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INTRODUCTION

Atenolol is a synthetic, B-selective (cardioselective), adreno-
receptor blocking agent [1]. It is chemically described as benzene
acetamide. 4-[2’-Hydroxy-3’-[(methyl ethyl)amino]propoxy]-
benzene acetamide [2]. B-Blocker have long been considered
to be well documented first-line drugs in the treatment of hyper-
tension [3]. They help the heart work more efficiently, thereby
reducing blood pressure, heart rate, muscle tremors and even
anxiety. Their use has been prohibited in-competition and out-
of-competition for several sports, especially in activities that
require vehicle control and bodily movement as these compound
can induce a reduction in heart rate and tremors as well as
improve general performance during competition, they have
been considered to be unsportsman like performance enhan-
cers, as they give individual athletes an unfair advantage over
others [4]. Atenolol can cause serious adverse effects, including
jaundice, dark urine and stomach pain. An overdose of B-blockers
may lead to life-threatening situation [5]. The concentration
of atenolol was small in biological matrices. As a drug that
was used for long-term treatment, drug monitoring was needed
for atenolol [6]. The most complicated analyses involve
complex matrices such as those encountered in the analysis of
the biological and environmental sample. It is accepted that

Published online: 29 September 2017, AJC-18565

Two molecularly imprinted polymers (MIPs) were prepared via bulk polymerizations and precipitation polymerization with methacrylic |
acid as functional monomer, atenolol as the template, ethylene glycol di-methacrylate as a crosslinker. Molecularly imprinted polymer |
prepared via precipitation polymerization gives the best character as sorbent by a higher number of binding site and higher association
constant compared to bulk. Plasma sample which was spiked with atenolol gives recovery more than 96 % after pretreatment with selected |
polymer. Selectivity test showed that MIP made by precipitation polymerization could be used for selective recognition of atenolol from |
plasma samples spiked with other drugs. This developed molecularly imprinted polymer-solid phase extraction (MIP-SPE) could be |
further used as extraction method in antihypertension drug analysis from biological samples. |
|
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the most important step in such analytical methods is sample
preparation [6].

Solid-phase extraction (SPE) constitutes a powerful
method for the extraction and the purification of compounds
contained in complex matrices [7,8]. Various formats of solid-
phase extraction is currently a routine sample preparation tech-
nique employed in numerous environmental and bioanalytical
application [9,10]. Separation on most current SPE sorbent is
based on physicochemical retention on functionalized surface
and the SPE column retains not only the target analytes but
also other matrix components [11]. Solid-phase extraction
columns based on polymers have been developed to overcome
the uncertainty caused by such secondary interaction [9]. One
such approach has been the development and evaluation of
molecularly imprinted polymers (MIPs) [12]. The use of MIP
in the solid phase extraction (SPE) has high benefits because
it produces selective extraction of analytes and eliminates
sample matrices [13]. Compared with other selective sorbents
such as immuno-affinity materials, MIPs demonstrate very good
thermal and chemical stability, repeated operations without
loss of activity, high mechanical strength, durability to heat
and pressure and applicability in harsh chemical media [14,15].
The advantages of MIP-SPE over other selective sorbents have
made MIP-SPE as one of the most important techniques for
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selective sample concentration in biological, pharmaceutical
and environmental fields [16]. MIPs involves the synthesis of
cross-linked polymers around a template molecule (the
analyte). Once the polymer has been formed the template is
removed by washing, leaving an imprint of the analyte
template. Ideally, this gives a sorbent on which highly selective,
reversible binding of the analyte can achieve [17].

Originally, bulk polymerization was the first strategy used
to synthesize imprinted polymers. Using this procedure and
after the unavoidable grinding and sieving steps, the obtained
particles possessed a various particle size distribution invariably
with weak binding site accessibility for the target analite [18].
A great effort has been made during past years in developing
new polymerization methodologies to obtain MIP beads with
proper physical characteristics (size, porosity, pore volume,
surface area). Precipitation polymerization has been proposed
as a simple and easy strategy for the formation of MIP beads
quickly in excellent yield [19]. Thus, this study evaluates the
polymer performance for selective recognition of atenolol
which is made using bulk polymerization against precipitation
polymerization to show the best polymerization methodologies
with particular recognition and then applying it for atenolol
recognition in plasma.

EXPERIMENTAL

Methacrylic acid (MAA), ethylene glycol di-methacrylate
(EGDMA), 2,2-azoisobutyronitrile (AIBN) were provided by
Sigma-Aldrich. Methanol pro-HPLC, acetonitrile pro-HPLC
were purchased from Fischer Scientific. Atenolol was furnished
by the Central Pharmaceutical Co., Ltd. Tianjin.

UV-visible spectrophotometer (Specord 200 Analytic
Jena), Water bath shaker (Memmert), HPLC (Dionex Ultimate
3000 with UV detector and column Enduro C18G 125A 250
x 4.6 mm, Fourier transform infrared (FTIR) Shimadzu prestige-
21, scanning electron microscope (Hitachi TM 3000),
centrifugation (Eppendorf centrifuge 5424R).

UV spectroscopic analysis of the interaction between
template molecules and functional monomers: To choose a
solvent that showed the best interaction between template
molecules and functional, then investigated with UV titration.
For UV titration, a stock solution of atenolol was prepared (c
=1 x 10* ML") in methanol and a mixed solvent containing
methanol-acetonitrile (1:9). The solution of guest methacrylic
acid in order of 1 ML was also prepared in methanol and
mixed solvent too. A solution of various concentration con-
taining atenolol and increasing concentration of functional
monomer were prepared separately. The spectra of this solution
were recorded using UV method. Binding constant was
calculated according to the Genesis-Hildebrand equation. K,
was calculated following the equation stated below

1/(A-A,) = 1/{K(Ana-Ao)[MAA]} + 1/[Ani-Ao]

here A, is the absorbance of the receptor in the absence of a
guest; A is the absorbance recorded in the presence of added
guest, Ay, 1S absorbance in the presence of added [MAA]
max and K is the association constant (M™). The association
constant (K) could be determined from the slope of the straight
line of the plot of 1/(A-A,) against 1/[MAA] [20].

Molecularly imprinted polymer: In this study, the
molecularly imprinted polymer was prepared via precipitation
polymerization and bulk polymerization, to compared which
one that showed best analytical performance.

Bulk polymerization was made as follows: Atenolol as a
template (2 mmol), methacrylic acid as functional monomer
(8 mmol), followed by cross-linker EGDMA (40 mmol) and
initiator AIBN (0.5 mmol) was dissolved in methanol (4 mL)
in a vial tube. The appropriate homogeneous solutions were
sonicated for 20 min. Then the mixtures were incubated in the
water bath 60 °C for 18 h. The last bulk rigid polymers were
ground in a laboratory mortar pestle and wet-sieved with
methanol to get particles below 100 um diameter. The particles
were extracted to remove the atenolol as a template using
Soxhlet apparatus for 24 h in methanol:acetic acid (9:1) and
dried at 55 °C for 3 h and stored at room temperature for further
experiments. Quantitative removal of the template was ensured
by monitoring the amount of template remaining in the extrac-
tion solvent by HPLC. The non-imprinted polymers (NIPs)
were prepared in similar ways as used for the corresponding
imprinted polymers except without template molecule during
polymerization.

Precipitation polymerization was also conducted and the
procedures were as follows: 1.3317 g (5 mmol) atenolol was
dissolved in 10 mL methanol with 1.700 mL (20 mmol)
methacrylic acid and 18.794 mL (100 mmol) ethylene glycol
di-methacrylate. The mixture was sonicated for 5 min to be
dissolved and mixed correctly, then 1.493 mL (10 mmol)
azobisisobutyronitrile was added. The solution was sonicated
for another 20 min to dissolve and mixed entirely. Subse-
quently, the solution was sealed and immersed at 60 °C in the
thermostat for 24 h until white lump polymers were formed.
The polymers were ground and filtered through 75 um sieve.
The particles collected were then placed in Soxhlet extraction,
extracted with CH;OH/CH;CO,H (v/v, 9/1) until the atenolol
cannot be detected. A UV-visible spectrophotometer monitored
the stage. Afterward, the polymers were washed with methanol
for washing out the acetic acid. Last, they were dried in an
oven at 55 °C for 24 h, after which the atenolol molecularly
imprinted polymers with methacrylic acid as the functional
monomer were obtained.

Non-imprinted polymers (NIPs) were prepared by the same
procedure in the absence of template molecule.

Batch rebinding and isotherm adsorption studies: The
rebinding batch-mode experiments were performed in methanol
and methanol-acetonitrile mix. Binding analysis was carried
out by incubating 20 mg of polymer in 1,5 mL volume of the
atenolol solution in different concentration (2, 4 and 6 ppm)
on a vial for 24 h. HPLC then analyzed the solution. The isotherm
adsorption graph was then made with the curve between bound
and free atenolol.

Optimization of solid phase extraction (SPE) system:
The 200 mg of MIP and NIP particles were dry packed in
3 mL Chromabond® SPE cartridges using 20 mm porous
PTEE frits. The cartridges then further called MI-SPE and NI-
SPE. Equilibration of the columns, loading and washing was
performed using 1 mL aliquots of the similar solutions and
elution of the retained analytes with different elution solvents.
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Full vacuum was applied between each step to dry the stationary
phases. The collected fractions were analysis by HPLC and
isocratic elution using a mixture of methanol:water + TEA
0.05 % adjust pH 3 with phosphoric acid (85:15) with the
flow rate set at 0.8 mL per min.

Application of MIP for extraction of atenolol from
plasma samples: Blood plasma samples were prepared by
centrifugation the collected blood 5000 rpm for 5 min at 14
°C and careful collection of the transparent top layer. The blood
plasma samples then were spiked with 2 ppm of atenolol in
water. The spiked serum then applied to MISPE and NISPE
system. The SPE system was conditioned with methanol,
washing with acetonitrile and elute with 3 x 1 mL methanol +
acetic acid 5 % 9:1. Full vacuum was applied between each
step to dry the stationary phase. The elution fraction then
analyzed by HPLC and isocratic elution using a mixture of
methanol:water + TEA 0.05 % adjust pH 3 with phosphoric
acid (85:15) with the flow rate set at 0,8 mL per min. The
recovery percentage of the elution fraction was then calculated.

RESULTS AND DISCUSSION

Spectrophotometric analysis of the interaction between
atenolol and methacrylic acid: A 0.001 mmol L™ solution of
atenolol in methanol and mixed solvent added with different
amounts of methacrylic acid each time to make the molar ratio
of template molecule to functional monomer 1:0, 1:5, 1:10,
1:50, 1:100, respectively. The ultraviolet absorption spectra
were shown in Fig. 1.
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Fig. 1. UV absorption spectrum of atenolol to the different molar ratio of

methacrylic acid in methanol

As shown in Fig. 1, when adding methacrylic acid into
atenolol in methanol solution, as the concentration of functional
monomer increased, the blue shift of spectra was witnessed,
which indicated that the template molecule and functional
monomer interacted with each other and generated a com-
pound. The widespread use of methacrylic acid (MAA) as the
functional monomer is related to the fact that carboxylic acid
(the functional group) can act as a hydrogen bond and proton
donor, as well as a hydrogen bond acceptor [21].

The association constant (K,) as determined by UV titration
method for ATE-MAA in methanol is found to be 5.76 x 10?
M higher than a mixed solution that showed K, was 3.42 x
10°M, so for further study, imprinted polymer only prepared
in methanol as solvent.

3.5

*

3.0 (a)

R’ =0.9726
251 Ka=576x10°M"

2.0

1/AA

1.5

1.0 A

0 0.5 1.0 1.5 2.0 2.5
1/[MAA] x 10°

R? = 0.9629 (o)
61 Ka=342x10°M"

1/AA
IS

0 05 1.0 15 2.0 25
1/[MAA] x 10°

Fig. 2. Association constant curve of ATE-MAA determined by UV method
(a) In methanol (b) in mixed solvent

Batch rebinding and isotherm adsorption studies: Fig. 3
showed that the binding of MIP made via bulk polymerization
(MIP1) gives 47.39 % and 27.82 % for non-imprinted one in
methanol, 27.82 % and 12.83 % for MIP1 and NIP1 in
methanol + acetonitrile (1:9), respectively. While precipitation
polymerization (MIP2) gives 69.15 % and 43.21 % for non-
imprinted one in methanol and 59.12 % and 44.13 % for MIP2
and NIP2 in methanol:acetonitrile (1:9), respectively.

80 # Methanol
70 # Methanol + Acetonitrile (1:9)
60 o
iiiii
50 o
R oo s
40 i=i=; %iiii
30 _— - i:i:; S
20 E:E‘ =2es %::::-—
10 == :
O__%iiii 2 = & g

MPi NPt MIP2 NP2
Fig. 3. Binding ability in various solvent

To find out a number of binding sites, adsorption isotherm
was made and then fitted to Freundlich. The results of it were
showed at Table-1.

Optimization of condition on SPE: To find out the best
condition for conditioning, loading, washing and elution, a
series of solvent were used and the recovery percentage was
measured.
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TABLE-1
FREUNDLICH FITTING PARAMETERS FOR MIP AND NIP
Polymer log K 1/n K n
MIP1 -1.2914 1.4328 0.051121  0.6979341
NIP1 -2.6394 3.4373 0.002294  0.2909260
MIP2 -0.7860 1.5411 0.163682  0.6488872
NIP2 -1.3716 1.4037 0.042501  0.7124029

: Loading

B Washing

# Elution

Il Elution

MIP1 NIP1 MiIP2 NIP2

Fig. 4. Optimization of condition on SPE

Application of MISPE on plasma samples: Plasma
sample which was spiked with 2 ppm atenolol gives recovery
34.17 % and 7.17 % for MIP1 and NIP1, respectively. Then
96.68 and 55.41 % for MIP2 and NIP2, respectively. This
results showed that MIP2 that was prepared by precipitation
technique has better binding compared to bulk.

Recovery (%)

NIP2

Fig. 5. Recovery percentage of atenolol on spiked plasma

SPE separation of mixture compound in plasma: In
order to find out the selectivity of MIP in SPE system (MISPE),
some drugs were selected. The drugs being selected was based
on possible existence in blood that could interfere atenolol
assay. These studies were compared the recoveries percentage
of atenolol, caffeine and acetosal through MIP2 and NIP2.
The recoveries percentage of each compound using MIP2
cartridges were 92.20 £ 1.36, 35.99 £+ 1.24 and 0.00 for
atenolol, caffeine and acetosal respectively. Caffeine has a
relatively higher recovery because it has —-NH in xanthine rings
that interacted with —OH functional group from methacrylic
acid to form hydrogen bonding [22].

From chromatogram of spiked blood plasma before and
after SPE process (Fig. 8), indicate that MIP process produced
a better peak of atenolol. The height of atenolol is higher (with
retention time 5.1 min) and gives good recoveries percentage
fitted with criteria of recovery for biological matrices which
is more than 80 % [23].

In infrared spectra (Fig. 7a-b), there is frequency shifting
in C=0 and —OH which indicates hydrogen bonding between
the template and monomer. Because of the hydrogen bonding
between template and methyl methacrylate, there is reduction
density in OH and C=0, which cause a reduction in vibrational
frequency before template extraction [13].

Conclusion

Atenolol molecularly imprinted solid phase extraction
made from methacrylic acid as monomer via precipitation
polymerization can be used for selective removal of atenolol
from the plasma sample. This results was noteworthy for
therapeutic drug monitoring of atenolol in hypertension patient
and to detect substance abuse in sports
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