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Determination of hormone multi-residues in animal tissues
by gas chromatography-mass spectrometry
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Abstract A method of gas chromatography-mass spectrometry GC-MS for the simultaneous
determination of nine sex hormone residues such as hexestrol diethylstilbestrol dienestrol
etiocholan-3x-0l-17-one epitestosterone estrone estradiol ethinylestradiol and estriol in an-
imal tissues was developed. The sex hormones were extracted with acetonitrile then cleaned-
up with a C18 solid-phase extraction SPE column. The microwave-assisted derivatization of
the target components with N O-bis trimethylsilyl trifluoroacetamide BSTFA and trimethyl-
chlorosilane TMCS 99:1 v/v using pyridine as solvent was performed and then the deriv-
atives were analyzed by GC-MS. The limits of detection were 0.1 -1 pg/kg for all hormones
and the limits of quantification were 0.2 -2 ng/kg. The average recoveries of sex hormones
were 68. 8% —93. 1%. The relative standard deviations RSDs of inter- and intra-assay were
4.1% -22.3% and 3. 1% - 17.9% respectively. The real sample tests showed this method can
be used for the sensitive and accurate determination of multi-sex hormones residues in biologi-
cal samples.
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Fig. 1 Effects of a temperature and b time on traditional water bath derivatization
1. hexestrol 2. diethylstilbestrol 3. dienestrol 4. etiocholan-3a-0l-17-one 5. epitestosterone 6. estrone 7. estradiol
8. ethinylestradiol 9. estriol.
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Fig. 2 Efficiency comparison of derivatization for tradi- SIM 3
tional water bath derivatization TWBD and the -a
microwave-assisted derivatization MAD 9 3-b

For nine hormone standards see Table 1.
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Table 1 Characteristic ions and retention times of nine sex hormones
. Qualitative ions m/z Quantitative ion m/z
No. Sex hormone t/min . K
relative abundance/% relative abundance/%
1 hexestrol 12.29 414 0.86 399 4.08 179 25.34 207 100
2 diethylstilbestrol 12.42 413 28.58 397 20.99 383 22.69 412 100
3 dienestrol 12.42 395 73.40 381 27.75 217 22.02 410 100
4 etiocholan-3a-ol-17-one 14.97 347 18.2 257 65.66 244 74.94 272 100
5 epitestosterone 16. 84 345 35.66 270 838.11 226 66.85 360 100
6 estrone 16.93 257 45.15 244 22.05 218 36.39 342 100
7 estradiol 17.57 401 17.81 326 19.69 285 100.78 416 100
8 ethinylestradiol 19.51 440 40.31 300 62.02 285 100.39 425 100
9 estriol 20.91 386 81.17 345 135.15 311 133.05 504 100
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Fig. 3 SIM chromatograms of a the nine hormone standard mixture and
b a blank sample spiked with 9 hormone standards at LOD level
For peak identifications see Table 1.
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Table 2 Linear ranges linear equations correlation coefficients r’> and detection limits LOD
No. Sex hormone Linear equation * ¥ Linear range/ mg/L LOD/ png/kg
1 hexestrol Y=10°X -153.3 0.9974 0.0010 -0.16 0.1
2 diethylstilbestrol Y =448962X -268. 81 0.9950 0.0030 -0.48 0.3
3 dienestrol Y =202360X - 89. 151 0.9901 0.0015 -0.48 0.15
4 etiocholan-3«a-ol-17-one Y =85945X +91.957 0.9955 0.0010 -0.16 1.0
5 epitestosterone Y =429319X - 615. 64 0.9918 0.0017 -0.272 0.17
6 estrone Y =277850X - 660. 34 0.9919 0.0030 -0.48 0.3
7 estradiol Y =129538X -474.67 0.9982 0.0040 - 0. 64 0.4
8 ethinylestradiol Y =57892X - 141.39 0.9921 0.0035 -0.56 0.35
9 estriol Y =61579X -136.23 0.9912 0.0030 -0.48 .3
%Y peak area X mass concentration mg/L.
2.6 73.6% ~90.9% RSD 4.1% ~22.0%
5 9
3 6 76. 1% ~
9 86.6% RSD 3.1% ~ 12.5%
68.8% ~ 87.7% 76.3% ~88.4% RSD 3.9% ~12. 1%
RSD 6.3% ~21.4% 76.8% ~87.7% RSD 5.1%

77.7% ~93. 1% RSD

6.4% ~22.3%

~17.9%



298-

27

GC-MS

Mazzarino M. Anal Chim Acta 2006 559 30
Amendola L Garribba F Botré F. Anal Chim Acta 2003
489 233
Delahaut P Jacquemin P Colemonts Y et al. J Chroma-
togr B 1997 696 203
LiuSJ Li Q Fang C G et al. Chinese Journal of Public
Health Engineering

2004 3 1 39
ChenJ Qin Y Zhang M J. Chinese Journal of Chromatog-
raphy 2006 24 1 19
SeoJJ KimHY Chung B C etal. JChromatogr A 2005
1067 303

10

11

12

13

14
15

17

Wang YF Zhou K LiJ G. Chinese Journal of Health Labo-
ratory Technology

2006 16 1 21
WuSM WuHL Chen S H. Anal Chim Acta 1995 307
103
Iglesias Y Fente C A Vazquez B
Chem 1999 47 10 4275
Doppenschmitt S A Scheidel B Harrison F et al. J Chro-
matogr B 1995 674 237
Van den Hauwea O Dumoulin F Antignac J P et al. Anal
Chim Acta 2002 473 127
Van den Hauwe O Dumoulin F Elliott C et al. J Chrom-
atogr B 2005 817 215
Fuh M R Huang SY Lin TY. Talanta 2004 64 408
Stan HJ Abraham B. J Chromatogr 1980 195 231
Marcos V Perogordo E Espinosa P et al. Anal Chim
Acta 2004 507 219
He LM Huang X H Fang B H et al. Chinese Journal of
Chromatography
2008 26 6 714
Zuo Y G Zhang K Lin Y J. J Chromatogr A 2007 1 148
211

et al. J Agric Food

Zhu W X Yang JZ Liang W et al. Progress in Veterinary
Medicine
2007 28 8 99





