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2 < °FE(Prostanozol)S E-83F oJAS O 2 3 LA Fol $-7E Prostanozol 2 L TIAKIE
S AE37] S8 LCESUMSSE GO/TOF-MSE o] 83t] axd oz 2| 2 7AE3819a, LC/ESUMSS]
AFAAEGo g e 7] BAFRS F45A2H GOTOF-MSZE °l&2 #1183ttt M1
Prostanozol®] 179 €47} AE7]2 X ZHE 17-keto-Prostanozol, M2= M1°A4] pyrazole nucleus <} A-
ring®l] 3 7§¢] S|==A]7]7} X|3kE hydroxy-17-keto-Prostanozol, M3+ B-ring -2 C-ring®l] 3 7]¢] 3]
Z=EA]7]7F X13kE hydroxy-17-keto-Prostanozol, M4= 8+ 72| 3|=5A]7]7} D-ring®ll X8+ hydroxy-
17-keto-ProstsnozolZ &1 o M5= 174 €4 X0 S| =2A)7]2 2+ Bering =& C-ringol|l A
3] S|=21]7]7}F X18kE hydroxy-17-hydroxy-Prostanozol2 F4 =H M6 179 Bk Q)X AE7]
£ Z'3 pyrazole nucleus -2 A-ring®l] 3h}e] S| =2 A]7]E H3F Bring 5 Coringoll & 3R] 3=
=A17]17F 218+ dihydroxy-17-keto-Prostanozol, M7-> M69} 7] 179 €hAo AE7]E z2he W pyrazole
nucleus 22 A-ring®ll 3hte] S| =ZA171E, B3t D-ringell B ko] S| =FA]7]E 7H dihydroxy-17-
keto-ProstanozolZ 1=t} vA|ZHOE M8 pyrazole nucleus 2~ A-ringol] 3h}e] 3| =EA]7]E 2k
3L 71 9]¢ ringell E T2 3|=FA)7]7F XZE dihydroxy-17-hydroxy-Prostanozold = <18 4= A Th.
°]F M5, M7, 28]3 M8 A|F7HA] BEiA|A] BU™ M E-2 thAK ATE. A ellA o] kg 55
1% A3} Prostanozol?t 8F-2] K& AK7F S22 TIAIS 5k, 852 ikl & 4+
= XFAE A F = WiEE 53] Mozt M7 3 XA 2 v == A SR1E 4 ATk
Abstract: This research examined prostanozol and its metabolites in urine of women who took the medicine
(prostanozol). Prostanozol and its metabolites were successfully separated and detected by using LC/ESI/MS
and GC/TOF-MS. Mass spectrum of LC/ESI/MS estimated molecular weight of Prostanozol and its metabolites
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and that of GC/TOF-MS verified them. For M1, carbon number 17 of Prostanozol substituted to a keto group

and it is called 17-keto-Prostanozol. M2 turned out to be hydroxy-17-keto-Prostanozol. It came from substitution

of one hydroxyl group of pyrazole nucleus and A-ring of MI1. Substitution of one hydroxyl group of B-ring

or C-ring became M3, hydroxy-17-keto-Prostanozol. M4 was found to be a hydroxy-17-keto-Prostsnozol

transposed from one hydroxyl group to a D-ring. M5 has a hydroxyl group of carbon number 17. One hydroxyl

group is substituted from B-ring or C-ring and it is assumed to be hydroxy-17-hydroxy-Prostanozol. M6 was

turned out to be dihydroxy-17-keto-Prostanozol transposed from one hydroxyl group to pyrazole nucleus or

A-ring and to B-ring or C-ring. Like M6, M7 has a keto group at carbon number 17 and was identified as

dihydroxy-17-keto-Prostanozol. M7 has one hydroxyl group at pyrazole nucleus or A-ring and also at D-ring.

At last M8 was found to be dihydroxy-17-hydroxy-Prostanozol. Pyrazole nucleus or A-ring has got one hydroxyl

group and other rings were substituted to another hydroxyl group. From above, M5, M7 and M8 were verified

as new metabolites that were not discovered yet. Prostanozol and all of the 8 metabolites formed glucuronic

conjugates as a result of conjugation reaction test in human body. Some of 8 metabolites were excreted without

forming conjugates. Particularly M6 and M7 were excreted as sulfate conjugates.
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Prostanozol ([3,2-c]pyrazole-5a-etioallocholane-17p3-
tetrahydrophranol)2 5 AstAIZA 7+=549 99
o] B9 tetrahydropyranol etherdl] 93l X A] 2]
o2 FFEe SR WMELY FEE 4% B 5
st o} ZwlE}lA| ] A A (aromatase inhibitors)Z 2§
| 2ERZN O RO A5tErA ] wgto] oA =] oF
B8O 9%k F2hgo] H7] wito] F&o] -5
oFE-o|t}, o] oFE-2 w]= ol a7t HaL A
Slolx= ZaEl= A7FR 22 E (dietary supplements) S 2
20049 A FEIASH Aol F4EH B4 E
sHd 25743 235 YErd 7hsAdol e 2005
A A W =3 7] F(world anti-doping agency, WADA)
off oJa) FA] FEE A=A

Prostanozol®] 749 Q1A = FollA 5719 thARA
3'-hydroxy-17-keto-Prostanozol, 4z-hydroxy-17-keto-Pros—
tanozol, 3',6-dihydroxy-17-keto-Prostanozol, 16-hydroxy-
17-keto-Prostanozol % 17-keto-ProstanozolS 7 & ¢
Azute] BAE I 9lom 1 §re] At ofF] gt
3HA =R ek dth>S T3 pyrazole nucleus =
23ete =29 A5 FEI wAlEEdE2REY e
of wjg- ojElgo] dom 7A AZutE L ol A
peak EHOE G FH Q] Aol ofFgo] AUkl B
2E 3 ATHS7 Costas G. Georgakopouloss-©] positive
modeZ electrospray ionization (ESI)S ©]-&3+ LC/

r>J rr ﬂl{ﬂ Ko l'n

O

TOF-MS¢} A (silyl) =413} § GC/TOF-MSE ©]
§-5F9] Prostanozol& -8 F T T AR o
% Prostanozol 2 I thARA] Eo] #3 AFE H]
£3}], Moscow Anti-Doping Centre (Russia)®ll A]
A Gilyl) FEASH F GC-MSE o] &3t =AE
o4 Prostanozol®] ThAA] #3E AT Fo] HIE
oAgh? 7]1E 9] AFA 7S] F pH 9 =
Hst] FE82 G FEAS AGSE GCE ©]
&3to] AR ES] F2E AAS Ao v&)> &
AFelAM = pH 6 2 82 BF FE3 F soft
ionization®. 2 f&3 LC/ESI/MSZ EAFHE F4
a3 Hop FAAQ Fx 4L 8 F A &

A s} AleFS AFE3F] mass fragmentation® 2 57
shgHE o] gl #83% GC/TOF-MSe] A& H]
wato gA 7|1EZHT okt FAFHOE A S
AZE3taA 3kdTh.
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2.1. A%

Prostanozol tablet< ALR IndustriesA} (Las Vegas,
NV, USA)Alolx, YR EFEZ=Z Sigma-aldrichAF
(Saint Louise, MO, USA)2] methyltestosterone> A}-&
3Tk Al AA o AF&3E Serdolite PAD-I resin
(particle size 100~200 um)< Serva’} (Heidelberg,
Germany)A| &5 AHE-sHAATE S a7kl ol AHS-E
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B-glucuronidase (E. coli)9} B-glucuronidase/arylsulfatase
(Helix pomatia)= Roche DiagnosticsA} (Mannheim,
Germany)#l| & ©] ™, ethylacetate, methyl t-butyl ether
(MTBE), diethyl ether, n-hexane, acetonitrile, methanol
I acetone> E-F HPLC gradeZ J. T. Baker A}
(Phillipsburg, NJ, USA)H|ES A& T,

Liquid Chromatography/Mass Spectrometer (LC/MS)®l|
S2]H O Z AM-¥ ammonium acetate (CH;COONH,)E
Merck A} (Mannheim, Germany)A| &2 AF8-3F%3ch
Acetonitrile¥} distilled water:= Millipore filter (0.45
um)Z ¢33} BransonA} (Danbury, CT, USA)<]
3510 ultrasonic cleaner® 20 £7F sonicationd}¢] 3 7]
& AAR F AHEH AT

GC/MS 24 Al Fr=A8F A oFo & 24Q] N-methyl-
N-trimethylsilyl-trifluoroacetamide (MSTFA),
umiodide (NHyI) 22| 3L dithioerythriol (DTE)S &EF
Sigma-AldrichA} A &S AR

ammoni-

22. 7171 & ZEXx|

QAR & et ExES F438H7] f8) LECO
A} (St. Joseph, MI, USA)2] TOF-MS®l| Agilent Techno-
logiesAF (Palo Alto, CA, USA)2] HP 1100 series LC

Table 1. LC/ESUMS operating condition

LC conditions
Column : Gemini 3u C18
(50 mm length x 2 mm L.D., particle size 3 pum)
Flow rate : 0.3 mL/min
Mobile phase solvent A : 10 mM CH;COONH,
solvent B : acetonitrile
Gradient time table :

o 5 8 10
Time (min) 0 3 (1.5 min) (I min) (5 min)
Asolvent(%) 8 75 55 20 85
Bsolvent (%) 15 25 45 80 15

Run time : 10 min
Injection volume : 10 pL
Column temperature : 40 °C

ESI-MS conditions

lon source type : ESI (electrospray ionization)
Ionization mode : positive ion mode
Desolvation gas flow : 7000 cc/min (N,)
Nebulizer pressure : 300 kPa

Desolvation gas temperature : 350 °C

Scan range : m/z 100~500

Scan rate : 3.13 spectra/sec
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Table 2. GC/TOF-MS operating condition

GC conditions
Column : Ultra-2 (cross-linked 5% phenylmethylsiloxane,
25 mm length x 0.2 mm L.D., 0.33 pm film thickness)
Carrier gas : He at 1.0 mL/min
Oven temperature program :
Temp. Rate Temp. Rate Temp. Rate Temp.
(°C) (°C/min) (°C) (°C/min) (°C) (°C/min) (°C)
180 10 220 6 260 15 300

Run time : 22 min

Injection volume : 2 pl

Injection port temperature : 280 °C
Transfer line temperature : 280 °C

TOF/MS conditions

ITonization mode : EI (electron impact ionization)
Scan rate : 10 spectra/sec

Mass range : m/z 100~700

Ion source temperature : 230 °C

7b 2% LC/TOF-MSE AH&-38t3itt. ol 242
PhenomenexA} (Torrance, CA, USA)2] Gemini 3u
C18 (50 mm length x 2.0 mm LD., particlesize 3 pum)
< MRSkl

AL 2 &+213}7] 9138te] AgilentAle] 6890N GC
o] LECOAFS] TOF-MS7} %% GC/TOF-MSE At
|39, Alge] #eE g8k AMESE ZHE-2 Ultra-
2 capillary column (cross-linked 5% phenylmethylsi-
loxane, 25 m x 0.2 mm i.d., 0.33 pm film thickness)©]
Atk LC/ESIMS ¢} GC/TOF-MS®| #4 2742 7}
7} Table 13} 29 YERA Qi)

g FE& 9I81A= IKAAL (Staufen, Germany)2]
HS501D shakerE, Y414 2]7]+= HeraeusAl (Hanau,
Germany)9] Varifuge-F& Z+Z} AM8-3}% 3L, Vortex
mixE Scientific industryA} (Bohemia, USA)2| A| &
S NE 2L e E ZymarkA} (Hopkinton, MA,
USA)®] Turbovap LV evaporator % HeidolphA}
(Schwabach, Germany)®] WB 2000 X5 S37]|S A}
LA 7715 FAE S8l A& Refrigerated
Bath Circulatori= Daeil BiotechAl (Gyeonggi, Korea)]
DTC-3110] 31t}

Y S R 3y AT Af FHEY
8o -7t A7) WZoll 1743 o8 A Ak age
26, weight 55 kg)°l| 7|l Prostanozol (25 mg/tablet) 17
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S AT Tt IAZRE S6A7HA] =AEE A
FHalHomn 3~5 °CE BaalT).

24. AME ®AE|
Pasteur pipetl] 2|2 PAD-I Resine 3 mLe| S/
2 A3l 843 A7l &, WEEFEZDE methyl-
testosterone (20 uL, 10 pg/mL)°] H7ME =AIF 3
mL< loading3la S/ (3 mL)ZE MH s & we-g
3 mLE FE3A FE2E ASES T TR
FEA & 2 zFEC 02 M acetate buffer 1
mL (pH 5.2)9} B-glucuronidase/arylsulfatase 50 pL&
B 55 °CollA] 3AIZF F&F RS AT TR
& & 7 pH 6.0 ¥ 8.02 H4 F&3}3 5 mL9
etherE 713k tF, E3E2S shakerE AHE-3te] 102
R AA FES F 450 goll A sEZF 94lRE
sttt 20 °CY W71 & ol&st f715S AT
F Aavtaz s SEAIZL & P,0s, silicagel 2
KOH7} £°] J& HAAIHNA 30 &<t Wx|s)
TS S8 AA Axs FEES AU F
ZE°) acetonitrile 50 uLE 7}t $ LC/ESI/MSe] 10

uLE FHskaet?

25. GC/TOF-MSE ¢I8F Trimethylsilylation

el A Ao B ol A 308 Bt W Eke] SRS A
3] A A AR FE2ES AYGilyl) FE=A A
7171 918l MSTFA 50 pLE 7}s}al 70 °CollA] 30%
50 FEAS Al F GC/TOF-MSOl| 2 uLg <)
skact?

(a) Blank urine
Intensity
16000
14000
12000
10000
5000
6000
4000
2000

o i
Time (mm:ss) 140 220 S00__6d0 820 1000 140 13i20 1500
TIC

(b) Dosed urine

Intensity
50000

40000
30000
20000

10000

0 R T T T T T
Time (mm:ss) 1:40 3:20 5:00 6:40 8:20 10:00  11:40 13:20 15:00

Fig. 1. Total ion chromatograms of blank urine (a), dosed

urine (b) by LC/ESI/MS.

B4 - AAA

orally taken

é hydrolysis by

-

gastric acid
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N
H

(a) THP-Prostanozol

(b) DeTHP-Prostanozol

Scheme 1. Prostanozol.
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3.1. LC/ESIMSE 0|&8t Prostanozol % LCHA}
MSe dE

Fig. 1 LC/ESUMS®l| 2]3] 7 &% blank urine}
dosed urine (Prostanozol =& 5A]7F F-o] 2 #)<] total
ion chromatogram (TIC)©]T}. THP (tetrahydrophranol)”|
£ XF3F= Prostanozol 7 FoF Al 91€] gastric
acidol] oJ3f WEA 7lpra|E]o] THPZ| 7} o] g5 =
2 3|=EA]712 X|3kEl DeTHP-Prostanozol®] HE|Z
) A}=] 32, THP-Prostanozol®} DeTHP-Prostanozol
L 5Ug A E A S welA DeTHP-
Prostanozol & Prostanozol 2 ¥ W 3t 58] 13
oF & 7 9-oli= THP-9} DeTHP-Z FH3le] W s}
AHScheme 1).

Dosed urine®| 4] blank urine¥} H]1.3}¢] Prostanozol
Rk ofuet A E 2 871¢] peak’t AE HIATE )&
S 7t7F MI-82 9 &3oH ©] peakE©| Pros-
tanozol2] A E A Ao 2 o4t th(Fig. 1(b)).

Fig. 2~6 Z}7} dosed urineCZHE HEd
Prostanozol-M1~82] extracted ion chromatogram¥} mass

(a) Chromatogram of M1 (m/z 313 and 303) in dosed urine

Intensity
6000 B

S000
4000 B
3000 B
2000
1000 B

0 T T T T Dy LS S s

Time (mm:ss) 2:30 3:20 4:10  S:00 5:50 6:40 7:30 8:20 9:10  10:00

—— 313 ---e- 303

(b) Mass spectrum of M1 R
Zalper - sample "US-2:3*", 7:50.32 min:sec to 7:50.32 min:sec (Spec # 2927 to 2927) [M+H]

Intensity

313.2800
1000 Y

800
600
400

200

0 T T T Y T Y i f T T
Mass 125 150 175 200 225 250 275 300 325 350

Fig. 2. Extracted ion chromatogram of M1 in dosed urine
(a) and mass spectrum (b) by LC/ESI/MS.
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(a) Chromatograms of M2, 3 and 4 (m/z 329 and 303) in dosed urine (a) Chromatograms of M6 and 7 (m/z 345 and 303) in urine sample
] g g ] ISgD
4000 4
40000 ;00 4
3000 4
30000 00
2000
] M7
20000 M2 o ]
M4 1000
10000 4 M6
ISTD 00 ﬁA_/\ M A 4
Time (mmiss) 230 3:20 40 500 550 640 7:30 820 9:10 10:00 Time (mmiss)  2:30  3:20 4:10 S5:00 S:50 640 730 820 9:10  10:00
[—329 - 303 | —— 345 ------ 303
(b) Mass spectrum of M2 (b) Mass spectrum of M6
. Caliper - sample "US-2:3*", 3:55.76 min:sec to 3:55.76 min:sec (Spec # 1461 to 1461) - 3:47.60 min:sec to 3
Zaliper - sample "US-2:3*", 5:32.72 minisec to 5:32.72 minisec (Spec # 2067 to 2067) / [M+H] 147,60 minisec (Spec # 1410 to 1410) [MH-H.0]" [M+H]"
ity bl
Intensity 329,2880 Intensity 32754 F
1800 20 Yo
16004 70 4 @
S
1400 60 4 Y
12004
10004 %0 1
800 - 40 4
600 4 30
400 20 A
200 o 10 4
o I b L i i bbby bl
Mess T Mass 125 150 5 2200 25 250 275 300 35 30
2 Mass spectrum of M7
(c) Mass spectrum of M3 © p o
e e ’ ’ ) . Calper - sample "U5-2:3%", 4:17.04 min:sec to 4:17.04 minsec (Spec # 1594 to 1594) - 4:09.84 minsec to 4
Calper - sample 'US-2:3*", 5:57.04 minisec to 5:57.04 min:sec (Spec # 2219 to 2219) [M+H] 09 84 minvssc (Spec # 1549 to 1549) M+HI'
Intensity gity
) 329.2877 Intensity
¥ [MH-H.0]" 345.2692
7000 o
200 N
60001 175 4
50001 150 - g
b ]
4000 125 4 g 8
a0 =] .
2000 50 4
1000- 5 4 |
0 L Rt o A g e e e e e
T T T T T T T T T T
Mass 125 150 175 200 225 250 255 300 35 350 Mass 125 150 175 200 25 250 75 300 35 30
(d) Mass spectrum of M4 Fig. 5. Extracted ion chromatograms of M6 and 7 in a urine
Calper - "U5-2:3%", 6:19.92 min:sec to 6:19.92 (Spec # 2362 to 2362 [M+H]'
e sample e 9 611992 s (Spec # 236210 2262) sample (a) and mass spectra (b, ¢) by LC/ESI/MS.
Intensity 9 329.2873
900 3 1 ) )
800 - ~ @ (a) Chromatogram of M8 (m/z 347 and 303) in dosed urine
700 4 % Intensity
] ISTD
23 1 8 4500 ;
Y 4000 H
gg: 3500
0 3000
100 2500
0 2000
T T T T T T T T f T 1500
Mass 125 150 175 200 25 250 275 300 35 30 s M8
3 . 500 K . )\
Fig. 3. Extracted ion chromatograms of M2, M3, and M4 0 P N V)| I
in a urine sample (a) and mass spectra (b, ¢, d) by Time (mmiss) 230 320 410 500 58506140
LC/ESI/MS (b) Mass spectrum of M8

Caliper - sample "US-2:3*", 4:30 min:sec to 4:30 min:sec (Spec # 1675 to 1675) - 4:22.16 min:sec to 4:22.16
min:sec (Spec # 1626 to 1626)

(a) Chromatogram of M5 (m/z 331 and 303) in a urine sample

Intensity
264.2505
Intensity ISTD 200 oy
P - %0 [MH-H.Ol'  [M+H]'
@
3500 200 IS P L
3000 150 o T
2500 © & & g
2000 g 5
1500 50 l 5 &
109 0 i 1 T petisadoy t ¥ sk .k "‘.
5g° i A, ﬂ A Mass 25 150 75 2200 25 250 25 300 35 30
T T T 7 T i T T
Time (mm:ss) 2:30  3:220  4:10  5:00 7:30 820 9:40 10:00

e Fig. 6. Extracted ion chromatogram of M8 in a urine sample
éz;p:-az:n;}\):sl;??:%*?f:‘:‘;ss min:sec to 4:45.68 min:sec (Spec # 1773 to 1773) [M+H]" (a) a'nd mass SpeCtrum (b) by LC/ESI/MS
Intensity
] 3313947
401 spectras YUERU ST} LC/ESUMS ] o] A2 soft
jzz ionization®] 7] wjiLoll H'o] A71E [M+H[ 0] && A

] gttt meiA] o] AFEZEFE Prostanozol®] TtHAHA
0 \ \ \ r r r 1 \ \ : 2 FHEHE MI2 mz 312, M2~-M4+= 328, M5+&=
Mass 125 150 175 200 25 250 275 300 3% 350 94 < M8—O4 346‘04 o X]- a—o__ 7}-11
Fig. 4. Extracted ion chromatogram of M5 in a urine sample 330, M6 M? = 3444 = waTe=
(a) and mass spectrum (b) by LC/ESI/MS. = A0 g FH ).
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(a) Mass spectrum of diTMS-deTHP-Prostanozol

Caliper - sample "50-3:1", 12:27.15 min:sec to 12:27.15 min:sec - 12:23.00 min:sec to 12:23.00 min:
ec

Rel. Abund OTHS
1000+ 168 /(
300 4 v
00 4 mz 129
129 -
w00 ™
[M-CHal" /
200 4 \ 458
o W T SO S
f f T ™ T
150 200 250 300 350 400 450 500

(c) Mass spectrum of M2
Calper - sample "MSTFA: ul:3", 17:19.61 min:sec to 17:19.61 min:sec

Rel. Abund.

100000 7

50000 4

129 198 239

212 Jn 203
I

432
4 . eyl . VA ..l

(e) Mass spectrum of M4

Calper - sample "MSTFA: u1:3", 18:03.78 min:sec to 18:03.78 min:sec - ( 18:09.90 min:sec t
2 18:09.90 min:sec + 17:55.86 min:sec to 17:55.86 min:s:

mzIR

Rel. Abund. /(
7/
400000 168 Homs
200000 o1
125 218
145
bl .lﬁ OARCCH W a2

T T f T T T
150 200 250 300 350 400 450 500

(2) Mass spectrum of M6

Zaliper - sample "MSTFA: u1:3", 19:02.59 min:sec to 19:02.59 min:sec - ( 18:58.93 min:sec to 18:
38.93 min:sec + 19:01.07 min:sec to 19:01.07 min:sec ) 0

F

. Abund,|

4

6000

4000 ViR

2004 135 g65 207 479 x
N P =8 W0 ¥
50 200 X0 300 350 400 450 500 550 600

(i) Mass spectrum of M8

- - DA

(b) Mass spectrum of M1

Calper - sample "MSTFA: ul:3", 16:24.97 min:sec to 16:24.97 min:sec - ( 16:22.76 min:sec t
5 16:22.76 min:sec + 16:27.09 min:sec to 16:27.09 min:sec )

[M]1"
Rel. Abund. 8
1
20000
[M-CHs)' 384
10000 39
125
T T T T
150 200 250 300 350 400

(d) Mass spectrum of M3

Caliper - sample "MSTFA: u1:3", 17:34.83 min:sec to 17:34.83 min:sec - ( 17:36.01 min:sec t
0 17:36.01 min:sec + 17:33.24 min:sec to 17:33.24 min:sec )

o

Rel. Abund. 168 J)/\\WH
.
30000 M-TMSORI
N Vil
20000 A S, vecHl' Y/
100004 125 \ 972

457

150 200 250 300 350 400 450 500
(f) Mass spectrum of M5

Zaliper - sample "MSTFA: u1:3", 18:53.68 min:sec to 18:53.68 min:sec - 5:00 min:sec to 5:00 min:sec

Rel Abund] 1T
40000 168
129
20000 81
243
327 367
JLL‘A " LAMIILA b b

150 200 250 300 350 400 450 500 550 600

(h) Mass spectrum of M7
Caliper - sample "MSTFA: u1:3", 19:13.32 min:sec to 19:13.32 min:sec - ( 19:10.61 min:sec to 19:
10.61 min:sec + 19:01.07 min:sec to 19:01.07 min:sec )

Rel. Abund,

6000 x4
4000 e 28 -
2000

203 ‘
153
T I YO

150 200 250 300 350

CZaliper - sample "MSTFA-+NH4I: ui:1", 20:08.24 min:sec to 20:08.24 min:sec - ( 20:04.16 mi
q:sec to 20:04.16 minisec + 17:33.24 minisec to 17:33.24 minisec )

Rel. Abund, 4 e
6000
4000 N [v1'
2000 iv-cny 534
X
W Tas 4w M s | en

T T T T T T T T T T T T
150 200 250 300 350 400 450 500 550 600 €50 700

Fig. 7. Mass spectra and main fragmentations of diTMS-deTHP-Prostanozol (a), M1 (b), M2 (c), M3 (d), M4 (e), M5 (f), M6 (g),

M7 (h) and M8 (i) by GC/TOF-MS.

3.2. GC/TOF-MSE 0|&8t Prostanozo %
g9 HE&

Prostanozol 3 = WAMA| &S &<13l7] 98] LC/
ESUMS¢®} o] A8 258 F5HE AEE trime-
thylsilylation $-°] GC/TOF-MSZ ¥4 3} t}. Fig
7(a)E di-TMS-deTHP-Prostanozol &] 2 g 2=2 E 7 o]

CHAFR

W Ezlo] 29l miz 458 (IM]) 2 443 ((M-CH3]T"),
129 (C14-159} C17-189] ®3), 223 168 (C1-109}
4-5¢] #3he] Extol2Eo] HEH AT miz 129 ©]
22 179 BafRd =gV E Zte EEY
T™MS %A 3}gHEo] Dring?] dvro g QA=+
£ oj2o=m &EA JrkH! T3 mz 1680] 22
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LC/ESI/MSS} GC/TOF-MSE- 0]-&-38} 213| = A )| 4 2] Prostanozol tHAH] ASE 179

pyrazole nucleusE ZH= stanozolol ¥ 1 TIAAIS] &
gho] & A ATl M &} 2o A-ringell X717} fle
73-%- retro Diels-Alder fragmentation® 2 A-ringZ Tt
Al A== A ololt}. 2

Prostanozol-M12] mass spectrum$] Fig. 7(b)e ¥4}
o] 22l miz 3849 WIAAl M19] F8 Erto]l<l
369 ((M-CH31"%} m/z 1682 E&3F3L Utk 283
T2 o3 B3 g B GRS A7) Y3 A
o] A&3 FEA w-go] doju FfRE ]9 X Fho]
7V 3 MSTFA/NHA4I/DTE (500:4:2, w:w:w) S3HA] oF
& AHgEt AE7] 9 EAGRE FlsSth Mo
179 &ao) AEVE 7L AS 7§, MSTFA/
NH4I/DTE EFA o2 FE=A31E i 3| =2 4]
71%+S Trimethylsilyl (TMS)7]1 2 A7) oF3h Wt
23 & 7} MSTFAZR F=A|3}2 3 chromatogram
oM et FL3F AEE A7) peak’t A HA] kS
7otk MSTFA/NH4I/DTE E3HA] oF8 ALE-3 7
MSTFAYTHS- A}8-3F chromatogramol| 4] 9} &< 3t
B AZFAA] peak7t A EA] kol 179 ©A9A] 4
A7t 2ATS &A= AUk w2 Le/MS
o] A& FEEH M1 A 312 283 179
ElA 9 X0 AEIE 7= F29 17-keto-Pros-
tanozol¥ & 4 4= AATh>*

M2, M3} M4= LOMS Ao mam 7he 2}
ZFo 7= BFEQ Ao R JAEATH M29 mass
spectrum®! Fig. 7(c)A] EAFel221 m/iz 472 (IMTH%}
F48 Ed o]0 7 457 (IM-CH3]HH 2547} A&
ATt mz 254 ©FF17] 9} pyrazole nucleus & A-
ring®l] 1A= o] S|=FA|7]7F TMSE X| 3ty
o] A== EAol2o|th B AET) 9 SRR
E gotr7] 98 M1 22 5X2E MSTFA/
NH4I/DTE E3A12FS 2183 A3} MSTFAR 54|
3}& 3t chromatogram3} 742 W5 Al7Fo|A] peak
7Y AR HA &gl & M2E LOMSS| A3z RE
EAgo] 328011, 179 ©A f1X|o AE7]E 7HA
3 pyrazole nucleus &2 A-ring®] 3| =EA]7]7} S
7} X]8kE %91 hydroxy-17-keto-Prostanozol 2 374
g 5 YA M3 (Fig. 7(d))= 457 (M-CH3H
168°] 57 Eut o] 0] YEITE miz168 ERto]&o
Z R¥ pyrazole nucleus =2 A-ringdl] 3| =FA]7]7}
28] YA e TRIE ALY £ A,
MSTFA/NH4I/DTE £ 2F& ARE-gF 23 M29} wf
A7 2 5LE A7l peak7t A EA ekt )
2 M3 BA% 32800 179 €4 Ao A=<}

o
T

=1

T
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ring®l] S /9] S| =& A7)} X ZHH
hydroxy-17-keto-Prostanozol 4 & F4 & 4= A h>°
M4 (Fig. 7)) 54 Eu} o]0 iz 328 (Cl4-15
9} 17-18¢] &) 168°] == AT MSTFA/NH4I/
DTE &3 okS AMESF A3 M2¢} v A 2 5 e
Al Z¥ol| peak7t A=A AT WERA Méw= A
328, 179 B4 91X]9] AE7] 1283 D-ringoll 3+ 71<]
B EEA7]E Zh= 732 hydroxy-17-keto-Prostanozol
< FAY F UATG

E2Fol 2 miz 546 (M]Y) 2 EA B o] mi
531 (IM-CH3])3 168< E.©]= M52] mass spectrum
< Fig. 7(Ho YERQITE LO/MS AFAZRE EAEF
33022 743+ M5+ DeTHP-ProstanozolH.t} 2 &=
16°] Bor= 3hte] S =EAN7|7F X 8E F2Y
Zolg} ¢l HAIL Fig THEFEl m/iz 5462 EAF0)
23} 531, 456 ((M-CH;-OTMS]") &2 m/z 1680]
729 A k. MSTFA/NH4I/DTE &34 kS A& 3t
A3} MSTFAR f=A13ME 3 chromatogram¥} 5%
g w575 AlTelA peak7t B EO] 17 $12]9) 3]
EEAZI7E AES ER1E & Uik wEA Ms=
Aol 3302 EAE 17 ©A $X]0) =AY
7} X 8k= 3, Bring £ Coringol]l & 3he] 3|l ==
A1 717} X8kl dihydroxy-17-keto-Prostanozol ¥ &
AT dRem o] ArAlE o A7MA] BAEA] ¢
= A 22 thARA o] )

M6t M7& LCMS A#E =zt sd3 &
ZF om/z 3445 Zt= =H otk Mo A% m
560 (IM]") 2 545 (IM-CH;])$} 2549 B4 Edt o
2S5 WA ATHFIg 7(g). M6S miz 254 ©] &
M29} wEZE7FA] & pyrazole nucleus S A-ring 9] X
of ste] J=EFA7I7E SATE & F A
MSTFA/NH4I/DTE £330k AH8-5F A3 M1t »f
Z7HA 2 T T A7kl peak’t A=A %
omZ M6 17TH B4 X0 AEE /MRS &
4= 9t} E=3F DeTHP-Prostanozol .t} & &=7} 300]
F7heE 212 179§ X7} S| =5 A] 7191 DeTHP-
Prostanozol®} B3] M6 17H B4 AEZIE 7}

B-ring ==&

-~

o8 X

d

o
Mol B =EEA 77} X FHE o] = FHAS

4 Ao 2540|207 9l 2 F 3 Jl= pyrazole
nucleus 2 A-ring®] $1X3 dihydroxy-17-keto-
Prostanozol 2 4 4 AAJTH> M7 (Fig. 7(h))
m/z 2540]- 22 2 XE] pyrazole nucleus - A-ring®ll
gk 7] S EFA7|7F A $HE FXE g FHYoH,



180 el - W - AAA

m/z 4162 pyrazole nucleus & A-ringll & 7]¢] 3] EEA7 N@E F2YS G2 5 AT miz 634
Z2A7)7} M8k FZAA D-ring®] EuEl7 Do o] A9 LoMS AFE Fzabd MY A 3469
g A AAE F e ooz gAY me Prostanozol 2.t} A7t 32 o B S22 & 3|=F
416 EEro] 204 3hte] TMSOH7} A A= o] A4 = AIZI7F 5 W X8k Y Aolgtal 38t ol
= miz 32601 AEHER & /9] S| =FA]7]= D- £ o g ofjl7)9f 7 /¢ =77 TMSE
ring®l] XE=ASE A5 F ATt T3 M1} 2 21 8k=|o] A 2880] F7he m/z 6345 A o]

& EHo=Z MSTFA/NH4I/DTE EFA|FS A&t O 2 3}E tetraTMS-17-hydroxy-Prostanozol -5 2]
At 5L A7k peak7t A EA] eEgket. whElA RS sttt M52 pkR7ER] & MSTFA/NH,/

& BAE miz 344 222 170 B 91X AE DTE EFAIFS AREE 23 593 RS A7)
71, pyrazole nucleus <& A-ring®] g 79| 3| =EA| peak’F A E R 7] Wl 179 ©A&7F S| =EEA]7Z

7], D-ringol| &t 79| S|=&A]7]7} X3+ dihydroxy- AT S AT 5 AT WA A M
17-keto-Prostanozol2} 1 | A& &= Ao o] 335t E2}5F 346 18] 3L pyrazole nucleus®} A-ring®ll 3Lte]
EE M58 HRTHA R o}F AR G AEL 3| =& A]7]7} X84 dihydroxy-17-hydroxy-Prostanozol
thA}A o T, d Ao 2 oS A= AR ol

MS8E m/z 634 (IM]"), 619 ((M-CH5]")9} 2542 E4 Table 3 LC/ESI/MS¥ GC/TOF-MSE o] &%t
Eu} o] 28 A tHFig (1)) miz 254573022 Prostanozol®} AL S0l thet WEE A|7k3 Euto]
ZH¥ pyrazole nucleus & A-ringol g 719 3= 258 A Aol

Table 3. Characterization ions of LC/ESI-MS data and GC/TOF-MS data of Prostanozol and its metabolites by LC/ESI/MS
and GC/TOF-MS

LC/ESI-MS GC/TOF-MS

RT RT Characteristic ion ~ OTMS and NTMS-derivative
iy M M IMACHL (m=)

Prostanozol 7.08 315 16.32 458 443 129, 168 17-hydroxy-diTMS metabolite
Prostanozol-M1 7.50 313 1625 384 369 168 17-keto-TMS metabolite
Prostanozol-M2 532 329 17.19 472 457 239, 254, 367 17-keto-diTMS metabolite
Prostanozol-M3 5.57 329 17.35 472 457 168, 367, 382 17-keto-diTMS metabolite
Prostanozol-M4 6.19 329 18.04 472 457 168, 313, 328 17-keto-diTMS metabolite
Prostanozol-M5 445 331 18.53 546 531 168, 456 17-hydroxy-triTMS metabolite
Prostanozol-M6 3.55 345 19.02 560 545 254 17-keto-triTMS metabolite
Prostanozol-M7 417 345 19.13 560 545 254,326, 401, 416  17-keto-triTMS metabolite
Prostanozol-M8 4.30 347 20.08 6 619 254, 544 17-hydroxy-trtraTMS metabolite

Table 4. Comparison to Prostanozol/Internal Standard (ISTD) and metabolites/ISTD ratios without enzyme hydrolysis and with
enzyme hydrolysis of -glucuronidase and B-glucuronidase/arylsulfatase

. . With hydrolysis of With hydrolysis of

Without hydrolysis B—glu}(,:urorﬁdase B—glucuronigase/zrylsulfatase

Ratio* RSD**(%) Ratio RSD (%) Ratio RSD (%)
M1 0.03+0.00 3.58 0.14+0.01 2.20 0.12+0.01 3.98
Parent 0.14+0.01 0.98 0.23+0.01 2.75 0.18+0.01 5.68
M2 0.25+0.01 0.89 0.41+0.02 0.99 0.44+0.03 4.00
M3 N.D. N.D. 0.05£0.00 577 0.06+0.01 5.59
M4 0.21£0.03 N.D. 1.54+0.12 0.92 1.80+0.14 2.38
M5 N.D. N.D. 0.01£0.00 9.01 0.02+0.00 7.30
M6 0.03+0.00 4.68 0.2240.02 221 0.49+0.06 5.95
M7 0.002+0.00 13.87 0.05£0.00 8.81 0.08+0.01 6.59
M8 N.D. N.D. 0.04+0.00 6.02 0.04+0.00 6.54
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3.3. Prostanozol 2t CHALA|S| A2 HHEA|l Z&A
My

2 AFA= GC/TOF-MSE ©]
I 8Fo tAAIZE Aol A
(glucronic acid conjugate) 22| 3L 32t E A (sulfate
conjugate)®] FA FFE Lolr7] 93] B-glucuro-
nidase (E. Coli)2} B-glucuronidase/arylsulfatase (Helix-
pormatiays A& A3E vl HES] Hott) o] A
= 7HE3] F Prostanozold L thAA] peaks
WHETEE peake] HARZHE A, 2t
zro] AEARE A ZALE A TH Table 4).

Table 4914 K= vle} 7ho] 7hpRallabgd S AXIA]
%e 79 % Prostanozol THAFA M1, M2, M4,
M6 2 =i M7°] 7JZQ‘— 740§ y_o} o] ,] Nﬂ‘— 3
HE PAskA] & wld =0 o™, B-glucuronidase

o] &3l 73 9-9 = Prostanozols} $HA E ALA
AZE7) Eﬂ—v—Oﬂ Prostanozol®} 87112 tAA| = &
gr“LL A E Fgste] A= AL A
J ATk T3 Prostanozol, AR M1, M2, M4,
M6 % M79] 7}"“&] Qyjr.—‘::— R B-glucuronidase
7HEEel o] 7397 oF T ul o] =A ‘f}°7] | =
of o]52 IFAE I AXHE RS & F UM
t}. A B-glucuronidase/arylsulfataseS AFE-3F 79
Me] S| =EA7]7t 2188 M6k M7 72} 0.49 2F
0.0824 B-glucuronidase® 7= A1Z1 A3 0229}
0.05°1 ®lal W]z =A Yeptr] Wi Ay Ak
EIFHZE wjd == AL g1 5 AT

23} Prostanozol
FFFEN 23

L ru{m e

_l

&

4

M

< 583 SAZEETE A wA
3}skE 2w F4S LOESIMSE o] &3he] ZAL
gt A3 8% HAAE HESATH [MHH] Ol &
=223 AFgAAEH] AR IZRE YA M1, M2,
M3, M4, M5, M6, M7 2 M8= -9 3}§ 3 Ex}e
o] zyz} 312, 328, 328, 328, 330, 344, 344, 2 346%
< RIS TMSHEA8 & GC/TOF-MSE 4
3 A3 M1 Prostanozol®] 179 &4 X7} A&
7182 2slE TEYLS Fo1s L M2, M3, M4E 17
H A 9X]e] AL g e S EEAE 7R
TZ29E Gl Mse 1791 ghael] 3 =EA]7)
7kzl Fxof] g o] B & I =FA 7|7 X8
HASS F3AT & e Mok M7= 17H BhA
A AE7NE 7HAL F e S| EEA] 77t X3

Prostanozol S &
[e)

il
o
_I

o
N
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