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ABSTRACT: Objetive To establish a method for screening and validation of 9 kinds of f-agonists residuesin
animal-derived food by ultraperformance liquid chromatography-quadrupole-orbitrap high resolution mass
spectrometry(UPLC-Q-Orbitrap). Methods The sample was extracted by acetonitrile, purified by 150 mg PSA, 50 mg
Cig, 500 mg MgSO, and the fat in the sample was degreased with N-hexane. The extract was separated by Waters
Acquity BEH Cig column(2.1 mmx50 mm, 1.7 pm) using agradient elution program of 0.1% formic

acid-acetonitrile(V/V) and 0.1% formic acid-water(}/V)as mobile phases, and detected in full scan-data dependent scan
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mode. Results The results showed that 9 kinds of S-agonists residues had good linear relationships in the range of

0.5-10 ng/mL with correlation coefficients better than 0.997. The accurate mass relative deviation was less than

1.0x107%, and the limit of determination(LOD) were 0.2-0.5 pg/kg. The recovery of the method ranged from 74.3% to

110.8% at spiked levels of 0.5-5 pg/kg, with the relative standard deviations were less than 12%. Conclusion This

method is simple, rapid and accurate, which is suitable for the rapid screening and quantitative analysis of 9 kinds of

p-agonist drugs in animal-derived food.

KEY WORDS: ultra performance liquid chromatography-quadrupole-orbitrap high resolution mass spectrometry;

animal-derived food; f-agonists; residues
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B-Z R RETE SRME PR, HAaR
CBENEAE IR . AENR R b F 2 T4k S I Jn i
HAHE, HTHRIT AR 0 SCE G . PLIEEM%
S LR 2R A DA K TR b A o AR L R UL A
Bl b, p-32 A h 500 0w T AVE — B PO BRI, R
ARSI sk, DR RS K s A
R R B R — e (s AR T
100 ng/g)RNIEALIET, B B rhaEaEiR, FERIN
WUAREE, ol #, DR . LRSS . Tl
R R AP T 5 4 f 3 v, 7 b A 2 Hoh
KOS ILEAR PRI 2 A,

BTG, p-S2 AR n e ik B A R
H(high performance liquid chromatography, HPLC)P!, A (5,
7% & B¢ T 3% 7% (gas  chromatography mass spectrometry,
GC-MS)*7! | 3% FR K 5% 7 (liquid chromatographymass
spectrometry/mass spectrometry, LC-MS/MS)®~10) & 78 )2
kU A L AR SY 32 R P TR 8RR € 3 - DU AT -
B 37 8 1E BF & 4 P R 3% (ultra performance liquid
chromatography-quadrupole-orbitrap high resolution mass
spectrometry, UPLC-Q-Orbitrap)X} H br4) 147 P 3 HEHH &
P 2R, UPLC-Q-Orbitrap K A7 5 3 £ A DU
5 E PR & R BUE WHEBFE LA G, fEF T BAR
Y1548 BARY 0 A 5 5 IR, AT = DA AT
R A3 BB ( F 22 S g e RS kA7 e =4, TERE R E
WP BEA AT T AR SEL, RME G = 5 DURAT 5
TRERAL S B . RIAPEIRAIN AR, ARSI
il ARz . BB IRIE T UPLC-Q-
Orbitrap B TR e £ i iha fh s s 2 s eyt
LRI | i rk I

ARG A TIN5 b 9 F -2 AR 3l
Mg . SoE SRR, Ed—ReEREE Bt
GRS, U T SR, Wit AR
P BVME G Y LIRS, D3 e e a1,
REALUERS . =40, PO | BRI D -3 A s,

S PRI £ 22 A AR A Tl AP A T8
2 MRERZE

21 MRI5EF

WAL ER. BIFQLRT == E 2B E BT,

HiR ., i (tika, fEE CNW AR, HEL. 2
(foigali, F8E Merck 23 7); C 5 PSA(Z Ji-N-IN LR |
REREE(MgSO,) . EALEI(NaC(ZMHrali, b iFZei% /3 a]); 9
Tl B-Z AR BN RIARAE S, PUEHRR S | A flbk . VD T e |
YEFED | w2 U, WRRED | RS | SRS |
RS TR (Ll = 99%, THE WITEGA A ).
22 UEEEREF

UltiMate 3000/Q Exactive Focus & 43 ¥E 5 FHAY
(GEEFEER KRB A H]); GD-16 35 dAF B (b R
TSR Z R A BRA ), MVS IRERIL(E ESRA R H
FRAFD; 2-16K 3 = i R B O HL(EE ] Sigma A R]);
CP512 HLFRF-[Hh B R E W M)A F]], XS205DU
LK (3€ [# Mettler Toledo A Fl)o
23 XWHE
231 BRERF ik

HFE R RIEIRAG, ARG, /R
B MERRARIGAAE 2.00 g, BT 50 mL RN E.OE S,
A5 BUBER, IMAZIE 10 mL, BIFE A b s fIF s 5 B
15 min, 9000 r/min &.0> 5 min, ¥ FISRFER E S —B.O
o, EERBETHRIIA 10 mL ZEEERR 1K, &3F B
W, ZHEERZE S0mL, k.
232 FiLFik

IE OB I Wedm 0K 5 T 5 i 1 WA T
FHETF, A 1 mL10%FH EE- KV, & 0.1%FER)FI 2 mL
ECKE, HHE2 min, LA 9000 r/min B.L> 5 min, JHEW %
BIECkeZE, FERGT 0.22 um 38, EHLINE.

WIS EREPRAPIA 150 mg 2 JR-N-TN 50k
(PSA¥E . 50 mg Cis HIARF 500 mg TOKIRBREE, WIEIRS
30 s, #E 10 min J5, L4 5000 r/min 25,00 5 min, BEPER 2 X,
FIEBRIH TSR ZET, IIA 1 mL 10%F B K77V, & 0.1%H
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FR)iRE 2 min, 1ECAERRAR, T 0.22 pm JERE, AL,

gl LERHMARTERIN 1.0 g, &k oS g
TEREE 2.0 g, WHEIRS) 2 min, & 10 min /&, 5000 r/min &5
0> 5 min, FEEE 2 K, BB RGEET, IiA 1 mL
10% B EE-K(V/V, &% 0.1%FR)IRIE 2 min, 1ECLEERNR,
i 0.22 pum JERE, EALINAE .
233 AR KRHLH

HERRFRIL L3 O Fh p-Z (ARSI B 10 mg, FHFFEE
Je il A% 1 mg/mL AORRIERE & TR  ERIFRE AP RE 2.00 g,
RO B TR, IE OB IRR AR, AR E T
A—E B PRER T, 10%HEE- K7V, & 0.1% P IR)E A
%= 1 mL, F0A 2 mL IEC%E, WHE2 min, 2L 9000 r/min
BL 5 min, FEWERLZECEZ, TR 0.22 pm 3§
5, 4505, 1. 2. 5. 8. 10 ng/mL HARE TAER
234 FBEMN

1) WA S5

a1k Waters ACQUITY BEH Ci4(50 mmx2.1 mm,
1.7 pm); FLshAH: A 4 0.1%F ER-KIFEW(V/V), B H 0.1%H

BR-Z & (V/V); Fiik: 0.4 mL/min; FEIR: 40 °C; FE S IEE

10 °C; FERRARFL: 5 uL; 43ArAsdfEl: 5 min,

2) iRk

JERE A BT IR 350 °C; 1R 4 IE BT IR
J: 350 °C; WEFHUE: 3.2 kVOE B FAR); HHTE R mz
150~400 Da; fb-AWHRBUEHH T RELE |, —HES
FHE2Y P25 R=70000; C-trap it K& (AGC target): 5x10°;
C-trap F RUEARTIH]: auto; BHRAKHE — %+ & F 4473 (date
dependent MS?) 43 - R=17500; U — b flf i fig 4 :
35%+50%; C-trap Fx KA (AGCtarget): 5x10%; C-trap #%
FKEARTE]: auto; BHAHERR: 10 s,

R1 BSRRERIERERREE

Table 1 Gradient elution conditions of ultra performance liquid

chromatography
T[] /min BN A% BN B/%

0.00 95 5
0.2 95 5

2 60 40
2.1 5 95
3.00 5 95
3.10 95 5
5.00 95 5

3 GEREDMH

3.1 UESEEHRRK
3.1 EiEAEe) i
R T A BN AR A3 B, AR SER IR R

10 ng/mL (¥ 9 Fift -2 (A EFRIBRIEN AR, TEARR RS AR AN
YRR T, 20 MR Waters Acquity-BEH Cig {a354E(2.1 mm
x50 mm, 1.7 pm). ThermoAccucore RP-MS C;g(100 mmx
2.1 mm, 2.6 um), Hypersil Gold C g f{4£(2.1 mmx100 mm,
1.9 um)BEA 743 B S0 . B-S2 MR kAL S, Waters
Acquity BEH Cg il H R AT A (b iokr . =S
Fvin Fdt BEOR, CRUE T BRI SRy, AR T HAt
A, R Waters Acquity BEH Cg (il A ] AR5 9 Fif
BB, FMERERE. HORSIRIER: Waters Acquity
BEH C (2.1 mmx50 mm, $7i48 1.7 pm)fEh (A
3.1.2 Ashtaegisdt

ABIFGE FA I 1 9 B SZ (A 01X o A A P,
pKa ¥ RT 9, 5 IEH AT, BEFEIE SR, sl
RO B R, BT ARG N B T SOR, B s 55
AL SR, LA RS SR MRS AERCR, K
H A i s AR B AR A5 S a2 G 2 %, (H2
MBI e, RIS, ISk, RAEBECIEERNE
MU o 588 T AR NHyAc 28 R X 7Y K 88 - TL 30311
R, WORIEAIE Rt HAEFERH: AN 0.1%H
iR- /KW (V/V), B R 0.1%HR-ZIE(V/V).
3.1.3 At kdE

L %5 8BS 7 W5 I (single ion monitor, SIM) . Full
Ms-ddMS? BRI, &3 SIM i i £, 18
B RRIE & B A R 3~4 Sk, 1ER12E, i
SR EARY R F i B, B 12~
14, 5840 R E SRk . B IE s T, 158 —
RAFRBE I, LA 1S W0 rORS B 56 B 035 4
B1Sh 9 Flr -2 AR sh 7l Y SR B T ik (&1 (B '
10ng/mL). 9 Flt p-22 443 20 350 (1) G it Jo 2t 40 X 225 /N
LOX107°(HK 2), FF4 10 43 R T AG I A 2R . i it 41
i T A A 1 e i s RIS AT, SRR
PRI B AT
3.2 FESHMK

B EC 2002/657 5 30X Z2 STl i UERT A% 2%
RUFN PR PR S 25 0 T A AR E, LR 2K T 0T 1 A Tk
R E] 4 AREN O FE R o R b, R AR
MMER 20, FEFMRINAR 25, Bk, FA
Orbitrap-MS R 1 MEETFR 1 AT 2 F BV A 58 ot B AR
YIBHAIE, 9 R b G Y)— bl 1 I B s iR 2 /N T
5x107, 9 Fik S Wi — T LI 2.9 A B AR 415X
{4 B3 15 |] (retention time, RT), PG . SEPRfr L . 4
B A 22 . RN A R PR (limit of
detection, LOD)% (5 BUILEE 2. #%53% 2 o 9 R &4 o
i IF) DRSS £ b &% 3 B ZRAE AR B T4 A TraceFinder
B, BT 9 b E YR BOE R, S H ARt
AT TRE. AR SE I Pk B T 0 E B 7 e o
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Fig.2 Secondarymass chromatograms of9 kinds of f-agonists(10 ng/mL)
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Fig.2 Secondarymass chromatograms of9 kinds of f-agonists(10 ng/mL)
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Table 2 The molecular formula, retention times, theoretical mass-to-charge ratio, actual mass-to-charge ratio, accurate mass relative
deviation, adduct,fragment ion,LOD of 9 kinds of f-agonists

R A AR C,H;sNO; 142 226.14377 226.14380 0.13 +H  152.07054., 125.05973, 116.97221 0.5
(TR Ci,H7N;0 1.44  220.14440 220.14459 0.86 +H 160.08687., 143.06035, 202.13385 0.2
Y CisHCIF;N,O 2,80 311.11330 311.11313 0.55 +H  217.03383, 237.03998. 202.07118 0.2
T R C13H,NO; 1.51  240.15942 240.15952 0.42 +H 148.07552, 166.08603., 57.07067 0.2
E e AuNi C1sH23NO; 238 302.17507 302.17517 0.33 +H  107.04945. 121.06493. 136.07570 0.4
SLACRS C12HyCLHyN,O 2,56 277.08690 277.08694 0.14 +H 203.01364., 132.06824, 57.07066 0.4
BT C12HsBrN,0O 270 366.98382 366.98383 0.03 +H  213.99217, 292.91037. 132.06816 0.4
TRACTEARHFS  CLHsBRCLN,O 2,63 321.03638 321.03635 -0.09 +H  246.96300. 168.04480, 132.06821 0.5
YEAi % C15H2N;05 272 36821800 368.21802 0.05 +H  166.95653, 199.96246., 142.81985 0.2

3.3 ERMNERSHER

M F I R, B AT S SR
AN [RRE B (A MG SR sl g 55, O SRR o FE SRR N (A AE
SR E G SR B HER P AR R, 5 = T DA R RS A L,
UPLC-Q-Orbitrap H.AA R WHTTHLRE S, (HILTEATS
RAFAE, BAER LB E 2%, rla T S B ok 3
fro TR IrEAnT: S RIARER L (RIR R Ko) AL
VC FL bR o Bh 26 (BN K), & X HEF A F (matrix factor,
MF): MF=K/K,. 3§ MF {E°} 1 B}, FARTCERN; MF
E/NTF 1, WIS MF BT 1, WL,

R 25 BEBLITONS 9 Tl 2 A 8 8l 70 o O E A s, 4330 T
0l T RAR I AR AR DL S AR v AR AR, WRE R
0.5. 1.2, 5. 8. 10 ng/mL. ¥ FIbRAEFIHE T ARAR ) 2k
FUE AR . A RECLARPR A L% 3, Hid: Y {5558
BE, X ORUREE o VTR AL AR e ph R 2R MY AT, MR R
rEIRT 0997, BRUD T REEESN, FEFO A 8 Fhaz ki sh
FUBIA FE BRI ROV o BNV T e S P ) Re 5 5 il e
/N, SARERES B2 BB W F K

WO T AR Z, W Wkl MRk, 3
FAbsk . FERICESE . 4 RS A R . FRRAEAE
SRR R, AFTFACE EY BRI AR R
AR AE B 5, B B IRINE, 48530 1 INAR I BT e s
BERTARIE A SRR E T T, /& EWLIL, B T2
B VR R A7 AEAR 22 Wik, IR ARG by AU B R
S —A~ 22 5% B Wy I [ s O A A i, AR S 3 4
— i H B 11 [R] B 58 4 VS B BE AN 15 ), BRI, R

LSRR A BOE B, X a] DUEAR R AR B _E i/ 2R A0 32
Wi, g FLAE e n] B2 VSRR N o BERVC RC 3L S BOF BEA
THEREE T, X TR B & B RN E A AEXE L AR5
SR FHE e Al M o D SC PR AR 5 T AR T 40 1 5 i
RO

34 AETMIEBEEHRER
341 RIRBAAKAF KA

AR 4 FORFEMRBOATN (RO . O .
0.1% TR LR LT . 0.1% P ER LIE), VL 9 Fp p-Z i sh 7
(-2 ISR OMAR AR BE 5 pg/kg) 5 B8N [] 5 711 114 1 B
R LR, RIS, R H 9
il B-ZZ AR Sh A NSO & o B-32 R B 70—k 55
&9, PSRRI RGER, PR SR v P 2 B B DA 1
FRME N . 20 BA BT E A ER, ZRa
Beva g, AFTIRBEEL, Hik, REEEIEN
PRI
3.42 At Xehik#E

PRI E Bl W I TS 4 R 42 2, TR Al i Ak
NEE, WAL RS E AR IR . A
FEFREHE T IE ORI AR . Wk . gk
3 Fhidefl )y SRR, S5 SR 3. & BRALSE B AR
W, BEIaEm, B ighis, BHUREH, ol sR,
Il e o AL PR O X gk, BRI
B, RO R, FURTE RS LT 58 i, 3
il 8 FhfbA P IISCR AT, WIS, SIS, WO
M, T IECREE— 2k, 9 F LAY GRS IEC
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BRI I, FER A IR L b A AR & — U /e B A A
oo BT BEISEYRIOR, GO T HAR . IR . SR 2, K 0.2-0.5 ngke.
B, A R e W 5 350 ik AR R

e SYRIEE I . BEIE . PIREh 2 RS, TG,
3.5 SEEAISF ;
351ﬁjijﬂ 53 AHREE KT 9 R B AR A bR, SEFFATAL
- B i RALAY, N RIEAKTEAT 6 WE, 2550

iR, St RS BRI § B B
B R TR, TR RIS 56 e He (S/N) ’ " 2 TR, AT

lati iati RSD)H 2.5%~11.3%,
PR R . ABFCERL R R A TR kg, -Uciave standard deviation, RSD)J 2.5%-~11.3%

R3 AFISRERMERAHENIERL. BXRBRAERET

Table 3 Standard curves, correlation coefficients and matrix factors of solvent and matrix standard samples

s VAR AR U 2k FE bR 2k MF
AT AR Y = 2603.87+98463.3X(r=0.9997) Y = 4349.2+481766.4X(r=0.9979) 0.8
oS Y = —3537.4+116942.X(r=0.9998) Y = -32741.1+109151.X(=0.9989) 0.9
T e Y = 20412.8+116532X(r=0.9996) Y = 1584.11+131854X(=0.9998) 1.1

Je v 2 E ik Y = -1594.56+68191.2X(r=0.9997) Y =2016.29+44237.6X(r=0.9987) 0.6
TS Y = 10680.2+109367.X(r=0.9999) Y = 10027.4+55000.6X(=0.9975) 0.5
AR Y = 7646.61+73732.8X(=0.9998) Y = —694.105+43330.8X(r=0.9979) 0.6

TR TS Y =2061.87+65388.5X(=0.9995) Y = —6054.59+36501.2X(=0.9978) 0.6
BAike % Y = 44415.1+178271X(r=0.9999) Y = 4044.6+107430X(r=0.9996) 0.6
X Y = —16348.9+217421X(r=0.9997) Y = 12471.6+135702X(r=0.9993) 0.6
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Fig.3 Effect of different purification methods on the recovery of 9 kinds of S-agonists
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Table 4 The recovery and precision of 9 kinds of kinds of f-agonists (n=6)

EY JAR K-/ (ng/kg) IEhE RSD

FEAT A 05,1,5 88.1%~90.8% 5.9%~11.3%
YRR 05,1,5 76.3%~90.5% 3.9%~9.6%
W T 0.5,1,5 90.1%~110.8% 4.1%~12.3%
BN S 0.5,1,5 85.0%~92.5% 5.0%~9.9%
SRS 0.5,1,5 91.0%~100.7% 5.1%~10.3%
WRATEES 0.5,1,5 84.9%~97.3% 3.2%~9.3%
RACERR S 0.5,1,5 77.9%~92.7% 3.7%~9.3%
HAiF % 0.5,1,5 74.3%~89.5% 2.5%~8.3%

YA 0.5,1,5 90.3%~107.5% 4.1%~8.9%

100 203.01352

Relative Abundance
Wi
S

30 132.06815

20 168.04472
15 57.07063

197.89159
5 0.02618 161.095
L BT g5 0017 y19gessi]| [stotssn | 8998682\ lhipoamo 23516p23 25907605
60 80 100 120 140 160 180 200 220 240 260 280 300
mlz
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Fig.4 Secondarymass spectrumof theclenbuterol in positive sample
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