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ABSTRACT: Objective To establish a method for simultaneous determination of 5 kinds of f-agonists (clenbuterol,
brombuterol, bromchlorbuterol, terbutaline and salbutamol) in chicken muscle by ultra performance liquid
chromatography-tandem mass spectrometry (UPLC-MS/MS). Methods Chicken meat samples were hydrolyzed by
p-glucuronidase. And then the extracts were purified and concentrated by MCX column, analyzed with UPLC-MS/MS
and quantified by internal standard method. The hydrolysis efficiency of f-agonists in chicken muscle was also
evaluated, when chicken meat samples hydrolyzed with different enzymes from different sources. Results The
calibration curves were good linear between 0.1-50 pg/kg, the correlation coefficient for all analytes were higher than
0.9991. The limits of detection (LOD) of 5 kinds of f-agonists in chicken meat were 0.02-0.24 pg/kg, and the limits of
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quantitation (LOQ) were 0.1-0.71 pg/kg. The recoveries were ranged from 77.8% to 117.5% for the 5 kinds of S-agonist
residues at 3 spiked levels of 0.5, 5 and 40 pg/kg with relative standard deviations (RSDs) less than 7.9%. Under the

same conditions, recombinant f-glucuronidase (IMCSzyme®) was able to dissociate terbutaline and salbutamol

conjugated in chicken more efficiently than S-glucuronidase from Helix pomatia. The measured content was increased

and the results were stable. Concluson This method shortens the hydrolysis time of the sample, improves the detection

efficiency of the f-agonist, which is suitable for simultaneously detecting the content of 5 S-agonists in the chicken.

KEY WORDS: p-agonist; f-glucuronidase; hydrolysis; ultra performance liquid chromatography-tandem mass

spectrometry; chicken meat
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WA {9 3% ¥ (high performance liquid chromatography,
HPLO)!'™, S A 4, 3% - 5 1% ¥ (gas chromatography-mass
spectrometry, GC-MS)!'Y, ¥ AH {4 % - 7 1% / 5 1% 3% (liquid
chromatography-tandem mass spectrometry, LC-MS/MS)!'>14],
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21 #Eb IR

Acquity™ UPLC-XEVO TQ-S i i &5 AH (0, 1% - 52
IBE B 1A (35 [ Waters 23 F); Acquity™ UPLC BEH Cj; 4,
JEF(50 mm=2.1 mm, 1.7 pm, 3 [E Waters 23 ]); F6 [A] B
FE I YI(#EE FLUKO Aw); 5417R & v B D HLAEE
Eppendorf A &]); pH i1 (Fit- METTLER /A H]); NDK200-1A
96 FLAMAL (BT K BRA AT B2 7] ); MCX TR A BH 25 7 [
ARZEEURE (3 mL, 60 mg, L5 MRl 514 BRA ) o

HIR . ZI5(aikal, fE CNW 2AH]); HE(faikat,
T8E Merck 2 n)); ZUK(EIELE, =25%, FWERTH T2
Al); EAR . AN EAREN . RNEE. ZR TR
i, [ 2GR A BRA H); SEAe4E 2 (clenbuterol) |
A FE S (brombuterol) . JRAY 5T 84E % (bromchlorbuterol) |
Hp A Ath AR (terbutaline) . V0 T % B (salbutamol) . 70 T i
-Ds(salbutamol-Ds) . 447 fl R -Dy(terbutaline-Dy) . FEAB4F
%' -Dy(clenbuterol-Do)(4li i = 99%, & E WITEGA 2\ Hl);
IMCSzyme™(3[E IMCS /A1), W2 B-H %0 W e 1 it (2 ]
Sigma A H])o

Vo TR . AT b bR B XS PR R S A AR B R 49
H &t e AA B SRS 8 1, 76 HARhdsn 1 g/kg 1OTS
TREmE . FRAE AR, MR 21 d 5B SE, BUILREES, T
—80 CLRAT--
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22,1 EREH

B-Z SNSRI 43 SRR PR IBGE it v 18
R BUARER . ACSURARR | R AR . 1D T RS
Wb, BV AR 2%, A TOHIEL 100 mg/L AbRIE & ik
W, —20 CLRAE; 43 BIHLS Fh g2 iRl it s i, HIH
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BERREIC N 200 pg/L MTRAARHE AR, JE R shAH
(FEEIK, 5:95, ViR E N 0.1~50 ng/mL (RS
VAT .

HEFPRIBUE R AR-Dy . SARRRE Dy, V0 T HicEE
-Ds, HPFEARHER, FHH L 1.0 mg/mL 1 NARME R
T R I PR TG 49 A1 fl AR -Dy 80 pg/L . FEARHER -Dy
80 ng/L. Vb BlE-D; 20 pg/L (¥ BRI o
222 HSEraE

FREL(2+0.01) g L35 WS AIBE AL T 50 mL 2.0 H,
A 8 mL ZFRANZE ik (pH 5.2)8% 8 mL P 7K #7252 ik
(pH 7.4), B, B AW E p- % 4 08 % 5 g
IMCSzyme®, {R21)5, 37 CTFHATRKMN . FEK RIS
FESTPA 100 uL MNARIR G T FERE-Ds 20 pg/L,
FEAAR-Dy 80 pg/L, FEARFEF -Dy 80 pg/L)o. il & FK
iR e FYRY 15 min, 5000 r/min 25.0> 10 min, B 4 mL
LIFBOIMA 0.1 mol/L B A IRIAEH S mL, 1RG5, AR&A
2 pH {E % (1£0.3), 5000 r/min &5.0> 10 min, 843
HEW(Z 10 mL)F] 50 mL .08, H 10 mol/L A SALL
FEBOTE pHAEE] 11,00 A 10 mL 4R A S AN TR FI 10 mL
SHNEE-ZBRZEE 64, VIRAER, TR, 78
5000 t/min F &0 10 min, #F2FA YA, 78 40 CTTH
AWK HRT . A 5 mL ZBRENZE s (pH 5.2) B b idi K
RSP (pH 7.4, WA IRS), ks T aEmin &,
gk o
223 Han&tt

H BB 72 /M R B P A e, AR
. 0.1%EREEK % 2 mL IG4bAE T % LR sRis v AT,
MU 2 mL 7K. 2 mL 2% ER/KEF AN 2 mL Y By i AT
FIBRHT, S5 2 mL 5%%0K F BEA R DE A F
B4 R 40 o VT HIAE 0.5 mL/min, YEBGTE 40 'CF &
S IRF BRI 200 uL 0.1% H BR/7K - F BEVE 1 (95:5, V2V)
Ff, MRS, 0.22 um B NE, A R SOR A (2 55-

®1 ZREEN

RSSO E .
224 RAEEE- B BRI

(1) WBAHEE S

Waters ACQUITY UPLC BEH Cq fi%41:(50 mm x
2.1 mm, 1.7 um); HEhH A 4 0.1 %F BR-KEW, WHahH B
0.1 %HR-Z NGV, WE: 0.2 mL/min; FEiR: 35 C;
PR 5.0 pLo WRAHGREM EVEIA)T: 0~3.0 min,
4%~8% B; 3.0~7.0 min, 8%~40% B; 7.0~7.5 min, 40%~95%
B; 7.5~8.5 min, 95% B; 8.5~9.6 min, 95%~4% B,

(2) Fuikskf

B TR MLWE%E B 1 U (electrospray ionization, ESI),
WEEFAR X, 20 M (multi reaction monitor,
MRM); BAEHEIERN 3100 V; EEHSGES40A )R
9 800 L/h, ZVE IR 200 °C; i FH BT 1 &S M 2 LA
68 T R SR SR BRI R o Ik 5 R -2 RS RIS
W& 3 PR S B EE SR L3R 1.

3 HER5HH

31 FHEMZMCEREHR

ASCRHIAFREXS 5 Bl p-32 B T 50T
i 2.2.1 W PTRECH R GRS AR AR, HilARvR
FE 0.1, 0.5, 2.5, 10, 20, 50 pg/kg HIR-AFRHEIRR, K
FRYIVD T HERE-Ds W S5 pg/kg, Fififbbk-Dy W N
20 pg/kg, WACREE -Dy WEJE R 20 pg/kg, IR EHLINE,
V- 270 5 o 5 o e 1 06 T R X O P P AR D T AR L
TEA DAARAR(Y), A 8 TR 3 R o A s (X)), 265 il o o il
2k, RBILRETTRE, 5 Fh p-Z R E 0.1~50 pg/kg I FR
SRR S B B R AP M e R, RGN
0.9991~0.9998., LL 10 fif{5 M Hof e Ak -G Wi 75 vk e BB
(limit of quantification, LOQ), LA 3 f5{5Me Ll i35 25 M a4
HBR(limit of detection, LOD), 253 ILFE 2. 5 Fl -2

IEFRRIESH

Tablel Multiplereaction monitoring setting for M S/M S of each analyte

BT

THT HEALHLE

i A

A L (m/z) (m/z) 1A% eV o
1 A A AR 226.1 107.0*/152.0 30 15/30 2
2 T B 240.1 148.0%/166.0 25 20/12 1
3 SRR 277.24 132%/168 6 28/26 3
4 TRATRES 367.1 214.1%/293 30 30/18 3
> bromchlO;ﬁigig/fjiilorbuterol 321.25 247.16%/168.2 10 16/28 3
6 0T E-D; 243.1 151 30 16 AR 1
7 AT A AR-Dy 235.3 153 30 15 AR 2
8 SRS Do 286.4 204 30 16 AR 3
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Table2 Linear range Standard curves and correlation coefficients of 5 kind of g-agonists
G5 Ew LI (ng/kg ) IS MXRE()  HBR(ueke) &EBR/(ng/ke)
1 A AR 0.1~50 ¥=0.331102X+0.00362163 0.9998 0.04 0.12
2 [ 0.1~50 ¥=0.851578X+0.00652387 0.9998 0.02 0.1
3 RS 0.1~50 ¥=0.28628X+0.00411336 0.9993 0.24 0.71
4 RIS 0.1~50 ¥=0.688378X-0.00508109 0.9999 0.08 0.24
5 AR 0.1~50 ¥=0.284725X-0.00519134 0.9991 0.06 0.17

SR BN 0.02~0.24 pg/kg, ERFRJ 0.1~0.71 pg/kg,
R E =TI ER, Jr s BOR e r R R B .
32 FEMEBIWERMBEERE

K ARG RS R A, AT INbR EISCRIAR 25 B S0 o B
m IR, L w3 NRIEKE(0.5. 5. 40 pglke) iR
GARMEE R (N BRTD T IR -Ds WREESN 5 pg/kg, FRATfHAR
-Do V&N 20 pg/kg, ARHER -Do VRN 20 pg/kg), HA
WM 3 APATREAR, AR SZI0 7 ik b A TR G AL AN
M, 450 0E 3, FHEIER 77.8%~117.5%, FHXTHR
Wi 22 (relative standard deviation, RSD)} 1.15%~7.9%.

*3 BAT 5 M p-ZEHEFIE TR (1=3)

Table3 Averagerecoveriesof 5 kinds of g-agonistsin

chicken (n=3)
IR
95 ey 0.5 pg/kg 5 ng/kg 40 pg/kg
Elfe% RSD EIJCE RSD [MIE#E RSD

/% /% /% /% /% /%

1 Fefifbk 987 45 896 7.8 1049 7.0

2 VTR 820 7.32 1059 7.08 77.8 2.77
3 wieHE® 960 625 101.1 6.1 1175 1.15
RS
4 . © 1044 29 1010 337 1144 79
%

5 RS 840 67 939 38 1123 7.1

3.3 HARERRE

U T R B FNRE AT M8 TR I UK 2 e 2y, iX
oy B-Z B FILE SR N R R b, 7R R
M. RRERSEER T RS RIS N, A A Fhe
YT, R AERE G PR AT 2 o X R A T
KSR, LA A A5 A T I 0 ik s s HE RS A SR AR Y
Sk L BRGSO RL | AR R AT R (R R
B B BoK e i e AR R T A, LA R AR IR R]
TR AR TG R (019 IMCSzyme™ & — P ] T
R A RRRE, HA @R, 5N
ARSI () S 500 FE BT 5 2 D, 3 H IMCSzyme™

TR | 2l RS ) R UL AR R ] IMCSzyme®
FURA: BT W FR G AT AR LN, DAVD T e AN A
A BRI RS R RE AR AR LA 2 R A K BRI
HE A A0 A7 B S5 R L B AS () 7 AR e T 0T ) D e A ) &%
B A0

HUUD T e 1 00 A b bR B R XS I RE B 2 g, A
0.2 mol/L ZFR4NZE M (pH 5.2) 8 mL, M4 p-A A MmE R
fitf 50 uL, 37 ‘CHUE 15 hy 3 HUD T B AR AR A Al B 1 XS
WEE G 2 g AP K 22 R (pH 7.4) 8 mL,
IMCSzyme® 50 pL, 37 CHt & 2 h 8¢ 15 h; B NG, %
SEURE T A AL P B S Ak I EA A B, UPLC-MS/MSS 5
W Z5RAE 1 BR, VT B FUREAT AR B AR
Z W A B 7 T R T K A Ak B O I R 4 54 B R
8.62 ug/L 1 9.66 pg/L; 2 IMCSzyme™ /KA 15 h B E 4%
AR 107 pg/kg A1 13.17 pglkg; FERFH, MHILERT
W AF - R TR TR T, A A () 10 Tt P o R K A BT
IMCSzyme"™ i 55 45 25 B4 A 5 X P AP 8 45 0 5 A b b A
T B LT VD TR B RRE A A AR BE A AR G 4
IMCSzyme™ /K fift 2 h B9 %E 25 435k 8.57 ng/kg
15.74 uglkg, FRHZKAMRRT AT AT LS 350K 7 40 1) Bk e
A ALK B XS P RE A 28 IMCSzyme ™ K A 2 h A5 &5
KA 1S h S, ULBHARRT MoK AR, K
fi B ) 23 5 DRAL G W AERE M, DT 3 3500 2 1 25 R R
i, @i 1. B 2B Fizs . H# IMCSzyme®™ K i 520 2 h il
15 h (I E S5, 28] IMCSzyme®a] ILE 2 h S8R MIHY
PHUK i, TG T K AR RO A BT P A, (AT
I 45 S A v A, [ Y TR I A A TR, B
TR

[FIB AR 2T IMCSzyme™ (i 5 DL K K A 52 i
B IEDXT B-2 AT 0 7RI HE G PR Pk B S RS 225 SR A s o B
T R BEFNRRAT AR PREXS A RE S 2 g, I APRGHUK i 22
i (pH 7.4) 8 mL, IMCSzyme® 10.20,30.40.,50 uL, 37 °C
OB IR KA N S5, i B S Ak B R g Ak ik
T4 FE, UPLC-MS/MS #: . 25 R nE 2A FroR,
IMCSzyme™FHHE A 10~50 pL X0 T B A4S A fth bk 55
W 25 5 A B R
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Fig. 1 Evaluation of the hydrolysis efficiency of two

f-glucuronidase enzymes for f-agnonist glucuronide
conjugates (n=3)
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Fig. 2 Effect of enzyme volume and incubation time on the

hydrolysis of glucuronides of Salbutamol and Terbutaline
with recombinant S-glucuronidase (n=3)

TS T B FUREAT (AR PR RS IR S 2 g, AR
K@% vh# (pH 7.4) 8 mL, IMCSzyme® 50 uL, 7E 37 °C
BUE 2. 4. 6. 8. 10, 14 h; /KRG, RS RTAL

T KRR S AL T B AT AL ], UPLC-MS/MS #6, %fKk ##%
s e AT AT . S5 R4 2B s, JKF@ 2 h iy, 70T
i T RV AT At bR P v B 35 T SR A, B P A R K AR
], WRE 2SS AR, MR 37 C 2 h 5 EHHIE A
SER, AREEFE K K A S s T o 4 e SR U R T R R
Wi, (E4RAR AR VR EEYE 8 h JEIRRAK, FEA K A H-) 18] 4 28
K AT S BOR A U MOK = AR, DTS S80I 2 14 45 5
REAIG

ARG TR SRR | ARSI
Fe% | JEAifbAR . VT RERE A bR . VT R S B gz
WK UPLC-MS/MS #6532 o 2805 22 000IE, Jr ik
(A IRDACRR | R 2 R 0 3 BB A0 Tl J 25 P 5 7 e BT
A3 )R FAZE DN A2 R IMCSzyme™ F12E #4432 B 394
e B W T R WA T K A SN, 2 BH PR R R AR R 1k
FI| BLAT 1 K ARRCR, {H IMCSzyme® HL IR 2F B-7 2 0 FR TG
HIZK R 2, I HLgisb IMCSzyme® fi) 2 11z o A [
[FIRE RE I FIAR AT A K AR, TRt FH IMCSzyme ® #EF 17K
fiff SN AT AR R -2 PRI Sl ARG I F B T, B e A 5%,
TR UEAS I 25 SR R v, 55 2 BAR
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