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B Bsk RN Z ISR, % Waters Acquity UPLC BEH C g (435 F: 4085, DL ZI5—0.1% H R W A i ke it
FTREEEVEI, HUBEZE IE B8 T (electrospray ionization, ESIH#EZUHLES, 225w Wil (multiple reaction monitoring,
MRM)FIHERAGI . ER 6 FLAWILE 0.2~50 ng/mL JE I AP IER R, MERBO AT
0.990, i FRA 0.04~0.11 pg/kg, & MMEHER P 3 ARG BIEN 86.2%~99.2%, AHXHrifE (R
2N 3.2%~8.4%. GEe ATy UHRAERIE, PR, A TSR G 6 R -2 SR S 25 Wy ] i
FEVE. ERAHT
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Determination of 6 kinds of #-agonists residues in animal blood by ultra
performance liquid chromatography tandem mass spectrometry
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ABSTRACT: Objective To establish a method for the determination of 6 kinds of f-agonists residues in animal
blood by ultra performance liquid chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods Samples
were extracted with acetonitrile solution, and separated by Waters Acquity UPLC system with a BEH C,g column.
The mobile phases were acetonitrile and 0.1% formic acid aqueous solution in gradient elution. The electrospray was
operated in the positive ionization mode, and the compounds were identified by multiple reaction monitoring (MRM)
mode. Results A total of 6 kinds of compounds had good linear relationships in the range of 0.2-50 ng/mL, and the
correlation coefficients were larger than 0.990. The limits of detection were 0.04—0.11 pg/kg. The recoveries at 3
spiked levels were 86.2%—-99.2%, with the relative standard deviations of 3.2%—8.4%. Conclusion This method is
simple to operate and has high recovery rate, which is suitable for simultaneous qualitative and quantitative analysis

of 6 kinds of f-agonists in animal blood samples.
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WP IRDTTUR . SR B TR AL R, W
BT & At i TSI T S IR
HEVE PR, IR B S ANTE, 1 ARl
T F AW FAE 1A p-s2 sl T g e sy, (3
JE H T ROIPR 25 ARG, 2006 45 DUKEE PRORS Hh g 00—
Sl AAL STz R, A T TR IR, LA A
K47 2 3 —E M, (HATAFRR RS B T AU, B
TS 2 (2 3 ve 22 T I, 36 H BRAE ARDRH S i) v
T B 45 PR ) e P SR v 2 EL TR AT IR A A £

ey BEAT 25 Wy 5% B AT 4 O 280k [ PRt 2 ok
R L R, e A 00 3l 0 o 9 245 0 % B T T 4k 4
UG WIER BRI DL, A5 0 25 ik B M P 4R 3t B T i PR g
F10 T R T 5% B A 0 9P, X2 M sk R W L
RAYBIEFISEBRTE S, 3 G s IR A B TR 3%

FURT, SCRRIRIERY f-52 W sl 2 25 My iR 5 3%,
REEHS Bl T GWE RS IERY, Wk i e B
FEIE B SCRRARGE R sl ] S U U 2,
3 B[R A IORE e, S BORE i A B D7 4R B
B, FERHREARUSON B M AR B ZT 430 S SR 6 7 209 1L Y
BIRFERENT, FRNL MLRORE by RV AL S A 1%,
THIE R, — A AT B LR, REEUE R, &
PG SF R 55— ThI AT 3 A A4S D00 0 49 1Lk 245 ) 5% B 93
AT S AR R 25 B A O, e S sl R AR 1 TR 9%,
LI N sy ] PR P i B2 R BRI S

2 MRS

2.1 UE5EHH

ACQUITYTM it i B AH 1AL (32 [E Waters 23 H]);
Qtrap 5500 14X (34 E AB Sciex 22 H]); BSA822 M, T/
F-(J&& 0.01 g, 725 Sarturius 23 7]); XW-80A HEIRIEA
A 2 AT AS); SR-2DS 3 1R # (H 2 Taitec 24
)); MG-2200 E WAL (H 48 EYELA 4\ #)); Z323K & 30
HL(#EE Hermle /A wl),

R (IS 4l, 15 F Dikma A8, ZJE(aigal, 15
Dikma A #]); AT /K M#E 4K (Millipore £l /KA £5)

FRUESh: RS . KB E. YT REERE . Rl
PR, PEEERS . WEARES YO0 100 pg/mL, 1 mL, 1 H &k
BRI ORI BT 0
22 EWHE
221 HaHlE

XGRS o FHUEEE T, fE-18 °CHRURIAAE, Bk
BERGAH.
222 H&ATAE

HERRFRE 1 g MLAAESS (RS 0.01g), BT 10 mL &
DEY, A 2 mL ZJEREW, 750 0eR . R R
10000 r/min £5.0> 8 min, EIFRFEATG—ELOEH, FHIIA
2 mL CNERIRERERIR 1K, BOREI BRI, K EER
T 40 °CKIBHEMELE T, A 1.0 mL 0.1%HRRK IR
fi, 1 0.22 pm EME, R,
223 MELEH

(1) &g

@ik Waters Acquity UPLC BEH Ci5#1:(100 mmx
2.1 mm, 1.7 pm); 33#: 0.2 mL/min; F:I: 40 °C; FEARARF:
10 pL; JEBNHH: A MR 0.1%F B/KIEW, B MR G, A
PEMEFESF: 0 min, 95%A; 2 min, 95%A; 10 min, 10%A; 11 min,
10%A; 11.1 min, 95%A; 15 min, 95%A .

(2) B afr

HLE 7 FRIBISE 1E B F HL 24 (electrospray  ionization,
ESI+); Wi % H, & : 5000 V; B F I I & (jon source
temperature, TEM): 500 °C; %5 4k < (gasl, GSI1) if = :
50 mL/min; HFEIINIVI(gas2, GS2)¥itk: 50 mL/min; <A<
(curtain gas, CUR)Ifi&: 25 mL/min; RifESJiE: 6 mL/min;
% 7% W JE (declustering potential, DP): 80 V; A K H J&
(entrance voltage, EP): 10 V; iz 2 5 b W iiAss =
(multiple reaction monitoring, MRM), A& AY4-1L-& 1Y
PR FR i [A] (retention time, RT), #H2F(Q1). F&T(Q3). %
#% i, JE (declustering potential, DP) , filf4# B i (collision energy,
CE) SRl %t 171 HUF (cell exit potential, CXP) L3 1.

3 HRESR

3.1 REUATIANEE

R THEE, 2. CBROHE 3 FHREUAT A IR B
R, R BN CMEVE AR BUA R SRR, o O
Ja X IR B PTRE ORI AT, ISR e 2 A, Z A1
ARBUR R BNSCR 97.2%, HEEAE A B0 ) [l i 5
H 91.3%, TR ERVESHREIGA R BICES 88.5%, B-3%
RISy P EE AL, 6 Ak &9 ¥7E 2 TP HE B
R, BIGERE CIE M HRBOA R
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3.2 RENERIEE
T HEE-0.1%H R . ZLIE-0.1%H BRIE N s &
AP, G5RBPSAWHELIE-0.1%F RN

TANARA AT Cpb ey O (e, DRIt hy, DNk
PP CHE-0.1% BRI A E s il . 3% 2 W EKF-
0.5 ng/kg WA IR IR AAF T BB S P IR

F1 JZUEVHRESH

Table 1 Chromatogram parameters of compounds

2 YR P B8 Hsf 6] /min Ql/amu Q3/amu DP/V CE/V CXP/V

302.2 164.1* 80 23 13

BT AuN 3 ractopamine 5.56
302.2 107.1 80 51 13
240.2 148.1* 70 24 13

DT TR salbutamol 4.30
240.2 222.1 70 15 13
226.2 152.0%* 70 21 13

A Ak terbutaline 433
226.2 107.1 70 36 13
277.0 203.0* 65 21 13

TSR clenbuterol 5.94
277.0 168.1 65 38 13
220.0 202.0* 65 13 13

[iEREe cimaterol 4.38
220.0 160.0 65 22 13
292.2 236.2* 73 23 13

WA RS penbutolol 7.68
292.2 201.0 73 28 13
285.8 204.1* 65 21 13

D9-FLiEF;E D9-clenbuterol 6.03
285.8 268.2 65 13 13

oo EEET.

#2 TRRIERETHELEDEUME
Table 2 Recovery rates of compounds under different mobile
phase conditions

[T /%

EY
ZIE-0.1%H R FHE-0.1% FH iR
Je i 2 i 98.2 92.1
T 93.2 90.5
FiAiftpk 86.2 83.3
RS 97.1 93.7
[LESESEA 95.3 91.6
WA 96.6 94.6

3.3 FRIEEHHMRK

Bl R 0.5 pg/mL &AL G Prid il 41 S ERE, 2
FIMN BB F&F, fifk DP. CE. CXP ik
B D), #5r MRM ik, B 1A RS TFRE.

34 FHAENZMTCERKHR

SR T s B R A P I, % R R R DG A v
Bk ik, JFH DO-Fefe AR B AR = .
FLARAES | e BN VT REE . AR A AR . VRS
WEATRES 6 b AW 28 (1 L BV T 0 ARk B2 43 1o 0.2,
0.5, 2.0, 10, 20, 50 ng/mL HIIREFRUEIRI, LIk M
AebR, WETH R A YA AR AR HE RN 48, &AL & P2k 2k 1m]
I RRFIAHOC R B SR 3. KPS EM: L SIN=3 T+ Ik
KR, K BRI 4.

ZERFH, 6 Fib S WITE 0.2~50 ng/mL L Py 34 S B
RAFIILRIE SRR, MRRE()IKRT 0.990,
35 [ENERRKIEZELE

) 4 1 L YROAE i R 2 S S A [ 2 TR A A vV T
A% 0.5, 1.0, 5.0 pg/kg 3 MR IIBRINFRFE, B4
TIFRAKTEATINRE 6 IR, He AR A 5L 50 T e -2
IR (n=6) FIAR X AR 22 (RSD), W3 4.

SERLRH, BB MBS P 3 R BRI K P2 [



%518 1) X H, A R RSO 3 - A B B A I S I R 6 Fh B-2 RISl e 2 iy ok B 6251

A 86.2%~99.2%, HIXFRUEMEN 3.2%~8.4%

mi P B-S2 AN R B B R AT AN, 200 DR OB R A H
WM, 2 R o R 3R e 2 LI AR, i

1.4x107
1.2x107 | Jy 8.3 ungkg 1 10.5 pg/kg, ¥ bR E A D BR
L LOx107F 0.5 ng/kg.
5 8.0x100}
B oxios} £3 6 BB KBYMEEEASRIALRE
i 4.0%105 Table 3 Linear regression equation and correlation of 6 kinds of
2.0><105 i p-agonists
0.0 } &Y e mlEypi FHCREL
0 5 10 15
Fsf ] /min e Z ¥=3.11x10°X-5.42x10* 0.997
o VT iR Y=2.14x10°X+2.31x10° 0.997
B SISm0 T o
Fig.l Total ion current(TIC)chromatogram of compounds EEZIRILIZN Y=4.23x10°X+3.4x10° 0.992
TARRRS ¥=1.89x10°X+5.43%10° 0.998
3.6 SCRRAESRAS (22 Y=4.2x10°X-2.66x10* 0.995
REFIEESE I ik, R S AN FRENY 30 Sk LR s Y73 78A0X-S 110" 0.993
T4 6T p-ZHRHHMFNLAYIMNEIZE, RSD, # PR (1n=6)
Table 4 Recovery rates, RSDs, LODs of 6 kinds of f-agonists(n=6)
ISR/ %
e 6 R/ (ug/kg) RSD/%
0.5 pg/kg 1.0 pg/kg 5.0 ug/kg
B Aul 3 97.8 98.5 99.2 0.05 5.4
T BT 92.4 93.2 94.8 0.06 8.2
EETEILEIN 86.2 87.8 88.2 0.11 8.4
AR 97.1 97.6 98.3 0.04 32
PUERRS 93.3 95.3 96.7 0.04 5.9
WA RS 96.6 96.2 98.6 0.05 6.8
4 & SEHk

ARSCR R 33 - ER IR BT RE AOAS I J 12:, s 1 [
I E B S LR S R 6 B B-S2 RIS RIZE 254
MEYE I k, Tk RIAE, BB, ik
R o SCHRBTSE R, e84 2 1E ML i 25 W)k B 5 1
TR PR 2 e B S LR AR DG 0GR AT, e A
) 1L 2 4 5k B T AT R M ST 2 Ak A O, b
Gt S WM R TR 2, TR AR 22 DRt o, 42 s e
e, LR SRR el S B SR L B SE . LA
J b, A AR PSS b TR SR BEEOR SCH, PR
A

XY Eo

e, KR, BRI, A ShALNRTR oS AR SN ARG Ty
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