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Fig. 1 Metabolic pathways of zonisamide
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Fig. 2 High-performance liquid chromatogram of zonisamide metabolite
formed by rat liver microsomes.
1, SMAP: 2, zonisamide; 3, internal standard (bromvalerylurea)



Table 1 Formation of SMAP from zonisamide in rat liver subcellular fractions

SMAP formation
Fractions
n Aerobic Anaerobic
nmol/mg/min

Cytosol (untreated) 3 <0.02 < 0.02
Microsomes (untreated) 3 <0.02 0.50+0.13
Microsomes (PB pretreated) 3 1.42+0.36 3.64 +0.49
Microsomes (DEX pretreated) 3 1.82 % 0.49 755+0.56 -

Cytosol and microsomes were prepared from livers of male SD rat. Pretreatment of

rats were indicated in parentheses. PB and DEX represent phenobarbital and
dexamethasone, respectively. Each value represents the mean + SD of three

animals.
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SMAP formation
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Fig. 3 Effects of microsomal protein concentration, incubation time and pH of reaction
mixture on SMAP formation

Effects of microsomal protein added (A), incubation time (B) and pH (C) on the
formation of SMAP from zonisamide were measured under anaerobic conditions.
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o 1 2
SMAP formation (nmol/mg/min)

Fig. 4 Cofactor requirement for SMAP formation in rat liver microsomes

SMAP producing activities in rat liver microsomes under anaerobic
conditions were measured in the presence of NADH (1 mM) and /or
NADPH (1 mM). Each value represents mean + SD of tripricate
determinations.
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SMAP formation (nmol/mg/min)

Fig. 5 Effects of various agents on SMAP formation in rat liver microsomes
under anaerobic conditions

Each value represents mean + SD of two to seven determinations.
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Table 2 Sex difference on the SMAP formation from zonisamide
in rat liver microsomes

Sex P450 SMAP formation
(nmol/mg) (nmol/mg/min)
Male 1.15+0.28 0.93 +0.11

Female 0.75 +£0.12* 0.24 + 0.04**

*, significantly different P < 0.05
** significantly different P < 0.01
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Fig. 6 Effect of pretreatment of rats with various inducers of P450 on SMAP
formation from zonisamide in liver microsomes under anaerobic conditions

Animals were pretreated with phenobarbital (80 mg/kg, ip) for 5 days,
pregnenolone 16a-carbonitrile (50 mg/kg, ip) for 5 days, imidazole (200 mg/kg, ip)
for 4 days, ethanol (10 % ethanol added to drinking water) for 5 days, and 3-
methylcholanthrene (25 mg/kg, ip) on second, fourth and sixth days before sacrifice.
Each value represents mean + SD of two or three different animals.
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2B1

2C11

3A1/2

Fig. 7 Immunoblot analysis of liver microsomes of rats pretreated with various
inducers of P450 :

Immunoblot analyses of CYP2B1, CYP2C11 and CYP3A1/2 were performed with
anti-CYP2B1, anti-CYP2C11 and anti-CYP3A4 antibodies, respectively. Lanes 1 and
2 contained purified P450 enzymes and liver microsomes from untreated rats,
respectively. The amounts of CYP2B1, CYP2C11 and CYP3A1/2 applied were 0.09,
0.05 and 0.11 pmol, respectively. Lanes 3-7 contained liver microsomes of rats
pretreated with phenobarbital, pregnenolone 16a-carbonitrile, 3-methyl-cholanthrene,
ethanol and imidazole, respectively. The amounts of protein applied for CYP2B1,
CYP2C11 and CYP3A1/2 were 16, 0.2 and 4 ug, respectively.
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SMAP formation (nmol/mg/min)
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Fig. 8 Correlation of the SMAP-producing activity with the amount of CYP2B1,
CYP2C11 and CYP3A1/2 in rat liver microsomes

Immunochemical determinations of CYP2B1, CYP2C11 and CYP3A1/2 in
liver microsomes (®, untreated; O, phenobarbital; 8, pregnenolone 16a-
carbonitrile;[1, 3-methylcholanthrene; 4 | ethanol; 4, imidazole) were carried
out with anti-CYP2B1, anti-CYP2C11 and anti-CYP3A4 antibodies,
respectively.
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Fig. 9 SMAP-producing activity in liver microsomes from rats treated with
triacetyloleandomycin

Liver microsomes were prepared from rats untreated (Control) and rats
pretreated with triacetyloleandomycin (TAO) or dexamethasone (DEX), and P450
specific content and SMAP-producing activity were measured before and after the -
treatment of liver microsomes with ferricyanide. +, p < 0.05, compared with the
control rats; *, p < 0.05; compared with.before ferricyanide treatment. Each value
represents the mean + SD of data of 4 different animals.
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Table 3 SMAP formation by purified CYP2B1 and CYP3A2 in
a reconstituted system

SMAP formation

Purified ratP450 i molnmol P450/min)

CYP2B1 0.07
CYP3A2 0.37

A reconstituted system contained 100 mM potasssium phosphate, pH 7.0,
0.1 mM EDTA, the NADPH generating system, 50 pmol of CYP2B1 or 3A2,
1 unit of rat liver microsomal NADPH-P450 reductase, 50 pmol of rat liver
microsomal cytochrome b5, 25 ug of DLPC, zonisamide and the oxygen-
consuming system, in a final volume of 1.0 mi.
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Fig. 10 Effects of antibodies to CYP2B1, CYP3A1/2 and P450 reductase on the
SMAP formation from zonisamide in rat liver microsomes

SMAP-producing activity was measured in the presence of varying amounts of
antibodies to CYP2B1 (O), CYP3A1/2 (@) and P450 reductase (Hfl).



BIH FRHRGTIEBITZIy MFIZOY —AI&D/ 20 R

EBREQBRE IS 2RYRET, EHRELBRLERSZ ENHENTNDS
[41,42] . F7=. P450 Iz & BEMREIIBmFBEDOZLIC &V in vivo [43, 44] |
in vitro [45-47] KBV TRBEECRBMRKICEEL ST 5 LMREIN TN S,
NOF 2 ORBIFRISEET TIIBLORBYSER S N5, BRERETFICBL
TIBTHRBAERS N, FEEERTZ ENREIN TS HTIEN & W E 5,
[45] . |

REOBREAT, VoW REBENAETIEBNT, Sy MFIZ70V—LAH0
CYP3A1/2 Iz & DBTRIRE 2217, SMAP KM N2 ZE#BHEME Lz, —H,
T3 7 PVET = VR TR A U THUMLE U 5 MNES 70— A1, IFSM0%
HEFICBNTHY oY RETFEEZE L, ZOEEIZREHIRIETICS W\ TEYHRL
By MEIZ OV ADZNEVEBCENDDTH oI EMN S, IFENELETIC
BBV Y3 RRBIIRSHEE T IO B 5 RE S B Bz 5 WTAERE 2 517,
FIT FERFAYV L, T2 ) NVEY—VBEO R FEFILALT > RIA 2
MRS Sy FEVFARUAFI 2 0V — A2 HWFSHEETICBIT 5 =93 s
BB B EERICO W TR 2575 75, |

[(#55% - BE]

cofactor B3R %

FEY AT VLB LS Yy MNFI 70— A2 AW FESHREGETICBIT5 Y =
B3 ROBEILH SMAP AR D cofactor BxRMEZEBRE LI-E 25, NADH LD %
NADPH % & 0 XWEEFft54k & L. NADPH & NADH O#f - HF3RITD 51
ok (Fig. 11) . £/ BB L3 70— ATk NADPH OBEICB N TS
EHEERD 5 Nahok, LENST, 270V —ABE)OBREE T NADPH 28
FHREMRETIERN, FENFETIZBVWTHY I RRBICEEL TWB Z &N
RBE N,

FHEFI D%

FTHFEHAF BERT =/ NNIVEFY—IVEIREG LZTy NFI 70— Az AWk
VoI RAHICB LR T4 HERIORE RN LA (Fig. 12) . MHEI Y
Y —ATHNW TGRSR THEEREENRO 5Nz, £, YAFP2 (ImM)
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TRIB0% DIAEHTRD 5=, BiFt LIzMOBEES (o k39—, SKF 525-A.
A I FINTIv, RUTEFLFLTVRRA L) KBOTHIAF UL LR
WEHENED 5Nz, LENST, FEFAFUBERT 2 ) NVE S — VBRI
P450 BERDBI SRR E N e,

Fe, BESIISIET S RZ DIFRMEHE T T, SKE 525-A 12 & D SMAP 4 1358
FIHEINZZENS, BREOHFEEIZED, PAS0BTEEN S DY ZH 3 R-P450
HERADBETEAI & HETICHEBIE U AR X hs,

N TPEFNALT O REIA T I EDFEDR

EHIT, MUTEFNFLT O RRA VAR SEOEER LRIV O —AD T 2 V)
T ARV T LBDOEZEIDONWTHRF L (Fig. 13) . IFKNEETIZBIT 3
SMAP & pEHEE, MUY EFIF LT O R VORI DERBICER L, &
SIT, 270V —ADT7 )7 AeHV T LANBEORBIZBNT, FHFY A3 Vi
BEFH TEHELRRN S T2, MU TEFINZF LT O BYA S ViR ERTEEICIE ST
MWEFR L, MUTEFIVFLT > RYA 2203 CYP3A OFBEFTHD . HOREHY
WRTLE CYP3A EHEEHRERR UAEDREZRTRENEY THS [39,40] . &5
I, ZOBEEEITBLE CYPIA IZBWTIIMEET 2 Z & b hTn5, LiEd- T,
N)TZEFINF LT RIYA D VR EIC I DERICEEN LR LD L, B3 Y
OV—=LDT7 )T ALY T LALEICEDFERNE BT LR LEZ &N, TR
EHETIZBVWTHY =Y I ROEITH SMAP £RIC CYP3AL/2 BBEELTWB Z &M
BRRENZ, UL, SKF525-A @ SMAP £RRGICEXIETHEIL. HKHRE
HTFERBVRBEEERLIZZ NS, FA—BEENEEL TV EDDZTORIEHE
ARG T TRRLHREDZ X 5N,
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Fig. 11 Effects of heat-treatment and cofactor requirement for SMAP formation
under aerobic conditions in liver microsomes of rat pretreated with dexamethasone
Each value represents mean of duplicate determinations. n.d.; Not detected.
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Fig. 12 Effects of various agents on SMAP formation under aerobic conditions in
liver microsomes of rat pretreated with dexamethasone or phenobarbital

Each value represents the mean of duplicate determinations. Control values of
dexamethasone or phenobarbital pretreated rat liver microsomes are 1.87 and 1.54
nmol/mg/min, respectively.
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Fig. 13 Effect of ferricyanide treatment on SMAP formation in liver microsomes of rats
pretreated with triacetyloleandomycin and dexamethasone

Liver microsomes were prepared from rats untreated (Control) and rats pretreated
with triacetyloleandomycin or dexamethasone, and P450 specific content and SMAP-

producing activity were measured before (Ferricyanide —) and after (Ferricyanide +)
the treatment of liver microsomes with ferricyanide. +, p < 0.05, compared with the
control rats; *, p < 0.05; compared with before ferricyanide treatment. Each value
represents the mean + SD of data of 4 different animals.
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EAE  ROSEERmAIRT

ATETE TOMRT, V2V I RidZ v MFI 70V —A0 CYP3AL/2 12 & DRGHY
SEHETIZRNT SMAP IZfREEN D 2 &, FHMENEETICHBELEEIMEND D
DIFLHIEHETIZHBN TS CYP3AL/2 12k D SMAP IcR#E a5 Z EHHSE M &R
7o BEIZBWTIX, BRETIZBITS Y 253 ROBITH SMAP &R0 3 ERF
WETFHATVRMEESy MFI 0V —LAZHN TR I,

(R - BR]

Lineweaver-Burk 70w MEROHER, IFRMEETBLIOBRENEETOEL S
BN THBRF UEEERE (1~400uM) KBWTHEHBETHERRXNE Fig. 14) ,
BONERIGEER/NT A—F % Table 4 127 U7z, BIKMIEHET O Vmax IHFKH0%
HTOENXIDHI/AREL, Km lIFEHIB LMK OMmEETICBWTIFIER T
ETHolz. Lo T, VU I ROBILH SMAP AR NICH U BRI IR
HEMICERTS ZENHESNMN o7,

BENEETBIOHENEETTORELD, VoW R & P450 O Bzt % LA
TOXDITHRL /=,

1) BBROFTEITE D SMAP AR RINIIEEFIHERRKZRLUZZ &, £/, Stiff 5

[29] ©Fw NFIZ OV —LERWEY U ROBEBRBEEARY NV OREEMN,
AR MIVEREIType [ ZRT 2 END, RIVE T I REFZEBICETS VY
RTH 5N, P450 BERA\DIESERAIINLB TIIRSPLS0 Y NI EITH B &EZ \
57,

2) PRKAIGEHETITBWNWT SMAP ARIEHIL SKF 525-A KK DEREICTUEL 2 2 &
N5, VY I R-P4b0 BEEAD fp2 N5 DETFEAI I DALBEINETEN, B
EMEV I RNBILIN., BREESKMEETINDOZ—-BETETRIGEEZS
Nz, ‘

3) SKF 525-Alz k2 =83 R-P450 HARERAD fp2 N5 OBEFHEAIC L B\ L%
DERTTEEIT, BRICLVBEEZITAHEEZSNE,

—7. /AES [48] 1, VU I REEEARY MVERRUAFI 7oV —LAz2H0N
oA, Typel ZmRLIZERELTND, VoUI RIZZIIKRIT I RERE
THZEME, Type I ELERTZEBTAEX NS, VU3 - P450 ORI
EICIIEEN S DR bS5 E TR,

P
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Fig. 14 Lineweaver-Burk plots for SMAP formation under aerobic and anaerobic
conditions in liver microsomes of rat pretreated with dexamethasone

The reaction was carried out under anaerobic (@) and aerobic (O) conditions. Each
value represents the mean of duplicate determinations.

Table 4 Kinetic parameters for SMAP formation from zonisamide under
aerobic and anaerobic conditions in liver microsomes of rats pretreated with

dexamethasone
Km Vmax
(uM)  (nmol/mg/min)
Anaerobic 275 7.73
Aerobic - 287 2.39
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wmSE N
5w MF® in vitro WZBITAYV Y I REHOREN B TROAREER,

1) VU3 R2EEE LU invitro DRIER TERT 2 ERBY TH 5 SMAP O
HPLC TOERBZRAEE LTz,

2) VoI RISy MFI 20V —AE4 O NADPH 2 BTtk L4 2 RERIC &
DS B L RS AT IEBWTEBTHIC SMAP IcRBEND 2 &, 5l &

DRFNTIL CYP3AL/2 MBS L TWa ZEZHEME L,

3) VU I ROBEITH SMAP K ISIZH L. BRIZIERFEEZRTIENHS
M ETED 72, |

3) VoW I ROBTHASEIT. b5 HROE2ETFERELRT, B1EFTERLE
NTnsEEZ BN,
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EBRDOER

EULY

Sprague Dawley (SD) R v MISEERSY FE) KZ0EAL. 1EMOTF
R & D 8 ik (250-350g) DBHDZE AWV, BEXFUED Sy Mald, 7z /
NIVES =)L (80me/keg,ip) 5HM. L 7%x/02 16a-h—R=MJJL (50 mg
/kg, ip) 5 HM. 134V —) (200 mg/kg, ip) 4 HfE. T /)L (10%) 5 HE.
S-AFNAS AL 25mg/ke,ip) 1HBEXIC3IH, NITEFILFLTRYT
13> (400 mg/ke, ip) 3 AR, FFHY APV (50 mg/ke, ip) 3 AR, FNEh
BE L7, 18~20 AL 2%, MmBIES e Lz,

VI RBEU2-ZNT s BANT EFIVT ) —)b (SMAP) 1d, K HAREE
) L5 Ehi=b0%E AN, NADPH, NADH, NADP+, L0 —2Z 61
B, Z)Va—26D VBEARERIITU D YVER ) XVBALE. TOAT
VUIVERHRR. RBFREEERLTHNWE,
ZDMORIEL, HPLC A ERITERE Loz R W,

BI20V—2ABITYA N/ —)VOAR

270V —=ABXOYr bV —)Uid Kitada 5 DA [49] kDB LA, BB,
BMBIES BB LML 2F2E, 1.15% 0 KClEKIC TER UMK e 58k
L7etg, HEEO 3BEDKE 1.16% KCLIBKEMARED F1 XL, GBHBELEEIC
T 9,000XgT 20 pHBELADBEL /2. BENIZLEE X 51T 105,000Xg T 60 4R
Bl TOLEEEZYA M=) &L, ZOROILBREEE 1.15% KCl IR E N4
RETFTA XU, 105,000Xg T 30 HEHEELL. B5N/EB%E 0.1 mM
EDTA 228 50 mM U > B U D AEER (OH7.4) WHEBLIFI 70V —A& Uk,

N R
& N BB Lowry b [60] OFEICH, SFMEYIVTI L EEEY )87 &
U Ty, B HITACHI 100-20 BNt ES I I D5 7=,

- Cytochrome P450 SEOHEIE
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Omura & Sato [51] OFHEITHEN,. BT O —ELRBEESE 227 FLHh 53R
7. HIFEVL HITACHI 228-A B4 7))L E— A HHEFC & DT 5 7.

FIra0V—LBEYA NIV TOREMOEE '
EAMREIGER (8 1mL) ORI, 100 mM U VEH U 7 ABEEK (oH 7.0) .
0.l MM EDTA, 0.4mM V=83 R, I20V—A%7391 V=) (1 mg BH)
L0 NADPH-£/K% (0.33 mM NADP+, 8 mM Z)ba—X 6-1 2. 0.1U )
I—Z 6-U VEBEFE ROFF—Y, 6mMEBILTTRITL) AR, W ILY
BB L7z, 72720, NADPH £RRILY ORI TEDT — AEICANER L=,
BEIZREUTY IRV IERE, NFa—AT 5y 2k PV IV I TEEL
o STCT5AHET LA > a~— kL= NADPH-ERZ OWIMNIC X 0 RS2k L
o 200 DRIGEDHE,. KR 0.5 mL 22700 Xy > 4ml D A-7=F v v IHEHR
BEICEDZ LI ORGEREIES Yz, ASEENEE LT 0.4mg/mL JOAT L
UIVERSEA S ) —)VHEHE 160 nL 2HEMLZH%. 10 HEIERL Y 00 RS VicHi
Uiz, 1,600 X g T 10 HEREOHBEL 245, FEEAHL, 0—F U —INKL—
7 —THBEEREEES, BEEZAY ) —) 1000l ITBEM@L HPLC 121 Py
U7z

HPLC Iz &% SMAP OEESH

> ; dual-delivery pump (Waters Model 6000A)

%S ; Soma Model S-310A

L 3—4— ; National VP-6610A

H15 A Inertsil ODS-2 column (particle size 5 ©m, 4.6 x 250 mm, GL Science)
AT LRE ;35C

BEHE ; 0.1 MV VBN U ABER pH 4.0 : T MUV 2-T ) —)b
(120 : 40 : 8, v/v)

Wi ; 0.8 mL/min

R E ; 260 nm

NEREEYE ; 7O0LT LU JVRSE

AL Ty 5ok
Laemmli [52] ®FEICEL D SDS-PAGE #f7-7-#. Guengerich 5 [53] OJh#E
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WZHEW, = MO O— X JEICEEE L =18, Peroxidase antiperoxidase 3B & D BB
2L, BoNENY ROREHRELZBE PA0 BEROREREZREMRELUT2HE
7O MNAF Y F—FHNT, 400 nm ORNZRETH I EICIDEHL &,

S EINOWA QNS VD RN 15

0V —24 Bmeg/mL) Z250uM 77U T AR UL E 25 CT 15 el >
FaX— L7, 105,000Xg T 30 HEEERLLEZ. BoN=Ly & 1.156%
KCI 128 1 105,000 X g T 30 HR@EL Lz, ZO#HREE 2 ERDIR L 2%,
0.1mM EDTA #&3 50 mM U Bl U o AEEW (oH 7.4) 124 20 mg/mL 0% >
INTBETHEL .

FHERRICE S R .

DLPC 25 mg IZ¥S P450 50 pmol, T v bFEX DR L/ p2 1 unit. v MFEX
DEEBLL 7= b5 50 pmol 2 )L EIZE D, 100 mMY P EEH U 7 AEER (pH
7.0) . 0.1 mM EDTA. 0.4mMY =H3 K, BLUOEKAHEER (10mMZ)La—X,
5 unit )V —ZFFLF—¥, 30unit H¥ 5—F) 2MA, NFa—LTTva
BICEDTINTHATERLE [64] . 3TCT3IND T LA >Far— 3 D,
37°C TN T L1 > Fa_—h L7z NADPH-4£/% (0.33 mM NADP+, 8 mM
NaA—2Z 6-1 E. 0.1U Z)a—2 6-U VBT RaFF—F¥, 6mM <y
RN QEIMCEOREERAB LR, BRI, S 70V —LAzBRFICLZEEE
ERRICfTo 72, '

PHARERINIC K 2 R

F1 PA50 HifkE 71341 fp2 Fifk & preimmuno IgG %, RIGEEF O 1eG BN—E

(10 mg leG/nmol P450) &722 &Iy >RV FTEIZED, 270V —4 (0.2
mg/mL) &EFHifkE % 37 CT 10 Ao > FaX—MU7z#E, 100 mMY 2B T L
AW (pH 7.0) . 0.1 mM EDTA, 0.4mMY =¥ 3 B, BRUOBMENEER (10mM
) A—A, 5unit F)vA—AFFF—F, 30unit h¥ 7—F) A, NFa—
LTS aBic kDT IVIHATERLE, STCTIDD T LA Fax—ral
D, 37TCTEHMT L1 F aX—h L7z NADPH-4% (0.33 mM NADP+, 8
mM Z)Va—2Z 6-U B, 0.1U Z)ba—Z 6-U BTt Rosyr—E, 6mMiE
T30 L) OFMCEV KnEALE. DB, 270V —LA2BERFEICLE
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L= LRERIZTT o7,

EEIEER D LUK

CYP2BL 1Z7 = /)N EY —)VETALERHEM S v MFL D, Ryan 5 [65] OFEITK
NEELEbDEHANE, CYP2CLL (JEEY RN HEMSE Z v XD, Kamataki 5
[56] OFECLVBELEZDDERAWE, CYP3A4 L MFL D, Komoris [57]
OHFEICEVESUZb0ERANWE, 2137/ NV ESY —)VRTLEEHEME S v MK
n. Yasukochi & Masters [58] OFEZETERE L, Kitada 5 [59] DFEITE
NIBERIL =D DZEHNZ, b5 13T w MFL D, Ohmori 5 [60] OFEICLDEEL
HDERANWE, EIEAEEEZFIEE L., BEEAREEY Y FITBEBERERIEL.
Kamataki » [61] OFEEHREL T, Kitada 5 [62] OFEITIDIERL 72,
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wo2Ew /o0 RAREICEST 5 b M P450 T

RSN IIBYRBIC LD END D Z ENAEN TV, DD RHEOERN - HY
TENWTH D, —BIC, EREWELTRAINTWSNY (TR Iy b, B
Ew k2 E) TELNAEEREREES, £ MUMET RIC, MERERNESNRNE
HO—DTH D, 2T b MBI 2EYERSIUEYHMEEERZEA S LT,
YO E MBSO - 5T ABREHONITLIIENERETH D,

VoW I ROt MBI A ENEROEE L L TIFBEOHERREN LT 5N S,
oW ROIEETHANERRIL, Wagners [63] BLUOEOS [64] iIckb, TNE
HIOABLUVSADEZIEBVT I ADEENS 2 DORRIBERBICKVELNZE
EIREBO AP BEN BN I NBEEIN TS, IMFEESED 400 mg/day ~1,200
mg/day EERBETH S &, BHIINEREEZEZD A (UF~26/%. T 13.45%)
BT 3.3 mg/ke/day ~ 13.0 mg/kg/day OBET, X512 11 MR E 11 BEL
Lo 2BICBNTRHENTND Z &R TH S, —FH. NS [14] ITkD, V=
3 ROMBANBREDHRESN TSN, FERE 3HICHBITS 456 FlOMmHRET —
Y DEMBATMETHD. SHRICEIRFTHH D ZENE, BLEHOREDHFRE
HEETERNI EEZRELARTNERSRN,

EHRANTREE2 RTRENZENTH S 7 2= b T, REEROEfNZTD
BREEXNTWS [65] . VEUIFOE MBI HRBITDONWTRMICERNT S I &
2. FEEENEIEE L5 U2 ROBRICBIT 5ENEREZILET 5 L TEESER
ZEEEZIBND, ‘

KEIZBWTIE, VU FMRHICEET 5 NTBITHERICDNWT, EMFIS
0 —LET 727U A~ Hep G2 BERICKBFE L b P450 ZHWTHRFL
7zo
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B1H bEMFIIOV—ACksV 283 RAGH

MEORERED, Vo3 ROBTORBICIE CYPIA 477 7 3 U —c BT SR
NEESTAHIENHEENER ST, BEIICBWTIE, EMNFI 70V —LAZBEREEL
SMAP ARG KIET cofactor, BRFRIBE. HEXOEELZBFLE, F/-.
SMAP fERIEHE & 4 P450 B P450 HTEEE ORBIME, 51 OMEL OEWRBIEY
r MBI ERE L7, S 510, b MEED CYP3A4 88 L. CYP3A4 o) SMAP &
BRIE OB EERE Uiz, S, &5 PASO FikOBEERE L, |

(R - BE]
cofactor ZERM

ErFIZaV—-L2H0, BEPEETICBWTETHE4 L LT NADPH £/
NADP @ 1 mM ZFE FB I OFNFN 1 mM HEFITBWT SMAP AREEZRIE L
je& %, NADH &HWW$a% 0 NADPH 2B W= Haii 4 EEWiEkeR Lz
(Fig. 15) . &/z. NADPH & NADP #%F FIZHBWWTH SMAP A pkfEHIL. NADPH
1mM OAHDFE EFIEFREOEEER L, iz, 8L Z 7o) —AIi35EE
VRO ENRNo T (T—F KR -

Tw MNFI 7OV —-LERWEREERRKIC, VIUI R2EEELEREA.
NADPH Z#B&FHEMAKE LIEESITHEWEENIELN, S 5ITHRITEMNT 2HA
(NADH synergism) E@RD bNEN-=ZENE, Y3 ROBEITTH SMAP £ 5%
Kitid, B MFI 270V —AH @O NADPH 28 Tt 54 LT 28R ERBERICKD
XN TND Z ERBAELE NI Tz,

BRREBEEOEE | ,
ERFI OV —AIBIF 3 Y o3 ROBTH SMAP £REER. FREEET
(REFTOBFRREE : 20.96%) TIHEENRDSNT, M Lo RKERRIEEE (1%L
T) EBWTERNRD SNE, £z, BREER (JVa—X, JIVa—2FF 45—
Y. 5 5—F) ERENLEESRIRICBWTRAEEEZRLZ (Fig. 16) . B MF
OV -ACBNTHY Y2 ROBITH SMAP £, HFRIIRET LD RS
ST CRITT B 2 ENHEM TR T2, |
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Takahara 5 [46] 1X, SHPOBRBELZB(EIEZLEZORIGEFORRRES
EZHLTBY, TOBEELRERETHE, ERNOFNIUEREOBRRRE E Wbh
TWHEBER (5~ 10uM) &, SHFOBRRBE 0.01% LN FICH=ET 5. SMAP &
FRIEHE. 0.01% A FTOSHTBRZREICRNT, BREERZEZRMLIZEELERER
EHEOZIBRD SNV ENS, EMFI 70V —AKRBITSYV 203 FABIZDON
Tl BEEERZHRNLZZE2REEGTICBN TR THHERRNWEEZ SN
7o

- BEAOFE

V2 RO SMAP AREHICB LIETEEREAOREZRN L (Fig. 17) .
SMAP £HEMEE. Y AFV > (ImM) THI0XHEEZ N, =51, —BRIEKRSE, 7
NaFJ =)L @opM) . n-F T FNTI> 2Q50uM) kb, BEERICHEEEN
oo TR5IE P460 1T HRERREBRTH S Z &5, VU I FOEITAY
SMAP 4RI P450 2B8 59 5 2 EAMER SNz, —75, P450 ORERIEERIE LT
M5 TS, SKF 525-A IZBWTIL, BEKFRLZEEO LFNRD 5N,

SMAP £ DEMEZE & P450 &

21 o MNFR 70V —AZHAWTY Y2 RO SMAP £RiEHEEZRIELZE Z A,
5 P CHERHBFALLT TH D, BEHEORD BN 16 HlIcBWNTH 0.01 nmol/mg/min 7
5 1.05 nmol/mg/min ¥ THEEREROEGZZRO K (Fig. 18) . £, Ihb
21 flo e MFX 70V — A D P450 LB E SMAP 4 RIEHE ORI IZH BRIEDHEE
RO LNEMo/z (Fig. 19) . Lo T, #EROHFREOEENHGNTNS
- P4A50 1I2BNWT, BN FREETY U2 ROBILH SMAP ERIEEICEWND 5 Z &N
RNz,

SMAP A= piE 4 & A D REHTE M & DFEEETE

21 Blo e bIFR 70V —LzAN, VU I ROBETHISMAP EREEET =D >
IKBRALTETE, N2V T 25 I UN-RAFIALTEME, 2753 2-KBEEE. TX
N2 57026 B -/KBRAETETE & SMAP A R DFEBE M 2 st L 7=k R £ Fig. 20 1TR
U7zo VU2 ROBITHISMAP £RIEEIR. A MATFO6B-KBB(LEEEED
BWIEDFRE (1°=0.96) ZRL. THLNOERE &L, FEZEREIZRD 5hzho
7Zo
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7 =V JKEAEE CYP2EL [66] 1ok b, N2V Tx¥ 32 N-FiAF LI
CYP2B [67] . CYP2C [68] . CYP3A [69] I2&bD, 13753 > 2-K@kid
 CYP2D6 [70] W&V, FRAMAFT 6B -KBLEMEL CYP3A4 [71] ok 0 AH
TNZTENRESNTND I ENS, VU2 ROBITH SMAP £EICIE. BbHE
BOBN 2727 A AT 6 8-/KEBEICBEE TS CYP3A4 IZ K D RBET S5 Z &
HmENT,

SMAP A piEE & P450 - FRESE & OB

21l NI 7OV =AW, VU3 ROBTHSMAP £RIEEEA L T
Ow MEIZK VRO ZPAS0 H TRESE S OB 2B LR EFe. 21 KR L,
FICYP2CO HiiEZ AW TERL7ZCYP2C ESMAP AREEM: & ORI IZAEIZRD 5
Nizho iz, —H. FiICYP2D1 Hilkz BV TER L =CYP2D6 B L UHCYP3AL i
HEERAWTERLZCYP3A &DRICIIEDHENTRD 5=, HEMIZCYP2D6,
CYP3A IZBWTr*TENEN0.31, 0.77 TH V. CYP3A OEFWEEICEN o /=, H
HTOWRRTHHCYP2D6 OO —TEETH D1 27T 3 2KBLiEHEE Y =Y
3 ROBTHISMAP 4 FRIEHE OB B WAERMENR® ShAh- 720 & BIU
CYP3A €& X CYP2D6 &M IEDOHE (1%=0.45) 2RLEZE (F—FRER) »
5. Fig. 21 TOCYP2D6 &L = U3 FOETHISMAP & s % DM O 55V HEEE
HiZe MNFI 270V — AR DOCYP3A ECYP2D6 OFRIEDHBEIC L BHREEZS
N, KEEENS BV U I ROBITAHISMAP £pLICIE, CYP3A WRBHICREE T3 &
NHER I Nz,

R0 P450 12 & B REINER

ERNFI 7OV —ALDEE L CYP3A4 2, BRERICBTSZUI RO
BILH SMAP ARG ##E L= (Table5) . J§E &L TDLPCEMAL. Jv MF
KRR 7= fp2 BRU D5 ZRBEISUHRM L7, DLPC & fp2 DR T, SMAP 4
GRS 5o =A% X SIS CYP3A4 2HRINL=R B X UNESL CYP3A4
& b5 BRI L% 2 HEMEHET TRIGE ¥-HE1 SMAP £RIEERRD Shiz.
ZDTEED. CYP3AL IHBESEHIEHTIZBNTY W3 K% SMAP IcR#T 52 &
MBS EIR T, Hie. b5 I3 PAS0 ORR{L - BTV A 2V OHT, B2 EFOHA
CBSLTHBY. —f#lc CYP3A ICR LTI 2 B FOMANEE L3 [72] Z &0
5. b5 OEMICE D CYP3A4 OB BIEENS BT 5 2 L GEIN TS (73,
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74] . b5 DIEMITE D SMAP EEHED FREFRD Siaho =2 &h D, VoW
K5 SMAP NI, b5 BISROE 2 BT ZHEELLABVWIETTETEINTNSHD L
mEIN~,

ntogs

ERMFI 7OV —ARBITEY 22 ROBITH SMAP £ KM 251 P450 Hi
ROFBERF L= (Fig. 22), £33 28k LD, Hi CYP2CO Hifkd L Ui CYP2D1
PIRIT LD SMAP ERRIEMISEEI NN 2720, B CYP3A4 Hifkic & 0 BEERER
IZIEMEMEE XN, P450 ¥z 10me IgG OFURDERINTI0 % LLE DREENZED 5
Zo ZDZEMNS, ERNFI IOV —LIZBITAH Y ZY I ROBEITLH SMAP 4K
2, CYPSAMEIZEEL TWAZ ENRBEINIZ,

)

BOGIR FE AR e R AT

EMFIZOV—LIZED YV 23 ROBILH SMAP 4= BRI O 5 B 3 IARAT 2 17730
7z (Fig.23) . Lineweaver-Burk 7w Mz kD, B U-EEEERE (10uM
~ 400 u M) TITHSAREBREIESN, Km it 211 oM, Vmax i 0.314 nmol/mg
/min THolz, E MFIZ O LI kB 70 2ARY B O Km 1Z 3~10uM

[75] « 25V S LARBO Km i3 4~18uM [76] EH|ESNTBD. Ihb &H#k
THE, VIUI FORBEO Km FEEITRE L, BETERENIEVWbDEEZ 5
N5, THOZA, CYPBAICE DRI NDEY EOHAICL Y RBEEREES 2T
PINHDEHERIN=,




0.6

SMAP formation (nmol/mg/min)

NS NQ
W QO

V\
o

K
ﬁ\V“
Fig. 15 Cofactor requirement for SMAP formation in human liver microsomes

Assays were carried out in the presence of NADPH (1 mM) and/or NADH (1 mM).
Each value represents the mean x SD of dupricate determinations.
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Fig. 16 Effect of oxygen concentration on SMAP formation in human liver

microsomes

Assays were carried out in the Thunburg cuvettes after the gas phase was
exchanged with oxygen and nitrogen gas prepared for various oxygen
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15 20

Oxygen concentration (%)

concentration. Each value represents the mean x SD of triplicate

determinations.



SMAP formation (nmol/mg/min)

Fig. 17 Effects of various agents on the formation of SMAP from zonisamide in
human liver microsomes

The formation of SMAP from zonisamide was measured in the presence or absence
of cimetidine, ketoconazole, SKF 525-A and n-octylamine, under anaerobic
conditions. When the effect of carbon monoxide on the reaction was studied, carbon
monoxide was used in place of argon as the gas phase in the Thunburg cuvettes.
Each value represents mean * SD of duplicate determinations.
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Fig. 18 Reductive metabolism of zonisamide to SMAP in human liver microsomes
Twenty-one different microsomal samples of human livers which were autopsy samples
obtained within 20 hr after death were used in this experiment. Each value represents
mean of duplicate determinations.



-
o
T

@

SMAP formation (nmol/mg/min)
o
[6)]
®

@ ® .
0.0 __1______3.”_‘__1_‘__1_____
00 01 02 03 04 05 O

P450 specific content (nmol/mg)

Fig. 19 Correlation of SMAP formation and spectrally determined P450
content : -

SMAP-producing activity and P450 content were measured with different
human liver samples.
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SMAP formation (nmol/mg/min)
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Fig. 20 Correlation of SMAP formation with aniline hydroxylation (A), benzphetamine
N-demethylation (B), imipramine 2-hydroxylation (C) and testosterone 6p-
hydroxylation (D) in different human liver microsomal samples.
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Fig. 21 Correlation of SMAP formation with the amounts of CYP2C, CYP2D6 and CYP3A
in different human liver microsomes -

The amounts of CYP2C, CYP2D6 and CYP3A were immunochemically quantitated with
anti-CYP2C9, anti-CYP2D1 and anti-CYP3A4 antibodies, respectively.
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- Table 5 SMAP formation by purified CYP3A4 in a reconstituted system

SMAP formation
(nmol/nmol P450/min)
Aerobic Anaerobic
DLPC + P450 reductase (A) < 0.02 <0.02
(A) + P450 <0.02 0.47

(A) + P450 + bs <0.02 0.42

A reconstituted system contained 100 mM potassium phosphate, pH 7.0, 0.1 mM
EDTA, the NADPH-generating system, 20 pmol of CYP3A4, 1 unit of rat liver
microsomal NADPH-P450 reductase, 25 ug of DLPC and zonisamide, in a final
volume of 1.0 ml. Cytochrome b5 (20 pmol) purified from rat livers was added to
the system if necessary. In the case of anaerobic conditions the reaction was
carried out in the presence of the oxygen-consuming system.
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Fig. 22 Effects of anti-P450 antibodies on the formation of SMAP from
zonisamide in human liver microsomes

SMAP formation was measured in the presence of anti-CYP2C9 antibody (O),
anti-CYP2D1 antibody () or anti-CYP3A4 antibody (®). The concentrations of
antibodies added to the reaction mixture are specified in the figure. SMAP-
producing activities of HM6 and HM16 in the absence of antibodies were 0.36 +
0.11 and 0.55 x 0.12 nmol of product/mg/min, respectively.
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Fig. 23 Lineweaver-Burk plots and kinetic parameters for SMAP formation
under anaerobic conditions.in human liver microsomes
Each value represents the mean of duplicate determinations.
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WM L NP450Ic kB W3 RCH

CEMFI OV ABI RS A W R EOBER 5, CYP3AA A ZH 3 R
OETTH) SMAP £RIEHEH L. EBEEL TV ZEMHENE ok, UL,
DR D PAS0 BERANEIEE R E 0\ EWET 5 C LI EETH B, VT3
RIBSHIBHR OTHMENE N T &, BEUGHBIEIERIZIE 27T 2 & (63, 64]
mEMS . RMICBST SRERERMICRINT 5 2 L1, RYMREIER £ M5 LT
CEETHBHEEALND, TIT, IAFEL TSN TEPEHTHEEMAL Hep G2
AIRICHER S E7 10 ok b P450 [77] 2AW, VU3 MEBICESET 3 P450
SFHEFEITRR LT,

(KR - ZE]

FH b b P450 iIZ & B SMAP EpkiE

Fig. 24 12V oI ReREEEL, VU227 -HepG2 RTHBIE/Z 10 Dk b

P450 ZHWz &EEF D SMAP £RiEMEER L. 10 BOSFEODS B, CYP2C19,
CYP3A4 BLN CYP3AS @ 3 H-FHEIC SMAP A£RIEMNED 5., o 7 HFEICh
WTIIRRD b ah o7z, SMAP £RIEHEORD BNZ 3 DOHFEDS 5,
CYP3A4 OEEN R B R <, CYP2C19 BXU CYP3AS DiEHIE., CYP3A4 DFNFE
N1/16BERL/11 Thofz, ¥ZOARY >, IFVS A, 28 CYP3AS DEER
RIEE CYP3A4 SIFIERICTH D, EHEE CYP3A4 K DKW, VYV Z2H3I Rz L TH
INHERKRTH S 7.

10 EOHRBE ~ P450 & AWZMRETN S, CYP3A4 Bz CYP2C19 & CYP3AS 4%
VWX ROBILH SMAP £RIEHEEE TS Z EREI Nz, LML, & P450 H5F
EETHEEDOENRELRD SN, FRIRITH L T CYP3A4 OEENEEZEICEN. &
AR N7z,

It 328 P i EX) AT
SMAP £RRIEIEDRD 517z 3 D05 FHE (CYP2C19, CYP3A4, CYP3A5) Bk
Ok MNF2 70V —Lb2AWTRBEERNIBITZTTR >/, Fig. 25 1T Lineweaver-
Burk plot T/RU7ZF 5 7%, Table 6 127 5 7M6&E5MN/2 Km, Vmax BN
Vmax/Km ZxU7z, CYP2C19, CYP3A4 CYPBAS @ Km W&, £3F41 188 247,
179LLM EFIEFELWETH o728, Vmax 1 CYP3A4 DMIIZEER, 6 ~8fFKEWN
—5]-




xR Lz, £/, CYP2C19, CYP3A4, CYP3A5 ® Km id, b MFI 7OV —A%
WO Km 2740 M EHIFEFELWETH - 72,

5z, BEIZYT I ADEEEED Vmax/Km [IZBWTIiE, CYP3A4 @ Vmax
/Km & CYP2C19 @ 7 &, CYP3A5 @ 5 fEREWEZRL T,

SMAP £ RiEHEOED 5N = 3 DDA T (CYP2C19, CYP3A4, CYP3AS) @
Km 1ZFIFZE UWETH - =8, Vmax/Km [CIZBEERZENRD 51, CYP3A4 DL
NOMBIZH AR K EN S =2 END, N5 3BD DB CYP3A4 1XY/ = 3 FDETH)
SMAP &RRIBICH U BIRENIERICE W I ETRR SN,

-, Bz, EMNFI 7OV —AIRE DY Y2 ROBITTH SMAP ERRRITH L.
i CYP2CO HiRIIBEX» EX MW E2ABNELTND Z &N, Hi CYP2CO Filk
E BN ERT CYP2CL9 O & RFICBIF 5 SMAP £ KBICHT 25 513IFE
ICEWDD EEZBND, Fz. CYP3AS @ Vmax/Km 7' CYP3A4 OTND 1/5 EA
TThHolkZ &L, CYP3AS OFHICIFEGEZEIEEL 10-20% OEFITHILL TH
Bz & [78] . EBIEBEL TWAEEIZBWTHIFICEET 54 CYP3A OfF 20 %
ThprI & [79,80] 2EZEDLEHE, B MNFTBITSYV U3 ROETH SMAP
ERRBICE ST 5 CYP3AS OFERFIFEEICENDDEZZI NS,
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Fig. 24 SMAP formation from zonisamide by expressed human P450s
Human P450 enzymes were expressed by using the vaccinia-Hep G2
cells system. Cell lysates were used as enzyme source in experiments.
Specific contents of expressed human P450s (1A2, 2A6, 2B6, 2C8, 2C9,
2C19, 2D6, 2E1, 3A4, 3A5) were 9.1, 7.8, 6.8, 8.0, 7.8, 5.0, 7.8, 8.6, 9.5

and 8.7 pmol/mg, respectively.
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Fig. 25 Lineweaver-Burk plots for SMAP formation by expressed
P450s (2C19, 3A4 and 3A5) under anaerobic conditions

Table 6 Kinetic parameters for SMAP formation by expressed P450s
(2C19, 3A4 and 3A5) and human liver microsomes under anaerobic
conditions

Km
Eﬁggesssed (uM) (nmo?;rrlnn?;/min) Vmax/Km
2G19 188 3.6 0.019
3A4 247 33.0 0.134
3A5 179 4.7 0.026
Human '
Liver Ms 274 1.5 0.0055




E3E N
EMFI 70V —AZBIUHEBEL b P450 2 AWERED U TOH B 2587,

1) VEUI RREMFI 0V - DBENEETICB N T SMAP itfR8ah
&, SBICCYP3A BT A FREICLDREEINBZ LALLM ER ST,

2) VI3 ROBITHRBNL b5 HROE 2 BT ANELGT, 81 BT BT
NTWBEEZ BN,

3) VI ROBITHMRE D Km 1, i) CYPIAA DNEE L4257 0 XK VA,
VT LO Km IR L, EEICICKRENT EMSY F 3 RASTMEY I L 3£
HEEEZITRTWHEENE 2 5,

4) U3 RIE CYP3A4 0 A72 59, CYP2C19 BL N CYP3AS b i aH g

BT EMEBSMER S D, Vmax/Km OHEN 5 CYP3A4 OBIRMENEZITE N T
ENE SN ETR ST,
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E MFRTFRERFEFMEEFNAZL D AEFAICL OB NLbOE, AR
BRI, KNRESRLD JEETEW =, JER 20 RN OF 26 L7z,

FIHE b P450

ZHL b PA50 £ F ML, Amersham H/AGFFHHIZLD, 72> =7-HEP G2 #l
R K OFBE [81-83] a/=HD 2, 0.1MU VEEEKR (oH 7.4) / ImM EDTA /
20% 7 a—)VEMA O EBEFRMBEREEZ AN TRET 5212k Vo1
T—hrELUTHWE,

B1IEOEROEICRE U,

L NEFI 70— ARELE |

ERFI 70— AREEICEDFEAR LU, BB, ZEiL2F%E 1.16% O KClLEK
ICTHRE LK Z TEBZUHRELZER, HFERD SBREORED T XER (1.15%
KCl. 10 mM U > Ee#EEii oH 7.4), 1 mM EDTA. 0.5 mM DTT) ZMAKREIFA
L., HBHEOEICT 9,000Xg T 20 SRR LABEL 72, Bk LEEEIBIC
105,000Xg T 60 HRERELL., TORBREEERED A XBREMARED T
L7, 105,000Xg T 30 @R L Lz, BEIORERZIToLHE. B5N
Bz 0.1 mM EDTA 280 50 mM U A U D ARER OH7.4) IKEEL & MFI
ryo—h& U7,

5 )87 EEP LU Cytochrome P450 & DHIE
5 1 EORBROICEE U FEEFRICT 5 7.

SMAP 2 B
b RFS 7OV — A BRI, KAEROMRD & RGBS 1 5 Fgc
Foim. REMOMHERED, REEENE X LT 0.4me/mL T OAT L UJLRER
5 ) —)VH 100 u L ZEM U=, 8 1 8 R 7.
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HPLC 12k % SMAP OE B4t
IR LUEAEERBRICTS =,

BRIBEORE |
VNIV ERICRONEEREIERE L., WV O RIVTEDT — LB > F o R— B
@NMPHE&%%K“%%bt%\N*J”A7?V?1%Ki@@ﬁ@$%§ﬁ
AENAZREFTRD Z LR, BRBEORBZT o, BEREN 21T, 3.5
Uv%»ﬁ(ﬁnym)tl%@%ﬁx(ﬁ%ﬁx;%ﬁ)é%§%m¢ﬁﬁbt%\
ERNATHPHBZITRVVEHE Lz, BEBEIT 1,0.1,001 ¥ELE, £, 7L
TIXHABROT NIV HAEHBBHEESR (FIVa—A, ZVa—IAFF5—F, B
7 5—E) 2RAVWEES. THITFENEETBNTHITR S,

1L/ 70y Mok
B1EICRLEFEEFABECTS =,

7 = U KB

FONER (28 1ml) X, 100 mM U Z-EEEE®R oH7.4) . 0.1 mM EDTA
5mM Y=Y, 270V —ABKXNNADPH-4/K% (0.33 mM NADP+, 8 mM %
Va—2 6-U2E 01U Z)a—2 6-U VBTt ROy +F—¥, 6mM k<
RITL) MERD., BRBREPRICERLE, STCTSM T L1 >Far—F Ui
NADPH-A£RFR O L 0 KISEBIBL/Z. 37CTI5ORBDOHE, Imai 5 DHE
(84] WCEDERLZp-TI )Tz /) —IIVEEEL,

NV T ¥ I UN-RAFIALTEE

RIGER (£ 1mL) & 100 mmM U CEEEKR (OH7.4) . 0.1 mM EDTA, 1
mM 7=V, 270V —LBXNNADPH-ARKHR (0.33 mM NADP+, 8 mM )l
I—Z 6-U ., 0.1U Z)a—X 6-UVETE ROFF—¥, 6mM <%
PUL) B0, RBRERIERLE. 3TCTEE T LA >Fax—~ Ui
NADPH-4Z ORI & O RS 2B L 7z, 37CTIEADRIEDH, Nash OFk
[85] KWL DERLIZRIVATIVTE REERL I,

AT 53 2 2-7KERALTETE

141
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KR (28 1mL) 1, 100 mM U 2 EEEKR (0H 7.4) . 0.1 mM EDTA, 200
uMA TS5y, 370V —-LBLNNADPH-AF (0.33 mM NADP+, 8 mM
N a—Z 6=V, 0.1U Z)Ia—X 6-U BTt rarr—E, 6mMifk~<
TERIIL) B0, BBREFRICERLE, 3TCTEAMT LA > FaX—hLk
NADPH-A£BRDOFRIMICE 0 K ZEBE Lz, 37CTLORDKIHD#, Ohmori 50
FHiE [70] kD ERLUEREYZ HPLC ITXDEEL .

F 2 P AT O 6 8 IKBILIEHE |

RINEWR (£ 1ml) 13, 100 mM U CEEER (pH 7.4) . 0.1 mM EDTA,
200 UM 52 RAF0O, X0V —ABLONADPH-4K%R (0.33 mM NADP+,
SmM ZNVa—Z 6-UE, 0.1U Z)a—2Z 6-U VBTt ROy F—+, 6mM
ﬁﬂ:?ﬁ‘?}’v‘/'ﬁb) NS0, BREBREFIERLZ, STCTEAR T LA >FaX—K
U7z NADPH-A£RZ QIR & D KIS 2B#A L7z, 37°CTI08OKEDH, Hayashi
5D [86] ICKDERLAHYE HPLC IcK D EEL .

PRI L5 R
EIBIELEFECEC T o2,

FEREER B L UiE

CYP2CO iZk hF&L D, Shimada Hick DFEEINLHIE [87] TRHELEZHDZE
Aw/z, CYP3A4 13t FFL D, Komori 5L [88] ICXDERL DD ZE AN,
fp2 X7 = /NVES — VLR S v RFXK D, Yasukochi & Masters®9%[58]
ZETAEE Lz, Kitada 5 [59] OFEICLVBEELZBDERHWE, bb 1T v MF
£ 0. Ohmori 50K [89] ITKVBHELZbDEH W, FiAIIEHNERZHE -
U, #EAARAAVTFICRMBERZBEL, Kamataki 5 0HE [61] 2H%EL T,
Kitada 5 DA% [62] ICkDERLE, CYP2D6ERZERET B CYP2D1 Hiffid,
F. P. Guengerich X0 ZHEEW=ZbDEHWE,

Michaelis-Menten /85 A—% Q&
. SMAP AERRE® Michaelis-Menten /X5 A —% OEHIZIE, Yamaoka 5 DIERRE
B/N"FET TS S5 MULTI [90] 2R W,
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B3E b MIBT S ABAHEER O TR

HEE < ORFITBI ST 28R, HTFEERETH L (I DY) OF R DIEY)
HEFHOMEEZEX D ETHERREHESZ 50 LTUSTARBERET VR
VWe DED. FHARNR-BRTRHEIN2EY TH->Td, RECB I3 HEERZ
BIETHEBRDT, Eo, BEELZDEY EHBEIT 2R OHEIIONRN,

VI RIZEREETAM IR L TERENS 2 & [11-15] b, SEMIBERAY
BRENPTVWRYTH D, o, VU3 R, BRNEENERBIEERTZ & bIRs
ENTHY [63,64] \ EYHFRICIBRHL NV TOMEERICLD, ENEEEITA
E<HEERTLWURENEAONDS, VU I ROZHIBEA O MRS & Ok N8R
DRFENSEZX, EMFI IOV —LERW, nvitro ITBWTY ZH 3 B gy &
DRFH L N TOEY R EIER 2 OSBRI L. in vitro F—& M5 in vivo
B2V T 5 ADEEDOTFRIZTIRD 7. |
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B1E b MNFIIOV—AICE DY oW 3 BRSOy E R

VU2 RRGEHIC CYP3A4 MO FRICHE LRI E DN A SBOFEETH
5T EDRBEROERNSHSNIZo72Z NG, ZORIBITHT HMEY DREE,
EMFI 7OV —LZAWTY 202 FEERE 10uM (21.2pg/mL) THERE L,

9, VU FIEIEREEETADAITHUTHWENS ZE0E<, FiTANA
HERBOREYMANZINBEENLRLIZEL B EnG, VoUI REFHEINS
ZEDHB, BRLEMASNAF TANARDOEEZRETT L. 51T, EIT CYP3A

WCEDRBEIND2EYBLU CYP3A OREBEHHEZITH S 7V —IVREYTOWTH
L7,

(&R - ZE]

T NVES =L, LS OE, Tz R, FUI K2 1 mM B TRE
BHEVIFED 53mno 7208, HILNTEE Y 1 mM Tl 70 %6 DHEN GRS 537=

(Table 7) . V=¥3I R 100uM @Clug/mL) WWHLT, 10 FEEDC 1 mM 7/
NIVEZ =)l (232ug/mL) . )NV 7O (252ug/mL) « 7= bA > (1444
g/mL) . 7UIRXY (218ug/mL) &, BEH TOREIMFBEDK 3 ~12(5TH
5T EM5, BREOHEEAOTEEIIIEEITENDDEEZ SN, £z, HILN
TEE L CYP3A4 12 LD EICHINTEE >-10,11-TRF > RicR#an s [91]
ZEMS, BROEFICKDRBHENELZBDEZFEZE5NDH, ICqq X 500 M
(118 ug/mL) LEER TOBRBMFREDON 0B THD, AINTEEICLDY
ZH I FMRBEHEHEZEOEREIIEBW EIIE A RN EE Z 5N,

—5. IV EE U EERABICBWT CYP3A 258 T2 [92,93] Z &5
NTHBY, AWNIEE DOV 282 BMREANOEEITHELFEOMEICEVEL S
ZENEZOEND, WIVNIEEEYVZYI ROFRANS IS EE VE2RET S
IDN, VU FIFBENERE LZAKRSOEF [21] & AIUNIYEICLS
BRFEICERT2HOEHERINE, Ut THIRMIZIZFEOZENHELD D
M<TNBD EEZBND,

RE#IZ CYP3A4 OBENHI SN TWSEY D, VoI RREARIETEEII DN
STERELEZEZA, B ARY A 1uM, Fhary—)v4uM, P Rroxo)rd
X2, NITYVILATHEEREENREDLN, PT7ENL, FIT7FP>, TUR
oA URMATHEEOHEENED SN (Fig. 26) .
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ZZT VIS FREMEEORD 5N =RY OIRERES ICs) IC KD KT 572
., HEABECHEZBRFNLE (Fig. 27) . ZOHR, Yoo dyzy, v
COARU A 01uM, FhIFV—Ib ;0154 M, MUYV SA12uM TH I,
IS ORBRENRN T EBHREN, in. ZhSUAOEYO [C5 BDTE
NABIVOZYAOTA 2T 100w M, ZDAfid 200 uM ELETH > 7=, CYP3A4
PRENCEE T 2EMCBNTHTOEEOEEEILT LR U TRAEW Z &hREN
7o

x5iz, EEEM (K) % Dixon Prot Tskid/z (Fig. 28) £25, YEROTLT
I, YUBARY VA, FraFVy—lb, A 37V =)0 Ki i 0.2 MEFE
BICHRWEEZRT Z &R SN (Table 8) .
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Table 7 Effect of anti-epileptic drugs on SMAP formation from
zonisamide in human liver microsomes

Inhibiotor Smr/;‘]zl;%rg)ﬁfi‘r?{‘
Control . 0.081 £0.002
Phenobarbital (1 mM) 0.106 + 0.003
Valproic acid (1 mM) 0.070 £ 0.003
Phenytoin (1 mM) 0.077 £ 0.002
Primidone (1 mM) 0.082 + 0.001

Carbamazepine (1 mM) 0.025 £ 0.004

Each value represents the mean of duplicate determinations.
Specific content of human liver microsomes was 0.38 nmol/mg.
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Fig. 26 Effects of various drugs on SMAP formation in human liver microsomes
Each value represents the mean of duplicate determinations. Control value was

0.128 nmol/mg/min.
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HW2HI invitro T—& M5 in vivo TOFEEMER ORI OFHE

RIEIC BN T, FiTADAEB IO CYPSA WRENCEET 2E YD =Y I RAH
WEHEZDHEEE invitro ITBWTKRHN LZEZ A, EYICI D TOREEIIRLSD I &
BEHSNERo7=, UL, HLETinvitro TORRTHD., & N TOERERICH
WTHEBZEHEZDNEIDPHEERS, LML, RENREENSHEEERORRH
BRZETD ZEIRETIERN, 22T, E MFI 70V —LZHWE in vitro DRERD
BREONREREZEIC, VoUI REMEDZHERARETHALZBRICEC Y 283
RV S OANDERETRT 20T

RE B I ORI EL]

SEOFEE, 1) HFHEOYV = I RABEEHRFEIREEETH S L, 2) Vo
3 RIIERA R B CRRERBIRE 2RT T &, 3) SN0 REBEEED
RURER, I OIEEREEYRELEL VW E, BLEEDOREDTIZIT> 72,

PRI L THAZEDBEHREZKE LIZGEOFRHEFE VY 52X
(CLint) &, —fEic (1) RTEREENS, [94]

CLint =Vmax / (KM (1 T/Ki) £ C)  eerrrrnneranatiiaeiiaaann... (1)
Km, Vmax, I, Ki, CxZENenY/ =03 RGO Michaelis E#k. V=Y I RD
BRAABEERE. MEYy (HEE) OBE. EyoY v 3 FREHCHT 2EEEK.
VoI ROBEEZERT,

I, Cllinvivo KBEZEMA THS HIANORBERLEOERYBETHSMN.
ZRODDIIHEETH 2720, MHOHRBEEHEYRETRETS L (D Rix @) K
L7325,

CLint =Vmax / (Km (L +Tu/Ki) + CUu)  scrcvrrrrrmmreimeennan. (2)
Iu, CulidEnEnfEy, V-3 FomMPIEHSEEYBELET, Km>>Cu
 THBIERETHE, 6T (3) XERb,

CLint=Vmax /Km (1 +Iu/Ki)  «---- e e e e (3)

IN&D, BYHAROI VT S AP %IE 4 KEks,

Decreased percentage of predicted clearance (%) = 100 - 100 / (1 +Tu/Ki) --(4)
FZ T ENFR IOV —LZFRWE invitro DRBER I VHHEY O Ki 2EEK
MRz, Ki BRUSTEMERE DBz u 20 @ REDZVT S ADED%
ZEHL.
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[#ER] :

in vitro WBWTHERE DM - =8 OBRARIC BT 2 HEER O TR 2157
SO, FERFAOYV U I FRENOBEER Ki) 2EBHIRkD (Fe. 28) |
MEIC 2 EEER{EE (W BIOERARIC BT 2 HES O 58S b g A 5l
E (Imax) 75 (95-102) . ZU TS5 ADEEOIEL 25 1/(1+ Imax/Ki) %
B L, Table 8 IZ;RL 7=, ,

KBOIORDE KLE, Y7 HARY > YEROLVIYI 2, TV )VRAEE
ETHDT haF =), 41 bF3FV =TI KIiZ0.2uM &35%@34\3@4@"@
Holee —H. TV—NVEREEETHZ )2 F V=)L T Kl 6l.4uM Tho
Jzo E5HIT. CYP3AL OEBTHA NN VY TIRSERS L EEHDOPFTRD L
ZFNWKI ZRLUTE,

IV S ADEEBOIEETH S 1/(1 + Imax/Ki) OENS, fHAEYOREREE
KBWIBVZYIRIUT S UANOEEETFR LIS (Table8) . 7 hady—
o BRI, 2AFV—IVTIEE3L%. 23%. LTXDOREDEHESNE, 7
WAFT =)V EANWNIEE TR, ) 5~6% DD &R ENE, —FH, 1 ~53
FV=)b, PEROINIZI Y, MNTYS AT in vitro TIRRHEEERTHO
D, Invivo TOTZ VT T2 ANDEEIZ E A ERNWETFHIES N,

()
SEQFEAN 5. in vitro DEBD SEABFRO /NSO E D EYEE & UTIHEE
HERD D DAREEOENWENITBN TS, BRAROEEANSEZSE invivollB
B EERERERICNE <. BAICEDBEINTE A ERVENDD B T LB 5H
Lzl ,
SHOTHENE. REEERFIEAEETHS 2 &2 HEL TR At PR
BRI A T ETH 5 BA1E. Kn BEEES3T, Vmaxdt 1/ (1 + /KD
Bzl 2 EMNB, Vmax/Km TRENS CLint 1%, EEMIC ) RTEHTESZ
EIcBB, LiEtioT. HEAHEC BN THEAREDEE & A (1 + u/K) I
BEWELSIFE LN ENTH B,
Fim, VoI RASESRERBEE RTEE BT
Cu>KmTHhBZ M5B, Cu=a-Km (a>0)_ ELEE. @) KT B) K&k,
CLint=VmaX/Km(a+l+Iu/Ki) ................................... (5)
(+1+Tu/KD>(1+IU/KD) THB 2 En b, EEENBIROSE 0H. SER
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BOEELDHBEENREHTLBIEERD, LIRS T, BBERERELE
SGEOIZ VT T ABRID DI SITRENVEEZE U SHREENDH 5.

Fiz, MENORBBEREEOEYBE L. MFORBEREYREISEL W [94]
ZEELEN, FRAOEYE D AR DONTIE, BEETY Y I ROFRED AL
CHERDBEEORENZNZ &N S, M T IE-ETO 20 2 RAEBIC &
DHIIAICBIT T 25D E Lz, £z, HFRARCDODVWTORROBFZEE L2, &
NSITDONTRE, BRABICBIIFNRBEZEL <FHET S I ENGETRINEZ M L
SEDLLETHEEEZI OGNS,
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B3I N

ERNFI O —LAEBWE in vitro BT A REHEERRN S, invivo TOZ )Y
5 2 ZADEENDOTFEIZTV, LTFOAIRZEZ,

1) VoI REBHEINAZEDH D, BRENAINBFITANAVEDOEEZ
invitro TR LEEZA, 7/ NVEZY—)L, Ny Taig, Jz=bh12, TUI
RACBWTREFAZEIIERD SN 7208, AN EE > TIIRBEEENRD 51
7=,

2) EIZ CYP3A4 Iz L O RE SN BB LU CYP3AL DREMBEEATHS TV —

VREMIZOWTHRR LAzE 23, Y RoD)ldsy i, YUaARY A, Fha
FS=I A RTaFV =IO K EH 0.2 MEFERITHRWEEZRT Z LAMERIN
7z

3) in vitro TOEETF—F BIONEERZ D &IT in vivo TDOI U T 5 2 A L& %

FRIL/ZET A, Ki OFFINEHBREOBRNEZZ SNLEANITBNTHYZ
P RR#IVT S AEHEZECZHEEDTRNI ENHS N ER0 T2,
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EBOE

s

HNNTEEY, PP ORRY A, Pk ROIVIF I DE JNVF4 AT 7 —
TED THEEWE, NVTORE, NUTVIA T TFYY, FEARMTARND
Ty URAA V. EREN. BRRE, T Y Tw T Val. HEAF
A RUTY )l HESEE, TR NS U NUN5 SRSV,
AP A RTAFV T I HIE D, I O ) iR s &
D, TNIAFV—IRT 7oA P B LD RSN,
ZOMORIEICONTIL, B 1EBLE 2B R LD ERETH 5,

t MNEBERE NS oy — AFREE
E2EICE LU,

& N EEB L Cytochrome P450 S & DQHEIE
1B LEAEERBICT -,

SMAP 4 piiE ik

EMFI 0V —LZ2ANWLMIE EXNRKNER (@& 1ml) OMRIE. V=
B REEZ 100uM IZUEDANIE 1 BEOHELRETH B0, VIV TEDRD
CF vy T ERBREICRDREERL. BBENCTY NI TRAE2HA LR, 37CT.
50T LA > FaN— kU7 NADPH-ERZROEBIMZ LD KIGERAL =, 2000
RiED#%, ¥70nAy > 7ml ZEBRECNAS I LiCXVRIGEE LS, NE
EXEYHEE LT 05 me/mL TOLT VUJVREAY ) —)VEEK 100 L Z2E0 L =1,
10 HBHREL 700 AY VIcHiH L7z, 1,600 X g T 10 SRR LOHEL =18, B
BEHmL, O—FUJ—INRL—F - TEHRBZRERER. HRiEEAS /)L 100
pLICHEMBL HPLC I > Pz MU, '

HPLC 2 X% SMAP OEESME

"7 dual-delivery pump (HITACHI L-6000)

% ; UV absorbance detector (HITACHI 1.-4200)

L 11—#— ; chromato-integrator (HITACHI D-2500)
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737 I ; Inertsil ODS-2 column (particle size 5 m, 4.6 x 250 mm, GL Science)
R LEE ;35C

BEME ; 0.1 M U VEA Y T ARBEREH4.0) : 7MYV 2-T T —))
(150 : 30 : 4, v/v)

FRE ; 0.9 mL/min

B E ; 260 nm

WERRIEME ; JO0LT LU JVIRSE
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& B
1) VoUIREEEE LR invitro DRIBZR TERT 2 EREYTH 5 SMAP O
HPLC TOEEZ®FEE L=,

2) VoUI RiESy hBEURE MFI Y 0 — ABS® NADPH % ET-ft54k &3
HEERIT L D BEHB L VSN ETIZB W TETNIC SMAP KRB X hs - &
E51z. ZORBICIE CYPIA BT 20 TENEE L TWBZ S5 HANE L,

3) EMZBNTIEL CYP3A4L DA 5T, CYP2C19 BX N CYP3AS bIBTLIEE2H
B, Vmax/Km QBN S CYP3A4 OBRENIERICENZ ERBHELMN Lo,

4) VI ROBITH SMAP £RKBICH L, BERIEEFHEEEZRTE, 35
VI FOBITHIABIL, b5 HROE2BETFENELTT, B 1 BT BTN
T3 EFBZX 5Nz,

5) VIUIRELHHENDZLDHD. BKRLPNAINAHATANAROEES
invitroTHRA L2 EZ A, 72/ NIVESY =)V, NV 7ol 7z=bA >, U3
RUCBWTRHEBEEEIRD SN ok, £z, DIV P AIRBHEEZEL 3
HOD, CYP3A4 DFEIZIZEZENHEDOHEE LD RENEEZIENE,

6) EITCYP3A4 1T LD RF#H I NBEYB L UCYP3AL DREMEERTH BT —
IWRIEYNZ DN Tin vitroTORET —F BLUXEERE S &I InvivoTOZ VY
TOAEBETRLEEZA, FhaAF =), YIOARY VA, 2aFV-LVTR
KHI20~30% DY VT 5 Y ADBAHEEL, HOK OFFINS EEBEORNE
ZALNDEANCBNTRY I RRB I VT SO AEHEECB I 3PN E
Z5NT.

SHIBENREND 2 EDZVERICBNT, SYHREEREERT S & LEE 6
DRIETNEREO—DOTH 5. KWMEMAIHT 5 HRERET 2L, £<0
HERRAADT ¢ TIERMRRICEN > TS 5, LML, BEOKMCHERADE
BERBL-BE, BEIESNEVNELBEELS, ThE. HERAEELEN
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EBIRTED EFBE SR, ZOXD3R, BEEOERENA L, EYHEEERZTH
TEZENREELRHS>TL B, BFETIE, Ty MBIV NI 7OV LI 5ITH
e b P450 2V, VU RAHICEEST 2BEROREZTTY, 512, ERFI
) —LERWE in vitro TOET —F 55 in vivo TORH I VT 5 2 AEED
FHOEVEYHEERARROFHZIToZbDTH S, BEROFENS Y U3 FiZ
EHIRA SN, EEANBRETIEY ZU 2 ROFRBEANSRBRE VWO REND 5, Th
W2, FHFEOEYHEEROFENIRRICPNWTHEERRERILETHLEEER D,
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