
INTRODUCTION

Antibiotics are widely employed in animal husbandry.

They are used both for the prophylaxis and the treatment of

diseases and as feed additives to promote mass gain. Anti-

biotics can be added directly to food products (mainly to milk)

to prolong their freshness1. All these cases raise the occurrence

of the veterinary drug residues in animal tissue and milk

intended for human consumption. US Food and Drug Adminis-

tration (FDA), European Union (EU) and Chinese Ministry of

Agriculture have established a maximum residue limit (MRL)

of 0.1 mg kg-1 for fluoroquinolone antibiotics in milk2-4. These

limits require the development of sensitive and selective methods

for antibiotic residues in food to guarantee the safety of food.

Some methods have focused on the determination of

fluoroquinolone multiresidues in milk5-7 and sample pretreat-

ment such as liquid-liquid extraction6,8, solid-phase extraction

(SPE)7,9-11 and matrix solid-phase dispersion technique12. Solid-

phase extraction is being widely utilized as a preconcentration

and separation technique because of high enrichment factors,

flexibility, absence of emulsion, easy of automation and safety

with respect to hazardous samples. As the adsorbents play an

important role in SPE, much of the current research in SPE
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focus on the development of new adsorbents13. Among them,

molecular imprinting technique is one of the most attractive

and efficient synthetic method.

Molecularly imprinted adsorbents exhibit high affinity and

selectivity but they may shrink or swell when exposed to diffe-

rent organic solvent and thus considerably cause the deforma-

tion of the molecularly imprinted polymers (MIPs) receptors

and decrease the recognition ability towards the template. An

alternative approach is the preparation method of molecularly

imprinted sol-gel material (MISGM) that can offer excellent

mechanical strength and good solvent resistance in the presence

of the inorganic matrix. Molecularly imprinted sol-gel material

is fabricated by a conventional sol-gel process and incorporation

of the template molecules into rigid inorganic or inorganic-

organic networks. After removal of the template, molecular

cavities with distinct pore size, shape, or chemical functional-

ity remain in the cross-linked host14.

Herein, we report a simple and straightforward strategy

for the preparation of molecularly imprinted hybrid material

(MIP-HM) through a conventional sol-gel process and appli-

cation of SPE of fluoroquinolone antibiotics from the milk

samples. The optimal synthesis conditions and solid-phase

extraction conditions were investigated. The obtained MIP-HM
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was evaluated and applied as selective adsorbent to SPE-HPLC

for fast enrichment and efficient separation of the sarafloxacin

and the analogues from the milk samples.

EXPERIMENTAL

Lomefloxacin hydrochloride (LOM) and sarafloxacin

hydrochloride (SAR) were purchased from National Institutes

for Food and Drug Control (Fig. 1). 3-Aminopropyltriethoxy-

silane (APTES) and methyltrimethoxysilane (MTMS) were

purchased from Nanjing Lianye Chemical Co., Ltd. (Shanghai,

China). All the other chemicals were of the analytical or the

HPLC grade and used without further disposal. Doubly deionized

water (DDW) was used throughout. Samples for HPLC were

filtered through a 0.45 mm membrane filter.
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Fig. 1  Structures of fluoroquinolones

HPLC analysis was performed in using a liquid chromato-

graphy system containing a LC-20AT pump, a SPD-20A UV-

VIS detector (Shimadzu, Japan). The analytes were separated

in a Venusil XBP C18 column (250 mm × 4.6 mm, 5 µm) from

Bonna-Agela Technologies (Tianjin, China). The mobile phase

was methanol-acetonitrile-0.1 % trifluoroacetic acid solution

(MeOH-ACN-0.1 % TFA, 8:20:72, v/v) and the flow rate was

1.0 mL min-1 at 25 ºC. Aliquots of 10 µL were injected into the

column and the chromatograms were recorded at 280 nm.

Preparation of the SAR-imprinted sorbent: Sarafloxacin

(77.6 mg, 0.2 mmol) was dissolved in 10 mL of ethanol in

flask and mixed with APTES (1 mL, 4 mmol). After stirred

for 20 min, MTMS (2.24 mL, 16 mmol) was added and 0.32

mL of hydrochloric acid was added dropwise while stirring.

Then the flask was sealed with thin films with pin holes

and incubated for 2 days, so that gels could be formed. The

product was filtrated and dried in a vacuum oven at 60 ºC for

4 h. The obtained material was crushed, grounded and sieved

to obtain regularly sized particles between 30 and 60 µm that

were suitable for the evaluation and application of SPE. To

ensure the complete removal of the templates, the materials

were Soxhlet extracted with a mixture of ethanol/acetic acid

(8:2, v/v) for 24 h and then washed with copious ethanol/

acetic acid (8:2, v/v). The MIP-HM was finally dried at 60 ºC

in the vacuum for 24 h. A similar procedure without template

was used to prepare the non-imprinted polymer (NIP) as control

material.

Static adsorption test: To measure adsorption capacity,

50 mg of the MIP-HM or NIP was equilibrated with 10 mL of

various concentrations of SAR dissolved in water. The mixture

were mechanically shaken for 1 h at room temperature and

separated by filtration. The filtrate was measured for the

unextracted SAR by UV spectrometry. The equilibrium ad-

sorption capacity (Q) was calculated according to eqn. 1:

Q = V(C0-Ce)/m, where V is the volume of solution (mL); C0

and Ce are the initial and the equilibrium concentration of SAR

in water, respectively.

Molecularly imprinted solid phase extraction proce-

dure: 50 mg of the MIP-HM or NIP was packed into empty

SPE cartridges, respectively and capped with fritted poly-

ethylene disks at the top and bottom. After condition with the

following solvents (in order): 3 mL of water/acetic acid 90:10

(v/v), 3 mL of water and 3 mL of methanol. 5.0 mL of SAR

aqueous solution was passed through the cartridges at a flow

rate of 0.5 mL min-1. Then the cartridge was washed with 5 mL

of H2O/methanol (90:10, v/v). The SAR was eluted with 2 mL

of methanol-acetic acid-trifluoroacetic acid (90:9:1, v/v). The

collected solution was dried using a gentle stream of nitrogen.

The residues were redissolved in the mobile phase and analyzed

by HPLC-UV. The non-molecularly imprinted polymers and

C18 column were used as contrast experiment.

Determination of SAR in milk samples: Milk was selected

for the spiked sample analysis. A 5 mL of milk containing

LOM and SAR was placed in a 25 mL polypropylene tube

and 0.25 mL of concentrated phosphoric acid and 10 mL of

acetonitrile were added. The mixed sample was shaken for 6

h after the mixture was centrifuged for 10 min at 4000 rpm,

the supernatant was filtered through a 0.22 µm filter. The filtrate

was concentrated at 45 ºC by rotary evaporators and stored in

4 ºC for further work. The residues dissolved with water (pH

6.0) to 5 mL and filtration through a 0.22 µm syringe filter,

5 mL of the filtrate was passed through the MIP-HCM

cartridges. The above-mentioned MISPE procedure was used

to separate and detect fluoroquinolones in milk. The milk

samples were spiked with LOM and SAR at three concen-

tration levels of 0.2, 1.0, 5.0 mg kg-1 and experiments were

repeated three times.

RESULTS AND DISCUSSION

Characteristic of FT-IR spectra: To ascertain the presence

of APTES and MTMS in the functionalized silica gel sorbents,

FT-IR spectra were obtained from activated silica gel (SiO2),

non-imprinted polymer (NIP) and SAR-imprinted hybrid

material (MIP-HM), respectively. As shown in Fig. 2, the

observed features around 1635 and 3440 cm-1 indicated O-H

stretching vibrations. The bands around 775 and 469 cm-1

resulted from Si-O vibrations. The Si-O-Si stretching vibration

was reflected at 1026 cm-1. A characteristic feature of the SAR-

imprinted and non-imprinted silica sorbents compared with

activated silica-gel is is an aliphatic C-H bond and the stronger

CH2-N bond, which therefore have a peak at 2972 cm-1 and a

sharp peak at 1276 cm-1. It shows that there is not only the

inorganic silica-gel, but also the saturated alkane and amino

group in the materials. Compare with the NIP, the MIP-HM

increases two peaks in 2360 and 1128 cm-1, which shows that

there is template molecule in the imprinted material.
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Fig. 2. FT-IR spectra of the SiO2, non-imprinted polymer (NIP) and SAR-

imprinted polymer (MIPs)

Effect of organic silane on adsorption characteristics

of the MIP-HM: The molar ratio of organic silane (APTES

and MTMS) to TEOS is directly related to the moles of the

active groups on the silica matrix. For the ratio of TEOS/

organic silane < 1, the products are viscous colloids, or solid

gels cannot be formed. The adsorption capacity of the sorbent

prepared with ratios > 4 is reduced. Proportion in about four,

obvious mechanical strength and high adsorption capacity were

observed. For the ratio of MTMS/APTES (Fig. 3), the adsor-

ption capacity of the MIP-HM increased with increasing of

MTMS, which may be attributed to the hydrophobic interaction

increased gradually and the hydrophobic interaction electro-

static attractions are stronger between SAR and MIP-MS.
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Fig. 3. Effect of the molar ratio of silane coupling agent on the binding

capacity of SAR onto MIP-HM

However, when the proportion of MTMS/APTES > 1, the

adsorption capacity increased trend abate, the hydrophobic

interaction played a main role and its selectivity deceased.

Therefore, the ratio of MTMS/APTES at 1 was chosen as the

optimum condition.

Effect of pH on the MIP-HM: 50 mg of the MIP-HM

was equilibrated with 10 mL of 0.5 mg/mL aqueous solution

of SAR. The solution pH was adjusted with HCl and NaOH

solutions. The mixture were mechanically shaken for 1 h at

room temperature and separated by centrifugation, the SAR

in the supernatant was quantified by UV-VIS spectrophoto-

meter. The optimization of pH value for adsorption medium

plays a vital role in the adsorption studies. The effect of solution

pH on the equilibrium adsorption capacities were showed in

the Fig. 4. The SAR compound possesses amino group and

carboxylic group, there are three protonation/deprotonation

equilibrium. When pH is around 6.0, there is a protonated

species of the amino group in SAR and the dissociated carboxylic

groups exist in MIP-HM and SAR. The hydrophobic interaction

and electrostatic attractions are stronger between MIP-HM and

SAR. When pH < 6.0, as the pH value decreased, adsorption

capacity decreased, which may be attributed to SAR has good

hydrophilicity and the MIP-HM possesses hydrophobicity in

the low pH value. When the pH was increased from pH 6-9,

the adsorption capacity of the MIP-HM decreased. This may

be due to the dissociated species of carboxylic groups exist in

both MIP-HM and SAR, the electrostatic repulsions were not

benefited for the adsorption system and the hydrophobic

interaction became weak gradually between MIP-HM and

SAR. Therefore, the equilibrium solution at pH 6 was chosen

as the optimum condition.
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Fig. 4. Effect of different pH sample solutions on the binding capacity of

SAR onto MIP-HM
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Binding study and Scatchard analysis: The static equili-

brium adsorption experiments for the MIP-HM and NIP were

carried out by varying the initial concentrations of SAR in the

range of 0-3.00 mmol mL-1. The binding isotherm of SAR

onto MIP-HM was shown in Fig. 5a. The adsorption of MIP-

HM increased with increasing of the initial concentration. In

general, the Scatchard plot is used for the evaluation of adsor-

ption parameters. Furthermore, the Scatchard plot can indicate

how many kinds of binding sites exist in the MIP-HM13. The

average binding data of triplicate independent results can be

linearly transformed according to the Scatchard equation

[Q/Ce = (Qmax-Q)/Kd]. The results indicated that there were

two different binding sites in the MIP-HM and only one kind

of binding site in the NIP (Fig. 5b). In Fig. 5b, the fitting liner

equation for the MIP-HM, the equilibrium dissociation cons-

tants (Kd) of 72.5 and 290.2 mmol L-1 and the apparent

maximum binding capacities (Qmax) of 0.08665 and 0.1348

mmol g-1 could be calculated from the slope and the intercept

of the linear equation.
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Fig. 5. Equilibrium binding curves (a) and the Scatchard analysis of the

binding of SAR onto MIP-HM (b)

Molecular imprinted solid phase extraction: In order

to optimize the selectivity of MISPE, conditioning, loading,

washing and elution steps were evaluated and optimized.

After pre-conditioning, the loading step was optimized. 2 mL

of different loading solvents including methanol, water,

dichloromethane and chloroform was passed through car-

tridges packed with 50 mg of the MIP-HM. It was shown that

SAR was retained on the MISPE column, water (pH 6) was

used as loading solution. In order to enhance the selectivity of

MIP-HM and decrease the cross-reactivity, the washing step

was optimized. It is well known that the template could be

retained on the MIP-HM by selective and nonspecific inter-

actions. Thus, a washing solution with moderate elution

strength was used to damage the nonspecific interactions and

to let the target analyte be retained by specific interactions.

After loading the cartridge with 2.0 mL of 1 mg L-1 of SAR

aqueous solution, several solvents such as H2O, MeOH, DCM,

chloroform and acetonitrile were investigated as washing

solvents and the percentage of SAR removed from MIP-HM

were 0, 10, 60 and 80 %, respectively. Consequently, different

proportions and volumes of toluene and methanol were investi-

gated. The better result was obtained using 5 mL of H2O/MeOH

(90:10, v/v) as the washing solvents.

The eluting step was optimized based on the principle of

elution that the analytes could be eluted completely by a small

volume (1-2 mL) of strong solvent, while stronger than the

analytes as much as possible to retain the impurities remain in

the MISPE column. A series of elution solutions, water, MeOH,

ACN and TFA with HOAc in different proportions were used

to optimize the eluting conditions. The best recovery was

obtained by using 3 mL of MeOH-HOAc-TFA (90:9:1, v/v)

as eluting solution. As shown in Fig. 6, they had the best eluting

effect and the smallest effect.

         

Fig. 6. Chromatograms obtained from the extraction of sarafloxacin and

lomefloxacin from the milk samples: (A) the blank sample extract

was percolated through the C18 cartridge; (B) the blank sample with

a clean-up of MISPE and (C) the spiked milk with a clean-up of

MISPE. Mobile phase: methanol-acetonitrile-0.1 % trifluoroacetic

acid solution (8:20:72, v/v). Flow rate: 1.0 mL min-1 at 25 ºC.

Samples spiked concentration: 1.0 mg kg-1. Injection volume: 10

µL

Determination of fluoroquinolone residues in milk by

MISPE-HPLC: In order to investigate the potential of the

MIP-HM for the selective entrapment of target analyte from

complex milk samples, satisfactory sample clean-up was

achieved by the MISPE. Fig. 6 showed the chromatograms

obtained for a blank milk sample extract was percolated
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through the C18 cartridge (Fig. 6a), a blank sample with a clean-

up of MISPE (Fig. 6b) and a spiked milk with a clean-up of

MISPE (Fig. 6c). As it can be observed in the chromatograms,

after MISPE, the baselines' noises in Fig. 6b were much less

than those in Fig. 6a. It confirmed that satisfactory sample

clean-up was achieved by the MISPE when applied to a complex

matrix. 5 g of the milk samples was treated using the protocol

described in the experimental section. The mean recoveries of

SAR and LOM in milk evaluated by three spiking samples

with different concentrations (0.2, 1.0 and 5.0 mg kg-1) were

75.6-94.2 and 61.73-88.56 %, respectively, with relative

standard deviations (RSDs) of 3.56-5.21 % (Table-1). The

limits of detection (LOD, S/N = 3) and the limits of quantitation

(LOQ, S/N = 10) of the proposed method were 0.010 and

0.0333 mg kg-1 for SAR, 0.012 and 0.04 mg kg-1 for LOM,

respectively.

Conclusion

A new molecularly imprinted organic-inorganic hybrid

polymer was prepared by sol-gel process in aqueous phase

system based on the interaction of ion pair and hydrophobic

between the sarafloxacin and the functional monomer. The

binding capacity was evaluated by static adsorption and

scatchard analysis, which showed that the synthesized

molecularly imprinted sol-gel adsorbents not only have

relatively good adsorption capacity and selectivity, but also

have relatively purification complex matrix efficiency.
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