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ABSTRACT. The endogeuous steroids from human urine were simultaneously analyzed by selected ion mon-
itoring method of GC/MS which is currently used for the doping procedure, together with anabolic steroids. The
recovery range of this method was 72.33%~94.54% and the RSD values of precision and accuracy test were 1.
43%~10.86%, 0.96%~9.98%, respectively. Using this method steroids profile was investigated in the urine of
male volunteers after oral administration of nine anabolic steroids banned by IOC (International Olympic Com-
mittee). Urinary endogenous steroids level was varied specifically according to the excretion tendency of the meta-
bolites of anabolic steroids.

N B

+EAFEe] IEAEe AHFALE SHo=
A ~E] Ro) . (anabolic steroid}E AME3s}7] A]AH

o F-2RE Foi=e, A2 s el A3 F
A F FollA = FA el o2 go] W& kel
WA 220|289 A FEe= B3E vl

g AL 195030 olek! 22} o] & I0CEA
LY Al FA] FER FAHI] FAE
7¥8b7] AlARE A& 197030 HElold, A ARS-
Hi gle o] FHe AgHeE S
o} o]of] wet 7} = |2 FEES HAAH] 4
& A7 % 2L Fdglel ASH 2 e

P4 cdRolut T2 ¥ A 8E 99

AR A ok wheba QAW WA &
d2oles Agoar FEFAl Mzxlsg
Ao ko] zhte] el AFAAA Alxs T
Slom W ofe xlZE] o7 HHsle] i}
gy el 2HRolse] S AF7be] AolF
veb 1, 25 7skAl o] 27 1A 2EIRe|=E
9] wx W3} w3t AFol upe} pEAoe dAtE

~ 406 -



25 73HA B8l &7 Wil cdH2el= 229 Hr} 407

22 gL 71Eo 2 A7 g Aol

212742 WA 2H 2|22 £4L djA} A&
o] Aghg B o2 F colorimetry, Radioimmuno-
assay,’ HPLC ] 50| olg-=loige}. mafu} o) W
HEL AE AV} 232 727 &7 AHRel=
o) AL A (metaboliteyS-2] #2]7} E7ps3tez, A
A& e A7 A|Z o] Wl AE Ro)
E=E-¢ nanogram FE7HA| Al AFE 5 A
] BAES Ao wiAE & gle GOMS
who] AH Zol= R glolA 7 $-4 AL
2 A gl

olo B AFelHE GCMSE |43 4] ¥&
A% WA 2 Zol= ENd) H4ate] FA
28| 2o] =9} E-A]ol profile & 4> & 24& ¥H

k. w3 F2 FEQA 9% FA A Bo|=

(nandrolone, boldenone, norethandrolone, metheno-
lone, mesterolone, methyltestosterone, oxymetholone,
clostebol, bolasterone}E HAFQl FAlolAl FoidF F-
2wl A5k 852] HUA 28l 20| = (androster-
one, etiocholanolone, dehydroepiandrosterone, an-
drostenedione, epitestosterone, testosterone, 118-hydrox-
yandrosterone, 11B8-hydroxyetiocholanolone)®] F% 2
2 Al vlEE BHEeRA A TS
o] a8 737} AAW HEn] A Bl
AE Gue 2T, 08 F12E FAGE HE
A¥E Moz Wetshe AREA olgsuA
shoich.

4 H

MA AR =F
Aol AH3 & AR A7 A 9zt 99

Table 1. The Physique and dosage of volunteers

(274)~48A)A Al Zk2t 15-2] S8733HA1 € B-2-5HA
sl 2~69d F<t At 2n, ¥4 74x] -20
°CollA B#sich T8 A3pAlS] TF 2 FAF
< Table 19| Aelste] epfigict.

7171 X Al

53 717 W &E U, B AP ARSI E
17171 Hewlett-Packard 5890A Gas Chromato-
graphyel| direct interface 2 7% 5989B Mass En-
gined A4-staict. #2]#-L Ultra-1(Ho] 17 m, W
7 0.20 mm, EF74 0.11 um)E AH3-3lgl o, &
2 7o) 5= 180°C oA 240°C7HA] 4°C/min &
£33, t}A] 15°C/min © 2 320°C7HA| 28 587
G2 A7tk F417] £+ 300°C, detector L=+
300°C, &1t 714 AE] {42 045 mL/min, 12
3 39] ubl-& split mode(1: 10)2 A A s}ic}.

EE X #: HP 7673A autosamplerE ARS-3}od
GColl F41%}s1 2w data system® 23+ HP Vectra
486 PCE r}-8-3led HP G1034C MS Chemstationol}
A EA35l4 3T chromatogram¥} mass spectrum-=
HP LaserJet 4V Printer 2 $8] 2g]c}.

Al o B el AME A A" Zolzal
androsterone, etiocholanolone, dehydroepiandrosterone,
androstenedione, epitestosterone, testosterone, 11B-hy-
droxyandrosterone, 118-hydroxyetiocholanolone®} -
EF B4R A4S methyltestosterone- Sigma AH®
) B3 Aeke Aesisod, 2RRAE 29
nandrolone, boldenone, norethandrolone, methenolone,
mesterolone, methyltestosterone, oxymetholone, clos-
tebol, bolasterone<- 9] 7z} oFE-A| 2 3|AIZHE]
Fasteiet

Aol AHgE AeF2 2 Serdolit AD-2 resin(150~

Personal Sex Age Stature Weight Dose Drug

Name (year) (cm) (kg) (mg) Ingredient

EG M 31 174 68 25 Boldenone

YY M 35 168 56 28 Nandrolone

CN M 40 164 75 15 Methenolone

) g M 48 165 63 25 Mesterolone

PS M 35 175 60 25 Methyltestosterone
PJ M 48 165 63 20 Bolasterone

LT M 31 171 57 30 Clostebol

CM M 30 176 64 20 Norethandrolone
PH M 27 169 64 30 Oxymetholone
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= A3} A2kl MSHFB(V-methyl-N-trimethylsilyl-
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T-918}+9] 31, MSTFA (NV-methyl-N-trimethylsilyltrifluoro-
acetamide), TMSIm(trimethylsilylimidazole), TMIS
(trimethyliodosilane) % TMCS(trimethylchlorosilane)S-
Sigma AHE1 ) 2 $8 Fshelet

a8
AHRO0|E profilingig 2|8t A2 Y. AA
0.5 cm® stxE2sse] 283 A A= Serdolit

AD2 $£A& F 2 emAE AL F AN ¥ &
Alg 5 mLE FHF3 WY EE 24 methyl-
testosterone 10 ppm §9-& 20 pLY ] FUe}. F3
H 5 AEE 5 FFHFE HAFE F, viEE
1 mLZ 33]of] AA F&3lct A& S8 A7)
&, 1 ZA}e]] 0.2 M phosphate buffer(pH 7.0) 1 mL
8} E. Coliol| 4] %%} B-glucuronidase 25 pL& 37
37°CellA] 2427} i 50°Co|lA] 1A17F 4t 714
23 Algch 71 B3] F potassium carbonate 100
mgA 2 7}3le] pHE 8~9% <& diethylether 5
mLZ F&3dgc). o] £ £4-% 2,500 rpmeilA
527 QJAIEEstT etherd & ¥e]sled ATAR)
% TMS-enol-ether FE & 7HEo] GC/MSo| 1~2
L& F4)5tsict.

Table 2. Characteristic ions and relative retention times (RRT) of major metabolite of anabolic steroids and endogenous

steroids as trimethylsilyl (TMS) derivatives

Compounds Characteristic ion (m/z) RRT
ANABOLIC STEROIDS (Major Metabolite)

Boldenone 194, 432, 417 0.653
(5-androst-1-en-173-0l-3-one)

Nandrolone 405, 420 0.673
(So-estrane-3¢r-ol-17-one)

Methenolone 432, 431, 446 0.802
(1-methylen-Sa-androstane-3o-0l-17-one)

Mesterolone 448, 433 0.831
(1o-methyl-5o-androstane-36:-ol-17-one)

Methyltestosterone 143, 435 0.838
(17 o-methyl-5 o-androstane-3¢;, 17p-diol)

Bolasterone 143, 284, 374 0.927
(7, 170-dimethyl-5B-androstane-3¢, 17-diol)

Clostebol 466, 451, 468 0.934
(4-chloroandrost-4-en-3 o-0l-17-one)

Norethandrolone 421, 157, 331 0.936
(17o-ethyl-50-estrane-3¢, 17f-diol)

Oxymetholone 550, 495, 143 1.256
(2z-hydroxymethyl-17 a-methyl-5 -androstane-3z, z, 17f-triol)

ENDOGENOUS STEROIDS (Abbreviation)

Androsterone (A) 434, 419, 329 0.730

Etiocholanolone (E) 434, 149, 329 0.740

Dehydroepiandrosterone (DHEA) 432, 417, 327 0.815

Epitestosterone (epiT) 432, 417, 327 0.843

Androstenedione (An) 430, 417, 325 0.874

Testosterone (T) 432, 417, 327 0.895

11-OH-androsterone (OHAN) 522, 508, 417 0.912

113-OH-etiocholanolone (OHET) 522, 508, 417 0.925

Methyltestosterone (MeT, ISTD) 446, 410, 356 1.000

Quantitative ions are underlined.
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Fig. 1. SIM-Chromatogram of TMS-derivatized eight endogenous steroids. 1) cis-androsterone; 2) etiocholanolone; 3)
dehydroepiandrosterone; 4) epitestosterone; 5) testosterone; 6) androstenedione; 7) 113-OH-androsterone; 8) 115-OH-

etiocholanolone.
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Fig. 2. Calibration curves for measurement of endogenous
steroids.
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Table 3. Precision accuracy and recovery data for measurement of endogenous steroids

Compounds Within-a-day (n=3) Day-to-day (n=3)
Recovery Mean+SD RSD Mean+SD RSD
Added Amount (ng/mL) (%) (ng/mL) %) (ag/mL) %)
Androsterone 88.73 241194136 571 23183+173 7.52
3000.0 5324.8+279 5.29 5229.2%313 6.05
6000.0 8032.6+623 7.82 8102.4+583 7.24
10000.0 1251.1+697 5.63 1232.6+723 5.94
Etiocholanolone 89.01 2023.0+143 7.24 2088.3+199 9.70
3000.0 5087.3+224 4.47 5011.6+209 4.22
6000.0 8193.2+677 8.32 8102.7+703 8.73
10000.0 1173.2+701 6.03 1168.3+742 6.41
Dehydroepiandrosterone 91.88 27.4+0.8 3.03 24.3+10.8 7.40
20.00 44.6+0.8 1.96 429+19 442
60.00 81.6%+2.7 337 83.0+0.8 0.96
100.00 1239+1.6 1.36 126.7+3.2 2.52
Epitestosterone 87.29 28.6+1.4 5.06 30.4+2.5 8.22
20.00 © 54414417 7.67 55.5+3.9 7.02
60.00 90.6+5.1 5.70 88.7+6.8 7.66
100.00 132.1+143 10.86 138.6+-12.8 9.23
Androstenedione 76.01 15.52+1.0 7.07 15.7+1.5 9.98
20.00 33.3+1.7 5.15 32.8+25 7.62
60.00 68.3+0.9 1.43 66.3+2.6 3.92
100.00 1154493 8.07 127.3+11.5 9.03
Testosterone 94.54 19.0+0.7 3.90 184+15 8.25
20.00 355+1.0 2.90 354+1.1 3.3s5
60.00 75.7x£2.7 3.59 74.6+4.0 5.38
100.00 119.2+7.0 591 120.8+7.9 6.54
11-OH-androsterone 88.91 404.1+-13.8 3.49 413.6+17.3 1.82
300.0 729.3£30.1 4.19 761.2+279 3.73
900.0 1273.61+73.3 5.82 1297.6+81.4 6.32
1500.0 1877.7+81.3 4.39 1863.9+72.6 3.97
118-OH-etiocholanolone 72.33 127.8+11.6 9.14 120.2+9.8 8.21
300.0 414.61+19.2 4.69 428.8+274 6.43
900.0 1002.8+66.3 6.68 1093.5+70.0 6.47
1500.0 1633.7188.4 5.47 1628.2+90.3 5.60
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Table 4. Concentration of urinary endogenous steroids
in normal male subjects (27~48y, n=9)

This Study
Compounds ———— Reference Values
Range Mean
Androsterone 704-2632 1821 2735° 1930°, 1330°
Etiocholanolone 413-2092 1249 1990°, 1265°
Dehydroepiandrosterone  10-86 37 8"
Epitestosterone 14-59 31 34
Androstenedione 1.8-3.5 22 -
Testosterone 2.3-60 13 46

11B8-OH-androsterone  350-3455 1033 1024°, 1240°
11p-OH-etiocholanolone  11-371 103 387, 224°

unit: ng/mL a: reference no. 12 b: reference no. 13 c: ref-
erence no. 14
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(3.827h¢] Fxe} A9 vl ofo] AEHKA =,
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Rol=ge r e of 10% AEE 343lH 1 53
mesterolone B-§ ¥ 44)17ko] AN A FoAA etio-
cholanolone-2- 1%7}x] ‘}o}lad e v, dehydroepian-
drosterone®} 11S-hydroxyetiocholanolone2} 73-$-ol|+=
7% A °)3ke] F=F Hoth ol¥A Z% 3
AE B4 3 F 3Hadl) AR A AH B
58 HAHE bl ok, FAA S8l 54
2] Fret fAEAY 1 Bt 230 FE A
¥ gt& veplic). Nandroloneo] ®)szA whe AJ7}
o FwAE Je=A& Aldsd dubd e o
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E=E Ve A7 e 239 ATA B o)
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Fig. 3. Excretion rates of endogenous steroids after the
administration of anabolic steroids (Bolasterone). BL
(Blank Urine); INI(Urine within (several) hours after ad-
ministration; MX (Urine of Tmax).

AsHeH, Fo F 2-3de) A HAZ Y4t
Al ¥E2 HEobke 2S5 slsich oA &
5 AFAF 1 xel o WA 2 Rel=e]
37} 714 #AEA el bolasteroneol] )4
58 A AF, a8y Hu FEo =4ede]
Wl 2elRe|=Ee] FA]l W3kE Fig. 3o e}
Wsieh

= WA 2eRo]srte] Fx vl 3l
+ androsterone/etiocholanolone (A/E)’} bolasterone,
boldenone ¥ norethandrolone®] o X F o= 3]
3}A ZFA=9]3, clostebol, mesterolone, nandrolone
% oxymetholone?] 7-%-oll&= #A]8HA Frh=lgich
(Fig. 4). 1 ¥}ol| %= androsterone/testosterone, andro-

[e]

sterone/11B-hydroxyandrosterone, androsterone/dehy-

droepiandrosterone, testosterone/epitestosterone(T/E)
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Fig. 4. Changes of A/E value after the administration of
anabolic steroids.
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