ 1pg L' and analyzed by UPLC
- tandem MS. The MIP-SPE was duplicated. The CBZ
recoveries obtained were 125 and 124%. These recov-
eries are very close to that obtained with mineral water
( ). During this study, it was obvious that resid-
ual template (CBZ) remained in MIP even after drastic
ultrasonic extractions (section 4.4). Indeed, MIP-SPE
performed on blank mineral water provided results indi-
cating that mineral water would contain 0.35 ug L' CBZ
which is wrong and proves the bleeding of the template
from MIP during MIP-SPE protocol. Therefore, in order
to avoid any false positive result, more efficient washing
steps were developed for MIP preparation. Microwave
Assisted Extraction (MAE) was selected according to
its reported efficiency [23,24]. The best results (highest
amount of CBZ eliminated per mg MIP) was obtained
by MAE extractions (5 min heating ramp up to 60 °C
followed by an isotherm extraction at 60 °C for 1 hour)
applied to 50 mg of MIP in 20 mL MeOH-HCOOH
(90/10, v/v). However, after five successive extraction cy-
cles, the MIP bleeding was still 10 ug L' CBZ in elution
fraction. As MAE is suspected to affect the MIP physical
and chemical integrity, the elimination of template was
finished off by simple percolation of MeOH-HCOOH
(90/10, v/v) through MIP-SPE cartridges.

Test of cross reactivity

After demonstrating the ability of this MIP to recog-
nize the target molecule (CBZ), the specificity of MIP was

then evaluated. Four TCAs were selected as potential in-
terfering compounds, because their chemical structures
are to some extent similar to that of CBZ. These basic
drugs (pK ~10) are easily ionized and can be analyzed by
Capillary Electrophoresis (CE) [19-21].

A novel CE separation method was developed to mon-
itor MIP-SPE fractions by using a BGE composed of CAP-
SO (50 mM), KCI (0.143 mM) and methanol (60%). Its
pH, measured before adding MeOH, was equal to 9.5. This
BGE was chosen taking into account the interesting study
of Madej, et al. [19]. By adding MeOH and KClI to BGE,
the electro-osmotic mobility was reduced and the resolu-
tion was improved. In fact, MeOH lowers ionization of si-
lanol groups and the presence of KCl also strengthens the
decrease effect of the charge density on the inner wall of
the capillary due to the adsorption of K* onto SiO sites by
electrostatic interactions. Unfortunately, CLO and TRIMI
still migrated as a single peak. Wu, et al. analyzed seven
TCAs (desipramine, imipramine, clomipramine, doxepin,
nortriptyline, amitriptyline and protriptyline) by CE/UV
[20] and observed that the separation was possible after
adding a native complexing cyclodextrin. For this pur-
pose, several CDs were tested (a-CD, f-CD, HP-B-CD,
sulfated CD, dimethyl-B-CD, trimethyl-B-CD) as com-
plexing agents of BGE. The best result was obtained with
2,6-di-O-methyl-B-CD at 1 mM where the resolution be-
tween CLO and TRIMI was almost satisfactory (Rs ~1).
However, a significant improvement (Rs ~1.4) was ob-
tained by adding 0.2 mM SDS to the BGE with an increase
of peak efliciencies (600,000 theoretical plates).
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Figure 4: Electropherogram of TCAs at 0.1 mg L. 1-DES, 2-IMI, 3-CLO, 4-TRI and 5-EOF (neutrals). The separation is
performed with a buffer containing 50 mM CAPSO, 0.2 mM SDS, 60% MeOH, 0.143 mM KCI and 1 mM 2,6-di-O-methyl-
B-CD (pH 9.5) . Electrophoretic conditions: fused silica capillary of total length 100 cm, 91.5 cm effective length, internal
diameter 50 pm; electrokinetic injection: +30 kV and 10 s; current of 4.5 uA; detection at 214 nm.
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Using an electrokinetic injection (30 kV, 10 s), the
Limit of Quantification (LOQ) for CLO and TRIMI has
been greatly improved (30 pg L). This high sensitivity is
certainly due to an online pre-concentration step FASI
(Field Amplified Sample Stacking) since the conductiv-
ity of the samples is much lower than that of the sepa-
ration buffer (50 mM ionic strength) [25]. The analysis
time was approximately 26 min ( ). The analy-
ses were repeatable with a relative standard deviation of
about 1.1% (n = 6). Linearity was validated for each of
the four compounds with determination coefficient (r?)
higher than 0.993.

From these results one can conclude that the sepa-
ration of the four TCAs was possible by CE with an op-
timized BGE containing 50 mM CAPSO, 0.2 mM SDS,
60% MeOH, 0.143 mM KCl and 1 mM 2,6-di-O-methyl-
B-CD at a pH of 9.5.

The previously developed SPE protocol was used as
following: conditioning with MeOH (5 mL) and acidi-
fied water pH 2.5 (10 mL), loading with ultrapure water
(1 mL) spiked with CBZ and ATCs (5 mg L), aqueous
washing with 5 mL of ultrapure water, organic washing
with CH,Cl, (2 mL) and finally elution with CH,CL/
MeOH (80/20, v/v) and MeOH (5 mL). The elution yield
of CBZ decreased by loading CBZ and TCA spiked wa-
ter (64%) compared with CBZ spiked water (106.5%), as
shown in . The TCAs certainly have a competi-
tive effect with respect to interactions between CBZ and
MIP. However, extraction was still quantitative for CBZ
with a satisfactory selectivity (IP = 2.2). The CE meth-
od developed for separating IMI, DES, TRIMI and CLO
was applied to determine the amount of TCAs recovered
at each step of the SPE protocol. Calculated recoveries
showed that TCAs were totally retained by MIP as well as
by NIP until the elution step due probably to strong non
specific interactions.

This work describes the synthesis of a new molecu-
larly imprinted polymer for extraction of antiepileptic
drug CBZ from river waters. This material was prepared
from CBZ as template and TFMAA as acidic functional
monomer, both of them interacting via hydrogen bond-
ing. The cross-linker (DVB) was selected to interact by
n-1 interactions with CBZ. The MIP-SPE protocol was
optimized by using CH,Cl, as organic washing solvent
and enabled the selective and total extraction of CBZ
from pure and river waters with a good yield (106%).
However, the presence of interfering molecules of Tri-
cyclic Antidepressants (TCAs) added to waters samples
induced a decrease of CBZ extraction yield (64%) and
the retention of TCAs on the MIP. SPE fractions were
analyzed by CE/UV with the help of a novel background

Claude et al. Chromatogr Spectrosc Tech 2017, 1(1):3-11

electrolyte composed of 50 mM CAPSO, 0.2 mM SDS,
60% MeOH, 0.143 mM KCl and 1 mM 2,6-di-O-methyl-
B-CD (pH 9.5).
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