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Summary

1. Subject
A study on Pharmacokinetics and Metabolism of Biologically

Active Compounds(IV)

I. Objectives and Justification

The unknown human diseases have been discovered and the
mechanism of onset of disease 1s being 1dentified due to the rapid
progress 1n the life science. Therefore the development of new
therapeutic agents to rescue human being from these diseases 1s being
focused by many scientists. Goverment, big fine chemical industry and
many pharmaceutical companies have been i1nvested to their Research
and Development program for new drugs.

For the development of new drugs, it i1s necessary to find lead
compounds, and to develope rapid and accurate screening methods,
effectiveness, safety, metabolism, biocavailability, and toxicity evaluation
etc. Studies on pharmacokinetics, especially metabolism, excretion, and
bioavailability 1s one of the most 1mportant study in new drug
development. Occasionally, the metabolites of the drug of interest have

proved to be more effective than the parent compounds.

Therefore, the evaluation of the therapeutic efficacy, safety of



newly developed biological active compound, pharmacokinetic analysis,
metabolism, and renal excretion play an important role in drug
development. The establishment and accumulation of experience for

basic techniques on pharmacokinetics, renal excretion, and metabolism

would accelerate the development of new drugs.

M. Area and Scope

This study is focused on the pharmacokinetics, renal excretion,
and metabolism of biologically active compounds that are very
important area 1n the drug development. The establishment of
accurate analysis technique of biological samples such as blood and
urine, the elucidation of structure of the metabolites and metabolic

pathway, the study on drug disposition and mechanism of excretion,

the analysis of the effects of drug interaction on renal excretion

would greatly contribute to the new drug development.
We have previously reported the establishment of analytical

method of steroids in biological fluids, the elucidation of mechanism of
renal excretion of steroids, and the effects of renal excretion inhibitor
on anabolic steroid disposition as a part of drug—drug interaction.

Those studies would provide us a direction of the research In new

drug development.

Based on the results of absorption, metabolism, excretion, and

protein binding of anabolic steroids, we investigated the excretion
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pattern of stanozolol In adrenalectomized rats. Adrenal 1s an organ
responsible for the biosynthesis of steroids and the homeostasis of
hormones. The excretion rates of stanozolol and its metabolite, 3’ —
hydroxystanozolol was significantly decreased in adrenalectomized rat
compared to control rats. The excretion of 3’ —hydroxystanozolol 1s
hkely to be more affected by adrenalectomy.

In addition, the metabolism of anabolic steroid, stanozolol was
studied using intestinal microorganism. Intestinal microorganisms have
been known to be able to metabolize certain drugs and toxic
chemicals. The metabolism of stanozolol in intestinal microflora was
confirmed 1n rats free from bacteria by the treatment of antibiotics.
We also observed the decrease of stanozolol added in culture medium
containing the human intestinal microflora.

Studies was also performed on the cytochrome p—450 mediated

oxidation and excretion of chlorzoxazone that 1s widely used as muscle
relexant. Chlorzoxazone was metabolized only to 6—0OH chlorzoxazone in wmwo
and in ubro by P—450 II El and 6—hydroxychloroxazone was excreted into
urine as a glucuronide conjugate. Chloroxazone was not detected In urine In
our analytical system. When the content of P—450 I El was modulated by

pretreatment of ethanol or disulfiram, the pharmacokinetic behavior and renal
excretion of chlorzoxazone were significantly changed compared to control
group. These results suggest that drug—metabolizing capacity play an

important role in dispositon of drugs.
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2U¥ x="L AFH 23 Je Aotk
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A% 5, &5 £E, WAL, W45 G5EE3z dyrt ddFe=
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NzABEAY BEY E¥ e A7 Huz Adgotm Utk
gg - 383 E450 ¥dA
2459 AAW AFA BF ATE o5 HPE WAE EA
322 olgsl oBd F4, EE, dASY @77 s,
5ol AAWANMY WA QA7 EF V4BAEG  AFFA ol
=g olgt dRo] olzel WAE EA HgTso Lox gL
Aole  olgd AANERHAN ZF %, WA, ¥F A5
Nel A¥Y vBEN)go] aTHAT, olskre EAYe g
of @ olse F4, EE, d4, AR L AAYdMe 3

g9 egatn Fou, ¥A SAYIFE AFE ¥ Axomz,

F  system$ o] HE, FrEd S
Aoz o], Tul Al ook A Bl HEAAE ¥ Zolrh Al
ol & ouZAAY AAMYolAe LHPOE, in viro HTHE

in vivo 2 whole body oj|41¢  Absorption Distribution, Metabolism,

Excretion 3 Z<& AAAFHQ] system € BHIL, olF EUY=E 3}
o] in vitro ¢tF W JIAEFELE dFEHo JEriee g 2 4
A S8¥y U ABERAFHFY RE FLT 7)EH9or & Aot

stanozolol o]+

Fol  dujsted @A FFoE AEEHI, S

-
steroid AAES =2 1 F#¥E steroid 9 dFE FIsA %Y.
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o] steroid AAEL =3 wplFe| =E wAEY WEA olEY HA

quel S92 EEs glole osire ATz 6%

e
o

deERE, 2AFAE EA77YA GC/MSDe 22 47718 HAFE,
AHEE I8]3 human 9]A2] excretion study, probenecid £}
drug—drug interaction ¢ W& excretion study, protein binding %
steroid A A =¢ rat @ human 942 metabolite ZHAE IATFTEE
sashel gk,
ol9t2e ATFAPL ugoz FW dAFdME ZL  steroid
BAAZE FE model dAxe H]HQAFE F3I
AHA, FHA, FAFAAY ol =9 HiEAdES Hofsto of
EFAAlY] FoFEFH B sterodd YU #EE FHrId FA OFH
419 UM sterod ¥iH SEZ AFEUA, EIF S AFE
o] AAJdre JFAd oA HFst=  ARAdd o
¢ WAFE  ATEol UMY QT FFE ITEIH. =T

A9l stanozolol €]

Z3olgdA=2 de] Y3HA chlorzoxazone & in vitro ¥ in vivo 9
e tiAt B/ GFESFH HAFE FYEPE, HYH7] in vivo study
7} E7}%53% human 2] microsome & ©o]&3F in vitro WHAIITE
3 in vivo 53 human dAe9 oAl FHE KFRESF U W
HE 2ASHT tEo] ethanol® disulfiram of 23 A3 AT =

W8 R Bustzx o
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A)27  okg] . OFE . A} . v AR

AlAd RA H= EFEFd 49 Stanozolol sjA dj

A4 steroid 2] 2kE-<Ql  stanozolol(178—hydroxy —17a-- methyl —5a
—androstano— (3,2—c) pyrazole)& AAe AALE FFA|F|HEA,
anabolic activity o] Ut 3t androgenic activity® ratioZ} o} FAF}
335 FHAs 4 A+ A anabolic steroido|™(1.2), 2B EZF
02X A EBFAH Wl (aplastic anemia)olyt FHZF AW
AL&ete YYFOoE dElA #HT(3).

3t 3JetPFEAAo 2 stanozolol pyrazole ring2 7}xa
2Jo] T}E anabolic steroid & FFRAH T F FHEHEY (4), ojEA
o 77|18 AMo] Qolixv injection portit} columnoAe  FEojuy}
pyrazole ring$] ZAdog Qdo, 7t& AR vlE 3 I A L
responseZ} w7l W&o, AAARE FAAY EHA WL o=
Zri Sle ﬂ@%‘ﬂ 7% 3t(5).

£ 5% o]gox, o] stanozolol & AFHS] -HE
& 7 2 NAAFY FEE fEste Aoz HIAEHI U,
ol g} e EAiel oA tTviEo| stanozolol®]  anabolic effect

2 olfa HIo ILEMFES] body weight ©]} muscle build—up
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& SF7HA £FTHE TEATIZ] AW dEsty U FFAT
Eg H3stnAR A FY Ad3diae o] stanozolols EFHF

anabolic steroid & SAUER ARSI AH(7.8). 24y F5 4

i

TEL doping test & FHst7] HE o] fEe wWdE 2HAT
A AHAEE s Ue He2 gEA, £ JdFdddAes o
gl Hdel mXe FEFNA probenecid 2to] FEZIT AL
(9,10,11)€ rat @ humanolA] A& dFHIL Fod U4
A&£sld LBl stanozololo] steroid <EQIF| A3} A
hormone €] pituitary —adrenal axisell &3 HE3} steroidd A F9
ZQ AL 3= adrenal glandoll A< 2 endogeneous steroid 7} ol

exogeneous steroid 2] S B7193 adrenalectomized(F-A1AEA)

ratE o|83ta] - stanozolole]l Bl YW YAIE A RotT.

stanozolol(§+d ¢F& ), Entobar(gtg A ek), Calusterone (Upjohn
Co., Kalamanzoo, USA), Ambelite XAD-—2 I resin (Particle size;0.15—
0.2mm, Serva Heidelberg. FRG), 0.2M K-—Phosphate buffer (pH 7.0),
f—QGlucuronidase (K. Coli ; Boehringer), MSHFB (N—methyl—N—
trimethylsilyl — heptafluorcbutyramide), MBHFB (N — methyl —

bisheptafluorobutyramide ;Macherey & Nagel, F.R.G.), TMS—-C]
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(trimethylchlorosilane ; Sigma), TMS — Imidazole (trimethylsilyl
imidazole ; Sigma), % o] HRF  Streptomycin (5F) 3}
povidone—iodine(FH FF)S T HAHEstL 19 R A 5F
% ¥4F °l4E AHESAH
@ 71 +

Centrifuge(Dupont, U. S. A. )

Vortex Mixer(VMR, U. S. A. )

Vacuum rotary evaporator (Buchi, Switzerland )

Shaker (Buchler, F. R. G. )

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

Freezer (Lauda, F. R. G. )

2) 7171 ¥ +H=A
@ 71 7
« GC/MSD(HP 5890A/5970B)
» HP59970C MS Chemstation
« HP7946 Dis¢ Drive
« HP2934A Dot Matrix Printer
@ +£4=4
e 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
28



e Injector Temp . 280°C
e« Flow rate . 0.83 ml/min. Helium

» Injection mode : splitless

« Oven Temp. . 180C—310C (25C/min.)

3) A3dEE U Adrenalectomized Rat
(1D Animal.

KIST®4d $FAF3 d34dA SPF Sprague—Dawley male
Rat(150+15g) & abwol, 17Uzt @450 HAAF Agel Al
ot a8 FHA, HTHFe tap—water & AFALR(4HFAL
korea)E <=2 FF3IHT.

(2) Adrenalectomized Rat.

Entobar ($Fg A ¢k, 500mg/10ml vial) & Sprague —Dawley
Rato] ip. injection(0.2mD)3ld wlHAZIE A& light ether
anesthesia JEH2 FAANAZIH Feg A FRA2, 13)d o
2, uHE rate FTE& HESA Fgdd AZALEF, T €
S YFHo=R Zt3, povidone—iodine 22 AE3JI F  bilaterally®
Mt AAHZEe] 22 pinkMe adrenal gland € ring—pincet ©
2 AA EAF F, infection WAE & streptomycing 7}siL
ANFHAE ZALEHA BEEFF oA BFFFAE  povidone—iodine &
2 A=E3tod mWEI LA ratr} recover YT & Fo 3t
operation®. 2 <% S 2 FF stressB BE, A= A=

Z 5237 s WETFES sham operation 3t Adrenalectomized rat
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M ALY Ze Axe stress B OFUAL F4 48F Hel A7
It FXL 5% D/S(dextrose /saline)S ZTFEQUL}. $4F =
WX, AZEA #FEIY recover HZ-E& #3332  stanozololL
74 751 (20mg/kg) 3t metabolic cageojA] 0~6A]ZF, 6~12A17F, 12
~24A|13k, 24~48A)%F, 48~T72A|Zto] ZA  urine collection 3T
Z7e SulEz AR, AW/ BUY body weight o WS

2785

4) Rat urine 9|49  stanozolol ¥ 3=hydroxystanozolol & &4
O AZFHd HA
A Rate] wurine 1mlol  stanozolold} 3’ —hydroxystanozolol
z+zkg 1, 5, 10, 50, 100, 500, 1000ng/mle] Fx=7} HA SR
WHEEFE B AIZAE calusterone 100ng & 7}3+3 Scheme 13 2
2 procedureo] 93] clean up I}F GC/MSD=E FEAslog FHekAl
2 AAstq AHFo] ALEIRH-
(2) Rat urineo]A]2] stanozolol % 3=hydroxystanozolole] A
L2 EE stanozolol % 3=hydroxystanozolole] ¥4 prof.
Donike?] #W(14)& <t ®HF st 4A] 3. di=HFHA £Y
M o scheme 1o g9k ik s3] AWstd AHaz Az
of e urined LAEF Fx 2 AL 1mlFHsH XAD-2
resingd W& columng EF3A}AFCY. YR IFIFEHAEAE  calusterone
(5ppm) 20 u« €8 7}8t3 urine sampledt & e STHS Iml=

XAD—2 resin & Mo FYF. FFHAIZ methanol 1mlE columnE
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XAD-2 resin

«— Urine, 1ml

¢« ISTD (calusterone, Sppm x 204J)
¢« Washed with 1ml of D.W.

¢« MeOH (1ml x 3)

« Evaporate

« (.2M K-Phosphate Buffer (pH 7.0), 1 ml
< B -glucuronidase (from E. coli), SO &
< Heating at 50 C for 1 hr.

¢« Cooling and add 100mg of K,CO,

< Diethylether 5 ml

« Shaking for 20 min

¢« Centrifuge for 5 min.

Residue

< MSHFB : TMS-CI : TMS-Imidazole(100:5:2), 4044, (80C, 5 min.)
<« MBHEFB, 10 /4 (80, 10 min.)

GC/MSD

Scheme 1. Extraction and derivatization procedure for stanozolol analysis.
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33] elution A]7]3 o] methanol eluteE rotary evaporatoroj 4] ZWA]
Z1t}. Methanole] S22 3 1 zHA}o]  0.2M  K.—phosphate buffer
(pH 7.0) 1 ml9} glucuronide conjugate formo & wjAl sl stanozolol S
V983 7] sl f—glucuronidase (100U/ml) 50418 7}ski 50°C
ANA  1AIZE F JIEEET. JFEF test tuber A 20A] WZHA]

711 potassium carbonate 100mg3} diethyl ether 5 ml& 31 shaker

)
oA 2083 FE&3FFETk 2,500 rpmejA] 5EF YA EE S
aqueous layer®} organic layerZ freezer(—30C)olA E23}3, ether
29 TE test tube o] &7]3 o] etherE& FWAIZIFE, vacuum
dessicator (P,Os/KOH)ol A FE-Z 4ASA AAAAG. 8] (A3
A AE residued] MSHFB : TMS—Imidazole(100 :5: 2, v/v/v) 40ulE
HWo 80CoHA 587 SxAFAz7|, Ax MBHFB 10uplg ¥i1
80Co]x] 1087+ heating blocg Al&3to rlEdsg e, GC/MSDE
AbE-Ete]  glol A2 BNz EATE F HAFLELE ol&3H

A Fak A k.

3. A3 ¥ 1z

2 alx= o]n stanozolol®] rat % humanodlie] WAL 2 uj
A 19l probenecido] ]38k stanozolol® WA AFFE EIL(9,
10, 11)3F v k. o]& gkt ratE  ARE§  stanozolol BN A2 o)
o] x| probenecid®] &} Table 104 E4 $=©] probenecd
HAeEate] BXLAH(V,)S stanozolol GFFowFolAe] ghHET

A (p<0.01)YA 27188 p—phasee] HZ7l= probenecid o
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Table. 1. Pharmacokinetic parameters after intravenous administration of

stanozolol(20mg/kg b.w.) with and without probenecid to rat.

Parameters

Ki2, min”

K2z, min”

Ke, min”

Vdss, ml..l(g'*‘r
Vd s, ml. kg’
AUC, pg.ml™ . min
ta, min

{55, min
CLt, wl.min" . kg

a. Results were given as mean + S.E.
b. Significant at p<0.05
c. Significant at p<0.01

without probenecid(n=5)

0.0092 =0.0041
0.0348 +0.0015
0.0128 20,0018
2311.9 1441.8
2385.8 £5717.7
891.9 +126.8
28.9 16.9
66.8 *12.2
24.2 3.3

33

Treatment®

with probenecid(n=6)

0.0049 +0.0012
0.0047 +0.0013
0.0103 +0.0012
15528.1 +5891.6
24281.1 +7633.1°
347.3 +48.8°
40.3 5.4
257.4 +59.1°
64.2 +10.3°



of st o 4w} Ax FUEdd. WEFHSFY  AUCE

stanozolol @E5oF BT 250l $oA4 UA (p<0.01) A=Y

>

il HAl  clearancex probenecid FoFoX A YA (p<0.01)
F7HE € AAY. o)gR e WR Rojge BELEH (V,) ©
A4l clearance (CLt)e] F7le AUCe Ao 7|Q0% How 3
AT AUARH.
T3 plasmao]A 2] stanozolol ¥% 9 probenecid WL E o
o]t A4 (Fig.1)3} AJ7le] wWE urinary excretion rate (Fig.
2)ol A}, Fig.19] stanozolol®] A F X7} stanozolol B5 5o F3
probenecid ¥ & Eo Fe] =7} time—dependentdtA] SojSw, <k
5A17t olFddle= AL Z Holg RBo FA v A4, g
% WEZAAE F TAAM EZH TV & AolE HAFIL 3
F o
T 2] urinary excretion rateZ} ©EFATRYG © AA e WY
S A9

olgtzre ANE AESZ] 98 $8le urinary excretiono]

T} A2 2 ulFo], Fig.29 0-—90¥ A&}o]e] probenecid %H-&

Axe  dHdy ARSE FEFYDAIS 16). $A4 k9 pH
value (Table.2)9} w9 flow rate (Fig.3)olA L5 Ux9]
stanozolol ©&% Eo AL} stanozololo] probenecidE WHFAA] E5

2 3}o]E Mol 2] ¢o} e pH valuett 9o flow rated] ©vlR|=

T slue] factor2Al AlFA AFH}E£L%E (Glomerular Filtration

Rate)2 Renal Clearance method® =A% ZA3} (Table 3), probenecid
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Plasma concentration of stanozolol (ug/ml)

20

'-l

Fig. 1 : Plasma disappearance curve of stanozolol in rats.
— @@ : stanozolol (n=5)
—O—0— : stanozolol + probenecid (n=6)

Each value represents mean = S.E.
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Excretion rate (ng/min)

Fig 2. : Urinary excretion rate vs. time plots in rats.
—@—@— ; stanozolol (n=5)
—Q—0O— : stanozolol + probenecid (n=6)

Each value represents mean 1 S.E.
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Urinary flow rate (ul/min)

70

20

(s
-

frot
D

AN

*
*

AT TR

Y
A T
T
TS
AN
OO RIhhHHRS

60 120 180 240 300

L
-

Duration (min)

Fig. 3 : Urinary flow rate vs. duration (min.) plot.

774 - stanozolol

l:_—_] . stanozolol + probenecid

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

(*n=5, **n=3)
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HEFAR

2 Udd

e F7=

SERNE
3121 TH.

Table 2 pH values between two groups in rat urine

Collection time

renal clearance+s

oItk 2w

11.720 A4 17.272 HF9A3

0-30
30 - 60
60-120

120-180
180-240
240-300
300-360

A& GFRel= ¥

qeS FA
74 T

clearance ratio+=

Without probenecid

63113
58104
6.611.6
6.1109

5.610.6
6.510.2

6.0+04

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

X stanozolol &}

st B!

Scatchard plots}<d

o},

2

+g

2

protein binding o}

HH

uj 42 o

& ol 2o A1 2] protein binding9]

shLbe

AojHe] o
nAe dge

ujj 4 of

ol A &

%3k3, probenecid Foo
ovt FAETHoZ HoAA
probenecid W& E

AA (p<0.05) F7HE&

With probenecid

8.1+1.8
6.8+1.7
7.1x£13
7.7£19
68113
6.8t15
78122

o 8kl 2}

U] X] = probenecid?] #AI}E

.
THo®
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Table 3. Urinary excretion of stanozolol by renal clearance method.

Rat
No.

Mmoo o = »!

Nean

m O O o -

Mean

Flow rate

(zl/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

0.15 0,01

Stanazolal
plasma

¢ONnC,

(ng/ol)

5.26 0,37
4.46 +0_46
1.80+0.18
4.00£0.23
1.79%0.15

3.46 =0.64

1.39+0.05
1.79+0.06
2.06 £0,33
2.1720,48
1.15%0,03

1.70 0,17

GIR

(ml/min)

1.1720.01
0.85 0.1}
2.34 10.37
4.46 0.7\
1.28 £0.27

2.02 0,59

Treulnaﬁl with probenecid

3.40 =1 41
1.73 £0.08
2.02 0. 24
3.67 20,37
1.38 £0.26

2,44 0 4]

Excretion
rate of

stanozolol

(ug/min)

Treatmen! withoul probenecid

46.68 5,77
20.12 +£3.91
34.62 £2.75
46.09 £2.62

44 87 13,15

38.48 4,55

45.58 27,32
47.37 £6.57
31.79 +0.78
38.67 £2.93
47.53 7,58

42,19 12,74

a. Significant at p<0.05 in Student’s paired t-test.

39

Stanozolol
renal

clearance

(ml/min)

11.20 +0.66
5.07 £1.39
19.58 £1.79
11,75 £1.25
35.87 £7.42

16.69x4.76

33.61 26,77
27.26 +3.95
16.95 +2.97
20.44 4,69
41.39 *6.44

27.86 =3.99

Clearance

ratio

10.24 +0.66
5.33 +1.45
9.08 +1.96
2,71 +0.17
31.22 +5.48

11.72 £4.52

18.43 £7.03
15.61 +1,52
8.27 *0.50
6.17 £2.04
37.87 £14.02

17.27 45.0%°



E A% ZsAdel Y& AFREYrE EZAYTLE 325 U,
PHARM/PCS program(17)& A}g3}o, ZAl4tsled B stanozolol X&)

C
FO meim —0.8985769+C,+4.5673698}= WA Alo 2 ®E] Kd,#3 Ka 9 n
{

C
+P(t)2 == -0.01229447%C,+1.407898 4 Kd,9} Ka, 2 n;-P(t)E

C;
| C
. stanozolol®} probenecid W& E o Fo = —C—"— = —0.6720966*C,+ 3.296337
f
o“ H Kdl:‘?—]' K31 E—-l n, * P(t) %, ""(é—b= 1.633484 . E‘_O.S*Cb"‘ 0.9650980“ )":l Kdz
f

o} Ka; % me P)E 3t Table 4e] AHa]dtH

Table 4. Effect of probenecid on association constant and total

protein binding concentration of stanozolol in rat plasma.

n, - P(t) (M) n,- P@) (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

olo] 4] &} 7+o] protein binding®] association constant®& YEIUE
Kagte Ka, %2 Ka, X5 stanozolol @=5Fo o] H|3d| stanozolol
¥} probenceid WEAFHITAA FAFE < AUT. oA
probenecid® €13} stanozolol ] prc)teiln bindinge] A &
218 9] stanozololo]l F7lsle S orldH, o8t &L ZHI= %

A AFEoe] free(FE]8)el stanozolold] F7lE2 g EELFHI
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o] A3} o] probenecid®t & excretion inhibitor9} steroid 9}
o] drug—drug interactione] &j3F wjAHAF ZA}E wEgOF  sterod

of AEAH % A F A =HA F Q23 7]#  adrenal gland

ufl

adrenal gland(¥4!1)+ epinephrine®]1Y} nor-—epinephrines <
W5l  adrenal medullagl  corticosteroide] A HF L& GEHEEE
adrenal cortex® W oA NH. olFe 7Zle H FEF2 v
o] YA <o, XE3I adrenalectomized animalgd A}&3 W
A+ B3I xH3(12, 13, 18, X Ak, w7l rat liver
micros;ome o] 4] ¢ = phospholipid 2] Al BE A o HdE & A 2l
adrenalectomy®}2]l #A(19), adreralectomyE& ©o]&3 gluco— =HE+
mineral corticoid receptor binding® Al (20, 21,) alpha—2} beta—
adrenergic  receptor(22), adrenalectomyo]] A] ¢} mineral corticoid{l
aldosterone®] (23, 24)F% + BE& RBI7 do] gt

a8y tFRo] adrenalectomized rat =& rabbito]A]e] Al
& A} 9] A S 7} o B o], H adrenalectomized  ratoj
corticosterone(25) o] 1} dexamethasone(26) & £ o 5} o leucine
oxidation, protein synthesis, acid—soluble peptide® urinary excretion%-
9] B 37} NEE 2 A 1=4. 3 exogeneous  steroid = ¢
adrenalectomized animaloll A 2] urinary excretionel] I3 B I7} o]

ol R AJ  anabolic steroidQ!  stanozolol®] < wjAe] m x| =
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probenecid®| JFIE vulglo g XA A Z(adrenalectomized) ratol] A 2]

stanozolol ®j/4de] B PEFLE AzBr)

Stanozolol %  stanozolol?] urinary  metabolite€] 3’ —hydroxy
stanozolol 2 1, 5, 10, 50, 100, 500, 1000 ng/mfle] %X = Blank
urineol] spikedll YHFHXF=E AR calusterone 100ng-g& 7}3l] <9
AR (scheme 1)oj A o} o] F& FAMstd AFHE FAP3tddh

Stanozolol& O—TMS—N-HFB $&zA#42 9wEo] m/z 581 ion

)
Eus

€, 3’ —hydroxystanozolol& N—-HFB —(0OTMS), f%xA2 m/z
669 ion& AH3 UWRHEFEZQ calusterone— (0 TMS), ol A A=
m/z 315 iono] ¥ WAHH[Y FTEE WEsH AU

Fig. 404 &4 ¢l %o] stanozolol(A)& y=256x+0.056302 4
B A 47} 0.9990] 37, 3’ —hydroxystanozolol(B)& y=1.20x+0.06462] 3

Aale] A@AF7E 099824 F2 HAAME HAgFE 99 UMLH

(2) Stanozolol % 3’ —hydroxystanozolole] Xxujd % TYALE
Stanozolol (20mg/kg) & sham —operated  control  rat¥}

adrenalectomized ratol] ZAFEA st A|ZPEZ A FHIF  urinedl 4] &

stanozolol(Fig. 5) % 3’ —hydroxystanozolol (Fig.6)9] & BlXslo

B kTt

© X2 gstanozolol @ 3’ —hydroxystanozolole] W{HLE 0—124]

A Zzolrl oy, 24AFtHEE]  sham—operated control
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(A) STANOZOLOL

Fretio
—
&8

Response
0

nee Ratta=2 .SB8(Amt RattoX+R2.68563
= @.999

Hmt Rat1i1o

(B) 3°RH STANOZOLOL

Ratio

\

¥
"
C
0
2 3
"
N
x 2
i a

Rasn-n:; Ratiog=1 .28(Amt Rati1a)~—2.3648
r~2 ®s-4. 338
Q = _
2 2 4
Amt Rati1a

Fig. 4. Calibration curve of stanozolol(A) and 3'-hydroxystanozolol(B)
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Excretion rate (ng/hour)
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Fig. 5. Unnary excretion of stanozolol in sham-operated rat ( i) and

adrenalectomized rat (774 ).
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Excretion rate (ng/hour)
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Fig. 6. Urinary excretion of 3'-hydroxystanozolol in sham-operated rat ( Jijjilj ) and

adrenalectomized rat (/7743 ).
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groupel] H]3] adrenalectomized rat (ADX) groupdlx #A3 HL&
da U FHo=Z+  stanozolol &  °F 40% 3’ —hydroxy
stanozolol ¢  10%A =7} 24A]7tdie}  wiAdEE L4 gl
stanozolol BTt 3’ —hydroxystanozolole] uwjdo] HA3 HL&S U
T AU

STZ3} 3’ —~hydroxy STZ X5 12—24A]7} urineo] A FHtjj uj
A SEE Bion  24—48AI7to|lA  HA  AAsle  48-T72A17
urined| M= 53] LgTo] HiHHEE 45 UAAT. olEQ w4
S & gpujdatoz  SAgled A H YW adrenalectomized rat’}
sham —operated rat®B.t} stanozolol (Fig,7) % 3’ —hydroxystanozolol
(Fig. 8)2] wido] AHIE& AT UUTY. =2 wi4dE stanozolol
el FHFL&  FogFd dig ¥=IZ isted BA ADX ratd 0.08
% o) 31 sham—operated rat& 0.132% 2 stanozolol WwW|A L& RAH=
(adrenalectomy)2 18] ¢k 40%AE HAFTESE U+ AU

o] &} & vl] A k2] A ot stanozolol 2] o A} A Q1 3" —
hydroxystanozolole] ¥{dolA ©l& #dAstY, wjdd  FFE F9
Zrol] 23] B AR sham groupe 0.44%-¢°]i2, ADX group2 O.
074% %A sham groupe] ®|a] < 16%AF= o] WMERE L
At

olAte] A wjdFE FoJLFd digk stanozolol R 3" -

Bl v ADX#E& <ok 0.15

=
1

»
of
ol
tlo
.
(3

hydroxystanozolol =

% o)1 sham—operated*< ¢ 0.57% 24}, adrenalectomye°l] 23}

oF 70%%x widel AdHEE T AU



Amount of stanozolol(ug)

o0

i
l
20 |
|
10 Bt et e o g e T S AR SR S AU —
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o 5 12 04 48 70

Time (hour)

Fig. 7. Urinary accumulative amount of stanozolol in sham-operated rat (%) and

adrenalectomized rat (+).
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Amount of 3'-OH-stanozolol{ug)

12

Time (hour)

160 — —
T T R
100k
3Q e efe
60 o -
40 : . S
20 )

24

Fig. 8. Urinary accumulative amount of 3'-hydroxystanozolol in sham-operated rat (W)

and adrenalectomized rat (+).
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T3 ol g2 g% Iintection?] #F TS HETD
A& body weighte] ®H3IAE HEZF A3} (Fig.9), sham-—operated
group®| A= sham—operationo|®= B 7t X&£&dHQd AHAAAAHAAE H
of 9 01} adrenalectomized ratd S22 QI%E HF UAA
F71€ BHoy 4-59 F FHe ASFHI] TAE Holugrt 8¢
AGFE = A3zl AlFEstY 13dAe E5F AREAT §F ey
59 Fol ARFIFHS xF wid EF AdFesE AR AHAR=E
AZ AAIHQD AFsT7E Aol 2AL2Z AEFHIUH.

o] #] %}t stanozolol W 1 A} AFE<Q] 3’ —hydroxystanozolol 2]
w24 <9le  exogenous steroide] AAAHIE B steroidF o] U
Ateld R AUAF FoHMAR A g4 g Aot

o] 52 urinee] GC/MSDdA2e] Total lon Chromatogram (Fig.
10)8 A w4 Fig. 10— A+ sham operated rat urinee] TICo]
31, B+ adrenalectomized rat urineg] TICEA HEg FE ZHolv W
o FA ¥th

Fig. 112 adrenalectomized rat urinec]|*{ 2] scan mass spectrum
olty. (A)y F4H3 stanozolole]l®, (B)x 3’ —hydroxystanozoloio]
t}. (C)= 6.953594 9o+ unknown peakl B2A @A FERF93
£ R3 Folt. Adrenal glande] A A UoAle HFL oju] AHd
B 3l

Adrenalectomizedo]] 93 endogenous steroide] ¥iA ©W Azl
dAd #A3 dAFe F¢el R Ho] g oy}, adrenalectomized %

Fo 3  exogenous steroiddF9 F, FXE, AL, uwjdel #HI HT
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Fig. 9. Change of body weight in sham-operated rat (B ) and adrenalectomized rat (+).
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Fig. 10. Total ion chromatogram of rat urine in sham-operated group (A) and

adrenalectomized group (B).
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Fig. 11. Scan mass spectrum of stanozolol (A), 3'-hydroxystanozolol (B) and unknown

peak (C) in adrenalectomized rat urine.
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= 23 Aol Yo|a] A&  Axel  adrenalectomized ratol] A <]

steroid&91  stanozolol ¥lA A e el = JAHAEAFE Lo T

3o & AAE A5 Y, Inborn Error® <3k tgAlolAr, A

=D

Aoz A dirtolGdEe dFdA o= BUIRHeE

g steroide] = Foe aEe] MAdse JdAE AHSIH F

o slojop 3lm, ojgf TE FE Eddlxe] ADME |72} E E
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A28 N Aol 2% Stanozolole] AT

1. A&

HE, 2AYF T€ VIET oAy A4 EgEF E  FA
BdTE Fo HolAe EZEL #H#(Intestines)E AX FFHI
& F HolAO7A e B EAse AUl A FF(Intestinal
Flora)# AHstA do. =3 A 7+4$#(Enterohepatic Circulation) &
T HEF ToE WMAHAXT EF HA] oA ZFeo=z M
TrHEz uIAA =z FUATFH HESHA €9 F old stE
=2ES AW AMATFESY 3 9 oA Lo g WIEEA
A2  ASS Y. ol degEd &L Add EAste

ATEo] 2]3] biotransformation =& WAl Ho| B F/HY A

A7 Ade AUATESFe deAAFE  AlFREHE  Intestinal
Tractol] Zol: 4004Fo] EAstx 2 F&  °F lkgoll #TEHMH,
7)o &Rt ATFFE g wet content®  10'~10"e] = o}
Zz @o Aoy HIT EFoUdrp(3—-6). E3I] intestinal tract F

=

jejunum(F A, S AEE  colon(ZA, #i)Aleld 53] Wol
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AT e Aowr IHAA A3, bacterial FTET  jejunumoi] A
leum(3]A)ZFHozg ZHAFE Foia I

old Be AFEF 99%ol4to] ¥7]4 A F(obligate anaerobes)

iy
9,
h7)

O

|5 & Bacteriodaceae, Pseudomonadaceae, Enterobacteriaceae.,
Micrococcaceae, Nelsseriaceae, Lactobacillaceae, Propionobacteriaceae,
Bacillaceae, Corynebacteriaceae F°] FQ Aot dzHAH UG
(1-6).

A A 2% wrg-o=2 A= antibiotics, dopa, tyrosine,
steroid, phenolic compounds FF¢ o FHETEZHS  hydrolase,
oxidoreductaseoll 2|3+ dehydroxylation, decarboxylation, oxidoreductation,
transferasedl] <23+ sulfationSS o] v2L oAsiy Y=Ao g
g2l Aok FoF FUAFl ¥ ¥g& Table 1o Hlstgrh

171 steroid® 9 ZFHAlded 2g diAte] #FT EHix Ut
& ZAd9 steroide] FRAF dAbete]  BA(T), AT ¢
3t estrone % Dbile salt®] desulfation(8, 9), rat AUoljA el estrone
sulfatasee] B X(10), 7a—, 7B—hydroxysteroid dehydrogenase &4
(11) 9 o] 3t epimerization(12), side chain cleavage(13), bio
hydrogenation(14), 17 —keto steroid®] reduction(15)% L& o32(16,
17) o] HIiHEAr).

o]213t SteroidHF v AUdA IUE e Aol F43 ]
oz o o] UAE © woew Al biled FIHA FUER A
BAd HEA oA FFE Fd AAFSFZ J}A  renal excretion

HEeg, Sterode UWAldle TR A S diAF B ooty AU AlF
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Table 1. Representativie reaction of intestinal bacteria.

S e e il o . -

Reaction Substrate

Hydrolase
B -glucosidase rutin, sennoside
B -glucuronidase conjugates of glucuronic acid
amidase £ -lactam antibiotics
peptidase peptide hormone, taurine conjugates
carboxylesterase aspirin, acetyldigitoxin
sulfatase conjugates of sufuric acid:'
phospholipase lecithin
sialidase mucin
B -galactosidase lactulose

Oxdoreductase
azo — amine azo group pigment
aromatic nitro — amino chloramphenicol
keto, aldehyde — alcohol vaniline

double bond — saturated bond bilirubin, cholesterol
— aromatic nng  quinic acid, steroid

dehydroxylation Dopa

nitrate — nitrite —> ammonia

hydroxysteroid — ketosteroid steroid

Transferase
AMP transfer streptomycin
N-acetylation aminoglycoside antibiotics
acetylation chloramphenicol
sulfation phenolic compounds

The others
deamination Dopa
decarboxylation tyrosine
demethylation cumarin, hesperidin
dealkylation metamphetamine, choline
dehalogenaton DDT
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Foll g "A e FATSS Qltia U

d2le2 E dFY A= antibiotics® ® A E|dle YE  germ
free rati} conventional rato]X]2] anabolic steroid?l stanozolol®] Tt
Ab ZpelE #Qlsle  AuiAld ) steroidtfAletel BAE HIAZ? ¥,
human fecesZ 7}x|3 human AWAldol] <23k stanozolole] WHALE

HES A .

2. A8 R WH

1) Alek gl 7|

@ Al

490 A8Y AdEL geW P FUske AL
Stanozolol(§tA kX Korea), Calusterone(Upjohn Co., Kalamanzoo,
USA), Amberlite XAD—2 resin(particle size: 0.15—0.2mm, Serva
Heidelberg, FRG), Sg—glucuromdase(from E. coli;Boeringer), MSHFB(N
—methyl-- N — trimethyl — silylheptafluorobutyramide, Macherey and Nagel
Co., F.R.G.), MBHFB(N—methyl—bis—heptafluorobutyramide, Macherey
and Nagelco., F.R.G.), TMS—Cl(trimethylchlorosilane;Sigma), TMS—
Imidazole(trimethylsilyl imidazole ; Sigma), Chloramphenicol, Penicillin,
Streptomycin, Nystatin, Erythromycin, K,HPQO,, KH.,PO,, NaCl, (NH,).,
S50,, Call;, MgSO,; -+ H,0, Na,CO; Resazurine(Sigma, USA), Cystein

(Sigma, USA), Ascorbic acid(Kanto, Japan)® F93d AIL39
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@ 71+
Centrifuge (Dupont, USA), Autoclave (Yamato Co., Japan),

Vacuum Rotary Euaporator (Bvchi, Switzerland), Shaker (Buchler, F.

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

2) 7171 # EBMEZ

— GC/MSD(HP 5890A/5970B)
— HP 59970C MS chemstation
— HP 7646 Disc Drive

— HP 2934A Dot Matrix Printer

2 EA4=zd

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

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

— Flow Rate : 0.83ml/min. Helium

G2



— Injection mode : splitless
— QOven temperature : A : 180'C—310C(35C/min)
B :180C—310C( 15C/min)

C :180C—310C( 3C/min)

3) A48%E W Human Volunteer.

N

Rate] 7%+ KIST B4 R[FAHIFHAFALAA SPFA  Sprague
—Dawley male rat (200~250g)& &2}, 134T HIAIF 4
ol ALY YA HIGFLY tap water®t ILFAIREE UYYE
Sa8tHt. 28] human feces® F= AT AU féces

g AFHsod A@Bo ALFH.
4) AEuy

© ABA HA

vl &<l (stanozolole] €l+v+) Smlo] stanozolol?] stock solution®.

2 X¥Eg 5, 10, 20, 40, 60 ug/mé’} XX = HI7IA]IZ]3 internal
standard 2 A] calusterone® 10ug ¥ i1 FE3IL FEAE TS0 A

GC/MSD&2 #4315t

(2 Ratol| A 2] stanozolole] AUA| Feol 23 Al
2E2 ¥ 3F(conventional rat)®} FAEZR AT A Fd
#(antibiotic treated germfree rat)& o]&3l stanozolole] FuUjAl

of 2%k diAl ZolE A H%T-
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a. 4 Fd TE AA

Conventional rat®E AHYWHFETEEQ germ free rat®2 wWE7] £
st  Table 28 22 xAHozm e A mixtureE 20%
EtOH £-ofo] =i 2o ZAAAN 29¥ ¥wrE3}o HFEA Y.
) FAFETLS 3vtE]le] Ratz 3H G-

Teble 2. Composition of antibiotic mixture

_—_W_——'?W—
(mg/Rat/day)
o Chloramphenicol 175
Penicillin 12
Streptomycin 20
Nystatin 10
Erythromycin 10

b. Stanozolole] o
Aol HL FAA mixtureg viAFoE FAF F Ul 244]
Zto] 733 3tE stanozolol(25mg/kg in 30% EtOH solution)& A

¢l normal rat¥ antibiotic treated germfree rate] ZZ+ ZFFFA

sttt dwe #AZ 3vEE T

¢. Urine collection

Conventional rat3} antibiotic treated germfree ratg& ZZt A=
t} 2 metabolic cageo] i stanozolol ¥<o ¥ 5Shr, 20hr, 20hr,

48hr, 68hr, 76hroll urine€ AFstd B AL

d. Urinedll A1 2] stanozolole] ¥4 W AT

64



A7 2 A% rat urine 1mlgs A|EE2 3l scheme 19
AHalg viel Fo] FE A3t HIFIHUT. & ESESE AAYE F3F
o8 urineg YABESESY 1 ImlE XAD%mz resin columnoj]
charge3l gt} ol YWEFZEZAZA calusterone 10ugg Eth o)
AL &8 5ml2  washing 33, methanol Iml®R  3¥  ¥EE 31
elution A]ZA T ©] methanol F%-2 rotary evaporatorg SU7 1
AZ1ZE 2 AR} 0.2M K -—phosphate buffer(pH 7.0) Imlat pAg—
glucuronidase 50ul8& wW&F 37C9 4] overnightdled enzymatic
hydrolysis A] 71 tf.

7)o Ether bmlg 7}8 3087t shakingste FEFE

ether =98 FHalodd Z2AZIE vacuum dessicatoro]lA] FASF] S

dHPZX A FAL] MSHFB mixture(MSHFB : TMS—CI :
TMS—imidazole=100:5:1)& 40xz1 ¥x 80Colx 583 7+&AA
TE=A43 AF§F ™Al MBHFB 10418 71sH3 80CodA 10&7T
derivatization A}Z13(18) GC/MSD=2 AZEsIEgd. 71714 ol
temperature program-2 ¢l 7|7] 9 RBEAMzAd JeElU:, GC/
MSD¢] data acquisition2 scan WHAW = oven temperatureE BXx*
HdogZ 3193, selected ion monitoring (SIM) v du: oven
temperature RX71E&E AZRAoRE 3o EBASYTE Stanozolole] A&
S Q&A= m/z 58lion(M™—15)E2 Internal standard®l calus

terone¥ HEA T m/z4451ong Addto ALL5HYH o)
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Iml of Rat Urine

{'Calusterone (10 g8, IS)

XAD-2 Resin Column

— Washing with 5ml of H,0
— Elution with 3ml of MeOH

~ Evaporation

' —

Residue

e

— 0.2M K —phosphate buffer (Iml, pH 7.0)

~— Enzymatic hydrolysis (f#—glucuronidase from E.coli), at 37°C
~— for 18 hr

- Cooling

~ 5ml of diethyl ether

~ Shaking for 30 min

~ Centrifuge (2,500 rpm, 5 min)

~ Freezing (—307C)

Ether layer

-~ Evaporation
~ Dryness (P,0Os/KOH)
— MSHFB : TMS—CI : TMS —imidazole(100 : 5 : 1)

__at 80C for 5 min

-~ MBHFB at 80°C for 10 min
l

t GC/MSD analysis. i

Scheme 1. Extraction and derivatization procedure for stanozolol

analysis In rat urine
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@ Humane] AUWAZ(IF714 ©AE vigY)dl 2§ stanozolol
o] diA}

AFoXe dFRRe], BHATLE 9% ojio] obligate
anaerobes ol2 2, AUAMTF] <23 in vitro YAIA M= A
Z7L GWEo] Foopdtl. 82 R oxidation—reduction buffer
system-g indicator® 3§} oxygen—free gas systemS Z{F uy
0% F3Y3H A, oxygeng gfld7] Hsoq CO.E2 LH3] A/UFF
¢Hs HHao AHFE FIAHC

a. §714 wigFde FHl.

Oxidation —reduction buffer system-g2 W& 238l Table 33}
2L FAHoR 3l & ALN 37.5ml, BEHY 37.5ml, C&H 50ml
' 0.1% resazurine Iml, 0.5g cystein - HCl - H;O02F 25%  ascorbic
acid 2ml€ W31 FHTFE %o 1L(E ¢F 32¢F7] Basto F
T HEE A

ol Fo ¥ Al¥FoZA= uwidde Mol YA Hojo T
. Aojde Afe ofF &HT HIAH wigFgel HA RIAE

o] v} e}
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Table 3. Composition of anaerobic culture medium
_

Solution Composition Volume(ml)
A 0.78% K ;HPO, 37.5
B 0.47% KH,PO,

1.18% NaCl
1. 2% (NH,).SO,

0.12 % C&Clz

0.25% MgSO, - H.0 37.5
&3 8% Na,CO, | I 50
- 0. 1% Resazurine ) 1
| 25% Ascorbic acid 2
Cystein 0.5g
) add I;zO - | 1000

b. Humang] #AW A FH

A A9 @2 MG dFd AL AT AAER
o] ¢Re HEAZNFE FBFF GauzeZ AFASY I oAAE A
std k. oA 2719 Wi gde] wWu ¥ wiFHL  referenceR A

Apgstn & dvte] wigddl 1@ R A stanozolol& 7 ug/mile]  E]
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FAE @71 =24 A wigel HEE 7] fsted 444
flaskell Z¥uAE 8tx, Fepilde fEFoE 271E AUHsHS
3E FIAFLE 2o wgdd HVEE s 4F9
e ILF#EE JdZFA HAAE HA LFEHE Fo R EHEHY
T7HE GA 2 COR Fo] JFEE HXA&ET. COof RS )
Fdo] FHU Feo fHBE FH CO.E WoiFxn wgdo]l CO=E
gHs] HBHE FRX EF FAAER Heuy. ds3x 1FTe €2
2gE %H7IN8A  aluminum foil2 WolEn. ojw ek CO.E &
AXE =HA GRes Aede wMIdo] HF2o HEE Fo I
T E3tH A 37C water bath shakero]A] shaking3}™ incubatién%l-t}.
A8l AFHe CO, @A ¥t ZFd A CO, gasg WolF™ Wi
% ¥ (stanozolol H7FFE) 10, 24, 30, 48A17tell ZHA < 50miy &
AR oldelx wiFHel A& s Fre FUdE HA
djof gtoh

d. stanozolol®] A Y metabolitese] 7 4#

oloj A} Aj7t¥ =z A3} uwjgd 5Smlo] internal standard 2 A
calusterone 10ugs Y31 pHE 952 233% 5mle] etherE 7}3}
of 30#7t shakingdte FEFFAE 3 HHEIFE RaE g X
MSHFB mixture (MSHFB : TMS~CIl : TMS—imidazole=100 :5:1) 40u1%&
HYu 80CoA 5% ¥gAIZFE, ©A] MBHFB 10p18 718t
AAl B0ColA 1087 SxA3 3F GC/MSDE2 BAsduch 77

2 B AL Qoret FTUSH scan W Addls  oven
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temperatures CZHU22 331  selected ion monitoring(SIM)Z A

Y= oven temperature®E AZRFoZ slo B3]
3. 4% 3 @

1) A=A
Stanozolol2 5~60ug/mle] = WYEZ 3l O-TMS, N-—
HFBe] #E=AZE TF m/z 581 iong AHsAE, o] iong, WH
=282 A& calusteronee— (OTMS).2] m/z 445 ionol] tj}3h
Holgt FEE dWx=2 9 HIFFHE AASAD. AEJAe
Fig. 19l4 E4 AX%o] A#ASF r=09999 ¢ 433 FHAHE

LER o] stanozolole] Aol ofF A Fo] QAT

2) Ratol A 2] stanozolole] ZjAge] <£g A}

A<l rati} antibiotic treated germ—free rat2] urineol] A
vl E stanozolole] U& ¥WEo BT, Fig.2- rat urinegl
Total Ion Chromatogramg WENST. Fig. 3€ Fig. 29 9.466 5ol

A detect®] = stanozolol—OTMS—NHFB2] scan mass spectrums U}
El A Ao|t}. base peake] m/z 14392, molecular ion°o] 6672 #
ettt 9ith. Fig. 4= internal standard9l calusterone— (OTMS); m
/z 445 ion(B)3} stanozolol—OTMS—~NHFB(A)2] EA A<l ijongl m/

z 143, 581, 596 ionE2] selected ion monitoring (SIM) datag IEA

70



eyl Breceigly stegfcelead isinipiie tan puper NN bbuE—— el Wealalenl T A e, i e, e . S ey S . el Sseobay W e el T N e A R caleoahleel e sl

o A

gt Sy

oot T S
I i N I
.-F’.
-~
~
#J"
o
»*
o
**"‘H-
&
»
’
~h
_..-""
Rzt 1t oa=2 _Q2/4n
oy v Q
el et gt
HWWWW
=
HFRmt Fatio

N B 0y

M ;o

_ l_..l...uq......l.-l.-.l..u.l._....._l_....._wjiijjlquﬁnlj!leLHJMJ_. Y

; 10 i 13 () | 3 13 T} _...wn , 0

. -t - »q r— "

m i
u“ !
m |
w 0. 3™y sz wod i _
rilli.-._-l-llriiiiilil.iiiiiiil'iiﬁ“l...Il.l..-llil-_ll.-l.llllil..l.lll.l-_rlli;lllh_

71

Calibration curve of stanozolol.

Fig. 1.
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Scan mass spectrum of stanozolol-OTMS-NHFB in rat urine.

Fig. 3.
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AArZ el rat# antibiotic treated germ—free ratoll 4] stanozolol
Zojo] uwE urinary excretiong Fig. 50 YEMUT. FFolA Y
stanozolol {4 & {oHUe WHE BAFUAZ 5F3I 20-—-68hrof 4
= 2R 9E& g4 AYY. o]AHL accumulative amountE  H
Atsled  Fig. 69 AA AT 7ol x S5 UARe] FAA A
BUHFTE ratdlde FAAT EY  stanozololo] T Wo] widE L
g AU old  FHd dHF  sHoRMeE 4 IFe
antibiotic A E UAg HdH] BUFFed EAolx, = e
Ao #oAEA I

Stanozolol e U@ AFolA FFHo] oA thAlgo] widEHx
i AL o3 oA R widse] AUAdEF di4
g ol WAdHVIE o olAFd A YA ¥ drpr E
AA FoA2 Ao AdfH I AR} AEF+TE stanozololo] B
MAsEE ez {5385+ At

Z AT e YA’ anabolic steroid)] stanozolol2]  ujj A 9]

godge pE¥oz HA wH AU

3) Humane] Aol <3t stanozolole] TiA}
or9] antibiotic treated germ—free ratoxe] ARE 7|2 4

z] human®l feces®9] AYMAdNAME steroid?] WA TFAEH=
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A& AHEIA stdt.  A7]ME QA stanozolole] A Fe
internal standard{l calusterone2] m/z 445 iono] )% stanozololg]
m/z 581 ione] WAHU|Z A 3]3FT).

FAEel 9% stanozolols] A Fig. 7oA @4 SlEol
v FA7to] FEo] wal stanozololed] Yol ZTAHE Aoz  Ho}
Bl Aol o&] tiAlel #TAHE &5 UG-
3k A4 E  stanozololo] oW T E TAILEER WHIASTIE
checks}”7] $38led stanozolole] TS oJUAR] & reference ¥l 2kl o
total ion chromatogram(Fig. 8)3} stanozolol Wl ¢ (Fig. 9)2] total ion
chromatogramg W®|x3 ZA3 <o 128d, 22&8didlA9 i}ﬂl% E
4 AUYTY. olEL scan mass spectrum-2 Fig. 100] JER QI T}
Fig. 10e] B, & 2113282 AL stanozolole]™ A%t Cy thARAL
=24 AZEAA= Aolhg. A9 FERe A FAdFolw (&
steroid & ZHe RAe2e FHFEF AUAY, oY FE
F= o8y, BE2E Bl FxE FEE JdHelg. agn
e Z giAM4LEE<Q] 37 —hydroxystanozolol & HAETF (AU

o] 2} ) Al ot o} o] gk t Ab = ToE  sterodq!
oxandrolone?] 7 $o% #<lx% 3 (data not shown), AR Al o] 23|
ok7] 5 & steroid{Fo] A7 AAUoA ojH HFE ARG E oJHE

Az dsslert 54 FEsnA @4 A% AFE AW Folo
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Al 374 Chlorzoxazone2] uwjA} =l <ekEdA od2g)

ethanol, disulfirameo| w|X|&= <H3F A+

[. A &

Chlorzoxazone(5 —chloro—2(3H) —benzoxazolone) & 324 spasm
T8 A B AlEEH= 5 o|¢ARA 1958 AHF JIEE ol 2000
Sk o]4e] #Ao] AlEE & FEolth(1l). Chlorozoxazone2 F=2 7t
ol 1 6—Q0H chlorzoxazone2.® twA}LE o] glucuronide form©. & urine
o7 wjdHEOT HIEFO Qui(2). =TI HIZY v chlorzoxazoneo]
human cytochrome P—450 IIE1 & 49 ¢3ted 6—0H -chloroxazone
o7 dYAEGzT A AdH(3). Cytochrome P—450 enzyme2
multiple formoe. 2 F 22 ZtojA &A%Y drug, LLEZH, HIAEF
xenobioticiol gt A®H|Rolx, XAk, A &4  YlEMR, eicosanoidF
endogeneous =A¢9 A3ZH diAle]l #FAZE WA YA FHFH
Ao JFe= Fiolth(4, 5). Cytochrome P—450 enzymed o
EAE 9sted Aol FUEHAY HdAHZIE died olEHETE =

A T JAAE FEHR FA EE&ISGH AHAA druge] A

o AU ZA3= cytochrome P—4509] ZAdoly 4¢3 ®HIuxR A

A A ekZo] pharmacokinetic behaviorolx FETALY] F LA
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2 %59 WAL @ parent drugEtt 2|3 ARV o & F¢E
AL, @ HY3A % FALEE FEsriz o diH, @ AFHAFTFY
54 #Hagy HHdAae AW FHE £ Ned, @ 7lF
AN ZAA2EAHS AAE A Aol dAHn ZARHo=
parent druge] AU Hid&=rt AddHW, © BLEAY F=A WA
A7 RFEE ESAESF U7l ", AxEUde WA 977 88
8}t}. Cytochrome P—450 enzyme& P—450 [IE1 &4 F8 3E=#
2ko) 7 o = 1 A=) o] A} of] U3 (6) benzene, vinylchloride,
ethylcarbamateg 9] Z=AE8do]l F&E o] FHid o3ld dA 4
o] dojdr}., P—450 IIE1 &4+ ethanol, acetone, pyridines 2] &
A4S AAgshd 8A4dol FHEN(7). EF  ethanold}t acetoneF o
organic solventA}A|7} P—450 IIEl1o] <&l3td A7} =HEE  enzyme
inhibitor 24 & &H(8). 53 Algde AE IF2 QAo A
P—450 IIE1e] <ol AMA A7 A3 3w 26 ol o] FA
o]} WHAtE]y=  ¢FE9] pharmacokinetic behaviored] & x}o]E L}E}
dAtt. #  APolMe  chlorzoxazoneo] rat liver cytochrome P—450
HELel] oj3fAx Tt GAIEH=AE # vitro dYolA ARSI £
Aol P—450 IIE1 #4842 HEL 7Y F=  ethanol¥
disulfiram-& Z* 8] stH S chlorzoxazoned WAl @ <xEdta &l
of o' HF¥E FA=A XAS  %E 9]  dispositionT  FE T A}

a8 AAB|AE JdTFSIAH.
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2. Az H Iy

(1) A]¢f
Chlorzoxazone, 7 —hydroxycoumarine, pyridine, acetic anhydrides
Aldrich Chemical Co.(Milwakee)ollA] U389 2™, heparin, acetaminophen,
3 —methylchloranthrene, 18]3 f—glucuromdase® Sigma Co.(St. Louis,
USA)o|A 8lal MSTFA (N-—methyl—N —tnmethylsilyl —trifluoroacetamide)
= Mecherey & Nagel(F.R.G)ollA FUdHh 6—0H chlorzoxazone®} 5—
fluoro—2, (3H) —benzoxazolone& Dr. F.P. Guengerich(Vanderbilt Univ.)E® %-

B 713ugten, gRke] Ak EF AlekE AMESHATH

(2) 7171 &€ 714

« Ultracentrifuge(Beckman, USA)

Rotary evaporator(Buchi, Switzerland)
. Sorvall centrifuge(Dupont, USA)

- Water bath(Dong—yang, Korea)

. Waters HPLC system(Waters Co. USA)

- GC/FID/NPD(HP 5890A)

KIST SAzZaAeloA] U*&"H &4 Spragus—Dawley rat(200

-250g) S Atgstgon, tap—waterst ILHAE(HFAL  Korea)E
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ASEA YHFEE A
(4) In vitro chlorzoxazonet} A}

(a) Rat microsomeg| A%

719 SD rat& control 1%, 3—methylcholanthrene * 8l (3—
MC, 3—MCZE corn oild] =A 40mg kg SFo=z 3F 13 39
&< 744+ %9o), phenobarbital A &]3*(PB~, phenobarbital& 0.15M
NaCl &9 =o 80mg/ kg HFLE 3IJF 13 3dF¢ 22FF
o), 231 acetone A3 T-(acetone Smg kg B FOZ 24A|7F Ao
APEA)cg HEY Z4Z4 7L 1.15% KCl &Aooz perfusionsdtd]
AR g  HEoeR wEo 3 volumed 0.1M KCl3 1mM
EDTA 0.1M7} 8% Tris—acetate buffer(pH 7.4)9] i Teflon
glass homogenizer2 TFA3}I3}¢TE. ©]& 9000g9A] 30837 AR
3l AFAE& H3a 105.000golA  iA] W4 E2]3Y9  microsome
< #HaEw. o7l ImM EDTA¢ 20%(v/v) glycerol& &H-3
10mM Tris—acetate buifer(pH 7.4)E YW Fo] 10—20mg,//m/l o] X

TE HreFx FASs —80CoA RBsYT).

(b) in vitro incubation % 6—O0H chlorzoxazoned A=
0.1M Potassium  phosphate  buffer(pH 7.4) 1mle] NADP™
50048, Glucose—6—Phosphate?] HZ¥x7} 10mM, 2] 1 LU.9

glucose—6 —phosphate dehydrogenase, ‘microsome 200ug-8& 2 7}slod
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37CollA 287t preincubationdti chlorzoxazoneS HZ%EE7} 50
M =A H7bsted WeE AFSFRG. 158 9$¥F  43% HyPO,
0ulE Yol WeEE FHAI]L  o7]d] internal standard 2 A]
ImM Fx¢ 5—fluoro—2(3)H—benzoxazolone 10u¢ & Y1 CHJCL
2 FZ39Y. F&£4& HPLC(Waters 590 pump)E o]L3sldd AA
H 6—0OH chlorzoxazoneg A% Ytt. HPLC RAOFZE= partisil
Cis  column(5um, 15 X 0.46cm, Beckman)€ A}&393x 0.1M K-
phosphate buffer2} CH,CN(75:25 v/v)8d94& 1.2mf/mindL£o82 IF

2] 287Tnmol A XU E g 3Y}.

(c) Dimethylnitrosamine N —demethylation activity3A

50mM potassium phosphate buffer(pH 7.7) 1.5mféo] 0.5mM
NADP*, glucose—6—phosphate dehydrogenase 1 IU wf¢~', microsomal
protein 150pg, 1331 1.5mM dimethylnitrosamineg A7}l 37C9
A  3E¥7F preincubation$+3 glucose—6—phosphateE 10mM ¥ X7}
HA  Hbste ¥eE& 108 s ¥hE2 05wle] 17%
HC/0,& 7}3td FZ AT 2000rpmelAd 1083 dAHE2%F 4
= ol ImlE ©E  tubed) 27131 0.4mfe] Nash reagent(30g

ammonium acetate, 0.4mf acetylacetone(2, 4 —phetanecdione), and 0.6mf
glacial acetic acid per 100m)-& 713t 70CoA 2087 WHEAIA
t}. AJAE formaldehydeo] 9J3le wAE= MZ4E 412nmolA |
JesE 2AH3tgt. AHFL formaldehydeE o] &3] THE  external

standard curves A}&3}Et.
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(d) Immunoinhibition

zZ} cytochrome P—4509] subtyped] Eo0]2Ql antbodyy= column
chromatngraphy%- o] 8-3ld EF=azld P-—-4502] homogenicityE electrophoresis
2 BRIt olE Ev|d FAStd L& rabbit anti rat cytochrome P-—
450 antibodyE Dr. Guengench(Vanderbilt Univ.) & X8 7|Swto}l ALK
o WA #Hel  cytochrome P—450%2 Omuragt Sato(10)9] =<
reduced—CO versus reduced difference spectrumg ©o]&3ld A ZFI}
cytochrome P—450 0.1moleg 05m¢ K—phosphate buffer(50mM, pH 7.4)9d]
2713t 7] antbodyE 7F8ld 20837t preincubationA| AT 1FE
chlorzoxazone, NADPH generating system2 #7}stq 1587F ¢HS-A7|

(b)ellx] A= HWPdE AA=E= 6—O0H chlorzoxazone?] ¥ A ZF3IY

(e) Y AH Y VHF chlorzoxazonesx ZF

(1) = F R Alg A FH

Rat-2 WZx¥, ethanol AHEF, 283 disulfiram HIAF+L
z+zh 3up]¥ FEIF}IL YR2TYMe Ay ESFE  ethanol AHIT
= 2¥ AFA 24A7HHC Sml/kg  ethanolE FFFAIH od,
disulfiram A 2l7#2 1Y 13 40mg kg &F & FTF+ F93o 3¢
¢ AAYsAYG. ¥ A 24ATLFALS AR FFE 5T
drk. AE ZY rat& sodium pentobarbital(50mg,kg) & H}o =
FAFSd  ratE  wlEHAZ]L femoral veing  polyethylene tubeZ

91



cannulation$¥t¥  chlorzoxazoneg  50mg  kg(dissolved in polyethylene
glycolE& A7 FH3AH- 9%%-“?:—04 F 208, 40%, 1A%h, 1.54%H
2A1ZF, 4A1ZF, 283 6A17F 7 FA]e] femoral vien cannula® EE]
d  0.25ml€ A H3SY heparin AXIUE  mini tubed] Wi
2000rpmefl Al 1087 QAR st plasmasS LD 31 chlorzoxazone A
ZFu 712l 4ColA BHAsITE. He A8 groupd] chlorzoxazone&

=0o]3}3 metabolic cagedlA] 0—2, 2—4, 4—6, 6—8, 8—24, 24—

36 A7t ZHAYE urine® AFH3tH —20CAA YF& BIAsIH.

(2) A 2] chlorzoxazone A TF

& A 0.1mfol| phosphate buffered saline 0.4mf3 internal standard
24 10u ¢ acetaminophen(300ppm)& A 7}sFH 4. Ethylacetate 1mé-2
7bate] IuESEE 2000rpmolf A 1087 YA £ 3t ethylacetate®} %
g a3t v}. Ethylacetates& 3F 3t Rotary evaporator(Buchi, F.R.
G2 9As Tz AAle]l  20uf 9] pyridined} 20uf 8] acetic
anhydride® H7}sle] 427CoA 2087 *28l8ld N-—acetylationA] F
t}. ¥t2 3 pyridined SAS] HAFAF|AL FALE  ethylacetate 50uf
of ®o NPDs} A" GC(HP 5890)e] 2u4¢E FUSA
chlorzoxazone® A &3tk Columne 5% —phenylmethylsilicone(SE—

54)(HP fused silica capillary, 17m x 0.2mm ; 0.33¢ ¢ film thickness)

lo

o Alestdl. Detector &%= 300C, injector &%X& 280C, 1
2]3  carrier gasZE heliumg AlgERoen F%52  1.5ml/min=®
g

3 =9u. &% gradients 100ColA 240C7HA= 20C/minZ,
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240ColA 300C7HA = 30C/min, 2832 300CoAN 287 HEFH
). o] FZAWoA chlorzoxazone?] extraction efficiencye= 78+7%

(four determination)¢| %l t}.

(3) Urine}e) 6—O0OH Chlorzoxazone #A &

Urine 0.5mé9 internal  standard 8 Af 7 —hydroxycoumarine
(1000ppm) 501 ¢ &+ 1mle] potassium phosphate buffer(0.1M, pH 7.0)
E H7}sta, 6—0H chlorzoxazone 2] glucuronide conjugateZ® free
forme 2 HIAAZ|Z] Y3 F—glucuronidase(from E. colt) 100
Sigma unitE 7}3t3 50CoA 1A17F ¥FLAl#AHTE. Free 6—QH
chlorzoxazoneg F=37] A3t ethylacetate 2ml-& 7}8t3  shaking
Al 1%, 2000rpmell A 1083 QAEE|8t ethylacetate F& FH3H
t}. Rotary evaporate ArollA] ethylacetateE A3 da3 BURE
G ZAto S A3 A7l Y3td MSTFA 30uf ¢  acetonitrile
040 & 378t 80TColA 1087t ¥3A7|%, ¥ EHE 1p/
£ GC/FIDo] FU3dld 6—0H chlorzoxazoneo 2 AZ3Hct. GCe
column %R EHEHL Q)M 7led A} T ZBAM S

sl A ot

(4) 3A A

Rat plasmad]2] chlorzoxazone?] F% dataE PCNONLIN

program(11)& o]&3}a] kinetic parameter® it}
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3. H3 ¥ 3%

In vitro oA} chlorzoxazone] t]A}

Cytochrome P—4502 phase 1 <EUAlA @ F3273 A<
st HAEXN HAZAA 9 60F ol4e]l subtypeo] H3A Yo
rat?] 735 1099F2] subtypeol T B EAo] A AtH(12).

Cytochrome P—4502 broad substrate specificityS el 7}

Aol wel 5%  subtyped] 93 diAlE = FFrh. 53] P-—450

+ ethanol, phenobarbital, cigarette smoking% 2| inducero] 2j3ly =

% subtype' 9 inductiono]  AojupA] AT GFEUA FH9
Aol & YEr™ B AW drug clearanced] & F¥E v¥IAIE
g}

Rat liver microsome& ©| 83t in vitro systemo| ] chlorzoxazone
£ 6—0OH chlorzoxazone®o 29 YAIE AT TFE minor metabolitex &
# X dehalogenated benzoxazolone(13)& ¥ A#A ALRF R4 X
Ao A e HABFE A7 skt (Fig. 2). Chlorzoxazoneo] rat cytochrome P
—450 IIEl1e] 9lstd AIE =X E dolB 7] 38t correlation 43,
chemical inhibitore] A}& 283 immuno inhibition A&¥& 433}
At};. WA acetone, 3—methylcholanthrene, Z8]3i phenobarbital=
P—450% inductionA]Z! microsomeg FY|3}3L cytochrome P—450
LEle] 9)dled <Udoju}= dimethylnitrosame—N—demethylation %¥F-§-&
Z43H¥t. o] HEe B FR(<SmM)IA = P-—450 IIEle] <

A gt ¥hgo]l dojur ILFZAAME FE  low affinity formql P
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Fig 1.

UDP-glucuronyl
transferase
glucuronide-O 0
: 0
| N
c H

Urinary Excretion

Postulated pathway of biotransformation of chlorzoxazone.
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—450 [AZ259] <3t dAET(14). adE22 B Afdiys P—450
[Ele] <3t djAl?E Z2H32] 98te] 15mM dimethyhitrosamine %%
E o]&39Yyg. o]t ©jEo] Z}' microsomeo] &3+ chlorzoxazone—6—
hydroxylation ¥h§-& SA3s HJBABAAE ZABIAEY. Fig 304 Be
uiel o] F ukg7ie] AT|BAAE r=08672 EL correlationg E.A
FAt. P—450 1E19 selective inhbitor 2 U3l  dimethylsulfoxide
diethyldithiocarbamate, 2l P—450 [IE1¢] 7]Z <l dimethylnitrosaminei}
ethanol& o] wWFSA|ZHE W chlorzoxazone—6—hydroxylationdh-8-& o] E ]
ojsted AJAEE BHo FAtk(Fig. 4). Dimethylsulfoxide, dimethylnitrosamine
183 ethanold] 29]3F ukZo] A= competitive inhibitiong YERII S
] diethyldithiocarbamatet= mechanism—based inactivationg Ko F<it}(data
not shown). Immuno inhibition A A= E7|e antu—P—450 [IB1l, ant
—P—450 IID1, anti P—450 1A2, 128]3 antt P—450 IIE1 ®&AE o] L3}
o F|FEE P—4509] catalytic activity® QA|AZIF  chlorzoxazone—6—
hydroxylation ¥-$-g ZA3¥chk %% immunoglobulin =71 ¥H-g-of
Xl 43S HI] $3l  premmune IgG FAXAEE sl EUTH
Table 1e]|4 B.=ule} o] preimmune IgG, anti—P—450 IIBl, anu—P—
450 IID1, anti—P—450 1A2 3}A|+= chlorzoxazone—6—hydroxylation ¥}-§-°l
olB&l  oddkg  FA  FUAIN  anti—-P—-450 [EIZF  dose—dependent
inhibitiong YERH AT}

9] correlation A &A] dimethylnitrosamine —N —demethylation
a2 3}  chlorzoxazone—6—hydroxylation ¥%¥rgz7tel 2 A@uA, P

—450 IIE1 selective inhibitor ZE+& 7|23 FF 23 sgLy ¥k
26
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Fig 2. HPLC chromatograms of incubations assayed for chlorzoxazone 6-
hydroxylation. Rat liver microsomes were incubaied with 0.5 mM
chlorzoxazone for 20 min. (A) microsomes incubated without an NADPH-
generating system (arrow indicates retension time of 6-hydroxy chlorzoxazone);
(B) microsomes plus an NADPH-generating system. The retension times of 6-
hydroxychlorzoxazone, 5-fluoro-2(3)H-benzoxazolone (internal standard), and
chlorzoxazone are 2.64, 4.80, and 8.37 min, respectively.
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y = - 64323 + 19.531x R*2 = 0.867
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Fig 3. Correlation of catalytic activity between rates of chlorzoxazone 6-
hydroxylation and dimethylnitrosamine N-demethylation in different rat liver
microsomes. Untreated, phenobarbital, 3-methylchoilanthrene, and acetone-
treated microsomes were used in this experiments. Line was drawn by linear
regression analysis, and correlation coefficents (r) was calculated.
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Tabie 1. Immuno Inhibition of Catalytic Activities in Rat Liver Microsomes

% of uninhibited catalytic activity

ﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂﬂ

antibody chliorzoxazone ethylene dichloride

preimmune, 5 mg/

nmol of P-450 95 87
anti-P-450 lIB1, 2 mg/
nmol of P-450 103 a0
anti-P-450 11D1,2,3,
5 mg/nmol of P-450 89 73
anti-P-450 1A2, 5 mg/
nmol of P-450 121 108
anti-P-450 IIE1
0.4 mg/nmol of P-450 72 84
1.5 mg/nmol of P-450 43 21
4.5 mg/nmol of P-450 12 16
10.0 mg/nmol of P-450 2 S
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Fig 5. Gas chromatogram of rat plasma after the administration of
chiorzoxazone (50 mg/kg) to rats using nitrogen phosphate specific detectoe
(NPD). (A) blank plasma; (B) plasma from chlorzoxazone treated rats. The
retention times of chlorzoxazone and acetaminophen (internal standardj are

4.09 and 5.07 min, respectively.
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Conc. of chiorzoxazone in blood (ug/mi)

TIME (hr)

Fig 6. Mean (£SD) plasma concentrations of chiorzoxazone (ug/ml) in rats
following oral administration of chlorzoxazone (50 mg/ka). Rats were ptrireated
with ethanol (—g— ) or disulfiram (™ ) or nothing (—o—) before chlorzoxazone.
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Ct= -
V(ka—K)
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C. : Concentration of chlorzoxazone in plasma at time t.
K. : apparent first—order absorption rate constrant

D : dose

K : apparent first—order elimination constant

V : apparent volume of distribution
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Table 2.

chiorzoxazone along with other substances.

parameter

Cmax (ug/mi)
Tmax (hr)

ka (hr-)

K (hr-)

AUC (ug*hr/mi)

Urinary excretion
6-OH chlorzoxa-
zone (%)

normal

31.66*5.05
1.87 £ 0.57
0.864 + 0.424
0.204 + 0.136
185 + 96

37.6 +4.1

all values are mean+SD. N=3
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EtOH

24.89 + 3.14
1.54 £ 0.44
1.159 £ 0.530
0.312 £ 0.105
129 £ 50

46.2 + 5.7

. Pharmacokinetic parameters following oral (50 mg/kg) dose of

disulfiram

35.74 £ 4.64
2.32 £ 0.58
1.095 + 0.632
0.114 £ 0.045
408 + 349
146 +£2.5
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Fig 7. Gas chromatogram of rat urine after the administration of chlorzoxazone
(50 mg/kg) to the rats using FID detector. (A) blank urine; (B) urine from
chlorzoxazone administered rats. The retention times of 7-hydroxycoumarine

(internal standard) and 6-hydroxychlorzoxazone are 5.77 and 6.65 min,
respectively.
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2

Excretlon rate of 6-OH chlorzoxazon(ug/hr)

TIME (hr)

Fig 8. Urinary excretion of 6-hydroxychiorzoxazone in rats following
administration of chlorzoxazone (50 mg/kg); no treatment ( —g-), ethanol treated
group ( ~0— ), and disulfiram treated group ( - ).
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6-OH Chlorzoxazone excreted ( mg)

0 10 20 30

TIME (hr)

Fig 9. Cumulative urinary excretion of 6-hydroxychlorzoxazone in rats following
administration of chlorzoxazone; no treatment ( ~e-), ethanol treatment ( _ ),
and disulfiram treatment ( oY ). |
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