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Abstract

In most mammalian species, nicotine is rapidly and extensively metabolized in the liver.
Nicotine is converted to cotinine by cytochrome P450 (CYP) and aldehyde oxidase, and to nicotine
N’-oxide by flavin-containing monooxygenase (FMO). In this study, it was clarified that the same
FMO isoform is responsible for the formation of cis- and #rans- nicotine ¥ ’-oxide in rat liver ; cis-
nicotine N ’-oxide formation was 8.1-fold greater than that of trans-nicotine N ’-oxide formation. /n
vitro cotinine formation and nicotine N ’-oxide formation did not change in galactosamine-induced
hepatitic rtats in comparison with the controls, but significantly decreased in the
thioacetamide-induced cirrhotic rats. It was suggested that the reduction of nicotine metabolism in
cirrhosis was due to the decreased levels of CYP and FMO protein expression.

The enzymes involved in cotinine formation and 3'-hydroxycotinine formation in humans were
identified to clarify the mechanism of large interindividual variability of nicotine metabolism. It was
cleared that CYP2A6 is mainly responsible for cotinine and 3'-hydroxycotinine formation. Allelic
variants have been reported in CYP246 gene. As the result of phenotyping of nicotine metabolism
and genotyping of CYP2A6 gene, it was observed that one poor metabolizer had whole deletion of
CYP2A6 gene. In the current study, the relationship between interindividual variability of nicotine
metabolism and CYP2A6 genetic polymorphism was clarified.

1. %

FEREYARBBEETH DT F Y O LP4S0 (CYP) 13EY /s EDEERARY ORBB &
U BEME PR E ORBMEELICEST 2, CYPICIZHERDO S THENFEL.
A—=/N—T7 7 IU—EFRL Th20, £ MIBWTEYRFHITEET 25 DIX CYPL,
CYP2, CYP3, CYP4 772 U—ICBY 50 FRTH D, BYHEIER ORBEEBITI—
RICEAFHHEEER CEYHRFNHEEERICOEI NI, BOHEENRNDHOR

— 320 —



EYVPBENHEFEAOHTSH CYP LB RBEEN LD TH D, FE. %< OK
YIORBIZED CYP 53 FHEHNBEE T2 MAREE S, Y HEIER O BIEmE OB
MEDSNTETNS,

&N:@$&ﬁ?56::%>ﬁ¢ﬁ@ﬁ%\bm%%\mﬁ%%mﬁamﬁ%éﬁ
ET. BUEEIEOMRF S S OF DT BB, BARKEIC LS, BECL o T
AFEOBKE, [E fhSERMTREN, ANOB4 ZERICHHT 2.
BREACEHRIZBVWTRBINS, BNSNAEZIF LD 70-90% 12 CYP &7 )5
tFi#&ﬁ—ﬁt;oT:?:y«tﬁ%éh\3?:)@35K&¢&k3?:
INERBEND, DI —DOZIF L OFERBEBIINBILRETH D, 7SE
BHEE/AFTF—F (FMO) itk > T IF > N-oxide BRERT 2,

E MIBT D EYAMEERIEM ICIX CYP EMICRRT 2 K S/ K ENEET 3,
CYPIEROREZ b/ 5 THERICIIEYHR LS, WE, Sl AT SOANERE, &
B, iR, RBRE, KF, BEREONNERNS S, FOF THEEKZOREN A
E<, BERICL2EERRBRICHEET 2 DI3EENERTH 5., R TIE ZEMLE
KE2THE D M EBRLEZ LAY THEaF L ORBICREFTHEFE LT,
FriEs o8 - RHBEROBIGHESRMEIC OV TR L.

2.9y MR/ DV —ARBI B OF > N-oxide HERMEALEROFERN
.25

Z3F N-oxide (T cis k& trans (KDY BMANEEL . T OIS EM ABRM
CHRENEDSNTNS., & MTIE rans KDAMERT 240, S ~TI3m BiE
MERT B, £ MIBITS trans-— 3F > N'-oxide £FZIZ1d FMO3 2S5 9 2 = & A8
HFEINTWVBE, Ty MBI 2TBEMEARDERE T2 FMO L4 FREO BREIZON
TOHREIIRN, i, AEEEROERLICOW TSRS b RIN TN, F7
T, Zy MBI Z20F CONBIURKEOHMEESMNITZZE2BHE L,

Ty MFEKDI OV —AERE L, in viro Z1F > N'-oxide £ % HPLC |Z & Nk
Dz, Ty MFIZOY—AITBIT B trans- =3 F 2 N'-oxide 4 > Km g1 cis- = 1
F I N'-oxide £ D Km EDOK 6.4 EHmEER L. Ty MNFIZ 0 — ATl cis fk
PN trans (K& DEALITAER L, BEZ UT 5> R trans fRIZ H~ cis (78 8.1 £k = 1n
ZEZHSMI L, Cis- BE trans- =3 F 2 N'-oxide £ IT TN HF 7F L FF
UL TERMEEZI IOV LD ASTHUBIC L D HEI N8, SKF-525A RinE 7~
270V - LAO—B{LERIE TIIEELZ iz, 512, Sy RNFI OV —
LITBVT B ciss =3 F > N'-oxide 4R & trans-— 1 F > N'-oxide 4 {0 B4 & 72 RS RS
wRD LN, UEOKRELD, Sy MNFIZOV—LATHEAZY 75> A0EN
MO cis{EY rans RE D HEMIZERZINBZ EE2BHSMI L, F/=, ds- BIN
trans- — 15 > N'-oxide A pRITIZFE U FMO o FRENBE 5 2 AlREMENE 2 s h-,

3. BRERRABIVCHEZET NSy bXBII3-aF KRR

FRIIERA R ORB 275 TELBIETH 5. —RICHEERCIIH MRS
BFT2LEXON2M, CYPIZEHLASS, TEEICLIEEOSTH RN TE
WKLo THRES, T, —DOCYP HFRETHLDRBEOBEICL>TH A 22853

—321—



3%, INFEFTHEESRIIBT220F O RBOARETTON T WM, BEDEH
EWBEIV_IF O OEERIIOVWTERT2EDICHFEER ICB T2 aF RKH#
REMTLILBEETHD. ZIF > ORBFITITCYP & FMO 5T 2728, &
ERFICBITEZINS5 2 DOBERRORILE RRHIGFHE TE 2 X THARPFEIIEREN,
ZRHFTIZ, E MBI 0F O REOHFERBICLZ2EZEEZRFTTHITELDL, FFE
BEFINIy FEERL T, FEERICBTZ2=20F O RBIZDWTRETL .

Sy MIHSZ MIVERRFATEIIRERETEIEICELD,. £ FORKHF
ABEIUVHELRCHEBENICELULZFRBEFRS L. ZaFons0aF &
RBEIARZaF U N-oxide £FRIIHS 7 b Y I UFRBBFLETIN T v FOFI 70
V— ATITHBELENZD SN N, FAT7 Y I RERFEEET VI b
TREBRBAOBRD 5Nz 1L/ 70y "TICEOFBEEETINV Ty NOF2 D
0y —AlZB T CYP1A2, CYP2B2, CYP2C, CYP2El EHHERHBOA BETH
BN, cOZELD, FEEETIN Iy MIBT2aF = VAEKRDEKTIR=aF
CORBICEE TS CYP2B BLUCYPR2CEHEADRERDETICLZ DD THS &
NEZSNE, £/-. —OF O N-oxide EFROHE /B OER, FEEETIN T
FEFES 70V —ARBNT KmEIIHBHEIENZDSNBZNVOIZHL, Vnax EOFH
BERETHBD N, - T, FEEETN Iy MZBF 2= aFon60dF >
N'-oxide £REEDK T, RFICEH 572 FMOEEBEOREBRDETIZESZHDTH
HIEMNEZLENSE, IOXIXZAFUORBIIRETEEBIIFERICEK>TERSZ
EASRENE. FHEICEDFFRBEBRCBIZZaF O REBOEEREREREMTEZ
EMTEE,

4, ERFIIZDYV—ARBIBIFVERBIVI-KR{IEIF = DAERK
EE5T5 CYP Ay FEORE

ERZBRIFAZaF oD F U ERBICRIKZREERENFET S I L08HE
ENTWVWE, IF =2 ERAEET & CYP2D6 BRI H & OBEMHHE N TNBM,
OF = AR %E CYP2D6 ANt T A MENHHLENIINTE ST, Za3F U R#LH
OEREFETH 2, —aFon60IF = ERICEET S CYP o FEIZ. IhZE
T DONDOIHEI N —TICL DBENREINTE, UL, Bixo/ invitro KB
%%, CYP2A6, CYP2B6, CYP2D6 317X CYP2El £ ENRE I N/=28, H—
LERBIIBsN TN, ERI-KBAEIFZVIIODWTHE, EMIBITFSE
REYTHDHIZHED ST, TOEREMETIBROREITON TR, £
CT, DAFLARBMESHORREZHSMNITEIIEEABMNIC. ZaF > ORHICEET
HBFRDOREEITO.
ERFRBEEDIZOV—LARFABL, ZaAF NS OIFUERBLULIFZ
MWEO3-KELOF = EREE HPLCIZEDRIEL 2. ERFI 70V —LAITHITS
AFZVERBIROAF N6 0 I -KkBIEIF =2 £pkid CYP2A6 EHE. CYP2A6
ICERNSEBRENTHZ /) T KBEBREELERICHEL 2, ¥4, EMF
I/ OV—ACBITEZAFUERBEUV I KB OF 2 ERIE. CYP2A6 DRERE
HEBTHZ7UCBIUH S v b CYP2AL JiikiZ k> TRENICHEEENZ. EH
B-U) U NSEHHEMBRHERZI 70V — A& D, IF = 4RRIE CYP2A6 I[ZFWEHEN

— 322 —



B 5L 3K F = 2 G CYP2A6 120 BIEHAERD 5 M. LUE Dk B

5. ENFI 0V - ARRBI B aF U AS0IF L ARBEUOF oL ALDS
JKEBAEIFZ 2 ERIZN TS CYP2A6 (ko Tt SN2 Z L 2B S iz L=,

5. EbRBIFB-OF DRSS CYP2A6 Ol ENSR

CYPZAG BRI TITIRINE T2 DOERMMNBMEIN TS, B3 T/YLIZ 17
JBREHER TS CYP2A6vI L33, 6, 8 T2 2738 CYP2A7 CHEETFEREREILE
CYP2A6vZTH B, LM L. INSOERBMOBEEIZHES M TIdmRLy, $7-. rid2>o
DEBRILSMC O HIRBER Sacl BLUSphl 2 W=7 ) A S T 0y MM TLA
NROONZTEMBEIN TS, FIToaF L ABOBEKEL CYP246 DiBEH
ZEIOBESEERFL =,

6 ZDREFEBEREITDONWTREICL S ZaF > OERNEIEERF L. £/ CYP2463%
CFOEHBFT LT o, 6BOEREDSBMAIF = D EEMNMENEER Z ) — %48
DHENE. IOHEBREFIRBEOIBETH 2 2OF >0 AUC/ a2F = > D AUC B3l
HWBRELLABRUTREEZRL., ZOF > RBEEMETL TW A ATRENS R T N, B
WMOFIEITHEN, CYP2A6vI BB LN CYPZAGVZ BIDH| E % IT o= & 2%, 6 ZDHE
EHY XTI CYPZAGWHCYPZA6VZ AT OB TH 5%, LhL, CYP2A7DEA T L B
HETHD LN — VI ABRNSHSEMTIE - . THEHIEEEEYT L THE 2
To72& A, 1 ZOBHBREN CYP2AWt DB % L, 4 478 CYP2A6wt & CYP2A6v2
OPHEEZETEZEL TV, L. MBEFOEELARETIIREN D, AFO
BEEREEEZSNT, CYP2A6v2 Wi FHS CYP2A6 R T DL R TIZ/< HizsH
BFELUTERERLICEEL TV A AEEARB ENA, F/5. OF = ERENMEN
1 Z O BRE TIE CYP2A6 Df{n T2V 5 N9, CYP2A6 #HE T ZRELTNWDTH]
BUENEX SN, Z2TY /AST L 70y Mo gfiozl 23, IF = D ARkEs
MENBERE L CYP2ZAGEIET 2 2REBL TNWBZEEZHSMI UL, U EDRELD,
ZOF CORBREMEVEERE TIE CYP2AGEIZFERIBLTWAZ E2HL ML,
> T. ZaF U ARBMOMKEIT CYP2A6 DBENERI S BEENH D 2 LA < 1B X
Nk,

6. X&®

AR TIE, ZO3F BRI AT ARICII 82 2 VWS ELE [T S
FTTal s EMIBITZZaF RBOBEREN CYP2ACEETOKRIB S EENS 5
CEEHSNMILE. ®o T, ZOF o REOXBRMPB I CYP246 OB S TR O H|
BIZED, ZaF o RBEHOEERZECRIFTRENER LB IZ L2 BRI E
MTEZZENPEETN S,

—RAIC CYP DB ML BHIIE LRI LB EARBEOER 2L 2 &0 s, %
VBRI BWTEERMEE SN TE TS, BE. BETHERSI AT 2 Ey |-
CYP2A6 TREMNICRH SN HDITPRNY, FEICHREIN &M CYP2A6 T
AEINDUREMED T 5. /2. CYP2A613% < 0 REWHE ORBIEMIZHE
59570, HACBITIRERZIHCHEFELRIFTI I LEEZ NS, CYPAGH
LS OBKNERICETOIMEDOSBOEMMSEIKIN S,

— 323 —



FAMNBERROES

EEREREVRHALOBEERIT, SHCEXKI0E7HOBICREIN RS TORRIGECE DL
T, FORBESNEREESICROTUTOEY HIZEL .

ZaF AP HRAERR, DMER, NAWMRCHR2LERAZREY, BECL OMrLTRE N, ik
WTF R ZBLPASOCYP) ICE Y aF=~, ZJZEVERT/ AFI7F—EFEMO) oL Y =aF 2 N*-
oxiden: RE#t&hz, =aF ORFERL ZORBERORELABZDORRBIINE THRHTH -2/
b, HEZR=2FORBMBEE2PELMCL, ZORFCKITIFREL BENEROBEIC OV TR
L7

FEBEFLTy EERLTinviro=2F o REZAEL, SRR TAINEELEZSFD LD,
FBEETIR CYP B LU FMO BEHEDORIBOETICL Y 2 F 2 = aF > N-oxide A HRECHIT
ZERELDIC LI, —aF U RBCRITHEIMRBOBBEICL - TELES %2R,

L MoBEZZaF b0 aF o ERBIPAF U560 3 KBILaF U EREME T 2 BES
FEL, BREBEVTRSCYPD 1 5 FETHB CYP2ZAGIK I > THIBEIhE L 2HLEM L,
CYP2A6 I (3 EIZNZRHEETE /00, BB X2 aF  OBNEE L CYP2AGBIZFOZRFEN %17
tze FORER, ZaF L RBEEDE L EWVHEHED CYP2AGHEIEZFRERBL TSI EZHALMIC LI

AMERL MoBiF 3 =aF  REOREZEL CYPZA6DBRENZHEZEESTLBRIUOHATHY,
CYP2A6 BIENZROBKNERCETAARLHR25A TS, o T, Bt GEF RUMET S LR
Db,

—324 —



