63

Bull. Natl. Health Sci., 117, 63-76 (1999)

Reviews

b MRS R WRE O RIE X T DS

INBIEEY

Diagnosis of hepatic enzyme activities of drug metabolizing enzymes-phenotyping and genotyping

Shogo Ozawa"

Drug metabolizing enzymes (DMEs) play an important role in the biotransformation of various
xenobiotics, generally by detoxifying and eliminating substrates by converting them to more hydrophillic
derivatives, or in some cases, activating substrates by conversion to intermediates that are highly reactive
with biological macromolecules. It is widely accepted that the enzymatic activities of hepatic DMEs are
one of the most important determinants of the concentration of drugs at their site of action or in the blood.
Wide inter-individual variability in drug concentrations in the blood has been demonstrated even after the
administration of the same doses on the basis of body weight, and in many cases the wide differences in
plasma drug concentrations have been attributed to the individual differences in the enzymatic activities of
DMEs. Attempts have therefore been made to estimate the hepatic DME activities of each individual before
administration of drugs clinically.

Three different approaches were taken to estimate patients’ hepatic DME activities: 1) the use of probe
drugs (phenotyping); 2) molecular diagnosis of genetic DME deficiency (genotyping); 3) examination of
DME levels/activities in peripheral blood leukocytes/lymphocytes on the assumption that their activities in
leukocytes/lymphocytes are well correlated with hepatic enzyme activities. A great number of data have
been accumulated concerning the specificity of certain DME for candidate probe drugs, and searches have
been made for mutated alleles of DME genes that indicate whether an individual is deficient in DMEs.
Gene expression is measured by sensitive methods such as the reverse-transcriptase polymerase chain
reaction and/or immunochemical methods in peripheral blood leukocytes/lymphocytes, which are less

invasive tissues.

Knowledge is being accumulated that will allow the development of useful methods of

predicting the activities of hepatic DMEs that affect individual pharmacokinetics/pharmacodynamics.
In this article, various reported methods of assessing hepatic DME activites are reviewed for the purpose
of maximizing the efficacy and safety of pharmacotherapy.

Keywords: drug metabolizing enzymes, probe drugs, pharmacogenetics, peripheral blood lymphocytes,

drug efficacy and safety
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ATFEIREORENVEVRBBERD I LDHHRFEDDT
BOBREEZZH TS HEROEILAN, Shiihbni
(22 25 5 ). 2) BooHERR, EMRBMSREHET
SBRETFLOZROFEEARDIHFETHS G H). h
ETICE 4 OEMAHEERERIPCRICIIBERE, £t

hERETIERBETARES N ARAGETORE

3, BFOomME»SBAMERESEETINEETH D, fHE
Th5.3) FE=Z0OFER, AMRERSENDLENWERTHE
SOHMRICREAL TLHRAUBROEY, YONIE,
mRNA ZJETHIETHD. Zhid, BHohiT—48,
EMRBICEER, FRECHBOFEEEMBETZZEE
WHRTHILENDHEEILND GTH).
ZNS5OFEDD B, RAMBERAICKT O ERAT
BETICLOIRERRETOMES L HEOEREN SRR
OFEMNEBDONDN, EAHASNTWSERMIHE
FEALTWRVELTD, RAOERBELTOFEDH
I OEXEED. i, WET, EYHEEER, &
SR X BHEERRE, BRUNAORTFIZLD, ¥
REEVEFHL TR ZEbZ/ LTSRN, &
DT &iT, RMFFROEEZB{ETHHEDS, FAHEMIC
B rERMBEREEEZNE T EEHAMNSEDE
HRENRHHT EETKRT D, EMRBIET T2W 72
Z &, RIZHIRET 2 EHE B TEERERE DR
ROEDOFFETHS. Thbb, i) KETIZBTEY

KR#AEZMSD, 1) HEAEYS, RBRMCKIMEEM -

DHRELTOEMRHAEOLE(LEZAS, iii) FEWHEEL

Table for Introduction

FELRBLWERIEUOKZRARTEZHREL, TEHA
GFE2ATHRENORETRBRRKEEG2HITS. KEN
I2id, EMOBEEREVWS BERRICETSEILTHS
EEZONS, DEOBENS, XETRAEETCICHRE
iz FOEMRBEEE T8 TIHEITDONTER
Lz, FFETIE, Eick MNFTRBE L TWSEMHE
FIZDoWTR~ 3.

FNESRREMRHBEHELTHE, BLUABTIIID
EiFiaho M FRIC D E, TOREBHIEES
ASNTVSIBREFEROBRRBIZDONT, "Table for
Introduction"IZ E & 7=,

2. BERIRGRORYT, IPRBYMOMEICLSHE

EoRBEICHERTCREINBRERDD 2 L,
EMORMERBERTS, EMHEERICKOETTSZ
ERHLIMASHSNTNS. D=, FTORML, &
NEEICREREh, mPPRPHEYREZNETDIIE
T, FFRABEENZHTE S [To0—78 @) ) OF%R
REDTEOMEIN—TIZEDRZShTERL Y. 5
UNT OSFHERRRET I Q-2 2 SR EFTFHEMEN
HEOHESIZE D, EMRAUEEEOSRENT SR
T3, FEEMRHFRRTN TS <O THENOH
RENTHD, HEIBREORREENHZ—F, FURHIC
HUTHMEZRTZIEDZE W, &R, BEX
debrisoquin ® FE I sparteine 133 b7 O A P450
(CYP) O—HFHTHS CYP2D6 DRIBIZE > THEM

Introduction to molecular diversity and genetic polymorphism in human drug metabolizing enzmes expressed in livers including phase I
enzymes, cytochrome P450 (CYP) and epoxide hydrolase (EH), and phase II conjugation enzymes

FEaEH BETFEE EBROBEE
& DB
Phase 1 Bi# (3 b2 0L P450 72 &)
CYP1A2 carcinogenic aromatic amines, phenacetin, caffeine +
CYP2A6 coumarin, nitroscamines in tobacco smoke +++
CYP2C9 phenytoin, hexobarbital, tolbutamide, S-mephenytoin ++
CYP2C19 S-mephenytoin, imipramine, amitriptyline, omeprazole +++
CYP2D6 debrisoquin, sparteine, codeine, dextromethorphan +++
CYP2E1 benzene, chlorzoxazone, ethanol, nitrosamines, p-nitrophenol +
CYP3A4 testosterone, cyclosporine, erythromycin, dapsone, nifedipine +~?
EH benzo[a]pyrene 7,8-oxide, styrene 7,8-oxide +
Phase Il BER (fuGREES)
NAT sulfamethazine, isoniazid, carcinogenic N-OH aromatic amines ++4+
SULT p-nitrophenol, dopamine, dehydroepiandrosterone +
UGT bilirubin, p-nitrophenol, steroids *
GSTA1 carcinogenic N-OH aromatic amines ?
GSTM1 (+)-anti-benzo[a]pyrene-7,8-diol-9,10-oxide, trans-stilbene oxide +++

NAT, arylamine N-acetyltransferase; SULT, sulfotransferase; UGT, UDP-glucuronyltransferase; GST, glutathione S-transferase; N-OH,

N-hydroxy

+++, BETBEE invivo BPRBMOXBEBEM L IR ++, BETERE b MFARE WS in vitro OBERTEIEIIE,
—invivo DEHRBOXBLHE OMENRBENS ; +, VETFEROREIZH 24, REEEEOBEMIZDNWT, E5IC
BEMBELR DO, FOBRBERICEKZNLHZM, BRETFERIZLSLONEIIRFORELHDIHD ;

*, Crigler-Najjar syndrome QFE &R AZERD LS RERZF SR IILERBETMRHSHIZI TS,
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Table 1.  Assessment of in vivo activities of various drug metabolizing enzymes using probe drugs
Drug metabolizing enzymes assessed Metabolic reactions or other pharmacokinetic parameters assessed References
Probe drugs used
CYP1A2
Antipyrine Amounts of urinary 4-hydroxy-antipyrine (phenazone) excreted 4,7-12
(Phenazone)
Aminopyrine Aminopyrine clearance 5
Caffeine (1,3,7-trimethylxanthine) Amounts of urinary N-3-demethyl caffeine excreted 13,14,16-22
CYP2D6
Debrisoquin MR (Debrisoquin/4-hydroxy debrisoquin) 23
Sparteine Sparteine/ Sparteine-N1-oxide 24
Dextromethorphan Dextromethorphan/Dextrorphan 26-29
CYP2C19
S-Mephenytoin (Meph.) HI (Meph. administered/urinary 4’-hydroxy meph. ratio) 30,31
Omeprazole Omeprazole 5-hydroxylation 32
Proguanil MR (proguanil/cycloguanil ratio) 33
CYP3A
Erythromycin Breath test, N-demethylation of erythromycin 34
Midazolam 1’-Hydroxylation of midazolam 35
Nifedipine Aromatization of nifedipine 36
Dapsone Amounts of urinary N-hydroxy dapsone excreted 37
CYP2E1
Chlorzoxazone Chlorzoxazone 6-hydroxylation 42-44
NAT2
Caffeine Ratio of urinary AFMU and 1X excreted (AFMU/1X) 18,20-22
Dapsone MR (Urinary Dapsone/Monoacetyldapsone) 57
UDP-glucuronyltransferase )
Lorazepam Clearance of lorazepam : 45,46
(S, R) Oxazepam Oxazepam clearance; raio of S/R oxazepam glucuronide in urine 47
CYP1A2, CYP2D6, CYP3A, CYP2EL Urinary metabolites of caffeine, dextromethorphan, dapsone (N-hydroxy 57

and NAT2 dapsone), 6-hydroxy-chlorzoxazone and dapsone (monoacetyldapsone)

MR, metabolic ratio
HI, hydroxylation index

B REIERNED SNBEYE L THAT, CYP2D6 DL
By, 8 REMEE TH D, £/, mephenytoin iE, CYP2CI9
DRIBIZEE LT, CYP2C19 OHBIMILETH D Z LAVR
S /=, CYP2D6 & CYP2C19 O N-5R¥GD 30 7 = / E&fcH)
BE<Rizy, oAb EN. —F, RESRLD
N5 CYP 4 FHEA, FICHD D amitriptyline ZHH &
T3, EL, BLEITO5803R2S. 20X 5RE
TR, ZHOEYBBREHREZEHTILDIC, £
HoZWEE, Lid, PWTI2BRACHENZLOZE
ETHIENBETHDENERICHRETES. Lo
SUEZBRTEEOI, BRICBRSSNEOENIED
F—&&, L MBI OHEEULEED, cDNA QR
BRBAZZANT, FEOEMIHL, EORENREM
ERTMCONTOF—FMBEREINL (Table D).

2-1. MEBOFRMRBEEDRZHIZE, antipyrine (phenazone)
$ LU aminopyrine
GtREMOEAKZIZXL D antipyrine (phenazone) %2
aminopyrine DHNEEED (L, BIRER O VT 5>
ADTE E2E U THEDRBEEZZHTOEAEES

DEBED, BEBITbR TSP, Fj=, antipyrine
(phenazone) @ X E {X B 4 4-hydroxy phenazone , 3-
hydroxymethyl-phenazone, norphenazone M4RRIZED CYP
STENEET 20035 N, 4-hydroxy-phenazone D4
FRIZV CYP1A2 7%, norphenazone DAEFRIZITE D EREA
CYP3A F#E3TH S rifampicin (rifampin) 12K DEMNT S
ZEMS, CYPIADEE TS Z L 2RI SR-ENFON
T 5. aminopyrine {2 DWW TI, 4-dimethyl-14C-aminopyrine
EREHCREUEBOBRAFIVEIC XK PO 14CO,
Ot R &M aminopyrine 7 U7 5 Al LW—FEH
fz. Efz, 7z NVES =)V ER—OEEICHRG L
B OIEE H 14CO, D P L Ul iE # aminopyrine 7 U 7 5
DADSRIZEY, T/ NIVES—IAEEE LREE
BT EERLEY.

2-2. ¥ b 0 A P450 D—5FE, CYPIA2 BLUHREHR
%D —4% F&, arylamine N-acetyltransferase £k772%
TEMRBEDORZHE

CYP1A2 XX BRBEOBHELLTH Tz TR

MEARI N, caffeine IKDWTH CO, DG H OHED
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g/ & 2L P, caffeine DA FILIZ CYP1A2 HIH
B3z EpRENEY. Z 0% caffeine DRBWNS +
YoFEEHL, N-7TEFIMEERTERL, RBICKR
HaEh 5P 5-acetylamino-6-formylamine-3-methyluracil
(AFMU)™® O S arylamine N-acetyltransferase (NAT) 12
EBTEFIEEEFMET A EMNAETH D I LIRS
N, A7xAFAMBERICERATHS LEHEN, £
OBIRIN—THEREND XD IT/o72 12,

2-3. ¥ U AA P45S0 D—53F1E, CYP2D6 HKFRIZEY
fRBiRE DR

CYP2D6 DRI X debrisoquin D FH RIFIZBIT 5 1977
4D Mahgoub D3R %> sparteine DRBRIBIZAETS
1979 4£0 Eichelboum D 2 LK R P THILINTE
7z. 1980 FERIL, WA WAZREY DRI RN debrisoquin
% sparteine DAV RIBBHR E—BT 2N EDMICBALTIE
HRELOWMELTON. ZORXBHADAENT,
dextromethorphan )  O-demethylation @ 3 X 3 Bf 3 ¢
CYP2D6 TH D, I/ 0V —ALHD CYP2D6 DIEHED X
WEIETH 2 T EARE NI P £ DH, dextromethorphan
RAHOREBPIMY dextrorphan DR ZFEL, metabolic
ratio (MR) = g mol dextromethorphan/ £ mol dextrorphan %
KT CYP2D6 EHDIFRETHHENANSENTNS

26-29)

2-4. > & 04 P450 D—5F1E, CYP2C19 RFHIIEEEY
RIAEDZIE

CYP2C19 MR S-mephenytoin DR RIIZET S
1984 £ Kiipfer 5 > % Wedlund 5 " O#&LIE L <BFE
INTER. CYP2C19 RIAFE TV E FOFHZBENT,
S-mephenytoin 4-hydroxylase DFEEEH L CYP2C19 TH S &
WS ERNEEIIAMRH X 15 £ TIZIX S-mephenytoin DX
RBFAMONTHLH 10 FORAZELZ. b MR
CYP2C19 XD HERMIIZNIIEL, F CYP £k 5
THMRDEWEIG 2 LD D CYP2CONHFET 5. CYP2CY
% S-mephenytoin 4-hydroxylase fE{£2RY. L, BRH
PORKBEOHBEME G SN E DS S RBERTE
HERRICUTY IONIBEMNRB N, FOREEE
Dk T CYP2C9, CYP2C8 KM T 2ELEA NS
FHAEBINTER. 208, SF/u—=— Uk
N, JLE CYP2C19 LIEEN B35 FROFENHAREICE >
7o. 51T, cDNA ORRFZANDH I &LICKD, XKk
B LOMBRBEOERMEZ SN, EMFIIDV—L
IZH1F5 CYP2C19 & &A%, S -mephenytoin 4-hydroxylase &
HEBLISHBETIHLFHETHDZ LAREN,
CYP2C19 4%, bk MO S -mephenytoin 4-hydroxylase O £
FTHDITEMFERIIE . TOLOBEREED,

CYP2C19 MZK#E & LT, S-mephenytoin **V AL SH
5E5i12D, B, 112 omeprazole®, proguanil® 7z
EXRnLNTVS.

2-5. ¥ MU AL P450 D—FFIE, CYP3A RTFRILEMNR
HEEDZEE

CYP3A 2 FHIZDWTI, erythromycin % fil/z breath
test*”, midazolam®®, nifedipine®®, dapsone®” 1B H 1
NgEIN TS, Lhl, RPOD dapsone D N-KE{LE
PUETEHIHECOVT, FRBICIBEENTER
CYP2E1 7$ dapsone 1Z%3 % "low Km enzyme"& L T&H %
RELTWRETHHEDHD ¥, HRoNDS. —
#, Jones Hid, CYP3A4/5 MR T dextromethorphan O
N-demethylation DERBEEETH D, NBEAFIALKTSH
% 3-methoxymorphan DSRHPICEANEINZ Z &ZERLZ P
EIUX RIS dextrorphan IZEexPUTIZBMIZPIznH DD,
breath test 2 B A CHEfT TE S ulgE bW &, B
dapsone DRJEEXOFEREOREEZEA 5L, —FITE
THHEMD LN,

2-6. ¥ b 04 P450 D—5FiE, CYP2E1 KkTFIZEY
fRESsEDORZEE
CYP2E1 IZDWTIX, chlorzoxazone @D E B4 6-
hydroxychlorzoxazone MDAERKIGEAMET 2 EREHETH
BIEMNMTRINTHUR “?, MLEIHFD 6
hydroxychlorzoxazone/chlorzoxazone (60H-CHZ/CHZ) @tk
DAMEEROEREERDIBZNESHLRFEINE 9.
(60H-CHZ/CHZ) Db - T, 7N aA—)VhEBHEICE
i} % CYP2E1 M # & REHIZ X D CYP2E1 OFEH OMRFRD
gEigsmEhe Y.

1. BEREVRBEMEKRO—SFE, UDP-
glucuronyltransferase fk 7RI B M UBMKEDZEISE
BWeEEROD L, RO NAT Ofit, UDP-
glucuronyltransferase (UGT) DZKi#EE LT, lorazepam®™®,
oxazepam*" SV SN HH D, oxazepam I3 estradiol
% 3,4-catechol estrogen ZHHETSHE b UGT2B7 &5
UGT AFHICE-> TV I O VEBREERIT S T EMNR
BEhTns®,

2-8. SHBOEHMBEOREHRYS (Ao TIV) [TKDEHROFE
MR REFNREREDZ
CYP S THEOEZHMEMNEMIRZIZDN, B CYP
ATFHOEREEEZBREICH S0, W DMOBEED
FERE SRS SN 9%, Fofwiz, i) JIFED CYP
SFMICXRME N, i) RBAERNDEOEM TR
<, POTOFBMBRERETHY, i) EVWNKETA
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Fig. 1. Percentage of metabolic capacity after simultaneous
administration of five probe drugs as compared to that
after administration of each probe drug. Adapted from
Ref. 57)

Names of CYP forms are abbreviated: 1A2, CYP1A2;
2D6, CYP2D6; 2C19, CYP2C19; 3A, CYP3A; 2El,
CYP2E1l. NAT?2 means arylamine N-acetyltransferase 2.

FREGTHY, iv) AN OBERRUEER
HRTBES TH D EWS R TEYMRESI N
VW B "cocktails of test compounds”3 % V313 BT "cocktail
approach"/2 & E BIEITNTWS. B I FIIVOBRADEREIL
HWEEMATHSS. LML, CYP3A, CYP2D6, CYP2C D
ENBEOBWMELERZ SN D nifedipine, sparteine,

phenytoin 2RI G LHETH, TN5E DENEREIZE
NENORMBEOHE ELHEL TRERELRBRD SN

o=,

1997 4E, Frye 5 @ Pittsburg KEFEDHFET N — T35 8D
YD 27 5 )V "Pittsburg cocktail "B ZR L= 7. a5z,
Fig. 1 IZRT XD, NS STHOEMIKYD, 14AB0R
FITATIEOVWTHEL 5B 5ED CYPRFRDERD
ZERREICHL, ZHEZAITFIVICTHIEORER
(DEOFINMIH DM KELAWEEbhE . %k,
dapsone @ N-7EF)ALZfEE L Lz NAT EfEICHL T
BHALE CYP A THOZMEZNITIVCTHIED
EEIIEAEED SN,

3. ;iﬁ%%ﬁﬁ#ﬁ%i@iﬁfi?—%ﬁlzﬁa L=

b MNFERBBRESORELBEREEZRET HEE
HEPBRLIETOARDOBRAERICELDEMCENDDH
5. HEEYRMEEFELI— RTAMLEGT RICERM
HD, TOEENLEMEOREORREERRS Z &AM
IZENTVBEE, TOLIBEERBETEHAFOMILE
EFCAT 2EEISHREEERBOEEEZ b2 T
HDZENTFHIND, METRRZBHFEEHNT, &
U<EHORBMENBENVEEER TS I ENTASNITE-
2k hoifiEh 5 BIMER DNA Z2HIHL, E0LS5RER
EZHLTWS-DICHEOEY OB R/ &
A (genotyping) , HEFHOHER/EZMU T, genotyping
TREXRBZTFHTENE, BRTEHIL- LDERE
OEENDPITNEETH D ENWA S, genotyping, T7ab b
ZTRBEETORBICAWL NS K< ER LAEAER,
southern blotting , reaction-restriction
fragment length polymorphism (PCR-RFLP) #%°, PCR-single
strand conformation polymorphism (PCR-SSCP) i TH 5 3.
genotyping IZX DBEMICHETH 2 FOLERDS S
ORBREFEFZ 100%6ICRO B EVERSTTFUT 28
s WA BEYRBERELETICDOVWTHDN,

polymerase chain

Table 2. Homozygosity of certain genetic polymorphism observed in genes encoding drug metabolizing enzymes which are associated

with deficiency in the enzyme activities

Genotypic defects Phenotypic defects (Blanket) References

CYP2D6

Numerous known allelic variants such as MR (Debrisoquin/4-hydroxy debrisoquin) 68,78,79

CYP2D6*2-CYP2D6*17, J9, C8 etc. Sparteine/N-oxidated metabotite
Dextromethorphan/Dextrorphan

CYP2C19

Known allelic variants such as CYP2C19*2- HI (Meph. administered/urinary 4’-hydroxy meph. 30,31

CYP2C19*6 ratio) 80-84

NAT2

Known allelic variants such as NAT2*5A-*5C,  Ratio of urinary AFMU and 1X excreted (AFMU/1X) 18,20-22

*6A, *7B, *14B MR (Urinary Dapsone/Monoacetyldapsone) 57

85,88

MR, metabolic ratio
HI, hydroxylation index
No allelic variant has been associated with defects in CYP1A2.

No conclusive report has been thus far available on association of allelic variants of CYP2E1 genes with alteration of its enzymatic

activities, in spite of some suggestive reports such as refs. 92 and 95.
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CYP2D6, CYP2C19, NAT2 IZDWTiE, FOEHBIEM
EREINDODHS (Table2). UL, 2EZHANWT, &
LWREEEOBEENHSMIINTED, LAbLED
BRAGTIDOEZ<OERAGRTARERINTVDIID
Mnb 5T, genotype GHEETFH) & phenotype (FBH) @
MK D ESESIEHENTRAMN B TN D R EEMBIEE
¥ AET) MEETIIEHELEFRTHS. TOLL
#liZ CYP1A2 % CYP2E1 £ EX 65N 5.

3-1. ¥ o OA P450 D—45FHE, CYP2D6 MBEEZEIC
LHRERADZE

HiE M E 3K debrisoquin O 4-7KE (LT B IR - AR
3% sparteine O N-FR{LRIG %, ZNSEWME AW TR
22T 5, mhELRERPEBUZREeMR (1
BE) /ICYP2D6 KTFHERBE () 735 MR AN
55 Z LITHTE TR /=. CYP2D6 RIAD S THHE DAL
BAZ R, RHE7Z splicing DR EEX 51D mRNA OB
Hi%> CYP2D6 BEFES /80 ORINE EDRE S Nz 9,
Kimura 5 ¥z X 0, 4K CYP2D6 BHRFOME, Bk
HARTIMHS M TN, CYP2D6A, B, C, D DERAREK
FHRERWTHRESINE Y, ChoERBRTEETS

b hD55, BHATIEBEOBEAE 80% EERMITHL,

KNTDEOHEENI 4B EIN T INSERENE
EFERNT0, Ao 2 BOEYOIFH, FAE
dextromethorphan % fl W TAREFRIC K 5 RAAHEED RHIE
BUHEINE. 1994 48, Evert 52K 5 T RIMVHETE
BSMILAEBETIE O, sparteine ZBMEELT,
CYP2D6 KFEMITEHEZRL TV S, Wb poor
metabolizer GBIERE, PM) OBHEHTD LHMEN/-E
NOBEGETHFRIT SN, FONAETORETEONHE
T, BERBROANTFOESTEATLIEIIR->TH
D, BEFEM CIIPMERETHHATERM>ZOTE
S5ICHETOREMNED SN, ToXDIZLT, Kbl
REEOERWMULEERTHRER SN, 1996 6, Daly 5IT&X
DRETRHOMBENBEINSL ®. 25T, CYP2D6
{EFRIARBHEE D PM O HBIRICIIHRIZ ATEZEHEED
5NTVS S, HEADPM DS b, BHHENENE
BREFRHIEI DR THIENDhATWEP. Z0kSEA
FEZEIZFFA L, Yokoi 513 CYP2D6 TEIZRBMENBHE
AY I (HI ZEEEFE) promethazine 12X D HFHEHY
RIREMERSE B 7, %513 sparteine D MR Z$5EEICL
THEAOPM DL FEEELAET. 20X SICUTEE
NZAEAPMEANSIRUD T LTINS ELAET
% CYP2D6 BETFOIY Y > 5 D 2661 HESDT b
AR TRESETIHMIZESIC IO R OMNFASH
EERRETARRINLT.

3-2. & MO O A P450 D—5F, CYP2C19 DBEBEIC
LARERIADE

HEBEA T DS EIRFEEHED, RFO
4(")-EROFI ATz b D OHEREBRIZEL WEHEKE
MNBDHENI, ATz D4 ") -KERILBEDER
& LT mephenytoin hydroxylation index (HI, fmol S-X7
b BEER/S-12EFORP 4( ) -E ROFI A7
== b CEIELE) ® 2, S-ORPEREICIZEL W
FEHENEDONDZEMS, RPO RS ARSI
3 S-mephenytoin D7KER{LEES% CYP2C19 O RIBADER &
RBBEFOLERNE, TIV5DATSAS U VORYE
ZEETmMmIERM)E, TV ARTI—RINDT
SOBMRIEORZERT S m ER () ICkD, BFE
ACBI2BEROL b2 TERY. £k, AAKRS
WTid, S-mephenytoin @ 4'RLDKEE{LD PM DEHEEN 18-
3% THDHEARCHRTERIZES, 25%ThHD. £,
BAD m2 MR ETFOHESIEFICEL, 03X THo 7k
DT, 512, BARBWLWTPM OFEREBIRETFOE
EMFxshi. TOFR, 1997 EIC 74 ZOHEA PM
D55 15155 BnlENi Argdd3Tp (+5) ZiZ Lo 52,
B ROOER (*4%, Argl32GIn (*6) * DL RARIE
2EDDIBICLEEINE. 6 DEREEFETDHE MIAL X
ATHY, TOERBI12ABDT7 5 ARBEAACDWTHR
HINEN, —FLEVHINE A, BATIEDE
HEPM OHENBENI EDHY, AT L DIERRIIL
BETFOHRFEOREHIZE L WhbDANRZNL., b
CYP2C19 OZERMMBETINRTORRICEb- &
Goldstein S DHHEIN—T1L, WbhWwaI—uvyNNFAA
£, S CYP2C19 K FHEDARBNEHEICENT D PM37 &%
1#19, PM ORI TOREBEEDIZFEE CYP2C19%*6 %
RALE. TOHEGEORATIRETRSS mephenytoin R
BMRIBOEEABETEIRNE (outlied 13X 512D E
THRORAENES,

3-3. A REMHERO—9FE, N-acetyltransferase 2
(NAT2) DRGSR & D UBIRIADZHER

b b NAT2 R TIZDWTIX 1995 4, 2 < ORBRET
OIFIMMBEE NS, b b NAT2* EIRITN SRR
MEERT, 72 ) BERIBAOW D) OHEEERR
UENS OB EHhbRICKD, BFEMRETFNI—FTS
TI/EBEMNERARSTIVERINEHT D NATR ¥ >
NoMa—Rans REMRICERLUCEES TEORE
FEDRENICED, *12 MBIl TFIzL D a—
RENDABEEE (8Lys—Arg DRI DISME, FFERIC
MR BERTNRENTWS., 7TEFIVLEOSR
DX, RERSBEHFOHBBEICIIEAETEART
RKEREZERMDDZZENASNTED, BAICHBITLEE
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HOEIEI, 52-68%THHDITHL, BEADEEFDH
B3 10-15% LI h TN 9,

b b NAT2 ORBIRBCDOKERBETERET 272D
Cascorbi 51X caffeine ZZMEELEZTA 2T, 7V
V722 N-TEFILEEE, NAT2 BEETFREORELRA
N7z B 563 BICH T A YT A METY, RPR#TIC
D%, log[AFMU/1-methylxanthine (1X}] (2-2 DIHBH) @
EeRHiEETH, TOSMISHREAEINZED SN
2. THIZHL, TORETALNTWET 2FIVLES
Ent b GBEER CHEdEETFRHE, BWHOXILE
EFHICHOEEHEEETHENOHE LUBER (318
%) &U7e. Eie, BFARMIBETZ 1 DUELDEE
BEUERTRMNSHELUZBEL (45 B) &Lk miE
D3bD 234 (712%) 3, A7z FAMRSEREL
TEFIALEERRT (R MkEHEsh, ®BEOD
LD 154 61%) & AT7zAFAMTREWI EF
AL DBIEFEOREMG & HE Sz, 1995 0 NAT2 {ZBY
LEME 7 O SAT, BETHEERBEOMICZ ORE
DFR—FHNEH SNJ (Table 3) . genotyping 12334 DA
BUZRIIEEN T B, iR OXERDZEH Cascorbi HIT LD
EimEhe®, MES4EUBEREIZ, PCR-RFLP BN
THWONAHBERICKIHEENFTATHDI L L,
REOKMIBETICOS PCR HENEIDZWDHYS
allele-specific primer % f W 5 Z & IC # 5 false

positive/negative I XN 5 8. fifficF A M TE DKM,

B MNEL IR T D&, RBREOKMOTIHICI DM
BENELLDDOEER SN,

34, RESHIZLZRBRAOBEICOVTE S BH
S ELH - CYPIA2 LU CYP2EL

Table 3. Relationship between genotype and phenotype of
human NAT?2 (adapted from Ref. 87)

Genotypically rapid Phenotypically slow

*4/%4 029
*4/*SA o/11
*4/*5B 9/107
*4/*sC 1/14
*4/*6A 417
*4/*1B 177

*4/*14B (V4]
Genotypically slow Phenotypically rapid
*SA/*SA 0/2
*5A/*5B 1/16
*SA/*5C 173
*5A/*6A 1/4
*5A/*7B 01
*5B/*5B 718
*5A/*5C 214
*5B/*6A 8/118
*5B/*7B o1
*5B/*13 0/5
*5C/*SC 02
*5C/*6A 113
*6A/*6A 2/46
*6A/*7B 0/6
*6A/*13 0/8

*13/°13 0/1
Numbers in phenotype columns represent numbers of individuals with
the corresponding phenoype/numbers of individuals with the corresponding
genotype.

tMFI 7oV —LszRAW CYPIA2 HKEFRIRTENE
{phenacetin O-dealkylation; 2-acetylaminofluorene N-oxidation;
4-aminobiphenyl N -oxidation; caffeine N -demethylation %) O
EZLWHAKEBLVREFO Y, SHEOLHEMDS,
CYPIA2 \OEEMSBIMNEFET 5 T LAAFREI N TNSE D,
LhL, h7x41 T AT CYPIA2 EiE{E (extensive
metabolizer, EM, HEE), {EEHE (PM) OBESEDS
N/-AAEAD CYPIA2 BET ORITTIX, EM, PMICHE
ERFIOMENED SEhok . < BE, BEAR
EHEIZBWT, CYPIA2 KEFERRBMKINTH S caffeine D
3-demethylation Z2{E T a ¥ 2, Tabb, BEIKLD
CYPIA2 DFEEER I VIZK KI5 CYPIA2 BEETDS5-
ERESOZRBHE SN Y, I SIS BROBITICIE
MNblehs.

b b CYP2E1 12T ¥ J — I ZE{EEICRET 5 L3k,
I& /= )NTHEHEIND, ZOIZEMNS, CYPEL 33
rayy—aeBida7 N a—NRHET2bS, microsomal
ethanol oxidizing system (MEOS) D&EATHBELEA SN
TW3 M, B, CYPIA2 bARIICEDLS ZEAREN
7=, %7, CYP2E11}, BEMHEH TR rOVLEY
ORMERLICESTHZESASNTEYD, FERZMHE
ERETIRTORMEVIBAN S bR NTL
5. ZhbsnZ EMS, CYP2El KEFHMRBITEEEZRET
BERMIBEBETNINETIIVS DMhRVHEENTEL.
NS5 EFIETSHE, CYPEL BT 5- LHRERD
Pstl/Rsal 281 %, £ > b0 6 D Dral B8, 4> b0
TTDTaql ZR Y, 73 BERERAD 2 nFOER
% D1, 1998 4, 6 FOHMK CYP2E1 MiBEmETFAHEI —
oy NEEOE MEFICED ST T, TS EREBET
DS5b, 5-EFEIRD Pstl/Rsal BB XU 1998 FITHE
TN GasTIRDOWTIRENSERICK D CYP2E1 DREHE
BEFEEDHIENREEINTVS., ERMNLEGTEE
FZEHEOBEBEIZDONT, SBREISIHRFANBRETDHS.

4. BEOLAVEBRICRALTWIBREEDORE

ICEAFEYHBRENTEHOZE

A, FATOHER, BITMNBICBI2EHMRADEKE
MEFEN TS, G TOEDHORENINS N
AREMARMBRIIDOVTHARGNTNS., L MNFTOH
MRBEZZHT 5 ENTHAERICB I SREEOREZ
HARZHE, mEdEROMBOLSIZ, HRECAHER
MRICUTHRBTE SABNNR ERD. FTOREAMNE
FITEVWESIIZORD TIRAEVAD LRV, MiKE
S ORERENE S, o) RGN & OB S
DOFETREN, MikH IR OBRIEIENF T OEY
RATEHOIFEEITR D D BN H D HEMIDONTH
ZLWEEZD (Tabled).
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Table 4. Activities of drug metabolizing enzymes that are detected in easily accessible tissues as blood leukocytes, lymphocytes and

platelets as well as livers and small intestines

Enzymes Easily accessible tissues where enzyme Correlation with enzyme activities in other References
activities are detected tissues as liver etc.

CYP1A1 AHH in lymphocytes 97-100,102
CYP1A1 mRNA in leukocytes Very low level of hepatic CYP1A1 101

Induction of AHH activity in lymphocytes 97-100,102
CYP1B1 CYP1B1 mRNA in lymphocytes, ? 104
monocytes and macrophage 105
CYP2E1 CYP2E] level in lymphocytes Blood concentration of 6-hydroxy- 106

chlorzoxazone correlated with lymphocyte
CYP2EL levels
CYP3A CYP3A3/4 mRNA in ? 107
monocytes/macrophage
(under induced condition)
EH EH activities using (+/-)-benzo[a]pyrene-  Leukocyte enzyme activities correlated with 110,111
(microsomal) 4,5-epoxide as a substrate in polynuclear microsomal enzyme activities in livers
leukocytes
GSTM1 GSH-conjugation with TSO as a substrate ~ Subjects with defect in GST activities toward 115
GSTM1 deletion TSO showed defect in GSTM1 gene by PCR
method
TS-PSULT Platelet p-nitrophenol sulfating-activities  Platelet activities correlated with activities in 119,120

intestine and brain

AHH, Aryl hydrocarbon hydroxylase; EH, epoxide hydrolase; GST, glutathione S-transferase; GSH, glutathione; TSO, trans-stilbene oxide;
PCR, polymerase chain reaction; TS-PSULT, thermostable pheno! sulfotransferase

4-1. & POIRFRMABEBERAWES b O A P45S0 D—SFE,
CYP1A1 KFRIRMCBIGEDZE

t b CYP1AL id, HFTORHEL NIIELS, TLAH
HATRELTVWDEEZShTWS ¥, KEEFIE,
benzo[a]pyrene DRBNEIELEERE, T7abB, LWHW S aryl
hydrocarbon hydroxylase (AHH) EFFIINTWBEETH
%. E7=, aryl hydrocarbon receptor (Ahr) 35 & TF Ahr nuclear
translocator (Arnt) #EEEKIC L B REEFEOFHR L FiERK
SHEoME, HBWE, CYPIAL BEFFOHODORER
FRIEMREBRZH oML Y, ReAEMSTRIN
T&7=. AHH {&HEI3HY 30 ERficid e U 2 ERICERIBE
NTW= 2192 Williams 513, CYP1A1 mRNA % & hMF
RICRH U 9, £/, Blomgicihid, e bUR
IR AHH #E1ED 3-methylcholanthrene 12 & 2 FHENE N
s, MEERZEEMNEHELTND &N FKENE
BEAHMEEINTVS 1M,

4-2. & MOIRRERZERWEY b O A P450 O—9FE,
CYP1B1 FHIESR Skt DE2

E b CYPIB1 %, dioxin THEHIND CYP THEHTHY,
dioxin FNORBOEYAMRIELHEML TS & 2BiEL
TV NRIZHVT S CYPIB1 mRNA OFEMThbIi. in
vitro culture B L 7=V /)N8R % dioxin (TCDD) TUE T
% &, CYPIBI mRNA D LX)V ERHHEHEIL 5 B 109109
b MRER /07 7—TF T, reverse-transcriptase PCR
IEICE D, 3V CYPIBI mRNA O 2 7 Fit ah 107,

fhiz, CYP2B6/7, CYP2E1 bR Niz. MIRRZMET

% v, lipopolysaccharide , 12-O-tetradecanoyl-phorbol-13-

acetate 24 BSRILE 2175 Z &I2& D, CYP1A1 mRNA ik
Hahiz. TOFRT, cyclosporine A % phenobarbital {2k ¥
CYP3A3/4 mRNA ORI TEB Z EMREI N 7,
CYP1A1%° CYP1B1 % 11— K9 % mRNA % R RHIRE TH
W34, FhENOSTFROFTOELZFHITS
S kbid, LA, BHEELOMES, dioxin ONAF
R—HN—OWHNELTOEENHDLEAONS.

4-3. £ MIRFMERER WS b O A P450 D—5F
#, CYP2E1 &TFMEMRBIAEDRZHER

t hU 2 /BRIZBIT D CYP2EL LRV E, JF CYP2ED K
FHRBNBEEZRBL TV EEIASNDZHE
chlorzoxazone RIS S 6-hydroxychlorzoxazone Dt
EAERT B C EAtRE his Y. HHRMRBEERICD
NWTHRWRETH SN DHMICH T S RATENE B
FLRIEFFCBT D RBTEEVHBET 2 —DDHTH D,
BEHABETHDIEEASND.

4-4, £ FORRPBRERAWVERFS M OA P450 O—5F
3, CYP3A (KTERIMRSisEDRZET

ZEAMBRBL) ONRIZBWT, B CYP3A 4F
HiRTIGRERERERT NI AR 0—- 4
hERWT, 51kDa DF INZARHEHE . LaL,
CORBREMZRTY N1, [IRFAEZ rifampicin
T L THEHMNED SNAh - 7=, rifampicin LI &
0, BF CYP3A OERIEKSY >NV TH 5 CYP3A4 iEH
ENBEEZSNTVS. ZOZENS, MR TED
537z CYP3A & NI DREB LRIV, BF CYP3A4 K77
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Platelet
p-Nitrophenol sulfation i
(nmolhrA10®8platelets) 0' O L] é
Heat stability 1
(H/C ratio) — 00— o |
0 100
4 Recombinant enzyme
p-Nitrophenol sulfation - | |
(nmol/min/nmol ST1A3) — OB 15
Heat stability | |
(H/C ratio) -
NS —— 100

Fig. 2.
Results with platelets are adapted from Ref. 130).

p-Nitrophenol-sulfating activities and heat stability of human platelets and recombinant ST1A3*1 and ST1A3*2.
In "platelets”, M and O represent values of *1/*1 and *2/*2

homozygotes; and bars represent range of enzymatic activities and enzyme stability of 11 and 13 different individuals,
respectively. Heat stability implies percentage of enzyme activities in the platelet preincubated at 44°C for 15 min to those
without heat treatment. In "recombinant enzymes”, M and O represent values with *1 and *2 recombinant enzymes. Data is
expressed mean * SD (bars). Heat stability implies percentage of enzyme activities in the platelet preincubated at 37°C for 12 hr

to controls.

FABITEE Z RS S REREN N LB EEDN

7z 109,

4-4, bt hmEKFHRS £ A LVERT microesomal epoxide hydrolase
KENZEYSEDZ

t b epoxide hydrolase (EH) i3t MFZIRU®HELHE

MO LHESICHFEST 50 TE "L, 30V —LES

KEETHHTEMGSh TS W, ZhS S TFREOE -

i, T /oY —LEEHEIT cis-stilben oxide, LIEEEHIT
trans-stilben oxide ZHHIZL T, FEEAMRPTHAETE
BT EMRENE U2, (+/-) -benzo[a]pyrene-4,5-epoxide %
HEE UL MEM) NI 0y —LESO EH i
&, A—#BREOFI /oY —AESO EH HE &L
MBS 2 Z &t h ™, b b U 2RO EH EHEATE
FEXZ0YV—LA®O EH OFERBHEEZAHERICRS L
MHSMIEo 7.

4-5. £ FORFRMABEAVCFREREVBBERO—
4}FT& glutathione S-transferase M {KTFRIZEMLHILE

Dz
8 REMRAEEFETIL, glutathione S-transferase (GST)

SFHEDDDB GSTM LRI B TEDY NP HEIMER
BRI ENRE XN IO, GSTMI IZDWTIE,
PCR ZHWTZDREBETFRENEZICRHTES Z LAY
HMH5N TS, trans-stilbene oxide (TSO) @ glutathione
(GSH) fa&TEEDRRE Btk &, PCR ZHV /= GSTMI
BFORB/BEENIKHEELTED, Y /RO TSO
? GSHRASEMICED, GSTM1 RIBVZMTESELER
S5 17,

4-6. £ PIRFRMREZAVRERBYRBBERO—S
F7& phenol sulfotransferase X FRIZEMLMREDES

Sulfotransferase (SULT) {3 UDP-glucuronyltransferase & 1f
FNEELRARRBEEFTHS. £ MFTIE, phenol SULT
(3 4>FfH), estrogen SULT (1 43T, steroid SULT (14
FHE) MRBELTWS Y9, phenol SULT 13, BELET
p-nitrophenol % MBI IH &9 % 24374 (TS-PSULT) &
BEARLET dopamine ZHYUNRBEE TS 1 FTHE
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(TL-PSULT) HMHISNTWS ', TS-35 & TL-PSULT 4
GOEERE, mMIcBVWTHREINhS 2, p
nitrophenol Z AW THIE LR —#HBREOM/NMRD TS-
PSULT {EfE &, /MR "B I UK 2 OEHIHEET 2 &
D#5EHS Mayo Clinic O Weinshilboum 5 DBFFE S N — Tz
Eo@mEahik. £, m/MRICEEL TW3 TS-PSULT
ST, 2812 TS-PSULT 2 FHED S5, mRNA L
NIVBEL, BEBENSDHOEEELEIASNDHTHE
(STIA3'P) &, &L AEBEAEBIL TWS ", Van Loon
5 23, 44 CORUETEL K RLERM/ME TS-
PSULT 2575t hOEHERERVHLE . 20 Ts-
PSULT OFREEHBHEERFICE>THEENTWSZ
EbESMIzENE . Tk, 50 KEE, 237 40t
MERDM/MRERWT, FHSEEENFTRTON,

TS-PSULT DAL EE & fE R DEMIERTD TS-PSULT &%
OB/ EOEHE LIRS EERTFICEDHAEINTNS
T EAURMm AN P TS-PSULT O 2 43 T4 STIA3 (P-PST,
HAST1/2) & ST1A2 (HAST4) O7 2 /BEFINSTFEN
FWFETHLMI S hi 29| Raftogianis™ B L U
Ozawa'® 51k D, HAHBAIZBWT, IR 21348 Arg
TdH 5 STIA3 it (HMEBH68%), BXIUKIR
2213 8 His TH 5 STIAZR2 MEET (HIRFELH 31%)
DEENRBE SN/, X 51T, Raftogianis 5%, 213His X¢
YHEEFHREOE ME, FSNBBRELET, EEE
(213Arg OMIALETFZ 1 DTHE T2 & FOM/MROTE
HOH 720 1LF) Of/MR TS-PSULT 28 L TWwiz&
MELE O, #E513, STIA3*1, STIA3*2 2IJ—KT
% cDNA ZBEE, KBHPAICHEBSHE, 213His BIEEHREIR
45 CORUBEIZN D TR, 37 CORUETD 213Arg
RBEFICHRTREETHDEE2RLE B, i,

nmolTS-PSULT ¥ > XU 3 F %7z D THEET S &, p-
nitrophenol FHERIIATEMEIS, F&Elr 213His BIEEETDH
213Arg BIFEE O 0% REDEMAED Sh . Zh
SOfR%E, Fig2itk e, I/MEOBRE, FEHSHOK
BENRRRERWHEREEHELL. EH5 ORI
Weinshilboum 5 QBIFES J—T7Ht TH/ME TS-PSULT OF
ZEREE, EEEOBARRLZBEERTICEDEESN
B) EFRBLTW I EEXFTE2DDTH7EERAD
N5, Zokdiz, kb b/MRIZHITS TS-PSULT DL RS
DO—FI3213Arg/His BRIz X > THATE 2 2 EMHS,
Lizot=. LML, Raftogianis!™ 5 HiRrTNB L DI,

*1/*1, *1/2 ORGEFRIEHETIE FOFIZH, 2/%2 &[]
BEIZEL /MR TS-PSULT E#E2HT 3L L AtE8ov o h
7. FRThHLsMcTEEZEODLR < EH—EA0
IMR EEHDHEERIZ L D 213ArgHis R ERITHIATEZ N E
SIMEHOMITHIEN, SRICKINERETDHS.

BEbU I

EMRMNEHRFEHEOBRGHERENT L OBEREMEICD
WTEDHHN, P THELNWRBRANEZ > TWaHE,
YR ERERMENET . Thbb, Eombifl
EAETERD, EYBNRBHEECEZZTZ0T2HEIC
BB Ih=B8UEDbhRnEnS 2 & Ths. MR
BMEEORIBIZK DEMAEMEIC, ERIC, £k HBEO
FIEZTERROBE L THETH0I, WAWARE
EMNESNTHY, FNSITDOVNTERBTIAE. K59
3L 1) PEEREHORYT, mHRHEYVOHE, 2) #E
TEROHE TRUBMZERIAZERICTH, 3 BRODK
WHIS O EMRMBERE D SIFORMRMEBEL 2 TS
BTk, D3IDERD, INSOLFEEEEAAETDES
ZEiTkD, BEEREZEY, HkEE (W) TE5%
PIRAUBEZENIRODEL L2 TETVBR EEDNE. £D
KE, 2ROEHRBCEEL, FITBI58RABEL
CYP3A %, FFizB13 5 GST £Bb 5 GSTAL, UGT
Tt 2 family SO H D, SULT D35, FTOSENE

- 1" hydroxysteroid SULT (SULT2 family) O4-Ffiz &, T

DOEREBHTE2LIVHENSDEZARYEZLRNHD
HEETS. I CYP3A - FHEIRE < OEYORMICEH
E¥pzeMmontTns, fiz, CYPIARFOREZST,
MNETONRDBENLXINVORENR SN, EWModlEhE
BYRICEETRENAZEVNEEIONTVEDT, KB
EEHOMEZZM T HIEERAR T LREDDTE
BTH5.

Higiwm L UTIE, BREEERMOZRZRIEY DHEA
BbfOiE, EEMOHEREELENEEDNS. &, Eb
DG TR EZRENICHS M T ZEHENEATNS.
#E%, DNA F v JORES DNA — 7 L9 —DHRIC
EDRRIDIZIZAMICENAE— RTRADEELEER
DB IZRENRERBEINTEE. ThSFRROZE
DFENS, EPFNCBROEVSEIZDONEZ D&M
HETHAD.DNAF v TREMICEROBREOHRETE
EEBLK AV == UTHENTELDT, EURE
BMHOERE T I2HUETERERWHT break through
ERBUEERBEWV. ZOLI3RFHLLWEEERHNWSZ L
kD, EYRBOBHEEZBETRT false positive, false
negative ZRJREARB D D2 LTRHTE S EMINBIBER
MR BT ENANITIABINSG. KT, LMRHEE
BEFOZRTENCEYHHOREN 20 TE3H
Bb330, HLLUBETFERERWHTEBAhEME L
BUS s BWEMRABRETOH D b~ —7,
EMPAO—REF MU b E FRBICREIh TV .
HMeEEoRet - VA JEE & TEEA R OKH
IZB5 T 2 RMRMBEEORETEE) OMETIY, (k¥
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MEICKDREBEY AT 52 < OFEHHANTDN
TEi=. RN, BEVHORBEHSRECES
TOBRORETFLRICER LESMBIHRATSS. ¢
725, benzo[a]pyrene 72 EBMEIZ K D RE S NSWEMHE
REBEROREDERLETE (FLREABRPH) OHBEE
2, BEE/N—T EMBREOY IV —T L OBICERR
BHONDNEIMEREL, KEtENFETHENTSZ
ETHD. TOEIBWRIBNT, ZERINIRZET
ROAEMEAMEERICTE EE 5720, DNA EEHEERDOE
ETHEP, B IH) BETORETEHY (Bl ps3 &
E) BEOHTHDEEZEZILND. DK, BEWD
BRI T 2RZMEOREERIEDYO THEMTH I X,
HARIIFEFICE LW, TEHEFEORFESD THEL
FRIEBMZITHED ET5 LFTOEEESETT5
TH5. LHL, EROKS CEREHROBETOES
®, SREZEMMICENTEIHENERINE. BRE
TR 27edicid, ThETEDRIDIRKERREDIE
PR ZITY, b hORRETH-OOFAFEREE
L, BRATAZELZ2BELTHAT SHBZ-TOHE
BHA3.
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EXHFTHNSNZERE, B L TEDHN

1. CYP, cytochrome P450 HEFBHRL TR by oL (F
71dF k& 0 L) P450

2. cDNA, complementary DNA (#1#fi DNA). 97245, mRNA
MNOEPRBERHRICED DNA IT THIEE) Shi-bo. &
o, BFI/O-Z2PICE DTSRI RREIBASO,
KIGHRZ ETEHITNPEBRIZE N/ mRNA B3RO

DNABTH DI &EZ NS,

3. AFMU, caffeine O A O —D, S-acetylamino-6-
formylamino-3-methyluracil

4. PM, poor metabolizer GEIERF) OBE. {ABIEHEAEN (B
W) BEOZELEZZOLSITES.

5. 1X, caffeine D{CEH4ID—D, 1-methylxanthine. caffeine
IX B4 1,3,7-trimethylxanthine T & % . caffeine A% N-
demethylation (N-fL A FIUAL) ZSVFDER, 3MDAFIVE
MREEL THER U -RBMAH 1,7-dimethylxanthine T D
17X, 514 paraxanthine TH 5.

6. EM, extensive metabolizer GRIEEF) DBE. 4. D PM D
RfEELTHWLNS.



