Effect of Inhibitors of Steroidogenesis on
Cytochrome P-450 Catalyzed Reactions
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RIS EEF b 7 o—2a P450 Rz RITT
BB X7 a4 RERBERDERM

BIRAFEFENFL B TR CEE 17 EEHRR)
ko B #

(ABFN614E11H 17 B Z4F)

BOVEEXITH 2 Ketoconazole i URFEHEASE TH % Etomidate &, LFh b4 35V -]
2ELBBEEA 7oA PARESEAERTENRAFIN TV S, AFRIIBNEIEKE P-450 B
B % vy, Ketoconazole, Etomidate RU'A T 0 4 FERESEEROM SN BEOERICOE, T0D
{E ##MEtT 2 2 L 2 HI9E L7z, P-450 LRI, 7 b 7 0 — 4 P450 RUZ DBEFRERD HHWHK S
N VEIBEEI bar P TRUZ BRI 70V - Ar o SEERa L, BENEEEET2EEY
FELs, TE2 OEEICHREL - SEER L P50 HRERR s HCRG s ¥, ERMOREHEEEFNT S 2
ik b ZQEEERERD 2. Ketoconazole & U Etomidate 13 2 v A 7 o — A ISEYIN S icxd L T
IR EER2E L, #OEEEHIZZN 1 0.98 M, 0.21 uM TH > 2. Metyrapone DIHEEH,
160 £M & gL T, W% & b P-450scc iCXT AL HEEFA %R D 2 R &Mz, Mitotane (o, p’
DDD) , Trilostane & U8 Aminoglutethimide ¥, ¥4 & FE8L P-450scc i L THHEFAIZTE DR -
7z. Ketoconazole i 584 P-450,,5 (11, 18 (LR U" 19 AIKERLEER) BRI L B, Ty aLF
azxF oy (DOC)KEERGIZN L THIWEEFERE2EL, ZOEEERIDOCLS5avFaRTH
>, DOC » 5 18 kBt DOC ~DEHDIES & H 12 0.56 uM TH -7z, Metyrapone OEEES0.10
#M CIEFET 2 {EF 2§ /2. Etomidate & U Aminoglutethimide OEEEHIE £ N2 0.74 uM, 4.83
uM TH iz, 17T a fiABET 05 27 0 v ) 1720 fIgEEIHT RS L T Ketoconazole & U Etomi-
date DIAEEEIL 2.60 £M, 16.0 kM TH o7z, Lo LE L P-450scc I DX T 2 17 o SKBR{ERITT
MUTREZ L bIEREA LD R 2T, 370V —ARNREETZ450V D0 P-450 TH 5, P-450cy,
(21 {27k B {bBERR) 1ot L T, Ketoconazole DAMHEER 1.26 uM 2H L fz, BFEERICHL T
WEROEE b EOBEGEEICE > TEBNBEIEEs L » o, AFRCLVEBEEAT oA F
EREEEROE SNV OhOESICEL, ZOREKR, BERL, HERIEEEENS & o0

Bz,

Key words A7 04 F&HE, FF27o—AP450, 7 b3+ =, £k 37F—h

Mk, BIBEEATOA FERBEER LTI,
Metyrapone (2-methyl-1, 2-di-3-pyridyl-1-propanone
) %#4® o, p’-DDD (1- (o-chlorophenyl)-1- (p-chloro-
phenyl)-2, 2-dichloroethane) , Aminoglutethimide
(p- (e-aminophenyl) -a-ethylglutaramide) & *f
Trilostane (4, 5-epoxy-17-hydroxy-3-oxoandro-
stane-2-carbonitrile) 3154, BEMIZLISAE L

T3, T ilA THRIULHE, Ketoconazole (cis-1-
acetyl-4-[4- ((2-(2, 4-dichlorophenyl)-2-(1H-
imidazole-1-ylmetyl-1, 3-dioxalan4-ol) methoxy)
phenyl]piperazine) , Etomidate (R-(+)-ethyl-[1-
(phenylethy)-1H-imidazole-5-carboxylate) 237 L
B ahd Lz,

Ketoconazole (Nizoral, Janssen Pharmaceutica,

Abbreviations : DLPC, dilauroilphospatidylcholine ; DOC, deoxycorticosterone; FpD,
NADH-cytochrome bs reductase ; FpT, NADPH-cytochrome P-450 reductase ; Kij, inhibition
constant ; P-450, cytochrome P-450 ; TN, Turnover number.
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Beerse, Belgium) 13, [EA~7 b L EFOBOMNER
Bl L THFEshA 35— BEFETLHERTH
3, FFOMEEEMAIEZ, BEFENTI /AT —1LD
YR AFLEEEL TCIA TR T oL DEE
PRASE, ARORRZME T 52 Lioiks £E£2
ShTWV3EY, Y4, KEZAT oA FALEYOES
RH 3 \REFAEOBEIRL TEEEE LBV
afsent, ZOBCETIFARRFRREATHE
poidz, L LIESEEEEIC Ketoconazole 257
3 e ACTH RIBREBRICH T2 Mo L F V' — 0
RIGHET T2 282, hrwidardV—LELER
B EEERECR ARSI o L F V- ME T fER %
oIy, BuiREEOBES I T EEEAYS
LIERLTRESKTWVLS,

Etomidate (Janssen pharmaceutica, Beerse,
Belgium) XA U< £ 2 57V —ABE2E L, FiERE ALK
BOWLEBELLTRWSh TV, KEIDBIWERI
BEL Ti3 1981 FE» & 1982 FE = 2 17 T, Ledingham
SONBEDHEHMEB 22T ICU BEOFRTENA
WLALBELELIE, INLSOBREFETRMMEILF
V= WEHEWEE, FET-ED FF A8 Etomidate D&
EHAE—IC LTV R BREE L:ONE#E L 1 -/,
ZOBERVCEIBA T o/ FERBEEROH2E
A in vivo?H B E in vitro® P DR THE SN T
w3,

Ketoconazole i 3 F 2> F Y 7 P-450 B2 12 ¢k
DOHEEMERTHES Loose 521 k> THEE R,
Etomidate b 2 - BB O TEEE B EF s L TV
pionh FEFEFFTTRFRAN Y VEBEE: b
¥ BV 7 P-450scc (2 v R 5 o —LAISEYIIREERE),

P-450,,6 (11 137, 184K UF 19 firkER{bEESR) %M
V3, Ketoconazole DA 5 0 A KAFRIZNT 2/FA
ERETL, HMEEHR UMD R 7 o1 FEREEH
HE L 2 O HE L 7.

EFETCIRINETESALARCMZ T,
Etomidate ® 3 b2 ¥ N U 7N P-450 123+ % fEF,
270V - ARITEET 5 P-450c,, (21 fiKE{LEE
#), P-450scc II (17 @ P KEE(LEBER KR U C2L A7 O
4 F 1720 ISKETI B %) X3 % Ketoconazole,
Etomidate DBEEMER U A 7 0 A FEREEER
DH S NI EEOEHF L D et 21T - 7.

s L URE
1. RE&M¥
P-450scc, P-4501.5, P-450c,;, P-450scc IR U7 K
V/RFyYy, 7RV NF BB, NADH-7
k79— by BITER (FpD), NADPH-# b+ 7 o—

L P-450 BEEEE (FpT), #F 70— L by K Y OE
FHERFERIL, ARSDOOFEICEUTRRL
A
Ketoconazole, o, p’'DDD I Z i1 #Z# Janssen &
U Rousse ft & D gt & h/z, Metyrapone, Amino-
glutethimide {22\ Tix Ciba Geigy # & DRt 3 1
7z, Trilostane 37 4 > b oy 7R, — 2%+ 2
VT J. Harper %64 & 0, %7 Etomidate i 3 2 >~
YR, NNEAFL H G Dorr #d8 X W S5 s/,
. aLZxRFa—-inrs7Lrrr/ar~nRisHE
EEER (P-450sce At L 27 A — L EIEY)
B RS
[la,2¢ (n) *H]aLv A7 o— (Amersham #)
b, HEHEM 1.0X10¢ cpm, #IBE 40 xM, 80 uM &
UF200 M ICFHEEL, Tween20 (EFH{FEERML) %
Mz, 594 »Far—ya iz, FRICTHA
#,EWXIaM 7Ry / RFv2,250nM 7 Py /K
FYUERTEE 60M IV a—-RA—6-) v B
(Boehringer Mannheim #£), 1.6 B{ii 7' )L a—2Z—
6-V ik FEBER (Boehringer Mannheim #),
0.2 uM P-450scc T 0.3mM UV B A U v LEEE
B (pH7.4) 25 2REWEMAT. ZIELD
BECHARLA-ZEEER M, 3TCT2AH 7Y
4 ¥ Fax—vark{To7. 0.4mM NADPH
(Boehringer Mannheim ) %202 2 Z 12 & » Tk
BILRIEZHEL 5 2%, 1.6mlDEEE (£ 4
J—nizmamia=1:1) 2MNAREEEEL
7o, NEE®R Y L T4 Cl7Vv 72 /a0y
(Amersham #t) 240z, 0.5 ml OB KIZ TKEE 10
RO %, 1503000 BEETEROSEEL 72, B
BRI % SR ok, BREELAVHED 7 ook L
TEEEL, YU SVEBRBI v I 7 4 -
b (G25UV, Macherey-Nagel #£) 22K v h L7z,
Ry¥y  EHEIFL=6 . 4 ESHETENE, RYE
Lz s 7 v — b s & DED BEhEE 23U
72 (Aloka, LSC-671 #thy > F L —v a3 v AR b
Ox—%—),
0. DOCHAS5ALFARTFA Y ~NDRIGHEERER
(P-450,,5 8 11 431, 18 RI/KBYIERUE)
[1a,28 (n) *HIDOC (Amersham ) %&EE
15 uM, 30 xM, 200 uM CHEEL, X DBEDOEE
FREFZMNZ 7, HIC¥ U CTEARERFERLMA,
3TCT 2R AL A v Fan— 32D, 0.5M
P-450,,6 12 & o TXE{LEIG % B L 72, 37°CT2 5
filfrFar—varl, RIGEBENTEE: LT
[4-4ClanF a2 A5 o> (Amersham #) 2z, &
BARBL L, YV AX VBB oY NS D
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TAZARY FL, RrEY TR Pr=6513BEE
WIZTRBELE:. £ERWE 7Ly — b omE L )RS
EMEEETAIL 72,

V. 17afikBIE7RYy2Farrb7 2y FAR

FroFr ~DRICHEREE (P-450sce 1154
1% 17— 20 {USHEISLG)

[7 (n) *H]17a kBt 70 ¥y AT o>
(Amersham #f) 2 #EE 20 M, 40 oM J U 200 uM
L, BEFEERLLT0.4mM NADPY, 1.4
mM 7L a—ZA—6-U >, 1.0EAM7 L I—R—6-
Y oK EBEREEMA, BI22.4X1072 )M F b7
0—2bs, 0.4mU FpT, 4 mU FpD Mz 7. 222
2.2x107% uM P-450scc URUHEAL L bz, V¥
Bg'E ¢ & 5% Dilauroilphosphatidylcholine (DLPC)
(Sigma #t) ®MZ, 37CT2HM 7L 4 v Fa—
v g L7, NADPH W TRIE#BEL, 30 53RICR
B%EE LN C TARMORETEE 2 ETEIL /2.
B KEE7u s AFarhs 118, 17a K
ke ¥ 27 ar ~OEERE (P-450scc 11l 17
a KEBLRIS) bAFICEL:, EELLTTr A
ForTaNAMABETa Y ATy 2R
DiF, 17 o ARBE RG22 55RO 1720 A1
YIRS 11 g KB E S EEIC R 5 -0 I T L&
WhHTH5,

V. 17 a fikBiE Ty 27ars»s5 11-FF 5>

ANFV—I~DRIGBEERE (P-450c,, it

T.N.
mol Product/ (a)
min/mol P-450

B 21 (KB ERG)

HEEE L TIEP450c, DEIE L DR S
By ATy TR, 17 (ABET0 S AT 0
ERABLL, UFIVICHEU .,

Vi. BIBREI tav FUPRUIZAY—LRAE

FRER N T 2 EEBEH OEA

P haAVRYTRUEI 70V - ANEFEESR (1
RUIVIZETZ)1Z, 20 uM DO F b 7o —4u C (Sigra
#) Nz . FEIZT0.4mM NADPH 212 TR
IEEBAL 7z, 550mm BT S5 F b 7 a—ACOR
SEEOEERZERIL 2.

154 ##®

I, ALRTFR=LESBTLIX/ B ~DRIGIC
RiETREEHOHR

1. Ketoconazole

AR Ketoconazole 2 & » TIBEHEEME %2 b -
CTHEE Nz, S0%HEEREIRK 1.9ug/ml TH o7z
(H1a). B1b & v ZOBEEREFEEORX £,
ZOEEEHIL 0.98 xM Th o 7o, HEBE 200 M
23t s 2 RIGEEESL (Tumover Number, T. N.) &
#J 7.4 mol-product/min/mol-P450 TH - 7z,

2 . Etomidate

Etomidate b ARG+ BEKREE® b > THEEL,
S50%EERE I 0.15 ug/ml TH-7: (H2a). B
2b &Y ZOEEBEXREEOHRRE LD, ZOHEEE

(b}

0 10 2.0
Ketoconazole{uzg/ml)

30 0 1.0 2.0 3.0

T

Ketoconazole(ug/mi)

Fig. 1. Inhibitory effect of Ketoconazole on P-450scc catalyzed cholesterol to pregnenolone

reaction.

Cholesterol concentration: O, 200 uM; A, 80 M ; ®, 40 xM.
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iz 0.21 uyM kBN,

3. Aminoglutethimide, o, p’'DDD & ¥
Trilostane

K3,K4,@5RTIEL 0~2.5ug/ml DBE
HWHEATE, ZARIGENT 2EREED o kdr o7,

II. DOCH LALFARTFAL~ADRIBICRIEFT

BEEEH TR

1. Ketoconazole

AR td Ketoconazole o & » TEEREL 2>
THHEE N, 50%EEBEIZH 0.7 ug/ml TH o1z
(E6a), H6b»SEEEHERD 3 £0.56uM T
bHotz.

2. Etomidate

T.N. (el

mol Product
/min/mol P-450

204
10
[e]
A
T T
0 0.5 1.0

Etomidate(ug/ml)

7a & D S0%MEZEEIZH0.15 ug/ml TH b,
B4,70 L0 ZDEEEHIE 0.74 kM ERD BNz,

3 . Aminoglutethimide

AR 513 Aminoglutethimide (2 X > T HHE %2
7z, B8 & D 50%EEREIZR2.0ug/mlTH
D, M8b»eZDEEEHIX4.83 M ThH-o1z,

4 . Trilostane & Uf o, p'DDD

0~2.0 ug/ml OWEFHN CIIARGIITT 21E
BiRBEsenzhroie,

. DOC » 5 18 firkEi{k DOC RyF, aNF IR
TRYHS 18HKBIEILFIXFAY~AD
Rt 12 R (¥ Ketoconazole DEIE

1. DOC #» & 18 {ii7kE{t DOC ~D Kt

T.N.? (b}

2.0

1.0

7% 0.5 1.0

Etomidate(ug/ml)

Fig. 2. Inhibitory effect of Etomidate on P-450scc catalyzed cholesterol to pregnenolone

reaction.

Cholesterol concentration: ©, 200 uM; &, 80 M ; ®, 40 M.

T.N.

mol Product
/min/mol P-450
344
o] o}
28 o O
244
20{ & a N
a
164
° .
'P ® [
124
&
v v
0 10 2.0 30

Aminoglutethimide(.g/ml)

Fig.3. Inhibitory effect of Aminoglutethimide on
P-450scc catalyzed cholesterol to pregnenolone
reaction.

Cholesterol concentration: ©, 200 uM; A, 80
uM; @ 40 4M.

™
mol Product
smin/mo P-450
204
o o)
o
(o]
10 a = Yy
a o °
°
0 1.0 20 3.0

0,p"-DDD(yug/ml)

Fig. 4. Inhibitory effect of Mitotane (o, p-DDD) on
P-450scc catalyzed cholesterol to pregnenolone
reaction.

Cholesterol concentration: ©, 200 M ; A, 80
uM; o, 40 4 M.
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AR 5E Ketoconazole 12 - TIREKEFE 2 iF-
THEE&E T,

S0%FHEREIZ#0.33 ug/ml TH-7 (K 9a),
Ob £ D ZDEEESRE0.56 M TH 0 E6 TR
DrEe—ELL, £-EHEBE 200 M IINT IR
it [B] 82 # 1% #7 10mol-product/min/mol-P450 T % -
7.

2. aINFORTOr,S I8AKBLILFaX
7Far~AORIG

Ketoconazole ¥V HEERA 2 R L, 50%HEER
Ei20.03 ug/mlBATCho7: (H10), 2/-HEHEE
250 M Kz 3t B RIS [E EE 401 %7 2.6 mol-product/

TN.
mol Product
/min/mol P-450

324
o
26$ (o)
2] ©
204 A ~
a
1
°
°
I [
124 °
=~
0 1.0 2.0 3.0

Trilostane(ug/ml)

Fig.5. Inhibitory effect of Trilostane on P-450scc
catalyzed cholesterol to pregnenolone reaction.
Cholesterol concentration: O, 200 uM; A, 80
uM; @, 40 uM.

TN. (a)
mol Product
/min/mol P-450

50¢

254

0
e)
4\-'\‘\_

0 1.0 2.0

Ketoconazole{ng/ml)

min/mol-P450 TH - 7z,
V. 17 ¢ kB TR 2TFRCHHP Y FRR
FrodrAnRE LR ETEBEEEAN DR
1 .Ketoconazole
11 X D PEEERIL 2.60 uM ERD H iz,
2 . Etomidate
B 12 & DFHEESIT 16.0 uM R s hiz,
3. TOMOER
WP DAY P-450sce 11 A3l 4 2 17— 20 |
SHETHT UG I BRI R s s h o 7z,
V. 118 kBt mn 4y 2Farns 118, 17a
BIAB L7 B4 257 Ay ~DORE
Ketoconazole (B 13) % U Etomidate (K 14) ¥ &
ST G, P-450sce 1T AT 3 17 & fiI
KBRS RS 2 o,
VI. 17 ¢ kBt T B4 270005 11-F4 £
AUNFYV—L~DR
15 & b Ketoconazole IZBHEEA 2= L £ DOFH
EEHIL1.26 uM TdH - 7. Etomidate (16) &
DL TNOER b RSS2 EAERED sh
molz, '
VIl BEFEERCRETEEBEROER
F b7 a—L4C0550nm 281 5 BAEOE{LE
BIbarFI7THEFEER (K1) kU270
V—bLABEFEER (FR2) OuwTheRLTy, &
EEA L b ERPEDTHOBEC L 3HELHEX
nixh-oiz.

% £
Ketoconazole l3[EA =7 ML 2EOROEEHA &

(b)

TN

0 1.0 2.0
Ketoconazole(xg/ml)

Fig. 6. Inhibitory effect of Ketoconazole on P-450,,4 catalyzed deoxycorticosterone (DOC)

to corticosterone reaction.

DOC concentration: ©, 200 uM; A, 30 uM; @, 15 M.
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LTHERanA s ¥V —LBERTHE. ZORE
BERREAENTT /JATe—Lnd 4R AF L
tEBEELTCINVTAToO—LEERFVSEEBFD
BREEMH s 2 L E2 50, BABHOMEIZBY
THRBOBETILVAFO— LK EETaE3EHE
MHHISH TS, KFIDAF oA FERRKICEZ 2%
I OWTRYMERIN Tk, LaLat
CIE, 41 vH T YEEHBATIFERLL TR
AMATFOYOET, TAMNI VG —L/FTAFRTO

(a)

T.N.
mol Product
/min/mol P-450

60
50
40
30
20

10

v, BERLEYDOEENKETS N, Ketoco-
nazole 400 mg IRAIIC & D, MHHB L UMERFD T 2
FATOVBEMET T2 I LWOERRLEYAD
EEBFR G THE S NIz, Santen 50U, BEEY
IH 12 Ketoconazole B & MEEAIRATMETT » ¢
OAFvIdFy, TAFPATOYIIETTS20 174
ikt oy A7 0 D LEREE2ALIEIZED,

Ketoconazole D {EM A5 1720 TR BRI = 1o
HBHTZEETREL T3, Coster &2, bE—7 LR

4] 0.5 1.0
Etomidate(ug/ml)

0 0.5 1.0

- Etomidate(zg/m!)

Fig.7. Inhibitory effect of Etomidate on P-450,,4 deoxycorticosterone (DOC) to cortico-

sterone reaction.

DOC concentration: 0O, 200 uM; A, 80 4M; @, 40 M.

(a)

T.N.
mol Product/
min/mol-P-450

1004

¢ o

504 o

0 1.0 2.0
Aminoglutethimide(ug/ml)

0 1.0 2.0
Aminoglutethimide(u.g/ml)

Fig. 8. Inhibitory effect of Aminoglutethimide on P-450,,4 catalyzed deoxycorticosterone

(DOC) to corticosterone reaction.

DOC concentration: O, 200 uM; A, 80 uM; @, 40 M.
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(a)

T.N.
mol Product
/min/mol P-450

10.0

o) o
M Py
0 1.0

Ketoconazole(yug/ml)

2.0

0 1.0 2.0
Ketoconazole(ug/ml}

Fig. 9. Inhibitory effect of Ketoconazole on P-450,,5 catalyzed deoxycorticosterone (DOC)

to 18-hydroxyDOC reaction.

DOC concentration: O, 200 uM; A, 80 uM; ®, 40 xM.

T.N.
mol Product
/min/mol P-450

3.04 T-N.

2.58

2.0+

o o
0 1.0 2.0
Ketoconazole(ug/ml}

Fig. 10. Inhibitory effect of Ketoconazole on P-
450,,5 catalyzed corticosterone to 18-hydroyx-
corticosterone reaction.
corticosterone concentration: @, 250 uM.

EROLEBRTRHEORE R L T3,
ANFaARATOA FESGRIHT ZHEEYRICOL

TLHERORENH 5, BIBEHMMEE B zin

vitro EERRICHUEHERLE R 7 u 4 F2EMOL TfT-

7oAREPIZ & - T, Ketoconazole & DOC & 2 LF
JAFOy, AVAFO—Lhs 7 v 7R/ 0rAd
SRS REET 2 2 LRI N, BB
3% 3y DRBICH TN D P-450 (KTFEEER, 24 U7k
BeEER * HEKEEICEET % Z £ » 5, Ketoco-
nazole i3 P-450 REBRICLBOHEERTHE2 Z L Y
R &7z, Engelhardts 5203, IFENBE L OV 56
D7 yyr JERBRERNRICEEMHRAT oA R
ORES & U, ACTH FlBuc 3 2 RG22
e b, BIBMEME, REYA-NERBMERAT D
AR DAY Far—y 3 v EBRIZL > TZOEELD
UM 1L B KB LEBER TH A Z L 2R L. B U A
IV VEBEBRT 5 KEBE AR TH S Etomidate
CELTY, 227 a—- L AISEYIRIGH 5\ ik 11
B KBRICEIC 2 3 2 BEEVER A IRV THRE -2
ENTn3,

IRSOVLTHhOME Y in vitro H 2 WITHERA,
MR Z W ERRTH 200, AT 04 FRE
KB EBARIGC T AR +3TH Y,
FEM A BHE ML X O EESR| & OLLEIZTET
Hot,

SE, EENELRETIE, B EIRKEE
ka3 NY 7 P-450sce, P-450,,5 270V —LP-
450cy;, P-450scc 1B L UZNFNOBFLERESR
555, KBURKIGCHEBERRAEZHA LS Z L TEER
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OEEHRR, EBBLS L 202 0OHNHEMRE
HBE S Iz h o7z,

P450sce HSAMBE T 2 AL A F u—Am S T L 73
Jor®EHEIZE L T, Ketoconazole # £ U
Etomidate A [HEERA £ R L 72, TOHEHEEHIIZL
Z30.98 M, 0.2 pM TH D, TTIZHISHL TV
Metyrapone DIEEFEL 160 uM & (b8 T 2 L& &
LA REVINEEERZ2E TS Z L HBAL 2, &
Ritwzxtd 2 WmEEROER GBIz RBE s Ty
M, ESWEEMNCTHMET A Z 23T &7z, o, p’-DDD,
Aminoglutethimide (ZBJL Tl3, 2 v X 7 o — LRI
YIRS 0 3 B HEEAHREOa T 5, L
HLESEDRKE? > FEENEEEIBEEs ALY

T.N.
mol Product (a}
/min/mol P-450 )

304

204 o
.y
10_\\
°
0 05 1.0 15 20 25
Ketoconazole{ug/ml)

IS

Ol

Ketoconazole, Etomidate & 412, P-450,,p »3filli
T5,D0C#5anFa1X50rORIGEBERE
HE s> THEL, RISHEERE (T.N) OXE L HEE
RIREE & 3 LB E 2 A o, IEHAHEOR 2R
Lo, BHEESIZZ A4 0.56 uM, 0.74 xM ThH -
7z. Metyrapone DHEEHIZH 0.1 M TH D [
# L 412 Metyrapone & @ DB EEFER 2D
ZEpimEn.,

P-450,8 2 A 704 N 11 g i, 18{u¥ & N 19 fi1iz
HBOKBEIBERTH S, 4E0 Ketoconazole D
# T DOC B 200 uM % B\ 7250 KIGE EE 50,
11 8 fif, 18 fif % L #Z 4112 D = 48 mol-product/min/

(b)

05 10 15 20 25

Ketoconazole(ug/ml)

Fig.11. Inhibitory effect of ketoconazole on P-450scc II catalyzed 17«-hydroxy-

progesterone to androstenedione reaction.

17a-hydroxyprogesterone concentration: 0O, 200 uM ; A, 40 4M; ®, 20 4 M.

mo| Product
/min/mot P-450

10.0
8.0
6.0
4.0

2.0

Etomldate(,;g/ml)

(b)

0 1.0 20 3.0

Etomidate(ug/ml)

Fig. 12. Inhibitory effect of Etomidate on P-450scc Il catalyzed 17«-hydroxyprogesterone

to androstenedione reaction.

17a-hydroxyprogesterone: O, 200 M ; A, 40 4 M; ®, 20 xM.
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TN,
mol Product
minfmol P-450

1.04

o>

v T T
1.0 2.0 3.0

Ketoconazole(ug/ml)

Fig. 13. Inhibitory effect of Ketoconazole on P-
450scc I1 catalyzed 118-hydroxyprogesterone to
118, 17a-dihydroxyprogesterone reaction.
118-hydroxyprogesterone concentration: ©, 200
M A 100 kM ; @, 20 M.

TN
mal Product
Jmunjmol P-450

10.04
o
[¢]
[¢]
5.0
a
a a
®
° o [
0 10 2.0 3.0
Etomidate{ug/ml)

Fig. 14. Inhibitory effect of Etomidate on P-450scc
II catalyzed 1143-hydroxyprogesterone to 115,
17a-dihydroxyprogesterone.
118-hydroxyprogesterone concentration: O, 200
uM; A, 100 M ; ©, 20 £ M,
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mol-P450 # X ¢F 10 mol-product/min/mol-P450 T
Hot, WEDLIZHS I 1THY, VVEEERE:
Fa> FVU7 P450,,5 13 DOC 2 EE L LI2BE, 1
50 1T11 8 (AEBIERIGDF 3 18 (kB ILR IS &
DOYEMIETT 2 ZEBEMD ST, £ MIZB
T3 11 B A 18 NI KB ERIEDtIE 7 ¥ DFE L i
Bz LThH, FEMZRFAKOERDCH 2 DL
HEENB, aLFaRTOrhs 18 kLI LT
IRT 0 rADEIZHT % Ketoconazole DEEESR)
RiZo0T, FHE I v FEBA T4 AEHLRA >
FaN—ya EEIZXD, IMHEHIRI 20 HHICHEL
Wb 51, 120 SOBMERE L, D F DFNRH BT
HTH2 I EE2WMEL, P-450,5 13, 18 iiKkE{L
RIGW bR BOBRTH S Z L 75, Ketoconazole
MaNFaRTar»s I8GKEtarFaR T
YANOEMBEIEC b FBOBEERZRE I L1, 4
RTHENZZLTHD, BHE, 20 50%EEEER
0.3 ug/mEUTLENZLDTHE I EHBEIDS
Nz, 22550 MOavFaRTForeRuigs
& RISEEESNZ 2.6 mol-product/min/mol-P450 T#
ZOIRL DOC 75 I F 2R F 0 >~ EEHIE
B E O R 200 uM O BF, 48 mol-product/min/mol-
PS50 THAZ o, aNFIATOrhd 18{1K
BltarFaRx7 o ~ORIGEDOCH5aLFa
AT O ANDRISICHEL TETLIZLSL, 2D
Ketoconazole iZ k> THHEEN 2 b DL Bb
3%,

Aminoglutethimide ¢ P-450,,8 {253 3 $EH A9
EERVHEE SN, HEEHIL 4.8 M RO SN,
FENCE IV 27T o — L AISIRRIGE L U7 o=
F— XN B HEER A RRE Sh TV 530732,
Lil, KEFZIZLD P-450sce okt d 27ERIZERS

TN. TN
mol Product (a) (b}
/min/mol P-450 0.14
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e 0.05¢
204 ®
104
0 10 2.0 3.0 0 1.0 2.0

Ketoconazole(ug/ml)

Fig. 15.
to 11-deoxycortisol.

Ketoconazole{yg/ml)

Inhibitory effect of Ketoconazole on P-450¢,, catalyzed 17«-hydroxyprogesterone

17a-hydroxyprogesterone concentration: O, 200 M ; A, 40 M @, 8 M.
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5NF, P-450,,8 T ABHVIEEFREETIIL
ASEBE L 7z, £72 0, p-DDD ik 11 - KER(CEER It
+ BHEMER®, Trilostane 1 38-KEBILA 7 o1 F
kBRI T 2ESERSRES N TS, &
B s 5 d, ME L b1 P-450,,5 DS T 5 B(LK

TN,
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Fig. 16. Inhibitory effect of Etomidate on P-450cx
catalyzed 17«-hydroxyprogesterone to 11-deoxy-
cortisol.
17a-hydroxyprogesterone concentration: O, 200
wM; A, 40uM; @, 8 4y M.

JCIIZEEERIRRD shad» o7,

Ketoconazole ¥ & U Etomidate (&, P-450scc IT #8
BT 2 1720 AIEYIMRIC 2BEE L ZnFh Ol
EFEHIE, 2.60 M, 16.0uM ThH-7z. LHrLWHE
&4 IZ[E U P-450scc 11 DT 3 17 o i KBILK
G EEEREZRE R0, 2D LIBEOR
&r—%75, LaL, Nakajin 5¥088E LT %
{ P450scc I I 1 DDERTH 2, WHALSLTE
ZAEEEHETRLLERE L TROBLEER2E2 T
w3,

HEBENP450 LS TIBMEILIDEEZ NS,
FusrAFury (HsrwiRIAv 7/ 0r) 2P
450scc 11 DBEIMMICHES L, 317 Lotk
had, VEDTDE17-20 BIBYWRIEMNB I 5, P-
450scc [1 L O|WFMEIZ Ao X AT av kb 17 a fik#
7oy A7ore Ti3RE 3 LD—ED 17 « iz
Bt oy AT o i REHs SEBELTLES.
BET S 1TafihkBEA oy AT0rb 3T TI2LT
fLCAkEEEEL, »217-200 CCHEEENT
BERKIETHZ:0, TORBEI 77 A70r0 17
KBRS & WEHLLTWS, ZhsDEEDE:

Table 1. Effect of inhibitors on the electron-transport system in adrenal mitochondriadf

Keto Eto o,p'DDD Tril Amino Metyr

0Cpg/ml) 0.215 0.388 0.299 0.265 0.268 0.230
1.0 0.275 0.424 0.222 0.257 0.268 0.275
2.0 0.208 0.388 0.215 0.272 0.229 0.268
3.0 0.162 0.423 0.226 0.272 0.311 0.261
4.0 0.279 0.423 0.233 0.268 0.251 0.275

#All figures indicate AA/min

Various concentrations of inhibitors (up to 4.0 u« g/ml) were added to assay mixture
containing cytochrome ¢, adrenodoxin reductase, adrenodoxin and potassium phosphate
at room tempereture. Chages in the UV absorbance at 550 nm (A A/min) were

determined.
Keto, Ketoconazole; Eto,
Metyr, Metyrapone.

Etomidate ;

Tril,

Trilostane ; Amino, Aminoglutethimide ;

Table 2. Effect of inhibitors on the electron-transport system in adrenal microsomes#

Keto Eto o,p'DDD Tril Amino Metyr

0Czg/ml)  0.183 0.221 0.198 0.183 0.198 0.178
1.0 0.233 0.230 0.219 0.198 0.183 0.161
2.0 0.169 0.240 0.183 0.198 0.183 0.172
3.0 0.183 0.221 0.205 0.212 0.219 0.173

$#All figures indicate A A/min.

Various concentrations of inhibitors (up to 3.0 ¢ g/ml) were added to assay mixture
containing cytochrome ¢, FpT, cytochrome bs and potassium phosphate at room
temperature. Chages in the UV absorbance at 550nm ( AA/min) were determined.

Keto, Ketoconazole; Eto,
Metyr, Metyrapone.

Etomidate ;

Tril,

Trilostane ;: Amino, Aminoglutethimide ;
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»3E U P-450scc 11 »4E 4T 2ELRIGTH D 2 H5 5
EEEHDEVE > TEbONILEbN S,

EfE 2 EE L P-450 BEET 2 MO R 7 o4 KRB
BLWTHREIFSNS, FlZIEDOCHS T AR R
7 > ~OHREHE P-450,,8 BEL L T 223 DOC i3
P-450,, WZfEE T B & 11141, 18 fiL, 19 (U h b RIG D
B2 5, s ORBIE—EDEET 11>18>19
FIDIFICHETT 3. BIERIEED I ONRIGAER
& P-450,,5 & DEMAEIXEZLL, D LTOWREE -
—EIBFHEET A, DLW LTP450,8 ML T
WEIZEEEESET S DOC, avFaRrFoy, 18
fABEaLFaRTFOy, PLRATOVYRELES
n3, ERIVATO—A»nS /L T2/ 0 DK
f5iE, P-450scc ETThbh 3@ p v oo thfisE
RUMBEZ NS, LOLIVAFR—LDREET
V7R ur g TBRAERGERZIICTLE S, P-450scc
ETERIVRATo—VORBEIZEER LI —EDERE S
BELTBORELEER L EBERIGIZKRL LETT
3, 4 & P-450scc & DEFIEL TR WEE %2
FRwIbIORGEREE CEITERL I LM
ELTwarBEbns,

BBEBETIIIL AT O g K EEEES
BT A2MENEESRITWS, LvL, HBETIESR
I%, P-450scc, P-450,,s, P-450c,, P-450scc II, P-
450aromatase R U 38 /KREEIL A 7 0 4 N R kRER
DOBETH2., LEMOBRRBREMNEN P Sh2EIC
IVDRVEBRTE OEBEEWBEOEL TR

LTWwabDeBEbh3,

P-450c,, & DEME L OEBH S Fus A7 T
e 17 kBt R 7oy 28B L. L
P TEDRIGERMII 1174 F v aLF V-
T#H 5. Ketoconazole D AHSMHEEH 1.26 «M T
EERAERL. ZOMOER T TR 0~2.5ug
/mlOBEGEICE-> CHEER2RD R ok,
Etomidate IZfEENED Sz o =Dk, FOMEE
FEHBREVLDELEZOND,

F b 20— 2 P-450 BT B KBRS, 0
EFEERIZIZ Y —2BEI bav R 7RIS
Fensz, fsuov—s®Tid, NADPH % 7+ ik
NADH #BEF# 54 L LT, P-450 BTEZE (FpT,
F b7 u—2abb) L, PA50 DS SHREND,
—J} 3 bar Y 7HTIE, NADPH 2 EFft5k
LTT7 RV P2y Vv BIER 7RV / Py,
P-450 D =R 0 & 72 B, FREFFETIE, P-450 DBINA
NI MVOEREEALOTREL, FhZ7Oo—A
ChERLTZD550nm ORNEOCE(KRZHET
32T, EEHDOERERF LI 2Dk P-450 8
TBERCNTAHEER-I IR, Fhru—
LA P NDBRKROBETORZADIERRIFTHETD
3. BEIRERL, R2OW SEER L b CEENE
FRBEIhE,o T,

2BEOEEEERI T L. FFELVEIBR
BRA7 o4 FERBEERMEEEIC L > T2 Keto-
conazole, Etomidate R V& RIEEERA»BE S, &

Table 3. Effect of inhibitors of steroidogenesis on cytochrome P-450 catalyzed

reactions#

Keto Eto o,p'DDD Tril Amino Metyr
P—450scc 0.98 0.21 (=) x (-) = 160
P—450,5 0.56 0.74 (- (- 4.83 0.10
P"450Cz| 1.26 (*) (—) (—) (—) (")
P—450sccl
(17T @ —hyd) -) (- (=) (=) (= =)
(17, 201y) 2.60 16.0 (= (- (- (-
E. T. S. of mito. - ) G (- (= =
E. T. S. of micro. - =) G (= =) =

#All figures indicate Ki value{# M). x (—) no inhibition.

Keto, Ketoconazole; Eto,

Etomidate ; Tril,

Trilostane ; Amino, Aminoglutethimide ;

Metyr, Metyrapone; E. T. S. of mito,electron-transport system in adrenal mitochondria ;
E. T. S. of micro, electron-transport system in adrenal microsomes; 17 @-hyd, P-450sccll

catalyzed 17 @ -hydroxylation of C, steroids; 17, 20ly, P-450sccl catalyzed

17, 20

cleavage reaction of 17 a-hydroxy C, steroids,
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EICBa N TwAEEOERIZ DL T, 2 DEEER,
FREE AR N EEEN B THS Ik -
7.

w

BREBIBHEF b7 o— L4 P450 RUBFRERE
FroL2BBAT oM FELERICEERR 2RV
T, Ketoconazole, Etomidate 22 ¥ D 4 3 ¥/ —n1t
EYRUVAT o4 FERBESEEROMs - BFED
Flizo &, (FAMROBRE ZITVROBRES .

1. Ketoconazole i3 8 = b 2> F U 7 P-
450scc, P-450,,8 R UF & 7 @ V'~ L P-450c,,;, P-450scc
I EEBRRCII2BIBEERT o4 FARELRIGIZ
MLT, ERWEEFERAE2EL, TOEEEREIZL
F00.98 kM, 0.56 xM, 1.26 uM, 2.60 uM T#H -
7. BIBREAT a4 FABOLELBICEEER
ERIZLODZOYPRIZENITH S Z LAV L 7.

2 . Etomidate 348 = b 2> F Y 7 P-450scc, P-
450, R U' 2 7 0 V' — 4 P-450sce Il HRERERIZ & 3
BIBREAT o1 FABERIGI L THETIRREE
BE2EL, ZOHEEEHIEZAFN0.21 M, 0.74
#M, 16.0 uM TH -7z, Ketoconazole & LL# L T,
370V —-ARTEZOFEAEIGH, S harkY
TRICIEBEEDO LT VEERR 2R,

3. Aminoglutethimide &, P-450,,5 5 1 &K %
DOC ABERS I LT, HEEH 4.83 M &
[BEMREFE D, 20O RIGRCIZER TS
Mo tz, Metyrapone id 3 7 @ V' — A % P-450 AE1{L
Rt L T, 8L R ERd -7, Trilostane,
o, p-DDD iz D\ Tid, BIBEE P-450 DAY T 2 1>
THOAT oA FREICHEEERIZRD Shkh-
7z,

4. BIEEES P PY TR 70V - ANE
FEERICL T, LEOTRTOEFICOWTHE
BWRREEEshEh o1,

B

# B

MERZ2HD, HEHE - HEBEE Y & L2 R
MBI ML £, £, HBiREEE, HphETER
FLERBEWN L L UBIE S v— 703 %4 1B
MU T, AFFRE2NH LY HEY, H8RES FLAER
RFBEFRCFBA A EZ 838, SOEHESHEE, AT T
i, 2o CKEERAOBERICZ I A0 o BBIRL 27,
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Effect of Inhibitors of Steroidogenesis on Cytochrome P-450 Catalyzed Reactions
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Kanazawa 920—1J. Juzen Med. Soc., 95, 915—-929 (1986)
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Abstract

The present study was intended to examine the effect of Ketoconazole, Etomidate and some
other known inhibitors of steroidogenesis on the purified reconstituted steroid monooxygenase
system. The system consisted of cytochrome P-450 and its electron-transporting components such
as adrenodoxin, its reductase, cytochrome b;,, NADPH-cytochrome b; reductase (FpD) and
NADPH-cytochrome P-450 reductase (FpT) which had been purified from bovine adrenal
mitochondria and pig testis microsomes. Ketoconazole and Etomidate competitively inhibited
side chain cleavage reaction of cholesterol to form pregnenolone. The Ki values for Keto-
conazole and Etomidate were 0.98 yuM and 0.21 4M respectively. Compared with Metyrapone,
(Ki=160 M), Ketoconazole and Etomidate were potent inhibitors of cholesterol side chain
cleavage enzyme (P-450scc) catalyzed reactions. Aminoglutethimide, Mitotane (o, p’-DDD) and
Trilostane over the wide concentration range, failed to inhibit this reaction. Ketoconazole
competitively inhibited hydroxylation of deoxycorticosterone (DOC) at the 114-position to form
corticosterone and at the 18-position to form 18-hydroxy DOC. The Ki value for Ketoconazole,
calculated from either the 114-hydroxylase reaction or the 18-hydroxylase reaction, was 0.56 yM.
Ketoconazole also inhibited 18-hydroxylation of corticosterone to form 18-hydroxycorticosterone,
with 50% inhibitory concentration of less than 0.03 xg/ml. The corresponding value in case of
18-hydroxylation of DOC was 0.3 zg/ml. The conversion of corticosterone to 18-hydroxy-
corticosterone was inhibited more potently than that of DOC to 18-hydroxy DOC by
Ketoconazole. Etomidate, Aminoglutethimide and Metyrapone also had an inhibitory effect on
P-450,,5 catalyzed reactions with Ki values of 0.74 yuM, 4.83 4M and 0.10 uM respectively.
Ketoconazole and Etomidate competitively inhibited cleavage of 17a-hydroxyprogesterone at the
17, 20 bond to give androstenedione with the Ki values of 2.60 4M and 16.0 uM, respectively.
All other drugs of adrenal steroid inhibitory action failed to inhibit the same 17, 20 lyase (P-450scc
II) system. All of the above listed inhibitors, over a wide variety of concentration ranges, had
no significant effect on the 17z-hydroxylation of 118-hydroxyprogesterone, the conversion also
catalyzed by the same P-450sccII. Ketoconazole inhibited P-450c,, catalyzed 17a-hydroxy-
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pregesterone to 11-deoxycortisol with a Ki value of 1.26 4M. Other drugs including Etomidate
failed to inhibit the same P-450c,, system. The electron-transporting system was not affected by
either of these drugs. In conclusion, the present study demonstrates the precise site of action and
relative potency of some known inhibitors of steroidogenesis, with particular reference to
Ketoconazole and Etomidate, using a reconstituted steroid monoxydase system.



