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2.2
500 g -18 C o
(5.0+0.05) ¢ 50 mLL 10 mL (0.04 mol/L. pH5.0)
30 s B- / 100 L 37 C o
3 mL 10% Na,CO,-NaOH pH 11.0 25 mL
10 min 4 <C 6000 r/min 10 min 50 mL o 25 mL
40 °C o 10 mLL - (1:1
V/V) GPC 7.5 ~16.0 min 40 °C o 0.3 mL
3 mL HLB ( 3 mL <3 mL ) 4 mL
4 mL o 40 C - (1:1 Vv/V) 1.0 mL
15000 r/min 5 min 0.22 pm RRLC-MS/MS o
2.3 -
Agilent Plus C (150 mm x2.1 mm 3.5 um) A (0.1% ): B ;
0 ~7 min 60% ~90% B; 7 ~8 min 90% ~100% B; 8 ~14 min 100% B. : 0.3 mL/min;
0 10 pl; : 35C.
( MRM) ; 350 C
10 L/min 4.0 kV.,
1 9
Table 1 ~ Optimized parameters for analysis of nine steroid hormones using MS/MS with MRM mode
Molecul Ton pair for Ton pair for Fragmentor Collision
Drugs olecular ualitation uantification voltage ener;
& formular CAS-No q q & gy
(m/z) (m/z) (eV) (eV)
Trenbolone Cyy Hig 0, 10161338 s 271/198.9 130 2
Boldenone C1oHys 0, 846480 e 287/121 120 3
Nandrolone C1sHys 0, 434220 T 275/109 120 2
Testosterone CioHy5 0, 582249 228899/19079 289 /97 110 3(5)
Methandienone CooHag 0, 72639 o 301/121 100 3
303/97 20
Methyltestosterone CaoH30 0, 8484 303/285.2 303/285.2 110 10
Stanozolol Cy Hyy N, 0 10418-03-8 R 329/81 160 b
Progesterone Cy, Hy0, 57830 ST 315.5196.7 130 2
Nandrolone . 407.3/105.1 30
Phenylpropionate Car M3y 05 62-90-8 407.3/257.2 407.3/105.1 140 10
3
3.1
3.1.1
N o o B- /
° 37 C

(1:1

V/V)
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3.1.2 GPC SPE

. . ( GPC)
. GPC : CO785 2
( 12 ) Boi Beads S-X3
(200 ~400 ) : 254 nm;
(1:1 V/V); 4.7 mL/min; © 5 mL. !
4.2 ~7.5 min
254 nm
o 1 0.0 5.0 10.0 15.0 20.0
. t/min
7.5 ~16.0 min o 100 pg/L
95% . 1 (1) (2) GPC
Fig.1  Gel permeation chromatogram of grease (1)
5.0 pe/ke and hexachlorocyolohexane( 2)
3 3 (Cpqn HLB)
87.2% C, 70.5%( ) 93.3%(HLB) HLB . .
4 mL GPC SPE
3.2
0. 1%
16 min o
7
2 o N
o 2 4 6 8 10 12 14
t/min
3.3 MS/MS
. 2
( APCI) Fig.2 TIC chromatogram of spiked blank matrix
1. Trenbolone) ; 2. + Boldenone +
CESI) ( ) (
Nandrolone) ; 3. + ( Testosterone + Methandi—
° ESI ° enone) ; 4. ( Methyltestosterone) ; 5.
0.1% ( Stanozolol) ; 6. ( Progesterone) ; 7.
o ( Nandrolone phenylpropionate) o
9 ().
3.4
(%) (¥) o 2
2 N
Table 2 Linear equations limits of detection ( LOD) and limit of quantification ( LOQ)
LOD LOQ
Drugs Linear equation Correlation coefficient ( pg/kg) ( pgl/kg)
Trenbolone Y =5227. 68X -3051.46 0.9998 0.2 0.7
Boldenone Y =15539. 61X +5523.61 0.9994 0.1 0.3
Nandrolone Y =3489. 40X -2371.92 0.9999 0.1 0.3
Testosterone Y =10286.30X -11178.95 0.9997 0.1 0.3
Methandienone Y =30142. 48X -19184.78 0.9999 0.1 0.3
Methyltestosterone Y =8345.96X -6711.65 0.9999 0.05 0.2
Stanozolol Y =51893. 53X —44025.93 0.9999 0.1 0.3
Progesterone Y =8632. 68X —7889. 88 0.9999 0.2 0.7
Nandrolone phenylpropionate Y =21272. 54X - 16069. 83 0.9999 0.1 0.3




9 9 1275

9 1.0 ~200 pe/ke 0.999.
S/N=3 S/N =10
(2.9 (LOD)  0.05 ~0.2 pg/ke (LOQ) 0.2 ~0.7 pg/kes
13~16
13 9
3.5
o 1~3
0.3 1.0 4.0 pg/kg 9 . 4 5
: 3.9 81.4% ~
110.0%; (RSD) 2.2% ~9.8% - o
12 ~16
3
Table 3 Determination of spiked beef samples
1 2 3 4 5
Blank sample 1 Blank sample 2 Blank sample 3 Blank sample 4 Blank sample 5
+ 0.3 pglkg + 0.3 pgl/kg + 0.3 pglkg + 0.3 png/kg + 0.3 pgl/kg
Drugs ) ) ) ) i | :
Recover RSDE Recover 2y Recove: RSD ) ' ) ‘
(/ % ) ¥ (%) (% ) y (%) ( %) y (%) Present Standard Present  Standard
) ’ method  method method  method
Trenbolone * 101.0  9.82 98.8 4.86 * * 4.94 4.91
Boldenone 81.4 9.50 110.0  5.40 103.0  3.17 0.25 * 4.96 4.90
Nandrolone 104.0 5.44 109 4.78 104.0  3.29 0.42 * 4.97 4.91
Testosterone 100.0  7.50 99.6 2.52 97.1 3.02 0.29 * 4.90 4.89
Methandienone 103.0  3.15 108 7.82 103.0  2.17 0.31 * 4.93 4.90
Methyltestosterone ~ 103.0  2.34 108.0  8.71 103.0  6.91 0.30 * 4.98 4.90
Stanozolol 105.0  2.91 107 6.66 99.9 2.56 0.32 * 4.93 490
Progesterone * 110.0 4.66 103.0 4.38 * * 5.00 4.93
106.0  2.84 101.0  0.69 87.4 8.05 0.32 * 4.97 4.91

Nandrolone phenylpropionate

a. n=7; b. n=3 RSD<10%; c. n=3 RSD<20%; * not detected.

GPC-SPE-LC-MS /MS 9

References
1 Commission of the European Communities. Council Directive 96 /23 /EC. Off. J. Eur. Commun. 1996 1125: 10
2 The Chinese Ministry of Agriculture Bulletin No. 176 B . The Contents of Banned Drugs in Feeds and Drinking Waters
for Animals. 2001
Blasco C van Poucke C van Peteghem C. J. Chromatogr. A 2007 1154(12): 230 ~239

4 XU Jin-Zhong( )  ZHANG Xiao—Yan( ) WU Bin( ) SHEN Chong—Yu( ) JIANG Yuan(
) LIU Fei( ) . Chinese J. Anal. Chem. ( ) 2009 37(2): 341 ~346
5 LU Hui-Qing( ) CHEN Hui-Hua( ) WEI Min-Jue( ) YING Yong-Fei( ) . Chinese Journal
of Food Science( ) 2009 30(16): 235 ~239
Stubbings G W Shepherd. M J. J. Lig. Chromatogr. Related Technol. 1993 16(1): 241 ~255
LIN Yi-Zhi( ) ZHANG Shi-Ying( ) LIANG We( ) LIU Fen( ) SITU Chao-Man( )

DAT Ke-Jing( ) . Chinese Journal Health Laboratory Technology( ) 2001 11(6): 654 ~655



1276 38

8 JIANG Jie( ) LIN Hong( ) FU Xiao-Ting( ) LU Wei-Li( ) WANG Dong-Mei( )
Marine Fisheries Research( ) 2007 28(6): 667 ~671

9 Kuuranne T Kotiaho T Pedersen-Bjergaard S Rasmussen K E E  Leionen A West wood S Kostiainen R. J. Mass
Spectrom. 2003 38(1): 16 ~26

10 Noppe H Le Bizec B Verheyden K de Brabander H F. Anal. Chim. Acta 2008 611(1): 1~16

11  Noppe H Verheyden K Gillis W Courtheyn D Vanthemsche P De Brabander H F. Anal. Chim. Acta 2007
586(12): 22~29

12 XuCL ChuXG PengCF JinZY Wang L. J. Pharm. Biomed. Anal. 2006 41(2): 616 ~621

13 GB/T219812008 Determination of Hormone Multiresidues in Foodstuffs of Animal Origin.C-MS/MS Method. Beijing:
Standards Press of China 2008

14 QIN Yan( ) CHEN Jie( ) ZHANG Mei-Jin( ). Chinese J. Anal. Chem. ( ) 2006
34(3) : 298 ~302

15 CHEN Hui-Hua( ) YING Yong-Fei( ) WU Ping-Gu( ) WEI Min-Jue( ) ZHU Cong—Ying
( ) QU Jian( ) CHEN Man-Qian ( ). Chinese J. Anal. Chem. ( ) 2009 37(2):
181 ~ 186

16 HE Li-Min( ) HUANG Xian-Hui( ) FANG Bing-Hu( ) HUANG ShiXin( ) CAO Ying
( ) CHEN Jian—Xin ( )  ZENG Zhen-Ling ( ) CHEN Zhang-Liu ( ) . Chinese Journal of

Chromatography( ) 2008 26(6): 714 ~719
17 Yang Y Shao B Zhang] Wu Y N Duan HJ. J. Chromaiogr. B 2009 877(5-6): 489 ~496

Determination of Nine Steroid Hormones Residues in Beef Samples by
Gel Permeation Chromatography-Solid Phase Extraction-Rapid
Resolution Liquid Chromatography-T'andem Mass Spectrometry

SUN Han-Wen"' KANG Zhan-Sheng' > LI Hui' *
'( College of Chemistry and Environmental Science Hebei University
Key Laboratory of Analytical Science of Hebei Province Baoding 071002)
*( Hebei Institute of Food Quality Supervision Inspection and Research ~ Shijiazhuang 050051)

Abstract A gel permeation chromatography solid phase extraction—rapid resolution liquid chromatography—
tandem mass spectrometric( GPC-SPE-RRLC-MS/MS) method was developed for the determination of 9 steroid
hormones( trenbolone boldenone nandrolone testosterone methandienone methyltestosterone —stanozolol
progesterone and nandrolone phenylpropionate) in beef tissue. The beef samples were enzymatically digested
with B-glucuronidase/arylsulfatase and then extracted with tert-butyl methyl ether under ultrasonication incu-
bation. Clean-up was carried out with gel permeation chromatography followed by a further HLB solid phase
extraction. After C;; RRLC gradient elution separation using acetonitrile-0. 1% aqueous formic acid as a
mobile phase the eluents were qualitatively and quantitatively determined under multi+eaction monitoring
( MRM) scan type with tandem mass analyzer. The limit of quantification( LOQ) was 0.2 —0.7 pg/kg and
the calibration curves showed good linearity with correlation coefficients larger than 0. 999. At the spiked
levels of 0.2 1.0 and 4.0 pg/kg the mean recoveries were in the range of 81.4% to 110% and the rela-
tive standard deviations( RSDs) were in the range of 2.2% and 9.8% (n =7) . The experimental results
showed this method is sensitive and accurate. The proposed method was used for the determination of 9
steroid hormones residues in high-fat and complex sample.

Keywords Gel permeation chromatography; Solid phase extraction; Rapid resolution liquid chromatography—

tandem mass spectrometry; Steroid hormones; Beef
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