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Determination of 14 nonsteroidal anti—inflammatory drugs by molecularly
imprinted polymers solid phase extraction with ultra—high
performance liquid chromatography—tandem mass spectrometry
HAO Jie,JIANG Jie* ,MAO Ting, SHI Na,SUN Xiao-dong

( Beijing Municipal Center for Food Safety Monitoring, Beijing 100041, China)

Abstract: A molecularly imprinted solid phase extraction coupled with ultra—high performance liquid chromatography—-tandem
mass spectrometry method was established for the determination of 14 kinds of nonsteroidal anti—inflammatory drugs in pork
and liver. Sample was extracted twice by 10 mmol/L pH3.0 ammonium formate buffer, followed with defat by n— hexane.
Supernatant was purified by molecularly imprinted solid phase extraction. Analytes were separated by BEH C; column under
gradient elution, then detected with mass spectrometry under positive and negative electric spray ionization and multiple
reactions monitoring mode. The calibration curves of 14 nonsteroidal anti - inflammatory drugs were linear in the range of
0.25~50 wg/L. The limits of detection and quantitation were 0.1~2 pg/kg and 0.25~5 pg/kg, respectively.In three different
spike levels, the average recoveries in pork and liver were between 73.2% ~110.7% , with relative standard deviations of
1.0% ~9.7% . The sensitivity , precision and accuracy of this method were in accordance with the demand of veterinary residue
determination, it is suitable for the multi residue determination of nonsteroidal anti—inflammatory drugs.

Key words : molecularly imprinted solid phase extraction;liquid chromatography—tandem mass spectrometry ; nonsteroidal anti—
inflammatory drugs;multi residue determination
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4t Masslynx 4.1 SCN803 kg A<, 3¢ [E Waters 4\ #] ;
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SR E T T, 0.5 mL 5 mmol/L 2, 1% % /K %5 e
(01 % ARFFETRR) : L =9:1(v: v) KW, 1E
14000 1/min &0 10 min, B_E7E R _EALIRE o
1.22 @ik kAL Waters Acquity BEH Cq
(100 mm x2.1 mm,1.7 wm) ; GEshAH A: O ; s
B:5 mmol/L & R & /K ¥EW (& 0.1% 1T 53 #C
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Table 1  Program of gradient elution
R [ ( min ) A(%) B(%) i £k

0 5.0 95.0 -
0.25 20.0 80.0 6
4.00 99.0 1.0 6
4.50 99.0 1.0 6
4.60 5.0 95.0 6
6.00 5.0 95.0 1

1.2.3 ik st B U WS B T U A T
IR IR 5 R R AR A - 22 B 7 M A X5
EE‘,?E}%EEHE:I-OO kV;ﬂ%%EEE;S0.0 Vy%%ﬂ?/ﬂ’ﬁ
150 C; #E FL AW 5. 150 L/hes B 3% 50 A it 2 -
500 °C it # 77 AL Uik k- 1000 L/hes filf 45 <0 &
0.15 mL/min; 256K J7:7.00 Bar; &G 9 140 i
ESHEILE 2,
2 HR5ITiE
21 BERIERENTE

3 BIECH 50 ng/mL (454G Wy FR U b, 38 3 X
A PS5 B 3 B, A5 FH v W 55 5 33 ) 45 2 2R dp 22
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Table 2 Mass spectrometry parameters of 14 kinds of NSAIDs
> S Oy
FE Ay TR memT  mET Tt e
1 LK IR CyH,0, [M-CH,CO] "~ 136.94 38 65.10,93.00 28,18
2 RN CysH, CINO, [M+H]* 27434 10 70.26,88.09 * 32,32
3 FEH A C;H,,F;N;0,5 [M+H]" 382.17 60 303.20,362.21 " 33,35
4 e C,H, F;N,0, [M+H]" 297.16 2 109.04 ,264.11 54,40
5 LR C,,H;N; 0,8, [M+H]* 352.13 12 115.08 " ,141.03 22,24
6 JeEEF R C3H;,N, 058 [M-H] "~ 307.08 6 198.07,229.03 " 36,20
7 V| 3= i C,H,0,8 [M-H] " 312.14 34 158.01,297.10 " 36,18
8 FooFR R Cy,H,CINO, [M+H]" 262.22 20 221.16,244.11°" 10,16
9 45t 2, B k1 CsHyNO, [M+H]" 152.01 20 93.10,110.01 " 25,18
10 L C,H,, 04 [M+H]* 230.93 10 153.42,170.02* 34,32
11 ]I 36 2 CyH;sCINO, [M+H]" 357.92 72 138.97,174.01 * 10,10
12 FEBIE Gy Hy N [M+H]" 288.26 52 58.10,191.14 " 28,34
13 TR 2% CgH,, 04 [M-H] " 253.19 58 164.98 * ,209.07 28,20
14 W ST FR N Cy,H;,C1,NNaO, [M=Na] "~ 295.12 34 231.05,251.14" 30,22
e EREBE T,
BERE, 538 Y T i TR S AR A S AR, X 14 100 6,14
AR S ARBTR 25 50 5 AT BT S B . 72 IE &S
TS TR, 1A T LB R E 1 S SRR
BB T AL TE AT LR LR (A5 R B TR &
EKHERE ., FFRnES)s , ibniiEge &, S5 %
ma N, T RE R T A ) L AR E B LSRR A AR = 7
NTFET . T e A IS R AR AR R, HESR S I
2T AT, A 2 S W B T X, 5 5 0 N LI3 I

0.50 1.00 1.502.002.50 3.00 3.50 4.00 4.50 5.00 5.50
i) (min)

FIER G T IRED IR E B TR

Xtk T Waters BEH Cjg (100 mm x 2.1 mm,
1.7 pm) (Waters HSS T3 (100 mm x2.1 mm,1.8 pm) .|
Thermo Hypersil GOLD(100 mm x2.1 mm,1.9 pm) — 5,102,4
P ETEAE XS R B AR DT 25 1 0 B I O, S5 R AR W, 7E
fdiFH HSS T3 (a3 AL iF, 20 2 280OR A 4 BEH Gy K
GOLD #E, X} kb BEH C i1 Hypersil GOLD,BEH C 4%
UG R SR AL, v 7 B B 5 o 3R] BE & P O HSS 9

T3 Jz GOLD oA 249 2 BEOR| O el JB2 1 A 1) 2 135 A F Mg
ST FRAT B Bk Y AR S B ARPE Y AR B AR R 25 (hn € (B

AT ) 2 U G T DT S B o i I R R T 0.501.00 1.50 2.00 2.51(—) ?%I.OO 3.504.004.505.00 5.50
S = Lo FoJ 8] (min)
BEH C 1 2h 4 i i) 2% A 0k SEAA 3Bk 5 T IR P AF X X .
PSR el [ BERE BEH G,y HEFF K 43 5 114 FERRSL S i
Sel. P 1 S 14 RhEE S AP 25 (s 4y B A Fig.1 Total ion chromatography of 14 kinds of NSAIDs
MRS R B IS ™, 14 FhAE § bt 4 251 pKa SRBHR,6EXAH,T.DIEM SN,
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i AR K MR B, 45 G- A E 2 ke BRI , 7T LAk
B J 2k [ A 26 BO A i) 2L oR . TE 1 Ah ORI 1Y) 1k PR
14 FEAE S APT R 25 S5 T Y S A R IR B N, O
S SR T, B AR BT, )R] LA BH B 7 38 e
EIAHAE G AT e A, 18 BE TR 5 28 A B 7 38 #e [&1 AH %
Bk 54557 BNl 45 A LR I MIP AR 3EF 7545,
AWEFEXT T #HH 20 mmol/L pH5.2 £, PR #4 2%
PP AN 10 mmol/L pH3.0 FF 15 4 2% Py ) SR BB
I3 i ] Waters Oasis MCX (60 mg/3 mL) (&%)

226 017mm17m

9.3 £ Bh A LB ,10. 25384, 111|337,
12,380, 13.J1% 25, 14. SN IR .
FefA  VRA RIS BH B 738 44 ) A1 Supelco Supel MIP
NSAIDs(25 mg/3 mL) (&Y M, 43 BNk B AH A
Bkt ) b AT T8 et b, 53R (I 2) K H, Rig
{ifi F MCX A:8% MIP £, {8 10 mmol/L pH3.0 ) H i
BB PPN, £ G SR BURCR Y 5 F pHS.2 1 2
T 44 27 PPV, 33X TT HE S PR AR Y pH Nk T HeL S S
R B, (0T Z2 ) B AR AR B A, NI H2 75
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Fig.2  Optimization of extraction and purification conditions
S AN, X7 SN/T 1922 — 2007 47 #E b {6 F HLB
(60 mg/3 mL) (G WILAR, KRNG5 ) FE4T
LB TR BT T LEEE, T FEIFIRIR | 5| W 56 o 45
& W B VERI, 78 HLB AL Ay 07 ik b AR 22 5 H
HLB 0 EPEPEAS N MCX 2 MIP £, 1 plg FL 2k i 5
AN BT/ E A
25 BTk , AWFFERESE 10 mmol/L pH3.0 HI iR 4
S PRI, IE CREBRIB S, i MIP AR 6 A4 i 4k 2]
M
2.3

IR R IR

TEASSZ S Al T 3 a8y A e 5%, 25 s
RIS 09 2 T ] 10 ng/mL 04 F5 fE & 7
R, 5353 2% FH SR K PR SR P 5 I ( waters GHP Acrodiscs,
0.2 pm) , JEIE VB CEERE ,0.22 wm) |, DL EOR o s (it
A7 14000 r/min 883 &0 5 B HIE W ERE ) = Fhid vk
Jr=X, G5 R R BRI B AR AT (G| SE o AR 2
YAE GHP FUE ey BB B i, Mg 2 ™
Gt 5% AN ok A P ) Rk e 5 ok BRRE L T
BRG], 2 IR R G A &S 5258 E J7 R W T
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Hio PRI, >R 14000 x/min #3833 5.0 J5 B 15 W E
B HERE Iy A TR T A
2.4 FHiEFWIE
2.4.1  HRUEHRZRAIR: HBR  FESS AR & H 4 BB
0.0.25.0.5.1.2.5.8.10.20.50 pg/kg nY3E IR PT
ZHR-A AR UEY) BT, FEATRT AR BRI . LA 14 FpdE S
AT 5% 247 1) i) 7 U TR R SRy P Al B, o 7 ke B Sy A Al
PrRgl TAEMZ . LIS EUE S 3 5 Eme by &Fh B
PG PRE SR BE iz A & i 7 R R BR L A
SR 10 A5(EME LL Y 25 B AR L& 0 AR S e BE iz db &
YT e B . 14 PRk S RPT 25 kD7 #2 AH
KRB VB K I RR e PR 45 R IR 3,
ZERAT LR, G BTE 0.25~50 e/ L B9 HIAN
LEMEHE R FL(R®) i 0.991~0.999 , 3 B FEAH I e B V5
FEI PN 2 RIUFAIZRMEC R o 21k B adke i BRI 1 PR
S35 0.1~2 e/ kg F10.25~5 pg/ke,
2.4.2 By BN AR SR S B BUR I RS RT
BRI AL O, 382 AT 3R T 935, 0 3 A 2K S B B A [l i s
4 , BAIRAR 6 IRCPAT S S TR AL A a1
Bl RN AH X AR R 22 (RSD) , 45 R IL3R 4, 14 Fh
T A ARG R P -3 R Sy 80.5% ~110.7% , AR
XTAR HE AR 22 47 1.0% ~9.7% 5 76 5% BT v S 35 [\ i 22
73.2% ~96.3% ,AHXT AR UER 25 1.0% ~8.4%  HEHf
i NG 0 BRI R AR R AR I 1 E R
2.5 SLEREFEMINIRK

TETT 3 L BEN LI S 5% R B8 AR & 2L 30 4>, [F]
BRSO RR o 2 A A, X 5% B8 19 A 5 Ak b g 24 3 4T
R, TERRYERE S i AS 2.5 ne/kg PP HEH AT, Hiay
eSS BATE . B fh A BHPEARE i R S I DL
&3,
3 #Hig

ASHFFEEENT. T 53 F B 375 [E AH 25 B - 48 =5 250 v A
0% BB T 3 1k T 2 4 PR RS AT 14 AR S A b
R RR W i . O R R R BGA AR =AY

F3 14 FAESABUR LM TR e RA AR A BR B e B R RR
Table 3 Liner equations , coefficient of determination( R*) ,liner ranges ,LODs and LOQs of 14 NSAIDs
oy TR R LAV K i R FE R
(ng/L) (ng/kg) (ng/kg)
LKA R Y =2879.43X +24331.7 0.994 0.25~50 0.1 0.25
RIBIF Y =29506.4x +22.7855 0.999 0.25~10 0.1 0.25
S Sl Y =155.915X-2.73357 0.996 0.5~50 0.25 0.5
e r Y =86770.9X-3084.92 0.995 0.25~50 0.1 0.25
ERE R Y =86463.1X +4281.8 0.998 0.25~50 0.1 0.25
e agll Y =4301.84X +281.631 0.991 0.25~50 0.1 0.25
BARE A Y =351.469X-55.606 0.994 0.5~50 0.25 0.5
FEIS IR IR Y =148.921X +1944.56 0.997 2~50 1 2
4-Xf LR FE Y =2092.22X +5319 0.992 0.5~20 0.25 0.5
Z Y =223.242X +51.0113 0.997 5~50 2 5
5| W 25 57 Y =196.748X +63.1647 0.991 0.5~50 0.25 0.5
FEBEE Y =86186.5X-2344.12 0.996 0.25~50 0.1 0.25
il ¥4 2% Y =128.268X-69.168 0.993 1~50 0.5 1
WS TR AN Y =11399.4X + 1240.64 0.991 0.5~50 0.25 0.5
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Table 4 Recoveries and RSDs of 14 NSAIDs

e AN iAdg! _ s _
(pe/kg) FHEBR(% ) HXERIERZE (%) FHREIBCR(%)  HXTERER2E (%)
0.25 100.9 23 932 5.3
Z oK ¥R 0.5 97.2 1.6 94.6 2.8
25 96.9 3.8 91.7 4.9
0.25 96.7 1.8 91.2 22
I 0.5 97.2 2.0 93.4 35
25 93.4 6.5 95.0 4.0
0.5 942 42 89.7 35
s S-viil 1 93.6 1.0 90.6 6.3
5 97.8 22 88.7 75
0.25 101.8 25 95.4 5.8
Fex 0.5 103.9 6.7 93.2 4.1
2.5 99.5 13 938 3.0
0.25 94.3 33 88.5 6.8
Pk 0.5 98.8 52 87.6 5.7
25 90.7 4.0 90.3 4.9
0.25 91.9 8.7 85.6 3.9
JZE vl 0.5 93.8 6.4 84.7 2.8
25 91.7 48 88.2 1.7
0.5 85.7 25 80.3 6.0
LE =¥} 1 88.3 34 81.5 8.4
5 90.2 2.9 83.6 75
2 85.8 5.8 80.1 8.4
VTR ER 4 83.9 6.5 81.3 6.5
20 87.7 8.7 80.5 5.9
0.5 90.8 3.6 84.3 1.2
4-X} Z B EL B 1 93.4 3.3 88.5 25
5 91.1 74 89.5 4.4
5 81.7 9.7 75.3 6.8
25 10 80.5 4.6 78.1 5.6
50 86.6 6.0 732 6.9
0.5 105.9 12 95.6 35
W I 3 37 1 101.5 2.8 96.3 42
5 110.7 55 93.2 1.0
0.25 97.8 6.5 85.6 3.3
FEPINE 0.5 89.7 45 88.2 2.7
25 94.1 33 83.7 42
90.5 2.8 82.5 5.8
T 5% 2 86.5 1.7 85.3 4.4
10 83.2 3.9 81.2 43
0.5 90.7 44 83.3 6.8
Fy AL 1 92.5 23 86.5 5.5
5 88.4 6.0 87.1 7.0
BT L W43 BN [ AR AR G — s e s R A% PR
i A e ARG FE T 1§55 AL 28 28 9 5% B0 5 o 75 5% 3k

BT RAFH) R GUE MR, J7iA5 15 5T BN [E [1]3k% FAaRPEBERBHERGEOMNL[D]. &K &
RHAEIURE R PRI , REREU I E IO T A8 2k x 2 2014,

SR/ o ATTRIEIH TARRBEERE A DA e Fze sk R RRAS ] RTES,
P98 24 B bRss i PR 2 R e B RE o

228 orrmmiE
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Fig.3 Total ion chromatographs of negative
and positive samples during the real sample test
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