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n(;'I ~ n'a'a3-ltl'a:: n1 PI 

"lJ'fl"lJ'flU~:i':;~ru :i'l'l1 . JH1j. (?):i' .3.JtJ1 (;]'W~~:i':; 'fl11Ol1:i'tJ'fl11L~ ~1~~,,'hllin~1 
, ~ 

~1LL'W:;'Il1 LL~:;"1'J13.J-D'JrJ L'l.-1 ~'fl l'l1-:l11 'Wm:i'lS3.Jvh L"1N m:i'~~rJl'W~1"lJ11'l.-13Jil 
, 

~Q Q, tr .. I Q..'tr 1I.c:::!i1Q..' 

"lJ'fl"lJ'flU~:i':;"1ru ~.'fl. 'W~ . (?):i' . brJfl'W "ll'W'J~ru"ll LL~:; 'W~ . u:i':;~'Wfl rJ'fl(?)'W"I'Hn~1Y1, ~ 

lJi1.'IX"1'J13.J-D'Jm'l.-1~'fl1 'Wm :i'~1 LU'Wm:i'~(?) L~'fl n n~3.J (;]'J'fl th-:l 101 1 n Lbt:.J'WmJ:i':;~1Y1~Ylm h-:l~mU1 ~ 
" 

~:i':;3.J-:l~!JLn~1 LL~:;LN~mu1~'Zf~'WYlf L.jh~-:l1'W~~rJ 

"lJ'fl'1J'flU~:i':;"1 run-eWr'l'Wf"ll (?)1.n L~n~3.JtJl"ll (YI'W~W-J'W1'el11Ol1:i'rJ1'l.-13J/ 'lJn~~rJ1 'l.-1aJ)"" , 
LL~:;YJ'W~~rJYl1-:l bJl~"lll'l11~ (;'If ~1'J3.J1~YJ'W~'lJu~'4'Wm:i'v'i1~~ud 

I 
11:t'll't11J 

... 
Itl"''t'I~mfJU 01S11 ~ 

cv 4 ~f
1'U, lViO'I..! , u 6 1'1.1A .62 



-

~'flLA~.:Jn1~1~t!J m~~m~nA'J1~~~~'Wfi~:::VI~1'JA,)1~VI~lnVl~It1Vll'J~'W~nn~ 

L'W~'W CYP2C9, CYP2C19 bb~::: ABCB1 i')~n'lJ~,)I~~'WbbiJ~~1~1-n~'WDnn~n'lJ"lI'Wl(?1t11byjU
q 

Vl'fltl1TI'W~tbtlb~~~~-nmil')1Vltl. 


~'flm~!J ~~~~~ n"'l~'Wlbtlfi'W
... 
..,. ~Ido ... cv c:Jl 

bl1l'fl'U bb~~1J'VI'VI1'J'"l!J b'61 ~'"l i)r1'Wlt1'W 2557 
q 

'IJ'VI ~I1ltl'fl 

tI1 b yjuVl'fltludj'Wtll n'W-nn~iJtJ~:::~VlfiI11~ ~bb~:::iJ ~lm rI n bbl?i bti'fl'l"'l1 ntl1 byjUVl'fltlUiJ
'U 

-n,)'l"ll'fl'l m~fmj'1 bb~'lJ ~'JYll1'lXilb'fl m ~ bn (?1'fl'l m~hJ~'llh:::~'l ~1~b~'fl~:::(P)'lJtI11'Wb~'fl (?1~'l bn'W 

-n,)'J"lI'fl'lm~fm~n Vl1'flYll1'IX m~fn1!l'11~1~eJ~ b~'fl~:::(P)'lJtI11'Wb~'f) (?1~1 n~I-n,)'J"lI'f)'lm~fn1!l'1 LL~::: 
, " 

"lI'W1 (?1 til Vl LVI ~ 1:::~ ~L 'Wn 1~~,)'lJ ~ ~'fll n 1 ~in 1 '\J~u,) tI bbl?i~ :::~1 tI n iJ ~') 1 ~ bb!?l n ~ 1'1 n'\J (P)'JU'\J 
" , 

• 'U 

nl~~ n1!l'1 t:!iJi!'l 'ltJ ~:::~'l ~LYJ 'f) ~ n1!l'1 ~') 1 ~ ~~~'\Jfi~:::VI~1'l ~,)1 ~ ~'\JLL tJ ~Vll'l ~'\J~ n ~~~L'\J~ '\J 

CYP2C9, CYP2C19 LL~::: ABCB1 i')~n'lJu"'l~tI~1~L-n~'\JDm~~n'lJA'JI~~'\JLLtJ~"lI'fl'J"lI'WI(?1• 

tilLyjuV1'mJu~1-if 1'\J~U'JtlL~(P)~~-nn"llI'J 1 Vltl L(?1t1~u'Jtlh~~~-nnr.ll'\J')'\J 108 ~'W1~~ n r1(?lb~'f)n 

b.jfI~'Jl'\Jfj~tI L(?1t1 m nn'lJ.jf'fl~ ~Vll'J ~~un Lb~ :::~'J'flth'l L~'fl (?1 b~'fl !?l~,)"'l~n1!l'ru:::~b '\J1VlU"lI'fl'l'V'm 
'U., • 

" ~ru~I'W CYP2C9*3, CYP2C19*2, CYP2C19*3 bb~::: ABCB1 C3435T r.nnu'\Jfjb~~I:::tf 

~(n~~~~'\Jfi~:::vdl'J"lI'\Jll1ltl1 b~UVl'fltl,j'~l-nn'lJU"'l~tlvr'l~ b~tI'J.jf'fl'l bb~ :::1~ b~tI'J.jf'fl'l n'lJ~'\JDnn~ 
q 

bC91t11-n~~~ Stepwise multiple linear regression eJ~"'llnm~~n1!l'1~'lJ~1 ~,)I~~rer~~~"lI'fl'J 

CYP2C9*3 CYP2C19*2 CYP2C19*3 bL~::: ABCB1 3435T 1'\J~tl'JtlL~~~~-nn"llI'J1Vltl iJ~1., 

whn'lJ 2 .5% 26.7% 0.4% bb~::: 43.8% m~"h(p)'lJ bb~:::eJ~m~fjb~n:::tf~'Jl~~~~'\Jfi~')tI ~~~ 

Stepwise multiple linear regression ~'lJ~IU"'l~tlVll'l~'\J~nn~ 1~Lbfl m~iJ~b'\J1VlUbb'lJ'lJ 

CYP2C19*21*2 bb~::: ABCB1 TT i')~n'lJu"'l~tI~1~1-n~'\Jnnn~ 1~bbri b~PI bb~:::nl~1~f'lJtI1~lf• 

'lJl~I~Yi'Wi')~ ~'JtI dJ'W~'J bbU ~~ iJUti ~1 r1'1)1'\Jm ~'flfi'lJl tI ~'Jl ~ ~'WbbtJ~"lI'fl'l"ll'\Jl (?1t11 byjUVl'fltlU~ 

L-n L(?1 tI ~') bb U~ (P)'l n ~1 ') ~1 ~1 ~ rI 'fl fi'lJ 1 tI ~'J 1~ ~'\Jbb tJ ~"lI'fl 'J"lI '\J1 (?1 til byj UVl'fltlu~1-n1~¥'fl tI ~::: 20 

2 " " 
(R =0.200 , p=0.029) (p)'lU'\J"'llnm~~n1!l'1t:!1~bb~ (?1'l1'IX b~'\J~1 A'Jl~ ~'\JbbtJ~Vll'l~'WDm~~"lI'fl'l• 

, " 
£J'\J CYP2C19 bb~::: ABCB1 i')~n'lJ if"'l~tlVl1~1-n~'WDm~~ 1~Lbri b~PI LL~:::m~1~f'lJtI1i')~u'\J

q 

iJ:SVlfi~~ ~'fl A'Jl~ ~'WbbtJ~"lI'fl'l"ll'W1 (?1t11~l-n1'W~tl')tlhA~ ~-nn"llI'J1'Yltl ~'leJ~~1~"'l1 nm ~~n1!l'Id 
" , 

'lJ 

" 
'fl'l"'l ~1~1~r1-W11tJ1-ndj'\J.jf'fl~~YJ'W ~1'Wb~'fl-n(JtI1'IXnl~fn1!l'1 ~U')tIh~~~-nn iJtJ ~:::~Vlfilll~ ~1 n~'\J 

'lJ J.9 'qJ 

~'fl1tJ 
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Abstract 

Phenytoin is an effective and inexpensive first-line antiepileptic drug. Because of 

its narrow therapeutic window, high phenytoin blood concentrations have been shown to 

be associated with several adverse drug reactions. Whereas, low blood concentrations 

might, in part, give rise to an ineffective treatment. In addition, interindividual variation in 

required dosage was found . Therefore, this study aims to investigate the association of 

genetic variants in CYP2C9, CYP2C19 and ABCB1 genes along with non-genetic 

variants with phenytoin doses in Thai patients with epilepsy and to quantify the 

association by using stepwise multiple linear regression models. One hundred and eight 

epileptic patients were enrolled in this study. In addition to clinical data, blood samples 

were collected and genotyped for four candidate SNPs including, CYP2C9*3, 

CYP2C19*2, CYP2C19*3 and ABCB1 C3435T. Multiple linear regression analysis was 

used to identify the association. The minor allele frequencies of the studied variants in 

Thai epileptic patients were as follows: CYP2C9*3=2.5%, CYP2C19*2=26.7%, 

CYP2C19*3=0.4%, and ABCB1 3435T=43.8%. All genotype frequencies were 

consistent with Hardy-Weinberg equilibrium (p>0.05). A multiple linear regression model 

revealed significant association of phenytoin doses with CYP2C19 *21*2 and ABCB1 TT 

genotypes, gender and co-medication with carbamazepine. The model explain 20% of 

2
the variability in phenytoin doses (R =0.200, p=O.029) . This study suggests that genetic 

variants in CYP2C19 and ABCB1 and non-genetic variants including gender and co

medication influence variability in phenytoin doses in Thai patients with epilepsy. This 

finding could be to use to determine the efficacy of phenytoin in the treatment of 

epileptic patients. 
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CYP2C9 Cytochrome P450 2C9 

CYP2C19 Cytochrome P450 2C19 

ABCB1 ATP-binding cassette subfamily B member 1 

SNPs Single-nucleotide polymorph isms 

MDR-1 multidrug-resistance-1 

~n . n'l"l~nf~ 
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~n./nn./i~ n'l"l~nf~vl'elnt'Clnf~vl'eli~ 


mean ± SO. "h b'U~tJ1J,) n'l"l1J~,)~b~tJ-.:J b1J~~'l t?l~~'l~ 
0Jl 

~n .6~ n'l"l~nf~vl'eli~ 

X2 lA~bbA')f 

d.f. Degree of freedom 
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o 
'lJ'VI'U1 

hrl',uJ-nmrh.l~1m(?l~1I"1ru"1l'fl'l~'J1d-JVlV'/~111V'/W~:::djtJI11~:::hrl (disease burden)"1l'El'l
,~ , 

L~ n L~m'UV'/1:::1tJ'l.h:::LVI pjn1~'I-w(1J.JtJ1~ihi(?lnn1~loXn1~fm~n LLri ~thtJhrl~d-J-nn ~1 (Chisholm, 

" 2005) n1nn~m n1~-nn1tJL~rl~d-J-nn,rtJhlL~tJ'Iil t:,Jm~tJ(;l'fl~d-J'fl'l h'ln1mL~:::Ln!?lrl'J1d-J~n1~ 

VI 1'1 ~ltJ9 (?l1"'l"1l'fl'l ~tI'JtJ LL[;]tJ'I'l'11loXLn!?l111~:::Vl1'1i'l rld-JLL~:::LM'Ij'Jn"'lb!?lm'Jd-J (social and 

economic bu rdens) L ti'fl'l"'l1 n n1 n~tJ~!j (?l r1'fltJ1mrtJrl'JnL~ :::n1~~ ry L~tJ rl'J1d-J~1d-J1HlltJn1~ 
o 

Vl1'11tJ 

ltJU"'l'1utJ !jfin1~VI~n1.tJn1~fn'lj'1b~rl~d-J-nn A'El n1~fn'lj'lbC91tJ n1~l-ntJI ntJ-nn b!?ltJil 

dhVld-J1tJ~'I~!?l"1l'fl'ln1~fn'lj'1 A'El n1~~~tI'JtJhJilmn1~-nn~m~tJ (seizure free) LL~:::hJil'ElIn1~" , " 
" ,

" "" "1l1'1LrltJ'I"'l1ntJI b!?ltJ 4-1'1 VI 1'1loXertl'JtJil rl ruI11V'/~!j (?l~~~ ~!?l LL[;] LU1V1d-J 1tJ\JtJ'ItJI nYl"'l :::'lJ~~~,1~ q 'IJ q q 

Lti'El'l"'l1 nV'/'lJ~1ilrl'J1d-J ertJLLiJ~ltJn1 ~(?l'El'lJ~tJ'El'l [;]'fltJI"1l'fl'l ~thtJ~'I bC91tJV'/'lJ~1d-J1nn~1~'EltJ~::: 30 
" " 

"1l'El'lertl'JtJ"'l:::hJ~1d-J1nlrl'J'lJrld-J'El1n1~-nn1~mj''''l:::1~f'lJtJlntJ-nn~md-JI:::~d-JLL~'J (Cockerell et" , 

a/., 1997; Kwan et a/., 2000) tJ'fln"'l1n~"1ltJl~tJI~HltJn1~rl'J'lJ~d-Jmn1~"1l'El'l~tI'JmL[;]~:::ntJfl 

LL(?l n[;]1'1ntJvl1'loX~'fl'l 'l-nL'J ~1tJ1tJ'ltJn1 ~iJf'lJ"1ltJ1!?ltJI 'loX~tI'JtJ LL~:::il ~tI'J tJ~1tJ'JtJVI~'I Ln !?l'El1 n1 ~ 
" " 

14-1~'IiJ~:::~'I~"'llnn1~'l-ntJ1 

tJlLyjUVl'EltJtJ (phenytoin PHT) LtltJtJlntJ-nn~iliJ~:::~Vlfi~~~'ILL~:::iln~IQn (most 

cost-effective) ~1V1f'lJn1~fn'lj'1b~~~d-J-nn'ltJiJ~:::LVI pjnl~'I-W(1J.JtJ1(Chisholm, 2005) b!?ltJm LyjU 

VI'EltJtJ 4'~LtltJmL~'fln~tJ(;)'lJLLmltJn1~fn'lj'l (first line drug)b~rl~d-J-nn'jjUC91 generalized tonic

clonic seizure LL~::: complex partial seizure LL[;]uryVl1~Ln!?l"'l1nn1~1-ntJILyjUVI'EltJtJ rlA'El n1~ 
" rl'J'lJ ~d-Jhrl~d-J-nnb!?ltJl-nm LyjUVI'fltJtJ ,rtJ'l'111~A'EltJ-nI'1tJ1 n LL~ :::~'fl'l'l-n~:::tJ :::L'J~1tJ1tJ'ltJn1 ~iJf'lJ 

"1ltJl !?lm~LVld-Jl:::~d-J 'ltJn1~rl'J'lJ rld-J'El1 n1 ~-nnb!?ltJl4-1 Ln!?lm n1 ~14-1~'IiJ~:::~'I ~"'l1nm L ti'fl'l"'l1 nmLyj, 

UVI'EltJtJ il-rl'J'IltJn1~fn'lj'l (therapeutic ra nge) LLrl'lJ LL~:::~tI'JtJiln1~I?l'fl'lJ~tJ'El'l [;]'flmLL(?ln [;]1'1ntJ 

d-J1n 



2 

fPI'J1~bbf?ln[;]1'11'Wm~lWelU~'W'ti'l[;]'timbu'W~n'Etru:;vu'Vrl:; (trait) ~b~'ti~1bn(?)'"l1nm1~ 

bbf?ln[;]1'1"lJ'ti'lth4'~V11'1...r'W~nn~ (genetic factors) i'J~nutr'"l4'~~1~1-rl...r'W~m'~~ (non-genetic 

factors) (Roden et al., 2002) tr'"l4'~V11'1...r'W~m'~~~~h Fir!J1~bbri ~'J1~ bbtJnh'J'WVl1'1...r~nn~ 

(genetic variants) ~Yh1t\'bn(?)mnU~~'WbbU~'Im~Yi1'11'W"lJ'El'ltU~~'W~b~m.jf'ti'l1'Wm':;u'J'Wm~ 

V11'11.fl~"Jl'"l~'Wpj1~f?lf (pharmacokinetic) bb~:;I.fl~"Jl'\"l~pj1~f?lf (pharmacodynamic) "lI'ti'lm 

" " 
U'W1 vi'l bb[;]n~:;U'J'Wm~~ (?)~~m (absorption), n1m~:;'"l1~~1 (distribution), mn~ (;l1U'ti~~~ 

(metabolism) , m:i''ti'tin ~'Vli~ ~1 bb'\.-l\J'I bil1'I . .IIW)~"lI'ti'lm (target) f?l~'ti(?)'"l'Wm~ih4'(?)m'ti'tin'"l1 n 

i1'1m~ (elimination)(Rogers et al., 2002; Romphruk et al., 2003) ~'J'Wtr'"l4'~~1~1-rl 

...r'Wfin:i'~~ 1~uri ~n'Etru:;'Vl1'1mWl1'\"1"l1'ti'l~1h~ '\"Imfi~1l1'\"1"lJ'ti'lb~fP1 f?l~'ti(?)'"l'W1Y'Wf?l~mm 
q " 

:i':;vd1'1m~1~~ui'J~n'W (drug interactions) 

mb~ij'Vl'ti~-W ~'J'W1'\.-1'\iQmtJ~~'WbLtJ~'I1'Wi1'1n1~b(?)m'ti'W1"11~ CYP2C9(Fritz et al., 

1987) bL~:; CYP2C19(Depondt et al., 2006) 1~b~f?l1U'ti1~[?]~'\.-I~(?)~V1i bL~:;~'IbU'W substrate 

~'J'\.-I~'I"lJ'ti'l~'J"lI'W~'Im (drug transporter) P-glycoprotein (P-gp) (Luna-Torts et al., 2008) 

~'I~'J'W'\"Iuil fPI'J1~bbtJ~U ~'J'W'Vl1'1...r'W~m'~~ ~'I bL~:;'tI1'"l ~'I j:J ~1~bn (?) ~'J1~ C1 (?)tJ n ~1'Wm :i'V11'11'W"lI'ti'l 

btJ:i'~'W L-rl'W mnn(?) single nucleotide polymorphism (SNPs) 1'W~'W CYP2C9 1~Lbfi 

CYP2C9*2 LL~:; CYP2C9*3 (Xie et al., 2002) ilj:J~1~bn(?)L'ti'W1"1l~~iltJ:i':;~'Vlfi1l1'\"11'Wn1~ 

btJ~~'WbLU~'Im~(?)~'I 29%(Rettie et al., 1999; Rettie et al., 1994) bb~:; 93-95%(Rettie et al., 

1999; Sullivan-Klose et al. , 1996; Takanashi et al., 2000) f?l1~~1~U ~'J'W SNPs ~'\"Iu1~ 

tJ'ti~"lI'ti'l~'W CYP2C19 ~1.) CYP2C19*2 bb~:; CYP2C19*3 ilj:J~V111lli~L'ti'W1"1l~~1~il 

U~:;~'Vlfi1l1'\"11'WmntJ~~'WLLU~'Im (inactive enzyme)(De Morais et al., 1994a) (De Morais 

et al., 1994b) ~'Ij:J~1~ilm~1rum phenytoin 1'Wi1'1m~~~1~1:i'~'ti'tin~'Vli1~btJ~~'WLLtJ~'IhJ 

Q" 4 ~ a~ 

'W'ti n'"l1 n'Wn ~:;u'J'Wm~(?) (?)"1l~m'"l1 n'Vl1'1 L(?)'W'tI1'\.-11nL~:;n1~m':;'"l1~m n Lu'Wn~:;U'J'Wn1~
" 

~ilj:J~[;]'El~:;~um1'WL~'ti(?)Lb~:;1'Wu~b'Jrubil1'\.-1~1~"lJ'ti'ln1:i''ti'tin~'Vli"ll'ti'lm (drug target) ~'I 

'W'ti nr.l1 n ~ ru~~U~'Vl1'1 bfPIilYl~ mh'ti'lm'"l:;bU'WU'"l4'~~ ~1 Fir!J [;]'ti m~~(?)~~~1 L.jf1~ m':;bb~ b~'ti(?) 
, 

I i.I IV I Q .Q. 0 it..::::.lev 

bb~:;bL'\"Im:i':;'"l1~mLL~'J tI'I'\"IU'J1~ drug efflux transporters '\.-I~1t1"Jl'Wtp)'Vl1'\.-1'W1V1"l1Um'ti'tim.J1.)n 
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I I I 11 

l"Jj~; L!?ItJ~U~1 i?l'J"lI'W~-:Jm"JjU!?IVllj-:JVl~1A'1.! ll~~iJ f1'J1~ lntJ'J-if'eJ-:J nu n1J'~'eJmVl~1tJ"JjU!?I ~'eJ 
I I J,.t I 

..:::i.c::l q.dl .dI 

P-glycoprotein (P-gp)(Fromm, 2002) (Gottesman, 2002) "Jj-:J~U~n1m~!?I-:J'eJ'eJnYlb'W'ElbtJ'EI'lJ'EI-:J 

'El1'tJ'J~1?I1-:J1b"ll'W ~1t~b~n bb~::: blood-brain barrier (Biedler et al., 1989; Fromm, 2004) L!?ItJ 

iJJ'1tJ-:J1'W~U~1 SNP i?l'JVI~-:J"lI'EI-:J~'W ATP-binding cassette subfamily B member 1 (ABCB1) 

~()1tJYl'El!?l P-gp ~'eJ ABCB1 C3435T bll'W variant ~iJntJ-:J1'W~U~1iJfI'J1~~~~'Wfinun1J' 

btl~tJ'Wbbtl~-:Jn1m~!?I-:J'EI'Elmb~::;n1J'Yl1V1oW1~"1I'EI-:J P-gp "lI'EI-:J~'lflj'~(Hoffmeyer et al., 2000) 

(Kimchi-Sarfaty et al., 2007) t?l-:J~'WVl1niJn1m~!?I-:J'EI'Elmn'W"1I'EI-:J P-gp (over expression) Vl1'E1 

n1J'Yl1-:J1'We:J !?Itln ~"lI'EI-:J P-gp 1'WU1'b'JCWYl1-:J b~'WmVl1J'n'"l::;~-:Je-J~1'IXmQn~!?I~~t~~!?I~-:J L'W 

Yl1'W'EI-:J b~tJ'J n'Wn1J'bb~ !?I-:J'EI'Elmn'Wbb~:::n1J'Y11-:J1'We:J!?Itln~"lI'EI-:J P-gp ~U1'b'J CW blood-brain barrier 

n"'l~bll'Wn1J'~1n!?ln1m~1m~"'l1tJ"lI'EI-:JtJ1b-if1~~~'eJ-:JL!?ItJn1J'iumn~U'EI'Elm1n~~'EI-:J ~-:J'"l~~-:Je.J~ 

1'IXbn!?l n1J'~1n!?ln 1J''eJ'EI n ~Yli"ll'El-:Jm n'W-nn~iJ bihVl~1tJ'EI~1'W~~'EI-:J bb~~'El1"'l bll'W~1 bVI !?JVI~-:J"1I'EI-:J 

n1J'~'ElI?I'EltJ1 Vl1'E1m1~bbl?lnI?l1-:J"lI'EI-:J~t1'JtJL'Wn1J'I?l'ElU~'W'EI-:JI?I'Elmn'W-nn 

" , 
'W'Eln'"l1 n\lfl'J1~~"1I'EI-:JfI'J1~ bbtlJ'tlJ''J'WYl1-:J~'W~nn~ (frequencies of genetic variants) 

~-:J~U bbl?l n 1?11-:J n'Wttlm~ b~'EI"Jj1~Vl1'E111;j~1 b'W1'lJ'EI-:JtlJ'~"Jj1 nJ'nm"'l~-:J e.J~1'lXiJ n1 J'1?l'ElU~'W'EI-:J l?I'Elm 
'lI 

"lI'EI-:JtlJ'~"Jj1nml?lnI?l1-:Jn'W (Xie et al., 2002) 

'W'EI n"'l1 nth~tJ~ b~tJ'J-if'El'l nU~'Wfin J'J'~ bb~'J tJ-:J~U~1tf"'l~tJ~hJ b~tJ'J-if'eJ-:J nU~'WfinJ'J'~ n 

~1~1nl~-:Je-J~m:::YlU 1?I'EI"1I'W1!?1m bb~:::J'~t?lUm b-wUYl'EltJ'W1'Wb~'EI!?I Vl1'E1n1J'I?l'Elu~'W'EI-:JI?I'EltJ11.~ b"ll'W 

~n'l!tCW:::Yl1-:J n1 tJIl1~"1I'EI-:J ~t1'JtJ ~mfi~1l1~"lI'eJ-:JLJ'f1~~-nn bb~~n1nn !?I~'WI?lJ'fi1'tJ1J'~VI~1-:JtJ1 
'lI 

(drug interactions) L!?ItJ'*'Jttl bb~'J ~t1'JtJLJ'f1~~-nn~ fn'l!t1 ~'JtJm b-WUYl'EltJ'l! ~n'"l~1.~fum~'W1 

1'J~~'JtJb~~'EI ~-:Jm'"lYl11'IXbn!?ln1ntl~tJ'Wbbtl~'lm~1CWmb-WUYl'EltJ'l! b'W11'ln1tJVl1'E1n1J''EI'Eln~Yli 

"lI'eJ-:JtJ1b-WUYl'EltJ'l! 1.~ 

~'JtJ bVlI?l~ bb~Yl~tJ-:J f1-:J hJ~1~1nl fI1!?1 b!?l1 n1J'I?l'ElU~'W'eJ-:J l?I'Elm b-wUYl'EltJ'l! 'lJ'EI-:J ~t1'JtJ bbl?l~~ 
• 'lI 

J'1tJ'l~ n1J'fn'l!t1LJ'f1~~-nn~'JtJmb-WUYl'Elmr 1'Wtf'"l'"l,r'W~-:JtJ-:JfI-:J1-ir3~n1J'~'EI-:Jt3 !?I~'EI-:J bin (trial and 
• 'lI 

" 
,'" 

error) t?l-:J'lJ'WfI'J 1~~1~1 J'blb'Wn1J'~tJ1mrn (predict) 
,~ 

n1J'I?l'eJU~'W'eJ-:JI?l~tJ1V1J''EI''1I'W1~tJ1Yl 

LVI~1 ~~~"lI'EI'l ~t1'J tJ LLI?I~::;n tJ 'l~~ 'J'l VloW1 ti'eJ~~1~1 nl"ll'JtJ L ~~tlJ':::~Ylfi[l1~L'Wn1 J'fn'l!t1 ~'JtJ 
'lI 
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mbyjU'Vl'eltJ,f 'i:r;)tJn1:i'~r;)~,)1l-Jb~tJ..:J11..ln1:i'1~fum~hjb~l-J1::;~l-JflU~thtJ bb~::;~r;)n1:i'Lnr;)mn1:i' 
~'~.I .. ~t.-
bl-J'VNu:i'::;~..:J~'"l1nm br;) 

r;1..:J,r1..ln1:i'~~tJ'Vl1..:J Ul~"ll~1..ln P11~ (;1fd~..:JiJ1'(;1 ClU:i'::;~'1 ~L~'el~'"l::;~m~1 m1~~~~1..lfi, , 

:i'::;~~1'1 ~')1l-J LLU:i'U:i',) 1..l'Vl1'1~1..ln n:i':i'l-J 1') l-J flui1'"l~tJ~1lJ1-rl~1..ln n :i':i'l-J flU ~,)1l-J cY1..lLLU:i''lI'el'l'll1..l'l r;), , 

mbyjU'Vl'eltJ,f 11..l~tJ')tJh~~l-J-nn"ll'l')1'VltJ LL~::;~1LLUU~1~'el'l (model) ~H'U'"l~tJ'Vl'l'l~1..l~n:i':i'l-J 

1,)l-JflUU'"l~tJ~1lJ1-rl~1..lnn:i':i'l-J11..ln1:i''elfiU1tJLL~::;Yimn:i'ru'll1..l1r;)mLyjU'Vl'eJmr 'lI'el..:J~tJ')tJ ~..:J"'l::;iJ, ~ 

" tJ:i'::;'i:tJ"ll1..l11..ln1:i'~11UU :i'::;tJ,n (;11-n1..l'Vl1'1 ~~Un ~'el1tJ br;)tJ1-nLU1..l-il'el~~~1..lj11..l11..ln1:i'~"'l'lnU1 
,

"" 'I t.- ., t.L~'elnl-n~1'elUfu'lI1..l'l r;)tJ1 phenytoin ~ L~l-J1 ::;~~~1~fu~tJ,)tJ LL~~ ::;ntJ LYi'el bVin1:i' b"lltJ1 
'lJ 

phenytoi n Ln r;)U:i'::;btJ"ll,f~'1 ~ r;) ~'el ~tJ')tJ 
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.a....,.d.d i' 

b'fl n~1'i bb'il~-:l1'tJ. 'J ~!I'Vl bn!I'JezJ'fl-:l 

L'iA'iU.Ji'n (Epilepsy) 

b~l"l~uJin (Epilepsy) ~'f) b~l"l~dll?l"l1nJl'Y:l:::~(?nJn~"lJ'f).,'j~:hl'f).,'j ~.,'j~mmnL~l?l.,'j'f)'f)n~'f) 

~t})tJ~mm~in41tl?ltJ~hJ~hJ"l~tJm::;~1.J (precipitating factor) il?lL"l1.J m"l"l::;~tJ'Ym1fi~Jl1~ 
~ ... ~ , ..~" . .., .?I ~ .J "" "". I "" • I d ~" 
b'W~:hl'f).,'jVl~'f) b:hln b!?l (Lowenstein, 2005) 9!?lLu'Wb~A'Yl:hlm1:hl~!?lunvl'Vl1.,'j~::;tJtJu~::;~l'Vl'Vl~tJ b!?l 

U'f)tJ:hl1n 11.JU~::;L'YlPll'VltJ~tJA,)1:hl"lln"lJ'f).,'jhA~:hlinl1.Jrer(?]~1 5.9-7.2 ~'f)U~::;"ll1m 1 ,000 A1.J 
q 

(Asawavichienjinda et aI., 2002; ~:hl1A:hlb~A~:hlimL\-i.,'ju~::;L'YlPll'YltJ LL~::; ~miJ'Wth::;~1'Vl~'Vlm 
" 

m:hl n1nL~'YltJ, 2549) n1nn l?l'f)1 n1~in1'WhA~:hlimr1.J'W'f)n91n9::;Ln l?lt.J~ L~tJ ~'f)~:hl'f).,'j bb~::; 

i1.,'jn1tJ"lJ'f).,'j ~l1,)tJ LLi1') 5.,'jvi11oXLn!?lI"l,)1:hl~ n1~'Yl1.,'jcJl1'W~ (?]1"l bL~::;~.,'j A:hl '6'l.,'j~~ loX~l1,)tJ~ AruJl1~ 
~ ~ , 

~(?]~1~~ 

Viin m~fmoj1hA~:hlin~VI~1tJu~::;m~cJl')tJ n'WlcJlbbn m~1oXm n'Win L~'f) A')tJ A:hl'f)1 m~ 
q 

in m~fm~t1~~1LVI[;J"lJ'f).,'jn1~inl'WntJ~LtI'W symptomatic epilepsy m~VI~m~tJ.,'jLL~::;A')tJ~:hl 

~.,'j m:::t1i'1.J m ~!?lLL~ fm~n LL~::;~1.J~~:hln(1Jl1~'Vl1.,'j cJl11.J~ (?]19 LL~ ::;~.,'j A:hl LL'~::;m ~~91 ~ru1 fm~t1 
,~ ~ 

tl?ltJn1~~1[?]l?l (epilepsy surgery) 11.J~1tJ~1~I?l'f)tJ~'W'f).,'j~'f)m~fm~ncJl')tJmn1.Jin (Lowenstein, 

2005) ~.,'jLU1V1:hl1tJ~.,'j~!?l"lJ'f)'lm~fm~t1t~I"l~:hlin ~'f) m~~~11')tJhJiJ'f)1n1~in~m~tJ (seizure 

free) Lb~::;hJl:J'f)1m~.jf1.,'jL~tJ'l91nm tl?ltJ~.,'jVlrJ.,'j1oX~11')tJ~~ruJl1~~~(?]~~~~l?l (Gidal and 

Garnet, 2005; Hirsch and Pedly, 2008; Vickrey et aI., 1994) 

l1.Jih,u'W ';)fin1~Vlinl'Wm~fm~nhA~:hlin~'fl n1~fm~nbl?ltJ n1~1-ntJ1n'Win ~.,'j~tJ~1 
~l1')tJ n~1¥'f)tJ~::; 70 ~1:hl1~(1 A')tJ A:hlm m~inlcJlcJl,)tJtJ1 n1.Ji n LL~~tJ~1~11')tJ~ nU~::;:hl1 ru¥'f)tI
~ ~, 

" , , 
~::; 30 hJ ~1:hl1~(1 A')tJ A:hl'f)1 n1~lcJl ~'lVllcJlftJ n1 ~fm~n cJl')tJtJ1 nWD nVi LVI:hl1::;~ :hlLLi1') nm:hl 

q 

'W'f) n"l1 nd5.,'j~ ~l1')tJ~ n'6'l')'WVI~.,'j~ bn l?l'f)1 n1~1~~.,'ju~::;~.,'j A91 n n1~1-ntJ1 ~.,'j,r'W9::;L~'WlcJl~1 n1~ 

fmoj1~11,)tJhA~:hlin,r'W~ A,)1:hl er'Wmh~.,'j1'Wth::;~hfiJl1~"lJ'f).,'j n1~fm~n n1nn l?lm n1~hJ~.,'j
~ ~ 

u~:::~.,'jA91nm~1-iftJ1 (?]~'f)l?l9'W"lJ1.J1!?lm~bVl:hl1::;~:hl11.J~11')mL~~:::~1tJ (Lbscher et aI., 2009)
~ 

iI tI, I 

~'l\l~,J9 ~tJVI ~1 tJmJ 1.,'j VI vi 11~~11') tJ LL~~ :::ntliJ n1~(?]'f)tJ~'W'f)'l ~'f) n1~fmoj1 cJl') tltJ1V1 
~ 

bL(?]n ~1'l n1.J tl?ltl~1:hl1~(1 LLU.,'j'f)'f) nlcJlLtI'WU9~tI~hJ L~tJ').jf'f)'l ntJin'rl'ru:::'Yl1'l~1.Jfi,m~:hl (non-
I i.I I I 

genetic factors) ~.,'jlcJlLLn L~ PI miJ iJ1V1~n [?]') mnn !?lrer'W(?]~mm91 nm~'W1V1Hi,):hl n'W (drug 

interaction) Ltl1.J!?l1.J LL~:::U99tJ~L~tJ').jf'f).,'jntJin'rl'ru:::'Vl1.,'j~'W~m~:hl (genetic factors) ~'6'l.,'jt.J~ 
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l'l'Eln~::;U'l'Wn')~Vll.:tUl~"1l'"l~'WP1l~l;]f LL~::;Ul~"1l~~ P1l~ l;]f"ll'El.:tm1'W~h.:t mtJ ~.:t bbl'lm'::;U'l'Wm~~ WI 

~ ~~ J 
'lI'-Jm (absorption) mm~::;'"lltJm (distribution) mn'-JLLVlUel~'lI'-J (metabolism) n1~'f)'f)n~VlD 

~~lLLVlkl.:tLihVl'-JltJ"ll'f).:tm (target) l;]~'f)W1'"l'WmJ'rh~W1m'f)'tln'"lln11.:tmtJ (elimination) (Balant 

etal.,1989) 

-.l~ .
til bl"l'LlVl'fltl'W (Phenytoin; PHT) 

tJ1 b~ilVl'f)tJ,r (Diphenylhydantoin) ~~ l;]J'brlN~h.:tVll.:t Lrlihtl'W 5,5-diphenyl-2,4

imidazolidinedione ~.:tbLM).:tL'W~tl~ 1 LL~::;~nUl'-J1L'htl'WtJ1fm~nbJ'rl~'-J-nn1'WtJ rl.P1. 1938 

(Merritt and Putnam, 1908) ~W1btl'WtJ1rl'W-nn~~tlJ'~~VlfiJ)l~~LL~::;~J'1rll~n ~.:t~n1J'L.jfrl'W 

'f)th:mr)l.:t"ll'll.:tvY'lb~ n Lb~::;bWlm'U~1::;1'WtlJ'::;LVlP11VltJ 

\--(0 
N-H 

:;Uv11 ~l;]J'brlN~~l.:t"ll'El.:tL~ilVl'EltJ,r 

tJ1L~ilVl'f)tJtJ~vlLtl'W first line drug ~lV1fumJ'fm~nbJ'rl~'-J-nn~~mmJ'-nn"1lilWi 
" generalized tonic-clonic seizure bb~::; complex partial seizure 'W'f)n'"llntJtJ.:t1-if1'WnlJ'U'f).:trl'W 

LL~::;fm~nm nl J'-nn~di W1L'WJ'::;VI~1.:tVl1!lVl~.:t mnh [P]W1~'-J'f).:t (neurosurgery) (Kastrup, 2008; 

McEvoy et ai., 2008) 

...... ..... ~ '1 ,.( _.I ~ .f'l ru~3J'U I?IVll~b.n~"1!'JVltll bb'&'l~ n~ bn n1'i'fl'fl n"IVl fi"ll'fl~t11 bl"l'W Vl'fltl'W 

tJl b~UVl!ltJtJ'tl'Eln ~Vlt~l'Wm mJ'-nn bvltJn1J'~Url'Je'h ~1'W'W'El n"ll'f).:t sodium channel 

(Kuo, 1998) ~.:t1'W"ll'W1W1m~1.jfb~'f)n1J'fm~n,r'W mb~ilVl'f)tJtJ'"l::;~~~l'l'f) voltage-activated Na+ 

" channel v'i11~ilmJ't1W1!l~1'W·lh.:t inactivation 'W'1'W~'W v'i11~nWln1nn~ depolarization "ll'f).:t 

~ d ~ ,J I o-d oClI .d 
b'1l ~ ~tlJ'~~ lVlVl '-J rl 'l1'-J [11'Wn 1 J'~.:t n J'::;bL~tl J':::~ 1 Vl '-J 1 n ~ 'l 'W b'1l ~ ~'Vl '-J rl'll'-J [11'Wn '1 J'~.:t n J'::: bb~ 

t1~:::~1'Vlti'EltJ'"l~1cJlfu~~'"l'1nmti'f)tJ (use dependent activity) (Macdonald, 1999) 
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~ ru'&ll3-J~'VI1.:J bl1-K"l!IOl~'U Pl1'&1llPli"lJ'fl.:Jtl1 b vJu'VI'fltl'l1 • 

tJ 1 ~ ~ U VI ~ tJ iJ~ n '!l i?l ~ ~ "'l1 n VII 'I ~ ~ 'W 'f) 1 ~ 1 ~1 ~ -if 1 ~b i?\ '!l i?l ~ ~ 1 ~ bn'f) 'IJ ~ ~ \l ~ nr 
., 

(bioavailability = 95%) 'W'f)n"'lln-ntJlb~UVl'f)tJiJtJ'I~I~I~bl~'lJliuhh~'W l~~lnn~I¥'f)m'l~ 90 

~i?ltJ~')'W1~'kl"'l:;~unuhh~'W'5~\lil'W (Winter and Tozer, 2006) mb~UVl'f)tJiJ~m,j~tJ'Wbb,j~'11'W 
i1'1nltJl~i?lm'f)'Wl"l!,r CYP2C9 bllkl~~n (,j~~~lru¥'f)tJ~:; 90) bb~:;~n~,)'W~~'1~I~I~bl~n 

b,j~tJ'Wbb,j~'11~i?lm'f)kll"l!,r CYP2C19 (,j~:;~lru~'f)U~:; 10) (Bajpai et aI., 1996) ~i?lm.hkl 

n~:::u')'Wnl~ parahydroxylation l~b~bbVl'IJ'f)l~vl[;]')~~n ~'f) 5-(4-hydroxyphenyl)-5
, .. ., 

phenyl hydantoin (p-HPPH) YlhJiJ~Vlfi1'Wn1~fmj'1 (Brown, 1994; Butler, 1957) kl~n"'lln-n 

mb~UVl'f)uiJtJ'Hll'W substrate [;],)~~'1"ll'f)'1[;]'J"ll'W~'1Ul P-glycoprotein (P-gp) (Potschka and 

L6scher, 2001) 

m b~UVl'f)UiJiJ~ru~~illiVll'1IJ1~'1l"'l~klpjl~ (p)f~ ~'f)'W.jJl'1iuojf'f)'W n~l,) ~'f) iJ n1Ull~i?lm• 

bbUU Michaelis-Menten kinetic ~'1iJ~IlI'):;~~[;]')1'Wn1m,j~~IlI'V'lUI (saturable metabolism) 

vll1,xnl ~nl~!PlUl1 kl"llkll i?l~'113J bb,j~~kl(P)l~ ~,)1~ b.jJ~.jJ'W"ll'f)'1~:;~UU11'Wb~'f) i?l (Gidal and 
., 

Garnet, 2005) 'U'f)n"'lln-nUl~~UVl'f)uiJtJ'IiJ therapeutic range ~brlU ~i?lU~:;~Url,)l~ b.jJ~.jJ'W"ll'fN 

m~1,xi:J~1'Wn1~fn'jj'I'f)~1'W"ll')'1 1 0-20 ~rln./~~. (Kastrup, 2008) bti'f)'1~')U~ru~~'IJ~~'1n~l,) 
., 

"ll'f)\)m b ~UVl'f)U,rvll1,xn1~rl,)u Fl~ bb~ :;fn'jj'lhrl~~-nn~i?lu1-ifm b~UVl'f)U,r,rklvll1~~'f)kl.jJl\)m n• 
bb~:;1-if~:;tJ:; b,) ~ 1'W lkln ~ 1"'l :;1~"ll'W1 i?lUl~ b~~1 :;~~~~1 ~1 ~bl rl,)U rl~'f)1 n1 ~-nn 1~ ti?luhJ L11 i?l• 

'a1 n1~13J~'1,j~:::~'1 rol"'ll nm bb~:;"llkll i?lm~ b~~I:;~~1kl~tl'JU bbi?\~:;nu ~'f)'W.jJl'1 bb(P)ni?\l\)n'W~1 n 
'" 

(Tate et aI., 2005) 

...elf Q.,I dQ cI i.I QJ' cv .. ..I ClIo ~.Q
lJIOllOltl'VI3-J ~'J13-J bntl'J"lJ'fl.:J n'lJ"lJ'U1 !?ltll bb~::';i'::!?l'U til bl"l'U 'Vl'fltl'U L'U b~'fl1Pl 

iJU"'l~U~~ltJ'f)tll\1~~'1 i:J~1,x~thu bbi?\~:;nul~fum1'W"llkll i?l~ bb(P)n i?\1'1 nklb~'f)1oif1kln1~ 
" 

f1'J'IJ rl~'f)1 n1~-nn ~,)~~'1iJ~:;~uul1'Wb~'f)i?l~bb(P)ni?\I'1 nkl'f)'f) n 1,j ~'1i:l~'1U"'l~tJ~ b~tJ,).jJ'f)\) nu• 

~kl~n~~~"ll'f)'1b'f)'Wl"ll,r~bllkl[;]').yh~ltJm (CYP2C9 bb~:; CYP2C19) bb~:;[;],)"ll'W~\lm (P-gp) 
,., , 

bb~:;u"'l~uYll3J1"ll~'Wfin~~~ 'a1Vlb"llkl 'a1tJ u'1'wwn[;]') b'V'lpj bb~:;n1nni?l~'W(p)~mm~:::~~I'1mYlH 

1,)lJnkl 
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n1~i'bn (?I polymorphisms "lI'fl.:J!j1J CYP2C9 

CYP2C9 dj-W~'W~A')tJA3Jn1J'bb~~'1'tl'tln"ll'tl'lb'tl'W16jj~ CYP2C9 t~mu'W~')'WVI~'1'11'tl'l~'W
q 

n~3J CYP2C ~'1'tl~tJ'WtA~t3Jt6jj3J~~ 10 i,)3JntJ~'Wn~3J CYP2C ~'W1 Hlbbrl CYP2C8. CYP2C18 

'i' •.d 0 • 

bb~~ CYP2C19 l.~tJ CYP2C9 "'l~'tlrJYlI7l'lbLVI'W'I 1Oq24 (Gray et al.. 1995) 

~ntJ'I'l'Wn'l~bn~ polymorphisms '1I'tl'l~'W CYP2C9 3J'ln3J'ltJ t~m'U'Y'l1~n1nn~ 

single nucleotide polymorphisms Vl1'tl SNPs ~'1bn~"'l'lnA,)'l3JLLl7ln(;)'l'l'1l'el'lU'JA~t'el1Ylty)b~tJ'I 

~1 bL VloJ'I L~m Lb~~~'1 i:J~l-xt~b'tl'W16jj~~~iJ~~~Ylfi.n'l'Y'l1'Wn1J'biJ~ tJ'WbbiJ~'1m~ LLI7l n (;)1'1 n'W'tl'tl n hJ 
" '" .".t~tJl 'W U"'l"'lU'W i1 'Y'ltJ SNPs '1I'tl'l~'W CYP2C9 n~'l 30 'tl~~~ (www.cypalleles.ki.se/

q 

, >

cyp2c9.htm) ~'1~i1'11'WtJ1'b,)ru regulatory region bb~~ coding region "lI'tl'l~'W t~tJ SNPs "lI'tl'l 

~'W CYP2C9 ~bu'W~¥~nn'W~LL~~'Y'ltJ1~ti'tltJl'WiJ~~"ll'lm~mj 2 SNPs ~'tl CYP2C9*2 bb~:;
" " 

CYP2C9*3 (Xie et aI., 2002a) t~tJ CYP2C9*2 ~'Wbn~"'l1nn1J'biJ~tJ'WbbU~'1'11'tl'lU,)A~t'tl1Ylty)tJ'W 

exon ~ 3 1'W~1bbVloJ'I~ 430 "'l1n cytosine (C) bU'W thymine (T) (C430T) ~'1i:J~1~l:Jn1~ 

bU~tJ'WbbU~'1'11'el'lm~'tl:;m'Wl'W~'lLLVloJ'I~ 144 "'l'ln Arginine LtI'W Cysteine (Arg144Cys) ~-:!i:J~ 

l-xt~L'el'W16jj~~l:Ju~~~Ylfi.n1'Y'l1'Wn1J'bU~tJ'WbbiJ~'1tJ'l~(?I~'1 29% (Rettie et aI., 1999) ~'J'W 

CYP2C9*3 ~'Wbn~"'l'lnn1J'biJ~tJ'WbLiJ~-:!U,)A~t'el1Ylty)tJ'W exon ~ 7 l'W~'lLLVloJ'I~ 1075 "'l1n 

adenine (A) LtI'W cytosine (C) (A 1 075C) ~-:!i:J~b~~n1J'biJ~tJ'WLbiJ~'1'11'el'lm~'tl:;m'Wl'W~'lLbVloJ'I 

~ 359 "'l'ln Isoleucine LU'W Leucine (1Ie359Leu) ~-:!i:J~1-xt~b'tl'W1"1l~~l:JiJ~:;~Ylfi.n'l'Y'lb'Wn1~ 
, 

• I"" • 1 ,4
bu~tJ'Wbbu~'1t1'l~ ~~'1'elm'l3J1nC1-:! 93-95% (Rettie et aI., 1999; Takanashi et ai., 2000) 

, " " 
A'J'l3J~l'Wn1J'bn~ variant allele "lJ'tl'l Cyp2c91'Wu~:;"ll1nJ'b~'el"ll'l~(;)1'11U'W"'l:;l:JA'J13J 

LL[;]n(;)'l-:!n'W'tl'tln1iJ t~tJ'Y'ltJ~1b'WiJ~:;"ll'lm"ll'l')1YlmL~:;"ll1'JL'tlb~tJ~'W1 L"l1'W ~'W ~~'W bb~:;Ln1V1~ 

bbl7ln(;)'l-:! n'W'tl~.h-:!3J1n1'Wbb(;)~:;b~'tl"ll1~ 1'W~,)'W"lI'tl-:! CYP2C9*3 u'W'Y'ltJ~11'W"ll'l,) b'tl b~tJ bb~:;"ll'l,) ~') 

~ ~ I I 

U'W '"l:;1aJ'Y'ltJ CYP2C9*2 ~')'Wl'W"ll1,)AmAL~tJ'Wu'W"'l:;'Y'ltJ CYP2C9*2 1'WA'J13J~V1A'el'W-if1'1 
" >

iJ' I • I 

~'lu'Wl:J A'J'l3J ~V1bn~b~tJ'I n'W LL(;)"'l:;A'tl'W-if'l'l ~'l n~'l"ll'l'Jfl'tl LA b~tJ'W 

b'Wn1~~mj''l"ll'el'l Hung Lb~:;Aru:; (2004) 'Y'ltJ~'ln1J'bn~ polymorphisms '1I'el'l~'W~ 
" 

A'JtJl"J3J n'lnL~~'1'el'tln'1l'tl'l L'tl'W1"ll~ CYP2C9 LL~:; CYP2C19 u'W~'1 i:J~ n~:;YltJ ~'elm:;tJ,)'Wn1~'VI'l-:! 

b.ni"ll"'l~'Wp\'l~l7lf'1l'el'lmb~UYl'tltJ'I1'tltl'l-:!i~L"'l'W mh,)A'ell'Wn~3J~l:J variants '1I'tl-:! CYP2C9 bb~:;
q 

CYP2C19 "'l:;~A'l maximum velocity (VmaJ, U~:;A'l intrinsic clearance (CLint) ~'ln~'ln~3J 

wild type 'tltl 1'1l:JUtJ~1 ri'1! t~m~'tlYi"'l'l~ru'l'1l'W'l ~tI'l L~UYl'tltl'l1I7l'l3J,"h pharmacokinetic 

http:www.cypalleles.ki.se
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parameters "11 'e)'lUJ':;'l! 1 nJ'~'W~ ~'1'I.J(H1..I1Jlr.:l') n n1J'~ m~n~ ~ ru:;~~tI'VnJ~11'W~ll'ltl~~ 

variants "1I'e)'l CYP2C9 Lb~:; CYP2C19 '"l:;~'el'l~n1J'~(?J"1I'W1(?Jtl1L~il'Vl'e)tI,r~'l'"l1n"1l'W1(?J 5-7 

" l-Jn.lnn.lrJ'W l'W~'Wun~ btl'W 2-4 l-Jn.lnn,/rJ'W 'W'e)n'"l1niltY'l~n1J'~m~1"11'e)'l Tate bb~:;~r;w:; 

(2005) 'V'/'lJ~ 1"11 'W 1 (?Jtl1 L~ il 'Vl'el tI,r~1-if1 'Wn1 J't'm~n ~1l'l tis:! ~'l1l-J LL(?] n l'11'l n'WLtJ (?]1l-J-Kn1j-r;w:;
'" 

genotype "1I'el'l~'W CYP2C9 Ll?ltl'V'/'lJ~1~1'W'l'W CYP2C9*3 allele ~~'l1l-J~l-J~'Wfin'lJ"1I'W1I?lt.l1~H' 
l'Wn1J't'mn~ll'lti L(?JtI~ll'ltl~~ CYP2C9*3 allele 'e)~ 1 'fl~~~ '"l:;Hf"1l'W1Vlt.l1~1n~1 wild type 

" 'el~~'eltl~:; 13 bb~:;1'Wn1J'~mnil~~tI'V'/'lJ~1-Kn1j-ru:; genotype "1I'e)'l CYP2C9 ~1l-J1J'(l'elfi'lJ1t1 

<V • I ••I~ r.d~ " d <V 1". I " 
~'l1l-J t:.J'Wbbu~"lI'e)'l"1l'WIVltll b¥~'W'Vl'e)tI'W'Vl b'l! L'V'/'e)n1J'm1j-1 VluJ':;l-J1 ruJ''e)tI~:; 6.5 

n1'iibn Vl polymorphisms "l.I'f).:)~h.l CYP2C19 

a...:::rld 1r ~a q,J
CYP2C19 LtI'WtI'W'Vl~'l'lJ~l-Jn1nL~Vl'l'e)'eln"ll'el'lL'el'W snl-J CYP2C19sn'lLU'WLUJ'(?]'W'Vl

q 

llJ':;n'e)'lJltJJl'ltlnJ'(?J'e):;m'W~1'W,)'W 490 tK'l L(?JtI~'W CYP2C19 LtI'W~'l'WY1~'l"1l'el'l~'Wn~l-J CYP2C 

~'l'eltJ'J'WLmLl-JLsnl-Jfoi~ 1 0 L-rl'Wb~tI'ln'lJ~'W CYP2C9 L(?JtI CYP2C19 '"l:;'e)tJ~~1bbY1kl'l 10q24.1
'" '" '" 

1Oq24 .3 (Zaphiropoulos, 1999) 

" 1'WU'"l'1u'Wil~nt.l'l1'Wn1nnVl polymorph isms "1I'e)'l~'W CYP2C19 ~'l 35 SNPs 

(www.cypalleles .ki.se/cyp2c19.htm) LVltl SNPs "1I'e)'l~'W CYP2C19 ~btl'W~~~nn'Wbb~:;'V'/'lJ1Jl 

tJ'eltll'WllJ':;sn1m~'e)tJ 2 SNPs A'el CYP2C19*2 bb~:; CYP2C19*3 LVltl CYP2C19*2 tt'Wbnl?l'"l1n 
'" 

n1J'LtJ~tI'WbbtJ~'lil'l~~L'e)l'Vl!?1'lJ'W exon ~ 5 1'W~1bbY1kl'l~ 681 '"l1n guanine (G) L1J'W 

adenine (A) (G681A) ~'lt:4~ltXLnVlm1l-J'lJn'V'/i'e)'l1'Wn1n~'ell-Jl'1'el"1l'e)'l exon (splicing defect) ~ 

t:.J~YhltX1~b'e)'Wlsn~~llJ~tJJ':;~'VlfiIl1'V'/1'Wn1ntJ~tI'WbLtJ~'lt.l1 (de Morais et aI., 1994a) ~,)'W 
1.1 I I I 

CYP2C19*3 'I1'WLnVl'"l1nn1ntJ~tI'WbbtJ~'lil'l~~L'e)1'Vl!?1'lJ'W exon Vl 4 1'W~1bbY1kl'lVl 636 '"l1n 

guanine (G) L1J'W adenine (A) (G636A) ~'lt:.J~ltXbnVldJ'W premature stop codon iJt:.J~Yh1tX 

lJlb'e)'Wlsn~~llJ~tJ~:;~'VlfiIl1'V'/1'Wn1ntJ~tI'Wbbll~'lt.l1L-rl'Wb~mn'lJ CYP2C19*2 (de Morais et al., 

1994b) 

, " , 
'"l1 nn1J'~n1j-1.yj e.i1'Wl-J1b'WtJJ':;'l!1 nJ'Y1~1m~'el'l!1 ~'V'/'lJ~ 1 ~'l1l-J~"lI'e)'l CYP2C19*2 bb~:; 

CYP2C19*3 '"l :;LL(?] n l'11'l n'W'e)'el nltJ LVltl1'W'l!1,)1'Vltl LL~ :;'l!1,) L'e) b~tI~'W1tt'W'"l:;s:!m1l-J ~"1I'e)'l~'l 

CYP2C19*2 LL~:; CYP2C19*3 ~'l n~1'l!1,) ~,)~1 bb~:;'l!1'l ~'l"1l1,) 

http:n1J'~n1j-1.yj
http:t:.J~YhltX1~b'e)'Wlsn~~llJ~tJJ':;~'VlfiIl1'V'/1'Wn1ntJ~tI'WbLtJ~'lt.l1
www.cypalleles.ki.se/cyp2c19.htm
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~'I bb~~'1b'fl'W16J1lf CYP2C19 ~::;ihJ'VliJ'I'Yl~'fl'll'Wn'lnL1J~~.n'l~tI1 L~U'Yl'fltJ,r LLffI Lti'fl'l~'1 n 

~m~ru::;'Yl'l'l LJl~"1l~~'W~'1~ (;1f"ll'fl'ltl1 L ~U'Yl'fltJ,r~iJ m~~~ 19l'J"lI'fl'l n'lnL1J~~.n'l~tI1 ~'I,r'WL~'fliJ m~ 
iI dJ' 1r .Q ~cvo iI q ~ J'

1"1ltl11'W"lI'W'It?1'Yl~'I"lI'W L'fl'W 6JI~ CYP2C9 ~::;Lnt?1m~'fl~(;1'J 'Yl'l1V1 CYP2C19 ~iJ'YliJ'I'YlL~~~'1n"ll'W 

" 
(Bajpai et ai., 1996; Yukawa and Mamiya, 2006) ~'1,x'W1'W1"l'J'I~ b-ii~-ii'W"lI'W'I t?1~'1"l1'fl'l L~U'Yl'fltJ,r 

VI'In~t1'JtJiJ functional variants "lI'fl'l CYP2C19 ri~::;iJ~~n~::;'YliJffI'flmnL1J~~.n1~tI11~mh\l 

~1 n bti'fl\l~1 nL'fl'W16J1lf~ Ln t?1~1 n variants ~\I n~h'J,r'WLU'WL'fl'W16J1lf~1~iJ1J ~::;~'Ylfi.n1~1 'Wn1 ~ 

L1J~tJ'WLL1J~'ItJ1 ';111 ,xiJ'L'fl n1~~~::;~iJtI11'WL~'fl t?1~'1 bnwn'J'I"lI'fl\l n1~fm~t1 LL~::;Lnt?1~'jj'~1 ntJ1 
'" 

" "" "lI'W~11 " t?1 

Watanabe LL~::;l"lru::; (1998) 1~';I1n1~~n'jj'11'W~t1'JtJhl"l~~-nn"1l1'J~~'W~1'W'J'W 16 1"l'W 

L~'flVl11"l'J1~~~~'Wfi~::;VI~1'1~n'jj'ru::; genotype "lI'fl'l CYP2C19 LL~::;rh~1~1iJL(;1'flf'Yl1\1L.n~"1l 

~~'W~1~(;1f"ll'fl'ltl1 L~U'Yl'fltJ,r ~\l09tJ~iJ~'11'W~t1'JtJ~iJ'el~~~ CYP2C19*3 ~::;iJfDh Vmax ~1n~1 

~t1'J tJ~1~iJ'el~ ~~ ~\I n ~1'J'fltJ1\1iJ,xtJ ~1 r1ru'Yl'l'l~ 1;1 ~ 9'1'fl1~ bu'W11J1~~1'el~~ ~ CYP2C19*3'" ~ 

m~~::;LU'WU~9tJVI~\I~iJ ~~';h1,xiJ mn1J~tJ'WLL1J~'1t11 b~U'Yl'fltJ'W1~'if1 ~'1 

.... .co 
n1"aLnL91 polymorph isms "lI'fl.:JtJ'l..I ABCB1 

m::;iJ'J'Wn1~~ t?1~~tI1~1 n'Yl1'1 L~'W'fl1V1'1 ~ bU'W~ n m::;iJ'J'Wn1~VI~'1~iJ ~~ ffI'fl~::;~iJtI11 'W 

b~'fl t?1 ~'I'W'fl n~1 n '"l ru~~iJ'1i'Yl1'1 Ll"liJYl~ ni"ll'fl'ltl1~::; LU'WU~9tJ~ ~'1 r1qJ~iJ ~~ ffI'fl n1~~ t?1~~ tJ 1 L -ii1~ 

n~::;LL~L~'flt?1LL~'J U'l~iJ~1 iJ drug efflux transporter 1'WiJ1L'J ru'Yl1'1 L~'WmVl1~~ bU'Wl9l'J~1 rlt?1 m~ 

~ t?1~ ~"lI'fl'l tJ'I Lt?1tJ ~1'Wn~::;iJ'J'Wn1 ~-niJtJ1 n~iJ'fl'fl n 11J~'Yl1'1 L~'W'fl1V11~ ~'1 ~ ~1,xtJ 1 ~ n ~ t?1~~1~ 

~t?1~\1 Lt?1tJ1Jn~1'Wi1'1mtJ~::;iJ drug efflux transporter VI~'1tJ"1lUt?1~iJmnL~t?1\1'fl'fln'fl~~L6JI'6Hf 

L~'fliJ'Yl1\1 L~'W'fl1V11~ Lt?1tJ~iJ~1191'JVI~\I~~1 r1ru LL~::;iJ 1"l'J1 ~ L~tJ'J-ii'fl\l rliJ n1~~'fltJ'IVI~'1tJ"1lUt?1 ~'fl, ~ 

P-glycoprotein (P-gp) (Fromm, 2004) L1J~~'W"1lUt?1~~nl"l'JiJ'"l~'i:t?1tJ~'W ATP-binding cassette 

subfamily B member 1 (ABCB1) VI~'fl multidrug-resistance-1 gene (MDR-1) ~\I~iJiJm~ 

LL~ t?1\1'fl'fl n~ L~'fl L~'fl"ll'fl\l'fl.rtJ'J::;ffI'I\l1~vl1V1U1~ L~tJ'J rliJ n1~-niJ'El'fl n 1~LLri ~1H\~n r;1iJ 1(;1 LL~::; 
L~'flL~'fliJ1L'Jru~LU'W blood-tissue barriers 1~Lbfi blood-brain barrier, blood-testis barrier 

o
.?I ~ dq Q

bb~::; placenta (Fromm, 2004; Gottesman et aI., 1995) ABCB1 bu'WtJ'W'Yl~~1tJ\l1'Wmnnt?1 

polymorphisms ~1n~1tJn~1 50 SNPs (www.ncbi .nlm.nih.gov/SNP/GeneGt.cgi?gene 

10=5243) t(;)tJ~iJ~'1 ABCB1 C3435T bU'W variant 19l'Jbbm~iJ~'1m1'W~1iJl"l'J1~~~i'WfirliJm~ 

b1J~tJ'Wbb1J~\ln1nL~t?1\1'fl'flmL~::;n1~vl1V1U'l~"lI'fl\l P-gp 1'W~'11~"lI'fl\l~'4'jj'~ (Hoffmeyer et aI., 

www.ncbi.nlm.nih.gov/SNP/GeneGt.cgi?gene
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2000) b[;1t.Jl'Wm~~m~1"lJ'el'l Hoffmeyer LL~~l"lru~ (2000) 'Yiu~11'Wn~~~iJ~n~ru~ genotype. , 

LtI'W ABCB1 3435CC '"l~iJmnL~(?l'l'el'eln"lJ'el'l P-gp 1'W~11~~'l'W duodenum ~'In~1n~~~iJ 
~n~ru~ genotype LtI'W ABCB1 3435TT ~'I 2 LY\') ~'l~'el[;1I"l~'el'lnum~~(?l~'I"lJ'el'lA'l1~Lojf~ojf'W 

"lJ'el'lm digoxin ~'IbU'W substrate "lJ'el'l P-gp 

L~'el'l'"l1nt.J1L~UYl'elt.J,rdJ'W substrate [;]'l"'~'l"lJ'el'l P-gp (Fromm, 2004) ~'I1~iJ 

m~~n~1~'lA'l1~i~~'Wfi"lJ'el'l variant "lJ'el'l~'W ABCB1 nU~~~Ut.J1b~UYl'elt.J'W1'WL~'el[;1"'~1t.J 

m~~n~1 b"ll'W 1'Wm~~n~1"lJ'el'l Kerb bL~::;l"lru::; (2001) ~u~11'Wn~~m~~I"l~"ll1'l[?l~n~iJ~::;~u, , 

mL~UYl'elt.J'W1'Wb~'el[;1~1'"l::;i~~'Wfinu CC genotype "lJ'el'l~'W ABCB1 C3435T (p < 0.001, 

Chi-square test) b[;1t.JiJm~~'W~'Wl'Wm~~n~1l'l'el~1"lJ'el'l Ebid Lb~::;l"lru~ (2007) ~'I~U~1n~~ 
~tl'lt.Jb~A~~in"ll1'l~~hJi?l~iJ CC genotype "lJ'el'l ABCB1 C3435T '"l::;iJ~::;~umL~UYl'elt.J'W1'W 

L~'el[;1~1n~1n~~~ij TT genotype LLl'lmh'lhnm~m~~n~1L~t.J'lnu~'W ABCB11'W"'~1t.J 
I II I I 

m~P1m~t1'Vi eJ1'W~1,r'W 'YiU~11'Wn~~th::;"ll1 mYi LL[?ln l'l1'1 n'W'"l::;1~ e..J~ m~~n~1Y1 bb[?l n l'l1'l n'W b"ll'W 

1'W"ll1'lI"l'elbAL~t.J'W (Siddiqui et aI., 2003; Soranzo et aI., 2004) nU"ll1'lLm~t.J (Kwan et al., 
'lI II I iI 

2007) ,r'W'"l~1~~~1'WYl1'l[?l~'l-if1~ n'W ~'I,r'W~'lijW.n~~1 LU'WYI'"l::;!1i''el'lvl1 m~~n~11'Wn~~ b~'el"ll1 ~ , 

l'l1'l1 L~'el"'1U'"lr.rt.J~'el1'"l'elfiu1t.J~'IA'l1~bL[?lnl'l1'1~'In~1'l 

1"l'J13-.J bb[;l n(;h':)"ll'fl..:JeJtbtlbb~~:;~1tJ"I.'W~TL.I'fI1tJ b~ PI bb~:;J1'V1,rnc;l'J 
~ . 

- 'fI1tJ• 

mtJ~~1n~'WiJr1'l1~i~~'Wfinuu'"lr.rt.J"'~1t.Jmh'l L"ll'W m~vl1'11'W~~[;1tJn~1tJ"lJ'el'l~::;UU 

Yl1'1 L~'W'ell"'1~ m~~ [;1~'I"lJ'el'l~~~u~~ui1'W1'WL~'el [;1 LL~::;I"l'lI~~I~I~t11'Wm~Vh'lI'W"lJ'el'l [;]un
'\J 

, ." 

~ [;1~'I ~'IU'"lr.rt.J ~1'l1 L"'~1~~1~1~t1Y1'"l~'i'i'l e..J~ m::;YlU ~'el m::;U'l'Wm ~Yll'l LJl i"ll'"l ~'WPll~ [?If"lJ'el'lm 

1~ (Bachmann et al ., 1999; Cusack, 2004) 

o IV IV" 
- 'W1'V1'W n[;l'J 

, ., ., 
L\l'el'l'"l1m.11",,rn[;]'liJr1'lI~i~~'Wfi1[;1t.J[?lNnUm~I[?l~m~m::;'"l1t.Jm (Vd) ~'I,r'W~::;~u 

1"l'l1~ L-if~-if'W"lJ'el'lm1'WL~'el(?l~'lij ml~i~~'Wfi1 'WVi PlYl1'1 [?l~'I n'W-if1~ nU~1",,rn [;]'l"lJ'el'l ~tl'lt.J b[;1t.J 
., , 

'"l1nm~P1n~I"lJ'el'l Houton LL~::;Aru::; (1975) 'YiU~I~::;~um b~UYl'elt.J'W1'Wb~'el[;1,r'W'"l::;~[;1~'I L~'el 

~1",,rnr;l'l L~~~'W LL~~'ld1 'WtJl'1 m~P1n~1 (Lascelles et aI., 1970; Lund, 1973 cited in 

http:L\l'el'l'"l1m.11",,rn[;]'liJr1'lI~i~~'Wfi1[;1t.J[?lNnUm~I[?l~m~m::;'"l1t.Jm
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., 
Houton et aI., 1975) ~U~1 bbif9~il n'l~UfU"lI'W1 i?lm ~'.ltJ111''v1irn [PJ'.l bb~'.l ntJ-:J fl-:J~U~1~~~um byj 

UVl'fltJ'W1'Wb~'fl i?ltJ-:Jil fl'.l13-J bWln l?i1-:J n'W'flth-:J3-J1 n ~-:J bb~ i?l-:Jb'IX b~'W~1tJ-:Jilu99tJ~'W1~ n3-J1 n3-J1tJ~il 
l!-J~l?i'fl~~~umbyjuVl'fltJ'W1'Wb~'fli?l 

- b'Wl'lf 

Travers bb~~flru~ (1972) 1~.yhn'l~~mnb'W~1l'.ltJ~1~fumbyjuVl'fltJ'W1'W"lI'W1i?lb~tJ'.ln'W 

~U~1 ~ll'.ltJV! ~-:J9 ~il ~~~UtJ1b'Wb~'fl i?l ~1 n~1 ~1l'.ltJ"l11 tJ b-ri'Wb~tJ'.l nu n'l~~ n'lj'1"l1'fl-:J Houghton 
" .,

bb~~flru~ (1975) Vi~U~1b'W~1l'.ltJVi1~fum byjuVl'fltJ'W1'W"lI'W1 i?l b~m n'Wir'W ~ll'.ltJV! ~-:J9~il~~~u 
I I '" I 

mb'Wb~'fl i?l ~1 n~1 ~1l'.l tJ"l11 tJ bb~ ~ b~'flil n'l~U fu ~'.ltJ111V!irn bb~ ~~'.l 'W~-:JVi bbl?1 n l?i1-:J n'W~~V!~1-:J ~'fl-:J 

b~ Pl bb~'.l ntJ-:J fl-:J~U~1 ~ll')tJV! ~-:JtJ-:J fl-:Jil~~~um1'Wb~'fl i?l ~1 n~1 ~1l,)tJ"l11tJ bbl?ib'WU1-:J n'l~~n'I~n 

n~uhj~Ufl,)13-Jbbl?1nl?i1-:J~-:Jn~1,) (Eadie et aI., 1973) ~-:J'fl19bb~i?l-:Jb'IXb~'W~1fl,)13-Jbbl?1nl?i1-:Jd'fl-:J 

b~ Pl'flt.l 1-:J b~tJ') 13-1 b~tJ-:J~'fl~9 ~'flfiU1tJ~-:J fl,)13-J bbl?1 n l?i1-:J"lI'fl-:J ~~ ~UtJ1b'Wb~'fl i?l bb~ ~"lI'W1 i?ltJ1~ 

bv!3-J1~~3-Jb'W~ll')tJ bbl?i~ ~ntJ1~ 

n1';nn !?li''UIPI'imtl1'i~'Vi(;h.:Jtl1 

hfl~3-J-nn bu'Whfl~il fl,)13-J~ i?lun ~"lI'fl-:J~~UUU~~~1Vl'flt.l1-:Jv!~-:J~91 bU'W~'fl-:J1~fu n1~ 

fmn ~'.ltJm bU'W~~tJ~b,)~ 1'W1'W bb~ ~~1l')tJU1-:J~')'W~13-1 ~13-J1Hl fl'.lU fl3-J'fl1 n'l ~-nn 1~~'.ltJm n'W-nn 
~ q 

b~tJ-:J [PJ') b~m nil fl,)13-J91 bU'W~9~~'fl-:J1~fum n'W-nn [PJ')~'W1i,)3-J ~')tJ 'W'fl n91 n~~ll')tJ~,)'Wv!~-:J~n 

ilhflU~~91 [PJ')~'W1~il m 1~91 bU'W~'fl-:J1~fum b~'flfmnhfl~'W1 i') 3-J ~')tJ ~-:J,r'W91 n n'l ~~ ~ll')tJ 
1~fum1'Wn'l~fm~13-J1 n n~1v!~-:J ~') ~-:Jvl11 'lXm'fl n'l~~9~bn (?lrer'Wl?1~mtJ1~~V!~1-:Jm ~-:J n~1,)1~ 
bb~~'fl19~-:J l!-J~1'IXbn i?l'fl1 n'l~13-1Vl-:J'lh~~-:J r191 nm V!1'flvl1b'IXn'l~fmj'1hj1~l!-J~ 

bti'fl-:J91nn~1nn'lnni?lrer'Wl?1~mm~13-J1~mni?l1~ 2 n~1nV!~n ~'fl rer'Wl?I~mmVl1-:JbJl~"l1 
, ., 

9~'WPl1~ I?1fbb~~bJli"l1~~ Pl1 ~ I?1f ~-:J l!-J~91 n n'lnn i?lrer'Wl?1~mmVl1-:J bJli"l19~'WPl1~ I?1fir'W 'fl19vl11'IX 

iln'lnU~tJ'WbbU~-:J~~~U fl'.l13-J b-if3-J-if'W"lI'fl-:Jml'Wb~'fl i?l1~ (Ofaz et aI., 2008) bb~~91 n fl 
q 
ru~3-Ju1i 

I I iJ I I I 

"lI'fl-:Jm b yjU'Vl'fltJ"JViil n'l~~3-J [PJ') 1'Wn'lnbU~~Jl1~m ~-:Jir'Wn'l~1-nm~'W1Vi ~ n bu~tJ'Wbbu~-:J1~(?ltJ 
., 

b'fl'W1"1!a.J CYP2C9 bb~~ CYP2C19 b-ri'Wb~mnumbyjU'Vl'fltJ"J n~13-J1Hl~-:Jl!-J~tJUtJ-:Jn'ln3-JbbVlU'fl~ 

~3-J"lI'fl-:Jm byj11'Vl'fltJ"J bb~'.l~-:J l!-J~b'IX~~~umb'Wb~'fli?l~-:J~'W1~ 'W'fl n91 n~n'l~l-nm byjU'Vl'fltJ"Ji'.l3-J nu 

m~'W1~~13-J1~mV!tim111 V!1'fltJU~-:Jb'fl'W1"1!a.J CYP2C9 bb~~ CYP2C19 1~ n~13-J1~Cl~-:Jl!-J~l?i'fl 
~~~umbyju'Vl'fltJ'W1'Wb~'fli?l1~~m-ri'Wb~mn'W (McNamara, 2006) 



~11'm~IiLe..~raU1&~~~'t-~~L~mmLI!1.:::~" n~}JLlinLt-I1U~I1~'rt\t-~t-~ 11\A,\I:..L~U!oIi~~~lral:..[1.D , , 

nU~~Lra~Lnrr.~~ I:..J!lUllI!1.L~:::~" ~L~ ~M' }J,,~\ral:..[1.Dt-@rr.f1\l:..lA:::ru-Pl.U~t-~Iie..~ Lrat-L~I!1.:::~ 
'" , 

Lra-lli~~n~~!d'~LU }J"~\t-~ 1i~~u~m~l'-\rt\~I1}~Dt-~rr.~M&\A,~l1l1lil:..~ {888't/ :::~" 6 {8Zd)'8 

'68Zd).8 n~t-~rr.Ii~Wgn~t-L\A,~I1'm~IiLe..~ t-L~I!1.:::~Jn~Ii~IiLe..~ L-Pl.U~::: ~~~L U t-~~ t-~I1}~ 

DL,gU~~Luntnllt-~ l1\nl1t'L~U~"~ {888't/ :::~" 6 {8Zd)'8 '68Zd).8 n..at-~rr.IiUUfm~ 
" " , 
t-L\A,:::ru,gU~t-~rr.U ~~t'~ ~"~LU~:::~~nl1 t-L~ U~" ~~L~~~' UL~t'~U'::: ~" nl1lie..~I1%~\rae..[1.D 

, " , 

~Ln~LI1l1l1!tI1~\A,UtAo'Ll1t'L~I!1.:::~LI1-lli~~n~l4!dgLU }J"~\t-~ liuutm~f!.trt\~I1}~Dl1l1 {888't/ 

:::~" 6 {8Zd)'8 '68Zd).8 n~t-~rr.Ii~Wgn~t-L\A,I1}~Dt-L~I!1.:::~nl1lie..fL,gU~~LU~~\rt\t'~nll 
" 

LlinL~~L,gU~6L U U L~~" L-Pl.U%6LU t-@rr.t'l:..f!.n!d' t'~l4 ~~mt LI1I1~:::WL~LIit-~?m~LI1UL~-Pl.~~!d' 

::: ~~~LU~1l4 ~11e..f!.t-~:::~" n~~~~1.ru6 ULI1M6 LU n~I:..~1~\U!o6LU L~Ii~111:..~ lj6LIiL~!t\n~~t L~ 
, " " 

L,gU%~LuntMLV&\A,~:::6111i~,111:..f!.::: ~t'~ I:..~' ~1:..~t-L~~Ii~::: LIiI!1.' ~~Lnrr.~wt LI1~ Lnrr.I1%l1lj6LIiL~ 
" , 

:::~~@~, 11e..~Iie..fIiUUgn~f!.trt\~I1}~D:::~" Ii~Wgn~nL~t-L\A,I1}~Dt'~Lru6L~~t'@~nU'L~ , I I 1& 

t'~nllI1L6:::~~'ml:..[1.Dn~1i~:::LIiI!1.' ~LI1l4 Lnrr.~wt ~~'!tI1~\A,UtAo' LI1l4 Lnrr.I1%f16LUnllt-~ l4 ~~mt 
" I I " 

~lj~t-L\A,fU~L~l1nlit-LI1~ 6{8Zd)'8 t-~rr. J8zlloqel8w 81\ISU8lX8 Ii~ULe..uL~ xew" 
'tI'''=' ...-a 0 ;"0 ft:7 I I I ~ 

L~~ 6 {8Zd)'8 t-@rr. J8ziloqel8w lood Ii~UL~I1MI1l41 ~'l.nl1~\A,UtAo'LI1t-~rr..f~~L~n~t:>.,~~v' 

~~~~ 6{8 Zd)'8 t-~rr. ~M& \A,~n:;t.' lj6L Ii L~~ (AdeJ8LllouOw) ra I:..~ rie..fn~ LI1I1%~\rt\~ , , , 

11e..[1.DIi~un1..I!1.:::L~~'~~~ml41 ~\ 6{8Zd)'8 t-~rr. SWSI~dJOWAIOd :)!l8U86 t-~rr.~M&\A,~t-l1~l1l1\ , 

:::t:>.,t:>.,L~nlll1l:..~lie..fn~Lral1%~VLUULt:>.,~M&\A,~t-~ nl1t-L~ 8dAlOU86 ~~Ii~Ut-L~I!1.:::6:::~'1 nl1w~' "I I I 

8dAlOU86 Ii~untI1LVt-!t xew" L~t-~rr.ne..~ 11~11" IiLe..~ ~:::t:>., nll!tI1~\A,UtAo' Ll1l1l1 f1\lil:..fLn~LI1 
" " , 

11%~\~I1I:..[1.D Ii~UL~I1M:::~" ~1i1!1.t-!tl4~~mtLral1~:::6t-~rr.611'm~IiLe..~t-~U. 9'6£ :::~I1~~~\I1LI1&~ 
, " 

lj6LIiL~I1l41l4~~mt LI1I1~:::~t-~rr.~I1'm~ IiLI:..~ I1LI1&~~LUnt fU~L~111l~~611" l:..J!lnU' 11%~\I1I:..[1.D 

~.r-I1~\A,UtAo'LI1l4Lnrr.:::~" 6 ~JGdAJ :::~" 6JGdAJ St!lo\n~'t'~u.IiUUgn~t-L\A,:::ru,gU~L~I1M 

~I!1.LU' I:..L~U!o1i ~~6111I:.. [1. Dt-~rr.l4 ~~'nIn 11 ~\A,UtAo' LI1 11~:::6 1111 L11 t-L ~1!1.:::6 LI1-lli~ ~n~~!d'6 LU 

:::~" 6 ~JGdAJ :::~" 6JGdAJ St!lo\n~'t-~u.Ii~Wgn~t-L\A,:::ru,gU~t-~u.Jn~ri~riLI:..~L,gU~6LUL~ 

~\ (LOOG) :::ru~:::~" 88l t--¥-:::wnt:>., I1I:..~L,gU~6LUntlil:..fLIiL!t'LI1t-L~I!1.:::~LI1-t!d~wn~ 
n. 

~!dgLU t-~rr.~ M& \A,~L~1L~~\rt\nllLlinL~~L-Pl.U~~LUI1L~l!1.nt~1' 11e..[1.~L,gU%~LuntMLV&\A,~:::~11
" , 

~~11 \A,:::~ U~1':1 t-~I:.. ~1' ~'Ln11 ~\A,UtAo' L11 1111 L11-lli6 ~n~~!d1 lj~ LIi L~~L11 nu, t:>., L~t-~ ~Ii ~1ra I:.. ~ 

Ii I:..f Ln~um%~\:::~U,tt.r-ra~\A,UtAo' LI1I1e..~ L,gU%~U!o1i~~6111~[1.D 1:..~11 11\e..lAl1~lL~J?" t-~ 
, " 

http:t-~rr.l4
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", 
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~e,[b~.ru,gLL!Ii~6LU n.lllie,f L ~\'1,LIA,:::6rm16LU U~\'1,,CJ.\'1,l1~lm\ N~L~\'1,LIA,:::6 ~n.16L U ~:::6~U~\'1,11 

\ 

6wr-m\'1,»\{!,tk1,y66lo:lt-~6LUt-L~k1,:::6~{!'~Il~[b~ 
~ , 

~U~~~~{!,~, 

\'1, \\'1,t:n.~~n.l!':::6~:::~" W\:::~'m~ t-{!'IT.~Lt1k1,L~6LU\'1,\~U~~~IiLe,lo:l ~~Il~[b~ 

(88U8!ldw08 uou) L~\'1,LIA,:::6~n.16LU\'1,t{!'~Iie,fIiL~lo:l»\ft\~Ile,[b~ 

(8JnZ!8S 

p88npUI 10 40818) ~{!'~{!'U~@"ULt!..LttU,g.Il~t!..D~Il~1U,g.:::e,LL!~~Ile,[b~\'1,r.P 

{!'~!!t-l!' (8!J8W8 uOlsnpx:::J) U{!,{!, 
~ 

t-L~{!'~~ Ii~U U{!,~, ~'j6LU.lkmu, IiLW LJt,:::m,gu~~ULk1,~~~6LUULt!..U {!,{!,~'j UlJ::: t!..~e,I.~~ 

~~~6LU~ 

LlT.m{!,U\'1,{!'~' G L~e,':::~:::6\'1,\IlLL!IA,t-lo:l\'1,\'1,1i~6II.\IA,L\'1,{!'LIlt-{!'IT.~L\'1,IT.:::~" LIlt-{!'1T. 
1'1 I ~ F' ~ Itli F' ~ 

~U[.~t-{!,J£1:::t!..~e,J~me,fL\'1,~LIl~\6LU ~Ile,[b~ ULk1,:::~" 1l~~6LU ~LJtm{!,~\'1,{!'~' G , 

{!,~!!t-14 (8!J8W8 
~ 

UOISnI8UI) LJt' ~e,[b~ U{!,~, ~'j6LUyom U, IiLW ~~~\'1,LC-1i e,fLJtm~[b~t-L~{!'~~ u {!,~, ~'j 

.f1A,\'1,-i~~Xk1,t-~ .f1A,\'1,-i~~Ln.WMt-61:::~" hMIA"t-lu ~1A,'['L6WIT.' ~~['L6\'1,\'1,lj 

L~u,(iUt-Ii:::6M~Ln.LIlMt-61 ~"Jt'\ t-~" G ~Ln.LIlMt-61\'1,t LIlIA,~IA,L~:::6~UU~lo:l U{!'\'1,Ile,[b~umm~ 

S1 


mailto:U~@"ULt!..LttU,g.Il~t!..D~Il~1U,g.:::e,LL!~~Ile,[b~\'1,r


n~ 0 ~ ~ ~@tb~L~@~L~@e,~ne,nL~,H;:bnU;W~6LUntn,tJ.~~ 
'" '" 

6 L unt6 L U I'C ~Lk1.6L u ~@Jtl @~, L~ruL1'C;:6 f16 Lun Ltg 
ffI' 
n~nrUL~@e,~ ~LnIT. "2: 

, '" 

@ik1.L~U ULI'C ~L~@e,~ne,nL~Jft;: b I'CLW6 f1" e,~;: ~" n.,V e,~;: ~~";:6~~6f1" e,~ ~L~k1.;:6Jn,¥.I'C~I'CLe,~ 

I'C Le,n.@~~ lA.@M' nL~WI'CI'C~ n.@~~ lA.6LUnL~nMnn.~L~@e,W ~ LnIT. "~ p:::r If"'=' .f I ~ 

@~n~~nlJ'L-RU ~6LunU-t ~@Jtl ~~L~@e,~~LnlT.n,tJ.~~ 
'" '''' 

6f1"e,~ L n.,VL!A'~I'Ck1.~~ 
'" 

6LUI'C~LJIo'L!b;:b~;:6~~6f1"e,~1'Ce,6 l'Ce,fJft~Ln~L~;:~" e,~U,tJ.k1.L!b ~M' i1L@ ~"jf~ 6f1"e,~ 17 
I I I Ili 

ne,nL~Ln~;:6~~6f1"e,~;:~" ~888'r/ ;:~" 6~8cdA8 68cdA8 n~~@IT.I'CUUgn,¥.~LlA.;:ru.j;W~ 

~"jf~ 6 f1" e,~ £ ne,n L~L,gU~;: bbtn ~~;:6 ~~6f1" e,~ ~n~,f~ L,g U~6 L unt 
, '" '" 

6 L unV L U I'C ~Lk1.6 L U ~@Jtl @~, L~ruL1'C;:6 f16 Lun Ltg 
ffI' 
n~nfUL ~@e,~ ~LnIT. "2: 

, '" 

L~jf~;:b L,gU~6Lunt;:6~~6f1" e,~ne,nL~ @~ w ~t ~nk1.L~ 

(02:"0=8 

;: ~" gO"O=X») ~L~unLf1n.~;:6ntn'vJn,¥.l'C~ I'CL e,~ ~I'CLW6f1" e,~;: ~";:6~~6f1" e,~ L~nJtl ~@~, 
'" 

J8eU Il 

~@~';:Lb' LI'C~,tJ.n@~n@~' ~ L~e,';:~;:6nt~LLJf1~n~~l~ ~ 

'" '" fb 

~" ~~L~nLlA.I'C~6LU~ @~ L~nLlA.;:6f1n.16Lunt @~I'Ce,fI'CLe,~~tf1~~(JI,b~ L~Lru6Lb~6LU 

" 

~@~';:Lb'LI'C~,tJ.n@~n@~' ~ L~e,';:~;:6nt~LLJ~~' 

L~nLlA.1'C~6LU ~f1\~e,I,b~ @~ ~L~nLlA.;:6f1n.16Lunt @~I'Ce,fI'CLe,~~t~e,I,b~ L~Lru6Lb~6LU 
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17 

..a..,q O..Q.. .Q, Q,..I 

'J fin1'i1Pl1b 'W'W n1'i'J~~ 

'l1'W';jr.rtledj'WnJ LL UU n1~';jr.rtlt!?ltl n')~~'l Ln [Pl (Observational research) LLUU 
" 

J)1rWl!?l"lJ'J1'l (cross-sectional study) 

1. n1nnu-n'fl~~rr'J1U"lJ'fl-l~thtJ 
, ~ 

-if'fl~~~'J1U"lJ'fl-l~thtJ HfLbrl 'fl1tJ b~~ ~1~"rn~'J u~:::i~n1~Hftl1 n1~';jUIOJ'tltlt~fO) bL~::: 

U~:::~~'W11OJ:::LnUIOJ1mL-Wa.JU~:::~~thtJ'W'fln (OPD card) i'Ja.JnUn1~~a.JJ)1'l!tnrb~a.Jb~a.JIOJ1n 

~tl'JtJ~1'fl'Y1~ 

" Q/ I .o:::!:iI

2. n1nnU[Pl'J'fltl1'lb~'fl!?l 

~~-l1OJ 1n ~tl'JtI~1'fl~Lb 'Vl'Wt!?ltl"ll'flUfi~~a.J~-l~1tJ ii'fl~'fl~'WtJ'fla.J b-n1 i'Ja.J n1~';)r.rtJ lOJ:::vi1 n1 ~ 
" '" 

bnu ~'Jm.h-l L~'fl !?l1OJ1 m~'WL~'fl!?l ~1U1'b'JruLL"lJ'W"lJ'fl'l ~tl'Jmb[;)~:::ntl U~:::a.J1ru 1 0 5j~~~ [Pl:i'1~lw
'" 

.d 0'l~ ov ov
EDTA tube L~'fl'W1 b"ll b'Wn1n~n!?l DNA bb~:::[Pl:i''JIOJ~m~ru::: Genotype 

"" ov ,3. n1n[Pl:i'tJa.J[Pl'J'fltl1-l DNA 

~1~'J'flrJ1-lL~'fl!?l~'fl~1'W EDTA tube a.J1~'WL~~tJ'l~'JmfO)1'fl-l centrifuge ~mu~a.J 
'Qru~.lJ5jl~ m1a.JL~'J:i''flU 2500 rpm L'J~1 15 'W1Vl 'Qru~JJ5j 25 'fl'l~1L"l!~L~m~ LL~'J~!?lb'fl1~'W 
Buffy coat 1OJ1mr'W~1~'J'flrJ1'l~'W Buffy coat ~!?l!?llcKlu~'Wb~~tJ-l~nfO)f'lL~'flLLtJn~'W~~n~~1~

'" 
~ , 

U:::U'Wa.J1'fl'fln LL~'JLnUL'u~1:::-n'W Buffy coat H t!?lmnU~'J'flrJ1'l Buffy coat YllcKlt)'l'W~bb"rl-20 

'fl'l~1L"l!~L~tJ~IOJ'WnrhlOJ:::~11u~n!?l DNA LL~:::[Pl:i''JIOJ~n'l!tru::: Genotype 

vi1n1~~n!?l DNA 1OJ1n buffy coat t!?ltJHf"1l!?l~n!?l QIAamp DNA Blood Mini Kit 

'... ,
(QIAGEN, German) ~-l~';)fin1:i'C?l-l[;)'fllu-n~'fl L~a.J~'J'flrJ1'l bUffY coat Yle.J~a.Jnu PBS 200 

la.Jtm~(;l:i' ~-l1'W QIAGEN protease 20 la.JtfO):i'~[Pl:i' [Pl1a.J~'JtJn1n~a.J Buffer AL (lysis buffer) 
... , 

200 la.JtfO)~~[Pl:i' ~'l1'W~'J'flrJ1'l LL~'Je.J~a.J1,xL-n1n'W r.nn"r'W~1~'J'flrJ1'llU incubate Vl'flru~J)5j 56 , " 

'fl'l~1L"l!~b~tJ~ LU'Wb'J~1 10 'W1Vl bL~'Jb~a.J absolute ethanol 200 la.JtfO)~~[Pl~ ~'lh.l~'J'flrJ1'l r;.J~a.J 

1,xL-n1n'W bb~'J~!?l~'J'flrJ1-lvY-l~a.J!?l1~~-l1'W spin column 1OJ1mr'W~11u~'Wb~~tJ-l~'JmfO)1'fl'l 
ce~trifUge ~fO)'J1a.Jbj'J~'flU 12,000 rpm Ltl'WL'J~1 1 'W1Vl ~'l filtrate lu 1OJ1mr'Wb~a.J Buffer AW1 

500 la.JtfO):i'~(;l:i'~'llu1'W column LL~'J~11u~'WL~~tJ'l~r1'J1a.JL~'J:i''flU 8,000 rpm dJ'WL'J~1 1 'W1Vl 
1.1 II I • I 

Vi'l filtrate lu r.l1n"r'WL~a.J Buffer AW2 500 la.JtfO):i'~[Pl:i' bb~'J~11uu'Wm~tJ'lVlfO)'J1a.Jb~'J~'i)U 
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13,000 rpm dJ'WL'J~1 3 'W1Yi ~'l filtrate ttJ LL~'JUlttJ~'WLt.1~tJ'l:an~f'l~~'J1J-1L~'Jj'elU 13,000 

" rpm dJ'WL'J~1 1 'W1Yi "'lln'W'Wyiln1j"Jj::: DNA 'el'elnJ-llb(?1tJn1n~J-I Buffer AE 1 00 lJ-1b~j~(;lj LL~'J 

incubate H~~rut.1JJij~'el'lLlI'WL'J~1 5 'W1Yi LL~'JUlttJ~'WLt.1~m~~'J1J-1L~'Jj'elU 8,000 rpm LlI'W 

L'J~1 1 'W1Yi "'l:::1t?1 filtrate ~'el DNA ~~'el'ln1~ "'llmr'WUl DNA ~1t?1ltJ1'(?1~'J1J-1L-nJ-l-n'Wb(?1tJH 
L~1'el'l Nanodrop LL~'JLriu DNA ~~n(?11t?1H1'W~LL-rl -20 'el'lP11L"Jjm~tJ~ "'l'Wn~I"'l:::ulJ-11(;lj'J"'l 

~n~ru::: genotype ~'elhJ 

4. n1~(;l~'J"'l~n~ru::: Genotype "1I'el'l SNPs L'WU'W CYP2C9 CYP2C19 LL'~::: ABCB1 

Yiln1j(;l~'J"'l~n~ru::: genotype "1I'el'l SNPs L'WU'WCYP2C9, CYP2C19 LL~::: ABCB1 

b(?1tJ1oif1(?1'Vl(?1~'elU TaqMan® Drug Metabolism Genotyping (Applied Biosystem, USA) ~'lii 
" Q~ Q/ M:!I4 

'JDn1~(?1'l'W~'el 

4.1 mn(;l1-tJJ-I[?]'J'elt11'l DNA 

Y]lmn~'el"'lI'l[?]'J'elt11'l DNA t?1'JtJ DNAse free water 1«lt?1~'J1J-1L-nJ-l-n'W~(?1Vi'ltJ, 

th:::J-Ilru 10 'Wn.IJ-I~~. 

"" 4.2 mn(;ljtJJ-I reactiom mixture 

L(;l1-tJJ-I reaction mixtures 1~iimJ-ll(;ljl?l'elt.1~'liJDmtJ1L'Vhnu 1 0 lJ-1b~j~(;lj 

b(?1tJii~'J'Wtlj:::n'elU~'lLL~(?1'l1'W(?nn'l~ 1 LL~:::H DNAse free water LlI'W negative control 

(;l1'il~vl1 LL~(?1'l~'J'Wtl~:::n'elu1'WtJDmm peR mj(;l~'J"'l~n~ru::: genotype "1I'el'lU'W 

~'J'U'l.l'i~ml'\J"l'UtlnmtJ1 tl~3J1 (;l'ir?i'fl~if-!ltl nmtJ1 
(3J 1"l'Cl . ) 

2X TaqMan Genotyping Master Mix 5 

20X Taqman Drug Metabolism Genotyping Assay 0.5 

DNAse free Water 2.5 

[?]'J'elt11'l DNA (1 0 'Wlb'WnfJ-lIlJ-lb~~~(;lj) 2 
1 

illJ-ll(;ljj'JJ-I~'elt.1~'ltJDmm 10 

, 0

~1'W'J'W SNPs Yi~'el'ln1j(?]j'J"'liivl'lt.1J-1(?1 4 Sf\IPs A'el CYP2C9*3 (rs1057910), 

CYP2C19*2 (rs4244285), CYP2C19*3 (rs4986893) LL~::: ABCB1 C3435T (rs1 045642) 
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Vl1n1n[?i~m-J reaction mixture "1I'el~bb!?l~::; SNPs 'i:cY\t.H·l1'w':JrutIhJ1[?]~~':J~~~'el~H"1I'el~ 

2X TaqMan Genotyping Master Mix, 20X Taqman Drug Metabolism Genotyping Assay 

bb~::; DNAse free Water h,!LL!?l~::; reaction mixture 'i:cY\m[?]~t1~bn'WH 5 u~mtl1 

(;l1'i1.:1vl2 bb~cY\~m~1ru"1l'el~bb!?l~::;'6'h'Wu~::;n'elu1'Wbb!?l~::; reaction mixture 

~i:I-J1(;l'iui~ 

~1U~'i~n~~1u~n~~1 cVl'ti.:l~nni~1 

(:I-J~'tl.) 

2X TaqMan Genotyping Master Mix 5 

20X Taqman Drug Metabolism 0.5 

Genotyping Assay 

DNAse free Water 2.5 

m~1 [?]~~':J~ !?l'elVl~~u~mtl1 8 


Vl1n1~b[?]~t1~ reaction mixture "1I'el~bb!?l~::; SNPs 'i:cY\t1n1~t1bU[?] 2X TaqMan 

Genotyping Master Mix, 20X Taqman Drug Metabolism Genotyping Assay bb~::; DNAse 

free Water [?]1~m~1[?]~~1~rl1'W':JruH 1~~~1'W microcentrifuge tube bb~':J-w11u~~~1~b-if1n'W 
<;' .::::.I .::::.I IV '" CJ .::::.I" Q a i.I ~ 2;-=1 Q. 

bcY\m[?]~t1~'Vl~::; SNPs '"l'WfDWU'Vl~ 4 SNPs bnu reaction mixture 'Vlb[?]~t1~bM'"lbb~':J b':J'Vl'elruVlJl~ 4 
q qJ 

"'" 'el~ ~1 b6J!~ b6J!t1~ [?]~'elcY\b':J~1 

"'" 4.3 n1n[?]~t1~ reaction plate 

b~~ reaction mixture "1I'el~bb!?l~::; SNPs m~1[?]~ 81~'i:fD1~~[?]~1~~~1'Wbb!?l~::;"li'el~ 

"1I'el~ PCR plate 1~mU(;l1~~1'W':J'W!?l':J'elth~ DNA ~~'el~n1~[?]~':J'"l bb~::; ~n 1 'll'el~~1V1fu 
'" 

negative control '"l1mr'Wb~~!?l':J'elth~ Dt\IA ~1'W':J'W 21~tfD1~~[?]~ 1~~~1'Wbb!?l~::;'ll'el~"1I'el~ reaction 

plate ~1~b~~ reaction mixture Hbb~':J'"l'WfD1m'Vln!?l':J'elth~ bb~::;b~~ DNAse free Water 1'W'll'el~
q 

'" '" negative control "1I'el~bb!?l~::; SNPs tcY\t1Vl1bbUUb~tl':Jn'W'Vl~ 4 SNPs '"l1mr'W-W1bbeJ'Wyhf~~1t1cY\ 

reaction plate 1~~U'Vl bb~':J-w11u~''WbVl~t1~ '"l1mr'W~~-W1 reaction plate ~b[?]~t1~b~~'"lbb~':Jlu 

run PCR !?l'ellu 
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4.4 n1~ run PCR 

vi1n1~ run PCR L(iltl1-ifblPl~!l\l ABI 7500 Real-Time PCR (Applied 
~ ~ 

Biosystems, USA) Lt?ltlvh n1~C?1\l fl'l!l ruVlJlnbb'Cl:;~:;tl:;b'J'Cl'l"1l!l\l bbl?l'Cl:;i'WVl!l'W1'Wn1~vi1 PCR H , " 
~\lbb~t?l\l1'Wm~'l\l~ 3 

1PI1~1.:1v1 3 \'L~ (?l\l n1~~\l fl'l~ruVl.1Jn \'\''Cl:;~:;tl:;\,'J'Cl'l'lJ!l,ml?l'Cl:;-E''WVl!l'Wb'Wn1~vh PC R 

~~~~ b'J~1 bb~~'eHU'VI.nil
• ou 

Initial Steps Denature Anneal/Extension 

HOLD 50 Cycles 

10 'WTVl95 !l\lpj'l\'"l!'Clb~m'l 15 fj'W'l~ 92 !l\lpj'lb"l!'Clb~m'l "" '" '" 90 'J'WTVI 60 !l\lpj'lb"l!m"l!tl~ 

VI~\l9'lnn1~ run PCR b~~9~4.J\l~rub\'~'J ~n'l=l'ru:; genotype "1I!l\l SNPs 1'Wu'W 

CYP2C9, CYP2C19 bb'Cl:; ABCB1 9:;~nfjblPln:;'lfI?l!l~'JtlhJmm4.J ABI 7500 software 
,.. '" 

\''.l!l~"ll'W 2 .0 .4 

... d''V 

n1~'J b~ 'j1~'VI"lJ'el3-J~
ou 

-if'il~'Cl-k'.l hJ"1I!l\l~thtl 
, , , 

... "'1'" ~.I '" " - b'V'lpj tl'l'il'W1'Vl "]j~'.l4.J \'b~(?l\l b'Wt;ulPl'.l'l4.J() \'\''Cl:;~!ltl'Cl:; 

- 'il'ltJ ~'lVl..rnC?1'.l "1I'W'l(?ltl'lb~U'Vl'iltlu~1-if \'b~(?l\l1'Wt;tlfl'lL'il~tl ± ~'.l'Wbrit.l\lbU'W 
lJ'lVl~~'l'W (mean ± SO)

0Jj 

, 

'" 'I '" 
1Pl'.l'llJm'il\l SNPs b'Wtl'W CYP2C9 CYP2C19 bb'Cl:; ABCB1 (allele frequencies bb'Cl:; 

genotype frequencies) LL~(?l\l1'Wt;tl¥'fltl'Cl:; ("ll'.l\lIPl'.l'llJ\'~'flJ'W 95%) b\''Cl:;'Vl(?l~'ilU Hardy -

Weinberg Equilibrium L(?ltl1-if Chi-square test 

VI'lIPl'.l'l4.Ji4.J~'W'fi"1l'il\lU9r.rtl'Vl'l\l~'Wfinn4.J h4.JnUU9r.rtl~hJ1"ll~'Wfinn4.J nU"1I'W'l(?ltl'l\,~U, . 
'Vl'iltl'W1(?ltl1-if Stepwise Multiple Linear Regression analysis 

'" , , 
-if'fl~'Cl~\lVl4.J(?l9:;~nfj\'lPln:;Vl1(?ltl1-ifLtlmm4.J SPSS b'.l'flfi'W 17 ~\l9:;~9'l~ru'lf"i'lIPl'.l'llJ 

, , , 
bbVln I?l'l\l'flti'l\lil..rtl~'l ~'1!'Vl'l\l~~~~~:;~U 1Pl'.l'llJ b~'il~'W 95% (p<0.05) 
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"'" cv
(:.J~n1'ci',;)~~ 

"1i''el :IJ 'i'I ck';)'ttl "11 'el.:J eJtI ';) !I 
'" '" 


" 

1'Wn1 ~~ m~1-n~ ~tl'JtJ'fl1 ~1 ~ ~ f01 ~1~fu rl(;1 L~'fl n L 'ihi'Jl-J'!1'W~9tJ LL~ ~ L~'Wl'ltl'WtJ'fll-J L-if1 

'lJ 

II' it " it I 

i'Jl-J'!1'W~9tJ'Vl'!~'W 120 f01'W LL~~~tl'JtJ'fl1~1~~f01~~nrl(;1'fl'flnfDl1n'!1'W~9tJ~'!~'W 12 f01'WLU'fl'!fDl1n 

hn~"''J1l-J1'Jl-J~'fll'Wn1~futh~'Vl1'WtJ1 (non compliance) ~1'W'J'W 7 A'W i:JiJ~~~n1~Hfm'hJ 

i(;1LfDl'W ~1'W'J'W 1 A'W bb~~iJ~b~jj'n1n-if1i'Jl-J'!1'W~9tJ1'Wll'ltJ~«,!~'Jm~[;JeJ~~'J'W(;]'J 4 A'W ~'!L~~'fl 
, " " 

r~tl'JtJ'fl1~'1~~A~V1b-if1~n1~~9mb~~n1~~bA~1~-J-if'fll-J~~,!~'W 108 A'W'oil 'lJ 'lJ 

-if'fl3qj~ L~mnu«n~ru~vf'J1iJbb~~-if'fl3qj~'Vl1'! A~-Wn"lJ'fl'! ~tl'JtJ1~LL~ (;1'1111'W 1911~1'!~ 4 b(;1tJ 
, ", 

~tl'JtJ'fl1~1~~"'~ 108 A'Wbtl'W~tl'JtJVI~'fl1~'fl~1'W"ll'J,! 19 - 7711 bb~~i:J-w1~,rn(;]'JL'U~tJiJ~~l-J1ru 

60 nb~nfl-J ~tl'JtJ'VlnntJhii:JA'J1l-J1Jn~1'fl'!1'Wn1~vl1'!1'W"lJ(eN(;]Ubb~~1(;1
'lJ , 

'fl1m'U~tJ~~tl'Jmil-Ji:J'fl1n1~in~'fl iJ~~l-J1ru 25 11 b(;1tJ~tl'JtJ~'J'Wl~ruiJ~~l-J'Iru~'fltJ~~
q cu III QI 

90 btl'Wbf"'~l-Jin"]j-w(;1 focal epilepsy "lJ'W1(;1mb~-W'Vl'fltJoJL'U~tJ~~tl'JtJ1~fuL'Vhnu 5.04 ± 

1.17l-Jn.lrj'Wlnn. 

" ,
1'Wn1f~n~1-W~1J~1~tl'JtJiJ~~l-J1ru~'f)tJ~~ 651~fu m L~-W'Vl'fltJoJb~'flA'JU"'l-J'fl1n1~in

'lJ , 

" " b~tJ,!(;]'Jb~tJ'J (monotherapy) bb~~~niJf~l-J1ru~'fltJ~~ 351~fumn'Win1'Jl-Jn'W(;],!bb~~'fl,!"]jU(;1~'W 

1iJ (poly therapy) 

~ .. 
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U11~.:Jv1 4 bb~!?l'l.jf'ell.J~vf'".l hhb~:;.jf'el~~'Vl1'1 r1~Un"ll'el'l ~ll'".ltJ 

';n~ru~ertl'JtJ/"li''fl).J~'V11.:J~~Un.. .. d 
~'J1).JC1, 

.., ... v 

'a'fltJ~~ , ('Vl?ltJ) 
• d • 

(1'l1b'il~tJ ± ?l'J'U 
d 

b'UtJ~ b'U'U).J1 U1'a~1'U) 

~l~'".l~~U'".ltJ~'1~~~(~~) 108 

m~ 

b~~'llltJ 63 58.30 

L~~~~'l 45 41 .70 

'flltJ (tJ) (43.55 ± 14.57) (19 - 77) 

" -Wl~Unr;l'".l (nn.) (60.43 ± 11.47) (40-94) 

mtJ~Li~i:lmn1din (i'J), N=103 (24 .899± 17.500) (0.25 - 71) 

'llu.~'lJ'fl'lh~~~in 

Focal epilepsy 97 89.81 

Generalized epilepsy 4 3.70 

Secondary generalized epilepsy 2 1.85 

Unspecified 5 4.63 

~m~ru::;n1dlc;)fumfmnh~~~in 

H'mn~inr;l'".lL~m (Monotherapy) 70 64 .81 

1-nmn~in1'".lwl~~~ltJr;l'l (Poly therapy) 38 35.19 

'lJ~l~mL~u.Vl'fltJ,r~lC;)ful?i'flr)~ (~n . 6u) (295.14 ± 47.42) (100 - 400) 

'lJ~1 ~m L~u.Vl'flml~lC;)ful?i'flr)~l?i'flJl~Unr;l'".l (5.037 ± 1.174) (1 .67 - 7.50) 

(~n.;r)~/nn.) 

-: 
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1?l1J'1'1~ 5 L~bb~(;1'1ntJnlJ'mri\.l-nn~'W1~~U'JtJL~fui'J~nUmb'V'JU'Vl'flmn(;1tJmri\.l-nn~ 
iJn1J'1.jfi'J~nUb'V'JU'Vl'fltJ,r:j.J1n~~(;1 ~'fl sodium valproate J''fl'l~N:WI~'fl phenobarbital bb~::: 

carbamazepine 

b~'flVl'"lIJ'rul ~'1J':::~U\!tJ~1 ~'l.!"lJ'fl'l n1 J'bn (;1re)'WI?lJ'mtJlJ':::V!~I'1 b'V'JU'Vl'fltJ,rbb~ :::m~'W1~ 
L~fui'J:W~'JtJ 'V'/U~1 sodium valproate. carbamazepine bb~::: clobazam b1J'W mi'J:w~iJJ':::~U 

,rtJ~1 ~'l.!"lJ'fl'l nlJ'bn (;1re)'WI?lJ'mm nu b'V'JU'Vl'fltJ'W1'WJ':::~U 2 (sig .2) ~'fliJJ':::~Ufl'JI:W~'WbbJ''1''lJ'fl'lnlJ' 
, , '" 

bn (;1re)'WI?lJ'mm1'WJ':::~U'ul'Wn~I'1 (moderate) ~'1 r:-J~Vi bn (;1~'W';h10X~U'JtJiJ'fl1 nln~'J~'1 ~'fl'l nlJ' 
'" , '" '" 

nlJ'fmj'1 bVl ~~'W ~'fl'l'W'fl'W'Wn fn'l.'l'l (;]'J 1'WlJ'-!I Vi tJ lUI ~ V!1'fl'flu1 'W bNVi tJ lUI ~ 'WI 'W~ 'W (Tatro,
'IJ 

'" 
201 0) ~'1\!'W1 'WnlJ'':J bflJ'l:::oXfl'JI:w~~'W'Wfi"lJ'fl'l"lJ'W1 (;1mbb~:::J':::~um b'V'JU'Vl'fltJ'W1'Wb~'fl(;1nu1f99tJ 

I 11 tI iI 

'Vl1'1'W'Wfinn:wi'J:wnu1f'"l9tJVihn-rl'W'WfinJ'J'~\!'W '"l:::b~'flnVl'"lIJ'rulb'j).ViI:::m~'1 3 (;]'J~'1mh'Ju 

1?l1'a1~vi 5 bL~ (;1'1 ~'fltJ~ :::"lJ'fl'lJ'1tJn1J'tJln'W-nn~'W1~ ~u'JtJL~fui'J:Wnum L'V'JU'Vl'fltJ,rLL~ :::J':::~U 
cv 0 cv c..c::r.. Clio Q,.I ~ I tI 

'WtJ~1 fl 'l.!'VlI'1 fl~'Wn"lJ'fl'l nInn (;1'fl'WI?lJ'n J'm J':::V!'JI'1m 

~1~n1~~1n'W~n~i~~~ ~1'W~'Wer,]~~., 
.., 
~'elm~~ 

n~~mn'W~n (anti epileptic drugs) • 
Sodium valproate [sig.2] 13 22.81 

Phenobarbital [sig.5] 12 21.05 

Carbamazepine [sig .2] 10 17.54 

Clonazepam [sig.4] 6 10.53 

Topiramate [sig.4] 6 10.53 

Clobazam [sig .2] 3 5.26 

Levetiracetam 3 5.26 

Pregabalin 2 3.51 

Gabapentin [sig.4] 1.75 

Oxcarbazepine 1.75 

~~~ 57 100.00 
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FI'JI3.J~"lI'2l.:J SNPs i:u~'W CYP2C9 CYP2C19 bb~::; ABCB1 (allele frequencies bb~::; 

genotype frequencies) 

e.J~n1~I?l~'J"'l candidate SNPs 1'W~'W CYP2C9 CYP2C19 bb~::: ABCB1 "'lln(;'heJ[h~ 

DNA "lI'El'lcYthtl'Ell~I~,rfOl~91'W'J'W 120 ~1t11~bb~(?l~1.n'Wl?lln'l~ 6 b(?ltl~U~1 minor allele 
" 

frequencies "lI'El'l~'W CYP2C9*3 CYP2C19*2 CYP2C19*3 bb~::: ABCB1(3435C>T) 1'W~1.htJ 

b~fOl~:win"llI')1'Vltl il~lbYhnu 2.5% 26.7% 0.4% bb~::: 43.8% 1?l1:W~Ir;)U 

.d .JevolC::fl 6j q

I?lI'il.:J'V\ 6 bb~(?l'l(Pl,)I:wn'El~~~ (allele frequencies) "lI'El'l candidate SNPs L'WtI'W CYP2C9 

CYP2C19 bb~::: ABCB1 

SNPs 

CYP2C9*3 (1075A>C) 

A allele 

C allele 

~'J:W 

~1'W'J'Wi'~~~ 

234 

6 

240 

% Allele frequency (95%CI) 

97.5 (95.5-99.5) 

2.5 (0.5-4 .5) 

CYP2C19*2 (681 G>A) 

G allele 176 

A allele 64 

~'):w 240 

CYP2C19*3 (636 G>A) 

G allele 239 

A allele 

~'):w 240 

73.3 (67.7- 78.9) 

26.7 (21.1-32.3) 

99.6 (98.8-100.2) 

0.4 (-0.4-1 .2) 

ABCB1 (3435C>T) 

C allele 135 56.3 (50.0-62.5) 

~ 
T allele 

~'):w 

105 

240 

43.8 (37 .5-50.0) 
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(:,J~n'l~~~'.l9~n'jj'ru:::; genotype LL~:::;r1'.lIl-J~"ll'tl,mr?i~:::; genotype "ll'tl--1 SNPs 1'W~'W 

CYP2C9 CYP2C19 LL~:::; ABCB11~bL~'M1rJl'W~ln--1~ 7 b(?)tJhJ~u homozygous genotype 

~'tl CYP2C9*31*3 LL~:::; CYP2C19*3/*31'Wn~l-J~'l.htlbJ'r1~l-J-nn"1l1'.l1'VltJ~~n'jj'l LL~:::;~U~I'Vln, 'IJ , 

" 
genotype "lJ'eJ--1~'W CYP2C9*3 CYP2C19*2 CYP2C19*3 bL~:::; ABCB1 C3435T,.r'W'eJ~1'W 

~l-J!?J~"lJ'eJ~tnf~-1'.li!djfn (Hardy-Weinberg equilibrium) (p>0 .05, Chi-Square Test) 

"" .oJ ~b 1 U 1 ~ 1n1~1~V1 7 LL~(?)~mll-J()"ll'tl--19 'W 'Vl (genotype frequencies) "lJ'eJ--1 candidate SNPs 'WtJ'W 

CYP2C9 CYP2C19 Lb~:::; ABCB1 

0 

SNPs Genotypes ~1'W'J'W % genotype frequency 

CYP2C9*3 (c.1 075A>C) AA (*11*1) 114 95.00 

AC (*1/*3) 6 5.00 

CC (*3/*3) 0 0.00 

J''.ll-J 120 

CYP2C19*2 (c.681 G>A) GG (*1/*1) 62 51.67 

GA (*1/*2) 52 43.33 

AA (*21*2) 6 5.00 

J''.ll-J 120 

CYP2C19*3 (c.636 G>A) GG (*11*1) 119 . 99.17 

GA (*11*3) 0.83 

AA (*3/*3) 0 0.00 

J''.ll-J 120 

ABCB 1 (3435C> T) CC 39 32.50 

CT 57 47 .50 

TT 24 20.00 

J''.ll-J 120 

" " ~1V1fun'lJ'~J''.l9V11 polymorphisms "ll'tl--1U'W Cyp2C91'WnlJ'~n'jj'lr1f--1.wrfjr.rtJhJ1~ 

L~'tln CYP2C9*2 ~--1Lil'W common SNPs I'l'.lVl~--1"ll'tl~U'W CYP2C9l-JILil'W candidate SNPs 

d '::3' "'';;1 ~ b'W'tl--191nn'lJ'f"ln'jj'ln'tl'WVI'WI'W 'W"1l1'.l b'Vltl (Kuanprasert et aI., 2009; Sangviroon, 2007) LL~:::; 



t'ULW?1.1.Ht'~ ~",ltJ~C,L~Ut'l46rmc,1ilt'~lT.ru~L~I1!b~~"I1~IJ~IJIiLC,~~tA.~~6[1Ii~L!-!!lr:t'~ n.14 L~IiLW 
.. " " 

866 '0-~~" ~ 519'O-'96L '0-n.,Y L!A.'6[1" c,~ t'~IT.I1~1J ~IJ IiLC,~~tA.~;:6rLIi~~11~1 c"./c,.6 J8cdA8 .. 
~~" 1151£17£ J888't/ edAloue5 !:S6LUt'~IiC,6 []C,,ltJIiC,f eU!deZ8w8qJ88 1.,11n.l,ltJVLUt'~IT.I1}t!,D 

~~ .!l11~tA.t}~, LI1~ L?1.rr.t'~lT.t'~~ ~6LUn.'yJ?1.~Ii~~6[1" c,~~~" 0176'0 n.'y 1.,!A.'6[1" c,~ t'@rr.I1@1J ~IJ 
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(;J1~1-3Vi 8 m~ ~-:JL).J L~~ l"l,)I).J~).J~'Wfi~:;VI~I-:J"1l'W1 ~tJ1 LyjUVl'fltJ-J~ ~tl')tJl~f1J n1J ~') LL1J~~1-:J1 

b:l-.lblPl~ C?l/Hbtl~ 

Constant 

b:l-.l blPl~ flI'Jl:1-.1i':I-.I~'Wfi~~'VI';h.:j"ll'U1 IPItI1 

bvJU'Vl'fl£lUnu C?l'J bbtl'i (:1-.1 n.ltJ'U/nn.) 

Dose =4.707 + (0 .792 x Gender) 

R2 

0.103 

p-value 

<0.001 

Gender (female) 

2 Constant Dose =4.758 + (0.849 x Gender) - (0.817 0.136 0.027 

Gender (female) x CBZ co-med) 

CBZ co-med 

3 Constant 

Gender (female) 

Dose =4.869 + (0.881 x Gender) - (0.832 

x CBZ co-med) - (0 .576 x ABCB1 TT) 

0.169 0.024 

CBZ co-med 

ABCB1 TT 

4 Constant 

Gender (female) 

CBZ co-med 

Dose =4.913 + (0.94 x Gender) - (0 .796 x 

CBZ co-med) - (0.651 x ABCB1 TT) -

(0.998 x CYP2C19*21*2) 

0.200 0.029 

ABCB1 TT 

CYP2C19*21*2 

m'nbYl'Wf'h1'WhH(;Ifl ; Gender: LrimU'WLY'H.IVlc1j--11~blYl'Wfh~')tI 1 L'WPI'lllmLYl'Wrll ~')tI 0, CBZ co-med: brilli:J 

mJ1-ifm carbamazepine 1,)~~,)tl1~UYl'Wrll~,)tI 1 t11hJi:Jmj'1-ifm carbamazepine 1')~~')tJ1~LLYl'Wrll~')tI 

0 , ABCB1 TT: L~lli:J~n~ru::: genotype 'lIll--1 ABCB1 LU'W TT 1~LLYl'Wrll~')tJ 1 t11LU'W CC Vl1ll CT 1~LbYl'Wrll 

~')tJ 0 , CYP2C19*21*2: Lnlli:J~n~ru::: genotype 'lI'El--1 CYP2C19*2 LU'W *2/*21~bbYl'Wrll ~')tJ 1 t11 dJ'W *1/*1 

Vl1'El *11*2 1~LLYl'Wrll~')tJ ° 

t 
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[;l1'i1~vi 9 LL~ i?I-:J rh~lJtJ~:;~'VltFl'J1lJ bl i?lbllltJ"lI'eN ~'J LLtJ~(?h~11'WLlJ Li?I'&'I~~1lJ1~blllfi'lJ1tJ Fl'J1lJer'W 

LLtJ~-n1l-:J-n'W1 i?ltJ'l L yJij'Vl'fltJ-W~ ~lbtJl~f'lJl~~~~ 
q 

i?I., 

~'JLLU'i p-value Unstandardized Standardized 95% CI for B 

Coefficients (B) Coefficients (Beta) 

(Constant) <0.001 4.913 4.628 - 5.198 

Gender (female) <0.001 0.940 0.397 0.526 - 1.354 

CBZ co-med 0.026 -0.796 -0 .197 -1.493 - -0.098 

ABCB1 n 0.011 -0.651 -0 .228 -1.146 - -0.155 

CYP2C19 *2/*2 0.029 -0.998 -0 .196 -1.889 - -0 .107 

t " 



29 

'f).ihJ'31 tJ bb~~'6ll'3tJ e.J~ n1'3"ij..rtJ• 

nJ~l-D'm rl'Wi n Lu'W~fin'1~~~n 1 'Wfmj''1 ~tJr,ltJ'i:~~lcn-Jin 'i:(91tJ L'U~'1~m LyjU'Vl'e:ltJ'W1'lnnJ~ 

bonl-J'1mh'l m 'J'W'1'WL~'e:l'l"'l '1 n LU'WtJ'1~ntJ~~~'Vlfil1'1~ ~LL~ :;nn ~'1 ~ n LL~U 'k! ~'1~~'Ul'Wn '1 ~fmn 
., 

~'JtJtJ'1 byjU'Vl'e:ltJ,r~'e:l tJ'1n Therapeutic range Lb~'U 'W'e:ln"'l'1nn~t1'JmL~~~~'1tJ~'lnnJ~ 

l'l!l'U~ 'W!l'l ~'e:l n'1 ~fm~n ~ LLl'l n ~'1'l rl'W 'fl'W L~!l'll-J '1"'l '1 nU"'l9tJ~ ~ '1 tJ'e:l tl '1'l-vr'l~ L~ tJ 'J-if'e:l'l LL~ :;hi 

L~tJ'J-if'e:l'l rl'U~'WD n nl-J 9'lvh1,n'Wn '1 ~fmj''1 ~thtJ ~'e:l'l1-D'~:;tJ ~ b'J ~ '1 'W'1 'Wb'Wn'1 nJ f'U"lI'W '1 (91tJ '1 
, 'IJ 

b~'e:l1w.~"lJ'W'1 (91~ b~l-J'1~~l-J~~'1l-J'1~n m'U~~'e:l'1 nJJ'in1~ 'i:(91tJhi Ln (91m nJJ'hjYJ'ltJ~:;~'l rl"'l'1 nm, 

b'WnJJ'~m~n ~f'ld Wj9tJ9'l1Jlvi'1 nJJ'~mn ~'l ~'J'1l-Jil-J~'Wrr"lJ!l'l"lJ'W'1(91tJ'1LyjUYl'e:ltJ,r~l-D'rl'UU"'l9tJ 
'IJ 

1I I I I I '" 

~'1'l1 -K'lYl LntJ'J-if'e:l'l LL~ :;hi Lnm-if'e:l'l rl'U~'W~n ~~l-J 'i:(91tJ*~~'l~ '1-if'e:l~ ~Yl1~"'l'1 n n'1J'~ m~nnm"'l 
., , 

~'1l-J'1 J'nl-D'LU'W-if'e:l'lI~~'W ~'1'W"rl'JtJ1'Wn'1 J'~"'l'1m.ntJf'U"lJ'W'1 (91m1'WnJ J'fm~n ~t1'JtJh~~l-Jin L~!l1~ 
~ ~ 'IJ 

~'1l-J'1J'n ~'J'U ~l-Jm nJJ'in"lJ'e:l'l ~t1'JtJ1~'e:lth'l~'J (91 L~'J 'i:(91tJhJ Lf'1 (91'e:l'1 nJ~hiVi'ltJJ':;~'l rl"'l'1nm ~'l"'l:;
, 'IJ 

LU'WnJn~l-J~rul1'1~ml'l~~1~rl'U~t1'JtJ1~
, 'lJ 

..., , 
c-/~"'l'1nn'1J'~n'lj''1'il~'U~'1 ~'J'1l-J~"lJ'e:l'l'fl~~~ CYP2C9*3 nA'1L'Vhrl'U¥'e:ltJ~~ 2.5 ~'lhJ 

I " I I 

LLl'l n ~'1'l'"l'1 n nJJ'~ n'lj''1~'W-K'll'W~'W1'VltJ LL~:;l'W'lI '1 '.1 L'e:l L~tJ~'W1 tJ nL1'W1'W"ll'1'J~'WL~tJ ~'ll'lJ''J'''l~'U'fl~ 
, , ., 

~~ ~'lmh'J 1'W~'J'1l-J~¥'e:ltJ~~ 8.2 ~'l LLl'ln I?h'l'e:l'e:l n 1tJ"'l'1n ~t1'JtJ'i:~~~l-Jin"ll'1'J1'VltJ1'Wn'1~~n'lj''1n 
, " 

LL~~1'W"ll'1'JL'e:lL~tJ~'W1 'e:ltl'1'll-J'1n J''Jl-J-K'l~'ll'lJ''J'''l~'U 'fl~~~ CYP2C9*2 1'W"ll'l'J~'WL~tJmil-J, 

~'ln~'1'J~'l'i:(91tJ~'J'W1V1qJ"lJ'e:l'l"ll'1'JL'e:lL~tJ"'l:;hi~'U'fl~~~d ~'J'W~'J'1l-J~"lI'e:l'l'fl~~~ CYP2C19*2 n A'1 
I I " I I 

L'V1'1 rl'U ~'e:ltJ ~ ~ 26. 7 ~'l L~'e:l LmtJ'ULYltJ'U rl'U"ll'1'J L'e:l L~m~'e:l"ll'1 ~~'W1 ~'U ~ '1 ~ '.1 '1l-J ~"lJ'e:l'l'fl~ ~ ~ 
... , 

CYP2C19*2 ~'e:l'Wi'1'ln ~'J'1l-J LLl?"In ~'1'l rl'Wl-J'1 n 1 'WLb~~~L~'e:l"ll'1 ~ bL~~1'Wbb~~~n'11~n'lj''1 ~'lm"'l 

L~'e:l'll-J'1"'l'1 n~fin'1 J'~ l-J b~!l n !?l'J'e:ltl '1'l1'Wn'1 ~~ n'lj''1 b -n'W 'U'1'l n '1 ~~ n 'lj''1 mi l-J !?l'J'e:ltl '1'lm"'l LU'W~t1'J tJ 
, , 'IJ 

n~l-J'i:J'~~LLl'lnl?1'1'lrl'W ~1'e:l'U'1'l n'1J'~ n'lj''1m'''l LU'W!l'1~'1~l1~J'~"lII1'1~~~'J, 1tJ bU'W~'W bb~:; ~'J'1l-J ~ , 

"lJ'e:l'l'fl~~~ CYP2C19*3 nA'1b'Vl'1rl'U¥'e:ltJ~~ 0.4 ~'liJ~'1i('e:ltJn~'1'e:ltl'1'lihrtJ~'1l"i''k! L~'e:lbmtJ'ULYltJ'U 

rltJn'1J'~n'lj''1~'W11'W'e:l'1~'1~l1~J'~''lJI1'1~~"ll'1'J1'VltJ (Yamada et aI., 2001; Tassaneeyakul et aI., 
I I iI tJ 

2006) ~'l~'1 L~ l'l'e:l'1"'l LoW'e:l'll-J'1"'l'1 n 1 'WnJJ'~ n'lj''1nb~'e:l nm~'1~l1~J''''l'1 n n~l-J ~t1'JtJ'i:J'~~l-Jin b'Vl'1~'W 
, q 'IJ 

II I I I 

~'l,r'W~'J '1l-J ~"lJ'e:l'l'fl~ ~ ~ ~'l n~ '1'J9'l LLl'l n 1?l'1'l1tJ"'l'1 nm ~'1 ~l1~ J'~"lJI1'1~ ~-K'J1tJ bb~:; boW'e:l'l"'l'1 n n ~ l-J , q 

!?l'J\ tl'1'l~1~'WnJ~~n'lj''1d bu'Wn'1~~l-Jl-J'1"'l'1 n 'i:N~tJ'1'U'1~ LYitJ'l 2 Lb vI'l ~'l'e:l'1"'l~'lhi'i'l'1l-J'lJ'n1-D' 
q 

LU'W!?l'.l bb'Vl'W"]j'e:l'lth~"1l'1 nJ'"ll '1 '.ll'VltJ-vr'l~ l-J (91lJl 
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b~'f)~m~1n~~':l13-J~3-J·v~'t.l€"lJ'f)~"lJ'tJ1(?lU1LyHl'Vl'f)w.r~eYthul~runu~n".ru~'Vl1~~'tJfin~~3-J
.. q 

"lJ'f)~~'tJ CYP2C9 CYP2C19 bb~::: ABCB1 i':l3-Jnui1"'lr.ru~'tJ1~hib~u':lo]'f)~nu~n".ru:::'Vl1~ 

~'tJfin~~3-J ~~l~bbri bY'lPl 'El1mL~~m~Hfi':l3-J~':lu Y'lU~1 b~'El1-if~(i~ stepwise multiple linear 
q q 

regression Y'lU~1 i1"'l~U'Vl1~~'tJ~n~~3-J"lJ'El~U'tJ CYP2C19 (CYP2C19*21*2) bb~::: ABCB1 

(ABCB1 TT) i':lWlutr "'l r.rtJ ~hiL~ tJ ':lo] 'El ~ , bb rinu ~'tJ fi n ~~3-J 1 ~ bY'I Pl bb~:::n 1 ~l~ru tJ 1 

carbamazepine i':l3-J~':lU LU'tJI11':l LLiJ~~~13-J1nl'Elfiu1U m13-J ~'tJLLiJ~"lJ'El~"lJ'tJ1 (?lm b ~U'Vl'Elu'I1~ 

~U':lul~rul~~~~ (?l b(?ltJY'lU~1 i1"'lr.rtJ~~3-J~'tJ€nun1~~ (?I~~"lJ'El~"lJ'tJ1 (?IU1 b~U'Vl'ElU'I1~ ~U':lul~ru.. , " 

l~bbri n1~il~n".ru::: genotype "lJ'El~u'tJ ABCB1 C3435T dJ'tJ ABCB1 3435TT bb~:::n1~il 

~n".ru::: genotype "lJ'f)~U'tJ CYP2C19 bU'tJ CYP2C19*2/*2 ~':l3-Jn~n1~1~ruu1 

carbamazepine i,)3-J ~':lU ~')'tJi1"'lr.ru~~3-J~'tJ€nun1n~3-J"lJ'tJ1 (?1m b~U'Vl'f)U'I1~ ~u')ul~ru 1~bbri.. 
bY'l PlVl q)~ 

b(?lU ~,)13-J bbl'l n r;l1~"lJ'El~"lJ'tJ1 (?ItJ1 b~U'Vl'Elu'I1~ ~U':lUl~ru r;l'El~1 wwn 111') ~~VI~1~ bY'I Pl"ll1U nu.. 
~ ~, 

LY'I PlVl q)~u'tJ m"'l Li1'El~3-J1"'l1 n L 'tJ'Vl1~iJ~U~n1 ~~'"l1~ru1"lJ'tJ1 (?lU1L'tJ~u')u bbr;l~:::nmr'tJdJ'tJn1 ~ 
, ~ 

~1i1~ n~"lI'tJ1 (?lU1 r;l'Elt)'tJVi ~u')u ~')~l~ru b(?luhll~~'"l1 ~ru1n~ m13-J bbl'l n r;l1~"lJ'El~U1V1un 111':l1'tJ 
'11 , !I I '11 II I I 

~u')u Lbr;l~ :::nu ~~U'tJLi~'ElU13-J1iJru ~,)uu1V1Unl11,)~~1'tJbY'l PlVl q)~u'tJiiu1V1un 111') b(?lU L'U~ tJ ~1 
~, . 

n~1 bY'l Pl"ll1U ~~Vi11"n~"lJ'tJ1 (?lU1 r;l 'ElU1 VI un I11':lVi~~ n~1 bY'l Pl"ll1U b(?luVi"lJ'tJ1(?1U1 b~U'Vl'ElU'I1~':l3-J r;l'El
" 

i'tJ (3-J n .li'tJ) hJil ~':l13-J bLl'"In r;l1~ n'tJ'Elth~il,rtJ ~1~bkJ'Vl1~~ (i~~~VI~1~ bY'I Pl"ll1mL~:::LY'I PlVl q)~ 

~')'tJi1'"lr.rU"lI'El~ n1~l~rutJ1 carbamazepine i':l3-J ~,)u~~3-J~'tJ€nu n1~~ (?l~~"lJ'El~"lJ'tJ1 (?l 

tJ1b~U'Vl'Elu'I1~~u')ul~ru~'tJ m'"l'"l:::dJ'tJeJm~'El~3-J1"'l1n ilnu~1'tJn1nn(?l~'tJI'l~mtJ1~:::VI~1~b~ 
U'Vl'Elu'I1num carbamazepine ~~il,ru~1~bkJ'Vl1~~~UnL'tJ~:::~u 2 b(?lUY'lu~1n1~1~ruU1 

carbamazepine b~3-J b~3-JJl1UVI~~"'l1 nl~ruu1 b~U'Vl'EltJ'I1b~U':l13-J1 ri'El'tJ Vl1'El n1n~3-J"lJ'tJ1 (?IU1 

carbamazepine ~'tJ~'tJ iieJ~Vi1L~~:::~UtJ1 b~U'Vl'Elu'tJ1'tJb~'El(?lL~3-J~'tJ i,)3-J nuil'El 1 n1~'Vl1~ ~~Un~ 

~3-J~'tJ€nun1nn(?l~"''''l1nU1L~U'Vl'ElU,r (Browne et aI., 1988; Zielinski et al., 1985; Zielinski 

et aI., 1987) b(?ltJn~lnn1nn(?l~'tJI'l~mm~~mh':l~ t.h'"l:::bn(?l'"l1nn1~~U1 carbamazepine hl 
" tJutJ~ n1~Vi1~1'tJ"lJ'El~ b'El'tJl'll~ CYP2C19 (Lakehal et aI., 2002) ~~ eJ~~ (?l n1n3-JLL'VlU'El~~3-J"lJ'El~ 
••1'" tr t-... 0 ~ t-.... ..1'" '!"I" J' ~ t

tJ1 bY'i'tJ'Vl'EltJ'tJ bb~':l3-J eJ~'Vl1 bVI ~:::(?lUtJ1 bY'i'tJ'Vl'ElU'tJ b'tJb~'El (?l~~"lJ'tJ b(?l.. 

~1V1rui1"'lr.rU"lJ'El~u'tJ ABCB1 C3435T ~Y'lu~1n1~il genotype dJ'tJ ABCB1 3435TT il 

" ,
~':l13-J~3-J~'tJ€nu n1~~ (?l~~"lJ'El~"lJ'tJ1 (?lU1 b~U'Vl'Elu'I1,r'tJ 'El1'"l ilm13-J bU'tJhJ1~~1"'l:::ii ~,)13-J Ltl mo]'El~ 

http:n1~il~n".ru
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nunl J'IWe:lU~'W'e}'1 [;]'e} n 1 J'fn'lj'I"lJ'e}'1 ~iJ(HJ b(;'ltll~il n 1 J'~ n'lj'1 ~'1 fOl'.ll ~ ~~~'Wfi"lJ'e:l'l~n 'jj'ru:; 

genotype "lJ'e}'1 	 ABCB1 C3435T nUn1J'[?]'e:lU~'W'e:l'll?l'e}n1J'fn'jj'11'WtJ'fOl~~inri'l"lu~11'Wn~~ 
, " 

~iJ'.ltlhfOl~~inVlilJlI'.l:;~'e} l?l'e}n1 J'fn'jj'l ~'.ltltll (drug resistance, pharmacoresistance, 

intractable epilepsy) fDi:;il~n'jj'ru:; genotype "lJ'fN ABCB1 C3435T btl'W CC ~lnn~1 TT 

'e:lth'lil,rtl~1 '"''1) b~!l bmmJ bVlmJn'Jn~~ ~tl'.ltl~ [?]'e:lU~'W'e}'1 ~l?l'e:ln1J'fn'jj'l (drug responsive) 

Vl1'e}n~~mul"l~ (Siddiqui et aI., 2003; Ebid et aI., 2007) ~'1~'e:l(91fOl~'e}'11unu~~nlJ'~n'jj'l 

b~tI'.lnUn1m~(91'1'e:l'e}n"lJ'e}'1 P-gp bb~:;(:.J~"lJ'e}'1J':;r;lUtlI1'Wb~'e}(91 v1'1b-rl'Wl'Wn1J'~n'jj'I"lJ!l'l Hoffmeyer 

bb~:;fOlru:; (2000) ~'I"lU~ln~~!l1~I~~fOlJ'~il ABCB1 3435TT iln1J'bb~(;'I'I'e}'e}n"lJ!l'l P-gp 1'W 

~11~b~n~'.l'W duodenum ~ln~1 ABCB1 3435CC mh'lil,rtl~I,",'1) bb~:;~'e:l(91fOl~!l'llunu~~ 

"lJ'e}'1J':;r;lum digoxin l'W'I"l~I~lJl b(91t11'Wn~~!lI~I~~fOlJ'~il ABCB1 3435TT ~'WilJ':;r;lutl1~'1 

n~ln~~'e}I~I~~fOlJ'~il ABCB1 3435CC bb~:;l'Wvll'W'e:l'lb~mn'W l'Wn1J'~n'jj'I"lJ'e}'1 Kerb bb~:;• 

fOl ru:; (2001) 'I"lu~11'Wn~~'e}I~I~~fOlJ''l!I'.l [?]J'n~iJ J':; v1Utl 1 b ~ UVl'e:ltl'W1'Wb~'e} (91 ~lfDi :;~~~'Wfinu 

CC genotype "lJ!l'l~'W ABCB1 C3435T bb~:;iln1J'~'W5'Wl'Wn1J'~n'jj'I[;]'e}~I"lJ'e}'1 Ebid bb~:;fOlru:; 

(2007) 1'Wn~~ ~tl'.ltl bJ'fOl~~in'l!I'.l~UU ~ b(;'ltl b~'e}YlfDil J'rulJ':;v1Utll b~UVl'e:ltl'W1'Wb~'e) (91 ri'l"lU~1 

n~~~il CC genotype "lJ!l'l ABCB1 C3435T fDi:;ilJ':;v1umb~UVl!ltl'W1'Wb~!l(91~ln~ln~~~il 
3435TT genotype ~'1l?l!l~1 Wang bb~:;fOlru:; (2005) l~~n'jj'lb~'e}~n1J'bb~(91'1'e:l'e:ln"lJ'e}'1 mRNA 

1'WL'l!~;l?i'U"lJ'e}'1~~'jj'~ ~'1 ~~~l~~'WLtl'Wlul'Wbb'W'.lVlI'1 b~m n'Wnu n1J'~n'jj'I"lJ'e:l'l Hoffmeyer bb~:; 
, 

fOlru:; (2000) ~'e) rel~~~ 3435T "lJ!l'l~'W ABCB1 fDi:;iln1J'bL~(91'1'e}'e:ln"lJ'e:l'l mRNA ~ln~1 rel~~~ 
~ 	 I I ~ 

3435C 'W'e}nfDil nil5'1il n1J'~n'jj'l ~'1 nlJ'bL~ (91'1'e}!l n"lJ'e:l'l P-gp VlU1'L'.l ru~~'e}'1"lJ'e:l'l ~tl'.ltlVl~'e:ll?l'e:ln1J' 

fn'jj'l 'I"lu~11'WL'l!~;L~'e:luC1'.l (:.J,r'l VI~'e) (91 L~'e) (91~ LLtI n!l'e) n ~lfDil n L~'WL~'e} (91 u1' L'.l ru~~'e:l'l ~'.l'W• 

temporal lobe "lJ'e}'1~iJ'.ltlhfOl~~in~~'e:ll?l'e:ln1J'fn'jj'l (refractory epilepsy) ilnlJ'bL~(91'1'e:l'e:ln'lJ'e:l'l 
mRNA 'lJ'e:l'l~'W ABCB1 ~'1n~11'WL'l!~;~~'e:l'lun~ LL~:;L~'e:l1'(91J':;v1umL~UVl'e:ltlt1~I~(911'WL'1!~;

'IJ 	 • 

neuroectodermal ~ilnlnL~(91'1'e}'e}n"lJ'e:l'l P-gp 'I"lU~1 ilJ':;v1Utl1L~UVl!ltlt1~ln~11'WL'1!~;~llJil 
1 I '11 	 I I II 

n1m~(91'1!l!ln"lJ'e}'1 P-gp ~'1~LVh ~'1~l~Lt1'W~In1J'LL~(91'1!l'e}m'e:l'l P-gp VlLYl~~'W !llfDiil(:.J~vll1~il 

n1J'"lJ'W~'1m'e}'e}nfDil n L'1!~~1 'WU1'L'.l ru~fDi:;!l!l n ~Vlt~1 n~'W fDi'W!l1fDivlI1~ilJ':;v1UtlI1lJ b~tI'I'V'l'e:ll?l!l 
n1J''e}'e}n~Vltmu l"l~'e}In1J'in ~'1'e}lfDi Ltl'W~ILVI[;JVI~'1~vlI1~~U'.ltlllJ[?]'e}u~'W'e}'1l?l'e:lnlJ'fn'jj'l 

(Tishler et aI., 1995) 

" 	 " ,
v1'1,r'WfDiln(:.J~n1J'';jLfOln:;Vl1'Wn1T~m!!nil Vl'l"lU~In1J'iJ genotype 'lJ!l'l~'W ABCB1 

C3435T Ltl'W TT ilfOl'.lI~~~~'Wfinun1J'~(91~'1"lJ'e}'1'lJ'WI(91mL~UVl'e:ltlt1~'W !l1fDi~I~IJ'r;)'e}fiult11~ 
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'lI 1I I I 

1'W~'e)-!lLL~~'JtJn'W(P)\l'w~'e) 1'WLL~"lJ'e)-!lIJl~"ll"'l~'W~'lMlf "'l'lne.J~n'l~~m~nri'e)'W~tJ1'wvh"lurJ'll'Wn~jJYl 

iJ TT genotype "'l::;iJ~::;(P)UtJ11'WL~'e)C?1~-!lnrJ'ln~jJ~iJ CC genotype ~-!ln~ln~vh1~iJ~::;(p)utJ1~-!l 

nrJ'l'e)'l"'lLti'e)-!ljJ'l'"l'ln TT genotype iJn'lnL~C?1-!l'e)'e)n"lJ'e)-!l P-gp 1'W~'l1~tJ'e)tJnrJ'l CC genotype 

(Hoffmeyer et aI., 2000; Wang et aI., 2005) LL~'Jvh1~iJn'l~"lJ'W~-!ltJ1'f)'f)n~'Yl1~L~'W'e)1~'l~tJ'f)tJ 

nrJ'l~-!l ~~1~tJ1iJn'l~C?1 C?1~jJ1JljJ'ln nrJ'l ~1'f)1'WU'l-!ln'l~~ m~n~urJ'l~::;(P)u n'lnL~ C?1-!l'e)'e)n"lJ'f)-!l P-gp 

polymorphism "lJ'f)-!l~'W ABCB1 C3435T ,r'W~-!l~~-v1'll~iJn'ln1.J~tJ'WLL1.J~~ conformation [;]~-!l 

qJ 

hltJlLL[;]n!?l'l-!ln'W (Kimchi-Sarfaty et aI., 
" 

2007; Hung et aI., 
, 

2008) LL!?l~urJ'ln'lnnC?1 

r;l'l Lm\l-!l~iu~ L[;]~'Vl'"l ::;L-if'l jJ'l9U n U P-gp ~-!l-v1'l1~fl'J'ljJ"ll'e)u1 'Wn'l ~9U nu <DU~ L[;]~'Vl (affinity) 

~C?1~'1 n'l~"lJ'W~-!liU~L[;]~'Vl'e)'f)n'"l'lm"ll~~-!l~C?1~-!l ~-!l~~1~tJ1b1nC?1C?1~jJL-if'l~m::;LL~L~'e)C?11~jJ'ln~'W
qJ qJ qJ 

, .-" 
~'J'Wl'WLL~"lJ'e)-!l L[l~"ll~~ Pl'l~ fflf 1 'W~jJ'f)-!lU1L'Jrur;l'l LL~\l-!lYltJ111.J'f)'e) n ~'Vlfl,r'W ~'l n'e)flU'ltJ [;]'ljJ n~In 

~ Kimchi-Sarfaty LL~::;flru::; (2007) l~~-!l~jJjJ~~'l'WH J'W~'e)n'lnnC?1 polymorphism "lJ'e)-!l~\,l
dJI 

ABCB1 C3435T ,r'W~-!l~~Vhl~iJn'l~L1.J~tJ'W conformation [;]~-!lr;l'lLL~\l'l~iU~L[;]~'Vl"'l::;L-if'ljJ'l9U 

~-!l-v1'l1~fl'J'ljJ"ll'f)u1'Wn'l~9unuiu~ L[;]~'Vl~C?1~-!l n1~"lJ'W~-!l iu~ L[;]~'Vl'e)'f)n"'l'l m"ll~~-!l~ C?1~-!l bC?1tJ 

L~'e)~'"l'l~ru'l ~-!l L"lI~~u1L'J ru~jJ'e)'1 ~'l niJ n'l~"lJ'W~-!ltJ1'e)'e)n"'l'l n L"lI~~~ C?1~-!l n"'l::;-v1'l1~iJ n'l~~ ::;~jJ 
I ~r." 

"lJ'f)-!ltJ11'WU1L'J ruYl"'l ::;'f)'f)n ~'VlfllJljJ'l n~'W LL~::;L~m~'f)!?l'f) n'l~'e)'f) n ~'Vlfl ~'JU ~jJ'e)1 n'l ~in1~ 

1'W~'J'Wmru"lJ'e)-!l~'W CYP2C19 ~~UrJ'l CYP2C19*21*2 iJm'ljJ~jJ~'Wlfnun'l~~C?1~-!l"lJ'e)-!l 

"lJ'W'lC?1tJ1 L~ij'VlmJtr,r'W ~'ljJ'l~b1'e)flU'ltJl~"'l'lnn'l~-v1'l-!l'l'W~~ C?1~-!l"lJ'e)-!l L'e)'Wl"l1~ CYP2C19 L~'f)iJ 
variant "lJ'f)-!l~'W ~-!lL'f)'Wl"l1~~~¥'l-!ll~"'l'ln~'W CYP2C19*2 ,r'WLu'WL'e)'Wl"l1~~l~iJ1.J~::;~'Vlfl[l'l~l\,l 

'" ~ "" d ~ "cI '" 1 "" J' ~" n'lnLtl~~[l'l~tJ'l (de Morais et aI., 1994a) C?1-!l'W'W'"l-!l·ti-!l~~ ~~jJ~::;C?1UtJ1 'WL~'f)C?1~'1"lJ'W~C?1 

~'e)C?1~~'f)-!lnUn'l~~C?1"lJ'W'lC?1tJ1~'11'W~u'JtJ~iJ genotype "lJ'e)-!l~'W CYP2C19 dJ'W CYP2C19*21*2 

~'J'Wn~ru"lJ'e)-!l~'W CYP2C9 ~l~~'J~'J'ljJ~jJ~'Wfi"lJ'e)-!l CYP2C9*3 nU"lJ'W'lC?1tJ1L~ij'Vl'f)mr 

,r'W ~-!l~n'l~-v1'l-!l'l'W"lJ'f)-!lL'f)'Wl"l1~ CYP2C9*3 ~~C?1~-!l~'lm~'f)LYltJunu wild type al lele 'f)'l"'l 
I I it I I 

~'l ~'l ~b1'f) flU'l tJ1Jl"'l'l n n'l ~Yi~u ~'J 'l ~ ~'fi~ ~ ~~r;l'l ~ 'l n 1 'WL9l'J 'f) ~ 'l-!l ~U'J tJ hfl ~~in"ll 'l 'J 1'Vl tJYl 
qJ 

" " vhn'l~~mn (~'e)tJ~::; 2.5 % n'l~~m~n~) 9-!l1~L~'W~'Vlfl~~"lJ'e)-!l CYP2C9*31'Wn'l~~mn~ LL!?l 
, , 

Q/ a.o=t...:::. .d: q dQ/Q 4'-' 

n~UL~'W'f)'Vlfi~~"lJ'f)-!l CYP2C19*2 "lI-!l~u~m'ljJbI'f)~~~~-!lbl-!l~'f)tJ~::; 26.7 

1 'Wn'l ~';j Lfln::;,x fl'J 'ljJ ~~~'Wfi"lJ'e)'1"lJ'W'l C?1tJ'l~ ~u'JtJl~t'u nUU'"l9tJ !?l'l-!l1 ~'JtJ Stepwise 

Multiple Linear Regression ~Ufl'J'l~~~~'Wfi"lJ'f)-!l"lJ'W'lC?1tJ1 L~\l'Vl'e)tJtr~~u'JtJ1Jlt'unu genotype 

'lI'f)-!l SNPs 1'W~'W CYP2C19 LL~::; ABCB1 dJ'W-if'e)~Lti'e)-!l"'l'ln1'Wn1~';jLfl~'l::;,xLLUU Stepwise 
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Multiple Linear Regression bril1il m~~ brin::ie.J~"lI'1}.:Ji1'"l~tJ1(?)i1'"l~tJVI~'l 19111l?l'.lbbtJ~~~l1'l n1~ 
I " I '" 

~mj'1 ~'Ylfi~~'"l1ni1'"l~tJ~lJ1'"l::~nri'.lu~~H v)'l,rlJ~'l'Cl1~1~m~lJe.J~V1m)f'"l1''l''lJ11'li1'"l~mrlJ119111 

I?l'.l bbtJ~~ ~11'l n1~~m~n 

'6ll'atl e.J~ n1'a14'~• 

, 


'"l1ne.J~m~~~tJ~Uri'.l1~()"lIl1'l'el~~~ CYP2C9*3 CYP2C19*2 CYP2C19*3 bb~:: 

ABCB1 3435T ~'lbtllJ functional SNPs ~~utJl1tJ"lI'El'l~lJ CYP2C9 CYP2C19 bb~:: ABCB1 

'" llJ~tl'.ltJhri~~in"Jl1'.l1'YltJn~~u il~1bvhnu ~'EltJ~:: 2.5 ~l1tJ~:: 26.7 ~l1tJ~~ 0.4 bb~::~'EltJ~:: 

43.8 1?l1~~1V)U bb~::'"l1ne.J~n1~~brin::i~u~1 i1'"l~tJ~ilri'.l1~~~~lJfinu"lJlJ1(?)tJ1 b~'W 

Vl'Elmr~~tl'.ltJ1Jfru lJfbbri ri'.l1~erlJbbtJ~Vl1'l~tJfim~~ltJ~lJ CYP2C19 (*21*2) bb~~~lJ ABCB1 
~ , 

(3435TT) i'.l~nui1'"l~tJ~llJ1-D~lJfin~~~ lJfbbri b~P\"lI'El'l~tl'.ltJ bb~~m~lJfrutJ1 carbamzepine, ~ 

I II it I 

i'.l~ Jf'.ltJ ~'l I?l'.l bb'i.hV)'l mh'.lvr'lVl~ (?)U'Cl1~1~Cl'Elfiu1tJ ri'.l1~ erlJbbtJ~"lIl1'l"lllJ1 (?)tJ1V1 ~tl(JtJ1JfrulJf 
I " " " 

tJJ'~~1 ru~'EltJ~:: 20 ~'l e.J~ mJ'~n'jj'1 rif'luv'h1~VlnlJ-nl13J~ btJ'El'l ~lJ~1 ~n'jj'ru~ genotype "lJ'El'l 

~lJ CYP2C19 bb~:: ABCB 1 111'"lil~Vlfi~~ nlJ ri'.l1~ bbl?l n 1911'l"ll'El'l"lltJ1 (?)tJ1 b~'WVll1tJoJ~ ~tl'.ltJ1JfrlJ 
~ 

~~VI~1'l~tl'.lmbl9l~~~1tJ ~'l~1~L~lJ~1~1n1J'Vl~1lJ~n'jj'ru~ genotype "lJ'El'l~lJ CYP2C9 

CYP2C19 bb~~ ABCB1 "lI'El'l~tl'.ltJri'EltJ1JfrlJm~rn'jj'1Jf'.ltJtJ1b~'WVl'EltJoJ oJ1'"l~iltJ~~ttJ"lloJl9l'El 

LL ~VltJ1lJm ~Yi'"l1 J'ru 1 rn'jj'1 ~tl'.ltJ lJfil tJ ~~~VlfiJl1~~1 n~tJ mh'lUl1tJ'Cl1~1~Cl b~1J'~tJ'l ~tl'.ltJllJ 
~ ~ 

ntJ~il~n'jj'ru~~lJ~111'"l b~ tJ'l 19l'El mnn (?)111 n1 ~llJYl'ltJJ'::'Cl'l ~'ellJLtil1'l ~1'"l1 m~ V)lJtJ11lJb~11 (?) ~'l 
" , 

bnlJ-D'.l--:J"lI'El--:J n1 ~rn'jj'11Jf ~--:J ri'.l ~il mJ'~ n'jj'1L tJilJl9l'ElltJ LYJl1UlJfitJe.J~ v)--:J n~1'.l 

"OCV ~..a'.,
"lJ'el'"l1 n 1Pl"lJ'el.:l n1 'a 1"1 n'l3-TU bb~~"lJ'el b'6ll'U'el bb'U~ 

I I" • 

bU'El--:J'"l1nl?l'.ll1t.h--:JVllJf1tJmJ'~n'jj'1u LtltJmJ'~~~1'"l1nLN~tJ1lJ1~bYitJ-:J 2 LLvI-:J ;-:J111'"l, 
" " fi-:JhJ'Cl1~1 ~Cl1-ifbtl lJ I?l'.l LL VllJ"lIl1--:JtJJ'~"Jl1 n ~"ll1'.l1VltJvr--:JVI~ i?llJf tJ'El n'"l1 nULLlJ'.lVl1-:J m~tJB~"lJl1'l 

LL ~ Vl tJ1911'l t~--:J~ tJ 1lJ1 ~ bb~ ~ 1911'l~lJ~ ntJ 111 '"l Vi 11~ ~ n'jj'ru~YlttJlVluil ri'.l1 ~ bbl?l n 1911-:J nlJ1Jf 

I " " " 

bU'El'l'"l1 n e.J~'"l1 n m~~ brin~Vl1lJflr-:JU ~lJ~11?l'.l LLtJ~V)-:J n ~1'.l,rlJ 'Cl1 ~1J'Cll1filJ1 tJ ri'.l1~ erlJLLtJJ'''lJl1--:J 
, '" 

"lIlJ1 i?ltJ1 b~'WVl'EltJoJVI ~tl'.ltJ1JfrlJ1JfbYitJ-:J~'EltJ~~ 20 V)-:J,rlJ~-:Jil ri'.l1~ LtllJltJ1Jf~1oJ1'"l~ill?l'.l LLlh 

~tJ1~n~il ri'.l1~~~~'Ufibb~~il~'.llJb~m-n'El-:J nlJ ri'.l1~ erlJbLtJ~"lJ11-:J"lIlJ1 (?)tJ 1 L ~'WVll1tJoJ~ ~tl'.l tJl~rlJ 
b-DtJ ~n'jj'ru~~tJ"lI'El--:J ~1 bbVloJ--:J~tJ11tJl1'El n ~Vlt "ll'Wi?l bb~~ri'.l1~~lJLLJ''l"ll'El'lhri~~in ~1lJ'.llJri¥--:J"lI'El-:J 
n1 ~in ri'EllJL~~1~rlJn1J'rn'jj'1 Vl1'El'El1 tJ~ ~tl'.l m~~ btllJhri ~ ~in bt1lJ~lJ ~--:J rin'"l ~ ~'El--:J il, ~ 

n1J'~n'jj'1b~~L~~19l'ElltJ 
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'i1tl n1'i~1'ibF13J bb~:::tJ'i'tt'Vl eJ eJ~ 1Jl.. 

~1'ibF'l ij 

Erythrocyte lysis buffer 


QIAamp DNA Blood Mini Kit 


Phosphate Buffer Saline (PBS) 


Sodium Chloride (NaCl) 


Potassium Chloride (KCI) 


Disodium hydrogen phosphate (Na2HP04) 


potassium dihydrogen phosphate (KH 2P04) 


Taqman Drug Metabolism Genotyping assay 


(rs1057910, rs4244285, rs4986893, rs1045642) 


Taqman Universal PCR Master Mix without UNG 


DNAse free water 


d' ~ <iCII A CV ,... Q.. 

'i1tln1'i'fl11 n'itlm~::: bFl'i'fl.:l 3J'flbb~:::tJat'Vl eJeJ~ 1Jl 
• qJ 

.. d ... 
'fl 11 n'itlm~:::bFl'i'el.:l3J'fl• 

K3EDTA tube 

Serum vacutainer tube 

Lrl~·1l.:J centrifuge Hermie Z383K 

Lrl~·'il.:J centrifuge Mikro 120 

.. . 
Lm1l.:J Vortex mixer 

.. 
Lf1~1l.:J NanoDropTM 1000 Spectrophotometer 

MicroAmp Optical 96-well reaction plate 

MicroAmp Optical Adhesive Film kit 

ABI 7500 Real-Time PCR 

~ cv IV Q 

tJ'i'tt'VleJeJ~lJl.. 
QIAGEN, Germany 

QIAGEN, German 

... .r 
L(1l~tJ6-I'lIUL'il.:J 

Ajax Finechem, Australia 

Ajax Finechem, Australia 

Sigma, USA 

Ajax Finechem, Australia 

Applied Biosystem, USA 

Applied Biosystem, USA 

AppliChem, Germany 

A Q..I ,... ~ 

tJ'i'tt'VleJ~~lJl.. 
BD vacutainer, USA 

BD vacutainer, USA 

Hermie Labortechnik Gmbh, Germany 

Hettich Zentrifugen, USA 

Labnet International Inc., USA 

Thermo Scientific, USA 

Applied Biosystems, USA 

Applied Biosystems, USA 

Applied Biosystems, USA 
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