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I. Subject

A Study on Phamacokinetics and Metabolism of Biologically Active

Compounds (III).
I1. Objectives and Justification

Recently, in accordance with the rapid progress in science and technology,
new drug development is being focused by many scientists. So, gov.emment, big
fine chemical industry and many pharmaceutical companies have been invested to
their Research and Development program.

For the development of new drugs, it is necessary to find lead compounds, and
o develope rapid and accurate screening methods, effectiveness, safety, metabolic
pathway, bioavailability, and toxicity evaluation etc. Of these many studies, one
of the most important study is pharmacokinetics, especially metabolism and
excretion, and bioavailability. Occasionally, the metabolites of the drug of

interest have sometimes proved t0 be more effective than that of the parent

compound.
Therefore, to evaluate the therapeutic efficacy and safety or toxicity of newly
developed biological active compounds, a study on pharmacokinetics, in vivo and

In vitro metabolism, and renal excretion mechanisms play an important role in



drug development. The establishment and accumulation of experience for basic
techniques on pharmacokinetics, renal excretion and metabolism are very

important t0 the development of new drugs.

[1I. Area & Scope

This study is focused on pharmacokinetics, renal excretion, and metabolism
compnsing the main aspects of drug development. Chapter I, the general
explanation, and objective of the study is described. Chapter II is composed of
two sections, one is the effect of probenecid on renal excretion and protein
binding of stanozolol, an anabolic steroid, and the other section is excretion study
on the interaction of stanozolol and probenecid in human. In our previous report
which was a study on pharmacokinetics and metabolism of biologically active
compound (II), we elucidated that the establishment of analytical method using
gas chromatography/mass spectrometry (GC/MS) of stanozolol in biological
samples such as urine and blood. And- also, we compared the effect of
probenecid on the excretion of stanozolol in rats. Therefore, we obtained the area
under the curve (AUC) of the probenecid-treat group was significantly (p<0.01)
lower than contro}! group, but the volume of distribution of £ -phase and total
clearance in the probenecid-treated group was significantly high (p<0.05 and
p<0.01, respectively). pH values and flow rate of urine between probenecid-
treated and non-probenecid treated groups did not show a statistically significant

difference.



According to the results of the renal clearance, significant differences of
glomerular filtration rate or renal clearance was not observed, but the clearance
ratio of treatment showed significantly increased from 11.72 to 17.27.

Under the data described above from our previous studies, we also try to
check the effect of probenecid on the protein binding of stanozolol because the
amounts of protein binding of stanozolol are one of the factors to change the rate
of excretion.

The free form of stanozolol is also increased by probenecid treatment which 1s
analyzed by ultrafiltration technique using GC/MSD. From the above results, the
increment in the volume of distribution of stanozolol by probenecid ﬁeaﬂnent can
be explained that the decrease of association constant between stanozolol and
plasma proteins by probenecid treatment which means the increase of free form
of stanozolol.

The section I in the chapter I is described the excretion study on the
interaction of stanozolol and probenecid in human. The phammacokinetic data
from our previous results are obtained from the laboratory animals such as rats.
S0, we try to determine the effect of probenecid on stanozolol excretion using
human volunteers. In this study, not only stanozolol but also its metabolite 3'-
hydroxystanozolol studied. The results were shown that the excretion of
stanozolol and 3'-hydroxystanozolol also inhibited by the co-treatment of

probenecid in human urine.

In chapter III, the urinary metabolites of steroid are mainly described. The

section 1 of chapter III, we try to find and elucidate the chemical structure of



calusierone metabolites after oral administration in rats by GC/MSD. We
deduced the two urinary calusterone metabolites as dihydroxylated form of
calusterone in rats.

One 1s supposed to the 6, 16-dihydroxycalusterone by the interpretation of
fragment 1ons of E.I. scan mass spectrum in GC/MSD.  The other is also
expected to be the dihydroxylated calusterone, one of hydroxylation sites is
supposed a carbon 16 but the another hydroxylation site is not clear.

The section II of chapter III is described the kinetics and the urinary metabolite
of furazabol which is another anabolic steroids in human with GC/MSD. From
this study, &t is elucidated that the furazabol glucuronide conjugate is main
metabolite of furazabol in human. And also, 16-hydroxyfurazabol is clanfied
another metabolite of furazabol in human, The kinetic behaviors of furazabol and
its metabolite, 16-hydrd;cyfurazabol are also studied. The results of kinetic study,
the furazabo! and 16-hydroxyfurazabol are rapidly metabolized and excreted to

urine in human.
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Figures

II-1 : Effect of probenecid on renal excretion and protein binding of

stanozolol, an anabolic steroid.

Fig. 1: 252 ABaj] o]3)

Fig. 2 : Plasma disappearance curve of stanozolol in rats.
Fig. 3 : Urinary excretion rate vs. time plots in rats.

Fig. 4 : Urinary flow rate vs. duration ( min.) plot.

Fig. 5 . Calibration curve of stanozolol.

Fig. 6 : Effect of probenecid on stanozolol - protein binding in Scatchard plot.

II-2 : Excretion study on the interaction of stanozolol and probenecid in

human,

Fig. 1 : Scan spectrum of stanozolol-N-HFB-OTMS(A) and 3'-hydroxystanozo-
lol -N-HFB-(OTMS), (B).

Fig. 2 : Calibration curves of stanozolol (A) and 3'-hydroxystanozolol (B).

Fig. 3 : Excretion rate vs. time¢ plots of stanozolol and 3'-hydroxystanozolol

after oral administration of 20mg stanozolol to voluntecrs.
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Fig. 4 . Excretion rate vs. time plot of stanozolol after oral administration of
10mg stanozolol without-( + ) and with-(+) probenecid treatment to
human volunteers.

Fig. 5 : Excretion rate vs. time plot of 3'-hydroxystanozolol after oral administra-
tion of 10mg stanozolol without- (- ) and with - (+) probenecid
treatment to human volunteers.

Fig. 6 : Urinary accumulative amount of stanozolol after oral administration of
10mg stanozolol without- (+ ) and with - (+) probenecid treatment to
human volunteers.

Fig. 7 : Uninary accumulative amount of 3'-hydroxystanozolol after oral admini-
stration of 10mg stanozolol without- () and with - (+) probenecid

treatment to human volunteers.

ITII-1 : A study on the urinary metabolites of calusterone in rats.

Fig. 1 : Total ion chromatogram and scan mass spectrum of calusterone-di-

OTMS standard.
Fig. 2 : Total ion chromatogram of nommal rat urine (A), and calusterone-admini-
stered rat urine (B) in free fraction.

‘Fig. 3 : Total ion chromatogram of nomal rat unne (A) and calusterone-
administered rat urine (B) in conjugate fraction.

Fig. 4 : Scan mass spectrumn of calustecrone metabolite I suspected as 6, 16-
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dihydroxy calusterone in rat urine after TMS denvatization.
Fig. 5: Scan mass spectrum of calusterone metabolite II suspected as dihydroxy
calusterone in rat urine after TMS derivatization.

Fig. 6 : Chemical structures of calusterone and its metabolites I and II.

III-2 : A study on the urinary metabolites of furazabol in human.

Fig. 1 : Calibration curve of furazabol after TMS-derivatization.

Fig. 2 : Chemical structures of furazabol and its possible metabolites.

Fig. 3 :Scan mass spectrum of furazabol-OTMS derivative. .

Fig. 4 : Selected ion monitoring chromatograms of furazabol-OTMS (A) and
Calusterone-di-OTMS (B) in the human urine sample.

Fig. 5 : Scan mass spectrum of 16-hydroxyfurazabol-di-OTMS dernvative.

Fig. 6 : Selected ion monitoring chromatograms of the di-OTMS derivative of
16-hydroxyfurazabol (A) and calusterone (B) in human urine sample.

Fig. 7 : Scan mass spectrum of unidentified furazabol metabolite in human urine.

Fig. 8 : Excretion rate vs. ime plot of furazabol in the case of K human.

Fig. 9 : Excretion rate vs. time plot of furazabol in the case of M human.

Fig. 10 : Unnary accumulative amount of furazabol after oral administration of 5
mg furazabol 10 K human.

Fig. 11 : Urinary accumulative amount of furazabo! affter oral administration of

5 mg furazabol to M human.

Fig. 12 : Excretion rate vs. time plot of furazabol between K and M human.
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Fig. 13: Urinary excretion vs. time plot of 16-hydroxyfurazabol between K and

M human.

14



Tables

II-1 : Effect of probenecid on renal excretion and protein binding of stanozolol, an
anabolic steroid

Table 1 : Pharmmacokinetic parameters after intravenous administration
of stanozolol (20mg/Kg) to rat .

Table 2 : pH values between two groups in rat urines.

Table 3 : Urinary excretion of stanozolol by renal clearance method.

Table 4 : Effect of probenecid on association constant and total protein

binding concentration of stanozolol in rat plasma.

II-2 : Excretion study on the interaction of stanozolol and probenecid
human.

Table 1 : Kinetic parameters of stanozolol after oral administration of 10mg
stanozolol without- and with- probenecid treament t0 human
volunteers.

Table 2 : Kinetic parameters of 3'-hydroxystanozolol after oral amdinistration
of 10mg stanozolol without- and with- probenecid treatment to

human volunteers.

15



III-2 : A study on e urinary metabolites of furazabol in human.
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D AleF R 77

@ Alef

Stanozolol (3FeJeFE, Korea), Probenecid (tl]-g-A|2f, Korea),
Calusterone (Upjohn, Co., Kalamanzoo, USA), Bovine serum albumin
(Sigma, USA), MSHFB(N -methyl-N-tﬂmeﬂlylsilylhep_taﬂuorobutyra—
mide), MBHFB(N-methyl-bis-heptafluorobutyramide; Macherey &
Nagel, F.R.G.)), TMS-Cl(tnimethylchlorosilane; Sigma), TMS-
Imidazole(tnmethylsilylimidazole ; Sigma), Hepann (Sigma, USA),
Krebs-Ringer Bicarbonate Solution (composition(M); NaCl(0.154),

KCI(0.154), CaCl,(0.11), KH,P0O,(0.154), MgSO,.7H,0(0.154),

NaHCO,(0.154)), 19| 7|E}A} o2 130]AHS AFR-31git.

@ 7|7

» MPS-1 (micropartition system; membrane base, reservoir, clip, cap,
O-ring, Amicon Division, W.R. Grace & Co., MA, U.S.A))
» Sorvall centrifuge (Dupont, U.S.A.)

 Water bath(Dong Yang, Korea)



« YMT membrane (YM30, 14MM, Amicon Division, WR. Grace & Co.,

MA, US.A)

« Freezer (Lauda, F.R.G.)

 Rotary evaporator(Buchi, Switzerland)

2) 7]7] (Instruments) 3l A&7

® 717

GC/MSD (HP 5890A/5970B)
HP 59970C MS Chemstation
HP 7946 Disc Dnve

HP 2934 A Dot Matrix Printer

@ #4z7

Column : 5%-phenylmethylsilicone (SE-54)
(HP fused silica capillary, 17m(L.) x 0.2mm(l.D.) x
0.33 um(F.T.))

Detector Temp. : 300°C
Injector Temp. : 280°C

Flow rate : 0.83 ml/min. Helium
Injection mode : splitless

Oven Temp. : 180°C — 310 °*C(25°C/min.)

26



) AHsE W AlBAx

(0 Animal

KIST §-3-Z 3t EjollA| <5 Sprague-Dawley 378 rat (250X
5008 AMg3IRer FUF 1FYeld AP FHIAIY F
A4S At APl ALZEGT?.  FFA| HLF tap-water
o} AR (AFeFAL, Korea) & ¢)ol &8 FF3lgdt)

@ Sample preparation

Rat 2| Fge2Re HAHEYS MY F, plasma § L7
$#38te] 3,000 pm oA 107t WA 5l AsdS FHaH-
T 4% Bovine serum albumin solution -2 100ml2] Krebs-Ringer
Bicarbonate solution o} 4g 2 Bovine serum albumin & oA 7=
%t} Krebs-Ringer Bicarbonate buffer 2] RAJ(M)2 NaCl(0.154),
KCI(0.154), CaCl,0.11), KH,PO,(0.154), MgS0,(0.154), NaHCO,

(0.154) o]}, HCIS AFR-3}o] pH 748 Tho] ARR3}eith

4) Protein Binding Experiments

Protein binding<- MPS-1(micropartition system, Amicon Division, W.R.



Grace & Co., USA)E AMR-3}o ultrafiltration ¥ o8 AJY3lct
(14,15,16,17). Rat & HE&] 9L ratplasma & Z} test be of 2970ul
Al Pt Z}sx 9] stanozolol stock solution & 30 ul# 7}t
A3 volume o] 3ml &) EYAL TET 2 B HIRE(u
M)z 15, 7.5, 10.0, 30.0, 50.0, 100.0, 1500 o] 5| == 3&}git}.
= 3h Plasma &} F-AF3F RAJ el 4% Bovine serum albumin solution o]
Hel AL 5 =9 stanozolol & 7}t A H3HH.

22 Z} test tube of rat plasma € 2}38}3 stanozolol stock
solutiong- 7F8fd 31§t 8 37°C water bath o}A] 30%-7}
incubation 3}31 2F&E 3} protein A}o] o] binding reaction & A]Z1FE Z A
Whe ol 3ml = Iml AL 5t YMT membrane (YMT-30, 14MM)S-
78 MPS-1 9] reservoir o] Y3l 5,500 ipm o)A 207} A&
shich.

A) 82 methanolo]] =<1 3.5 mM probenecid 30ull & Z} test tube
o Y3 vacuum rotary evaporator ofA] solvent Y] BJIRF, ra
plasma € 7}8}3L vortexing d}od probenecid &} plasma 7} Z-Z31= A
8t Z} test tube o stanozolol stock solution & Z7}3}e] stanozolol £
=t ol 15, 75, 100, 30.0, 50.0, 100.0, 1500 (LM)7} HE=
sIA% ¥, d=FH AL 27128 incubation 3131, MPS-1 oA
ultrafiltration 3}tk  WA)JRE]lFE YMT-membrane 2] upper side o
Z 3= protein bound stanozolol & ¥4-& ¢ 3] 100ul NS 35}
3, membrane 2] lower side & filtration ¥ volume & 2733} free

fraction &] volume -2 &<135}¢it}.
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5) Stanozolol 2] A 2

Scheme 1 oA A2}dte] eldule} 7re] , Binding experiments of
A YMT-membrane 2] upper side ol A]3}+ protein bound stanozolol
fraction 1000 = 23}] 2} test tube o] YL intemnal standard A
20ppm calusterone 250 S 7}3l3L, 33 X, stanozolold] ==&
&l sml o ether§ 7}8til 20F-7F shaking ¥ ¥ SF2|E 3
2,500rpm oA 537 WA R

-30°C freezerol| A] aqueous layer &} organic layer & $+A3| 8|38}
of, 22]¥ ether 2L vacuum rotary evaporator of|A] SHIR| 7|
Re  9A3] ARANFE ZAle]  MSHFB:TMS-CLTMS-
Imidazole(100:5:2) 40ul S >}3le] 80°CollA 55-7F -S-% 3 3}A]) 7],
MBHFB 10u S 7}3 F 80°CellA 1087 71 d3t Aap =4
3} A)#H GCMSDE A Zslgitt. 7171271 9l temperature
programing < 2| 7|7] 9 F4 =7 YL, GCMSD ¢
data acquisition < selected ion monitoring (SIM) W& AFR-3}¢] 0,
stanozolol®] 7 &2 $3MAl+= m/iz 581 ion(M*-15)--, intemal standard
2l calusterone 2 $3A|: m/iz 315ion & Aedte] Ao o] L3}
Tt
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' 3.5mM probenecid 30ufl in test tube I

- Evaporation

- Rat Plasma 2970ul or 4% BSA in Krebs-Ringer
Bicarbonate buffer solution

- Yortexing

‘ Mixture l

| - Stanozolol stock soln
| [Final concentration (uM) ;

1.5, 7.5, 10.0, 30.0, 50.0, 100.0, 150.0]
- Vortexing

- Incubation at 37°C for 30 min.

’ MPS-1 with YMT-membrane '

; - Centrifuge 5,500 rpm for 20min.

100 u@ bound fraction from

l upper side of membrane

- ISTD calusterone(20 ppm x 25ul)
- Diethyl ether Sml
- Shaking, centrifuge

‘ Ether layer l

l - Evaporation

- 4048 of MSHFB:TMS-C1:TMS-Imidazole(100:5:2)
at 80°C for Smin.

- 10 u@ of MBHFB at 80°C for 10 min.

GC/MSEJ

Scheme 1. Procedure for protein binding experiments of stanozolol
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6) Protein binding parameter?] =7 x]e]

Rat plasma ol stanozolol W probenecid £ 7}8f3L YMT-membrane
L XA$  MPS-1 (membrane pantition system)S o] 8-3}og
ultrafiltration method & A) ¥ ¥t data & PHARM/PCS program(18) 5 ¢
Scatchard plot o} Z}-8-5}¢] protein binding o] #3} parameter & Q9]
t}.

SuUs YUY kB9 FEEL LY Aoz FUYS 9
c}.

P+ C,g®C,
A71M PE FE 3 AUST YA 4 DU 2YEA 5

Soln, Gt Y FESE, CE FYY fEEEoj o
uh-o] HyAee] o)2H Ao WYY 4 glon

[P)[C]

Ky &3 protein 32| 32} A} (dissociation constant) o], L

T (k)= A4S (k,,association constant) & on]3lc} agln
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el 1 A AYFE e 48 n, total protein concentration 2

[P] 2 #ul, total binding site®] X =

n[P,] =[P] + [C]

2 ENY 4 o], vy e FAgstn Y 2o &
&1 e ¥AES YUt

[C)  [C] n[C,)
res ——ee—e—_— = —
[P} K,- [C] K, [C] [C,+C]
————+ [C}] ¥
[C,] [C, ] [ C,
I
ne [C]
K, +[C]
ag|e g
r n-r n r

ol 43 2 AL wgez sl ¢, P CLOE AN
PHARM/PCS Program (18) of|4] Scatchard plotting 3} n« Pt 2} K,

7+ F3}e, o] 2 protein binding ¢] parameter 2 ©]-&-3}{t}.
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ol ¥ oo JEYHEES A FAEFHAAAY dEsEI)
-7 TR 220 B9 Y AHEFSeAY A8 s
ST W o FER, FFe] Sl ¥FA dE T Sl F
5o -

Fig. 1 oA Rojx]Zo], FA|F] F5E U3

Receptor
HZ%e 2%

- protein

A} ‘//' binding

H| 2%

Fig. 1. 29} AAW o|%) (14)



D) FoF$HedAe 55745, @ 7S A3 dAgE, 3) 23,
A-FHelle FEXEE, @) AA5elAY Aoz wjdExFo] B
Shal It AL =WsH 2y ol gEolHETt 3EEA ],
ojF WP F¥E 71T 3= FHA A B,

(1) FoqR(23F )M F52d w3t
2 A% 559 FHA YA Dol doiA e Ajtdel ¢zt A
213 A

w .. 0

(3) 2879 (receptor) o8| oFg Ao W3}

@ ofFstiAtaLY g2 Yo 48 &, A3l VA
& NSl YoiMe] okgulde] 23 s A
6 Ay ez FFe Hs}

o] Hrpn g3 A o}

o]t A4S HIFL R, F2 T oju| FelAY (12, 13)F F3
stanozolol 2| wl‘de wjX|:= probenecid & FHFE AFPFTEYU raa T AHE
8l phamacokinetic 7+ Z2 & o] ¥ ¥l g}, = stanozolol Y=
Tl 3 stanozolol 3} probenecid ¥ -8-Fof7-ol| 4| 255 ¥ 33 parameter
S (Table 1) ¥ probenecid 8T+ +X82(V ) stanozolol &=
FoFoAe 7R Foid (p<0.0D)UA F71815iaL B-phase & YH317]
- probenecid Fofof o3te] ¢ 4wl THF FIISIGIH. W RFHF
AUC = stanozolol WHE-5ofZ Wt} 2.5uf0]AF §-94 A (p<0.01) 74
=Heolty. =3 M4l clearance = probenecid F-oZollA 4 A
(p<0.01) =7kttt o]t WE Fojze] EELFY (V) P A
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Table 1. Pharmacokinetic parameters after intravenous administration of stanozolol

(20mg/kg) 1o rat.

Ke, min™

Vdss, mlkg™

vd ,, mlkg™

AUC, ugml ' min
L1 /2 » TN

Ly /2,5 » TN

CLt, mLmin™' kg

Treatment”

Without probenecid(n=5)

0.009210.0041
0.0348 £0.0015
0.0128 +0.0018
2311.9+441.8
2385.8+577.7
8919 11268
289 X69
66.8 122
242 33

ikl

With probenecid(n=6)

0.004910.0012
0.004710.0013
0.0103%0.0012
15528.1+5891.6
24281.1+7633.1°
347.3+48.8°
403 54
257.41+59.1°
64.2 +103°

a. Results were given as mean - S.E.

b. Significant & p<0.05
c. Significant at<0.01 |
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clearance (CL) ] Z7H= AUC 7} 73284517] wj&oletn 4zHich
X%t plasma oljA| 2] stanozolol =2} probenecid ¥ -8-Fofof 2|3t LAl

A (Fig. 2) 3 A)7lo]] ™= urinary excretion rate (Fig. 3)ol|4], Fig. 2 ¢

3] 27} time-dependent 3474 Eo1EwH, o 5A17 olFoj= A &
o] o] FA o= AR 2L F WEARAE F oA BN F
£t & Aol BeiFI YIrhs AMJE w|fol, Fig 39] 0-90% Ate]e]
probenecid ¥-8-5-¢] 9] urinary excretion raie 7} THEF{FB T}t T =
e e AUtk

wo) WHSES S mAE facor 2A offe} ZE of7lH] 2
=< =¥ Ta dA U6, 19).

Q A4 o #5E(GFR)

© w9 flow rate
- © =9 pH
@ A9 deS71A
© 439 HEY I=
B M=o F5713
D oFE9 3}HEzF+2 Yl lipophilicity (pka)
© 2F=2] metabolism

a3y $1o] o7 factor FolA] =9 pH value (Table 2) Y =9 flow rate

306



20

10 319

H

Plasma concentration of stanozolol (ng/ml)

-
)
()
¥

LN

Time (hr)

Fig. 2 : Plasma disappearance cutve of stanozolol in rats,

—8—9—: stanozolol (n=5})
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Fig. 3 : Urinary excretion rale vs. time plots in rats.

——0— : stanozolol (n=5)

— N — : sctanczolol + prcbenecid (n=c)

facn value represents mean + S.E.
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Table 2. pH values between two groups in rat urines.

I IS — L . L i i i i — e — - e

Collection time Without probenecid With probenecid
0-3%  63t13  81+18
30- 60 58104 6.8+1.7
60-120 6.6 1.6 71113
120-180 6.11+09 7719
180-240 5.6x0.6 6.8+1.3
240-300 6.510.2 68115
300-360 6.01+04 78122

Each value represents mean *S.D. of 6 rats.

(Fig.4)<  stanozolol 57 3l probenecid *¥-g-Fo Wz U< %
s BA| U4 F FZAeld o e AelE R TR W
= 3pvbe] factor @1 Glomerular Filtration Rate € renal clearance method of

o3 2% Z3} (Table 3), Probenecid ¢ W25 ol GFRE W3A|7]

2] 4o, stanozolol ¢] renal clearance £ F-7F8tg ot f-o4d QA= A

ol Ho|zx] sttt 2|\t renal clearance € GFR 8 & Zhel

clearance ratio = 11.72 o|A] 17.272 probenecid LS5 Foll A §2A 9

A (p<0.05) T7HE S E=rUTh
o|’d7tA| ¢ phammacokinetic data § FH3te] XH A B udtg %ol

at § AREE FEAYPONA stanozolol I probenecid F W-E-F A

stanozolol 5 F-oq7o] nlwdte AUC 7} 7978 Q1A ZAAsiglen, o
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Fig. 4 : Urinary flow raic vs. duration (min.) piot.

v : stanozolol
[ ] : stanozolol + probenecid

Each value represents mean + S.E. of 6 rats

(* n=%, *% ry=3)



Table 3. Urnnary excretion of stanozolol by renal clearance method.

Rat Flow rate

No.

M oo Oy O o

Yean

Do Yy o -

U3

(ml/min)

0.09 =0.01
0.05=0.01
0.16 =0,01
0.17 %0.01
0.13 =0,02

0.12 =0.02

0.16 +0.03
0.15 0. 01
0.19 £0.01
0,15 +0.03
0.11£0,02

Mean 0.15 =0.01

Stanozolol
plasma

¢onc,

(ug/ml)

.26 =0, 37
.46 =0, 46
.80 =0.18
000,23
L1920, 15

3.46 =0,64

1.39 20,05
1.75 £0.06
2.06 £0.33
2.17£0,43
.15 20,03

1.70 =0.I7

GIR

‘(ml/min)

1.17=0.01
0.85 =011
2.34 20,37
4,46 =071
.28 =0.27

2.02 0,59

Excrefion
rate of

stanozolol

(ug/min)

Treatment ﬁithout probenecid

46 .68 =5.77
20.12 £3.91
34.62 £2.75
4600 2. 62
44 87 £13.15

38.48 £4.55

Treatmeni with probenecid

3.40 1. 41
1.73 20,08
2.02 £0.24
3.67 0,37
[.38 £0.26

2.43 =0, 41

45,58 £7.32
47,37 £6.57
31.79%0.78
38.67 2,93
47.53 £7.58

42.19=2.74

a. Significant at p<0.03 1in Student’s paized t-tesi.

41

Stanozolol
renal

clearance

(ml/min)

11.20 =0.66
5.07 =1.39
19.883 £1.179
11.75 21,25
35.87 =7.42

16.69=4.76

33.61 6,77
27.26 =3.95
16.95 2,97
20,44 =%, 69
41.39 =6.44

27.86 =3.99

Clerance

ratio

10.24 =0.66
5.33 £1.45
9.08 =1.96
2,71 *0.17
31.22 £5 48

11.72 x4 .52

18.43x7.03
15.61 =1.52
3.27 =0.30
6.17 x2.04
37.87 £14,02

17.27 £5.03°



LFodFolA] FXELH (Vi) W HAl clearance (CLy = f-24 A 37}
s & T st

F3L k9 pHY flowrae = FaoA #24d gle ol & Rolx| ¢
ot 2w Clearance ratiox probenecid 5o & 11.720)|A4 FE 17278 89 A
UA F7tET F TR v|Fof, A o|A stanozolol & 4-4)¢] probenecid
of &3t F7HE H clearance matio 7} 5713 Aol 7]UslglES B
st}

olul gellAME AFesRel =9 WEAE4EE 3K AT 9 8L
22X o3 7}A] factor 7} 01, excretion ratio = THSAlo @ EHIY 4
3t

S-A
ER=1+
GFR « P;

o 7)olA] S Al=T9 secretion rate, Ay AF-T rate, GFR < A3 of
3} &xo]n, P= X sampling ¢ mid point oA AT FHF FHF
o] fEsxoltt. A A ESF 91Ko| excretionrate o= FHFE v
g GETE (P)7l dHstng, Tt factor Ql 52 wRdE &
5 T317] $48] invitro oA rat plasma § A}8-3}o] stanozolol & Ty
ol v] x|+ probenecid & FE2 HESSY-

gAY (F2 abumin )2 FH ZAYste A AFIAEA
2o ofet 4 ¥ YT ZYRAAAY FEolBT sH e TR
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3 988 st gtk oo AYY dEL Y HFeR SHA
U, ofEo] diAtERIZE 22 o] FAEGEYL = A92 widE wie
Jojaaje] wel Aol AA3] dRigez BYA nFUTLE
HPE = Aol

¥y == g3 o] digt oEe A distH= BAI7HA]
FE3A oldiEe] U+ oy @ el AU IR AH I
A3 Az a 424 ook Qe A s e T
A oF 200z =T AL, 3 FRAFS dYALAE F
3t Fyolgtan A4 -4 130,000m* FE7F He|, HEAY FES 1
EHel A F¥o 1A A¥YT Yok AZEY, AA| albumin
ZLo] 1-2 74 o] binding =] =33}t

EI Y DR e 45 x1I0°MAFERE UBA glen, FAF
o] 300¢) H$9 =2, AL EY ¥ 1ml I 180 ugo] X3FA
FFozA Addd. '

oje}ito] FRF 4EUH 45 FLY JEE sl HYWAY AT
o] FAes oA7kA] WY, dE 9H B¥
method), ¥+¢]ed 4] (ultrafiltration method) (16, 17), J< spectrum ¥, ¥
spectrum Y3} ZH2 spectum$ o] &3 Wy T oAge] agiEe] dE
AREE glov, & AYeM Aol kit 3 Hol dE ofg=n g

= MPS-1(micropartition system) < A3} stanozolol ©] protein binding A}

E 49 (equilibrium dialysis

32 3H¥F, YMT-membrane 2] upper side off =A3}= bound fraction 100u{
S F| 8}« protein bound ¥ stanozolol & 7 &Féf31 PHARM/PCS program 4}
©] Scatchard plot of) data & Z-LA}# parameter & T3} ).
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A2 A%FE 93t rat plasma o} stanozolol (ug/ml) & 1, 2, 5, 10,

20, 40, 60 2 FX 2 spike 3t Qo] Ae¥ Wi wet Hx s}
GC/MSD 2 F-A3}e] calibration curve & Fig. 5 o JeEh 2t}

Stanozolol &} HT=%(uM) & 15, 7.5, 10.0, 30.0, 50.0, 100.0, 150.0
o] ¥EE3}1, 3.5mM probenecid 30ull & 7}3] stanozolol ] binding of v
X probenecid o FEE AArste| plot 3 EH Fig. 6 3 Zto] Ht.

o|e}zto] Scatchard plot o] ZgFUsFeo] BE AYFH7E SAA F49]
o= Al vlgo| vl UGl HE ZAUFN SAYS ¢

2 9tt.  PHARM/PCS program 2] Scatchard plotef] data & Z-83}%-3,

C
stanozolol %] &} -& —éﬁ- =-0.8985769 * C, +4.567369 &= W3 Ao 2 HE
f C
Kd, 3 Ka, 9 n, » POS —(—:-3- = .0.01229447 * C, + 1.407898 o)A} Kd, 9}
f C
Ka, 3 n, « P(t) &, stanozolol 3} probenecid ¥ -8-Fjatol A+ —---63- = -

C f
0.6720966 * C, + 3.296337 o)A} Kd, 3} Ka, Y n, - POE, Cb=1.633484 E

f
-0.3 *C, +0.965098 o] A] Kd, &} Ka,Q n, s P(t) & -3} Table 4 o] F &
s Y-
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Fig. § : Calibration curve of stanozolol.
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Fig. 6 : Effect of probenecid on stanozolol - protein binding in Scatchard plot.
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Table 4. Effect of probenecid on association constant and total protein binding
concentration of stanozolol in rat plasma. '

n,+ P(t) (uM) | Ka, (M)

Stanozolol 5.08 + 0.49 8.985 x 10° 114.51 + 55.09 1.23 x 10*
Stanozolol + | 4.90 + 0.59 6.720 x 10° 590.82 + 41.2 0.16 x 10

Probenecid

Protein binding ©] association constant € YEhJ:= Ka, @ Ka,M™) 42
stanozolol T+& 2]2] 3} FolA]= Ka, o] 8.985 x 10° ¢] )2 stanozolol 3}
probenecid &3] 2] ol A= 6.720 x 10° &8 association constant 7} 7t~}
o, Ka, M) ES 1.23x 10° o)A 0.16x10° 22 7tA3tgct oA
2 probenecid & <¢13}e] stanozolol 9 protein binding ¢] A= & 8-
el sanozolol o] F71ehe AE vt 3ot  Ra HolA ol
protein concentration ¢! P(t) ] H 3 FE 257)E oSt Yol
AF3tgRol YA 400uMZ 7h¥ Pl bindingsie n, P 1,9 Zhe
- 10]3t2 Jepdth BA] stanozolol 3} probenecid o2 n, Tho] 1
= 9 Aol Hi ol g FHAAY va g o)t Y= Ho
2 &0 g d7st "eskeen 4zan.

T FoA rat & AFE3 FEAIHelA] stanozolol 3} probenecid &
'geT Aol sanozolol THE-FejAlef ]t AUC 9 Fo4 Q&

Ha, HERA 9 HA clearance o] F94d & 71 2|3 clearance




nto o) 4 = 2745¢ Bustgth o YT DAAY
TFANA B H probenecid 2 ¢13} association constant 2] Z}4E &
probenecid o 2 <13l stanozolol & free fraction o] 37}8} T o]2] 3} free
form ] stanozolol & F71= oA Bt {2/l FX83Fe] F7)
o geez 43 & Y& el

mohE gred, oEd ERME $£849 372 U8 poein
binding o]\t reabsorption o] Zt4-8t7] o] homone o Alujde] FeE
n| 7 JATAE B3(19) = Qo o] =¥ 2 E ofopy facwr o],
B A% Aujd 7|AQ73  proein binding assay § st
radioisotope labelled stanozolol 3 Z}re] radioisotope B AR2-3} Al ¥ o] 430 5]
ook ¢ Ao Alm¥rh
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A 2 A Human o] A]¢] Stanozolol 3} Probenecid 8] ¢}FE-A}S 212 of
= AT

LA Z
Stanozolol (1,2) of] T = o]v] A AMEFEo|A o F oA
SEQ) o ol Fiol E F44Y EAFE, 5) ol F3 d3F )
M. =R probenecide}p 7| AFE e AFEANEH6,7.8) & KalE o
501} anabolic sieroid %] AFEALE SEL o]4¥ UPOI0E A9
3}3 human ojA]¢] AlA] excretion S inhibition A]7]%= data 7} Slo] AlA]
human volunteer of| 7| F-¢{¥F-2] urine & 43} stanozolol 2| 41ul/d<j
o] X probenecid ¢} % %-E A A} shoit
2= o] YoA(4,9), stanozolol 2| human ofA]Q] THAMIEEA] 3-
hydroxystanozolol & GC/MSD oA 2] Y2l A= detection limit S 2 A
3l stanozolol 2 1ng/ml &, 3-hydroxystanozolol < 1ng/ml ¢)3}l& ¥ 1%k
SEPYISY
T3 stanozolol & t,, R t,, ¥ AT 7.7H 385 AjTke =, 3-
hydroxystanozolol 2] ¥F7}7]= oF 15.1K])7ko]| ], stanozolol = 7.5A| 7 ojl A,
3"-hydroxystanozolol = 18.5A] Zteoll Al 2{tf| excretion ¢] Yojdg o|v] B
st o] 9} 72 stanozolol ©HE-5-¢JA] human o)} A] 2] stanozolol ¥ T
tjAFA 2]l 3-hydroxystanozolol & F-eljel] H3 7|XALRE 7FA| 3L, AA]
714b2-9 Al AR Z d2{X probenecid o] {3 steroid ¢!
stanozolol % 1 tjA}A] 3'-hydroxystanozolol & wjdol v|X|&= &S 4

T35t}
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2 A R P
D Alet g 77
@ A%

Probenecid  (t-3-Al) ¢F, 500mg/Tab), Heparin-Na (Sigma),
Pentobarbital-Na Amp. (50mg/ml, ¥} A]ep), Stanozolol (3HQ)eFE),
Calusterone (Upjohn Co., Kalamanzoo, USA), Ambelite XAD-2 resin
(Particle size ; 0.15 -0.2mm, Serva Heidelberg. FRG), 0.2M K-Phosphate
buffer (pH 7.0), £-Glucuronidase (E. Coli ; Boehringer), MSHFB (N-
methyl-N-trimethylsilyl-heptafluorobutyramide), MBHFB (N-methyl-bis-
heptafluorobutyramide ; Macherey & Nagel, FR.G.), TMS-C]
(trimethylchlorosilane ; Sigma), TMS-Imidazole (trimethylsilyl imidazole ;

Sigma), 9] WR ¥ Aok EF P UF o]AHL A-33ith
@ 717

Centrifuge (Dupont, U.S.A))

Vortex mixer (VMR, U.S.A)

Vacuum rotary evaporator (Buchi, Switzerland)
Shaker (Buchler, FR.G.)

Heating Bloc (Liebisch, F.R.G.)

Freezer (Lauda, F.R.G.)
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2) Human Volunteer

AA737% volunteer 3F (B4 F oF 60kg) 22 5-E o] Y| 3
Bt oS 73 F A¥e AlASH HA 359
volunteer & L] blank =& hg—-:?: dEEoy WessRo
o} SEEo-ZLL sanozolol 3 (2mgTab x 5% ; Bestanabol |,
Hanil Pharm. Co Korea) 10mg & ZH 153 ¥ 56A]7F 74R] &
stem Roll i FAYUAR 5°ColA BAsPY.  FHEF
T TY3 volunteerg ARSI ©DEFATL &F U ¥ AH
3t3itt. %41 probenecid (S00mg/Tab x 2% ; tf-g-A| <}, Korea) 1g =
B-RA17)13, 1A Ze] AAF F DEFoAFAAMLG A £TFY
stanozolol 10mge Hofsle] 56A]17M7X|8 =& moow, wHEFo
23 7ol ko FAAA -5C oA Bapsignt.  DEFATLH
HE TR BFoA S6AI7 ¢ = F W AT 7HEE 0, 12
24, 4-6, 6-8, 8-12, 12-21, 21-24, 24-28, 28-32, 32-36, 36-45, 45-48,
48-52 1|3 52-56 AJ7F0|Qlal, =F ¥ 7| ¢ F5FH =9
29E 2337] 3t E (200-300ml) & A A 3HRAT

3) Stanozolol 9! 3'-hydroxystanozolol &| 4 ¥}y

O A9 24

Human volunteers 2| Blank % S5ml o] stanozolol 3! 3'-hydroxystano-
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zolol stock solution £ 7}sleqd 737} 1, 2, 5, 10, 20, 50, 100, 200, 500,
700, 1000ng/m]l 9] =57} HASY, JF-EFE2ZA| calusterone
(20 ppm) 2510 & 7}3HF Scheme 1 3} 742 procedure B 7243}
t}, oL Ajxs EE stanozolol 3} 3'-hydroxystanozolol Z}Z}el
AP g 2dskar o] ARFAE T3 4 E39 H el o]-&3 3
o}

@ 717] 9 £A4x7

- 71 7]
. GC/MSD (HP 5890A/5970B)
. HP 59970C MS Chemstation
. HP 7946 Disc Drive

. HP 2934 A Dot Matrix Printer

. Column : 5%-phenylmethylsilicone (SE-54)
(HP fused silica capillary, 17m(L.) x 0.2mm(1.D.) x 0.33 u
m(E.T.))

. Detector Temp. : 300°C

. Injector Temp. : 280°C

. Flow rate : (.83ml/min. Helium
. Injection mode : splitless

. Oven Temp. : 180°C — 310°C (25°C/min.)

3>



® Human volunteer 2| urine of]4] 2] stanozolol & 3'-hydroxystanozolol2]

3

koA 2] stanozolol +4¥2 M. Donike 59 W(11) & A3}
o] AbgstoithScheme 1. M AlZto] W wrine & AL
st 2 43NS 5ml #dted XAD-2 resin € ¥ column € =
A7 YRR FE 2 2A= calusterone (20 ppm) 2510 € J}s}
3l urine sample 3} 72 o¥e] {4 Sml & XAD-2 resin S Alo]
TAY%.  5575Al7] methanol Iml 2 column & 33] elution A]7]|3L 9]
methanol elute & rotary evaporator oA S2tAlZIt}.  Methanol o] =
el 3 ZAbe]]l 02M K.-phosphate buffer (pH 7.0) 1 ml £}
glucuronide conjugate form 2 w4 5|+ stanozolol -2 7Fr++38 3d}7]
& B-glucuronidase (100U/ml) 25 ulE 783 50°CollA] 1 A7 S
o stdstent.  JHAE s mbe = ULolH WZAF|E
potassium carbonate 100mg 3} diethyl ether 5 ml € g3 shaker of| A}
2087 22315Th.  2500mm oA SE7H Y41E-2)3}e] aqueous
layer 9} organic layer & freezer (-30°C)ol|A +2)3}3L, ether 3g T}
£ test tube off 7|3 o] ether & ZWA|Z1FE, vacuum dessicator
(P,04/KOH) oA} & GA3A AAANZY. FEo] &3
AAHE residueo] MSHFB:TMS-CL. TMS-Imidazole (100:5:2, v/iv/v) 40
ul & 93 80°ColA 587 S 31A]|7]3, Ax MBHFB 10uf
E YL 80°CollA| 1087} heating bloc & AME-3te] 7HE3tgien,
GC/MSD § ARg-3te] $jof] 22 FH27oA 4% F HFA
= o83t FFIAH-
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XAD?2-resin

«— Unne, Sml

«— ISTD (calusterone, 20ppm x 25u0)
+— Washed with Sml of D.W.

¢— MecOH (Iml x 3)

+ 0.2M K-Phosphate Buffer (pH 7.0), 1 ml
+— B -glucuronidase (from E. Coli), 25 uf
+«— Heating a 50 °Cfor 1 hr.

«— Cooling and add 100mg of K ,CO,

& Diecthylether 5 ml

+ Shaking for 20 min.

+— Centrifuge for 5 min.

Residue

| ¢—MSHFB : TMS-Cl : TMS-Imidazde(100:5:2), 40u0, (80°C,
| S min.)
|« MBHFB, 10 u{ (80°C, 10 min.)

} GC/MSD |

Scheme 1. Extraction and derivatization procedure for stanozolol analysis
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@ GC/MS 9] data acquisition

GC/MS9] selected ion monitoring (SIM) W& ALL-8led, splitless
mode of|A] ¥43te] data = 212t} stanozolol & (Fig. 1A) m/z 143
(D-ring cleavage), 581 (M™-15), 596 MHS, metabolite 21 3'-
hydroxystanozolol < (Fig. 1B) m/z 143, 378, 669 (M*-15), 684(M" )=
Adsiglon, WHREFEZQ calusterone < miz 3158 41 &5}
datas Aot} o] o= F oA calusterone -2 m/fz 3185, stanozolol
2 mfi 143 B 5818, 28]t 3-hydroxystanozolol 2 m/fz 669 =
ARESH B FA ol ¢85 -

4) Pharmacokinetic Parameter 3 £ | 2

Human volunteer o stanozolol ¥H= X+ stanozolol 34 383}
probenecid § 75 ¥ A|THHE AT urne 2 2HH,
stanozolol @ 1 ojAFz}Ql 3-hydroxystanozolol & =X& T3}
personal computer (Acer 1100 Series 20C)E A3}l MULTI Program
(12,13,14) 2. & Excretion rate-time plot 2] ¥yl o} 3, wjd&5E A,
AUC, ¥H717], HdiujdAlZ 9 HupldS$E5S T

Stanozolol 3} 3-hydroxystanozolol 2] 56A|Zv74X] wjdE 2 &
Al7ZH8 &, 0.5hr, 1.5, 3.0, 50, 7.0, 10.0, 16.5, 22.5, 26, 30, 34, 40.5, 46.5,
50.5,54.0, 56.0 o] Z} A|7HH A 2L AAF3}e] stanozolol & T3
gl 3-hydroxystanozolol ¢ FA g st £33 e B
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Fig. 1 :Scan spectrum of stanozolol-N-HIFB-OTMS(A) and 3'-bhydroxystanozo lol -N-LHEFB-(OTMS), (B).



data = mean TS.E 2 EA|Iglen], $49 F94dS P37 $
o] paired Student's t-test o] 2|3t - JHHE 3. SAF
2.2 P<0.05¢ e el slx Aoz Hwstgl 2| PHARM/
PCS program (15)& AHS-3te] SA 223131t

3. 2434 9 23

= oln] 9 Xu(,1005E T3, T2 AYCE pyrazole ring
= Z3 Qlof, 449 of2]g-o] & anabolic steroid ¢! stanozolol &}
4] A¥ Yl human 3 animal of|A]2] stanozolol ¢ kinetics 3 renal
excretion study 5-& R} Qv & oA HeA S A
§°] AAIZ human ojA4] probenecid of °j& o] FFL WLAE o

FataA B T

7h A

Blank urine o] stanozolol W 3'-hydroxystanozolol 1 ppm, 10 ppm, 100
ppm 2] stock solution & spike 3t 2=>=%7} 1ng/ml, 2ng/ml, Sng/ml,
10ng/ml, 20ng/ml, SOng/ml, 100ng/ml, 200ng/ml, 500ng/ml, 700ng/ml,
1000ng/ml o] XA 3l 1-1000ng/ml YA S 28151
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t}.  Stanozolol2 O-TMS-N-HFB 9] -2 ME 7oA miz 5812,
3'-hydroxystanozolol & N-HFB-(O-TMS), X3} 2] miz 6695 4183}
art. o]E F iond calusterone-(O-TMS), oA A E mz 3158
HUTETEYE 3t 2 Hv|e} FEF YRste FFTAAS %
Aot $jebdE PP er 3 FPFFAALS Fig 2.0 e
v}9} 7}o] stanozolol (Fig. 2A)ol| A= y=0.556x-0.169 o] ZA|HAl-S o

o AFATMD £ 09852 YT e M-S YeERY =
¥} 3-hydroxystanozolol (Fig. 2B) X ¥} y=0.351x - 0.060 2| =]/d4)E
UYERiglen, 09958 AEAATE RodFo] 1-1000ng/ml H 4 ol
A 32 A4 v S g5 A '

P Excretion rate -time plot % kinetic parameter.

FolME dgstixel. e ZAHART@,9)o|A human volunteer
o]/l 20mg o] stanozolol & ZAFTE3t] urne 28 ujAH
stanozolol 3 3'-hydroxystanozolol 2] ¢ 352 oju] Ay oir}t =
stanozolol & T2A|7W74X] Zuljd S &9 67%7} 24A]7F oo, 88%
7} 48A17F o] o] wj S <4 9191, 3-hydroxystanozolol 2 24
X174 oluje] 50%, 48 A7t o] o] 85%7F e Fatel wfAUTL
o %t Stanozolol 3 3-hydroxystanozolol & ujjAd s Xk
v ATFAFY 3% o|glth.  Excretion rate 9} A]Zbel] o3} plot ©
2 F8 % {773, stanozolol 9] t,, % tng 7t A2 7.7, 38.5
AlZlelgen g o 48Xk AAE 1y, 7b TAIXIelo}A HlmA
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Bl2A $¥ @ ujde] dojuy, I o]F o= w-¢ =2A A
oAl AARETEI B 3}g] thFig. 3)

3-hydroxystanozolol 9] ®F7}7]= 15.1A)7}o| 9l aL, stanozolol of| A=
7.5A)7}, 3-hydroxystanozolol ol A]& 18.5A] 7FellA] 2ol excretion ©]
dojhe E3F & & JTh

Fig. 3 o] AJA]S stanozolol 3} 3-hydroxystanozolol ¢} ¥7}7] 9l
2 dA]7H50], & APelA| e daa o} °F7He] Ao]E Hol&= A
+ human /§7 Qe & AHA F o]H AHA|S] human 3} o|H
YA human Ate]9] Apo] Bl FojiFe Afe] 59 factor of &
AR 7HEEY, & AFedixs HedE 71ERAAS 31
stanozolol 3} 1 thA}A] 3-hydroxystanozolol ¢} ujMdef ©]Xj=
probenecid 2] FEES AFHE Y.

@ Stanozolol 2| excretion rate-time plot 3! kinetic parameter

Human volunteer of| 4] stanozolol 2+ ©HE ZLFof 3} ¢l -S-uj o},

probenecid 2} stanozolol -2 WRES 3FHSu] w2 wjAdE=
stanozolol 2] excretion rate-time plot € Fig. 4.0 Jtehjeich
stanozolol F-oF 0-10 A7} AR = W B8-EofSL9] excretion rate 7}
DT BlEte SASHAT 2 o] F+= v wjdS
=& YUY

Fig. 4 £ F¥ 3% parameters= Table 1 o] Y}E} 212, Table 1
A HAFE= RAAY 2 stanozolol GEFoF Ujojja] ==

03



20

o 10— - °
i
.
E’C o \° 3'-hydroxystanozolo}
©
—— o
J * .
- o
c Y o
o o
o . "
> : o
L}
o Stanozolol
0 1O 20 0 40 S0 60 70

time ( hr)

Fig. 3 . Excretion rae vs. tune plots of stanozolol and 3'-hydroxystanozolol

after oral administrauon of 20mg stanozolol to volunicers.

64



100 -

L

Excretion rate (ug-shr)

§ 10 VAS 30 40 50 60
Midpoint Chr)

Fig. 4 : Excretion rate vs. time plot of stanozolol after oral administration of

10mg stanozolol without-( » ) and with-(+) probenecid treatment to

human voluntcers.
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Table 1. Kinetic parameters of stanozolol after oral administration of 10mg stanozolol without-and with-probenecid treatment to human volunteers.

il

Stanozolol Stanozolol + Probenecid Statistical
A B C ] mecan + S.E. PA PB PC mean + S.E. l Signilicance
Ka(he") 0.04817 2.0714 0.17950 0.7664+0.6536 0.98375 0.79725 1.03549 0.9388+0.0724 | N.S.*
Ke(hr') 0.01375 0.02495 0.02329 0.0237+0.0035 0.00308 0.01629 0.01225 0.0105+0.0039 | P<0.01
AUC™(u 201.05 192.00 203.46 198.83+3.49 756.78 411.29 235.29 467.78+153.17 | N.S.
t (hr) 36.43 2.16 13.08 17.22+10.11 5.88 4.98 4.50 5.12-40.40 I N.S.
|
ER_ (ug/hr 1.68 4.54 3.49 3.24+0.84 229 6.18 2.29 3.59+1.29 | N.S.
t 0 (M) 50.40 27.78 29.76 35.98-+7.23 225.0 42.54 56.57 108.04+58.62 | N.S.

* N.S. = Not Significant



stanozolol 3 probenecid W85l Z ol e} AHLe|o] THE o
2429 Hols uE =t FARHoE MM 2W Ka
o by S T growp AbojelA] 2]l Aol S
Holx| R, x| MALEAE Ko7t $EFAT0] BEF
o}2RTH of 2|2 Ao POOD YA FLEE T F Y
ok olebge FHE 43 4 e L probenecid o Fof
= stanozolol | WAL o4 YA P2 vk

A8 4 o

AUC, t_ ,ER

@ 3'-Hydroxystanozolol 2] excretion rate-time plot 3! kinetic parameter.

Stanozolol & WE-73-7-5o 3t 3} stanozolol 3} probenecid ¥ £
Foide] elA =2 ujd¥E  sanozolol & GARAIA  3-
hydroxystanozolol 2] excretion rate-time plot 2 Fig. 5 of e} <
Ch.  E¥ o]|2FH 3}eq 7 kinetic parameter § Table 2 o] e}
v -

tjALA]| ¢ 3-hydroxystanozolol 2] 2 tl] excretion ¢] Yoji} A
Q) & DSTHTO| 4404|705, W B F o] T2 17.584]%
S 2A 1o (<005 A FUHEE YERSITE =¥ 34
Mgl Aol 4E ER,)E DESee] 1566 ughr of
A ST AT 502 ughr 2 ZFAEGH o| 2 FH
probenecid = Xz ol 4] 3-hydroxystanozolol &} 2 tjujdo] o=
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Fig. 5 : Excretion rate vs. time plot of 3'-hydroxystanozolol after oral administra-
tion of 10mg stanozolol without- (+«) and with - (+) probenecid

treatment 0 human volunteers.
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Table 2. Kinetic parameters of 3'-hydroxystanozolol after oral administration of 10mg stanozolol without-and with-probenecid treatment to human

volunteers.

[ Stanezolol Stanozolol + Probenecid _
! | Statistical
L A B C mean + S.E. PA PB PC mean 1+ S.E. Significance
| _
Ka, (hr') | 0.61589  1.71529 0.42492 0.918740.402} 0.09360 0.12640  0.08815 | 0.102730.0120 N.S.*
- Ke, (hr') 0.03661 0.03596 0.04197 0.0382+0.0019 0.04326 0.01625 0.02879 | 0.029440.0078 N.S.
= AUC™™, (ug) | 52020 408.88 537.63 488.90+40.33 280.80 3161.30 266.48 302.86+29.51 N.S.
t _ (hr) 4.87 2.30 6.04 4.4041.10 15.30 18.58 18.85 17.58+1.14 P<0.05
ER__, (1 g/r) l 15.93 13.54 17.51 15.6641.15 6.26 4.35 4.46 5.0210.62 P<0.05
Ly C1F) 18.93 19.27 16.5t 18.24+0.87 16.02 42.65 24 07 27.50+ 7.88 N.S

* N.S. = Not Signilicant



At G) = OF 3812 A QAIZAL A4 EER,,) &
ST HAIS] 1566 ughr oA FE| HEFHA|9 502 ughr 2
2/ (P<0.05) S1A FLAIZEH , o] FE| probenecid & 3-
hydroxystanozolol &] ®w}dg vlIItX|2 F24d A A3 st
Ua< 45 U

AUC™™ gl ¥13b7] @, ) S2olA Fo4 A dsketr =
WA T AUC™™ = probenecid ¥ 8-F-ofof] o3l o7t 7123}
Rl W37] @) © probenecid Fojo o3 <7t FrtsE = F
¥ HAqFoTH

o] ’&3 Zo] stanozolol Yl 1 tARiHEQl  3-hydroxystanozolol
o] ujMo]l w|X]+ probenecid 2] %3-S excretion rate-time plot o]
o3 w8 < ZH stanozolol & E I ARSIl 3-
hydroxystanozolol & probenecid -850l 28] ¥HA|3}# urine
o229 wjdo] MIHES ¢ + U olg A2 AHNEAE
Zu| YAsHA B3] ¢ stanozolol Y  3-hydroxystanozolol
o] =29 3 wWdFE ALt Bt

@ Stanozolol § 3'-hydroxystanozolol 2] & &e]l AHAL

Stanozolol TS I probenecid 9} §-&3te] FTFEAE 308

BE 56 A7y 7HA] =& w45 stanozolol (Fig.6) 9! 3'-
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hydroxystanozolol (Fig. 7)&] 2 wjd =g AHAYste plot 3 B
ATt

Fig. 6. &2 Hl-d ¥ stanozolol & 2% 3l probenecid o] <]
3 Sae W sunozlol o L2 FA WAHTE Vel 9
t. QA ¢ 4 %] probenecid &= ol A9 kinetic
parameter &} 2t UX] ¥ stanozolol &} WM A HEAE RF T 9
O 56A|7M74X]2]  stanozolol 5T 7o FFHujdFS <o
209.6+57.5 ug ©] ¢ 3L, probenecid WEFAF2 1523F+174ug &
UESIY ERASFAT W FEFoFAA WidE 2%
< BAEH S o8 stanozolol®) Z}zZ} 2.14+06% Q@ 1.5+0.2%
o] it

Fig. 72 stanozolol €& F&j3 ¥ 56A|7F 74X & ujdd 3-
hydroxystanozolol +2 wWd%-& YEpd Zojo. wj4dE %L
stanozolol & SFof¥Fe]] 23] TAlkdl] KW, DTS 43k
08% o]%lon, WREAZL 30+06% 7} wWHHE 45 <
ATt

ol e 3 wWjd¥E FoAEZ o njz B KU
stanozolol SHE-5-o 2] 73-$ stanozolol I 3-hydroxystanozolol &
¥ 222 oF 64% o], probenecid % 8-F o7~ A] stanozolol
2] 3.hydroxystanozolol & wjAd¥E 282 45%0|%T. F D=
5o 7% 53 wjdFE 100%E BoEu] probenecid of
o& o 70% F 30% Fxe wHAH EAE YEPAAYEES ¢
T U
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Fig. 7 : Urinary accumulative amount of 3'-hydroxystanozolol after oral admini-

stration of 10mg stanozolol without- () and with - (+) probenecid

treamment O human volunteers.

73



4. F1F¥

1) K. Little and L. Munuera, Some mechanisms of action of stanozolol (stromba)
and its interactions with cortisone. Current Therapeutic Research, 12 (5), 291-
303, 1970.

2) Remington's pharmaceutical sciences (17th Ed.), pp. 939-944, 1985, Mack
press.

3) G.G. Thompson, M. Small, G.D.O. Lowe, C.D. Forbes, B.K. Park, G. Scobie,
and M.J. Brodie, Effect of stanozolol on & -aminolaevulinic acid synthase and
hepatic monooxygenase activity in man and rat. Eur. J. Clin. Pharmacol., 26,
587-590, 1984.

4) Hea-Young P. Choo, Oh-Seung Kwon, and Jongsei Park, Quantitative
determination of stanozolol and its metabolite in urine by gas chromatography/
mass spectrometry. J. Analyt. Toxicol., 14, 109-112, 1990,

5) R.J. Ward, C.H.L. Shackleton and A.M. Lawson, Gas chromatographic-Mass
spectrometric methods for the detection and identification of anabolic steroid
drugs. Br. J. Sports Med., 9 (2), 93-97, 1975.

6) A.G. Gilman and L.S. Goodman, The Pharmacological Basis of Therapeutics
(7th Ed.), pp. 921-925, MaCmillan Publishing Company. NY. 1985.

7Y M. Gibaldi, D. Davidson, M.E. Plaut and M.A. Schwartz. Modification of
penicillin distribution and elimination by probenecid, Int. Z. Klin. Pharmacol.
Ther. Toxicol., 3, 182-189, 1970.

8) P. Chennavasin R. Seiwell, D.C. Brater and W.M.M. Liang. Pharamcodynamic

74



analysis of the furosemide-prebenecid interaction in man.  Kidney
International, 16, 187-195, 1979.

9) 3}t o] .thAte] AF AT 2D, HA¥T|eA, 1990.

10) J.-C. RYU, O.-S. Kwon, Y.-S. Song, J.-S. Yang, J.-W. Seo and J. Park,
Effect of Probenecid on the Pharmacokinetics and Renal Excretion of
Stanozolol, an Anabolic Steroid, in Rats, Toxicol. Appl. Pharmacol.,
(submitted), 1991.

11) W. Schanzer, G. Opferman, and M. Donike, Metabolism of Stanozolol .
Identification of urinary metabolites. in the press.

12) M. Gibaldi and D. Perrier, Pharmacokinetics (2nd Ed.), pp. 45-111, Marcel
Dekker, Inc., NY, 1982.

13) Y. Yamaoka, Y. Tanigawara, T. Nagagawa, A pharmacokinetic analysis
program (MULTI) for microcomputer. J. Pharm. Dyn., 4, 879-885, 1981.

14) Shim, C.K. and Chung, S.J. (1983). Curve fitting in pharmacokinetics
through MULTI-program for microcomputer, J. Pharmaceutical Sci. in Seoul
National University, 8, 37-47. .

15) R. J. Tallarida and R.B. Murray, Manual of Pharmacologic Calculations with
Computer Programs, 2nd Ed. with program Disk, PHARM/PCS, Version 4,
Springer - Verlag, New York - Berlin - Heidelberg - London -Paris - Tokyo
(1987).

75



A 3F dAAT

A 1 3 : Rat 9| A 9] calusterone 2] urinary metabolite of F3 A

1. A&

Drug 2| metabolite 12 2 o}g] Y2|az g 287 HE vl
o, 14 F4s Bk oA Frez o|dis ooy
FRolrt. wEpA & B aoAl= steroid A2l calusterone 2] metabolite
of A% AT ®ustuA

Yitxe s g/ homone o] ZH= androgenic effect & SA3A}7) L,
=< anabolic steroid 831 3p,

=2 anabolic effect ¥ Zr+ 314 homone
oj2{ ¥t §/d anabolic steroid S W ¥, AT, +HY 2 X8
g ARS-H JlT.

a 2l2 ol e WHA Rl $FNEE] SYPHE 8
3 2202 anabolic steroid & Y23} 9itl.  o]2|3 anabolic steroid
o A4H G4 4NAY e YBE FUstE Ao Bayw
k6 23E2 FASFYHNIHIOONA = =2 R oY
o]-f-oll Al anabolic steroid & AF8-L &1 it}

Calusterone (7 8, 17 a -dimethyltestosterone) 2 1969'dofl(1) ¥/ E ol

Advanced or disseminated mammary cancer X| 2o} 823t d2{AH Sl
t}. Hom(2) =& rat adrenocarcinoma o] t§3} calusterone 2] 2] 239l
E3e] BH YEstgool, YUEIABe] BY ATE Baw}
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oltd. X3} calusterone ©] progesterone receptor 2| antagonist £ Z}-2-3}
of anti-progesterone effect(4)S 7= vh= ¥ 3% it}

32|} calusterone 2] metabolite of] Fdld= W G17F Hel QA
o tiut 197913 Segaloff(5) 5-¢] isotope & ©| 8%t radioactivity &7

1l Gas Liquid Chromatography (GLC) £} Thin-Layer Chromatography (TLC)

-dihydro derivative
a3, 3a-or 38-hydroxy group W Sa-or SS8-skeletal conformation of]
Zpo|7t Sl isomerg-g metabolite A F33tq HudHgE Folo

olo] A HAA= calusterone & rat o] FFo3GlE W =F9
AR S GCMSD § ARgste] stz tgid
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D Ao} :

. Calusterone (Upjohn Co., Kalamanzoo, USA) ; 10mg/mf in carboxymethyl
cellulose solution

. Ambelite XAD-2 resin (particle size ; 0.15 - 0.2mm, Serva Heidelberg.
FRQG),

. 0.2M K-Phosphate buffer (pH 7.0),

. f8-Glucuronidase (from E. Coli ; Boehringer Mannheim GmbH),

. MSHFB(N-methyl-N-trimethylsilyl-heptafluorobutyramide ; Macherey &
Nagel, F.R.G.),

. TMS-(]1 (trimethylchlorosilane ; Sigma)

. TMS-Imidazole (trimethylsilylimidazole ; Sigma)

. Methanol, Diethylether (J.T. Baker Chemical Co., Phillipsburg, U.5.A.)

29 WRY Al 5F 9% YT o4 AHgsisnh

@ 7|+
. Centrifuge (Heraeus, German)
. Vortex mixer (VMR, USA)

. Vacuum rotary evaporator (Buchi, Switzerland)
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. Shaker (Buchler, F.R.G.)
. Heating Bloc (Liebisch, F.R.G.)

. Freezer (Lauda, F.R.G.)

2) 717] (Instruments) 3 24X

@ 717
. GC/MSD (HP 5890A/5970B)
. HP 59970C MS Chemstation
. HP 7946 Disc Drnive

. HP 2934 A Dot Matrix Printer

@=Hz=2

.Column : 5%-phenylmethylsilicone (SE-54)
(HP fused Silica Capillary 17m (L.) x 0.2mm(LD.) x
0.33 um(F.T.)

. Detector Temp. : 300°C

. Injector Temp. : 280°C

. Flow rate : 0.83 mf He/min.

. Injection mode : Splitless

. Data acquisition : Scan mode

. Ionization mode : Electron impact.
. Ionizing potential : 70 eV
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@ Temperature program
. Initial temperature : 150°C
. Initial tme : 1.00 min.
. Rate : 10°C/min.
. Final temperature : 310°C
. Final time : 3 min.

. Total oime ; 20 min.

SRR by

KIST o] St Me]o)A] AFR-H Wistar $4 rat (200£30g)S AH2-3}

dov] AYUSEL TYF 1504 B HLANE AYstAch

Tap water & IEALE (A}UAL Korea)x o2 AFFs 3313

o}

4) AEe

DAl® 5 9 Sampling

Calusterone -2 7 75| 3} rat 25-E| metabolic cage & ARt &
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£ urne & £4lgle] ot ¥ F FEAZ Al7| GC/MSD
2 B4 3tgrt. 99 calusterone (10mg/mlfrat) & P.O & Fo %
F 24, 48A17F Fof] P2 urne T AYPTY uwine 28 3FGow,
o] 22 calusterone 2] 2ulj& 29l 1% carboxymethylcellulose £}
2 FolUF AT FU B urine & sample T 3k HEF

3 APE 25 747} wtele BRes st Ayt

@Rat 2] ol A| calusterone 2 74

koA calusterone 9] FA4YL M. Donike 59 wWyg 443
o] AF23}g]0n{(7) tgA Q) procedure = Scheme 1 o] A|A]&}5iT}.
zxFog HE AL urine I calusteroneS T3 rat 2 F-E
H> urine & 2,500rpm oA} SE7F WA, ASYS Sl #
8ty XAD-2 resincolumn & EHA|7| L sample § 72 U9 S5
T2 M3 Methanol 3 ml & Iml 4 33| o ‘5o column
S ENA|A loading & 2+ calusterone W TtARE-Z elution A}
7] 3L, ©] methanol elute S rotary evaporator ofjA] =u}Rr]7It} o]
residuee]] 0.2M-K-phosphate buffer (pH 7.0) 1m0 € 7}3}o] vortexing 3}
F 7)ol diethylether 5 ml & 7}3fe] 2057} shaking 3}aL, 2,500
pm oA 537 QAR ¥, £35S freezer (30°C)ollA| ¥
Tt  Free fraction 4] 93} ether & evaporation ¥+ 3 vaccum
dessicator (P,0/KOH) of|A] 88§ HH3] AjAstect o] residue
off MSHFB: TMS-Cl : TMS-Imidazole (100:5:2, viviv) 50 il & Y31 80

°C olA] 1087t 7193t 7533} Al7]3 GC/MSDS ARR-3}od
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ko] FHzZANM FH3taic

ol #e]H S5 phosphate aqueous layer += conjugated fraction
2] F4-& ¢dl AFR34tt.  Aqueous layer of] A -glucuronidase SOuf
T 713t 37°CellA| 18A17F -5 723 W ZA| 7|3 potassium
carbonate 100mg 3} diethyl ether S ml € Y31 shaker o A} 2057} &+
% ¥ YAEE S freezer (30°C)ollA] S= =88t ether &
SWAIA free fraction 3} A2 2728 [FEAZ A]7|5 GC/MSD
2= 24 syt

82



K::XZ.}-Z column
- washing with 5mfl H.,O
- elute with 3mf methanol

- gvaporate methanol to dryness

]

Residue
- Im@ 0.2M K-phosphate buffer (pH 7.0)
- S5m0 diethylether
- mechanically shake (20 min.)
|- centrifuge (2,500 rpm, 5 min.)
- freeze (-30°C)
]
Ether layer 3 Aqueous layer |
- evaporate | W{: hydrolysis
- dry (P,0/KOH) | with 8 -glucuronidase (from E.coli)
- trimethylsilylation -37C, 18 hr
(MSHFB:TMS-C] : | - cooling
TMS-IM=100:5:2), 50ud - K,CO,, 100mg
- Sm@ diethylether
- shaker (20min)
LGC/MSD - centrifuge (2500 rpm, 5 min.)
B - freeze (-30°C)
Ether layer

- evaporate

- dry (P,O0/KOH)

- inimethyisilylation

Scheme 1. Extraction and denivatization procedure for calusterone analysis in rat

urine.

83



A% g 13

Calusterone ¢ in vivo oJA]9] metabolite & F3}7] $i3te] ratelA
calusterone (10mg/rat) & 7§7-Fo{ste] UL urine & ol ¥ % uig
2ol 3t XA 3} AIUFE GCMSD 2 #4389l

Fig. 13> calusierone standard & M3} A|A e 7]7184 2738
Al 4% ¥ ol ion chromatogram 3!  scan mass spectrum ©|4.
Calusterone standard ¥ 2¥-2}+9] trimethylsilyl (TMS) group ©] X| &=+
Y2 A3} = retention time 2 $}e] temperature program 3} eilA]
13.8173%¢| . Fig. 1 of YEF miz 143 ion > 17-methyl-17hydroxy
steroid &JOTMS -+ =37} X o3+ D-ring cleavage of] 28] Yeh}+= &
22l ion 224 AHY EE steroid olA] base peak 28 YEFIH.
g3, mig 315(D-ring fragmen)So] JERY, miz 460 ion 2
calusierone 2| 33 172 OTMS =M E YEHW= iono|a, J25F
B A CH,7} oj¥= o] miz445ion & eI

Fig. 2 ©= free steroid 2] 4ol w2t F4gu] X3 ol ion
chromatogram o)t} Fig. 2 8] AX AA} rat o urine o)A], Fig2 2| B:=
calusterone 7} 75 ¥ 9] rat urine ofjA] X.o{ZF+= total ion chromatogram ©.
24|, 5 chromatogram -2 ®]iZ3} R retention time o] ¢f 14370l A] 17
¥oll 23 o2 unknown peak E°] YEPGS & 5 o] U diArit
EE2A AAREHY TR AEFRT-

opX7FX]| 2 Fig. 3 & conjugate steroid o #4He] w2t 8-

glucuronidase  enzyme hydrolysis ¥2] normal raturine (Fig. 3A) 3
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calusterone 7J75-o 2] urine (Fig. 3B)oJA] M ojxj:= total ion
chromatogram -3 ¥ {53 QIt}y.  Free fraction 3} ©}X71A] & retention
dme o] of 14%olA] 178e] 2N AR A 4slE peak o] XY
& 9% Attt

Metabolite £ o At=|+= o3| peak &°] total ion chromatogram AleflA] B
AL, 7} peak 59| scan mass spectum & 7HA T FERHHE A|E
A3, F2H40] $4 7158 FAY metabolite peak ) scan mass
spectrum & Fig. 4 2} Fig. 5 o A|A}331H.

441 retention time ©o] 15.607%oflA] X o2l peake scan mass
spectrum -2 Fig. 49f A)A]SFETt.  mk 231 ion & 17-methyl-17-hydroxy
steoid 2] 16 $}x|of]l OTMS FEM7F £YSYLw] Bzl S5
ol ion . 84|, °o|& =8&] calusterone & 17 #-hydroxy-7 8, 17-dimethyl-4-
androstene-3-one 7} rat & AAuoA  diAts o]  16WHHA| o
hydroxylation o] doidg € 4 UH EHE SAHYU ion 224
ol miz 285 ion 2 6HEx]o] -OTMS 7t £2}%l Bring ¢ cleavage
7} dojutew) YeEps 534 Q] fragmention o]t} EFF miz 640 ion
L2 6 1681 $x] 5ol hydroxylation X o] # 7)ol OTMS XA 7}
S9e vle] ion peak ©2A, 0| AHE FHA L, 156070l

= 6, 16-dihydroxy calusterone 2.8 38 T+ 2%t}

3t retention time 14.635 oA YERG peak 2 scan mass
spectrum & Fig. 5 off YEPITE 7] A& steroid & base peak 2.8
2 JEhh= miz 143 ion 3, 9] Fig. 4 o A2 dEsigiRe] 169
hydroxylation o] OTMS ¥ 9o E A Al fragment 8 YER}E mfiz
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231 ion, 28] OTMS HEMI}EF mz 640 ion 2 E2FE miz 90
(OTMS) 4] "gojA 7= pattem = m/z 550, m/z 460, m/z 370 ion &85
© 2 u]lFo], o] JAMAHEL dihydroxylated calusterone © 2 F=7o] =i}
hydroxylation ] ¢y Y| 2 A+, miz 231 ion F-E| C-16 9 Xx|o <
ojvl= AL {35, EOE 812 hydroxylation of HX|= BA
o)t} Calusterone %! 1 metabolite 52 S8 dihydroxydated
calusterone &} T2 & Fig. 6 off Vel

GCMSD & F43< uf calusierone A= Ao ok UL
metabolite 2 JF=A5]o{X]= dihydroxy-calusterone 2] retention time <
14.635%-3} 15.607 min. ¢]¢it}. =3} free fraction 3} conjugated fraction
& Wrel 8% A free fracion 28 v @2 dAMMEE0] FEH
o], A|IZHHE2= 2441700 tfFF-9] metabolite So| WHdHE o T
AN

olu] NENME AF kst o] Segaloff S| X2(G) oA =]
2 OARIEES, ¥ AFME A7 olsifien] = 250 o3
=92 € + %=l dihydroxylated calusteroneo] & A2 3 djA}
AR 7 T UT EF calusierone 9] WA AY AT
3 Hog ulFojRo} steroid 2f UYWAY in vivo oA 9] TjALSA F
hydroxylation 3} reduction 5ol X|F3tq A3, JA] Uik <
sieroid ¢] ThAROFA T} e paem o CAMANE S M-S vebdEe o
T U

frret X84 W anabolic steroid & 2*o|3 Q)= calusterone 2

mewbolite FH| B ATE ofa] vlu|g Aefolct. T2l o] o
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] 2 A Human o} A] 9] Furazabol 2] urinary metabolite o] #3F A5t

LA &

r

Furazabol (17 8 -hydroxy-17 & -methyl-5 & -androstano(2, 3 <] furazan ) £ 4
A A Z2Z A7) 3L anabolic activity o] i 3} androgenic activity €] ratio 7}
Ao}, YAzt EHE Has 4 Y= P4 anabolic steroid of ], 2¢]2

=9 A ring ol furazan ring € 7}X]3L Q)+ heterocyclic steroid 2A4] AT
333 ¥/dol "+ #A| anabolic & hypolipidacmic agent 24| ¢/ 852
2 @8 olgso] AL o eEolth14). '

Pyrazole ring & 7FA]3. 9] anabolic steroid 81 stanozolol (17 8-hydroxy-
17 @ -methyl-5 & -androstano[3,2-c]-pyrazole) & 1712] tA}}A o] 9lojAl A
=37 8/4& F7HA17]= heterocycle ©] modify 5= metabolite S= 44
[12= &)} 322 furazabol 9] thA}eFo) 9lo] A E, furazan ring ©]
modify S| £X¢ o}RE FFsHs AT FoAse] A A9
i, Aol o] BHFEY §4, Hu) 123 AT 271 A Sol
e YY FEE o Buslel Yeuke) o RIAME o
administration ¥ A}ge] kol A2 furazabol AP E2] Z 3 kinetic &
A7sh3a stoict

198533 o]¥, furazabol 2 body weight Y} muscle build-up & S7A|AH &
o de W7 HEtd EEATECl T & v FE
b Ao, ol ¢4 ANAY 7o AHE FUFE Ao
B ANAT BuH3 Q7). 22\, Intemational Olympic Committee
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] Medical Commission o} 4]+ furazabol 2] &) 9lojA AL negative Z
g Bt HPB).  ©]AH furazabol ©] EF Doping 4 A ol A]
screening 5| X] 94St7] wjEQ 2Aeg Al ¥

EtA ¥ B 34|04+ human urine 4o} furazabol & ZAAsH= Wy
& AA)8 T{-$7] oral administration 3, furazabol®] excretion study =
3tod, 715}t metabolite A 2} o233 FRE AAISIAL Fglew,
o] 2213} anabolic steroid € &3t o] Enx} 3¢t

2. Als WY

1) Alef 9l 7]

@ A]2F : Furazabol (Daiichi Seiyaku Co.), calusterone (Upjohn Co.,
kalamanzoo, USA), Amberlite XAD-2 resin (particle size ; 0.15
- 0.2 mm, Serva Heidelberg, FRG), 0.2M k-phosphate buffer
(pH=7.0), [B-Glucuronidase (from E. Coli; Boebringer),
MSHEFB (N-methyl-N-trimethylsilylheptafluorobutyramide,
Macherey and Nagel Co., FRG), TMS-Cl (tnmethyl
chlorosilane ; Sigma), TMS-imidazole (trimethylsilylimidazole,
Sigma) 19| HR¥ AkE 55 9 dF o= A

23h3ic
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@ 7|+ : - Centrifuge (Dupont, USA)
- Vortex mixer (VMR, USA)
- Vacuum rotary evaporator (Buchi, Switzerland)
- Shaker (Buchler, FRG)
- Heating Bloc (Liebisch, FRG)

- Freezer (Lauda, FRG)

2)7]7] (instruments) 9 F-4 =7

@ 717] : - GC/MSD (HP5890A/5970B)
- HP 59970C MS Chemstation
- HP 7946 Disc Drive

- HP 2934 A Dot Matrix Printer

@ -4z
- Column : 5% -phenylmethyl silicone (SE-54)
(HP fused silica capillary, 17m(L.) x 0.2mm (I.d.) x 0.33um (F.T.))
- Detector Temp. : 300°C
- Injector Temp : 280°C
- Flow rate : 0.83 ml/min. Helium
- Injection mode : splitless

- Oven temp: 180°C — 310°C(25°C/min.)
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3) Human volunteer

AA A7 3 E5A 10Kg) FAGolA farazabol A Smg & 7
T5o3te] 0, 1, 2, 4, 6,8, 12, 21, 24, 28, 32, 36, 45, 48A| Tk X RE
RAlEE Btk FEEEAMe blak Y FERLFY A7 xE
Bot $4¥ ©) 741 ¥R @O oA RIs}sict

4) Furazabol | 7] ¥/ 2

17}9] blank % 5ml of furazabol ] stock solution © & €] 80, 200, 400,
1000, 2000 ng/ml 7} S| £E H7MAZith.  Calusterone & WEEZE A
Z AHEs7] $131e] 80ng/mlo] HEF HIMA|A, &L w=EAS T
oA wAstglen o i 394 v Ad¥E s 2
2] 31 detection limit & ZAAd}7] ¢ 8te] furazabol Z}2}9] stock solution ©
22E 10, 20, 30, SO0ng/ml 9] range & blank o HIFAIA (=3) ¥43}
yda

5) 3ol 2] furazabol &

@ Human volunteer &} urine of}4] 2| furazabol &| 7 .
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Urine Sml & AMS3te] £A3910m $lold WP WREEEY
SEE At @ PolM 2L PYoE xE wEs:
furazabol & % F3+51ck

@ Human volunteer?] urine ofj A1 excretion 9.

Urine 5ml & A|83 3}%3, furazabol & ¥4 M. Donike 59}
b (14)o]] wpel S-8istet) (Scheme 1). A A A|7bo]] k2 Urnine
L2 5ml 4 F3}ed, XAD-2 resin -& @2 column of EFA|7|3, JFH
F¥3F 2 &+ calusterone 400ng S 7}8ted sampled} 72 "2‘9—] Cmia
T2 Ao FUY. S{FAIZ] methanol Iml & 338 o] Z A elution A]
71 X o] methanol elute £ rotary evaporator & 3whA]ZIT} o]
residue o] 0.2M K-phosphate buffer (pH 7.0) 1ml £} glucuronide conjugate
form2 & ujdE= furazabol HAIM S 7H-3isl7] #38l, B-
glucuronidase (100units/ml) 25010 S 7}3t3 50°C o)A 1 A|ZF =<} 7}
H3HTE. o] test tube T AJ2A WZIA]F|31 potassium carbonate
100mg &4 diethyl ether S ml 5 Y31 shaker oA 105759t F&3t4¢th

VAEEete F5F freezer(-30°C)of A #8J3tL ether 3-& THE
test ube o] &F7]aL o] ether & FWA|ZIFE, vacuum desiccator(P,0./
KOH) oA &HstA 58 AAHAIZHYG. o] residue o] MSHFB :
TMS-C1 : TMS-imidazole (100:5:2, v:viv) S0ulS Y3l 80°C o)Al 1587}
7} 3 ¥ GC/MSD ofjA] 4519t}
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XAD-2 column
- Sml urine
- calusterone (400ng)
- elute with 3ml methanol
- evaporate

Residue
- K-phosphate buffer 1ml (pH 7.0, 0.2M)

- enzyme hydrolysis( 8 -glucronidase from E. coli), a 50°C
for 1hr.

- cooling
- K,CO,, 100mg
- Sml diethyl ether
- shake (10 min.)
- centrifuge (2500 rpm, 5 min.)
- freeze (-30°C)
Ether layer
- evaporate
- dry (P,0,/KOH) (30 min.)
- trimethylsilylation at 80°C for 15min.

GC/MSD

Scheme 1. Extraction and derivatization procedure for furazabol analysis

in human urine.
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3. 434 ¢ 3%

Human volunteer®] urine oA} 2] furazabol @@ 1 djAMAIEZR AR 16-

hydroxyfurazabol & +4)3} 1Z59] pharmacokinetics & excretion study § %

8 obr gt

O HFA

80-2000ng/ml ¢} W ol A] furazabol & O-TMSE] $E33 ulEo]
A miz 387 & ATt o] o] &2 calusterone-(O-TMS), ol 4| &
S8 miz315 F WFEFEZHE st I golulgt TEE dxs}
o HAFFHE ¥t Furazabol 2 Fig. 1 oA Hox|Zo] 1=

0984 o] F5 Y HAHE Uehle] FFE kot obF XAo] ¢l
o3t}

@ Detection limit 8] A A
Detection limit 2 Z A 3}7] ¢i8te] 10-30 ng/ml 2] furazabol X% of)
A A1¥stgc Furazabol ol|A] blank x2¢ HAu|o] o3t

unchanged furazabol & A 8|S 312 ¥ Furazabol 2] Detection limit

& of 20ngmi ojstele & & A
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& 1.5 A
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1
7 1.
U
14
4.9
Rea o pg Ratia= .B34(AmMmt Ratita)+32.Qa6817
r~2 %W Q@.984
@E.a
8.0 2.8

Fmt Hati1o

Fig. 1 : Calibration curve of furazabol aftcr TMS-derivatization.
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@) Furazabol &] AR HE

AYEE 9 A7 koA F3¥ 4 U furazabol & cjARL}
EE5& Fig.2¢l ZAIEGHY & ATelAE Sl = AP35
0] glucuronidase enzyme hydrolysisol] 2|3 furazabol ¢] detect ¥ 31
free fraction oAl A9 detect EA] U ACR Kol main
metabolite = furazabol 2| glucuronide form 2.8 AR ETH

Furazabol-OTMS2] Scan Mass Spectrum< Fig. 3¢ YER} S,
Intemnal standard ¢l calusterone 2] 315 ion Y furazabol-OTMS &
selected ion monitoring (SIM) mode oA 2] m/z 143, 387,402 o] £33

ion §¢] chromatogram -2 Fig. 4 o] Vel ¢l
Gradeen S-2-(15) | o] furazabol € human ojA] 2] metabolite 2

X 16-hydroxyfurazabol 2 X 13}ty =3} Takegoshi + furazabol
9] W metabolite 52 ¥Adstd I Bu(16)% vk oy <+ 4
T A X retention time ©] 11.521 ¥-oA] 16-hydroxyfurazabol & %
FEHE SFs deea F 5 QUYUH A 35|, 16-
hydroxyfurazabol-di-OTMS ¢} scan mass spectrum (Fig.5) 3 16-
hydroxyfurazabol-di-OTMS 2| &A1 3 ¢lion €1 m/z 218, 231, 490 ion &
©] SIM chromatogram (Fig. 6) & Gradeen 52| data & w|®2 3} Z3,
Q7oA = 16-hydroxyfurazabolo] WAMMEHE HUET U
ot m/z 218 3} 2312 furazabol 9] steroid +A}2] cyclopentane ring ¢
D-ring 4-2] carbon-carbon cleavage ©of] 2|3t Zlog AlgHr}

Furazabol 2|  furazan ring 2 invivo oAl ¥ o 3-2 ulz] o}=
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Rbundance

Scan 387 (8.587 min) of DRTAR:{v3vReSAH.D
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Fig. 3 :Scan mass spectrum of furazabol-OTMS denvauve.
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Fig. 4 : Sclccted ion monitoring chromatograms of furazabol-OTMS (A) and

Calusterone-di-OTMS (B) in the hurnan urine samnple.
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Rbundance

Scan 512 (11.52% min) of DATA: 18B3QAZ25AR. T
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9..@5*1j s DTMS
F /\L-—- uMe
8.8E47 .
{1 ¢ L
/. @Eﬂ / /NW\/\\/’/\O‘WS
o {1 Vi 218
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Fig. 5 :Scan mass spectrum of 16-hydroxyfurazabol-di-OTMS derivative.
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Fig. 6 : Sclected ion monitoring chromatograms of the di-OTMS derivative of

16-hydroxyfurazabol (A) and calusterone (B) in human urine samnple.
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Aoz gA YUri9). o] furazabol o] 33}Hog MY HS
o] n] 8}y, 3.4-disubstituted furazan o] 3}3}AF 6| 7|05k ALR
Atz -

Fig. 7 & ol7iXE 727b $ASAE gskort furazabol 9
metabolite & 3=A =]+ retention time ©] 8.773 *o YEl= 39
Scan Mass Spectrum & AJA}&FsTE. Fig. 2 o AA|§H 71553
furazabol ©] metabolite = base peak ©] 247¢13, 275 ion 52| £
2Q) ion &2 p|Fo|{K o} mewbolie Il 2 FFEHY, 27 © QAT
o ¥ Zo® AlREH:

@ =YY AT

oAl AZ31glS0] FAHES] human volunteer & 7}X|3 £ o
T TRHN2Y, FAEY 779 excretion pattem 3 HAHSH
o] el 3] K U AHEY Fv-9 M ¢ Atge B35 779
data E case HE ¥ 138314} 3y

T Fig. 82 K ¢ At 7390 lojA] excretion rate off cff 3t
time plot ¥+ Zo|t}. Fig. 9+ M ¢ Age Aol Y
excretion rate & K ¢ A9 FHF KA AEdM, M ¢ B+
T A FxoA doidE 4 F 3H. 7 A]7hEE K ¢
Ab#} (Table 1) 3} M 2l A}g} (Table 2) €] urine of|4}2] furazabol =%
S 29510 Table 13} 20 YEPNQT.  Excretion rate-time plot ©

2 5H Y Ay W] ) K Q BT oF 187417
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Scan 328 (8.773 min) of DRTR:1B830R25A.D0 !
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Fig. 7 : Scan mass spectrum of unidentfied {urazabol metabolite in human unne.
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Fig. 8 : Excrction rate vs. ume plot of {urazabol in the case of K human.
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Fig. 9 : Excretion rate vs. ime plot of furazabol in the case of M human,
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Table 1. Concentration of Furazabol in K Human Urine After Oral

Administration of Smg furazabol.

113

Time Urine Conc RSD Amount Excretion
(hr) Volume (x4 g/ml) (%) 713 Rate

(ml) (x4 g/hr)

] 92.5 0.16 1.3 14.9 14.9

2 263 1.13 1.1 2979 297.9

4 151 2.39 0.7 360.6 180.3

6 59.5 1.64 2.1 97.7 48.9
8 125 0.68 1.0 84.8 42.4
12 132.5 0.90 2.5 118.7 29.7
20 170 1.38 2.7 234.0 26.0
24 80 0.94 0.9 75.3 25.1
28 306 0.35 0.8 107.3 26.8
32 120 0.63 2.7 75.0 18.8
36 187 0.29 0.9 54.7 13.7
45 222 0.50 0.8 111.3 12.4
48 48 0.71 0.9 34.0 11.3




Table 2. Concentration of Furazabol in M Human Urine After Oral

administration of Smg furazabol .
Time Urine Conc
(hr) Volume (4 g/ml)
(ml)
1 8J.5 0
2 103 0.40
4 190 1.25
6 105 0.93
8 126 0.40
12 253 0.13
20 470 0.12
24 126 0.39
28 235 0.14
32 101 0.19
36 167.5 0.24
45 215 0.27
48 87 0.23
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RSD

(%)

O
1.3
1.2
0.8
1.2
2.3
2.4
1.2
0.9
3.0
1.4
1.0
0.8

Amount Excretion
(18) Rate
(4 g/hr)
0 0
41.2 41.2
237.6 118.8
98.1 49.1
50.4 25.2
334 8.4
54.5 6.8
49.6 12.4
33.0 8.3
19.4 4.9
40.2 10.1
58.9 7.4
20.4 5.1




o]3, M ¢l 7397t oF 129413t 22 AAjbs|of, ni-3 #E o]
doids ¢ + U

Furazabol 8] +2 nullAd kS plot 3l Bkl Kel 7J-$(Fig.
10) & M ¢! 7% (Fig. 11) o] HA+3 wjd32 K F-571 7
FO] °F334% FEE. M A F57F & 148% 9 widS UERY
oJt}.  Furazabol -2 48R 7 }7px|o] Eu|AdE 89 77.2% 7} 24A4]
Zr o] o], 91.6%7F 36A|7to| ol ¥ldHE & T+ UNT-

=% 16-hydroxyfurazabol & #<¢1¥ furazabol 2] FQ A4zl
8 s Hotth. K ¢ AR ¢ (Table 3) 3 M 3l A
Q] 79 (Table 4) o] ¢lo] A]7 ol w2 16-hydroxyfurazabol 2| A}Ad
< 39 A  16-hydroxyfurazabol o] EFFo| gl TA=E
o013l A Y3t A o] BI1=3te] intemal standard €1 calusterone 2
m/z 315 ion &] height of] th3t 16-hydroxyfurazabol ¢ m/z 218 ion £
height of] W%t ratio o] A|7HHE 3} urine volume & 3} %
3 Aol

A714 & 4 =] dF 16-hydroxyfurazabol 2 F7 %2
82.5%7} 24A1Zkollol], 94.7% 7} 36A17F oldjo] wWlHdHEE &
el XA furazabole| wd pattem ¥} I tAMREQ  16-
hydroxyfurazabol 2| ®j/d pattem & 72 A2 HYE & + 9
ATt _

v G7elAE A dFHHE FANES human volunteer &

st d¥stA™.  FAFHAR]9l  excretion patiern 9 o] 3 E &

X,
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Urninary accomylative  amount (Jg)

Fig. 10

18 {5 28 25 30 35 48 45

time Chr)

: Unnary accumulauve amount of furazabol after oral administration of 5

mg furazabol 0 K human.
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Urinary accumubtive  amount  (}1g)
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00—
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S08--

Fig. 11

18 15 298 25 30 35 40 15

tme Chr)

. Uninary accumulative amount of furazabol affter oral administration of 5

mg furazabol 0 M human.
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Table 3. Unnary excretion of 16-hydroxyfurazabol after oral administration
of 5 mg furazabol to K human.

Height (m/z 218)

Time Urnine Height ratio
(hr) Volume S x Volume
(ml) Height (m/z 315)

1 92.5 0.01 0.19
2 263 0.34 17.9
4 151 0.13 3.8
6 59.5 0.29 3.4
8 125 0.13 3.3
12 132.5 0.11 3.0
21 170 0.06 2.2
24 80 0.13 2.1
28 306 0.04 2.5
32 120 0.07 1.6
36 187 0.03 1.2
45 222 0.04 1.6
48 48 0.07 0.7
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Table 4. Urinary excretion of 16-hydroxyfurazabol after oral administration
of 5 mg furazabol to M human.

Time Urine Height (m/z 218) Height ratio
(hr) Volume ~— X Volume
(ml) Height (m/z 315)

1 83.5 0 0
2 103 0.08 8.0
4 190 0.16 29.5
6 105 0.11 11.0
3 126 0.04 3.0
12 2353 0.01 2.5
21 470 0.01 2.0
24 126 0.02 2.5
28 235 0.01 1.5
32 101 0.01 1.0
36 167.5 0.01 2.5
45 215 0.01 2.0
48 87 0.02
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o|3}A 3}7]9 3} furazabol €] excretion rate-time plot 2 Fig. 12 o],
3 A4S 16-hydroxyfurazabol 9] pattem & Fig. 13 o] YER]
Ao o] JYHoAE g4 Qo FAHES AAMAe|l2 AR F
T, X, AL Y Aol A48 e ¢ T AUH-

olAbe]l A2 F ¥ furazabol2 free-fraction B.t} conjugated form
22 vl & wd( 10vf Fx, An|AdYE AHES g el
furazabol &] tA}e}] gle] furazabol-glucuronide 7} 3= 8+ thAFAFE9)
= 9 T AU

X HE metabolite 21 16-hydroxyfurazabol €] 73-$-= microbiological
hydroxylaton of] 2] 3} conjugate form 2| e bile 2 wjdSch= B
29)7F 2l T 17 B8-hydroxy-17a -methyl steroid ¢ 7%
rabbit(10,11) o]y}, human(12,13)o)| 4] 16 8-hydroxylated metabolite 7}
g g g2A Yo ol A4l metabolic
hydroxylation $1o1A] 17 ${ 4] 2| methyl group &f EAjef 23 a3
oJo] x|HE 3 glrt.  upHIIR| 2 furazabol A C-17 & a $A]
o] methyl 7|7} S5 wlebA 16 8 -hydroxylated metabolite 2] ¥
2 oln] ¥uy &3} FYx|FHx QY. 3y & 97
olAje] Human Az} wWE AMXTY AP |2
furazabol ] w4 2 16-hydroxylation S-2 in vivo of]A] e tjA} Tl
W] d Ao glo], FoE &3 AAE AT

-
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.
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Fig. 12 : Excretion rate vs. time plot of furazabol between K and M human.
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Table 1. Concentration of Furazabol in K Human Urine After Oral

Administraion of Smg furazabol.

125

Time Urine Conc RSD Amount Excretion
(hr) Volume (4 g/ml) (%) (ug) Rate

(ml) (u g/hr)

1 92.5 0.16 1.3 14.9 14.9

2 263 1.13 1.1 297.9 297.9

4 151 2.39 0.7 360.6 180.3

6 59.5 1.64 2.1 97.7 48.9

8 125 0.68 1.0 84.8 42.4
12 132.5 0.90 2.5 118.7 29.7
20 170 1.38 2.7 234.0 26.0
24 80 0.94 0.9 75.3 25.1
28 306 0.35 0.8 107.3 26.8
32 120 0.63 2.7 75.0 18.8
36 187 0.29 0.9 54.7 13.7
45 222 0.50 0.8 111.3 12.4
48 48 0.71 0.9 34.0 11.3



Table 2. Concentration of Furazabol in M Human Urine After Oral

administration of Smg furazabol .
Time Urine Conc RSD Amount Excretion
(hr) Volume (4 g/ml) (%) (Kg) Rate

(ml) (4 g/hr)

1 8.5 0 0 0 0

2 103 0.40 1.3 41.2 41.2

4 190 1.25 1.2 237.6 118.8

6 105 0.93 0.8 98.1 49.1

8 126 0.40 1.2 50.4 25.2
12 253 0.13 2.3 33.4 8.4
20 470 0.12 2.4 54.5 6.8
24 126 0.39 1.2 49.6 12.4
28 235 0.14 0.9 33.0 8.3
32 101 0.19 3.0 19.4 4.9
36 167.5 0.24 1.4 40.2 10.1
45 215 0.27 1.0 58.9 7.4
48 87 0.23 0.8 20.4 5.1
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Table 3. Urinary excretion of 16-hydroxyfurazabol after oral administration
of 5 mg furazabol to K human.

Height (m/z 218) Height ratio

I il ikl ——

Time Urine
(hr) Volume - - X Volume
(m]) Height (m/z 315)
1 92.5 0.01 0.19
2 263 0.34 17.9
4 151 0.13 3.8
6 59.5 0.29 3.4
8 125 0.13 3.3
12 132.5 0.11 3.0
21 170 0.06 2.2
24 80 0.13 2.1
28 306 0.04 2.5
32 120 0.07 1.6
36 187 0.03 1.2
45 222 0.04 1.6
48 48 0.07 0.7
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Table 4. Urinary excretion of 16-hydroxyfurazabol after oral administration
of 5 mg furazabol to M human.

Height (m/z 218) Height ratio

Time Urnine
(hr) Volume _— x Volume
(ml) Height (m/z 315)

1 85.5 0 0
2 103 0.08 8.0
4 190 0.16 29.5
6 105 0.11 11.0
g 126 0.04 5.0
12 253 0.01 2.5
21 470 0.01 2.0
24 126 0.02 2.5
28 235 0.01 1.5
32 101 0.01 1.0
36 167.5 0.01 2.5
45 215 0.01 2.0
48 87 0.02 1.5
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