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B EIRIZZNR

LRFEEY A4 b A A 2 recombinant 11-10 #2110
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ETiE+T A4 PRIOIRTNFER 2 o— Vi
f¥adalimumab (D2E7) 5838 2 & FpSSTNFHE
FHHDonerceptb HETdH 5,

R fER (20 L TRALFE#E R (PUVA) DI A
23R 7 o FRITEIER &L ERATEOR,
2504 FEBLFLF/A4VF, € 22Ddt
FHd{Thbh i,

¥ %

—EID, PsABE Y, RABFICHEL, &
MIZDOWTOHRISLLEL, BEOFA®LL
ERONTWEISEEDRETIIRAL FELICHE
B4, QOL(quality of life) ik TH#h, &
fHERIETE D V.

s HHIC

Sk, WCEVERIEI 2 (PsA) O FE % 2 SR & 1F
R EEOIYF S SIIRIN5,

X #®

1} Mease PJ. Current treatment of psoriatic arthri-
tis. Rheum Dis Clin North Am 2003 ; 29 : 495.

2) Berthelot JM, Psoriatic arthritis as a mountain,
Rheumatismo 2003 ; 55 : 6.

3) Brockbank J, Gladman D. Diagnosis and manage-
ment of psoriatic arthritis. Drugs 2002 ; 62 ; 2447,

4} Gladman DD. Current concepts in psoriatic arthri-
tis. Curr Opin Rheumatol 2002 ; 14 : 361,

5} Boumpas TD, Illei GG, Tassiulas OI. Psoriatic ar-
thritis. In : Klippel JH, Weyand CM, Watmann R,
editors. Primer on the Rheumatic Diseases.
Atlanta ; Arthritis Faundation ; 2003, p. 233.

6) Wil M0 EAMEREIR. In (EEAZ -/ T
i - ) o=, EE L SIETEIE 2008, p.245.

7) Arnett FC, Edworthy SM, Bloch DA, et al. The

American Rheumatism Association 1987 revised

_.90...



31:100

criteria for the classification of rheumatoid arthri-
tis. Arthritis Rheum 1988 ; 31: 315.

8) Dougados M, van der Linden §, Juhlin R, et al.
The European Spondylarthropathy Study Group

preliminary criteria for the classification of

B d-f g R E

spondylarthro-pathy. Arthritis Rheum 1991 ;
34:1218.

4} Mease PJ, Goffe BS, Metz ], et al. Etanercept in
the treatment of psoriatic arthritis and pseriasis :
a randomised trial. Lancet 2000 ; 336 : 385.

_gl_



=’F-‘r‘y a—

e
?@%bﬁﬁbftjgﬂér

Bt
-6. — E
i +P372352#PE * ‘E'- A
otz mey)

FEICRIEZIRT U, DVCREDERZLTLED

TINE3 LVESR. EBUSTS (UDTF),
v Y USTFOBESR. REREIC60F~705 AV EVDNTETH,

TORFEEREEHISNTLE EA

UL UL SERDIRREDSZHDENIFT.

SULFOMRNEREELHREINBUHTNET,
BE DR ENES T B 5. Zz;;;:gﬁi ﬂ.:.@f:fbé SIZTIEAR U]
BIER U 7 F ~__ IDRE ‘JﬁmL\ rﬁ‘?%iﬁi')i’h
MHICIREBEEPTREFGE TR T2 s,
EiEkER . CHB5OMRMTELCVIYFORF MENCFEETAETHTMBEE IR TLIVWES, &
KEEhTWIE3TTR, OATIERI LA U X » TR S, Bogn

(MY =F (Vo<F) 25, BEHE2EM
LLTwET,

ZOHTH, FCHMERORIEICEEREY S -T
WwiEg,

LV DRMNZARAL LS ICIREL. B
MEAALA—XLZHITOOFEETBLTVLE
BT

MEROREN L OTHE) v FREREN
MHEL. ELOBMPBICRIENIRZ B LTHAR
Mg EOERYFANE T, Blbid, otk
MEDE IR AA=ALTRELOHPEMRIIL, &
LILHEHEORRLHIBL TR LTV T

U FRERMEAMEEE, FOL>eRER
DTLEI P,
o<+ L EEEMEED. BETHBICRIEA R
ETMAVELDBHRATY,

2o, PHIERLTLEIDTY,

Ve FREHRIEEILLEoTEY, Bhses
CEXFBELWIRA T, LrbRAMETLTRES
ZHROERE. REVBEToTHLEITRRYE
Ao

BERY < FORRERLERTHEVI LY
by BTHARLRIEZIWE THESTOMEETELN
FWEH D B RIERIRIRY 7 FHIC L
ERENERIC R TVET,

—J. EREMEERDSRELR AR
D, MEOREIUE Ko SR, F LA EEl
NEIIICTED, MAIREIDZEVHIHDOTT,

EEAMBSEORREE LTk, Nk, SEOXF
—I AMERERELORET,

B0 < F L BB EBE HERPB TS
72h, BATRHWAELVERVE T, WHON

338

_92_



BB O F L ERALRIEE

BRIV F
ER v F

e

RE
BEPRERAT
VIERaNAR
I55REIL.H
33 B gl T

VA HEUERY

Juihaentaiy BLRNITHhET
FBLTS, BANED,
BB 7 F R R M MR E LR B R RS AT, MBS ONEE - T BT S
1M E LAV ETHIRES RELECLTER LAY EALTEEOH DR
IR END, e E-TER . C2ELTWWTHERDSED, ZOBB R ARIZEL
BHZEFECATMEL T B DRI AAA TEPRE L ELREL TV,
ABEREFIS EH R0tz ARy F Y OB ETHrORIETLIAOR LI 1L
FEODH £ 217135 dvntl s 5] D3t, SOhY, VYTFOREICE. BOBK
. cqT FERBCRERVE VIR DS THBO TRV
BEARA - BRAEDITO NEN3 DD DT
I FIHEIRTVILTENIDIE, EDL U= Fid, EEIRHEOLIE, [ZTHvH 4
IBFLEOTL LI, BELTWALRHELRATW] LwniRed ¥ b
(= Feng EBEFYORAIZLOIEPRA DERA, SONALLE, BN ITFITRDT
Ho0b AL, FEZ40ERRA S500ER BEHEMRB L HITTY,
ERIETLHTFRLEZ VDT, U2 FOEROETIIAELFIIEZ LI DD
S LT, ERHELGHAE LR LUEDANTRE Ny—rby T, | 2BREFETAAICILLE
PEHLE T, LaRy—rv, hidekolgnl #hHEd, =
IV FRIEL D R EEBICE W DL FTOF %L, AYRBEOY TeFTiELd
AT Bzl s Evwbhtwid, LAL 27D, BREAOEBRIDELLLEELATT,

_93_

339



e .

FLT22HD 3701 0OME. BRETRHICE mnra%&otbbtaguuv7¢@q%ﬁﬁ
L3 B15 =0T, BYOIFD1IOAIR. XX HYPETOT, TCERBEBTTOL 4
ol Bl koD EL., e ICHEIE .
- YT FISRERD

WFRICLT. ) e PRSI RA RO Eﬁggggg gf__’,
EEARERET Y b u—-ATETT L. BOLE xt

LHLREIEIROLEDLIEATEET. DIRFHREZADZALEBAT F2an,
&, BAEDIE SIZFERT DI, B [MEORHB I ZEH SR TWERA, 2272
RET ) O N FOREKRFRI T
b - T S .|
80 . B2 5 (2018)

B 4 (1,288%))

0T T e o b BT
. H | |

1489 (MR, 1994

ERABSEORRFERS T
(&) -

—— BT F140~508%
000 o i | KTRETHIENFL,
g > A ) | T A BIFE(260~B0RE
5 - RRENRS0L000% ' ficB<EBNE, Thit
= R0 IR
A 2000 BN ERNEBETIC
5! u BRI A B A EEND
5 o ha, 54 WHE BN
A 100 E WHERITERTH B,
X
35 45 55 65 70 75 80 85
{ § § A S S M
_ 44 54 64 69 74 79 84 .
EES (BR)

+% ! BIOINDUSTRY 1998 No.I1

340

...94_



FEY O Y F LR BETEDE L

MmUYy v F ERA4BIMIE
‘/”—_
i _ Z | Bmsaomrosomo | BAS0EERETHERMA
g CLE) CEVRIEORRICLL S =
L ARSI o TOET, B | sgoRgciy Aokl | nEsHEsEcIIRES
st | BRVERRERTD PUTRAIEITTS
gkroEiE. KRKRALLCHER 7
yoRYE IR LUTHERT bRtk L EPHA<HBOEAY | MESRELLURESD
5 b OBfiD o TV EFo A, i Z | wTm #Rsh3 (REHIRCB) CELBHD
W :
b
S DEIZRERLEWES 27 # | LELE2BOL3E EH. - -
a S HAEOK v P A 2B S B BIER D
gy I AEINTHLOTTH, £o7/ay
fE % =
5 AECAE LT, BETHRETH % | tomu (me.mamm) . | Oo T BRHL B HE
D Sm ot reamn sop | CHETE ThHOMY
WHSHBRRIGLTLEI I LdH D H 2 : BOME. FE. VL ELE
3 | PHBLRETS CRETBCEEHD
OTt. ChEFHDRERBE VTS, %
% | mEse - . -
B - - UL E—d. 5 | ARCHOBAOMBCR | $YBONROMBICRE
H, BRPERBICLAET F—1 f\g i T

HBPOATELRMIIHL, BED
LCRBEICRENRE T 50108
AHATT .

o FOESE, RECFETL IR IS
YEWIF AT FUIH L TRERPRERIG L2
cLTwaniElidmamshtnid, I#Mas—
HFURAZOEICLEL L H MBI, Gkl
MAREVE LTHRRBLTLE I DIFTY, 20/
DI RES R E TREORMARI > TLE
YDTE,

SOEIBAHSA LMD o TWEDTTIN
BEL LD LOREREMNLELZOMITEH O
K oTWwEHA.

BERZ LA, 9ARZBELEDHTWETH
FRELS b A

IHEZLWIEDFRLL, BRTRY Y= F1
WCOPDOFANEL ) Ao TRIETAHAL L
bhtwd

—

BIERR DXRTEZMA S
Frvvono—
FEFYITFORRICXyvyv7O-%FbO
TWBESTEY., ChidENLES>54605OTL
&2 H,
[Fxvy2u—LR>~RL—FEOT HIFOY
©. RORTIHOMD L 5 BRIADH S &Ab 2
OHRMOEET LI,
AT, Fry v ru—ldAEroERNY
ELTHOOLRTWE ) TF. EFETREZET
THIESh, BEREFOWENRShTHET,
1994 £ITIIWHO  (HERREERP) 12Xk, BifE

H O WHASEER % b OB MY & LTARIH

E3hTtwid,
BRAVFr oy 7 0—-OMETHO-DE. i

_95_

341



(B YL RALZETNF

o FHAGERMONEEZE T I YHOEE. SEIRETIYoA
Zr—YRLSRELMRIPSELEESHh, BANCEZEREDBERLEES. T
NFIIREEBLE ¢ 3~ EAOBMERAREOIERL LY AT,

342

PHOEEFEHDOIL T, TAVALRETELE
HanTwa)o<wFoEl, eFoFyruasx
YEWS30HDET, ThRV Y2 FIThoT
LAFFLEF—MRANT 7 H 5 Vv R EORE
FMFE L DS, TTIRUDITNN SRLHBEEE T,
ETHHREVBVwEVWbhATVET, LALHEERT
BEWEA CREENRE LSt dtho iz, 48
BToI LI TE&EHA

—%. B, EBENTWBON, EH2aEH
EVH) HDTY,

AP ER R 21k, RERISIZE D REDREE
AHTNFEWHIHA Ph4 Rl D offta%
Vb EIZk-T, HOREKBTREER
EERWLL I L WS ETT,

L L. COEYENEARHEIEVRDY
L ETHEMLLORDTY,

FITHRAEBREFOE Y rood 4N
AR OZHEN LRy FEERBLEL,
FLTHE 70Xy v v 70 =700,
Fyyvru—iZix, 7rAuL F G2 BEFE

~

FrvVoO—&E

4w 90— (Cat'sclaw)
2% . Uncaria tomentosa (Willd.) DC.
e PHEHE
B4 : Unadegato

(ZaAOM, LS8
[y © ~AUL—
ERANE (RS (k. &

%‘_\——-‘.
nfﬁb‘tFu#9¢un#Vtﬂt:5&ﬁm
AR TET T

COTNABAL Fid, EWENEAOL 51204
77— YHEAT B TNF X SR 2420
TP EEIORILL TITHLALFy .,
V7 a—-OBfRE DD TT

UryTFORENS50 %IWA Shz

EEOHAROABEHRA TV T4,
[F43Fy v v o—2 mEfke<sa7,
—VOEHALB LUV Z EEFMZ 20 L5 0%,
ARERTHAT Lizns,

ZOER, TNFLREOYL AL 280228
XRENIEEL Do DT HALIAR
SFTFURF TGV WA YA RNZERL
HolzOTTMH THELEDLDHTHNWLOTLLE,

roasbiLanZ i, ABEANTERLEE
Rz Alnd v vV 7 u— %R T LB TRE
WIZEWERSH 0T,

T YA, HEVMELHRRT RENTLE, 2
~ 3 HEAWIZ100% OB TRMANREL T,
LaL., #5188 0F vy 7u—DLER
(75% % 7 — L) %05ml¥ofidsl,
YOy ASMMRERELILATLI,

TOEBOEEILLHB LI, Frvviu
—RYBICEERS TS b, BOBEMLAE)
PREIECDTT, 352, Fryvru—oi
EORFERYULTEZSEDD, FryYoH
—DOEFEEES I LEIPLOERBMSLOT
T, ZOBHIZ L A D AN, EEHRR

_gﬁ_



o FAHOTE )
L peR S ThIERORH (FLHYENN) OBBT. 22X
L g REN S, XryYoO-CEEhIOReEREVDIINF, ETOF
A UFaRT ek vV I R-HHOT AN K,

—
pOREORS T Lo TRVERIHD. & VHRTLB b0, ¥/ ¥y 7B VA Y K2t
W B LALETA, HHETh,
o TR TFHHHR LIS LTI EALL ) T WA AAMERARSLFES VLA TRT
o FIRHMROBALEUEIRNELTRIYZ WId,

Fhb. KOREOEARIHICF vy Y7 u—%
A TH C ERRMIERIRA S h B TREED D
nE¥
FRIZUITFOREZALBRATES oo~
211HBDTLLID,
(AAENT 2 REEATREVDOTTR, YD
FOEBRBOLDILF vy YV 7u—2HKATHAEN
33ADHICBERA L ENHY TT,
coFELbRFYy vy v u=23TRE, bHA
AEROMETHHI 7 FELMALTHEDOT
T Frovvrzu—kRiIEilioT. AT
£ PR EDEOREROG T ENTELADVD
L3 T

Vo2 FORESARBEVIEALD L L, TEN
BLYWEREZOTIRENEWTT IO, BIICEE
PR BHEERZEEFALTLIWERST
v}

BT ol EHRRE LRI AR Y T2 - d
BETTHL, WAAEHL 500 LAY,

Fhdrovru—il&InLTAOL FIZIE,
AVFORF 4 DL RENSEERE LD
DB ET, RIEXIWE L LV T LIIRERE
PRALIEREEIEHRL 20T, BX2?
LEDLhBEEFLVEIL LI A,

B E VI DIEINT Y ABKYROTT, KER
IEAFI B L T4 VARLHEPHAMRICR 6N
TLEIL, FRBTELLTLAF—RYYTF
oK TLIVET, SROTVAD
A FISHS E o 2R R L, BRI R - R
2T 0EREEANDLEELZORE T,

B2 v=Folal. oz rsa7 r— Y8
FE D L ANORROEDICRENIFIEEITE
hTLEH>OTT, w7 u77—3EHE, HEE

SEADRBINT VA U FEFILOIBOREEF v v Yo O—hieE
BRZT 20 _—
REENZS @ Cxerrt
¥y VOO, REED %‘4 — ——Qﬁiﬁ%‘
A3FNHOCKDERC, ED 2 o o B kerapo
£IBEAFEEATLBOTL gos— o T M
&I H, = al— - . _
THOSIEAER &SRS 5 & i . . —
IE""" 'J'ﬁ?;:Ej_"Jl« ')")7;-'5?111 S
FyyV 7015

ERORARER (n=7)

_97_

TEI20NFRLPHE)ITFHERERT—F

343



AR GHELTBELRLLRDHOTY, LT3
MO0 77— VIRARTHLESTHI LM
{ETERWADIL, BIRTTLIVEOHERE, &£
ERDPELERLDTY, TThseru7r—Y
OERLHE L THER AR 42T &
EFR{RBSELIENTELOTTL

CHLEHT Fyy v ru—liRAEGROGED
NGy AR THEHVHLEITT, Bo72R
EREEZLEIRLTRL LW EETIE, w4 4N
FRERTIEEAERA v vodd LA, ¥
TREI LTHR VAP EE6L DN 3
Thbial

TR EEER AR —VICED
BEiDEmAICE

ABOBE. FHRBRBER{SVWTLES D,
[FELiTbh» ) FAd, BEEHVWLEBESA
b, LHIZZEAZ05~1 ghkThTnwaik
3TT

EMEROLEIEEVOTL £5 b,

[RDT 7= 7 AOEB TR, FRRRohTd

by Y I O— OB & fER»

—_—

ATLI AZ-7:6 1 H500 gﬁ;&‘@%ki
KEEWIREDHY ITTI WRIILA Loy
TwnkHunid,

L, BBOELFU CERER S5 L0,
DT, HEEFPRATOLN., FLMRITEHK T e
332w TLr9Hhl

FyyYoO-—id. Vv FRAOMERIE
BEHBZOTLLEI D,
[RIEZMR., SUREN L HL0T, BiliokE:
FAMAMTIIN RS L ERVES, FIAITE RN
MMEIC S LTI RWTL 5%

FRAR—Y VAIRTIECWEBIOTY, B
ickvwEwiiEbhla Iy Lal

SHEOEEOHRDAAEBHILESFEN,
[AATHEL AR v FREHEIROh TG
FL. RSB L LD TV BH L EYENEY
FHIEME T

TTroF vy y27u—2R L LT IHBOT
vAud Fomhs, o FHEESL 0%
BLTWEZWTT4,

22U, WAWARESTEHIVICEEG L Towdh
WEIFTLEALZVWE ST, 4
AFbEbEXRIEL, HEICELY

HAE REMLLER L Mg F 5, Y oo R TE

LATWATL SADIEEADL
{UFORF Sa AR LI A DT E 2Tt
FORF AVITT . | DEORRERC DizbirEEl
IS T4 UYL aT LU, BUBESTEVELL.
Y a7y I/ MERE R OREETE
*JEVIMINALE FREMER AL RER L E

— FAP LTI hTHY MEELIER. A AER ' -

¥ ! Rita Aquino. et al. JOURNAL OF NATURAL PRODUCTS. 1991 : 54{2) | 433439,
Renato Rizzi, er al, JOURNAL OF ETHNOPHARMACOLOG. 1993 : 38(1) © 63.77,

344

-08-



F v voO—DYUIIFADHR

F=2ANUPTEERE LTHEATNTVS [KRALLENDORN®) #EALK
S ERERRETLERRETIIORREE

BBV v FEEHAORERD

£S5 CEEBIIEAT L. 0~243 : —HERHER

. NE X vy VIO-IFZAYATILE
MiF|&H (tend ts). B \
e e B o771 TR (RS cone)
* 198 F75ERHTRILEIH T/ BER

ﬁﬁéﬁnf—%’ .ﬁ.. (Ritchie Index) ~ N
—~ M gﬁg YL — ‘j
;}ICD“ | 114 ( mi tiff- 24~5438 BECFYryvHO—IFAADATERILE

ness). f"iE (disease activ- HRLTHS5 21
g; %ﬁS(S?'")‘wffg% 0~24 FNEBETHATEyy VOB 5K, BEEO
A Fy, ERMBAS. BOCDIEUHIES LEDCHL, 7

(CRP) IZDUWVTEHE L 720 BR SEERBECNSEHELREPERShED ST,
24~52 8T}, ¥ vy Y7 O—BRICLYMEBORA, EH
BIEISA. MO b FERICED U .

. , 0~24B7 T KEBIAE,
sy O-T AR 24~52R% vy IO—TX %
0. 2438, 52 A DR D FHIHE S X 4 - K5 B (D PR
*0<0.01; *p<0.001 *n<0.01
10 . 10
1
ad ™
-
B - m
4 - . [ |
, g
2
'e“(dfﬁ‘ims “‘(’"i’g;m Ritchie Index "“irﬁ',"’ﬂm“ CA20) “‘(’Eﬁ"ﬁf’;’“s Ritchia Index ““E’i‘}“ﬁi"ﬂ?s
7.7 6.9 5.5 2.3 8.3 6.5 4.6 2.3
3.6 - 6.1 2.9 1.2 6.3 5.6 4.2 1.8
2.5 51 24 1.5 2.7 341 1.8 141
50 50
40 40]
30 - 30
107 disease activity pain CRP 10 disease activity pain ESR CRP
(VAS) (vAS) (mm/h) {mg/) (VAS) (vas) (mmsh) {mgAn)
33.6 27.3 15.6 42.4 29.2 3041 28.2
S:34.8 |- 338 256 33.9 28.1 31.9 3.2 ———
33.5 28.6 13.6 23.3 2041 29.3 29.8

¥ : Erich Mur ct 21.The Journal of Rlicumarology. 2002 : 29(4)  678.681.

345

_99_



Available online at www.sciencedirect.com

BCIENCE @DIRECT'

Journal of Chromatography A, 1031 (2004) 213-218

JOURNAL OF
CHROMATOGRAPHY A

www elsevier.com/locate/chroma

Determination of midazolam and its metabolite as a probe for cytochrome
P450 3A4 phenotype by liquid chromatography-mass spectrometry
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Abstract

This study demonstrated the analysis of midazolam and its metabolites by liquid chromatography-mass spectrometry (LC-MS) with a
sonic spray ionization (SSI) interface. The analytical column was a YMC-Pak Pro Cy3 (50 mm x 2.0 mm i.d.) using 10 mM ammonium acetate
(pH 4.8)-methanol (1:1) at a flow rate of 0.2 mImin~'. The drift voltage was 100 V. The sampling aperture was heated at 110°C and the
shield temperature was 230 °C. The lower limits for the detection of midazolam and 1'-hydroxymidazolam were 26.3 and 112.76 pg injected,
respectively. The calibration curves for midazolam and 1'-hydroxymidazolam were linear in the range of 0.1-5 g ml~', Within-day relative
standard deviations was less than 7%. The method was applied to the determination of midazolam in monkey plasma, and the analysis of
midazolam and its metabolites in an in vitro study with recombinant cytochrome P450 (CYP) 3A4. This method is sufficiently sensitive and
useful to elucidate the kinetics of midazolam metabolite formation. We also investigated the effect of propofol on the metabolism of midazolam

using recombinant CYP3A4. Propofol competitively inhibited the metabolism of midazolam to 1'-hydroxymidazolam by CYP3A4.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction

Midazolam, 8-chloro-6-(2-fluorophenyl)-1-methyl-4 H-
imidazo[1,5-a][1,4]benzodiazepine, is used for intravenous
sedation and the induction of anesthesia. In humans, it has
been widely used for cardiac surgery in combination with
opioids. Oral midazolam is commonly used for procedural
sedation in children, despite the lack of a product license
for the oral route of administration and a low bioavailabil-
ity [1-4]. The oxidative metabolism of drugs in the liver
is catalyzed by substrate-specific or selective cytochrome
P450 (CYP), a superfamily of hemoproteins that catalyze
the metabolism of a large number of clinically important
drugs [5-7]. Hepatic drug oxidation is a major source of
interindividual variations in drug pharmacokinetics and
therapeutic response. Midazolam is widely used as a probe
to measure the activity of CYP3A4, an important member
of the cytochrome P450 superfamily of drug-metabolizing

* Corresponding author. Tel.: +81-3-5400-2657;
fax: +81-3-5400-1378.
E-mail address: kanazawa-hd @kyoritsu-ph.ac.jp (H. Kanazawa).

0021-9673/% — see front matter © 2004 Elsevier B.V. All rights reserved.

doi:10.1016/j.chroma, 2003.12.039

enzymes [8-~11]. This benzodiazepine undergoes oxidative
metabolism to one major metabolite, 1’-hydroxymidazolam,
in humans, a pathway which seems to be mediated almost
exclusively by CYP3A isoforms [12,13].

In vitro cytochrome P450 assays are used in metabolism
studies in support of early phases of drug discovery to in-
vestigate, e.g., metabolic stability, enzyme inhibition and
induction by new chemical entities. LC-UV and GC-MS
are traditional analytical tools that support of such studics
(8-15]. However, these tools typically comprise differ-
ent methods of relatively low throughput for the various
metabolites of the probe reactions, In recent years, lig-
uid chromatography—mass spectrometry (LC-MS) methods
have been developed to increase the throughput [16-22).

This study demonstrates determination of midazolam
in monkey plasma, and the analysis of midazolam and its
metabolites in an in vitro study with recombinant CYP3A4
by LC-MS with a sonic spray ionization (SSI) interface.
Additionally, in an in vitro study, the effect of propofol
(2,6-diisopropylphenol} on the metabolism of midazolam
was studied with recombinant CYP3A4. Propofol is a
short-acting anesthetic commonly used in clinical practice.
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Propofol is frequently used in combination with midazolam
and other anesthetics, and has been shown to inhibit their
metabolism and that of those compounds [23-29].

2. Experimental
2.1. Chemicals

Midazolam (Dormicum), propofol (Rapinovet) and in-
tralipid (fat emulsion preparation) were purchased from Ya-
manouchi Pharmaceuticals (Tokyo, Japan}, Shering-Plough
(Osaka, Japan) and Otsuka Pharmaceuticals (Tokyo, Japan),
respectively. 1'-Hydroxymidazolam was from Daiichi
(Tokyo, Japan).

B-Diphosphopyridine nucleotide disedium salt (NADP),
glucose-6-phosphate (G6P), glucose-6-phosphate dehydro-
genase {(GOPDH) and magnesium chloride were purchased
from Wako (Osaka, Japan). Human liver microsomes and
recombinant human CYP3A4 were purchased from Gentest
(Worburn, MA, USA). All other reagents and solvents were
of analytical grade.

2.2. LC-MS conditions

The assay was developed using a model M-8000 ion trap
LC-MS system (LC/3DQMS, Hitachi, Tokyo, Japan) with
sonic spray ionization interface. The analytical column was
a YMC-Pack Pro Cig (50 mm x 2.0mm i.d., YMC, Japan)
operated at 25 °C. The drift voltage was 100 V. The sampling
aperture was heated at 110°C and the shield temperature
was 230°C. Nitrogen gas was used as a carrier gas with
output pressure of (.50 MPa and ion source inlet pressure
at 0.39 MPa. The mobile phase for analysis of midazolam
and its metabolite was methanol-10 mM ammonium acetate
(1:1) at a flow rate of 0.2 mlmin~".

For analysis of propofol and its metabolite, methanol-
water (65:35) as a mobile phase at a flow rate of 0.2 ml min—!
with YMC-Pack Pro Cg (50 mm x 2.0 mm i.d.). The other
LC-MS conditions were the same as that for midazolam.

2.3. Sample preparation

Blood samples were collected into heparinized tubes
and separated by centrifugation for 10min at 2000 x g.
The samples were stored frozen at —20°C until analysis.
To remove proteins prior to injection, the plasma sample
was pretreated with a solid-phase extraction. A 490 pl vol-
ume of the plasma sample added 10 ul of internal standard
(detomidine, Smgml~!) was loaded to an Empore disk
cartridge, Cig (3 M, St. Paul, MN, USA), after conditioning
the cartridge with methanol, water and 10 mM ammonium
acetate. A 5ml volume of 10 mM ammonium acetate as a
washing solvent was passed through the cartridge. The sam-
ple fraction was obtained by elution with 3 ml of methanol.
After evaporated to dryness using a CVE-2000 centrifugal

evaporator (EYELA, Tokyo, Japan) at 42°C, the residue
was dissolved in 500 ul of the eluent and a 5 pl volume of
the sample was injected into an LC-MS system,

Plasma samples were collected from three healthy mon-
keys (Japanese macaques) before and 20, 40, 60, 150 min af-
ter a single oral dose of I mgkg~! midazolam (Dormicum).
A 200 pl volume of the plasma was loaded into an Empore
disk cartridge. Afier the same treatments as described earlier,
the residue was dissolved in 20 ul of the eluent and a 1l
volume of the sample was injected into an LC-MS system.
Animal study was conducted under the guidelines provided
by the Primate Research Institute, Kyoto University.

2.4. Calibration curves

Known amounts of midazolam and 1'-hydroxymidazolam
in the concentration range 0.1-5.0 ug ml~! were added to
blank plasma samples. Calibration curves were constructed
by plotting the peak-area ratios of drug or metabolite peaks
to that of the internal standard against known concentrations.
The data were subjected to linear regression analysis.

2.5. Method validation of determination of midazolam
and its metabolite

The known amounts of midazolam and 1'-hydroxymida-
zolam were added to the monkey plasma, and each of the
resulting solutions was assayed with proposed method.
Within-day precisions were determined by preparing and
analyzing on the same day five replicates at two concentra-
tions. Between-day precisions were assessed by analyzing
each day for 5 days. Relative standard deviation (R.S.D.)
values were used as the index of precision.

2.6. In vitro experimental

The basic incubation medium contained 100 mM potas-
sium phosphate buffer (pH 7.4), a NADPH-regenerating sys-
tem (1.3mM NADP, 3.3mM G6P, 0.4 units ml~! G6PDH,
and 3.3mM MgCly) and midazolam (15.3 pM). The final
incubation volume was 0.5 ml. After preincubation at 37 °C
for 5 min, 30 pmol of recombinant CYP3A4 was added to the
mixture and incubation was carried out at 37 °C for 10 min,
Adding 0.5 ml of cold acetonitrile stopped the reaction. Af-
ter the addition of an internal standard (10 ul of 5 mgml—!
detomidine), the mixture was centrifuged at 13,000 x g for
S min, and 0.5 ml of the supernatant was evaporated to dry-
ness using a CVE-2000 centrifugal evaporator and dissolved
in 1 m! of 10 mM ammonium acetate. To remove phosphate
buffer prior to injection, the sample was pretreated with a
solid-phase extraction. A 1 ml of the sample was loaded to
an Empore disk cartridge, C,3. Afier the same treatments as
plasma sample, the residue was dissolved in 100 pl of the
eluent and a 5 pl volume of the sample was injected into an
LC-MS system.
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2.6.1. Inhibition studies of midazolam !’-hydroxylation
by propofol and metabolism of propafol by human liver
microsomes

The metabolism of midazolam was measured with
30pmol CYP3A4 in the absence or presence of a range
of propofo! concentrations. The concentrations of propo-
fol were 0, 25, 50, 100, 200 and 400 uM. CYP3A4 was
incubated with 15.3 pM midazolam. For a kinetic analy-
sis, the midazolam concentration ranged from 1 1o 10 pM.
The effects of propofol (100uM) on the formation of
1-hydroxymidazolam were studied. The concentrations of
propofol employed in the present study were comparable to
the liver concentration obtained from a previously reported
in vivo study [23).

Metabolism of propofol by human liver microsomes was
measured using almost the same method used for midazo-
lam metabolism with CYP3A4. Instead of CYP3A4, human
liver microsomes containing 100 ug of protein were used.
Propofol was initially prepared in methanol solution, and the

Table 1

215

final concentration in the incubation mixture was adjusted
to 20 pM. The final concentration of methanol was less than
0.4%.

3. Results and discussion
3.1. Calibration curves and precision

LC-MS with an SSI interface was used for the analy-
sis of midazolam (M; 325.77) and !"-hydroxymidazolam
(M, 342.77) with methanol-10 mM ammonium acetate (pH
4.8) (1:1) as the eluent at a flow rate of 0.2mlmin~!. The
peak areas were calculated based on the sclected-ion chro-
matograms of midazolam and 1’-hydroxymidazolam at m/z
326 and 342, respectively, under positive conditions. The lin-
ear relationship calculated between the peak-area ratio and
the concentration of midazolam (or I'-hydroxymidazolam)
from 0.1 to S ugml~! and the correlation coefficients (r)

Within- and between-day precision and accuracy for the determination of midazolam and 1’-hydroxymidazolam

Concentration {(ugmi~!)

Within-day R.S.D. (%)

Between-day

R.8.D. (%) Accuracy (%)
Midazolam 0.t 46 47 95.6
05 217 1.8 978
I’-Hydroxymidazolam 0.1 6.6 8.1 90.8
0s 5.5 24 95.7

Precision is expressed as relative standard deviation (R.S.D.} and accuracy as the assayed concentration relative to the actual concentration {%).
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Fig. 1. Total ion chromatogram, mass chromatograms and mass spectra of an extract of plasma sample obtained from monkey administered midazolam
{1.5.: detomidine). Peak numbers: (1) detomidine; (2) midazolam. Injection volume is 1l
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by a direct analysis. Deprotonated molecular ion, [M —H]~,
of propofol was observed at m/z 177 as the base peak. Fol-
lowing the human liver microsomes incubations, the chro-
matographic peak was detected with retention time 3.5 min
corresponding to propofol metabolite, 4-hydroxypropofol,
as shown in Fig. 5b. There was no interference from ex-
tracted components of the incubation system. Deprotonated
molecular ion, [M —H] ™, of 4-hydroxypropofol was clearly
observed at m/z 193 as base peak. However, the peak of
4-hydroxypropofol was not observed by CYP3A4 incu-
bation under the same LC-MS conditions. The present
studies were indicated that CYP3A4 is not involved in the
metabolism of propofol.

4. Conclusion

The present methed is more sensitive than our previous re-
ported LC-MS technique [20]. A recently published LC-MS
technique published by Shiran et al. [22] when the system
used a 100mm x 4.6mm id. column packed with 3 um
Lunza Cig (Phenomenex, Cheshire, UK) stationary phase is
more rapid than the present method. However, their method
was not detected 4-hydroxymidazolam. Furthermore, the
present method has the advantage of a small sample vol-
ume and reduction in organic solvent consumption using
semi-microcolumn instead of conventionally-sized column.

In this study, we achieved a analysis of midazolam and
its metabolites by LC-MS. The method was applied to the
quantitation of midazolam in monkey plasma and an in vitro
study with recombinant CYP3A4. LC-MS in the SSI mode
is very useful for polar analytes, such as midazolam metabo-
lite. Using the present method, we have shown that propo-
fol competitively inhibits the metabolism of midazolam
1’-hydroxylation. We also achieved analysis of propofol and
its metabolite by LC-MS. The present method is sufficiently
sensitive and accurate to study the kinetics of the formation
of midazolam metabolites and drug—drug interactions.
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