Available online www.jocpr.com

Journal of Chemical and Phar maceutical Resear ch, 2013, 5(12):438-442

ISSN : 0975-7384

Research Article CODEN(USA) : JCPRC5

Multi-walled carbon nanotubes as solid-phase extr action adsor bent for
deter mination of albendazole and its metabolitesin shrimp and crab by ultra-
performance liquid chromatography tandem mass spectrometry

Xiaojun Zhang', Bin Zheng?®, Hanxiang Xu*,Zhigang Zhou®, Zhongyong Y an', Guangming M &,
Peipei Li*, Ju Long'and Qin Liu*

Marine Fisheries Research Institute of Zhejiang Province, Zhoushan, China
?Zhejiang Marine Development Research Institute, Zhoushan, China
*Public Security Expert Testimony Center, Zhoushan, China

ABSTRACT

An effective and sensitive method was developed for simultaneous determination of albendazole and its three
metabolites in shrimp and crab using multi-walled carbon nanotubes (MWCNTS) as solid phase extraction (SPE)
sorbent coupled with ultra-performance liquid chromatography-tandem mass spectrometry. In the whole procedure,
the multi-isotope dilution method was used to correct the loss during the SPE and variations associated with the
analysis. Under optimum conditions, the method was validated with respect to linearity, specificity, accuracy and
precision. The linearity of the method was good in the rang from 0.1 to 20 ng/mL, with regression coefficients all
above 0.9986. The limits of detection and quantification for the four analytes were 0.02-0.04 and 0.06-0.12 ng/mL.
The mean recoveries in both matrices spiked at range from 0.2 to 5.0 ng/g were 95.2-104.0%, with intra-day RSDs
less than 5.26%, and inter-day RSDs less than 4.25%. The method was later successfully applied to real shrimp and
crab samples for the determining and confirming of al bendazol e and its three metabolites.
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INTRODUCTION

Albendazole ([5-(propylthio)-H-benzimidazol-2yllcarbamic acid methyl ester) is patent broad-spectrum
benzimidazole anthelmintic agent widely used adaisstinal helminth infections in mammals [1].ll6aving oral
dosing to farm animals, albendazole is readily diesa from the gut and rapidly metabolized by oxmfatof its
sulfide group to form albendazole sulfoxide, alterale sulfone and albendazole 2-aminosulfone. TDhogical
studies in both farm and laboratory animals hawwshABZ and its active metabolite ABZSO to be teganic. In
veterinary practice, ABZ is used in mammals butinaquatic product. While in recent years, ABZ gasnetimes
used for helminths infections in aquaculture, dr@residuenay pose health risks to consumévaximum residue
limit (MRL) of 100 pug/kg for muscle has been settoby the European Union and China .

Over the years, many methods have been descrilrethéoanalysis of ABZ and its metabolites in biotad
matrices using HPLC with ultraviolet detection [R-4and fluorometric detection [5-9] . Nowadays, high-
performance liquid chromatography-tandem mass spaetry (LC-MS/MS) method [10-20] has found more
widespread application in ABZ and its metaboliteslgsis by offering more sensitive detection andréased
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confidence in confirmation. Previously, we reporiaa rapid, specific and sensitive UPLC-MS/MS metiiod
determine ABZ and its metabolites in fish tissuge UPLC techinque offers reduced run time and iwvgulo
sensitivity[21].

In recent years, multi-walled carbon nanotubes (MVVE), a new kind of carbon material, have attractech
interest that is directed toward the developmentsolid-phase extraction (SPE) adsorbents [22]. MWEN
potentially used as an suitable SPE sorbent araapity owned to their ability to establish - & interactions ,
excellent Van der Waals interactions with otherewales [23] and particular structure with interdde cavity[24].
Till now, MWCNTs have been successfully used as gbebent for the determination of heavy metals[Zh-2
organic compounds [28-30]. But to our knowledge, 8PE performance of MWCNTSs using for the detertiona
of ABZ and its metabolites has not been previouslestigated.

In this study, a fast and sensitive method, in WH@WCNTs were used as effective adsorbents for &Ripled
with UPLC-MS/MS, was developed for the simultanedasermination of ABZ and its metabolites in shriaopd
crab samples.

EXPERIMENTAL SECTION

Chemicals and reagents

LC-grade methanol aracetonitrilewas purchased from Merk KGaA(Darmstadt, Germah§)grade ethyl acetate
and formic acid were purchased from Sigma-Aldrig®|3e, Germany). ABZ, ABZSO, ABZSOABZ-2-NH,SG0;,
deuterated albendzole {ABZ), deuterated albendazole sulfone ;{E8BZSO) and deuterated albendazole
sulfone(3-ABZS0O,) was obtained from Adlershof GmbH (Berlin, Germapyrity>98%). De-ionised water was
used throughout the study. MWCNTs were purchasesh f8henzhen Nanotech Port Co., Ltd. (Shenzhen,aLhin
and were dried for 3 h at 130 to removing the adsorbed water beforehand andikeggsiccator. New solid-phase
extraction (SPE) cartridge tube (empty, 3 mL, potyyylene, with 2Qum polypropylene upper and lower frits) was
purchased from Agela Technologies Co. Ltd. (Shah@t@na).

Sample Preparation

The 2.00+0.02 g thawed and homogenized sample we&ghted into a 50-mL polypropylene tube and thekesp
with 100 uL 100 ng/mL internal standard working solution. éfthe addition of 10QL 10 M sodium hydroxide
and 10 mL ethyl acetate, the tube was mixed onrgexanixer for 5 min. The sample was then centeflidor 5

min at 6,000 rpm, and the supernatant was traesfdo a 100-mL pear-shaped flask. An additionahflOethyl

acetate was added to the sample tube, mixed arndfegad as above. The resulting supernantant weasbmed
and evaporated to dryness and re-dissolved in gttmyl acetate.

MWCNTSs SPE clean-up

The MWCNTs-packed cartridge was prepared in thieviohg step: 20um polypropylene lower frit was placed at
the bottom of a new cartridge tube (3 mL, polypilepg), 40 mg MWCNTs was packed, then2d polypropylene
upper frit was placed on the top. The MWCNTSs packeight was controlled about 0.5 cm. The flow rate¢he
solutions was maintained 1 mL/min under vacuum gantd.

A prepared MWCNTs-packed SPE cartridge was pre-adstith 3 mL methanol and 3 mL ethyl acetate. Tde r
dissolved extracts were transferred directly to SR cartridge. The cartridge was washed with 3water, after
that the cartridge was dried for 2 min under vacutihen, the target analytes retained on the MWCNTre whuted
with 10 mL 5%formic acid in methanolThe effluents were collected into JmL glass centrifuge tuband
condensed to dryness under a gentle flow of nitiogiel0 'C and re-dissolved with 1.0 mL of the initialobile
phase Finally, the solution was filtered through a 0.géh PTFE filter and transferred to a glass vial fa?LC-
MS/MS.

UPLC-MSIMSANALYSIS

Measurements were performed using an ACQUITY weeormance LC system (Waters, Milford, MA, USA) in
combination with a Quattro Premier XE Micromas$§ triple-quadrupole mass spectrometer (Manchest), .U
Chromatographiseparation was achieved witHJ®LC column(BEH G 2.1x50 mm,1.7 um patrticle sizg The

column temperature was imtained at 40C. The mobile phase was used at a flow rate of Q.8nim with solvent
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A(methanadl and B (aqueous formic acid 0.2%\)), the gradient elution was performed as follo@<2 min, 10—
90% A; 2-3 min, 90% A; 3-4 min, return to initiabiditions to equilibrate the column. The tempematur the
autosampler was set at’‘C0and the sample volume injected wasu10

The mass spectrometer was operated in electropmsitive mode, and data acquisition was in multigaction
monitoring mode(MRM). Analyte and internal standatrénsition ions and associated mass spectrometric
parameters were used according to our previoustlyg21].

RESULTSAND DISCUSSION

OPTIMIZATION OF THE MWCNTs-SPE PROCEDURE

In order to achieve an adequate extraction perfoomaby using carbon nanotubes as sorbent for SRE, t
optimization of several parameters wasestigated including the kind of sorbent employed, MWCNTsamt,
loading flow rate, and elution volum@riefly, 40 mg MWCNTs{0-60 nn) make the MWCNTs-SPE cartridge
more effective and much lower than conventiondt S&rbent 10 mLmethanolcontaining 5%ormic acid provide
the best recovery and shorter time for SPE elufitre optimized MWCNTs-SPE procedure was shown iticec
“MWCNTs SPE CLEAN-UP”.

Method Vallidation

The specificity of the method was determined bylysig blank shrimp and crab samples to evaluatesiples
endogenous interferences. Ten blank samples of gzetie were extracted and analyzed using the mhe#mal no
interference detected at the retention times ofidhe analytes. Compared to the previous methodlfttd§ method
performed additional MWCNT clean-up procedure, &mel TIC chromatogram of the spiked samples (Fidyre-
shows less endogenous interference and gives rieaec effect.

The linearity of standard calibratin curve was leslizhed by the analysis of standard solutionsxat@centrations
(0.1, 0.5, 1.0, 5.0, 10.0, and 20.0 ng/g). To esmhple 10QuL 100 ng/mL internal standard working solution was
added. A linear least-squares regression of thigtafiaternal standard peak area ratio to the nahtoncentration
was constructed, with a weighting factor ofIThe linear ranges and correlation coefficient$oof analytes are
shown in Table-1. As can be seen, the linearitthenrange of concentration tested was excellerit wgtrelation
coefficients over 0.9986.

ABZ ES+

ABZSO2

Relative instensity (%)

0.10 0.50 1.00 1.50 2.00 2.50 3.00 3.50 4.00

Time (min)

Figure-1: Total ion chromatogram for spiked crab sampleat 1.0 ng/g of ABZ, ABZSO, ABZSO,and ABZ-2NH-SO,
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Table-1: Linear range, correlation coefficient , and limits of detection and quantification

Analyte Linear regression equation ~ Correlation ficieht r* L|<nnegr/rr:[1)ge LOD (ng/g) | LOQ (ng/g9)
ABZ y=0.3320x+0.0064 0.9993 0.1-20 0.02 0.06
ABZSO y=0.4172x+0.0211 0.9990 0.1-20 0.02 0.06
ABZSGO, y=0.6716x+0.0364 0.9986 0.1-20 0.02 0.06
ABZ-2NH,- SO, y=1.2385x+0.0244 0.9989 0.1-20 0.04 0.12

Limit of detection(LOD) and limit of quantitationQQ) are considered as the analyte minimum cond@ngathat
can be confidently identified and quantified by thethod. LOD and LOQ were calculated on the bassgnal to
noise ratio S/N = 3 for LOD and S/N = 10 for LOQ) the chromatograms of 20 shrimp samplés me¢hod LOD
were found to be 0.02-0.04 ngigd LOQ were 0.06-0.12 ng/g, respectivaliiese data are listed rable-1. The
concentration of LOQ also meet ti’dA guide on Analytical Procedures and Methods Validatiamich was
defined as the concentration that could be deterdhimith 80-120% accuracy and not higher than 2086igion.

The recovery was determined by experiments usifig@dblank matrix with replicates at three concatitin levels
(0.2, 1.0, 5.0 ng/g). Six determinations were earout at two investigated tissue(shrimp and criakgcision were
assessed by performing replicate analysis of spskedples against calibration curves. Mean recowetng-day and
inter-day precision of the method are reportediable-2. The result shows good recovery in shrimg eab tissue,
and the recovery of the analytes was not substignéifiected by their concentrations. As indicatedthe results,
the RSD values always remained below 5.26%, andc¢heracy of the method did not deviate from 10Bytnore
than 5%.

METHOD APPLICATION

The method was applied to 40 shrimp and 20 cralpksncollected from local markets (Zhoushan, Chifide
samples were analyzed, and no sample was confiposiive. Then, this method was used for confirming
positive eel sample we detected last year, a simélsult for0.91 ng/g (ABZ), 0.44 ng/g (ABZSO), and 0.25 ng/g
(ABZS0,) was obtained.

Table-2: Summary of recovery and precision assay results from spiked shrimp and carb samples

Added  Mean recovery Inter-day RSD Intra-day RSD

species Analyte  (huip (%, n=6) (%, n=6) (%, N=6)
02 1032 401 341
ABZ 1.0 104.0 3.70 312
5.0 99.2 3.00 413
0.2 102.8 2.65 2.46
ABZSO 1c 1010 2.4 3.7C
hrimp 5.0 98.8 2.36 3.24
0.2 1018 425 2.06
ABZSO, 1c 992 3.7¢ 287
5.0 98.7 1.76 5.26
0.2 98.6 3.98 4.08
ABZ-2NH» SO, 1C 100.7 3.2 3.0¢
5.0 99.1 2.04 450
0.2 100.8 3.99 5.05
ABZ 1c 95.2 3.4¢ 3.5¢
5.0 98.3 234 2.99
0.2 100.3 415 3.74
ABZSO 1.0 99.1 337 4.26
5.0 103.0 3.14 477
crab 02 99.3 278 4.64
ABZSO; 1.0 95.4 3.23 3.82
5.0 99.2 420 4.47
0.2 99.2 1.80 2.81
ABZ-2NH,-SO, 1.0 100.6 3.48 4.67
5.0 97.9 2.95 414
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CONCLUSION

In conclusion, an effective and sensitive methods wat up for simultaneous determination of ABZ atsd
metabolites in shrimp and carb in this work. The RIMTs was applied as an effective SPE adsorbent for
enrichment and clean-up of ABZ and its metaboli&sble isotope-labeled internal standards was tesedrrect

the matrix effect and variations associated with @imalysis. The established method have a greahtmtto be
widely used for the analysis of ABZ and its metébslat trace level in shrimp, carb and other daquabducts for
residue control programs.
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