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a  b  s  t  r  a  c  t

A  simple  and  selective  molecularly  imprinted  matrix  solid-phase  dispersion  (MI-MSPD)  method  cou-
pled  with  high  performance  liquid  chromatography  (HPLC)  ultraviolet  detection  was  developed  for
rapid  screening  of clenbuterol  hydrochloride  (CH)  in chicken  samples.  The  new  molecularly  imprinted
microspheres  (MIM)  were  synthesized  by using  butylamine  and  chloroaniline  as  dummy  template  with
aqueous suspension  polymerization  and  revealed  good  affinity  to CH  in  aqueous  solution.  The  applica-
tion  of  the  obtained  MIM  as  sorbent  of  matrix  solid-phase  dispersion  (MSPD)  improved  the selectivity
atrix solid-phase dispersion
elective extraction
lenbuterol hydrochloride
hicken samples

of  extraction  procedure  and  avoided  the  effect  of template  leakage  on  quantitative  analysis.  Under  the
optimized  conditions,  good  linearity  of  CH  was  obtained  in  a range  of  0.059–18.30  �g mL−1 with  the  corre-
lation  coefficient  (R)  of  0.9996.  The  recoveries  of CH  at three  spiked  levels  were  ranged  from  92.0  to  99.1%
with the  relative  standard  deviation  less  than  4.0%  (n = 3).  The  presented  MI-MSPD-HPLC  method  com-
bined  the  superiority  of  MIM  and  MSPD,  and  therefore  could  be potentially  applied  for  the  determination
of  CH  in  complicated  biological  samples.
. Introduction

Clenbuterol hydrochloride (4-amino-3,5-dichloro-a-tert-
utylaminomethylbenzyl alcohol hydrochloride, CH), a
epresentative of the class of beta-adrenergic agents, had been
sed as a tocolytic, bronchodilator, and heart tonics in human and
eterinary medicine [1,2]. It also possessed physiological effects
imilar to anabolic steroids, which promoted the growth of the
uscular tissue and reduction of body fat [3].  As a consequence, it
as extensively used in various animal species as a repartitioning

gent to decrease fat deposition with enhanced protein accumu-
ation when administered orally at high doses [4,5]. However, its
ong term or high dose misuse had led to serious side effects and
t was prohibited to use as growth promoter for livestock in the
pain, Italy, China, and many other countries [6–8]. Therefore,

 simple, accurate and reliable method for the determination of
race levels of CH in meat products was desired for the assurance
f consumer healthy.
Until now, several analytical methods such as high performance
iquid chromatography (HPLC) [9],  gas chromatography–mass
pectrometry (GC–MS) [10,11], capillary electrophoresis (CE)
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[12,13],  liquid chromatography–mass spectrometry LC–MS [14,15],
and immunoassays [16,17] had been developed for the determina-
tion of CH in different biological samples. Due to the complexity of
the biological matrices and the trace levels of CH in real samples, the
sample pretreatment procedures were the most tedious and time-
consuming steps and the mainly possible source of imprecision
and inaccuracy of the overall analysis. The common pretreatment
methods were mainly including liquid–liquid extraction (LLE) [18],
solid-phase extraction (SPE) [19], diphasic dialysis [20], solid-phase
microextraction [4],  supercritical fluid extraction [21], matrix solid-
phase dispersion (MSPD) [22], and liquid–liquid microextration
[23]. Among them, MSPD technique was very suitable for the simul-
taneous disruption, extraction and clean-up of solid, semi-solid and
highly viscous samples [24–26].  It eliminated the most of the com-
plications of performing classical LLE and SPE for solid matrixes
by direct mechanical blending of sample matrix with an appropri-
ate sorbent and a small volume of solvent for washing and elution
steps. However, although each method had its advantages, further
improved the selectivity, especially the selectivity for extraction the
trace levels of analytes in complex samples was  desired greatly.

Molecular imprinting is a synthetic approach to produce

functionalized materials having specific molecular recognition
properties for a given compound, its analogs, or for a single enan-
tiomer [27–29]. The application of these synthetic polymers as
sorbents allowed the analytes of interest to be pre-concentrated
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hile simultaneously removed the interferences from the sample
atrix, so that selective enrichment and cleanup were obtained,

esulting in a higher accuracy and a lower detection limit in the
ubsequent analysis [30,31].  In recent years, molecularly imprinted
olymers prepared using CH as template had been applied as spe-
ial sorbents to extract CH from several biological samples [32–34].
owever, the template leakage was always observed in its actual
pplications, which affected the results of quantitative analysis.

The aim of this work was to synthesize new molecularly
mprinted microspheres using butylamine and chloroaniline as
ummy  template and apply it as special sorbent of MSPD for selec-
ive extraction and determination of CH from chicken samples. The
btained dummy  imprinted microspheres showed high affinity to
H, and as special MSPD sorbent improved the selectivity of the
ample pretreatment procedure and overcame the drawbacks of
emplate leakage in real sample application. The presented MI-

SPD-HPLC method combined the superiority of MIM and MSPD,
nd therefore it could be potentially applied for the determination
f CH in complicated biological samples.

. Experimental

.1. Chemicals

Tert-butylamine, chloroaniline, methacryclic acid, chloroform,
,2-azobisisobutyronitrile, and polyvinylpyrrolidone (PVP) were
btained from Huaxin Chemical Reagent Co. (Baoding, China).
thylene glycoldimethacrylate was purchased from Sigma–Aldrich
Missouri, USA). Clenbuterol hydrochloride was  purchased from
he National Institute for Control of Pharmaceutical and Biological
roducts (Beijing, China). Acetone, methanol, acetonitrile, ammo-
ia and hydrochloric acid were purchased from Huadong Chemical
eagent Co. (Tianjin, China). All the other reagents used in the
xperiment were of the highest grade commercially available. Dou-
le deionized water was filtered through a 0.45 �m fiber membrane
efore use.

.2. Instrumentation and conditions

HPLC analysis was performed using a LC-20A system equipped
ith two LC-20AT Solvent Delivery Units, a SUS-20A gradient con-

roller, and a SPD-20A UV-VIS Detector (Shimadzu, Kyoto, Japan).
n N-2000 Chromatographic workstation (Zheda Zhineng Co. Ltd.,
angzhou, China) was used as the data acquisition system. The ana-

ytical column (Venusil XBP C18, 5 �m,  250 mm × 4.6 mm I.D.) was
btained from Bonna-Agela Tech. (Tianjin, China). The mobile phase
as water–methanol (65:35, v/v,  containing 0.2‰ trifluoroacetic

cid, pH 2.8) with a flow rate of 1.0 mL  min−1. The injection volume
as 20 �L and the detection wavelength of the detector was  set at

10 nm.

.3. Synthesis of the MIM

1.0 mmol  of tert-butylamine, 1.0 mmol  of 2-chloroaniline,
.0 mmol  of methacryclic acid, 25.0 mmol  of ethylene gly-
oldimethacrylate, and 120 mg  of 2,2-azobisisobutyronitrile were
issolved in 15 mL  chloroform and ultrasonically vibrated for
.0 min. Then, this chloroform solution was added dropwise to
0 mL  of water solution (1.5 g of PVP was dissolved) at 600 rpm
nder a nitrogen stream. After polymerization at 60 ◦C for 24 h,

he obtained MIM  in the polymerization solution was  filtered with
.45 �m membrane, and washed with methanol-acetic acid (9:1,
/v) and methanol to remove the template and residual monomer,
nd then dried at 40 ◦C under vacuum. Non-imprinted microsphere
– 924 (2013) 136– 140 137

(NIM,) was prepared in a fashion analogous to that of the MIM  but
without the inclusion of templates.

2.4. MI-MSPD procedure

0.1 g of chicken sample and 0.1 g of MIM  sorbent were placed
in a small glass mortar and blended together using a glass grinder
until complete disruption and dispersion of the sample on the solid
support. The homogenized mixture was  transferred into an empty
cartridge (50 mg  of MIM  was pre-packed in the bottom) and rinsed
with 2.0 mL  of water, and then eluted by 3.0 mL  of acetonitrile-
acetic acid (95:5, v/v). The eluate was  evaporated to dryness under
vacuum and then re-dissolved in 150 �L of mobile phase for further
HPLC analysis. The extraction efficiency was calculated as the per-
centage of the analyte (na) extracted in the final solvent for HPLC
analysis with the total analyte (n0) in samples.

3. Results and discussion

3.1. Synthesis of the MIM

Several imprinted polymers had been synthesized using CH
as template and applied them as SPE sorbents for extraction of
CH from various samples, however, there always suffered from
template leakage in real application which affected the results of
quantitative analysis. Therefore, in order to obtain the MIM  with
special recognition to CH and eliminate the effect of template leak-
ing on quantitative analysis, tert-butylamine and 2-chloroaniline
were chosen as dummy  template (similar tridimensional struc-
tures or recognition site to CH) to prepare MIM.  The MIM  obtained
at the molar ratio of 2:4:25 (template/monomer/crossing reagent)
showed good mechanical strength and affinity to CH. To further
improve the molecular recognition of the MIM  in biological sam-
ples, aqueous suspension polymerization using PVP as dispersion
agent was adopted. The morphology of the MIM  and NIM (Fig. 1)
evaluated by scanning electron microscope (SEM) revealed that the
MIM  were monodisperse and spherical with average diameters dis-
tribution from 2 to 5 �m.  Moreover, the surface of them was porous
and rough, which was suitable for rebinding or releasing the tar-
get molecules from its surface. The pore diameter distribution of
the MIM  and NIM determined by a JW-BK112 specific surface area
and pore size analyzer revealed that both of them are multi-porous
polymers (less than 20 nm). The pore volumes and specific surface
areas from nitrogen adsorption experiments were 0.312 cm3 g−1

and 205.6 m2 g−1 for MIM,  0.315 cm3 g−1 and 209.3 m2 g−1 for NIM,
respectively. The similar surface areas and pore volumes of MIM
and NIM indicated the selectivity of the MIM  was due to special
imprinted recognition.

Dynamic adsorption experiment was  employed to evaluation
the adsorption ability of the sorbent to CH. 0.25 g of MIM, NIM,
OASIS HLB and C18 were employed as sorbents for SPE column
and 0.2 mL  of 10 �g mL−1 CH solution was  loaded on each column
per time, the post-column solution was used for determination the
level of the existing CH. The results showed that the maximum
bear volume of MIM,  NIM, OASIS HLB and C18 was 9.8 mL,  5.2 mL,
8.8 mL  and 7.6 mL  respectively. Furthermore, a CH structural analog
of salbutamol (10 �g mL−1) was  also employed for dynamic adsorp-
tion to further evaluation the recognition properties of the MIM.
The results indicated that the maximum bear volume of salbuta-
mol  on MIM  was  8.0 mL,  which was below CH on the MIM. All the
above indicated that MIM  had higher affinity and adsorption capac-

ity to CH, it demonstrated the special imprinted recognition of the
MIM.

The molecular recognition ability of MIM  was  much dependent
on shape and functional group complementarities. The MIM  should
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Fig. 1. Scanning electron micrograph of MIM  and NIM.

e rather rigid to preserve the stereo structures of the cavities after
plitting off the template. The monomer–template interaction was
irectly affected the quantity and quality of the recognition sites

n MIM.  The mechanism of the dummy  MIM  synthesis was  shown
n Fig. 2. Due to tert-butylamine and 2-chloroaniline having same
nteraction sites (amino-group) and the stereostructure of the tem-
late molecule being similar to the ends structure of CH, so the
avities and recognition sites of MIM  (template had been removed
rom MIM) are better matching to CH.

.2. Optimization of MI-MSPD procedure

One of the outstanding advantages of MSPD was  that the extrac-
ion and clean-up could be carried out just in a single step. In MSPD,
he sorbent acted both as an abrasive and as a bound solvent that
roke the sample architecture and disperses sample components
nd further promoted more effective interactions between sorbent
nd analytes. The selectivity of an MSPD procedure depended on
he sorbent/solvent combination. Most methods reported to date
ere used C18, C8, silica, Florisil and other chemically-modified sor-
ents as the solid support. The selectivity of these methods usually
ot satisfied due to the non-specific interactions between the vari-
us components of sample matrix and MSPD sorbents, which might
nterfere in the subsequent chromatographic analysis.
– 924 (2013) 136– 140

To  compare the purification and selectivity of MIM  with other
conventional sorbents, alumina, C18, silica, OASIS HLB, and SCX
were also employed in the MSPD procedures according to the
previous reports [22,24,26,35,36]. Fig. 3 showed that the highest
recoveries were obtained by using MIM  as the MSPD sorbent. Addi-
tionally, the cleaner chromatograms without interferences were
observed by MI-MSPD than other sorbents, which demonstrated
the high selectivity and affinity of the MIM  to the target analyte.
In this case, a variety of washing solvents including hexane, ace-
tone, ether, acetonitrile, methnaol, trichloromethane, and water
were evaluated by spiked chicken samples (Fig. 4). Considering the
recovery, purification, and solvent system resemble with the bio-
logical systems, water was  selected as the washing solvent. For the
purpose of the minimum volume of washing solvent able to effi-
ciently rinse the interferences, different volumes of water ranging
from 0.5 to 3.5 mL  were investigated and 2.0 mL was  found to be
the optimum washing volume.

Considering the property of CH and matrix effect of chicken
samples, the optimization of the elution step was performed using
a series of elution solvents including methanol-acetic acid (95:5,
v/v), acetonitrile-acetic acid (95:5, v/v), acetone-acetic acid (95:5,
v/v), water–acetic acid (95:5, v/v), methanol–water–acetic acid
(50:45:5, v/v), acetonitrile–water–acetic acid (50:45:5, v/v), and
dichloromethane -acetic acid (95:5, v/v), respectively. The results
in Fig. 4 showed that acetonitrile-acetic acid (95:5, v/v) was a bet-
ter solvent for elution of clenbuterol. Furthermore, different ratios
(0–12%) and volumes (1.0–7.0 mL)  of acetic acid in acetonitrile were
investigated for the MI-MSPD process. The results showed that the
recovery of CH was obviously increased with the increasing ratio
of acetic acid from 0 to 5% and then almost constant even fur-
ther increase the volume of acetic acid. Additionally, the volume of
acetonitrile-acetic acid (95:5, v/v) must more than 2.0 mL  to ensure
that all the target analytes were completely eluted out. Considering
the recoveries and economic factors, 3.0 mL  of acetonitrile-acetic
acid (95:5, v/v) was  chosen as the elution solution.

A suitable ratio of sample/sorbent could increase the inter-
face area between the analytes and sorbent, and allow complete
adsorption of the sample components to facilitate their transfer
into sorbent. Therefore, the ratios of sample/sorbent ranging from
1:1 to 1:4 were evaluated and the results revealed that the ratio of
1:1 provided the satisfied recoveries of CH. Further increasing the
proportion of sorbent resulted in more interference and reduced
recoveries of CH due to the strong absorbability of MIM.  While the
ratios of sample/sorbent higher than 1:1 led to decreased recov-
eries and maximized errors which probably generated by the fact
that the cartridge packing material was not as homogeneous as
required due to the relatively large content of samples. Thereby,
1:1 was applied as the optimized sample/sorbent ratio in the sub-
sequent studies. Moreover, the MIM  pre-packed in the bottom of
the cartridge acted as SPE sorbent to further remove interfering
matrix components and isolate analytes to obtain higher recovery.

Additionally, the MIM  prepared by CH as template was also eval-
uated and the obviously template leakage were observed in the
MSPD procedure even after washing with large volumes of organic
solvents. Therefore, MIM  using dummy  template was  a suitable
way to provide the selectivity of pretreatment procedure and avoid
the effect of template leakage on quantitative analysis.

3.3. Features of the MI-MSPD-HPLC method

The MI-MSPD-HPLC determining method was validated by
linearity, detection limit, recovery, inter-assay and intra-assay

deviation. Calibration curve was  constructed using the areas of
the chromatographic peaks measured at nine increasing spiked
levels of chicken samples ranged from 0.059 to 18.30 �g mL−1

and good linearity of CH was obtained with calibration equation
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Fig. 2. The schematic mechanism of the MIM.

Table 1
Recoveries of the MI-MSPD-HPLC method for spiked chicken (n = 3).

Analyte Added (�g g−1) Found (�g g−1) Recovery (%) RSD (%)

o
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R
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%
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Washing solvent
CH 0.50 0.49 98.0 3.0
CH  5.50 5.06 92.0 3.7
CH 10.00  9.91 99.1 4.0

f y = 2.26 × 105x + 5.89 × 104 (R = 0.9996). The limit of detection
LOD) and limit of quantification (LOQ) at the signal to noise
atio of 3 and 10 were 0.012 �g g−1 and 0.039 �g g−1, respectively.
ecovery experiments were carried out by spiking different quan-
ity of CH standard solution into chicken samples to obtain three
piked levels (0.5, 5.5 and 10.0 �g g−1). After incubated at room

emperature for 1 h, these samples were analyzed by the pro-
osed MI-MSPD-HPLC method. The result (Table 1) showed that
he average recoveries of CH at three spiked levels were in a range
f 92.0–99.1% with RSD less than 4.0%, which indicated that the

Fig. 3. Effect of different sorbents on extraction recovery of MI-MSPD.
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Fig. 4. Effect of washing and elution solvent on extraction recovery of CH.
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Fig. 5. Chromatogram of washing and elution portion of MI-MSPD.

roposed method was reliable and could be used for the determi-
ation of trace CH in chicken samples. The intra-day precision and
ccuracy of the method expressed as the relative standard devia-
ion (RSD) of concentrations calculated from the spiked samples
0.5, 5.5 and 10.0 �g g−1) at same day were less than 4.0%, and
nter-day reproducibility in five different days was less than 5.6%.
dditionally, five blank samples were extracted and analyzed by

he MI-MSPD-HPLC method to assess the potential interferences
f sample matrix. No interferences from the blank chicken were
bserved at the retention time of CH (8.9 min), which demonstrated
he good practicability of the proposed method. The chromatogram
f the elution fractions revealed that the samples were obviously
lean after the MI-MSPD procedure and no endogenous interfer-
nces from the chicken matrix (Fig. 5) were observed.

.4. Analysis of chicken samples

In order to validate the MI-MSPD-HPLC method, eleven chicken
amples collected from the local markets of Baoding were homog-
nized and extracted under the optimized condition. Chicken
amples that obtained from one market were observed con-
aining CH at the level of 0.32 �g g−1,and the chromatogram of
hicken sample obtained by MI-MSPD was much clean than that
y NI-MSPD, which indicated that the proposed method obviously

mproved the selectivity of the sample pretreatment process.

. Conclusion

A simple and reliable MI-MSPD-HPLC method was  developed
or selective extraction and determination of trace levels of CH
n chicken samples. The new MIM  synthesized by aqueous sus-
ension polymerization using tert-butylamine and 2-chloroaniline
s dummy  template showed high affinity to CH and was suc-
essfully applied as a special MSPD sorbent to overcome the

rawbacks of template leakage in real sample analysis. Good lin-
arity was observed in a range of 0.059–18.30 �g mL−1 with the
OD of 0.012 �g g−1. The recoveries at three spiked levels were
anged from 92.0% to 99.1% with RSD less than 4.0%. The developed

[

[
[

– 924 (2013) 136– 140

MI-MSPD-HPLC method had high selectivity and could be poten-
tially used for the determination of trace CH in complicated
biological samples.
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