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F &

HEMpERANZ T BT B 3 B OWFSE H AL, APICEL Y A h 23
YW ORI, 5375, U, BEM (Absorption + Distribution - Metabolism *
Excretion) DEEEER L BHERXNTEHAL. BEPOREI DR RIR
SR, $% bbb, HS5EK, k58, RSEBE2C2FHTA LT
Hbo LIHo T, ZOWFFEOFLIENEIRE 2T - FHITE 3257
VRO TH 5, BEROBATERITLT U b Bt 7 WL+
KBLTWa b DL, 372, 4 0BRNEMLEHBRTEET
Ee LTh, BAETERI ZHZEIINLMEL OBRBREBRE LD DT
DL, WHERER L5, COZ ik, BYEERCBVWTIREF
VDEIE & F DR OMLIVERT R TH S L 2EHRL Tna,

BN EY AN R 2 EBIICKE L 2D Teorell Tdh o 72 (1937
) o TS S 7z POV i iR — B & 3 BRI oAl
TEHRTEDDTHY), COMTICRLTLL IV a—F AW
{EREEZUEE LD ol ST, WYL, IV~ FAV FEF
VETFERT W B, E TNV ERE LT 2EEERO ., mEE—
BRI 2 & ) FRECEDL T 0RO O N b DTH Y, 2 /83— PR
YIAOB, aVRR— AV MNEFOTIUN— AV MEOEEEKIIE
R BREFE > Twihdh otz Lzdo T, 4 DBEICBIT 5 HHR
LoFR (o TR, B0 2 L) 2PEEOTEIC
KLY B2 ENTELRDPol SO LIE, TS DERERIST A —
FARAUN=IRAY PETFTIVOBIP /O NIEDINT X — 5 ITHHY
THOPHWTCELNWILZERLTWS, LIL, FOEFNOHEE
FIEEE DO THAMBID 57-0BET CHECOEYCHEAI N TS
720 ‘

LU, EEIVE2— 5 ORBIELR, BHLBEREIRS CE
BETE2L ot 2L LRIMDOT T, 1968 4F  Bischoff &
Dedrickid, EBO I VX=XV MEFLVEZREB R, WO B,
EBEWETVOFELHLL 2. TOEF VI, EEEHBRL TV
BT W=D U= AV EREY)HBT, KAV X—Pb AV}
M DEYBATEE * AN L EBFHAFETERERL Twd, 2020HE
TV EHEL TW5 RRERO B2 8V L 720455 7742 3 2 Bl 00 7

1



EhH Y, 3 ¥a— Y OEELRFHEBINC OF TN & BT O
WOgE L rote T2 SOEFIVEBEL TSI V- AV ME
BRMEE A VO N EREYEA O FERNTIA-F THb L
o, b OfEE e POEICERT A I LI Lo T, EBE T K
PEIRERZ  MICAHET A2 eI (T=< VA —=NV7T v ) »5
BThH )., B, AHEFNESVEEDEER BV TEELBIRED
ok oTWA, |

HERZMEFIVEBEL TWAEING X =7 D)5 Yo mesroa
WWBIL Tk, FEERERE LV - 2O EOFE LWIREDIERIC
fThabhTnd, —F., FREICBIT2EYWOMRBFCE LT, BEEFENB
L UHEACFNEED SHRE SN TWwA AR W, S, EE%NE
FIVEERL TW5E T V— 725, < TEYWEER OG> b HEE
BH—2 L TREFEZFHEL TWE-0ThHY ., BERFEWIE O
REEERIEH 5 VIIBEES T Lo TRE T b T i o
TEBERZ LV,

HYERFE O EWAHOMBEL B, BE. RE 2208 NT
Wh, bbb, [EWRHE] P00, inviro TOE{LZENTF
EERCREREN L AV TR LT R o TWwE V=T, [k
NEIRE] . FITin vivo TOIRYENEIRE 2 dhuO T L T 2558
TN—=TThb, WiE OGRSV —T O E LT\ 5 3 iR
Kk, Zlcb 2o TWB DS, EHYD Phase I R ICHEL T3P
—45 0L TR, 20HTELEE L. TR WE LMK
K. EERRME, FEM, MR, B, ERMEEEMCT A L 2
KHIEDT2 DN TV 5, FCREDDHHAMN, B ORI L b
B\, COFEFONRIR L VBB LS TFERFRET. ThbbEBEES
YN DBRBFENRFE ZFENRD C EMNERIITRbRATWE, —F,
FHOWGE TN —TiE, B OB £ % SRR TR B E 7L OREE
PHABBE XL T2 EROFEH, Y% L) RE AR RE
TEBLVRT LAORBIEADNBINTVND, TDLI IV — T
R BHRD S O ERER2ERTA2EOD D 5, LA L. SWEEH
DEAEHBIDY, FY OGRS, R, T2 TR L T 2 ER 2 HH
TAHIERRE-T, IhbEFRITEBREIRTrHITLELTHS
ETNEL BIE DR 0L TRREWYR B OBRLFN B L ODF £
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BRI % B b DD, in vitro T DH R A Whole body T D EY kA
BIREIC EORRIC L L T AP EENICTFRIT 52 L RWEETH 1,
/2, BEOWZEEDOA TR, B hAH ST A— 7 T 20T
HBIENE VHIRIEEN DD, LA oT, TRV — 70 b
SROEYRRNFDFEBRIEIATRTH D EEZLND, FC, &5
N7 h EZ & o 2R (EEAEY) MUHAER I 2546,
Hahs L OEEETFRT S 720 134k S0 - o 4%k & TREYO
RPBIRE S AR IR T 5 C LEETH ) (Drayer, 1976)  WH
DAL % B 5 BERFEWIRE AT R E 2 B,

AHFGE TR G SN B L RBE N B LT Y AR S h G
HMYOANBIRE 2 FRICTFRT 5 C & 2 HiY & LU TEBREHIIGER B
MU EREREE TV DR D T,

XHRIEY) L LT ERPL) X ImipramineZ LY H1F 720 = DY
FEREAVSG N TWBZIRRIL ) 2EDI b, BFWIRER INHET
bEASINTVWBEARNLZERH) 2 TH B, LorL., FHEcBYT
LZAEEBNRIFIRENT 2 b, W5 S N/ Imipramine DENENE
i, FFRORBERICKE (BRI EPFHLMIEN TS
( Nagy & Johansson, 1975) o Imipramine® ¥ b B L U7 v P D EEH
HHEME % Scheme 1 1278 L 7= (Dingell et al.,1963;Christiansen et al.,1967;
Bickel & Weder,1968;Crammer et al.,1968;Sutfin et al.,1984) o < DMyt
T PIRIERT VEFVESN -2 FLH B WA I ) VRV TVED
2 PLASKBRIL % 1), Desipramine (DM 1) B & U 2 7k tImipram-
ine (20H—-IMI) HEhs, &5, ThbD 1 XMAHY I
FNEN 2MKBILEIEE KON —i 2 FIVE RIS & 9 1 6580 2 K48
. 2 (KB {UDesipmmine (2 OH—DMI) 28I 2, b
O JUe i JFEIC 3 W T Phase I GBS L T v 5 EE R YR B8
FTH5 Cytochrome P—4 5 012 & o THHE S W T3 2 LR
N T3 (von Bahr & Orrenius, 1971) o T 72, Zo 0 2 frkKER{LAH
Y (20H—IMI &20H—-DMI) iX, Phasell FJE% il L Tw
5 EEZHEEE T H % UDP-glucuronyltransferase 12 & o T/ Vo 0 VR
FEEZITAZ EFHMLNTWS (Dingell et al.,1963;Christiansen et
al.,1967; Bickel & Weder,1968;Crammer et al.,1968;Sutfin et al.,1984) o

Imipramine DGR I B W TRICER S hb 2 ik, 2Ol A F U
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§ _CHy @ | _CHj
~CH,~CH,-CH,- N-CHg-CH,~CH,-N -=<> OTHER
N-CH,~CHy-CH, N‘CH3 i 3 Ry e N, 7 e LITES

INIPRAMINE DESIPRAMINE
(I (DHD)

0 o

,CHa ,CH3
N-CHy-CH,-CHy-N N-CHy CHy CHyN
HrCH NG, B 7 CHy CHy N

2-HYDROXYIMIPRAMINE 2-HYDROXYDESIPRAMINE
(20H-1M1) (20H-DMI)
20H-IMI-GLUCURONIDE 20H-DM1-GLUCURONIDE
Scheme 1

MAJOR PATHWAYS OF IMIPRAMINE METABOLISM IN RATS.

Open arrows show aromatic 2-hydroxylations and closed arrows,
aliphatic N-demethylation.



ERUEIC & o THEK E NS DM I ISP %) >EE S h, <hH
) oL L THERICHWORTWE L ThHb, SBRHD oo
HKELHROBEFE. BB #REEYWE ©&H 5 Noradrenaline &
Serotonin DFFEERKNDBFI Y AR 2HETE o Ltk oT, ¥V F 7
AR TOGEWEREL FH €A LICk > TRIBIh 2, BILE
W& & IZ, Imipramine & DM I i, HUY A4 % ¥ $ 2 M5 EWE I
LT, FEELE->TB Y, §i#E T Serotonin I LT, T2, %
# 13 Noradrenarline |23t L CEIRITH B S 255 v F OKIEE %
WEERPSHL PSR TS (Raismanetal,,1979) o 72, h
b OMBEEWBEIC & o TEIR S 555 oA 3. Noradrenaline T 1
BEAREBIERIC, 72, Serotonin REASEEBIEAICHBELTWL LE
b Twa (Carlsson,1976) o L 7:%%> T, Imipramine & DM I Tid,
BREE OGRS VT, B2 EEONEEREREL T WA THekE
PR ENTWS (Kielhol,1978) o

& 54, Imipramine¥t b THRA & N125E& OEANEIRRIC BT 5 BE
A & LT, ImipramineB LU DM I D &R A3 58123 U T Ik
WKERATHI EPMEENTWS (Brosenetal,1986) » <D &I,
bHAERESETOMAPEED LR BIREETOMPEE 8 eE
EPOTFRETELRNC L2ERLTB ), MAPEE % &ic U3 55HE
eMTHIEPHEEE LD, /2. COIERBHILEE DER (Bjere
et al.,.1981) B & O BIEHHE: (Brosen et al.,1986) 2L o T, #0f
EVFEEHT I EPHESN TS, b DHFER, Imipranine® fF
TETOMBREEDS, BIRTHWL W2k 5EBEHETHRNIT L, BL
O, ZOWEBEPERS L URENERICE > CTREEZIIHAILEE
RLTH 0. FFRC BV 2 BERZENIIFE A2 OFNEIREZ BET 5 720
WWIRATTRTH 5, '

BEnZ &6, Impraminetd, FRFETHEL LTWEE, Thb
L, EHRSYEREBTFICE 2EBENEFVE nviro RNBER
LVBONLBRFNARPOHET S LT, BbBELZEFVEDD
TOTH L, Floy AL THE S NIZE T VT & o Tinviwo 7— %
25 invivol kBN O FRATHETH 5 L D & 2 hiE, 544,
Imipramine FEIEHAEYW 2 FOEYZHWLBEICBV T, #04&
NEEZ T - FRT 2 L CHOEELRIRME 525 2 SRR N2,
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Imipramine® & £ BAU Y 0 EH R BAIGE I E D W - 3 ERE R 80 &
FIVOREEICK ), TFHRDIC, Inipramine & # DB/ O R EE
LT ALEND B, AMENE 1 ETIH, BEFTIHELINT
WREEREEZREL., FillB#RE s u< N5 7 4 — % Fv /- fE
POREORWHERNERELFR LER2 T L0, Ch2FH
LT, Imipramine® 7 v MF3I 7 0V — A% F\> 72 in vitro /LI 5B &
Y. Imipramine fNH OZFRFRICOBRFENREM L., FRICEE LT
WAHP—4 500 FREICOVTORE 2475 o7 (25) , XIZ, in
vitro EER X V155 - HR % in vivo TOREYEEESHN € F IV IS L
SHEERME L LT, BT 2 BnREEBRILFI s uy — AT
DG kinetics B & OB EIGIC BT 2 BEEZMNSE IS B L XL
PEHAINTWHZ LML 3% , DEOHRKEREZTE
HARE T O invivo Y HEERE TV DML (B48) LIEEEiRe
TOEBZNEFVOBIBL L b OFNEIREL FHIT 2 E7 VA0
TE=RNVAT—=VT v TR (F5%8) | HERBRIcOBEE, ML
NN THOWEIED  EYENEIRBRO TRV TH 2156 7%
ALY :



Z£1E Imipramine& T DFERFMOSERE IO~V LT
77 1 — L& B HERBEEEDHE

Imipramine?® AP B A8 DI AR EEFR I 11X, BECRERTERL 7
£ 31, ImipramineAREDH7Z1F Tk (. #oR#Ew (DMI. 20
H—IMI. 20H-DMI) OWERKEEE WL TLLEIH 5,
ek, ZTERILI OB ICHETIEREIL. B LoFED 6| 5HEY
B L UE R EFERELHL) oEREROBR T v VtkoE= % —)
VIRERELEL OISV, BETI TIALNTWAERFEOE 2D
DT LHBEUTOLICER B,

53765 65 HT I (Spectrophotofluorimetry)

A VR A AR, BRMEKIE R © Z3RRHL ) 03 0B IERE % e
$ 55T H % (Moody et al,, 1967,1973)0 REHICW L DD DENER
FOWEANEET 254 (InipamineDEFERBWTHADM I, HBK
BR1b4%K 2 & Imipramine & [/ U B R THEHH 5) i3, MEBE 0%
FMICEE YD 5,

A7 4475 FR1% (Isotope-Derivative Dilution Analysis)

COFER, BENR R 2F LFEE O b D o TS IS
HWHE & EBH I &8, £ EBEL TZ2OMERE ORI,
LEBTHDNDTHb, DM I (Hammer & Brodie, 1967). Nortriptyline
(Maguir et al., 1976). Chlomipramine (Carmnis et al., 1976)7% & O =5R 5L
) ORIEL TZDILABIIRE S TwaH, RnEEY 2 TLCIC
L oT, BT 2720 KBNS Y . $722 OB T L CHuL
HIZHIR S NS 720, SBEge, BEER OHEEICHENS 5,

BEs7u< b5 74 ——F ¥ b A Y —H(Thin-Layer Chromatogra-
phy-Densitometry)

Aefz TLC TEMZ RESECERL. JlEET L HET
& 1), Imipramine® % >t Amitriptyline (Breyer et al., 1976), Imipramine &
DM I (Fenimore et al., 1977). Amitriptyline & Nortriptyline (Faber et al.,

1974;Haefelfinger, 1978) D EEIENTHRE S N T W5, iR O RAAEFHR
7




AR, EEEERFCTLCR L ADEREICEKEL TV 5,

HAya<x b5 7 4 —(Gas Chromatography)

Imipramine & % DAY % BIRKICHIE L TEE T 5 5% (Weder &
Bickel, 1968). ¥ D WIEEHEY)E % F \» 7= Amitriptyline, Nortriptyline
nFREEEBurch et al., 1979), FEMEEZERL T2/ T I V2 EE
T 55 Ewviket al, 1970)2 EFNMEENTWE, ThdDFET
X, BB ORMENEETHY) . T OB I LAY D% E .
FOo DBIRMES SRES NS,

EEHEfk s 0= + 7 F 7 4 —(High Performance Liquid Chromatography)

FRBEDB W ZBRHL) o OHP L Cic L 2E&ikiE, B Y 7 4
AV AREEEZBEME L LRSS (HRE & Tn3 (Mellstrom
& Tybring, 1977;Knox & Jurand, 1974;Greving et al., 1979;Brodie et al.,
1977;Vandemark et al., 1978;Detaevemnier et al., 1976)o XFHRILAW T 3 &7
IVOZRRMI O L2 OB T VE MR ERREE TS L OT
HY, BEAOFMESLE T, Fio, SEEEREE, EECELT
EROERFICHRESERL TN S,

CCRBTI-BEEDI b, FCHERAKs o574 — (H
PLC) k2 boit, LHHEL =ZRRHM) o¥ofErE=s—Y >~
FOFREL T, WO O=BRRID DA S W2 ano s
EIKELTWS, L2 L. Z5RH) 2R3 2 e 1 mlE 2
in vitro B & U in vivo EER & ) 1IN S 7201213, BKEM LAY
250 L AE P OMEE L FRERENLEL & 5, BIRL 2-1ER0EH
RAT AEHVIHP LCETIX, 2 0BKEMUKICHTS 5088 - 8
FHEHERC . Thd OIFHABERE Y2 A& 5 FHWRT TS -
2o Tz, —IRIC, HWEILAY OSEELRIEICERL TV AR OHP
LCTix, BEWART I MLEWTH =8N D X 0EEHE~D
WAEDE L, E— 2 OttfilE, SEEREDYS 5 720, BB EEICEE
HTHBZ EHE S N TV 5 (Sokolowski & Wahlund, 1980), . <
DFAFRAY F 5 OFEFEANORERL BHETHENT, Ay vy —AF
VHE (RETVXNVANVEVEEF Y L) h~ERMEREME IR
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i, ERRUCREY LA+ ¥ 7 — 2B & & 5 BER(Bidlingmeyer,
199N ED W TR R 217 % ) FIEIFS . Amitdptyline 3 & O
Nortriptyline D5 VAR OB R LR B 9 4 8xE B (Suckow & Cooper,
1982). Imipramine & €O F B 0 DEEE BT B ISHR I HE X
7z (Proelss et al., 1978;Lohmann et al., 1978;Suckow & Cooper, 1981)s L
DLy SOFHER, YT 5B SRR O S ORI 2 v,
BV —AF VRAEIEME L. 7T ADWAMEICEL { BEL 5%
5o FNEAEY T A DS % v Tlmipramine & % 0 2 (kB b B &
UDM I oFREEEFTRE I Tws (Sutfin & Jusko, 1979) #*,
19 7 VOEERRIC2 00U Edbd 2, Doz thrbohns ok
Ed, SRORGEIRT 2 SBEICIEY TR v, 22 T4, Sutfin
b DR W-RBEHOMBI KRG 202, £ OJREHALEWOHP LC
WEBEEICHVWOENTWBY Y BFVIEHR DS & 2FWT, Zifc
EP ORE L WERIREEEEML L, ShICRES AT
WRE 4T 2 72,



1—1 BEHEOHERES ITHHEFE7OT IS A

HP LC&Ho#aticd 7z, £ 3\ Imipramined & U2 OB 0
UVIERARZ PVEREL . SEDORIUEKRIE, 254 nm 12D
55, EEER (<230nm) TEOKRELZUVRILH o720 LAL
HWETAHP LCRMEATS n, BEME & U CHBAR © A
LLTWwAED, SRS OEEBINT Yy b+ 7EE (230nm) BT T
DEERATERTH A L5, 254nm ZRBEHEEEE LT, L
TR 2iT% o7,

HP L CBEIMHOEARMERIE., SRR COERSLEME &L TR
FIHENRTWERAY ) —VBLUT7EL =) VORASEIEE L. B
EHE. TE =MV VORBEDVPREVEIELY — 7 0HERBREOL
FAIRO LN, —H, AT —IVEIFRITE DR, BKE L
ROBERERAMET L7 SRIEESRGORETICHV O H 4N
# F b (Merckft B, SI-60. 5u m)T id(Acetonitoril : Methanol ) DiEA Lt
¥ 7:1 T, Imipramined & UMD E T OB I3 LR T & 5 HH
BEEr 5 27 SR DEORE, AEEHEO A OBEIH I3
RAT L ORE LR, ¥ IS S VEIERBICK T B WEAEEATR Z
b, EYBIUORBEPOE -2 »F7— 1) V7 &R LIBTHEEAsymme-
try Factor ASP)2 & L (& <, SHERBOETOER L 25, CDASFE
ANYLELL T, BEAHAPNELZFNT S C ¢, AEdsteo
B~ DR S CHABCRE L, WM RO 2 FEMRA Sh T
(Greving et al., 1979;Detaevernier et al.,, 1976)c £ T, ZDHEE b &
W SRERA L ARsE \CBE A2 T, Bk (FUEZILLFY)
EHML, &Y — 2 O4EEH R (Retention time: t v ASF 25 2 5%
o R A

[1] BEHHOBEHER

Figure 1 — 1 21X, 7 ¥ €= 7iREE & Imipramine & Z O EECHY
B & UWEBEREYE (Nortriptyline) % ¥ — 2 DR 3 & UF ASF 0
BRERL 120 ORI OBEMATOT Vv E=TIBED LA L L IT,
t PP & ASF ORFED RO N5, 7 ¥ E = TIEEHS 3% (v/v)
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2 200} =
ok
0 1.0 2.0 3.0 0 1.0 2.0 3.0
ADDED AMMONIA WATER. Z(V/V)
Figure 1-1

RETENTION TIME AND PEAK ASYMMETRY OF IMIPRAMINE AND
ITS METABOLITES IN THE PRESENCE OF DIFFERENT CONCEN-
TRATIONS OF AMMONIUM IN THE EFFLUENT.

Eluent:28 % Ammonia water in 7:3 acetonitrile-methanol.

Solid phase:Hiber SI-60, 5 uM.

Samples:@,Imipramine (500 ng);[J,2-hydroxyimipramine (500 ng);
O,nortriptyline [1.S.](125 ng);¥ ,desipramine(500 ng);l,2-hydroxy-
desipramine (500 ng).
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T, Imipramine & 2 OH— IM I OGHEIMET L7ze Th b DIRESHKE
By, HPLCBEMOEAFMEIL, Acetonitrile:Methanol =7 : 1 +28
% Ammonia Water 2.0 % (v/v) & L T. BT OG- oRe 247% o
720

[2] HhSfOmERR

~ Imipramine % Amitriptyline 7z & D ZERHL ) X O F BRHY 0 £ 4K
6 (K. F/NBEYARY Y ay, BRAEIEA—L2E) 2260
MHEEE LT, FI2, 1. 5%AVTINVTIVIA—-VERNT IV
(Suckow & Cooper, 1982). 1 %A V7 I VTNV I—VEFNTH ¥
(Vandemark et al., 1978;Proelss et al., 1978;Lohmann et al., 1978), T — 7V
(Mellstrom & Tybring, 1977;Brodie et al., 1977;Suckow & Cooper, 1981) % A
WA RE S T2, L2 LS HEIE, IR OB BUkER
IREDORBEREZEN L LTWwaS 0, MHEERE LTERE L.
K OBBELE VAEBE I E o BOKER{EAS Y 13 Al H 30t
B bR I NG, 22 T, LRoBEHEICINZ T, LB
YD (. KDOBMEFKE 2FEBRI TV (Table 1 —1 &H) %
Awziga ot 2 WERRE L 72,

Table 1 —1 A EIEEBARE L M@ E oML L UKOERE

hH YN S A — 518 K D
n—N\7%v 0. 2 0. 010
n—"N¥¥+v 0. 1 0. 010
VIFNVI—F N 2. 8 1. 3
BT+ v 4. 4 9. 8

* M A — & i3 (i&%!:f 5(p.10~12,1985)) &£ Y o K& W CRIESF .
*RNDEMEIR 2 0OCTOBBE (w%) 2RL7,

12



Table 1-2

RECOVERY AND ITS REPRODUCIBILITY OF IMIPRAMINE
AND ITS METABOLITES EXTRACTED BY USING DIFFERENT
ORGANIC SOLUTIONS FROM (0.3 ML ALIQUOTS

OF RAT BLOOD

COMPOUNDS2
ORGANIC IMI 20H~-IMI DMI 20H~DMI
SOLUTION
A 79.7+1.1° 51.546.6 69.1+5.9 22.64+4.3
(2.74)° (25.8) (17.0) (38.3)
B 59.1+1.96 27.1+3.91 11.4+1.44 57.9+10.4
(3.32) (14.4) (12.7) (18.0)
C 86.8+4.25 36.2+4.04 57.6+5.65 78.3+11.6
(4.89) (11.2) (9.81) (14.8)
D 81.8+0.5 88.3+0.8 90.2+3.1 91.5+2.7

(1.20) (1.83) (6.77) (5.82)

Organic solution;
A;1.5 % isocamylalchol in n-heptane
B;1.0 % isoamylalchol in n-heptane
C;Diethylether
D;Ethylacetate
2 Abbreviations used in the table are as folows;
IMI, imipramine;20H-IMI, 2-hydroxyimipramine;
DMI, desipramine;20H-DMI, 2-hydroxydesipramine.
b pata represent Mean+S.E. (n=3).
€ Data in parenthesis represent C.V.

(coefficient of variation, %) values.
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NS DEREEE AV THERZFHS R E Table 1 — 2 IZRL
720 BEBRLF VR BB ETIZ, FIC20H—-IMI EDMIK
HTLMERDSEL, Ty 1. 5% A VT INTVIA—VEFNTY
vit. 20H—-DMI oHES JUHEEEE (CV.) 2ZLET
Bg77, Lzdto T, BKERMbAK 2 &% 72 Imipramine D [ 2 Bk o Hl
HEEE LT, BB F U RRETH L AL ol 72
SR OEOEAKSRE AL O TV H VHIE T, MY > 7L 0
L LT, NaOHIZLZHM7 VI ) HMelilstrom & Tybring, 1977; Brodie
etal., 1977;Suckow & Cooper, 1982;Proelss et al., 1978; Lohmann et al., 1978)
L RBRARE W & 5 pH 10 AR T ORI 4 (Suckow & Cooper, 1981)4%
HESNTY5, BFEORKRET 2 6. RAKER{bLAD S g 1o v
TNOHEME & o THEL2ZT, NaOHTOT7 VA YEGETTk, 7
BRI COpH 10 IR ICEBK 1 /3BEIET T2 &
PP LR ol TRODHRERREL V. AROFFETI, #iHIRRED
W% RERRETIC L 5 TpHI0D 7T VA U ML L, BEBRTFVIC L 5
THI T2 FEEERA L 72,

(3] EEPHPLCEEE:EDHE

NI TORED 6 P9E L7 flith. BERECETWT, HERED
5 Imipramine & FEMZHY (20H-IMI, DMI, 20H-DMI)
EHHLZZHPLCZu~ b9 A% Figure 1 — 2 137R L7z AR
B, 7 v P 0.3 ml i Imipramine & £ D EE(CHWE 500 ng % 7K
MLl7zb e H, 72, AEICIESES 28T 2WilEs o< b
TIhEMEWEEE LTI VRO O T AR THEL
2B, ZhoDruI MNSSAQWENSHLPL LI, wThoft
FWE - 21 LT, BRSSP O EY — 2 3B OL R, T 72,
LEKBGTHRD 70 7 FE =2 DAY — 2 ~OFBELED L Nk h o
720 FEIC, BLAYMHTOTS %8R £ UK Y — 27 O Btk
VHER S NIz 1AM ) WET 2BMEEIZ 7~ 840HTh ., B
T TIHE ST 2 KB LR % 2 72 R E BB Suckow& Coo-
per, 1981;Sutfin & Jusko, 1979)IZ b RGATRE RIS 1 /3 BBEEHE & 1L,
LN BB B holze 72, 75 A 1ARKD K 1000 BERE
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Figure 1-2
SAMPLE CHROMATOGRAMS OF EXTRACTS.

The drugs labeled in the figures (b and c) are:imipramine (1), 2-hy-
droxyimipramine (2), the internal standard, nortriptyline (3), desipram-
ine (4) and 2-hydroxydesipramine (5).
(a) drug-free 0.3 ml blood without internal standard.
(b) standard mixture containing 500 ng each drug.
(c) 0.3 ml spiked blood extract containing 500 ng each drug.
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DEEVRETH 5o ,

Table 1 — 3 2ix. 4 EEEY sh7-HP L CEEsMic 5  Imipram-
neB L UFORBEYO /O T LDOEZEY - I LT, 2ua< b
75 MENTINT A — & Kirkland, 197D Z25TE L. BBEOI Y v ¥ —A4 F
vERAWEREEE (Table 1 —3 D" FiEA” 1% Suckow &Cooper(1981)

* HEB” X Proelssetal. (1978)) D27 u~< bS5 ALDEELY)
TOEE. 7T AEL L UDBERICE LB 21T% o i RE

TRL7ze STHEMESTS L LREAB L UBOBEE, AL TA A
Y R7 —FER AW b0OTH Y | {LEYOBHIER L. BHEOE WL
&t (BAERLE) BERARTE, BnavyFevavyTok’ i

([2]) BRABEUTELEZEZ b, SROFELHEA TR, 13132
T T D&M 7L T 525, #45 BT, Imipramine® k’
iE ([3]) »KEL, BEH~NOEFEAPROLN, DT EHTE
xiFRME (ASF) o¥gin ( [3] ) CERmEE (N) o T ([4]) %
BRI LTWBERDNE, 2 0% F7J AY— 2 OFEHEEICEL
Tik, £ETOFTL 2B TBY ., FETOT—Y ¥ ZEEHH L Nizhs,
SEOFETIE, TORER3I 0N EETHY, hoFELHRTHIE
WIERMEDSERD b, 2 o FERRICBIT 2 EREE (N [4])
Cik, 77U b AV OBBAEHIRTH D F o AR Y
FOWRYDRELREDLTING XA =5 ThHY, ZOMEITKE VI LD
DI BNE—-r THLILE2ERL TS (ThbbhIANNT
ALEWOBEAIVINEY) o T, SOER—KIC, 1T 2DEEBE
WIEEKERELREDT, 5 bEAROFHIRELALLIEEDNT
AL TCHIT AEEIIE, COBETEFOH T ADEIRE - ETH
HERBEMYE (H; [5]) CHBME sh T3, SEOFETIE,
#1 Imipramine 12333 2 NMEDAES <, #EAB L UB TOMOHK 2
BEOETH o720 F MDA W I T HESHEA, BICHRTHERE
EUETHo /. HiEIX, BHREDOH 5 L DEMBTH S 0.01-0.2mm
DEF (B &3k, 1979) 2L THBH, ¥Imipramine, 2 OH—
IMI. I. S. (N#MEREME ; Nortriptyline) TidMfidTFHE A~
K2MEDOH S LREERLTWS ([5]) o 1LAYHE o SEkkE

Rs) 2200 Y =2 OFEEEROZ LN Y FIFCEHEENs ([6]) o
¥— 2 OBEHBESTEHAR 2 Hy ARHHETH B LRELTEBE. Rs
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Table 1 -3

e
<1 >EFFEOMR AT L.

T

| SEDKE B A %&b
L
5 5 I 60 ) Bondapak C

Eg ELF sk - fa«%~
| BERE mwg 0 260 0. 25
< 2 > EZALEWOREEE (CapaC1ty ratlo k’ )Cth$§
| e :A-o)m W& AiEE B
| IMI 0.69 i5.21:3.59
| 20H~IMI 1. 10 i1.52: =
| 1.S.(Nortriptyline) 1. 56 12, 52:3,089
| DM I . 2. 30 14, 28:2.55
| 20H-DMI . 4. 38 .1, 40 -
< 3 >BILEPL— 2 DOIENTRME (Asymetry Factor; ASF) DH#E
=D  SEOKE BWE A WE B
| IMI . 1.10 i1.10:1.50
| 20H-TIMI L 1.25 1,00 -
| 1.5, (Nortriptyline) + 1. 25 1. 50:1. 25
| DM I 1. 20 1.33:1.38
| 20H-DMI 1.33 (1,10 "= |
< 4 > S WOEE RS (Number of theoretical plates:N) DL
| e SEORHE WE A WS B
| IMI . 4000 :2000:1400

SOH-IMI 1600 12100 -

1.5.(Noririptyline) ' 3600 16001800
| DM I 3800 28002200
| 20H-DMI 3000 14100 - |
<5 >§ftﬁ%®¥§%ﬁﬁﬁ§“(ﬂeight equivalent to a theoretical plate,HETP;H mm)
| feamw  SEOHE RS A RS B
| IMI . 0619..126. 184
| 20H~-IMI 121590 . 117 -
| 1.S. (Nortriptyline) 0687 :, 153!, 142
| DM 1 .. 0668:.089:.112
| 20H-DMI 1.0829:.061 =
<6 >FL'— VM oBEE(Resolution: Rs)
[ {eam SEOHE | kam s A |fket WS B
| IMI 1.89 [|20H-IMI 0.386IDMI 1. 30
| 20H-IMI 2. 39 |20H-DMI 2.84 |[NT_ 0.87
INT 3.55 |NT 4.37 |IMI
| DMI 3.75 [ DMI 1.98 |
| 20H-DMI I IMI |
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Rl DEEE 200NN FOELRDIT4 0 THY, 15 THhNIEX, +
SRS THD EREENTVWDE ELYVZ1BUT, 606) o Z0E
B S BB OSHMIREL R T 5 LS EDOFETORKYE — 7 OS5 HEK
BII+oThr0I L. HEATHE, 20H-IMI&20H-DM

I OGEEPA TSI TH Y, T 72, $#HiEB Tid Nortriptyline & Imipramine
HMOE—-2s0BEL2)FROOLND, TROLDERE LT, MEA T
Zok’ EOEEL20H-IMI0BEBZRBEVMES IER TS & Bb
n, I/, BEBTIRK [EOXELEDMI - D5 —1) >~ (ASF
EXKRE) BEEEEZL LIS,

Dol Rs v, S EMEY L2 5. Bl 456808k
BTohT28)EERETL2O0OKRELERTH S~ MEBEOHE
NG x—% (k’ \Rs) kZ7u<x b5 AE—-7DORKRERET S /S
5x—4% (ASF. NHBHWIH) 2BV T, +HET2EERL. it
DHY Y F—AF V&7 HHEGETOGHEICEERLTE ), &
EPOMEELTOKBRIEr 80 - A EEEOPHP LCE&MH L L TED
DTHEBATH S LHW I N
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1—2 FEEFEE

EEBEIR., —&IC, (1) MBREROERM: Lineariy) (1 1)
Fhit Y Reproducibility) (1 1 1) EEPEFR(Sensitivity) (1 V) i

(BN HRecovery)s £ DB S LEHMES hB, 22T, ThETO
Bet L VIE. SN HBERUTHPL CE&BZHAWT, E4RE 0
Imipramine & Z D ERNHWEEETHHEOEEREIC OV THRE %
7% o720

[EBRAER]

Table 1 — 4 126X, FMERERRICHE L CLLEE® in vitro 3 & Uin vivo
EBRICLEL Bbn 2 BEHE (20-2000 ng/ml) TOBERMEZ AN
PRERER L, £ ORR. H{LAWICE L CTP.H.R. (Peak-Height-Ra-
o)L Z VR DEYBEOMCBEVAEY (r>0. 999) R
ENt, I, EEARBOBHREOREL L C, {bEWREZE X K
@ P.HR.DC.V ffi(Coefficient of Variation)% Table 1 —5 /R L7:0 &
DEPLSHLP % LHIT, CV.ERSERA-BEHETETOML
EWCELTIZIZ]I 0%UTTHoTe EEBEFE, E—27 0F &N
— 274 7 Ofl (Noise) O 35U LETH S L L7z¥E. Imipramine
L20H—IMIT#3-4ng. £72. DMI L 20H-DMI Tiz#
6-10ng DEYELTFEETIEINNRTHD I b h oz, X
7z, Table 1 — 6 i3, HEEWIRE % invitro, invivo EERCHEL %2 5
#HPAPA (50~3200ng/ml) TEZ T, MUFE LT LIHRER L2
LAY OMERILREHFTIHI—ETHY . 9 0 BHHEDETH -
7o SO EDOHMEFEIEL ZOFEMSE DO THRWE LI EEN
BICEMLTWwAEEZ LN,
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‘Table 1-4

LINEAR REGRESSION DATA FOR CALIBRATION CURVES OF
IMIPRAMINE AND ITS METABOLITES

Compounds Slope y~Interoepta rb

Imipramine 0.00513 -0.0226 0.9998
20H-imipramine 0.00230 -0.0224 0.9995
Desipramine 0.00165 -0.0697 0.999¢%
20H~desipramine 0.000727 -0.0126 0.99¢93

& peak-height ratios are plotted on the y-axis,
b drug concentrations in ng/ml on the x-axis.
Correlation coefficient.
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Table 1-5

REPRODUCIBILITY OF THE ASSAY OF IMIPRAMINE AND
ITS METABOLITES

Coefficient of Variation, %

ng/ml IMI® 20H~-IMI DMI 20H-DMI
1000(1600)b 3.19° 5.83 2.74 3.04
600( 960) 2.47 5.73 2.93 9.44
360( 576) 1.09 12.7 2.79 11.7
216( 346) 6.61 4.41 1.62 4.87
130( 207) 7.85 6.67 4.04 6.84

8 Abbreviations used in the table are as follows;
IMI,imipramine; 20H-IMI, 2~hydroxyimipramine ;DMI,
desipramine;20H-DMI, 2-hydroxydesipramine.

b values in the parenthesis represent the concent-

- rations of 2-hydroxydesipramine.

N = 4.

21



Table 1-

6

RECOVERY OF IMIPRAMINE AND ITS METABOLITES FROM
0.3 ML ALIQUOTS OF RAT BLOOD AT THEIR VARIOUS

CONCENTRATIONS

Conc. Compounds?
(ng/ml) IMI 20H-IMI DMI 20H-DMI

50 QO.Sil.lb 95.6+2.4 96.3+44.5 90.0+5.6

100 90.1+#3.9 94.342.2 90.3+5.9 91.1+4.3

200 92.0+2.2 96.3+4.1 93.5+4.8 93.3%+2.9

400 91.9+6.1 92.7+5.8 94.1+6.7 95.0+2.7

800 94.6+5.0 96.8+10.1 93.3+8.7 95.6+6.6
1600 96.1+7.0 94.2+8.2 92.3+48.4 96.1+5.0
3200 94,9+4.9 95.1+7.9 91.1+12.6 94.4+11.1

& Abbreviations used in the table are as follows;
IMI,imipramine:20H~IMI,2-hydroxyimipramine;

b p
S.E‘

(n = 38).

22

DMI,desipramine;20H-DMI, 2-hydroxydesipramine.
ata represent mean values for recovery
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1—3 &

AE T, EREE &N T\ 5 Imipramine & £ D7 VEF VEAED M
I DNEMTOHPLCH&GEHRBEL, Bfizh v —A F VRELME
HLZzWEAKB RS 2 a0 - HBRBEEEE L LT,

I AR . TSN, BRI, KOBMEE TR E
LEERT FVERA L2 LI & o T, RCEBKERILACEH o 3 s
FEEWMEL/ (Table 1 —2 B]R) . 7o v 5 —AF VRARELH
7o CORBEEETH 5 Suckow b DFFEE (1981) 12k, 2
OH-IMITIE10%., 20H-DMI Tix3 0% LoH=RD
MEFRD LT T2, EEHEICE L T Suckow b D5 (1981)
LB T s L, ETOETCHBED EOWREZRLTWS (Tabk 1 —
3BW) o ¥/, KEREEMRETT ABICEE L L7 Sufine b Ok
(1979) I, SHERA 300 1iIcEMs . SREDEREEL
TOMEMNESL & RSO KTl E SN,

PiEd &), AR CHEY L 72 Imipramine & % DX ERBY (D
MI. 20H-IMI, 20H-DMI) oREEEEEIZ. inviro B
L Winvivo IZBIF BAHEERZITE ) LT ToOREICH~ENR
THETH B EREHRTE e Lzdto T, AEBELZHWVWAI LITLD,
Imipramine APIEFICBE§ 5 & ) FEMI 2 IEHMAME O N D & EHHIRE S
n7z,
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2% ImipraminefXHHICR5 T3 P-4 5 0 2 FIEDAERA

BRI 31 ARBBEREML, 5 SN BYo L ENEmE EaT
ZELEELEROD—DOTHb, Lo T, d5EYOEKNENE 24
WO ABERCOMEEHLPICT A I Lk, £ O EHERICH
W5 RBHEORS T CEWERRBROME L v ) BRI PO EE TH S,
% OEEOBEIEYRBICHES LTn s, #Th, F—HE
( Phase I Reaction )% filtfff ¢~ % Cytochrome P-450 (P—450) *., %
ZHIBG (Phase II Reaction) % il 530S BEE (/v o o U ERIGEE:
%, MR ARER, SV T4 UV ABERLE) BELHLNT Y B,
B, HEALER - TFAEYFHNEBRBROmME L L DI, Thb DY
RBBEE IR, DF L8N Multplicity) 2FET 5 2 L HEM» L% o
T &, BT, AFRICBWTHRERELTWAEP—4 50 ICL T,
GonzalezD#eRg (1989) KRR S hTw 3 & I 12, OFFEERPRED
BIEZW G BRHEIEA TV,

B TR Lo TRUL R il 3 525, SFfETLIC2D
BERFREME A — =5y T7TEHLODOFELENH Y, Bllo7
I VBEFI L BROGTFIEEZ AL, £, HbEN, WEEZEOHE B &

UFEANHT T BRI EFRD LN TS, Lo T, H5EY
DRI ST 2 CHBROMELHLMICT A X, £DOE
EROFEZ T TERATETH Y RneiE L Cw a0 EET
HZEZLoTHMOTHREFERLBHRICLD EZZOND,

Imipramineld & P B LT v MERICBWTEIZ, Fim Scheme 1 T
RLAHER CRENET A LML TVE, FEABREK DS
HIR 2 AKBAERUG L i 2 F VBRI, P—4 5 012 &% PhaseI X
JBTHh . B2MKBIRE ORERIGIZZDIFLAED IV u=
VES Vv AT725—¥ (GT) &b 7 NVr 0 BRSSO Phase I K
JBTH B Z & HHE S 1T b (Bickel & Weder, 1968; Sutfinetal., 1984;Dingell
et al,1963;von Bahr & Orrenius,1971)o Imipramine® 2 2 0 3 BAL R
THAHEIMABILEIC & Jir FIMERISDEEL X, BfEIc & T
B, e rBLUSY b TCREAF LSBT H o 7205 T L
SEy FBLUTY R TRE2 MABLEEI SN L2 28N
7z(Dingelletal.,1963)o ¥ 7z, [F3CHEACit. Imipramine® 5 v b B L Uk
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MRS LA LES Ey FBLUT Y A5 L2848 L T, ih
DMI VAWICERE DGR b, BiEDOHH L ) Bl L%
Hxlzo SRR ENENOMNHTEEOTEEICE L DOTH 2 L EEX
NTW5, AIFFE T, Imipramine DISEHFUE OFEERID A 7 = X A
OIFRE B & L Tidvnawndy, Zo#HE i % < L be b T Ompan
ineANENBFMHO MR RE 27423 LT, Sy b2 bOEFT
VEE LTHWSAZ &L OBRLMEIFL Tw5B, & b Imipramine
BLUTZDEHEACHYDM I D¢ + TOANEIREOSFIX, Imipramine
BLUDMIAHEICHEET AP -4 5 00FHOBELHL M T2
Lo TL DA I NG LELZLNRD,

AWFZEIE, S NHBERFN L XV OfERE invivo DBERBE 7L
WCHLAAL & LT & o T, PR B WIS FISEHE o) [\ A BREERY S 57 )V O
MEREEWE LTWS0, BMKREMEE 2 28R @EBREOMR -
Ein, BRFEAORE. EYHERERLY) oRBUCEREICE 25
BEIIOWT, 9y MFI 20y —ABLUMEP — 45 0 L20duks
w7z invitro EER L . DUTFEEMAME 2174 o 726
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2—1 Invitro fXBEERSEF ORI
[1] RBEEICS L2 Mg BEOEE

Sy FFIZ OV —A®HAVE invito EEREAT R ) 72012, w»({
DD NBE R FERREFEREL 2 NIEE bR TTICREL &
512, Imipramine DA, €D I 7 1Y — s BTN, ~a5 ¥
NOETCHDLP—4 5 0 LG FR—EERBMEIETH 5720, Ak
¥ VERMI (Hexose monophosphate shunt) % FA L 72 B4R
(NADPH generating system) (& & o TEF &2 4Ha L 21T hid % b & v,
I UV —LEAREATAILICE T, COBTRIELLP —
450 EETIER L L T2l A + Y PERRREER/LL T
B Z &A% & T v A (Cinti, 1982;Peters & Fouts,1970)e % & TAMFSE
T, ZMOBAA DI b, BDBZDHROKEVW T ATV LA F
v Mg?) ZHWT, RIoH OM g 2R R & Imipramine, DM I |
20H—IMI 25 0—RMAHY OEREE & OB 2 FT

[EEER]

Figure 2 — 1 /R L 72 & 912, Imipramine& 2 OH— IMI Dffix
F VLRI, M g» BEOHEIKCOh, “VEIO ERERLT. —
75, Imipramire & DM I D3R 2 fiKB LG HEEE X, M g REE KA
HFFIBIE—ETHo 20 T/ TOM g KfF/37 — VIZFE—ZEETD
RHREY (Imipramine? 5ODMI L 20H—-IMI) ko TR% 5
Tt (REEMEEEISH L) . BLU. 22002 7% 54T
PRIRRE (GR2 ALAKBRMERG LA FVLEDS) ©F CHRERERT I L
DD & 2o 72,

[Z£]

Cinti (1982) 12 & Ui, fUEHEHEOM g > IBEEKFERIZZ DY —
WKEWEZFICL > TBBLZFE20 5 V— 72T b3 (Cinti (1982)
FHEH L RR-VHER) .
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Figure 2-1

EFFECT OF EXOGENOUS MAGNESIUM CONCENTRATION ON
METABOLIC VELOCITIES OF IMIPRAMINE N-DEMETHYLATION
(LEFTPANEL;@),2-HY DROXYLATION (LEFTPANEL;O), DMI2- HY DROXY
LATION (RIGHT PANEL;(J) AND 20H-IMI N-DEMETHYLATION
(RIGHT PANEL;A).

The concentration of imipramine, DMI and 20H-IMI were 100, 10, 50
nmole/ml, respectively.
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CITRIT LA RBEOREERICE X 2828 (Cinti, 1982)

Amipopyrine
Stimulation only Neoprontosil
p-Aminobenzoic acid

E 74
) Aniline )
/NS
iG]
#

No effect, or Benz(a)pyrene

p-Nitroanisole

%, a decrease

Mg**

DRGNS — VS ENET DRI IS 35 P —4 5 04T
BT 55 OP PP TR VI, FFFFRIC L o THS 1L 5 Imipramine
RFALCETEP—45 00 FEOBRFAERE, P—4500THD

Meg» BEERGFHICOVWCHEELZHMRE25 250 LELNRE, &
T, BRIV L i, X FVRUSEEOE &M g 8% (1 0 mM)
25, #E & LT 5 (Cinti,1982;Murdoch & Heaton,1968)4 B2 i 7z Kl i, P
Mgi&E (8mM) Li<—HLTHBY., invinAHERILEBELR
TEENRERZHIE L ~NVE EOEBR IR T ABITIE, M g>ig
BREELF—D—D0ThHbLELILNS,

(2] B o

P—4 5 0 U i& NADPH generating system /£ F. NADP %

5 ViENAD P HOBRINMZ & o THIAE 1D, ImipramineD 3R O

£, —RABWD 5 & 512 2 kABWE AT 3 ORI HFELET

BIGEiTid, B THS LRABY I & &bk L, R

BECRMES C L2k ). 1R A BGERE OFFM I, BUT M
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KRELBLY S X5 H 5, €2 Tlmipamine, DMI, 20H
—~IMIZHE (&1 0uM) &LEkLEOREEELENZROMAH
WoEREDBERE TR,

3T EY

Figure 2 — 2 #5685 2% & 5 12, Imipramined¥2EE DIE1T1L,
1 KACHDOERE X, BBLZ6 0TI ICHEINT 2 (BEE
EYW—ETHD) bbb otz —JF. Imipnmined 5D 2 OH—D
MIDERIZ3 0 CIIEEBEEDLT (DMIBLUT20H~-IMIA
BED S5 %LT) Thbh, 133 1 XMW O RO AIBRE TE 7295
6 OBLUETIZ20H-DMI OAEFHECHE ML, $72, Imipra
mine 25 NDDMI. 20H-IMIDEREBFITBICR o720 2D
Lk, S O OEBGREE L F D 0 218 O ERGEREED
2L, EFRREBLL->TE), bk, 2RMAHY O KIn%E
WMHTERVWEEZ bNB, Lido T, 4 S5BU EOIGHETHES
7= 1 RARB D FED &7 OEBEE 2 58 LEe . Ribm
EEZBENFELTLED DB L o2,

[(Z£]

BT TRHE S8 1TV S Imipramine? in vitro U SEERICEI 3 2 #:
H£0% i, FREYORBEREFEIATSTTH ., 210G (2
OH—DMI) HEROBEHER +T/TWi WD, 6 00HbDA
Far—a VEEELIREL TWAEIDH S (Skett et al.,1980,1985)0
L7zdo T, It OEBRBERICESCEZOEHEEREL (Kb
THbEELONS, AWFETIE, Imipramine D FREFUSHEEHE T B\
T, EHELFCHERE 2RO 2T T2 5% wizd, DTOoRE TR
JEREE LT3 0OBEHRAL 2
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Figure 2-2

EFFECT OF INCUBATION TIME ON THE METABOLITE FORMA-
TION FROM IMIPRAMINE (LEFT PANEL), DMI AND 20H-IM! (RIGHT
PANEL).

Key (left panel):DMI (@), 20H-IMi (O), and 20H-DMI (V) formed from
imipramine.
Key (right panel):20H-DM! formed from DMI (&) or 20H-IMI ([J).
Each substrate concentration was 10 nmole/ml.
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2 —2 ImipraminefC&ikineticsD=E & & UBEFIC L 571k

ImipraminefSi 12 B8 5-$5 P — 4 5 0 0 F 2T 5720, T4,
370V —ALRVTORBEELBRE Lize P~ 450 TRZEDOHT
B DEERBEEZ D2 VB (5356, 1982) . —20RFHKEI
B OSTFEIES LTWwE I L P8\, ZDEE, HDHEERE [S]
TOMRBEE VI s]iEE %L 5 Km,i% b 2 EH DOMichelis-Menten R, DF1 T
FHENhE (X2-1) .

N Vmax,i'
- 2 e

F fo— AR & FEE B O BMR 2 & Kinetic Parameters % B H 9
% 1= b L5 Lineweaver-Buk 71 v b ik, fAEBEED (2—1)
NTEHRSNLHEEM>). B L EE S En, & O¥4ALineweaver-Burk
Tuy bHALEENT A —F R IERICTHET 5 2 L 3ATRETH S, L
Tedto TARFR Tid. 56 N AHEE L EEREOBRLEE (2
1) Rich Tk, FERER/IEREDE (SimplexSpendley,1962)) 2 & -
TNRTA—FEB L7z, 370V —a2FORERRPLEBELA
Michaelis E$ (Kmfl) 1. I 70V — ABE~OXEDOIEERN &S
D7D, HEELP—4 5 0VEERETHZ LITL HEHEANRS T
JV(Schenkman, 1970)DFFAT 4> b 1% b 2 fRMEES (K s ) Lidb¥L
b—BEY, HCITOIRMTOfEE %%, LA L. Benz(a)pyrene

(Lu et al.,1978). Testosterone(Hyan etal.,1979) R Warfarin (Kaminsky et al.
AT TIHHRIN/RL L P~ 4 5 0 7 THEE TEBRTOKmiis*
KELRL BT LR, 72, Biphenyl, 7-Ethoxyresorcin?Aniline(Johnson
etal,, 1978) Tid, HHIN/P— 4 5 0 T FHOBEHEARTOKmiES®
280V —ATOKMEIED TEWEEZRLY, 86T, g7y
— - Bunitrold DfUEHICBAL €, Sudan M CTHFE I N/2T v PFI 70
— AT AMKBILIGOKME (907 M) &, FEINZEEP
—4505FETHBHP—4 5 0MC-1%2 V- BHHEEERTOKnfE
(812uM) #EDLOTERL—HELE (KFK,1987) o Lizdts T,

370V —L2HAWERRTORERIIF A— 7 id, £ORIGICHE
5LTwAHP—45 00 FREOUEL EMMICKELTWD EEZ bR
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5, 1. FSICESLTWwAP —4 5 00 FEOHEE 217% 9 ETIE,
RALEICBIT ARBEERN NS X — SO, SUES v FFI
ryay—bEHERMEI 70V —ATONT X—F DLEISL, LD
BT — P BonbLELLND,

ARfgecit, EUEMES v FFI 2 uy — A, FESWUET v MF
371y —A (Phenobarbital (PB) B & USudm II) %fivr7z, PB B
L USudan i, fFI 20V —2s0DP—4 5 00FEHROZELE FHE
T ARBNLFEKTH D, Nebert HI2 L D7 I /EREFICLDP —
4505 FREAEEIIRIE (1987) . BIFCE o THFESNLP —4
5 04 FfEi P-450IBIAIB2 7 7 I J — I E N T3 (Gonzalez,
1989) o —F, HEIX VDYWL —AFNIATY L YRR AN,V
Vi EDFHERFAKELRILSFEEZFET L VPP LB - TB
h (Fujitaetal, 1984) . FEINB5THEIL, P4501A1 77 I — I
BT 52 EBHESNTVS (Gonzalez, 1989) o A/IMFH T, Th b
OfFIzuy —s%EHAWT, Imipramine? S O 1 KA I 2B 3 55
M EEROBRE TRV, TNENROBICES L TWw5AsP—450
SFEEPEETAILZEHBNE L,

(1] E0BMERET v FFI 7 0V — A TO Imipramine [LEHEEED
Mz

HMEWES v VFI 2oy —a 2 HW 7’Jm1pram1neo) in vitro fGEH
Kinetics DEZE & X720

[EBRRER - £
Figure 2 — 3 B& U 2 — 4 1%, HEEE T 2 REWESGEED
normal 72 v b%&, ¥/, Figure 2—5 BLU 2—6 ITiE#% DLin-
eweaver-Butk 7o v b (LLF LB Yuv b) #/RL7#7. LB7uv b
POHLPR LI, BTV MFIZ Y — A TOR2AKEBILIGE
AORRBEBOLB 7oy MZER 3% 53 2 hd oRB RIS
B535P—4 500 FREOEHEMETREL . ThHDT—F P b,
Normal 7 & v + DCHEHE 2 KT 5 Hoil s Michaelis-MentenZ O 31 %
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Figure 2-3

METABOLIC VELOCITIES OF IMIPRAMINE N-DEMETHYLATION
IN MALE (@) AND FEMALE (O) RAT LIVER MICROSOMES.

Each point and vertical bar represent the mean=S.E. of three

experiments.
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Figure 2-4

METABOLIC VELOCITIES OF IMIPRAMINE 2-HYDROXYLATION
IN MALE (@) AND FEMALE (O) RAT LIVER MICROSOMES.

Each point and vertical bar represent the meanxS.E. of three
experiments.
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Figure 2-5

LINEWEAVER-BULK PLOT OF IMIPRAMINE N-DEMETHYLATION
IN MALE (®) AND FEMALE (O) RAT LIVER MICROSOMES.

This shows the results of one experiment typical of three.
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Figure 2-6

LINEWEAVER-BULK PLOT OF IMIPRAMINE 2-HYDROXYLATION
IN MALE (@) AND FEMALE (O) RAT LIVER MICROSOMES.

This shows the results of one experiment typical of three.
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IR/ NE TR L DR SN2 Km, Vmaxflilc &S (Y 32— 3
VREREEQEO BN SFEM L7z Table 2 — 1 K FOERER
L 720 HEEDOMichaelis-Mentenz, TG FUL O Kinetics D3R & h b 554
FORDE %M (Phase) FHEMT, KmfED/NEWEHLFEEZ O
Too oy B2V V7 NVETORKIE, HHFRO Knfiz oMz FH
UFF TRl 7o 51T, b5 EERE CORBER T 2LM0HE
5% A B EEREFFE (1.5-1500 x M) TEE LR % Fig-
ure 2 — 7 WRL72e N=BiXF VLR E, MiET 282 RL0 72

(Table 2 — 1) o T DORIGOMZEDRRIT, £ EEHE CEEM
BEIND D (Figure 2 — 3) . W IRBESHIR THEYED MEMEZ D3/
L B BEMDH o 72 (Figure 2 —5) o HFHOEFEHERL 1 Fig-
ure 2 — 7 Db, HEDRE Phase 1 DF 51X 5 0 p MM ETEMR (<
10%) T&, [AVWHiPHT Phase 2 (Km=7 3 x M) OFEMEHHE-
TWw5S, —J, MTidPhase 3 DKmATKE W70 (823 4 M) .
HEWCHE L CIL#EE T Phase 1 2UBHEHICH S LTBD ., 20F5
AL 0BUTICR20iE1000 MU ETHo 72 T/, HiDPhase
2 LD Phase 3 O VmaxfHIZMHER Tz & A &% LV (Table 2 — 1
2 | HE 4.15 vs.ff 4.31 nmole/min/mg protein) 72, [ WEiIFH T M
I3 MEPhase 2 & ffPhase 3 D KmflE D7 (Table 2 — 1 208 ; HE 73.0 vs.
M 823 o M) WHEAFLTB Y. M DPhase 3 2T 21T L 225,
BEIEEL TV I EPEIE L o7,

—h. W2AKBMLRS L, Table 2 —1 £, T2, HTit
1HCHEF I, KmEOBEWHOMTIE, METERLZEZIZDLN
o7z, Figure 2 — 4 ONormal 71y F256HLPR LI, K2
SEAKBRALSUC B L TAVHIE (K100 o M) THESRD LWL
WS, RN DI LN, HEOMRBNERAIME L h K& %
N, WEPHEEZICE o720 THIE, M TIX phase 1 2SEIRE TOH
EHEEHo TWE DI L, HETIREREI R 1L W KmiED K
E% (266 M) Phase 3NEE LT A L ICEALTWS E#2
% (-
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Table 2-1

KINETIC PARAMETERS (Km & Vmax) FOR N-DEMETHYLATION
AND 2-HYDROXYLATION OF IMIPRAMINE IN CONTROL MALE
. AND FEMALE RATS?

PHASE

1 2 3

b
REACTION® SEX K Voex  Kn Vpax  Km  Vimax

MP 2.06C 0.210 73.0 4.15 -= -
| (0.45) (0.029) (5.0)(0.62)
NDL

F 5.37 0.314 - - 823 4.31
(0.93) (0.048) (205)(0.80)
M 0.928 0.888 - - 266 0.631
(0.153)(0.153) (69)(0.063)
2HL
F 0.632 1.07 - - - -—
{0.108)(0.10)
2 Data represent mean (+S.E.) for 3 animals.
b NDL, N-demethylation; 2HL, 2-hydroxylation;
M, male; F, female.
c Km,Michaelis constant(nmole/ml); Vma ,maximum
velocity of the reaction (nmole/m1n7microsomal
protein).
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Figure 2-7

RELATIVE CONTRIBUTION OF METABOLIC VELOCITY OF KINETIC
PHASE TO TOTAL VELOCITY OF IMIPRAMINE 2-HYDROXYLATION
(A AND B) AND N-DEMETHYLATION (C AND D) IN MALE (A AND C)
AND FEMALE (B AND D) RAT LIVER MICROSOMES.

Number next to each line shows the number of phase described in Table 2-1.
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[ 2] Phenobarbital 3 & U Sudan lll §ifAES v FFXI 70OV — LT
@ imipraminefCE#t kinetics O LE#X

Phenobarbital (P B) 3 & *Sudan I (Fujita et al.,1984) 13%7% % P
— 45 0 TFHEL2EEICLIRENLBEH THL, b OFEFT
B (P B ; 80 mg/kg/dayip. 5 HE. Sudan II ; 40 mg/kg/day i.p. 5
HEE) L7259y MIBAOHAB L2 20y — a2 HwT, R kinet-
ics X7z,

(R R]

Figure 2 — 8 1Zi&Sudan MALEMES v MFI 7 0V — A TOFRE,
¥/, Figue 2 —9~2—10 KIZPBAEMET Y FiFIsuy—
LATORRER LIz, /o, BRI EFEELVEONINT A =S
% Table 2 — 2 12X & ¥ 7,

HEVZB 5 Sudan AL IC & 2 ERN/NT A —F OFHIL, £2TO
BB L RO bk d o7 (Figure 2 — 8, Table 2—2) o
—7% ., PBALETCIZ, MHET v P T, NI X —F OEFHIFRD LT
(Table2 —2) o MDA F ML, ¥ bu—)v (ERE) T
2T S 22, PBMERT A C LI L) LAHTRIT SRS &
o/ (LB7uy MIE#E %S, Figure 2-9 28) o /-, £
OO VmaxfilZ, 2V P2 -V TOKmfEOBWSFOHEDOH 1. 545
Tholeo —H, Ty MITT AP BRIMEDOEE DL, Figure 2 —
O BLU Table 2 —2 oL R LI IT, HEORL (2H151
M) LhoTHELEN, ZOHOKmiERHEOPBAMTE LNfEE
BOTHEWMEL 2oz, Thbb, 27 P —VORETEDL LT
T-EERHER, BSPRBFEL ST A LICL o THE L, T OH
FiE, Vmax DEAL T2 {, KmMEDZELIC LB el L% o 720

R2AAKBRMEPUC T 2P BAEOMS v MFI 20y —AI1TBiT
LFEHR T, HBOEEEDL T KmfEOEVHFDOHED VmaxfE s
#2., 5fEEAL (Tble 2 -28M) . 35612, KmfEWET (26
6—=119uM) $5HZLITLD, H4 0 p MAETREEED HEED
BOL N —F, BT, FrLVYHOERIED L, 20D Km
fEIXHES v P TOBWEOKmAE L LBASE W &2 b, BEREEET
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Figure 2-8

METABOLIC VELOCITIES OF IMIPRAMINE 2-HYDROXYLATION
(UPPER PANEL) AND IMIPRAMINE N-DEMETHYLATION (LOWER

PANEL) IN CONTROL (@) OR SUDAN IlI-TREATED (O) MALE RAT
LIVER MICROSOMES.

Each point and vertical bar represent the meanZS.E. of three
experiments.
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Figure 2-9

LINEWEAVER-BURK PLOT OF IMIPRAMINE N-DEMETHYLATION

IN CONTROL OR PHENOBARBITAL-TREATED MALE AND FEMALE
RAT LIVER MICROSOMES.

This shows the results of one experiment typical of three.
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Figure 2-10

LINEWEAVER-BURK PLOT OF IMIPRAMINE 2-HYDROXYLATION
IN CONTROL OR PHENOBARBITAL-TREATED MALE AND FE-
MALE RAT LIVER MICROSOMES.

This shows the results of one experiment typical of three.
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Table 2-2

HINETIC PARAMETERS (K, & Vmax) FOR N-DEMETHYLATION AND 2-
HYDROXYLATION OF IMIPRAMINE IN CONTROL AND PHENOBARBITAL-
TREATED MALE OR FEMALE RATS?®

PHASE

1 2 3

Km Vmax Km Vmax Km Vmax

REACTION®  SEXP TREATMENTP

CONTROL 2.06° 0.210 73.0 4.15
(0.45) (0.03) ( 5.0)(0.62)

M PB 69.6 6.52

( 3.8)(0.38)

SIII 3.79 0.298 96.9 4.14

NDL (1.27) (0.067)(18.4)(0.33)
CONTROL 5.37 0.314 823 4.31
F (0.93) (0.048) (205)(0.80)
PB 71.3 3.81 ,

(12.5)(0.32)

CONTROL 0.928 0.888 266 0.631
(0.1563)(0.153)( 69) (0.06%)

M PB 0.976 0.570 119 1.55
(0.213)(0.050)( 28) (0.12)
2HL SIII 0.756 0.655 101 0.730

(0.215)(0.088)( 26) (0.067)
CONTROL 0.632 1.07
F (0.108)(0.10)
PB 1.19 1.19 83.7 1.00
(0.11) (0.18) (34.2)(0.14)

Km,michaelis constant(nmole/ml);vma ,maximum velocity of
. . . X .

the reaction(nmole/min/mg microsomal protein).

NDL,N-demethylation;2HL,2-hydroxylation;M, male;

F, female;PB, phenobarbital-treated; SIII,sudan III.

Data represent mean (+S.E.) for 3 animals.

Significantly different from the corresponding

control value(p<0.05).
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EHET v P OBEHEISER VT LB LR o 72 (Figure 2 — 1
0) o

[Z%2]

Bl E OImipramine/R8HEHEIC 5- 2 2 HEH (PB) OBELRE LT
MREID, Yy M2 PBCTHAETAZLICL ) VmaxfE® 1.5-25
BB FR 3223 TR &L, KmESZBbT 22 LI E %o,
KmfEiE—f&ic, £ OREICHE L TWaDEBER (d 2\ ITARBE DA,
BEITTHE) CREOLDTHLEEZLNLDT, PBIL5KmiE
DEALIE, 378V - ARXBT S ZFORGKES L TWABESTFED
BROEH LML TWA EERX LI ENTED, Inviro B & H
5 RMBUCH FHEHNC L 2B 2T 50D pelitd 2546, —&%
KT ERWEHBE TCOVnaxfinE I Lo TR bh 525, 4
B, ImipramiefCE IS DOP BIC L 2 B4 M L7-ERE Y, iy
DEEFKMIENEE 25| Sk L2gs GRS vy FMFIzuy—
ATOREA FIMERIS) 728 2 VmaxfB o2 b7 ( £ b, REE
BETORBEROREGEH2HRIBRELE LD o T,

Imipramine® FHEX) RO BEMRFNELZ, PBRE LY Fa—)b
DIy OV —AIBIBEERBEONIEELER (V' V oimo)
TREL, 2O8RE% Figure 2—11 ZRL7. KmiEIZEALA 7%
(v Vmax B EFH L7236 (MEHESR 2 AKBMERID B & UKL » 7
WMALERE)  FEERE CoORBEEEOLIZ, KmfEDE & - TEH
BREC 2B LEFVERL, VmaxdEICE LB, —E0E (2
FE—VEPBAMEES Y MFI 20V —ATOVmaxfEOH) &% 72

SR EFAEEIC, M BT 2 Imipraminefii X FVALRIGCit, PB
BHEITL o TCVmaxfiiZIZ L AEEBI LA VaAS (2 ha—)b; 03+
431=4.62vs. PB ;381) .\ KmfE?% 1 0550 1 WETFL (823
76713 p M) . P BRETOMRBIEEI BT 2 EZKEEL? 2> b
O—)VTOEL A7k D& R 5 720, BEEEEERCORBERD
HOBEE L LAMRO bR, 2hlk, FEHRIHEEL Tn gy —
Yiol, TOZLIE, VmaxfiERBIE T 2 T LI L B FESHRORE
BEOFIWT 130037 U b IR IREE T OB D 2L OARRE I L L T
ZWIERERLTWS, £ OFEFRIC L 25HE . VmaxfEO A
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Figure 2-11

EFFECT OF IMIPRAMINE CONCENTRATION ON THE RATIO OF
METABOLIC VELOCITY IN CONTROL TO THAT IN PHENO-
BARBITAL-TREATED MALE AND FEMALE RAT LIVER MICRO-
SOMES. '
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FFREHBIG LT B S DS 22 S TV BBE, A% £ 912
IR CORYIFGHEH TS 2 2 15 % B8 L 72 in viro ROBERR T,
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2—3 Sv MNFXIAY—LICH T BimipramineSCHIEE DOMZE
E#AbIC & A RBIEMEEICEET B4R

1, 288V T, IlTliPranﬁne%'f’CEﬁ%%bCBg‘—j- LTW5P—450
TR OMEER OFHEH I B B ORE % Kinetics B 5 B b 212
Ltz 22 CH/P—4 508 TREH#EETS LT, & D HRELEE S
2B LEZ Bh%%lnﬂprmg{ﬁ%ﬁ%@}iﬁ;ﬁﬁ@%m? g FTOEZ
ik (30 A253 00 AR EBEHA:,

[SEER# R ]

Figure 2 — 1 2 121, ImipraminefUHRER D) 5, XL 4 2Of
BHEH IOV THERES v R PR 2 1Y — ATORBIEMOZALIC & 5%
# %R L7 ImipamineB & 0F2 OH— IM I DX F IV EIEHEILE
B (3~12AK) CEEHMEERULAN, TALUBIELFAL LY
FTETL. EEIEEL 2o —F . Imipramined & 'DM I D3R 2
KBRALUBIC D bR 21 TIRMEOFE L LS & UUZEER
DoNLholz,

[Z#]

ERMLHZIC R ) 00h 2. BREE L EYRAGEEOBIREZH
SRR TBIEIPRELRY, Ty N2ETFTIVEM L L2 { DERE
RDHE X LTV 5 (Fujita et al.,1983,1985a,1985b; Kitagawa et al.,1984),
InLoHmELrTLDLE, NBEHEEOBIICEDER Y - id,
Bl o TRELZOONI— VI BT LHTE L RR—THE
B, &Kk 1985 »55|H) o 7% bbb, Aminopyrine DA F VLK
J& %> Hexobarbital DERLEIG D & 9 1<, E#EE (37 A#) CIXEESE
LMD b At BT At (2 5 A ARbE) BT oR#H
EESBEERT L, BEIERT S84 7 (¥4 7A) | Aniline D
KEALRGD & 910, HEH o BRI TEEFED L R, T 72,
RHEHORE LEE 2 LD bBWwIL T (F4TB) ThHbH, 74
TARET AREREHORES v b ToBLIC L ARBEEROLTE (ET)
DAH=ZZXLTELTIE, W{O2PDFEIMHBREEIN TS,
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Generalized pattern of the age-associated alterations
in drug metabolizing enzyme activities (in P-450 turn
over numbers) in rat liver microsomes

Sex difference Types of alteration Reactions
at 3 month

Type A Aminopyrine N-demethylase
llexobarbital oxidase
Lidocaine N-deethylase

Imipramine N-demethylase
Desipramine N—demelhylase
L Diazepam J-hydroxylase

Diazepam N-demethylase
Ethoxycoumarine
0-deethylase

Activity

3 12 24
months

Type B Miiline hydroxylase
Amaranth reductase
Lidocaine 3-hydroxylase
Imipramine 2-hydroxylase
K F Desipramine 2-hydroxylase
p-Nitroanisale
e 0-demethylase
propranolol N-desiso-
propilase
4-hydroxylase
N 5~hydroxylase
3 12 24 7-hydroxylase
months Bunitrolol 4-hydroxylase

Activity

Thbt, OBRP-4508EDHELICE DR IET (Kato & Taka-
naka, 1967;1968) . @P— 4 5 0 KEF 25T 2BE TH ANADPH
Cytochrome ¢ Reductase 1M DZEALICEE D BT (Schmucker et al., 1982
)« @37 uy— AEOFEIEDEKZL (Steretal,1982; Armbrecht
et al, 1982) BLUDP -4 5 0 FFHOBBLOELICL b % ZE
B (Rikans & Notley,1981;Fujita et al.,1982) 7 & DEEHEDSRIE S LT
b, ThbD) B, DD Aniline ABERIL SIS 2 Imipramine g 2 fi7
HRBACFUSTEYED & 5 1CBb L T SACEEME 028 2 /R & 7 WU

(94 7B) OFELFHATE 2, $72, Imipramine® & 5 12 F—3
HThoTHPATF MELERIE L3R 2 MKBMERGH TRk 5258/ & —
¥ (WERA, BERB) 2RTEREEL, BEOWEMESP—450
CEEMOMEEH B 52 2ERTHL LIS (B »Hid
HATE LY, Lo T, BETROOFHIEITHB, FHE, HE
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Figure 2-12

AGE-ASSOCIATED ALTERATIONS IN METABOLIC VELOCITIES
OF N-DEMETHYLATION OF IMIPRAMINE AND 20H-IMIPRAMINE,
OR 2-HYDROXYLATION OF IMIPRAMINE AND DESIPRAMINE IN
MALE AND FEMALE RAT LIVER MICROSOMES.

Each point and vertical bar represents the mean=*S.E. of three

experiments.
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HRAHEEGL, B Ld 2 VEDIZ 0y — AP TCOREERIE
FTLTWCP—45 00 FREPFAEHEN SR TS, TOP—45 04
FRIIHER L-AFREIC L > THA %% (P—4 5 Omale [Kamataki
et al.,1982;Kato & Kamataki,1982; Kamataki et al.,1985], RLM5[Jansson et
al.,1985], h [Ryan et al.,1984], 2c [Waxman,1984], M-1[Matsumoto et al.,
1986]) TIEENT VB A, FBFETIXP—4 5 0ml&AE L7 (Fujia
et al,1989) o CDP—4 5 05 FREEFHTE (. T, ik o
THELTEAD =G, BEEO L A, HELRMBIEL LT whn
B RVE Y LAV E ORRBIRISEHE SN TWE, 2061k LT, Bsosaoe
PR TEED S OMMIL T 7 2 ¥ — (Feminization Factor | Bk V&
YThHHEEDLN TS Mode et al,, 1983)) DM DTG #4T7% o TH
D, EHIREDDUWINY — v OUEITFROMCICEEL 72 % T»
AT aelE 2 7RR S % i (Eden,1979) 488 5 ,
s, FFEVAVCOEDRBIEEOZILEES BB L v b Tok
NEYRE &« BB B FRERT — % & LT, Imipramine DB O W T i
S LT\ % (Abernethy et al.,1985), [ 3CHR T i3 Imipramine D & b 28B4
HNENRI, BB L EREERE R TE RIS VTS v AR
ETFLTWEDId L, DMI Tid, Z0OHEIEE ST v kS
RENTVD,  OREBRDIEG-E Tidimipramine DI DS, BiA F V1L
FISZEDWTWE it U, DM IR 2 MAB LS 2305 T w3
LERLND, LI:h 0T, COMRLEOREBRER L. KiFEcELN
727y M0y — ATOZLIC L A RBHEHUEE) Y — OB
B E ML TWwas L Bbh b,
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2—4 Imipraminef$#ICH I BB X FIMERBICEET 3
P—45 09 FEDEHA

HWEHETOT v FFI 20y —a % HWAH Kinetics EERD S
Imipramine ACHER IS L TWwB P —4 5 0 THROHE 21T % -
770 A8 [1] Tk, COMHEL L WVHEECTL-0OEREMNT v T
320V —ATRSESECHEEL, FEERUEICL 5 RBFRD
FHEF|ERI TP 4500 FETHEP—-45 0m1 LS v
FF320y—ADFEP—-45 045 FHETHHP—-45040FHE (22
T P-450 F) DIFEUZ S % FH v - BBECR T O Imipramineft B3R H
RACEH BB X 2 flitiE e E A, T4 A [2] TR ohs
DP—450BBESDI) B, P—45 0mlix§aH&ks AV,
Imipramine D& 1 KACHHE (BiA F VLIS, 3R 2 CKBMLEUS) i
5 RHEMROLBME &, Eky (3 7 AEY) BLUER (2844
B) HEMES v MFI 2 1Y — A TOmipramineffi A FIVILIE MR OVER 2
FKBRILIE 5 P— 4 5 0 Jufhn BHER) R % -, Imipramineffi
A FWALRIE DOMEZER B & 5 EE LB T2 P—450
miDBESEHL ML, T2, 2 RAHEERE 280 72 808 U
MTORIGICES L TWwWAs P~ 4 5 05T ORI S L 0PIz
THHMREBI L REME LT,

[1] P—450mlBLUP—450F #H-BHEREER

AEBRTOBEBHRRIE, FHEHEP— 4 5 044k & NADPH Cyt.P-4505%
JTLEER B LY Dilauroyl-Phosphatidyl Choline (DCLP) I & 2IER 7 L
RTOBFHRERIZ L o TR L 72 BHER COMBIEMEIIP — 45
0 FFHEDZE DRBPUSICBES T 2 TREMZ /<5 & &b Ic, filEseh
DHEELZHMT 2R LFETHHLEELLNS,

[EB#R] , ,
Figure 2—13 Zid, P—450ml&F %, %72, HZ L L Timi-
pramineB L UED 1 XMAHW2OH-IMI. DMI % FHv7-FHE
R TORMAH BT T2 IE 12 T RE R L, BB WT
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ACTIVITIES(nmol/min/nmol P-450)
0 100 200

P-450m1

P-450 FIND. IMIPRAMINE N-DEMETHYLATION
P-450m 1

P-430 F IND. 20H-IMIPRAMINE N-DEMETHYLATION

P-450m1 |N.D.

P-450 F |ND. IMIPRAMINE 2-HYDROXYLATION

P-430m1 |N.D.

P-450 F |N.D. DESIPRAMINE 2-HYDROXYLATION

Figure 2-13

METABOLIC VELOCITIES IN RECONSTITUTED SYSTEMS CON-
TAINING PURIFIED P-450 SPECIES (P-450 m1 AMD F).

N.D., not detected.
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FEP—45009FETHAHP—45 0mlid, ImipramineBL U2 OH
— IMIDEAF VAL E B CAEEL 720 123f L Imipramine3 & OF
DMI DIR2 AABLRGIZE AR L 2 o7z, T/, BB 2E
EP—4500FHETHLP—45 0F i3, Imipraminef S BT
BETORIEMICES LT nI EPHEME R o Tz,

FREGRIC B A MEEHEORE S A LERH I 7 0y — A TOABRE
WA T2 C LIXTEL WA, i { &b FHECR T 298
P—45 045FEd., 370V —sTORBRGICES L TWwWa il
HEBOTEWEEZLRD, $£5 T, P—4 5 0 ml?Imipramine & U
DM I D3R 2 KB LIS ICIIESE Y, £72P—-450Fid&Tn
Imipramine B FUSICH S L TWHRWP —4 5 00 FHETH 5 L 5
Sht,

(2] BEWMBLUEERS v MNFI 2 1Y — A TO Imipramine /S HHEHE
K349 % P—4 5 Omififkz - FAEER

HHEP -4 5 0% HW/-B#EER T DInipramine 3 L 72 OH —
IMIDORAFMERIETIE, P—4 5 0mId R ICEWAEREE 2
ARL7: L2 L. Imipramie DfF I 7 @V — AT BT ARSI,
BHOP —4 5 05 FENES LTWB I LIRRE N (Rifiz0)
DT, BHEEROKERY, B (BREWW) FIzay - ATofG
EHEICIIE U ok v Lzdto T, FFI 7 uy —anfRBITB VT,
P—45 00325 FENEDERERS LTS, EENICHS 20
KX F DG FREOFAIgGIC L o TEFDP — 4 5 05 FHpEknH
EHEHET 2 ERFEVAERHLZ2FETHI EEZ LS,

[EBER]

Figure 2 — 1 4121k, P—4 5 Om1 HiAOBEEIC L b, HipHEN:
5y MFI 7 2V — A TOImipamine? 2 2 D—XABEMHEITE D & 9
CEBT D0 RN SORREPS, EENEHIEL 2K, HAF
VLEWR P~ 45 0mlic L V&8 0 %FHEZZ) 7228, R2 (KER
LRI, L ALHENALNE N o2, 72, P—4 5 0mli
Ae5mgiRiL7: & EDMENIEIC Lo TEDRICEB SN S 2%
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L 2-HYDROXYLAT TON |
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» Ig G (M)
Figure 2-14

EFFECT OF ANTIP-450m1 ANTIBODY ON METABOLIC
VELOCITIES OF IMIPRAMINE N-DEMETHYLATION (@) AND
2-HYDROXYLATION (O) IN RAT LIVER MICROSOMES.
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Figure 2-15

EFFECT OF ANTIP-450m1 ANTIBODY ON METABOLIC VELOCI-
TIES OF IMIPRAMINE N-DEMETHYLATION (A) AND 2-HYDROX-

YLATION (B) IN LIVER MICROSOMES FROM 3-MONTH-OLD AND
28-MONTH-OLD MALE RATS.
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Figure 2 — 1 5 WiRL 7o HEMES v FFI 2 0V — A TOBiX F V1L
EHE 3EHORETL . B -TH 1 /3 IKETT5 (34 Bi—
28y Al TEeHLIIENS: (BRERTOaYR—-VIg G
e OfRBHEHOEB LB LTWAE) » RERICBVWT P—
45 0mlOFEIMcL D, 3+ ARTIE8 1 BEEI RO, 2
8 r AR TIE 5 8% FHEL ., HENEEITEE UL ko2, HEX
Naho EHERIZIZFE L, 9y MFI 2y —AT@ED LA
I £ B BiA FVEEROE TP —4 5 OmIBOBRAKKESLHE
HOETIWWERL TWAZ LRI, —F, P—4 5 0miKeF
L T iz Imipraminefii * F VALIER R EROLBE X T2 WT %D
Mot F. B2AKBIEFEIGICIEP —4 5 0m1AAe{E5LTw
LV LA & B RHHTEEOET B L UEREOEENSEH L kv
ERTHAHZ EBHPER o7,

(g ([1] BLv[2])) ]

A (1] BV [2] ORFERL D, F1HTHL TS N
Moy MFI 7 a Y — AB ) % Imipraminefii X FVERIB TOMES
& U%E 3 EHDOERRL 15 Iz Ric £ 82 FIVIEEEDCET 0JFR
HKP—450mlOBEWRITH LI EDPBEEHLANVOKR L VA
MR STz —H. R2AKBMERIGEAEL TWwa P-4 5 04
FhEiZ, AMOBH» L, BH IR Lo 7208 L, P—4
50ml,. FOZKP—4 503 FREEBE{MYL72P—4 5 0 3
LTWwaEPE; &% o2,
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2—5 ImipraminefCEHIC & 1T 318 2 (U KBR{ERSICREAE T 5
P—4 5 049 FEDHEHA

B TORE»SHEMS v MIFI 2 0V — A TOImipramineft 3
WKBFARAFVEFIRE, EICP—45 0mlic Lo Tl hTw
5T LWL M L% oF2, —7, ImipraminelZX L CHAMENE Y (K
mAEA/PNE W) RIS TH Y | EREERE CF [CImipramines &L ' DM I
HEOHEEICEMICERL T 5 LE 2 5N AR 2 MKER L BUS = fill
LTWbP—4 505 FE2HET L HREN2HREHERIIEON TV
vy,

Imipraminefii i D Imipramine (2333 % 3R 2 AKER{EAEY (v 2
O VBREAERE ST ) ORDPHHEEDO HRIIBEEBRER TREL 200
V=T, TDOHEDN1.0IENS IV — 7% EM (Extensive
Metabolizer), F 7z, 1T &AL 0 DF )V — 71t P M(Poor Metabolizer) &
A TXFI S 72 (Brosen et al.,1986a) o < D X 5 12d B4FEOFCH
EHE BRI TR E 22007V — 71250 b h 5589 7% #1132 Debri-
soquine 3 & UFSparteine DKERLIEMEA R S LT % (Eichelbaum,
1982) o E 5T, ThOMBFHEO /I — FTHTOER, & OFTUHK
JGEE L TWARENP —4 5 0 FHEORBEZa v ba— v LTw
LHEETFOFEIETVTVAZ EPHELI IR, DL I RRBR
i % 18R 94 B (Genetic Polymorphism) @ & 3 S FILTH 5 & T
nTw3 (Eichelbaum,1982) .

72, DMIWEL TS, & MEARICEB Y 238 2 fokBR LR G R
»"Debrisoquine & & < #iB§§ % & & (Brosenetal.,1986a) . ¥ 7-. Deb-
soquinelZx§ 5 PMPLR/OLNZFFI 70y —ATERDM I R HE
FEbBDTENWT & (Spina et al,,1984;Davies et al.,1981) . & 542, D
M1 OKERIEIEE R PBLUS v FFI 2 0V — AIZ BV Thebrisoquine
WL DEEAICIHE SRS (vonBahretal,1984) 7 & O EERKERHEHR
BFBINTWE, IS DEBERMS, e MIBWTIEDM IDE 21
FRERALBUG 1%, F \TDebrisoquine 3 & UF Sparteine Tf43E X s R RIG %
EL TWB P —4 5 05FEIMEE L Twa 2 LR RBREATY
%o —737, Imipramine DER 2 SLKERAY 5L A Debrisoquine / Sparteine i 7
BIAERRERBUCES L TWwb P— 4 5 0 0 FRICHE X hT W AT
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fete LR A ME IR, BB L2 FinvivoCORBEROATH D) |
ZOFRRCESTHP—45 05Tz, inviro L~V H & EEERE
THERERIHRE S Twnin,

& B HEE DA B A Debrisoquine, Sparteine BRI & {Z HIZ BE MR (C
BELTWAP—4 5 00 FRICAE SN TWAZ L2FERLZRZ Y —
=V THBRELT, M BIUT Yy MRz Y -0 EFAWT, Spar-
teine DAKERILIEME I 2 BHER O BREL AR HEIBFE LTS
h (Inaba et al.,1985) . [F3CHKCid. Nortriptyline, Propranolol 3 & U
Quinidine % £ THWHEMN R ER> TV BT LdRENS L
7%t o T, Thb DEY OBERR LD 2 E Y OssE O RB RIEH
Debrisoquine,” Sparteine £ D BIZHW SRR ICEE L TWAP—4 5
0 FHICHE SN TWIRBRETH 2P 2FHMETAE—BROR 2
N—Z V7 IHEHLTWwWH EEZLNRS,

ZCTHAEH TR, Thb O % BHEH T3 % Nortriptyline (BLTFN
T) . Propranolol (P L) & Uf Quinidine (QD) ®Imipramined & OF
DM I @R 2 frKBR{LSE & Imipramine DA F MERIS 234 5 [
ERREAN, Ty MBI HBIENEHEERBCES LTWEP -
4 5 04 FFEH*, Imipramine B £ DM ICHICEES LTV AT REEEIC
DVWTHREIT A EEREHBE LT,

[EEHR]

Figure 2 —1 6 CiZHET v MFI 2 9V — A TOImipramineB & OF
DMI OZAHEE T ANT., PLBLUQDOHEH (FBE) #hE
R L7 BEAAE. Imipramined & OTDM I DB 2 kB LRIG % 48
DT HEL72DIZ3F L, Imipramine D X F WALEEEIC 3 5 fHE
MREPLTRERDOLNT, /2, NTBIUFQDTRE o7,
EHIT, TnbDPAKIO—DTH %S QD DImipramineB L DM I @
B 2 KB L USSR BE i 38§ % RS /¥ 4 — > % - /-Kinetics % Figure
2—17WRLED, QDIEMWER 2 ABILRIG I L, BARICH
< BH%E L Tv» % (Competitive Inhibition) = & 2SS & % o 72,
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Figure 2-16 Added Quinidine (uM)

EFFECT OF NORTRIPTYLINE (UPPER PANELS), PROPRANOLOL
(MIDDLE PANELS) AND QUINIDINE (LOWER PANELS) ON THE
FORMATION RATES OF DESIPRAMINE AND 20H-IMI FROM
IMIPRAMINE (A) OR 20H-DMI FROM DM (B).
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Figure 2-17

LINEWEAVER-BURK PLOT (A) AND DIXON PLOT (B) OF IMIPRAM-
INE (UPPER PANELS) AND DMI(LOWER PANELS) 2-HYDROX-
YLATION IN THE PRESENCE OF QUINIDINE IN RAT LIVER
MICROSOMES.
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[Z£]

Debrisoquine® & M2 B35 P M, 1\‘_@0) WL OPDEMDOH B
FORBIUSICHPMTH BT LDH L LT WD, TRICIKZOAHE
BRI BRI A Debrisoquine & B M T A &AL TWw5
DEETI,

R85 1= Debrisoquine,” Sparteine ¥ 4 7 D EZ R REMEASE & T

V5 L Z RS
Yy R e 5| A SCHER

Spartine N-Oxidation a
Phenacetin O-Deethylation a
Phenformin p-Hydroxylation a
Phenytoin p-Hydroxylaiton a
Nortriptyline trans-10-Hydroxylation a
Guanoxane 6-Hydroxylation a
7-Hydroxylation a
Perhexiline Hydroxylation a
Amitriptyline 10-Hydroxylation b
Desipramine 2-Hydroxylation c
Propranolol 4-Hydroxylation d
N-Desisopropylation d

5F3CHEK  a;Eichelbaum, 1982, b;Mellstrom et al., 1983,
c;C.von Bahr et al., 1984, d;Larrey et al., 1984

D LY, HEEYTHEENSEE L R TR E b0
FRRICBWTREL TG %2 7 T LT, ﬁ&@W@%%ﬁT%zg
BHY, FRICEEL 2B E LT, E MEIZa Y —adh bl
EREHEORBITES L TwaP—4 5 0 5 FENFEBRIATY
% ([Distlerath & Guengerich,1984] T P-450db) o L2 L, SD XS %
BIZWE R T v F T EIE S, Debrisoquine DKERLIEMEDSH 5
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BEOT v FOFRFE (DA) TRMORHEND T v b HATED TN
LD S/ (Al-Dabbaghetal,1981) o F72, 7v MIBWTH
Debrisoquine,” Sparteine DKER{LIGEME 25D & {fET 2P -4 5040
FHENFERE SN ([Lareyetal,,1984]TiZP—4 5 0UT-H) . 7 v
FZBWTh e MEKEOP —4 5 05 TFHOBEWSRREICS &0 A
HEEOLEPBERET S LW &% o7 (Kupfer et al.,1982) o
EHiZ, 9y PLVEBENSZP - 45 0UT-HICH T 28k iz
RREERA, ST v FFI 7 1Y — A TODebrisoquine/KER{LIFEMX. <
DHAARC L2 TiFIZ1 0 0%HESI NS Z LAthh o7z (Lamey et al,
1984) o L7:%%o T, AL TOERRKER L 1 . Imipramined £ U'DM
I DMET v MFI 2 0 Y — ATOR2 UABILRGIR, & ORHERED
NT, PL, QDIc & o T BES N, F-ZDMAE Y — 2 H5E
WThHBIEDNDL, Tv B HEENEMERBECESLTWSP
~ 45 0UT-HR L o TERAMFE SN TWEWEEENEVWEELLN
b
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2—6 ImipraminefCEiic & 17 3 FATKBRIREHEEIER
(Parallel Pathway Interaction)

AEE 155 5T COBRZRZNL V25O FHE R4 5 Impram-
ineDFEHET v FMFIZu Y — A LTORERBISICES L TWAEP -
4 5 0 TFREDRFELITE bhize 1 XRBW 5 2 RAHWE L BT
B ZRACE BOG  #5l % Kinetics [ 3RET L 2 2o 7288, BALICE %)
RBFEEOZEF) vy — v (BI3H) . BHEERRTOP—450ml
DfEEe ) (FE4®)  NT, PL, QDICL 2FHEMNR (55 =
RS EBRE R, FRENTE 2D 1 KU RS OB & Kk L T8
D, B5LTWwBP—45 05 FREOMERAMMEITRR I NI,
CHOERBEICICHESTAP—45 00 FHEOMEKREZRS &, Imi-
praminefUH 1Z BT BRI D (R 2A0KBILEIG v s . X FIVIERIE)
REEMIE, A—DOP—4500FEMIMEL TB ), I nboRER
BT RL 5 (Imipramine & 1 XAHY) BE—DP—45 040F
B (P—450ml$»5AwidP—450UT-H) L THEANCES
LTwa EEZLNRD,

Z & TAE T B E OH#EH) 2 & Imipraminef L EHREM T COxF I 7% B
AR COMEMERR 2R, 72, ZOEEHREOE S (HEN
y—vEMEEH (K) ) 2T 2o L2 BML LT,

[EBHER]

Figure 2 — 1 8 (LEM) IZiXImipramined & 'DM I DIR 2 fIKERL
FIEZ3$9 %2 DM I 8 & Olmipramine D FHES R %, % 72, Figure 2 —
18 (TH) i idImipramineB & F2 OH— I M I DX F VALRIEIC
HTH520H—-IMI B& U ImipamineDFAEXN R 2R L7z, EEER
£ ) Zh b OFHHEEIE RIS HEA 1) 7 [ B AR (Competitive Inhi-
bition) D*FBBH L Nz & H 1T, HAHEHOMB T A —% (Km, V
maxfl) & OIS LHEER (1 RAHY) OBERHROHES

(KfE) %#FFRICEHET 2720, BERREL2EL L SORLRE
—RHEEOBRELEEHELIM) AN (2-2) RZhH T, 3F
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Figure 2-18

01 0.2 U3
(20H-TMIPRANINED™L, (uiny ™)

LINEWEAVER-BURK PLOTS FOR INTERACTIONS BETWEEN
PARALLEL PATHWAYS (2-HYDROXYLATIONS [UPPER PANELS],
N-DEMETHYLATIONS [LOWER PANELS]) IN IMIPRAMINE
METABOLISM IN RAT LIVER MICROSOMES.
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Table 2-3

METABOLIC PARAMETERS FOR IMIPRAMINE AND ITS
METABOLITES AND THEIR INTERACTIONS
IN RAT LIVER MICROSOMES?®

b c c
REACTION Vmax Km Ky ({INHIBITOR)
IMI 2HL 1.0910.13d 1.2140.11 0.95+0.11 (DMI)
DMI 2HL 1.2140.10 0.9940.11 1.2040.10 (IMI)
IMI NDL 6.09+0.79 18.3+3.6 14.3+2.1(20H-IMI)

20H-IMI NDL 9.53+0.85 25.3+6.5 29.7+2.8 (IMI)

& Abbreviations used in the table are as follows;
2HL, 2-hydroxylation; NDL, N-demethylation;

IMI,imipramine; DMI,desipramine.
b . . .
nmole/min/mg microsomal protein.
C nmole/ml.

d pata were expressed as mean+S.E. of 3 animals.
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BB BRIEICE DRI A - ZER L7z (Table 2 —3) o

Vinax' [5]

V=
K- (1 +% +[s]

e (2-2)

CCTKEFEER, 3 MEERRETH S Table 2 -3 25,
FESEHOKmiE L, ZOHERIEENG L L T 2AUHIE~D
KAEA 12 & A ESFEL <. Figure 2 — 1 8 TRD b HEHHRERR
WERRELFEASVHERRTHE PRI Lo T

[Zg2]

—f% 12, BALEY & 7R T EER R TRRICH 5613,
WECREINTVDE, CNLOHEDIBIIFIzuy —a 2w
72 invito UM EEBRR TP —4 5 0 K Lo T IR TV B L DIZDW
TELDBERNDEL IR D (FLAYE A, TORBYWEBLTE) o
ADSBIch 2REHEIZTAD L WIEBIEEFOMBIEEAET ¢
BigEhH B, —HIC, BIF X ERHE (Substrate Inhibition), X 72
%3 1 3C Y RE £ (Product Inhibition) & FRIEHL, &I DB & L TAniline
JKEAL (Ebel,1981) . Amitriptyline @ i x F ARG (#8H, 1988)
P, ¥ 7-HEOFE LT20H-DMI DM IR 2 fkBLRICREE
%% (von Bahr & Orrenius,1971) PHIbN T35,  DRHERROK
iz, P—4 5 02MEBEROBA. AHDSLVIEBHERE. P-450
DAR, DFRBEIHEET LA PR HEHEAL . DR
HPETEETWBEETH S, —F. BI&HICC oI 58K
RofgEgz boga. (A—B) & (B—C) ofF@aEziEL
TW5P—45 05FHEOHFAMEIEL » T, ABLXUBFHANLEE
BRERTIEDH D, DA, P—45 05 FHEOMHRAMESFF
BLAV2RLHELC L ET, BROMBHEZT 2 o TWABIIRIELA
EENH, BHAWECHEREELREL. A2LBHHWVWEBRL
CORBEEICE 2 5B H 5B WL ADREIMERED Kinetics 259EA T
HHZ EDDL, FERLTWBE L LT, Tesosterone DKL DR K
o st UCREES 54 (ADB—C #FH%E ; Jacobson et al., 1969) <
Aminopyrine® i * F VLA DS Aminopyrine® i X F WAL IS % B
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£ (B#*A—B % [¥E ; Bast & Noordhoek,1980;Matsuyama et al.,1985)
LTWAENHREX R TWS, Db Diphenylhydantoin & € DK
B bitaty & A E 4R (Borondy et al.,,1972) . Phenylbutazone & %
OKELACHY Oxyphenbutazone & @ FHERI4R (Jahnchen & Levy,
1972) . Ethoxybenzamide & % D BLx F VALALHY (Salicylamide) DB
SRR (Linet al,1982) REDFHE SN TBY., Tnb0RHYO
B in vivo 12 B W T HBILA Y DR b OTY SRR 2 BHE KT
LT EPHREINTWD (RESH) . LA L. Diphenylhydantoin
DL oA E BRI DWW TIiZEEM % Kinetics 2SARLNTB LT, £D
RHZE S % — VB FEROEL LB LTWS OS5 Z LATTE RV,
Imipramine (2B L Tk, Z ORI B WO &% 5 SRS
545 P—4 50 0FEOHRAUEGAHE»SHLMIINTHD,
FREEMT BER L LTRD 4 208 6EY —R 318 BreMH 9
Zant: (—; Px FUERE, - - — 5 R2 KBS, A—5 A
BEAOFEORBEEZ2HET 2B/ ERT) o

¢ir N —— Ml ] DM
00-141 i

iy )]
Bl [T
90 1M1 S08-0HL gy )

Giv)

G 25 Gv) OFr—2myb, () BLY (i) FEROZRE
R (A—B—C) sy i 225 (A—B) & (B
—C) KHELTWwAP—45 040TRIIRMZLTWAKTREZ > T
5o 7., Gil) BLUY (iv) D —Ridk, BEEH LHE S W UHE
B U BRE OB RS EICHFEL Tk v, L7234 > T, Imipam-
ine DSBS P RERE & - 81L& — R B A LRI, K-
VERODISH 125 BL 722 kR (20H-DMI) »°&% 5"
DN 1 KA 2 5 AR S D FATIETE ORBRERIC B W TS
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nNba-—7 LMHERRTH L LEZ

A - B bivbo M &S PITIATE DR,
l l E#E % 13 Imipramine D12 Lidocaine %

Diazepam TH1 6 LT B 1, TEY TIX
C = D HFIsay—hA%2HEv7in vivo L3

Kinetics TZ D it & 72 B BT T8
ERIOMEHERMRIFER SN TS (Suzuki et al., 1984; EEEF,
1985) o F72. AETHEL NA-EEBRERIE. B E TOBEREORE
b B & 2T & N7z Imipramine{UEHEERR N CToxt & % B USRI G- L
TW5P—45 05 THEOARMNEZER T2 D THH ., Inipramineds
L UDMI @ invivo ENENEL PRI T2 L2 BB L L7 invito 7 —
& 90 DIREERRIE 7V ORI, inviro [CHEER L VBL N K
IEE S B X NS A— 5 i, SEARLHENEREE
by K AEZEA L% IE% & % WATBRHEARIE 8 L7z,
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2—7 &
HOBETOEBRERIREL ST TUTO 2 00EEHIKEHNTE 3,

1. EACHRER (R 2 AKERILRUL - RIS * 7 VALRUS) %Ml
LTw5bP—45 05 FREOBRE

CHET Y MIFI 2 0V — AT BIT S ImipraminefU R B B 2 FEIE
DB FIBIC FNFNES LTWBP — 4 5 0 0T e BERFHRE D
LEHL T L 720

(1) Imipramined £ U2 OH— IMI 2 F VILEIG

v MEI 7 uy— A ToOfRERENOERFOFEEE B2 [1])
BRUOHES v MiFR 720y —ATo# bt ed 2 )RBEEVET (53
Hi) . BLOHEHLEC Lo THMRBIEEIEE L ZEL2 T 2 0o
7= G2 [2]) e, COREEEMHET v MITROFEEP —
4500FHETHAP—450mlicE o THEINTWS Z & HHER
SN, FBHEP— 45 040FEE AW BHERERB L F T 58
RICL ZREEEER (FE4E) »OHER I,

(2) Imipramine® & U'DM I 58 2 (7K ER{L Kcs
Debrisoquine! O B{Z M2 R\ B L - Y o RBREME IS4 55
FH 7 FHEHXITH % Quinidine, Nortriptyline, Propranolol’s &% /2
FHEEER L), v MFS 20V — 4 CoORBHEEOEEHLSEMRE
CESLTWwEP—4504FETH5 P —4 5 0 UT-HA 2 fikEMb
RIS &ML Tna 2 bR (B5H) -

I. AT AR R A

RO R A 5B & 7% o 72 Imipramine® fFURERICB W T, 2L

T ARHCE ML T b P — 4 5 0 5 FREROMEREICER$ 54

AEEFAPROD N b OMEREMRIZ, Imipramined £ DM

I DEFRERE ©ET & &2 HFHI/EHE L, M{bAWoANEIRIckE %
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Bt A AT T AR T E L S b, 72, invivo DENEIEL T
T & B EERNE IV OFEERICIE in vito R EER O FUG VI HEE
POEHRINRBH T A —F (Kmne Vmaxfll) Mz, & %544
M ) T DM B 7 (Parallel Pathway Interaction) % E &I 12 AL A AT
L DLEWITRIZ S iz,
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Zm3E Sy MNFIZOV-—LEEBTFMEICETS
In Vitro X8/ X — 2 DB

BIE 2 BV THH & %12 X L7 Imipramine D R B 1) 2CH GO
kinetics B & UBER Z S (PRSI MAREIER) &, iR
BOWTELSEIP—45 0BBELTWEFI 7 0y —A2HWTIKR
HXNLDTHD, FFI2ay—aid, £ OBWED O HEBNES
VA T & B EGAERETH B0, £ ORFFEEIC & o TRERNIT 2 W
W+ aBEEE LTHYLRTWS Y, &2 THELNET— ¥ Zinvivo
B BEYBRAIETAHEICE. LTORIMEL %%,

OFF3 7ay — s AVZRBEBRTIEFMIE (Plasma membrane)
DI IT T B B BERERE DT, FEY OIEE R A in vivo TOREH
Tk DR IS % A T REMED D B,

@FFI 7 uy—s&RWAABERTIE, MEEE (Cyosol) % XM
LTwaDT, COFHECRETHRBEE (FVvy 74 via,
HEESLRY) Lo TRESNAZE YT, ZoMEBLVTD
e 2B/ AR H B, T, 370V —ARIRE
T 2BENESTEHEATY (FVvy arBias) . CytosolsH i
F1ET 2 Cofactor (UDPGA) O NE LAY W & RUSHHEST L &
vV, FEROMRBHERE OMB/NEEICINZ  (Product Inhibition: 55 2 E56
6 HBHR) b5,

CFERaR D LT %2 A F VigEE R, BTG 2 EoURBRIC 4
BLTWAIEEEDDH 5.

ZZ TAHRETIE, 474, Imiprmineds & DM I ORYHE RN E 7V
DRSS BEET 270, JFIruv—A2A0RBER, LE LN
in vitro fUB /3 T X — 7 B L URF RS OR# L . BTz v
ERRATOERER L UBRE L, 370y —-ATHLNZEE n
vivo NVET B C L E MM ERRT LI LEEAME LT
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3—1 EEERTARRE % VAR ERR TCORBEEORT

WEHERFHE & AV 72 in vito UBISEBRR Tk, FFI 20 v —A2Hw
FREERLERLZY, P—45 027V 0 s BIBAEERERMICLER
BT - Cofactor DA, 2MHifEA F VIBELR E2 ANAEMICHAE T4 LE
PV, UL, WETMAL L DI, 2 RMAEWE £ T SInipam-
ine DA T, RBEHEE BT 2 -0 ORISR OREX, 1X
A B % IEHEIC RO B 720121k, RMEBRRL LT EE,
HERETH 5,

[ERAER]

Figure 3 — 1 124k, SUGK & ImipramineB L DM I #3E & L7-
EEDENEFNDAHWERBEOEMBEEZRL 2o Figure 3— 125
b2 7% & 91T, ImipramingX ' DM I 25BE 035412, 1 kA HED D
EfEE, BB8L23 0 cEEBRICIHAIL TINS5 (FEkE
ER—FTHE) CLdbh ol —F, Imipaminer5D20H—-D
MI GEMEEI+ 7V ovBlasdknsgste LTEHE) o4z, 30
BLUNTREEBRUT (DMIBLUT20H-IMI&EHED 5 %EL
T) THYH, Imipramine?* b OFHWIL13Z 1 RAFY 0L IRET &
7o L2L. 20H-DMID4&RIE, 6 0 BLETIIEEE ML,
% 7z, Imipramine?* 5> HDDM I, 20H—IMI QALK DTEITH DE
BRL7Ze SO EDL, FFI 70V — A0BAL A, BTt
Az invito EERTH. 3 0282 -FICKEETES L 1 XA
Y DEFED S € OLEBAIRE % TR U 73546 FUSHIEEE %8/ Hl
LTLEISEFEPE R o LT-d5o T, HHETMELE W
in vitro EECRTH 3 080 RS ZERA L 72

S BT, BRI DS AIERRRIC 817 B RUCE: I ok 0858 T,
" Imipramine @ 2 fiKEREACE W2 OH— I M I i3, $8AEROE VT
370V - AERREGRLRY, 0. 1~1. 5 yMOEEREEFHHT,
Z0Y0%LEN IV 0 BEAERT TREZ EDHLRITR Y
(Table3 —1) ., 20H—-IMI DA F VLRSI, FFEEHW
TEEBRTIRERTEL I LdbI ol

73



RN
(am]
1

o
i
T

B

4.0

METABOLITE FORMED(nmoLe/10% ceLis)

1.0 2.0 3.0
INCUBATION TIME (MIN)

Figure 3-1

TIME COURSES OF FORMATIONS OF DESIPRAMINE, 20H-IMI
[FREE+GLUCURONIDE], AND 20H-DMI [FREE+GLUCURONIDE]
FROM IMIPRAMINE, OR 20H-DMI [FREE+GLUCURONIDE] FROM
DESIPRAMINE IN ISOLATED RAT HEPATOCYTES.

Key:(@®) desipramine; (&) 20H-IMI; (¥) 20H-DMI formed from
imipramine;(O)20H-DMI formed from desipramine. incubations were
performed in the reaction mixture containing 1.0 x 108 cells/ml. The
substrate concentration was 10 nmol/ml. Each point represents the

mean of 3 determinations.
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Table 3-1

GLUCURONIDATION ACTIVITIES FOR Z20H-IMIPRAMINE
IN ISOLATED RAT HEPATOCYTES

Substrate Glucuron%de % conversion from
concentration® formed 20H-IMI to its conjugate
0.16 0.15 91.3
0.44 0.42 95.5
0.90 0.86 95.6
1.50 1.54 103

EExpressed as nmol/ml.
Expressed as nmol glucuronide formed/30 sec.
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3—2 EEERTMEED - FFI 70V — LS EERR T DImipramine
HLUDM | DL kinetics DL

Imipramines & U'DM I DEWHEEEFRIIE 7 WVITH W /T X —
¥ (Km. Vmax) BXURETHDSL M S N/-TWEY O 2 (IKEML
BEMOMEIER CHMUBHRRBREHEEER) BT 2HENY -8
L UBEAMEEKE., FFI 7 0y — b LEMTFHRL % V72 in vito
RBEREPSEL Lz, AEHTE.

DImipramineds & 'DM I OfREH#ARES, 20H—-IMI & DMI,
/. DMIWKCBLTIE20H-DMIO&EKICE 5T, HHATE
B He

QEACHTE O Y AR B L T, fFI 29V — A B L USESEHT
MBORBERRPOBONNG A - 2EL, FIsuy -
AEDNBLNIZNT X —F % invivo [UBHEEERIE 7V ORI
FIHTEA20ED D,

Q@RI E TH 5 51T & N7z Imipramineft AN € O FEATRE S A E
VERDSHFHIRB L NV THER S N d F /2. FOHEERRUHEE
EROBEIPHRLL ANV TH XN TWS D,

DEDEIZoWT, ERHEES v LTI FIsuy—aBL
UNEBERTHIAS 2 B v 72 in vito FUEFEER & 0 IBBORET L 720

[1] Imipramine® & U'DM I D8 Kinetics

(B R]

. Figure 3—2 MDA, Blcid, fFIzuvy—ATH, ¥/, C, DI
ZEBERT IR % B v 72U E BRR C D Imipramineft 3 Kinetics 278 L
2o ABLUCH, in vivo THFEE 25 EFEGEEHE (02-20
nmol/ml) T DImipramine DTELEE (@) L. 20H-IMI (&) .
DMI () DARMHEELR L $72. BBLUDKE, A6
A FRICEE 3 SKinetics /8T X —# 2 TE LT ERICEHRT 572012,
EEEIRE (3 Tnmole/ml) IR EEERDOFERZRL 72, Figure 3 — 2
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Figure 3-2

EFFECT OF IMIPRAMINE CONCENTRATION ON THE RATES OF
DISAPPEARANCE OF IMIPRAMINE AND FORMATIONS OF 20H-IMI AND
DESIPRAMINE IN RAT LIVER MICROSOMES (UPPER) AND ISOLATED
RAT HEPATOCYTES (LOWER). :

Key: (@) disappearance rate of imipramine; (4) formation of 20H-IMI;

(50 Yformation of desipramine.Each figure shows the result of one experi-
ment typical of three.
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Table 3-2
KINETIC PARAMETERS OF IMIPRAMINE AND DESIPRAMINE
METABOLISM IN RAT LIVER MICROSOMES AND HEPATOCYTES?®

Formation Preparationa Kmb Vmax Vmax’

M  0.949+40.028 1.24+0.06° 44.6+2.2°

20H-IMI 4
C  0.706+0.042 0.526+0.0599 51.5+5.8F
M 11.3+5.12  8.03+1.22°  289+44°®
DMI 4 ¢
o) 8.19+40.55 2.01+0.14 197414
M 0.957+0.084 1.26+0.12° 45.4+4.3°
20H-DMI 4
C 1.45+0.20 0.567+0.0279 55.6+2.6%
M 1.9240.21 0.335+0.091° 12.1+3.3%

"Other
metabolites" C 2.38+40.67 0.165+0.019% 16.2+1.9%

8Data were expressed as mean+S.E. of 3 experiments.
Abbreviations used in the table are as follows;
M, microsomes; C, isolated hepatocytes.

bExpressed as nmol/ml.

CExpressed as nmol/min/mg microsomal protein.
Expressed as nmol/min/lO6 cells.

€Vmax obtained for 1.0 mg microsomal protein was
extraporated to the Vmax’ value (nmol/min/g liver)
by using the mean of the observed value for the P-
450 content per gramm of liver [29.7+3.08,
mean+S.E.,n=3] and the average P-450 content in the
microsomes [ 0.825+0.085 nmol P-450/mg microsomal
protein,mean+S.E.,n=3] used in this study. The
Vmax’ was calculated as follows;Vmax’=Vmax x
29.7(nmol P-450/g liver) /0.825 (nmol P-450/mg
microsomal protein).

fymax obtained for 1.0 x10% cells was extrapolated to
the Vmax’ value (nmol/min/g liver) by using the
regorted content of hepatocytes in rat liver [9.8 x
10 cells/g liver] (Zahlten, R.N. & Stratman,
F.W.,1974}), The Vmax'’ was calculated as
follows;
Vmax’=Vmax x 9.8 x 107 (cells/g liver)/10%(cells).
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A, CH»5. ImipramineDIHEEIX, 121320 1 XRMABWDEHE DO
Lz AR TR 7ZEEIREH < Mo o0& Sk, EHT
XD LN ER oM. T2, Figure 3—2BBLUDRH, 2
OH-IMI&DMIDAERKIES$5P —4 5 045FHEE, Fheh,
high-affinity-low-capacity & low-affinity-high-capacity DXy R 7 el %
DT ENROENT, HREB/NT A —F & IR/ E T Simplex
ERAWTHEB U ZRRE Table3 — 2 WRLA, WRBERR T,
DMIAROKmB LU Vma xfEix, 20H-IMIAEKET 24
N¥1 0ETH Y., FFI7 vy — ATOREXE R TREL
RSN TWABEZ EPFEP L L 577,

F#RIC, Figure 3 —3 A, BiZik, DMI 0%k (@) BLU 2
OH-DMI &R (&) LT, FIzov—2a (A) | HEHFH
fa (B) #HWAUHERRL Y AR ERL 72 TAVHERRIC
BT, DMI oA L, 20H-DMI OERZTTiE7 0~38
0 BAREEE LT 5 C &AvC &9 SHERR AN DR FER
HUHPERENTRE ZEWPEN R o120 Lo T, FREEOH
Yo% "other metabolites” & LT, #DAEEEL [ (DMI DM
KEE) — (20H-DMI OAERSAERE) ] LLTEHEL: O) o
e R /NERE L D EH SN AAB/ X7 X —F % Table 3 — 21K
L7:o DMI®2HMABIEESNKm, Vm a x fEid, Imipramine® 2
SABYERE DL O TEWETH o7 720 20H-DMIBL
U* "other metabolites" DRI T 5/¥F A — ¥ 1%, Imipramine DU
R B A FIERE & 2 AKEBILRUE DR AR L R TH 1 |
7z, FFI 7 ay— b EEEFEOMABERR TR &L Tl

[ £]
B Eotgt 2o EEEREFIR (0. 1~2. 0xM) TOlmpram-
- ineDUHAEE R, KR TEBSNBZ LoD Lz o7

Initial velocity _ Vimax,1- [IMI] N Vmax,2: [IMI]

of = —=...(3-1
imipramine metabolism K, 1+{IMI] Ky 2+H{IMI] &)

FEICDMI WL T,
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Figure 3-3

EFFECT OF DESIPRAMINE CONCENTRATION ON THE RATES
OF DISAPPEARANCE OF DESIPRAMINE AND THE FORMATIONS
OF 20H-DMI AND THE ESTIMATED FORMATION OF "OTHER
METABOLITES" IN RAT LIVER MICROSOMES (A) AND ISOLATED
HEPATOCYTES (B).

Key:(®) disappearance of desipramine;(A)formation of 20H-DMI;

(L) estimated formation of "other metabolites".Each figure shows the
result of one experiment typical of three. The formation rates of "other
metabolites” were estimated as the rate of difference between disap-

pearance of desipramine and formation of 20H-DMI.
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Initial gl;;loclt)’ - Vmax,3’ [DMI] + Vmax,4' [DMI] )
desipramine metabolism K 34{DMI]  Kp 4+{DMI]

2T, Kml, Vmax,l;2 OH— IMI OEBMEED S HH sh7zf
)¢5 A — &, Km2 Vmax,2; DM I DEBAMEE D & EH & nRAH
)85 A =4, Km3 Vmax,3;2 OH—DM I OERMEE, AL SN
7L /8T X — % . Km,4 Vmax,4;"other metabolites" 5 BRI R EE A & 5
W8 7-AGH ST A — & | [IMI] ;Imipramine D ZEEREE, [DMI]; DM I
DIEBIRETH 5,

S ETCOME S, Schemel (FRE) T/R L 7zImipramine DG
M )5, Imipramine5 £ L7722 OH— IM I Ofix FVALRIG
it MBELAVORTRERTESZZ L (3E1H) . /42, DMIO®
W& 20H—-DMI OAREDIFAH, "other metabolites” DEK &%
BLETHER bW LWL 2R D, AFWIB W T, Inipan-
ineid in vivo 12 BT Scheme 3 — 1 17K L 72AREHREER IS iE » TAUH &
nTtwb bEz b,

-(3-2)

[2] Imipramine & DM I 2 RIRBRACSUGHERE B O AT A RE R FIAH
HAYEH

Wiz (E6H) OFFIy ay— AEED 555 IS i Imipramine
? in vitro fUE SRR T B1) 2 FATREBHER A EIER 25, e v
AV BWTRBE N TS &AM DR FER © v T
~_72s \ ‘
[ERRFER]
Figure 3 — 4 256 % &I, FIrzuy -2 2HAVIEEER
B PR v C b MU RS I ISR A MR REERH 5 C &
Kb ots Fi. Toble 3 — 3121k, TUCHEEBRTOFTRBERE
BAEVEFCE T 508/ 2 — 7 T3 ERGER e 3 TRL
T2 SNLDF—FHLIFI 1Y — A TOW 2 KB RICERE O
AW EEERI. FFERICBVWTHIEFRFAUEL LTHEHALTWS
EBHENE R0,
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-CH N-CHo-CHyCHN 3 o> 0THER
IN-CHy-CHyCHyN *CH, T Ny RETABOLITES
IMIPRAMINE DESIPRAMINE
(ML) (DMI)
HO HO
,CH3 ,CH3
N-CHZ-CHz-CHz—N\CH : -CHZ-CHZ-CHZ-N\H

2~ HYDROXYIMIPRAMINE 2-HYDROXYDESIPRAMINE
(20H-DMD)

(20H=1MD)
Y

20H-TMI-GLUCURONIDE 20H-DMI-GLUCURONIDE

Scheme 3-1

MAJOR PATHWAYS OF IMIPRAMINE METABOLISM IN [SO-
LATED RAT HEPATOCYTES AND IN VIVO.

Closed arrow shows aliphatic N-demethylation, and open arrows,
aromatic 2-hydroxylations.
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Figure 3-4

PANEL A:LINEWEAVER-BURK PLOTS OF IMIPRAMINE 2-HYDROXYLA-
TION ACTIVITIES IN THE PRESENCE OF DESIPRAMINE IN ISOLATED
RAT HEPATOCYTES.

This shows the result of one experiment typical of three. The solid lines
were drawn based on the computer derived parameters (Km=0.91 nmol/ml,
Vmax=0.636 nmol/min/10¢ cells, Ki=0.998 nmol/ml). Key:(@)control (no
desipramine added);()0.83 nmol/ml of desipramine added;(2)1.65 nmol/
mi of desipramine added.

PANEL B:LINEWEAVER-BURK PLOTS OF DESIPRAMINE 2-HYDROX-
YLATION ACTIVITIES IN THE PRESENCE OF IMIPRAMINE IN ISOLATED
RAT HEPATOCYTES.

This shows the result of one experiment typical of three. The solid lines
were drawn based on the computer derived parameters (Km=1.44 nmol/ml,
Vmax=0.603 nmol/min/10° cells, Ki=0.897 nmol/ml). Key:(@)control (no
imipramine added);()0.71 nmol/ml of imipramine added;(4)1.50 nmol/ml

of imipramine added.
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Table 3-3

MICHAELIS AND INHIBITORY CONSTANTS FOR IMIPRAMINE
(IMI) AND DESIPRAMINE (DMI) 2~-HYDROXYLATION IN RAT
LIVER MICROSOMES AND ISOLATED HEPATOCYTES®

Reactionb Inhibitor Prep.b ch Kic

M 1.21+0.11 0.951+0.110
IMI Z2HL DMI

C 0.787+0.052 1.07+0.04

M 0.992+0.108 1.20+0.10
DMI 2HL IMI

C 1.4440.10 0.883+0.021

2 Data are expressed as mean+SEM of 3 experiments.
Abbreviations used in the table as follows;

2HL, 2-hydroxylation;Prep.,

preparation;

M, microsomes;C, isolated rat hepatocytes.

C Expressed in nmol/ml.
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[(Z£]
Hi#i DImipramined & DM I ol saEE I+ 5, (3—1., 3—
2R . EARRCBTREYIER LEFETLH5E, FEh0?2

F N -7
AR BRI OB BATEBEDS, AT %R OBIR I 2 HEIC L -
EREINDWREMEDSH B Z L ITRE NIz,

)}
THREWREE 2T 5312

Thbb,
Initial velocity Vmnax,1- [IMI] + Vinax,2' [IMI] .(3-3)
, Km,Z"‘[M]

of
imipramine metabolism Ko, Kml DMI
Ry (DM + 1]

F72, DM I OfCEERIEERE X,
Vmax,4‘ [DIVII] .(34)

Initial (\)/felocuy Vimax.3- [DMI] .
desipramine metabolism K., 4_(1;;?(5) [IMI] + [DMI] Km,4H{DMI]

ST, KmBLUVmaxicLTit (3—1) ~ (3-2) %¢H
BTH 255, KD);DM I {2 & % Imipramine 2 LB LS 43 5 8
AHBEE. K, O);ImipraminelZ & 2 DM I 2 f7KER{EFUG Mﬁ“é

BENBEEEBEA S 1z,
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3—3 /ME

F3zoy—»a, BEFEEE EO inviro S ERR & JFERE
ER%. invivo T HERE © LBMRE L, EHFE2 B w14t
WEEBOFD, &V invivo DEIGEWEEZS 252 L MESh Ty
% (Billings et al.,1977;Erickson et al.,1976;Rane et al.,1977;Hayes et al.,
1976) o —H. FFI 2 0V — L2 FVWAEERTH, £ ORIBEM &5
HMBLAAVTOLRFICRETAC LI T, FF3I 27 0y — A— T
MIBE —in vivo DB EBR TRVIGH T EETH 5 Z L RE S TW
% (Linetal.,1980) o BEEEATRIAR X, MBBEA ORBEtEZEL TS
D, MREDZEABEEDOFEAL L, £ invivo IZIE V4T in vitro /£
WEBMTEETH B KHE., Viability D E WEMTHR LB & & 25,
FHCRBIDEEEY (v b 2ED ) CREHTHLLWIREAN DS,

—7i. FRrzuv—si, £L0EBRHFICE - T, LBEHASI
RRTEBELTRTHY . EYOFBTORBICET 27— OERK
bRKEV, Lo T, 370V —25a%2Hw7fC8kinetics A5, JT4I
LARWVIHAETE D I LD S IS U, Sk b7 2 3R
B9 H1EHMAT in vivo TBWTHRMENTWA Z LD TE 5,
Imipramine 3 X DM I OGHICBI L T, REONMBER» LB L »
Z3N7=LH i, fFI 7oy — s —EMFBRET, 2085 2 —
F DREWHILE S CRBE S E 0 (TR BEEMEAEIERE) o
JEDHERR S L, BB TO in viro MBI ORS (. EHE. F
BRIOEELEY) X, in vivo THRM XN TWAEEEEITER S h
720 %7z, Imipramine B & U'DM I D 2 (i/kER{L G R T84 HRE
EVERDSIFHBEL NIV THERE NS L2 5, invivo ITBWTTHEY
PHFT B IGEICIE . FUSERE 5 5Hl & 1U5 KB LA SR it
MZEEOHIEEZEAKEHET 2 < £ 12% D, invivo TORERNE
FVOWEIIR, COMERR2HEAAL L (3—3BLU3 —4x)
DLEWEDSTER INTz, —H, FIrav— ATHERINFix F 4L
FICHOBAWHEERRE, 137573 VP o4EKRL-20H~-IMI
PO 0% EFEELZIITLED (Table3 — 1) T &2b., ZOKEK
T OFATRHE SR EIERE. ML NV CEET X5 Z L3072
MRELTESLS R,
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B4E FEFHAEANENEE % R ¥ Imipramine & SEMECSHY
DM | DEEERITET IV

BRI Tl £ 910, ABFFEn B E i i3 L <L T oft
HEBRD 670 N -FWABERD 7 — % £ T, Whole body (in
vivo) L NV T OAHEIRE 2 7T - TRITE 2 EERNE TV oML T
bh, ZBRIL) OFmipramine D3HE, Imipramine?® & 4K T 2 DM I
i¥. Imipramire & [E#k O [HEHIVER % b OEMREFW TH 5, FEo T
Imipramine® 3% % F R § 5554, Imipramine B & 751 Tl % {, DMI
DENEIEE D TDM (Therapeutic Drug Monitoring; X5 28 &% B L
PR E= ) V) KBWTERTRETHD  LheRx
NTW% (Gram et al.,1975;Potter et al.,1981;Sutfin et al.,1984) o =D&
Lb, AT EIE T BERNE T VI, Inipramine$k 55 ¢ Imipram-
ined & 'DM I W3y o M IR EE B O ISES PNIRE (I IEMEE L L
TOMRNIRE) RABCFHTELEFTVTRITNIER b2V,

R, B R BEERS L5E, ISRy R a0 LT
RES N, BROLHERE. AP EEELBRE L b 1cBtd s, —
Ji\ SEEEAC LB HRETHEEHOBAR L & b ic, RRDKES o3y
RERWThOG b Zh a0 —eE (ZLEEIR0) L% 5,
Z DR, AANEIRE X2 IR (Steady-State) 1TEL TW5B EIEITN S,
EHERETIE, [MHORYEARE] = [EAD O DY) HkHE]
DRERDBILL T2 DT, EYELk BRI, EARE~DES
RERTHBLENLRV, 20T Lid, EFIRE TOAKPNEIRE 0% E
Hid, FEEERETOPIRICHRTELDTHHICL 2 L 2Bk LT
W5, AETIE, Imipramined & "D M I OFEEERHE FVHEEE O ik
& LT, invirofUBHSEER & D15 RARH /85 4 — ¥ H%in vivo BE K
RTOEERNCGERATE 222 EHE LT,
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4 — 1 Imipramine M PIRRAITER F A KEER

S D5 EHE % LT A ETHICHIE L 2 A ANEI R, 5B (&
BE) LT (EEREE) MPRESIFEIIELTsZ L Thb,
Figure 4 — 1 1213 ¥ b THE & 2T V3% Imipramine DR 2 & O FAER
FARF DR & & Imipramine, DM I E BB IMAIRBEDBIRE SR (Brosen
etal.,1986) & DERI L /2o Figure 4 — 1 5B 6 2% £ 9 I, Imipram-
ine ik FHBF O %E F KB Imipramine, DM I {3 ImipramineflR & 1233 L
T, WAL LRIERELRL TS, iz, ZOIEREHEIDMI X
LNHEETH o7,

Imipramine® A NHYDM I bER 2RO 7O, &5 S LiImi-
pramine DA 7% 63, DM I AImipramineds 5814 L TIEMRIBICEE) T
BE, 2O - BWeAE I Fu— NV LTHSEH Y. TAZ LR
#HikD, Lizdto T, MEYOFABIREL R TFHIT Z 5B
EFNVHHE S E, BER T OImipramineds & O'DM I OEAH)EE 2 1
By HaZ LICKRELEMTELDD LR bND,

FIT, B PRBVWTROL NN L DOMR - 8T FVEIPIC
BWTHHHREINLZ L2HID B0, AE T, GRMEES v b2
BWTERZIT 2 o 72,

[EERER]

Gk L LT, 5 EEFEERNICHE TS 5 ElEAE & R
L. &E5ER L LTROKSCHE T MRS £1T 7% o 720 Figure
4 — 2121, PR OEEEARHREA & Imipramine 3L 'DM I @
IMAHEEE DR 2 7R L7z, Figure 2* 5B 6 2% & 9 |[CImipramine 3 & O
DMI Mgk, 5~5. b RFMORREAILL o T, BITEFIRE
CET B EPHP Lol Lo T, DBROERER B SE
FREMPREZ6. 6. 5. 7TRHEOMPBEDOTFGEL Lz, Fig
ure 4 — 3121k, C DREOEAEOEAERE & % H KA Imipramine B &
UDMIBEDOEBRERL. M2 6L 2% & 92, Imipramine D 5E
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K. Bresen et al.: Imipramine and its Mctabolites

%o
1000 Imipramine - Des'prnmuvne
A4
A4
R
500 a® - v
0" M
A4
a
s ¢
0 - 1
1000 2-OH-~imipramine _ 2-OH-desipramine
v
vvv
500+ 1 0® o
; v 8
=]
o v8
o O
0 T |
0 500 0 500 Yo
Relative dose change from 100 mg/day
Figure 4-1

Changes in plasma levels of imipramine and its metabo-
lites during administration of different doses of imipramine. Ab-
scissa: (dose/100mg) x 100%. Ordinate: (observed plasma con-
centration/plasma concentration at 100 mg imipramine per day)
x 100%. (2-OH-imipramine concentration was not measurable in
all patients at 100 mg/day)

(Brgsen K. et al., 1986)
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Figure 4-2

MEAN BLOOD CONCENTRATIONS VS. TIME PROFILE FOR

IMIPRAMINE AND DESIPRAMINE DURING INTRAPORTAL INFU-
SION OF IMIPRAMINE. ‘

Mean blood concentrations of imipramine (circles) and desipramine
(squares) were determined during the rate of imipramine infusion of
25 (@ M), 50 (O,0), 100 (O,0), 150 (B,[H), 200 (®,M), and
250 (@,k=) nmol/min.

90



STEADY-STATE IMI CONCENTRAION
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1
o 2,
- %
0 56 10'0 150 200 250 0 5 100 150 200 250
INTRAPORTAL INFUSION RATE OF IMIPRAMINE
(NMOL/MIN)
Figure 4-3

EFFECT OF THE RATE OF INTRAPORTAL INFUSION OF IMIPRAM-
INE ON THE STEADY-STATE IMIPRAMINE AND DESIPRAMINE
CONCENTRATIONS.

Steady-state concentrations of imipramine and desipramine were
determined during the various rate of intraportal imipramine infusion.
Each point and vertical bar represents the mean=*S.E. of 3~4 rats.
The solid curves and broken lines were best-fit ones obtained from
nonlinear regression analysis using equations y=A'x® and y=A"x,
réspectively. In these equations, x represents the infusion rate of
imipramine, and y, steady-state concentrations of imipramine and
desipramine. The best-fit equations for imipramine are y = 0.00158
x1.36 (AIC = -8.3) and y = 0.00730x (AIC = 11.0) and those for
desipramine are y = 0.0134x1.16 (AIC = -19.2) and y = 0.0271x (AIC =
-8.8).
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4—2 Imipramined &K U'D M | DRETrhEEM & & URRAPHEM

AZEORLOTTTCRERLLI I, EFREBTIX, EYof5E
B (1) 3RS S e EEL S L b, bbb, R, 1B
BB & OREHEEC & o THRRD SIE%ET 23T,

I =R, + R, + R, - (4-1)
DEDMD, T T, Ry Ry RyEZENEHIGH Membolism), BT
rr Pkt Biliary Excretion), FRHHEM(Urinary Excretion){Z & % {H ¢ 8 %
RLTWS, Lizdo T, EFRECOEERTFN 2 Imipramine B
LUDM I OFEERIET VED BB, 5L (F4bb,
ETEEERE) 0O b, B, B OPEEEE 2 H % Imipramine 5 &
UDMIZEELZFNUTE L%\, 2T, Imipramined 5 WiZ DM
I #8RAC, R5EEZEL TEREAL., FELL 2B B8 & UK
2 5 ELE N7 Imipramine DM I & ZHWTI NS OFIRIC L HTH
KBROFS RN

(B R - BE] |
Imipramine 3 £ DM I OfEH B L RHPPEIEER % Table 4 — 1 I
7R L 720 Imipramined3 & O'DM I O fIEH 3 & OJR P HEMEEE D% 538
AT AEEOMIE, FhEh, 1. 5%LTTHH. Ihnb O
2 koT, FEEMIMATHBREEHTES (R,=R,=0) T &
Hhbhole Tabb, (4-1) FKiF,

I = R, o (4-2)

IR &, BUED CTHERE & L7 Imipramine I R 5 R D Imipramine 5 &
UDM I D IEETEE HABATHARRBICRER L Tna 2 P\ ol
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Table 4-1

URINARY AND BILIARY EXCRETIONS OF
IMIPRAMINE AND DESIPRAMINE®

Compound IRP  BER® BER/IR UEr?  UER/IR

25 0.186 0.745 0.083 0.332

(0.064) (0.256) (0.020) (0.081)

50 0.574 1.150 0.205 0.409

Imipramine (0.229) (0.600) (0.004) (0.009)
100 1.010 1.010 0.291 0.291

(0.540) (0.540) (0.009) (0.009)

150 1.400 0.931 0.579 0.386

(0.560) (0.375) (0.090) (0.060)

o — " tobn "o ot Py W oy o W o n At W ot St W ot O D W o S S ) SO S U S S S R S v o o o o

50 0.242 0.484 0.170 0.340

Desipramine (0.042) (0.028) (0.028) (0.0586)
75 0.297 0.440 0.430 0.573

(0.134) (0.018) (0.045) (0.061)

130 0.161 0.124 1.400 1.080

(0.010) (0.009) (0.060) (0.050)

Data are expressed as mean(+S.E.)of 3 experiments.
Intravenous infusion rate of imipramine

or desipramine, nmol/min.

Biliary excretion rate of imipramine

or desipramine, nmol/min.
Urinary excretion rate of imipramine

or desipramine, nmol/min.

0 o

Q.
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4 —3 Imipramines L U'DM | OMEHIEREEERL LU
Mg,/ mrREEygE

HIE DEBFE RS 5, ARELE 1 & TR S 172 PR Alimipramine % 5-7
B & 52 & REEImipramine - DM 1 I8 O IERIE %2 B4R (Figure 4 — 3)
& BRI BT 2 ABHARRICGERL Twa 2 Lh LR L sn
720 FEHVPRANCERES SN2HE6. EFRBICB 2 MYk

(Css) &, £ DEPYOHEGHEE (1) . MHIEEEER (f) BLV
ERERIEE 3 2 GEERY) FFEAE 2V 79 v X (CLlint) #Hw
<,

Cos=—1 -+ +(4-3)
fB’CLint

(4-3) RTFbInd, &R (4 -2) RCOFRBHEER %
f,-CLint- CsTEBEMIDILICE o THFEE NIz, L72A 5T,
Imipramined3 & U'DM I O zEH IKAR M 8 FE DImipramine O $%5- 38 BE 124
THIME LR, [, CLtDEOEEHNERTHE LELLN
b, Z T, C LintidMichaelis-Menten R, & BhEM T & h, RIS B
ZRHEDEZHIRL TS (Raneetal 1977) o —7F, f, XMiEF 0
EEEE (f p) LA — M EEYEEL (P B ratio: Plasam-to-blood
concentration ratio) DFFIC L L TEIE SN AETH B, #Z T, AT
i, AHERE D€ 7V OFTE A E 2 Imipramine + DM I i IE#E4&
KEEML 720 72, Imipramined 5 VWiRDMI O& % J v FILEICHE
mL. JE L Zzin viroEERE &, REE 1 HiTOMRNERTEAER
AT o 72BICERIL L 72 M TDexvivoEEME X T B 2 LItk 1,
mERET A HEEROFELRE L 72,

[EERFER]

Figure 4 — 4 121X, Imipramined & O'DM 1 D14 — Il YR E
b (ER) . MR HEHEAE (BR) %, MAd 5 i dsg s
RSB L RERER L e T2, BON/fERTable 4 — 2 1<
IRL 720 Figure 4 —4 55, MEPOZNT X — 7 FNFhOMT
HEVIIMIEPEYEEIZN LT, BIZ—ETHo7c F 7. invitro
ERTOME (@. W) & exvivo EERTHME (O, O) i, 12IZAL
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Figure 4-4

PLASMA-TO-BLOOD CONCENTRATION RATIO AND FREE FRAC-
TION IN PLASMA OF IMIPRAMINE AND DESIPRAMINE.

The relationships between whole blood and plasma concentrations
(left panels) and those between plasma and free concentrations (right
panels) of imipramine (upper panels) and desipramine (lower panels)
were determined.Each solid line is the best linear regression fit to the
“in vitro data. Key:(O,[J)data obtained from ex vivo studies; (@)

data obtained from in vitro studies.
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Table 4-2

PLASMA~-TO-BLOOD CONCENTRATION RATIO AND FREE
FRACTIONS OF IMIPRAMINE AND DESIPRAMINE IN BLOOD
OBTAINED FROM IN VITRO AND EX VIVO EXPERIMENTS®

Compounds Experiment Cp/Cbb fpC de

in vitro 0.544 0.186 0.107€¢

IMI (0.029) (0.016) (0.007)

ex vivo 0.566 0.193 0.107

(0.025) (0.009) (0.005)
; in vitro 0.443 0.119 0.0544°%
DMI (0.015) (0.007) (0.0027)
ex vivo 0.450 0.117 0.0535

(0.024) (0.005) (0.0032)

Data are expressed as mean (+S.E.).

Plasma-to-blood concentration ratio.

Free fraction in plasma.

Free fraction in blood calculated from
the equation, f, = C /Cqp x f,.

Data used for the simglation studies
(see Table 4-3).

oUW

d

o
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THH (Tabe 4 —2) | SHEIASMAPEY RN (Imipramine:0.1-
4.0;DM 1:0.2-12 (nmole/ml)) Tit., MEYDOMIBEERLEEICET 54
BERRER I o 72,

(%]

Imipramine 33 & FDM I 1, MERICHB VT, M5 Y NI ETH
BTIVTIvR o —BRYEMS VN0 (AGP) EREALTWABZ L
PN TS (Borgaetd.,1977;Piafskyetal.,1977;Javaidetal , 1982;Freilich
& Giardina,1984;Schley et al.,1985;Suzuki et al.,1985) o &<, AGP
(&, Imipramine DM I 72 & DIF RN LB B THEAL (Pakky,
1980; Pike et al.,1981;Reidenberg & Drayer,1984) . F 7=, T D&Y A
M DEEMERY TIEL TBY . B TRAEHEATE LA
s SN T3 (Muller & Stillbauer,1983;Brunner & Muller,1987) o L
72%% > T, Imipramined & DM I 2% in vivo KB W TIIH ICHFT S
Wra. BELWCMEPIEEERICHEL S X TWATRNENS S, $i,
FOBABFEIMEN2D, invivo THIE L 2 2 MIFHEYBRE T, I
WML RITREDZELONS, L2 L, AETCOEEER,S
REERASTBERE T AL OMREEEET 2 2 LA TE, (4
—3) RCBF BCss& I L DIFELBMRIE, { OFBTERT 5
bD TR, AR GEMEREY S5 AFEAR S VT TV R)
AROBHEICEILLDDTHE LERI N
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4 — 4 ImipraminePIARAE X S8 DImipramineE L TDM | D
EEIREMARE % FFEl T & 53 FERNET IV

WE T TOEEBEE & ) Imipraminedd & DM I @ in vivo A EAE
2. FOFRIC BT A2MRHENEREL 25 DTH L LVHI Lo
720 BT, AEE 1 H T/ Inipramine D IR B IE AR &
S BB Imipramine 8 & 'DM I I Fhil B 0 JEi6T% 72 B4R (Figure 4 —
3) 2FHITEBEERNETTIV, T% bbb, Imipramine® PRS-
HE D OEF IR B Imipramine 3 L DM 1B ETE T E 5 HERN T
FVOBEEATZ 072,

[1] HERNEFNV EHEEXOFE

A cORBEE ST 5 BB, bl o3& B
PIEEICE LW ERETE 5356+, BHEWRET T Olmipramine® [k
Mk 5#EE (R) LMt mhEE (c™M ) oz, (4-—
3) ATOCss2 CM CEEHRADZ LITE 0T,

R =CUMLfp .cM (4-4)

THEbEND, {_ [XImipramineDMAFFEER, RFICHETHEE
BEER, - Com Thb, k7, EHPIURMICEREA S NI L
EOEFRBMPRE (Css) &, ZOFHEETERE (Cout) &%
LW T (Wagner,1985) . (4 —4) i, ko (4—-5) Ricko
TREEN S,

R = CLM!fp -CIMI -+ (4-5)

1 FEATOEDREITFRE —20R{HEEINF V7 LIRE

L 7z "Well-Stirred Model(Pang & Rowland,1977)" TR FBHTE S 2 &

D% K DEPITBWTHEE LTS (Pang & Rowland, 1977; Ahmad

et al., 1983; Jones et al., 1984; Edwards et al., 1984 ) o AHf%% T idImipram-

ineBLUDMI OFFHNBIRBICZDEFNVIEHTE S LIREL 72,
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Z 2T, LM i3 Imipramine DNHEELICHT 5 HFEHF S VT I VAT
Hbho Tl BERECTIK., (EPRk5IE) = (EYoiELEE)
DRI D LoD T, R iFImipramine DECHTEEEE L &L kb,

Invivo CER &S R FEE 2 V75 v 2 ( CUML vho ) DIERTE
Mk, EEOEBROIATIIRA-AVF VYR TEEINDS,

M n yiML
max,i,in vivo
CLint,in vivo = 2 VI ™I - --(4-6)
i=1 Km,i,in vivo + fg-Css
ol Y M > \J . . 2 o = <Y
[N S 'C ~ Km,i,in vivo k J: U VIHMlEﬂIx,i,in Vivo Li\ n VlVO’f%ﬁ%}\ 7 j s & '(

Hbo FRRICDMI @ invivo EFEE ( Vain vive ) ETHEEEED M
m%%@%%ﬁ&bioy
i yoML DM
V in vivo = max,tin vivo 'f 'Css . 4_7
> (i-‘-l Kﬁﬁ'n vivo * fB'C?SM) ? “

—J. &EF TOin virofUCHEBRDOBFFEE £ A b Imipramine DU
THOHREE I, R 2AKBYERUE & A F MBSO fCHEERE OF TR
ENnb (3—-33) o L7290%> T, ImipraminelZ3$ 3 %in vitro FFEH
2979 vA (CUML o) s

CL&/{I,M vitro = K Vmax,l + Vm:x,ZCM ---(4-8)
m,1 ¢, ~DMI . IMI Km,+‘ss
Km,1+KI(])) f]g Css +fB Css 2 B
PR T %, BT, BERETIX, PEABYOLERLBERICELT
(R OEREE) = (RBYoOBEERE) PELLTwEDT,
DMI DENMESV £ 5L, BiE (3—4) Kb,

Va2 = Vinar 3y C337 o Ymaxafy C7 --(4-9)
' K DMI
Km,3 + I_(—I-n(l_i:;- fg-CIMI 4 fp-C DMt Km,a + f3Css

MEM.T 5, Scheme 3 — 1 IZESWAEFIVAF— A% Scheme 4 —

1WWRL (4—8) BLwr (4—9) K &Scheme 4 — 1 ZFERT

5B 5 2 — & OERIL Scheme 4 — 1 DT LW 720 2T

12, invitto TOLFH /NG A - HEFDF F invivo WCEHATES E LT
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CIMI,f

DMI
SS B Css ok

B
Y2
Ripvg-w IhAI ” DhAl P vy

(sz’vmaxz) (K

vy — — V3
N D v

ll|4 ’ Vmaxl‘)

m, ’ ‘max, wm max
1 1 3 3
N . 7
20H-1MI 20H-DMI

Scheme 4-1
KINETIC MODEL FOR IMIPRAMINE AND DESIPRAMINE
ELIMINATION WITH "PARALLEL PATHWAY INTERACTION"
Nomenclature for Scheme 4-1
Ripv Intraportal infusion rate of imipramine,nmol/min.

CssiM! Steady~-state concentration of imipramine, nmol/ml.

Csg?M1 Steady-state concentration of desipramine, nmol/ml.

s Free fraction of imipramine in blood.
fa' Free fraction of desipramine in blood.
Vi Saturable rate (Vmaxi;nmol/min,Km;;nmol/ml) of conver-

sion from imipramine to 2-hydroxyimipramine.

Va Saturable rate (Vmax:z:nmol/min,Km:;nmol/ml) of conver-
sion from imipramine to desipramine.

Vs Saturable rate (Vmaxjs;nmol/min,Kms;nmol/ml) of conver-
sion from desipramine to 2-hydroxydesipramine.

Vi Saturable rate (Vmaxs;nmol/min,Kmaj;nmol/ml) of conver-
sion from desipramine to "other metabolites”.

Ki(I) Consiant for competitive inhibition of desipramine 2-
hydroxylation by imipramine, nmol/ml.

Ki{(D) Constant for competitive inhibition of imipramine 2-
hydroxylation by desipramine, nmol/ml.
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BaE. 4-8BIU4-9RE ENEFNL4-6BLU4— 7TRIMAAL
s

\Y \%
C 'iytsin vivo = K. max,1 + m;.x,2c il --(4-10)
Km,1 +KIIE]I'))'fé-C DMI . fp.C IMI Km,2 +fp-Css
V, f¢-C DM Vv fr. CEMI
Va,in vive = V2 = K m:x,3 B -5 + Izmx,‘:. fli Cgs:'ﬂ -.(4-11)
Km,3 + K"_;IE"I '>"fB 'C ghs/ll + f,B' CPSM m’4 B*ss

rREVTONR, RiZad s CM »  CEML 2 Bi-sectioni®: & 0 51
THIENWUERTHSL (KR (2] BLU [3] 28) .

PTFoigcid, FIzay—-rERIVBONAHF/NIFA-5%
Hw/yIalb—va b EEORFREAI G, inviro G/ 3T X — %
Minvivo ICEHTE 22 0RET24T% o 726

[2] Invio B EER» LB LN/ TF X —F D invivo IKHH TE
HING A —F~DEH

F (1] THEINZET VST AR (4-108L04-11
RX) KAAT S inviro fUH/¥T A — &1k, WHREREYOEFFEE D
DIFEICEH L 726 O TRITNIER b 2V, Z 2 TAMITIREEICE
DING A — S IEDOERE TR o 2ERER LT

[EEGER]

RFT A=y D Vmadflilz oW TEHE LI, 22T, FIsny -
Almg2AEKES ) O Vmaxfliiz, AETCHWONFIZ 0y
—“ATO1ImgAE{ LY DOP—45 0&R (0.825+0.085, memn
£ $.E.[nmol P-450/mg microsomal protein]) &, FFREI R —1F1 gH4
D DE&E (29.743.08, meantS.E.[nmol P-450/g liver]) % b & IZXK3\
WKLo THEL g4 ) O Vmaxfli (Vmax” ) HHEI D (Sugita et
al.,1981;Igari et al.,1982) o
v = ( nmole [P 40 [mg microsomal protin

min-mg microsomal protein g liver nmole P-450

Vew- 51 -{ok]
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EEIZIE, 4 % 1 5 CTlmipramine® PR A% 5 3H B & &% K8 Imipram-
ine3 L UDM I MHREDOEMFER NS v F TOFHYFEERTT g)
TEL I Vmax' %2 FEA0EICHHIEL 720

—J. KmB LK AECE L Tid, FFHIRamN < oI RISl R
25, RO O ARIE RIS L, CoREY., RBKIEo
FEIEEE 1T % B IR O "Well-StirredModel" Z{RGE L TV A D T, i vitro
K Kinetics 1T 7% » "B OFIGHF TOF I 7 0y — A~OEE 2 H
ET5UEND 5, Figure 4 — 51213, RIS QYRR LIEEE
RISEEEOBRER L7z, FEATRRBELEKFET—ETHY,
FOMEE D SEE S N -IEEEE X, ImipramineT 0453, DMI T
0.409TH 072, L7452 T, in vitro fii#{Kinetics 7 & 7% & 172 Micha-
elis B (KmfE) kX ZHVTinvivo TOKmME (Km’ ) H
E3hb,

Imipramine: Km’ = 0453 x Km
DMI: Km’ = 0409 x Km - (4-12)

Table 4 —312ix, (4—12) NITHETEE I EDTable 3 —2 ~
3—3WRLAFI 7 vy — A Kinetics 2 b5 b 7T/ T 2
— ¥ % invivo BERHWETNVIAATELHEICHEL fEZRL 720
Table 2tk (4 —3) I TRKD 72 Imipramine X DM I O M FEH
AR TRE . TNOLDER. FHOEFTIVR (4 —-108L0
4—-115) R/RAZIRKRETOYIab—Ya YiIRFAELL,

[3] ¥Y3Ialb—3avEEMMELDORE

[EERE R - ZEE]

Figure 4 — 6124k, (4—10) ~ (4—11) R in viro
HERBRLVEONAH/ T A —F 2N L TEHE S /- Imipramine D
PR PO R TE A EBR © OImipramine B & 'DM I O F KB M iR O
V3ialb—vavh-TE 481 HTHRSEME L OB ERL
ER (=) 1 2 FRBLGHE AT R A B 2 B L 7235
. F 0B (- ) ) (4-9) KRU (4-10) RicBWTF
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Figure 4-5

NONSPECIFIC BINDING OF IMIPRAMINE AND DESIPRAMINE TO
RAT LIVER MICROSOMES.

Each figure show a typical result of 3 experiments.
Key:(@®)imipramine; (O) desipramine.
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Ta

ble 4-3

PARAMETERS USED FOR SIMULATION

Kmj; = 0.430%  Vmax; = 3437  Km;/K;(D) = 1.07°

Kmg = 5.12% Vmax, = 22257 Kmg /Ky (I) = 1.05°

Kmg = 0.3912 Vmaxgq = 350b fp = 0.107¢

Kmy, = 0.785%  Vmax, = 93 5’ = 0.05444

2 Data were obtained from Table 3-2. Correction for
nonspecific binding to microsomal reaction

b mixture was made (see text). Expressed as nmol/ml.

Data were obtained from Table 3-1, and were
extrapolated to whole liver value by multiplying
average liver weight (7.7 g) used in the sudies
(Figure 4-2).

Average of the ratio of Michaelis constant of
inhibited pathway to the competitive inhibition
constant in individual samples (see Table 3-3).
Free fraction of imipramine and desipramine in
blood obtained from in vitro study(see Table 4-2).
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Figure 4-6

SIMULATIONS OF THE RELATIONSHIP BETWEEN THE IN-
TRAPORTAL INFUSION RATE OF IMIPRAMINE AND STEADY-
STATE IMIPRAMINE (A) AND DESIPRAMINE (B) CONCENTRA-
TIONS BASED ON A KINETIC MODEL USING IN VITRO META-
BOLIC PARAMETERS.

Each point and vertical bar represents the mean+S.E. of 3~4 rats.
Key:(- - *)simulation curve based on the kinetic model using the in
vitro metabolic parameters (listed in Table 4-3) without the metabolic
interaction:(—)simulation curve based on the kinetic model using in
vitro metabolic parameters (listed in Table 4-3) with the metabolic

interaction.
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TR BREMMMAELER 2 Az WiHE (KO=KDEO)DY I2b—V3
YH—TTHb, Figue L VAL R LI, YIalb—Yarp-
TIRERICBZ Sh - TGRSR EER GG2EBE6H - 5535
H2HMBM) 2EFMIP Y ANTIZHIEIEIC & DEF L Eathio
720 FATRBHERMHMEEHEEFTVICER T 5 2 LIC & o Tlmipram-
ine NG HEEDE > & & 5 T DImipramine B & 'DM I DImipraminet
5 #E T B IERIE 2 LA TR . F 7o, AT RRRIAE B
2 Y AN BEOTFIME (EH) LI A wWBEGOFRE @
M) & olgEE, DM I ogEFE R MHRE Cnpraminek VHETH -
oo TOZENS, invivo IZ B % Imipramines 53 & % H KRB Imi-
pramine + DM I O AR BE D FERRTE 7 B4R T X BT 2 I AT IR T
MEAEHADBES LB Y, I/ EFREOMmHP DM IR, Impram
ineDM AR & ) KE L COMEMEH ORBEL ZITTW5B T LA7RR
-y (A

Bk, $ﬁ%#%ibmﬁbﬁﬁﬁ$ﬁ®ﬁm\T&b%

DImipramine& DM I @ i C 0B § 5 EERE L. PR
WP IR AR R ICE L v (" Well-Stirred Model” ) o
Qin vittoEERRIC X BRH/XT A — ¥ Tin vivol B HEL T TE 2 2

Eo
®in vitrofCHEER A S D & & 172 AT BRI A B AERH 2%in vivo
THRBEEhTWEI L,

2%, Imipramine E DM I DAERNEIRE 23R U 556, BUTHL LER
y {94

[4] FATAHRER MM EER O 2% KB Imipramine s £ 'DM I
IMHIREE B & Uimipramine fFUHE 1281 5 FAMEEICE X 5
FEOKE

Vi SR EBRI LB LN BT A -2 HVEYIab—V 3
VEEIMEDIE NS, DTOEMEI LR o720
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@t 7 VI 2 ADKER{LEUSEE R I B A1 2 ME VR (FATRBHE
MAEIER) 22 T2 LitdoT, FRIShEHEIRE
Imipramine B & DM I MHREES L L, ERMEISER < S &y
F 72, PIIRPImipramine?% 5- 2B (2 X3 3 % % H KB Imipramine 8 & U
DM I A iR OR4R I, FATUHEBEMEER 2 ER L7256,
LOFEMETHD L,

@ TR B 2 Z R LB L L2 WEOFH S 28R
REIM iR AEIE. DM I Clmipramined ) K& { ZEIFAH bz (Figure
4—6B) o T%bH, DMI DOIHHEEE I3 Imipramine 12, &
D SEATAREBE MR EVE % £ FVAICHLA AL & & ORE%L ST 5

T &o

AEI T, S BITHEEEL BRI E 7V & R L T B SRR
O ERE L EMATFEA 2 V7 5 v AR AN,

Scheme 4 — 21213, FATUHEIR AR E/EA 2Z R L 123546 (G5
L. LaWEE @) oy, REEER OESETFEE 2 ) 79 >
A O P kA Imipramine$% 58 I3 T 5 MR E R L7zo AF— LD ZE R
FNDNG A= I DU ZFE Scheme 3— 1 DFNEBLELTH 5L,
RBEE Lo FzhFhosxv (A, A’ »6E, E’ ) 320k
RBEEEORERBE L RL Tn5, 37, ERERK LOCLERZL
FRORBHEE L EREREPORRNICL o TRHEL .

CL; =—Y1 or CLp=—Y2 _ ...(413)
fg-CIMI - fg-CIMI

Cla=—Y3 _  or Cly=—2Y4 _ ...(4-14)
fip- CEMI fp- CEML

Imipramine® PR I3 5 (pandA) 3. EERETOVIE B
GBI BV TS 2 FRBLRSEE (SR VB, V) &fix Fuil
KISHE (32 NC, V,) OFMELL kb, 7z, BERIC, Bix 7
WVALBOGHEREE (%% )V C. V,) & 20H—-DMI DEREE (/SR
D, V,) & MioR#Y] ofpEE (FAVE, V,) ofit%L
{%B5RTTHb,
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Imipramine& DM I ORI B W THE/ER S EWIE A2 E X5 L
Imipramine? 2 AKBRILIUC 1T § 2 (EMERY) BAEZ V79 v X (C
L,, 7S%VB’ OB . DM I D 26KBMUEUE ISR 55  GEERER)
EEH2V79 YA (CL,, /$2VD’ #H#) BLUDMI» oD [
OR#W] DEBICHT S BME) BEs U7 9¥X (CL,, /<4
VE’ ORE#) &, Imipramine® FIRAIRS-HE (R) OLF L &b
BATHE LTSNz, T, 2R PhORBIZIES LT v Bhigh
affinity-low-capacity % B¥R HE R EOMEIC L 25 DTH B (Table 3
- 2 ) [}

—75 Imipramine DX F VALFIGIC BT % GEME) BHZ V75
YA (CL,\ %32 VC’ OWH) 3% D low-affinity high-capacity 72 B2
FREEREDOHE (Tble3—2) »6, HEAEXr—ETHB. SRH
REEICRS- L T a MEABROEER Lo E ER TS (HR) &
HEI7VTSYADINLDEET, RO EFITHE N Tlmipramine & DM
[ OREH BRSNS M E/ER 2 ER L2 T, bT
IR R T FRORRE E L2 > Twd (Figure 4 — 6 OB o

C Z°C, Imipramine & DM I @ 2 7K B b B #E 6 F 1 & 09 7 A 33
WEER &R TS &, MABRRICETS (BHE) BEsV 75
ASHIURT &5 LA FRENT. HEEASER S N-BED
W 2 AABRLBUSHRERE R 0 (ERER!) B&H2 Y79 vX (CL, &
CL,) R4FiZImipramine DI GHEHE\ & 5 T, MEMEAHE
LG EDEICHAES B ofz (OXFVB” LD’ OFEH 4 5D -

72, HEERAPHFET 2540ODM I DAEBGEREER O FR L
TIMBITEA L (V,. ANVC EH) o Zhit, Imipramine®
2AKRBRIEUSHE QT (V, /S%VB) &4\, R &Imipramine
DEAREDO B ORI 2R OSRVA) 2 BFHT2720TH5 ¥
bbb,

AT R AR EVEH X, Imipraminel” tbX, DM I O 5E & kAR
BEOENE L FENEDOMDEL L Y /NS T BRERLEZ -7 (Figue 4
— 6 OFER) A, ik, HEVEH D Imipramine D E EIRAEIRE % T
¥ % E Tl Imipramine (B89 % (EBER!) BAHZ V75 VA RETF 8 #
LI TH o, |

—7, DM I OB LT, DMIOER#EE (V,) £€DMI i<
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metabolites

SCHEMATIC REPRESENTATION OF ALTERATIONS IN EACH METABOLIC RATE
AND INTRINSIC CLEARANCE FOR FREE DRUGS OF IMIPRAMINE AND DE-
SIPRAMINE BY EACH METABOLIC PATHWAY.
Metabolic pathways of imipramine are the same as shown in scheme 4-1. The defini-
tions of symbols refer to the legend of scheme 4-1. Each panel (A,A-E,E") on a
metabolic pathway represents the rate process of the metabolic activity of the
corresponding pathway.The solid and broken lines in each figure represent the results
‘of simulations when "parallel pathway interaction” is incorporated and when no interac-

tion is assumed, respectively.
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TEEEND, LizdoT, DM I oEFREBm+#EECix. (1) R
DEFICx T2 DM I EHREE (V,) OL0ERELEER (2) DM
I D 2MAKBRICKGICEES 5 (E#E) EH2Y 752 (CL,) @
BT (3) BERLEOMWE L PATRBHERMMEMERICL > T5l &k
ShEEREDM I BEOLA TS MuoRBEY] oERiciET
5 (EMER) BAHEZ V77 YA (CL,) DT &\ 5 /-Imipramine &
DEL DERDEE BB LTVAZ LIGERALTWS L EBS i,
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4—5  QuinidineffHIZ & 3 Imipraminef$3 ) Kinetic /135 X — 4D
ZTAEEFIA L ZEF IV OZUEOBKE

B - B TEYFEMICHVONE Z L RHTH 5o WIS
N7z & & Olmipramine D EH WEAAE ROEE 2 TRl T2 54, H
TS 35 BER) R & ARG GRS 5 B4 THRET L %4
nid % b kv,

BEI COME & 1 | Imipramine 3 & FDM I @& H IRRRIM th iR 1212
TS O 2 W KBICRGH OME/ERE CHTRBEREAEH) 25K
ECHESLTBY, MEEHOFEISFICDM I 0 FERE MR
KELEHE G XL TWEZ EFHLM SN (Figure 4 —6) o F
7= MEAER XY O 2 AKB LRGBS L Twa P —4 5 043
FHEIBL TWE LI Lo THELTWAZ EATRBERT WS (5
2EOHIBLUEIE2E [2] ) 0T, 2OP—4 5 05 FHEOME
By 5 2 5 EF DAL, Inipramine B & CHFICDM I & H
RABML IR o K& 2 AB 25 2 52 E BT END,, MEEH QP A
Imipramine 3 & DM I OfUHHEMEICS- 2 5 BB L Tid, BRCE 2
BS5HICBWTHFI 70y — A 2B inviro fREER & b~/
ZORR, e FBLUT Y T, EREEROBENSEEERTE
)¢ & % Propranolol. Quinidine, Nortriptyline?*BfH & L7z35E. Imi-
pramine 3 & 'DM I @ 2 fkBALRIG 23t LT, WVAEMRZR L.
Quinidine$ & U° Propranolol D317 it 2 D BHER)F i3 2 Ak BL K
Wt L, B THo 7 (Figwe 2 —16) o % & TAHE CldImipram-
ine33 & 'DM I @ 24 KBAL RS 234 U CRBIRI I BHE T 28 R 054
Vv Quinidine % € 7 V3 & L, Imipramine & Quinidine ™[R EF I FIIRA
CEMEA SNz b & O R BImipramine 3 £ FDM I il iR 12 5-
2B RBEFNI,

% 72, Quinidine % Imipramine3 £ ' DM I @ 2 L AKER L SUC % IR
HICRHE LTV AR RTEI CREE S Lo E FIVICH SRR, THEFIK
BRI RO FHME & SEAMED R 1T, EERNET VOYLR L Z
DEBMEZRE Lizo &5 ICAETId, FFEWREESR 2 H v Timipam-
ine L U'DM I O &AREH DA BLE BB LU T QuinidinefFFIC & 528
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B AT, HE SN EERN T FVICES (P S N & o R
BHEPLbZEDEFNVORLEERERL 720

[1]  QuinidinelZ & % Imipramined & O' DM I % RAR ML
BE DZEEY

[EERE R
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T2o F72, EERBIR Y bo—- VLR B 6RROBEEACSL o
TERINTWAE b ol LA T, DIREEE KRR iE
PR ERIE ARG 6. 6. 5. 7. 0 BEToMPREDOFIEL
724 & U720 Imipramine? PR P 5E80E A EE & %8 K& Imipramine 3 &
O°'DM I Ifn i o Bi4% % Figure 4 — 8 12/R L7z, Figure 4 — 8 %}
145 4 45 1 & CTEEICR L 7= Imipramine B PG R P 8 S EA R 0 £ LA
MEEEA ., 72, Figure BEHRIZ Quinidineff FBs DI 5 HBE & & AR
MPEEDEMBERL T WA, Figure 25845 5% & 9 IZImipramine
D SEF IR AR D580 L ORI, T ¥ PO -V T ORI
2% QuinidinefF I & o TIRIBIGEMC Z edHP %o —H. D
M I ORI & Imipramined% 5-8FE & ¢ BE4R 1£ Quinidinefif A
ko T, LD IEETRHISRAS NS Z LML R otz £ TUT
D /NG T X Quinidine B A 12 & B 1 S Imipramine 3 & U'DM I EHIRRE
IffL % i B D Imipramine$% 5 BE XT3 % BRI R % o - EH £ R T ER
BT AT L &, QuinidineffHIC L 2ME/EHZE L - HERY
EFNVOMEELITE o 12,
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Figure 4-7

MEAN BLOOD CONCENTRATION VS. TIME PROFILE FOR
IMIPRAMINE AND DESIPRAMINE DURING INTRAPORTAL INFU-
SION OF IMIPRAMINE ALONE (OPEN SYMBOLS) OR WITH QUINI-
DINE (CLOSED SYMBOLS).

Each point and vertical bar represent the mean=tS.E. of three rats.
The data for control experiments were obtained fro Figure 4-2.
Key:(O,®)imipramine;([], )desipramine;(¥)quinidine.
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Figure 4-8

EFFECT OF THE RATE OF INFUSION OF IMIPRAMINE ON THE
STEADY-STATE IMIPRAMINE (OPEN SYMBOLS) AND DESIPRAM-
INE (SQUARES) CONCENTRATION IN THE PRESENCE OR AB-
SENCE OF QUINIDINE.

Each point and vertical bar represents the mean=S.E. of 3~4 rats.
Key:(@,Hll)steady-state concentration during intraportal infusion with
quinidine;(O,[])steady-state concentration during intraportal infu-
sion without quinidine. Significantly different (*p<0.05; **p<0.01;
***p<0.005) from the control value.
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[2] Imipramined & U'DM I ? M HIEREAZHIZHT T 5 Qunidine®
W

Imipraminedd & O'DM I it, MFEPICBWCMESY V2 ETHDT
VIV OMITBERRIEL Vo AR L BEL €, P TEmT s
WE (BEMESYE) O—1ETH % o, —acid glycoprotein (AGP)
LEAELTWAZ LI, TTRAEIHTER LY, AHTHY HiF
72Quinidineb A G P L5 AL TWA Z L ME XL TWAS  (Nilsen
et al,1978) o CDEANDEER, 7NVT I VIZHBAHIE .
Fio, BEYVA PERFL TW5E 72D, ImipraminedH 5 WIEDMI DA
G Pt 4 2 A& o AR AN ICHET 22 L dME Sh
TW (4EIHBM) ., Lo T, AGPITEATATEMY S5
B DIEFDBEFIZHL - T, Imipramined L U'DM I D MAIEREAEIE
BESTHIEDNEZONS, £ T, Quinidine?*ffH S iz & D
Imipramine PIRMIEBIEAEE (B4 EESH [1] ) THLIMKE
¥ v IV O ZIEY O IM hIEEEERE FAT,

[EERAER - ZE]

Figure 4 — 9 121X, 2 ¥ b} @ —)b & Quinidineff F B O M#F & M
YRR L OBFR (P BH) B & Ui rhIEis ARISEYIREE Ol e
YRt & DBIMREIRL72o 72, Table 4 — 4 1CH, ex vivo TOP
Bl f fE, BLUBHE &z f fEER L7z, Figure 4 — 9 B LU
Table 4 — 525, /8T X — # X Quinidineff R ICB W T H M dH
% v i3 A P Imipamine B & O'DM T BEICH L TIEIZ—ETH o 720
¥ 7z, WEPOPBIS LU f1d QunidineffHIC Lo TLEFA L. &t
e f ERFBEREALTWAI LA L L o7,

DIEoWEHER LY. Quinidinefr AR O € 7 VHEE TIE. Quinidine
HFFIC & BImipramine 8 L DM I D f  EOEEZER L 200 hid%
LW EFHPE LR o7,
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Figure 4-9

EFFECT OF THE PRESENCE OF QUINIDINE ON THE
RELATIONSHIP BETWEEN WHOLE BLOOD AND PLASMA CON-
CENTRATION (LEFT PANELS), AND BETWEEN PLASMA AND
FREE CONCENTRATION (RIGHT PANELS) OF IMIPRAMINE AND
DESIPRAMINE.

Key:(O,®)data for imipramine;(J, )data for desipramine;(O,J)data
obtained from ex vivo experiments in the absence of quinidine (taken
from figure 4-4);(@,l)data obtained from ex vivo experiments in the

presence of quinidine.
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Table 4-4

EX VIVO FREE FRACTION OF IMIPRAMINE, DESIPRAMINE
AND QUINIDINE IN BLOOD SAMPLES OBTAINED FROM
IN VIVO INTERACTION STUDIES (FIGURE 4-11)%

Presence o d o
Compound ' Qf. b Cp/CB fp fy
guinidine
- 0.566 0.193 0.107
IMI {0.025) (0.009%# (00005}*
+ 0.601 0.232 0.143
(0.029) (0.007) {0.007)
- 0.450 0.117 0.0535
DMI {0.024) (0.005% (0.0032;*
+ 0.526 0.135 0.0704
{0.038) (0.005) (0.0033)
Quinidine 0.667 0.474 0.313
{(0.029) (0.022) {0.014)
2 Data are expressed as mean (+S.E.).
Data in the absence of quinidine were obtained
from Table 4-2 for the comparison.
g Plasma-to-blood concentration ratio.
Free fraction in plasma.
i Free fraction in blood.
Significantly different from the respective
‘% value without guinidine (p<0.05).

Significantly different from the respective
value without quinidine (p<0.005).
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[3] JFHERfERIC & 5 Imipramine 3 & U'DM I 8% © Quinidine
12 & % ZE) 0 i

Quinidinefif {2 & % JFiE T D Imipramine 8 & DM I fUEHHERE D)
% FFVETTERR & D RET L 7o FREWSERRICIE. Quinidine?® Imipramine
BLUODMI OMEEARESEBLUP B4 EH S €5 2 LML
EhTwanT ([2]) . MERARRLEKRE &% % WERE 2 H
v, FREANOBEZEME © T51iT% ) BT 3 0 ml/min O VEREE %
BHE L 7zo BFFFEAYEH Imipraminei® L i 0.3 nmol/ml & L, FFHEHIHH
B & UBHEF @ Imipramine 8 & V% O F BERBW OBEIEERE » e
L7z (2 RLKERb Y 1k 2 ofad{k % B -glucuronidase/sulfatase T YT
L. MRS OPEHE & LTRIE L) -

[EEBHR - ZE]

Figure 4 — 1 0 WCIZfFEFHER L VB L h RO BRI 4 —F %
ALz 2 b O — VERRTIIImipramineD A % 1 1 0 SHEREAL
72023t L, Quinidineff H EEXC 1% Quinidine® 9 0 nmol/min D EE T
Imipramine DFIAR N EHIEA B S 0492 68 L7z Fgue 265
A% & 9T, ImipamineB & FEBRHY OPHILERE 3 2 540 TE
FIREBIEL TvWize Imipramineds & UFD M I o5& 5 PRAEBEMEE BE 13 Quini-
dineBfHIC Lo TH2FBIcLA LTV DL, 20H-IMI 0
MEERHL2IETLTN . 72, 20H-DMI OBEIEREIL
QuinidineBfIC L o T, IFLALEEBEZT hd o7 ThbEHHE

(28 HEE D QuinidinelZ & 2FHEDOZ T HFOZEZ, A [6] kB
W T QuinidineBf FEBF OBEBERIE FIVIC & 2 BRBEEOLEEICET
2F8 L BIRE T2V, EFNVOBRYEOMEREITE o 72,

[4] JF3 2 vY—Ah%H\/z Quinidine ?Imipramined & DM I
2 PMKRBRAE UG I 3 5 fHER) R 0 2 &b

Quinidine % 1 U ¥, Propraholol % Nortriptyline % &, & P B LU

7 v M B TEYABEED BE0E 5 £ R RBRIG 2 7o 2

IZ & - Tlmipramine 3 & O'DM I @ 2 AL KB E RS 13 BRI HE % 5
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Figure 4-10

EXCRETION RATE VS. TIME PROFILE FOR IMIPRAMINE AND ITS
METABOLITES IN THE EFFLUENT AND BILE OF ISOLATED PER-
FUSED RAT LIVER PREPARATION.

Imipramine was infused at a rate of 9.0 nmol/min either alone (open
symbols) or with quinidine at a rate of 90 nmol/min after 50 min onset
of imipramine infusion (closed symbols).
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Table 4 — 5 2% Quinidine DT 2 SLACERL UG 123§ 2 B &R FEE
E (Ki’ ) 2370y - s oEhIEEAER (0.47410.058,
meantSE.n=3) CTHIEL/fHE%/RL7o Table 4 —5 LB L % &
9 12 Quinidine DM 2 RIKERLIEME T T 2 BHEEK EHE S NI 2460
AEBALREOKmEDHIZIHT 1. 0 THhD S edbhorl, Lizdio
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NEEN L, FHEHTH % Quinidinetd, Imipramine 2 fZKBRAL Bt
T5DMI. %3, DM I 2 fKkER{ESUS 4T 3 2 Imipramine D
M EAEEER I B 2 20 Zn o BEHERE IOEHER Quini-
dineiREZMA B2 Z L ICE o THETEZ I LPIHI Lotz Thb
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Table 4-5

COMPETITIVE INHIBITION CONSTANTS FOR 2-HYDROXY-
LATION OF IMIPRAMINE AND DESIPRAMINE
BY QUINIDINE®

Substrate Ki Ki’b Km’® /Ki’c

Imipramine 0.878+0.080 0.414+0.038 1.01

Desipramine 0.888+0.056 0.426+0.027 0.966

2 Data are expressed as mean+S.E.

P gi' = Ki x 0.474.

C Km’/Ki’' represents the ratio of the Michaelis
constants of the inhibited pathway to Ki’.
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%, Quinidineff BN EFIVIL, FBAEFEAHICBITD (4—-8) ~
(4—9) RUT QuinidineDEHERNERE 2N % 72K (4—16) ~ (4
~18) RckoTHEHENS,

R=CLUMLfp.cM  ...(4-16)

Vmax,l + Vmax.z . ( 4_17)

C]-‘%I,in vitro =
K1 + ROy (f C DMLt CQ) +£5 - CM Koy o+ £ CME

Viax,3' fi;' CstMI +Vmax,4' fB' c]s)sMI

V=
K3 +RO) (- CM +£5. C) + £y COML Ky g + £, CEM

. (4-18)

ThEORIBNT CQ EHRE Quinidine#REE, fy ; Quinidine D I
AR EFEDLL TS, F7-. QuindinelZ & % Imipramined & 'DM
I 2 RRBALRG A 2 (RUSHE @ QuinidinedEff &3 THIE S 1
72) WEWBEEREZ AT KIQKD-Q & LAk, (4-1
7) &k (4—18) RBIFBRAD) &L RD) I, #h¥h
Km,1/K, (D)= Km,1/K (I-Q) & Km,3/K @)=Km,3/KD-Q) ZHEKL T
%,

(VIalb—Ya iR 5]

BRAEBELTWAHEERIINT A — 7 £Tabled — 6 12 F L O TR
L7zo 720 Figure 4 — 1 1 Ih L0185 2 —% & EERETFIV
rHAWT, AEE6E [1] TR Quinidineff i EF DImipraminefs 5-
B L EH KB Imipramine - DM T i OBEFRE FRIL 28R &R
Lize & & THEHER QuinidinelE B iXFigure 4 — 7 ISR L7zl & iz
Quinidinei&RE D LR & TR (5,10 nmol/ml) & L7z, Figure 4 — 1 14§
M TR ERESEMAEEHOA EER L 2L &0V I ab—T a v,
/o, EHaB LU Db, BEERE QuinidineiBE% 58 L U1 0 nmol/
ml e L7BEOYIalb—Ya v —TE2RLTWE, I»6HL 2R
& 912, ImipramineZ¥+$ % Quinidine D ARIE (A) . Quinidine
BEFEL D HEMEREISEL 25) 3Ea Y a—Vicb<HEo
BEFRASAC 2 5 D123 L. DM I @ HIRBIHREOFH (B) i, Qunidine
PRI LT, L) IEEEMISRRS N AR LR o7, Thb DT
RER S NBER (RESHE [1] ) EB-HL W,
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Ta

ble 4-6

KINETIC PARAMETERS USED FOR SIMULATION

Km, = 0.430% Vmaxy = 340D fy = 0.107¢

Kmp = 5.128 Vmax, = 22020 fg g = 0.1439

Kmg = 0.391%8 Vmaxq = 346b ’

Kmy = 0.785% Vmaxy = 92 fg’ = 0.0535%"
fg g = 0.0704¢

Ry(I) = 1.00° Ry(D) = 1.00° q
fp’’ = 0.313

oo

Data were obtained from Table 4-3.
Vmax obtained for 1.0 g liver (listed in Table
3-2) was extrapolated to the the value for whole
liver by multiplying of average liver weight
(7.62 g) used in in vivo interaction studies
(Figure 4-7).
The ratios of Km value for inhibited pathway to
K+ wvalue of inhibitor were estimated to be
afmost identical (see Table 4-5). Therefore, the
common value for ‘"parallel pathway interaction"”
and selective inhibition by quinidine was used
in eaoh 2- hydroxylatlon pathway (1 e.
Dgta were obtalned from Table 4-4., The value of
and f were used for the simulations in the
agsence of quinidine and those of fg B
and f '’ were used for the 31mulat10ns 1n ﬁe
presence of quinidine.
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Figure 4-11

SIMULATIONS OF THE RELATIONSHIP BETWEEN INTRAPORTAL INFUSION
RATE OF IMIPRAMINE AND STEADY-STATE IMIPRAMINE (A) AND DESIPRAMINE
(B) CONCENTRATION IN THE PRESENCE (CLOSED SYMBOLS) OR ABSENCE
OF QUINIDINE (OPEN SYMBOLS) BASED ON A KINETIC MODEL (SCHEME 4-4).

Each point and vertical bar represents the meanZS.E. of 3rats. Data for control
were obtained from figure 4-3. Simulation curves were calculated by the equations
(4-16)~(4-18) using in vitro kinetic parameters (listed in Table 4-6). The broken lines
represent the results of simulations when parallel pathway interaction is incorporated
in the model. The solid lines, (a) and (b), represent the results of simulations when
selective inhibitory effects of quinidine are also incorporated assuming that the un-
bound quinidine concentrations are 5.0 and 10.0 nmol/ml, respectively.
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PDEnZ tdb, ARELHCTHEYL NI F O —)b T DImipamine
B LUDMI OEERERI AR % P < & 2 EER T 7 VL,
AN CORETFERD S, Quinidine2™FH S N/1254 TH ZMPiEE
FEEFUTE, L VEKRNLSHITETH S LRSI,

[6]  Quinidine?D %€ H KB Imipramineds &L U'DM I @R B & OF
in vivo & % KB C ? Imipramine T 1< B 1) 5 R EE 12
5.2 B
(BERBEERWEFVICESCYIab—Ya )

B/ E COMEIRERE D . Quinidineff K D Imipramine £ DM I @
EEREBENSRBOETEORFME LT, DUTOEIHI &2 o7,
@Imipramine D MR 5B BE & & B IR Imipramine LR EE D BIFR 13

QuinidinePf I & o THEIEOBRITET <,

@Imipramine D IR P 535 & EHIREDM T A iR O BFRIE

QuinidineffF T & o TIEHRE BRI HMFA S L5,

AUNET Tl DI B TRE SN EBERNET VEBR LT
V5 SRBHER ORBHERE L EMEFEA 2 ) 7 5 ¥ X O Quinidineff
B & 2B F<720 Scheme 4 — 3 ik, FATRBEEHKEMHEE
BAoiirER L2y ba—)V @) &. Quinidine®ftf L7254
(SR /). FIAR PMmipramined% 53808 12 3 5 (CREEE & RERT
BEZ VTV ADBEBRERL, Iz, (GEERED) FEEZV7 S~
A (CL) &fEEE (V) ofHEK - DBE % Scheme 4 — 4
WKRLe AF—ADENFNDINT A— F DR ZF L Nomenclature |2
F ez, B, LozrheFhosixl (A, A’ »5E, E’ ) X
FORBEORBEEOEEBEZRL TV

Imipramine® PRI 5 HE (R, panelA) . EERETOVD
e BIEEEICBN TS 2 AKBRILFUSEE (XFWVB, V) LA
FIMEEIERE (82 IVC, V2) OMZELVWETTH S, T2, &

BREBCBVWTR, Hx FVERISHEE (S32VC, V,) BR20H—
DM I DAR#EE (A ND, V,) & MoRHEY] nEpHEE (/3
ANVE, V,) OMEFELLE2RTTH S,

FATBERREE R OAPRE L Tws a3y bu—- Tk, R
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Scheme 4-3

SCHEMATIC REPRESENTATION OF THE EFFECT OF QUINIDINE ON THE AL-
TERATIONS IN EACH METABOLIC RATE AND INTRINSIC CLEARANCE FOR
FREE DRUGS OF IMIPRAMINE AND DESIPRAMINE BY EACH METABOLIC

PATHWAY.

Metabolic pathways of imipramine are the same as shown in scheme 4-4. The defini-
tions of symbols refer to the legend of scheme 4-4. Each panel (A,A-E,E’) on a
metabolic pathway represents the rate process of the metabolic activity of the corre-
sponding pathway.The solid and broken lines in each figure represent the results of
simulations when only "parallel pathway interaction" is incorporated and when the
selective inhibitory effect of quinidine (unbound quinidine concentration = 10 nmol/

mi) are incorporated, respectively.
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Scheme 4-4

KINETIC MODEL FOR IMIPRAMINE AND DESIPRAMINE ELIMINA-
TION WHERE "PARALLEL PATHWAY INTERACTION" AND INHIB-
ITORY EFFECT OF QUINIDINE ARE TAKEN INTO ACCOUNT.

QD means quinidine, and other definitions of symbols refer to Nomen-

clature described in the section of "NOMENCLATURE FOR SCHEME
4-4"(next page).
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Nomenclature for Scheme 4-4

Ripvw
CggIMi
Cggbhil
Cgg@p

fa

fa’

fB”

Vi

Va

Vs

Va

K: (1)

K: (D)

Ki(I-Q)

Ki1(D-Q)

Ri(I)

Ri(D)

Intraportal infusion rate of imipramine,nmol/min.
Steady-state concentration of imipramine, nmol/ml.
Steady-state concentration of desipramine, nmol/ml.
Steady-state concentration of quinidine, nmol/ml.

Free fraction of imipramine in blood in the presence of
quinidine.

Free fraction of desipramine in blood in the presence
of quinidine.

Free fraction of quinidine in blood.

Saturable rate (Vmax;;nmol/min,Kmi;nmol/ml) of conver-
sion from imipramine to 2-hydroxyimipramine.

Saturable rate (Vmaxi:;nmol/min,Km;;nmol/ml) of conver-
sion from imipramine to desipramine.

Saturable rate (Vmaxj;;nmol/min,Kms;nmol/ml) of conver-
sion from desipramine to 2-hydroxydesipramine.

Saturable rate (Vmaxi;nmol/min,Kms;nmol/ml) of conver-
sion from desipramine to "other metabolites",

Constant for competitive inhibition of desipramine 2-
hydroxylation by imipramine, nmol/ml.

Constant for competitive inhibition of imipramine 2-
hydroxylation by desipramine, nmol/ml.

Constant for competitive inhibition of imipramine 2-
hydroxylation by quinidine, nmol/ml.

Constant for competitive inhibition of desipramine 2-
hydroxylation by quinidine, nmol/ml.

Kmi/Ki(D) Km;/Ki(I-Q).

Kma/Ki(I) Kmiz/Ki1(D-Q) .

]
"
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& Imipramine 2 fALKBRLFUCHE ORI LIS THE OS2V B°
BEHE) A%, QuinidinefFHIC & o TIEIZEBROEG E o720 DT &
(¥ Imipramine® i X 5 VALEEREE O RICH§ 2 RIS KL, 7SX VA
DEMBEREBHET 5720V, b RICxH L CEBBIR L % - 72,
—77+ Imipramine ® 2 SLKERILFUE I $ 5 C L 13 Quinidine |z & %
WAWRHEEIC L s TKmERKEL L), RIS L TEIZ—EL %o
7z (NANB’ | EH) o 72, Imipramine® i X F IV FIBIE AR O
KmB & P Vmax EHKE VDT, Quinidineff K TH RIZHT L TH
HOMBREMHERL TCwB I LA FEINL OS2 VC | FER) o
Imipramine D EHREMFEE ( M ) 13,

IMI R (4
Css fg(CL1 + CLp) (4-19)

TERIAEIN S, QunidineffAHICL o TCL BLUCL,OWEAFZ Y
T7I9VARRKRIGLTIEIZ—EL BB eh b, CM 3R DBz
NTHEBRMICERATE Z LTSN,

—7. DM 1 D 2 fiiKBRIERIS X, Imipramine® 2 (7 KER{LTE M &
&%, QuinidinelZ & o TEEAMICHE:LZF, ZOCLIIKRE (KT
L. RizHLTiziz—EE %5 (SAMD | E8) o ¥7-. DMI»
Lo [ ] DEBREE (V,) 13, AROVmax fEAMK 720
WL L b 2 eWTFREN OSRIVE, E) o LEdoT, R
HUTHEBICEAT SV, (OAVC, EH) OBRRLERFT L7220,
EUHPEIT b LoV, 2H) 2 LTk o T, VBRI LTTFI
MOBERE RS (SERMD, ER) o

Imipramine[l#%, DM I & CPM i1,
com-____ V2 . (4-15)
f3(CL3 + CL4) :
THEREAIND, ZORICBN TV, ERISH LTZFIRICER$5 (8
ANVC, ER) N CL,BROEFCONTHEEIET TS (3
E’ | ) o L7A%oT, REEHREDM I MAEREEORFRIE. Quinidine
DB & o TIPS ND Tl 55 2 LABE SN,

AN & B TR, FFEREE TR © /- Imipramine B & ' DM
I 0 2 RKEACHEEE ® QuinidinefHH 12 & 2 KB & IS T B HFHHTE B
TTI, FA4ESH [3] TRLZZED I, T 2 AKER LHEE L Quini-
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dinel23t L, Ba5FE2ZT72, T4 bbb, Imipramine® 2 fLKEML
FHEIH 1/ 2% 27201233 L. DM 1D 2 AKERGER (3558
b otz Figued —10) o COEBERITIEFVICLS TR (Scheme
4—-3, RFANVBBIUDDER vs. ) LRL—HELTBY,
A THOL S N EERAE 7 VL, Imipramine & O'DM I DEH K
RIOTEEL2FABCFUNTCELZ3TREL, Z20ABRBOEH LT
MTEBZ EDFHEANE R 72 '

B, e bBLUT vy B TEYMABEED 5 widdNEhEINE
ZH R EREZRT 4 0BED LoEYFRESLTBY, 2hdbo
EYREEICb o TWBZ L2 5 (Inabaetal,1985) . k MioB
WT £ D 2HAKBALRIS A RIZWE IR R R T, HEIMLEYTH 2
Imipramine 33 £ 0'DM I (Brosen et al.,1986b; Steiner et al.,1987; Otton
et al,1984) DA S N WERRHIRBD CTHWEE X bh b, Lizds
Ty R/AETHEL S N-RERNET VL, & MBI 28R A8
G A= BLUIEREEREARATNEF0T T, IR COMMELREEE
$HEVNTHIEIHAET A LBTMEETH B,

% 7o, ANEIO B, BUET CHEML & 17z Imipramine D 5H B € 7
VOREEE, ERABETCEH 25 2 RKRT b, inviro /R
EED S DI85 A — % % v T in vivo B E R IEEE O F AT ik
THLHIPRATHI LWL WVERTEZ L ThH ol EYRBRTEDOAN
BWLREH L LT, Imipramine® & DM I OI& 2 M ABLRIE I 84
B 7% BHEH] TdH % Quinidine 2FFH L. 2 & & DAEWNEREDZE{LZ Bk
L7zo ZOFEER. /08 [3] IKRL 2 RERER T oL KB b E 04
FCIREE D) & SNHFEORBFEOER CET 2 Ial—Vav
En—% [6] . EERBMPEEOEAEL FENEL —5 [5] »5.
AAFFECTHENV. L - BERR Y E TV ORYMED YD THRR S,
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4—6 /N ¥E
KETDETVHEEL £ DRUUHER OO HNE UTICE L7,

EFIVOME (Fi24-1~4-4)

Ose# KRB mipamire 3 & U'DM T I B i3 Imipramine 0 PR P 8 B7E

ABEE UCIERIE 2 R Ch o 72 (Figwed —3) »
+

@in virofU#i Kinetics & b 135 N7z ZACHEH O FISHEE > b B H <
NEKmB L P Vmax iz VT, EERETCORERWET Vi
3 L. Imipramined & O'DM I O E KA g% FRIL - &
5, EREICH<FEZE B, o 72 (Figure 4 — 6 BE1) -

y

@n virofCEHERR & Y B & $ 12 & 172 Imipramine S E KIS O 45, 3 7%

L, AT EAEEEA Y ER L 72,
\

OB AR 2 2B LT PV & 5 FRME ik B < ERHE
L Tz (Figure 4 — 6 E#) o & OB, FATR AR
BEERAEZER L LIZL 2T, DM I OFEFHREMAEE L Imi
pramine DRI & D EEE L OMEEHOEBEZITTwDE
EDEHPER 0T,

!

®OLFENEFIMIZBWVTin vivoT DImipramine® ZACHHEE B & UFFE
HI2UT IV ARFEL-LZ A, Imipramine D MH 3R 13 FATA 8
MM EERICL o TEOWEED 2 VT IV ADHRFMETLTW
20123, DMI OMAEEIEED 7Y 75 AXT Tk <.
A BB (Imipramine D i 2 F VALEE) dEBEZITTVWEI LA
FHIN, COZEDPDOTERLEBEOZITFDENVE TV
BT EVTRREINI, (BLELHE [4] ) o

11
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7N DR YW O, (Ouinidinef Fl B AP BN AEZEH) 0 F i)

(OImipramine B & DM I 0% FREE M H 8 iE Quinidine DHFA IZ &L -
Ty b= VITHREEICEA L 720 72, Imipramine® AR
L ROBFRITBIEOBEIRIEI VI, —H, DM I OMHPRE LR
DERIZ & ) IEBEOBERITEA L 7z (Figure 4 —8)
. 4
@ QuinidinelZ & % Imipramine 3 £ DM I @ 2 fKER{L S 23§ % %5
A7 FHERMR - FHEEH S & U QuinidinelZ & % Imipramine B & O
DMI oM pIEiEaROBEI ¢ 3> bo—VTHIL S (FAR
HERAMEEREEZRLTwS) EFVICEAL, MEFRERL
PREZTFALALECA, ERMEL HBHRE L7 (Figure 4
—11D%E#Ha, b) o
¥
@LEDEFNVICES &, QuinidineBf K D Imipramine D £ 3 B
SUHEAZ VTS Y A%FE L2 L 25, Imipramine DIH 21 B4R
LT3 200fFEEZV T I v X (2HKBRILERG & Bix 7 vt
FiS) BRI LTEBIR—EL > TWwaAY, —F, DMI Dilk
S LTWwS [{of] ABofFEE2 V77 Y AEROLE
FITHL THEEFIETLTWS S DD &% o 72(Scheme 4 — 3) ©
D kH, O Quinidineft R OTHEY O e H REBIMPIBE DR
T AR R BAEENNY — VICRBELTWAZ LRI X
720
’
@& 52, QuinidinefffHZ & % Imipramine3s & ('DM I @ 2 (kB b
BEOEg% FEROEFNVICESWTFRL 2. % OF5HE. Imipramine
D 2 PAKER{E R 13 QuinidinefF I IC & o T, BEFRET L 20
L. DM I o 2 kB L3R 1E Quinidinell & » THEZZIFT T
WZ EDRFRIE NS (Schemed —3) o o OFHIE. FRERE
BRIz B THABRIUUEY OPRERE OZLE) (Figue 4 —10) &
BOTERS—HLTBY, AECHEIN-EERNEFTVOFR
YR S N,
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P EDFNIC LIzht> T, AE T, Imipramine% PR IC B8
5. L 7:RD e H KB Imipramine 3 & 'DM I MpigE 2 FRTE 5 €57
W &in virof VB FEER & V) £ & N /-kinetic/¥F A — % & Imipramine - DM
T BT 2050 (FATRAEBEEAREVERE) »ofE L. 35IT,
ECAEE D AR 2ZEE) & L T, Imipramine X U'DM I OIR 2 {if
KA BUG VA 1 7 BHEH] T 5 Quinidine 2B L. 0 & S DN
B0t a2y o -V LR UFECTFRI L R, EMEL B~
LSl &) EFNVORYEIHR SN,
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E5E IEFEEKEEICH T Bimipraminek DM | DAEIERER
EFILOIBLE

WETRY S h-EFRETORBERNYE T VIEEY (Imipramine)
A5, &N (FIRA) ICEEEA S h, EFRBOSMGIER SN L&
DLDTHb, ThbH, Impamned B LY., RERS IN-L &,
Imipramine 3 & OF% OFHAHH DM I OMLHREHSRERICH LT, —
EBrholtENRE5HEFLMPBEORBRLTH - T TELHZ L%
BEIRL TW5h, COHA, ANEIRELEERT % #ERIL. EYOIES
BRICRETE LD, EDLOTHELRTERT LI LPFTE

—F ., EHFEERE SN L SOMPER L, REOBEL g
L. = OmhiRE - REER 2 FET 27201, B ECSAT
BEABRICE LT, EEREST TR NIEE S 2V, ZOREER O
#OFNEIL. Bishoff & Dedrick IZ & » THEY. 3, —kIc, ZELSE
BLENE2FXER L QW RMEOMTE S EOEBFENINT X —F 2K
LB ENS, BEHZHKE TV (Physiologically Based Pharmacoki-
netic Model) & IEifh 5 (Himmelstein & Lutz,1979 ; Gerlowski & Jain,
1983) o Z DEFEIE. |

QEFNVZHELTWLEBERNNAT A -7 DL, EYoRTEED
THOE, FORMELTOHEEZEREL L2bDTHY, £C, B
B LERZEE> TWh,

QxR L THEY (BLUZORBY) CBRELETVHEELTED
(BEFENNT A =5 2T, WREYEED T A—-ITHB) o

g & T 5 EYD MAPRE T ik (., BREEEL-EE (Wb
W5 RN NEDBREORMER2FHTL I LEHKE LT
5

OFEREYL NV THESNEFVEL I AT — VT vy FTH L
PR THZ (TZINVAF—VTvT) o Thbb, M MIBITS
HMEEYOBBRIEEDREORBER 2 FHlTLZ LTk o TR
52U TCAETCHBRODTCERATH %,

HREDEITONS, Table 5 — 1101, BT CIRET SN EZH
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EFNVOIL, A LR FHET O SOREE © e 2 A
W72 in vitro {4 Kinetics D /35 A — ¥ # HARATWS S DITREL
% & 70 ‘

Table 5 — 1 T4 % B> 72 in vitro fAE Kinetics A b S 24

BEH)E 7V
#Y B 3%l SCHR
Ara-C" human human homogenate ®
Ethanol rat rat homogenate @
Ethoxybenzamide ratrabbit ratrabbit microsomes 3
Hexobarbital rat rat microsomes
Thiopental
Tolbutamide rat rat microsomes
Sulfonamide
Diazepam ratynan  rat microsomes

*11- B -D-arabirofuranosylcytosine;ODedrick et al.,1972; (@Dedrick & For-
rester,1973;3)Lin et al.,1982;@lgari et al.,1982;®Sugita et al.,1981;@Sugita
etal.,1982;Dlgariet al.,1983;®lgari et al., 1984

AECIE, WE3EY L L TR Eif7-Imipramine % . BLEEED (P
) &5 L7k &0, I RUTRRFARE — RS B § 2 £ B
EFINVOBELIT o 720 Imipamine® EFNVEH L L7256, TDOH
B+ sE7FIVIE,

@Imipraminer 5 S /- & E o, EERBHDM I OFNERE, FFic,
FHERERE NS L LT ORMNIBEO MR I 2%tz
RICFHITE LT &,

@5y} TORREELS & MCRF —IVT7 v TRiTv, & MuNRE
DRHEREZFHTESLZ L,

. BMETHILEND S, /o, DEOKEFEISLT Fv FiFI7Z
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Y — A LAV THERR 8 N-HATG R B ER O 0B 28 %
HEZTWBPHETAZ £IC& o T, Whole Body T EBEMEF
VORBEIZBIT S in vico NHERTHRLON-MROEERLHD T

FER L7,
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5— TImipramine& &L U'DM | DBEEXEMFICH T 3 THEBRDAE

ARELCBWTHELT AT L2 HIE LT3 EHENE 7 )V,
Imipramine % BB (FIIRA) 5 L7z & & 0Bk B LU0 T ERKE,
TS, TAERhEE D BRBYIRER C & % ¥ Pimipramine 3 & U'DM I iR 0 I
MR FRITELETFNVNTH D, OHE, HETOEFEREDEF
WATAER U 72 BRI 813 % Imipramine 8 L ' DM T ) 3848 84 82 1< 4
TAHRIIMZ T, FEERHTOEYBRE - RBEER 2 RR T 285K
BRAEVTHLENDH S (Himmelstein & Lutz,1979 ; Gerlowski & Jain,
1983) o bbb, k. Fi. BORIM - BRI -V, CEL R, B
HALE. BB, R, JEEER. B2 CodEEEHEERBELT, (5
—1) XPEELT %,

dcor

vorg dt

= (Cmt »org " Cout org) Qorg h '(5'1)

ZCZT, Vorg: NREHFOMHENER, Corg: WK YR
. Cinorg: NHEEEHFATHAT 5 MBEHEYIERE, Coutorg: IR
L b U T A MBEPREWBE, Qugit&Eiiz s MEETH 2,
CORITBWT, BEFOWHBPEDIRE (Coworg) H—HiC (N
ZBRWT) EUHIARTEELR 0T, BEENEDIERE (Corg) & Coutorg®
M ES (Kporg) 2EALTHES TS, T2bb,

' Corg

Kp,org = i --~(5-2)
out,org
DRtkE (5-1) RMRALT, (5-1) i,
dCorg Corg :
Vorg T = (Cmt ,o1g ~ K ) Qorg o '(5‘3)

P.0rg

CEEBRIDLIENTE S, Kporg DEHFEL LTwW L ohDhEE
PHmELINRTWS (Linetal,1982) o T4 bbb,

@In vivo I B\ THRBIEHRFIHSH 0O g HICB W TEREY & B,
LIEZFNIEE L BRNIBEOBMRI SBERLHVWTER T2 HE
Q2 EE % BV TR BN E» B % in vitro I
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@%%H’EV\]K%%%%E‘E}\ Lzt &, EHIKET, Bz ERL. Bk
MR EE & BIRZFPUREE D A b Kp,org % 8Hfi 3 % 7k

Thb, AMETIHMEREVLE LG THEENRT A — 72 FMTE 20
DHERRHA LR, Thbb, (5—3) KIEERRBICBWT (D)
=0%DT,

Corg E KP.org = 4Corg -+ +(5-4)

Cin,org =
o8 Kp,org in,org

kb, (5—4) A»S5EE Kporg 255HMETE %,

—77. HEEZFTH 2 T ORISFAIRE — B M#EE. Bvans b
P77 a—- VoFBRSACER LR 2BA L. (Bvans et
al,1973) o TOATI, FRACTEYIFREINA VTR S IHEE LT
#=BE (Cbound liver) & HEMERNREE (Cheeliver) 125317 THAEL . Cfiegliver
DR PR RIS IREE (Coutliver |2 £, 28N 73BE) <L
Sy 2o, RBRISICHEST2EEBETH S ("Well-stirred model” D
k7€ (Pang&Rowland.,1977) ) o T4hbH, 2ED (5—5) AL
YLTWBZ ERRELTWS,

Vliver,total * Corg,liver=vliver,tissue ’ Cbound,liver +V1iver,water ) Cfree,liver . '“(5‘5)

Z T, Vlivertotal; FFEEZEFE. Vlivertissue; JFEA VT & 5 B/,
Vliver,water; FHBUKZ A&, Corgliver; FPIRPISEMIEE. Cbound,liver;
FRATA VA 2T IHE L T 5 EWEE, Clre,liver FEBPIAS 1
DHLTVERMBE TH S, (5—5) RO % ERICH L THs
L. IR L35, $72. T OB, Cfreeliver = Coutliver - £
DEBERAT %,

d Cor liver dCbound liver dcfree liver
Vliver,total' T Vliver,tissue' —+ Vliver,water' — T '(5’6)
dt dt dt
© Vioon o dcbound,liver dcfree,liver
<+ Vliver,tissue' "”‘T + Vliver,water' T

= (Cin,liver - out,liver)’Qliver -J met(fB'Cout,liver) T '(5‘7)

(5—17) RIZB T Tmet (£, - Coutliver) IZFIE (4—10) ~ (4

—11) MR LZRBC LW EEELEDLLTBY., 20ELEE

Hf - Coutliver THB I EREHELTWB, 72, (5—-7) RicPB
140



V> T Cbound,liver %% Cfree,liver (=f, - Coutliver) DB%L A(f, - Cout,liver)
(Bl 2 ¥ Langmuir-type D&HFENL &) CTRETE LA, TORHIKC
T HERDODBONTEEBRILIENTES,

dA(Cout liver)
Vliver,tissue'fB' T + Vliver,water'

= (Cin,liver - Cout,liver)‘Qliver -J me((fB‘Cout.liver)‘ : '(5'8)

£ dCout,liver
B

O b, FHRICBT 2REHERREZERT S 201, bR
HOEERISE R R & | BRI O A BRI O Bk R RO R TR
Wb %,

DEDZEE,r b, RECIHIEHEREICE L Q3 FHEH (Kp,og)
. /. FRICE L TiX. invivo I BV B FFEREmME (Yokota
et al,1976) % AV THFOR A MERISR iR BE % e L. FRUE R
HP Rl RUSRE R B & TR O RS BRI RO R L AT, &8
i3, IR P Imipramineds & OFDM 1 244 58 225 2 CTEMEEA L.
EFERETT Y FVEERLA-OL, BikinF (A L TR
H) SRR L AR PR EE O BEMRA O RS L 720

[EERAE R ]

Figure 5 — 1 IC {3 Imipramine3s & ' DM I D E ER2: (FFE & W% B
<) WIREEL BRI PIBEE OB ER L 12 & ORIZ/RL 72 &~
TSR D45 L AP IEREIC K L C B R BILR () THlEBITE 1
Lizdto T, INb O T 2 FE & . BENRE T 410
FEEORREROEE,GFFM L (Table5—2 A) o —FH. BB
£ U FFE~ DTS D 43-A6 % Figure 5 — 2 IR L 72, TEZF~OSM
DN, B~ DImipramine N5 B & W~ Imipramine $ & U'D
M I 04574, Fh2ni g S & O R mrh iR 3T L C IR
ThHo 7205 WAOGAIMAPEE S UTHEEEL EA %2, T2, FF
B L TR BEOEMPEA s N0 T, BTl HLNE, 72,
JEE 1% Langmuir-type OFEER 2 R/EL T, IERERAEFEEZH W
THEAWCHETE S A -7 2HEE L/ (Table5 —2B) o
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Table 5-2A

LINEAR TISSUE~-TO-BLOOD PARTITION COEFFICIENTS FOR
IMIPRAMINE AND DESIPRAMINE

Tissue Kpa Tissue Kpa

IMI DMI IMI DMI
Adipose 6.95 1.18 Kidney 18.7 21.2
Lung 43.% 62.2 Pancreas 16.9 10.5
Brain - 5.42 Heart 6.03 7.21
Muscle 2.11 1.02 G.I.tract 12.3 9.69
Spleen 9.48 15.6 Skin 3.63 1.02

2 Kp value(tissue-to-blood partition coefficient)
was calculated from the following linear
regression line described in Figure 5-1;
C(tissue) = Kp x C(blood).

Relation between tissue binding of imipramine
for the brain and the blood imipramine
concentrations showed a nonlinearity(see Figure
5-2). Therefore, nonlinear tissue binding
parameters were shown in table 5-2B.
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Figure 5-2

EFFECTS OF HEPATIC VENOUS OR BLOOD CONCENTRATION
OF IMIPRAMINE AND DESIPRAMINE ON THEIR LIVER OR BRAIN
CONCENTRATION.

Key:(@)imipramine;(O)desipramine concentration. Imipramine and
desipramine concentration in the liver against their hepatic venous
concentration were fitted by Langmuir equation, and imipramine con-
centration in the brain against its blood concentration was analyzed
by Hill's equation (see the legend of Table 5-2B). The relationship
between desipramine concentration in the brain and its blood concen-
tration was estimated by linear regression analysis as described in
the legend of Figure 5-1.
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Table 5-2B

NONLINEAR TISSUE BINDING PARAMETERS FOR
IMIPRAMINE AND DESIPRAMINE

Tissue Compound CA Kd n
(nmol/ml)
Liver imipramine 61.82 0.0592% -
desipramine 101.8%2 0.09552 -
Brain imipramine 935000P 5400P 1.48P
B2CA (binding capacity) and Kd (dissociation

constant)

for the liver were estimated from the

following equation by the nonlinear least square

method "simplex";

C(tissue):foCout,ss+CAxfoCout,ss/(Kd+foCout,ss)

where Cout,ss represents the steady-state hepatic

venous concentration.

CA, Kd and n{(Hill’s coefficient)
estimated from the following equation by

for brain were
the

nonlinear least square method "simplex";

C(tissue):foCss + CAx(foCss)n/[(foCss)n+Kd]

where Css represents the
concentration.

145

steady—state systemic



[Z£] -

THEOSAICEL TUEOEREPS, JRAEMSEY T dH % Imipramine
L DM I i&, protein-rich 2 A& (FHW7% L) &Y. farrich Z=HEk (B&
BHd 2 &) KEW I ERTOMmT AT &, ¥72, Popranclol (Gault
et al.,1983) *Diazepam (Roerigetal.,1984) & [EIk. Ffiica L TR&RD T
BEWEHESHERE I N, NS OEZFH Imipramine 3 & DM T O4KK
SO TEELRE o TWa I EPHLMIC SN, E6IT,
BRI TH 2 MRS L T, Imipramine TIL MAEEEICRI L T3k
BIEE FAFSEDLNL. SO DL, EShritE TS LT, Mg
BEORS BT+ 5 IR Z T, BEHEENN ORI 0Hm b
ERTREERTHD LIHr LR o7,
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5—2 TEBERETOEERNETTIVOIETEEIREBEESRN
EFFILADOUER

A TIX, £ 4 ETHY S o2 FIRE T OImipramineds & ' DM I
DHEERE F IV E, HH TR EZERSE~OREDOSMHE TS
MARE, 5v FORBHRERELCMEE CE T 2EHeEIC. IEEEIR
RTOEBZENETIVICHIIRL 72 RIFRICBWTHEMYTA L 2 HHY
L3 HHEBENE TV % Figure 5 — 31278 L7zo Imipramineld fEEIC/N
Ao iAT ALK, 3% bbb MRLF ic—ERE (2 04) BHEEA
E N7z, Imipramine i d FHEIC B\ TRIEI Scheme 4 — 1 127R L 7GR
Bk o CDM I 24, 5 Wit R 2MKBILRIGIC & o TREHE
%9 %, Imipramine® & UK L 7-DM 1 I FFERIMTE 28 0 . Kk
AT Ly DD S lili% o CARBRIMAFICHIRT 5, 7Y 7
EFREENRD HIRIMT 5 & & 12 & o TRENR I i B i RIHERS & i
L7 72, KENMRIMLIGZESRZE Ch A% 1X L, SEERRS <O
WAT B, & OEBERE TN B L T EER R (5 —3)
BLU (5—8) RXEEic, k0L KEFEHINE (FRH DT A —
YOERIZEFNSDfEE L H I Table 5 — 31TRLT) o

@Rk > /8—+ A ML T (i=IMIor DMI)

dCy; Cru;
Vi d? ~= QprI;z -~ {Qpr+ Quet QuatQoa+Qsp+Qur+ Qe Quu+Qup Qs ) Cajr+(5-9)
¥ |‘
®ffiz /=1t 2 ¥ ML T (i=IMI or DMI)
dCru. Cru.i
Vi = Que-CyE,i - Quu -+ +(5-10)
dt KP,LU,I

© O, DU, PR, Wb, TEE AW, FRRA REo v s— F Ay
FizBi LT (k=HEPA,SP,GLKL,MU,AD,SK; i =IMI or DMI)

AChi _ ~  ~ Cu,i
Lo Qa,irCai- Qk Kok o(5-11)

Q& RMz 8= F AV FPIZBELT (QueQua+Qpa+Qsp , i =IMI or
DMI)

\%
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Figure 5-3

SCHEMETIC DIAGRAM OF THE 13 COMPARTMENT PHYSIO-
LOGICALLY BASED PHARMACOKINETIC MODEL DEVELOPED
FOR IMIPRAMINE AND DESIPRAMINE.
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Table 6-3

PARAMETERS FOR PHYSIOLOGICALLY BASED PHARMACOKINETIC MODEL OF IMIPRAMINE IN RATS

Parsmeters for drug digstribution
Tissue Volume® Blood flow rate®
(ml) (ml/min)

Linear partition coefficientb

Venous blood Vg 13.6 Qyg 44.5
Arterial blood V, 6.8 Qp 44.5
Adipose Vap 10.0 QQ 1.8 Kp, Y 6.95 Kp, 1.18
Lung vig 1.2 ng 44.6 Kp.ﬁg:igi'43.s p.ﬁg 35% 62.2
Brain Vpp 1.2 Qpp 1.1 Kpypp IMI  —C Kp,pp pu1 542
Muscle Vyy 125.0, Quu 6.8, Kp,yy gmr 2-11 Kpyyy puy  1-02
Spleen Vgp 1.0 Qgp 1.0 Kpigp. M1 9-48 Kp,gp pMp 15:6
Kidney Vg 2.0 1 11.4 Kpogy, M1 18-7 Kpygy,pMp 212
d d » I
Pancreas Vpa 1.0 Qpa 1.0 Kp,pA IMI 16.9 Kp,pA DMI 21.2
Heart Vyg 1.0 QuE 4.2 Kpoyg, gMr _6:03  Kpiyg pur 7-21
G.I.tract Vgr 11.1 Qg1 12.0  Kp,gp, M1 12.3 Kpigy.pMr 9+69
Skin Vgg 43.7 Qi 4.5  Kp,gg ur 3:63  Kpigg.pur 1-02
Nonlinear tissue binding parameter®
Brain CA,BR, IHT ssgogg Kd,pp, Mg 5400
£ .
Liver vi,p 9.9 Q; 14.0  CA ;y.mr B1.8  Kd, y yyy 0.0592
8 ? ? 1
(LI water 2-270g CA,L1,pmp 101-8  Kd,pp pyy 0.0956
( LI,tissue “°* )
Parameters for free fractions in blaodh fp = 0.109 fp' = 0.0522
Parameters for metabolismh
Km Vmax
(nmol/ml) (nmol/min/whole liver)
Kmy; 0.430 Vmax 343
Km, 5.12 Vmaxg 2225
Km3 0.391 VmBX3 350
Kmy 0.785 Vmax 4 93
Parameters for metabalicvinteractionh Kml/KI(D) = 1.07 Kms/KI(I) = 1.05

Sparameters obtained from the literature (Lin et al.,1982) except for spleen

and pancreas.

bData obtained from Table 5-2A.

dNonline&r binding parameters were listed below.

Obtained from the literature (Sugita et al.,1982).

®Data obtained from Table 5-2B.

Average liver weight wused in the study for physiologically modeling.
Fraction of water content of the liver {0.71) was obtained from the literature
(Evens et al.,1973), i.e. kU,water = 0,71 x 7.7, and VLU tigsue = 7. 7 - VLU water®

hpata obtained from Table 4-
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v dCVEz = Qn- Cori Qup: CHE,i CCui g Ckui

K;.BR,i Ky HE, KpL1 Ko k1,i
C CAD. Csk.; CrLu
+Q MU o CaDi oo Cski o CLu, (5-12)
Kp MU, i Kp,AD,i Kp,sk,i Kp,Lu,i

@ENEE TH A3 ¥ — b 2 MBI L Tlmipramine T 1 JERIE M
DPHER I N7z (Figureb —2 B & U‘Table5 ~2B) OT, HAH
LTHill XZREL 20

dC C
VBR—%{ = Qa-Cavr - Qpr- R_M_

-(5-13)
p,BR,IMI

ZZTK g e

fg + CApr,mMrfg™Ca !
Kaprvr + (fa-Ca i
7o, DMIWKBELTE (5—11) REFABCRET TR LT

&5,

O o> 8— F A Y MBI L Tid, Imipramine £ O'DM I & & 12 F
5 BT TR IR I APIRBE 12 40§ 2 BB L X N7 D T (Figure
5—2) . BIfli (5—7) BLY (5—8) X b M~ DRES
BUSE Y BE 1 B RHIR L e M RISE W) I BE (fp-Comiivr  OF
f5-Cour,Lr,pM1 ) 12ET < Langmuir %% £ (IMI) & 5 2 ik £ (OMI)
L5k,

Kp,BR,IMI =

df{oMI) dCout, L1, IMI Car o
£ ACounLLIMI _ [ O Car,
dCoutiiv dt AR'QLa+Qqar Rn.o1 Qsp- Ko sp
. CPA - . - LR N ) -
Qs g A ~ CourLiivr Qur - R(MI) - -(5-14)
df(IMI)

T ———— &,

dCout,LIIMI

__gf(__.__ [) =VLI,Water+VLI,ﬁSSue' CALI,IMI

dCout,L1IMI (K arLvi+a-Con t,LI.IMI)2

TREND, F72, 11X Imipramine® FARA~ DR ESEETH Y . —
RS (FHETIE204) Bk 1=0TH 2, 72, RAMD i

Imipramine DUATHAEE LR L TB I EL4ED (4 -8) K2 b
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Vmax y-fg-C
R(AMD) = f-CLM" Cour L1MI = 2 ou L

f3-Cout,LI,DMI
Kmi(1 + B Z08LLLUOMy 4 f.C
1( ) ) + fB-Cout, L1IMI

+ Vmax2-fg-Cout, L1, IMI ...(5-15)

Kmg + f5-Cout, LI,IMI
THbo (5—15) XFDFA—%ik (4—8) RoFhEAEL
THhb, 7o, DMI iz, FEHIc,

dfpMl) . dCourrpmr _ Vmaxs-f-CoutlLIMI g rym

) - Cout,L1DMI QL1 (5-16)
dCouLipm1 © dt Kmj + f5-Cout L1,IMI
ZZT _dfDMD) t%. Imipramine & [AfE.
dCout,L1,DMI
df{DMI) CAurpmr

ac =VLI,water+VLI,tissue‘
out,LLDMI (Kd,U,DMI"‘fB'Cout.LI,DMI}Z

LT B, (5-16) R ROMD &, DM I ORBHEKER & Bk

Vmax 35 -Cout, LI, DMI
REDMD) =V 2 = fi,-CLPMLC oy 11 pmr = B2

f8-Cout,L1,IMI
Kma(l 4220y £ .C
3( 0] )+ £5-Cout,LIDMI

4 Ymaxsfy-Cout, LLDMI (5 17)

Kmy + f5-Cout,L1,DMI
Thbo Pl (5—-16) 8LV (5—17) ST 5 %£3
SA—FIEAED (4-9) RELFALTH5, Inpraminedd KFDM I,
2nFEN13ME. 52 6oy =AY ML T, 2 6 DEVHH
SHRRRE B L, &R O Imipramines & U'D M T iBRE I,
OBV HEAEBEOCREAT I LI Lo TR S v, Bl
R4 IR T R R O BUEMRE [T &K%E TH B Adams-Moulton {5
OF T — 5 IFFiE% FORTRAN TRtk L, HEAFRREEHERK L~
% — (HITACHIM-680) 27 0¥ 5 A LbDEMHEL:. EHITT
BREBRL T A EEERN/ST A — ¥ &Table 5 — 312 F £ D TR
L7

151



[BtE#HR - ] |

WERSIC L o TEON-REYDIM PR FERSE (K. HH. f
B oCoBEE. BERE. BeRE. WA, PR M. EDD iREEORMHER:
Figure 5 — 4 IC/R L7z BHPERIIIFI 2 0V — A B L OBEERH
208 b7 Imipramine B & DM I @ 2 ALKER L KIS IO EATA S
BIMEEH 2 EFVR (5—15) BLU (5—-17) RICER L
LED, 72, PRI EZER LD o 2O EMEZ R L 72 Figwe
5 —4 20852k & RSB 2 REREROME/EAEDMI
OFRUEIH LEEE IC ER S HBRITH Y . & 0 EEI T 720
1234 L Imipramine D FHRNEICIZIZ L A LBBE2 5 2 hhole LD
T b bR B 5 HTREREHEAE EVER oM R« A B EN £ 7
WAL A AL & & 13 Imipramine O B B 325- 50D I A K OVHLER AP % BE — B
EBOTFINCIZIZL A LREL S 2 hh o203 L. DM IO,
B LU, RO TH 2RNRE - RERERO TR K & { 2EE
Bxaz b, Thbb, OATABEHRRMAEEAZZR LTV 2N
BT T L 5P TRER 2 &/NEHES 5 C & AAR & oz,
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Figure 5-4

PREDICTED (LINES) AND OBSERVED (CLOSED SYMBOLS) IMIPRAMINE AND
DESIPRAMINE CONCENTRATION IN ARTERY, BRAIN, MUSCLE, ADIPOSE,
HEART, PANCREAS, SPLEEN, G.I. TRACT, LIVER, LUNG AND KIDNEY DURING
AND AFTER 20-MIN INTRAPORTAL INFUSION OF IMIPRAMINE TO RATS.

Key:(@®)imipramine;(ll)desipramine concentration. Solid and broken lines represent
the simulation assuming the presence and absence of metabolic interaction
between 2-hydroxylations of imipramine and desipramine. Each point and vertical bar

represents the mean=£S.E. of 3~4 rats.

153
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Figure 5-4 (continued)
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Figure 5-4 (continued)
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Figure 5-4 (continued)
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5—3 JEEEIREBEEEAEST IV E BV ElmipramineB L UDM |
D b TOFERBEOTFR (Pl Xy—iT7y7)

AEDILDITTIERLZ &) 2, Ao RKE K, 8L
MNOVTHEN. L 7> 3R AU PV b e P TORNEIRE - TRl 5 =
LTH Y B RIRR Y — 2B WTHEY R R 5IRE 2§55 £ T
BFRGEFVEMLT A L THb, LMo, EFVERET S
BRI /ST A — & D3, S - L% - BEHEL v o /s BRI 2 Bk
R0 TWABIRE, TS D85 X — & DLSH) & ANE) RO REE & 74T -
FHlTEEVMEEL D, BIETHEY LWL _XNVTOEBERE
FVE, B LSV TOEEHICEROSH B IST A —FIT L o THESER
NTVb, L7WoT, THHEYW (Fv ) TONRIA—FELIT
DIEIZZER (Rr—NVT7 v 7)) T, 20 F e P COERNBEZT
BTELEFNVIHETLIENTELEEZ NS, EBE, —57
¥ A4 E (Sawadaetal,1984) . Cephazorine (Tsujietal.,1985) .
Quinidine (Harashima et al.,1986) 3 & U'Phenytoin 7 & DYy (Sawada
etal,1985) Tk, Ty FHBWIEF Yy b THEY Sh/ABZEHNE T
Vav P OENEEEFHTCEZEFPVICHEL, FOXRTF—VT V7
DFFEDRLEIFER SN e £ THRETH, WIEICBWTI Y ;T
FE & N/zImipramine B KU DM I OAEHEHEF VAL b OERNE)
BEFRHTELEFNVICHEL, Inipramine S E AR5 S NWi=BA& D
Imipramine 3 £ 'DM I DIl thilf — B FRIL, ERS hzk
PR L B 22 LIk 5Ty ¥ P TORRNEREZ FHIT 5720 123
RENTAEBZEHETVORLY2HRTH L2 HBME L,

[BrEME - ZE]
L ANV TOERZEHEFTVEE MALETAHRE LELEINT
WBENRFTXA—FDER (RFr—NVTv7) i,

OOA RO BHAFHNEEB L UTR L TWAMIEEN P DENDE
& .
QMAFEFEEROEIHE D  FHER DL
QIR BT 2CHIHEEDO & b TOENDOEH
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THbo Dit, B OIWRICL o TIEHERKE (70 k g) OBHICoOn
THEINT VWD, —FH. OB LTid, MDA 252 DM & e
BEENTWE WL D2DIEDEICE LT, T0BFROEZEZERL
BINERL W EFRESN TV BT (Tsuji et al., 1983,1985)
Imipramine %40 %5 { OIREVEEY B L Tix % 0540 »SHk+ o f8 5
~OIERERY R E T ER DO ELRREER TH 5 720, MBI
DEAELOBES T #EZETRIERVW I LAPHE 2 hTw3 (Sawada
etal,1985) o ¥/, @B L Tk, EYRBBEREP — 4 5 05TFHK
FEENHFEL, T, RBHENES AR EHWII EEC R o TWB T L%
ENTWAZ Edb, EBOI 7 — V7 v FiZize b TOEMEERE % H
Wz inviro U EERIIATTRTH S L E 2 b b, Table 5 — 4 121,
Sy bt rOFERBOEED L UMFEROEME 22 LTHREL
720 $ 72, Table 5 — 52T v b DEETHE S N7z Imipramine B & UF
DMI DEERBF~DOFHEE (5—1DTable 5 —28MW) L B
LUT v bCOMPIEEERTHIEL 28 MBI 2 EROHEEE
R Lo &51C, Table 5 — 6 12 X HE S 17z Imipramine B & 'DM
Ik MFEI 2 0y — AT inviro S EED 518 6 N - BB
BMORHNRTA -5 %5y P TOfE (5—-2DTable 5 — 35M) g
WU TR L. S o 0EEZRIEICREE L g g HiEsicfRA L,
t FZ5 0 m g DImipramine?* 6 0 G ICh 72 ) BIRAIICERFEA SN
7zigo s (BHRA) BE — R iR B & OB Imipramine - DM I
TR — R FHEIL 72 (Figure 5—5) o MEEREEICEL T
HESNTVWE3ANEE MZ,IE,GK.) TOHER (Nagy &Johansson,
1975) 2BFETRL TORMLYHES A% LS I, Tl & 72 Imi-
pramine DMK FIREE — FFHER L, 3BBETEU I -EZ2EBO T
CFRITHZ EDPTE, T2, DM I OMsErhil e —R#ER 1L, &
RS hPZBEM. Z. TOHEL YVELSFRE RS o2 BE (LE
BLUGK) Tk, DMIBEFEERAUT (2ngml) THos&
WHIERXHD T A Y F b, FEE LAV HEFHE ATV EELS
No, L7Ao T, PR E 2 28 L THEY. Sh -8B
LAV TORBEHETFIVIR, ZOBRLTWENRS A—F 2L L Ol
WERTBEZEICL 2T M OBHNEIRRICHIET 5 2 LATTEETH ) |
T, BRRAICH v & 7z BE DImipramines & IFDM I o & o
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Table 5-4

PHYSIOLOGICAL PARAMETERS FOR MODELING
IN THE 0.25 KG RAT AND THE 70 KG MAN

Volume {(ml) Blood flow rate(ml/min)
Tissue Rat® HumanP Rat® HumanP
Brain 1.2 1500 1.1 700
Lung 1.2 600 44.5 4620
Liver 7.7 3900 14.0°  1500°
G.I.tract 11.1 3180 12.0 1100
Pancreas 1.0 200 1.0 200
Spleen 1.0 200 1.0 200
Heart 1.0 300 4,2 240
Kidney 2.0 300 11.4 1240
Muscle 125.0 30000 6.8 600
Adipose 10.0 10000 1.8 200
Skin 43.17 3000 4,5 60
Artery 6.8 1700 44.5 4620
Vein 13.6 3390 44.5 4620

80btained from Table 5-3.
Obtained from the literatures (Igari et al.,1983;
Harashima et al.,1985).

C -
Qy = Qg * Qgp * 9pa-
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Table 5-5

CALCULATED TISSUE-TO-BLOOD CONCENTRATION RATIOS OF
IMIPRAMINE AND DESIPRAMINE IN MAN2

Partition coefficient

Tissue Imipramine " Desipramine
Brain 4.27-12.5° 21 5 ( 5.42)
Muscle 3.37 ( 2.1) 04 ( 1.02)
Skin 5.8 ( 3.63) 4 04 ( 1.02)
Lung 70.0 (43.8) 246.7 (62.2)
G.I.tract 19.7 (12.3) 38.4 ( 9.69)
Heart 9.6 ( 6.03) 28.86 ( 7.21)
Kidney 29.9 (18.7) 84.1 (21.2)
- Adipose 11.1 { 6.95) 4.68 ( 1.18)

8Linear partition coefficients (Kp) were converted
into the values which can be used in Man (Kp,man)
by the following equation;

Kp,man=Kp x (fB,man/fB)

where f,,man was free fraction in blood in man,
and fB was free fraction in blood in rats.

Free fractions in human blood for imipramine and
desipramine were reported to be 0.171, and
0.207, respectively (Ciraulo et al.,1988). Free
fractions in rat blood were obtained from Table
5-3.

Data in parenthesis were Kp values in rats
described in Table 5-3.

bEstimated values for Kp of imipramine in man was
predicted to be 4.27-12.5 at systemic arterial
concentration of 30-300 ng/ml.
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Table 5-6
COMPARISONS OF METABOLIC PARAMETERS FOR
IMIPRAMINE METABOLISM IN RATS AND HUMAN?

Reaction Species  KmP Km’P'C  vmax? Vmax’'®
IMI 2HL2 Rat 0.948 0.430 1.24 3396
(0.028) (0.013) (0.06) { 219)
Human 17.0 6.95 0.072 10109
( 2.16) (0.88) (0.011) ( 1556)
IMI NDLZ Rat 11.3 5.12 8.03 22028
( 1.7) {0.77) (1.22) ( 3346)
Human 91.7 41.5 0.485 68094
( 7.6) ( 3.4) (0.082) (12917)
DMI 2HL® Rat 0.957 0.391 1.26 3465
(0.084) (0.031) (0.12) { 327)
Human 17.0 6.95 0.072 10109
( 2.16) (0.88) {0.011) ( 15586)
DMI other Rat 1.92 0.785 0.335 920
metabolites (O.%l) (0.987) (0.991) (2%0)

Human - - - -

8pata for rats were based on Table 3-2, and those for
human were obtained from the literature (Spina &
Koike, 1986).Abbreviations used in the table are as
follows; 2HL, 2-hydroxylation; NDL, N-demethylation.
bExpressed as nmol/ml. “Km’=Km x (free fraction of
imipramine or desipramine in rat liver microsomal
reaction mixture [0.453 for imipramine;0.409 for
desipramine] described in the legend of Table 4-3).
The same corrections for nonspecific binding in the
human liver microsomal reaction mixtures were
performed. "Expressed as nmol/min/mg microsomal protein.
®Vmax (nmol/min/mg protein) was extrapolated to the
Vmax’ wvalue (nmol/min/whole liver) was performed as
described in the legend of Table 3-1; Vmax’(for rats)=
Vmax x 29.7(nmol P-450/g 1liver)x 9.9(g/whole liver)
/0.825(nmol P-450/mg protein). The P-450 content per
gramm of rat liver and that in the rat liver micro-
somes were assumed to be the same in the samples
obtained from human liver. Then, Vmax’(for human)=
Vmax x 29.7 x 3900 (g/human whole liver)/0.825.
fData for the formation of the other metabolites in
human liver microsomes were not available. Therefore,
this metabolic pathway was assumed not‘to exist.
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TIME (HR)

PREDICTED (LINES) IMIPRAMINE AND DESIPRAMINE CONCENTRATIONS IN
VENOUS PLASMA AND BRAIN, AND OBSERVED VENOUS PLASMA CONCEN-
TRATIONS (SYMBOLS) IN MAN.

Observed data for venous plasma concentrations of imipramine (closed symbols)
and desipramine (open symbols) of three separate adult patients after 1.0-hr intrave-
nous infusion of 50 mg imipramine were shown (data taken from the literature; Nagy &
Johansson, 1975). Body weight was presumed to be 70 kg. Desipramine concen-

trations in plsma of I.E.

and G.K. were not detected.
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BRROHERS & FHME L O A & # OB B UATERI N 72, RNiE
FEOFHD 6., ImipaminedSEEIRPIICEBIEA & DI 2 /R T4
Rk, MEEFREEZ T PSHEET S L, E K Imipramine TH 5 L E X 5
N5 25, FHl & L/ MlImipramine (Figure 5 —4 ; —+ —) BLUD
MIRE (— - - —) & RS 3IRHDBIIIZEL 2oTws
b, HEEAHYWDM I AR bES 2T T5 ETRERT
BV PRI, ThiE, & P TOR~NOSERED. DMI
T, 20 THHDIZ3) L, Imipramine TX 455 1 2RBETH D

(Table 5-5) . DM I @545, Imipramine Z % 2 25 5 F558 BN
WKOHLRT WD TH LR S,

FERS, v MBI Timipramine Z IR L7z & & OFUEMER 2 Fill
% & &, M TDImipramine B & DM I JREE & FEHLH R I 13 BHHE
AR PEEL 22 & (Gram et al,1976) . S50, BIER &
ORI b BN E N & (Whyte et al,,1976) PWEE 2L Tw5,
ZHEIMF ODM I EE ImipamineiBEL ) b 2% DBV, HEH W
d, RE 3N CTH, EBRICEEAIC DM I AR WiRE oM L Tw
BEDBERO—DTHE EEEEINT,
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5—4 i iE

A THOL S NI ABEIE T VOBECRA S N AFIRe LTI
LDz,

NEEYE A R8T X — 5
OFELHHE B & VEMERENOTFHERL A5,
QOBERBRBLIUTZENHEEI VT IV AE2HFARS,
O IEREEREAND,

+
EBREBYERNNTG A -
QS HBBL XML TV A MKEICHET 5 EHROINE,
QFDHBROMHZEHNEEICE T 5 BEHRONE,

v
O% 5 filgzs B L CHEERRN (Mass Balance 3\) #2887 %,
i
O¥dEsr8E (HEfET) & o T, EBEY TCOROmELS MAiE
EORRERICH T 2B 2 TFHT 5,
y 1
EF—7 LRHBLT, FOEFNVORYE2HER
v 1
OEBEMMEE TG A—F 2 FTONF A—FIZAT —VT v TLT,
t MIBY AERNEEEZTFRIT A,

BEDFNEC & o Tlmipramine B EH% 5-# Olmipramine B & US4 D
M I DEARBIREZ TR 35 AHZENTE FIVHS, B L~V T OBEEZM
O UHEER & D155 Nz Imipramineds LU DM I O FFRIC B 25
LR CPATRBHERBMEIER) 2 =7V IcllARB I LIt s D,
HRICE T2 EEARISIRE N, 8510, KES — 2 CHALNE
R~ DA O GERIE % ISR U~ OSH) 2ZBT L2 &
WKLo THES N, ERRhzdhs & O EEE R — R L
BT B EIL o TZORYBIER ENT, T 720 EEICL I
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TR VAT = VT v TOFEERATAHAILILE T, B TOHE
HIENEE 3 Tl X 2 BT P MICHIES N, © MEERE I0RE 3 h
RO MR EE - RS & T 2 C LT Lo TEDORZ LML HERR
é nf:c
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o T

| Imipramine & ZDEFBERBMOBEKE /O~ 574 -0 &
>FBMETEREDOBRE (B15)

TVH ) EETHRRLF VO Y SV e, 7y E=T %
B/MLAT RS Py V=2 % ) — VBB % AV 7B 5 AT
DHPLCEILD, Imipramined & U0 RE» O EHEED
HERRESEIEL S, DBROFRICER L 72,

Il ImipraminefSBHICBIS T3 P-4 5 0 3 FREDHEHA (52 )

a) Imipramineffi X F WAL DWW T

Imipramine Dfi X F IVALEIS X, HS v FCHOEELR P—4 5
03 FHETHEP—450mlict o TERMIE SR TWE, &0
P-4 5 0FFHENVENLERB L ULH., ZoRBIHFEBOER
ROBMEZBLUHES v P TOMEIES BETOERTH 52 & HHH
LhEol,

b) Imipramine 2 SLABRILRIE 12D W T

Imipramine 8 & DM 1 DR 2 fLKERILBUCIE. BEA F b & i
BWIL7ZP—4 5 05FHEFESLTBY, ZOP—4505F&
&, BMENLRERNTES LM, 9y FBLUE P CRBIEEOEE
MERERBCHEELTWAP—4504FE (Sy Tl UT-
H) ThbLERINT, T/, W 2AKEM LRI HEL 7P —
4 5 00 FHEOBEENREEN, O LIZ L > TSRS ET
R FE DRER AR S e,
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c) FATREBRBMMEEAER oW

Imipramine D P47 BMRIC & 2 UHERMIC BT, ThEhok
BN &7 B UG O 2 BEMICHE L. & OB EEN
£ % FATR BRI MAHE /A (Prallel pathway interaction) & af
i} 725 Whole body "C ) Imipramine DARPIEIRE 1< 31T 2 JFE < D4

*i&. ¥¥1CImipramine ¥ DM I @ 2 Sk ERAL UG O 48 BVER 25T
HOBRNBRBICEEL S 2 TWD RIS SN, /2, 20
B4R 13 Imipramine & W AR DO ARHEM % # D Lidocaine ** Diazepam T
DR ENTVWABIE LD, Z0 &) TR D 2R
FroEY R —BMLERTH L LE XL,

m v bFFxo0v~— Atﬁ%&ﬂﬁ&m@cmwémvnm'ﬁ:m/\vx~—
2O (35 3E)

avbua— VS v MFI 7 0V — A THE L N2 Imipraminef{
& kineticsD 458, $ 7% b5, Imipramine D i A F VLS low-
affinity-high-capacity T& V. 3R 2 7K ER{L I id high-affinity-low-
capacity T 5 T &A%, EENICHEEEFRERR COBFHE N,
¥/, A rO—-VEES Y FIFI 20V — A TEY 5 N7z Imipram-
ine 3 £ O'DM I 2 Ar/KER{L RS I o EATAU B I FIAR BV vt
HEFFHIRR EECR TH B S /2o —75 . Imipramine® 2 fZKERIEAT
W THH20H-IMI R, FLAEY HBEEZZITLEI
B, BLA F VB ERE @:Fﬁ’ﬂﬁnﬁfﬁ%ﬁﬁ?l‘ﬁﬁﬁfﬂﬂiﬁﬁfg % Lt
il Rl (W AdN

IV FEARTAANENEE 2R T Imipramine &3EMAABMI DM | OFEERAY
EFIL (B L4E)

a) EER %%TW@%%
aviro— VT FFI 2y — A TORE kinetics BE U

PATRBHRERIIH AR 2 210 MB4E S RS ARG C O SEMEIER
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BE FVIZ & o T, Imipramine® PIRAIICEREAL7- L EDER
KA Imipramine B & WD M T I R BE & Imipramine}® 5- 3 BE DIER I
ZERETFHTE . SO ERFI 70y — A TORBERICL
5 H R nvivo i B 2 ANEIRBICEEHN IR S THWE &,
BLIUEFMVBEORENEZLTHH I LE2EFHRLTHBY, in vito
EERTHOP — 4 5 00T S & UBEEFARIFEHS B4 Whole Body
TORNHEZ FHT A2 LETEDLOTEETH LI EH2 L %o
720

b) EFNVORLEORKE (Quinidine §f FFEER)

Y - VDG TR SN E TNV OF YL YD THER
% 72%, Imipramine 8 & 'DM I DT 2 fEABRILALBRE M K L
FEFEM 7% FHEH] (Quinidine) % Imipramine & FF L. EH IRAE Imi-
pramined3 & 'DM I Il iREEDZEE % in vitro fURH/ ¥ T X — & 128
SLERDEFIVICEL o TFRIL 120 #OKER, FHUE & ERED
BOW—FAo b, BERNE FVORYUML T oERE ko
720

FEEREICS (T 3Imipramine & DM | DEREAAYE FILDOIEEE
(585 &)

EH KRB THEY & N/zImipramineds & F'DM I DI i FE & Imi-
pramine % 595 E O BIR % FHIT X 2 EYHEERWEF VT, W
YO EERIHZ~OLGT I T 5 1E5H% 15T Imipramined* IR I
Hl5 s hiz & & o fp Rk UEZREE < & % B PImipramine 3 &
UDM LiREORHER 2 FHI T & 2 B2 E 7 VICHE S I
T, FORLUIHRIN, 85I, AFRTORKEN TS
5t P TCOBNEREZFHTEZEPVOEETICIR, 5y F 2 Hn
2RI 2 ay— A TOMBERIC LM (CHATRBHEKEHEEE
H) Le FTOEEZENBE L BHENERPOOR S —VT v
WEoTHRETHLI EPHI L o720
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ARFFECERA SN WFRFIEIE. 2 WY HERSR & iz & EDFEHIF
HIRFFIREE 5 25 b D TH B, —fRIC. FBYHERER I, Y OkHE)
REZHICEUR T AHEOMEIREL TWa DY, ARIFETI, EERDY
E TNV OFFEARIC B W TECBREROER I CET T Sh- AR 2 30
L. ZAinvivo ARBEIRBICBWTED L S IR L TW3 » 2 BHh
£ L7z &OFEFIVIZ & BImipramine & DM I fRPIBIAE DRI F i,
JEBE T @ in viwo fUEHERR & D RER S Wik 53 & 2 0 —RAH Y
(DM I) OEIHHRESRICAHEREZBRR? DD TR B M
BER) CLZ2BELELACEICLoTRUDTTREE R o7 T 7o,
WHEYHEN LEE LR 2 £ T 2HADEF NV — AL LT,
53 L= ORBY OENEIE =R ICTFHTE 5 EFNVAREL S
el kiR, BERE SN TWAEERMEF VICMIcsZ RS, EEL
Ret2 52550 TH 5B,
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XBRAE
[1] =EREH

Qavio—VIiy bFIsoy - 2REER
Wistar & 6 ~ 7 ¥ v F (200~235¢g) ®#fHL,

Qmipic & b ) RBEEROEH BT 2N ER
SPE(Specific Pathogen Free) & T T HEHE AR AL CHE
& 72 Fischer 344 ZMEHET v + (3 - B#e~ 3 0 + ) DM
AL 72,

@7z /NNVES—VERET v MEI 70y — AUEER
Wistar & 7 BT v+ (230~2 45 g) IZ 80 mgkg/day T
7= )NV E Sy — VEBEKEE E EREPC 5 B BB 5%,
6 HEWWERICHERL -,

@AY MERES v FFI 7 0y — AUBEER
Wistrar SR 8 BEGHET v b (24 0~255 g) i< 40 mgkg/day TX
FryMa—vi A4 Vsl BEERNCS HEERKRSH, 6 HEIKE
BRI L 72,

GRS LR - EHIRETO invivo H5 EE
Wistar 5% 6 ~ 7 BEHET v b2 AL 72

©ffEmER
Wistar 2 9BEHES v b (295~310g) AL,

OEBZMEF NV OBRE
Wistar R 7~ 8BEHES v+ (235~255¢g) #fHEL,

BLED Wistar R7 v P RETHEMERBIY L VAL, B4V T
v VERORERE (CE-2) TR AMAERERHL 72

[2] &%

Q43753 2nREw
AR THEAL724 3753 DML, Sigma Chemical Company
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(StLouis) & VIEA L7-EBRIEX 20X MR L 120 WEEY O 2 Ik

B TH 5 2 (kEMbA I 79 3 VIBIEIREER TR LY, 372,
2HRIKBACT > 79 I v OIEBIE T N T A F— & it 2 50
720

QA LA R

Glucose-6-phosphate(G-6-P), G-6-P dehydrogenase. NADPH (L4 Y
IV & VEERE X )| Collagenase It Boehringer company (Mannheim) &
Y. B-glucuronidase (type H-1) i Sigma Chemical Company (St.Louis)

X ?)%KL‘K:O

@F DRI
FITERFIEHIE LD, 5D 5 WIFFRRELZEAL 2.

[3] B IO bS04 —2HWETIITSE2 620K
O MERBTERE

Ok
AI77IVBLUEOREWOBREIEE, SBEEEODH D E
518 HITHRE L. ERMICEETOEARE ORE IR

L7 U TICFDORF—A%TT,

A R
T+ 1. 0M(H 10.0) Carbonate Buffer
(FE7 Vv hEHERTE2E 1 05~1.0ml)
Y+ PEREREHEME VY STy v
(GRURL R BEMDIR R & DAFFSH S 250~500 ng)
I+ EeBRT 5V
(Mixing 12 & o THAL L 2V #EE | 5~7 ml)
Mixing with vortex mixer (30 sec ~ 60 sec)
!
B 2000 x g, 10 min
y
el L 7 Vi@
{
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WEFE (407C)
L+ 2% 7=V ;100 p |

S W ALEER mixing
!
Ekitk s O PS5 T 4 —
@HP L C&f
RS Ry 7 HA4S9t TWINCLERIE @4k s o< b
7574 —
R HA4 UVIDEC I B EE
2R

FO&kEH B PR HE) RS
REEBA VI TAVHBY I TINA Vs —
HiRE M3 By —ERyZ7Z2 (F—F=s 2R
#184)
SR T S0 Spm)  TVLv T FATA (AN FEH
Hiber RT-250-4, 25 cm x 4.6 mm i.d.)

BEHH FTEI=b YN AZ )= (31, ) +28%
7rEZTK (2. 5%, vN)
g 2. 0 mlmin

BT ARE 40~50 T
BE & 254 nm

OA3 7537 zofREYWL x=V Y ORBEESN

B ABEESHTO, EERET X =T VB, BEMHEOMEL

RDEDWCEEL, 413753 v BLUFORBY & F—44T o Rk

EEDVWETH o 12

BEAH TEh= by x5 7= (51, viv) +28%
TYEZTK (2. 0%, viv)
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(4] Sy M Z7OV—LERBWEInvitro KBERS LU
P-4 5 0 HB8UESAE BV ABERER

DF v MFI 20y — AT
T v bEWEE. BRI EREE L, differential centrifugataion
1% (Omura & Sato,1964) & WfFI 20y — s 2AHL, BoN
=30V —ARV Y ME, 0.1I5M/pH7ATrisiREHICRE L, RV
ITFVVENSLY VKLl T O L 2B ICEARE T By B
MEE L7 TOIZOY - ABERIZ-70CTREL. LEIC
G UTHE L CERER L, 370V - 2 BABEORER,
Lowry b D (1951) K-> T o 72,

QOFILEN (RISEHOmT3E2E1 628K
137730 s0vid, z2OREWBLUERE 2HAEDEE
AW, NADPH-generating-system % 2 JUL S (TERESE) %.
IFEMEBT, 37CTH5MA vFar—Yaryli, CORE
WHIZ2 0 xmol NADPH 2MX 5 Z LIC & o TRIGRFIEL 72,
B3 OPMDA Y FarR—Ta vefTho/2RIC, S L7z 1.0W/
pH 10.0 Carbonate fEEW £ M. EH KA TEHEIC Lo TREZE
Bk L7z, KT oREYORE X EROHP L CEEEICED
EREL 720 R LAEREWOEEZA V¥ 2 X—Y 3 VIRE (3
08) THRLT, 2oRBYOEFEE L Lz,

- 1.0 ml UG DAREK
100 mM  Glusoce-6-phosphate (G-6-P) 0.1 ml
100 LU. G-6-P dehydrogenase 0.02 ml
100mM  MgCl, 0.1 ml
5mg/ml  Microsomes 0.2 ml
Substrate 0.25 ml
0.15M/pH 7.4 Tris-HCl buffer 0.33 ml

QP-4 5 0 EEES & A\ 7o FRECEER
DT o4 bBBBCR 2R L. LREORISEHFICE - TEMEZH
ElL 7 P-450(0.1nniol/ml) fp2 (0.4U/ml), DLPC (Sug/ml), sodium cho
late(0.1 mg/ml), GEP (20 mM), G6PDH (1.5U/ml), MgCl, (3mM),Substrate.
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(5] 5 FSEERTAIE % B 7= in vitro B8

OF v b EEETH O RS

5y bR IE Moldeus 3 & UF Seglen 5 12 & o THEY. S 75
EIChE o 72 (Moldeus et al.,1978;Seglen et al., 1976) - J v bix. 50
mgkg X bWV E S — VREMER, BRBEL 2o PR & D ERETRA
Ar=a—V (16 GEEBHRIZFL VFa—7) 2HABER.
M2 AELE L VERBEREAEA =21 (1 4 GEESRY
IFVrFa—7) eFERAFANEAL . TIATRERZ A
Ik & REEIRAE A LI TR L7zo ARG, LI 9L, #ER
W2 B cEE U, iR s e PR 2 & FFERR 75 -~
B L7z BHMEA (MBI TEICRLYE) 281 045M once-

through TR L 7278, collagenase % & Tr VETT A B % FFlE 0 IRAE % 81
BLAFL10~150MU 4 2 VIEHE L. SO, ERED
WHIE 2 5~ 3 0 ml/min% MR U720 VEIRWIC & 2WLISET L7
&, Pl % pH 7.4 albumin-free Hank's Y& 5 TAREL D&k S Hlfa
RO E T, MBBEREIV-ETABLE, 50x g, 3 min @
BECE ) EEEETHILICEoT, B Le COBEL3M
EDELT, FREEROMALIZ 0.4 % Tripan blue #2812 & o T viability
Z#X. 9 0 %L EDViability 2R L 728 Y ¥ VO AEERIC

FEHL

30 Tl A0 e 3 S8 PR Y W W
A B
NaCl 137 mM | NaCl 137 mM
KCl1 54 mM | KCl 5.4 mM
NaH,PO4-2HO 0.5 mM | CaCl, 5.0 mM
Na,HPO4-12H,0 0.42 mM | NaH,PO,-2H,0 0.5 mM
HEPES 10 mM | Na,HPO,-12HO  0.42 mM
EGTA 0.5 mM | HEPES 10 mM
NaHCO, 42 mM | NaHCO, 42 mM
Glucose 50 mM Collagehase 0.5 mg/ml
adjusted to pH 7.2 by NaOH adjusted to pH 7.5
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B FEATL 95 P Hank's SR

NaCl 137 mM  NaH,PO4-2H,0 05 mM
KCl 5.4 mM  Na,HPO,-12H,0 042 mM
CaCl, 1.27 mM  NaHCO, 42 mM
MgCl-6H,O  1.00 mM  glucose 50 mM
MgSO,-TH,0  0.83 mM

adjusted to pH 7.2 by NaOH

QOFISEME GEHEE 3 E 1 G2 8m)
FFiruv—rcoRusgEtLRAtk (4] ~Q) . 5oETV
AVvFank—arvok 3TCRBRLA-BEBEERMTAC
LiC ko TR BIE L7z 3 O M ORI, #9 0 Co%E (10
ml) EIZHAE S ICREE 2 BT 2FIC Lo TRIBEEIE L7,
AR L 7= SR I BRR L - BER (8 -glucuronidase) 12 & & 27K
BMLE A0k EE, BROHP L CIK X 2EEEICL o THll
ELT,

(@Imipramine B & 'DM I D 2 fikER{b kD iu S0 BER K f#
FREAD & Imipramine 3 & DM I @ 7'V 7 v ¥ B EDOIVKS ##
D&M= T L7z MR 2 R KERIGAR I AR ST 3 H i BRA L R
AT B 0NBMEHI L LTT R I VE VRROTRIMAWLETH o 72,
n#c & o TR 24 1E U7z RUSH#IC, 2000 unit 8 -Glucuronidase/
98 unit Sulfatase B & U HEMLF L LT3 wh) TAANVEVEREE
tr 1.0 M/pH 5.0 acetate FREW £ 1L.0mIRIML, 25C 1 6 A ~
Far—YarvtsIbizko THEEZIMADSHEL 20

[6] EEKETD invivo 5 KER

Qe FRIE
Sy MIZ—FVEREBETIKBWTFREIT% o 720 MEBOFRID 72
» 30 LU AN Y EECEBREKTHI- SR ) F LY
H=a—V (PE-50) % FEEMRICHEAL 720 FIRNEEEAIIER
CLASYy v—BHEkdRE &t RV FLrh=a—L (B
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100 PR (Es—EEER) CHALT O Y7 V7 7 TRZEL 7.
COFER, FRMFEEG TS 2% (. £72, PRI
ATARICE PRI LBAET AR THOFEL VERL TS, &
NSDMBEE LT v iz —F VEED S BEES., 1 BEE-
THOEBRICH L7

@FIIR A E BEA S & MR &

FIRPIICERIEA L7z & & D HImipramine 38 L O'DM 1 2B & [
Ik P Imipramine% 5- 8% & OBMRIX. &7 v MIT 25, 50, 100, 150,
200, 250 (nmol/min) D& TImipramine % 0.72(ml/hr) CTEEEA L
5B, 1,2,3,4,4.5,5,5.5,6,6.5, 7 FERICB W THRIL 21
¥~ 7 v HImipramine 3 L UDM I EE2HIETHZ LIL o T
AT BETFRBRD OHEY OEFEIRB IS HA 5 KM TE
ENBIENFHAPLEo72DT, EFEROY ¥ FVEHFS,5.5,6,6.5,
7 BETOEYREDFYEEL FNENORSHE TOEFRED
IR L Lz E72, REROKTHR, £9 v FToMmE (W4

ml) ZEIIR2 SFRELL. ex vivo TOMY — MIEPEYEEL D &
Ul IER a2 8N L.

Qa8 & VR P e 0 5El

Imipramine % BRI IC E3BVEA L 72 & & OImipramine L 'DM I D
JEH P B & R PEEEERR S EERIE, BERUBRICRY) S L
vFa—7 (FNFN PE-10 B L U PE-260) %#FEA L THRAMKR
BERML 720 ERTPORER< Y= b — V% 800 (x mol/hr) TE
BEATLZZ LICLoTHML 720 BH R UIRIZ 55D T in
toto TERELL ., 35~40 & 40~455 DY > 7 T OHEHMERE D F
fE% T NEFNDORGEE TOEERETEIERE & L7,

@RGSR ORIER L b I AR O E
Z v F2OOBRIICE o THHEMZHRE W13 m) L. 2 ml
+5 554+ L 72, Imipramined % V¥ X DM I iR e B AYaEK I %
FREND MABSEHNRIN L Ty B IR A5 TmipramineD 34, 0.25,
0.5, 1.0, 2.0, 4.0 (nmol/ml) 72, DM I D34, 0.5, 1.0, 2.0, 6.0,
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120(mmolyml) £ 22 L D WCHEL ThLDHF Yy FUE 3 7TCT
200WA Y Fa—YavL0b, £O—8 0.1m) AL,
MiRBE (C,) #2EIE L7 5V I 1200 x g T 545 #0584
228 E MR 2o FO—EB (0.1ml) ZMEEFIEE (C
p) ELTHIE L. &5 ¥ IV HENT L V& v Tl
IR AR L HE L. FEEN VI EERE (Spectrapor2) T
2 D Dchamber 12T 6, FNFN2 ml DBFFEEZ DO D&M
Lo —HICMEEY Y V%, 72, 5121 0.15MpH 74 Y A
BRI R AL, 3 T CT8EEMA v Far—Yavgarikictdo
TEMGANER S Itz FHHE. T Chamber DI IEEE D KA & i€
FEREEE (fp) ZEM L7 MAPIEREER (f) & fpllliigd
—MhREYREL (Cp/C,) £#IF5Z &12& o Tinviro D%
BH L7 /2. Q0ERP SELNIMEY v 7 VICELTHE
BRi, M IEEAR2EE L, exvivo TOMEZ ML 720

(7] v pEFBRER

OFME L TR

7 v MO 5 FMFL AR OB IR0 720 0F4vE ([6]
—-@) LRAKTH B, HEHRIZ, in  siw DRETPRD & T 28
D, FFEHR~FE % once-through single pass TiT % 0720 T bbb,
BRR— TBMLIREIREF X (95 : 5) THIF &+ />Imipramine &
%\ Imipramine & Quinidive &5 A TW A ERB AT L 720 IR
RIS 2B A TWREW DTS5 R BRI 2 ) 729 3 0@l
min) DFEE TH L 72 (Suganoetal.,1978) o FHE D EF T O viability
it, BREETH S GO0 TIEMENZREY (10~20 units/ml, Karmen¥
fL) . IBHOEEE (5 xYminBl k) B & OHEREHEDEYEE D
EEREIOHER I,

QYL A B

NaCl 115 mM Na,SO, 12 mM
KCl 59 mM CaCl, 2.5 mM
MgCL, 12 mM NaHCO, 25 mM
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NaH,PO, 1.2 mM Glucose 300mg%
Sucrose 400 mg%

QEIFEE L ¥~ TV DRI

YEVEHE H Imipraminei& E 130.3 (nmol/ml) & L7z, I ¥ b u— VEEER
TR OEFEEY 1 1 00 HER L72e — . Qunidine DFFH IT &
2 &R D4 R I T B BB A EBRTIX. Qunidine %
9 0 (nmol/min) DL CTlmipraminetk 5-FA4E5 0550 6 HH L 720
BELE S, PRI 15, 25, 35, 45, 75, 85, 95, 105 2 B
Ty 7= JEHFE 1 040D intoto I L AR L o T, HH V7
oo [ZHERE X 1L 7-Imipramined & UF % DAY (2 FLAkBER LA 1
HAEREIASHR L CEMEE LT L) 2HIEL 720

[8] EERRETOEEPIET IILOIEE

O — s FE = B o flE
RYMSNVEY—VTHEELT v b 2BER. FERICRY = F
LVyAh=a—1 (PE-10) #3A L7 (Yokota etal.,1976) o &6
iy FTEEREOERICEY) ZF L= a— L (PES0) AR
E L. FREFNRMAESB & Ulmipramine $ %\ iz DM I E#EAH
L7z BEEFT . Imipramine % Wiz DM I # PR & © E&E
AL, 6 04, PSRN FREMRMEZHFWL., &5~ SV
HRERMIBRE 2 BlE Uiz, BT v SVEREE, 2251, BENIK
WHBREBAL Ty b2XETHBEL 25, M. Bl OB
Al PR, P, BB, B, EE. FROIECEEY S
2L, BEOABGEKTHREY = 5 — M, #0—E 2 HIH
F o 7N E LT RRBPEERE 2 WE L. FHRE R BB OF
s, BRIMAEYRE T 2EBNBEOIc LY. T2,
JFR T R IR ISR IR BE I 2 TR L b B L 72,

QL 3 £ VIRESEPSE IR IE O B ORlE
7 v MCZ—F VTREBYR. MR (%5-H) BLUTEER R
H) WRYVZF Ly I=a—VEBARK, PR L D20 mgkg DImi-
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pramine % 20 HEEIEA Lo MAPRE—REHER 2 HEER
T 5-FBE. 10,20, 22, 30, 40, 60, 80, 120, 140 53~ T, MEPIikEs
IR 5B, 10, 20, 22, 30, 40, 80, 12055 C., % 7-, Mo Ico
WS- BMGEE. 10,20, 30, 80 T B VT, ERNI EBROQD
FEIC L o TEBER 2L, P dH 3V IdEaSEmEDREL2 g
L7,

[9] StEZEDE LY

OFsEm/hEREE (SALS) KE2R#/T Ay 0EBE
AHFFI B W TIERERNERER, BdRFIZ2av—2a2Hn
724%E kinetics # AR ERI S, ZORBNTA-F 2EHE TS
ZEIHwbRIz, Tabb, RBHEE (v) CEEHRE (S) 0
FRICT S 70 v b (Lineweaver-Burk plot) %47\, % DB
RHRETELIHNZIYR-—AVF v O¥EFEL., REEEL n @
DIHTYA-AVFUVROMTEDLLIZDDOEEFIVEEELT
FEHRLTo IEHERPBREOT VTY XA BEEKFARGHERE
vy —D7—hsavE2—% (HITACHIM-680H) NDEEFHE
SATTY - RKBHFEINRTWASALS (Statistical Analysis of Least
Square method) DIEIEY —4 — MEZ V72, BHE OB OIS
MR 100053 D12 FRA L 72, BEFHHO weight iE (NHEE) @
B#ESD 1 ZHWT,

@R 0B LETEI £ 2 BRI IR O BB HRE (Bisection %)
EAETHRETLINEFTRENTERE LMRARSEEORRELE
B2 HEE LT, 52007 1 kX 0OMT % BAEM i Bf
% Bi-section BE# R L 770 T DFHFEE Mais 5 (1974) 1T Lo T,
Fortran EEEIC L D F D70 —F v — P IRFE N2 d D24,
Basic ICEIERLTHA L7 Thbb, [EBEEIMLELR BN
BB VIZRATHT U CHEFICHEMD 2 WS TAEETH L LR
ETEDLEA. WHEIOFEIN-IEBER L EROEL O
BT, VAR ENDS 5 ViRES S € UBEERERELFER
T2, COFEREVELTUTRITEWCE-T, BHETE—X
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KA THIEBERZHEET 5 EPFTRTH S, TOHEKICE
S&, H4%E (4—-8) ~ (4—9) K TDImipramine O PRI
EHELREBER L UL & Ol Imipramine B L DM I gE %
MMTERE L-—RR2eHEMICHRE, REBEFGRI O L&
D—RAEFHR T HMVZEL (Imipramine 3 £ DM I L HERE)
BEH L.

Q¥ ETEDE (Adams-moulton FRITF —BIEFiE) ICL2EHEMNE T
Vot Bk CEISENIEE - AR O TRl
BAERESE 1258 5 12 B V> TUlmipramine?S PRI EEIEA Sl &
& DImipramine B & DM I DI % 13 U 3 I Efgias O I IREE D
MERZEH 220, 2 6 EOELHSHREN L EENICHC
LUEFIALT. COBAE. —BOS—VF VIV a—-F— (16€Y
P PC—-9801%&) Tk, KRHE»P»27-0, TERFER
WBey ¥ =07 L— A V¥ 2—% (HITACHIM280H) =, Fortran
SHECHR L BUESET VT Y XAk L1, ARfR TR, £
DEV T HERACIFE 2R 2 a0 2, —ROBERKD 7 v
7Y X A TH % Runge-Kutta % 5 V> 1t Runge-Kutta-Gill Tl +477%
FERIEN 2B T2 ENTE LD o2 LWt o T, FERIEEHEE
TOYGEM 2% B L7 Adams-Bashforth 2 IGIC, & 512, D
TREWZHLEES 72 Moulton IZ& 2 FRIF—BIEFELZEAL
Te7 V) X5 2BE L7 (AdamsMoukon D F I F—EEFE) -
BAERED OBOIRIE, 7V—Aa3 /¥ a— 2 :2TSSHLFIHE LI L
2ORA CPUFIHKRHO LR 2L 2 WL L T100501# %
BHEL,
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