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ABSTRACT

Novel polymer monolithic rods were prepared byito polymerization in a glass capillary and thenupted with
high-performance liquid chromatography (HPLC) fohet analysis of trimethoprim, sulfadiazine, and
sulfamethoxazole. The rods showed homogeneitypromiurface and micropores, good solvent-resistility,

and excellent adsorptive ability onto antibactesghergist compounds and sulfonamides. The extractinditions
were optimized, including extraction solvent, desion solvent, extraction time, desorption timed ashaking
frequency. A method of determining trimethoprinifasiiazine, and sulfamethoxazole through polymenatithic
rods microextraction coupled with HPLC was devetbp€he linear range was 20 pg/L to 200 pg/L, and th
detection limits ranged within 10.6 pg/L to 15.5/lugThe proposed method was successfully applied to
trimethoprim, sulfadiazine, and sulfamethoxazolalgsis in spiked honey samples.
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INTRODUCTION

Monolithic materials, which have the advantagesady preparation, high stability, fast mass transfed easy
modification, were first proposed by Hjerten et [4]. These materials have been used as enzyméorede],
high-performance liquid chromatography (HPLC) stadiry phases [3], capillary electrochromatographyianary
phases [4, 5], ion-chromatography capillary anisohange columns [6, 7], and sample enrichment aésts [8].
Polymer monoliths are usually obtained by in sitlymerization in a particular reaction vessel, sasltest tubes,
capillaries, and stainless steel columns. High mdé polymers [9] and molecularly imprinted poly¢10] are
common forms.

Sulfonamides are attracting increased attentioradme of their residues in food products and theiemtial
carcinogenicity [11]. Sulfonamides are usually ugedtreat of bacterial infections in animal hushandnd
aquaculture. The residue of sulfonamides is inblgtaTrimethoprim is a kind of antibacterial synistgften used
in conjunction with sulfa drugs [12] to substartidhcrease their antibacterial effect [13]. Thégs® compounds
are usually simultaneously determined in milk [Ifgat [15-17], and environmental [18, 19] samples.

In this paper, novel polymer monolithic rods weregared by co-polymerization in a glass capillamg ¢hen used
as microextraction monolithic material for analygisulfadiazine, sulfamethoxazole, and trimethopfiime polymer
monolith was characterized by electron microscamy solvent-resistance tests. The microextractionitions and
extraction performance were studied. HPLC was aksed for the simultaneous analysis of trace triomtim,
sulfadiazine, and sulfamethoxazole in honey samples
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EXPERIMENTAL SECTION

Sulfadiazine was purchased from Alfa Aesar (LarerastUK). Sulfamethoxazole was purchased from Dr.
Ehrenstorfer GmbH (Augsburg, Germany). Trimethopviais purchased from Hubei Hengshuo Biochemical Co.
Ltd. (Wuhan, China). Acetonitrile and methanol (HPlgrade) were obtained from LAB-SCAN (Bangkok,
Thailand). Water used for HPLC was doubly distilkeatl filtered through a 0.45 pm nylon filter. Otluiiemicals
were analytical pure. Glass capillary (1 mm andr@r diameter, 100 mm length) was obtained from Vidsha
University of Medical Sciences Instrument Plant.

Preparation of polymer monolith

The capillary was cleaned with distilled water afried at 120 °C. One end of the capillary was flasitgered.
Exactly 0.17 mL of methacrylic acid was dissolved1l0 mL of acetonitrile in a conical flask. Then7y® mL of
trimethylolpropane trimethacrylate and 120 mg obisabutyronitrile were added. The mixture solutioas
degassed in an ultrasonic bath for 5 min. The mwutvas then transferred into the sintered capillesing a syringe.
The other end of the capillary was capped with @dtgfluoroethylene film. The capillary was thenrtially
submerged into 60 °C water, and polymerization wadormed. The capillary was pulled out 2.5 h lafre
polymer monolith was pushed out with a 0.3 mm-digmeapillary. The polymer was transferred intcest tube
and deoxygenized in a nitrogen stream for 5 mirer lthe test tube was capped, submerged into &2at€r for 24
h, and dried at 120 °C for 3 h in a nitrogen atnhesp. Finally, the polymer was intercepted at @rblength. The
0.5 cm polymer monolith was eluted with methanadtecacid (9:1, v/v) to remove the unreacted conmaisuand
impurities until it could not be monitored by HPLC.

Characterization of polymer monolith

Morphological evaluation of the polymer monolith svperformed by scanning electron microscopy with a
QUANTA scanning electron microscope (FEI, USA). \&uit-resistance ability was also examined by immgrs
the polymer monolith in different solvents.

Extraction procedure

Extraction experiment was performed in a 100 mLicainflask. Four polymer monolith rods were usecdeach
extraction. The extraction solution volume was 30 and the shaking frequency was 150 rp\fter extraction, the
rods were taken out, inserted into a 2 mL glassldyoand desorbed with 1.5 mL of desorption sohutlwy
ultrasonication. Then, 20 pL of desorbed liquid wascted for HPLC analysis.

Chromatographic conditions

A Dionex-3000 HPLC (Dionex, USA) equipped with a DAletector and a C18 column (250 mm x 4.6 mm&d.,
um packing, J & K Scientific LTD) was used for segigon and detection. All compounds were determiaed70
nm. The mobile phase was acetonitrile/0.01% (vivdpgphoric acid solution (20:80, v/v) at the floweraf 1.0
mL/min.

RESULTS AND DISCUSSION

Characterization of polymer monolith

The polymer monolithic rods were investigated watlscanning electron microscope. The surface stestf the

rods under 300x%, 10 000x%, and 50 000x magnificaéi@shown in Fig. 1. The rods with a uniform scefavere

obtained using a capillary as a mold. Microporesevgenerated on the surface with a porogen dur@hgneration.

These pores were beneficial to the adsorption aflyées. The solvent-resistance ability of the roadss also
investigated. Methanol, acetonitrile, water, acetdrenzene, chloroform, toluene, and methanol-@eetd (9:1, v/v)
were used for the solvent-resistance study. Aftenérsing for 1 h in each solvent, the rods remainttt without

any damage. Therefore, the rods showed good selesistance ability and were suitable for adsorptémd

desorption in the abovementioned solvents.

Optimization of polymer monolith microextraction conditions

The optimum extraction solvent was investigatedsélgcting a series of test solvents (Fig. 2). Tdreentration of
the three analytes in each solvent was 50 pg/lteBektraction effects for the polymer monolith e@chieved in
water and hexane possibly due to the polarity @fiydes. The partition coefficient of the analyteaswhigher in
polar organic solvents but lower in weakly polagaic solvents and water. When the extraction sblwas either
water or hexane, the analytes were easily adsdrpdbe polymer monolith. The highest adsorption ante were
obtained in hexane. Thus, hexane was selectedeasxthaction solvent. The effect of desorption entvon the
polymer monolith was also investigated. Methanoketanitrile, methanol-acetic acid (9:1, v/v), and
acetonitrile—acetic acid (9:1, v/v) were selectedthe study. Results showed that the best desorgffects were
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achieved in methanol for trimethoprim, in acetalatacetic acid (9:1, v/v) for sulfadiazine, andaoetonitrile for
sulfamethoxazole. Taking into account the simulbaiseanalysis of the three analytes, methanol-aeetit (9:1,
v/v) was selected as a desorption solvent, aneddbemajority of the adsorbates were desorbed.od gtesorption
effect was also achieved in the polar solvents ameihand acetonitrile but with poor extraction @#incy. The
extraction time and desorption time were also optch The extraction time was varied from 30 mir2d® min.
Extraction equilibrium was reached at 180 min (Bjg.Desorption time was also studied from 2 min to 20, and
desorption was performed in an ultrasonic bathobs®on equilibrium reached 10 min (Fig. 4). Theref 180 and
10 min were selected as extraction time and dedsorfitne, respectively. The shaking frequency was atudied.
Increasing the shaking frequency can enhance tinaotion amount. When the shaking frequency wasrpfg the
extraction amounts were very close to the extractquilibrium (Fig. 5). Meanwhile, the extractionlion
splashed at a much higher shaking frequency. Towerei50 rpm was selected in subsequent experiments

@ (b) ©

Fig. 1 Scanning electron micrographs of polymer maulithic rod. (a) 300x%, (b) 10000x%, (c) 50000x
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Fig. 4 Extraction amounts of trimethoprim, sulfadiazine and

Fig. 5 Extraction amounts of trimethoprim, sulfadiazine and
sulfamethoxazole by polymer monolith in different @sorption sulfamethoxazole by polymer monolith under differem shaking
time frequency

Extraction performance of polymer monolith
The extraction capabilities of the polymer monatithods were investigated with trimethoprim, suléihe, and
sulfamethoxazole mixed standard solutions in hexan&—1000 pg/L. As shown in Fig. 6, the extractibeld

increased with increased concentration from 1 |tg/600 pg/L.Extraction capability tended to reach equilibrium
beyond 600 pg/L. Fig. 6 shows a good linear refetiip between extraction amount and analyte coratésn from
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1 pg/L to 200 pg/L. The rods can be used for threukaneous analysis of trimethoprim, sulfadiaziaed

sulfamethoxazole. The rods were also used forttraation of diaveridine, sulfathiazole, and sutferopyridazine
(Fig. 7). The concentration of extraction solutiwas 50 pug/L. Results showed that the rods had gosdrption
ability onto antibacterial synergist compounds antdonamides. The extraction performance of difieémgroups of
polymer monolithic rods was also evaluated. Fiveugs of monolithic rods were selected to extracpgi. mixed

standard solutions of trimethoprim, sulfadiazined gulfamethoxazole. The relative standard deviat{RSDs) of
the extraction amounts of the three analytes wes®47.5%, and 4.7%, respectively. Results showatlthe rods
synthesized by in situ polymerization had good igien.
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Fig. 6 Extraction amounts of polymer monolith for trimethoprim, Analytes

sulfadiazine and sulfamethoxazole in different corentration Fig. 7 Extraction amounts of polymer monolith for antibacterial

synergist compounds and sulfonamides

Application of polymer monolith microextraction coupled with HPLC

A method of analyzing trimethoprim, sulfadiazinenda sulfamethoxazole by polymer monolithic rod
microextraction coupled with HPLC was developedl&al shows that good linearities were achievediwithe
range of 20—-200 pg/L. The detection limits for theee compounds varied from 10.6 pg/L to 15.5 pg/L.

Table 1 The linear range and detection limit (DL) é polymer monolith coupled with HPLC for the detecion of trimethoprim,
sulfadiazine and sulfamethoxazole

Linearity

Compound Range (ug/L) Equation r DL*(ug/L)
Trimethoprim 20-200 Y = -1.15¢10° + 7.6 %10 X 0.9990 15.5
Sulfadiazine 20-200 Y = -7.14<10% + 7.06¢10° X 0.9946 10.6
Sulfamethoxazole 20-200 Y = -6.41x10% + 5.65¢10° X 0.9916 12.3

@ Detection limits were estimated on the basis bfsggnal to noise ratios.

The spiked honey samples set at two levels (5018@dug/L) were analyzed by the developed method,the
adsorption solution was analyzed by HPLKg. 8(a) to 8(c) shows the chromatograms of the [@/L mixed
standard solution, the honey solution sample etdcawith the rods coupled with HPLC, and the 100 gpiked
honey solution sample extracted with the rods cadipkith HPLC, respectively. Results showed that ribes
enriched the three analytes from the extractiontemi of honey samples. The recoveries of the tkemapounds
were 55.5% to 121.0% (Table 2). These results atdit that this method can be used to extract aatibacterial
synergist compounds and sulfonamides from commexpdes.

6

Time / min

Fig. 8 Chromatograms of honey samples. (a) 100 pghixed standard solution, (b) polymer monolithic ral extraction of honey sample, (c)
polymer monolithic rod extraction of 100 pg/L spikel sample. 1: trimethoprim, 2: sulfadiazine, 3: sulimethoxazole
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Table 2 Recoveries of trimethoprim, sulfadiazine ad sulfamethoxazole for spiked honey samples (n=4)

Honey samples

Compounds 50 (png/L) 100 (ug/L)
Recovery (%) RSD (%) Recovery (%) RSD (%)
Trimethoprim 55.5 3.5 59.9 4.4
Sulfadiazine 98.3 6.0 100.8 4.0
Sulfamethoxazole 114.1 6.9 121.0 2.3
CONCLUSION

Novel polymer monolithic rods were prepared by sitlymerization in a glass capillary and coupledhviiPLC
for the analysis of trimethoprim, sulfadiazine, aswlfamethoxazole. The rods showed a uniform sarfaith
micropores, good solvent-resistance ability, ancebant adsorptive ability onto antibacterial sygist compounds
and sulfonamides. The rods were successfully usethé simultaneous analysis of trimethoprim, glifaine, and
sulfamethoxazole in spiked honey samples, wittsfatiory recoveries. These results indicated tiarads can be
used for the selective enrichment of trace antédyédtsynergist compounds and sulfonamides in cermgamples.
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