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I 

U't1U1't'l°l1 eh1 n~~a.JcWUBGl eJ n1~ b ti ~ tlU bb ti 6h1 tl1 bb~ ~ 6'1~ bfl ~ 
" 

111F11'1l11nff'1l1'Yl £J1 1'Ylm~£Jlll'l'Yl£JA1m11fo,::~111~nLrnh 

Cl'l-!.'1-1.WlJlCl n11lL'YIYl3H11'1-!.m th::mAl'Yl£J 

u'V!u1 
d o tl d ti n'l::tJ1'l-!.n11Y11111n1£JL fW'l-!.l! ftll£J1ll ft:: 

f'l1 1LFl~ (xenobiotic metabolism) ~Fl113-1~1 Fl'lj 

m fl1:: £J:: L 1r11 1Lr1::m13-11'1-!.lb 1111 'l-!.n1 'lfl fl nq'Yl t'Yl1fl 

F111m um~'b}'ilfl ll £J1 1w::f'l1'l tFl~ ~u:u~£JYI r11 £Jflri111 
dd I - I ~ ' a 
'YlmmPrnn1::u1tl.m1 ui11 n r111 'llllfll:ULL'UllLU'I-!. 2 

mn 1'Ylaj1 ~e:J i/11:5'EJ11w lu 'lofori ?iUUJ'iJflllff ar) 
n1'm~'l-!.5 e:J1£J m A eJfl113-l'I-!. m1«11m1nuft:: 

' ' 
ni1tU'l-!.LdFl cl1'1-1.ilv:5'EJmmwn 'lufori Ln'1lmm1 

lb ft::~ I] lb 1fJI~fl3-I(1) 

Oxidation 

Reduction 

Hydrolysis 

Hydration 

Dethioacetylation 

lsomerization 

.i1n (1) 

m13-1 ff m~'l-!.61:: w)111 n11 LnuiL1Fl'Yl1e:Jm1 :: ~uitln Di 
I 1 .,d cl~ tld ti 'U11lfl£J11l 'l-!.~'Yl3-lflU111 n1'H ft£J\1. ll ftll£J1 llft::f'l1'l 

L Fl~lLITTn ITT11ltltlo 

£11 llft:: f'l1 1LFl ~ ~ nL U ~£J'l-!.lL ti ftll Lm £J tl lj rl~£J1 
LF1~~1111 tll)n~£J1m~1d~nmu~~ tuimfl'l-!.l'IJH° 

~11cl1'"1 Y1aj,·1u hi.mu iw1 fl1:u,·1u hie:Ji' £J1::~t1o 1 

lii'1m?lt1o tlflui 'lr;i ~1'lfl' llft::f.hm:r11 tut1o!ii'ii<1
l 

n11L ti~ £1'1-1.ll tlft ll £J1 lb ft:: f'l1'l LFl~ lb tfo 'llii'L U'I-!. 2 ):;£]:; 

Glucuron idation/Sucosidation 

Sulfation \ 

Methylation 

Acetylation 

Amino acid conjugation 

Glutathione conjugation 



32 

CV cf I d 
tJ't1tJ1't1't1£h1 nca<aa.J'WU5Gltl n1<ab ti a uubb ti H\I 

~ 

t11 ttt=rna1-atft3Jt u"a~u~~viil\I 
ti D n ~ ti 1 L Fl ~ ~ ~ Fl 11 ~ ri1 Fl qi ~ 1 n ~ ti n 1 'i 

Ltl~t1mLufl\lt11LLfl ::a1'iLFl~hm:u::~V1l°t11 AD oxi­

dation 'i::U ULt1ll.huHi~urtu1rt L ll.n1'i mu Fl~ 
tlDn~md AD -a'u Tin Tm~ Vi450 (cytochro~e 
P450; CYP) U'1'1Ull.~n1·Hi'm1U~ll.~Fl1\JF1~ , . 
n1'ia{111iu Llil LFl'i~ ,~450 011 221 t1it!i112

> Lll. 

fllil1L~t111~n~1t1ll.~ ~um~1dmfo 1~LUll. 12 1\IA 

111A' 

CYP1 

CYP2 

CYP3 

CYP4 

CYP5 

CYP7 

CYP 11 

CYP17 

CYP19 

CYP2 1 

CYP27 

~nn (2,3) 

A 

A 

B 

c 
0 

E 

F 

A 

A 

B 

F 

A 

B 

A 
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(family) lrn:: 22 111A'at1t1 (subfamily) Lll.Flll.YIU 

17 1\IAaDU'11D\l~ll.~Fl1\JFl~n1'ia{111-a't1LlilLFl'i~ , 
,~45012 > ll.t1m:nnd1ll.111A'aamm11-a'u {r;i Tmi1 ,~ 
450 mnutlit!il tJ\llLU\ILUll.~U~11l 1 (form) '11Dll 

-a'u Llil Tmm1~fl::Gi'1 (lil1 'i1\I~ 2) Yi1 ht~-a'u Tin LA'i~ 
'~450 >n n m tll'lfl1Utlit!i1~ L~tl1'nD\I rl\J n1 'i­

LU~tlll.UUfNtl1ltfl !:fl1'iLA~ LlilULQm::am?in'llD\I 

111A'~ 1-3 amnnLll.111Agll.1 a1'n'111V1lt1~L~t11nu 

1, 2 

6, 7 

6, 7P 

8, 9, 17, 18, 19 

6 , 7P, 8P 

3, 4, 5, 7 

9, 11 

2, 3 

1, 2 

1 P, 2 

15 

19 

19 

10 

22 

10 

19 

7 

8 

15 

8 

10 

15 

6 

2 
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d d - - ~ · n1'l AmnLnl'J'JnUU'r1U1'r1'1Hh'.ln'l'l3H'lltQPHl 

m'lLtl~umLtl~11e.11LCilm..l~n~u1 oxidation aTmh 
T!ilu1l1e.nmn debrisoquine, sparteine 'r1~tl 

metoprolol 1 'V.t11ff1ff>1'l'l'l<4
-

5
> u~1't111'11 meta­

bolic ratio (MR) Lll.ifaa11::'t1~111l1u11'1~11LOiu1 
hJu~1 a '11>-1. MR At1D!il'l1fl1'\.l. 'l::'r11111m1a.1 

L tl mlWll ti '1 U1rlU1'1113-l L tl 3-ltlWll t1'1 ff1 'l~l c;i\11 n n1 'l 

LU~U'V.Utl~11u1~'V. (metabolite) ri1'r1fo debriso-
t1dd I I 

quine LLm: metoprolol ~'r13-ll'l1 MR ~11m1 12.6 

lLff lil'111Ltl~Ul\U tl~'1U1,f\lfft1\l l!ii'll't1u ~lilL llm~1n 
poor metabolizer (PM) fl1 'V.~~ill'l1 MR ~1n11 

33 

12.6 L U'V. extensive metabolizer (EM) ri1't1-ru 

sparteine PM ill'l1 MR ~11n11 20 <5-e> 

'l ::UU Ltill.'lmr~ L~U'l?i'rNrlU nl'lLtl ~U'V.U ti~\! 
u1L't1a1\fAt1 cYP206 ~11anmul'l>-1 Llilufi"~tl~ 

" . " 
i.mTmT>-1L'lla.Jlil~ 22<9> L'V. PM \'lu11ilm1>-1 

" 
tlti1tlnei'llt.J\lanm11 ncl11 li1 L l1'l::mut1t1\1Lt1ll.l'lla! 

~vi~11mn ~mJ~ull.utl~11u1u~ ::a1'lLl'lill!ii'U't1u <10
> 

1'111 >-1 tl liltl n eid'ci1 U'r1 t1 ti1 llii''r11 \I n'l 'l >-1\:i'iilf u uu 

autosomal recessive \'lU PM tl'l:: a.J1ru-i't1u~:: 

5-9 L'V.l'l'V.ri1'1!11 ri1'r11'u'l111!i1::1'll.t1 t1mrntl'l::mrn 

-i'tiu~ :: 0- 2 (!i11 'l1'1~ 3) <11
-

13
> 

911~111~ 3 1'1113-l tltil!Ltln htm'lLtl~Ul\lL ti~" debrisoquine LL~:: mephenytoin Lll.l'l'V.Lim110iiil1111 

FIU/i1::JU8£Jn 

'l'r1u 

mLm~u 

muJwn 
Ul'lll.1(il1 

Lfilll.m{n 

d{,nmi 

ff1Lfilll. 

ff'r11':lm>-1~m 
~ 

t111mp~ 

~.nn (11-13) 

d d d ti 0 d tld 
m.11t1ii1 tin 'l::mrn 30 '11'V.&i 't'l~m ~uii 

1Ltl~11lfilu CYP2D6P 4
> ~\lfl1ll.L'r1cYLUll.U1'l::uu 

.., 'l d d J'10 . 1 
'r11 L'1LL~ :: 'r1~t.JCilL~tltil LL~ :: U1'r1t.JtJn()l'15!ilfl'1!ilu'l:: -

ff1'r1 (m'l111Yi 4) u1 1ii'11ncl11ilm1i1ri1Fl'cym11l'l~itn 

Debrisoquine 

0 

1.2 

2.1 

7.5 

7 

7.6 

5.4 

7 

9 

Mephenytoin 

17 

18-23 

4 

3 

6 

3 

3 

4 

~~LUll. PM 'llD\I debrisoquine 'r1~D metoprolol 

'1:: L tl~Ull.lL ti~\! U1 L't1a1i'.fl!ii'ut1 u!ii'w ~\I tl1'1i'Jr.rnmti 

r.rnn1'l1'mflu~::t11m'l D'V.hh~11tl'l ::: a111'1'1Jt111u1 ~" 
'1::'l!ii'ncl11iil t1'l tJ 
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£J1~::uul11 hnu:i::lHHJlilL~fllil 

Antiarrhythmics 

Encainide 

Flecainide 

Mexiletine 

Propafenone 

N-propylajmaline 

Sparteine 

£J1ean~~~da~liltl~::a1~ 
Neuroleptics 

Fluphenazine 

Perphenazine 

Thioridazine 

T ri fluperidol 

d 
£J1fltl.1 

Codeine 

Dextromethorphan 

Methoxyamphetamine 

Perhexilene 

Phenform in 

'l1n (14) 

Beta blockers 

Bufuralol 

Me toprolol 

Propranolol 

T imolo l 

Tricyclic anti­

depressants & 

related agents 

Am it riptyline 

Clomipramine 

Desipramine 

lmipramine 

Nortriptyline 

Tomoxetine 

Antihyper tensives 

Debrisoquine 

Guanoxan 

lndoramin 

MAO inhibitors 

Amiflamine 

Methoxyphenamine 

£J1Ei n?Jitm.,\i11~itm-11tit un1~Am.Y1£i~5m:i n'J1 phenytoin'11
•
15

> mephenytoin ~l'llLlluri1u 
r.rnmrn\I S-LLrt:: R-enantiomer ~tltLUU~\latJ\I ~ '' • Id • I " 

'llB\lm~3.J'l'IU~lilfln1~Lurl£JUU.urt\l£J1 Au mepheny-

toin ~\lLUu£J1~::3'utin ii~ITT~Im11a{111F1~1£J 
' .}\l ' ' 'l .,~ 0 

phenytoin Ulil£J1U 3-!Flfltl lil~UFl113.J\.W3.J LYl~1:: 

1lZr.iri1 um'j~mflhilL ifaeuua::vh 'l li'Lnuimm~lfil.Y 

m11etl111 L'llu m13.Jr.i1i1tl n m'lla11~::urn~auiloiua£J 

" 
'i.lu\1£J1umtl~£JUl~ tlri11 Iui£Jtlljn~£J1 p-hydroxyla-

tion l~rt:: N- demethylation' 16
> lLITT S-enantiomer 

umtl~£Jm~tl~11fo£Jtll)n~£J1 p-hydroxylation LUU 

ri1uLl-iru flilu)j..a'uI111Iwrn'lun~3-1 2c Lllu~1 
~ , 
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FrJUFla.J F1rurta.Ju0i'IJE111~u t01 tmm'!5'1hlrmuil ii'ii'vi . ' 
~'1U'1hflt.-i'n1Y1uvi11LUU~tlLvi* fl1Ylfo R-

enantiomer ~mtl ~tJUlLtla'1 tviutli)Mu1 N-

demethylation LUUfl1R'1J 

mephenytoin fl stereoselective n~TlFltJ EM 

:u:::ttl~uuutla'1 S-enantiomer 'lt.-i' 11tl1'111m~1 
lLa:::rta.J\!'HU u~:u:::Ltl~uuutla'1 R- enantiomer 'lt.-i'il1 

LU PM n11Ltl~timLtla'1 S-enantiomer fou 

tli)n~u1 p-hydroxylation Lnvi~mfoumn ~'1 s­
ua::: R- enantiomer ~mtl~uu1Ltlai1 foutli)n~u1 
N-demethylation 'lt.-i'Yrn 1nu ~\lfim1a.JL1i'mfo 

LUL~tJVJ'il1l\lt11~11 2 ~tl 11uuLn ~LAtJ'1nu< 1 5 i :u1n 

Ii'a~a~iln~Tl ~i1'lt.-i'ihmLmun11n1Y1uml'nurn::: 
d 

tl11nn (phenotype) ?rn'1n11 Ltlauuutla'1 

mephenytoin foumeYm1'41u1:::Y111ilm1mii'a.i1i'u 

'IJ1l'1 S- ua::: R-enantiomer Lm1aa11::: '1J1l'1 

111a1aa1'mY1fl'i1L°l1t11Y11i1tl1n'ltl1L~1 B ita.J. Lu PM 

erm1a1\.tdfii;htl1:::mrn 1 LU EM iiA1U1ltin11 1 

\•1u PM L wll1101 :::1u1111ntl1:::mrn-r11ua::: 20 Lu 

F1uri11111\rntl1:::mrn-rmrn::: 4 (m11i1~ 3) 

Fl113-J fl1 A '1J'l11il Fl ~itn'iltiil Fl113-J UP'l n ~1 ii nu 

L Un11L tl~tJUlL tlfl\l mephenytoin ui1hlm1U1L ii 
'ii'vi 1LvJLUU~u1fl'1 Lnm11u11n:u1n mephenytoin 

" v d d Q d tld tl t u.a1 t1\la.Jt.11r:inY1'11t1itUCil'l1~m auu1L a\'! CiltJ 

1:::urnm-t'l'il~ 1Uiu1nu o1111tl1'1LVU hexobarbital, 

mephobarbital, omeprazole, diazepam, 

imipramine lLa::: proguanil1111 ni1L'llt11~'1nci11 
q di1 d v ,ff LU PM 111:ua.J cyY11Lnt11nu n111111nCJ'l1olLa ::: 

l~ Y'il 1l\l u1 Fl 11 a.J ri rirnr.in L un11 L tl ~ uu1L tl IH 

' ''1UlHfl1U'l1ll~11LU\\ CYP2C19 (39) 

3 5 

mephenytoin 

autosomal recessive L~ULUimnu debrisoquine 

<18
• 1

9
i ~u~muF1a.Jn11'1-r1'1'ii't1 tm Lma.J~L~t.11'1111\l • 

nun111tl~uu11tla\l mephenytoin 11~uutm ta.J fo 3-i 
1d d 

~'11 10 (P1111\l'l1 2) 

ni1 L tl ~tJUlL tl a\l m lla::: a11tF1fiLu1:::u:::~ rt11\l 

L~t111i'tJ'1 nu n11LOl3-Jrl11U1\11JU1\l L1i'1 Lu La.J L a~a'il1lil 
~ ' 

u11La:::a11tF1fi°ltu 1 Yl~ti metabolite fiLnP1:u1n 

tli)n~m 1 m:::u:::~Y1it\l a11~'lt.-i':udhZ1mt'n tma~a 
C:cf d cf 

L\'13-J'IJU 3-J polarity ~'1'ilU ~n11umu1111nm\l 

i1aa11rn~mhUi'lt.-i'mn~u tli)n~u1~fini1LOia.Ja11 
L'1i'11 uTmana'iJ1J'1tJ1 lrn:::a11LF1~ t1um1a.J 1 nu11 • 
conjugation ·lfofiY1a1t1i!\'tm~u glucuronidation, 

sulfation, acetylation LUU1iltt11l 

v «d ' tld tl n11m•moa.JU'l1U1'110111n11L '1t1u11 a\lt.11 , 
ua:::a11tF1fi1u1:::u :::~rttJ\I tli)Mu1~'loi'-rum1a.Jrtu 1:u 

lrn :::fin11Amfl1lU1\lffJ1\l'il11\lA1l acetylation ~\I 
LM tl1Il 1lil nu n11 L tl ~ tJUll tl a\l t.11 lta::: rl11 LFl fi\111 n 

~ ' ' 
v d tld hydrazines 1rn::: arylamines 113-J'l1'1tJ1'11~m auu 

LUUrt11mn amines L~'l-1. sulfasalazine, nitrazepam 

1rn ::: caffe ine 1tlumu (01111 \l~ 5) <20
-

2 2 1 

tl Q 0 0 J' f 'l " 
!Jn1tJ1U~ nFl1UFJa.J LCiltJL1JU 'Cla.J N- acetyltrans-

ferase (NAT) L '1-1.~tJ Lml1la'IJ1l\IL'lla'1oi'u ~ii Lu 

FlU~rltJ\l~tl Atl NAT1 ua::: NAT2 Fl113-JlLP1n vh \I 

n'l-1. 1 un111 tl~ um1 tla\l u1 lLa ::: a11LF1iiLP1utli)n~u1 
acetylation \'l'ULQl'n::: 1 ULtJ'l-1.'l'Ci~ NA T2 <23

·
241 
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Arylamines Hydrazines 

Dapsone Acetylhydrazine 

Procainamide 

Sulfamethazine 

Sulfapyridine 

Carcinogenic arylamines 

4-Aminobiphenyl 

2-Aminofluorene 

Benzidine 

Methylene bis-chloroaniline 

2- Naphthylamine 

~1n ( 11, 20) 

~~ L tJ ~ u "u tJ "" v1 u a:: a1 ·aF1 il1oi'n1 turn 

tll) n~tJ1 acetylation L~tlffl1 slow acetylator 
.,d • 1 d • I '[ "a "' 1 '" (SA) ~'YILuatJ"UUuM r1IL'rlL'rnm1 fast w·rn rapid 

acetylator (RA) l'IU SA {£Jua:: 49- 70 L'UA'U 

tJ11111 uoh·1u{mm:: 7- 34 lm111r;i::1"£J£Jn 
d t I d ._., .. Q ,J' 

(m11\l'YI 6) " SA l~mwm1na1mrnqLnr1111" 

L 'UU'U~F11UfilJ.Jn11ft{111 NAT2 ~l!El~U"UfR1fa.i f.ciJ.J . " 

Hydralazine 

lsoniazid 

Phenelzine 

Drugs metabolized to amines 

Acebutolol 

Caffeine 

Clonazepam 

Nitrazepam 

Sulfasalazine 

1d 
~'YI 8 

mn <23
• 

24
l m1J.J LLlilnoJ1\ln"Uhm11 Ltl~tJmitJa11tJ1 

ua :: a11LAilfmm..Jl)n~m acetylation ilm1J.J~hR'ry 

o1£J~an111nu1ua::£J1n115"U1~w11tl1::a\IA1l£J\lt11 

11J.J~11nTHnr11t1i;rna::m1::tJr11tJnliiu1\1£J~111~1n 
ft11LAil ~\l~::'loi'n~11olEJ '[tJ 

d d L ~ 0 1 

Gl1':i113t1 6 F111J.lrt1!£J\I slow acetylator "Ufilmnm11r;im111 

~ 

A'Ulil::'l'UEJEJn % fil"UtJ11111 % 

"' 11 59 -70 Ln1l1'1 UA"1r111 

~"ur.i"~"tmy 1 3 Lti Ina fo1::Lnu 60 

~"t"'lr;J..,fa 22 ~{\ILl'Hl 59 

~"t"'l'Ylt1 34 rlrnia"U!il 61 - 64 

~"UL"Ufl\IAttJi 22 "' 57 LtJEJ13-l'U 

niu" u , 
7 -1 2 a1Lr11'U 51-68 

1 mi 18 fll11jm~1~m 52-57 

rrnuu"a 28 5\1 nqu 53-62 

~1n (1 2) 
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Fl 'J 1 auh fi qi 't11 \I Fl iHl n 

m1>-1fl ui LL t in 1 unTH tl~tmu tlf111t11 Ufl:: f111 

Ll'l~~il L tlmi fl\11 n n11u tl1ffu mil n11>-1'~"~~m1 >-1 
ri1Fl'cymill'l~itmtlu 3 ~nuru:: ~a 1) r.mm1 

i'nu1ufl::a1m1cfali.lvfotl1::flill'l'llt111t11 2) tll]­

n~t11manm::whilt11 1rn:: 3) 1'111>-!LUUl'iiU'11n 

fl11LF1~ 

lu~nuru::u1 n PM tt~a SA \l ::~A1m11Lna?J 

\lflUA1f!Cil{ Ltlu m1>-1Ln>-1tiu11a11t11 l m~aui 1'11 
d ga d' dq " I • " " 1'1111n1Cil lLfl !:l~WYl ~Ciln11Wl!:l111ill'l11>-IL'llJ.l'llU 

'lltl l1t11LUL~tlfiltlUL1 fl1mnn11 EM l1~tl RA 

L~a l~t11rii'1t111muiLfi1nu Lllutifl l~t11aanqY15Llil 
d I cf di d 

1uu 111tt1t1l-l.1lrn11 l-l.t1n\11nu PM ma SA >-1 

fon1f!Mi'rn~u\11nt11mnn11 EM tt~a RA ~n 

rii'1t1<12
• 
25

> t1m1'um&~f111aanqY15°Lllu metabolite 

(s) 11 ailt11~m1>TuLa11li.l~qY15° 
d•t '-'<' ~ ' " !'1 d t11'Yl m>-1 n1 1~1nu1at11il n11il'll11ilLuUtl1'Yl 

~mtl~t1UUtlf111fot1 CYP2D6 (Ci111111~ 4) m1 

a~111Ltlu m11~ metoprolol ~11Lllut11i'nmhl'l 
m1>-11ii'l-l.fo~mc11 11m:a1m1tl1uiLl'i'uan (angina 

er .., ~ I I 

pectoris) min qmrnn ui nua t.1111 Lm'l1::L '11!: \lil ma 

beta1 receptor rii'1t1'11"1Ul 200 >-1n. PM \l::~A1 
d d' dq " I • " " LQfltl 'lltll1l'!Ul'l~Ulm1v11::tt11111'111>-IL'llJ.l'llU'lltll1tl1 

1 d ~ o d ,ga tJ 
ULfltJUI nUL1fl1Ufl!:Fl11'1111n1Ul 'i::mru 6 lLfl:: 3 

L fiT1lt111 EM Ci11>-1~11ii'tP6 1 n11 Lti't11d·fofl::fil~l1li1 
\l!: LYltll1l'IEl 1un11A1UF1>-i tl1n11U1UILAUtln '" PM 

' 
lu EM t11'1Pi't1111~1ufl:: 2- 3 A~11126 1 Yi1ua11 

L~tl1tlUEJ1\lflfil'll"1fil1rnl1 metoprolol Ltt~m l~t.1 11 
d d ..,. d 

F11rnu11'1lt1'1'llmuimm~1u (1 oo>-1n ./1l-l.) L>-IEJ 

lti'tu PM ~LlluhAm1>-1!ilufo~mc11121> tuimhltJ 

metoprolol 1ti'liilll-l>~U1tl hFlttEJU~ fil Lm1::t11~ 

r.rnl'lauti111L\ll'n:: L\11::\111ITTEJ be ta 1 receptor 

1Lm~m1>-1LnmTulm~ufil fl111 t.11\l::~r.mmu beta 2 
" 

rii'1t1 lil11ifiim1lti't11dtu PM ~'1LlluhFlttEIU~fil 
El1'1Yi1 L ~LrlUHlUUl11tl lfii' 126 1 

37 

d cf ..,. ::. d .... 

t11Y1aanqmiflnfilm~ beta receptor anm 

ttit11~itt1>-1L'li'numn~a propranolol m1Ltl~t1u 
1Ltlfl 11t11dtfilt1tll]n~t11 hydroxylation ~A11>-1 
u01nm111nu1ii PM lLfl:: EM 1LmL'1.u11\11nt.1l)n~t11 
~ ' <'_J " ' tl d ti cl' fil llnf111>-1 tt1lrnEJt1>-11 n mun11L fltl UU fl11t11u 

!il11if u tfil t1J11 l01 11>-1~11 li.l~ 1'111>-1flui 11r.J n 1un11 

Ltl~t1UlLUflll propranolol lii, PM Ufl:: EM<21 1 

a~ o ,J,. ~ 'I " 
unma t1111ttitlll'1Elf.Jfllt1t1'11nm 1 L?i desi-

d a ~ f d " 'I " .'I d f'I pramine 'll'1LUl-l.t111nu1 L'il'l'llmA11 m~u1tl 'YI LuU 

PM 'llEJl1 debrisoquine 11u1 ui~1ti't m::t1::1L 'in Atl 

50 irn.tfa 1ui'11'lat11L'r~muu 250 >-1n./'fo mt11u 

1 L~uu mrn1m1tl1uittu1unnru::l~n m t11'11lui 

'11n n11m1'1FJ ~ul ,·l vhl11 l;;iv1u m1:: n~1>-1 L du 
'11 L\l'111 lilL~El UIL '1.a11;;i1 n n11l1 Ul Ln~'1'11tl'1l1 fl ti Ul L~tlfil 
~ltlL~t111'11l;;i tta11'l!ilfotnltl1L~145 fa<251 ;;i1n 

m11'ui1::lilu'llEJl1 desipramine lu~.f>-1 l'1 u11~tht1 
11t1d~1::1ii'ut11c11n11"11LQ~m~a 1~ril1mn-1.1ui1n~ 
LAt111nl-1.h1.~u1t111t15w1 t.11::inru 4 Lfi1 ~11Lnui 
a1 n11 cfo'l~l~11tl1:: f111l'ilii'iln~11 L '1.a11;;i1n desi­

pramine LUU metabolite 'llElil imipramine1211 lii'ilJu 

PM ~lrilfo imipramine nm;;iLnuitmLifo'liKLtlu 

L~mnu ril1mttITTii'm1 lti't11~rim tl~u"u tl fl11 tuit1 
' " 

CYP2D6. lLfl::LUUtl1tJU(il)1tl Ltlu t11unlt1m1~ 

l11 l;;iLat1.~ilm::mn encainide, flecainide LLfl:: 

"' " ~ ~ f ". 'I d mexiletine \ll1ITTElil'i::>-1m::111 ~UltlLQl'l1 ::~u1tl 't'l 

~t w1mu LLfl ::/l'i~a t 1Fl 'lm11>-1!il1t111 41 

m1irnmnm111 tlll. L ll.n11 L tl~ t1u1~ Uflil t11 tuit1 

tll]n~m acetylation '11l-t.Lttaj~tmmam1Lnuia1m1 

ti'uli.J,~11tl1 ::flilA\l1 nt11 a1nT~~v1u ~ L~'l-I. peri­

pheral neuropathy ;;i1n isoniazid (INH) lLfl:: 

hydralazine, lupus-like syndrome '11n 

hydralazine lLfl:: procainamide 1'1111-ltJUJtlnOi 

mft1dv1u1l-l. SA tlut1n11tu RA120
·
29

> t111 

~ t 1tl1rn::fltti'J"l ~11~fo n1fl'lrilfoti'um1t1 ;;i1nt11 

Lttft1d>-11nn-h?J11LEILVtl Lm1dh.h::?J1m~LUU 
SA mnn11 (Ci1111il~ 6) ·~11t1111u11 INH ri1hi' 
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LnrAmuamaulii. RA 'liilumrn111ii. SA 1Loiii 

VI~ nj11-l. VI fl1 tJ a U1\l~~IA lLV\l nm1 tJ\!11-1.!il\l n a111291 

o - ao d - d 
R11J.J "11'1 ClJ'Y11 \IR fll-l.n an fl nuru::VIU\l'IJ a\l 

m1a.muinoi1'1nii.bn1·atl~tJu1Li.fo\lm REI tl~ ­
n~tJ1 oi El nw~::Vl11\I tJ1 ~ tJ1VI fl1tJ'ilitVJ~\I~ L UUILfl:: 

~·l~WJu substrate 'IJEl\l CYP206 ff1J.JTmuu5\l 

m 'lfi1\11"mmE1u'l'll31°ifliil m1au1\IL'liu propa-
~ 

fenone lLa:: quinidine m°r1'1fftl\l'ilii.JA~IA'ili1\l 

n1'l LU~tJUILUfl\ltl13w1 fotJ CYP206 L~Elli 
~1Wlu fi1 l '11'l::!ilrnrn\l tJ1 !il\l naTl ~\l~UlilliEl1lilL tJu 

- '~' 'l"' d - -c:1., EIUUJ'l1tJITTEl~U1tJ IA <25
· 

301 lil\IR'l'l'l!:J.JJA'l::'l\ILJ.JEI 'il 

tJ1LV1a1d~wnutJ1~w1 ~1urn\llum'l1\I~ 4 

tl
d <1 

EM lil::~m fltJHLUU PM 

t!u#\lm'lfi1\11W1JEl\I CYP206 Vl~EI LEIU'l'll31°3H'] 

~LMtJ1~a\l tl'l1nnn1whiL1tJn11 phenocopying 

<21 1 ~\lli!::i'.itrnoiE1m'lE1E1nCJ'Y15"1La::m1muuflu 
'iJE111tJ1L~E1l.X~w 1fa !il\l'lmna11a.rni~1 Ltlli~ib 
a\lLnUd1 tJ1~LU"m1mittJTlfoE1ufa31° L'lin phe-

.. 'l 'd ' nobarbital Vl 'lEI rifampicin J.Jmrnornn1'l 

fi1\11WIJEl\I CYP206<3 •> 

ti~ n~tJ1 via nm::;-i11\ltJ1il n~;-ilZ\l~ib 1mi 1lil 

REI n1'l~IA'IJ11\ln1'lLU~tJUlLUfl\I phenytoin fotJ 

f'l 1 "' v 1 .. .l' INH L unr~a Vl'l ::fAU'IJEl\I phenytoin %LflElfA~\l'ill-l. 

lilt\El1li!L unaliITT'l1tJolElaU1tJ LrAmm'11::EIU1\l~\l 
1umn~LUU SA ~\lLU~tJlilLUfl\I INfi 'liil'lf1<32

l 

''l'lJ\.h1n!Jn1'lcUYi1UEl\IL~tJ1rlUL~E1H INH ~1 3.JrlU 
carbarnazepine'3~> 

I 'll'IVl~Elm1::r.ivitl nmU1\lEIU1\l3-l mrn 1 na~ 
L tl~tJmL tla<1tJ1'lfii'mn;-i~E1ltatJa u1\l lrAE1u1\ll1it\l 

m1mhmJu J.J :: L~\lUEIVJ1u~~~'lJ\-lVI~ ~n'°iu1u EM 

'IJtl\I debrisoquine UEltJn11h~ PM'3 4 1 U'l1n£J ­

n1'lrndtl'1'l:i.i:Nl'i1E15mtJ~ 1L l~'8'vi 1Loi L~E111 El1li!Lnvi 

lil1nm'l~ EM Ltl~munfo\lfl1'l'lJ1\lEIU1'11uu;-i~ • 
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m1J.Jam11nth::-,,11\l n1'lLnrA I 'lAm{nuau 

1 "'d a v • I d • I o ~ v f'I d 
U~'Y13-ltl ITT'l1n1'l Lu fltJ%1L u fl\I tl1 ITT1\I nUtJ\I L u'\.l.Yl 

nm~tJ\lnnmn ~a,·iu11 PM 'IJEl\l debrisoquine 

~lammllnhmn{nii.au'liilmnn11 E M<351 1La:: 

'lmaY\lam~m31u11 PM LU~tJUILUfl\lff1'l'lJ1\ltJU1\I 
fiirn-WolElft3-ltl\I ~\lfi11 "1LrlfAEl1 n1'll'l~1tJ rltl a~ 
Lth~hm'l1{nnan'liili.i'E1tJn11 EM a1'lm\lna11 Aa 

1- methyl-4 - phenyl-1, 2, 3, 6-tetra­

hydropyridine (MPTP) ~11H'luE1 ITTft 1'1'1n'l'l3.J • 
Ll'l:Nt11\IEIU1\I ILfl::'lfii':Nn1'lli1m 1'1i'l UYl1\l~r.i vi L'liu 

1'li'Lllua1'lLm·1mvi<35
•
311 a1'ld'~mtl~muuu 1-

methyl-4-phenylpyridiniurn ion (MPP+) Lm.1 

Lem'l'll;T MAO 1uaJ.JEl\l MPP+ :N,°1-WLQYn::Llil1::0J\I 

oim'llfl~aJ.Jv\I u~nru substantia nigra ti11iLnrA 

E11nTrn~1 tJ hm'l1{nnau'35
•

311 ~\l MPTP 1La:: 
v v . Id 

MPP' liltlntl CYP206 1Lfl::El1lil~nLuflmtlLU~\l 

LlJii.a1 'l~'l:i.i~qY1toia'ltl !il11~u1u PM ~11n1-s 
ti1111n'ilE1\l CYP2D6 avia\lmn~\l:NLan1mlllthfl 

m{nual~lil1nm'l'lvi'fo MPTP mnn11 EM 

E1u1\l'l'lnmJ.J m.uim~1wiY111mHtl\lOJ::o1E111i'.im'l,°1aOJ,z • J ~ 

nuoia'ltl 

ft11''nn arylamines L'lin benzidine, 2 -

naphthylamine, 4-aminobiphenyl ILfl:: methyl­

ene bis-chloroaniline ~111muE1mn1V1m'l3.Ja • 
1rn::lrn1amn ti11~Ln1iu.i :: L~\l'IJE1 \lm:: Lm::i1aa11:: 

1nmt\l1u~«mlanua1'l L'l'ia1,iLuntl-s::~1 (m'l1\l~ 
5) Att\l1it~Llln SA iilan1mtlnJ.J::L~\llil\lna11'loi' 
UEltJn11 RA<20

· 
241 ,t11dE110JLitE1<1li11nmi111u 

mnd'<£nmau'l'll3f NAT2 1nn'l::m1::i1fla11::~ 
lil::ri1:5'ITTa1'lriE1J.J::L~<1!il\lna11 lnm11m\la13.J1·1u11 

RA iiam1L~tJ11oiE1m'lL uv..J.J::L~\l'lla\I ci'1'lm 'Ylqj1w:: 
o..- I d ...., \l 0 d 

Y111'lVIUn~\ln11 SA1381 'll\1 £.1\l 3.JYl'l1tJLVl~f.rnY1 

I! ~ff Iii 

lil1 n~na11mtL~10J :: L ~n'loi'11m1rnLuinm1<1 
nn 1 tinT~Ltl~£JUll Ufl\ltJ11L~::n1'l Ll'l~ ~\ILrlfAlil1n 
m1 a-i rivi 1Lr.mmll n'l'lmfa~ L uui1lil:5'tJa1 Fi' ClJ 
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