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Determination of 11 B,-agonists in Foodstuff of Animal Origin

by Liquid Chromatograph with Tandem Mass Spectrometric Detection
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2. Shanghai Entry-Exit Inspection and Quarantine Bureau, Shanghai 200135, China;
3. Shanghai University, Shanghai 200444, China)

Abstract: The method for determination of g,-agonists (salbutamol, terbutaline, cimaterol,
cimbuterol, ractompamine, clenbuterol, bromobuterol, isoxsuprine, mabuterol, mapen-
terol, bromclenbuterol) residues in liver and meat of pig was developed by HPLC/MS-MS,
The sample was extracted in acetate buffer (pH 5. 2), hydrolyzed by g-glucuronidase-aryl
sulfatase. The protein was precipitated with perchloric acid. The extraction passed through
a cation exchange column (MCX 3 mL, 60 mg), Clenbuterol-D9 &. Salbutamol-D3 were
used as an internal standard, then eleven p;-agonists can be determined at one time by
HPLC/MS-MS. The experimental results from spiked liver sample indicate that the recov-
eries range from 89. 4%-110. 5% and the RSD is 1. 1%-2. 8%. The limits of detection
(LODs) is 0.25 pg + kg '. The method is suitable for food safety.
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Table 1 Chemical structures of f,-agonists
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mark) ; (Supelco) ;s pH  (REX 0.2 mol+ L7' pH 5.2 ,
PHS-3C ), , 50 ul 8 -

1.2 , 37 °C o
(g-glucuronidase/aryl sulfatase) : 1.4.2 15 min, 5000 r
Sigma ; (salbutamol) , « min ! 10 min , 4 mL
(terbutaline) , (cimaterol) , . 100 pL 10 pg « L™
(cimbuterol) , (ractompam- (clenbuterol-D9, salbutamol-D3), s
ine) , (clenbuterol), (bro- 5mL 0.1 mol « L .
mobuterol) , (isoxsuprine) , pH 1+0. 3, 5000 r « min~!
(mabuterol) , (mapenterol) , 10 min , 10 mol -
(bromclenbuterol) ; L™t pH 11, 10
s Oasis MCX ml 10 mL -
(60 mg,3 mL): Waters (6:4) , , 40 C
N H : 1.4.3 5 mL 0.2
clenbuterol-D9, salbutamol-D3, 98 % mol « L' (pH 5. 2),
(Dr. Ehrenstorfer) ; Millipore . . MCX
o (3 mL,60 mg)
1.3 s o 2
1.3.1 fj- mL 2mL 2%
1. 00 mL . N \ , 2 mL 5% ,
N . 40 C , 200
R . R pl 0.1% V( )2V ( )=5:95,
(100 mg+ L") 100 mL , 15000 r » min' 10 min,
, ,—18 C o .
1.3.2 1.5
clenbuterol-D9, salbutamol-D3, 1.5.1 : ATLANTICS
100 mg « L7} . Ci5(2. 1 X150 mm,5 um, Waters) ; AT-
10 mg » L7! LANTICS C;5(2.1X10 mm,5 pum, Waters) ;
. :35 Cj A:0.1% .
1.3.3 50% B:0.1% ; :1=0
(100 mg+« LY min,4%B;t=2 min,4%B;z=8 min,23 % B;r=
100 pg«+ L' 10pg-L ", 21 min, 23% B;¢= 22 min, 95% B; ¢ =25 min,
(100 mg » L) 100 pg = L1, 95%B; ¢t =25. 5 min, 4% B; :0. 2 mL -
min~'; .20 plL;
, 1.0.2.5.5.0.10, 1.5.2 ESI
20 g« L' ’ ; :3. 44 kV; :25 V; RF
-D9 -D3 :0.2 V; : 100 C;
5.0 ng, :350 C; 20 L-h';
1.4 (600 L+ h';p
1.4.1 2 g R 8 mL 2,
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2 Bi-
Table 2 Detection conditions of f,-agonists
{r/min /eV
1 6.16 240/148 240/222 18
2 6. 24 226/152 226/125 18
3 7.01 202/160 202/1 143 18
4 11.07 234/160 234/143 18
5 14. 65 302/164 302/284 18
6 15. 66 277/203 277/259 18
7 16.52 323/249 323/168 18
8 17.47 367/293 367/349 18
9 18.72 302/150 302/284 22
10 18.77 311/237 311/293 18
11 23.11 325/237 325/217 18
12 -D3( ) 6.10 243/151 243/151 18
13 -D9( ) 15. 60 286/204 286/204 18
1.6
1.6.1
, 2.1
’ ’
25% (MRM) )
0 , ,
1.6.2 (D B .
o . N s
salbutamol-D3 ; 1. 2.
N . N N 2, 2 s
clenbuterol-D9 . 2.2
X:CXCZXAOXAIXV 1
Ci XA, XAXW
X— Tpe s salbutamol-D3 ; .
kg ';C— Be-

g LG . . clenbuterol-
spg e L C— D9 . (pg s LD
spg * LT A— )

Bz’ ;Ao , . ,
B A 1.0~20 pg» L
s Ay : F=>0. 998,
$Ve— 3,

smL;W——o g
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Fig. 1

Chromatograms of 7 kinds of f,-agonists by multiple reaction monitoring (MRM) scan mode
(A) salbutamol-D3; (B) salbutamol; (C) terbutaline; (D) cimaterol;

(E) cimbuterol; (F) ractompamine; (G) clenbuterol-D9

3 B.-

Table 3 The calibration curves of f3,-agonists

Target ion m/z

226/152
240/148
202/160
234/160
302/164
277/203
323/249
367/293
302/150
311/237
325/237

Y = 0.071 5X—0.004 7
= 0.088 7X + 0.004

Y = 0.042 9X —0.003 1
Y = 0.144 2X—0.026 6
Y = 0.314 9X—0.037 7
Y = 0.104 4X—0.037

Y = 0.098 8X—0.029 2
Y = 0.102 5X—0.023 2
Y = 0.071 3X—0.009 2
Y = 0.069 1X—0.024 8

Y = 0.198 3X—0.042
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. 999

. 999
. 999
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Fig. 2 Chromatograms of 6 kinds of f,-agonists by multiple reaction monitoring (MRM) scan mode

(A) clenbuterol; (B) bromclenbuterol; (C) bromobuterol; (D) isoxsuprine; (E) mabuterol; (F) mapenterol

2.3 (LOQ) 2.5 B.-
. 8-
. Be-
0.25 pg * kg ' ,
. . ; 3,
2.4 2.6
Bo- 0.5.1.0 .
2.0 pg = kg ', ;
\ , 11 . . Be- ,
89.4%~110.5%,RSD  1.1% . 40% ~45%

~2.8Vo .
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Fig. 3 Fragmentation pathway of cimbuterol

) 4 pH
s o B~
Be- , Table 4 Efficiency of fi,-agonists extraction in different
( ). pH by different solutions
N /% - (6:4)/%
. . pH9.5 pH1l pH9.5  pHII
o 16.6  10.0 61.1 48.7
B - 22.1 8.2 16.5 41.5
,pH 5.2 37 C , 67.0  70.9 31.9 72.8
o 62.6  68.8 42.6 70.0
2.7 70.8  66.8 19.3 72.5
2.7.1 - B2~ 78.9 711 50. 1 76.6
’ ’ 69.6  68.4 62. 1 76. 6
° pH pKa 61.3  52.0 53.5 63.3
’ 712 64.9 92.1 71.0
( > > > ) 70.7  64.9 46.9 72.1
’ 72.3 61.0 59.9 73.3
o pKa ,
pH 9 B
pH 9 . 8- 2.7.2 B2
—CH,OH , ’ ’
( )
Be- o ’
- (6:4) ’ °
pH 9.5 pH 11 ’ ’
’ 4, pH 11 C18 N (SCX) .
- 6:4) , Be- °

Oasis MCX Bu-
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~pH 3
o 0.2 mol - . .
L™ (pH 5.2) 0.1 mol» L' , -
(pH5.2), 1pg-+L"! 11 Bo- .
’ s pH 0.25 pg
5.2 , kg ',
5, s
5 o
Table 5 Recoveries for the experiment
of selecting the extraction solution
(pH 5.2)/% (pH 5.2)/% 17 i i ] M.
1 2 2 : , 2002.
95. 4 86.8 57. 62.9 [2] COURTHEYN D. IE-BIZEC B, BRAMBILLA G.
39.5 82,2 56. 61.3 et al. Recent developments in the use and abuse of
07 9 86,6 - 613 growth promoters [ ]J]. Analytica Chimica Acta,
2002, 473(1) . 71-82.
99.3 88.7 41. 48.2 [3] i . . . B
95.9 89.2 56. 62.2 11 s [1].
89. 9 82.2 52. 61.7 , 2005, 26(3): 129-137.
100. 8 86. 6 62. 69.9 [4] DAMASCENO L, VENTURA R, ORTUNO ]J.
6. 4 83.1 48, 56.5 Determination of clenbuterol in cattle, sheep, and
919 _— 5o 585 swine tissues by electron ionization gas chroma-
tography/mass spectrometry [ J]. J Mass Spec-
Mo gk ek 079 trom, 2000, 35: 1 285-1 294.
00.7 83.0 61. 68.1 [5] BATIOENS P, COURTHEYN D, BRABAND-
ER H F, et al. Gas chromatographic-tandem
mass. spectrometric analysis of clenbuterol resi-
’ dues in faeces[J]. Journal of Chromatography A,
X ’ 1996, 750(1/2) : 133-139.
° [6] LIN L A, TOMLINSON J A, SATZGER R D.
’ ’ Detection of clenbuterol in bovine retinal tissue by
s high-performance liquid chromatography with elec-
. trochemical detection[J]. J Chromatogr A, 1997,
2.8 Bo- 762(1/2); 275-280.
B.- [7] HAASNOOT W, STOUTEN P, LOMMEN A.
i Determination of fenoterol and rectopamine in u-
’ ’ rine by enzyme immunoassay[J]. Analyst, 1994,
° 119(12) . 2 675-2 680.
’ ’ [8] , . HPLC/ MS
H ’ ’ B LIl s
y 2004, 10(4) . 244-247.
[1] [9] KOOTSTRA P R, KUIJPERS CJPF, WUBS K
’ L. et al. The analysis of beta-agonists in bovine
muscle using molecular imprinted polymers with
’ ’ ion trap LC-MS screening[J]. Anal Chimica Ac-
B~ ta, 2005, 529(1/2); 75-81.
° [10] WILLIAMS L D, CHURCHWELL M I, DO-

ERGE D R. Multiresidue confirmation of p-ago-
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nists in bovine retina and liver using LC-ESI/
MS/MS[J]. Journal of Chromatography, 2004,
813(1/2): 35-45.

[13]

Anal Chem 1996, 68(11): 1 918-1 923.
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D,
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