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Determination of ofloxacin and lomefloxacin
in chicken muscle using molecularly
imprinted solid-phase extraction coupled
with liquid chromatography

A new molecularly imprinted solid-phase extraction (MISPE) procedure combined with

liquid chromatography was developed for the simultaneous selective extraction and deter-

mination of ofloxacin (OFL) and lomefloxacin (LOM) in chicken muscle samples. The

water-compatible molecularly imprinted microspheres (MIMs) were synthesized by

aqueous suspension polymerization using 2-hydroxy-3-naphthoic acid and 1-methylpiper-

azine as mimic templates. The MIMs applied as selective sorbents in SPE method showed

high selectivity and affinity to OFL and LOM in complex biological matrices. Good linearity

was obtained in a range of 0.025–2.0 mg/g, and the average recoveries of OFL and LOM at

three spiked levels ranged from 94.4 to 96.9%, respectively, with the relative standard

deviation r4.7%. The developed MISPE-HPLC method was successfully applied to the

isolation of OFL and LOM in chicken muscles, which demonstrated the potential ability of

the novel MIMs for selective extraction of fluoroquinolones in biological samples.
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1 Introduction

Fluoroquinolones (FQs) are a class of relatively new and

entirely man-made, non-steroidal antibiotics/antibacterials.

Owing to their broad spectrum of activity against a wide

range of bacteria and their physicochemical properties, FQs

are not only used as human medicine but also widely

applied in the treatment and prevention of veterinary

diseases in food-producing animals, and even as growth-

promoting agents [1]. However, the residues of these drugs

in various foods of animal origin present a potential danger

to human health (such as toxic effects, resistant strains of

bacteria, allergic hypersensitivity reactions, etc.) [2, 3]. The

maximum residue limits (MRLs) for several FQs have been

established in many countries for foodstuffs [4–6]. There-

fore, monitoring FQs residues in meat and other animal

products used for human consumption is very important.

Several methods have been developed for the analysis of

these drugs in biological matrices mainly including capillary

electrophoresis [7, 8] and liquid chromatography [9–11].

However, due to the complexity of sample matrixes and low

levels of analytes, sample pretreatment and enrichment

process are the crucial steps in the analytical procedures.

Sample preparation methods for the analysis of FQs include

liquid–liquid extraction [12], dialysis [13], supercritical fluid

extraction [14], pressurized liquid extraction [15] and solid-

phase extraction (SPE) [16]. However, they all suffer from

large amounts of organic solvent, tedious procedure, time

consumption or high cost. Particularly, the selectivity of

these pretreatment procedures needs to be further

improved.

Molecularly imprinted polymers (MIPs) are tailor-made

functional materials that exhibit high selectivity, physico-

chemical stability and applicability in harsh chemical media

[17]. In recent years, MIPs have appeared as new SPE

sorbents to improve the selectivity of extraction procedures

for target analytes in complex materials [18]. The potential

superiority of MISPE lies in the ability of selectively isolat-

ing specific compounds or its structural analogs from a

complex sample matrix. Recently, the MIPs prepared by

using one kind of FQs as the template have been applied as

SPE sorbents to extract FQs from biological and environ-

mental samples [19, 20]. However, they always suffered

from template leaking during actual application, which

affects the results of quantitative analysis. Recently, mimic

template-based MIPs in which the structural analogs of
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target analytes used as template seems a positional way to

keep its special recognition to FQs and eliminate the effect

of template leaking on quantitative analysis.

The present work describes the first attempt of using

2-hydroxy-3-naphthoic acid and 1-methylpiperazine as

mimic templates to prepare new molecularly imprinted

microsphere (MIM) by aqueous suspension polymerization

and applied it as a selective sorbent to extract ofloxacin

(OFL) and lomefloxacin (LOM) from chicken muscle via

MISPE procedure. By using the MIM sorbent, OFL and

LOM were selectively isolated from biological samples and

the impurities were eliminated simultaneously. This

proposed protocol provided better selectivity of SPE and

simultaneously eliminated the effect of template leakage of

traditional MIPs on quantitative analysis.

2 Materials and methods

2.1 Chemicals and materials

OFL and LOM were purchased from Toronto Research

Chemicals (Toronto, Canada). 2-Hydroxy-3-naphthoic acid,

1-methylpiperazine, chloroform, acetonitrile, polyvinylpyr-

rolidone (PVP), methanol, dichloroethane, trifluoroacetic

acid (TFA), hexane and acetic acid were obtained from

Huaxin Chemical Reagent (Baoding, China). Methacryclic

acid (MAA), 2,2-azobisisobutyronitrile (AIBN) and tetrabutyl

ammonium bromide (TBAB) were purchased from Kermel

Chemical (Tianjin, China). Ethylene glycol dimethacrylate

(EGDMA) was obtained from Sigma-Aldrich (St. Louis, MO,

USA). All other reagents used in the experiment were of the

highest grade commercially available. Double deionized

water was filtered with 0.45-mm filter membrane before use.

2.2 Instrumentation and experimental conditions

HPLC analysis was performed using an LC-20A system

equipped with two LC-20AT solvent delivery units, an SUS-

20A gradient controller and an SPD-20A UV–VIS detector

(Shimadzu, Kyoto, Japan). An N-2000 data

workstation (Zheda Zhineng, Hangzhou, China) was used

as a data acquisition system. The analytical column

(150 mm� 4.6 mm id, C18, 5 mm) was purchased from

Agilent Technologies (CA, USA). The mobile phase was

0.02 mol/L TBAB/methanol/TFA (75:25:0.045, v/v/v), and

its flow rate was set at 1.0 mL/min. The detection

wavelength of the detector was set at 280 nm.

2.3 Synthesis of the imprinted microspheres

The imprinted microspheres were prepared by aqueous

suspension polymerization. A mixture of 2-hydroxy-3-

naphthoic acid (2 mmol), 1-methylpiperazine (2 mmol)

and MAA (8 mmol) was dissolved in 20 mL of chloroform

(as porogen) in a glass beaker, and EGDMA (50 mmol) and

AIBN (200 mg) were added into the solution and then

sonicated for 5.0 min to make them fully dissolved. The

organic solution was transferred into a 250-mL flask in

which 3.0 g of PVP was dissolved into 120 mL of water by

stirring (600 rpm) at room temperature under a nitrogen

stream. The polymerization was performed at 601C for 24 h

in a water bath. After polymerization, the solution was

filtered and the obtained MIMs were washed with water,

methanol/acetic acid (9:1, v/v) and methanol to remove the

template and residual monomers. The non-imprinted

microspheres (NIMs) were prepared and treated in an

identical manner.

2.4 Sample pretreatment of chicken muscles

The chicken muscle samples were purchased from the local

supermarkets in Baoding and spiked with seven different

levels of OFL and LOM ranging from 0.025 to 2.0 mg/g. Two

grams of each spiked samples were put into centrifuge

tubes and extracted with 3.0 mL of acetonitrile for 3.0 min in

triplicate by vortex and ultrasonic vibration. The homo-

genates were centrifuged at 4000 rpm for 3.0 min, and the

supernatants solution were collected and dried at 501C, and

then reconstituted with 1.0 mL of methanol/water (1:1, v/v)

for further MISPE procedure.

2.5 The procedure of MISPE

A 150-mg amount of the imprinted particles was packed in

an empty polypropylene cartridge with two glasswool frits at

each end and preconditioned with 3.0 mL of methanol and

3.0 mL of water. One milliliter of the sample solution

was loaded on the MISPE cartridges and then washed

with 3.0 mL of acetonitrile and eluted with 5.0 mL of

methanol/acetic acid (9:1, v/v). The eluents were dried

under a gentle nitrogen stream and then reconstituted with

0.5 mL of mobile phase for further HPLC analysis.

3 Results and discussion

3.1 Preparation of the imprinted microspheres

Since MIMs had a stronger load capacity and a larger

population of micropores by thermal initiation, a thermo-

polymerization procedure was employed at 601C for 24 h.

MAA was chosen as the functional monomer, and EGDMA

was used as the cross-linker in the synthesis of MIMs.

Although some MIPs had been synthesized by one kind of

FQs, template leaking was always observed in real sample

application which affected the results of quantitative

analysis. Therefore, the MIMs were synthesized by aqueous

suspension polymerization using 2-hydroxy-3-naphthoic

acid and 1-methylpiperazine as the mimic templates, which
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demonstrated special recognition ability to FQs and

eliminated the effect of template leaking on quantitative

analysis. Generally, the affinity and imprinting effect of

MIMs toward its template molecule were affected by the

molar ratios between template and monomer. Therefore,

three molar ratios between template and monomer of 1:2,

1:4 and 1:6 were investigated, whereas the molar ratio of

monomer to cross-linker was selected at 4:25 to ensure the

formation of defined recognition sites with polymers. The

MIM prepared at molar ratios of template/monomer/cross-

linker 1:4:25 showed satisfactory mechanical strength and

special affinity to OFL and LOM. The large volume of

porogen led to higher surface area and pore size, whereas

small volume resulted in a low mechanical intensity of the

imprinted microspheres. Considering the mechanical

strength, surface area and pore size, 20 mL of chloroform

was chosen as the porogenic solvent. Although water was

considered to weaken even to eliminate the non-covalent

(hydrogen bond, van der Waals force, etc.) between

functional monomer and template, the MIM prepared by

aqueous suspension polymerization using PVP as disper-

sing agent exhibited good mechanical strength and affinity

to analytes.

3.2 Binding capacity of MIMs towards OFL and LOM

The binding capacity of MIM evaluated by dynamic adsorp-

tion is shown in Fig. 1. The adsorption quantities of MIM

were calculated by subtracting the leakage amount from the

initial concentration. The adsorption data showed the binding

capacity of MIM cartridge for target analytes increased with

the increasing amount of OFL and LOM (1–80 mg) and were

obviously higher than NIM cartridge, respectively. During the

loading step, some leaching was observed when 60 mg of

analytes was introduced into NIM cartridge, while almost no

leaking was observed in MIM cartridge even up to 80 mg.

Therefore, the adsorption capacity of MIM cartridge was

obviously higher than that of NIM cartridge.

3.3 Optimization of the MISPE procedures

To evaluate the imprinting recognition and applicability of

the MIM for extraction and separation of trace levels of OFL

and LOM from complex samples, the general procedure of

MISPE (conditioning, loading, washing, eluting) was

optimized to achieve good selectivity and precision. Firstly,

the cartridges were preconditioned with methanol and

water, respectively. Different loading solvents such as water,

methanol, acetonitrile, methanol/water (1:1, v/v) and

acetonitrile/water (1:1, v/v) were investigated, and the

results in Fig. 2 show that almost all the loaded OFL and

LOM were retained on MIM and the loss rates were o1.0%

when methanol/water (1:1, v/v) was used as the loading

solvent. Thus, methanol/water (1:1, v/v) was selected as the

loading solvent.

The washing step was the most crucial procedure to

maximize the special interactions between the analytes and

binding sites, and to simultaneously decrease non-specic

interactions with discard matrix components. Thus, differ-

ent washing solvents such as water, methanol, acetonitrile,

dichloromethane, chloroform and hexane were investigated

(provisional 3.0 mL for each solvent). Figure 3 reveals that

dichloromethane and chloroform were sufficient to deliver

the cleaner extracts, but almost all the analytes were eluted

out simultaneously. Although nearly no analytes were lost

from MIM cartridge when water and hexane were used as

the washing solvent, the purification efficiency of washing

step was inapparent. Comprehensively considering the

recoveries, purification efficiency and volume of washing

solvents, 3.0 mL of acetonitrile was used as the washing

solution for further work.

Different elution solvents were evaluated by employing

4.0 mL of methanol/acetic acid (9:1, v/v), methanol/acetic

acid (8:2, v/v), acetonitrile/acetic acid (9:1, v/v), acetonitrile/

acetic acid (8:2, v/v), dichloromethane/acetic acid (9:1, v/v),

methanol/ammonia (9:1, v/v) and chloroform/acetic acid

(9:1, v/v). The results in Fig. 4 indicate that methanol/

acetic acid (9:1, v/v) allowed the adsorbed OFL and LOM to
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be fully desorbed. For the optimization of the eluent

volume, varying volumes of methanol/acetic acid (9:1, v/v)

(1.0–7.0 mL) were tested in the MISPE process. The results

showed that the chromatographic peak areas of OFL and

LOM increased as the eluent volume increased from 1.0 to

3.0 mL, increased slightly in the range of 3.0–4.0 mL, and

then leveled off in the range of 4.0–7.0 mL (Fig. 5). To

provide high and stable recovery, 5.0 mL of methanol/acetic

acid (9:1, v/v) was used as the elution solvent, in which OFL

and LOM could be eluted from MIM cartridges absolutely.

Due to the special selectivity for conducting target analyte

isolation, MIMs provided better selectivity, yielding higher

recovery values and a clearer extract (Fig. 6).

3.4 Validation of the MISPE-HPLC method

To validate the developed MISPE-HPLC method, linearity,

correlation coefficient, detection limits and repeatability

were tested using the spiked muscle samples. Calibration

curves were established by plotting the chromatographic

peak areas versus the concentrations (0.025–2.0 mg/g) of

each spiked samples to perform a linear regression analysis

(Table 1). Good linearity was obtained for OFL and LOM

with the correlation coefficient (r2)Z0.9996. The limit of
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detection (LOD) and the limit of quantication (LOQ) at the

signal-to-noise ratio of 3 and 10 were 0.005 and

0.016–0.017 mg/g, respectively. The intra-day and inter-day

precision of the method expressed as the relative standard

deviation (RSD) of analyzing five replicates of the control

samples at three-spiked levels extracted on the same day and

three different days ranged from 3.5 to 5.6%.

3.5 Real sample analysis

To further demonstrate the applicability of the MISPE-

HPLC method, several local chicken muscle samples were

analyzed. After homogenated by vortex, 2.0 g of chicken

muscle samples was pretreated using different solvents

including acetonitrile, acetonitrile/acetic acid (99:1, v/v),

methanol, methanol/acetic acid (99:1, v/v), dichloromethane

and dichloromethane/acetic acid (99:1, v/v), and the highest

recovery was obtained using acetonitrile as the extraction

solvent (Fig. 7). Therefore, 2.0 g of each chicken muscle

samples was pretreated using acetonitrile according to

Section 2.4 and then followed by the MISPE-HPLC method.

One of the chicken muscle samples contained OFL with the

concentrations of 0.035 mg/g. Recovery experiments were

also adopted to investigate the effect of sample matrix by

spiking three different levels of analytes into the blank

chicken muscle samples (Table 2). It indicated that the

method had good recoveries from 94.4 to 96.9% with RSD of

2.4–4.7% for OFL and LOM.

4 Concluding remarks

A simple and reliable MISPE-HPLC method was developed

for selective extraction and determination of trace levels of

OFL and LOM in chicken muscle samples. The new MIM

prepared using 2-hydroxy-3-naphthoic acid and 1-methylpi-

perazine as mimic templates by aqueous suspension

polymerization showed high affinity to OFL and LOM,

and its application as SPE sorbent overcame the drawbacks

of template leakage of MIPs in real sample analysis. The

developed MISPE-HPLC method significantly improved the

purification of the analytes and promising for the routine

determination of OFL and LOM in complex biological

samples.
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