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ABSTRACT 

The measurement of S-mephenytoin hydroxylation was an original method for studying 
CYP2Cl9 polymorphism. This led to discover that CYP2Cl9 polymorphism in human is mediated 
through an autosomal recessive trait. The prevalence of this polymorphism exhibits a wide interethnic 
variation ranging from 1-6% of poor metabolizer {PM) in Caucasians to more than 40% in some 
Pacific islanders. At least 11 CYP2Cl9 allellic variants have been described. Except for the wild-type 
allelles (CYP2Cl9*1 or CYP2C19wt), all other mutant allelles led to either abolish or decrease 
CYP2Cl9 activity. The mutant allelles CYP2Cl9*2 and CYP2C19*3 were found to cover almost all of 
the PM in Asian populations, but to a lesser extent when applied to Caucasians. As CYP2Cl9 is 
responsible for metabolism of many currently used medications, individual CYP2Cl9 alteration would 
lead to increasing risk of either therapeutic fuilures or misadventures. The urinary mephenyotin SIR 
ratio has successfully been used for phenotyping CYP2Cl9 by several investigators, but concerns 
regarding adverse drug effect, analysis difficulty and long term sample unstability have limited its 
utility. The proguanil/cycloguanil ratio has been used for CYP2Cl9 expression, but overlapping result 
between the (PM) and (EM) also limits its utility. The plasma omeprazole/5-hydroxyomeprazole ratio 
correlates well with CYP2Cl9 genotype and has led to another substrate probe studied with advantages 
including less side effects and less difficulties in drug quantitation. Genotyping of CYP2Cl9 can be 
determined by the PCR-RFLP techniques. After digestion with appropriate restriction endonucleases, 
the pattern of CYP2Cl9 allelles can be simply revealed under the agarose electrophoresis. To date 
only a few studies have been reported on CYP2Cl9 polymorphism in Thai population. The discrepancy 
.in finding of PM between 7% and 18% warrants further investigation before any unambiguous 
conclusion can be made. 
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lil1'>J~ii 1 i'l'J13Jrl'!Ja~ poor metabolizer (PM) hnh::'ll1fl':iL:ffa'l11&ii;i1~ '1 •-• 

Ethnic group Frequencies of PM (%) 

Asians of: 

China 11-17 

India 11-20 

Indonesia 15 

Japan 14-23 

Korea 13 

Philipines 23 

Vietnam 22 

Mid-East Asians of: 

Isarael 3 

Saudi Arabians 2 

Caucasians of: 

Canada 4 

Canada (Inuit) 2 

Denmark 3 

France 6 

Greenland (west) 3 

(east) 9 

Netherland 2 

Portngal 

Russia 2 

Spain 2 

Sweden 3 

Switzerland 5 
Turkey 1-8 

USA 3 

Africans of: 

Black American 1-2 

Ethiopia 5 

Tanzania 8 

Zimbabwe 4 

Micellaneous : 
Vanuatu 41 
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'l'IUl~ L tl~l'JULL U<l'll'Jl~l'lfL UU'il'iJUU'l'lall'J • 
'lfU(IJ 11ii'LLn citalopram, carisoprodol, 
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diazepam, hexobarbital, mephobarbital, 

imipramine, propranolol, proguanil, 

pantoprazole, omeprazole, u a:: 
19 20 .J ..... .... 

lansoprazole ' '11'1 fl11:1J N(IJ LLN O'l'll'l'WU !i-• 
O'i'i :I.I'll fl'I rnu 1 '11,J l'i fl ml.:i w a Iii fl f11 'i(iJ mJ 

au fl'! 1 u m'i-rn,,.1 n:1.1..r'liiLfl maLi\(IJ 
v .... 4:11 "" v .... 

fllf11'i'IJ1'1Lfll'J'l'l'l'iflfllf11'i'W'li'i1101'Jl(IJ11'J (IJ'J 
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mephobarbital ua:: hexobarbital mnni1il' 
u 

.J A . . a 
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V .J d'. ;: I 
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_J I 'V V ..:.11 ~ 1·· 
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.n1'W 1um.,-rn,,.1 'l1:1.1..r-:i'l'l~nL~l'J'l 'l'l~Ba(IJ 
1'111 :I.I L~l'J'l l U Ol'l LO (ii Bl nl'l'lf 1'1 L~ l'J'l'l'l~B 
W'li'IJB'll'Jl 1\il U'il'ilUUL 'll<fl:IJ1'j()(iJ'j1'iJi(iJ • 
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Allele 

CYP2C19'1A 

CYP2C19'18 

CYP2C19'2A 

CYP2C19'28 

CYP2C19'3 

CYP2C.19'4 

CYP2C19'5A 

CYP2C19'5B 

CYP2C19'6 

CYP2C19'7 

CYP2C19'8 

' ' Q 1 At'::! ... ... .... I I ...... .:ii A"1 .... ) 
(lill'l'l'I hJ~VIJll'!VlJ~1fila:baV~~a~~·\l, CYP2C19 bblJIJG11~~ b1'1111:1J~1V~1\l.'i\l.TI~lJ'i~lJ\l. 

Trivial Effect of Enzyme ~ 2f0 ' 4~0 ' 
600 800 

' I ' I ' Name Nucleotide Activity 

CYP2C19 "" Active I 1 I 2 I 3 I 4 I 5 I 6 

CYP2C19 "" lle 311 Val Active I 1 I 2 I 3 I 4 I 5 I 6 
C~T 

I 1 I 2 I 3 I 4 I 5 I 6 
CYP2C19 m1A Splicing Defect Inactive C~T G~1 A 

Glu 92 Asp I 1 I 2 I ~ I 4 I 5 I 6 
CYP2C19 m1a Splicing Defect 

Inactive C~T Gdsc GJ1A 

CYP2C19 m2 Stop Codon Inactive I 1 I 2 I 3 I 4 I 5 I 6 
GJsA 

GTG I 1 I 2 I 3 I 4 I 5 I 6 
CYP2C19 mJ Initiation Codon 

Inactive A,G C~T 

CYP2C19 m< 
Arg 433 Trp Inactive I 1 I 2 I 3 I 4 I 5 I 6 

CYP2C19 TRP433 

lle331 Val; Inactive I 1 I 2 I 3 I 4 I 5 I 6 
Arg 433Trp C~T 

CYP2C19 m5 
Arg 132Gln; 

Inactive I 1 I 2 I 3 I 4 I 5 I 6 
lle 331 Vel chr GJsA 

CYP2C19 m6 
T to A base transversion Inactive 
at donor site of intron 5 

(Exon Skipping) 

Trp 120 Arg Decrease I 1 I 2 r 
rJc 

3 I 4 I 5 I 6 

1000 1200 1400 1600 bp 
I , I • I , I 

I 7 I 8 I 9 I 

I 7 I 
~,G 

8 I 9 I 

I 7 I 8 I 9 I 
C990T'.'.J 
p,,,,G 

I 7 I 8 I 9 I 
C,,,T :;J 
A,,,G 

I 1 I a I 9 I 
~1G A1~1 C 

I 7 I 
Agg11G 

8 I 9 I 

I 7 I 8 l:;:::g:=J 
C12s1 T 

I 7 I 8 1 9 I 
~1G e',;p 

I 7 I 8 I 9 I 
~,G 

I 7 I 8 I 9 I 
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fl11lJ<l1lJ1'rn 1ufl1'JTI1'11'W'll<MLfl'W1'11:W''llil\il 
.r.. ~ . 4 u t\ill'l\il'lTil1\ilfl1'l'Y11'11'Wll'l flfl1'm<l\il'1 fl fl fl 

(phenotyping) "llfl'lbfl'W 1'11:W' LL<l~fl1'l\il'l1'il 

1 \ii a fl 1" ru ~ 'Yl1" w '!.! li fl'j'j lJ'IJ fl'll \ii a fl 1" ru ~ 'Yl1'l • 
W'l.J~fl'j'jlJ'IJfl'IV'W (genotyping) 

CYP2C19 

L 'l1<11 lJ1'lnAfl1"1afl'tlfil~fl1'JLba~M 

flflfl"llfl'!Lfl'W 1'11:W CYP isoform 0i1'11 1u 

u0i <i~U'flfl<i 1fl1\ilum11 'If ma1airfl-:;fu-• 
.... .cl .J .:: ' 

iJ -:;~'Yll 'Wm..,., am-:; L fl lJ 'YI L tJ um 1 a m1 flu 
u 

( ) 
d. • d 

substrate 'Yl'illLWl~\ilfl CYP isoform 'YI 

elfl'lf111Afl1"1 ~'l!'ll~fll'ilUllJl 1'1i'L U'WGJ1l\il 

~~ fl1'lilfl11lJU<lfl\il.ti'mN '111 hiLO\ilfl1f111 
u 

'Ii 1'1 LA !'l'l ~ 1 1Lfl11~ ,,{ '1'11 iJ 'ollJ1 rum LL<i~ 

metabolites 11ii~1!'l mm'lmLU<H·l<l 11iimh'l 

• ' • -" ~ d~ ~•~I {lfl\il fl'! LL<l~LLlJ'W!'ll '11ll'JU!'ll'Yl'W!'JlJ t'IJL u'W 
u 

GJ1l\ilfl11 lJ<l1lJ11{1 L 'Uf11'JTI1'11'U CYP2-

Cl 9 U'il'ilU'W ilmnmsil\il • 
1 u ~d11iimi 
1. Mephenytoin 

Mephenytoin LU'Wl'J1Gl1LL1fl~t'lilu 
fll'llfl'i'llu1'YIU"llfl'l CYP2Cl 9 LL<l~ 

ii 'il~uu!l" L tJ u~ilu "1'1i'nu fl u1'l fli1'l"1111'l 

1 \ii u ..i'11iJiiu"1 '11' fll m air 'fl., f u iJ .,~'Y11u 

mephenytoin 1 u~u racemic (Mesantoin ®, 

Sandoz) L'U'IJ'l.!1\il 100 mg (ll~fl 50 mg 

1 u mmairfl-:;~l'ltl1wuf1Gi'1il' mrni1 50 

fifaflflJ) lla'l'il1fl,f'WLflUU<l<l11~ t'W'li1'l 8 
.tj ~ "} <V C:V nl d <V 

{)'! 24 '111tlJ'lll<M'il1mUu'l~'YITW!'ll LWfl1\il 

l11U'lmru 4-hydroxymephenytoin ll~fl 
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enantiomeric ratio 'l~llll'I S- U<l~ R-
d • 

mephenytoin 'll'llfll'IYh 111.J 'il~lfoi1 

t,jflfl<i'flutl'muu PM 0imrlflilu'lmru"llfl'I 

4-hydroxymephenytoinil' ell'lflil 2<;& 'IJ fl'l 

"11'1.!1\il!'ll~tli' ll~flill'i1 SIR ratio lJ1flfli1 

..,~mn1nu o.s" 
mephenytoin 1 u11'lfl11'1lJ'W1"U LL<l\il'I b"l u • 
.,,J~ 2 
u 

fl U 1-:i 1-:; fl \ill lJ fll 1Afl1"1fll1 LL<l\il'I 

flflfl"llfl'I CYP2Cl 9 L\il!'Jt'li' mephenytoin 

il'li' fl'11n\il aullmui.J-:;~m11ii1t1nu iil1flu1" 
u 

Liumdil f.!<l'li'1'lLA!'J'l0i fl1~UUU1~<11'Yl<i1'W 
fl<ll'l TI1 L llLO\ilfl1f111~1'1'Wfl'ULL<l~l'lL'il'l'W 

A11"~ 11ii~1u 25 11ifl1'llLfl':i1~i1i.J1mrum 
.... ' ..,r l <JI I 

ll'lfl metabohte "llfl'll'll'Wflfl'W"lll'l!'l'll'llfl • 
<JI ~ = ~ 

LW':i1~\ilfl'l'Yl1fll'J1Lfl'll~mwfl s- LL<l~ R-

enantiomers '/Jfl'l mephenytoin 'Uflfl'illfld 

U'lilUqjlllfl11lJ hjfl'lGJ1'1Jfl'll'l1 Li'W meta­

bolite "llfl'l S-mephenytoin ~hJ1i (S)-

4-hydroxymephenytoin Ul'l'llU\il <11lJ11{1 

LU~l'l'W~Ufl<lulJlLU'U S-mephenytoin 1\il 

lii1t1 1flm;iw1~ti'1Gi'1au1-:iilam1~~Lnu 11 

LllunmmuLfiufli1 s L&lflu Llluf.J<i1li'a\il 

<i1umM SIR mephenytoin ~~hu1ru 1\il 

fl al \ii Lfl~fl'W 1 U'ill flfl11lJL U'W'il'l'ITil L llLL U<l 

f.!<iw1u1'Yluw\ilw<i1V11V1"'
6 iil-:iifuf.!i~l'l'il~ 

u 

ifl'lTI1f111\il':i1'ill\il SIR ratio "llfl'I 
• 

mephenytoin B fl flf'lJl11'Jlla'l'illflf111LiiilJ 

m\ilrn~fl (He!) M hJ1uGi'1flu1'lilam1~ 
'I d ~ ' .'1 vd ~I 
t\il!'J'Yl\il1fll'll'lu<l<l11~'1Jfl'lf.J'YJLu'W PM 'il~ 

" 
<JI .cl I I 

\ilfl'llJfll SIR ratio "llfl'l mephenytoin flfl'U 

LL<i~lla'lm1LiiilJfl'j\iJ 1mi'Li'il'l'lnu chi Lfiu 

1.2) u0iti'1wui1Gi'1flu1'lilam1~ifu s1R 
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S- Mephenytoin 
R-Mephenytoin 

j--

4-Hydroxymephenytoin Nirvana/ 

tl .J ~.. tl.J ti 1 ' 3 YI 2 1flnl'JL <imm <l-;J mephenytoin 't.ltllj1'1fl 

2. Proguanil 

Proguanil Lil UaljVl'Uo''IJeH 

biguanil ~IJqYJlllla-;inu (prophylactic) 

hAmL<ll~fl'illfH~a P. falciparum faa 
.J' J: .J' ' . ..: ..,. 

L'il'W1~L'1JaYJ\lla\lla chloroqume l'Jl't.liJA11:1J 

tl<ia\llilai'i amh-;ia-;i mm'l111'1J'1~nrn~n 
u 

LL<l~11tj)-;iiJA'J'Jtl Proguanil L\llfl~1La-;i hi 
Q .:( 1 d 'll I tl.J 1 V tl'JYIDLL\ll Ltlill'1J1U'l1-;Jnlfl'il~um <lfl'U '11 

n<i1mtlu metabolite ml'n ?la cycloguanil 

~-;i 11 q YJllm~ LmT'1J1'YI m 1'1 a a a nq YJlluu ~-;i 
Lau hiJ' dihydrofolate reductase 

plasmodium 1'1""7 (~ti~ 3) 

1uu A.A.1987 Watkins LL<l~A!l!~ 
I Q I .,.. 

'WU11iJA11tlLL\lln\ll1-;J'1J a-;i'J~\llUl'Jl cyclo-

guanil 1 u wm<1m'1Ja-;imm<1il'A'J'1J11LA't.ll'l1 

ml'-;i'il1n 1~fum proguanil ~-;ia1'ilLtlu 

<11L'l11'J'lla-;i A11ii<i' m 'lrn11um'l1i pro­

guanil 1um'llla-;inuii1L<iL~fl23 'il1nm'l 

i1nM1l'i am wui1m1ii ~1 um'ln'l~'il1fl'1Ja-;i 
eJ\ll'l1a1um1mimi'u'1Ja-;i proguanil LL<i~ 

cycloguanil 1u~1mh~vam1~~d1umi'-;i 

'il1n1li'm proguanil 1u'1J't.11\ll 200 mg 1tl 

u<i'1 0-6 -8'1t:1J-;i 1u'1J11e1-;inqMLL<l~'1J11 
LA'Wl'J111<i'n1'1!l!~Lll'ULLUU bimodal

28 min 

Ill nil' u-;i wui1tlij il'hn m'l L ti~ au LL ti <i-;i 

proguanil 1 li'Lllu cycloguanil irnunw-ia-;i 
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Proguanil 

J 

rearrangement 

Cycloguanil 

.1.l ~"' .1.l .I . L ; 
Ju'l'I 3 1tln1'lLu<l!J'WLLu<N proguaml 1.llJ'lfH!l 

1 •.I "' . 1.l~'l'ILU1.I PM 'IJel"l S-mephenytom 

hydroxy lase 
29 

l\l<t'il1nfl1':iAn1:11L1.ll'l<lilfl 
• 

'l'lfl<l<M~il111U'l'l'fUi1 mephenytoin· UUU<! 

ni-;Lu~u1.1utla<1 proguanil 1uLi'lu 

cycloguanil LLUU competitive 
30

'
31 

LL<lfl"l 

. 1 ; "' 1 ,,_. ~ ,J 11Lil1.1 'II" CYP2Cl 9 Lu'WLBU 'll""lfl(\!'1'1 

• • ,J _,.i 
'1'11l'l1.11'1'1L uauu proguanil 

cycloguanil 

il'il"lUU proguanil Li'lum'llilfl 

V1d<1~ilu "h"l um'lAll'lfl fl1'lLL<lfl·m Bn'IJ B"l 

CYP2c1 g lfluilu"1li'fuu'l::'1'111.1 pro­

guanil 1u'llmfl 200 )jaanf" l'l.r<1'il1mf1.1 



130 

"-' n I <:11 <:!f d J., 
'l'Uu'l~'Yl1'WU1 'M'l1H'il1~Li:Hllil'Ylt1<ll 3 '111-
~ ww, 1 .Jw, 1~ tlN 'H<M'l'Uu'l~'Y11'1JEJ1 L'VHl11ilu'llJ1W 

proguanil LL<l~ cycloguanil 11ilCJLLU<ll'l<l'il1fl 
• "" • • • <v "" 

A1<flil<f1'W proguan1l!cycloguanII tn<llil 
.-J • • ;<1 2832 
<'11'1JlJ1fln11 10 LL<l~N11Lu'IJ PM ' 'illfl 

........ .J~ .:' ...... , 
'l1fM1'1Jfl1'l1'ilCJLlJ1H'l1 ']'W 'W'U111'l1<flil<l1'1J 

proguanil/cycloguanil 1 m~fllil~ L~'U'M~'l 
'il1nfuu.,~rnu proguanil luLL<i'1 3 .t1t1J'l 
.cf J (LI" I 'ii I I 

lJ fll'il'll'U LnU1fl'IJ l'l fl'IJ'!l1'l<l'l'l~'M11'lfl<l lJ 
" ' 

U'l~'lllfl'l~LU'IJ heterozygous EM LL<!~ 
8 .... ::: 1 homozygous PM lil'l'W'IJl'l11:iJL'MlJ1~<llJ 'W 

fll'l 1'1i'alil<bu proguanil!cycloguanil LU'W 

~'llU"flilfll'lLL<llil'lflflfl'!IM CYP2Cl 9 ~'l 

l'l1.,~ei'l~n1'llil'l1'il<reiumn1ueiu1l'llil 

Wichittra Tassaneeyakul 

3. Omeprazole 

Omeprazole LU'WU1ffl1flLL!'l<I 

.1~ 1 ' . . .J 4 
L'Wulill'l 'Wfl~lJ benz1m1dazole 'YlflflflQ'Ylll 
.... ::: .1.. 
U'UU'lfll'l'M<l'lfl'llil'illfl acidic canaliculi 

'llfl'l parietal cell l'Wfl'l~L'Wl~fll'Ml'l LlilU~'U 
w + + IV lV 1 I 

fl'U H -K ATPase 'M<l'l'il1flL'll1<1'l1'lfl1U 
" 

omeprazole 'il~~mu~umtlu metabolite 

'Mma'llfilil 'l1Ulil~lil'l1'il'W'U 1 u"Wm<r1J1 hiuri 
5-hydroxyomeprazole LL<!~ omeprazole 

sulfone fl1'1J'l1Ulil~lil'l1'il'W'U 1 utl <f<l11~ 
liLLri 5 -hydroxyomeprazole LL<I~ 

carboxylic acid metabolite '!I fl'l 

hydroxyomeprazole 
33,34 

n1 'l ~fl !fl Lil a'll'il <1 'IJ Al <llil {'!I fl'l 

1 w df11 
omeprazole 'Wfll<fl<llJl'l'l'YILu'IJ PM LL<I~ 
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EM 'IJiM S-mephenytoin hydroxylation 
~ ~I 
irnLu'U PM 'IJil'I omeprazole 5-hydroxy-

" cu " .cf.., la ti on !i11!JL.fHl'IJ'la'Ui'll<l!il'l'IJil'll'J1 LlJ il1!il 
.J' ..JGJ 'ii ~•I 1 v IV 

'll fl'Vl'U'Yl L!il fl'll ... 'l::Vl11'll'l11lJL'IJlJ'IJ'U LLa:: 

nm (AUC) 'l1lJ..r'l~11'l~'lil'i!i1 (tl/,) 'IJil'l 

omeprazole 1umilJ PM il~1mnni1nalJ • • 
EM tl1::mru 5 1i111rn:: 3 LiillilllJ<il~U 34 

i illJ\l'llflfll'lAfl'lfl l 'UlJ'U1'1U (in vivo) 
u • 

I VI a'1il' aa !i1 mi' il'l Lu 'U ilU1'1 &i ilu N (lfll 'j 

'Yl!il\lil'll'UVl<lil!il'YJ!ilail-:i (in vitro) 1i hu-
. , d I 

man hver m1crosomes 'IJ'l'VlU11 CYP2-

Cl 9 Vl~fl S-mephenytoin hydroxylase 
~I 1 ' ~ .J ~ Q , .1.J 

L u'ULil'U 'lflJVl\lfl'Yl'lU N !il'IJflU L 'Ufll'lL uauu 

omeprazole 1-H'd'.lu 5-hydroxyome-
_, • • .J _,.J 

prazole <t1'U CYP3A4 'YllVl'Ul'Yllu<lU'U 
,.£', 35 

omeprazole LVILu'U omeprazole sulfone 
i; 

'IN 5-hydroxyomeprazole Lta:: ome-

prazole sulfone 'l::~mU~!'J'UILU<l'l'Yll'lLl'lil 
Ilia 1uLi'lu 5-hydroxyomeprazole ~ 3 

sulfone L!ilfl CYP3A4 ua:: CYP2C19 

!i11lJ<il~U36 ~'lLL<l!il'll'U'lU~ 4 
u 

.J £'1 .Jq 
L'Uil'l'llfl omeprazole Lu'Ufll'YllJ 

1'111 lJ tl a fl !i1i1!J1ufll'l1'1i a-:i LLa::ri a 1 -H'Lii !i1 
u 

V.ctW'l J'Qcu 
illfll'l'IJ1'lLl'l1M'Uil!'J L!ilUL\"l'Vll::LlJflL'YJ!'JUflU 

me-phenytoin 'ii-:iil ti'L<l'U111 Vlt'1ia!i1a1u . . ' 
1'111lJl'l11lJL'IJlJ'IJ'U'l::Vl11'1 omeprazole LLa:: 

5-hydroxyomeprazole l 'UWal<llJ1Vl<i''l'llfl 

1111fuu'l::'Yll'U omeprazole 'IJ'Ul!il 20 mg 

1umii 2 Vl~a 3 .a-i1m Li'lu~'lfil'lum'l·fa 
1'111lJ<11lJ1'ln1un11n1-:i1u'IJv-:iLau1'1J~ 

CYP2Cl 9 LL 'Yl'Ufll'l Li S-mephenytoin 
. 37,38 "I "' fl'I hydroxylat10n fll'l t'IJ omeprazole L u'U 

~i11i1l'l11lJa1lJ1,n1un11n1-:i1u'IJa-:i 

CYP2Cl9 if 
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I <> y J<JJ Q "'"' Q 
LLa::LLlJ'Um~-:i LLa1 l'Jl'U!'J'I lJt]'Ylli'IJl'I Ll'l!M 

il' a<J LLa::mm1n!i111-;i'i11'111::'11 tl~m rum 

1.. ' LLa:: metabolite !i1'11ULLa::a::!i11flfl11 

mephenytoin fl11Afl1'11l'UU'l::'IJ1fl'l1'Ylu 

B<ll'U L!il!'Jl'llU::Ni~u'IJiJ'IL 'fl wui1a1ila1u 
u 

1'111milJ?iu~nm 3 .a-1LlJ.;ma-:i-;i1nfu 

tl 'l::'Yll 'U I'll Lu 'U ~'lfil~ L VI lJl:: amh Vlf U 

tl1::'1J1n'l 1 'Yla L d v-:i-;i1n 1 u ill<11<1ill'l'lu1-:i 

'l1!'Jill'l!il'l1'l 1:il'Vlu omeprazole Vl~il 5-
.d ~ .J 

hydroxyomeprazole 'YIL1m 2 '111 LlJ'I 'IM 

m-;iLn!il-;i1nm,11tl1tl,1u1 um'l!il!il;glJ LLa:: 
u 

fl1'l Afl'l:flvi'W ii fl'l'l:l.nl il'l CYP2C 1 9 • 
( CYP2C 19 genotyping) 

m1iJmm1n"1Ja-:irnu 1mr CYP2c19 L!il<J 

ill f'i'u m'l!il'l1'la n 'l:fru::'Y11-:i .Wu i)fl'j'jlJ'IJ v-:i • 
""' """ .J .... 1 ' • 
U'W CYP2Cl 9 Vl'lil'YIL'lflfl11 genotypmg 
.JQd .$•11'1•• 1•• ~I• 
'IJ'l1ufll'l'W'Yl1 !i1 tlJ<J-:imn ua:: lJ'llL u'U!ilfl'I • 
1iillm<lill'l1futl'l::'Yll'Wm 1wMLLlliLnu 

I a iJ !il'll nu m uii'1'1J il'I ill mail l'l'l ( U'l::lJ1 ru 

100-200 µI) OLW<J-:iwa<l1V1fum1L!il~UlJ 

genomic DNA (gDNA) Lvlmh1u1i 

'i L 1'111 ::li' a fl Bil.I ::m-:i TI 'U q fl'j'j lJ lli iJ 1 tl 
Q d 

fl1'l!il'l1'll'l11lJN!ilLLNfl'IJfl'IU'U 

CYP2Cl 9 l'U'IJ11Lmiiu 'IJU!il CYP2Cl 9-
d .J 

*2 Lta:: CYP2Cl 9* 3 ill'lLWU'l'Vlil'YJ'l:: 

'l::Ui1Ul'll'la1Tmi'lu PM 'IJil'I CYP2Cl 9 
• • 

Vl~fl 1iJ LW'll::lJlflflll 99% 'IJil'l'IJ11LVLif!'J 

~Li'l'U PM ti'l'WN\l'il1flfl1'lN1LVla1 ..f-:iaa-:i 

1muil' m1!il'l1'ln111i1Llil<J1iml'lill'l poly-
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merase chain reaction-restriction frag­

ment length polymorphism (PCR-RFLP) 

timnfiu'lii'lliN Goldstein uoi~ Blaisdell
39 

1111url'1~1l'lfl1'i!11'i1'iliiu CYP2Cl 9*2 n1'ii' 
I .J o ....-

~ primers 'l'l'il1t vn~nu exon 5 tm~mn 

~<Nfl1':i\11'i1'il CYP2Cl 9* 3 ni'li'ti primers 
..Jo IV ~ly 
'l'l'il1t'l'n~nuexon 4 tt'l'llJ tulJ\11lJ 

A 
Smal 

lntron 4 I 
2C19wt I EXON s I 

5' 

+ + 
109 bp 212bp 

2C19m1 
lntron 4 I EXON 5 I 

5' 
+ + 

321 bp 

B 
BamH I 

lntron 3 I 
I 
I 2C19wt 5' 

EXON4 

+ 

lntron 5 

Wichittra Tassaneeyaku/ 

a1'1'1i'Ufl1'l'itfl"l1~1'i'N<i CYP2-

Cl 9*2 i'l1'1i1 PCR product ~11111tlirnu 
i1utfllJ 1'11ii Smal chum'l'ltfl'i1~1'1 

CYP2Cl 9* 3 i'll'uau~1mau 1'11l1 BamHI 
~ ll. .J, v1tJ~ , 

'l'l!l~'i110lJlJlJ1 DNA '1'1Uflutt!l1 1tfl'i1~'1'1 

uunt1u1111~1uhlvh (electrophoresis) 1111u 

i'li' 3% agarose gel 'il~wu<i'nHru~'llfl~ 
.!'1 4 DNA fragments tulJttflut'ifl~tt<MUlJ 

agarose gel !ii'~ua111~!ii'1au1~iu'ltl~ 5 
u 

--- Sma I Digestion 
3' 

W\/W1 W\/m1 m1/m1 

- ..... .... 321 bp 

..... ..... +- 212 bp 

lntron 5 -- -
3' ..... ..... +- 109 bp 

lntron 4 BamH I Digestion .. 3' 
W\/W1 wt/m2 m2/m2 

175bp 96 bp ..... ..... +- 271bp 

2C19m2 

.J 
'l'li'YI s 
u 

- ..... ~ 175 bp 

lntron 3 I lntron 4 
EXON 4 -- . 

5' 3' ..... - +- 96 bp 
+ .. 

271 bp 

(ml) tta~ CYP2C19*3 (m2) faui'li'PCR- base restriction analysis 
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"l y.JQ"" 
L'Wt:fl'll.J'l'fWqm'i!JUUU homozy-

( 
' .J gous wild type wt/wt) 'il~WU11 DNA i'1 

1~'illfl PCR reaction 'IJeN exon 5 'IJ'!Jllil 

321 bp 'ii~\] fl Smal lii'lil 1~mh'l<ll.J'IJ'icU 1'1.\' 

"" d .ct "t 
l.J'll'lJllilL<ln<l'I AB 212 U<l~ 109 bp L'IJ 

.J ~.i !!1 
'IJIU~i'll(ji'lLu'lJ homozygous ml allele 

(ml !ml) l1~1l (CYP2Cl 9*21 

CYP2(:19*2) ~'Iii mutation L'IJ exon 5 

!!1 .J • ' !!1 
'illn G mnmu'IJ A 'Vl!illLLM'lJ'I 681 Lu'IJ 

m~Lll'\j'qiLaU recognition site 'IJB'I Smal 

l'i11'1.\' Smal hi<lll.Jl'itlUBl'l DNA 1~ ~'I 
Z J .ct .ct I Q. .ell 

'IJ'IJ DNA i'lWU 'il'll.J'IJ'IJ1!i1Li'11Llill.JA1l 321 
' u.l l!I bp <l1'1Jl(ji'1Lu'IJ heterozygous ml allele 

d 

(wt/ml) l1'i1l (CYP2C19*11 

CYP2Cl 9*2) 'il~WULLtlU'IJB'I DNA Li'J'IJ 
.J 

3 LLtlU i'l'IJ'!Jllil 321, 212 LL<l~ 109 bp 
A ~ u.l l!I 
'11l1'iUl(ji'1Lu'lJ homozygous wild 

type (wt/wt) DNA 'llB'I exon 4 ~1~ 
'illfl PCR reaction ~'lii'llmlil 271 bp 'ii~ 
tlfl BamHI fim1 l'i11'1.\'ii'IJ'lJ11ilL~fl<l·lLi'J'lJ 
u 

..J y.J"" '"" 
175 ua::: 96 bp '11'1J~i'll.Ji;JU'IJLLUU 

homo-zygous m2 (m2/m2) l1~1l 

(CYP2C-19*3!CYP2Cl 9*3) 

mutation L'IJ exon ~ 4 'IJ1N CYP2Cl 9 

gene 'illfl G Li'J'IJ A ~\illLLWU'l 636 li11'1.\' 

BamHI hi<lll.Jl'itlUBU DNA 1~ 'IJ'!Jllil 

.J. I d ' 
'IJB'l DNA i'lu'ilfl~U'IJ agarose gel 'il'!Li'll 

1 'ii.cl"" '""' L~l.J~B 271 bp <11\J~i'll.Ji;JU'IJLLUU 

heterozygous m2 ( wt!m2) l1~1l 

( CYP2Cl 9* 1!CYP2Cl9* 3) 'il:::U'ilfl!] 
d 

LLOU'IJB'I DNA 3 LLt:1UA1l 271, 175 LL<t::: 

96 bp 
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A11l.J~lilLLNn'IJ1l'ltfl'lJ 1'11:i1 CYP2Cl 9 L'IJ 

tJ 'il::'lll fl 'j 1 i'lfl 

a1 l1-i'U A11 l.J ~ lil LLN fli'll'l-W'IJ qm·rn 

'IJ1l'I CYP2Cl 9 L 'IJU'il::'lllfl'J 1 'Vll'JU'lii'li'Bl.J<I 
u 

i'iB'W'li'l'lUBU Edstein LL<t:::Al\!:::
40 1~'1ilfll'J 

A fl 1'11Li'fl1'11\!~ fll 'j U<llil'l 1l 1l fl'IJ fl'! LB 'IJ 1 'IHJ 

CYP2Cl 9 fau1imaialTA'l~Li'l'Wi'li'll'i 
L~B~ Bl l'i'u L '!Jill A fl <11'1 11il u1i <i'lil a1'1J 

l!1~d1 ~ proguanil/cycloguanil Lu'lJlil'll'lJ '1Jfll'i11il 

wui1a1ila1'1J'IJ1NU'i:::'lllfl'>~Li'J'IJ PM ii 

u'i:::mru 18% Bfi1.:i hn!i11l.Jii'li'Ba'!Lfl!ili1 

N<lfll'iAfl1'11'1J1l'l Edstein LLa:::Aru:::if 'lJ 

A1ll.Jrl'IJB'IA'1a!ila'1'1J proguanil/ 

cycloguanil L 'IJ wm <ll.Jl'IJ 1l'IU'i:::'ll1mii fll'i 

m~'il1Ulii'1LLUU unimodal 1l.J"l'li bimodal 

1JU1'1 hnlilll.J Edstein LL<l~AIU::: 1~lilfll'J 

i'i1'1J11Ua!ila1'1J'IJ1l'IU'i:::'ll1m~Li'J'IJ PM t~a 
"" I d I J 

mA!JAl cut point i'll.Jlflf111 10 !ill:IJi'lLAU 

l.J1 NL <I'll B li' 
u 

AIU:::Ni~!J 1~lilfll'iAfl1'11fll'm<lvM 
u 

:; Cl.I ..., 

B fl fl .,, :iJ i'l'l ii fl 1'1ll!:::i'l1'1wwrn.,.,1.J'IJ fl'! • 
CYP2Cl 9 L'IJ'll111i'l!JB<ll'W'iil'IJ1'1J 55 fflJ 

11ilu1i omeprazole ua~L'VlAilA PCR-
, .J ' RFLP WU11 fll'iLL'ilflLL'il'lA11l.J t:1'1J fl'!Al 

omeprazole metabolic ratio (MR) :i1 
~ " t "" .d.:: <lfl'lill!:::Ltl'IJ bimodal lilUm<ll<l!.JA'ii'lLU'lJ 

PM WUU'J:::l.Jlll! 7.27 % 'illflfll'ji'il'IJ11U 
I I J 1..::.1 

WU11A1A11l.Jt:1'1Jfl'IA!J'l.I CYP2Cl 9* 1 
u 

LL<l~CYP2C19*2 iii'i1u'J:::l.J11U 0. 7 3 LL<I~ 

0.23 !illmh~u 

'll'IJ 1ilu'll11uluu 
u • 

.J 41 'II""' ..., J"" !II 

'II'! Lfl<ILAfMflU'Vll.JN'il!J 
u 

uliiiii'i1a.:ifli1~wu 1 u 
u 
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'l" ft I ""- <v 1 .d I.di 
'll11m 'lu Lm~BLlfif11.J mu 1'111l.J o'!l EJ'l 1'11'11.J • 
CYP2Cl 9*3 ill'hU'l~l.Jlru 0.03 ~'!~1 
n i 1~Ll'lElil'll1'1'111.J 11'1uu.,~·1.nfl.,I1l L ~El 
d .J'.... ' .:.( "" 
'11.J '] 1.J1lfl'illf11.JEl'l'WU11'11'ill.Jl'l11l.Jl'Hil 

"' ~ d ~ .,j ,J f'I ufllil'!l1l'll'l1.J CYP2Cl 9 'll1.Jlil1l'l.J 'lf'lfll'il!u'l.J 

'llU Iii 'l VI Ji~ L iJ 1.J <11LVllil1 lf fll"'ilJl'll'l.J'!J fl'! 
' 

1a1..1hilun"W~a"'l1..11'11..1hm1~ mh'I hil 
9/Q Q "" 0 "" """" ,,,! "" d 

lill l.J W L'lll'l'l.J fll <N lill L 1..11.J f11'l1'ill'l l 'W !.J Llill.J L 'W 1l • 
1 ii a m1~1~ <lll.Jl"Hl 'liL l'l1..11ii'111 'Yl'l.JU'i~'lll • 
n-; 1mJB<111..11~ a~l'ILL 'l'i''il~" '>1l.J~'IAmn 
tlf11,Jut~'Yll'lW1.J!im':il.J'll<l'I CYP2C19 'l1..1 

' 
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