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Metyrapone with a ketone group is well known as inhibitor of 11B-hydroxylase which is the enzyme
involved in the biosynthesis of cortisol. This drug is used clinically as a therapeutic drug for the treatment
of Cushing’s syndrome. Although the clinical route is an oral administration, the plasma pharmacokinetics
has not been reported in experimental animals and has not been evaluated in humans in details. In addition,
there are few reports related to MP metabolism in both experimental animals and humans. Furthermore, the
determination method of MP and its metabolites has not been completely established. In this study, after
the method to simultaneously determine MP and its metabolites was developed, the pharmacokinetics was

evaluated in in vitro and in vivo studies.

1) Development of simultaneous determination of MP and its metabolites

High-performance liquid chromatography ultra violet detection (HPLC-UV) method was developed to
simultaneously determine MP and its five metabolites. The total run time was 65 min including HPLC
column washing. No interfering peaks were obtained for plasma, urine and microsomal (Ms), cytosolic
(Cyt) and mitochondrial (Mit) fractions in all the tested tissues. The calibration curves were constructed by
plotting the peak-height ratio of MP and its metabolites to the IS in the range of 1.13 - 90.0 ng/mL, which
all the correlation coefficient were 0.999. The lower limit of quantification (LLOQ) defined as the lowest

concentration on the calibration curve, which the high sensitive analysis was developed by HPLC-UV.

2) Pharmacokinetics after a single oral administration of MP to male Wistar rats
When MP was orally administered at a dose of 50 mg/kg to male Wistar rats, MP was rapidly absorbed
followed by rapid decline. By the rapid elimination, metyrapol (MPOL), metyrapone N-oxide II (MP NOII)

and metyrapol N-oxide II (MPOL NOII) were immediately detected in plasma. On the other hand, only a



very small amount of MP was excreted in the urine. Taking into account these results, the rapid elimination
of MP from plasma was more likely due to the rapid production of the above MP metabolites. Four
metabolites (MPOL NOII>MP NOII>MPOL NOI>MPOL) were excreted in urine, which were different
from the kinds and the rates of metabolites reported in male Sprague-Dawley (SD) rats. When the
metabolic pathway of MP was predicted based on the amount of the metabolites observed in plasma and
urine, it was presumed that MPOL NOII and MPOL NOI were produced from MPOL but not MP NOII and

MP NOL

3) In vitro metabolism of MP in the subcellular fractions of tissues in male Wistar rats

MP reductive and oxidative enzyme activities were investigated in the three subcellular fractions to
clarify the primary tissue responsible for production of MP metabolites. Regarding the reductive enzyme
activity to MPOL, it was suggested that the major metabolic tissue was the liver, judging from tissue
weights. In addition, the activity was also highly observed in Ms and Mit of testis. On the other hand, the
reductive and/or oxidative activities to other MP metabolites were too low in all the tissues to evaluate the
major metabolic tissues. When sex difference in MP reductive activity in the liver Ms of rats was
investigated, the difference was significantly observed from puberty. On the other hand, the developmental
pattern of the activities from birth to adult age was different from that of the reductive activities of
acetohexamide (AH) with a ketone group in previous report. In addition, MP reductive enzyme partially
purified from the liver Ms of male Wistar rats did not metabolize AH, indicating that reductive enzyme of
MP was different from that of AH. Higher MP reductive activity in males than in females is likely to the
dependent on testosterone. Sex difference was also observed in the liver or kidney Ms and Cyt of five

animals including rats.

4) Inhibition of MP metabolism in the subcellular fractions of tissues
The major enzyme involved in MP reductive and oxidative metabolism was investigated using the

specific inhibitors of enzyme. It was suggested that 11B-hydroxysteroid dehydrogenase (11B-HSD) 1



mainly involved in the reductive metabolism to MPOL in Ms and Mit in the liver of male Wistar rats, and
that cytochrome P450 (CYP) mainly involved in the oxidative metabolism to MP NOII. When the
inhibition conctant (ICso) of the reductive activity for 113-HSD1 inhibition was calculated in the Ms and
Mit, glycyrrthetinic acid (GA), a selective 113-HSD1 inhibitor, inhibited the activity in a dose-dependent
manner with an ICso value of 0.62 and 0.10 puM, respectively. In addition, in testis with the secondary
higher MP reductive activity, the acitivies in the Ms and Mit were inhibited by GA in a dose-dependent
manner with an ICso value of 0.13 and 0.07 puM, respectively. The effect of 113-HSD1 inhibition by the
co-administration of GA on the pharmacokinetics of MP and its metabolites was investigated in an in vivo
study. By the co-administration of GA, MPOL and MPOL NOII plasma concentrations decreased contrary
to the increase in MP and MP NOII plasma concentrations. MP reductive and oxidative enzyme activites
were also evaluated in the liver Ms, Cyt and Mit of humans. Similar to the results of male Wistar rats, the
reductive metabolic activity to MPOL and the oxidative activity to MP NOII were the highest in the Ms.
Taking into account these metabolic activities and the proposed MP metabolic pathway in male Wistar
rats,it was guessed that the production pathways of three metabolites (MPOL, MPOL NOII and MP NOII)
in humans were similar to the rats. From the viewpoint of inhibitor sensitivities, it was suggested that the
major enzyme involved in MP reductive (MPOL) and oxidative (MP NOII) metabolism were 113-HSDI1

and CYP, respectively, similar to male Wisrat ras.

In conclusion, the present study elucidated the plasma pharmacokinetics and metabolites of MP in male
Wistar rats after an oral administration. In addition, the study suggested that the major enzymes involved in
MP reductive and oxidative metabolism were 113-HSD1 and CYP, respectively, in both male Wistar ras
and humans. The metabolism of MP in humans would be similar its in male Wistar rats, judging from the
metabolic activities of MP to the three metabolites (MPOL, MPOL NOII and MP NOII) and the proposed
MP metabolic pathway in the rats. Therefore, male Wistar rats could be a relevant species for use in

predicting drug-drug interactions of MP in humans.
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Fig. 1. Chemical structures of MP and its metabolites
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Fig. 2. Representative chromatograms of (A) MP and its five metabolites (MPOL NOI,
MP NOI, MPOL NOII, MP NOII, MPOL) and an internal standard (IS), and (B) extract
of control male rat liver microsomes.

1: MPOL NOI, 2: MP NOI, 3: MPOL NOII, 4: MP NOII, 5: MPOL, 6: MP, 7: IS

Each standard was prepared using a part of synthetics.
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Fig. 3. Calibration curves of MP and its five metabolites.



B3 B

ARETIX, MPOIEMBIHEZ FEAT 572912, MPI L OE OSHIEO W) % [FRf
EET HMEEZ ML LT,

Usansky 5 [ZMP O SFEIE D414 2 HPLC-UV ClRIFFEE L TV 5 L D0, X3
DIYHEE BIIA T Th o7 W, Fiz, BERITAMRE 2 L Ic R 2B @ THlE
TLHETH Tl Big 2 ERRE ORI E [ VTl Tl o 7o, HIE SR
WEOREREEE LT, BESH (GOMS, LC/MSE L TLC-MS/MS) A1
TOWECERENED L, LnL, BEMNEEZRATL5E, EERRG 72 EOR
fiW) 2 RE7RBR VU BRE L2 T AU e n 2 L s, JIERBEEIOFRRGE (I E /i
BE) ZEEIIRGTT 2 2 B L 72 % 9, £70, HIERBN L o856, T
LR 72BN R (LBE) ETIT O FAERI X 6070, IR 15
Hivd, & Z TUsansky & DIFIEIZS R A B, fEH D2l 722 5 0BHR fYE TMPIs X
O OSTFH O % IRl E S5 2 HPLC-UVHEIEE ORENLIZE F LT,

AWFFETIE, AR ORERNRME ORI A X ) =V THEE L, ZD
A O S & el U CERB OBRENA+43 Th 578, HPLC-UVIEID
BOWTHEKRBSBRE— 7 PNE<BND, L LR s, RIFETIRIRIEIC65 &
BT DHH0D, T MECis, BEHITIKBEI AL ) — VRGO 7TV b
DY TN ERWS Z kY, WistarlfZ » MHFMs (Fig.2 B) 7217 T72 <,
FRET L2 T oAEREEE (WistarfE 7 » b OIS, RIS L OB F2ERENY O #HA% O
FalE 4y 72 HONC B R ATFORIBESY) FkD B — 27 LIERIRE INER 5 RWERET,
DOWNERT R E D BAFIZ 0B S HHPLC-UVIE &N LTz, £72, FHIEXSGY
BEOWMEROMBGREDL BIFTHY (Fig3 :12:0.999), LLOQHELS (W oflE
SEWE H1.13 ng/mL) , EESHE TORE & RS ORBE ST & FTREE LTz, &

AEIEE, & E R E ORFFRFREICHE L 72T N TOERREWE L e bOAK

.10.



AR E— 7 13 SN o2 &, FOMOEMFEIZ IV THEMPOAH
BIREF S AT OBSICHE R EEZE 2 NS,

Baf NG

ARETIE, MPE LT OSTEIO N % [FF & 89 S HPLC-UVIE 2 # 72 IZ B %8
L7z, TGN RE ERIT D,

1) 5384 Z 20% Inertsil ODS-3 (Cis, 5 um, 4.6 x 250 mm) % V>, BEHIL 20% A
B2 ) —VEBINS0% AR ) — VDT 5z N&fhe L, 2O THIET S
ZEIZEY, IS EELT X TOMESEWET 42 0 F TITHBEERET 2 Z & A ATHE

Lol

2) MERHZ 65 70 (BT Lkt L ONAIERR M OB B T O R ELiH Z2 & Te)
(2T D2 LRy, TRTOAME (Wistar 7 » MO, RIS LUK EREY)
O OMILE 53 72 LN & MTFOMALESY) X — 2718, FHESRHE O e —

7 LERLIRWT LR S LT,

3) MPE X OEACH ORI BAF 72 BRI A 500 (12 £ 0.999), Dok E

SyFrZEAIREE L7z (LLOQ : 1.13 ng/mL) .

SoX o, AMEERE FOEOMOBMIEICIT B T L Ok OMP
DIRHBIERI I ATAECH 0, ABIEEOA YA RS ST,
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FIE Wistar T v MZBIT S MP B LU0 EH O ENRE

B1E F

EEREIC MP 245 L72RABRICIX, SD T v b~k 55 L ONEREN# 5-
R %, SDIET v M MP Z HEIFHIRAZ G L7z & &, MP (2 H 63002 1M
KL, MP OETTHIREY Td 5 MPOL 2HC/ICEHIZER® HivTng 112 &
7=, SDHETZ » MIHEIERENE G Lz & &, m4ERIZ MPOL 2%, JRHICIE S FEE D
R (MPOL, MP NOI, MP NOII, MPOL NOI 35 & U MPOL NOII) 2388 B,
Z® 9B MPOLNOI # X O MPOL NOII 28 72 2 HRIHEH Th o 72 2 & Bt S
T B 2ol 5, SR ERRFIREFY THLIZLr0DLT, WTho
B R ICB VT MIEP I MPOL IZBT 2RETOHTH Y, ERHN
MPOL T& 57 E 9 MOREMPFEINTWD, £z, FREMWIC MP 2R 0¥ 5 Lz
SEENREMAAT IR A 132 <, FEMIZIAITH S, —77, MPIIRAA & L CERREH S
NWTWDA, B MIMP ZRA#E L& &b £/, MPOL LIS i Hh ) o 3
WEREIZAHITH Y, MP DR OBFMINCE > TV B, F7z, Ry &
LTMPBLUOMPOL, 72 5 NE 2 DD Z V7 a U EREERIFED BTV B 3 30,
SD 7 v MZBW TS T, fERHL W, L 2AT, 7y MIBITD MP
T FRIE I L C Wistar RO S8 SD AR LD HEWHOD 17, Wistar 7 » MIZI
F %5 MP OGRS L OMERNEIBIZ 2 IZfH STy, £z, Wistar 7 v b
([CMP Z & A #2572 & & 0 MPOL DS DR 2 & o 7= M i h S Eh e 2 B & 73T
L, SD 7y FBLOE FTCHLNTWDIEREIBBERT L2 L1E, b MIBTD
MP ORHENEAL B X D FCTHBEREMRT —ZIZRDEB2 615, £ ZTRETIX
KBRENM) & L C Wistar 7 » b &2V, MP ZHREIRROEL Lz &0, MP BX W
Z OREY O MAE T B 2 T LTz, S BIZ, IRIPICHRE S U7z A 2 30 -,
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DO SD 7 v FBEI U MIBIFTHTET R L HIER LT,

B28 MPHEERAOEBEHZD MP B L2 0RFE O M Ky EhiE

Wistar 7 ~ M MP % 50 mg/kg D HE THEROKEG Lz XD MP BLU%
DOREW O MAEFIREHER % Fig. 4 12, T OIEYERE/XT A —F % Table 1 ITR7, 72
B, MP OFH EITIEHROFIRN 53 L OMEIENE 5280 D IRNERET — % 25
L ET, OO RELFAEOHETH D 50 mgkg & L= 9 fiEd MP
TREE 1385 0.25 FFRIZ LT tmax ICEE L 722 & 005 (Table 1), MP IEZTHILE 2> H 0T
WY iz, Dk, MP X 0.61 B D t1, THEC/CIIET N HiE% L7z (Fig. 4,
Table 1), MP O D 9 5, MPOL 35 & OV MP NOIIT O ifi S 35 BE 13 4% 5 2.0 B[ 1%
(SR tmax ICEE L, TRENHREG 6 3B L8 i E T tmax UL O THERF S
N, THEH 0.66 B L0 6.13 BRI D t1, TIEZ L 7= (Fig. 4 3 X O\ Table 1) , MPOL
NOII DAL, WL EFRFFRANIHEC T LR LG 6.0 FFFITRIS tmax
E7R0, FDH% 1.05 FEE D t1, THEL/MTHE LT (Fig. 4 BX O Table 1), — 77,
MP NOI O Hfi 5 Fh i 1 33 5-1% 8 IFff] & C LLOQ Al TLARE RS/ 245 L (Fig. 4),
MPOL NOI O ffi 13 FE 139~ C O R M f] 7E FE AL C LLOQ AJii TH 0 (data not
shown), 3 FEO{REH (MPOL, MPOL NOII ¥ XU MP NOII) (2T~ o F—{R3H
MTHLZENHALNEIRoT,

AUC T35 &, MP B LU 5 OGO T, MPOL @ AUC b <,
WIZ @ 7> 72 MP NOII 3 £ O MPOL NOII (% MPOL ) 1/4 T&H D, MP & [RIFEE T
o7z (Table 1), ZHHD AUC O R/NERD S, Wistar T~ M2 MP Zif% 05

L7 & =0EREIL, MPOL THbHZ EBRBINT,
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Fig. 4. Plasma concentration profiles of MP and its metabolites after a single oral
administration of MP at a dose of 50 mg/kg to male rats.

Each data point represents the mean of three separate determinations and error bars represent
standard deviation. @, MP; A, MPOL; O, MP NOI; [, MP NOII; <>, MPOL NOII

Table 1. Pharmacokinetic parameters of MP and its metabolites after a single oral

administration of MP at a dose of 50 mg/kg to male rats

tmax Cmax tin AUClast AUC

(h) (ng/mL) (h) (ng'h/mL)  (ng-h/mL)
MP 0.25 255.5 0.99 216.0 219.6
MPOL 2.0 156.5 0.66 833.9 835.8
MPOL NOII 6.0 33.3 1.05 228.9 230.1
MP NOII 2.0 21.4 6.13 192.0 245.1

Each data point represents the mean of three separate determinations. The mean
concentrations at each sampling time were used for the calculation of pharmacokinetic
parameters.
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F3E MPHEERALRELRD MP B LU 0RO IR Pk

Wistar =~ MZ MP % 50 mg/kg O & CHIEIRR 1 5-1% 24, 48 38 LT 72 WA
FTO MP B OZORBEDORPYEHZONTRFT LTz, 7k, BH% 24~48 B
L ON48~T72 B DR HFIZ 1T MP 8 XL O OREHIIZIE & A CHEIE S e o 72720,
B 5% 24 Kl TO MP B L O 2O Z=HE L, Z0EEZH M L7, Fig 51
AT RS, R 4 FEEORB AP S v, 2 b PR &EOE|A 13 MPOL NOII
(70.4%), MPNOII (17.7%), MPOLNOI (7.0%) 3 X TUMPOL (4.9%) DIET&H >
oo TOX DI, AT T AUC 28k b RE < EREHY &l S 7z MPOL 13RH T
IR e oz, —J7, MP B I UMP NOLIZRFITIZIE L A ERD BN D>

7= (FNEFH 0.12%3 L OV LLOQ i) o
80 r

B (@]
o o
T T

N
o
T

Plasma concentration (ng/mL)

Fig. 5. Ratio of MP and its metabolites in urine at 24 h after a single oral administration
of MP at a dose of 50 mg/kg to male rats.

Each data point represents the mean of three separate determinations, and error bars represent
standard deviation, n=3. Data represent the percentage of the total peak ratio of MP and its
metabolites to IS on HPLC chromatogram.
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Baf BE

MP Z EBREMWIZ G LT AR O AL SD ET »~ F ~DOF RN 5-36 L OVEREN
BHOBTHo7 W, Eiz, BREGRETH LR OG- OREL, hoFZRENY
ELEDTHRYE-5720, —F, B MIBWTEIMP 2 O#5 L-#fEEZH L0
O, M T HRBEEFHRILT » b EFEEKIZ MPOL D& TH D, MP O ifi 38
VBB D REMEINCE > TOWRVONRBURTH 2 1D, RETIE, BARKGRE TH D
ROEG%DO MP OGHEIBZONCTHZ &2 HRE LT, Wistar #7 » MZ
MP % B[ 085 (50 mgkg) L7z & &0 MP B X OO Mg e >
WTHRET L7z, 612, MP B XU ORE DR PHREZFEENIC OV THIRET LT,

HRIFE OGO MP O tma 1385 5- 0.25 KE#Z Th o 72 2 & 02D, MP IZIH{EE )
HHCMITRIL =7z (Fig. 4, Table 1), —J7, MP IE tmax A, MAEH 2 6300
IZHERLTZZ S 06T (Fig. 4), RPIZIIIZEEAL PRS0 -7 (Fig. 5),
Zhuzxt L, MP OfEH# & LT MPOL, MP NOII 3 & (Y MPOL NOII 23 fi 4 1 ¢k
RMMTAERENTZ (Fig. 4), ZHDOZ EMNDG, MPFFEF T MP 28ECITIHK LI-E
KL, JREFA~D MP OELHRPEMIZ L2 & DT <, MP O RETD R
ST,

Wistar HEZ ~ b~ MP % O 5Z AR SV EER2AEWIL, AUC 2 b &
22572 MPOL Th 2D Z LR BN E 7257 (Table 1), MPOL |X MP & [RIF2 5 D 35
TEMEZ & OIEMEMEY T 2 1D, Wistar EZ »~ MIZFVVT, AUC i MPOL @ J5 7% MP
KUK AfEED o7 LG (Table 1), MPOL H3ENCH 595 2 L fEEi s
2o SD MfEZ v MIEMRINIR G L7z & &, MAEF MP RIS THIETH 2 &
RO HITWD D KAFFE T Wistar ZEZ »~ R OMIEF MP O 71 7 7 A UiEE A
B4 6 Rl £ T TH o722, S5 SD 7 v b ~OFIRNE G-R D Z 4L P L TV
7o 20 Z &, B 5-4% O T AR 2h IR 2 [k U TR B L H 24T L7 MP (3,

.16.



HRA G- S 72 MP & REROIH KRB Z R 5 Z L 2B S22 D TH D,

Wistar 7~ M2 MP 2085 (50 mg/kg) L7z & &0, RAICHER S 7w
WX 4 F¥6 (MPOL NOII > MP NOII > MPOL NOI > MPOL) T& ~ 7= (Fig.5), £7=,
JRANCAREAIR MP MEE A BRI S 2ho72Z 2L (Fig. 5), SDIEZ »~ MNZJE
PENF G U e RS L BRI L Tz B9, —J5, SDIET v R ~DEIEN# 5T,
PRECHEE S 7 MP ORI S FEXEC, 2 OFRIEEIA X E WIEIC MPOL NOIT >
MPOL NOI > MP NOI > MP NOIIl > MPOL Cd 7=, SDIEZ » M Wistar 7 > k&
B HRRBE DOFE WO ATREMEII B E TE RN DD, MP #HIC X o> TER SN DR
OFEFER L TN O OPRIEEIEVRRD Hi 9, MP NI ST 2 RERB X
O DIEWIS BT AN DD 2 E PR SN, T D OEREEZERT DL, EHO
1f4

R

HERE 0 7 7 A Vbl 7 v RETTWL SRR D 2 LR ST,

BURIRVNZ &0, Mg TIEE & A it S e h-> 72 MPOL NOI 723, JRHPICT
< OTNTIED 23R S 7z (Fig. 5), F7o, MAEHIZIT 5 FEREH I MPOL
Tho7=DIzxt L, JRHTiE MPOL NOII 35 & Y MPOL NOI @ 573 MPOL X ¥ & 4t
FETE o7 (Fig. 5)o 246 OGO MR E 3 K OYR PRt D 2680 5
MP OfRHHREE 2 #EE 35 &, MPOL NOII 5 & OY MPOL NOI (%414 MP NOII 35
FOYMPNOI 226 DAERKIZ LD b D TIEAR <, & BITMPOL MO DARIZE D & D &
gt &z (Fig. 6), Z OHEERHREEIL, Martini 512X > THE SN TS MP O
R LR Th o7z 27,

-1’7.
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Fig. 6. Proposed metabolic Pathways of MP

LITAT, B MIMP ZRRAKEG LIz L&, JRPUITIETMP BL T MPOL, 725 NI
INHDOT N v CSEEEASEROYRIE SR S TS 9, Lo, Wistar BT v F o
JREFIZOWTIE, b 0@t s & o % HPLC-UV O HFRFFIZ AR
REEHE ke — 27 23% <, HPLC-UV TIXZINHOE—27 082 2 L3 L -
Toledh, FEMICHETT 2 2 M T&E o le, 72, SD BT v MW TiE, 7 v
7 a U AERIIR IS Wb o0 W, Wistar ET v MZEIT D MP O
FMISIIAHOEETHY, Wistar 7 >~ &b b & DORDOFEZEIZOWTEEM A
HONZT D2 LI TE o7,

BSHE /A
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AT, MPZHEIROHKEE LT~ & X OMPE L ONF OSFEOH M O Sy he
LM LTz, UTPICEONT/REREZENT D,

1) Wistar 7 ~ MZMP ZHERR OGS L2 & &, MP IZTHEEE > 5 IECHNTRIN S
Ni=t%, IMFER 2 HHEL)NTIER LT,

2) Wistar 7 v FC MP ZH[EEAOKSG Lz & &, mAEd I8 s S
YT AHMPOL ThoT-, D AUCIIMP DI 42 ThH-7-Z &5, MPOL & 3

ST 2 Z LRI,

3) Wistar 7 » M MP % H[El#E 05 L7z & &, MPOL LAAMZ MP NOIIT 35 X TYMPOL
NOII &L ER S iz, —J7, MPIZRIPIZIZ E A EHRE S N o7z Z L n b,
MP D MHEH 6 OELDRIHERIT, IRPA~DOHELHH 2P LD b O TIEAR <, #M
RN TD MP DIEL7RHIC L D b D LR ST,

4) Wistar #EZ7 v M2 MP ZHREIREOEE L & &, JRPICHRIES N 7-REWIT 4
$§¢, MPOLNOII, MP NOII, MPOL NOI X (X MPOL DJIE T~ 7=, BE#H D SD ki
7w b EBERE (MP OEIENES) OBEWEZHD OO, JRPPEIES - HY
DOFEFES KON S DY RITEVDIFED b i,

5) Wistar 7 » M MP ZHEERO&KE L- & 2ol X OYRT THRO 7= MP

R 5> MP OREHRE 2 HEET S L, MPOL NOII 3 KUY MPOL NOI X & 12

MPOL 76 DARRIZ LD D EHEER S 7=,

U bDX 51z, Wistarlff 7 » MIMPARE NG Lz & &, FAREITISIEAHY

.19.



MPOLTH 5 Z L WL RB SNz, ZDZ LD, MPREOE GO IELHITMPOLY
WHETHHLDOEEZ HILZ, MPNOILE X UMPOLNOI S £7-, MP#5-#%, M

IZHODIFRD DN Z & D, MIEF TOMPDOBEC R RITIR F~D )72
PR L2 b D TiE <, MPORERHRRHIZL D b D ERBEENT,
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FA4FE MP OLHRITIBIT B in vitro 3

B1E F

3 FIZEBWT, Wistar 7 » MTMP A HEIREAOFKG L& &, MifEH To MP
DIELDRHRIT MP OIELHITRHIES S b eEX b, ZhETIS, Ty
MZHIT D MP @ in vitro REHZEAT 22TV < o0 0mERH D, T7hbb,
HESD 7 > F DT Ms Tid 3 FEEOEY (MPNOII, MPOL 3 XU MPNOI) 723, 72
5 TN Cyt TIEMPOL DA ASHPLC-UV 7 B~ 75 A L TR S TS B, F77,
MP 7> 5 MPOL ~Dig St ATE PRI DUV TRt L 72k, o SD 35 X O Wistar 7
> N OIFIE, IV, BB B X OO TH L D, 20X 91T, in vitro #ER T in vivo
AR TR BN TV o 2 T O (MPOL NOI & LU MPOL NOII) D#ii
(X722 <, oo MP @ H 5 o0 T EHE A RRERRIZIR S Tunan,

& ZAHTRIC, BYAHIREREIEIE 2 O E IO FERICE Y LIELIE
EET 252 LBROONTND, WIHERO S B, i is Lo & o<,
BROWEE OFIT, 25 NNCEWTE L OIT, EMIHBERIGIEICERRD bS5
B, TNLOEMBIRICLENEL D ZEIRBENTVS 79, zhdx, Hmk
HHCHES 2 NIEIRICBET 28 RIT, b MIBT 2 ERLOFAIMER L O eit s
BETH ETEHEREHRIEE 05, 26 O0NMERIZET 24581220\ T, CYP
CBIT 2 HEILH DM 0, MP O X Ty N MO MRS BV T H N ER
DEDORTEMEIZEL RIFTZ N TRIND, FE, F N EYWTHLT & b
FH I N (AH) OEITRUS & R 5 BEs&iEPES Wistar & > b Tl s 223 KX OME
2, RO WK EREBY CTHEENRBD LN TND 22, LinL, CYP LHERIZ, 7
N ORITCEER S £ 2 < O FRNFET 2 Y1, ZolkdH, MP 51U AH
DIRTEEHR DA —TH D ONED, £z, NHER OB L 5 Ry RIEED
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ZEN MP BL O AH TRERTH LMDV IR TH H, RETIE, I3 EICE
VN C Wistar 7 v NS MP & 1 5% 515 O30 e AAEHC A B 88 0 5L 0 BB A VRIR S
NicZ & ZEE 2, MP OFEMRHHERZ B 52T D 72Dl K OVNG, 6T,
2 NI AR ITTT DI E OFAEN EICRD LTV D THEEOMHRRICE B L
B4z s 9 Mk 3 Midm sy (Ms, Mit B3XNCyt) 1281725 MP DiE TR X
OB L RENETEIC DWW TR L7, 72, WRYERIZEI L T, Wistar 7 v F O EAR
BHAFR I 1T D MP O EREHM T H D MPOL ~D i e i CHTETEIC B9~ 2 i =R X
OMHEZE, 70 B N S FFR O EBRENV) I Z 61T 2 AR TTEER TR O MEZEIZ DWW TGRS L7z,
S 5T, Wistar EZ » MIF Ms 1281 5 MP BIclERE 25 o0k L, B R R

WTHRRE LT,

F2Hi HHABOMBESSIZIBIT D MP OB{LRIE X OB TRORE

Wistar ZEZ » M2 5 MP R O 2 BRSO Z B 5232 272012, 12T
M=aFrT7IRNTT=0 VX7 VAT KU U (NADPH) ZERGRAFTE T CERR%
O E 7 (Mit, Ms, Cyt) IZ351F 5 MP OER{LIE SCAIREHENE 2 17E L 7= (Fig. 7).

MP DAL HETCARHENETED 5 5, MP 225 MPOL ~O& St RENEES e b &
<, ¥ Ms (4.08 nmol/min/mg protein) I3 1 OMEEE Ms (2.96 nmol/min/mg protein) T
o7z (Fig. 7A) . Mit TIZW TR OMERICB VT Ms & e TZOIFMHITIERN S O
?, FEH (0.83 nmol/min/mg protein) 33 X OMFfiE (0.76 nmol/min/mg protein) (2331 T
EEBEH E OTEPEDSFR O BTz (Fig. 7A), BULBRIZRWNZ 212, Cyt TIEEIE 23 b M <

(1.63 nmol/min/mg protein), Z AUZATF Ms 3 L OGS Ms ORIZE 2>~ 7= (Fig. 7A),
—77, R bR TTRIBERIE I S & SN T Cyt T, MP O TRIHTE
M3 D TR A > 7= (0.16 nmol/min/mg protein : Fig. 7A), #-#IAME /M2 F1F 5 MP i

TERERIE M2 HEZARE L2 & 2 5 (non-parametric Kruskal-Wallis 33 JX O Dunn’s test),

.22.



Ms TIEAFIEIZM L U &, Mit TITHERIIME D &, Cyt TIIRIFITERL Y b AEIC
mno7- (Fig. 7A) . 24U 5 Fig. 7TA OfE RIS L OMMREE) O HIW§ 5 &, MPOL ~
DOIEITLAMGEH O EEEBIIITFIR CH D Z LR Iz, Fhpz, Z0O MP DEIL
FOfREHAS, MP & 045594 O I T MPOL D072 E Rk K O KD AUC 12
TFHLTWDHEBZ BNz, £z, HIROKIZE MP 82 STBERIEMEN R b L i
BlZBWTY, Mg MPOL IRE D EFIZ—HFLG L TWL bD L HERE ST,

MP DOFE{LHETCAIRHFIC OV TS, MP IEICA NG & [FRFICHIE L7z, MP
NOI ~D AL IREHENE DY MPOL ~0ig st I CHENEE ORI E < (Fig. 7B), MP NOI
~OFEALRETEYER X O MPOL NOII ~OER{LAYIE TTHICHNEE 580 Bz i

(Fig. 7C B X OV TD), T35 DIEMITT T O/ Sy T MP & crIREHEE LD &
{&7>> 72 (0.01~0.26 nmol/min/mg protein : Fig. 7A, 7B, 7C XU} 7D), MP NOI ~
DORFHEMEIZNIEEN © Ms (0.11 nmol/min/mg protein) 3 X OF Cyt (0.26 nmol/min/mg
protein) THLOFFK L D b <, ZOIEMIT Cyt TOLANEEAENIIITIHEL © b A EIZ
7o 7 (Fig. 7C), MPOL NOIl ~®DREHTEMEIL T XTI > 7225 (0.01~0.05
nmol/min/mg protein), Cyt TIIMILEIE LV bAHREICHEN -7 (Fig. 7D), MP NOII
SOV EIRENEMEIZF Ms (0.23 nmol/min/mg protein) 3 X O'WIgAEN Mit (0.1
nmol/min/mg protein) THLOFMRIZ LR TEWIFENRD LN b DD, HERAET
BB T- (Fig. 7B), ZD X 912, MP O cIf#E (MPOL k) LIS R
LRI (MP NOII 38 X TV MP NOIZERK) 72 & NS IR bAETHIGEH (MPOL NOII
AR bROLNTEHOD, EibL7zEBY, 2 b OIEHIFIERFIZIK (0.01~0.26
nmol/min/mg protein : Fig. 7A, 7B, 7C 3 X' 7D), MPOL LA DR D F= 2725
I b TE R ol —F, —RICHIELRER SR O —H 2 5 /NMEIZB N T
1%, MP ORRbHETTARENEMEIIARD TR, /NMEIE MP O 372 2 REHERE Tld7s
WZ EAURIE SN (Fig. 7). 723, MPOL NOI ~OD Al TR EHE I, 3

TORFEOMIRE > T E A RO L7 - 7= (data not shown)
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Fig. 7. Activity for the reduction and oxidation of MP in mitochondrial (Mit), cytosolic
(Cyt) and microsomal fractions (Ms) in male rat tissues.

Each data point represents the mean of three separate determinations, and error bars represent
standard deviation except for small intestine, subcutaneous fat and visceral fat, n = 3. Each
data point represents the average of triple determinations, and error bars represent standard
deviation regarding small intestine, subcutaneous fat and visceral fat, n=3. *: P <0.05;
statistical analysis was performed by Kruskal-Wallis and Dunn’s test. (A) MPOL, (B) MP
NOII, (C) MP NOI, (D) MPOL NOII.

M liver; 83 kidney; B, brain; B4, lung; B testis; B, adrenal; =] small intestine; [ subcutaneous
fat; %, visceral fat.
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B3 T v MBI D MPETEREEICRIETNHNEROZE

3-1. MPBTTEREHOEBZER IO

—RIZ, T v MIBWT, flix ORYORHIREEEIEICBERZER L OMZERR
LT G 6 1922:40.4548) i | o SR 02 L RETE M IC BV T h, llER KO E
EROTHRENDH D 22, $70bb, Wistar 7 v MIEIT D AH OZETLACHHEEIC
MBS L OMERZENED LN TEY, ZORHE (EBRRBESY —) Tl E I
FEWE CIEMIXRLS, DIRE, BB EL & BITHEOA TIHESEM L TS 2329, L
MLRN D, 7 M REBILT BRI FEEEE R0, RLT YT
LS OFEIC L0 AR N R 25 %), 2wz, MPIETEERIEMENR ED X5
IR T E NS — B TR b 7o D, B 2 HIlCBWT, Wistar BET > MM
(T % in vitro fREEERTIL, MP O EGEHIE MPOL ThH v, £ O EREHHLAE O M

531 Ms T o 72, & Z TARIETIE, 1% 2 867> & Bl 10 18 s £ T OME-E Wistar
7 v MIFMs 1281 % MP iZelERTEMEO B A3 X OMEZEIC O W TGS L7,

Fig. 8 \IZRT X 912, I Ms 28T 5 MP iE ulERIEMEITHERE S 12 2 @i TR
B, FRUBKT Lz, ZORTFIIMO ALY bEEETH Y, MW CHE
IRBER DT b ITc, T D DA Z KB LT 6 Hinh b A ERMEENRD b
7z (student’s t test), Z DX DT, MP BEILEERIEMED BRI E N Z — 1%, B
AH DIETCFERTEME D ERFEE Y — 2 LITHOMNICTERR D Z E 0RO LTz, 725,
FF Cyt (1281 D MP iZ2eBER TR IR ITMEHE & B I2HF Ms (2 THd TR S, 2T
FOMEZEIFRR D b7 ny - 7= (data not shown)
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Fig. 8. Developmental profiles of MP reductase activities in liver microsomal fractions of
male and female rats.

Each data point represents the mean of six to eight separate determinations and error bars
represent standard deviation.@; male, O; female, Significantly different from male rats at
the same age (*; p<0.05, **; p<0.01, ***; p<0.001, student’s t test).
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3-2. MP BrLERFEHICKETEBORE

Wistar 7 » FTF Ms (Z861) 2 MP B CRERTE ML, B TIIMEO T MLV &5
SHEFES T, BADLRMEEDED BN (Fig. 8), 20X 5 23R iEtE ot
ERRBOLNDLRKE LT, ARALEY DT DI ENRBIFLTND ¥359, fil
1, HEOBRWIEMEICIEB RV R T 5803H 5 0, KETIE, #7 v b
LB D MPBIGHERIEMED S WHERFICEMEFRLE Y (TA AT RY) BEELT
WD S LW E DR AZLT, 4#le (b P TIXERINCHTZD) ICHREHMH
L7eEBT v M b NIRRT 7 v MBI OMEZ v okt (8 i) 12B1F 5 HF
Ms O MP & Tl =2 151 & Pl L7z,

Fig. 9 IR T L 91T, WREARL LIZET v N O Ms IT361) D AREEFRTEMEITME S
D HORENHOD, KT v N ERTHEIC T L7z (student’s ttest), Z D X
I, EBREIZL > THEMEARAVEY (TA AT Y) (FAEZBRBESEZHET v k
ZBT DI Ms O MP 3ZITEERTEME DM L~ /WD e (EMEOBLED B LT 5
BN R A7) T b, KEATEMEIIREN O MBS NDT A FAT a KL
TWDHATREMERHELRZ STz, 7233, I Cyt IC81T 2 MP B eBERTE ISR A L
THRWLET v b ERBRICIEFITIRS, ZENIRED 72 -7 (data not shown)
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Fig. 9. Efect of castration of MP reductase activities in the liver microsomal fractions of
male rats.

Each data point represents the mean of three to six separate determinations and error bars
represent standard deviation. Significantly different from control male rats (**; p<0.01,
student’s t test)

Control; sham-operated male rats
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3-3. fHigicBIT 5 MP BrEERIEHEDOMEZE

3-1 T, Wistar 7 kO Ms (2815 2 MP & eBERIEMEIC R TR O bz,
L LRSS, o EBREMMEIZI T MP ETRERTEEICIEZEN B D 0 G TR
Tho, AHETIE, FMsBLDCyt (12T 5 MP IECEERIEMEICET 5 5 fED FER
) DOVEZEIZHOW TR L7, AR L7z £ 512, Wistar 7 v MiF Cyt [ZBIF5
MP 2 ICEERTEPEIIMERE & H 21T & A ERRD b hr > 7273 (data not shown), 7 k>
FERITT DEERIT I Ct (L ML TWNDHZEEZEBL Y, Cyt IZOWVTH
Ms & [FERICHRGT L7z (Fig. 10), 7235, Wi HL o EEREMY) & s O i TR L7z,

HTF Ms (IZ31F % MP & il MET, HEZ » b ThebIEMER S <, R THERE L
28—, Wi~U A, BEELEY N, TR, MEYYFBLIOHEELE Y FOIET

v, MEZ > B IED ST (Fig. 10A), AR TTEERTEMEIZMHEAEDGR D -8
X, 7y b, vVABLOEALEY FTHY, 7 FTRLEE Th -7 (Fig. 10A),
BURIRNZ LI, v T RAZBWTETZ v FBICENLEY FERRD, MO X
Dt mn-o7- (Fig. 10A),

T Cyt (231 2 MP & ClEsaTEPES, #EY 3 Tl bIGTED M <, R THERE~ 2
AL —, WHEELEY FBXOMBE~ Y ADIETH Y, MHHET » FBE Ko7
(Fig. 10B), MEZEZ VI FBIONLAZ —TERDO LN, WINbHEOTNMEL D $
BEI\ZE»->T- (Fig. 10B),

2O X ST, MPIBEITEERIEEOMEIL, FMs TIEZ v b, ELEY hBIU
AT, FCyt TRUHFBLONLRAZ—TRDOONT, £70, 7 v b EFRBRRM
ZENIR B AV FEERENY) D MP 1B uRERTEME I, BPERLE KA LTV D ATREE
PHEER STz,

—iZ, kIR OETTAEN Cyt TIEMER BN Z EAM BTN D 009, L
L, Wistar 7 > MTBIT D MPIZERTEMEIL Cyt TIXIFZE A ERD LN Do
7= (Fig. 10), Tz, FF MsIZBIT 5 MP EChEE2S, Wistar 7 ~ FEB L OE b
THEL TWDE D ofEHT e ORYEREZ TRl 5 ETHEBRZR,
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Fig. 10. Sex-related differences of metyrapone reductase activities in (A) microsomal
and (B) cytosolic frations from the liver of the rat, mouse, hamster guinea pig, and
rabbit.

Each data point represents the mean of three separate determinations, and error bars represent
standard deviation, n = 3. W; male, [; female, Significantly different from male animals (*;
p<0.05, **; p<0.01, student’s t test).
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3-4. BRI D MP EBITEEREMEOMZE

FERHHRR O 1 2L LT, BigbETon s, FFE, AFRICE N TH Wistar
HEZ > M Ms 28T % MP 2B RTEMIL, T Ms K10 b RBEITERNb DD, 5860
57z (0.68 nmol/min/mg protein : Fig. 7A), AR TIX, 5FEOEBREYOE Ms 8 &
O Cyt ([231F 5D MP & el IEMEOMZE IS\ T, ATl E FREICHE L7 (Fig. 11),

& Ms (28T 5 MP IZITBEATENENR, MEREE LTy b TR BIEERE <, RO THE
T b, MEANLZ S —, WET > b, M~ T 2B L OMEREY P FDNETH -7 (Fig.
11A), HEEIZELEY FBLXUT v FTRO LN, EOHNHEL Y b AEICEmN T

(Fig. 11A),

& Cyt IZBIT D MP &Ll RTE ML, HEY VX ThebIEMEN S <, RO THEREE L
T b, MY, MEHEANLAZ—B IO~ T ADIETH Y, MEET » MIIEE

T AR o7z (Fig11B), MHEIZT v NSO T X TOERENY) TR
DB, T Ms &FRIERIZ~ U A TIIfhoEfE & oM Erdlg s (Fig11B),

ZDE I, BIRIZEBW TS MP IEITEERTGVELAS REREMY) THEZED RO b v,
F7o, TFiEE L OB IRIC 31T 2 AREEHRTEE D Ll @ < R b LT EEREIMWIE, Ms
TIEZ7 Yy hEeEALEY FTC,Cyt TIETY T, "ARXAZ—BIOELEY N ThoT,
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Fig. 11. Sex-related differences of metyrapone reductase activities in (A) microsomal and
(B) cytosolic frations from the kidney of the rat, mouse, hamster guinea pig and rabbit.
Each data point represents the mean of three separate determinations, and error bars represent
standard deviation, n = 3. W; male, [; female, Significantly different from male animals (*;
p<0.05, **; p<0.01, ***; p<0.001, student’s t test).
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3-5. 7 v b Ms 2 BERSTRICHER S e MP 8 nBER O E R Rk

Wistar 7~ MBI 5D MP Z2THIEHCEE 53 28381%, — I Cyt IZEITTFAE
T57 MR AEBECT DR SRR DR R S, Fe, 3-1 HIZRE L
TcEBY, MHET >~ MIFIZEBIT D MP B uEERTEE D AR I ZE N Z — 1%, AH &I
BERIGME & R D@ 2R L1237, ZOZ enh, WY EETT DHRITRLRD 2
EDREENT, £ 2T, Wistar 7 » MIF Ms 205H MP IEclER LR L, MP B
FOAH ZiB0 T DMRNRR D Z L OBRFI O EZD T, TOREZHND 2 & 2l
Too LOALIRDS B, ABFETIEMP It R 2 LR RS 5 Z E N TE o727,
o7 I R TRV R AR I O W TR T,

F OFER, AE SR RELZIIMP & [AREIC e Y S UBREAT B AR = LAY (4-
RV A NV, BV ATATE R, EUPV3-TATE R, 4&78FAE
Jorv) ZREWIVEE L, AHZREMPUSND 7 3B IO ) UV BRZ2 R
W VR =LAk L TR BUSMEZ R S 72> 72 (Table2), T DGR D,
MP B X ORICHE SN TWD AH Z U DR 1T 0T 5 2 RS iz,

.33.



Table 2. Substrate specificity of partially purified MP reductase for aldehyde and ketone

compounds
Substarate Relative activity (%)
1 mM 4-benzoylpyridine 440
I mM Pyridine-4-aldehyde 229
1 mM Pyridine-3-aldehyde 157
1 mM 4-acetylpyridine 34
1 mM p-nitroacetophenone 101
1 mM Acetophenone 0
1 mM Benzophenone 0
10 mM DL-glyceraldehyde 0
10 mM D-xylose 0
10 mM D-Glucuronic acid 0
1 mM Menadione 250
1 mM MP 100
1 mM Daunorubicin 0
1 mM Ketoprofen 0
1 mM Bufunolol 0
1 mM Haloperidol 0
1 mM Levobunolol 0
1 mM AH 0
1 mM fenbufen 0
MP : Metyrapone, AH : Acetohexamide
Faf BE

Wistar 7 » MZMP #0445 L2 & &, iRz 4 BEOMGY (MPOL,
MPOL NOII, MPNOII 3 X' MP NOI) 7%, JRHIZIE 4 FFHOMHY (MPOL NOII,
MPNOII, MPOL NOI 3 Z T8 MPOL) 23f8® Hiv7z, LaxL7eh s, MP OREHHTE
LCld SD 7 »~ FAF Ms Cid 3 fidH (MP NOII, MPOL 3 L T MP NOI) O3
FEINTNDDHRTHL P, Emi SN T D REHHLRIT SD 8 KUY Wistar
WS > b ORTIR, JREE, BB X OEIEO 4 k0 R TH D 19, T, okl
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L ONETIREHNCB G 9 28R, SO Ms BL O Cyt A2 5T, Mit IZH %
S DOEERERVFET D ENAHNTND 29, 53 EIZBWT, MP I ARG EZES

CRE S D Z LRSI To), ARETIE, MP OFREHW D EZ 70 A Rl ik
ZAONNITT 57201, Ylnhm@zh Rz 5 ik & L CTitligds KOV NG 2, b TNS
N UBETTEROFERBD LN TWD THMIZER L 3%, 2 b ofifko 150 3
AR Sy (Ms, Cyt 3L ONMit) (Z81F 5 MP OfE{bAIE X ONETIREIC OV TR
L7z, 512, MP OERBIETH D MP RITHIRHIZ B G-7 2 R ORI
B KIFTHRIER (Z v MIBIT AR K OMZE, 785 OIS A EREW) DOMEE)
(TN Z, Wistar HEZ > N IT Ms 72 & #8508 L 72 MP 32 Jolig 8 O S E R BAEICHOWN T,
AH &5 THRET LTz,

—fRIZ, & bR TTERIGIEIINT Cyt IZB W TEWZ ENF BTN D 169 L
L7273 5, Wistar HEZ » M OAMILE S IZI T D MP EIolEREMET, T Ms iI2B0
Thebm<, I Cyt (2B D ABEREIImD TR o 72, BRENZ 212, IF Ms
[ZR TR Ms CTRWARBERTIEMED GRS H iz (Fig. 7A), 72, Ms LR TZD

PEIZIR WS O 0, KR X OO Mit T HERE W ARREETEE N B b7z (Fig.
TA), —J7, Cyt TlE, BIBFIZBW T E W MP R o RTEIE N B Sz (Fig
TA) . BHUIAHE 31T D AEERENE (nmol/min/mg protein) % A AEMRET D &,
Ms TN E D &, Mit TIIREERITHKE D &, Cyt TIXRIBIEEEEL Y A EIC
MW ERRO b (Fig. 7A). T OAMALE S IZI81T 2 MP IE ulEFRTEM R X
O EE HW T 5 &, MP 225 MPOL ~Oig el o E MR TH 5
ZEMWRBE N, Fhwx, FFIETO MP OETHRHEIIC L Y MP R DB 5% o
HEHC MPOL 0o SN2 2 &, BRUWH S o RE(IE MP 81T 5
FEHDORH D 5B MPOL D AUC Mk b REN-S72Z LICHFHE L TWH EEZ BN
2o F72, MP BIEERIEEIIHIRICRONTHERE LB -T2 0D, BRL &
H e 5-1% D fmAEH MPOL 2D ERIZ —EFHE L TWd b RS, Bk L
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LBV, MPEICHESATEEOMMB M T, DR, EIEd JOWRNE) X, Wistar
7 v FTHREENTWS 1, Wistar 7 » kDI Ms 38 X OFEIE Cyt ICARFERTE D
RO LN Z ik (Fig. 7A), %60 Wistar H 7 » FOFER E X< —&H LT 17, *
7z, Wistar 7 > MF Ms (23T 2 AR OB RTEMEDMENZ 1317, ARBEERTEMD K
P CIIMEN LR THEIERWZ Sz k> TR ez (Fig. 8), &bz, A
FIEPEITHED B Ms 38 LT Cyt & HITIRWAS 17, BB OMECIIRE X 0 HARWAER &
—F LTz (Fig. 10),

MPOL ~®Di#TEAREH ORI E 2> > 72 MP NOITL ~D ERLHREHENEIL, IF Ms 35 X
O'WNEghERS Mit TiEid-o 72 (Fig. 7B), £72, MP NOI ~DO (L AIREHHEE X NG
D Ms 3B LU Cyt THE L, Cyt TOANERIENIIITFIE L v b A EIZE - 7= (Fig. 70),
MPOL NOII ~DAEHHE I T O RE A ~DOEHTENE & X TRFEITL S, Cyt TDOA
TR LY b AEICE»->7= (Fig. 7D), LorL, MP OETHAHENENE (MPOL
AERIENE) DA O L TS (MP NOI 35 & UV MP NOIT A= pRiE ) 72 & N iRAb
FE I (MPOL NOIT AATENE) 1XWT b IEFITIRS, EFE A A a2 i
SNIT DI LI TE RN, LML, MP RO&EGZICIIET TR Hiiz MP
OFRBLHNE TR, Bl Lo &MMRICB W TER SN D Z ENRmB S iz, —
77, Wil & FER IS Wl Eha@s o R 2 0 5 flfk & L TR 6 2 /NGO A M /323 1T 5
MP AL T NS M2 L < Ko 72 (Fig. 7). Thd z, MPREO# 5% 0
Lo EH (FIELEEZE) NBTIEEALEELARNbDEEZ BT,

ZHNETIZ, SDHET v FOJF Ms 28172 MP ORI & LT, MPNOII, MPOL
BLOMP NOI 28, 725 ONIATF Cyt IZB W TIE MPOL A SN Tng B, —J7,
Wistar 47~ b OFF Ms (281 5 MP NOI ~DOELAREHHEMEIZIE & A E7a <, iF Cyt
(28T D MPOL ~D & STHIREHHEMEIZIE )~ 722 225 (Fig. 7), MP OER{LAYE T
FRENETEIC 7 v R R CAERBED b, Thwz, AR THE LI Wistar
HeZ >~ b (Fig. 5) B L OREHR O SD [T »~ b~ MP $&5:-4% O JR Iz HEE S 30 7= ARG
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MO L OZOHEEDOEVOER D 1 >E LT, 7 v MIBIT D MP ORI

BT O RFENE 2 DT,

T AHEE TR ME O ZEIRNIC K 528X, CYP IZFT o flix OWEDNH D &),
BEOBLEND D &, CYPIEMEIT AR o TRESELFL, ZORF =T
BrAERR CoRARICTEENE <, DR, A%RES & bITEd) B I OEER (R
FWE CIHMEIIIRLS, DR, A%RmEL & HITIEEREIN) @2 2lcKilEins 0,
ZOBEICHED L, Wistar 7 v MIF Ms IZ81F 5 MP I JoEEETE PRI BT R BT
DM I N (Fig. 8), 7B, ZOAEZRENRY — 1L CYP3A2 DZE K HHE
LT\ 5 406768 —J5 o> b3 TH D AH O Wistar 7 v MFIZEIT 518 EE
FIEMEIIMEE L I 4 B E TIZE A RO NS, EEHO 5~6 llin) b IHED A
BRI L, BAMICAERMEENBIE SN2 D, BRIMICET 20D L
ExHND P, TNODRR ST ARIE NS — N ESL L, Wistar 7 v T Ms
(ZFFET D MP B X OV AH ZiRoc T 2RI 2 Z E R Sz, £ 2T, Mil%
RN D Z L EREET D720, Wistar T~ MTF Ms 2> B FEHL L 72 MP &5
BER DIE R RMEIC OWTRET LTz & 2 A, RS REER 1T AH I3 L T2 < Kk
PEERE 72N EHBI L7 (Table2), 2N HDZ &M, Wistar 7 » MIF Ms 12
FAET D MP B LN AH 2180 2RITA L NICHER D Z EREMT b7,

Wistar 7 v FT Ms (2315 5 MP & ilEsaiEPE D AR I N Z — 0 TlE, ABEATE
PEIZRAII CIIHED A E R 0 b < HEFF S L7z (Fig. 8) . FEM AR TE ME DS K
D HHED TN EL M SN DB, BMARLEY (FRAMATRY) BE5TH L
DB AT D ST KBFFRIZ BN T, BYERLVE Y ORBIZOWTHRETT 572912

BRI RARIN L2 L 25, ABRIEHRIIBEEAMLZ v~ (v br—) 2
ERTHEBIZIE T L (Fig. 9, Z O FIXFEREIERZ/ME L7 & &0 AHET
FERTEMEIC BV T HRBRICEEO b, S HITKEFET v M7 A MATr 2 1 H
187 AMIKER TG Lic b &, AHBIBRIGMET a2 br—L Ty M EFR LA
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ICETEBE LTS 2, MPETHERIEMEICE LT, BREET v M7 A M AT
0 EEE LB FE Lo 7208, AH R TRERIEIE TRO LTV DR %
ZBRTDE, MEOFHDBMEE Y b &> e ARETTEERTEMEITT A AT 1 ARFEL T

60 EHEE I,

K EEBREMICEBIT D MP B CEERTEEOMEEE, HFMs TIXZ7 > b, EA4EY b
JO T AT, HCyt TEUVHFBLONLRAY —TROLIL, v~ T ALSMIED S
DHEXL U HEVIEEEZ R LT (Fig. 10), 512, EAE Y hBIUT v hDF Ms,
THX, BALEY N, NARZ—BIORYT RO Cyt IZBT A2 ABERIEED £72,
~ U ALSMIEDO F MLV b7 (Fig. 1), 2D X951, v~ ALSDOEER
Y ONTE LU D Ms & 2 MT Cyt ICHFET D2 ARG MEIZHED T MEL D b &)
Sl ED, Ty MFMsITFET DR LRKICT A AT 1 AEAFEL TN D

REMERHEZRR ST, — 0, ~ 7 ADNF Ms 38 LU Cyt (2381 2 ARBEETE T, il
DFEERENY) & B2V EO T BREL Y b Eo7- (Fig. 108XV, & ZAT, ¥
RBWER DS B, MOHBPHELY bEWIERZ RTEERNH S5, #HlziX, CYP2AL,
CYP2C7T BLUNCYP2C12 2 ETH Y, T b CYP 53 FFEOAREHHEM:IZINHLAG H TR
TL, ZEFRLVEY (AT VF—N) HEIZIVHEIML TG 20229, 2o &
Mo, MOFEBREM) &V OMELZR LT~ T A Ms 38 LUV Cyt 1I281F 5 MP iEC
FERTEMEI T MR VB AMRTFRER D LV, &7 N VB TRER O H H, AHIE
JEEERTEMEIL T v FB LT W[ Cyt TIHHEDO T DHEX U & @m W EZED RO 5T
WD L L7en b, MPIEICEEEIEMEIZ 7 » M Cyt TIXIZ & A ERO Bz h
o772, MPIZT v MAF Cyt ICTEET D AH 72 8D/ b 3R Tlig 38 O 5 & 72
RN ERHLMNE ST, &I, Wistar HET v MZIIT D MP & TEERIG TN
JHlgFS L O & HITMs DD Cyt LD b Enro7cZ &b, MPIEITLEEFRIT Cyt
TEWEEZ R T AHREZ L OF M AbEWZIE 0T DR L I 6N R D 2 &
DHEZR ST,

.38.



LibED X5z, MR JOWEZICBT 2MEt 80, MP IR CEERIEM I~ DN
HIERIZ K> TEET 5 2 0RO LTz, ZD7D, MPIEILHMREE THO b
NI EROMEHRIT, b MCMP 285 Lz & O LeMEE2BET 5 ETo
BE&EOFENA R — 21225 b D, E6I12, MPECEEFRIT, FL
T RUHEYTHD AH Zi2n T R LT 6N E R L Z B O LT, Thb
DFERIT, 7 b FYORTHHN IR 2 RER PG T 52 L 2B T 26D TH
HEEBHIT, B MIBTLT P EYONRGHEIREZ TR - BES5I121%, E DR
EERDMAICTH 0 FBREMIZEB WD THOICHE L TR < 2 L o HEEM 2 YD T
BTobDOTHD,

BSHT /ME

ARETIL, Wistar HET ~ MTEIT 5 MP ORRLASE TS E O FE 2088k, B O
MP iE T SBTIEE O NI ERIZ DWW TG L7, LIS /R EEZRN T 5,

1) MP OEALRYETCHIRETEMD 5 6, I Ms 23517 5 MPOL ~Di&E eSS
bm <, BSMIREZICHIT D MP 2olERTEM (nmol/min/mg protein) % A& AR
EL-EZA, Ms CIEFIIIME D &, Mit TITREIEIME Y b, Cyt TIEXRIFILE
gk v b AEICENo T

2) MP #0054 OBCH 2RI NEDEF5ITITE A E 7L<, MP B ILEEHEIEHR

F O EEEZEZET S L, MPOL O FE AR AMMEIIIE CH O, ARG
DE Do TAFE S MPOL OERRIZ—FES S LT\ D Z LR s i,

.39.



3) Wistar #£7 » FT Ms (Z81F 5 MP & TSI DO AR I8N F — T AR IR
JBL, AHBRITEEEGEETHE SN TV D 87— (BERA) LR, £
7=, Wistar 7 » N Ms 2> B ERIVRESL L 72 MP 3ETRESR 13 AH 2% L T4 < BUGHE
RS IR T2Z &0vh, Wistar 7 » MIF Ms ICBWTMP BX U AH 21E 87 5%
PRI D Z LI LT,

4) Wistar 7 v MRF Ms 12815 5 MP =2 R0, BEMNSHEO T RAMEL 0 & &
<721, MEYMTORBEMBICIVARBIIETLEZZ ED, TARMRT B KL
LTCWDaBEMENE 2 BTz,

5) Wistar 7 v MMZF1T D MP &EILlERTETEIT TR KOV & $ 12 Ms D508 Cyt &
D HE<, —MIZ Cyt TEVIEMENRO LN TWD S R UiEnliEsR & R 2 L
sqInt-,

6) FFB LD Ms &2 Wi Cyt (281 5 MP 2 cBEREIEEOMEIL, 7 v FUAD
FEBREMICEB VT HRO SNTR, ¥ 7 ZADNTF Ms 3 L OB Cyt D I A2 TEME | L
DIFBHEL Y L EroT-,

VL EDFERD G, Wistar 7~ MTEIT 2 MP E IR TEVEITE ECME 72 & O N EE
KIZL > TEETHZ RN ERST, SHIZ, MPIEICEERIL, LT 3K
WTHH AH iRt T DR EITHONCER D Z LR ENT, Thdz, B RMZ

BIFDHT N CFEYORBENREL TR 5121, =7 0 REBEEIMITH 0%+
BEtT 02 ENMETH D,

.40.



BESE MP D invitro B X W in vivo RKFHERBIZBIT 2 EKMHEEIER

B1E F

—RIZ, FIOEY) & OG- T 258032 <, OFH L7 38 hs S (e 3R

IHBERETHEA, TOEDOENIERKRESEHTIHA1H 5, Hl2E, &
DEM OO LD, IR & TR R LRI N & < MEFF S e & &,
Z OEMRBMER PR EFE SN RN EZ 2 oD B2, —J, b 53EM & OHFAIC
RV, REMRPIEOF R & LR TIRIREEIZ 2 o 7 b &, ZOIEMBER N FHE S
NEFTREMENE 2 55 29, 2D X 91, miEhHEE OB SRR HIEEIC L 5

B, TOEYMHAEAENZ FRT 572 DIREHERZAONNCT 52 EDRBETH D,
MP ORITCHIRENI R G- 283 & LT, Hff NMRI = 7 A If Ms 75 R L 7= BER 1L
TNT e RETHEREB LN 1IB-HSD THDH Z EAURIBIN TS 829 F7-, b b
JF Cyt IZF1F 2 MP 2ol IR SR OBL RS DT-V 7R 7 —8 (V7
~a—/UZLAE) BEXOYe krvd—nATe kast—8 (f U RAXT U
K HRE) OBES, Wistar 7~ FEIE I LU Cyt (12817 5 MP RITlERILH
VIR = ViR ITUEESR (7 =y R U X BAE) OERRBRI LTINS 17120, X5
(2, MP OIEALAIHNCEE G T 288 L LC, SDIET v MIF Ms 23817 5 MP f2{ki
F1L CYP (SKF-525A F 7213 — LR FBALIRIZ X 2 RFHEMEDIKT) DB E-23R/E X
NTND O LnLZenh, Wistar 7 v M2 5 MP DiRjtds L ORI
THHREITRL, ER#FELAATH D,

Eik U725 i, M HIBERIR TR IX = OREEER I B % KIE T IER £ 72137
R OPFRIC LY LIZULIEEST 5, 207, b hCTOIERHHTET 2 Ky
AAEROTHENE, EEZRRBHFAEOMILE S TD in virro £ 72 IZEMICHE S Lz
& & OIAEPIRYEIRE ORBREE RISV T T T g 33, ZhE Tz MP X
CYP IZ L 2 FEMRFOIER E LTT v RO invitro 38 X WV in vivo SRR Ty < I Hff
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HEnTWD 07 LnLZed s, MP IR TEH S TV DIZh b b3,
DIEY) &G LTz & & D MP OFEYENREA~D BT OV TUIHE STy,
RETIL, 24 BCTHOLNT L7z Wistar BT > MR 2 FEACHHERR O M
B53Z31F 5 MP O TCHRHENEM (MPOL ARIENE) B L OWbrofaEhEt: (Mp
NOII AERIENE) 12oWT, SHEHEFAOZELHRF L, Zhb OG5+
BESR A Et LTc, £72, MP O FEREIR OEFEA O P GRS & LT
HENTNWD 7Y F LT U (GA) 8O, MP & OIEMBIRE I AAEH % in vitro
BLin vivo BBRCHEE L=, &51Z, B MFMs, Mit BE O Cyt (128175 MP D
BEITHYE L OB LB RENE M 2 Mt te, 7 > b & ARSI E A OB DV TR
L, Wistar 7 > b & D MP {UHOFEZEO A MFS L ONMP 0 3= 272X 5 PR A
P& G Lz &0 M TOEYBRERIF EAERA O ATREMEIC DN TEE LT,

F28i 7 v FFBLOBRIRIZEIT 5 MPETTAB X OB LARBHI R 2 K HELE
gk

B4 B 2 HiTCIE, Wistar ZEZ > MIZIBWT, MPOL ~OiECHHTEM R L O
MP NOII ~D LA REHTEEDS w2 EHIA L7 (Fig. 7). £2 T, ZiH D MP
EILH B FOMEREICREE T 2MELHA LT 572018, MP & THI
(MPOL %) 1Z2OW I Ms B8 X OV Mit, 72 & TNCEIE Cyt, £ 7= MP BR{LAIH
(MP NOIL A ) (& DWW T Ms (2381) 2 A HliEE R BRE A O B >V TG L7z
(Table 3).

HF Ms 3 L Mit 123517 5 MPOL ~OiECAIRETENEIL, WI 7L d 1 uM T0504
(11p-HSD1 BHEA]) (k> T BESNZ (K 91%), F7-, REILEERIGIEIIW
T B 1 uM GA (587)1C 118-HSD1 ZfRET D EHS) ™ (2 L - T fHE S vz

(ZNZENTT B LOHI92%), & 5HIZ, 1 mM phenobarbital (77 /L7 & NiZE oL E
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FD 2L > TENZEIR 62 B L0 68%, 72 5 ONZ 100 uM ketoconazole (CYP BHLEHA)

IZE > TENZENL 45 BN 3%AE SN, BEREN L2, B Cyt 1I2BiT5
MP 2= TTREFRIEME L EREOEANC K-> TFE & A EBRE S VT, 100 uM quercetin (77
JVIR = ViR LR I EA) 128 5 TOHK 65%HE S 4172, MP NOIL ~D (LAY
&M, 100 pM ketoconazole 35 1 TOF 100 uM quercetin (W40 E CYP BHEFH]) (2 k-
TENEIV 55 B L 50%FHE S 722y, OBREA X - CEBEFICHHE S 2o
oo ZTHHDOZ ENE, MPOL ~DiETHIE#HI LY MP NOIL ~D b A 2 BY
H4 2 RS, TF11B-HSDI BEXOCYP TH D Z LR I T,

Table 3. Effects of various inhibitors on the production activity of MPOL and MP NOII

in rat liver microsomal, mitochondrial and adrenal cytosolic fractions

Measured substance MPOL MP NOII
Subcellular fraction LMs LMit Acyt LMs

1 uM T0504 91.2+0.7 91.5+3.3 — —

I uM GA 77.0+10.8 92.3+0.5 NT —
100 uM Phenobarbital 19.4+6.1 20.5+7.2 — 4.5+1.2
1 mM Phenobarbital 61.5+4.2 68.4+6.7 — 12.2+0.9
10 uM Ketoconazole 4.1£3.0 10.2+4.8 — 18+6.6
100 uM Ketoconazole 45.3+6.8 53.3+£7.8 11.3+0.0 55.3423.8
10 mM Pyrazol — 33.1+0.0 — 19.9+£8.0
100 uM Quercetin 18.0+0.1 2.6£2.0 64.9+0.6 49.3+16.8

Each data point represents the average and standard deviation of triple determinations, The
data are expressed as percent inhibition relative to the production activity of MPOL and MP
NOII in the tissue subcellular fractions as control in the absence of inhibitor. —:no
inhibition, NT; not tested. LMs, liver microsomal fraction; LMit, liver mitochondrial
fraction; ACyt, adrenal cytosolic fraction.
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F3H  Invitro BEXinvive \IZBIT 5 MP AEHIZKIET GA DEE

3-1. 7 v MFICBIT 5 MP B TEERTEM I KIET GA DB

Eik L7z X 51z, Wistar 7 > M Ms 38 £ O Mit 12331F 5 NADPH AR 77(E T
2BV T, MP EFEIZ MPOL I8 Sz, £72, 11B-HSD1 OFRWAEHITH 5
T0504 % 1 uM T Ms E 7213 Mit B TR SRICHI LTz & &, MP &IcEERTEE

(MPOL ZERi&E M) 13XV T 4L b8 91%FAE Sh7z (Table 3), 41z, MPOL ~D
TN B 59 2 B AEIEESE 1L 11B-HSDL & & 2 Hbhiz7=®, 11p-HSD1 BH
FAIE MP & DG 513 MP OfGHENREIZ A0 b 2D 528 4 KT I et s HEll S h
2o £TTC, ZORGRAEEIET N, ERELE LTEHN S, MP IECERIEEZ R
SHELZ GAIZERL, £ in vitro FHEZRIZONWT, I BICHEENATZ, 7
B, GA BT 11B-HSD1 OIE TH D /LT ind a)F ) — b ~Dig e
(BT B FEES (ICs0) IZHAWTERE LT 7,

GA Zfli 2 OPLETRUGRICIRIM LT & &, GAILT » MTFMs BL U Mit DWW T
BN T b ARRESRIG M 2 BRI ILE Lz, 2B RERN D, ICso R T 5 &,
Z v MIFMs 38 XU Mit (2361F 2 ABESRTEMEIS K2 ICso 1ZZ4LE 41 0.62 36 L Tr0.10
uM Toh 7= (Fig. 12A BLXW12B) , 2N 6D &5, 11B-HSDI FLEAITH 5
GA 1%, MBI AARBEREMEEZF 0.1 uM (107 M) A — & —OIKEE CHES

ZEDRHBMNE RS T,
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Fig. 12. Inhibitory effect of GA on MP reduction activity in liver microsomal (A)

microsomal and (B) mitochondrial fractions.
Each data point represents the average of triple determinations and error bars represent the
standard deviation. The solid line represents the fitted line obtained by a nonlinear regression

analysis.
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3-2. Iy MERICBIT S MP BEREHICEIET GA DR

B4 T 2R L2 L DIT, Wistar 7 > D Ms 8L Mit (1235175 MP i
TCEERTEMEDFIR ORI @ Do T RRITFR Th > 72720 (2124 2.96 16 LT 0.83
nmol/min/mg protein), & H: Ms 35 L O Mit (23 1) B ARBERIEMEIC KIET GA DFHLES)
RATHOWTHFiE & FIER ISR L7 (Fig. 13A 8L V13B)

ZORER, WIS I D AREERIGTEIT GA BEICIKSF L CPE S, ICs
ITENZEN 013 BLTN0.07uM Tho7o (Fig. 13BABLWNIZB) , 2O &b, 1
BRAIZEW TS GA XM EIZBIT 2 ARKBERTEMEEZ K 0.1 1M (107 M) A —F —DIKR
ECHETSZZENRHLMNE o7, E5IZ, 1 uM T0504 % Ms £ 7213 Mit & & Tel%
REOSRICHIN LTz & &, REERIEMEITOTIHH 90%E S 72 Z L5 (data not
shown) , JFiik & [FERIZRERE Ms B8 L O Mit 128\ TH MPOL ~0Di& LA
11B-HSD1 23857 % Z L R Sz,
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Fig. 13. Inhibitory effect of GA on MP reduction activity in testis (A) microsomal and

(B) mitochondrial fractions.
Each data point represents the average of triple determinations and error bars represent the

standard deviation. The solid line represents the fitted line obtained by a nonlinear regression

analysis.

-47.



3-3. MP BXU'MPOL D i EMENREIZ RITT GA ARG DRE

In vitro fREIILE FERICIB N T, 7 v MFB X OHFERO Ms 5 XU Mit (251 % MP
EITHERTEMEIL & H 1T GA IREKARICIR S PRE S 7z (ICs: 4 107 M A —4—)
ZZTRIZ, MP BE U GA 20K G L= & &0 MP 8 X O DR O i 4 )
REIZ KXIET GA DT HOW TR L7z, Wistar MEZ » MZ MP B E 7213 GA (1]
TG L1z & & O MP 36 LU MPOL DR EHERS, 72 5 NS 2 & O S EhRE <
T A—H EZNEI Fig. 14 BL O Table 4 (279, 7238, GAIZX S 11B-HSD1 Ol

EIHFGHRESLNTH -T2 05, ZOEOKET MP #5514 6 K £ THEAf
L7z, ¥£72, GA OHEHE (FHEEBIOREEED 1%, Lin 5O®EICESNT
RELTE T,

GA OG- Lz & &, REE MP O Cuax 13 MP B 5 & [FEEIC, MP 5
0.25 K2 TH Y, GA X MP DRIUTFEE L KT I W2 & 0358 b7z (Fig. 14A
FELO Table 4) , TOH%, MIET MPERED tin 13 GA JRHIC L Y MP Blf 5t
NRTR2FIIER L, #5% 2 R LI ICA B BMMAERS Sz (Fig. 14A B XY
Table 4) , £7=, MP ® AUCq (295.19 ng-h/mL) 1% MP Hi# 5 (130.81 ng'h/mL)
(CEEARTRI 22 f5ICIM L7z (Table4) . —J7, M MPOL JRAEIE GA ORI LD
G- NZ MP B $ 52 R THEICIR T L7z (Fig. 14B) , € 0%, MEH MPOL
TREEVIARRCINTIEIMN L, tmax (3 MP HUME 50D 2 R[] D 4 FERIZIER &4, F4L8L
e D AL IREE X MP Bl 58 & R CHERR 2~ L7z (Fig. 14B) . ZHhub &KL
T, GA FHEED MPOL @ Cuax 3 X AUCen (Z1EH 54.4 ng/mL B XN 211.65
ng-h/mL) X, MP B 58E (224 114.30 ng/mL 35 X TOV431.15 ng-h/mL) DK 1/2

L 727 (Tabled) ,

.48.



100 100
* —~
j |
E - S
2 £
[72]
(2]
5 T8 o
5 :
S 10 - Q
© c
= o)
8 O
o o) 1
= o
=
1 . . 1 1 L L
0 2 4 6 0-10 . " s

Fig. 14. Plasma concentration profiles of (A) MP and (B) MPOL after the
co-administration of MP and GA or vehicle to male rats.

MP was orally administered at a single dose of 50 mg/kg. GA was intraperitoneally
administered three times at a dose of 10 mg/kg before the MP dose. Each data point represents
the mean of three separate determinations and error bars represent the standard deviation.
Asterisk (*) indicates significant differences compared to MP dose group at p < 0.05. @, MP
alone; A, MP plus GA.

Table 4 Pharmacokinetic parameters of MP and MPOL after the co-administration of
MP and GA or vehicle to male rats

Measured substance MP MPOL
Dose MP alone GA combination MP alone GA combination
tmax (h) 0.25 0.25 2.00 4.00
Crax (ng/mL) 75.50 73.80 114.30 54.4
ti2 (h) 1.29 2.26 3.15 —
AUCsh (ng-h/mL) 130.81 295.19 431.15 211.65
AUC, (ng-h/mL) 137.53 363.03 646.55 —

MP was orally administered at a single dose of 50 mg/kg. GA was intraperitoneally
administered three times at a dose of to 10 mg/kg before the MP dose. The pharmacokinetic
parameters were calculated from mean plasma concentrations, n=3. —, not calculated.
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3-4. MPOL NOII, MP NOII 3 X MP NOI D[y EERIZ XT3 GA DB
N7

Z v MR A #H% ORZEE MP 3 X OV O ek MPOL O (i 3 Ehis i,
GA IR E VAL NCEB LT-, =2 T, MPOL LSOO Mt Ehfelc
DWTHFEIERICHFT L7z, MP B E 721 GA fFH#ED MP NOI, MPOL NOII 3 X O}
MP NOII O I AEHHREHER, 72 5N 2 b OFEYENIE /N T A — X & Z 1 Fig. 15
F LW Table 5127~ F, 723, MPOL NOI D If#Ehyr %, w58 & & I E M B
HiE R FIRARIM CTdh - 72728 (data not shown), PK M2 &4 L7z,

I MPOL NOIT J2EE 1, GA fffHIZ L W MPOL & [RIARIC B G % A BT
TL, #5 0.25 K4 I130E & FRRARN & 72> 72 (Fig. 15A), < D%, MPOL NOII &
FEVTRREMTEEM L7 b 0D, MP BB 5 L ik 92 & &b 4 Rt A E IR
2o 7= (Fig. 15A) o < D#EF:, MPOL NOII @ Cuax 3 £ Y AUCqn (£ 4011 18.90 ng/mL
6 L 1069.83 ng-h/mL) 13 MP B $z G- (£ 41Z 41 31.30 ng/mL 33 L TV 119.94 ng-h/mL)
D) 1/2 £ 72 o7 (Table 5), —7J7, GA RO MAET MP NOII #i= £ 13 MP B 5-
LV bEHERB L, MP Y 2B L0 4 BI%IC MP BRI SREL 0 LA EICE D
~7= (Fig. 15B), & D#E%, MP NOII @ Cumax 33 X O AUCen (£ 41E 71 38.80 ng/mL 5
F10163.01 ng'h/mL) I&, MP B E 5-HE (£ 41241 19.40 ng/mL 35 X U8 100.74 ng'h/mL)
DENENKI 2 BL L6 512N L7 (Table 5), —J5, [M4EH MP NOI #5138
IR, ZOREICKREREFRELRD DN, GA IHHRGICI D EELZHL
MZTHZ T TEenro7 (Fig. 15C),
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Fig. 15. Plasma concentration profiles of (A) MPOL NOII, (B) MP NOII and (C) MP
NOI after the co-administration of MP and GA or vehicle to male rats.

MP was orally administered at a single dose of 50 mg/kg. GA was intraperitoneally
administered three times at a dose of 10 mg/kg before the MP dose. Each data point represents
the mean of three separate determinations and error bars represent the standard deviation.
Asterisk (*) indicates significant differences compared to the MP dose group at p < 0.05. @,
MP alone; A, MP plus GA.
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Table S. Pharmacokinetic parameters of MPOL NOII and MP NOII after the

co-administration of MP and GA or vehicle to male rats
Measured MPOL NOII MP NOII
substance
Dose MP alone GA combination MP alone GA combination
tmax (h) 4.00 4.00 2.00 2.00
Crmax (ng/mL) 31.30 18.90 19.40 38.80
ti2 (h) — — 88.25 10.78
AUCsh (ng-h/mL) 119.94 69.83 100.74 163.01
— 2494 .41 629.53

AUC., (ng-h/mL)
MP was orally administered at a single dose of 50 mg/kg. GA was intraperitoneally

administered three times at a dose of to 10 mg/kg before the MP dose. The
pharmacokinetic parameters were calculated from mean plasma concentrations, n=3.

—, not calculated.
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T4 b MBI MPRENCET ST > b e

4-1. & MFIZBIT 5 MP DOETHE L OB LA TS

E MZBT D in vitro REFFERTIL, Maser & 13T Ms 38 LY Cyt (28T 5 MP i&#5¢
FERIEMEIT Cyt D EW T2, I Cyt 12815 5 MPOL ~MiE i B 54 2 s &
DT-P7HRT—EBLOVE Fr A — LTk FesdF—8) I2onTHE LTV
%20, LarL, MitlZiF 25 MP A X OV MP &R IE LIS O RGETEEIZ D)
TIHERBMOETETH D, 54 7H 2HITH VT, Wistar 7~ MFTIX MP OiE T
13 L OB LRGEHEES RO b2 & n, 7y FERICEETE MF Ms, Mit
BLOCyt (2B D 2o OREHEMEE 7= (Table 6)

B M Ms, Mit 38X O Cyt (281 5 MP EICEERIEMEIZE N4 2.92, 1.10 BXL T
1.05 nmol/min/mg protein T&H V), &5 4 T 2 HilZr L7z Wistar EZ » b OFER L [FEE
(2 DIEMEIT Ms Theb |72 72, MP & elBERTIEMED &\ Ol iaim 73 2% Maser © D)
HEERSTWRKRE LT, MPIZETHRII Ms B Cyt THERZRD Z LN THES
D73, Maser bITEEFRSUCKRZ 30 3 CHEML THBY 29, Ms TIL 60 nEET S
ZEDD, R AN T Lz Cyt ICHA_ TSR Td - 72 AT REE A HE
£ Z T2, MPOL ~DE IR TEMELIANCTIrT MP NOIL ~D kA AREHE M D 758
AL, EOTEMEZIF Ms 38 L OV Mit TEHZE 4 0.55 3 XY 0.02 nmol/min/mg protein ©
Holz, ZDLHIZ, MPOL L TXMP NOII 28 in vitro TEIVEINEE 72 MP O IC
1B OB CTh - 72 2 1%, Wistar 7 »~ MHFIZE T 5 MP A O R &

FEFITHLLL T,
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Table 6. Activity for the reduction and oxidation of MP in liver microsomal,

mitochondrial and cytosolic fractions in humans

Specific activity (nmol/min/mg protein)

Measured substance MPOL MP NOII
LMs 2.9240.04 0.55+0.02
LMit 1.10+0.00 0.02+0.00
LCyt 1.05+0.07 LLOQ

Each data point represents the average and standard deviation of triple determinations,
LMs, liver microsomal fraction; LMit, liver mitochondrial fraction; LCyt, liver cytosolic

fraction.

4-2. b MFIZRIT 5 MP BB L UOBLARE IR 2 SEAEA 02

E FOAF Ms, Mit BEL Cyt (28175 MPOL ~0D&TAOEHENE, 72 5 ONTAT

23T % MP NOIL ~D LA RENE MR~ 5 B AEBRLEFAI DS SV TRRET L
7= (Table 7).

bt T Ms 38 KO Mit (281 5 MPOL ~OiE e BENEME IO T 1 uM T0504

(11B-HSD1 BHEAD 12X > Tl bM< HE SN HEE . 2T 2 B LT

55%), OBLEANC X > CTHEZREEIIRO b o7-, b M Cyt 1281 5 A%
JEEERIETEIZ T v REIE Cyt OE & RIEEIZ, 100 uM quercetin (77 /LR = Lis rBE SR
FREAD Ik o TORAFEINT PHER £ 70%),

MP NOII ~DELAIRFENENEIL T » MIF Ms & [[IERIZ, 100 uM ketoconazole 35 2 T
100 uM quercetin (W41 E CYP BHFA]D) I X o ToAHFEENTE PAFE . 2L
AT 75 B EUN82%),

ZD X I, MPZETTEERIEMES B R TIIAF Cyt TRO LN Z &, 72 5 NI MPOL

DOEITLHMEHNC T VT & REICEEFE IS LN CYP OGNV &%, Wistar
7 v MFICEBT 210G & e > Tz, —7J7, MPOL ~®&E TR L OF MP NOII
~ORACIREBNCRE 53 2 EERHEEEN E N 11B-HSDI B L UCYP ThH - 7=
Z XX, Wistar 7 v M Ms 355 X OV Mit 123815 5 MP U O R & FEFICERL L <
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Table 7. Effects of various inhibitors on the production activities of MPOL and MP NOII

in human liver microsomal, mitochondrial, and cytosolic fractions

Measured substance MPOL MP NOII
Subcellular fraction LMs LMit LCyt LMs

1 uM T0504 92.3+1.4 54.5£1.5 6.3+1.4 —
100 uM Phenobarbital 1.2+0.0 — 9.7+4.1 6.2+0.6
1 mM Phenobarbital 11.4+0.4 11.3+6.4 6.2+1.5 12.3+0.9
10 uM Ketoconazole — 9.8+0.0 5.5+4.4 34.7+0.3
100 uM Ketoconazole — 16.1+£5.2 9.6+0.0 75.2+1.6
10 mM Pyrazol — — 3.8+4.6 7.7£2.9
100 uM Quercetin — 25.6£7.9 68.6+6.1 82.2+0.9

Each data point represents the average and standard deviation of triple determinations, The
data are expressed as percent inhibition relative to the production activity of MPOL and MP
NOII in the tissue subcellular fractions as control in the absence of inhibitor. —:no
inhibition. LMs, liver microsomal fraction; LMit, liver mitochondrial fraction; LCyt, liver
cytosolic fraction.

FHSHEH BE

MP OETCHHNCBI 53 A L LT, 77 & NiEchiRl KO 11p-HSD (i
NMRI ¥ 7 ZfF Ms), DT-U7 R 7 —EB L0k Rev4d—L7e FrrF—+8 (&
M Cyt), 72 BTN IIVR=)ViE iR (Wistar #E 7~ MR 3 X OUPE Cyt) 23
HEINTND 7182520 —J5 - MP DL G- 2% & LT, CYP (SD
HEZ > M Ms) OBEPNRBEINTNS 9, LvL72RA 5, Wistar #E7 v MZBT
% MP fRHHIZEE T 2RI LN TWRY, KETIE, Wistar 7 v MIBWNT,
MP @ F=Z 72 REHARE O ML /Y 125 1F 2 MP OiEIeiE X O LA G2 B 5
T 5 EERRBMERE LY S NICT D700, FHEAFAOEBIZ OV TR Lz, £
7z, MP 3 XUV O FZER IR OFLEH] & OFEYERE TR EIEN 2 R4 27
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2, EEMELTHEHESNTWD GA Z&IRNLZ, 2512, & MO 3 fflammsyic
BT 5 MP DiZEeaI L O ELAIENENE, 72 5 NS 20D OIEMEIT)d 2 4 FE R
KD BB SOV TR L7,

7w MIF Ms IZ31F 5 MPOL ~DiEeligRIENEIL, T0504 (11B-HSD1 BIRAYFHE
) IZE o THRBMIPAEFEINT (Table3) . ZOFHFEIE Mit IZHB W T HRIFRIZED
S (Table 3) . —#%IZ, 11B-HSDI IZEIZ Ms IZIFET D Z EnmbnTng 577
B, Lanl, RBFERERS Mit I8V TH MPETCEEEOFEERH LN E Y, K
FERIEME T E 4> & B 12302 11B-HSD1 OB S-ARme S iz, F72, AREEEEMET
phenobarbital (7 /L7 b RERITTEEEILFAI) 6 XL O ketoconazole (CYP FHEA]) 12Xk -
THIESNTZ, ABERIEMEICE G T 5E5%0 11IB-HSD B X O\ VT & RiETliESR
TholoZ LiE, M~ T ANFMs IZBIT oG LRETH -7 182, —J5, Rl Cyt
[ZHB T MPOL ~DiE LN B 59 2 B%56813 11B-HSD1 TlE72 <, IR =/ViE
TR TH D Z LAV S (Table 3) o B /LR =/Vig ol OB 513 Wistar i~
v FORRE Cyt ICBWTHIME SN TWD Z Enn 1D, BIRIZEBIT 5 MP iETEEE N
PEIZ Ko THRZRDEEMEEW S HER SN2, 2D X 912, MPOL ~DiEtrIEHIC
IEREORBEER OB GNE Z LR, EREHENTH THE Z L2 EETS
&, MPOL ~OiR TN B 59 2 F 2RISR 1L 11B-HSD1 Th 5 Z & AR
STz, —J, M Ms 2125 MP NOI ~D LRI HHE 13X ketoconazole 3 L Y
quercetin (W41 h CYP PHEH]) (k- THEINZZ 005, ZORFHIIL CYP
MEICHET 2 Z LRS- (Table3) ., MP OFRLAIEHIZ CYP 23535 2
L%, SDIET v MIFMs DS L FRIEETH - 72 9,

MPOL ~®O & TN B 59 % 2 2B%58 13 11B-HSD1 & /RIE S 17278 (Table
3) , 11B-HSD1 ZHET A AT D0liE SN TN D 2727 i 6 OREHR O
95, AWFZETIEHFAERGIRIC L D MP ORMBEE LA AMEH 2 e+ 5 721
11B-HSD1 Z KR E T ICHEFE T A EHE ML & L THHI TS GA PRI LT,

-56.



GA IZ 11B-HSD1 38 KOV 11B-HSD2 ZfHET 5723, T4 b OFERITZ LN FEITNTNE
BILOEIICAAEL, #iEERIIZNEILNADPH B X UNNAD 208 L35 78 |
W L7z B0, Wistar HET » MMZE1T 5D MPOL ~OiR e HHIZ B 53 2 E AR
I ChH -7, F7z, HlilFEHEIZ NAD TIL72 < NADPH # &% & L7-7-% (data not
shown) , GA 7% MP OREHZBG-T Dl 2 W3 L=/ FFE1L 118-HSD1 THH Z &
DR STz, £72, MPIEITEERTENED m ORI IR L O R Th 57228, GA
ISHEZ >~ DO TS OGO 11B-HSDI 58 < fAET 2 Z NN TS P, Z 0
Z EMD, GA X 11B-HSDI PLECE 25 MP O3WFA AAEH 2 554 5 b Tt 7a
IbEWEE 2 b=, GA ZAF Ms £7213 Mit 2 & DR CRICHRMLIZ & &, K
FERIEME IO T B IRIE E CRE & 7= (ICse: 241 0.62 33 L 18 0.10 uM ; Fig. 12),
F72, GAITFERE Ms B LU Mit (2361 2 ABERTEME S F 7 ARIRE CTHE L7z (ICs -
ZNEIN 013 B LN0.07uM ; Fig. 13) ., 25D Z &5, MPOL ~Oim iR
(Z 11B-HSD1 23BF5-9 2 Z &3l 72 10 Cre <IBHRICB W T H R < R S iviz, e
B L ONER TH B L7z 1Cso 1, 11B-HSD1 IEPEIZ )T 5 GA O FHEE% (Ki: 0.44 uM)
EHLLL TV, 2D X 51T, GA L MPOL ~O3ETREFRIE M 2 KR CRE L7-
728, GA DUF I 5-1X MP ORGHENREITAT & D52 B % J T3 mlRetES HER S 7z,
THILIZEEBY, GA ORI LY iEH MPOL JREE 1T MP BB 53 &t~ T MP #
HAELCICH BT L, Crax B X OVAUCeH 13 MP B 5 REDK) 1/2 & 72 - 7= (Fig.
14B 33X ' Table 6) , GAIZ XL BHBHEIX 11B-HSD1 IZ L » THEKSILD /LT
5aLF = ADLETHLRD LN TWNDHT2H 7, MPOL DM EhAE/ T A — X
(Conax B EVAUCqH) DIE T H £72 11B-HSDI FHEIC L Db D LRS-, LivL
P2 5- 4 W 5 LLRE 0> MPOL 0D IfiL 3§ PR 2 778 MP B8 5 & 1 RIE R L ~L i 72 - 7= (Fig.
14B) . Z® GAIZ X% MP ORI EFER R LR Th - 72 Z &1, GAIZ X
% 11B-HSD1 BHENHRC/CHAT D Z L & —F L= 37, —J7, MP Ol
1% GA EHIZ X 0 MP Bl B 5RE &l T MP $¢ 5:9% 2 RERI AR IS A BAIZHIN L, Crnax
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B LT AUCen 1L MP B 5-HEOK) 2.2 5N L, ti2 13559 2 f5IZIERK L7z (Fig. 14A
B LU Table6) , ZD X HIZ, GA K GIZLY MP & X T MPOL o 14 4

RE\CEE D FRD b= 728, MPOL LSO~ DI OV T S [RBRICHET LTz,
BLIRTZRVN 2 & 12, MPOL NOII DI #EH R T GA JFFIZ & W MPOL & [RAIARIZ <7
[ZAK T L, Cimax 38 X OV AUCen 1 Z MP BUM P 5 EE DK 1/2 & 72 5 72 (Fig. 15A 3 X X Table
7) . —7J7, MPNOII DR EIL GA §FHIZ K0 & 54 2~4 B =28,
72 5 N Comax B L TVAUCsh DN (2 Z 10K 2 B LT 1.6 1) 23558 B 7= (Fig. 15B
B LD Table 7) , BERFLEAIEZHEOBLED S, MP NOIL ~DFRLAIREHIZIL CYP
DGR ST, GA WINT X DI E 7213 RO Mit B8 XU Ms 1281 %
in vitro fREFABRIZ I T, MP NOIL ~DERLHIRENENE D TEHED TR H AL 5 DFias L
723, TR & 612 OIEPEIZEE N L 72 5> > 7= (data not shown) , 41wz, 11B-HSD1
P IZ X % MP NOII ~D L AAREHE M O TeE T, FFiF K OREBRUSL O/ T ol
REMEDN B 2 Bz, GAPFRICL Y, MP GO MEEHREIIAT LR, Z0 9
H MPOL 35 XU MPOL NOII i3 A EIZIK T L7 DIk L, MP NOIL iTA B2 L7z

(Fig. 14 B XV 15) . 246 ORGP O HE TR EEHER OF5 R 1X, MPOLNOIL 4
FXA3 MP NOIL 725 TldZe <, MPOL 7 HIZ X 5 6 D L HEE L 7= MP ORI & 3CFF
L7- (Fig. 6),

hAIDFRIC X 0 M EAER RS S 556, FESREOLE G - EHE 2

RETe D, ROFHEGFEBRTIE, GAPFHIC XV miFEHREIL MPOL THEIZIK T L

“OIZH L, MPIXERICHEM LT, L, ZHH 0 AUCeH DERHT MP B 5
s KOV GA DI G-IE & ORI CERE 72 221338 b /ehr» 7= (Table 4), MPOL I
MP & [AIFEE OB A O Z ENFMBNTWVAHZ &b 1D, GAJFHIZL Y MP
B L OMPOL OB AENZEEY L7z & L C b, HENEMICHEE 28380 b5 /]

REMEITARV 2 E 3 EZR S L7z, & 51T, MPOL NOII 35 X OV MP NOII (& FEEEH 23 &

LD EVIMEIX WD, 11B-HSDI HEFIZL Y CYP OFENREL 2D, FORER
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MP NOII D AEHFRENFE < 72 o7 & LT, FEENEVENBE ICE BT 2 ARtk XK
W2 E BRI,

b MBI Wistar HEZ » b OB Z LT 2572912, & MTOMIE />
i7 % MP D3 eI K O LRI AENEME 2 Bt L7z, MPOL ~0iE i L O MP
NOII ~DREALAHNENED T Ms TR KFRO Lz Z &1, Wistar EZ v b L [AERT
& o7 (Table 6 BL N Fig. 7). ZORERZE S L2, B MDD invivo THEM I LD HT
Wa MP DR OHEET 5 &, 7 v b & FERIC 3 FEOREHY (MPOL, MPOL
NOIl 3 L O*MPNOII) & x bhlz, £72, & MFMs BLUMit IZF1) 5 MP DiE
TR B 59 2 B2 RHEEEIX 11B-HSD1, 72 5 N Ms (281 5 MP Dfig
RO B 53 2 B REERIL CYP L E 2 bz, ZnHboZ Enn, B b
IZMP B LN 11B-HSDI ZfAFET 28 Y 20t G L7 & &, MPBLUZ D 3 FEH
ORFY OB REIL Wistar KT » b L FERICEBN T 5 Z & B HEZ ST,

UboZ &2n, Wistar 7 v M EIOE b & HITHF Ms 38 XU Mit 1IZ81F 5 MP
OETLIRBNC B 595 R EEEFE L 11B-HSD1 TH Y, JIF Ms 2317 5 MP ©
LB B 59 2 EERRBEERIZCYP THhH LB bNTZ, EHIZ, B RC
BWTHER SN D F 2RI Wistar HEZ » b & [FIERIC 3 f%H (MPOL, MPOL NOII
BLOMPNOID) &EX b, £z, Wistar 7~ b TH LAV MP OfGHE)
7 — 21, b MIBIT D MP OFEMEEO TRICAM & E X 6T,

BOHT /ME

AREFETIX, Wistar 7 v MMTEIT 5 MP O e L OB LA ME IS5 5 4%
FEFHEA O 2, 118-HSD1 O ) 2HEHTH D5 GA B LN MP & O EIREHY
FEEM, 52t MFOMIREIZHT 5 MP O eiE X OBLRRENENE, 72
5 NT 23 b ORETE M6 2 B HELEA O BIZ DWW THRFE Lz, UTIZELn
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TR R ERIT D,

1) Wistar 7 ~ N Ms I281F 5 MOL ~0iEcaft#ENE, 1 pM T0504 (11p-HSD1
HEARABELEA]) ICX > ThiRbMEI N2, FERMHEERIL 11B-HSD1 &R
s, £7-, ABEEIIAFIEO Mit 1280 Th ERBImEE L LTHEELTWD L0
EEZOLNTZ, E5IZ, B MFMs BELUMit iI2B W T HRBEOFERNE L=,

Wistar 7~ NMFIZE T 5 MP # TN B 59~ 2 B 2RISR IS B A e 21T

IRNT DR S LT,

2) Wistar 7 ~ RNFIZEIT 5 MP NOII ~DFEALAIHNTBE 53 2 F B2 iR 1L
Ms [ZAFIES D CYP THDH LHEA BN, SHIT, B MFMs IZBWTH FEOR R
PGBz, Wistar HEZ ~ FFIZF1T 5 MP NOIL ~D LRGN B 53 5 2L
PRI R T W T R ST,

3) GA I Wistar 7 ~ FAFIEE 7213 0 Ms B X O Mit (1281 5 MP 1&g TEM:
ZIREE (107 MA—4%—) THZELL, 72, HHEO Ms BX U Mit (2815 MP
IRICEERTEMEIE 1 uM T0504 I K-> TRHE SN Z D, FHRIZEBWTH MP O

TEHIRETNZ B 592 EE IR 13 11B-HSD1 TH D Z EBRIB ST,

4) Wistar 7 > b ~D MP 3 LU GA ORI EIZ LV, s MPOL % & U MPOL
NOII #JE T MP B G L LN THBEIET Lol L, MmiEd MP & KUY MP
NOIl BEFABEICHM L, LER->T, GA 2ED MP O EENHEETH D
11B-HSD1 O{EMEIZ L K IF T A Z P& 575 & &, MP B X OZ DG o i
SEREREN AT T 5 2 LR L E o T,
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5) & MFOMBEE Sy TRED 5172 MP OAREHTEM I X TN MP OHEERGERR I I H D
X, b FTCTHERSINDEWIE Wistar 7 ~ b & FRIERIZ 3 Fi¥E (MPOL, MPOL NOII
BELOMPNOI) & &z 6107,

PlEDZ &G, Wistar HEZ » FEB L OE b & HIZH Ms B X Mit (281F 5 MP
DT B 53 2 TSR 11B-HSD1 TH Y, IF Ms|ZEiF 25 MP @
BN B 592 TEARBMERILCYP THhD EEX BN, &5IC, B O
in vivo THARR S 12 I Wistar HEZ » b & [AERIC 3 #%H (MPOL, MPOL NOII
BELOMPNOID L&z 5T, Tz, Wistar 7 v b THE LUz MP OfCHE)
RET —X1%, b MBI D MP OEYEIREO FRICHH LB 2 b,
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BI1E KRE

rhUEERETDEMTHD MP L, 7 v v TREEREOIBRIE L LT ST
WBN, TORELGRRE (RO&h) TomiEh Ry Ehne o @5 1T EZREm Tl
<, EFTIIMPEBEIUIMPOL DA TH D, £7z, invivo R TILSD 7 v TS5l
HOMRBP OWE K L, in vitro (REFBR TIXEREM B L e b & HICEHH %
FEMCARE L7z 13 e <, REHCE T 2 EIZ DWW TH AHOEETH D, S HIT
MP 35 L O O O O Rl E BIE T HoICEL STV, 7y MIBT
% MP & IClERTEEIE Wistar RO SF N SD R LD HEWZ End 1, REFFETIE MP
OIEYEREIT Wistar HET ~ N TEITHF L7,

£7, H2ETIIMP BLUZ D 5 FMEHDOHY) O R ER{E%Z HPLC-UV THi%E
L7z, RUNTH; 3 3 Cid Wistar 7 > M2 MP BRI 1§ 555 0 MP 8 X OV O3
YomfEh s LORP TORYERBARE Lz, £72, 54 FETIEMP OETTRIRL
ARGS9 2 LB A RHHERL, 72 5 NS MP B TTREEIRTEIC B2 T T NS
K GEEnE, P2, BLOMERLE L ORBICOWTRFI L, 52, HSET
I3 MP OiETTRIALAEIC B G 2 AR 2 520 L, MP O EUHEERER
FNZ L I ENRERFE BAEH % in vitro 35 X OV in vivo RERCREAN L 7=, LU FIZAHISE
THRONTIREZRIET 5.

1) MP BELOZFD 5 BEORED HPLC-UV 12 & 3 FEERIEDHEST

MP O HE W EhRE 2 2EAli 4~ 5 7= 12, MPE L O OSFEO M EM ORI EEE S
HPLC-UV THENE L7z, ARBNEETIIONT S T 2IECls, BEFHIZAKBIOAZ J —L
BEDT T "D TR EEEZRG, ISEETe T X TOHERYE L4257

FE T - EREEFREE L7z, SBIT, et L7e T X TOAMERRE (WistarlfEZ
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~OIHE, JRIS KOS EERENY) OAEROMIAE 53 72 5N & MIFOMIdESy) ko
v —271%, HPLCH 7 Al 2 210655 CHIERGMBE DO v — 7 LB B IRro Tz,
7o, FHERNEWEOBEMROMBREIT T N TRATHY (:0.999), LLOQIE
WTILH 113 ng/mL TR, ®EESTZ R & Lo, ARUEEX, KEFofos)
W OAREEFMPI KO OREM O EEHIE IS &1 TR & & 2 BT,

2) MP BXOZDOREMOEWERE (in vivo)

Wistar 47 » NZ MP % 50 mg/kg O FHETHERROEL Lz & &, MP L3002
WX STz (tmax 1 0.25 BFH) o £ DR DOIMBET 226 DOIELH7RTHK (ti 0 0.99 i)
i%, MP {{## (MPOL, MP NOII ¥ X U MPOL NOII) D07 AERRN%E 2 Hiiz,
MP @ E#H) CTd D MPOL 1X MP @ AUC LV 1,5 4 @<, EERBMTH D =
o W, R A~DFEIRE STz, JRPIZIT 4 FEE O (MPOL NOII, MP
NOII, MPOLNOI 5 & O MPOL DJIF) Akt S, B SDHET » - & R DOFE
B L OEORIZERNPGED vz, MR X ORF O 2 HlZ MP OfCHIRRE
ZHEET % &, MPOLNOII £ £ X MPOL NOI i% MPOL 76 DAL E B 2 HivT-,

3) MP OFHERRIZIIT D in vitro R

Wistar 7 » MZEBWT, B Ms 281 D MPOL ~DigE eI CHNEME N & b i <
MM EELZET S L, FAHHRIIFR S B 2 bz, —75, MPOL LIS O R &)
~OMRBHEMEIIEF IR, ERBHEHIA L o TE o, £, /MEIET R
TORBI~ORBTEMENME L, MP O T2 2 REHHE TIIAR V2 ERB S Lz,
INHDOZ LD, HFETO MP OETCAIRHHIC LD MP & A#H 5% o mfEf ¢
MPOL 23 H° B S 2 &, BROBIE S RZEE MP 36 LU O 5 flifH
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DD 5 H MPOL D AUC 3fc b RE Do Z LIZHFLE L TWD LB BT,
2, MR Ms BLO Mt IZBT 2 AKBEREE S & - 722 &5, MPOL DR/
AR OMR L — %535 2 L AHELE Sz, 7eds, Wistar 38 XUV SD O
7w h~ORFRHVOEL L OZOEOZEROFER L LT, SDMET »~ MTFMs
B LU Cyt THE STV D MP ORRLAE TR O RN L Sz,

Wistar 7 > M Ms (Z861F % MP & CRERTE D AR IEE S Z — AR
L, BEHNSHEO T AL Y bABICEWEEOFRK E LT, BEMSWEND
TARNAT R ORREENEE SN, S 51T, REERTEMEIX T v M2 S0 FEREY
ORI E 721 XE D Ms 36 LT Cyt THEZEDZRD B, ~ 7 A Ms 38 LU Cyt D
HMEDTRHEL D bR o 7o Z LIFHKRE N, 2D ONRER OIS b oK
A% AH OBTEBERIEEORSE L Br o7 2 &, BLOYMREE L7- MP 8B tiEH
[TAH ZRH Lo /e 2 L0 h, MW Z T 2BER 1T 2 5 2 L3R bz,
INHORERIE, &7 b ORI 2 R OB A AT 5 L L b
B MIBITDT R EYONRHERED Tl - BEOTZDIT, £z 2 REEER £ FERE)
Y CHGTT D EEREZKXD TIRETHILDOTH D, £z, MPIELHEEIEE TRD L
NENEROE#HRIX, & MIMP 25 L 0L e2EE2EET 5 LT
OG- EOFEIA AT — 212725 L Bbih s,

4) MP @ in vitro 3 X OV in vive {RHFHLE

Wistar £~ ~ FZEWT, MPOL ~Di& LHREHHIZ AT Ms 7217 T/ < Mit b £ 7
FIZ 11B-HSD1 (T0504 |2 X HFHE) DOBEA, BIF Cyt TILEIZ VAR =/LiE ks
# (quercetin (2 X 2 [H5E) OBRG/RIB I 720, MP O EREFHEH () %2EE
T 5 &, EERMEEESRIL 1IB-HSD1 LR sz, £/, I Ms 23T 25 MP NOII
~ORLAIRHNIZ, T2 CYP (ketoconazole 35 & TF quercetin (2 X A FHE) D RF 53R
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Y gV

58 /172 11p-HSD1 FEA|DEI S CTH 5 GA 1%, Wistar T » N FlEE 7213k O
Ms B XU Mit ITF1F 5 MP B eEERIEME 2 IR ERAFRICRE L, £72, Zabo
HIRE 3 Cl, ABERIEMEIL T0504 12 L - CTHiR < HE S, RO Ms 3 X0 Mit
2BV TH MPOL ~MiE erfEHC 11p-HSD1 ORI H-23RIE S v, Wistar T~ b
IZ GA Z G L7 & X, Cmax 3 £ TV AUCen 1X MPOL 35 X TN MP NOII Tl L,
MP 35 LT MP NOII TSGR HiL, MP 3 X O O O Mg EIEE X GA 12
Lo TEHMTHZ LR Enz, 77, DETHE L7- MP ORE#HRKEIX, hb
DREH O MBI DORERD D b [FERIZ KRR S Lz,

t M Ms, Mit 35X ONCyt I281F 5 MP O EH 7R e a3 L O LIS,
72 5 NS MP OHEEAHFREE 2> & Wistar #EZ > k& [RIERIC 3 B ORH (MPOL,
MPOL NOII # X O MP NOIT) OARENHE 2 bz, £z, HFMs BLOMit 128155
MPOL ~®i&eHHHZ 1 11B-HSD1 (T0504 12 X 5 FHE) DOR5-A3, 72 5 ONTHF
Ms (231 % MP NOII ~D R LA #3212 CYP (ketoconazole 33 & U quercetin (2 &
HIE) OGRE ST Z E1E, Wistar T > MFICE T 5 MP R# O R & 3
HICHEHBILTWE, Zh oDz b, b MI1IP-HSDI ZHET 5y %2 L1z
&, MP B LU D 3EORHFHOEYTREIIEB T2 Z LB 2 b,

PLEDZ &g, Wistar 7 » MIBWTEHE 7= MP OfCEtEiEEST — %1%, & K
21T 5 MP DEMEREDO THIICEATHL EEZ LD,
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KERDOTH

KR

Metyrapone (MP) |% Sigma-Aldrich 2> BHEA L7z, R OA AU H L 72 NaBH,
F £ Y m-chloroperoxybenzoic acid 1T H L AL, 72 & NI magnesium sulfate [$7 77 7 A
TATMOIEAN LT, BERAEAIE UTHEM L7z T0504 137 2 FpHd, glycyrrhetinic
acid (GA) (% Sigma-Aldrich, phenobarbital 33 &2 O' quercetin |3 B 5{{bji%, ketoconazole
B L pyrazol, 725 NI HPLC OWHEMELEYE L T L 72 3-benzoylpridine (316
Wi DHEAN LT, #iEEdE & L CHWZ NADPY, glucose-6-phosphate ¥ L OY
glucose-6-phosphate dehydrogenase |34V = > # JLI#RE T2, magnesium chloride 6H>O
(T 0T AT A7 BN LT, HPLC OB #EMHIE, HPLC DA % / — /LB LU
U QAKRZMAWe, TN ToHEIS L OWEEIE, RO EHE £/ZITHPLC Db D%
il L7,

MP DR DG FRIE

MP @ 5 OB TH 5, MPOL, MP NOI B LN, 725 N2 MPOL NOI 3

L OV 1Z, Kraulis 5 %93 X O Crooks & VDO FIEIZHE- TERER L=, BHIWLIANC

R b L GEN T\, Fir-icEz2mz -,

1. MPOL DK

Kraulis & 800D LIS &, AKX /7 —/L (15mL) & MP (50 mg) % IAfi#ek,
JK¥BH G NaBH4 GEITAl : 50 mg) &/ L3 2N 2 THI 60 2y B, IR £ L,

PRI K2 mL B X OWe 280z, Z7uaskvs (15 mL) T3 BHH#,
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magnesium sulfate Z @ &Mz, OEFAKTHiE L7-, IEEO 5% TLC IZEBAA L,
JuudR)V LI AL ) =)L (8 :2) OWBETRESE7223, MPOL DISMIAH#Y 6%
<, ZaBuFR/L/AL =)L (8:2V/V) TEH I silica gel 60 xFRIE L= N 7
Lrm~ 7T 74— (2x40 cm) (ZX Y MPOL B4y DA% 43R L, W E LT

b vz B 3misicg Liz,

2. MPNOL BLU I DERE

Crooks & 8V FIEICHESE, 7 ma kLA (50 mL) (2 MP (600 mg) % V&M%,
m-chloroperoxybenzoic acid (F&{tAl : 1.0g) 2 L3 2z, =ZE T T 10 0MEHEL
Tz, BB ER, DEOZ ORIV A/ AR 7 =)L (8:2 VIV) OVEBLIZEEMR ST
TLC 2847 L, [RIVEEECRER% MP NOL B8 XN O A HIY, Z7rrk/LAT3
[EffH L7228, 56072 B OBRIGRITE S, A b 2o 72, ZdD7=H, MPOL
OWREF AT LIa~ 87T 74— (2x40 cm) (2L Y MP NOI 36 X OV 45 D

Hai L, WA LT O BRI R E LT,

3. MPOLNOI B X I D&

Kraulis 5 8OO EIC S E, A% /—/ (15mL) |2, 2T TAHAK L= MPNOI
FITU (ENEH 50 mg) ZEfE%, KIEH T NaBHs (50 mg) #4 L$2Mx T
7 60 Sy ERtE, VEBER K%, MPOL &[] UiliHids L OMERIEIZ X W, MPOL NOI
BLONESORZIRL, BEEEL THE O BIOMITmERE LT,

b S EEONREMIT 'THNMR B O~ A AT ha A U —THEEMAT L,
Damani 533 X O Crooks & DFER LR~ TH D Z & iR L7z 168D,
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H2EICEHTIER

1. 3B OFRE
MP, Ak L7= 5 FEO MP RE#E L OVIS (3-benzoylpridine) % ZILZE4L A & /

—IVICEE %, 20%A 5 ) — M2 b X912 ) QKREIZ -,

2 b= LD MRS KOV Lk O ML 5y & E TR SOGIRIRIC A 2 ) — L 2
fi&%, 725 ONIIRIL Sep-Pak Plus C18 [EFAflIH 7 — F VU » ¥ (Waters, USA) & M
VY, 80%A # /—/V/10 mM Na-K U »ER#E(ER (pH8) DIFHKIZ A ¥/ — 2 {55
ZMATHEEL, BB RO E Y — 7 OFEL R T 5720 OB iR L7z

(HHOFEMIE I BI N4 =L S H),

2. HPLC-UV JIE

HPLC-UV OZ&MZ L NIRRT, 728, ABORIE X470k 40 uL # HPLC [ZVEA

L, HPLC 7 u~ N T LADOfEHIZIGL A = ADY 7 N7 =7 T{1-o 7,

HPLC-UV #£{& : GL-7480 > U — X (K> 7 : GL-7410, UV M8 : GL-7450, <
LA —T> : GL-7432 ; GL YA = R)

SINT 77 A : Inertsil ODS-3 (Cis, 5 um, 4.6 x 250 mm)

77— K717 2 : Inertsil Sustain (3 pm, 4.0 x 10 mm)

717 MREE © 40°C

UV & © 254 nm
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BEIFE : 20% A % 7 —/v (A) BEP50% A%/ —/ (B) DT TV |

5H] (min) A (%) B (%) C %)
Initial 100 0 0
10 100 0 0
35 0 100 0
45 0 100 0
45.1 0 0 100
50 0 0 100
50.1 100 0 0

C: hT7 2% (0.1%) VEeE a3 80%A X J —)L)

BIEICEHTHIER

1. EBREW
Wistar #£7 ~ ML 8 Wiin CHEA%, 9 Wi CTEA L7 (HASLC),

2. MP HE&EO#& 5

HEZ > M T SY%HHRICIAfR 7= MP (50 mg/mL) % 50 mgkg DHETRAO Y T

ZAWCHREROKS Lz, 0B, 7 v MIRGHTHDOA b IS5, ok
IZH BERSET,

3. BB
(1) 1§
#5025 05, 1, 2, 4, 6, 8, 12BN 24 W41, ——F /LB CHE K E)

AR~ MK Z BRI L, ~/SU B (0.1 mL) 22 AFU723RBRE ICBRIR L7z, fikidie

OB (3,000Xg, 10min, 4°C) &, IMHEZSERL, 25347 £ T-80°C THRAF L7,

2) &R
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@ =N T v B, MP ZHalfE A& 524, 48 B L O 72 IR ISR &
B LTz, Fz, F—UVNEEREGLIEDEOKBEILIZIREGDET,

4. FEtoHIH
(1) Mg

M4 (200 L) (CPAEHEMEL (IS : 3-benzoylpridine) % &de A % / —/L (400 uL)

Z INA TR U 7o, 8IR T C 30y fiiE %, o Hlsd D% Ciz oo il (20,630X g, 5 min,
4°C) L, aaXEFA AT (/L7 —S (pore size; 0.45 um, filter diameter; 4 mm; 7% 7

AT AY) #HWCTZ 4 vZ =AML, Bbiviz B4 HPLC HI@HRE E Lz,

(2 R

PR (1 mL) {2 10 mM Na-K U > F&fE iR (pHS8 : 1 mL) % Il %2 CTHEE#4, Sep-Pak Plus

C18 [EfHfhH 1 — ~ YU » ¥ (Waters, USA) (Zapply L7z, 10 mM Na-K U > FE#z 1
% (pH8 : 4 mL) B XN 10% A ¥ / —/1/10 mM Na-K V iz (pH8) DIERAA
% (1.5 mL) THeE%, 80%A % /—/1/10 mM Na-K U ERFEER (pHS) DIRATE
] (2 mL) T &7, WHK (250 uL) 1S Z&Te A % 7 —/ (500 uL) %0
Z T L, HPLC JIEHRELE Lz,

5. IMmEgEhEeE
HPLC-UVHIEIZ LY, ISOE—7 & SIZ%T 5 MP BLOER#MO B — 7 5 X

D&M, MP 3 X OB DR E 2 Ml 7' v > b L7zt S i fE
MP 3 X OEAGERY) DIRE % RO 7=,

6. HYENEE /T XA —XF
MP B L OERE O ENRE T A —H (X, NU T — g S Y 7 b
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7 = 7 Phoenix WinNonlin (version 6.3, Pharsight) % F\CIERRIE IR W EhRefEtT L, LU
TONRIA—=FEHH LT,

B A FIRE (Cnax), B MBEPIRERGERR (tnad), VHIERH (02), OFF
[#170~ & & T B AT RERFIA] £ C O A i — RFRAT AR T A (AUChg), XN 0 By
[ 7> & #E[RKIRF] &£ T oo e iR — R A g M fE (AUC..)

7. MP B L OZ R DR pHEH:
HPLC-UV HIEIZ XV, ISOE—7 &SI T5 MP BLUOSREHYOE—7 HED

tbEEH%, MPBLUOEREMOE —7 @S DHOFIEZ RO,

B4 EICET HER

1. EBREW
(1) MP O EREHERR
Wistar #£7 ~ ML 8 Wiin CHEA%, 9@ CEAH L7 (HASLC),

(2) MP EBTEREHOEEZE, HEBLIUEZE

MEED Wistar 7 >~ = (2, 4, 6, 8, 10 @i, L)), ddY ~ 7 A& (8~9 #Hfm, Ju

), Sylian /~A R % — (6~7 W#h, HASLC), Hartly E/E~ b (6~7 Hh, BA

SLC) BXOEAB\AFE VX (15~17 @, AASLC) ZfEH L7,

(3) =&
4 IR R A U= Wistar 7 ~ M2 7 B CTHEA L (AAS SLC), 8 M T
fFEH L7,
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2. AERRERER

KR 507 v N —7 VR T CIEREIRY b BRI F 7= (X8RI XV B
%, BFIEIIOKA L7z 1.15% KCLVAR CHETE L 7=, fFls, 4, i, B, RS3E, PNEsAE
Wids L OB TREN & fiHit, AMMRE &2 WE L22, NIRRT X OB FIsiEZ
NENT v b3 ILE T =N Uiz, 7235, 5 By O M2 O CIITIRIS L OV iz,
W2 LT 2 F AT v U FG OB CIIATIRO 2 2 fi Uiz,

3. ARAE Sy OFRE

EHRE AR 1%, MEREEO 3R 1.15% KCI 25 ¢r 10 mmol/L Na/K VU > iz

buffer (pH7.4) DHREVF A AHEE IR ZHNT, KEBT, HIA=T 70 REY
FA W — CEWH T R) THREVFA ALz, 728, Wistar ET7 » N OEIB I LUV
JGORE T 3 — MEIRIEL, £hEi 20 L& 7 —/L L CRBER CHRM L0 %
KAC 22BN LTz, Bk DR E O H— MK & 057 BE (700 x g, 10 min, 4°C) L,
Z O EEZFICEODEE (9,000 x g, 20 min, 4°C) L b7z EiEE S9 & LTz,
S9 ZETLBMAE T T A —T 7 REY AP —2HOTHIRE S, =00
(9,000 x g, 20 min, 4°C) L CHELANTILEDZ Mit & U7, S9 Ei4y #8057 B
(105,000 x g, 60 min, 4°C) L, Foh7- bEiE% Cyt & L7z, Cyt & &teibi&in e 7
TA=T 7R URETTA P =2 HOTHIERE S, 058 (105,000 x g, 60 min,

4°C) LTHEbIIEED A Ms & LTz,

4. BERFUG
MP DA TIE, BER IR (Mit, Ms £ 7213 Cyt 11i43) (2 MP (e IEEE - 1 mM),
NADPH =18 (BRI EE : 1.3 mM NADPY, 3.3 mM G-6-P, 3.3 mM MgCl, 0.4 units/mL

G-6- PDH), X0 100 mM Na/K U > buffer (pH7.4) % NN 2 7= V&K % BE 38 OGS TRTR
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& Lo, 723, N U 7B R IR IEE R BUSTRIR D 1/10 & L7z, REPLEER CII L
FLODPUSHIRIZ T0504 (&3 : 1 pM) , phenobarbital (R #&3=E : 100 35 K T 1000
uM) , ketoconazole (FF&IEE : 10 3 LN 100 uM) , pyrazol (BH&IRFEE : 10 mM)

quercetin (FAKIERE 1 100 uM) 27 LA X aX— g VRIS LT, 7ods, B#5E
FOSEEEFINZEEND AL 7 — )V E T2 ) —E, EKIRE 25%RmIC77eD X9
IR L7z, 37°C TS5 07 LA v FaX—T 3 %%, MP 12T 60 71 > %
2= g Lz, KIS, IS Z2ETe A ¥ J — )V EBERUSIRIR D 2 (5800 2 TOK%E
TTEIES T, 30 0 ER%, mEhEO Tl B (20,630Xg, 5min, 4°C) L,

ARAEFA AT 4 NVE =S EHNTT V¥ —Ail LTz B % HPLC HlEHE L L

7‘/’
—o

5. ZUNIBEOHIE

BHARR OFM IR E 4y D & > X7 PERE LT Bicinchoninic acid (BCA) JETHIE LT 82, 7

U— MY — X — TR ERIERE Y X7 E L LTy Vg T VT X v F T AR
DOFEFIATR (Mit, Ms B LN Cyt) % 20uL 72 & TNZ Bicinchoninic acid/CuSO4 + 5H,0

(50:1) % 200pL A1, 37°C T30 oafhiEfz, Z)ootEEE (570nm) THIE L7z,

6. MP ORI X OB TIENE
HPLC-UVHIEIC X D E LN T-MPOR BB L ISO v — 7 & & &2 FLIT, HEdmiz

ISICHT 25 EM DO =7 msDliz, B SIEHY O TR D b AR
FEZa RO T, BAHYOAERMIEIEIL, #7371 mgX7c 0 15 IR S 415 Y

¥ (nmol/min/mg protein) T3 L7z,

7. HREHEAT
In vitro Bk TG LIV RE ST, 3 BIOFRMER L OEERZ TR L, #Z7 v b
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A ML 53 (IZ 30T D MP iR S I8 L OV AL B9 ARURHE M o0 B AR LRI
non-parametric Kruskal-Wallis 33 &2 O Dunn’s test {5 CH B AWM E L7-, F7=, Wistar 7
v MBI SilEE, EBORERL OS5 BiFEOM 1L, unpaired Student’s t test 15

8. 7v M MsIZBIT 5 MPEBTER DR
Wistar 7 ~ MF GEZEER 270 ¢) O Ms i, FE4FE2BLO3ICHEL THE L

7oo Msi£0.6% F U k2 X-100 TrliE bt (Z /X7 BEIRE © )20 mg/mL), KA T
T 1D - < 0 Lz, AIk L72 Ms 1% 105,000xg T 60 4y 8= O BER, 15
ST B3 BRI A, 0.05% Y R X-100, 0.5 mM EDTA 3 XU 10 mM 2- £
NAT N K )=V EET 0.01 M U CIBREERR (pH7.4) (FEEHR A) T—#&EHT L
7=, BHTtR, FBIEN ORI E 10,000xg T 20 i LoEEL, TOREEZH LN
OFEER A T 30 mL/h OFEE Tl & ¥ 72 DEAE-Sephacel 7 7 & (2.5x18 cm) (2
WIN LTz, FREIR A TUeH%, 0~0.3 M NaCl 2 & TofBEie A o R I FE 2R (900
mL) 2KV, MPIZETCHRTEMEDNTRD H728 0.1 M NaCl O#%s 7y A FRAMEE L
7= WEMER, BB ANT0.05% MU Fr X-100 BE V10 mM 2- AL X
J—VEETe0.01 MV UEERREER (pH 7.4) (BRI B) T—®&&EN%, Hon Lo
TR B C 10 mL/h O Tk S 7= Hydroxylapatite 7 7 2 (2.5x15 ¢cm) (Z¥R
U7z, FEMEE B TUE4EH, 150 mM U BRREEIE CIAH &8, MP B TEEREEN
D AV 4y A FRANIE I 12 K 0 IR L7,

9. MPETEEROEERFEM

R L U 7o FERIATRIC MP (&2 - 1 mM), NADPH (&I EE : 0.25 mM),

0.1 M U U Fefefliik (pH 6.0) Z M A TR Z2BERRONAIK & Lz (28 : 700 ul).,

7ok, FEERFREMAEREBRIT MP ORI, FEEEZMZ T2, KitlE 30°C T NADPH
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2L CRAG L, Bt UV-240 BRCEEERHZ2 HVW T MP OE LG T S
72 NADPH % 340 nm (Z351F 2 WO THIE L7c, BERTEME (unit) X, 1453
(Z 1 pmol ® NADPH (£=6.22x10° M- em™) Z(bT HpEEHREL L TE L, 28,

22— VISR SOGTER  © BE SR TR 2 BR N T Vi C 50 L 72,

BSEICEHTHER

1. EBREW
Wistar S21EZ ~ b3 8 Hln CHEARL, 9l CHEMH L7 (HASLO),

2. EERUG

JFlEds L OMGE ORI, 26 OMIaE sy OFHR, 72 6 ONSEEROSIEE 4 & 2.
~4. LR UHETIHM L, HPLC HIEHaUEHZ 08 U7, 7235, GA (&R © 0.0005
~1uM) [T A v F a—T g URNCERONRRIZEM Lz, 7—/v Lk MT
® Mit, Ms 3L Cyt 1%, Xenotech LLC (USA) 2>HHEA L, AREPHERBRITE 4 =
4. CRIUFETEE L, 2k, BRUSERTICEENDL = ) —/ %, KIRE
2.5% AN 72 D K O ICHHR L7z,

3. XU BEOHIE
BN EREIIE 475, LREIUFIETHIE LT,

2. GA ftHES
GA OF 51X Lin & PO HEIZHELC 7=, HET » M MP B 58 X O GA fFH

FERED 2 BRI, TR ENIAMEE 721X GA (10 mg/kg) % 1 H 3 [IfEENEE L
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2o GA BG5HZDOMEGHE~D MP & 5135 3 5 2. LRUGTETIT 2, B, 7
> MEIMP & G-HTH O G H b SE7205, HOKITHBERS 7,

3. Im3FDEI
Be5-025, 0.5, 1, 2, 4 BIO 6 BEfiIZIC, ——7 /VRkEY T CHRERENRD 5 LK

AL, H3%3. (1) ERUHFECIIEERIL, /9 E T-80°C THRAF LI

MAETHE 3 4. (1) &ECHIETHM L, HPLC HIE MR 2 diR L7,

5. MmiEFEE
MAEF MP B L OB REOREIIFE I ZES. LR U HFETER L,

6. HYBENHENT A —F
MP 5 X OB DY Ehie N7 A —21%, HI3ET. LREICHIET, LTS

TA—=Z LR ML,
Cmax, tmax, t12, Oﬁ#ﬁﬂﬁz})ﬁ_} 6H%FﬁﬁiT@mﬁﬁEP/)i%giﬁ#Fﬁﬁ%%}?(—Fﬁ% (AUC6h) %

LTV AUC.

7. SREHEYT

In vivo 8 X W in vitro R TH B IR RIT, 3 HIOFE)ER L OIEREFEZATEL
2o In vitro \Z351F % MPOL ~D#E LHIHNEMEII 695 GA OBRERERTIX, I
RGO L0 ICso ZHH L=, £72, GA fFH# 5 OBk TlL, unpaired Student’s
ttest VA2 L O MP UM 5-HE & A EEMRE LT,
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KW ZTT DI HT2Y, BMITIHREZHY £ LIz AAKR KT fRAEMA T
B Bl QeI LR L B E T,

REFEOBIBIIIC BT, TSRO £ LIE BARKTEFE #EdR, T N
AR iR A FHIETESE/E R L T,

AT D RE OREEREATICER L, WAL THS £ Lz AR RS SRR =
YRR RO IR, RNEEER TR ISR IS T L E T

Kim L DOFERITHIZY, it ZTHEB L OHKREZE Y F L7z SRk 3K

PR f R, WOl Bz Bk, [WORE EEL HEEIRISO B

- LET,

AMRERTT DI 0T, SRADHNETES & Uiz AARKEIKSE JF S
Ty B KM b S Sk, R RRIESE ORI L DR L i E T

% 29 &6 A
FE FZ

-’7’7.



10.

11.

2 Z BN

R RS EhReRAR. RIS JERRAGRR T A N7 A4 o MR 2013, 55 1 Wit AROAC
R H #2013, p. 187-202.
IR PR, SRR SGTER 2 . ARG VLR 2007, p. 1-8.

MRy afrd 7 2 (@EHRBRIZET 2 2 igEE O M) . RS JERRR
BRITA R A > fEan 2013, 55 1R, # A0 3EF B #ifl; 2013, p. 99-106.
FREMWR. G BRI m o AR E LT B2 it B Uk
“FIA A 2005. p. 1-8.

T OLOCKHER & F5) - BtE Db, FEMIETY: BRI - B O 5l &

LT 52 ki G BRI 2005. p. 63-102.

Martignoni M, Groothuis GMM, Kanter RD, Species differences between mouse, rat, dog,
monkey and human CYP-mediated drug metabolism, inhibition and induction. Expert
Opin Drug Metab Toxicol. 2006; 2(6): 875-894.

SN B 53 D3R & £ DOLUCHERE. Fm I R - w5 &

L. 82 il G BB RELN; 2005. p. 9-61.

Rosemond MJC, Walsh JS, Human carbonyl reduction pathways and a strategy for their
study in vitro. Drug Metab Rev. 2004; 36(2): 335-361.

Hoffmann F and Maser E, Carbonyl Reductases and Pluripotent Hydroxysteroid
Dehydrogenases of the Short-chain Dehydrogenase/reductase Superfamily. Drug Metab
Rev. 2007; 39(1): 87-144.

AREBRYY T ENAL250mg A VX Ea—T 4 — A

Nagamine S, Horisaka E, Fukuyama Y, Maetani K, Matsuzawa R, Iwakawa S, Asada S,
Stereoselective reductive metabolism of metyrapone and inhibitory activity of

metyrapone metabolites, metyrapol enantiomers, on steroid 11 beta-hydroxylase in the rat.

-’78.



12.

13.

14.

15.

16.

17.

18.

19.

20.

Biol. Pharm. Bull. 1997; 20(2): 188-192.

Usansky JI, Damani LA, Houston JB, The pharmacokinetics of metyrapone and
metyrapol in the rat. J Pharm Pharmacol. 1984; 36: 28P.

Usansky JI, Damani LA, Assay of metyrapone, metyrapol and the isomeric
mono-N-oxides of metyrapone in biological fluids by high-performance liquid
chromatography. J Chromatogr.1991; 563: 283-298.

Usansky JI, Damani LA, The urinary metabolic profile of metyrapone in the rat. Drug
Metab. Dispos. 1991; 20(1): 64-69.

Chiarotto JA, Wainer IW, Determination of metyrapone and the enantiomers of its chiral
metabolite metyrapol in human plasma and urine using coupled achiral-chiral liquid
chromatography. J Chromatogr. 1995; 665: 147-154.

Damani LA, Crooks PA, Metabolism of metyrapone. 2-Chromatographic and mass
spectral properties of the N-oxides of metyrapone and metyrapol. Biomed Mas Spectrom.
1981; 8(6): 270-277.

Maser E, Hoffmann JG, Friebertshiuser J, Netter KJ, High carbonyl reductase activity in
adrenal gland and ovary emphasizes its role in carbonyl compound detoxication.
Toxicology. 1992; 74: 45-56.

Maser E, Bannenberg G, 11B-hydroxysteroid dehydrogenase mediates reductive
metabolism of xenobiotic carbonyl compounds. Biochem. Pharmacol. 1994; 47(10):
1805-1812.

Fujita S, Chiba M, Ohta M, Kitani K, Suzuki T, Alternation of plasma sex hormone levels
associated with old age and its effect on hepatic drug metabolism in rats. J.
Pharmacol. Exp.Ther. 1990; 253: 369-374.

Waxman DJ, Morrissey JJ,LeBlanc GA, Female-predominant rat hepatic P-450 forms j

(IIET) and 3 (ITAT1) are under hormonal regulatory controls distinct from those of the

-’79.



21.

22.

23.

24.

25.

26.

27.

28.

sex-specific P-450 forms. Endocrinology. 1989; 124: 2954-2966.

Waxman DJ, Morrissey JJ, MacLeod JN, Shapiro BH, Depletion of serum growth
hormone in adult female rats by neonatal monosodium glutamate treatment without loss
of female-specific hepatic enzymes P450 2d (IIC12) and steroid 5 alpha-reductase.
Endocrinology. 1990; 126: 712-720.

Kupfer D, Jansson I, Favreau LV, TheOharides AD, Schenkman JB, Regioselective
hydroxylation of prostaglandins by constitutive forms of cytochrome P-450 from rat
liver: formation of a novel metabolite by a female-specific P-450. Arch Biochem Biophys.
1988; 261: 186-195.

Imamura Y, Iwamoto K, Yanachi Y, Higuchi T, Otagiri M, Postnatal development,
sex-related difference and hormonal regulation of acetohexamide reductase activities in
rat liver and kidney. J. Pharmacol. Exp.Ther. 1993; 264: 166-171.

Imamura Y, Honda Y, Ryu A, Murata H, Kojima Y, Otagiri M, Sex-related differences of
acetohexamide reductase activities in the liver and kidney of various mammalian species.
Res.Commun.Chem.Pathol. Pharmacol. 1993; 80: 371-374.

Maser E, Netter KJ, Purification and properties of a metyrapone reducing enzyme from
mouse liver microsomes-this ketone is reduced by an aldehyde reductase. Biochem.
Pharmacol. 1989; 38(18): 3049-3054.

Maser E, Gebel T, Netter KJ, Carbonyl reduction of metyrapone in human liver. Biochem.
Pharmacol. 1991; 42: S93-S98.

Martini R, Murray M, Characterization of the in vivo inhibition of rat hepatic microsomal
aldehyde dehydrogenase activity by metyrapone. Biochem. Pharmacol. 1996; 51:
1187-1193.

AR, G ERE Y BE PO R L LT 2 it O Bk

2[R N 2005. p. 121-130.

.80.



29.

30.

31.

32.

33.

34.

35.

36.

37.

SR EARR. AR SETH 2 . HO: FEVLAL; 2007, p. 131-148.

Obach RS, Baxter JG, Liston TE, Silber BM, Jones BC, Macintyre F, Rance DJ, Wastall
P, The Prediction of Human Pharmacokinetic Parameters from Preclinical and In Vitro
Metabolism Data. J. Pharmacol.Exp.Ther. 1997; 283: 46-58.

Iwatsubo T, Hirota N, Ooie T, Suzuki H, Shimada N, Chiba K, Ishizaki T, Green CE,
Tyson CA, Sugiyama Y, Prediction of in vivo drug metabolism in the human liver from in vitro
metabolism data. Pharmmol. Ther. 1997; 73: 147-171.

Naritomi Y, Terashita S, Kimura S, Suzuki A, Kagayama A, Sugiyama Y, Prediction of
Human Hepatic Clearance from in Vivo Animal Experiments and in Vitro Metabolic
Studies with Liver Microsomes from Animals and Humans. Drug Metab. Dispos. 2001;
29: 1316-1324.

Lutter P, Savoy PMC, Campos GE, Meyer L, Goldmann T, Bertholet MC, Mottier P,
Desmarchelier A, Monard F, Perrin C, Robert F, Delatour T, Screening and confirmatory
methods for the determination of melamine in cow’s milk and milk-based powdered
infant formula: Validation and proficiency-tests of ELISA, HPLC-UV, GC-MS and
LC-MS/MS. Food Control. 2011;22: 903-913.

Shen HY, Jiang HL, Screening, determination and confirmation of chloramphenicol in
seafood, meat and honey using ELISA, HPLC-UVD, GC-ECD, GC-MS-EI-SIM and
GCMS-NCI-SIM methods. Anal. Chim. Acta. 2005; 535: 33-41.

Vogeser M, Seger C, Pitfalls Associated with the Use of Liquid Chromatography—Tandem
Mass Spectrometry in the Clinical Laboratory. Clin Chem. 2010; 56(8): 1234-1244.

Hannah DM, Sprunt JG, The quantitation of metyrapone and its reduced derivative in
urine. J Pharm Pharmacol. 1969; 21(12): 877-878.

R OFER A, TEE, AEER JOHE AT BT - R0k

MEE LC. 52 iR SR FO B IR 2005. p. 157-168.

.81.



38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

Flin & BRI RE. BRI ENRE S BRI R E O L LT BB 4R R
U RV 2011, p. 255-273.

IS BT I d 1T 2 F T S 2. S BRI - M O A L
LT 22 ki G BRUERRLAN; 2005. p. 245-259.

Kato R, Yamazoe Y, Sex-specific cytochrome P450 as a cause of sex- and species-related
differences in drug toxicity. Toxicology Letters. 1992; 64-65: 661-667.

Felsted RL, Bachur NR, Mammalian carbonyl reductases. Drug Metab.Rev. 1980; 11:
1-60.

Yamano S, Kareura E, Ishida T, Toki S, Purification and characterization of guinea pig
liver morphine 6-dehydrogenase. J.Biol. Chem. 1985; 260: 5259-5264.

Wermuth B, Miinch JDB, Wartburg JP, Purification and properties of NADPH-dependent
aldehyde reductase from human liver. J.Biol. Chem. 1977; 252: 3821-3828.
Gomez-Sanchez EP, Romero DG, de Rodriguez AF, Warden MP, Krozowski Z,
Gomez-Sanchez CE, Hexose-6-Phosphate Dehydrogenase and 11B-Hydroxysteroid
Dehydrogenase-1 Tissue Distribution in the Rat. Endocrinology. 2008; 149: 525-533.
Bandiera S, Rtan DE, Levin W, Thomas PE, Age-and sex-related expression of
cytochromes P450f and P450g in rat liver. Arch. Biochem.Biophys. 1986; 248: 658-676.
Kamataki T, Maeda K, Yamazoe Y, Nagai T, Kato R, Sex difference of cytochrome P-450
in the rat: Purification, characterization, and quantitation of constitutive forms of
cytochrome P-450 from liver microsomes of male and female rats. Arch.Biochem.Biophys.
1983; 225: 758-770.

Kamataki T, Maeda K, Shimada M, Kitani K, Nagai T, Kato R, Age-related alteration in
the activities of drug-metabolizing enzymes and contents of sex-specific forms of
cytochrome P-450 in liver microsomes from male and female rats. J. Phamlacol. Exp. Ther.

1985; 233: 222-228.

.82.



48.

49.

50.

51.

52.

53.

54.

55.

56.

Kato R, Sex-related differences in drug metabolism. Drug Metab.Rev. 1974; 3: 1-32.
Einarsson K, Gustafsson JA, Stenberg A, Neonatal imprinting of liver microsomal
hydroxylation and reduction of steroids. J.Biol. Chem. 1973; 248: 4987-4997.
Gustafsson JA, Stenberg A, Irreversible androgenic programming at birth of microsomal
and soluble rat liver enzymes active on 4-androstene-3, 17-dione and Sa-androstane-3a,
17B-diol. J.Biol. Chem. 1974; 249: 711-718.

Reyes EF, Virgo BB, Neonatal programming of ethylmorphine demethylase and
corticosteroid Sa-reductase by testosterone, dihydrotestosterone, and estradiol. Effects of
an anti-estrogen, an anti-androgen, and an inhibitor of estrogen synthetase. Drug Metab.
Dispo. 1987; 16: 93-97.

Pak RCK, Tsim KWK, Cheng CHK, Pubertal gonadal hormones in modulating the
testosterone dependency of hepatic aryl hydrocarbon hydroxylase in female rats.
Pharmacology. 1984; 29: 121-127.

Dannan GA, Guengerich FP, Waxman DJ, Hormonal regulation of rat liver microsomal
enzymes. Role of gonadal steroids in programming, maintenance, and suppression of
A*-steroid So-reductase, flavin-containing monooxygenase, and sex-specific cytochromes
P-450. J.Biol. Chem. 1986; 261: 10728-10735.

Bandiera S, Dworschak C, Effects of testosterone and estrogen on hepatic levels of
cytochromes P450 2C7 and P450 2C11 in the rat. Arch.Biochem.Biophys. 1992; 296:
286-295.

Morgan ET, MacGeoch C, Gustaflsson JA, Hormonal and developmental regulation of
expression of the hepatic microsomal steroid 16a-hydroxylase cytochrome P-450
apoprotein in the rat. J.Biol. Chem. 1985; 260: 11895-11898.

Gustaflsson JA, Mode A, Norstedt G, Skett P, Sex steroid induced changes in hepatic

enzymes. Annu.Rev.Physiol. 1983; 45: 51-60.

.83.



57.

58.

59.

60.

61.

62.

63.

64.

65.

Gustafsson JA, Stenberg A, Neonatal programming of androgen responsiveness of liver
of adult rats. J Biol.Chem. 1974; 249: 719-723.
Imaoka S, Yamazoe Y, Kato R, FunaeY, Hormonal regulation of rat renal cytochrome

P450s by androgen and the pituitary. Arch. Biochem.Biophys. 1992; 299: 179-184.

Kamataki T, Maeda K, Shimada M, Nagai T , Kato R, Neonatal testosterone imprinting of

hepatic microsomal drug metabolism and a male-specific form of cytochrome P-450 in
the rat. J.Biochem. 1984; 96: 1939-1942.

McClellan-Green PD, Linko P, Yeowell HN, Goldstein JA, Hormonal regulation of

male-specific rat hepatic cytochrome P-450g (P-45011C13) by androgens and the pituitary.

J.Biol. Chem. 1989; 264:18960-18965.
Hara A, Nakayama T, Deyashjki Y, Kariya K, Sawada H, Carbonyl reductase of dog liver:
Purification, properties, and kinetic mechanism. Arch.Biochem.Biophys. 1986; 244
238-247.

Sawada H, Hara A, The presence of two NADPH-linked aromatic aldehyde-ketone
reductases different from aldehyde reductase in rabbit liver. Biochem.Pharmacol. 1979,
28: 1089-1094.

Hara A, Inoue Y, Nakagawa M, Naganeo F, Sawada H, Purification and characterization
of NADP+-dependent 3a-hydroxysteroid dehydrogenase from mouse liver cytosol.
J.Biochem. 1988; 103: 1027-1034.

Oritani H, Deyashjki Y, Nakayama T, Hara A, Sawada H, Matsuura K, Bunai Y, Ohya I,
Purification and characterization of pig lung carbonyl reductase. Arch. Biochem.Biophys.
1992; 292: 539-547.

Imamura Y, Higuchi T, Nozaki Y, Sugino E, Hibino S, Otagiri M, Purification and
properties of carbonyl reductase from rabbit kidney. Arch.Biochem.Biophys. 1993; 300:

570-576.

.84.



66.

67.

68.

69.

70.

71.

72.

73.

74.

Kato R, Yamazoe Y, Hormonal Regulation of Cytochrome P450 in Rat Liver. Cytochrome
P450. 1993; 105: 447-459.

Yun KU, Oh SJ, Oh JM, Kang, KW, Myung, CS, Song G, Kim BH, Kim SK, Age-related
changes in hepatic expression and activity of cytochrome P450 in male rats. Arch Toxicol.
2010; 84:939-946.

Kawai M, Bandiera SM, Chang TKH, Bellward GD,Growth Hormone Regulation and
Developmental Expression of Rat Hepatic CYP3A18, CYP3A9, and CYP3A2.
Biochem.Pharmacol. 2000; 59: 1277-1287.

Graeve JD, Gielen JE, Kahl GF, Tiittenberg KH, Kahl R, Maume B, Formation of two
metyrapone N-oxides by rat liver microsomes. Drug Metab. Dispos. 1978; 7(3): 166-170.
Testa B, Jenner P, Inhibitors of Cytochrome P-450s and their mechanism of action. Drug
Metab Rev. 1981; 12(1): 1-117.

Shaw PN, Tseti J, Warburton S, Adedoyin A, Houston JB, Inhibition of antipyrine
metabolite formation. Steady state studies with cimetidine and metyrapone in rats. Drug
Metab. Dispos. 1986; 14(2): 271-276.

Arampatzis S Kadereit B, Schuster D, Balazs Z, Schweizer RAS, Frey FJ, Langer T,
Odermatt A, Comparative enzymology of 11B-hydroxysteroid dehydrogenase type 1 from
six species. J Mol. Endocrinol. 2005; 35: 89-101.

Lin D, Sun W, Wang Z, Chen LG, Chen XL, Wang SH, Li WS, Ge RS, Hu GX, The
effect of Glycyrrhetinic Acid on Pharmacokinetics of Cortisone and Its Metabolite
cortisol in Rats. J Biomed Biotechnol. 2012; 2012: 1-5.

Diederrich S, Grossmann C, Hanke B, Quinkler M, Herrmann M, Bahr V, Oelkers W, In
the search for specific inhibitors of human 11B-hydroxysteroid-dehydrogenases
(11B-HSDs): chenodeoxycholic acid selectively inhibits 113-HSD-I. Eur J Endocrinol.

2000; 142: 200-207.

-85.



75.

76.

77.

78.

79.

80.

81.

82.

Tomlinson JW, Walker EA, Bujalska 1J, Draper N, Lavery GG, Cooper MS, Hewison M,
Stewart PM, 11B-hydroxysteroid dehydrogenase type 1: A tissue-specific regulator of
glucocorticoid response. Endocrine review. 2004; 25(5): 831-866.

Ricketts ML, Verhaeg JM, Bujalska I, Howie AJ, Rainey WE, Stewart PM,
Immunohistochemical Localization of Type 1 11B-Hydroxysteroid Dehydrogenase in
Human Tissues. J Clin Endcr Metab. 1998; 83(4): 1325-1335.

Maser E, Volker B, Friebertshduser J, 11B-Hydroxysteroid Dehydrogenase Type 1 from
Human Liver: Dimerization and Enzyme Cooperativity Support Its Postulated Role as
Glucocorticoid Reductase. Biochemistry. 2002; 41: 2459-2465.

Odermatt A, Atanasov AG, Balazs Z, Schweizer RAS, Nashev LG, Schuster D, Langer T,
Why is 11B-hydroxysteroid dehydrogenase type 1 facing the endoplasmic reticulum
lumen? Physiological relevance of the membrane topology of 113-HSD1. Mol Cell
Endocrinol. 2006; 248: 15-23.

Marandici A, Monder C, Inhibition by glycyrrhetinic acid of rat tissue
11B-hydroxysteroid dehydrogenase in vivo. Steroids. 1993; 58: 153-156.

Kraulis I, Li TMP, Lantos CP, Birmingham MK, The reduction of SU-4885 by adrenal
glands and other tissues and its inhibition by ACTH. Can J Biochem. 1968; 46(5):
463-469.

Crooks PA, Damani LA, Cowan DA, Synthesis of N-oxide derivatives of metyrapone and
their detection as in vitro metabolites. J Pharm Pharmacol. 1981; 33(1): 309-312.

Smith PK, Krohn RI, Hermanson GT, Mallia AK, Gartner FH, Provenzano MD, Fujimoto
EK, Goeke NM, Olson BJ, Klenk DC, Measurement of protein using bicinchoninic acid.

Anal. Biochem. 1985; 150: 76-85.

.86.



