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Determination of endogenous anabolic steroids in hair
using gas chromatography-tandem mass spectrometry
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Abstract A method of gas chromatography-tandem mass spectrometry GC-MS/MS was
developed for the simultaneous identification and quantification of five endogenous anabolic
steroids testosterone epitestosterone androsterone etiocholanolone dehydroepiandros-
terone in hair. After alkaline hydrolysis the hair sample was extracted with diethyl ether de-
rivatized with a derivatization reagent N-methyl-N-trimethylsilyl-trifluoroacetamid/iodotrime-
thyisilane/DL-dithiothreitol 1000:5:5 v/v/w and detected using GC-MS/MS in the multiple-
reaction monitoring mode. The one precursor/two product ion transitions for each anabolic
steroids were monitored. The limits of detection for five endogenous anabolic steroids were in
the range of 0. 1 - 0.2 pg/mg. All analytes showed good linearity and the extraction recoveries
were 74. 6% —104. 5%. The inter-day and intra-day relative standard deviations RSD were less
than 17.5%. This method has been applied to the analysis of testosterone epitestosterone an-
drosterone etiocholanolone dehydroepiandrosterone in 80 Chinese hair samples. These data
are the suitable references and the basis for the interpretation of the results from endogenous
steroids abuse.
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- GC-MS/
MS
1
1.1
DHEA D,-
Cerilliant
melanin Sigma

N-methyl-N-trimethylsilyl-triflu-
oroacetamide MSTFA

Sigma-Aldrich DL- Fluca
1.2
45
35 3 cm
0.1%
SDS 0.1%
2 ~3 mm
50 mg 100 pg D,-
1 mL 1 mol/L NaOH 80 T
30 min 1 mol/L HC1
1 mL pH 6.8 3.5 mL
45 C 50 pL
MSTFA- -DL-
1000:5:5 v/v/w 60 C 30 min 2
wL GC-MS/MS
1.3 GC-MS/MS
1.3.1
Agilent 6890 Agilent 7683B
Agilent HP1 30 m x250 pm
x0.1 pm 1 mL/min
250 C 1 min 60 mL/min
2 pL 180 C
2 min 3 C/min 224 C
15 C/min 300 C 2 min

1.3.2
Quattro Micro -
Waters EI 70
eV 220 € GC
300 C 47.58 Pa 3
mTorr MRM
1 2 5
1
1 MS/MS

Table 1 MS/MS parameters for target component derivatives

L Parent ion Product ions Impact energy/ tg/
Derivative

m/z m/z eV min
Testosterone 432 417 10 17.12
209 15
Epitestosterone 432 417 15 16.29
209 15
Androsterone 434 419 10 14.41
329 15
Etiocholanolone 434 419 10 14.21
329 15
Dehydroepi- 432 417 10 15.73
androsterone 327 10
D;-Testosterone 435 209 15 17.11
420 15
1.4
8 I mL 1 mol/L NaOH
0.5 mg
2
2.1
0.5 mg 1 mL 1 mol/L NaOH
1 1
DHEA
2.2
0.5 mg 1 mL 1 mol/L NaOH
DHEA 0.2 ~
200 pg/mg
Yy
X
r 2 7
0.995
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1 a b 1 pg/mg MRM
Fig. 1 MRM chromatograms of a blank sample and b the blank sample spiked with standards at 1 pg/mg
1. dehydroepiandrosterone 2. epitestosterone 3. testosterone 4. androsterone 5. etiocholanolone.

2 5
Table 2 Linear equations linear ranges limits of detection LODs and limits of quantification LOQ
for the determination of five anabolic steroids

Component Regression equation * r? Linear range/ pg/mg LOD/ pg/mg LOQ/ pg/mg
Testosterone y =0.1003x +0.0107 0.9980 0.2 -200 0.1 0.2
Epitestosterone y=0.12452 +0.0178 0.9973 0.2 -100 0.1 0.2
Androsterone y =0.27252+0.0197 0.9951 0.2 -100 0.1 0.2
Etiocholanolone y =0.10752 +0. 0305 0.9953 0.2 -100 0.1 0.2
Dehydroepiandrosterone y=0.3011x +0.0223 0.9969 0.5-200 0.2 0.5

%y peak area ratio of analyte and internal standard x content of the analyte pg/mg.

S/N 2.4
3 LOD S/N=10 50 200 pg/mg
LOQ 2
2.3
0.5 mg 1 mL 1 mol/L DHEA 4
NaOH 4 n=6
DHEA 3 Table 4 Extraction recoveries of the method n=6 %
Added/ Testost- Epitestos- Androst- Etiochola-
6 DHEA
pg/mg erone terone erone nolone
4d 50 92.9 91.3 104.5 104. 1 86.95
3 200 80.7 74.6 92.8 91.8 84.7
17.5% 94.8% ~113.7%
2.
3 5
Table 3 Accuracies and precisions of the method
Added/ Accuracy' / RSDs/% 5 5
Component o/mg % P ntor-dav’ intra-day?
p b n = inter-day” intra-day’
Y Y DHEA
Testosterone 1 113.7 11.7 10.5
50 99.7 6.2 5.8
200 95.2 7.8 5.0 0~4.9 pg/mg
Epitestosterone 1 101.1 11.4 16.8
0~2.9 pg/m 0~8.7 pg/m
50 97.7 5.9 5.8 pg & pg 8
200 97.7 5.0 5.3
Etiocholanolone 1 113.2 10.5 17.4
50 94.8 4.7 12.1 5
200 98.3 7.2 9.2
Androsterone 1 109.2 6.3 16.6
50 96.6 7.7 7.2
200 104.2 7.0 6.8
Dehydroepi- 1 90. 1 16.5 14.5
androsterone 50 96.4 6.1 8.3
200 97.2 5.8 8.8

1 n=6 2 n=6 3 n=6x4.
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Table 5 Levels of endogenous steroids in hair samples of Chinese people

5

No. Sex Age/ C Testosterone / C DHEA / C Androsterone / C Etiocholanolone / C Epitestosterone /
year pg/mg pg/mg pg/mg pg/mg pg/mg
1 M 29 3.1 28.5 2.7 2.9 ND*
2 M 40 24.2 224.7 16.4 23.5 ND
3 M 44 7.9 77.3 0.3 0.4 0.6
4 M 37 14.0 69.5 0.6 0.6 1.2
5 M 30 5.0 428.3 1.2 1.2 2.0
6 M 20 7.9 73.2 0.8 0.6 0.8
7 M 46 5.2 232.7 1.5 1.1 ND
8 M 45 13.7 337.7 20.2 ND 2.7
9 M 55 9.3 36.6 3.5 2.0 1.4
10 M 28 12.3 30.7 1.3 0.5 1.0
11 M 19 8.5 70.5 1.4 1.0 ND
12 M 34 20.2 25.7 0.6 ND ND
13 M 24 8.6 54.7 2.3 0.7 0.9
14 M 23 .3 33.1 2.2 0.8 ND
15 M 40 .9 26.7 0.3 0.5 0.6
16 M 30 4.7 30.1 1.4 0.5 ND
17 M 20 20.1 104.0 4.9 ND ND
18 M 25 8.1 361.1 1.9 0.4 ND
19 M 44 8.1 170.9 4.1 0.9 ND
20 M 30 6.9 35.4 1.3 0.2 ND
21 M 20 3.8 46.4 2.0 0.5 ND
22 M 20 6.1 27.8 1.6 0.6 0.9
23 M 52 3.0 36.0 0.8 0.4 ND
24 M 24 1.3 35.6 1.6 0.3 0.7
25 M 44 3.7 40.2 1.2 0.7 ND
26 M 32 4.6 28.3 0.4 0.2 0.2
27 M 18 9.0 41.1 0.4 0.5 ND
28 M 52 9.7 91.5 0.5 0.7 0.5
29 M 22 6.0 41.7 0.7 0.2 ND
30 M 28 3.3 39.1 0.7 0.9 1.0
31 M 40 5.3 34.7 0.7 0.8 0.6
32 M 35 13.2 52.4 2.0 1.0 1.3
33 M 61 4.0 15.3 1.7 ND 1.1
34 M 30 6.0 47.0 1.1 0.6 ND
35 M 60 0.8 13.5 0.5 0.4 ND
36 M 22 1.5 13.7 0.7 0.8 ND
37 M 34 4.2 41.7 3.0 0.5 5.0
38 M 46 3.1 25.9 ND 0.2 ND
39 M 40 1.0 23.4 2.0 0.7 1.0
40 F 26 3.0 37.7 1.8 1.1 2.1
41 F 42 15.2 70.1 0.4 0.6 3.5
42 F 37 2.8 44.2 2.3 0.6 1.1
43 F 24 8.9 29.1 0.8 0.8 1.3
44 F 53 6.7 32.3 0.8 0.3 0.2
45 F 72 9.3 86.4 0.2 0.1 ND
46 F 19 0.5 28.7 0.6 0.4 0.4
47 F 27 16.8 26.2 2.9 ND ND
48 F 20 1.6 48.3 1.1 0.5 ND
49 F 53 15.5 57.7 0.3 ND 0.6
50 F 49 2.5 8.7 0.5 0.9 0.3
51 F 38 0.1 22.7 0.3 0.5 1.1
52 F 32 4.2 27.4 0.6 0.3 8.7
53 F 55 6.4 34.5 0.6 0.4 0.5
54 F 42 1.8 52.5 ND ND 0.8
55 F 42 0.3 20. 1 0.9 0.2 ND
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Table 5 Continued
No. Sex Age/ C Testosterone / C DHEA / C Androsterone / C Etiocholanolone / C Epitestosterone /
year pg/mg pg/mg pg/mg pg/mg pg/mg
56 F 31 1.0 31.2 2.2 ND 1.3
57 F 46 2.8 52.0 ND ND ND
58 F 25 9.0 45.0 2.5 1.0 ND
59 F 29 14.3 27.3 4.0 ND ND
60 F 23 5.8 19.3 1.2 0.2 ND
61 F 36 2.3 9.4 0.2 0.3 ND
62 F 20 0.5 571.8 1.4 ND ND
63 F 26 3.1 33.9 0.3 0.4 ND
64 F 37 0.3 20.3 3.5 ND 1.6
65 F 37 1.6 10.6 ND ND ND
66 F 30 5.3 27.6 0.7 0.3 37.4
67 F 19 0.7 33.6 0.3 0.2 0.2
68 F 80 7.6 75.0 0.3 0.2 0.1
69 F 58 8.4 29.6 0.2 0.3 0.2
70 M 10 0.2 7.5 0.4 0.0 ND
71 M 16 11.5 26.3 1.2 0.4 0.6
72 M 10 4.9 106. 1 4.4 1.5 ND
73 M 17 1.2 22.0 ND ND ND
74 M 4 2.8 6.0 0.3 0.2 0.0
75 M 2 0.7 6.0 0.2 0.1 ND
76 M 2 1.1 5.3 0.2 0.3 ND
77 M 13 2.2 12.2 0.6 0.3 ND
78 F 17 2.3 55.5 1.3 0.5 ND
79 F 13 0.8 9.5 0.3 0.3 ND
80 F 10 1.4 7.9 0.1 ND ND
#* ND not detected.
80 GC-MS
6 De- 6
veaux 100 mg pg/mg
Scherer
0 Kintz s 6
Wheeler "
6
Table 6 Level of testosterone in hair samples
from different subjects . 13
Data Subject Age/ Number Mean/ Range/ Kintz
source year pg/mg pg/mg 46 71 54 81 pg/mg
Our research male 18 -61 39 7.5 0.8-24.2
female 19 -80 30 5.3 0.1-16.8 DHEA
children 2 -17 11 2.6 0.2-11.5 DHEA 14
9 male 18 - 50 12 10.7 3.6-23.3 s i s
female 23 -54 9 3.6 1.7-6.4 7 Kintz
children 5 -14 4 1.7 0.6-2.7 ‘ DHEA
10 male . 6 2.7 2.5-4.2 "
female - 6 1.7 1.0-3.4 DHEA 100 ~ 500
11 male 16 - 63 26 3.8 1.2-11.4
8 male 17 42 15 2.7 0.5-9.8 DHEA
female 17 -42 12 - ND -2.4
12 male 21 -65 22 14.8 5.6-33.6 DHEA
female 17 -55 19 1.8 0.4-4.7
children 5 -10 6 2.1 - DHEA

non-avaible.
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7 DHEA
Table 7 Level of DHEA in hair samples
from different subjects

Data X Age/ Mean/ Range/
Subject Number
source year pg/mg pg/mg
Our research male 18 - 61 39 80.7 13.5-428.3
female 19 -80 30 53.8 8.7-571.8
children 2-17 11 24 5.3 -106.1
14 - - - 21 -56
8 male 17 -42 15 4.3 1.2-6.7
female 17 -42 12 5.3 0.5-10.6
* non-avaible.
cut-off
cut-off
3
GC-MS/MS
80
DHEA
DHEA DHEA
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