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a  b  s  t  r  a  c  t

A  new  molecularly  imprinted  polymer  was  synthesized  using  ofloxacin  and  theophylline  as  template
and  methacryclic  acid as function  monomer  and  it was  employed  as a special  dispersant  of  matrix  solid-
phase  dispersion  for  selective  extraction  of  fluoroquinolones  (ofloxacin,  ciprofloxacin  and  enrofloxacin)
and  xanthine  (caffeine  and theophylline)  from  human  serum  samples.  To  eliminate  the  influences  of
eywords:
atrix solid-phase dispersion
olecularly imprinted polymer
uman serum
luoroquinolones
anthine derivatives

template  leaking  on quantitative  analysis,  acetonitrile–trifluoracetic  acid  (99:1,  v/v) was  used  as  the
template  removing  solution.  By using  water  and  acetonitrile–trifluoracetic  acid  (99.5:0.5,  v/v)  as  the
washing  and  elution  solvent,  respectively,  satisfactory  recoveries  and  clean  enough  chromatogram  could
obtained.  Good  linearity  of all the  analytes  was  observed  in a range  of  0.35–150  �g g−1 with  the correlation
coefficient  (r2) ≥  0.9991.  The  recoveries  of  spiked  human  serum  samples  were  in  a  range  of 89.5–104.0%
for  fluoroquinolones  and  xanthine  derivatives  with  RSD  less  than  of 5.0%.

© 2011 Elsevier B.V. All rights reserved.
. Introduction

Quinolones are a family of synthetic broad-spectrum antibiotics
nd the majority of quinolones in clinical use belong to the sub-
et fluoroquinolones, which show excellent activity against both
athogenic Gram-negative and Gram-positive bacteria, as well as
naerobes [1].  However, when fluoroquinolones are employed in
linical use, not only their bad reactivity to stomach and intestines,
ircle system and centrum neural system, but also the allergic
nteraction between quinolones with other medicaments should
e paid more attention. Among them, the typical bad interaction is
etween quinolones and xanthine derivatives (caffeine and theo-
hylline) when they coexist or administrate simultaneously [2,3].
onsidering that caffeine was existed in many medicaments and
heophylline was widely used for the treatment of bronchial dis-
ase, there were many potential opportunities causing interaction
etween quinolones and xanthine derivatives. To avoid the coexis-
ence and the bad reactivity of quinolones and xanthine derivatives,

o as to protect the health of people, a fast, simple and accurate
ethod for the simultaneous determination of quinolones and xan-

hine derivatives in human serum was necessary.

∗ Corresponding author at: Department of Biochemistry, Baoding University,
aoding 071000, China. Tel.: +86 312 5972186; fax: +86 312 5079739.

E-mail address: qiaofengxia@126.com (F. Qiao).

570-0232/$ – see front matter ©  2011 Elsevier B.V. All rights reserved.
oi:10.1016/j.jchromb.2011.09.040
At present, many methods had been proposed for quinolones
or xanthine derivatives analysis [4–7], but the majority work
was only focused on characters or analysis method of one kind
(quinolones or xanthine derivatives) with less work on both. Gen-
erally, trace analysis of these compounds need a preliminary
pretreatment procedure followed by further purification, such
as liquid–liquid extraction (LLE) [8],  solid-phase extraction (SPE)
[9,10] and membrane separation, etc. [11]. These protocols for
analysis of quinolones or xanthine derivatives in biological sam-
ples involve several purification and concentration steps, which
make them suffer to complicate processes, time-consuming or
large amount of organic solvent. Moreover, because the solvents
or adsorbents are non-selective and therefore tend to coextract
endogenous components that might interfere with the analytes. So
high selective method of quinolones or xanthine derivatives (such
as molecular imprinting techniques) was  paid more attention by
many researchers [12,13]. More efficient techniques to reduce the
number of sample treatment steps and improve the selectivity are
needed.

Matrix solid-phase dispersion (MSPD), that combined both sam-
ple homogenization and extraction in one step, could be regarded as
a more effective sample preparation method, especially for solid,

semi-solid and highly viscous samples [14]. It involved blending
of the sample with appropriate sorbent (C18, C8, silica gel, florisil,
etc.), packaging of the mixture into a cartridge, washing and elution
with a small volume of solvent [15–20] and could eliminate most

dx.doi.org/10.1016/j.jchromb.2011.09.040
http://www.sciencedirect.com/science/journal/15700232
http://www.elsevier.com/locate/chromb
mailto:qiaofengxia@126.com
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suitable mobile phase system for the baseline separation of the
Fig. 1. The molecular structure of the five target analytes.

f the complications of classical LLE and SPE for solid matrixes.
owever, for the lack of special selectivity of the common sor-
ents, a further clean up step was often required [14]. Recently a
ew selective sorbent-molecularly imprinted polymer (MIP) as was
mployed in MSPD to extract organic compounds from complex
aterials [21,22]. The combination of MIP  and MSPD techniques
ade the sample pretreatment rapid and selective and would lead

o a higher accuracy and lower detection limit in subsequent anal-
sis [21]. Owing to the special selectivity and stability of MIP, the
echnique of MIP–MSPD would have a broad application in the field
f sample pretreatment.

In this work, a new MIP  was synthesized by using ofloxacin
nd theophylline as mixed template with methacryclic acid
s functional monomer, and it was used as the special sor-
ent of MSPD to selectively extract fluoroquinolones (ofloxacin,
iprofloxacin and enrofloxacin) and xanthine derivatives (caffeine
nd theophylline) from human serum samples. By using water
nd acetonitrile–trifluoracetic acid as washing and elution solvent,
espectively, the sample extract was clean enough for further high
erformance liquid chromatographic (HPLC) analysis with satisfac-
ory results.

. Experimental

.1. Reagents

Ofloxacin (OFL), ciprofloxacin (CIP) and enrofloxacin (ENR) were
btained from National Institute for Control of Pharmaceutical
nd Biological Products (Shandong, China), and caffeine (CAF) and
heophylline (THEP) were obtained from Sigma (ST Louis, MO,
SA) (Fig. 1). Methacryclic acid (MAA) from Tianjin No. 1 Chem-

cal Reagent Factory (Tianjin, China) was purified by distillation
o remove inhibitor. Ethylene glycol dimethacrylate (EDMA) was

btained from Shanghai Trading Co., Ltd. (Shanghai, China). All the
ther reagents used in the experiment were of the highest grade
ommercially available.
B 879 (2011) 3551– 3555

2.2. HPLC analysis

HPLC analysis was  performed on a Shimadzu HPLC system
equipped with a LC-10A Multisolvent Delivery System, a DGU-
12A on-line-degasser, a SCL-10Avp gradient controller and a
SPD-M10Avp diode array detector (Shimadzu, Kyoto, Japan). A
CLASS-VP workstation (Shimadzu, Kyoto, Japan) with an OP-C18
stationary phase (250 mm × 4.6 mm I.D., particle size 5 �m).  The
mobile phase was acetonitrile–0.02 mol  L−1 tetrabutyl ammonium
bromide aqueous solution (9:91, v/v; pH: 2.50) with flow rate
1.0 mL  min−1 (30 ◦C). The detection wavelength for OFL, CIP, ENR,
CAF and THEP was 293 nm,  277 nm,  277 nm,  272 nm, 272 nm,
respectively.

2.3. Preparation of molecularly imprinted polymers

2.0 mmol  OFL, 2.0 mmol  THEP, 4.30 mL  MAA, 25.0 mL EDMA, and
0.12 g �,�′-Azobis(isobutyronitrile) were dissolved in appropriate
solvent (methanol:acetonitrile = 8:1, v/v) and sonicated for 10 min,
then purged with nitrogen gas for 5 min  before being sealed under
a nitrogen stream. Polymerization was  performed at 53 ◦C in water
bath for 24 h and the obtained MIP  was grinded and passed through
a 32 �m sieve, then it was  suspended in acetone and washed by
tetrahydrofuran and acetonitrile–trifluoracetic acid (99:1, v/v) in
a chromatographic column at the rate of 0.5 mL  min−1 for 24 h,
respectively, and then dried in a vacuum drying oven at 40 ◦C. Non-
imprinted polymer (NIP, in the absence of a template) was  prepared
and treated in an identical manner.

2.4. Determination of binding capacity

20 mg  imprinted particles and 3.00 mL  mixed standards solu-
tion of the five target analytes were placed into a 10 mL  flask. After
being placed in dark at room temperature for 24 h, the solutions
were centrifuged and 20 �L of the upper solution was  used for HPLC
analysis. The binding capacity (B%) was calculated by the following
formulation [23].

B%(analyte) = WTotal − Wupper

WTotal
× 100%

where WTotal was the total analyte quantity that added in the 10 mL
flask, Wupper was the total analyte quantity in upper solution.

2.5. Procedure of matrix solid-phase dispersion

200 mg  serum sample and 200 mg  MIP  particles were gently
blended by a mortar in porcelain for 5 min  to get a homogeneous
mixture by water as carried reagent, the mixture was transferred
into a cartridge (65 mm × 10 mm)  which was pre-packed with
50 mg of MIP. The cartridge was  washed with 2.0 mL  water and
eluted with 4.0 mL  acetonitrile–trifluoracetic acid (99.5:0.5, v/v).
The eluent was  evaporated at 30 ◦C to dryness under vacuum con-
dition and the residue was  re-dissolved in 0.30 mL of 0.02 mol  L−1

tetrabutyl ammonium bromide aqueous solution for further HPLC
analysis.

3. Results and discussion

3.1. HPLC analytical conditions

According to the previous work of quinolones analysis [13],
acetonitrile–tetrabutyl ammonium bromide system provided a
five analytes on C18 column and the results indicated that the five
target analytes could be separated completely at pH 2.50. The per-
cent of acetonitrile in mobile phase had great effect on separation
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elution solution provided the best recoveries for the target ana-
lytes. The quantity of acetonitrile–trifluoracetic acid (99.5:0.5,
v/v) that loaded on the cartridge had great effect on the recovery
F. Qiao, H. Yan / J. Chrom

fficiency: lower percent meant long analysis time, while higher
ercent led to decreasing separation efficiency. If the percent of
cetonitrile was more than 13%, the peak of CAF and OFL, CIP and
NR would be overlapped. Considering the analysis time and res-
lution, acetonitrile–0.02 mol  L−1 tetrabutyl ammonium bromide
queous solution (9:91, v/v) was used for further work.

.2. Preparation of MIPs

The function monomer MAA  could interact with OFL and THEP,
or in the structure of OFL, there were 6-fluoro, 7-piperazinyl and
-carboxyl groups, which would assist MAA  in self-organization
ombination with OFL. For the structure of THEP, there were
hree kinds of sites that strong interact with MAA: amino group,
ontiguous O and N, which could also form hydrogen bond
ith MAA. So MAA  was employed as the functional monomer

o meet OFL and THEP templates. Using EDMA as crosslinker,
he molecular imprinting polymerization was successfully held
n methanol–acetonitrile (8:1, v/v) system. When the polymer-
zation was held in methanol–water (9:1), the affinity between
he obtained MIP  and xanthine derivatives could be destroyed by

ethanol, while the affinity of that to quinolones without any influ-
nce. Additionally, quinolones would be decomposed under the
llumination, so heat induced polymerization (53 ◦C water bath)

as employed in this work.

.3. Characters of the MIP

The obtained MIP  and NIP were packed into a 200 mm × 4.6 mm
teel column for chromatographic evaluation with acetonitrile,
ichloromethane and methanol as mobile phase at 1.0 mL  min−1.
he results showed that acetonitrile had the strongest elution
bility among the selected three mobile phases. CAF and THEP
ould be eluted out from MIP  column by acetonitrile with reten-
ion time of 16.0 min  and 30.7 min, respectively, while for the
elected quinolones, they could not be completely eluted out within
0 min. Dichloromethane as mobile phase only eluted CAF out from
IP  column, while methanol showed lower elution ability than

ichloromethane. After the addition of trifluoracetic acid into the
obile phase, the elution ability would be fortified and the results

ndicated that the mobile phase of acetonitrile–trifluoracetic acid
99.5:0.5, v/v) could elute all the analytes out from MIP  column in

 min. While for NIP column, the three kinds of mobile phase could
lute out all the analytes within 10 min. All above indicated that the
IP  particles had high affinity to fluoroquinolones and xanthine

erivatives and it was a good sorbent for the selective adsorption
f the target analytes.

The result of binding capacity (Fig. 2) indicated that the ordinal
bsorption quantity of the analytes from high to low was OFL, ENR,
HEP, CIP and CAF. For the same kind of analytes, the MIP  showed
igher affinity to template molecules.

.4. Optimization of MIP–MSPD procedures

In order to obtain the optimum selectivity and recovery,
he main parameters of MIP–MSPD including the ratio of sam-
le/dispersant, washing and elution solvent were optimized.

Commonly, the quantity of dispersant depends on the sample
ype, a suitable ratio of sample/dispersant should make the disper-
ant adsorb the serum components completely and facilitate the
ixture of serum matrix and dispersant to transfer into the car-

ridge. After optimization, the sample/dispersant ratio of 1:1 (m/m)

as employed in this work.

Washing solvent should leave the target analytes absorbed on
he cartridge and remove the sample matrix interferences as much
s possible. Methanol, dichloromethane, water, acetonitrile–water
Fig. 2. The average binding capacity of the target analytes (n = 5, 0.5 mmol L−1 of the
mixed standard solution).

(1:9, v/v) and methanol–water (1:1, v/v) as washing solvents were
investigated. The result (Fig. 3) indicated that the best recoveries of
the target analytes were obtained when water was employed as the
washing solvent. For the purpose of the minimum losing of analytes
and better purification efficiency, different volumes of water were
investigated from 1.0 to 5.0 mL  and the result indicated that the
volume lower than 2.0 mL  was not sufficient to purification, while
the volume more than 3.0 mL  was led to lower recovery, especially
for CAF (≤71.4%). 2.0 mL  was used as the optimum volume of rinsing
solvent.

The elution solvent should have enough elution ability to
desorb the analytes and facilitate the further sample treatments.
According to the foregoing chromatographic evaluation, it could
be concluded that the addition of acid into the elution solvent
would fortified the elution ability. So methanol–acidic acid (9:1,
v/v), acetonitrile–acidic acid (9:1, v/v), methanol–trifluoracetic
acid (99.5:0.5, v/v) and acetonitrile–trifluoracetic acid (99.5:0.5,
v/v) as elution solvents were investigated and the result (Fig. 4)
indicated that acetonitrile–trifluoracetic acid (99.5:0.5, v/v) as
Fig. 3. The washing solvent on recovery of each analyte.
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Fig. 5. The chromatogram of serum sample and spiked serum sample. A: serum
sample, B: spiked serum sample; Peak: 1:theophylline, 2: ofloxacin, 3: caffeine, 4:
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Fig. 4. The elution solvents on the recovery of each analyte.

f analytes, insufficiency volume meant uncompleted elution,
xcessive volume would lead to long time for the next dryness
teps. After optimization, 4.0 mL  of the elution solvent was found
o be the optimum volume.

.5. Validation of the methodology

Calibration curves were constructed using blank serum samples
ortified in the range of 0.35–150 �g g−1 and the results (Table 1)
howed good linearity of all the analytes were obtained with
2 ≥ 0.9991. The limit of detections (LODs) based on S/N = 3 were
anged from 0.04 to 0.09 �g g−1. Intra-assay and inter-assay pre-
ision were less than 5.6% and 7.0%. Five blank samples were used
or the evaluation of the potential interferences of the serum matrix
nd no interfering peaks were observed at the retention time of the
nterest compounds, which demonstrated the good practicability of
he proposed MIP–MSPD–HPLC method.

.6. Samples analysis
In order to validate the MIP–MSPD–HPLC method, twenty
uman serum samples that obtained from the local hospitals
ere pretreated and determined by the proposed method and
FL was detected at the level of 0.86 �g g−1 in one of the

able 1
eatures of the MIP–MSPD–HPLC method (n = 3).

Analytes Regression equation 

Theophylline Y = 2.41 × 105X − 0.13 × 104

Ofloxacin Y = 0.68 × 105X + 3.4 × 104

Caffeine Y  = 1.92 × 105X + 2.4 × 104

Ciprofloxacin Y = 1.14 × 105X + 7.6 × 104

Enrofloxacin Y = 1.47 × 105X + 9.4 × 104

able 2
he recovery of the spiked serum samples (n = 3).

Spiked level of analytes 0.5 (�g g−1) 1

Recovery (%) RSD (%) R

Theophylline 104.0 3.9 1
Ofloxacin 101.2 3.9 

Caffeine 95.6 3.1 

Ciprofloxacin 90.7 5.0 

Enrofloxacin 89.5 4.2 
ciprofloxacin, 5: enrofloxacin; mobile phase: acetonitrile–0.02 mol  L tetrabutyl
ammonium bromide aqueous solution (9:91, v/v); flow rate: 1.0 mL min−1; injection
volume: 20 �L.
serum sample (Fig. 5A). The spiked serum samples were equi-
librated at 37 ◦C in darkness for 60 min  before analyzed by the
proposed MIP–MSPD–HPLC method (Fig. 5B). The clean chro-
matogram indicated that the interferences originating from the

r2 LOD (�g g−1) RSD (%)

0.9992 0.04 2.6
0.9998 0.07 2.9
0.9991 0.05 3.4
0.9992 0.09 4.1
0.9996 0.08 4.0

.0 (�g g−1) 2.0 (�g g−1)

ecovery (%) RSD (%) Recovery (%) RSD (%)

01.2 4.0 98.9 2.5
96.2 4.5 97.2 3.3
98.7 3.6 96.1 4.8
96.0 4.2 101.2 4.1
96.9 3.7 93.8 3.7
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uman serum matrixes could be efficiently eliminated by the pro-
osed MIP–MSPD. The recoveries at three spiked levels (0.5, 1.0
nd 2.0 �g g−1) were ranged from 89.5% to 104.0% with the relative
tandard deviation (RSD) less than 5.0% (Table 2), which indicated
hat the method was reliable and could be used for the determina-
ion of trace fluoroquinolones and xanthine derivatives in serum
amples.

. Conclusions

A new MIP  was synthesized using OFL and THEP as mixed tem-
late and employed as a special dispersant of matrix solid-phase
ispersion for selective extraction of OFL, CIP, ENR, CAF and THEP
rom human serum samples. By using water as washing solution
nd acetonitrile–trifluoracetic acid as elution solution, the extract
as clean enough for further chromatographic analysis and all
atrix interferences were eliminated effectively. The recoveries of

he spiked serum samples were ranged from 89.5% to 104.0% with
SD less than 5.0%. The proposed MIP–MSPD–HPLC method was  a
ood alternative for routine analysis due to its simplicity, sensitivity
nd rapidity.
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