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Abstract: A method for the simultaneous determination of 11 sex hormones in antler velvet

health products by gas chromatography+andem mass spectrometry ( GC-MS/MS) was devel-
oped. The sex hormones in antler velvet were enriched and purified by solid phase extraction
and derivatized with heptafluorobutyric acid anhydride ( HFBA). A DB-5 column (30 m x0. 25
mm 0.25 pm) with nonlinear gradient program was used in GC separation. The sex hormones
were determined in the multiple reaction monitoring mode. The method realized the complete
separation of 11 sex hormones. The limits of detection of this method were from 1.0 to 5.0
wg/kg for the 11 sex hormones. The correlation coefficients were between 0.991 6 and 0. 999 9.
The recoveries were in the range of 67.4% -99. 1% with relative standard deviations ( RSDs) of
2.6% —13%. This method is accurate and reliable for the determination of the sex hormones in
antler velvet health products.

Key words: gas chromatography-tandem mass spectrometry ( GC-MS/MS); sex hormones;

antler velvet; health products
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1.3 Fig. 1 Chromatograms of 11 sex hormones standard
1.0 g solutions (1.0 mg/kg)
. . 1. 17a-ethinylestradiol; 2. 17a-estradiol; 3. 19-nortestoster—
10 mL 20 min. 4000 r/min one; 4. estriol; 5. testosterone; 6. androsterone; 7. 17B-estra—
4 min ° diol; 8. estrone; 9. 17a-hydroxyprogesterone; 10. me-
5 HIL 5 mL \1 HIL droxyprogeslerune; 11. progesterone.
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Table 1 Retention times parent ions

170 eV;

min,

~

product ions and collision energy for 11 sex hormones

Peak No. in Fig. 1 Compound Retention time/min  Parent ion (m/z)  Product ion (m/z) Collision energy/eV
1 17 a-ethinylestradiol 10.251 474 431 12
445" 11
2 17 a-estradiol 10.325 664 237" 7
451 8
3 19-nortestosterone 10.507 666.3 306 12
453" 11
4 estriol 10.571 876 235" 8
449 10
5 testosterone 10.617 680 320 10
467" 8
6 androsterone 10. 681 486.1 213" 19
468 9
7 17B-estradiol 10. 685 664.2 237" 8
451 3
8 estrone 11.177 466 422° 10
448 10
9 17a-hydroxyprogesterone 11.628 465 109" 7
147 11
369 15
10 medroxyprogesterone 11.857 479 109° 25
383 15
11 progesterone 12.275 510 263 10
425.2" 10
* quantitative ion.
5 Cig
2.1
5 mL 11
11 Cig 5 mL o
15-18
C.y 2.2
.11 I mL(1 g/L)
. 300 pl. -
[ (3:20 v/v) . / (1:4 vl/v ) 65 C
(1:5 v/v) . I (1:4 v/v) . / (3:10 2 5 15 30 60 75 120
V/V) / (25 V/V) C18 150 180 min 1 HlL
o 2o 2 min
20% 11 60 min ; 60
R min 180 min
11 o 60 min 11
I (1:4 v/v) o 60 min o
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Fig. 2 Effect of derivatization time on the peak
areas of 11 sex hormones
1. 17a-ethinylestradiol; 2. 17a-estradiol; 3. 19-nortestoster—
one; 4. estriol; 5. testosterone; 6. androsterone; 7. 17B-estra—
diol; 8. estrone; 9.17a-hydroxyprogesterone; 10. medroxypro-

gesterone; 11. progesterone.
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Fig. 3 Effect of derivatization reagent volume on
the peak areas of 11 sex hormones
1. 17a-ethinylestradiol; 2. 17a-estradiol; 3. 19-nortestoster—
one; 4. estriol; 5. testosterone; 6. androsterone; 7. 17B-estra—
diol; 8. estrone; 9. 17a-hydroxyprogesterone; 10. me-

droxyprogesterone; 11. progesterone.

2.3 11
Y
o 11 °
1 mL(1 g/L) 2. (S/
100 300 500 750 1000 2000 L N) 3 :
— (1:4 v /v) 65 °C 60 °
min 1 mL o 2
3. 100 23
L 300 L ;
3 3
300 pl 500 pL ;
RSD 3, 11
300 wL. (RSD)
2.4 67.4%~99.1% RSD  2.6% ~13%-.
2 11 N N N
Table 2 Linear regression equations linear ranges correlation coefficients () limits of detection (LODs)
and quantification (LOQs) of 11 sex hormones
Compound Regression equation Linear range /( pg/L) r LOD/( wg/L) LOQ/( wg/kg)
17a-Fthinylestradiol Y =368.92X -3456.52 5.0 -500 0.9926 2.0 5.0
17a-Estradiol Y =704.70X -4925.47 5.0 -500 0.9988 2.0 5.0
19-Nortestosterone Y =542.53X -743.40 5.0 =500 0.9994 2.0 5.0
Estriol Y =831.93X -8681.25 1.0 =500 0.9990 0.3 1.0
Testosterone Y =211.95X -805.15 1.0 -500 0.9981 0.3 1.0
Androsterone Y =776.99X -5304. 60 1.0 =500 0.9979 0.3 1.0
17B-Estradiol Y =1147.48X -2605. 81 1.0 -250 0.9999 0.3 1.0
Estrone Y =807.15X -2753. 11 5.0 -500 0.9984 2.0 5.0
17a-Hydroxyprogesterone Y =3933.01X —49463.53 5.0 -500 0.9916 2.0 5.0
Medroxyprogesterone Y =1537.90X -8621.54 5.0 -500 0.9988 2.0 5.0
Progesterone Y =124.68X -1068. 46 5.0 -500 0.9933 2.0 5.0

Y: peak area; X: mass concentration pg/L.
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Table 3 Recoveries and relative standard deviations 3
of 11 sex hormones
Compound Spiked/ Recovery/  RSD/ C 18 A
(mg/kg) % % GC-MS/MS 11
17 aEthinylestradiol 0.010 74.8 8.6 . . .
0.020 88.5 2.6
0.100 83.1 13 °
17a-Estradiol 0.010 74.0 7.8 8 11
0.020 79.3 10
0. 100 80.4 11 .
19-Nortestosterone 0.010 75.8 10
0.020 67.4 10 :
0. 100 75.4 9.4
Estriol 0.010 88.3 5.6 1 Yang RM Zhang JH GuP Q etal Journal of the Central
0.020 84.3 7.4 University for Nationalities (
0.100 92.0 12 ) 2003 12(4): 301
2 Xu QJ Zhang Y Gu Z W et al. Chinese Journal of Chro—
Testosterone 0.010 81.0 12
matography ( . ) 1999 17
0.020 81.7 12 (2): 187
0.100 89.0 12 3  Zhao S WuD N Wang P. Chinese Journal of Chromatogra—
Androsterone 0.010 78.9 12 phy ( . ) 2004 22(3): 267
0.020 80.8 11 4  Wang C Ma Q Wang X. Chinese Journal of Chromatogra—
0. 100 81.4 11 phy ( . ) 2006 24(6): 654
17B-Estradiol 0.010 87.0 3.7 5 Lin W X Dong W F Chen X et al. Chinese Journal of
0.020 89.2 3.1 Chromatography ( . ) 2009
0.100 89.0 3.5 27(3): 294
Estrone 0.010 83.3 10 6 Zou L. Lin H Jiang J. Chin J Anal Chem 2007 35(7): 983
0.020 $3.0 8.4 7 Zuo Y G Zhang K Lin Y J. J Chromatogr A 2007 1148
(2): 211
0-100 88.3 6.9 8 Zhang A Z Wang Q L. Shen J et al. Chinese Journal of
17a-Hydroxyprogesterone 0.010 85.9 12 Chromatography ( . ) 2010
0.020 92.1 10 28(2) : 190
0.100 99.1 10 9 Zhu WX Liu YF Yuan P et al. Chinese Journal of Chro-
Medroxyprogesterone 0.010 86.7 9.3 matography ( . ) 2010 28
0.020 81.2 11 (11): 1031
0.100 96. 4 10 10 Koh YK K Chiu TY Boobis A et al. J Chromatogr A
Progesterone 0.010 89.1 6.7 2007 1173(1/2) @ 81
0.020 90.6 6.1 11 Kouwa Y Mitsunobu O Yoko W et al. Steroids 2007 72
0.100 92.3 6.6 (11/12): 819
12 Farre M Kuster M Rubio R B F et al. J Chromatogr A
2007 1160(2) : 166
2.6 13 Arroyo D Ortiz M C Sarabia L A. J Chromatogr A 2007
. . 1157(1) : 358
14 WuWQ Shen CY Yang YL etal. Journal of Environ-
N ® mental and Occupational Medicine (
N N N . ) 2004 21(4): 307
I . : 15  Edman K Svensson L. Eriksson B et al. J Chromatogr B
2000 738(2): 267
5.6 pglkg 13.5 pglkg 16  Matich ] Nicholson I F B Barling P M et al. Cell Biol
17— 11 Int 2003 27(8): 625
17 Inoue K Ferrante P HiranoY et al. Talanta 2007 73
° (4): 886
8 18  Boyer S Garcia P Popot M A et al. J Chromatogr B

2007 852(4): 684



