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a b s t r a c t

An ofloxacin molecularly imprinted polymer was synthesized and used as a dispersant of matrix solid-
phase dispersion for the determination of enrofloxacin and ciprofloxacin in chicken tissue. The selected
dispersant shows high affinity to enrofloxacin and ciprofloxacin in aqueous environment and could
selectively enrich them from chicken tissue matrix. The extract was sufficiently clean for further chro-
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matographic analysis without interferences from template leakage or chicken tissue matrix. Linearity
ranged from 0.03 to 200 �g/g with the correlation coefficient r2 > 0.9993. The recoveries of spiked chicken
tissues were in the range of 82.7–96.6% for enrofloxacin and 88.7–102% for ciprofloxacin.

© 2010 Elsevier B.V. All rights reserved.
iprofloxacin

. Introduction

Fluoroquinolone antibiotic residues of enrofloxacin (ENR) and
iprofloxacin (CIP) in muscle and tissue have proved to be potential
isk for health [1]. Several methods had been proposed for deter-
ination of ENR and CIP in biological samples [2–5]. Generally,
preliminary extraction step by liquid–liquid extraction (LLE) or

olid-phase extraction (SPE) was employed to make the sample
lean enough for further analysis. These processes are complicated,
ime-consuming, and need large amount of organic solvent. More-
ver, the low selectivity caused by the endogenous components
ight contribute to interference with the analytes.
Matrix solid-phase dispersion (MSPD) is one of the most promis-

ng techniques to reduce matrix interferences [6]. It was found to be
uitable for solid, semisolid and highly viscous biological samples
retreatment [7]. However, the common dispersants, such as C18,
8, silica, and florisil, lack selectivity for analytes: further improving
he selectivity of MSPD was still a meaningful work [8].
Molecularly imprinted polymers (MIP) have specific molecu-
ar recognition properties for target molecules. But the presence
f polar solvent, especially water could destroy the imprinted
ecognition, which obviously limited their further application in
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environmental and biological fields [9]. To improve the affin-
ity of MIP in aqueous environment, porogenic solvents such as
dichloromethane and methanol [10–12] were recommend to MIP
preparation. A water-compatible MIP using trimethylolpropane
trimethacrylate as crosslinker and methacryclic acid (MAA) as func-
tional monomer was synthesized [13]. However, extensive washing
was needed to remove the entire template from the polymer
matrix. Further improve the selectivity and suppress the non-
specific binding are still desired.

In this work, a new water-compatible MIP using 2-hydroxyethyl
methacrylate (2-HEMA) as hydrophilic monomer and ofloxacin
(OFL) as dummy template was prepared in water–methanol sys-
tem. The obtained MIP was used as MSPD dispersant to extraction
of ENR and CIP from chicken tissues.

2. Experimental

2.1. Reagents

ENR, CIP, and OFL were obtained from National Institute for
the Control of Pharmaceutical and Biological Products (Shandong,

China). 2-HEMA was purchased from Aldrich (Steinheim, Ger-
many). Ethylene glycol dimethacrylate (EDMA) was obtained from
Shanghai Trading Co., Ltd. (Shanghai, China). All the other reagents
used in the experiment were of the highest grade commercially
available.

dx.doi.org/10.1016/j.jpba.2010.06.008
http://www.sciencedirect.com/science/journal/07317085
http://www.elsevier.com/locate/jpba
mailto:qiaofengxia@126.com
dx.doi.org/10.1016/j.jpba.2010.06.008
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Fig. 1. Schematic illustration of the im

.2. HPLC analysis

HPLC analysis was performed at 30 ◦C, using a Shimadzu HPLC
ystem equipped with a LC-10A Multisolvent Delivery System, a
GU-12A on-line-degasser, a SCL-10Avp gradient controller and
SPD-M10Avp diode array detector (Shimadzu, Kyoto, Japan). A

LASS-VP workstation (Shimadzu, Kyoto, Japan) with an ODS C18
tationary phase (250 mm × 4.6 mm I.D., particle size 5 �m, Shi-
adzu, Japan). The wavelength of diode array detector was set

t 277 nm. The mobile phase was acetonitrile–0.02 M tetrabutyl
mmonium bromide aqueous solution (8:92, v/v; pH 2.60) with
ow rate 1.0 ml/min.

.3. Preparation of molecularly imprinted polymers

2.0 mmol OFL, 12 mmol 2-HEMA, 60 mmol EDMA, and 0.06 g
,�′-azobis (isobutyronitrile) were dissolved in appropriate sol-
ent (methanol:water = 9:1, v/v). Polymerization was performed
y thermal-initiated polymerization (53 ◦C for 48 h). The obtained
olymers were grinded and sieved through a 32 �m sieve, and then
uspended in acetone until the upper solution became clear. Finally,
he particles were dried under vacuum and then put into a col-
mn and washed with methanol–acetic acid (4:1, v/v) to remove
he templates. Non-imprinted polymer (NIP, in the absence of a
emplate) was prepared and treated in an identical manner.

.4. Procedure of matrix solid-phase dispersion

200 mg minced chicken tissue was placed into a porcelain
ortar and gently blended with 200 mg of MIP particles until
homogeneous mixture was obtained. Using water as carried

eagent, it was loaded into a cartridge, which was pre-packed with
5 mg of MIP particles. The cartridge was rinsed with 4.0 ml water
nd eluted with 3.0 ml acetonitrile–trifluoracetic acid (99:1, v/v).
he eluent was evaporated at 30 ◦C to dryness under vacuum con-
ition and the residue was re-dissolved in 0.5 ml of mobile phase
or further HPLC analysis.

. Results and discussion

.1. Preparation of the water-compatible MIPs

In order to demonstrate the specific recognition for ENR

nd CIP in water condition, MIP using different proportions of
ethanol–water as porogenic solvent was evaluated. The results

howed that the proportion of water in the polymerization mix-
ures had a critical effect on the pore properties and the surface
rea of the obtained polymer. Meanwhile, methanol–water (9:1,
formation and molecular recognition.

v/v) provided sufficient rigidity and desirable surface properties in
the obtained polymers. Further increasing the water content would
result in a flexible polymer with a small surface area. Conversely,
lower water content would result in a high density polymer with
small pore size. Schematic illustration of imprinting and molecular
recognition processes is shown in Fig. 1.

3.2. Chromatographic evaluation of the MIP

The obtained MIP particles were packed into an HPLC column
(200 mm × 4.6 mm I.D.) for chromatographic evaluation. No peaks
of ENR, CIP, and OFL were observed within 60 min when methanol,
water or acetonitrile were used as mobile phase. At the same time,
the three analytes could be washed out from the blank column
within 15 min, which indicated that the retention ability of the MIPs
column to analytes was attributed to special imprinted recognition.
When increasing the acidity in mobile phase, the affinity became
weak. When the portion of trifluoracetic acid (TFA) in the mobile
phase was up to 0.05%, all the analytes were be eluted within 5 min.

3.3. Different pretreatment of chicken samples

To demonstrate the selectivity of MIP-MSPD, C18 dispersant was
also investigated. The recoveries of ENR and CIP on C18-MSPD were
63.0–80.0% for ENR and 76.2–89.0% for CIP, while MIP-MSPD shows
better recovery (82.7–96.6% for ENR, 88.7–102% for CIP) and cleaner
extracts (Fig. 2), which demonstrated the higher selectivity and
affinity of the obtained MIP to analytes.

3.4. The selectivity of MIP-MSPD

In order to avoid template leakage in the MIP, a structural ana-
logue – OFL was imprinted as dummy template (to make a so-called
“dummy MIP”). Fig. 2 indicated that any leakage of template dur-
ing the MIP-MSPD could be distinguished from the analytes during
the followed chromatographic separation. Furthermore, the recov-
eries of ENR and CIP (60–68%) on NIP-MSPD were lower than that
on MIP-MSPD, which also indicated that MIP had higher affinity
towards the target analytes.

3.5. Optimization of MIP-MSPD procedures

Several parameters (the ratio of sample to MIP sorbent (S/MIP),

washing and elution solvent) affecting the efficiency of MIP-MSPD
were investigated. To investigate the S/MIP, chicken tissue samples
in a range of 0.05–0.60 g were applied to 0.20 g MIP particles. The
result showed that the suitable S/MIP was 1:1 (g/g). When S/MIP
was lower than 1:1 (g/g), stable recoveries were obtained. Other-
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Fig. 3. Chromatogram of chicken samples after oral administration. Oral dose:
15 mg/kg; mobile phase: water–acetonitrile (92:8, v/v, with 0.02 M tetrabutyl
ammonium bromide); flow rate: 1.0 ml/min; injection volume: 20 �l.

Table 1
Recoveries of ENR and CIP in spiked chicken samples (n = 5).

Spiked level 2.0 �g/g 10 �g/g 50 �g/g

Recovery RSD (%) Recovery RSD (%) Recovery RSD (%)
ig. 2. Chromatogram of spiked chicken sample using different MSPD procedures.
A) MSPD with C18 dispersant; (B) MSPD with MIP dispersant; mobile phase:
ater–acetonitrile (92:8, v/v, with 0.02 M tetrabutyl ammonium bromide); flow

ate: 1.0 ml/min; injection volume: 20 �l.

ise, higher S/MIP would result in too wet MSPD mixture to easily
ransfer it into the cartridge leading to lower recoveries.

The washing solvent should be compatible with the biologi-
al system and the subsequent chromatographic analysis, so water
as selected as the washing solvent. When the water volume was

ower than 4.0 ml, interferences from endogenic components were
bserved. However, if the water volume was higher than 4.0 ml, the
ecovery decreased. Therefore, 4.0 ml of water was employed.

A series of elution solutions, including water, methanol, and ace-
onitrile mixed with different proportions of TFA were investigated.
he best recoveries of ENR and CIP were obtained using 3.0 ml of
cetonitrile–TFA (99:1, v/v) as elution solution. The recoveries of
NR and CIP keep constant even further increasing the volume of
lution solution from 3.0 to 7.0 ml. Additionally, the presence of TFA
n elution solution could help ENR and CIP desorbed thoroughly.
o 3.0 ml of acetonitrile–TFA (99:1, v/v) was used in the further
ork.

.6. Validation of the methodology

Calibration curves were constructed by performing the linear
egression analysis using the chromatographic peak areas versus

he concentrations (0.03, 0.06, 0.1, 0.5, 2, 5, 10, 20, 50, 100 and
00 �g/g) of ENR and CIP. Good linearity was obtained through-
ut the concentration range, and the regression equations were
= 1.35 × 105x + 1.68 × 104 for ENR and y = 1.20 × 105x + 1.63 × 104

or CIP with the correlation coefficients (r2) of 0.9993 and 0.9998,
(%) (%) (%)

Enrofloxacin 82.7 5.0 88.3 4.9 96.6 4.0
Ciprofloxacin 88.7 6.7 101 6.5 102 5.3

respectively. The limits of detection (LOD) based on S/N = 3 were
0.008 and 0.009 �g/g for ENR and CIP, respectively, which were
below the maximum residue limits (0.1 �g/g of animal derived
food) established by Ministry of Agriculture of China (No. 235).
The intra-day precision were 4.0–5.6% for ENR, 5.5–6.7% for CIP
(n = 5) and the inter-day reproducibility in three different days were
4.9–6.4% for ENR, 6.2–7.6% for CIP.

3.7. Application to real chicken samples

The applicability of the method was evaluated from chickens
receiving ENR in an oral dose at a level of 15 mg/kg body mass.
After two days, they were analyzed by the proposed method (Fig. 3).
The levels of ENR and CIP were 0.54 �g/g and 0.072 �g/g, respec-
tively and the recoveries from the spiked samples ranged from 82.7
to 102% (Table 1). Additionally, 20 chicken samples randomly col-
lected from local markets were also analyzed with no residue of
ENR or CIP being observed.
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