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1. %
BB (DT oot eae ettt e aeeerr e e ——erateateeaearnanaeas 63 CLO : Clotrimazole
DEX : Dexamethasone
B 2 TR oo e a e e 72 EM : Erythromycin

KCZ : Ketoconazole

MDZ : Midazolam

PB  : Phenobarbital

PCN : Pregnenolone 16 « -carbonitrile

2. EMENRRFRSTA—F—
AUC : Area under the blood (or plasma) concentration-time curve
C. : Arterial plasma concentration
C¢  : Free concentration
CL,; : Hepatic clearance
CL,, :Intrinsic clearance
CL, : Total clearance
C, :Portal venous plasma concentration
Css : Steady-state plasma concentration
C, :Hepatic venous plasma concentration
ER; : Intestinal extraction ratio
ERy : Hepatic extraction ratio
Fa  : Absorption ratio
fz  : Free fraction in blood
Fc :Intestinal availability
Fy  : Hepatic availability
fp : Free fraction in plasma
Ki :Inhibition constant

Qu : Hepatic blood flow rate

3. 2O
CYP : Cytochrome P450
P-gp : P-Glycoprotein
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BOBESN-EMHIEDEZRBE T, ENRERICBITSE MR ELSFRRL /LT
FETANENDD, LY OB R CENRERLRETTHOIITR S AL OERAIEEE ~
DT8P Bpharmacokinetics& . ZRIERALIZIIT DZ B L L DFE S 72 L pharmacodynamics D
i OBREE ZRTTRBR, TIT, Sy, R Pet R ORBHE~OREEREETOIBE
CRWCREE, EEE, HEE, SR, HERENHY, I, ERAHERERIIRESMD
EROHBICIVER CEBT A0, EMREETOBRICIEIINOOEHERZER T OLE
3%, Pharmacokinetics D XL EF &L TEERRY R PIBEFE L. pharmacodynamicsiZ EERZ
EL LA —DREDOEEZREACBOTHERLESE BBV TS —OBEPERITHR
B 7ad | FEE, BEEAZELVOIIEYABBER THHLVIRSREBINTNDY,

TOXIRBEANLEY O HEER, BHPBERBEOBELL AV, AHRENLLH
= EETOHBOSEE) MRV ENPLEY R EEROBNOHIEYN(TI/ TV RRTEY
% . cyclosporine, theophyllineZ2&)id, 1L = & B =41 7 (therapeutic drug monitoring, TDM)7?
BEER_EMB LR TS, BPRIEIZBV T, BRI TR EBORANHFAINEGEZPDL, X
YR E AN ERSNERIICb RERIELR->TND, BT VT VVEFIZRRINDIDIR
Iz OB NDEE LRy E/EALREICEHLY, ZNOEDRBEREECRBICEOLIEY
MEERZHCEDIE, TOEEERORERZTRLBLVAT LAOBENEERRELEX
Do

Cytochrome P450(CYP)IXERBAT RARFN-ELREDARIEBE . EYROBREFLEME
RSN RESEORBHICE B L COIBEREE THD> D), CYPIZZ DT/ BEFIOHERMEIZEIT 7
2 —(40%). SHIHFT 77 —G5%)NCHEEN. B & D5y FTEITCYP2D6, CYP3A4D LA
£ XN TVAE* 9, B THLCYPIAY 7773 —1d, EMFOCYPOF CTHRLE B ICE TN OBERFE T,
Ly RRY R DREMEFIRTIaSARRAEYE . VT MEFAL AT aARRVELE
YBEERFRVBNASOEYERETBIENMBN T B (Table 1), F4E. CYPIAIZIHILE
EREMIEICLEEL, FLSERARELZVIZEAU LY EEB S RETR T ILBHELPISh
T&31Y,

CYP3AIXR DI MAEH LT, (1) —iRICCYPIAEE 24 0 & 5 L7-FFDbioavailability
1£10~50%& 5L . LS & OWFF OCYP3ATEMII205 ML EOBEERHDTENDL, CYPIAEE
DI 5EERELEEICL TS 19, (2) CYP3ATEidketoconazoleZz & DCYP3 AR EHIM.D
REDBERICIVEESNAM, L —T TN —Y P a—ARRIA L DIIBREMFETITESTH
MLBE %17, bioavailability?s £ 8532 LR L25 TV B(Table 2)'¢%%, (3) CYP3AIFHFLTAD
A BROFUHE R Krifampicin(rifampin) 2 812 LV EE R FH E S NARB A3 TTE 3 5(Table 3), (4) CYP3A
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LP-HETE B G (ATPIR TR R OB S BE AR 7| P-gp) T, EESCHERICEBEBOLONSE
< EFALOBRICIY R EERSIEREEND,

SRR CREICEDIENBERT OFEICOVTIIET 53R E , B THRMBERI L
LREUD. T FORBREIIZUNRE HOPUOHEMICRETHLEDRDD, CYPD & FREDH

2 1x. B RO L EITELEEITLTOBLOLH A, CYPIAY 7773 —CYP27 73U —

8 i%%@iﬂ"ﬁb’(#%%@@%ﬁ:ﬂ?(ﬁﬁﬂ BIZS{ERRID, S DOLSFRBTELDES

2 BTV, ZDTs. EMIEET BCYP3ARCYP2COME « D4 FREITHKE! RS0 &
IS DB B I I TETE L2 VD), CYP3AIZcDNAZ m—V BELNIIEICBIHTRIC R NERE I
EESIFHNTRY . BETTIC0E L0 FEIMON TV 5(Table 4). EFTIICYP3A3,
CYP3A4. CYP3AS. CYP3A7. IvhCIICYP3AL, CYP3A2, CYP3A9, CYP3A18, R UTCYP3A2Z3
AEBINTVBR, TOT I BEEFI O RMEREN,

AL CIECYPD B THIFICE M R B EEREE 2 > TOHCYP3AILE B L, midazolam
% UerythromycinZ CYP3ARB O m—7 LLTHW, SyMIBITBINOEYDOENEIEBICRIE
F R BREEEER - BEROFEL BRI, Midazolam & (erythromycini b er &
BSorOEEIC BV TCYPIADEE LR HZEBMBN TN 229, CYP3AL X OHRLT /NG
CHLEBUTHEY. BT TR AN EREHRE OEMEEERILSIECYPIAL [k o CER
BH&N 5, ErythromycinldSHiZP- gpDEBLLTHLRENHY, EYHEEH DFENEBHERD D
ITLTWB, AEBR T, MEEENREFFLIEE THBERFML. mEE OB B
X5 1zmidazolamlz OV T FFIy Y — s AV zin vitrofRHIEBRIin vivofb B & FHRIT 5V AT
LAOWEER LT, EBRITHTY. FFOCYPIATEM 2 BE R HEEIATLELCYPIARERZHA T
2 LIt PO LS E . REBTEMETTER R OCRBEHE TROMART TRELL. CYP3ARHT
o —= L LC B\ 7= midazolam. erythromycin& (RCYP3AFEEHI &L TH V 7ketoconazole, el
5% %] L U C fi L V= dexamethasone, clotrimazole’2¥ D&% Fig.1 2R,

Midazolam (MDZ) M.W. 325.77

HC :

CH,OH

Dexamethasone (DEX) M.W.392.47 Pregnenolone-16 « -carbonitrile (PCN) M.W. 341.5
N
[I J 0 g O
N \’%
SauY, e TN
O Cl | O

Clotrimazole (CLO) M.W. 344.84 Phenobarbital (PB) M.W.232.24

Fig.] Chemical structure and its abbreviation of CYP3A substrates, inhibitors, and inducers used
in the present study

< : Metabolic site by CYP3A. () : Abbreviation.
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Table 1 Examples of CYP3A substrates reported

Antiarrhythmic agents:
Amiodarone, Lidocaine, Propafenone, Quinidine
Anticancer drugs:
Cyclophosphamide, Taxol
Antiepileptic agent:
Carbamazepine, Trimethadione
Antitussives:
Codeine, Dextromethorphan
Benzodiazepines:
! Alprazolam, Midazolam, Triazolam

Calcium channel antagonists:

Cholesterol-lowering agents:

Lovastatin, Simvastatin -
Immunosuppressive agents:

Cyclosporine A, Tacrolimus(FK-506)
Macrolide antibiotics:

Erythromycin, Rapamycin, Troleandomycin
‘ Nonsedating antihistamines:
“ Astemizole, Terfenadine
Opioid agents:

Alfentanil, Sulfentanil
Steroids:

Cortisol, 17 o -Ethinylestradiol, Testosterone

Miscellaneous:

Diltiazem, Felodipine, Nifedipine, Niludipine, Nimodipine, Nisoldipine, Nitrendipine, Verapamil

Table 2 Examples of CYP3A inhibitors reported

Macrolide antibiotics: _
Erythromycin, Troleandomycin, Clarithromycin, Josamycin, Midecamycin
Calcium-channel antagonists: '
Diltiazem, Nicardipine, Verapamil
Steroid hormones:
Prednisone, Prednisolone, Methylprednisolone, Ethynylestradiol
Azole antifungal agents:
Ketoconazole, Itraconazole, Miconazoie, Flucohazole, Clotrimazole
Miscellaneous:

Cimetidine, Grapefruit juice, Red wine

Acetaminophen, Aflatoxin B;, Alpidem, Benzo[a]pyrene, Cisapride, Clozapine, Cocaine, Dapsone,

Imipramine, Losartan, Retinoic acid, Sulfamethoxazole, Tamoxifen, Theophylline, Warfarin

31, 37, 38)
Table 3 Examples of CYP3A inducers reported
Antiepileptic agent:
Phenobarbital, Carbamazepine., Phenytoin
Macrolide antibiotics:
Erythromycin, Triacetyloleandomycin
Steroid hormones:
Dexamethasone, Pregnenolone-16 o -carbonitrile
Miscellaneous:
Rifampicin, Clotrimazole
26, 31, 39-44)
Table 4 CYP3A subfamily in different species
Enzyme Species Enzyme Species
CYP3Al Rat CYP3A13 Mouse
CYP3A2 Rat CYP3Al4 Guinea Pig
CYP3A3 Human CYP3A1S5 Guinea Pig
CYP3A4 Human CYP3A16 Mouse
CYP3A5 Human CYP3A17 Guinea Pig
CYP3A6 Rabbit CYP3A18 Rat
CYP3A7 Human CYP3A20 Guinea Pig
CYP3A8 Cynomolgus Monkey CYP3A21 . Marmoset
CYP3A9 Rat CYP3A23 Rat
CYP3A10 Hamster CYP3A27 Rainbow Trout
CYP3All Mouse CYP3A30 Fundulus Heteroclitus

CYP3Al12 Dog CYP3A31 Hamster




ZE1E MidazolamDEF K OFFIZVTIR

Midazolamid, EHFEL THEITREFGARANER)SCEFREBOE A - #ERFEFEIRNER)ICH
WHENTNWAERY TPV HEERTHD, Midazolam&i@%@;ib‘b VOIREHIZEOFIELTHRAW
SRTHEY, REAELHTIFIERL THIIHEDLO S, & 0% 58 Dbiocavailabilityi10~50%&
&< F7-bioavailability DA ZEL FEE TR EVIERNHE SN TV B 49, Bioavailability D&
RHEELT, HEEROIFCENENTFHI0%AEREF LV EBBYRERITDILHET LN
B9, XBICEEZEOKRZVERELL T, midazolam R BHI B 55 BCYPIADE BPHEEDE
EEPELL 20EBUEOERDHZ D LE XL TV S, MidazolamZCYP3AIZ LY 1’-OH
midazolam % U4-OH midazolamZ iZBR{LEN B 1528470 XBIZFFDOCYP3AZE HE Edmidazolam
DREHEERICBFREBENEDONDZED D, midazolamlICYPIAEMRITO I AIEE MO
=7 L THHWVLI TN 4,

AZETIIE T midazolamDZ VTS R IZ ODWTIEEEE, BEFERE, HAVIIEEFIGA

BEDEEMHIZOVWTRE L, 72, CYP3AFE E A L L Tiddexamethasone & UlclotrimazoleZ | FE.

= #) &L Tldketoconazole® FV >, midazolamDEH VT FV AR O I/IT TV RICRIETHEIZ
DWTHERELT, :

Dexamethasone 2 o glucocorticoid {2 L A EE R F B 1L, T O H I E P ITH % glucocorticoid
receptor(GRIIZFE A L. ZOHEA F 24 RMITHEE T Sglucocorticoid regulating element(GRE)ZH
THEEFOEEMEESH., EANFTEINDEE X DN TS, Tyrosine aminotransferaseidZ
DBEIE2E] TH B, LOLTYMIBERL TOACYPIAIDEE FIZZORE A Z R a0 chb
25T dexamethasonell IV EINDHZLPHON TV S, REETIC GREBFAIREZRA WV
Bx DERIV. CYPIADHEHIHEGRIKFHLIFEFHN OB G OAN =X LBEETIHHDLE R
BT BB I B HANCEH TR 2450359, |

— 7 . ketoconazole=vitraconazole’2E D7 — NV RFHEEFNIAIF Y — NV EHHNENTY —
NEFBELTRY., Fig2llRULEINCCYPONLGRICERM T ALKV ZOEEERE T EE X
B TNB3 37 59 2R EEE NS E X B R YketoconazoleXPitraconazolel Itk DZ < DP4505 F
BALEETHEEXLNSN, CYPIAIK T 2 EEASFICBOILBHMONTND,

H.C H C Cl
3 / \ /l’ll,l
N N 0O o)
VAN,
0] /1

Fig.2

Ketoconazole N
{_J
N

AN e

Inhibition mechanism of Cytochrome P450 by ketoconazole

Cytochrome P450



EIE 2FIVTITUA(SREEFE)

Midazolam#% & 5 &5, 10, 20pumol/kgD 3K ETEEBEFFIEL LA, MBEFREHESZ I
Fig 3I0R T IO THMER R LTz, 2-30 7 $— AV MET /L OFEHTIEIZHEL Y, Chart HIZ/RLTeE
FHUNE M U7 I o B — B[S B4 T T A8 (area under the blood concentration-time curve, AUC)K&
V& & 27U T 5 A(total clearance, CLioa)% Table 5IZRLTZ, Midazolam D AUCIT & S EDEMIZ
HAILTHE AL, $72CLoumlE 0B 5B TIEIE—EDEZR L, ZHHDIEMNE, midazolam
DI FENEEIZZ DR 5 BHH TREEL T T IENROLNT,

Central Peripheral

l kel

C=Ae**+B-e?* (C:plasma (blood) concentration)

AUC=A/a+B/B

CLota = Dose / AUC

Chart 1 Two-compartment model
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Fig.3 Plasma concentration of midazolam after intravenous administration at three doses in rats
O:5umolkg. A:10pmolkg. <:20umolkg.
Each point represents the mean (n=3-4).
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Table 5 Total plasma clearance of midazolam after intravenous administration at three doses in rats

Dose
Parameters i
S5umol/kg 10pmol/kg 20pumol/kg
AUC (uM-'min) 57.1 £ 55 128.6 £6.8 2799 £ 63.2
CLotal (m/min/kg) 89.7 = 74 78.2 £4.0 753 = 17.0

Each value represents the mean + S.E. (n=3-4).

Wiz B35 H] dexamethasonelZ X 5 BT 4L B %I % Hlketoconazole® [ B 5 DE BT O\ T
M8 L7, KetoconazolelTE Ty MIB W TCYPIAREETIILAMONTIND >,
Dexamethasonel50mg/day D% 5 &1 H 1[E, 2B MEEAREL, 26 B 0RE1H024REREIC
F28 | BV V-, MidazolamD 3% 5 & 13 10pumol/kgé L. ketoconazoletd2pmol/kgZ fif R & L7z, &
IS~ MZ 31 Bmidazolam D I 8 8 EEHERS B Fig. 412, AUCR UE & /U7 T A% Table 612%
NENR U, SRILE Ty DL F VT T A3 A BAFF i I B (45~60ml/min/kg) i LLEL THE
|~ %< . dexamethasone B4 & ThH AT ML, F/-ketoconazoleff A TH B ITE T L7,
DexamethasoneBi4lL B H>Sketoconazolef i THRAE Ty MBI AR REFMBRIZIVT T RATE
TL7

10 |

o »

6 ] 2
<>
€ 1> 4

Plasma concentration (LM)

0 15 30 45 60

Time (min)

Fig.4 Plasma concentration of midazolam after intravenous administration at a dose of
10pmol/kg in differently treated rats

O :untreated (control). @ : DEX-pretreated.

A :with KCZ (2pmol/kg) in untreated. A :with KCZ (2pmol/kg) in DEX-pretreated.
Each point represents the mean (n=3-6).




. VT T REREBEET VICEWE R TH5E. MEEYL VA TEmREHL ~v
Table 6 Total plasma clearance of midazolam after intravenous administration at a dose of D BEAEAR 28 . oL LT . N N N
10pmol/kg in differently treated rats . < EYHEBRTNEETHD, MIKL -~V TOmidazolamD B EHRE 2 Fig s, £EH MK IVT
F 2 A(CLlta)® Table 712/ LTz, EFME IV T I RIBWTHZOER, EENFLTE
AUC CLtota . oy — e e y -
Treatment o (45~60ml/min/kg)E LB LI A B BICEWEZ R L., EBRK TZ O MK AL Tmidazolam
(uM-min) (ml/min/kg) DMIKSFERDILEZAH, M FRE /MEFFREZ0.733 £ 0.037T, AUC. CLpum®P R LEIF
: v Untreated 143.9 + 10.9 M.6+55 E—EL W, £ 777038 E . FREZITIVRX BHIZVT IR, B VT IR
B OO ODIBEIRDIIT T ZEDF 3, mi 7 Nil:R
| DEX-pretreated 128.9 % 13.1 87.0+13.0 BBOTVT 7/ AFOMELTRENDA, midazolamDREALAH DR R ORI 85
» BB EBDI%LUT THY, REIVTFVADIZEAEBRBIV T T AL DEE Z LD,
+ KCZ in untreated 230.1 £ 12.8%* 437 £2.3*
+ KCZ in DEX-pretreated 215.1 +£24.3% 479+6.1
Each value represets the mean + S.E. (n=3-6). \ _ Qu- fs  CLint
* Significantly different from untreated control at *p<0.05 or **p<0.01. Clu = Qu + f5 - CL,
+ Significantly different from DEX-pretreated at p<0.05. BB int
CLy : Hepatic clearance CL;y. : Hepatic intrinsic clearance
Qu : Hepatic blood flow rate fs  :Free fraction in blood

Under the condition of
fg * CLijnt >> Qu., CLly = Qu
fg * CLint <<Qu, CLly = fg*CLinc

Chart 2 Hepatic clearance expressed by well-stirred model

Al

Well-stirred model TIZFFZV 75 RiZChart 2D TE 26, Il FmidazolamDIEFRE ST 5=
(f) X midazolam DR B EH 7V 7 TV A(Cli) P MICLHBLEECREEZ T THEITE,

! midazolam M T2V 7 S0 RITMTEEIZELL, MHEELRD, LhLRRL, Honagsl7
Gy ZMEIZFOAE B M FERICE NIEIEDICEVMEERLEZEND, AT ISR F .
Wi B2 TOREmidazolamDEF 7V T IV RIZEEL TWALDEZE X LD,
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Fig.5 Concentration of midazolam in whole blood after intravenous administration at a

dose of 10pmol/kg in rats
O :control. A :with KCZ (2pmol/kg).
Each point represents the mean (n=3-6).

Table 7 Total blood cleafance of midazolam after intravenous administration at a dose of

10pumol/kg in differently treated rats

AUC CLtotal
Treatment v
: (uM- min) (ml/min/kg)
Untreated 91.7+7.5 109.8 £ 9.0
+ KCZ in untreated 169.8 & 8.3* 59.0 £ 2.9*%

Each value represets the mean = S.E. (n=3).
* Significantly different from untreated control at p<0.05.
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B2 FFHREZEROFIVT IV A(ERFE)

AL (MR K& OFF COmidazolam DB ZFHE T 5720 EFRBIZBVTHRR, FFEER,
FISEARM AR RESEEL, LKAIDOOHELE #E R ER) KR OFHHEER)OE EE1T
S IRB . ZI TR AL R SR I R B TE L TV B midazolam A8 il b B AR T K> T

MABIEETRTHOTHY, EYRINFFOFIEBIEZIRLIZELRDILDTHD,

AT, SRR EIRME B E AR VL, EEREBIGEL-E., FIRE O
i i 28R BX L 72, Chart 30X E R WT, Jﬁl?ﬁiﬁﬂ#%@‘?‘ﬁﬂﬁ%?ﬁﬁﬁ%&(ﬁﬂ??ﬂﬂtﬂ%%%ﬂ%‘ﬂ%
MUt

ERs=(C,—C,)/C,
ERH = (Cp"‘Cv) / Cp
C.: Arterial plasma concentration

C, : Portal venous plasma concentration

C, : Hepatic venous plasma concentration

Chart 3 Estimation of intestinal and hepatic extraction ratios

[V 308 855 388 X1 (D B2 BB |- o\ VT, dexamethasone BT ALE 120 X clotrimazolelZ DWW TH R ETL 72, &
% (4 T TOERy & NERg% Fig.6. Fig. TWZ R L7z, ERGIZV TN OFHIZB N THIZIFER LI SR
®OPSVMETH -7, EMNTBV TS, midazolamEEARN B SO MIEAINLOEILEIVT IR
BEOLNTELT, Ty TORBRLE—HL TV, MEA»LOEILEREENMENEREL
1. BRUS B i ZmidazolamZ3 T RN THERB AT THRIRNA~BITTH0ICK L., MEAINSII0F TOE
(1S OT=D N ~BIT T 2§13 THILDBFET N D, SHIT, CYP3Alvillus tipiZF
1! CY, mMEAIGvillus tip~DFHITBD THIBENDLEE X b5, I LERGIL, RAL
B 7o MR T86.4%L FEF ICE L, midazolamDIF 7V 7 T AFFERF O MFERELR>TNDHT
¥ A4R &7, Dexamethasone=°clotrimazole® B 4L {E 12 LY midazolam D fF i RIT S HITHERL |
{ 1LEN98.4%. 96.4% & 72 o 7=, — J5 ketoconazole B FRIZ LV |, R H 13 69.7%ITIE T L.
JexamethasoneBT L& H>-Oketoconazoleff Fl TlddexamethasoneRALE D81.3%IT/E T L7,

13



" FF R EEERy IV L FIZ /R L2 (Chart ))ZFAWTHZUT ZA(CLy)Z & H L, Table 81Z7RL
1.0 o 12, B, BBV NOFEEGESE F28HZR)ZAVTEHLF L E(Qu)ITRAE T44.2,
:E dexamethasoneR4LE T58.8, clotrimazoleRi4LE T48.4ml/min/kg Th -7z,
[ - - " o -
% 0.9 F T o f LA ED XS, £ & #72midazolamDRBHIITHE L E OF HiI/ha —FFARBITZNICELE
= LRENZEDRE T,
g 08T « pEE
=
[<b]
8 o7 T CLy=Qu- ER
% . 7 H‘ H H .
o / Qu =0.95 - liver wet weight (g/kg)
s | /
/ Chart 4 Estimation of hepatic clearance and hepatic blood flow rate®®
0.5 4
Fig.6 Hepatic extraction ratio of midazolam at a steady-state plasma concentration in . . L
differently treated rats Table 8 ?;}f)a’tlc clzlearanc«.:1 of midazolam under a steady-state condition in
[ ] :untreated (control). I : DEX-pretreated. : Hierent’y treatec rats
: CLO-pretreated. :with KCZ in untreated. Treatment CLy (ml/min/kg)
88 : with KCZ in DEX-prereated.
Each value represents the mean = S.E. (n=3-5). Untreated 382 = 1.1
* Significantly different from untreated control at ¥p<0.05 or **p<0.01. EX 4 x
+ Significantly different from DEX-pretreated at p<0.05. DEX-pretreate 379 £ 0.6%
CLO-pretreated 46.7 £ 0.2*%*
1.0
+ KCZ in untreated 30.8 £ 2.5%
08 F +KCZ in DEX-pretreated 478 = 4.1%

Each value represents the mean £ S.E. (n=3-7).
06 F * Significantly different from untreated control at *p<0.05 or **p<0.01.
+ Significantly different from DEX-pretreated at p<0.05.

Intestinal extraction ratio

04 F

02 p
0
-0.2

Fig.7 Intestinal extraction ratio of midazolam from blood at a steady-state plasma
concentration in differently treated rats

|:| :untreated (control). - :DEX-pretreated.
E : CLO-pretreated. :with KCZ in untreated.

B8] - with KCZ in DEX-pretreated.
Each value represents the mean + S.E. (n=3-5).
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EIE INE
KEOERIZIVELTOMRBRNBELNT,

1) Midazolam#5, 10, 20pmol/kgDi% 5 B THEIFHIELILLIA, EOEHIIT TV AILEENTZS,
AUCIHEBEEIZEHILE R LI, ZOTENDL, T D 5B F Cmidazolam® Il FELEE TR
Mr R e BN LML oT, MIEPEEICRBESR DDA, V77 AR Mt
ETHHIELZED—REEZLND,

2) Midazolam® 4 & MKV 7 T A3 110ml/minkg THY ., FFILFLBLVBHE EICH N0,
midazolamDEH 7V TS RAIZFN IV T IV Ab B 555 ZEMRRENT,

35 Dexamethasoﬁeﬁﬁﬂﬁ 12 X0 midazolam D& & 7V 7Sy Ridbh T EMEREZRL, —F
ketoconazoleff A IZ L0 & Z 1284 Lz, DexamethasoneBT LB D EEN DT HTHDHDIL, R
LB S Mz BV ThmidazolamDFF 7V 7T R BRI TR ER L 720 TVD T EE X b,

4) EE KR, RALE Ty DOmidazolam AT H 3 130.864L FEF I L FF A HETHHILS
5 S 7=, Dexamethasone B 4L & . clotrimazole BT A B &LV, FFHI R ITSHIIB| KL,

ketoconazolefF A CTH EIZBA LT,

5) Midazolam D LIRS DB 7V T IV AIE R R VBERFERICRBVTHLER TR
EThoT,
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#2E  MidazolamDBioavailability> {E{L & FIE @B SN 2

EMMBEERL. BRI, R, o0, FEt OV TR OBRBIZBWTHAELAFEEERH DM, K
IO E/EROEBLL UL, HILE COBRBESCTEEMREEDBEEME~DEE gastric
emptying time(GET)Z{L /28 WL E MM BHOEBIC LARINER . R O BBI%RRIUFH,
e F OB SR EBHLNTNS, EEATPERFRZHEATEER 7L TP-gpD EEMER
SENICBEOAHEEERBERSR TS, FiZ, ZLOCYPIAEZ LP-gpEE NA— N —Fv 7
LCNBZED D, CYPIAEBOBEYE 25 £ T, P-gpOB Sy Z BT ANDBERHBM 6 )
|2 LmidazolamiZP-gpt fEICH EIT RITTHDDP-gpDEE TIFRV &%, BRI M HETHL,M
IZLTWBES, CYPIADEE L AEY R OB E LGS, HILECH 2L THEEAIREES
AR, T, DEEEYESELVEY CREEENSELDE, BAIT Lo TR EE Hl R 2%
{FENLEHZITHE KT 5,

B, SV —T TN =YV a— RO & DL BPELE ERMEADOCYPIAR B 2RO SE,
CYPIATBMZE TERDZILMBALNLRY, MELOEDLOEEEAPRESN TS 459,
Lovastatin® K912, W IZ L > TIZAUCHFI20fFITH B R L BILH D%, Elo, LTV AF—FKL
L CAVWL L DterfenadinelXIE A THABER B O TR TV THY, ARE OB ERFIIKE
(LESMEEFICHRTEIEIRVE, S —T 70— Va2 O RICEY, QTRRIER DRI
A REEOREEOMFETBREN EFL, BELEFALHESNTNE 7, 72, CYPIATE
# T BrifampicinZ EFHE R S5 L H S CYPIABE LFEE SN, midazolamD R 0 & R DAUC
140 1241{E F LB E SN TV B, BIL AR OBERREY, BERFHEO T HET
%X AL, KI5001FH Dbioavailability DE BB E LA EITD, ZO LI, HILEDRILBRERD
BV THEZLORYBEEAPRESNL TS,

AW T3 FEEE 5 55 E A O E #lketoconazole® FA VT, midazolam DR IETRE ., FIZE/LE
MELEER R OB EAPLEYREERAEZRNLUL, SORZOFEEBDREHILELF THBE
b CRE T B 2R ATz, FIEE B R F Lbioavailability D BI £ % Fig. 812 R LTz, ZORITHALAR
2N, EHRINEFOHEILECHIZRITAPEBEMROBERSCEENL, EH Dbiocavailabilityz
MIETIEERRFLE XD,
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RE KRV
B3 B

Bioavailability = AUC,, / AUC,, (Dose,, = Dose;, DFf)
= Fa-Fg-Fy
Fa - (1 -ERg &) - (1-ERy)

AUC,, : AUC after oral administration AUC;,: AUC after intravenous administration
Fa : Absorption ratio Fg : Intestinal availability
Fx : Hepatic availability ERg, ., © Intestinal extraction ratio during absorption

ERy : Hepatic extraction ratio

Fig.8 Estimation of oral bioavailability and the first-pass effects
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WIf BioavailabilitylZ RIE T Ty NEBOEE(ZBL—TNERE)

BRFEIIRIETIVIMBEROEEII OV TR LI, Sy TIICYPIARRICBEEZOME
MHY, CYPIA2ITHED R BT Y M CIETE L L, CYPIANITEE LR R TAZENRE I TVBE
WOER FEHRLBERICIVEELSZ, SYMOBBNDORNEEFTEGRRBRENEVIRE
CREBRTYMRBAT Y MEBWTIIFE BRI R ER D DLV ORENH D D, —HFEMTIE
(“YP3A7&iHé‘L‘EGdﬁié’]f&)%ﬁb FFOCYPATEMEITMERIZ LD EITRL ELLTILHED
) K2 0%TE AT LA L R E SN T B,

A TII6~TEEES~9BE B OEET M AV, mldazolam@bloavallablhty& UBERFEA
dexamethasoneDEEIZ OV TREI L7z, /MNBEDCYP3AIZ+ BN OZE B8 /NN EFITE<R
ML THAZERBNTWATZD, midazolamD#F EEALEL T ZEE EERE V72147 7 Fig.9,
Table QTR LS, RAET Y MIIBVTIZ6~TE B D HSmidazolamDAUCHFI6fE &<, £72E
DS HENFERICKEN -T2, — FFdexamethasone B LB OE B IIH A BB TR OO,
bioavailabilitylX IR E FTET Uiz, £z, ZORmidazolam DB E /L — 7 NEF EICIIE B B H
CEITR AUCOEBNIIRBNEHEDOBNICLAbLDLEZLND, BIL, 6~THE TIIRLED:

i IWTCYPZADRBABR T30 OREETHY ., HILECHFICRITAHEREZ ROEIE2ME
MmofeledbEZBND, LEDOKERID, CYPRADEBRNBEEL TV BEEDLNE8~9BE DTV
hARBLA DT R TOERICAVDIEELT,

50 p
4.0

3.0

2.0

Plasma concentration (pM)

1.0

0 30 60 90 120

Time (min)

Fig.9 Plasma concentration of midazolam after intrajejunal administration at a dose of
10pumol in untreated or DEX-pretreated rats

O :untreated 8~9weeks. @ :DEX-pretreated 8~9weeks.
O : untreated 6~7weeks. M : DEX-pretreated 6~7weeks.
Each point represents mean + S.E. (n=3-5).
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Table 9 Effect of rat age on plasma AUC of midazolam after intrajejunal administration

AUC (pM-'min)
8~9weeks | 6~Tweeks
Untreated 63.6 +11.0 368.0 = 78.7**
DEX-pretreated 129 £ 1.9 ‘ 13.1 £ 6.6

The dose of midazolam was 10umol.
Each value represents the mean + S.E. (n=3-5).
**Significantly different from 8~9weeks at p<0.01.
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M2 BioavailabilitylC R IF T ERERFEF OEEEBL—THEES)

8~9EE T M. BERFEH &L TH OGN Sclotrimazole., phenobarbital, pregnenolone 16 « -
carbonitrile &z O'dexamethasone # B ZL & L, midazolamDbioavailabilitylZ & I1E T E B & LB L 724
W28 B BEBHOREEIOVWTIIXBMEZ S E LT,

—
[en}
T

Bioavailability (%)

Y

I

Untreared CLO PB PCN DEX

Fig.10 Decreased oral bioavailability of midazolam at a dose of 10umol in differently
treated rats
Each value represents the mean = S.E. (n=3-5).

Fig 10l R LZXIIC, W OFEFITL > ThmidazolamD#E A bioavailability{3{E T L7z, {H
nRNBRFERIINT LR ERDI0%EE THY, bioavailability DIE T i8] EIE@ A O TTE.
WO, CYPIATEHE DB K D LE ZbND, £ HEAMAECLHCYPIABEY 1T,
dexamethasone, pregnenolone 16 o -carbonitrile > phenobarbital > clotrimazoleDIE TH o7z, LT,

Wi N LU TiiE iZdexamethasone &k Otclotrimazole® AV EER 1T o7,
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%5381 BioavailabilitylZ &% 3 Ketoconazole DEEEB(Z /L — T NI &)

Dexamethasoneﬁﬁ&&ﬁ\ ketoconazolefif i . & U'dexamethasone Bi4L{E 12 & &I ketoconazole ff
O 3 E T midazolam ? bioavailability IZ & & 3 E 812 >\ TR & L 7= (Fig.11. Fig.12), I %
midazolamD AUCIZ B EIZEV 120minETERE R L, BB, WTNOTFYMIBNTH, £ 5%
120min TOE L E A midazolamBZFEIZR EEDKI10%RETHY, HLE R IR (FaNZII L 4L
B CERRNIENRD LI, MidazolamDbioavailabilityi XL E Fv M BV TH 11.5% &KL,
EhTOREME(12~50%. FH30%) LGP EBEBDRBIENEWIEB BB REIN,
Midazolam0)bioavailabilityk&idexamethasoneﬁﬁ5@%. WZEDRI/5IZIE T L, —HketoconazoleBf i 12
FVRISELEE LI KR LU, 72, dexamethasoneFTALE IZX B lZketoconazoleZ B L 72T MW
Tlddexamethasone Bl &L & D AT LB Ubioavailability X #93.5fF 1288 ML 7=, b Tidketoconazole
D4 B B 5125V midazolamfE 0 & 5 R DAUCH 104Z L EIZHE KU T2 EWH R 4R, rifampicin®
5ERBEICIVRI4CTELS LIZEWHIBRESRDHY BEDEIZH DL DD, midazolamKHHZED
LZEMEEERIITYMIBNTOREINDLDEE X DN,

2B, A TELNT-midazolamDbioavailability DZE BN IX, FFE/-IZHEILE HAVIIFEALIZ
BI2VEBBDROEHPEEL TWDBDEEZILND, EZTRE T, TNOEEBALICBITS
VEBENFROEBNZENENDBEF M T HZLeRAT,

5.0 p
4.0
3.0

2.0

Plasma concentration (LM)

1.0

0 30 60 90 120

Time (min)

Fig.11 Plasma concentration of midazolam after intrajejunal administration at a dose of
10pmol in differently treated rats

O :untreated. @ : DEX-pretreated.
A :with KCZ (2umol) in untreated. A :with KCZ (2pmol) in DEX-pretreated.
Each point represents the mean £ S.E. (n=3-5).
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Fig.12 Bioavailability of midazolam after intrajejunal administration at a dose of 10pmol in
differently treated rats

|:| :untreated. - :DEX-pretreated.

:with KCZ (2pmol) in untreated. @ :with KCZ (2umol) in DEX-pretreated.
Each value represents the mean = S.E. (n=3-5).
* Significantly different from untreated control at *p<0.05 or **p<0.01.
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Fagi  HLEMELEEZIR(n situBE L — 72 MBI E)

FEAR CHBELRDEMREERICITHEAE DR TELLZLDLHY, Zhe FHITA72OIIEFE
ELEOPEE B2 EEL SBEL CGRETALENRS D, 2 TRICIn situfifE /L —7 2 M EINES
IV EEFEREDROE HER AT,

In situffp BNV —7 2 BEUIELIEEROBOFigANIRLII I, ZH EHICL—72ERKL
TEREZBEEL NIRRT/ ELBE T2 TCOBRERRLEZEIN T55ETHD, K
BERWAILTHOEEZRN L. EVERFOHEILERNRBOLLEE TED, KERTIE,
FMIZLDENREE (L ERF<ToOICHT M 2 X 5 AREV0.38ml/min TE M L7z, Fig.13iZin situfiFE /L
— 7 &M B IEET - 7 R ORE R B9 7285 [ ISR IR M 58 B 2 R L7, M 95& B2 13%90.38ml/min&
FE—EBICRZNATEY, BlLEEOZYENRINT, o, BERFEHThHdexamethasoneHil
AELCYP3ARE E AlketoconazoleZ BRI L7 Ty MZB W T, MFEEE IX—EDEERLIZ

0.5
£ 8
5]
: 04 O
= @ Y
< ° °
23 03
§E o2
2
8
s 0.1}
3
=
0 [ _$ 1 [ ]
0 15 30 45 60
Time (min)

Fig.13 Observed mesenteric venous blood flow rate under a constant blood transfusion in
rats

O :untreated. @ : DEX-pretreated.
Each point represents the mean + S.E. (n=6-7).
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ETHEHAE BT SmidazolamRF O R G EEKFEEICOVWTRF L BEL—THIC
0.05umol/m1&H A\ M 0.5pmol/mID FK % 1 ml&k 5% | I5 I EER IR M F ~ Dmidazolam ® H T E &
M OB IS5 AR Ifn. o R B midazolam B %% N Z 1 Fig. 14, Fig. 151" LT, 722 O FRES R E 5% IR
LB o I R B T B R B (0,733, 1 E B IE BB DI AL TOE AT o
P, DI N —TARTFE. BEBNERFEOEELTV., BINECTHLERFEWEOME:
{1 ~7, BHE F1EEZLLTIZ R 9 (Chart 5),

Absorption ratio (Fa) = 1 — unabsorbed amount / dose

Intestinal availability (Fg) = Cumulative amount in mesenteric venous blood

/ (dose — unabsorbed amount)

Chart 5 Estimation of intestinal first-pass effect

Fig 1SIZRINEN = EY OILRE(ELL TEREFRLFICHBR L -EVEZRINER S
8 ATFE)TRLELOT, E{L% Davailability(Fa)Z R 3 (Chart 5), Bl 100%& DENHELE
MR RICIVE D LB & L7225, (K5 8(0.05umol)E¥, dexamethasone R 4L (20 ML
RMNBIIERDEBETOPD68.5%ITETHA LizZ b, dexamethasoneBI LB IZ LV IE{LEDCYP3A
YPRIKEN., BB ITTEL COAZENHER SN, RS BEZ104£(0.5pmol)IZHEMS /LA,
A0 ) MERS: R [~ Dmidazolam HELEE R CREZ B EITE KLU, Ty hOHE(LEDCYPIAE
R OBEIIFEEBELTORVWIERBREIN TR, BRESEICIAHEECENEEED RO
VIS ATI L7272 e E 2 BB 46 ) BB — T NS ORER(FE3IF)ELY . midazolamD
RBIRIC BV TIHILE RUFF OV, i3z Of A CHAEBBHREZIEbOLELS
1AM Fig 1SITR I, EEB BT HIEEBS R BB EL TODIEBALNERST,
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Wiz, R 5 E(0.05umol) BFIZ IV T, ketoconazole B i D EBIZ OV TR ETL 72, Midazolam
O N MR FE AR ML P~ i HRE E % Fig. 1612, REFBEZFig 17IIR L, T, FLEBETYMIB
D) 510 A~DEIR R KR 2 EIR &% LB L 72 (Fig.18), SRALE T MI I\ TketoconazoleHt 12 X
Hmidazolam i I EFE AR ML EIX & KXk & EIREN T 2NIEML TEY, 2R IGRRRIZR
1) 51X Bt dSketoconazolelZ VA EENTZ /2D EE X DND, LALLM, MEMICEREZIIR E
W1 5 kLS 1231 Bmidazolam R BHIN RV IEVLDEEXBNB, Ty MNELE TIE ‘
dexamethasone’R & DEE SR 5 B A% AV 2RF, CYP3A17§§§§3‘§éh6:k7b§fﬁéh’Cb VHD RALE ‘
T TIHIEEACHREENTRL T SEOKRE—BETDHMRALEZLND 27, i

""" % . dexamethasoneBIALE Sy M CEESNIZHLE MELEEZIR 23, ketoconazolefit FIZLY \
WEITETLZZEnb, dexamethasoneﬁﬁﬂﬁ&llD?ﬁﬂﬁ%'@‘ﬁgéﬂ’bf:CYMAiﬁBﬂ%éz}’bfc%0) I’

amount) (%)
N

Appearance rate / (dose-unabsorbed

‘ 0 . . \ . M I BND, F—ZIZIITRLTWRWA | dexamethasone L E Ty MZB W TCYPIRERITHS
\ - ‘
l 0 15 30 45 60 metidineZ A L7254 B midazolam B ML, \
'
‘ Time (min) VLERUZESIC, BB —7ABREGRE E3F2R)ROFEBE R R OBERFEAICHE 1
| # A1l O F B (Dbioavailability S BHIZ . L EHEEES B 3% ZLBRENL |
| Fig.14 Appearance rate of midazolam in mesenteric venous blood after intrajejunal 1\(\)ava1 ability ZZBh {ﬁﬂf“ EPEERDROEBBHFEL TWBILNRENT, L
E‘ administration at two doses in differently treated rats AU CRTIFFL LT O MEREE R AFRE THADIZLE~, ZybTIRELE ZVFPIEE R
“ O :untreated (0.05pmol) @ : DEX-pretreated (0.05pmol). B OHRELE NS ERBAS) L2 o729,
‘4 (J : untreated (0.5pmol). M : DEX-pretreated (0.5pmol). ‘
;‘ Each point represents the mean = S.E. (n=3-5). 25 p
ﬂ : 100 ¢ =
“ '§ E 2.0
o =
2 °)
—o b
- E
=) Q
2 = g
g 60 F & 10
€ 5 5
g g 40 | &
g s g 05
[
2 0
2 2 N 1 1 1 ]
= 0
g 0 15 30 45 60
O 0 [l [ ] ']
: Time (min
0 15 30 45 60 (min)
Time (min) I'ig.16 Appearance rate of midazolam in mesenteric venous blood after intrajejunal
! 4€)
administration at a dose of 0.05umol in differently treated rats
Fig.15 Time course of midazolam recovery in mesenteric venous blood after intrajejunal ‘ O :untreated. @ : DEX-pretreated.
administration at two doses in differently treated rats A :with KCZ (0.5umol) in untreated. A :with KCZ (0.5pmol) in DEX-pretreated.
O :untreated (0.05umol). @ : DEX-pretreated (0.05pmol). Each point represents the mean % S.E. (n=5-6).
(0 : untreated (0.5pumol). M : DEX-pretreated (0.5umol). ‘\
Each point represents the mean + S.E. (n=3-5). ‘

* Significantly different from low dose (0.05 pmol) at p<0.05.

26 27




Fig.17

Fig.18

Cumulative amount / (dose-unabsorbed
amount) (%)

100 p

80 F

40 }

20 p

0 [l 1 L [
0 15 30 45 60

Time (min)

Time course of midazolam recovery in mesenteric venous blood after intrajejunal
administration at a dose of 0.05umol in differently treated rats

O :untreated. @ :DEX-pretreated.

A :with KCZ (0.5pmol) in untreated. A :with KCZ (0.5umol) in DEX-pretreated.
Each point represents the mean = S.E. (n=5-6).

* Significantly different from untreated control at p<0.05.

\\'
100 ¢ +4 f ‘T‘
< 80} |
g ‘ *
5 60} **
Y 3
2
2 40 } -'
4 : 3
20 F " 2
0 e
Blood Total

Recovery of midazolam from mesenteric venous blood (Blood) and loop (Total) after
intrajejunal administration at a dose of 0.05pmol in differently treated rats

E] :untreated. - : DEX-pretreated.
-with KCZ (0.5umol) in untreated. g : with KCZ (0.5pmol) in DEX-pretreated.

Each value represents the mean £ S.E. (n=5-6).
* Significantly different from untreated control at *p<0.05 or **p<0.01.
+ Significantly different from DEX-pretreated at 1p<0.05 or 71p<0.01.
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W5 In vitrolE{ LT

N8 T, RAE Sy MTBY TmidazolamD 7y MELE FIEBIB R RO THRNBLRH O,
dexamethasoneRTABIC LD E DR ENEMTHIEBRAONER-T2, KETTIEH/NNEI/ Y — 0%
ML, in vitro TCYP3ATEMEZRIE L 72, Fig.19, Fig.20iZ R L72L51Z, midazolam D HIE M1
dexamethasone BTAL B IZ LD 2MFITHE R L2, LD L7235, dexamethasone BT 4L B BRIZ BV Th
Vmaxi3#90.3nmol/min/mg protein THY , RAEF Y MOIFIZ Y — A TOVmaxfI2.7nmol/min/mg
protein(B5E FE 18 Table 128 B)ITHEL TELURWZEMARENTZ,

04

v (nmol/min/mg protein)

0 0.02 0.04 0.06 0.08 0.1
v/Cs¢ (ml/min)
Fig.19 Eadie-Hofstee plot of midazolam metabolism in the intestinal microsomes
O :untreated. @ . DEX-pretreated.
0.5
)
s 04 F
2
S
g
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S
g 02 F
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0

Untreated DEX
Fig.20 Maximal metabolic rate of midazolam (Vmax) in the intestinal microsomes
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FoRT /NE
MidazolamD RN ENEEIZ SOWTREILTZE R, L TR RBELNT,

1) FyMIBITACYPIAEMEL., BEICLVEELZITAIENTREREINT-, BNL8~0BEE DT M
e 7TBERE DTy N TIECYP3ADREBMNEEL CWRWNWIENR O LT,

2) KERTFTERICIBCYPIADTE E L) R 13, dexamethasone, pregnenolone 16 « -carbonitrile >
phenobarbital > clotrimazole DJE TH -7z,

3) Midazolam#% Z2 j /L — 7" N #& & L 7= FF Dbioavailability 1%, WINA B F THAIZHEHLTHK
11.5%THY, FIELHEBEZRENZFLNZENRREINTZ, DexamethasoneRi 2L E IZ LV bioavailability
IIRBLET Y FD1/SIZIET L. ketoconazolefE A IZIVFISFFITH R L,

4) In situlpE N —7 &M FEIREIZSYmidazolamDIE L BERF 2 REILIZEZA, RLETYMIB
WTIERBID DTN TH D, dexamethasoneRTAEIZLD ZDORFITIFE KL, HILEWIEEE
ZhRITHIS0%E R T, RAE T v b, dexamethasone B L E Fv M BT 2 HI B &E@2h R i,
ketoconazole D HIZ LV A RITIR T L7,

5) In vitro/PMEIZ 2y — A% AV zmidazolam B EER T, RAE Ty MIB W TRETEMESFERE

. dexamethasone BB IZ LVIEMEITHI2MZITE R LTz, LL2RAG, AR L TF D Vmax
HELLENWZELRDLNE,
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#3%F Erythromycin®Bioavailability: 41L& FIEEB LI 2

Erythromycintd <2707/ RRFEME THY, LIZUITED B E/ER CRIBICRIEY TH BN,
h B erythromycin B & DR BN E i 72<, LLABEER L TEKZ LM%V, Erythromycin
13 DM BCYPIAD A LERE R TE 7218 A i (metabolic intermediate complex, MI complex)Z 7%
W UBERE TG B (Fig.21)*h 3755787 207012, BEEPFH L ELEISNAETCYPIATEM I
W9 erythromycin®EF R 5 IZLVCYPIAEE ORFHIME T L. bioavailabilityl3Z L <X
1 HLEBEBR TS, - |

ErythromycinidCYP3AIZLYN-demethylationZ 31 503, ZDOAF LD RFEHRCO 72> TR H
I ENBZEDND | N-AF L EMUCTIER L zerythromycinZ 8RB 5L, K DOMCO.5E
&1 LTLICIVEBEADCYPIATEEZ T 355, Blberythromycin breath test(ERMBT)25 ¢
A CNOLRTVS®, ZOERMBTE, & 4 DCYPIAEMORBNEELORBERRETESN, VLD
I ONWTIZRIFRRERBBOLNTWER, FBIRM B E LzerythromycinlZ LA EFFD
CYPATHRBEENDDIZH L, B ORESNTEDITHAE COFERBBSRLRITIRE, #5
P47 XA TE—BELRWFE B LU 47 8289, F R SR BT ORRETIEA<, CYP3AITIZERT
LR RODTFRESALNTOBNR, TOENSTLER S RIECERDY, EWITI> TIEIRA
Kt COBIAEL R —E Lo TUN B 599,

+ 2L midazolam& W A CREFERIZRCYPIAEE ThSerythromycintZ DWW T, Ty hMIBITS
toavailability X ONE{L 2 9 El@ 820 212 & 1E 3 dexamethasone BTALE °midazolam B i D FEIZ

oot LT,

Cytochrome P450
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Fig.21 Inhibition of cytochrome P450 by macrolide antibiotics
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251801 BioavailabilitylZ & i¥ 3 Dexamethasone Jz UMidazolam DB B (22 /L — 7 N2 &)

Dexamethasone DRI AL & Idmidazolam D& L F4HIZ, 50mg/rat/day T2 B B EENB E L, =
72CYP3AZEE midazolamDEEBE R ETT 57012, erythromycin& # A L BB — 7 NI AR E
L7, Dexamethasone i {8 1= LV erythromycin O R BER LB FRBEIFRIBAIL. —F
midazolam(10pmol) D Hf A IZ LV #E ML 7= (Fig.22). Dexamethasone B ALBIZLVAUCIIH EIZET
L7eZ&n b, CYPIADHES N THLEDPIF. HDVIEZOREE BT Derythromycin D BT
EL /o ZEDRIR S 72(Fig.23), MidazolamDbioavailabilityiZerythromycinfi A I LK TB- &
DBARBIN TS, AE TIiL IZerythromycinDbioavailability (2 & 1€ 3 midazolam D 8 £z >N T
BRETL 72L& T A, erythromycin® bioavailability AL . erythromycin&midazolam (X 48 Iz B &L
CBITENBIEINE,

Plasma concentration (uM)

0 15 30 45 60
Time (min)

Fig.22 Plasma concentration of erythromycin after intrajejunal administration at a dose of
50umol in differently treated rats

. O :untreated. @ : DEX-pretreated.
A :with MDZ (10umol) in untreated.
Each point represents the mean + S.E. (n=3).
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Fig.23 AUC value of erythromycin after intrajejunal administration at a dose of 50pmol in
differently treated rats

[ ]:untreated. Il : DEX-pretreated.
:with MDZ (10pmol) in untreated.

Each point represents the mean = S.E. (n=3).
** Significantly different from untreated control at p<0.01.

33




Eof  HLEWEEES R0 situFE /L — 7 2 ETE)

5 18517 3\ T . erythromycin ® %] [E & 18 % & 7% dexamethasone BT AL BIZ LV KL | £7o
midazolamBE FHIC EVIE T +AZEMRENT, F2 T BERFE R OHENHLE LIFMELEES
Bz EhEDREEELTCOANETFBHIT, in siuFE /N —7 2 ENEICL > THEL
FOLOPEBEYELHELL, 7. WILERBICRTIRERKEELRNTED,
erythromycin 1.0pmol & UR2.5pmol D 5.%4T o7z, Fig 24T AR LI2 LI, HE&RE5EEQ.5umol) TH
R RS R M1 48 T B E R ESDTHICHEMLIZbO0, BERICEEEIROLONL»2T,

8

Cumulative amount / dose (%)

0 15 30 45 60

Time (min)

Fig.24 Cumulative amount of erythromycin in mesenteric venous blood after intrajejunal
administration at two doses in rats

O:1.0pmol. A:2.5pumol.
Each point represents the mean + S.E. (n=3).

Yk 1= dexamethasone B 4L & & U'midazolam B D 3 & 102V TH B L 72 (Fig.25). &5 &I
erythromycin%2.5umol, midazolami10pmol& L7z, Midazolam{f Hi B% D erythromycin O % I 3E B
BOBEESERD ~0 RS BEICTEEAL IR RLEFYMIBWTHLEILIE
erythromycinf BIFE M AT L AL RV LSRR E NI, ZD XD dexamethasone BT L E 7Y M B
W Therythromycin DRIV Z | REZBBICEERETIIROLNT. midazolam& X BRHAMT
B AR b 7ro 7=, ErythromyeintiP-gpDEEERDZELRESNTRYS *0, T ORBH BRI
ERICHEHEND LB E X BNDID, ELE L —TNROHLERENRFEL T EL Trotal
recovery# He B L7238, WM OLBIZBV T HEERZRZBLNARY T, TRODRERLY,
midazolam& erythromycinlZ %3~ 5 dexamethasone BT LB DB DE L, KRB 5 T5CYP3A
SFEOBNCIHLOLE BN,

LUERLIZISZ, ZBN—TARE(RE 152 R) CRESNERFER Derythromycin
Dbiocavailability D& T, }& U'midazolamff A 12 L 512X Bbioavailability D Kix, {E(LE COREE
(2EBLDTIIRIFICBITARFOEE PE L5 T DLHERENS,

10 p

Cumulative amount / dose (%)

0 15 30 45 60

Time (min)

Fig.25 Cumulative amount of erythromycin in merenteric venous blood after intrajejunal
administration at a dose of 2.5umol in differently treated rats

O :untreated. @ :DEX-pretreated.
1 A :with MDZ (10umol) in untreated.
Each point represents the mean £ S.E. (n=3).




35 In vitrofFREH
| = 20
2
, )
41L& Terythromycin D I EEBZ R INELA L RO ONARDDTIEND, BN —TREES ? E"D I
% Dbioavailability VA BAFFIC BV TR FE SR BMIEEREL 1 LB XOND, TTT, 88 15t
L .=
srmy— Ak Bin vittoR B ERICIV NSO EEIT OV TR E L7z, ErythromycinDfRUHTEE ég
. AT L TEL AV AT AT ERE E BT DIV BL I ), Erythromycin D F) 8 E i3 g Qg)
BE O ImMEL . AR T AR AT TR EAE RIS R T A EEE Vnaxk Lk, §€ 1of *
e
DexamethasoneBiZLE 12 L0 erythromycin DR HH&E B I1ZE L KL (Fig26). ZHL—TRES § =
(]
B2 3317 Berythromycin®bioavailability/& T X FFFI EIBIBZN RO RIZLD LA bhnakieoTe, é = 05
E7z. Fig2TWoRL7zEdiz, FFI/ 1) — AH TOerythromycinD 4 #fiZmidazolam D FEFFIT &> T B ,g . 'HH -
EHREHICHEES N, ZTROORERIY, Fig.22, Fig.231Z 7% L 7z erythromycin D bioavailability 2 = g E%}} *
. v A A - . RS E =
it SIS EEEDROEEIC L TRBAENDZLBALIERDT, =~ 0 2 ] ﬁ_
0 0.05 0.1 0.5 1.0
g 12.0 Concentration of midazolam (mM)
> *é * %
— Q_‘ i - o« e . .
% tén 10.0 ¥ Fig.27 Metabolic activity of erythromycin in hepatic microsomes in the presence of various
g £ concentrations of midazolam.
0 2 I Each value represents the mean = S.E. (n=3-4).
S g 8.0 wi * Qioni ;
g g | Significantly different from untreated control at *p<0.05 or **p<0.01.
Q
§< 60}
=3
g
-
55 40 F
g2 )
i
S L
:
~ 0
Untreated DEX

Fig.26 Metabolic activity of erythromycin in hepatic microsomes
Each value represents the mean + S.E. (n=3).
** Significantly different from untreated control at p<0.01.
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FAn /N
Erythromycin D] EIEE 2 RITDV VCRERITo R, L TOMRENELNI,

) ZBA—TREREIZRBWT, dexamethasoneﬁﬁﬁ&ﬁ@linerythromycinO)bioavailabilityli{ﬁ_ﬁ"FL\
—F midazolamD#f FHIZ KVIEIAL I, ‘

2) In st L —> 4 BT EiC B\ Terythromyein D By B BER# AR L 3 F ~ O LR EE L RO
SEEE R RS BRFEERDONT. Ter 0B BELERERON6TREE TH-
77

3) In situff &L —FEMEIEIZBNT, dexamethasoneBT AL B *°midazolamDHF A 21T o Th.
erythromycin@s{i%ﬂﬁ%i%i@llﬁﬁfiaﬁfmi?gx&)‘%ﬂf\ erythromycin®{H{L & FIEHRB IR IE
IEE AP EBRUSBDHIEDN RSN,

4) In vitrofFIzay —AZ AV, dexamethasone#1 &L & £ 7= timidazolamff F DR BT OV TIRES
L7-#£ 2 . dexamethasoneBT4L{E iz & Verythromycin N-demethylationi&E {£13H BB KRL,. —F
midazolamD Bt B IZ LV BRI ES N, ThbDTLH D, dexamethasone BT LB IZLY
FFOCYPIAMEE A, Fi-midazolamBt B ICEVRBBAESNDILPBTRINTC
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#4EFE  Midazolam&Erythromycin® #][E] &8 25 £ D L8k

EMZBWTEIZRBHHTBEDBCYP3AL FRILCYP3A4TH DS, IZHCYP3AS, CYP3ATRE
NG FENFETD, — I, ZTNHO 5 FREIZCYPIAALDL R R EN D RBHEELE WS
BHI TR 8 8 Unl, CYP3ATIZIE RICB W TCIEERE &2 > QA ML, CYP3ASIZD
WTHEZIZE > TECYPIAL LR LIEM BN RIZEL LI/ VR ELH D> 7 7 P, IbIT,
CYP3ASIZEIZCE TREL TWAM, FFRELE T REINTNDH 3 9 JFTCYP3ASHH
LTV B B 20~30% R EE Gl B LR ST 72848299 = B> Lsk,, CYPIAKE D
(CBTEME OB AEZEIX, CYPIASEBROBAEZIZCER THDO TRV LWVI#GH D, HDCYP3A
BEE7Ta—7 LU TRHWT, LOCYPIAREORBNEREEZ TFRITERLB LT UL LRVO
Lt CYP3AS FROEEHFREEOEL—RLEZLNS,

#AE ClZ, midazolam&erythromycin®Zy MZBIFTAENENRE, R UHEARCE BRI OEEIC
WTHBRS L, 28, HEEIEREDRiin siuifE L —7 20 EREIVEHL, FHE
JiB % RIZZEBNL — 7 R 514 Dbioavailability: L B FIEB B R IVE H U, FHEICERT
RETOT —FEAV, EROTISRLEZFEICIVEHLE,
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16 HCEPEEEDROLR

Midazolamkerythrdmycin%j:\ BELHCYPIAY T 77— DEE THEH, BEICIZE X Dy
2Bl B BB D, CYPIAMECYPIADEE LR BRI DEM LB HIEBTE
B, CYP3AS5Itmidazolam & H ¥+ 5b D Derythromycin DR FHTIKEL A LB F L2V \ZENERE
K TOB 8 59, Sy TLERENCYPIAS FESHONTRY, EFOHELAKIC S TROE
B RMSRRILOLELONE,

A& TIiX. midazolam&erythromyciniZ 2V T, FEEITOBEENOEHLELEFEEBR
BEe#rl7, Fig.zsklﬁbfci’)&:\ erythromycin® {E{LE #IELEEZNRIL. KB TRDIHRD
4 dexamethasone BT LB I L ABEHFH ERF THR SR 2T, —J5 . midazolamiZAF & HLEE S
BERBIRITIEVS QOB LEEEBZRIPBEREIN. dexamethasone BT LB IC LV A RITHE K
L, ZHHDRERIITYMIBNT, /J\B%@CYP3A%§E&:IH$J:D75>7‘£‘9{E_&<\ /NBDCYP3AIK
dexamethasonelz LV B HESNBLVHIWME L—FK T B ™, o, ZOFIELEBE R R idketoconazole
HRICKYEAS LT, :@JiﬁQ:midazolam}:erythromycin@?‘{‘ﬁfE%@@E@?ﬁ%&iﬁ%‘lﬁ'@ﬁ%<
BhBrLnRBLN, REICEDBCYPIAL FRITE M CRRDARRIEIRRINIC,

100 ¢
S
5 80 F
i
it #
2 60| ;
is
= 40 F
X
§ .
s 20 F

i > 'L\_Ni_
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Untreated DEX Inhibitor

Fig.28 Comparison of intestinal first-pass effect of midazolam with that of erythromycin
after intrajejejunal administration in differently treated rats
r___—_| :Midazolam. - : Erythromycin.
Each value represents the mean = S.E. (n=3-6).
* Significantly different from untreated control at p<0.05.
ND : Not detected.
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W2Fi FFeEEEZROLE:

FFCILELE LIXR 2D RLET Y MNZIBV TmidazolamEerythromycin®d i E THIELEE 1 £
NREINT=(Fig.29), 7=, @& OFIELE B S Fiddexamethasone BT LB IZ IV HEIZHE AL, —
NEBERFRICIVERIET LU, TNTOLETFYMIBY Tmidazolam® T 71 [E &8 2 2
{LerythromycinlZ tE T 52 E <, BEFIBFA D2 RiZerythromycin CEE IR O LN, 2B,
WEBOEERRDOEIL, FAEF LU TH VW =ZE M (ketoconazoled B\ M itmidazolam) D 5 & D
BB KL TV BLE 2B S, | |

MidazolamDE L E FBE B IR G EDHI0%E BF2DIZx LT, erythromycin TiE#6.7% T
12, Midazolam D3 & &3 10umol TH D DIZxF LerythromyciniZ50pumold B WD Tih o723, 1H
LECRBITILRBOEZERICANTYL, FICEZETSEN R E iXmidazolam D F B &<,
crythromycin DA BHIBAFI A E L T B EITE 212\, $i2, Fig30loRL=EdIz, FFrny—A
LAV ER TRO 2 Vmaxid, RLE Sy MZBV TmidazolamD 5 A<, BER T MR TIX
NOIZEDEPHE R LT, IS, BRFEICIAABEEEMBOZCH BV ERBSROE
REPFETEZRZL, MEHEORBHICEDAICYPIAN FROEEHFEMDEN, BERFHEAICH
WEIOBENKEERBIEREE ZDBND, Table 10% U’ Table 11IZiE{L%E R OFFHIELRIBE SR
LEEDTRLE,

*

100 ¢
g - % %
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e ND
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' Untreated DEX Inhibitor

Fig.29 Comparison of hepatic first-pass effect between midazolam and erythromycin after
intrajejejunal administration in differently treated rats
[ ]:Midazolam. Il :Erythromycin.
Each value represents the mean £ S.E. (n=3-6).
* Significantly different from untreated control at *p<0.05 or **p<0.01.
ND : Not detected.
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30 ‘ ' _ B3 NE
g 25F I :
g CYP3ADEE ThSmidazolamerythromycin®D FIELE BRI RIZOWT, LB LFE2HBEL T
& 9 | WRLLBLIER, L ToRmRB/LNE,
&
= :
g 15 F N EEEEBEEZRIZ, RLET b, dexamethasone B LB Ty hO W AITB N T,
o)
£ ok midazolamD & TELE I, erythromycin TR HE 72D o7z,
é _
g st 2) Midazolam&erythromycin® FF FJELEIE S R X, F£iZdexamethasoneBILE T MIBWTHE XL,
—’—:— BEFGFATETTLWVMEREZRL, LNLREL, BEIOREIIFEYB TELLE R
0 )
2o
Untreated DEX
Fig.30 Comparison of Vmax values for midazolam and erythromycin in the hepatic LLE. EMZRBUWTH#HR LG STV Berythromycind midazolamDCYP3A S FREBIRMEDZEMN, Tvh
microsomes
BEN - ,
[ ] :Midazolam. B £y thromycin. | BUTHERSSIR
Each value represents the mean + S.E. (n=3-7).
Table 10 First-pass effect of midazolam after intrajejunal administration in differently treated rats
Intestinal first-pass effect (%) Hepatic first-pass effect (%)
Treatment : .
0.05pmol 0.5pumol 10pmol 1'
Untreated 24.6+7.2 16.0 = 2.0 86.0+2.3 !
DEX-pretreated 49.0+ 6.6* 23.1 £ 3.1§ 973 + 0.4* |’
| +KCZ in untreated 103+ 7.7 - 45.5 £ 8.8%* f‘
|
+ KCZ in DEX-pretreated 15.0% 8.1+ - 91.8+29 |
|

Each value represents the mean = S.E. (n=3-6). '
* Significantly different from untreated control at *p<0.05 or **p<0.01. |
+1 Significantly different from DEX-pretreated at p<0.01. |
§ Significantly different from low dose (0.05pmol) at p<0.05. !

Table 11 First-pass effect of erythromycin after intrajejunal administration in
differently treated rats

Treatment Intestinal first-pass effect (%) Hepatic first-pass effect (%)
Untreated =0 8453
DEX-pretreated =0 66.0 = 9.3%*
+ MDZ in untreated =0 =0

Each value represents the mean + S.E. (n=3-5).
** Significantly different from untreated control p<0.01.
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FESE  In vitrofSHEBRIZ L BMidazolamDin vivoFHi H =R D F 18|

BRIZIR A7 351, EMTBUWTCYP3ATEHEDEFZEIZ2065 L EbHY, EMHEEIERICIVZED
BEZEIISOIZI00F U EICRDFREMENRSH D, BRIK TRVWON THEEOEY(ERECYPTHRH
SNBIERELN TVAIEBEEDRS0%)BCYPIALE THY. ZhbEE R oM AR 50T
HEIIEBD TRV, ECYPIAIFT L —T I =YV a— AR IA DI A BIZERTAME
LI~ THEESNAZERMONTRY, IV EEMREEAOBRELHLNILD FRTELRT
LADOEEPEIEEIN TV S92, Erythromycin breath testD X572 FIEL BEICRE SN TIWAR, %
- DEEE~OEREEF Y EICRESNDAEREND, MOFEOEZEBLELE XN,

CYPIATEMFHE DT o —T7 LT, EENYE ThAcortisol 0F DLFE £ DCYPIAEE MNIRIE
SNTHY. midazolamb 7 —7 ELTELAVSNTNS, —F ., HIETRLELIICCYPIAS F
BOREEREEOECRINGEE, BiXxROBE, SOIKEREREER—IZRETILERHD
7E, HAEEOCYPIARBMOTFRNZIZETOEE B AV ILIRVEEE T EEL V2,

EMIBITA2EYR BB ESLEYHEERZ TR TLIFELL T BMWERIP DN TRITET
ZRNVART— VTR, in vitroEER M Sin vivofXEE TR T A ENE 4 RADN TE%,
KRB TBT =N R — ATy T IIBER S FROBEDOBBENDHY ., ZOFEITIIRAPHLE
Ex2oND, ZRITZHIL. in vitroEEDbin vivoREZ FEII 25 L. EEZTOEMREOIFARE
/NEREEE RO TTFRTAIENTE, BEOEZER TEANE03HD, BEZTTIZHE >HO
EPZOWTOHENH DM, midazolamlZ B T3 FRITEFEREIN TR, Fio, BEREER
B4 EE8TIE8MET AV EROETFRNICE TR EIN TR,

AETIITYMII /ey —o% AV zin vitoRBETER LY BRFEXRCHER ZFALERTE
A BB X7~ DOmidazolamPin vivoFF BT O FRIMEIZ DWW TRE L2,
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B8  InvitofFEB VT RAOEH

RBEEREEE DR ISIX. Michaelis-Menten®, TER I3,
BB F VT T2 A(CLijp) DEHEIZ-DVNT, Chart 61ZR LTz,

Vmax - Cs
Km + Cf

v=

Cs:Free drug concentration

Under the condition of C;<<Km

oL v o Vmax . Vmax
R o% Km+C:  Km

Chart 6 Estimation of in vivo intrinsic clearance by in vitro metabolism study

A& TiimidazolamDFF B /ST A—F—ZEHH T 570, FFruy—2s% A in vitrof U E 8
k1T o7 (Fig.31), 72 B HHEBEERNADPHEZ HRMU 1045 FTRRERIZY TV F LTk £ midazolam
DERBEERIRBIETLEZD, RHESEREL TR T30 % ETEIEEL L, Eadie-
Hofstee plot(v = Vmax — Km - v / Cy, Fig.32 &% U'Fig.33)fZ#T 12 LY midazolamfXE DKm., Vmax% &
INL7=(Table 12), 7238, ZZ Tidketoconazoleld BE iR E D50uM THRELTZ,

for O, @ for @

10 F
14 30

Initial metabolic velocity
(nmol/min/mg protein)

Ce(1M)

Fig.31 Metabolic rate of midazolam in the liver microsomes prepared from differently
treated rats

O : untreated.
@ : CLO-pretreated.
Each point represents the mean £ S.E. (n=4-7).

@ : DEX-pretreated.
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Fig.32 Eadie-Hofstee plot of midazolam in the liver microsomes prepared from differently
treated rats ‘
O : untreated.
@ : CLO-pretreated.
Each point represents the mean (n=4-7).

@ : DEX-pretreated.

40 r
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O [] [} [ [ [
0 01 02 03 04 05 06
v /Cy (mV/min)

Fig.33 Eadie-Hofstee plot of midazolam in the liver microsomes prepared from differently
treated rats
O : untreated. A\ : with KCZ in untreated.
A : with KCZ in DEX-pretreated.
The concentration of ketoconazole was S0uM.
Each point represents the mean (n=4-5).
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Table 12 Kinetic parameters of midazolam in the liver microsomes prepared from differently treated

rats

Vmax Km CLin: (Vmax/Km)

Treatment (nmol/min/mg (M) (ml/min/mg

microsomal protein) microsomal protein)

Untreated 2.67 £0.52 5.00+1.38 0.584 £ 0.065
DEX-pretreated 23.95 £ 1.87** 9.97 £ 1.22% 2.539+£0.213**

CLO-pretreated 3.73 £0.35 5.33+£1.30 0.781 +0.131
+ KCZ in untreated 1.13 £0.11* 5.62+1.31 0.223 £ 0.025**
+ KCZ in DEX-pretreated 2.52 £0.42%% 6.98 +1.67 0.418 = 0.070%%

The concentration of ketoconazole was 50uM.
Each value represents the mean = S.E. (n=4-7).

* Significantly different from untreated control at *p<0.05 or **p<0.01.

tt Significantly different from DEX-pretreated at p<0.01.

In vivoEIRERTE DR 2L FIKEIZ, dexamethasoneBTLEIZLYVmaxE O'CLin (Vmax/Km)iZZEL
(AL, —Fketoconazoled FF TH BEIZIE T L7z, 7. midazolamDbioavailability 233> 3 > ZAK
T L7-clotrimazole B AL E(FE2E £28i2B) TIIRAE Ty M~ Vmax, Vmax/KmfEIZHF H>
(ZHEML72b ODF EZITRHOheh o7, Badie-Hofstee plotDfER LY. ketoconazoleFk 7 T i
BV TKmE D ZE B id /&<, ketoconazole iZ &5 CYP3A BE ZE 13 3k $E & BH ¥ (non-competitive
inhibition) THBZLIWRENTZ, 728, CYP3A4(EMIZ IV TketoconazolelZ KD midazolam DA 3
PREIHEAHETHHILPIRESNTEY, ARROBRITINE—FTHRRER7,
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F281 In vitroﬂ?Eﬁ?U??l/ZﬁlBin vivofF 4l = O F B (FUBHE M TUERE)

RELEZ oM, dexamethasoneRTALE T b, )52(ﬁclotrimazoleﬁﬁ&&iﬁ’?‘yH;BH%HW@E%%&D
DI7uY—LEEHE, FREEZRELZ(Table 13), SEELNFI/0y —AE BIIMOHE
I RE TR MEL 20 TV BAH 100 A (25 —Z7vIM(RFELZERA, B AELEELRE)
ICREHISNTOBEL—FH L TWB'Y, F/2, dexamethasoneBTLBIZEVSY MO IR EENEEIC
BRLUER, AXTHRBFOBRE DI TWBI, In vitrofFI7ay — AR ERIVASHE
CLin(ml/min/mg microsomal protein)d&¥, Table 131 RL7ZE R/ ny — L2 EHERVFREEESY
BT, RE kgD W DFFEA 27V 752 A(CLint, in viro(ml/min/kg))% Chart 712 RL7=ZEVE HL
7o 128, in viro ERFHET (I7uy —LE BB EIZ2.5mg/ml, dexamethasoneBi LB S MCik
0.2mg/ml) THIZwY —LE A ~DmidazolamD#E S i, 4°C. NADPHE RN D & CHEH
T TR L, Midazolam®D3IZ/nY — ANEH~OR A RIIEAEE2.5mg/mlDEMHET 57.5 +
1.1% (n=39). 0.2mg/mlIDEEMHET 19.8 £ 6.2% (n=11)Th-o7z, |

Table 13 Microsomal protein content and liver wet weight in differently treated rats

Microsomal protein Liver wet weight

Treatment
(mg microsomal protein/g liver) (g liver/kg body weight)
Untreated 20.7 £0.5 46.5+2.1
DEX-pretreated 24.6 = 0.7* 61.9+2.3%*
CLO-pretreated 23.5+1.8 509+1.9

Each value represents the mean £ S.E. (n=3-7).
* Significantly different from untreated control at *p<0.05 or **p<0.01.

CLiyt inviro = Vmax/Km - microsomal protein content - liver wet weight

Chart 7 Estimation of hepatic intrinsic clearance (ml/min/kg) from in vitro study
Vmax/Km (ml/min/mg microsomal protein)

3EDEEFEHET V., BlBwell-stirred model, parallel tube model, & Udispersion model% 1>
Tin vivoFFflHH D> CLins, in vivoZ B L 72(Chart 8), ZDE, FFMHEE Qy = 0.95ml/g liver™
midazolam® M 48 FFEREAE £ = 0.083 = 0.013 (n=10), P BE —MIFFBPEL Rg =
0.733(F1E EIFizR), ROLFTEBHFEER fz=1/Reg=0.113ZFH 7,

Well-stirred modeli. FFRBICTRA LB D5, Fi 5 EICBRERIZ oM EERELILEETS
HOT, EEREICHIT BT AR E X FIREDSFEIREEC—ELR 5, ZHIZHL. parallel-
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tube model TIAFENF ) DB ATBITR AL RV ERETBHOT, 2R RE T PIIRAIASHF
FARALCO T TREAERESEL, BREIIHR L IIET T2, I8, M FRI~HIBEDEY DR
EYLE % E 2571 A dispersion model THY, T iZwell-stirred model&parallel-tube model D 1 [
BT EEAF T, IVEFITENVETFVELTREERIIRYD2HD, ZOETNVILBITS
dispersion number(Dy)Id SCHEREO. 172 V7259,

In vivolE HREDEMHERMOBE HUZFEA 2V 7T A(CLigt, in vive)&in vitrof W EER LV F
AL RFESR 7V 7 7 A(CLint, in vito) 2 & T AT DOUVVTELELL, Table 141Z7RU7Z, In vitro3EER
2bF EILIAFEE 7Y 7 5 R idwell-stirred model Cidin vivoREBHE & E E D 7~22%.
parallel-tube model TiZHI65~164%, dispersion model TiZ#44~97% Tholz, ZD X, parallel-
tube model&dispersion modelZ AV V2B & DS EOFHFBERIIBFLE X DND,

Well-stirred model |:>
. Cin
ERe=fo - CLin/ (Qu+ B CLi)

> [ QCeu

Elimination
Parallel-tube model QCin [:> 0 >
ERy=1- exp(-fB * CLint / Qu) ]"‘1 ................ I:> QCout
Ellmlnatlon

Dispersion model

4a
ERq=1- (1+a)? - exp{(a-1) / 2Dn}-(1-a)* - exp{-(a+1) / 2Dy}
a=(1+4RxDy)"?
Ry=1g* CLjnt/ Qu
CLiw : Hepatic intrinsic clearance ERy : Hepatic extraction

Qu :Hepatic blood flow rate fz  : Free fraction in blood

Dy  :Dispersion number (0.17)

Chart 8 Estimation of hepatic extraction ratio by three different physiological models




Table 14 In vivo hepatic intrinsic clearance of midazolam estimated by different physiological models
and in vitro hepatic intrinsic clearance of midazolam estimated by in vitro metabolism study

CLint, in vivo CLint, in vitro

Treatment (L/min/kg) (L/min/kg)
Well-stirred model  Parallel-tube model Diépersion model

Untreated 2.60 £ 0.46%* 0.78 + 0.06 1.02 & 0.09** 0.56 £0.06

DEX-pretreated 58.77 £ 12.22%% 2.35 £ 0.20%* 3.97 £0.43 3>.87 +0.32

CLO-pretreated 12.09 £ 1.85*% 1.43 £ 0.06* 2.14 £ 0.12%* 0.93 £0.16

Each value represents the mean + S.E. (n=3-7).
* Significantly different from in vitro study at *p<0.05 or **p<0.01.

BT, in vitrofVHERIVEHLZFFEF V7 I A(CLlin:, in viwo) LV HAEBEHET VL% H
WCin vivofFHIHIZR(ERy)ZFHIL7-, 728, midazolam B R FHIEROEE R EICBITAMIETIE
FERTFRED, in viroffIray —AEBRIVBLNZKmELVD TOIEVMEL 2> TOB T E
%), Fig.34. Fig.35., Fig-361CZ NZ IR U7 EDIT, EBIDFFH# H 2 (observed ERp)ICH LT, in
vitrodlD FRI L 72 FFH HE 213, well-stirred model T#J68~89%. parallel-tube model THI87~101%.
dispersion model23#J81~100% TH o7z, ZMDELHIZ, parallel-tube model B Rdispersion model T
midazolamfF i E O EFIEL FHEIZEE ICBL—&KL, B2V 75 2 E M midazolam D FF H 5

Zin vitroRR IV, PRV DBE CTTFRITEHIENRFENT,

Well-stirred model

*%k
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Fig.34 Prediction of hepatic extraction ratio of midazolam from in vitro study according

to well-stirred model

[ 1: observed. : predicted.

Each value represents the mean + S.E. (n=3-7).
** Significantly different from observed in vivo at p<0.01.
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Parallel-tube model

09 F

Hepatic extraction ratio

08 F
0.7 F
0.6
0.5

Untreated DEX

CLO

Fig.35 Prediction of hepatic extraction ratio of midazolam from in vitro study according
to parallel-tube model

|:] : observed.

Each value represents the mean = S.E. (n=3-7).

: predicted.

Dispersion model

10 F

Hepatic extraction ratio

08 F ,
%
07 F
06
0.5

Untreated DEX

CLO

Fig.36 Prediction of hepatic extraction ratio of midazolam from in vitro study according

to dispersion model

I:I : observed.

Each value represents the mean = S.E. (n=3-7).

: predicted. v

* Significantly different from observed in vivo at p<0.05.




36 In vitrofFEH 27V 770 203bin vivoiTH H RO T I (FBHEHEIE T BF)

FREHIBF AR DIn vivoll BT BEH 7V 7 T ADOEE & FR/I3 3 %I121E. Chart IR LI=E5IZ,

FLE A OmidazolamRHHI N B EFERKNZEETHLEIC, HER B FOFNEZE ST E
E(IDZERICTFRITILERDS, Ketoconazolef;tf\Aﬁ‘k&:ﬁa{ﬁfﬁé\@%:&:wCYP3A%BE%
THIEDBHONTVD, ZZTET, ketoconazoleds B Z B IR E B 2R THEMNTONTHRES
D78, ketoconazolex 7y MIR S L 24 B ICE D R ABET ENENIC OV TRE L,
LxL72 535245 ) £ Cldmidazolam DbioavailabilityiZ BN IRH O T, A E DS, Bl B E
# 5 TidketoconazoleDCYPIA~DAR AT MR 2RI I B EIZB 53, £HEROLEEER
ERTHDEEZBND,

KIZmidazolam& [F 4% D 515 C. ketoconazole B £ 0 783 §% 1 B 0D FF il HH 2 (ER ) & UVH{L & 1
Hi 2 (ERg) % #] & L 7=, Ketoconazole ® # 5 & Ff 1% . midazolam DL ZEHI L TR WE D
20nmol/rf1in).\ =& 5 ELL T50nmol/min TIF o7z, BN/ SGA—F—{E%Table 1517 L=,
mREBRLER 5 BT, ketoconazole DEH 7V T I AR OFFH R —EDESRL., M
RAREOCZEBIIRVOONRD o7, T, MIRAPLOELEHH B midazolamF#E . 1SITE
RLFDZEBRDLNTZ,

Table 15 Pharmacokinetic parameters of ketoconazole at steady-state plasma concentrations

Untreated DEX-pretreated
Infusion rate: (50nmol/min) (20nmol/min) (20nm61/min)
Css (LM) 8.05 £0.35 3.09 £0.21 3.83 +£0.11
CLtotal (ml/min/kg) 19.1 £ 02 217 = 14 22.8 + 4.7
Portal vein concn (UM) 832 £0.73- 274 £0.31 410 +£1.70
Hepatic vein concn (uM) 296 =127 1.29 +0.17 1.61 +0.67
ERy 0.629 +.0.163 0.580 = 0.081 0.608 * 0.125
ERg 0.066 = 0.040 0.177 £ 0.102 0.124 +0.112

CLiotat = Infusion rate / steady-state plasma concentration (Css).
Each value represents the mean £ S.E. (n=3-6).

52

R IZketoconazole DKIEIZ DUV THRETL 72, In vivo B ERFICA W R S EBICBITS, [HEH
ketoconazole® E 7 K RE I 4% B BE G DN 7D T, in vitrofNEI BRI BT B Fketoconazolell
EZsuMEL, ERTA—F—EEZRE L,

Eadie-Hofstee plot%Fig.371ZR L7, In vittoER &4 T ToIrmy — L% B ~DketoconazoleD
f& A 1% . midazolam & [A] #k1Z4°C . NADPHERM CEEZHIEICTHAELZR R, 2.5mg
microsomal protein/ml IZ&V \VT96.3 = 1.2% Thole, Tr. 50uM D midazolam% £ FEHThH,
ketoconazole D F#E & T IZIX BB ROON R Mo, ZTRNODOFER IV, in vito EREED
ketoconazole £ #& & & I E 13 0.183uM & L T HEIAW 7. Fig.37 £V | ketoconazole iZ £ 3
midazolam > 1% 3t B 2 13 FE 5% 4 FH. Z (non-competitive inhibition) T3 Y . ketoconazole 3t 75 B
midazolamDAFEH 7Y 7 7 AidChart IDRITLIRDOLNDZLAREN T,

30
25
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10

v (nmol/min/mg protein)

5

0 1.0 2.0 3.0 4.0
v /C¢ (ml/min)

Fig.37 Eadie-Hofstee plot of midazolam in the liver microsomes prepared from differently
treated rats
O : untreated. @ : DEX-pretreated.
A : with KCZ in untreated A : with KCZ in DEX-pretreated.
" The concentration of ketoconazole was SpuM.
Each point represents the mean (n=3-4).
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Non-Competitive Inhibition
Vmax - Cs

(K Gy (14— [1] )
Ki

Under the linear condition

v=

| -1
CLim=v/Cf=Vmax/Km . [1 + '%l—']

Cs¢ : Free concentration of a substrate

Ki : Inhibition constant

[I] : Free concentration of an inhibitor

Chart9 Estimation of intrinsic clearance under non-competitive inhibition by in vitro
metabolism study

Table 16 Free concentration of ketoconazole in portal vein and hepatic vein plasma
under a steady-state condition '

C¢ in portal vein Ctin hepatic vein
Treatment
(uM) (uM)
Untreated 0.101 0.048
DEX-pretreated 0.152 0.059

The infusion rate of ketoconazole was 20nmol/min (see Table 15).
Each value represents the mean + S.E. (n=3-4).

Table 17 Inhibition constant of ketoconazole and hepatic intrinsic clearance of midazolam estimated

using in vivo portal venous or hepatic venous free concentration of ketoconazole

Ki CLint
Treatment (uM) (ml/min/mg microsomal protein)
| , Csin portal vein C¢ in hepatic vein
Untreated 0.126 + 0.038 0.451 +0.023 0.590 +0.030
DEX-pretreated 0.063 = 0.020 0.896 = 0.051 1.570 +0.089

Each value represents the mean + S.E. (n=3-4).
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FRERN~ORVALBRICERBERDOEENFETIHESC. FHERANTOEDORKE
(RAE)2E BRI, —RITHAEREEREDRE L PR ESFEEDRECHEELND
NEZZBND, BIE. ketoconazoleDFF ~DREZRI VA HEBITEMESNTEO T Ty MNEBETHE
KiE W2 ERICEDHE Tid, ketoconazoleDFFMIE ~DBEFEE IZIZIENTENEEINTEY, &
WX ROFEIXZLALEBRLTRWVWERDONS'®, 22T, HEAIOHANERASFEEL, B9
WAEEEFREA D) TIERTEROM, HAVIIFFERL FHEEEGFRE (B R)TELETE
HOMZOWTREEITo 7, In VivoTIT o7 EBREMH. BID | midazolam&FFRA R G LD
kctoconazole@&E—ﬁgmnmol/min(m&%EF‘ﬁ)ﬁ';%ﬁhmollml)@ﬁﬁﬁﬁﬁﬂﬁb VT, PEAR M & AF
K AR o =0 O R f?ﬁﬁé\ﬁﬁketoconazoleﬁlﬁ D RBLONEA2D(Table 16), # Z Tketoconazolefif
W DmidazolamDFFEH 7V 7 T A% FIIR R O #ARZ 1€ o 87 5 JE & & F ketoconazole
MEZFVTEBL(Table 17), 7238, in vivoTDIER S Fketoconazoles B (& H 2 i #F &
EEFFEEEOREME. 3.7% BN, E6IZ, TNODIFEFIZVTIVRAIVAE F28
Chart TIZRL7ZRITHE R EkeghH TV DFFBER 7V 7 TV AR LT, Fig 38T D—HILL T,
n vivoT#i HH D> parallel-tube modelZ W TEHLAEFBEEIVT IV REDEBER LT,
Fig.38IZRL7=ED1Z, FANREAFEEARZ LB L 72356 . FARRPI D FERE & FketoconazolelR 2 AT
FRIL72H5 3, £0in vivoFFEH 7Y 7 F0 RE—BTHILBROLNT, £Z T 3EOEEFEMNE
F % ORI O FERE A FketoconazolelB EE Lin vitrof U EER K Vin vivofFIHREFRILEZ -
t5 R parallel-tube model &% U'dispersion model T B #F1Z—E L7z (Fig.39),

ZOESITin vivoll BT AFIRNEERFEREHRESBONNIT, BRFERLFAKRICESE
R G3F F BEIZ 31T Bin vivoF A3 & in vitro BRIV E B FEITE LI LA LNLRoT, ZHHD
MR, BB BRIV EEAE, RBNEHTTERGRTE). BTHRES)OmEEITD
W, BTG RR DB CEMTFIZY n— 2% AV zin vito BRIV RV DBEE TFRITELILETR
IbDTHB, EANZHTAF~OREEERPHLHE BN TIL, EMEBEFRRZREZRAV,
AOILFF~DBRBEREXER TIILREELEZDOND,
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Fig.38 Comparison of hepatic intrinsic clearance of midazolam in the presence of ketoconazole

between in vivo (estimated by parallel-tube model) and in vitro studies

I:l: in vivo. : in vitro (using portal venous free concentration).
@: in vitro (using hepatic venous free concentration).

Each value represents the mean + S.E. (n=3-4).

** Significantly different from observed in vivo at p<0.01.
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Fig.39 Prediction of hepatic extraction ratio of midazolam under differently modulated

enzyme activity from in vitro study by three different physiological models

I:l: observed. : in vitro by well-stirred model.
B8 in vitro by parallel-tube model. -: in vitro by dispersion model.
Each value represents the mean + S.E. (n=3-4).

* Significantly different from observed in vivo at p<0.05.
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BaEh MR

In vitrof U EERD>5in vivofFIH RO FRIEIZ OV TREILIZRER . U ToMmAEBRELNZ,

I)In vitrofFX7 2 Y — A% V72 midazolam X 3 32 B8 |2 33 V> T, dexamethasone Bij 4L & <
clotrimazoleRT#LEIZ&Vin vitrofFEH 7V 7T 7 A(Vmax/Km)iZ# K L. —Fketoconazole3L 7
WEDEEBIZET L

2) KBS TTERERFE A ATLE)ITBW T, in vitofFI/aY — b2 AW=RHIERIY. £
EERJET )V Ch Hparallel-tube model & (Ndispersion model VT, midazolam®in vivofFHh

HEZEE RS TFRITEDILNRENT,

3) RBEHEMHE TREEERIEEITB T, in vivo B EFF ERF Ok Mketoconazole JE B A TR B E

ZIFAFERE SR EDREL AL, EblTparallel-tube model & Udispersion modelz AV 5TZ&IZ

&oT, in vitroEERD>Hmidazolam®in vivofF i R E B E B<EH TERILENRENT,
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T, EMIRT Bin vivofRE%Z . in vito B ERIV TR T AL ESERRBIN TETOB,
LOFTHEDHEERA DO TR AT LOBEIIRYIZLBBI/EMH (adverse drug reaction; ADR)%
FEEL . BEIRLFRETEITHIDICL MR LR TS, HERE TIKEICBIT KA 2 ADR
BHETE 106000 A (1) THY TNEFRTHEELL THRIELIBE B B, N IZ K T19944E
DRECREEDEALER D F THD, b, EEREROBELFERFERN2IN TN
. ST SO ARTED DR NESTRM N HELE LN D,

B OEYHEEERDIS, ZOMEIREOHRECHEICER T DI RIELLED1/3
2EDD, SHIZ, REZBEOIEDHAEER ORI (HI5%)IZCYPHEELTEY, 28120
EZEAORBHIIICYPIAT 777V —BEETARLEZ LN TVEY), CYPIADEERZ DL,
CYP3AIZEMELE R OFFICERLE<EETACYPY 777V —ThY, ELICHEECHVWLNAE
MOEHBCYPIAEE THHILILEDLEXDND, CYPICEDAEMHEEEA I E IR,
FEXIHDY, BREFEMBEFRERT)IVLEEMEFRE LF)OFRERTHY, BEL
EEOK2BZEDD, #oT, RERFCLIEDREEROFT RS RATLAOBEIL. ZOHEEL
FERMEDDE X TRETHBHLEE XD,

ZRHFF 38 Tidmidazolam & WerythromycinZ CYPIAR B O 7 u—7LLTAV., Sy MeBIFAIh
CEMOENEBICKIESTERFTES -BEFOEEL HERE L, &5lZmidazolamiz DV T,
ey —2i%&Avizin vitro BT ERLVin vivofFAH - FHERLZFR TR RT ADEELR L
2o RERITHTIZY, FFOCYPIATE R 2 BERF EAIRTLBRLCYPIAB ER 2 AT 52 LIz IV E/L
SE, ABTEETTERRORBEEETROFESGE T TRELZ, BoNHREUTIRELD
<R

1) Midazolam 2 Urerythromycin®bioavailability | 3B 5B 5B E R I X B HIALE CCYPIAR ER D4
&Y BEICEEILE,

) EFRR OBEREELEHRFO, midazolam& WerythromycinDE{L & & UBFHIEEB 5 £% 4
REREMR L 7246 . CYP3AEE THhDmidazolam&erythromycin T, Ty MELEIZBWTHEEZ O
RFEBBRRY, T2 FCBVTHERFTEAONRICENBEIN, TNODILME,
midazolam&erythromycinZ R # 3~ 5CYP3A S FREA R 23 A REMAS TR SN,

3) EF R OBER FHE R Omidazolam DT HIELE @SR %, FFI/ay —A% BV in vitrofSHBE
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B, BERSTRHILRRRLRoT,

4) B & Fl ketoconazoleff Fi Be Dmidazolam D FF #h i ZE D25 & i3, ketoconazole D Fi IR FEFE A 7
BEZTFNEEEHEDRELLTHWAZEIZID, FFI/uy —o% AV izin vitrofN B EB D
SRR BT RITER, |

RIS 38V CEYBIC LA EMAI R T AR MIAE S HEHE . BAMER OHEBAMEOL
THIBOTAR AR EL-EMADAUCOEENZIAUC - (1 + [I] / K)TEEND'™, B1L ., By
Al T 2EHBORB L E EREK)ERBBMALFFPDICBIT I ERBOFEEEHEHBEN D
BHRIBONNIE, EVAOLTREO EREZEE THLNTES, T TKIfEIIFIZ0— A4
RV zin viroREH BRIV E HT22L03T&D, —F . in vivoll BIF DN O ERBE DHEE
B2V DORECHD, BE. FREREFEDRETEREFERBICHI OB TIEFETE
BIZELWLDEEDLNTVAN, ZOLEREDE L FIZEBRZNEFT VB TREERS, flX
iL. well-stirred model TIZB<KBEEIN TV AL LEBHIRM T IEBESFREEICZELWEEZS
N5, —77, parallel-tube model TIZAY O (FAMRNIRE., Cin)& 0 (RRRRFFARF B E . Cou) DXL
FHBE(Cin - Cour) / In(Cin / Con)lZHBETHRRERLILON, FAEREEHEDREIZEL
WeEZDHDOTHD, [HEAIB & OFAERVIALEBE S REERREVBBEE TR AL, EbIZ
FRCIABREELZER TAMLELDHD, TOIHEEIELER TR THY, BEBERICBWT
VSO E (Cin, Con)® RHBVLEREL B 25,

Cv i Ca

Co=ka Dose/Qu+Ca
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Fig.40 Estimation of portal venous blood concentration after oral administration
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EBBLIEEYIFBIRODOSDIFICHATEEVIEF L THD, 22T, PRI o I 5 0%
LBERODHE H$ 57D ICIIFig 40RUL L ISR ILEE E R (ka) BB ETHBR . ZOEDE
DIDIITPHAR U BB BN THRLEL B A DR M T AL ERHY ., B Ic BV TrnR % H
t/\TF%HJT%W%F%‘EEL#%E%Etﬂ?‘é:a&#%‘&:%’ﬁ&%i%i’%o FILTHE, FoXNz4+nid s
WIZAS?

EERIOEMBEIE T HERINELE MESIE ALV =in vitro 28R

B XE AV EE2—T3—ALD

In vitroZE 5
FFAHRERy CENFR Y — A EBR LIS
R AIEREE L) e L k% BV CRIE
ABBEEEREK) eMFI/ey—22BOTRIE
BHEEROFE MRS B I NTRS
AR RAWCEHE (BREEOEH)

Dose : RE &
Cmax : FAEFIBEMB EEEOR KM bl E
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BEAOHREEREHEEORELY

v

FE = %I 6 FIBE D AUCOBioavailability D ZE B 2% 5 3
AUC+Inhibitor / AUCControl = (1 + [I] / Ki)

v

tHRARE OHE

Chart 10  Prediction of the changes in AUC and bioavailability based on in vitro study

FFEORER. BRoN A REECEPHEEAOTRLBR SR ECORNETI—F v —]
IZELWDT=(Chart 10), EER TRONDIFHREL THEH BEME 5RO KRR & IRIM I T B ERHD
23, Chart 10IXZDEMPLFARNER AT RDBEZEHL. SV CIFNER AT EYBEL B,
HLBHFETH D, B BLER ORIEE E B (ka) 335 2 572 ISR IR 5 155 0 P R o &
REZRODILIIT TR THDH, FEF OFFHHRAE SN IE RS B IR I o 8 A DT
PRI FREZEHT3IENRTRETHHEEZLNS, HERAOBIRB SEBEOLE ST A0
BTELHDHE 1L, FFHIHEER) = CLu/ Qu(ERFRBOLTHETBHEBE ClusCluw. B
7VT7 T ABBEE T DB A CLlu=CLliow - CL, 28, £H27YT IV AIVFIV T I 2B ) TR
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FVVzin vitofRBIER D bin vivolFHIHEARE B TR TEBI LR SLAY  ZOFE TR
EAOF R R EH CEBLE X DND, SOIBRBER DT ELL 22 EF T, BEm b
F D AUCSPbioavailability DE BN FHITEBLE X HND, :
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BEIEE I fERTHY. DLABREETHF BEEL, %0, BEOHEEALEEL, BE
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ICEEO LSS,

SHIT AR ENE LBV LR B REESRRSEREN ERELSEE K3 Snl
F BT BFEEICOIVELEL FITES,

o, BHEEICRVELZEH EhiEL ME RFFE KT 2RES 200, ERE
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B2, midazolamZ MR EE T EWVEL L B AR oA & Uketoconazole® SR F &y
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EERDED

| ERAEY
Midazolam }% UketoconazoleiZ A F LWt 537,

Material (Abbreviation) Suppliers

Midazolam(MDZ) =R N=ER S
Ketoconazole (KCZ) Yroermpingkatt

FOM, AERIZAWEERAEIILITIVEALL,

Material (Abbreviation) Suppliers

Erythromycin (EM) AT T RUBRR A
Dexamethasone (DEX) LM TR S
Clotrimazole (CLO) Sigma Chemical Company

Phenobarbital (PB) RERIbER TERAEST

Pregnenolone 16 « -carbonitrile (PCN) Sigma Chemical Company
Sigma Chemical Company

TR LERA S

Polyoxyethylenesorbitan-monolaurate (Tween 20)

R ALATILTER AN Ta—

L ORI IR KR S 2 AV,

1 EREY
Sprague-Dawley (SD)REEMET v T, £ E240-280g(8:E Er~9B i) 2 EAL 72,
R, E2E BS1HTIR6EBR~TEER(200-240g)b AV iz, F72. in situfFEN—7 2 MBI
OB F D I K 1 Sprague-Dawley (SD)REEMET b, RES00gLl EXVREIL-(B2E 54860
ROE3IE F280),

I FERER _
In situfS& )N —7 LM EIREDCRMELT—T ML, eV VEBER Yy NE LR
RIBA LV A V(E2E S4HRUEIE FE268),

63




7zmidazolam<ketoconazole D E 5 A it Z BT i seamless cellulose tubing(Size:20/32. =
HMIERRSIE AT, FEBHETHIELE,

IV ZBFiE

BIEDOER
1) FEEROFHE
In vivo/2 R BB #51E
Midazolam% 5~20mM® & EE T, 25% ethanol. 25% propylene glycol & B /KEEIKRITESFEL
72 KetoconazoleZ #f Fi 3 3B iZ2mM D B Cmidazolam#Z&RIZIEFEL 7=,
In vivoRE B E#IE
Midazolam%2.5SmM®J&  T20% ethanol. 20% propylene glycol & H /KK ICIEAEL 7=,
Ketoconazolez §f F 95 BfiZ 1 mMD## B Cmidazolam¥& Hg I VAR 7=,
2) ZybhRiLE
Dexamethasone 50mg%2% tween20E A KEK0.SmIIZARBL ., 1 B 1E2 B BERENR S
L7co BRBBEITIE2% tween208 B KB DB %0 5SmIEENE 5. Ui, NODME ZT
VN, 24 ICERIZ AV,
3) InvivoERHNR S
ZYMIANUMILE S — ) (30mg/kg) & HEREP 4% 5 U CRRELL BB AR R O RR BRIz~ %
J y(zooéﬁ‘z/ml)%?ﬁiiw:ﬂfv::%1/‘/5‘;~7‘(PE-50)%%b\ryv:::l/—-va‘/%:ﬁﬁbf:o
RRHM T 7o M OBBREMER T2, 59 37COwater bed LIZEEL 7=, MKEEERS
kD7D, %?&Efé‘-ﬁﬁLCJ\/QUI/(200$.'fﬁ/ml)0.6ml%§%ﬁiL?"Co TR (5~20mM) % % 8k
Za—l I Imlkg CRIEBEERHEL. BRBIRY = = — L KO BRI I U7, 3R L7 10
BITE HICE EE DB T10,000mpm, SHMELLMETEDMWES . S0 OB E 124
EREOBFKREFMUBLEY, I PRy BELREL-,
T BEICRY=F LY F2—T PE-10)Th=al—ar L, EIKE 5 %6045 BEH %
FEL 7o, RITERK T REMERVEL., ZTOEBEZRFEICA W,
4) In vivolEERE '
3“/}\@C’\°~‘/}\/{/1/1:‘\5""/1/(30mg/kg)€fﬁﬂ’:‘:°V‘JE’ﬂ—-bfﬁﬁ?b\ BEARICH ==L —ay
L7, RBEIMT S b OEREHERT B0, SvME37COwater bed LIZEEL7=,
WREEBE Bh L D72 | FEHAL BRI~ U (200 8547 /m1)0.6ml% 8 L 7=, Midazolam 2.5mM
DRIRE0.5SmIBEEE R ER . $5I20.02mlmin DEE TR T/, Ketoconazolef
DFEIZIZ, ketoconazole 1.0pmol/mIDIR EE Cmidazolam¥¥ K LB AL . 0.5ml% SR E[E 5%
&, SBIC0.02ml/min TEEHIELIZ, IR == —L L0IRM 2L 3t1c . 2 REsIcEL
T BR(FIA0T BT, FFERARE OFIIRM 2R L 7=, FFE8AR & 0P8 IR M 0052 0 1. 26GD 5t
SHEUFRIZL, NV BRETELIRVTF U F 20— 7 (PE-S0) R AR LTt 0% 11
(CERRIL, SRR 53 25 B B2 8] (Aron arphaA, =ZHE)yTEHEL, )
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5) Midazolam® i Bk 4547 ] & v
| EERAT t (midazolam#B 50Ty b & fLIEAEIR L, €00 B B (Ca) B OV o1 8
(CoEENENHEEL . midazolamd 1 FR 57 (Re)%Ca / Cob L TR B2,

6) Midazolam i #E 5 K& Ofn 38 FEH &

BRAR L 72 M e % 55 b3 Do T10,000rpm. S5 R DAY BEL . 38T L% 1B, Mg
100p 83 FN U B —F MU A100pl 2 B840, BEL ., 6mIOEBE = F LM X154 FIRE.
1000g, 105735 LU, BFEATF L BESmIZ S WL, BEEABETFTEE L, IH#EIR. O
RICAMEEORBEAREZHEMLTHELEE, Z0ImIZETMIV BNy Almizx, £
FI#RICEFBR =~ F /L TR LB 2 ME R B L, BEREsa<h 57 +—HPLO)RI EE
BNZZRE Z methanol 100l TYAREL . L FTOLBTERLE,

HPLC%fF
[ Column TSKgel ODS-80Tm
Temperature =~ Ambient temperature
Mobile Phase CH3OH : H>O : 0.1M phosphate buffer (pH 7.4): CHsCN=60:29:10:1
Flow Rate 1.0ml/min
Detector UVv-970
| Wavelength 229nm

E2EOER
1) REOHRM
In vivoZEB/NL— 7N 5
Midazolam#% 10mM®D# E T, 25% ethanol, 25% propylene glycol & B /KIS IZIEAEL 1=,
KetoconazoleZ ff i 9~ 2 ERIZ2mM DR B CmidazolamiF IS AE L=,
In it L — 74 BN
Midazolam#%:0.025~1mM®& E T, 0.3~10% ethano BF K 2% L 7=, Ketoconazole® {3 Ff
T BEEIF0.5SmMDE E TmidazolamiB iR IZEAE LT,
In vitro MBS 7y — AR EER
Midazolam%2.5~25 uM(5 #& I BE 1~10puM) D B ©., 4> B Dethanol TR . Tris-HCI
buffer(pH 7.4) TART 7 L7z,
2) ZyhEILE
DexamethasonelZ KA BTAL B 138 1 ZE D ER L RAFITIT o7, Clotrimazole 30mg% 2%
tween208E B /KEEHKO0.5SmUZ KRB L . 1 H 1E3 B MMM 5 L7z, Phenobarbital 30mg% 4
HEEAKOSmIUCHEAEL. 1B 1E3 H EEREPNE 5 L7z, Pregnenoclone 16 « -carbonitrile
10mg% 2% tween208 A K ¥EIK0.SmIZREL . 18 1[E3 A BEENE S LE,
£ERBBITITTNTNY tween20EH KBKDH, HHVITEBREAKDHE0.5mIlE
BERRE L7, Wb BREOLBND24FREE % ICERICA VL,
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3) InvivoZEB L —7 N E

—Bﬁ%ﬁbf:?“‘/}\&C&VF/*‘/H:“&?—W(30mg/kg)’8ﬂ§ﬁ?:’V‘?&‘5—1.1’%%1/\ RBIARY = =
—L &L, %ﬁ%?sﬁ*‘?y%@ﬁi?ﬁ%‘%ﬁﬁﬁ‘étb\ 737 CDwater bed EicEELT,
I 378 2 & B 1k 7= %?&&‘—5%L’_/\/\°U3/(200%11‘[/m1)0.6m1%%%“82b7‘:0 ZERE LR
SmIDABREIEAKGBTC)THEL, 10 + lemDA—T 2R LTz, ZiK(10mM) ImlZ#E51%
R ICRBIIRY =2 — L IV L, B T R E DI E L — T2 H L =T
BEEERIE L, 3=, ELICBEN—TERESF AL, MENEDREZEIE LS,

In situff B L — 7 & M [ IR 376 7 »
~Hﬁ&%@ﬁb7‘:§y#&:&‘/bzi‘ﬂ/t“&—1»(30mg/kg)%ﬁﬁﬂ?éW&%LT%E@L\ R FEARIC D =
ab—Sav L, iﬁ%@%ﬁ*‘?‘yl‘@ﬁiﬁé%ﬁﬁ?’étb\ ‘7“/}\%:37"C0)'water bed iz
BE L7, MRRITRLELIIZ, IREEGIBIL 205 LI E37COEBAE A TS, 10
= lemDNV—T R L=, /1/—7°P’<J%:iéin§Lf:mi&%éi[ﬂﬂif*%éﬁzﬁ@B%Fa‘iﬂﬁﬁ%ﬂlﬁ&:
ﬂfUI?V‘/?:L—j(PE-SO)%:}ﬂl/"CiJ::_—LI/-\‘/a‘/%HEL\ S FL R #E 3 H (Aron arphaa,
=H)TEEL®E, ﬂi?ﬂ)?“/MZD‘I?T&E(Lf:%?ﬁlfu_@.8%7IV§£°‘)‘}\U'7A%:10%’§‘?ﬁ’)’&\ &%
IR =21 3D0.38mUmin DEECHIML . kot I ERE S 1k D73 . i #ic
(AU (1000 A7 /m1)0. 2mI % 86 v U, V=7 RICIRIR(0.05%72120.5mM) I ml& 3 5.
ERERID DRI B RIS AR Y =2 — L L0 L BRLEhEOERESREL Tk
BEEZHEHL, KR 5B, RURBRK TERDO~NI Yy MEZRIEL, Ml E.
mﬁ%ﬁ}ﬁ(RB)&(ﬁmmiﬁ%%%@@mE%Etﬁbfco KERETHRELIIL—TEREL.

N—TRBREETRIELE, /-, E%l:ﬂ%%lv~7°’%ﬂ<=&:‘/“)‘/{ XL, MBNEYELRE
L7

N ! | ARTERIAL

MESENTERIC] SUPPLY
VEIN
CANNULA

CANNULA

FEMORAL VEIN
INFUSION CANNULA

Fig.41 Diagrammatic representation of in situ intestina] loop preparation.
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5)

6)

7)

8)

9)

1y

& N —T7HBDmidazolam BN R D E H

Ty MBI EIEL =%, Vv —7 P iZmidazolam 0.05pumol % Uketoconazole 0.5umol% % &
L 7= (ketoconazolefif A iZmidazolam D E 2B 729), ZDH N —T7 2R H L. in situfF %
N—T7EMENREDE A LRI midazolamD/V—7REEE R OEEBENEEELZEIEL.
B ZR(91 + 2%, n=5)2 B H L7,
In vitro/NMBI 7Y — LFRERLE

Tobe =T RRBEITIRL . EDICZER EROEIB TR ECERH L, 4COER
BEAKT/IMNERNEZESEERKREL, I FATHEELNELY, 4ZEDA(0mM Tris-
HCI buffer (pH 7.4), 150mM KCD)%Z# ML 72, Glass teflon homogenizer C 1,000rpm .
10storokes DG THRET FAX LT, EHITHHIE LT TS,000g, 155 EELL, £0 L
E%18,000gT155 . EHIZZFD E{E#100,000g, 18E[EE LUz, BbNzpelletZ 1.2mlMD
ARTREBL. PMEIZ0Y — LFEREE LT,
In vitrof U RER

INBEIZ Y — AFBEUK ImliZ100mM MgClL(ATR CTHEAE)100plZERINL, 37°CT104 /.
Tl AV Fa—a Uiz, 20mM NADPH(ATK TH#Z)100ul, X UNSEHR800uI(AYR THEAE)
ZEMUT-R%Z0timel L, BEFAYIZI00p1 T 2H TV T LT,

AR B MgCl, 5mM

NADPH ImM

Midazolam 1~10puM
MidazolamD/PMEIZ Y — MEE K F IR ERIE

REEBRO/NBIT Y —hY 7L 300ull3K # acetonitrile S00plZ ML TRERBL,
EEERERE L, 100pl0&KE K THEMZL, DR nEr I LRRICERTIC BT
NI A 100plZ2 ML T OB BRIEERIT o7,

MidazolamD M iE | N —TRNEFER HILERENEDEORE

MEEFREIL. BIEOERLFABROFETRE L, V—TNEREEYE R OBHER
NEFEOUREIZ, TNEN—EEBIZART Y7L, £O LB ImlIZBTI B U A
1mIFIM L CLAE Ol B {E% 4T o7, HPLCHIEE RTIZFRE # methanol 100pl THEHEL ., 5
IEORBRLEAKROFGTERLE,

BIEDER

KR OFBL

In vivoZEfBEL—7 K& ’ : |
ErythromycinZ 50mM®D & E T, 40% ethanol & B KIEKIZEEREL T2, Midazolgm%:ﬁfﬁﬁ?‘
BEE 1R 10mM O B TerythromycinEiR IR FEL 7=,
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In situfiF&E L — 72 M BR &
ErythromycinZ ImM& 2V id2.5mM O 3 BE © . 40% ethanol & B /K VR IR IZHE MR L 7=,
MidazolamZ 6 F 3312 10mMO & = Terythromycin¥BS I ISR L7~ |
In vitrofFX o2y — AR HER
Erythromycin%2.5mM(% % & B ImM) D EE T, 10% & Dethanol T . Tris-HCI
buffer(pH 7.4y CAXT 7 L7, Midazolam 3 FI 9 BRI L B A I FE £30.05~ 1 MO J o &
725 X Serythromycin¥S K I AR L 7=,
2) TyMETALE ,
Dexamethasonet” L 5 RTALE I35 1 E D EB L FIEIT T o7,
3) InvivoZfB/L —7 R s
FREDOERLIFEZEDH {& Terythromycin(50mM)% Iml, ZEfEL — 7 Pz i 5 L7z,
4) In situfF&E /L — 74 1 E Y B
' %2%@%5&&lﬁ%@ﬁ?f'éerythmmycin(lmM&;éb ME2.5mM)%E Iml, ZZEAL— 7RI
BELE,
5) InvitroffI/ny —r588E
7Y =TV BREME WL | B I FFARA 8 LA B D AT (10mM Tris-HCl buffer

(pH 7.4), 150mM KCDZEHML 7=, Glass teflon homogenizerT1,000rpm. 10storokes7xEoF

AR Tz, EHITHHIE LT TS,000g, 154y BIE L, TDEEZ18,000gTISHR, &bic
T D _EiE#100,000g, 1BERIE LU, "o epelletZ ER DA THIEBL . Smg microsomal
protein/ml&ZRBLOFRIL /-, 2283, LREOBREITTRTICTHTo0,

6) In vitrofCEIEER

HF7mY —ARRSHE 1mliZ 100mM MgCl(ARK TYEAZ)100p 2 IRATL | 37°C 104, 7L

ArFar—a L, 20mM NADPH(A?‘&*G‘?&*%)loopn:%ﬁv\*c%?fﬁsoopl(m&'éféﬁi)%
AIUTRE 2 0timek L, REERIIZ100p1F > 7 YL 2 Uis,
RAERE I7uY—ALEHE  2.5mg microsomal protein/ml

MgCl, SmM
NADPH ImM
Erythromycin ImM
7 BEHEE
Bradfordi: T1T 7=,

8) Erythromycinifn % o & B H &2
B U7z 1 98 % B b 3% 0 4 -G 10,000rpm SHMTELOBS, MF 100p1i20.5M
K2COs ImlZ RN, EEL ., 6mIDEEBE = F L% H0 2 154 BRE. 1000g, 1043 oL, EEle
TFNVEESHIEZS R, BESBETFTEELE, HPLCHll % [E &l {2 % #& % mobile phase
ISOpITHEML . LT OSBECERL,

HPLC4 14
( Column TSKgel ODS-80Tm
Temperature ~ Ambient temperature

Mobile Phase CH3OH : 0.1M Potassium phosphate buffer(pH 7.4): CH;CN =45 :50: 5

Flow Rate 1.0m¥/min
Detector JUSCO 840-EC
\. Voltage 1.0~1.2V (Oxidation)

9) Erythromycin®fFI7 w2y — AGBIK T TORIHEMEOBEIE
RBEROIFI/ 0y — 2P TN 100uliKk & TAAVREFRV AT AVTER FXN U=
=) ImlIZFHEMUTEREBEL., 1000g. 105 E TiE LS BELZ BB 1ImIc AR I 5SmlZ F
Lico BERLISH BB L BALRIL0SmIZ X 15H BIRER L, 1000g, 105 T
HOAMELT, 0 BRI B IR B (B R 550nm) 2 B L%,

BAEDOHEE

) #HEEPERESDROEH
MidazolamDiE L E FIE BB LN RIIFE2E 48 Fig.14~Fig 18XV RD=FZ A, (1 -
Fo)b LTHEH L7z, ErythromycinD{H L E FIE@E B RIIHEIE F260 Fig.24, Fig2sOfs
BRIV NZIFER CXBEHBTL,

2) FFRIEE@ZROEH
Midazolam®FF ¥ El @i %) B i¥bioavailability(Z2% 38 Fig. 128 8B)L. in il /L —
74 M EULE O R (B2 B48 Fig.14-Fig 188 B)L0. B2E Fig8IomLita AL
THEHLUZ, Z0FE, midazolamDIE(LE FIELE B RIT, EHLV—THNEBREROREET
HBHI0umol TIHIFEA L ER TEAZENTREINTED T . Fe=1¢LTHEIA W,
Midazolam& [Rl#%iZerythromycin ThiE (L E FIE BB S R B ER TEL-D, BIE F1H
DFER%E AV CTmidazolam& F#E D FETEH L,

ESEDER
1) FEEORR
In vitrofFI7 vy — AR EER
Midazolam % 50~250 uM( & #& 78 BE 20~100uM) D i £ T, 4 & Dethanol TIEFEH . Tris-
HCI buffer(pH 7.4) CART v 7 L7z, KetoconazoleZ Hf F § BRI BB EA50uMBH B
IZ5SuMOE E L7223 X OmidazolamB IR IZIEREL 7=,
In vivoRE IR B £
Ketoconazole®2.5mM#H DV I 1.0mM DI E T, 20% ethanol, 20% propylene glycolE H
RBIRIZIERR LT,




KetoconazoleRii4LE B 10 EEEE

KetoconazoleZ 1.0mM®DIRE T, 20% ethanol, 20% propylene glycol & & /KISIRICIS AR L  Bradford#E T 7=,
= 11) MidazolamDFFI27 vy — A e o s B I 2
D 7P : R EBROFIZ Y — ALY 7L 100uli2K B acetonitrile 150ulZHMUTREBL. £
Dexamethasonel:iéﬁﬁ&&%&i%1%@%5&&@%@:?‘?07‘10 ClotrimazoleiZ X 3B #L 8 |1 NEREEZBELR, 100p0FREBKCEHEMHEL, U LEERRICBTY BRI U L
F2EDERLRAZEIZIT- 7o KetoconazolelZ LA RTALE I3, 1.OmM D ZE{R % 2ml/rat T4 100p1Z ERAM L TEAE DEBIEERST o 72,
BFNC T TR TRE U, #E50024R %I E8RICH -, 12) Ketoconazole i 4 o 8 B I
3) Midazolam Il §% 1 78 B & ORI & Midazolam& FI#k D % AV e,
FEFENTEICLVIT 7, KB T % (midazolam#® 5)DFw M 10 f ik & H IR L O Ifn HPLCS:4
2mlE @ TR 28 AL, 4HEPBS(pH7.4). AmIZ 3 U CEN AT 572, 4°C T3 B FIREL. ( Column TSKgel ODS-80Tm
RIREINRDIRBE L LD, BERA T2 E M L7z, Temperature ~ Ambient temperature
4) FF7wY — LRI T Midazolam DFERE & T 2y s F Wl 72 Mobile Phase ~ CHsOH : 20 : 0.1M phosphate buffer(pH 7.4): CHCN =70:19: 10 : 1
FEBNTIRICIIT o7, BCBE L, FFIruy— 0 EBRE 032.5%72130.2mg microsomal Flow Rate 1.0mV/min
protein/ml, midazolam?35, 20, 100pME72BL5TBL 72, BHFREDICFFIZ Y — ABEB ik Detector UV-970
2mlEH AL, SHEEL TPBS(pHT.4), 4ml% FIV i, 4°CT3 B BIR%EL. NIRESMR DR B \_Wavelength ~ 229nm

XY, EEHERZEHLE,
5) KetoconazoleRT# 5 DF & (In VivoZER /L~ T N} &)

KetoconazoleZ2umol 2 T# 5L, 248 B % IZmidazolam% ZEjB/L — F & &5 L7z, EB
FHEEE2EDERLAKICITo7-, Ketoconazolelfl S R EDH EEFERTB-D Iz,
midazolam# &7l ¢ i ## " ketoconazole & B, I FE L 7=,

6) In vivoXEE## % (Ketoconazole)

EI1EDEBRLF DI IE TketoconazoleF 8 5. L 7=,

7 vy — 58k HKetoconazoleDFERE AT I iy il ) 52

FEBFTEICIVITo %, BREET, FFI7mY —575%2.5mg microsomal protein/ml.
ketoconazole35, 50uM&ERBISTARL =, BATEE IZRFR7ay — MBI 2ml % £ AL, 4
#ELTPBS(pHT.4), 4ml& i\ e, 4°CT3HBIMEL . WL ABEOBEL LY. B A4
REHEMH U7, £72. midazolam% S0pMDIERE F Iz o Th RIERIZ T o7,

8) InvitroffX/uy —AgRS
EI3EDOFI/ Ty — AT FEOF T 2 /by — A, Smgk 140.4mg
protein&/2 5 X5 BL 7=,
9) In vitrof {3 EER
RIBDOFFI/ny — LML FEOF TIT o7k,
RRIRE ey —ALEHE 2.5, 0.2mg microsomal protein/ml

MgCl, 5mM |
NADPH IlmM |
Midazolam 5~100pM
70 _ 71
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