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UililU'W 1'111:1Jnnww1'Y!1-:i'l'Ylmf11'l'llil'mI1 hh11i1 t'l1mn ttae'Y!fll'l'W atiuu fa mt 'fi'lfll'l 
q • • ... 

ttl~!Jmttl<N ,,-rnir'll!l'la1111m-:im1tLW'YltI ii'l~11l'lu.i'a-:nEium1 &llillilllJ Vl'Vllm Ltae1~1l 
l ,;j ei 1vl'011VJ'U1'111 lJ rll1'VIU1trn"1'111lJlti~1J1Hl ti 1'N m-:i fl <i11 Ul i.1''1Jfl'l L l'J 'Ul'lil~W ~ii 1'11 ll-J ill iJ I\! 

~ < < 1 A ",'I 1 1 V d d V V d1 V d iJ V A A v ll<l,lJt'f1'U'l1!J Ufll'lU'lUl<ll(ju11J liltllilWl" 'Ulill'W'Yllfl1'11'1JS'lflU1'11'1'1 mwa iHfl'U 1'Uilil1'1 

Ltae'l11i;11'lflVl'la1'11llJ t~UU11'1~ tnlil:ff u m-:iif u Ul a'li111\i-:i~1 t l'Jum a-:iiir Vl!Ul tli'l" tl'11'11'1111J;J 

1 V1.Jw1um-:i t'Yll'l Lu 1a~a11am 'I'll'! V1an\jlil'l 1 memuliru</llili1111"mnn amliu rn1?1mnir-:i 1 mta" 

vh-:itl'l"t'Yil'I Vl'la rn1?1ni;11iimda-:im-:itiu~iirn1~mtl1"'1ilJl'lilfll'l " Clinical Pharmacology 

for Hospital Pharmacist" ru h-:itt'.llJ Hyatt Regency Hua Hin ~'IVll\iltl'l"i11U~'liJuiJ' 'l"Vlll'llU~ 

19-21 Wt:)1'1illl'JlJ 2549 

d V 1 < ,; V 1 1 V < 1 o "' V o A 'f fll'l'Yiil"l'1!1 'il111'1li'll!Jl'l~aafl(j'Yl5'lfl'Joll 'lfl \ililt!l'I 'l \Jllu'Ulila'l'YJ'llUfll'l\illlU'lH'll'I 

wm5a'l111'1 mlla-:i h01if u tta"na 1nm1a an ()1'lt1Ja-:im fll'l~il"t tl'1hi1m'l'h1vltnlil i;Ja 

'51-:it~mw1'! Vl'la 1'11.i'i;Ja 1 u m'l'ln1'!1if u u am V1uai11nma-:im1ullil~1Jlii1-:i '1 tiu '1!Ul\il'1Ja-:im 

~1ir na 1n m'la an q'YIB1rn-:i m hl'I ~u ~ N'lJ11Jii a ci ttaem~1 ir~1:1Jnu1uN'u11J'l11Jif u '1 Lta1 
" " " _"1 .,, d,,. w 111 , c:i "" o .,, , =1 .,, "-' .,,.,, ~I c:i d • 

Uilil 1J1'1lJ1'11llJ fl11VIU1 a !Jl'l 'l1 Iii l 'l1 trn" lJ fl1llJ i'llfl l\Jlil a lli'l" lJ 1'111 lJ t'f lJ WU D n Uu 'j" llilU 'YI n i'l11 

'51-:i .Ju A a pharmacogenetics tli'l e phannacogenom ics ttif i11'r 'W ~ fl'l'llJ'IJ a'llJ'tj1'11l'lilliiii" ii 1'111 lJ 

1n ti't~1l-:inu mn ttlii1 mtliia"'li'W'li1liiii-:iiifl11lJ u,lil nlii1-:inu 1u118ana8lil'l"mu1man a ~-:i til Iii 
' 

'f d ' .J' "' v ' 'illfl genetic polymorphism tlil1J'Yll'l1llJlllilfl\ill'l'Wmiltu'Wl'Ji'llJl'illflfll'lflm1JW'W~ (mutation) fll'l 

'1Jllilll11l 1'li (deletion) Vl'lafll'lll1'l'lfl (insertion) '1Ja'lil1fl~1a 11'li;f (nucleotides) 'Vl'larn'ltfilJ 

Q "" d 'V d • "I .,,, ill'W1'W'1Ja'l1J'W (gene) 1'lfl1UflJJfll'j;;f'jl'I cytochrom P450 (CYP) 'VllJ10fl11ufllil (gene 
' 

dup Iication) ~ t l'I um t viii! il1 A' l\Jll a1 m1\il au au a'llii a1J1ttlil n lii11nui11 u m1u rn >1 nM1 ttad:i1'1 

V1'la l'Ji'lVl'lt~1J-:i 1 uaiiilil iifl11lJauamta" 1'1t'll'1 hi1'1111:1J~U11JU1,'l11lii'ltillil a1n11 lupus 

d 1 ""' <"I 'IJ .J' ' ""' 1 "' crythematosus LlJa lil'lU1J1 hydralazine Vl'l8fli'tllJl'Wili'l11JVl1Ja'Wf1'118V1'laV11j\iJVl11J 'illu'Wlli'll 

Vli'l11l~1 L:IJ'IVI a11mfom succinylcholine lt 'YIU~il"Vlci aunti'1m if aa1m 'i'i1J1 5-1 o mn ttl?i1 'W 

llil~U'W1'l'l1Url'Wiiii1~tJ1mmhdii genetic polymorphism '1111vl'tV'W poor metabolizer 1Ja11Jl 

LV1ci1d N'u1m V1ci1dii-:ilil a' 1mfom 1 u1Jmlil~~1ni1N'u11J~u 1 t ,;leiV1am~1J-:im'llnlilw1'!il1nm 
" " 

VI 'l illn Iii au lil'ln'o\m tfl a 1'll'11lJnu1J1 ~ 'W ~ii fltllt'f :IJU&i lVI rimll1 rn >af11 (enzyme inducer) Vl'l a 
' 

iiuB, (enzyme inhibitor) fll'lll111'W1Ja1li!U 1'1llf CYP ~ii'V1Ul~il1Al)J1'Wrn'ltl'li'li!ift1W1Jl 
ll'i!ilU'W l'.i m'liir Vl!'W11ll 1VIJJt,;ja1'll''ln1'11hf!aan511 B11il a1 Iii '11u1u mn tta" ii n11 

' " 
ll V1TI 'W tl U i1 vll 'W fll 'l \il i'll lil fll 'l ti 'l"'1!1 a lJ W 'W fi l'l1 fl11 lJL ~11 'W fll 'l W Vl/ 'W11J11 VI JJ 1 lil El ii 
llil atl'l"a-:i ~'fl lil'l-:inu i'l a m'lii ci1u'iw 1 um1:1J n11V1tl'1m111'1 m01alil1rn>tt w'Ylif ~ill1lM trn~ 

' 



I d ~ o 1 d OJ n j o'n j W cl ~I .J 'V 1 "-' £>! I <l.' <Of .J d tt 'W'WEl'W1'1i'11il flil r,,m rn 'l'lf-11\il ()u'l"i'l'lfl u'lrnl'li'11il1'1lt!Ul u'W1'1 tm 'iln'Wlil ttm :w mm n rn1nwil" 
' ' ' 

mh1 i'i'I fl1llJ t71'1 h tt<l"fll'lrll1'11'W fl1llJf~ t~tn num hnh mhtl1 u iil1ufl rua:wu&il'Jl'llfl il'lf 
" ' 

l1'11'Jl~'l 1 m".Jui%'Wljl'Wltl1"'l"vlUfllliln (basic and clinical pharmacology) tt<l""rnm1-l'ntl11'll'I 

fl ail n 'il"lhl'J 1 ifo W'YltltlC!" tfl a'lffl 'lCll :IJl'l ma El n 11ft11 t mhtl11hn lil U 'l" 11J11if i'l-1 t'I lillii mJ"i'.h 8 
v ' v 

m1&llil lill :w fl11:w:f11El'!m11'1 iiir mil Tm t1 m> Bl'W 118-:Jl'W rn 11-ln 1:111\111~ iil\!l 1J vfl m1 > sn1 ( ~'l'ill n 

~ tU'W 11.J ti'i!J1'11a onlinel fl11!J a1Yl' rual'i~""u"" tilmt<1"'l tfl>1 "n l'lo rn11-ln1:11'l\Jt11lil mh1 
v " v 

Gniil a-:itt<1"1l1fl1wf 1 mi1tl1 u1 ift 'Yf tn lilU>" Tt!11u1 u'!1uiJ1"~11u iJ1n~'W~m a,:H;i1::1'l1!n av 
" v v 

urn a ii a rn11-ln1:111\Jt1111 a1if 'W il fl11 :w ~1ta1Mir-:i 1 'Wrn> ta an rJu1111'1"la mm a:iJ fl 1~ t 'l1'1-i1 :w 
v 

Lfl'l-1f11> 'c tii'W m1~mil an~u1t111'11lilfom 11'1.J tli'l"mt iJ'lt1rn Y111u) trn"rn>tt Uol'lo1'1°ia 1.J il 

fll'l t iJ'lt1ut Ylt1u nu 81~ m~'11il~1 il'-l'n1:11 t 'jfl,f 'W1'1'l a 811'1<Ian1'1'la1.J tt"" rJ Bl'Wil f\11 lJf tfl '111 
' v " 

11'1mt~mnum 1 mh1a"mmlil>Jll'W~1itiJ'lt1rnY1t1umm w1'M 1m Tmt11'f11 iJ u':lB'Yl~Wlill'W181n 
li:w 11'1 ii~'W IJl :iJ fl'il"fl li11 a\:ri1t1111'1 ii il11'a iii ni1m 1011 'W tt~ lJ :wliil'I n'W trn"u fl olfl 'l'Yll'I iil1u 
' ' ' 
fll'l tt W1'1 tl t ii'W tt Wl'Jtl tt<I" lfl a'1f n 'l :iJ fl\1" t ~El [j CJ7J' El:!;! <I ~1m-l'U'ill flU ':li;l'J 81 fa ti \il'l-1 '1'111 'Yf fll'l 

ta an 1 tl'm t U'W 1 iJ m1tlfl1llJ ~l tSl'Mtt'1"il1iillif 'lmiuui%'W~l'W~ nnm a'!vJl'Wl'1flnl'l cihal'il'l~iil 
v ~ v 

iJ11nlJ 1 uu!'J fl1llJ~ WU a 1uf1l1U ""1/lJfl ~'Id ii a nl'l t iJ'l11u t YI tlU "l ru a:w u&i!'ll'l tfl '11111'181 

i%u ljlU tt'1" tfl al!'J1'11Jlfl l\iJ f1 tlll"l'l <I m1-l'n1:1111 a'! m~1v-l' f11:11 fl1llJ tiJ 'W til a lil ~'I fl tj lJ angiotcns in 

converting enzy1ne inhibitors 

(ARBs) ~1uumna:w11'1iin11 
' 

.J "' ' ' (ACE!s) 'lf'ltu'Wmnamm tli'l" angiotensin receptor blockers 
' 

f11 'l1'1U1'11 U1 'j'j run 'lW a Vl'lo" t 811 lil A 'lU tllU f)l 'j t u'fout YI ti u 

av1'!fl1ucl'1u tta"m'lU'l"tii'W tto"ttll" 1>JoaV1'!'.i1iln:w '1'111·vh'l1'11 'iltto"lil""11irni11'Jl,r'laa'lna:w 
' ' 

iJ Va ITT tt l1 "7J' a vl a ti \ii l'I n 'W l U vl 1 U ") ru t'ilJ um 'Yll'I tfl a111 !'I I'll Lt '1" I'! <I fll 'l-l' n 'tJl 1'11'1 fl a iJ n 'l1 lJ~'I 
1>J<1'11'1'ILA£M1'l'law'!!11 a~m Lt~ dl au"" Lilul'lo 1iil11'l11Jmm'l11 a'lt11vi'11 m <Ja'lnli:wll1l'aiil tto" 

' ' 
7J' a vl al'J hJ tLlil nliil-1 n 'W tt\ii~u a tin U fl11lJ\l"1"111"" 1'111lJ'11lJl'l()118'1Lt'W1'I tl1'1 'J a tl1allfl'l1 U fll 'l 

" 
t~ an 1il'llna lJ 11iln a:w1'1~-:i 1 u rJu1mtlii<1"'l111~iJ fl1l1Jttlilnlii1-1 nu ir'l 1 u vllUWUun'l'llJ wmil 

• • 'I.I • 

d""!"I ~ dd1v•1 w ,J w~'ld "'"'""' "'"" amwl'l:w a11 'u11ru~uu l'JlaU1'1 '1fal'lnamL<11 f\11mal'J'!\'la'll'lu11'11'1 Ell'i!tnlilW1'11'1'lil i:Jo°/Jl'ltfl!M 
v v v 

I'll 2 na:wtl l'llna:w 11il'il~mn11n'Wltl1"'1llJl'l()fl~atJlL'1" 1mfof11'lt~a i'iamflllnU 
' ' v 

m 11'1iiii1'1oll'lfl11:w1'lml'l~uatlnu:wlJlJ a'ltLo~l'lil 11iJ""""'1'1la'lttlii<1~uflfl<1 •hu 1 my ... . . . 

steroidal anti-inflammatory drugs 1'1'la NSA!Ds) fott'ln~-:iaanrlYi'a'llilollil 1at~t1nuihmumn 
' " 

tl~ "l ru {;j!J UW!'ll~ LI) '11111'11'11 Lio "W't!l 1'11'11ci1u1 my\J "Yi <11u fl ~'In u 'i!U n "",;\'" il fll 'lW !ill Ul 

NSA!Ds 'lu~ 2 ttodu~ 3 ~'IA111Jtwmlii1'1'11a'lflrualJuQ!1'11'ltfla'1f11'1111 'l1:wir'lno 1nmnian 
' ' ' 

3 
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!]1'1t Llil"W1'1l1'11'Jllllil L'il'IJ m fl~'IJ m 11'1 :w1 u BflUtnlJ ,,,iJ~~~il fl11 lJ '11 ~ru1'11~Lil ii''lll1'1 I'll LLil"1'11' 
~- Q d v .J' 1 Q 1 4d' 'dQ ' ' ; Q 1·· flll'Wflfl a !l11'1'VHilJ'Wl'llUm lil!JlJ na nrn1a a fl!]1'lil1'11ill''illfltl1Lrnm.rnlJ am~~UL 'll~ 'll1flB1 

hYJ~m~u 1.i'.ia hil\'Ju~ihvrn h1'1'la hH.i'.imatJ 1'1'latlaalil'illflWB~mLiilmfltJii11 MLnlil~u 

m 11nlflaj:wdl1'fl'il"L'ltJni1L llurn1tl{\1'iil rnTlfl1'.fl1'1'la therapeutic breakthrough m 1 m-i1 u 

YJ11:w1'1mtJdL llutJ1~ LL w1'11f Lil ii''llrn1 LLa"N'u1EJ 1 M'YJ111Jmlil1'1l,,M 1:Wuuu'l,;1'1 N'.ii.1\il~a1" 
v v " 

for Alzheimer's disease) m-lflBl hflfl11lJvlULiiillil\j''fl~lJ angiotensin receptor blockers L llulifu 

~I d1vv •1 ~ tJ1 trirnetazidine Lu1J1'1 'll1fl1'11il11"1'11 'il1JllilLilillil (drug for the treatment of ischernic 

heart disease) 1111 11-nJ~,LVlLflru'lftl1"rn1m1','lla,m 11'1:Wlil,\ilrui:flJuii\~mi11v1'!ilu LLil"~lilati 
' " 

1umilJ metabolic modulator 1\ilmnifl:WLtl~1JULLU<MeJ\il11f111LmUmt"LLWLIUvl1'1Jil~iZ11'il mt" 
' 

1:W il .itilii am1 :w lilu Lili a Iii L ii "'"1fl:il 1.i' a a fl!J 1'1 t'IJEJ11J1'1 a illil Lii a Iii fl a 1fl rn1aanq1'1 t1 u m1-l fl1'11 

hfli'.b hmli!Ll'iillil1'1'la illf111L~U1'1Ulilfl (antianginal action) i'iarn1!1'u~'fl11ii'ulil1Ufl11il 1'1ll1'1J 

""' dooJ.e.I QJ~ 1' 
ili:f1" (free fatty acids) LL<l"1'1<1lfll\J\ililf111!JU1J~LilU 'lllJ long-chain 3-ketoacyl CoA thiolase 

;;i,.ia 1M'ilflnl'vilJu1"l'l1'1ilmw'lla,m1ii'ulil1Ufla1~nrn!l1,mfl vh 1M'm1 foaam tl~EJULl'iu 
" v " 

pyruvate LL<l"LVl~ tricarboxylic acid cycle lJlfl~U 1u'IJru"Lmmiluii11ll'1"1ilu lactate mt"fi11lJ 

Ll'iumlil 11Hiialilalili'N .ia L mhdii,i\11 Mflil'1lJ L Oa1Z1h!l~ii1,1uliia1 tl1mLLll'i11Z1 h""a!l1 u 
v 

m1"'lllliltaalil~\il1:1-1 .iarn1~fl1'l1'i~EJ1 u rn11'1l'md1 um1-lflB111YJ1Z1 h'll1lil ti.i Blil1'1'laa1m1 

L~u,,,iJ1afll'iauv1,1hwa h 

tl'il'ilUUil'i!1u1u!JJa, ill!J L vi lJ lJlfl~U ati1,11\il L~1Yi'1fan11:w..f,t11"L1'1A 11'11J L iia,'illfl . ....... . 
v 1 .d .:: ?11 .q.J "" QJ d . 'V 1 Q 

il11J'll1J lil1JL\lll1J'llil,fllli'l''ll1J1'1 flu lil1JL\lW1"'1\il1'll'lJ il11J'll1JL\l<t1J<f'fl11 N'llll'J 1fl1'11ilil11" 
• .... • • ... 'U 

""' ft I "'n I d d ..,., ' QJ .d d J' 1 Q Q Q mi u fl \il u1" m wm' 11LflIii11 lJ nu a1 EJ11 L w mm u a \il 1flafl1" Iii flW 1u 1'11 a fl ruillW'll a' fl 1" Iii n 
• 'U q • ... 

fl1"~ fl1Zfl 1 U<tlil'li'i11 f111'llllil llil1°1lJU estrogen 'illfl-l'' 1'1i'H~lilii1'1U L ii il''illfll;J al'i11 U\il<ll Iii 

'111'1-lu 11fln 1w ~nw1u 1 mymfl ii'ilu'l,;11m mn mtJ~wmm :w w lilJUll'll L vl a-lni;111fl 111, n ;;h1 

'n"i d,.s QJ "'1 .d 1 'VQ I QJ ~ .J 
LLlilul\J1'1111~1fll\Jflil Ul1'l<llilfl11a<ll!Jfl1"~fl lillilU1~flijlJ<lllJ11fl!JU1J' bone remodeling 'll' 

t1'1um"murn1tlfoLLlii,fl1"1ilfl LL<l"fl11fllil bone modeling LUUL1<11UlU'il"ii11ll'tnlil1a!J-i'11 
" 

d' .,. ' ,,J'.., 'V 1" 
'llUllil LG\ flLt<l"<ilil fl11lJ!Jlil'H!JU'll il'fl1"1ilfl Lt<l"l'Jl L 1'1 <11\J!J' ill'il<llil m1a11' fl1"1ilfl Iii b UL1<11 

' " " 
"" ""'.J '.J'd'~I 1• •1w• J' 'QJ ' d. .., Llil!J1fl\j 'll'L'HlilNi"IL'H<llUfltulllllLMlil 1'1111"\ilf)Vlfl lil11!J'llUL'll\Jfl\j l'f1U!JlLWlJf111<f11'm"lilfl 

q q 'I.I 'U 

1~mmn L'liu parathyroid 1-34 'il"tvilJ bone remodeling Ltadh1u~1ui1ii11li'Lnlil osteosarcoma 

1 u m;1m1 11Jl'i1'il "l:W 11£M1 ui1 i\11li'LnIiilJ"1 ~''llil Iii d1 u a a11'1'l a flU v a dfa 51 r1 l\J'll a' 

d.I .JQ J'v 1"' d •1•~ v - d 1' parathyroid 1-34 ilflu1"fl11VIU~Ail!J1Ulilil' 1'1 Llil!Jfl11illilL'll1 \ilN1VIU,11fl1U 'll'1ll'il lJ<flil1fl 
' 



d ""~ d v -=<! 01• strontium ranelate (SR) '111(j'Yl1i'Yl1<Hilfll'l<linilfl'l"~fHl<l"L'VnJfll'l<l'll1fl'l"~fl '\11'Yll 11fl11:1J 

• <::1.J' 0 1' - 1·~ 111llLLIJ'IJLL<l"liltl.!Jll'W'lliMfl1"1ilfllil'lllJ 'Yll 11'11:1Jl'lai:llilfll'l11fl'll1Mfl1"1ilfl lillil ' . . 
1 IJ il iii Iii Lil a'lf I'll <\Iii { LLll" Ll'l11'1:i Al<llil { L \'J IJ\'11 <\Iii{~ LL!Jfl il il nillfl n!J di ilU'il" ~'WLil1 LL~ 

d1' d'c:t1 o'~ d'vv"" d '1" l' UHi :1-J'Wl'W:IJl'W :l-Jfll'l~<l:l-Jl:.Jal'IJLL<l"U'ltl.!lfll'll'll<llil'l'Yl1<lil1'WL'llllil1!Jfl!J L'Wil1'\llflfll '11\Jlil'Yl1 • 
vll'IJl'Jl LL<!" m 1-i flBl'W l'JlUl <IL vi :1-Jli'W mh~m fl LL~ Iii rumw LL<! nJ "" ll'YI ii~ <i 1 'W fll 'l-i fl Bl'W l'JlUlll 

' 
illvi'L vi"li'IJ 1'Walil<h!J~L11m"a"if 1~:il1i111:1-Jn1111tl'1Y111'i'Ylmm1l'Wvi'1'W1 mJ m1"vi'1'Wliflacl1~ 

V 1 1"'.,,. do.,, "" o'~ <'11""'1 
fl11fl1" lillil Jll!J lil'Yl'l'Wl'Jlfl1'Yl\Jlfllil LJl<l'1fLA'lB;'!fll<llil'l11'lil phannacoeconomics \1~:1-JU'YIUl'YI 

,_, - d • 1 • "' ' 1 ~ - ti 1 • '1llilqj'Yl\J"'IJ1"1 '1flu'IJ!j'Ylufll<llil'llL11"LL'IJ1'Yll~ 'Wfll'lU'l11l'l'\llilfll'l~U ""mru 'WlilllJ 

m;i11rua'l1 Llil!J mw1" 11Jvi'1'Wm 111' vi':1-J~11'i':1-J'Yl'W LL<1"Lil1i1tl1"ll'Ylii~a~am1-iflm t 11i1<l~<llil L~'W 
q q q q ... q 

m1~1i1Lifonmtv1 a~1 'Wuty~m'lla1111wmma fl11~lllilm 1il'La11'W111wmm<1 m1fotilil'llilu 

L1i11Jlil'l~111a:ilcl11J~1" 1m1'W~Lnlil'lll'l1vi' ( fll'llil'l1\Jllil'l"l'1um 1 'WLliillil) 111a~1'1J~<11i1m1"vi'11J 
~111l'-ihl'l'lla~ 1.,~wmma c m'la1i1111aua~nuaum11'J\11flm'ltnlila'Wmil'll'J11"11i1~m) tna'lf 

m'\i~ vi' il~'ih 1'111:1-J LVl h 1 'IJ m! fl fll'l'll il~ lila'lfLA'lB'iifll<llil{~ l U'IJ 1'111:1-J-rl11;] '1111-iu lil a'lffl 'j - . 

'lfl. lil'l. ifl'l'lflty Ll<l~iii 

mlil'i'lf1tna'1f'i'Ylm 

' Iii tl.!"Ll 'W'YI !Jl'll<llil'l 

:1-JVlll'Yll'Jllll'JL~!J~ 111.J 
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ACEis vs ARBs: An Updated Pharmacology for 
Hospital Pharmacists 

Supanimit Teekachunhatean 

Department of Pharmacology, Faculty of Medicine, Chiang Mai University, 
Chiang Mai 50200, Thailand 

Abstract 

Angiotensin converting enzyme inhibitors (ACE!s) and angiotensin receptor 
blockers (ARBs) are the well-known inhibitors of renin-angiotensin system (RAS). 
ACE!s inhibit the ACE that hydrolyzes angiotensin I to angiotensin II and inactivate 
bradykinin, a potent vasodilator. The pharmacological effects of ACEls result from 
both an inhibitory action on the RAS and a stimulating action on the kalikrein-kinin 
system. ARBs block the AT1 receptors with high affinity and are generally over 
I 0,000 fold more selective for AT1 versus AT2 receptors. ACE ls and ARBs have 
different effects on the RAS: prevention of angiotcnsin !I formation by ACE!s 
reduces activation of both AT1 and AT2 receptors, whereas ARBs preferentially block 
AT1 and leave A T2 receptors unopposed. Chronic treatment of ARBs can cause a 
several-fold increase in plasma angiotensin II and AT2 receptors are thus indirectly 
overstimulated by increasing angiotensin II. Activation of AT2 is believed to induce 
several beneficial effects opposite to AT1 activation including vasodilatation, 
antigrowth and antihypertrophic effects. Nonetheless, several lines of recent evidence 
suggest that activation of AT2 could lead to deleterious effects (such as cardiovascular 
hypertrophy and fibrosis, as well as increased plasma level of plasminogen activator 
inhibitor-I) that are parallel, rather than opposite to A T1 stimulation. Furthermore, 
AT2 receptor activation might exert an antiangiogenic effect that is associated with 
activation of the apoptotic reaction. Whether or not the pharmacological differences 
between these 2 classes of drugs can result in significant differences in therapeutic 
outcomes warrant further verification. 

Key words: Angiotensin converting enzyme inhibitors, ACE!s, angiotensin receptor 
blockers, ARBs, renin-angiotensin system 
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ACEis vs ARBs: An updated pharmacology for 
hospital pharmacists 

n1f'l 'l'lf1 w w'lf 'l n u1 

mu::u wnurntr1i1f lJl'l1'lnu1ifrn ffm 1 m.i 

RENIN-ANGIOTENSIN SYSTEM (RAS) 1
'
2 

..:::1 d,,,. "" ,,,. d QJ 

Renin Lu'W glycoprotein l'J:IJ amino acid 340 lil1 lJ juxtaglomerular cells '1'11-!1'l'W~ 

0 W d.,,, o' <:J n I n I f V I 

afferent arterioles '1JeM glomerulus '1'111'1'W11'1iMLl'l11"1'1 LflUil"illJ Llll"uilliluila!JL'1J1~1"UU 

hrnL'll'lmaillilLLlil~'1la~ 11il ( LLa"Li1'11"uu hrnL'll'Jmaillil'1Jil~'i1'ml'l1 'W~illil) Renin li " . 
.,,...,,. ~I 1 .. d o w d w <!.' , 0 v d 

ijllii"llJUlillu'Wlil'W '1JlJ'i'1'1'111'11Jl'i'llil1i1'W'Wil"1"1'111' amino acid il11i1U'i'l 10 Llil" 11 '1J1N 

d "' angiotensinogen 'lf·H u'W alpha 

angiotensinogen ~,lj amino acid 342 Iii'1 LU~l'J'Llll'Jti angiotensin I ~~lj amino acid 10 

Iii'1 \llflifm1"lirn1LU~l'J'W angiotensin I hh\'Ju angiotensin II ~,lj amino acid 8 Iii'111i11'l 

<llAl'J angiotensin converting enzyme (ACE) (~tl~ 1) 

1 2 
Angio!ensin Converting Enzyme (ACE)· 

d ' ",.J ' 1 • "' ' ' • J: Q ",.J LlJil renin Lumm angiotens1nogen 1'1lu'W ang1otens1n I Llil1 \llfl'W'W\l"lJfl11LumJ'W 

dQ ·1"'~1 dct <V1. angiotensin I 'lf'lJ amino acid 10 lil1 1'1l u'W angiotensin II 'lf'lJ amino acid 8 lil1 1i11'Jlil1i1 

• • • 1 ;.Jd ' d Qd Q ' • 1· I ' amino acid 2 1i11'flil'i'llmHJf11i111'1lil'W 'lflJ'i'1'1Jil11 ACE '1Mill\llJ'1Jill1l'Jfllil1' 1 fl'W u L'lf'W 

kininase II 1'1"'iil dipeptidyl carboxypeptidase Ll'Jtilii''W (~tl~ 1 Llil" 2) ACE Ll'Jti 

.J ~ • S "' '·I 1 t 1 ' Q cl' .< "' metalloenzyme 'l'llJil"lilillJ'1Jil'i"l~fl""Lu'Wil~l'lu1"flilU 'W ma~a Lil\J '1JlJ'1J'W1i11.J'1JeMlJ'LfB"Lu\J 

.J Q • "' 1 ,,J Q "'1 ' . 1 • glycoprotein 'i'llJ amino acid 1278 lil1 LLil"Lu'Lllil\J 'lf:WmH]'i'lil mrnw1" 1i11'Ji"l1"11f.llil1i1 
"-'"' ~..,.J,,,.o.,, Q OJ 

amino acid 2 lil1'1'111'J (dipeptide unit) ililfl\llflil111il'lil\J'i'l:Wm1i1Ufl11L1l'J'lil1'1Jil' amino acid 

<ii1' 1 nu LL<ii ACE 1"illlJ11f.liii'1i1W\Jil"1"1'1i1' amino acid '1JU1i1 praline nu'1JU1i1~1.J ii\',Su~' 
hlli1'1a'l'i1ml'J angiotensin II mh' hnlilw 1.Jilfl\llfl angiotensin I LLa1 ACE ifolim1ilmt1 

bradykinin LLil" vasodilator peptides ~1.J 11'11'mnm\'Ju inactive metabolites (JU~ 2) 

n 1d ~I 1 "" .J' ' "' "' ' fl11Luill'J\J angiotensin I Lu\J angiotensin II 1.J'Willil"1Lf11i1'1J\Jl'lil'W'1J1''1Jl LL1ilfl11 

LU~l'JmLtla'Ii\''mh11u11'mt1 (in vivo) il'mn1i1~u1Liimi1'111i1L~1 ,r,;i ailui<Ji1L\'Ju1'Jam 

\llflli ACE ~'~umii\'rn~a'l1':w endothelial cells ~n1"'illl'Jil1i1'W1'1ilil1i1La<J1i1~1-J1,ml'J Ii\',Ju 
" ' " 
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ACE 11nl'l:irn:1111.:i 5111foql'lt1'11.:iL11il1fll'll'l1'1liM angiotensin II 'il"1.i'allrnu11i1U<l"LBUlil1ti 

111ii'ama hJ 

Tissue RAS
2 

LLvivY.:iL&im~a11 renin ~tlaiiitlria!J'\111111ilU111"LL<Hll B\ili.l Nm U~!Jti angiotensinogen 

1 ~ .J • - 1 ""' " 1 ~ 0 1 tiL<IBlill'li.'111'11!111\ilU 1'1Luti angiotensin I 1!111UU angiotensin I maalilflll"~l1 ACE ti 

LllfllilLL<I"~ endothelial cell 'llfl'IU!llilLU~UUhJ'd'Ju angiotensin II mmn angiotensin II \i.:i 

111m'll'IU\illi.Jfl1"LL<Hllaii1L via 1tlciai'm"d'.h1-nnu LL'11ria 1 llLfllilN<l1'11'1i.'f'i111'11'11llU LLQJU'JIJUU 
" ' 

wu11~1.:imuil'.:ii.l tissue RAS ~ria1il'LnlilN!'1viaLilaL~avi1.:i 111i1'11ilu\il1.:i ~.:imm1mLti.:i 
aamtlu 2 1"uuriau~.:iil' 

1. Extrinsic, Tissue RAS 

Lda.:i'il1flNU'l1'1<1BlilLlla\ililYi11:wmm1111 u1111Lnuilfl (sequestered) renin 1 Ufl1"LLi.'I 

Lll111i111l.l tl1"n11uiluil ACE ~ariu'inru~1.11ulu111a1.:i (luminal face) 'lla.:i endothelial 
" " 

cell '111N1'1<111Iiitlla1i1~1'i1.:im!J l111il'u'lL1'1!NU'l1'1<1 !llil Lil BlilllL tlu LL mi.:i~ i.'11:IJ1111 L tl ~!JU 
angiotensinogen 1uLUU angiotensin I LL<!" II \il11J~1~u 'J1fl1lu angiotensin II 'li.:iria1il'1nlil 

2. Intrinsic, Tissue RAS 

' ". ~ -1 1 ' 1 "' .K .J "'~ i.'fl-!11'1, \ilBIJ 1\ili.'flJB'I, 1'li;!alill<IBlil, 1'11 I!, \ii LL<l"\ilB:W1'1lJ1fl \ii LuULUlJLl'l!ll'llJ gene . 
expression LL<1"i.lm1i.'f-l'1.:i mRNA 'lla.:i renin, angiotensinogen LL<1"/11"l11 ACE U11fl'J1flU 

.,.,J ;f ..r d . .r~ 'V .,. 

t'lf<Hlmw1"1al'J'lll1fHUllLl'IBL1'11ntifli.'f1lJ11!1i.'f11'1 renin, angiotensinogen, ACE LL<l"/1'1111 

1 9/0QJQJ.t~....i •• ""' 9.&'dd :f1 
angiotensin I LL<l" II lilL'11Ufl'l.! lil'lti'l.!'J'IL'11ll11'l.!11l"IJ RAS L'l.!L'l.!lJLl'IB'11'1LLl'lfHu'l.!L11flL1'1\'ILL<I" 

hit~mii'<Milu RAS ~amffuli'ilu llilLLa"wu LLll'i1m1i.'f-l'1.:i renin LL<I" angiotensins 1J1m"uu 
.K ~1 '>1""11 • .,,. • ,:.1 QJ ' d ' . .J' 
'l.!'il"lJ lil:WN<l\ilB1"1ilU'll1Ni.'111!1'1al'l.! 'l.!Wali.'flJ11J1fl'l.!fl LLlilL'111111 ang1otensin II 1!1fl1"UU'l.! 

1h'J"ilal'l1iwalii111m.:ii.'f-l'1.:i1La"m1l11.:i11.1'lla.:i11aalil Laalil, 11'1 h LLa" llil 

Angiotension (AT) Receptors 
.,( .,, .d • ""' d '>J 

fl111111fll)l'ln'lla.:i angiotensin II 1111'il'lfl11'JUflU AT receptors 1'111~mnruLl'l1l'VjlJ 

L'llali' ~'ILLU.:ia11mtJ1.1 2 '11Ulilri111'1(subtypes)1.i'LLri AT1 LL<l" AT2 wui1 AT1 receptors iJ 
affinity 11.:ivi<i losartan ( 111JJ.:impfoli'mM biphenyl tetrazole) LLviil affinity ~1vi<I PD 

123177 (11lJJ.:i111JW'l.!ll'll<I~ 1-benzylspinacine) Lia" CGP 42112A (peptide analog) • 
1 d q ......... "" '11 ..... 1,2 

'l.!'ll'11"1'1 AT2 receptors IJlj'11i.'flJUlil~1'111'l.!'ll1lJflU AT1 receptors 

1ulJ'l.!1'16 AT1 receptors wu11.1tl'imt11~A<11.1ii'1~LLUU!llJ (constantly expressed) 11.1 
' 

1'1'111'1illm" L'li!J 11a11~Llfolil, 11'1h, llil, vi<1lJ1'1lJ1nl1i1 LL<i"wu lm1ru~~ AT2 receptors wu1.i' 

11.1'1i1.:ifli:i~ L i'J'l.!l'ITin 11.1m1tf ( L~<1i1iJ a1'1.!ifow1.1li'if um1<1{1'!1'1!l !1 lil Lifolil) LL<I "tJ1m '1!'J"(I Iii !l~ 
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ati1~·n!ilt~1Mil~'llflfl<l!Hil aci1~ b~fll:!J ii1fl1:1J1"Jfl'l'IU AT2 receptors 1 um1"unlii1lil1 u 

'11Gl11'11lll'l1~ L'li'W \iim.rn1nn1m, 1m, :!J!il<lfl, '.{,hJ, vhh LLGl~Ul,U'JLJru'lliMfl:!JiM lLlii • 
receptors liil !ilil«nm"in l i!iJJu'lmru 1v!td1l'h:i m11M'l a a1m ~Lil !il'l'I mllflinw~ <!JJwuilnu . 

4 v ' 
tissue remodeling M'l1lfl1'l1lflLflU lli'W hypertension, heart failure, post-myocardial 

infarction (post-Ml), ischemia LL<I" diabetes tllumu t~ai1111"Jtvi:!Ju'lmruliiN AT2 

<V <V </<V nl 4 ,£ 
receptors flJJ'l'l'W5flU hormonal, cytokine LLGl~ metabolic factors MGlll'lu'l"fll'l (jl'l51'11' 

Lmfa'il'lmli1N angiotensin II Ilia AT receptors ~aci1udf m~alii1' 1 Llfl!il~ 11lu1111111~ 1 (m • • 
11'1TI'a "t)'Vlifrmwifa'lntn'lleN angiotensin II" U"i"flilU) 

d """"" 2 f.]l'l<i'V111tilfl'll1'V1<11'1JiN Angiotensin II 
,ff, 4 

1. t)'Vli:llilfll'lilfl!ilL<lil!il 

Angiotensin 11 ihrnm"iilu1lill'llil'l'liia AT1 receptors ~aciu'lnruL'l1Glana1:!Jlif m'lmJ'lliM ' . 
MGlam Lil il!il'l'i11'11';1m1!il La aml'I !ilGJ1 1lilai:J i;Jf;l Lliiuif !illii a precapillary arterioles mnni1 

postcapillary venules Naiif,mh11'i11 !1' total peripheral resistance (TPR) ti!i:i.J~'W LL<l"1'111 !1' 
fl11lJGJ'WLilfllilL1'iJJ~'W1vl'mh'11mt~1 (rapid pressor response) mimnnif angiotensin II if, 

i:Ji;ia 1) Li!i:!J sympathetic outflow 'il1fl'l"UUU"i~flll'lri1'Wfl<l1' 2) L,;ilJfll"il'I~' 
norepinephrine 'illflU{;lll'IU"i"flll'I sympathetic 3) iiu~' reuptake 'llfN norepinephrine ~ 
U<lll'IU"i~flll'I sympathetic LL<l~ 4) Lvi:!Jfll"i(i}flUfl'Wfl''llfNl'l<lfl!ilLilflmliia norepinephrine ~' 
i;Jf;j~ mh1 :!J1TI1,m'W a1mLlii ri'L11'l:!J 1MLfl(ii11111'1 (i}GJ1'll fl,1'1 <I" (ii La fl(i} 

,ff, 1 2. (j'V15i;Jil i;i 

"' .,; ,:, 2.1 (jl'll'il'l'laJfl111'1iN aldos!erone 'illll adrenal cortex 

Angiotensin II i:Ji;iam~iilu zona glomerulosa 'llfl" adrenal cortex 1M'a,tm1"ifLLi'I" 
' 

l'I~' aldosterone LvilJ~'W 1ma aldosterone i:Ji;ia'1'i11M''Yia11ilriTW collecting tubules ~(i}~:!J 
Na' narnrn~·rru K' i\'u H' mo~u fll"J(i}(i}~:!J Na' ni\'ui:JNmi/i:!Ju'lmrntl11m~uuhrntl1J'W 

• 

Angiotensin II ili;iaLU~l'l'WLLU<M glomerular filtration 

Liifl"'1ni:Ji;ialiiflri1ulii1' 1 'llil" nephron tLlilnlii1"01.11uG\',if 

rate (GFR) 1ml'l"11'11ULLUU • 

-'l'i11M afferent arterioles '11(i}GJ1 a'i;ia1M intraglomerular pressure am<N iJi;iaam 

GFR 

-1'111M' mesangial cells 'V1(i}GJ1 ci,i;ia1M'vfu~N1'llfl''V1<!fl(i}l~flmi'latJ~fl~1u 
glomerulus ~'11l'l1.1m1ma' (filtration) alila" i:Ji;iaam GFR 

-1'11hl' efferent arterioles 'V11ilGJ1 ci"i;ia1M'A11:!JGJ'WL~flm1u glomerulus LviJJdu i:Ji;ia 
' 

LWJJ GFR 
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1um1"tln&l angiotensin II :ilt'J<i'th11-l' GFR <ilili1-Jlam1'atJ lllii1um1"vlillllil1iilll11tl 

Li!J'l 11il 1v11l'a!J t'J<iliia efferent arterioles ""lliiuiflil~U 'i'i111-l':ilt'Jmi'il-l GFR 1il'-Jil'um1lil'mvl:il 

t'J<iirui'f-1 RAS t'i'ui::i'tl1!J bilateral renal artery stenosis V1'lai::i'tl1tJ~il11iiv'i-:il~m~11Jnu:il 
" " 

renal artery stenosis 'lli:l-111ili1'1-1Ju ~-1i:ll'\J'i'i111-l' GFR Cllili1-1'\1Ulfllil acute renal failure 1.-1 

3. qri il°liiam11 tl~rnm tJ <i-J LA11 <1-l'11'l!a1i1'1 h tL<l"'VliHJlil li'ialil 

U'\JijUm~ai1 angiotensin 11 :il mi Iii a 11'111af1-1'1J a-J'11'11"lli1"'Vla alil Laa Iii 11iltJ'i'i111-l' 
w 1 ~ ~ . Id • I ~ 1 w .I ' 'l"UU'Vl1 'illli'l"'Vli'lillil laillillfllilfll'll ui'l!JUll uil'lrll-1Wl'Jli5f1Jll'W lil'l'Wl!Ju'l"fll'l l'llU 

1. 11'11"lnlil concentric hypertrophy ~-1tll-lwu5t'i'u hypertension 

2. vhhlnlil eccentric hypertrophy lLil" cardiac fibrosis ~-1a:wwu5t'i'u congestive 

heart failure lLi'l" myocardial infarction (Ml) 
<>id <VF !<V <Old 

3. :Wfll'lLW:W'lliNillil'llfl1U'l"'V111'1f;JU-1 (wall) LLi'l"~fli\1-1 (lumen) 'l!il'l'VlaiHilli'lillil '11-1 
"-' <V o'oJ 

'1!JWU5flU hypertension 

4. ~1i'i'u1mllil (intimal surface) 'IJS'lr.JU'l'Vlililli!Laali!Lnlilfll'l'Vl'Wlm1 ~-1tl!Jwu5t'i'u 
' 

atherosclerosis 

ii''°d a1m1oallmmrn 1n~ 
11'1 hlli'l"'VlaaliJ laaliJ 1.rlil'"-d 

3.1 Nonhemodynamically mediated effects 

Angiotensin II :ilt'Jafl'l"GlU migration, proliferation, hypertrophy lli'l"/'Vl'la 
' 

m11Jmm101urn1a"ivl'l1"tfa111ii111 'llil'll'llaana1mUm'fou 1uV1<ia1iilllilii1, l'1faana1mila 
w 1 ~ 1 Q d 0 1 v ,Q w ' '1'11 " Ll'1"/'Vl'lil fibroblasts lill'l:Wr.J'1l'VIU!J1Ul 'Vll'1fi'l'1!Jnl'li'l~LA'll"'Vl proto~oncogenes Ul'I 
~ .J •1.1-J v 1" Q dQ .Id .I , dw w '" 'llUlil '1f'IU1 u~fll'li'l'll~ u'lli!UrJ'1~11Lu<ll'lUllu'1'1 gene expression lill'I 1 rli'l:WWUBflUfll'l 

m"qum1l'\J'lqjliiiU11ii'llil'IL'1f<ia l'liu fibroblast growth factor, platelet derived growth factor 

tLR" transforming growth factor ~ uan~1nU angiotensin II il~:ilr.Jmvl!J gene expression 

vll~mll'a~nUfll'l<'f'll'I 1tl1muvlml1u extracellular matrix l'liu collagen, fibronectin llR" 
v 

tenascin ll'luv!u 

3.2 Hemodynamically mediated effects 

Uilfll 'VIU il'\Jlfl r.J'111ii!Jlil'l'lliim'1faaiii'I 1.-1 fl~11lLa1 fll"ll ili!J cardiac pre load c~~tl!JWUB 
t'i'um1"vl:iltl11u1"uu 1'Vlm11'lmaalilmn~u"1nm11i11ii:il1J Na+ ni'luci~1'lml'l) tl<i"f111lvl'1 

w " 

afterload (fll'llvll-1 TPR) n:ilt'Ja'l°i11J.l'tnlil cardiac hypertrophy lla" cardiac remodeling 1.-J 

Uilfl'\JlflU hypertension ir'liici1u'i'i11'11'mrnlillaalillnlil hypertrophy lli1" remodeling 1.-1 

l'lim&imnu 

uan'\11nU angiotensin 11 il'lm'\Jria 1'11'inli!liJi'llal'lliia-i1'lfll!J1.-lsn'VIRll'JU"l"fll'l ltlu 

li'il-1 oxidative stress, ria11-l'iilli! endothelial dysfunction, li'lm~iiiu plasminogen activator 
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inhibitor-1 (PAl-1 ), ci-m'l'l1Jfll'llfllil thrombosis lla"L'J,ml'llfllil atherosclerosis lU'Um'U ~-:i 
1urn-:i1b"L~midlilmh10-:ifa!'lana!'llil1m1'1ii1n11il 1 hJ 

INHIBITORS OF RAS 

d">! <V .t o d I .<'I 1 di ti 1tl W ' 
!'ll'VllJl:Jfl!'IU!'l"lfll'l'Yll'll'UTIB'I RAS 'Vl\J"fl<ll1fl'I 'UUl'l'U 'l"flBU lil1!'1!'11 2 fl~IJ 

1vi'Llfi ACEls ll<I" ARBs 

ACEls
1 

captopril, enalapril, perindopril, benazepril, quinapril, ramipril, spirapril, lisinopril, fosinopril lUIJ 

mu fll'liiu§-:ilm.1hif ACE va-:i ACEls ('lti~ 2) Yi11i1''l"!ilu angiotensin 11 1ml1aii1<11iia-:i 
" 

ti-:ii;,iahl' arterioles ll<I" venules TI!'ll!'liil1 lilflBlil\JIJfllilfllTH<l'-:i aldosterone \Jlfl adrenal 

cortex uan111nil' ACE ls ii-:iiimiiiuB-:i:W1i1' bradykinin lU~!'llJ 1titUIJ inactive metabolite !11 

111'.,"iilu bradykinin 1u-:i1-:immvl1Jllu 1l11tlcirn.JtlaliltliimJ nitric oxide tta" prostacyclin ~-:i 
" 

lUIJ mediators ~Yi1hl"11aaii1Lllaii1TI!'ll!'lii11 ~-:i1tlni1Ju ACEls Ul'l!'IUlil (Liiu perindopril, 

ramipril, quinapril, ll8" trandolapril) 

1 .J'.J1•d• ~.J6 
muawa lillilfl11 ACEls !'IUlilau 

ARBs
2 

ARBs ~111m1il'ti'ld!'l!'IU'V11'1Aliiln tllum~-\i'uilu (~u) AT1 receptors "11!'1 affinity 
d Q T I .<'I I Q I 

'Yl\J"I ll<l"IJ selectivity ma AT1 1Jlflfl11 AT2 receptors IN 10,000 l'Vll ARBs IJ affinity lilB 

AT1 receptors l'll'l-:it11iilmnmnn 1titla!'I iil-:iil' cardesartan > irbesartan > telmisartan = 

valsartan = EXP 3174 {lU'U active metabolite va-:i losartan) > losartan llil'i1m'l-\i'uilt1 

' v ~' ' ,, v 1 ' 1"1111-:i ARBs nu AT1 receptors luUllUU competitive lllil(j'llil?JB-1 angiotensin II IJfl'il" IJ 

.!' • 1" ' d 1 flllJl'ltllal!'llJ" (insurmountable) i:J8'illflfll'lfl1J AT1 receptors lil1!'1 ARBs Iii nm1Aa 'U 

d.c1 ~ 1' experiment preparation 'VllJ ARBs IJIJ angiotensin II :1.JflllJl'ltlllfllil'I maximal response 

1 • ' v ,Jtl 1 ' ' 1 • 1 • • d d 1 lill'VllflUill1"'VI 'lllil'i!lfl ARBs IJ11\J"'W!'i1!'111J !'I angiotensin II 1Jlil111JlTIIJ1JIJ'Vlfl"ll'W!'l-:i Iii 
" 

~lilllJ ~-:in11iiu§-:i 1 ui'in1-1ru"iil-:inci11 L'l!'lni1 "insurmountable antagonism" 'ill fl fll'l~fl'l-Jl 
dd12!j """" I .tj d I 

ARB 'VllJ !'ll1Jl'll-11i181Jfl'WU11 cardesartan IJ insurmountable antagonism \]'ll'li.'jlil fl11J 

irbesartan, eprosartan, telmisartan lla" valsartan iir.iatlmmi1 llvi losartan hliimiil' 

1 ,J v • 1 "" 1 dv v ; 
'UTiill"l'l active metabolite irn-:i losartan (EXP 3174) llflvMi:J<llil"lfl<ll1 lilUl"I flll fl'Vlfll-l'WIJil 

<V ' • "" ,JQ..'.,,J; 
nu insurmountable antagonism veN!'llfl~IJ ARBs IJl'il"lfllil'illflfll'l'Vl!'ll'ilUflU (nu) AT1 

w v 1 wv "'I ~I d 
receptors ll<l1ll!'lfllil1'illfl receptors lil!'ll (slow dissociation) M'lBB1'illu1Ji:Jt'l'illflfll'l'Vl!'ll 

l'l'1~!'111l11i1' AT1 receptors \JflnlluLii1ri111!'11m•1HHl (ARBs-induced receptor 

internalization) Llluiilu llvihli1 insurmountable antagonism ""Lnlil'illnm11n11ilfi\ln1J 1t1m~ 
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'Y!l)MD r.Jolil-in<i11i.i1'il"Ofllfl\iltb" 1iniu1\ilmh h\rn1ffu receptors if-11'1-Jlfl\il 1"1mh-1vimda-i 

ttll'i11"mu'IJB-1 angiotensin 11 ""tvi:iJ1"mu~u 1'1°'lBttll'ttvi1m.h-1~~u11'J~:iJ1°uth"mumu1-1 
if B B cil-111~\ill !J th" Lv'IJU1 U'Yll-1'Yl qi;i) lil-1fl<i11'il"ci"f.j0iiiIiiBm1tl1m1 'll1U'Yll-Jb1'1Jtli]uiii 

1'1°'la hhfu if-1A-1vi'a-iw\J11ru1iluvia 1ti 

ARBs 
v ~ .; ~1 1 v • l'JUl'J-Jt)'Yli:l'IJB-1 angiotensin II 1N U1'1'1B\il'Yl\illlfl-1 lbll" Ui.'l\il1'Yl\il'1B-1 (in vitro 

llo" in vivo) ~-Jt)'Y!Blil-1n<i11'1JB-1 angiotensin 11 lvi'ttri q'YIB~i!!J~uifilu (1) nw11\ilm1'1JB-J 
w ' ' 

na1miJm'Jl'JmBU1'1i'lB\ill~BVl, (2) fl11lW!Jl'l11!Jmuti'iB\ilBl'il-JlQ1JU'WaU, (3) fl11LW!JA11!JliJU 
... • ..,. !' '1.- .:,, .:,, 

boB\ilB1J1-J'IJ1, (4) m1m"m1Jm, (5) fl111'1iM vasopressin, (6) fl111'1'1-1 aldosterone, (7) fl111'1i'l-1 

catecholamines \Jlf1viB!J1'1!J1f11\il, (8) m1Lvi!J noradrenergic neurotransmission, (9) m1Lvi!J 

sympathetic tone, (1 O) fl11bU~l'J1JlbUi'Nfl111'1Tl1Ul~'IJu-J 1\il, (11) rn1Mmm1Lta"tvi:iJ~1mm'IJ'1'1° 
1m"uuM'11"tL'1"1'li'lB\ilb~B\il Ll'luv!u 

• "" ""' • 2 7 
fl11!Jlbfflfl\il1H11-1LJHl'IJ11'11Jld"1'1111 ARBs bb<W ACEls' 

t11"rn1m1if 

1. ARBs uu~-1fl11m"vi'u AT1 receptors vi'11JU>di111lrnw~'11ni1 ACEls , " 
.J QJ~ .., d.,....,,.,,,,, 0 ..,.J 

b'l!B-1\Jlfl ACEls 1JU1J-1fl11'111-1 angiotensin II 'Yl'1!J'WUi:lf1Ufl11'Y111'11Jl'Yl'IJB-1 ACE 

b'Yhil'u LLvih1ili.rnviam1i.'l'i'1-i\J1f1 pathways ~u~1i.ii!:iJ~u5ilu ACE (non-ACE 

·1" v _,d "' angiotensin II-generating pathways) 'Yll 1'1 angiotensin I 1J-Ji.'ll!J11fllull1Jutu'I! 
~ w 1 w ,., d~ ' d 

angiotensin II blo"1.lf.li'lfl1"\J!'ll AT1 receptors \ii (lb!J •Uil11"'Y!!J ACEls) lb\ilbU1N\Jlfl ARBs 

i'.ir.Jaffu AT1 receptors l\il1Jffl1-1 q'YIB'IJB-1 angiotensin II via AT1 receptors ~-i~nifu~-i 1vi' fal'J 

1i.i~1b1'luvi'a-i1'11il-ii1 angiotensin II ~ml'i'Willfl pathways 1\il 

2. ARBs iimm>"lifu AT2 receptors !11-1eJBmi'lmi1auilu ACEls 

f.l'1\Jlf1fl11ffu AT1 receptors 'lli'M ARBs !11hh"lilu angiotensin 111u'i1-in1mvi!J~U 
1'li'l11Jbi'hm1 Lbvitda1\Jlf1 AT2 receptors 1i.ionffuv!11'J ARBs mna:iJif~-ii'Jr.Ja'Y!l-JelB:Wv11h\ " , 
Lfl\ilf111fl1"lifu AT2 receptors (~11'1'1la ''Angiotensin receptors" tl1"nau) rn1ffv AT1 

.,, "-' ,,.,,_, IV ,,(:1 '~ n I o' ' 
receptors '1!J'WUi:lf1Ufl11\ilTWt)'Yli:l :W'W-1u1"'1"1'l'IJB" angiotensin II (l'IJU vasoconstriction, 

cellular proliferation, cardiac hypertrophy, myocard'1al fibrosis Lli'l"i'llilfl111'1~-1 aldosterone 

Ll'Juvi'u) ci111n11~ angiotensin II il'-imm1111luilu (m"lifu) AT2 receptors b~erllUl\J" 
ria h\tn\ilr.Jaii\11a111tl1"rn1 t'liu vasodilatation, antiproliferative effects, a\il myocardial 

"' w collagen synthesis L uumu) 
' ' 

3. ACEls i'.ir.JaLW!-l'i~i;lu ACE substrates ~1'>13-101 bradykinin 

\il-i 1vi'n a11m tta1i1 ACE t l'Jmav 1 mi~hi~l L 'Wl" ~-iu 1l mnmnv111'1Ul~ L ti~ l'JU 

angiotensin I 1tit1'!v angiotensin II tLa1 if-ii'.ir.Jacia1Ji.'1~11Ji.'1111u'i11m1JBfl'l'li'l11J'IJVlil (L'liu 



14 Thai J Pharmacol 

d 1 w "' 1 "''l ·~ d ~ ~ 1 w bradykinin lii'l" vasodilator peptides mi 1) ttnmmuml-HL'l'l'Uil i'l'l'l'l'l :IJ:l.Jl]'l'lil lil'!'U'Ufll'l 'II 

ACEls li'lili;ia1~lJlll'l1ui1'lrnm11a1d (ACE substrates) 1m1ru"~ ARBs 1:Wili;iam'lni'i11 

fll'l~ ACEls r11111''l"mu bradykinin 1ui1-:immi'iiJ?fu ll1hJ~m'lUi'llilthia1J nitric 
. d ~I d ., 1 w ..,,; "' ~I c:1 d d. "' 

oxide m'I" prostacycltn 'lmuu mediators 1'11'11 1'l111i'lfllilli'lfllil'll811Jlil1 (Lu'Ui;Ji'llil'l'll'l"Jl-Hlill-l'illfl 

fll'HJmT'I RAS 'llil'I ACEls) 111ii1mm1"Liil1l1ii'u ""mu bradykinin ~ti'ilJ!l'ud a1'iJria111'11ilil 

r;iaiJ1'!L~m Ltl'U Blfl1'l1CJ 11"Ja angioedema (LlJui;iad.fo·~a'I ACEis) m'lif'Ufll'l~ ARBs hi 
1i'i"""mu bradykinin 1ui1'lfl11J li'lvh111'11ilili;ii'li1'IL~l'M 1tlu a1fl111a LLi'l" angioedema 

il'mmi1 ACE ls LLliii'i-:im"Ju O'llllili;Ji'liil'il1nq1'l~'llm1J1'1i'lillilll'ialil'llil'I bradykinin ii11t1 al'i1-:i h 
nlil1lJ i<Jiil a11m'lni'i11i'll'il'l'llil11'l'lu1v1v1111fl1,,~mda'l[;Ji'l1'l1'1 Bil "~r11111'1nlil fl11n1"iilu AT, 

' . 
receptors !il'lmh111'11 

<Jl'i1'1 hnlil1lJ t1'-:i0Mvi' B'l'lam1~G11Ju11ad1n1:11ii'uliia 1 tli1 lil11m1lilnlii1'l mi'i1ll1J"ti'li;ia 
" 

iilatl'l"ll'l'lili;ia 1 um-:ilil i'lil n'll il'l1l1'il''l '1iNnzjll11'l a 1:W a~'I 'il1fllil11lJ tLlil nlii1'l~mh11i1'11'11iilu 
B1\Jrl1111'1'11'1hi1 ARBs Ul'il"Lllum~rnilani1 ACEls l~iM\JlfltJmT'I RAS 1millJ'tJ'julfll1 

" 
11a"t1'" 1vi'tl1"11111tl'11m1Jtl'lrn11'il1nfll'lfl'l"iilu AT 2 receptors u an1J1nllt1''l~h 111'1nlilillfl1'l hi • 
(iJamN'ufiii'um'lti'im"iilu bradykinin) 1vfummi1 mh1 hnlillll mnw1J11ru1ari1'lria·m'll'il" 

'l"Jui1iliaiJam1tl'l"fll'lilu'l~i1 ARBs m'il:W1vi'rnihmi1 ACE ls wmi 1u Llilmum"al'i1'1~1 
" 

1mdiJiJlii1'11 ~"'il" 1iii'il5'U11J 1mt1i'l"til1llilliiil hi • 

1>1ifo!Jum:imifo'lnm~ 11G11il'111 ARBs illlli11iii' l111ililm1 ACBs 

1. t:rnliiiilm·mfi'l'lltn1:< endothelial dysfunction 

11ilt1Ufl~ endothelial nitric oxide synthase (eNOS) ~il~1u vascular endothelial 

cells r11ml'1'ilwl'l~ nitric oxide (NO) 'if'ld NO ilmh~i'hl'lqJ1'1i'lltlU'l:<fl11Ail 1) r11111'1nlil 

vasodilatation, 2) i'.la~tl'Wfll'llOlil vascular inflammation, 3) Uil'ltl'Ufl1110lil proliferation 

'llil'IL'lill<llii1'11 ~a~l'U1'1i'lillilLl'iillil 'l1lJi'i~ vascular smooth muscle cells, llll:< 4) Uil'ln'Wfll'l 

tfilil thrombosis if'lif 1un'lru'il11aam1i'ialilil1"mu NO il1Vlt1~'1"Jil 11ad:Wria111'1filillil11iJ 

Nliltln~11il 1 'llil'11'1llillilLl'ialil ifai1il endothelial function 'ilun~ 111ii1un'lruil1"mu 

angiotensin II 1'WLl'iillil111"lil1'WLllil1~a (1'1GlillilLaillil) lf~~'W angiotensin II 1lllJ1'lllfl'l"~'U AT1 

d ' ~ 
1'lil~U1l1ru cell membrane 'll<M endothelial cells Llil" vascular smooth muscle cells i;ia 

m~mh1r111'11'1nlilfl11fl1:<~'U NAPDH oxidase LLi'l:<l111ttLOlilfl11ilf1'l superoxide (02 ) 

LvilJ?fu ~~ 0 2 - lllm'lU'l1lJITT1tlU NO LlJ'U peroxynitrite (ONOO ) r111tt NO iJtJ"-JmrulllillM 

1 ' "'1' .I~ •1•~ d~ ' 8 ua" lJ1lllJ1'lUilBfH)1'lll lillilllJufllil 'I'll 'l>!lfllilil11"1'll'll'lfl11 "endothelial dysfunction" 

nn111' AC Els ili;ia;;ilil1::iilu angiotensin 11 r111M'i;ima1Jm'ln<i111nlil 1iilil'ilmM 
.J'<V .Jd.J' .... ;e .... .,. w" 

'Uilfl'illfl'W1:<1ilU bradykinin '11l'l"JlJ'll'W ('illflfll'ltlU!J~ ACE) ti'llJNi'lfl'l"ll!tif11'l'l11'111J'llil'I 

eNOS r11111''l"ITT'U NO 1i'iiJ!i'u ;;i~Na 111' endothelial function flGlUAu5m1"tln~1iilmn~u 
" 
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'ill fl fl11Afl1:11t]1'I ~'II B~ tJl a \ii 1'111 lJ iilu La B \il1i"U \ii lii1~ 1 (L liu perindopril, telmisartan, 

amlodipine Lt<l" atenolol) liiBfll>LLfl''l'llm1" endothelial dysfunction lmh'.ba hypertension 
" 

1\ilmh"d'Jmnfl flow-mediated dilatation (FMD) 'llB~ brachia! artery (BA)
9

11lrl'mA!Jfl1Tl\il 

1'I <lB \ii La il\il~ mi L 1'I i'J a\Ji B 1 fl £JWUTI il AB fl lh"!J rn ~~ 1'I i.1~'i!l nif "Ul'lal!JfllTl \ii LL<l"U ail £11 i.\'ta !l \ii 
" 

1miLTI'1<i BA LvilJ~'U LL1~m"v11 (shear stress) 'llfl~m"LL<!La!l\il'il"fl>"lli'un11l11~1u'llil~ 
" ' 

eNOS n1li.\' endothelial cell ua\iluamJ NO LvilJ~'U ci~~rnli.\'vrn!l\iJLa!l\il'lltnl'J\il1\illlJlJ1 
'illm1d~~ l'll'u1"Lil'U endothelial function 1\ll 'illflfl11Af11:11WUi1 f.l'u11'J hypertension l'.l 

" 
FMD ~~lflilfl'UUflW LLliirn1li.\'m'llll\illii1~ 1 l'.lwau:i'u FMD 11li'LL\ilfllii1~0'U if~d AGEi 

perindopril l'.lwaLvilJ FMD (LLrit'll endothelial dysfunction) 1\llmh,l'.Jll'mhA'()JLrlmYil'lunrnh 

riaurn11'fl1:11 LLa"LrlmYi!Junurn11'n1:11\ll11'Jm'llll\il~m11Jif~ ARB telmisartan mh' hf\m:w 

1u~dil11li1'1mam1:wi1 ARBs il1\lluwalii!l endothelial dysfunction 1m1llmlh if~duwa 
" d d ' 1 • Q • d "' f111•1f11:11!l'U1'HLil\il~11 fl11 'll ARB candesartan :wwaa\il1~\iJU plasma endothelin-1 ('ll,Lu'U 

dlv'cl' 1w, ,,,,_.,,. 0 ,,, .J ""- "', 
vasoconstrictor 11 'llrn'llm1" endothelial dysfunction) \il!ll'J1,lJ'Ul'Ji1lfl()JLlJ!lL1'll'JUflUfll 

L~:w\llu TI' a:waii\',n ci11 ill'iiil1m l'll'all' rnrnui1 ARBs fl il1'i!l'.l wau fo a:w \ii <l'll il' endothelial 
" ' ' 

function 1\ll
10 rwmLLliim1iin1:11~l'll' FMD iil'na11LLll\il~i1 ARB telmisartan li.\'wa\llmmi1 

ACE! perindopril 

2. mtliifl cardiovascular remodeling 

'illflf111i'if11:11Nt1'lliM AGEi perindopril (4-8 mgtl'U) Lfil'Junu atenolol (50-100 mg/ 

1 • d1 •• • ,,,11 d1 .. 
i'u) 'UfJU11'J essential hypertension 1'I \il1Uf1111f11fl'Ul'U 1 u vrni1n~:w11 \il1U 

perindopril l'.l left ventricular (LV) mass ll\illl,'il1fll'ilL~:w\llumh'l'.11l'mhA'()J LLliihiwu 

umhfiruii\',mh11'UflalJ~1\ll{u atenolol a11'1fona1nm1ililflt]1'1~1urn1a\il LV mass 'llil' 
u ' 

:; "" "" d 01•~ • ACEls 'U'U Lfl\il'illf11~\ilU angiotensin II 1'1ll\illl~ 111 1'1Lfl\ilf111f11"!f!'U AT1 receptors <rna' 

LUuwali.\' intracellular calcium a\ila' LL1l"LO\ilf111m"\llu nuclear factors lii1' 1 (Lli'U 
' 

nuclear factor AT3, NFAT3) Uil!Ja,
12 

waii\',na111'11li.\'Ln\il expression 'llil' hypertrophic 

response gene a\ila~ 'Uilfl'illfld m1m"\llu bradykinin-NO pathway 'il1flf111L'll' ACEls f\l'.l 
' 

> d o 1 'ti I <lJ 13 
l11'U1'1\'Jl 1'I LV mass a\il<l,L'll'Ufl'U 

1mh'UiNL~!J10'U the Losartan Intervention For Endpoint reduction in 

hypertension (LIFE) study
14 ~'Af11:11Nil'llil' ARB losartan Lfi!Junu atenolol 1u~U11'J 

.J""' ' ., ' "" ' essential hypertension 1'llJ LV hypertrophy 11lJ\il11'J wu11 losartan lJN!la\il LV mass il!Jl' 

iJu!JalA()JLrlmfi!JUOU atenolol ~'fl a 1nii\',na11a:wwufinum1~'U AT1 receptors LL1l"f111 

m~~'U AT2 receptors if~drn1n1"~'U AT2 receptors n1li.\'Ln\il dephosphorylation Ilia 

m1a1A()JUl,'llU\il~l~l'J1Tiil'nurn1Ln\il remodeling Lliu mitogen activated protein (MAP) 

~I "' 5 kinase lu'Ulll'U 
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1 ~ d Qj "' .!'.: QJ QJ ,,,,,,, "' 

mh~ ">fllilll-J lLliit&il-JLliltJL'1!1lflUi1m'lfl'l"lilU AT2 receptors ummvrnnnU()'Yln • 
antiproliferation (11"la reverse remodeling) ii11na11lLtl1 ltliii'.h1~uuiln1'llffU1lffl-Jlj&ij1ui1 

fl1'lfl'l"liiu AT2 receptors1'1'~1l1'i1TI1hhnvim'lm"liiu signaling pathways ~u 1 t'liu NFAT-3 • • 
11"la AT2/NF-KB ~11l1'iiil<i1mll-Jwuii'i'i'uq'Yl~~Yi1hl'tnvi cardiovascular hypertrophy ttae 

fibrosis 
15 'li'1ifil'il'ilUUil11m!'lfl1'lfimn1uirlil1'Yllill'l1l1~ffuuffuui1 fll'lfl'l"lilu AT2 receptors 

' . ' 
a1•<i1Natam:a111il1,ff{1,liia1"uu'l11 htL<1"11aavitaavi 

4 

3. N<tliia-,"i;lu plasminogen activator inhibitor-1 (PAl-1) 1uvrn1mn 
~I .dc:1 ,£.., ~ ""' .d 

PAl-1 LuUal'l'Yll-Jt)'Ylnl'IUl'l1 tissue plasminogen activator (t-PA) 'lelilU PAl-1 'Yl 

t'Vil-J'll'u'ii1t'Vil-Jlil11l-JL~l'l'liiarn'lLOlil thrombosis 1iil '1i',ifilm1flmnlui;Ju11'1 essential 
" 

d""' ' ' ' 1 "' 16 d ' hypertension 'Yll-J insulin resistance Lli1"1l~'le1'l11,fll'l '1f hydrochlorothiazide 'Ylllfflil,11 

m>hi' ACE! 1ine!'l"l'i11 (6 L~s-w) Yi1hheiilu PAl-1 1uvrn1ffmavia' 1u'IH:u"~ ARB Yi11'11' 

""iilu PAl-1 t'i'il-J'll'u L~ai1na 1nfll111'uC,fll1ff-i'11 PAl-1 '111l' ACEls LOlil'illflfl1'l~mn1eliiu 
' 

bradykinin-NO pathway a1una 1nfll'lL'i'im"iilu PAl-1 '111l' ARBs tl1'ii"Lllmm1n'il1flfl1'l~ 
mnal-Jifrh1'11'1"iilu angiotensin II t'i'i:w7J'u ~'liiam angiotensin II 'ile!lflLU~l'lmLtla1LUU . " 

d.<o4 "' "' • 0 1 ·~ w angiotension IV 'Yll-H)'Ylnfl'l"VJU AT4 receptors '111l1 endothelium I'll 1'l!Jfll">ff">1' PAl-1 'illfl 
' w 

endothelium l w:w~u 

4. m11iia neovascularization 1mifm~fl~'IJ16Hiifllil 

'ill fl fll"> fl fl'lfl fa !'I fll 'l f;j n 1'l a 1l lil LS ti lil'1111'lol,'111l'1'l1:.fYI lil a fl' (surgically induced 

hindlimb ischemia) LU\Jl181 4 atlvi1if -wui111unal-J~1\ilfo ACEI perindopril il 
" ' 

neovascularization mnni111unal-Jlil1Ulill-J1JU1'ilum'hl"lru LLliifll11'11' perindopril 1mrn~hlil ... ~ ~ ., ... 

brdykinin2 (82 ) receptors (B,-knockout mice) 1a.i'WUlil11l-JLLlilfllii1''il1fl1'l\jfltjmnuflmLlii 

aci111vi N8fll>fime11i;l1na11 LWvi1i1 bradykinin ~L 'i'il-J'll'u•1nm11'1l' ACE ls ilu'Ylrn'Ylil11"li;y 1 u 
" 1 .J' d .d .,. 1 ' ., 17 fll">L'Wl-J neovascularization UL\Jflll'l1l'Yl'1111iltaillil lil!'INTWfl1">fl'l"VJU 82 receptors 

1u'Yl1,lil'l,i'i'mYw m1Yi1 surgically induced hindlimb ischemia 1UVl1J'Yllil81l' -wui1 

1'l\jfltjl-J~1a.iil AT2 receptors LOlil neovascularization liilmnni1V11Jfltjl-Jlil1Ufll-JilU1'il 

Ul'l'111"li;y LLfflil,ll AT2 receptors 1l1'ii"ila1u'111"li;y1ufll'll'1'uC, neovascularization 
4

'
18 

'li',ifil 

m>fimfl~ffUUff'4Ui1fll>me\ifu AT2 receptors t'i'il-J apoptosis '111l,1'l81llilliifl®~'Wl'l11'11l-J 
LLlilflLL'1IU,m11am~l'I' L if m~fl~'1l1vitii ilvi i;J,if u m•aumu l\ili1m11'1l' ARBs ~'il Nan1"1iiu 

' ' 
91 ct QJ ' 1"' AT2 receptors 'Yl1'1lfll-J fl1'ill-JN88V1 neovascularization ®'fli111 V1 

U'Yl '1"lU 
' 

~r.i1uma1'i1Llil!'ll~1li'i'ui1 "ARBs Rfl ACEls ~1a.iria1'11'tnvia1m11fl LLaemm1111'1l' 

ll'Yl\J ACEls liil'Vjflfl"lru" Llliifll>U">11'1'il1fl1l1fll"l1fltiflmh7l'i1 ARBs 1a.iil51mvil-J>eiilu 

bradykinin 1 u'i1,m!'I ~'U'il~umtlu~m1ui'i'uf\i1 bradykinin rieJ 1'11'tnviNaf11iifl"l"uu'l11 h 
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LLa"11aalil Lil alil 1.iirn1m.h"rn1 t'l-:11Tumn.i'a-:irn1waiiiil1n bradykinin Ll WYJl'fu1il"l~l-J 11'i'm1 

1'flm.i11'J ACE ls rl!l'W LUJ1flill'lmlillil1l-JW'1i1~U11'Ji:h1'foYJUvJ!l!llfl111a 1.111~a hi ,.f,ifhj 
Ll\J"tl111'i'ii'1l-J~'Wlili'l'W 11.l1ii' ARBs i#-:ilLvi.iu Llvli'l1ill'l-:J1\J ARBs b11hi:im" 1ui:Yu1tJ~hi 

w 

mm1tlYJ'W ACEls 1.1
19 

uamnflil'm1Afl1'11Yll-:JLm111'lYJmii'1-:i.iuifoLLl'llil-:ii1 ARBs illi!ill.i' 

milaflil ACEls LlilmilWl"i'l81-:i~-:i 1mdrn1lLiil'1lm1" endothelial dysfunction, m1alil 

cardiovascular remodeling, fl11!11il1"<'1u PAl-11uwml'lm, Ll!1"fl11L~!J neovascularization 

1mifm~a~mlilLllalil arl-:i ldahi1J1umifL~mnlilf1111Jlilm-:ilLf1<Mi1rn11'1l' ARBs 1un111.l~uiil 
illi!L~!Jquiilrn1ru'1Ja-:i Ml

20 
a81-:i homl-J Ll:il'i1Lda hi1J1umif1.J:ilm1tl1l<1ua meta-analysis 

2 rn>Afl1'11
21

•
22 ~-:iLLl'lf1-:ii1 ARBs hi1.i'L~!Jf!Uiilrn1ru'lla-:i Ml llvina1i!ill.i'milafli1mmwn 

1urn1a1iiauiilm1ru'1la-:i Ml ,.i'-:iii'wat'l-:imh1llmflvi1-:iil1flm11'1l' ACEls Lrla-:iiJ1fluililumllu~ 
' ' 

:ilu'iiimml'l-:i\j-:i {l2i'W heart failure, post-Ml, diabetes Lrn" hypertension)
19

11ill'll'l11.l ,.i'-:i 

M '1' fl :J11Hl1-:J lil a'li'l YI m LL a "M '1' fl :Jl'W ill fl fl11Afl1'/lYJl-:Jf\ ail flvll-:Jl'IU u fllj ui1 ARBs !lli!il 1.1 

mifofli1ttviflau:ilii'a.i atJrn-:i1.l1"m1td m ifouilu ACE ls arl-:i 'Ila <111.l~ Lt uu am~mnuwaiii 
ll'1"WiHlll'li!l fl m11 'll'mvf-:iaa-:i fl tj:wil ~1 l U\J Ill !J-:j)i) w am1i'l fl1'/l'ill fl ONTARGET ll'1" 

23,J ~I S .Id d 1' TRANSCEND trials 'li-:Jlu'Wfl11.ifl1'11luWUlYll'JUWa'lla-:i ramipril, telmisartan llarn11 'litn 

i1'-:iaa-:i'1iulil'i1:wnu1ui:Yu1tJ~:il1i111mml'J-:i<1-:i (~-:i 1mtlrl i:Yu1tJ coronary artery disease, 
w w " 

peripheral vascular disease, cerebrovascular disease M~!l diabetes ~:il end-organ 

damage) i1'-:iif m lilil m >A fl 1'/l'il" l l'l1'il ~u tta" mm> m11N1uwaa81-:i t llu Yll-:J fll> 11il111111tl 

fl.fl. 2007-2008 
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d 1 ,Jf d v w . .., .I 5 
{?ll'l1'3't11 AT receptors UL'WBLUB LLGl::l'.-J'i.'\'l.IB-:!rll'Jf)'J:-::V!tHil1tl angiotenstn II {WVIUufl~'OJ1fi Siragy M.} 

A 

Receptor 

subtype 

AT1 

AT2 

AT1 

AT2 

AT1 

AT1 

AT1 

o mfomJm'imrnV1til1 

D Intimal hyperplasia 

D Angiogenesis 

o na'1lJLifat1uu'Uu1al111 (ei1u bradykinin ua:: nitric oxide) 

a autf-:i hyperplasia ua:-:: angiogenesis 

D Cardiac hypertrophy 
..: ., .. "' .., .,, ., 

o L'WlJn11iMl"111"1'1 collagen (oi.JWIJ"nu myocardial 

fibrosis) 

o Antihypertrophic effects 

O L~lJ efferent arteriolar constriction ua:-:: glomerular 

filtration 

Cl LfiJJnl'J'Yl~\1 aldosterone v1n cortex 

o L~llfil'J'Yl~-:i catecholamines ';\Jlfl medulla 

CJ rVh.JnlTYl~\1 antidiuretic hormone 
' . . 

o 1'11ii.Jm1i.Jm"111m1o"m1V1i.Jtl1 

Aminopeptidase 

~~ 
C-term;nal ! ! ~ Angiotensin 111 N-terminal 

E)-Val-Leu-Leu-His-Phe-Pro--His-lle-Tyr-Val-Arg-Asn 

Angiotensin II 

Angiotensin I 

nl~ 1 n11lU~LllJ angiotensinogen 1tidh angiotensin I lV!Lll'll' renin llo"m11tl~Llll angiotensin 11tl • 
Lilli angiotensin II lVILlli angiotensin converting enzyme (ACE) {til'V111tl;;wnn Rang HP, Dale MM, 

Ritter JM.
3
] 
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!111bVVl'U\J"ll€l..:Jn1'HJ1JtJ\J angiotensin II receptor {fl~~Bn'.illn Benowitz NL. } 



22 Thai J Pharmacol 

Trimetazidine: The established 3-KAT inhibitor 
for the treatment of ischemic heart disease 

Supanimit Teekachunhatean 

Department of Pharmacology, Faculty of Medicine, Chiang Mai University, 
Chiang Mai 50200, Thailand 

Abstract 

The modes of action of most prophylactic antianginal agents involve 
hemodynamic changes, such as reduction in systemic vascular resistance, coronary 
vasodilatation, or negative inotropism, thus improving the imbalance in myocardial 
oxygen supply and demand. Nonetheless, these changes often lead to unacceptable 
side effects of hypotension, bradycardia, and organ hypoperfusion. Recently, it has 
become apparent that certain antianginal treatments exert a primarily metabolic action 
and have little or no effect on hemodynamics. They generally do not adversely affect 
blood pressure, pulse rate, or left ventricular systolic function, offering a significant 
advantage in patients in whom conventional agents may induce symptomatic 
hypotension, inappropriate bradycardia, or worsening heart failure. Trimetazidine is a 
metabolic modulator without any negative inotropic or vasodilatory properties. The 
molecular mechanism of action of trimetazidine remains unclear. Recently, It has 
been proposed that trimetazidine inhibits fatty acid oxidation secondary to an 
inhibition of long-chain 3-ketoacyl CoA thiolase (3-KA T), resulting in an increase in 
glucose oxidation. This results in an improved coupling of glycolysis with glucose 
oxidation, which has previously been shown to protect the ischemic heart. As a result, 
switching energy substrate preference from fatty acid oxidation to glucose oxidation 
may explain the antianginal properties of trimetazidine. This strategy has been 
demonstrated to be effective in experimental as well as clinical settings. 

Key words: trimetazidine, antianginal agents, metabolic modulator, long-chain 3-
ketoacyl CoA thiolase 
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Trimetazidine: The established 3-KAT inhibitor 
for the treatment of ischemic heart disease 

u111h 

1 ' ~1.d ' w ~ 1J'l"!l"nmmnrn1 25 u11m1nn 0111ni;1 ischemic heart disease (IHD) lJ .. 
A1111ri'1111tl'1a1h1mn Yi'1ilii15011~111 L'liu m1fni;11ii'111m 11:wli1m1i11 coronary 

revascularization (111J1!Ja1 coronary artery bypass grafting, CABG 11'la percutaneous 

coronary intervention, PCI) ~1fl11fo1'!1l11alif a11.1:iJr.rnmwY11lllOl'lll<WYh 11f nwvm1 mru 
hA&\~1.1 1 aci1111nlil1:w wui1m'iliJ~u1!l IHD mnli1-i'a!la" 26 ~1il'11N:iJ ischemic 

.. 1"' . 1""' QJ., 'i::J.d2.1d symptoms lllnl'il" lilf.J11.lfl11'Yll revascularization lll1" lil1Ufl11101'111i11!l!Jlfl!l11llillJ'Yllll110 

lill:W 2 

lschemic symptoms L'liu lllfl11liiUllnllUU angina li'ilil~'IJ'illOfl11:W hJa:wqa1"11i11 

U°'l!J1!llflflfl:zll'illlri1i;Jfu (oxygen supply) flUfl11!WllMfl11flflO:zll'il'U (oxygen requirement) 
• J W 1 <V 'II .,..,,z _,,. nl <J' .J d nl"" <'4 'llll1fll'll:!.Jl'Ufl111 'ii fl11101'111i11!l1ll revascularization !.l'llilu1"51fllVWl'WlJu11J1!lll<lfllil 

' 
(aan'BL'il'U) 1u~na1mif m1'11'ilri'1llii1Liillllil 11.1'llru"rim1fni;1.i'1£Jmih1.11 mi) ( £Jn!i1'1ati11L'li1.1 

mn<ilJ organic nitrates, beta-blockers ll<I" calcium channel blockers) U1lU1.ll11ilfl1llJ 
' ' 

iii'll~fl11lllln'ill'il'U'llll~fllllm if al1'1h11ii!ll11il cardiac workload Lllumfo if1if n<1 lnm1llllfll]'YIB 

'llll~!llLmhrl'lll'illflJ'W'utfnum1<11i1 preload, l11il afterload lll1"111'laaii1A1llJll 1~ 11.101Ti1uii1'1 

'llfl~1h 1'il ati1~ holilllJ m1L u~!l'Ull ua~m~ hemodynamics L 11a1if a11Jtl111.lar.Ja'll11Li-'im 
" 

\lh~ 1 L'liu fl1llJii1'mlialil~1 l1'1hwi'1.1'1l1 Ll<l"m1111m'l!lmlia"11ua1'm"~u 1 <11i1<11 3 (lil111~ri 
1) ii1'1if 1.1m1f ni;1.J1£Jm LL m 111a.iii~li11J"L ll1.1'ill m1ri :iJ N<1<11i1 A11:w"1 a1m1a a n:zlL'ii'U'llll1 

na1mif al1'1 h 11.1'1Jru"riri111l'u1"ll'Ylilmwm1uuii1'1'lla1"11'1 h&i~u 11ii!l 1a.iria 1ttLn"1Nmlfo~a 
m1:wii1'mall"1 liii111fl11Lvi'u'llll1M1 h 11'la left ventricular function ~115m1LL 'U1111a.iif 1iN" 
aw11atl1m 1'1l'fni;1~u1!Jrilfl!J 1"1-l'u conventional agents llll1lfl"1Nl1'1l1~Li-'i!l1~111 ii1'~mh1 
'll1~"11.1 Lrn"r.Ju1£Ju11u1"Lfl'Yl 1"1muw1"ati1~il1 r.Ja~a1£Jria11J 1a.i l11m"ll111-l'um1ri1 

" qJ" ~ 

coronary revascularization 11lJli~r.Jri il'~A~:iJ mm1ati llal'i1'il" 1"1-l'um1f ni;1 ati1~ l~ lJri llll10 
" " 

Trimetazidine LUI.I antianginal drug ri:iJAru<l1JU&i'Yll~lfllf'lfl'Yl!l1"111J11llOfl11'llll~fl11 
' 

1mn!ii'1!l!llll'U1111a.iiil~na11'111~lli'1.1 ll<l"ililll!l11.1na1J "metabolic modulators" (1i11111ri 1) 
" ' 

if 1if m1a ilu1!Ina1n m1a a nq'YIB'lla~m n ~1Jrl'll1L ll1.1"1 a1i11A11m'll1 h L~m nu 
' 

myocardial 

metabolism iil~'il"llB'IJ1!l11.1"111'1lati"11u 
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Myocardial metabolism 

1• dv -l'-11•- Q Jll!J lilill1"'Ylmrnmrn'Yl1 'ii Vl'lU oxygen <Jti1-:iLW!J~'VHJ (aerobic conditions) 
-d-11"'~1 'v.,,, .=-i .Jw ill'lfll'Yll':i'Ylflffl'l'Yl1 'ii 'lflu'WLL'Ylfl~<f':il'IW<l'l~l!H'lCl free fatty acids (FFA) 'IM'l<l!Jfl" 60-90% 

'll1MW<i'l'll'W~<l-l'1-:i 1!ilvf-:i'Yll1Vll-!l'illflfll'j 1'll' FFA L 1'i'W<11'ltK11.•i"W 
4 (~ti~ 1) FFA ~H'ri1u 1myL1'i'W 

'lfilvi long-chain fatty acids (LCFA) ~-:im1tl1 LCFA Li'i1rit'l5aanil1mti'uvhl'iiilm11n~'ll'u'll'<Ju 
• 

Lrn"v\'a-:ienA'ma'W 1'1ilf'Yl<ll11'lfilvi 'Yla'!'illflJ\J LCFA ""1101l1Li'i1ri mitochondria LVl!Jfllvl!J • • 
LillJ1'15Jf~~il carnitine-palmitoyHransferase (CPT) I and II (~ti~ 2) ~am LCFA (~LflVl 
W\J1i"ilu CoA 11m1'1u acyl-CoA) '5-:i'il"LflVI beta-oxidation 'i11l'YIL!il acetyl-CoA ~'l'il"\Jfl 

UlLTilU tricarboxylic acid (TCA) cycle LL!l"lll!J~~vi'i11l1X1nvim1a1'1-:i ATP ~ii~1wtl1ii'qJ 
ilUl~l-11 fl~il fll'l'YIVlLL<l"~ <ll!Jii!1'll il'lfl i11i1 l if aJ1'1 l 'i1 l lJ'Yll'llil'l'ln'WTilll fl 'l"U1\J fll'l<J{11 l W a1 

-:i1u 1vi!Jillfl!Jo~ 1Vlm 1'i'Wlrna1w<i1-:i1uif u i'ivit1'i'Wlwm 10--40% 'lla~wa~-:i1u~a-l'1-:i'il1n11'1 h 

i;i"l mytlniii
5 

.f-:iif n~ LVl<l~LTilUL'lf<1ani11m if a11'1ha1'ilt~ua"""11l'W~tl glycogen 'Yl1a 

Ltl~!J'Wl1'ilJ pyruvate LVl!Jfl'l"U1\Jfll'l glycolysis ~-:i pyruvate '"\Jflltl~EJ\JLLtla-:i1u 
mitochondria 1t1L1'i'W acetyl-CoA LVl!J<llvl!Jlil'Whlf~~il pyruvate dehydrogenase ~<l'illflJ\J 
acetyl-CoA ~'l'il"llflUlLTilri TCA cycle 1via 1'1i<f-:iLVl'll"1'f ATP iii'-:ina11t1i11i'J1-:iv\'u • • 

Myocardial metabolism 1wn:i"11'11'iJ'!l11nLiiavi 

Llil'-hl'Wtlniii FFA oxidation ""1,,;'~.mi;il\111~~t1'1u ATP 1vi'mnni1m1a1'1-:i ATP 'illfl 

glycolysis (LnEJU'illfl ATP ~an'i'iimM<111~-:iiilu) Ll~fl'l"U1\Jfll'l FFA oxidation ifn<iuv\'a-:i 

1!11 "" I J:: .J' nlQ Q .J' 'V d l "-' 1· 
'lfililfl'lil'il\Jl-Jlflfl11 'YJ'l'W'Yllfllu'l!JUl'Yl!JUU\JW\J;jl\J'llil'lfll'l<l'll'I ATP 'Yll'Yllfl\J fll'l 'If FFA 

11'i'Wlrna-:iwa-:i-:i1u'i11t1'1uv\'a-:i 1'1l'm1n:a1'il\Jl-!lflflll0l'l 1'1l'na 1Vla a-:i 10-15% 
5 

iil-:iif 'Wlrlmnvi 
• 

m1"11'1 l'ii'lllvitaavi LVJ!Jo11ii'l511iinil1iidia11'1 h~-:itlfoiii'11inm tl~!Jum 1'1l'nll fam1'i'Wlt mi-:i • 
- - ,J' 6,7 d 1 • - • ,J' - 1 ' 1 d -Nllli\Wll'l'll\Jl-!lfl'll'W (lWillllilfll'l 'lfililfl'lfl'il\J'llil'lfl<lllll\Jil'Yl1 'ii) il!Jl'I 'lfllillll FFA !J'l~'I 

~· dd " - 1 -1 ~ 5,8 _,d lulJ<ll'lill'Yll'l'YlllmliJ"lVl(\j 'Will1"'Yl1 'il'lllVllllilVl (~u'YI 3) 

~ " d • 1· "' d - ' d Q - 1· 'Wilfll'Yl'Wil'illflNlll<t!J'Yl FFA lilil1 'lfililfl·ol'il'WlWilNlllil ATP l-!lflfl1llllill'Yl!JUflUfll'l 'lf 

flllLVl<I wui1m11l1 FFA t'll'1rit'liilolllil" FFA catabolism lu1111"~11'1h'll1vitaillilill'il • • 
ria 11XtnviNllla!J~ani11m il'a11'1h1vi''Ylm!Jtl'l"fll'l

9 
ltf'W FFA oxidation i°iNlli'iuC-:i glucose 

oxidation 'illflfll'li'iuC-:i pyruvate dehydrogenase LVl!Jlil'l'I 
10 

'i1111X pyruvate hi9n1l1t'll'1u 

TCA cycle ri-:iNll1'tt1nvim1a"aii'lla-:i lactate Ll<l" proton (pH mul'Wl'iillolllVlll~) 1uL'l5lla 

- " d ~ 11 - ' • 1 •.1 " - d - • ,J' - 1 12 " 1-' ' 'Yl1L'il'Yl'lllVllllilVl Nllf;J~fllll1'111 'Ylu'l"<t'111iillWfll'lUUlil1'llil'lfl<llm\Jil'Yl1 'illlVlll'I !J'I ufl11 

Ju m1a"<liJ'llil'I LCFA intermediates lum1"11'1 l'il'lllVlLaavii'i-:iai1w'Wfinum1llin ventricular 
. 13 d. 1 "" . ""' 'V 14 arrhythmia threshold ll<l"lWll amatnvi diastolic dysfunction ilflVl1!J 
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01'l<llll FFA uptake LL<l~/Vl~il oxidation hJi1'il~vl11'1llifl111w a1'UiJNm'i'ilJfl111'lf 

na 1•n'f'11a.:ina1lJ df m1'1h
15 lil'.:iii'W'illrn1-ln-i,;1~il.:itlfo 1'1l'nti'1mdaV11 hilum V1uaa?ilJ'11a.:i 

" ' 
na1flm'i'ilJ~'W ii1'il~rial'll'LnlllNa~\iiawu1t1 IHD ~.:id trimetazidine ~wd'J'W metabolic 

" " 
d ""1 - - . 1· modulator l'lililni]'Ylil 'W<lfft;ru~w.:imn1 Ill 

na 1nm1aanq'Ylll"lla.:i trimetazidine 

Trimetazidine (1-[2,3,4-trimethoxybenzyl] piperazine dihydrochloride) Ll'l'Wm~lilil 

N<l<llllfl11UU\;)°1"1Jfl'lfla1md ilVJ1 h LLadiJilq'Ylt"llml'IVl<lillllLllillll 
1 

'
3 

LLil'ilm1°fl,:jl'W<l'UU<l'4'Wll 

trimetazidine ilq'YltLl'l'W CPT-1 inhibitor mh.:iamJ 
16 

LLliina lnrn1aanq'Ylt~mfo'i.:i liJii1 
.d 91 QJ ,,(.,.. ' .J I "' d' d .t ~I 

Lfl!'J1"llil'lnUq'Ylillll'lnm1 am WU11il'4Vrn~'11il'I trimetazidine (S-15176) lJ(]'YlilLu'W CPT-1 

inhibitor ~LL1.:ini1 trimetazidine rn.:i 
17 

•. 1 d.d 'II"' "' <µ ,,. A'i .... 
LLm1na flfl11ilflfl(j'YlilmL'Yl'il1'1'11il'I trimetazidine mfl'llilil'l1ilfl1"W<l'il'W LLliiu'il'ilU'W . ' 

.J • .t ' ,,.. QJ ,,..., QJ ,t 
Ll'lil11fl11ililfl(j'Ylil'Wl'il~<llJW'WilflUfl111'1Ul'l'I FFA 

. . 18 
ox1dat1on FFA 

oxidation '11Ll'l'Wviil.:iil1Amil'W 1mf 4 l'IUVI 1viLLri acyl CoA dehydrogenase, enoyl CoA 

hydratase, L-3-hydroxyacyl CoA dehydrogenase, and 3-ketoacyl CoA thiolase (3-KAT) 
~ 1 d' '.J'd1W .J 1 1 c:l'Q 0 1 

bllll'ILfl'W 'll:!.HVlal'WlJ V!Vlall'I isoforms l'l'ILL\ila~ isoform \ill'lfllJf11llJ'illLWl~\ilil fatty acyl-

chain ~ilf11llJl'l11LL\ilflliil.:itl'W 1tl
19 

Lda.:i'illflfl11Ln\il FFA oxidation if mh 1'11' fatty acyl 

esters &'Wa'IL~ill'l 1 tol.:iJma'W 1'lfifLmhd1ii1.:ivla.:i'ti1.:i1mif ananmi'.'la 1'11' FFA oxidation Lnlll • 
1v1'111'i1.:ialJu1w 'illnrn1i'lm,i1'11il'I Kantor LL<l~flru~ 18 ~.:i'ti1rn1i'Jm,n 1'WVJ1 hVl'W (isolated • • 
working rat hearts) wui1 trimetazidine ili;iauuC.:i 3-KAT L\ill'ILQW1~11Ul'l~'I l'IU\il long-

chain 3-ketoacyl CoA thiolase (LC 3-KAT) (~ti~ 4) LLliiliJili;ia\iim11'W 1'1lif 3 l'IU\ilLL1n (hii1 

" 1 .,":: .: 91 'II .J1 !IJ.,, .,':: ,,. 1 ·-'il~LU'W isoforms Ill) 'Yl'l'Wf11llJL"lllJ'11'W'1111'1 trimetazidine 'YI 'lll'IUl'l'I LC 3-KAT L'Yll'IU Vlnu 

f111milml'W 1'WWi1l<llJ1'1111'1WU11'1~1vl-i'u trimetazidine 1'Wrn1i'lmfl'Yll'lfli.1iln ad.:i rn11'li' 
• 

trimetazidine 1 m111milaJil'W~a.:i ( a.:ini1f111milaJil'W 1 'Wwmam'1111.:iwu11'1111'i1.:ilJ1n) m'ilili;ia 
• • • 

uuC.:i medium- and short-chain isoforms "ll11.:i 3-KAT lvlu1.:i (~ti~ 4) 

Ld11.:i'il1n pyruvate dehydrogenase (PDH) Ll'l'W rate-limiting step i!i1V1fo glucose 

-&11"' d~ 1- 20 ""1 -&! oxidation LLa~anl'IUl'l'I Ill b'W"llru~mfllil FFA oxidation 'W11\il1li.'l'I (j'Ylil 'Wfl111'11Jl'l'I LC 3-• . 
.J c:l'~ "" .,':: . . . . . -=i ""' d ' . .J 

KAT ('ll'lflf111fl111'11Jfl'I FFA ox1dat1on) '1111'1 tnmetaz1dine 'il'llJN<lLWlJ PDH activity 'll'I 
1

' 1 • . 1 -1 dl ·- ' .j' • ~ Kantor LL<l~flru~ \ilLLi.'llil'l11 'WVl1 'i!Vl'W'YI \il11Jfl11Vl<l11L<ll'l'llll11'1 5 mmol/L na •fl<! LL<I~ 0.4 • • 
mmol/L palmitate il active unphosphorylated form 'llil'I PDH (PDHa) tl1~mru 19% '1111'1 

PDH 11lJ (total PDH, PDHt) a1'W L'WVJ1 hVl\j~hi"i°u 1 mmol/L trimetazidine 'i1lJvJ11'1'il~il 
PDHt fl'IL~lJ LLliiil PDHa L'i'ilJ~'Wal'i1.:iilul'liiilAl)J (Ll'J'Wtl1~mru 26%) ~.:id f;!l~l'IU'llvii'Jmn 
!iuil'Wil rn1LVllJ PDHa :illv!Ll'l'Wq'Ylt1Vll'llil1'1'1111'1 trimetazidine mrnLliiLl'lm.rn'Yll'lii'11lJ'illfl 

rn1uuC.:i LC 3-KAT 
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'illflnl'lAm·rnmmil"w N1im1'~ 1.i'tti.11;ni1 trimetazidine hiiiNllliieiil\il11m1tiilil 
" 

glycolysis 111i1'il"atjmtJ1Gi'm1"tlfliilM~8m1"~'1Jllil<J8fl~t'il'W (~tl~ 5 tta" 6) N'1 lliltl111J 

U~~il trimetazidine iimiuu8~ LCFA (palmitate) oxidation ttanvlu glucose oxidation tt\ii 

1iit tl~mm U'1~ glycolysis J~if m1fMil\il1l'IJ81 glycolysis Llilmvl!J glucose oxidation 

v11na11fim 1'lufl11t vl1JA11m~81J LtJ1 (coupling) 1"1-1i11m"mum1J1mN ~~iiNmh 111' 

1 ',d "' w ' 1 w .% ' 1 w w fl\'! Aatu'1tl'Wlu'W pyruvate LL<l"t'lll\1 TCA cycle lil!Jlfl'IJ'W <MN'1 M1"1ilU lactate tl'1" proton 

1 m'llmlmhm if m11 holil'11 '\i1lh 1'11mTYil~l'W'IJ81li'11'ilU1A1U1"i.ll'lllmw\ii81 u1.i' LLaJ8tll 'W 
" 

Nil m1fimfl m~ fl ail fl 
Trimetazidine 1iiiiql'IB<ililfll1Utlvl1'1J1Nfltll!Jtif8'1'11'il ttadiiiiql'IB'lll'l1t!M'181iltl'i81il 

1 ' ' 1 CV "'I 0 CV 21,22 A"i <V "' '.:1 """>. d 
m1'il"l'i lil aau 'W'll ru"wfl M 18'1Jru" 8 8flfll<i~ u'il'iltJ'W 1J 1-1<11tJm1 ., fl1'1ll'111fl 11 u fl'm1m1u 

' 
Nflm'llil1 trimetazidine liia IHD ~1'il" 1iii'tJflvl18U11vl'~if 

'illflfll1iimt1.11.1 randomized, controlled trial YlAfl1'111utl1"tm1ltltt<1'Wiii' (TRIMPOL 

11) 1u~U18 stable angina ~1.i'fo metoprolol atjtiil!J \l1mu 426 118 tta"1iii'fom1~1J1'11 
1v1fo trimetazidine 20 mg 3 fl~11iia-l'u M~ill'l1Mfl8fl8Ul~11ilaU111-10~"i1lJvl1!'1 23 wui1~U11'1 

' d1 WW Q , Id , I ' d A • 

fl~!Jl'I lil1U trimetazidine lJfl11Lu'1tJ'Wllufl~'IJ81L1'1lflil'Wl'i'il"Lfllil ST-segment depression 

1u'llru"~l'ilil1lilUA1llJl'l'Wlii8fl1188flri1'1'1, .total exercise workload, tl"lmrurn11'ii' nitrate 

11ill'llil~ !'I, tlfl"fl1llJ ~'IJ 81fl11tfi Iii angina 1 tJ1ul\Al'111~m~'W8U11i:iu m'hf1 qJ td at nl'IU 01.lfl ~IJ 
~1iii'fomM'11lfl 1urn1An1'!1ifwui1 N'tJ1tJ1una1J trimetazidine 1 111'1 tatJ~l\il'illfl acute 

" ' 
myocardial infarction (acute Ml) ttliirn1tatJ~l\ilvl1mh11v1fornTW'ill1illl'illflAru"iimtfi" 

Aru"m1iJrn1'il"ll'liffrni1ii 1v1t~m11' 810urn11 'll'm tta "" N'u1tJ1 u n aiJmMa a nM0111tJv1<Mt11'1 
" ' 

w w 11 d • 1 ·~ .I ;d 1 w 11.lfl111fl1'11 'W 11wmrnmua~'illfl unstable angina 1l1'Willfl11 lJW1u1"1l1A8'WWU Iii 

1nti'tfitJ1ou1uvf~a81naiJ ( 41179 1unci1J trimetazidine triuuou 41168 1una1JmMaan) 
' ' ' 

J1MiJlilt1'lumrn1~1ii1mt11 (tiu tl11i1A11'!" A~u1'1' tl11i1'1181 t1'luvi'u) uan'il1nifN<1\il11'il 
' 

l'111M81tlfiuiilrn1 (routine laboratory safety parameters) '1Ja1J1a81n~1Jn:i11v1t tl~tJ'WltU<11 
1 tl'i!1nl'i1t~iJv1u 

'il1flfl11Afl1'11LL1JU meta-analysis ~111.111lJTiill;Jfl'il1fl 12 fl11Afl1'11~11'1l' trimeta-

1 ' ,,r,,, d "" . "'<V 0 <V ' 

zidine 'W stable angina WU111'11'W!Jr.Jflfllilfl11lJU'IJ81fl11tfllil angina ill'l11lJ'Wtl1l1Aqj 1l1'Wr.J'1 

ma duration '1Jil1 treadmill exercise WULL m LUlJ'llil1fl11tvl!J 11ill'l 1iii:iil'mhl'1i;ym1a1iiilttlii 

' 1 24 81'111 Iii 

'il1flfl11flfl1'11LLUU large, randomized, placebo-controlled trial 1u~U18 acute Ml 

'ii1mu 19,725 111'1 wui1rn11'11 trimetazidine l'111Mflilliltlfolilvi1t1'lm1m 48 i11fo11ui1~ 
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intention-to-treat fll'JAf11'11ifliii'tl5oM 1-HL ihJ1i"Ll 'W1 hh1 lunTrn•Hl\il'Jl\illtl (LL!ilhii'.h)mhflty 

m"ao&\) LL!ilwui:imhfityV11-1ai'iiiilrla'lt\il'Jl"MLLuu protocol group (13.34% vs. 15.10%, 

d1' .r~" p=0.027) lli'l"ll-ICI l-11.Jl'Wl-ll'W l-lfll'J•1f1HlllUU double-blind, randomized, placebo-

controlled study ~LW0H'i1 trimetazidine 1'i11i1'am'Jll'W" 1'Wfll'JBannla-1 lli'l"nmria'W~'il" 
LO\il ST-segment depression 1m1ru"~Yl\il5ilU\il11l-IVl'Wiilarn'Jaann1a" 1mh-1 post-Ml 
_,d _, 1-'1 ~ d~.J' 26 lui.'ll'l'Wllui.'I" u 'WVlf11'11-1Vl\il"/J'W 

L~ai1 trimetazidine aamrl'ltiiu8"~il1tm"iila LC 3-KAT <i-1i:.rn1'i11i1' FFA oxidation 

i.'l\ili.'1-1 L'limf na1:1-1 t dmZ1h~-1tl-l'um1~na famllmt VJ<i-11 'Wrn.,a-:l'1-1wa-1-111rn1nil''W i:.rnvl'-1n<i11 
" 

1'i11 i1't'lia'1iii'a"m"aan'llt11'Wil'al'lni1trla W FFA L lJmm<i-1wa-1-11'WVJan 'Wan111nif trimeta-

zidine u"a-1J:.Ji.'l'Yl1-1flill-11'i11lf glucose oxidation tvl:wif'W loil'Jl:iJn.J~l'J'WlltlM glycolysis (Ul-1 

fl1'JAflH1Wui1ilm1"1JC1-1 glycolysis tvl:wif'W
27

) ~-1:i:iJ:.Jmvl:1-1\il11m~a:w 11'1n"V1i1-1 glycolysis 

lli.'I" glucose oxidation J:.JaLmhOii111"a:w.W'Wilnu antianginal effects "/JCl-11'111iil\il0 il11'lli'Wii 

VJ<nl'lfl1'JAflHl'Yl1-1\ilailn~LL'1\il-11i-1th"1lV1ilJ:.Ja"1Ja-1 trimetazidine mh" hnlilll-1 u-11:i.iii 

fl1'JAf1Hlll uu randomized dose-response trials 1'i11 VJL:i.imm'Jfltl'J•Lilmn1:wtlaa\ilnmrla 

1'1i1'W"/J'Wl\ili:l"1iii' 'Wan111nif u., 1:iJ:ilm'JAf11'11"/JB-1m 1 'W"IJ'W1"1'1-1iila QT interval ~"tl""l~'WlVJ <i1d 
" " 
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'it.I~ 1 Myocardial metabolism. ~1u'li'1t1"IHh'l1''Lill1'ViLL~<n.J free-fatty-acid oxidative pathway 1*1t1.'Y11.:I • • 
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~1'Utl'1'l"llth11"i1l11'Wllff<ih1 glucose oxidative pathway. CPT, carnitine-palmitoyl-transferase; IMM, inner • 
mitochondrial membrane; OMM, outer mitochondrial membrane; PDH, pyruvate dehydrogenase. 
~ 1 

[flw~an~1n Lee L, Horowitz J, Frenneaux M. ] 
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Carnitlne 

Acy! 

CoA ----..... jiflb\Ql&\dauo#j 

"itJfi 2 n1".ill1 long-chain-fatty-acid (LCFA) b"ll1ff mitochondria. CAT, carnitine-acylcarnitine-" . 
translocase; CPT, carnitine-palmitoyl-transferase: IMM, inner mitochondrial membrane; OMM, outer 

mitochondrial membrane. [rl'ilt1Eln'il1n Lee L, Horowitz J, Frenneaux M.
1
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Jil~ 3 Myocardial metabolism 1un11::i11~°ll11i1L~fllil. ~1u.U1u°lJEl.JJtl111'WUffWl.J oxidative pathway 1u 
n11::~ coronary blood flow Un~ ~1U'Yl1.J~1U'i111"llth'.11tl1ll'Wllff~lJ oxidative pathway 'i::V111.:i~Lfiit11111:: • 
°llllilb~tl<il [fl""VIN€Jn'ijJ1n Lee L, Horowitz J, Frenneaux M.

1
} 



32 Thai J Pharmacol 

A " 
0.48 

~ :a~ ·t ~'ii .. e o.36 

* l't :! c. 
·; :2 ft 
u b w' 0.24 • 
t'. < '5 

* ~§ ·~ 
~ o.A 0.12 •o 
~$ 

0.00 

0 ,,,.. JO·' IO' 10• ... 10• lo-1 JOO µM 
B Trimclllrldine r.<O 

f.r 
o.~o 4-Penfcnok Add 

~ ~ ·B 
•• e o.Jo 
'i:j,!! ~ ** ~ * 0 :E ' + * E ,_ , 
1::1<-:co.20 
:g u ·e 
:;;>~ ' 
~ P.~ O.IO •o 
~$ 
M 

O.ll<l 

0 ,,,.. 10·1 ... '"'' 10• 10• to·l 
IOOµM c .£ .-. 

0.21 T rhuctMiidinc (M) 
4-P<>-ntetioic Add 

·fj :s t .( ~ 
" e ·= ~ ; 0.14 

.. ·- J: 
u~_. 
gr~ :e 

* .'.l u ' .. ' 0.07 

I ~ . . " 

*~ 0.00 ' ' ' 0 IO' 10' "" '"' 10• 10• '"' !OD µI'd 
Trimetlli.idine{M) 4-Pcntenoic Acid 

1tlft 4 i:rn1~V<ll1~'llil~ trimetazidine ~il mitochondrial short-chain (A), medium-chain (B), and long-chain 
u 

(C) 3-ketoacyl CoA thiolase fi'l'l~ffil1JLuli'1hvm. ff~~n'lJ11i'.hrn~LLff~~ enzyme activity 1u1111"fijj 4-• . 
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Jtlfi 5 ~~.,rn~ trimetazidine (1 µmolll) ~" glycolysis (A), glucose oxidation (B), u~~ fatty acid oxidation 

(C) 1ui\1h1rnfi11~mlfu~'11u 5 mmol/L n~Lml bb~~ 0.4 mmol/L palmitate. 'p<0.05 bi'iuunu control • • 
{fl'ilNEJn111n Kantor PF, Lucien A, Kozak R et af.
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C7ontrol 10 µM (:0111rol 10 µt\1 
Trimetazidine 'T1·hnctazidinc 

~!.lri 6 Ho'lJ<l~ trimetazidine ~" glycolysis (A)''°" glucose oxidation (B) 1m;;1h'i\Ufl'i\~1lb~Ll~~1Ll 5 • • 
mmol/L no1mi llG" 0.4 mmol/L palmitate lU'lJm"fl~nrntlLl1ii11111ii'11l11"'lJ1~1~il'11'1mN1 coronary fiow • • 
rate l'i\ail 0.5 ml/min 1ilmrn"1101 60 mi'i. •p<0.05 1i'imJnun~~mumJ (control) [fl~<wno1n Kantor 

' ' 
PF, Lucien A, Kozak R et al."] 
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A NEW DRUG FOR AN OLD DISEASE: 

STRONTIUM RANELATE FOR OSTEOPOROSIS 

.l' • • 
1 u t1 'il'i!U'U il um fll1W'IJ fl~ 11fl fl1"1il fl w 1\J ri1 a~ii LL u11 il' J.J i'1''1J 'U Yl~ih 1'J 'UN <lJ.Jl'ill fl ~T'U1 'U 

~ q ... q ... 

~~~ai~ii L vlJ.Jmfl7i"u ati1~ hnlil1J.J 1 mh"rn~'Vlf11111'1~ ~1u mll m1Yi'uwumLLa"iilm11mti 1vnJ 1 

J.Jlfl 1Jl!J~ ii thd~'Vlllmw 1um11fl1'1111 fl ~~ua fl'illfl'il~°1l11'1a lil aum m1ru'IJ a~ fll1 Lii lil m" lil n Mfl alilm1" 
' " 

nwwamw LL a" a1il11 fll'.I tifo1l1 lil LLa1 ii~"1i1 l'I L vl J.J fl rumw1l'i lil'll a~ r.l'ti11'1 a lilm 1"~ flmau fl11 LLa"<i"~fl J.J 
' ' " 
111Jrr~ii"i~ Na 1 '11"1!1 l'Jalil m1 ~'l!Li'll'lm~ Ll'111'1:J n'il sfl ~11'1 

• d.l't '1" 1. d d. • ·11. d ·1 m"lilfl'V1flLWJ.J'IJ'U ill'll~ 1fllillJ.J 'U'/i1~M'V11'11'.l'.11'1'V1VJ11JJ.Jlfl11J.J1fl11J.JL'lll 'il 'V1J.J 1Lfll'l1fl1J 1flfl,,lilfl 
" " " 

W '.l'U Lfl lil7i"IJ il ti1~ J.Jl fl J.Jll'I fa mu Wl" il ci1~~~ L~ 1'1101J W I'll ii fil LU lil'IJ fl~fll '.I Lfl lil 11fl 11 J.J .r~ N<I fl11 
' 

LU~l'llJLLU<l~'llil~fl1"1ilfl~Liilil1i"'U'illflfll11n1'11 rh 1'V11u'i'.J fl.1'1. 2001 i>YL~l'l1'1ilill~l'U hflm"lilflW1'U'illfl 
'U 'U v ... q 

i1fafl'\i~1~iim1L tl~t1u LL tla~f'i1~1n lilfl11J.J'll a~ 11fl m"lil flw 1ll 1 mJ7i"ll 11ilt11 'li'fl1~1nlilfl11J.J'IJ fl~ 11fl 
" ' 

m"lilflW1llllL1'lum1J.JNlilUflUJ~Yhl'li'm1mL~~LL'.l~llfl~fl~"lilfl (bone strength) Ollila~ 11ill'I~ bone 
" ' " 

d z • ·' 1·'" d ~ . d strength 'Vl<llil<l~llll'il"lilil~u1"flil1J ulil11'1 BMD 'Vl<lliliNLL<l"i'V11flf!ruillW'/Jil~fl1"1()fl (bone quahty) 'V1 

a•rn~' 

f/JWii1'"1ryv<Nf)Wfl1'1VflW't)fl (bone quality) 

1'wilWlil~~TWIJl fll1llJ'ilUl'l 11flfl'j"lilflW'.llJ'V11fl fll'.IUJlillillJ.J N<l'llfl~fll'.11m-nil'll ilTW 1 myl1'n'il" 
" ' 

l Vl!Nilril~ LWl'l1 LLaJ'il" L l'lll'ill fl11U1" dlll ~~11'1 ""lil1fl LL~ ill'i!iiil il~l n lil 'V1 <lll'IU1"01111il mu Wl" ill'il~~~ 
Ldil1ilf111J.JaJ.Jwllff'llil~011Ltl~t1mL u<M BMD num1tiililfl1"1ilni1"flwu11ii m1J.J aJ.Jwlltf L Vlt1~-l'ilt1a" 30 . " 

t :: 91 .,. d <V a.> 1 cfV d I 1 V .l' 
L 'Vllll'U LL<l"'ill fl'IJ ilJ.J <IV11~1"1Jllil1'V1 l'Jllfll'l1 fl1J fll1'.lfl1'11 11'1 fl'j"lilflW '.Ill J.Jll il J.J <l'Vl'Wlilll 'illil~ll 

... ... q 'U 
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1 V Q V1V~ d V10 
Wll'lleMfll'l 11!'1llHilfll'l<llll!'Jfl'l"i(Jfl allJ1'l(lllflf1l'lLflfl'lliNfl'l•l(Jf111fl fl'l'M 1l'I BMD !'I<! lJ 

LvllJ~u111mvllJ~u himmYn 

- mTl'ni,i1l1fln1"flnw'luiii'1l'lm~~1-:i'llilflnu wui1mm'l(lilflfll'lLnflm"flmZn 1fl'1n<i'Lfil'l-:i . ' . 
.,, 91• .,,. ~ .J' d ' .,, c:i .,, d nu LLlJ1Til"lJfll'lLWlJ'llU'll<M BMD l'ILL\ilfl\ill<lflUflflllJ fl<l'1l'll<l'YI I 

""Lilu 1iii'i1wafll1L tl~tJmLtla<1'11<J<1 BMD ilva'11nmrn1l'lmh-:i \i-:il'i1 hl'ilm1iJauhL~!'l1nu 
1 .J .J ~I v .J ' • 1 • q o ,,: .,j' ., "1.d • I 

flil fl <JU 1m uUWil'illflfll'j'jfl'i'11 'll<l<Jl'il<l<!Wil'Yll 11fl'l"i(JfllJfl1llJLL'IMLL 'l<IL WlJ'llULLlJ1lfll'lL uil!'IULL uil<I 

BMD 'il"U<11liif \ii L'i!U n \ill lJ LLll"flil 1niJ <ll'ililUmJl'Yl51ri'i:y 1 U fll'lU <l<lrlU fll'lMfl'll <l<lfl'l"l(Jfl 1W ~-:i 1 u 
_.,.. ,,,,.J, 1.J·1'/,/ .,,. ,,:; .r .... d "<I .,,..J' "' 
U'il'i!UUL'll<J1lfl ll fll'l'Yll 1111 'l"fl fl lJfl1llJ LL 'II<! LL 'l<llJlfl'llUUl'il" Lfl fl'illflfll'jl'Jfl 'j" fl fl lJ fl (lJ.fllW fl'llU.f11!'111 ll<I 

q ... ... ~ 

1 M'm.,.l'ni,i1 

Studies ilBMD (%) Reduction of fracture risk(%) 

PROOF (Calcitonin) 0.5 36 

MORE (Raloxifene) 2.6 34-49 

FIT! (Alendronate) 6.2 47 

FIT2 (Alendronate) 6.8 44 

VERT-NA (Risedronate) 5.2 41 

VERT-MN (Risedronate) 6.3 49 

mh-:i hnfl1:w L \'Ju~mw-l'ui1m'l-l'nm hfln'l"flnW'lmf uil1'1iLVl!'1<1LL~flLQW1" BMD 111a . ' . 
fl(lJ.fllW'll 8<! fl'j"fl fl L rhif u LL~iii' <l<lfll'U<l li<I Wil 1 Ufll'lU a-:inu fll'j Lflflfl ""fl flM n 1fll'I LQWl" mh<i~<!~ fl'l:\il fl 

q ... ... ... 

"" 1 wn111a fl'l"i(J fl <lu11 a-:i LLil"~51ri'i:y 1 tlni1Ju Wilfll'l-l'f11'1l'il"W <J<l<lllJl'j(l ilfl B\il'llfll'lLfl flfl1llJ 

L~UU1!'1 B\il'llfll'j Li'll'l!i'i (ii LLil" fll'j L flfl.f111 rnw w amw 11 lJ iii'1 !'I fll 'lU<M nu fll'lLfl flfl'j" fl flM fl Ju ii-:i:il ' . 
il'il,(i!'l li 1111 ill!'I a ti1<1~ LVl m L~!'l1V <J<1n Ufll'l-l'm,n h fl fl"" fl fl w 'lU a1fh -du fll 'lU a-:in u fll'j11 fl a lJ f11llJ . ' 

d A'I ... 1 A I 0 .,, d d ..,,. ' d 91 ~ "" 'I.I d I 

L'i!Uu11'J11'l<J 'lflu'l:'ill\il1<JU 1l'I <Jl'illJ<l1ULf1!'11'118<1 U <Jfl'illflUU fll'lW'llJ<l'll<lf11llJLL'll<ILL 'l<l'll<J<l'll<lfll!'I 

1liil'il"L \'Ju fll'l<J a fl fi1a<1tll!'I fll'l'rutl fll'l'Yl'l<!!ii'1 fll'l L vJ lJ f11llJ LL~<! LL 'l<l'll<J<I nallJ LU 8111 <JLLif fll'l,(j' fl 

~<ILL1fla a:w~ mm"a:w nil<hu51ri'i:y 1liiI <Jl'J 1tlnilfll'j1 M fll'l-l'f11'11 !ii'11'JW11'J!'ll !ii'-:itl'u n11-l'ni,i1 hfl 

m:\il nw1u 1 u U'il'i!Uuii-:i!il a-:il'i111mtJ ati1-:imrni nu 1tlLvJa1 M'iltl1dll'lfi waa-:iafl 
... ~ q ... ... 1 
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'l::nnu 1rlmh~ hi11 vu T-rn nwlilnw1u " . 
1 ~ 1 "' 1 • 1 •q Q Q1 "' d q ~ ' d ~ fl!J1'11 Ui:.Jthl'I 1flfl)::flfl'l'ffu:!Jfl'J:: 1.Jl.Jillf111r.Jf1Uflfl fl 1 i:.JU11'J'J::IWl.Jfllfl11flflilLIHll.J 

'I.I ... ~ 'I.I 

m::wmfo Lflfl~'l.l~~Ln fl'Jlfl au~ I 11W 11iJL WU~ 1amJ' au NU11'JU1~11Uill'Jii illf111U1flm1'~ 1wu hhn1u 
'U q q 'U 

111111w~~ll'mnwv1flm::wfl<l1.1mi'~Vifl11"lauu<M 11"la 11.1rn~111'Ja1viimi'~ 1ri~11"la1h1~mM 11.1i:Ju1u~ii 
q ... ~ 'U 

<Jlfll)LLi.'l::iJl fll) Lill fl~~~ fl i.'i11 ll' fl hi Yi ilU ii ikym 11.1 f111lU'J \Ju 

a1111u i:Ju1u~hrn fllf111111 il fllfll) Lll'f fl~ 1w 1 f111lU'J \Ju 11fl fl 1:: fl flW 11.1 vi' a~ ill Al'J fll) 
" " . 

QJ .., .J d .... d' """" QJ ... 

W11'J1flBMD fl11'1Lfl1il~ dual energy X-ray absorptiometry (DXA) '15181Al'ILfl!U'l1f1111'l.l'Ji!U!JeM81flf111 

il 'l.11 ifo fa fl ~1 if" 
"'4 ~I d<:.1 !V 1 1 .J 1 

1. Established 1118 Severe osteoporosis Lu'l.lfl11::'Yll.J BMD 'l.lill'Jf111fllli!i.'IU!Jil1fl'l.ll'lljU1111 

(tl11en~ 20-40 u) 1n1.1 2.5 l'i11du11u1.1mw1~11.1 (T-score :o;-2.5 SD) 'i1unuiim::l(JflVlflLOfl~'l.I 
~I da1 "' I ' d ' :::'I "" I 2. Osteoporosis lu'l.lil11::'YIJJ BMD 'l.18Ufl11fllli!i.'IU!Jil1fl'l.111ljU1111 (en~ 20-40 u) Lfl'l.I 2.5 fll 

d 
LUU1LU'l.ll.Jlfl1~1'l.I (T-score :o;-2.5 SD) 

... ~I d..::1 .., I • d ' 
3. Osteopenia 1118 low bone mass lu'l.lil11::'YIJJ BMD 'l.lill'Jfl11fl1Li!i.'IU!Jil1fl'l.1'11ljl.J1111 (al~ 20-

~' "" . d '1 '""' ' d ) 40 u) Lfl'l.I 1 fllLUU11U'l.llJ1W1;<jllHLW lJ!N 2.5 flllutMLU'l.ll.Jlfl1~1'l.I ( -1 SD< T-score > -2.5SD 

m1m~u1!J 81m11il w fl1::fl fl VJ fl'J1fl 11fl fl 1::w flw11.1mm1au8fl1vi'~~ aw vi'11'11w BMD 'Jlfl 
.. 'U q ~ 

" ' • d Q ' 'd '1"' d Q f111•1f11'11WU11 01 BMD 'Ylfl1::1(JflU1L1!UW111i.'lfli.'11 I fllLUl'J1LU'l.llJlfl1~1'l.I 'J::'Yl1 11Lilfll<l'Yl'J::lflfl 

.,_, d "" ;f, d. .J' • 11 d .:' d: .J'.,, ""' 
m::l(Jfl'11fl'YIU1L1!U'l.l'l.ILWl.J!J'l.I 1.4-2.6 L'Yl1 (W1111'Yl 2) 'l.lilfl'J1fl'l.I BMD 'Y!Wli.'M'l.11Ml'f1lJ110UilflO~ 

fl11lJ 1~m 11.1m11f\w m::w fl VJ fl~u'l 11ru~hi1vi'1w1wuw1~ 1vi'vi'1u 
12 

" 

d .,j Q ud~ 
W111~'Yl 2. Llllfl~fl111.JL<IU~ (relative risk 11a:: 95% confidence interval) !Jil~f111Lflflfl1::1(Jfl'11flllJillJf111 

i.'lfli.'1~!181 BMD 'l]fl 1 1 l'i11dm1U'l.llJ1W'i;jl'l.l lflffl'hf1111w~~111'11U~Yi1~ jtl'l.I 

Sites of measurement Risk of fracture (95% confidence interval) 

For ea rm fracture Hip fracture Vertebral fracture All fractures 

Distal radius 1.7(1.4-2.0) 1.8( 1.4-2.2) 1.7(1.4-2.1) 1.4( 1.3-1.6) 

Hip 1.4( 1.4-1.6) 2.6(2.0-3.5) 1.8(1.1-2.7) 1.6( 1.4-1.8) 

Lumbar spine 1.5(1.3-1.8) 1.6( 1.2-2.2) 2.3(1.9-2.8) 1.5(1.4-1.7) 

11iJi1m11w BMD vl1U DXA 'J::11'11.11li~~<lfl 11.1U'J'JU'l.l 1'l.lflTiUilflO~fl11lJL~U~11.1m11ilwhfl . ' 
~ 0 "" .... d '"'""'.., 0 .... .J .J .... 9J ..... 

m::flflW11.111lJ'Yl~'Yll'l.lll'Jf111Lflflfl1::flfll'lflflW11.J Llflfll.J!Jil'Jlflfll'l.lil~'J1fllfl1il~1fl BMD fl1U DXA EM 
" . " 

1 •Q • ..J <:!I ""' .J ... q 1 '1 ' d " 1 " ~ l.Jl.JLIW1'11altl lfl'i1NJJ<JlJ11flllLW~ Lfl'l!NlJil!J!J'l.llfl '1111J 1.Jll1lJ110Lfli.'l!l'l.ltl1tl fll'f•fl1fl 'l.lilfl'Jlfl'l.11.1 
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i'.ltyvn 1 u m'ltl ""L:llu Na rn 'l-l fl111 LL <1"~ iii A'tywu11 LLii'1 u ~~ m ii Tm v11m'lmT•1m LL vi !i'1 ~ i'i'lm1vii''I 
• d • 

hirn1u'llathlll um'li'i'llil'l1•·vm flm<Mv111 Vi' ~u1tJm a'ILatJvh 1'1N1tJ toitJ hJ<ii1L 1'lu ua fl\11flil ~u1uwa'I 
" " " 

'llil'IYll BMD mh'li'.ill'uii1A'tym'IY1llilfl 'Yl'lamh1iintl'm1d'IMa fll'lllilYll BMD •"1:1Wti'l"1ti'llu1u 
~ .I " ~ 1 ' d3' • ~ fll'llillil\illlJu'l""'YJij[ll'W'lliMf.Ji.1 'U'll1'1'l"tl"L1i'll'Yl5'Uf111 6 Llilil'U 

\11flfll'jAfl1"ll II m~ tl1nuLl'l'l1"~ 1'115\il { 51ill'jru5'11'11 il'I fll'lU il~ n 'U LL<I d' fl1"1 L 'l li1 fl"" li1 fl 'W 'j 'U 
... ~ 'U ~ 

u•li'u 11i1i'J•li'u'Yld~.,1amflfl11'i1lJm1u i'1 a 1 l i'.itl.,"1iii'lla~m.,Lnliln'l"lilnVi' n 2) ii n1'lLnlilm"lilflVi'n 1 u 
" " 

tyliiiill!'llil'l~ 3) \)U'Lj'YI~ LLi.1" 4) tl1'Ylunm1~1n-J1 57 nfon-llJ cl1wl'ulm1'W1'Ylu1mv11m'lAf11"lL~mnu 
wul'Juti'l"ll'YlilN<i'lla~m'lil a'lnu Lrn"-ln111 t 'll'I m"oinw'lu ~'I 1m N<l5illilli1<1' a'lnu mh1i'la a1tJ'llil'l<llil'l 

~ "' ~ ~ 

1'Wli1'W1'Ylu 1mLLrl The Osteoporosis Risk Assessment Tool for Asia Research Group (OSTA/4 mi" Khon 

Kaen Osteoporosis Study Score (KKOS)
15 ati1'1 hn1>nlJ \llflfll'lAf11"11'Uli1'U1'YIU'WUllfll'l 11i' OSTA 

index V'lii'lla'51nlil 'li''lil'L da'l\llflli11llJill!Jl'lfi 1 um'liil•uu hli1m"lilfl'W'l'Ui'.iY111i1'51L 'Wl" (specificity) " . 
LL<l" positive predictive value Yiau'll1'l~l (~20%) '1i',iJa1\ll1'lmw'll"fll'lWWJ'Ul OSTA index ifua1u 

1'YIajl1'l'U fll'lWWJ'Ul\11 fl'YI mu l tf a'll1iii1 'U U'l" l 'YI l'l ll fJ \J Lill Yiu ll!l"U'l"'lil n 'j a1'U1 'YI aji'.i l €a'l11iii~'U~'I ill\I" 

li111lJllWflvll'l'illflli1'U 1l'JtJ 16
'
17 '11'Y1fo KKOS ifm1'l'Wfll'lWWJ'Ul'illflli1'U 1mi'li''li'U ati1'1 hnw1lJ KKOS 

score l 1'lu fll'lWWJ'UlillflU'l"'/!111 'l~illA!'I ati1m'llw'l!uum1'Jua1u 1 mu m'lif um'ltl11 t11 ii1 utl'l"'lilfl'l 
" " 

lnu LlilmY11tl l'l'lmil'l'lilfll'lAfl'l,JlvJil 1ti '11'Ylfo KKOS score if umm'lfivhu1ru Llil!'IUl N!l'l1lJ'llil'I score 

'il1nmmla"tl1'Yltinlll'lllm1M b'1 uw1'l1'1~ 3. ii'1Na'l1iii'.iY11 ::; -1 li'li11ll'i1 umii1~Y111m~u'l5'11 um'llnlil 
~ 'U ~ '\/ 

t , vd Q J 1· I• ~I • d Q .j J 1 ~ l 'll'lfl'l"Wfl'W'l'U <l1'Uf.J'Yl!Jl>J<l'l1lJ >-I 'll'U u'il\illu'Ufl!llJ'YllJli11llJl'1U'IW1 'Ufll'llfllil 'll'lfl'l"lilfl'W'l'U 
'U ~ ... ~ ... ~ 

(w1'l1'1~ 4) ii1'Ylfow~1lu1umi1JY111m~1Ma'l~'li'.iY1111Ju1'il"l1'lu1um'llnlil hli1mnn11 so% aw1'la 1 Vi' 
'U'U q ... 

fll'l-ln111m1t11111mrnULli1!'11ll\I hJ<ii1l1'J'Um1l'l 1mfon1'lW'l1\lllil BMD rlfl'U a1uw~ati1una!Jli11llJl~U'I 
" " . 

t11unm'IY11'l 1m'fom'lw'l1'il1'1i1 BMD riau lli1"ii1'Ylfow~au1 una!J m1m~l'M~1wu11i'.im11Jli1""l 1'lu 
" " . 

1um'lLnlil hli1Uil!'lflll 20% m'lif u 1uwlJ1unalJiJLiJi'.im1lJ'51l1'J'U1'Wfll'lW'l1"llil BMD " . 
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d . 
lil1~11'11 3. KKOS sconng system 

Age (y) Score Weight (kg) Score 

<45 + 7.5 <30 - I4 

45 - 49 + 6.0 30 - 34 - I2 

50 - 54 +4.5 35 - 39 - IO 

55 - 59 + 3.0 40 - 44 -8 

60 - 64 + 1.5 45 - 49 -6 

65 - 69 0 so -54 -4 

70 - 74 - 1.5 55 - 59 -2 

75 - 79 - 3.0 60 - 64 0 

80 - 84 - 4.5 65 - 69 +2 

85-89 - 6.0 70 - 74 +4 

>90 - 7.5 75 - 79 +6 

80 - 84 +8 

85 - 89 +IO 

> 90 + I2 

lJllil~!ijl'il'!IB,1u11~1J<l11~ihifBn1&iL111"LWl'lL&imnu (T-score) oi1tmll~~iit11J1'lil BMD 1~tLfiu'inru 
'j' W' "-'CV d \'Jo ,,J.,_ W'1'Uf OJ,.,. 

m"lilO<l"1WnL!1l"01"1ilfl<l'ill'l!N1"1ilUW1 L'i!B,'illnL 'illil1Lll'l'il,'11Lnlilfl1"1ilfll'lfl lilUBtl LLa"tMWU111J • • • 
l'l111Jlim~·uii'nu1111Liililm1"'11wwamw LLa"1111tiluil'liiilln~1u "·" Lliluvf11u11"L~1J1 'li'1111-lm;itrl B 

' 
~tbuilfl1 T-score :::;.2.5 SD mh' hnlill!J 1111iillila'il 1111'1i'1111-lnmil1~1'11il,mw1"fl1 T-score mh' 
L&imL'l'hifu 1i1111'11iJ,(j,iJ11~1'1~'il 1-:i11J~11'1 B1fiL'liu Bll'l'!IB,NU1U u1"1'&\1111LOlilfl1"lilmfo1u<J&iiii ' . . 
h1i1u1"<ii111l1'!!1MN'il111 il11~m~u,'!IB,1111Lnlil hl'ln1"lilnw1u (1i1111~~ 1) 111J..f~m1Vi1111ru1li~Ll'l>H . . ' 

.I ' 'd 1 • ~ •.-1 ' • ~ J' d 1 ~ ' • \'J • 1 • !'j1'il"LL!l"u1"btl'l!'i!LIJB l'lfl111flH1~u1tl111Jlil1tJ '11~'UL'il1M'il10 'ilfl111flH111flfl1"1(JflW1'il'il1t 'illil<l' l'l 

1111-lnm~ m ~iML \'Ju1"u"n<11mu mrn,11T1~1'1!'1 u1111-lnH1il111i11Lt w' iil,if u 1111-lnH1N'u1mt~a" • 
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lil111~~ 4. l'l111JU1'il"L1'l1J (Probability;%) 1urn1LnlilLWIO'l"lilflW'j1J . ' 

Probabilily (%) 

Age(y) 

Weight 

(kg) <45 45-49 50-54 55·59 60-64 65-69 70-74 75·79 80-84 85-89 > 90 

<30 58.7 67.4 75.0 

30-34 47.5 56.8 65.6 73.5 

35-39 36.6 45.6 54.9 63.8 7l.9 78.8 

40-44 26.9 34.8 43.6 52.9 62.0 70.3 77.5 

45-49 41.7 5l.O 60.2 68.7 76.I 

50-54 39.8 49.0 58.3 67.0 

55-59 38.0 47.1 56.4 65.2 73.I 

60·64 36.2 45.l 54.4 63.4 71.6 

65·69 43.2 52.5 6l.6 

70-74 32.6 41.3 50.5 

75-79 30.9 39.4 

80-84 29.3 

85·89 

> 90 

Bold and italic figures: "high risk", bold figures: "low risk'', normal figures: "intermediate risk". 

11::t11::1iiue.mnn{m11afiH h 
~u1tJ 1.,lil fl1"lilflw1u aHmwrnL wl'lif w1tJa1rn1LL"" a1rn1lll'11i11~LL1ilflm11nu ui111am'illl . . ' 

il1fl1111JLL11 iJ'm fi lil'il1fl1111" ll i'11 fl'liil1J~ Lnlil'lf 1J'il1fl b Iii Liu fl11 LfJlil fl1 "Iii fl ti fl ill fl111.J1Iii11 a1 L'i'a-J'1 ' . 
111aui111aa1'il'il" 1iJllmmT111aa1m1Llllii1111i1 1 L wt11LLmm1'ilwui1lJ BMD <11i1<11il1flrn1m1llw1a 

llil~a1 DXA vi1tl'u m1tJ1"Lilum1-lfli;1~u1mLm<1"11a~1lJ m1mllilflm11nu 1 tJ Llilm:h 1 tJuaflillfl'il" • 
th"l:il1Jil1fl11 il1fl11LLl'llil1 lll'lrn111i111'il-i11mmL;;\'1 llWi'ltJl'l11Yl1fl11&ilillil11J11il BMD j')fl 1-2 u 

' 
-1~.,, '0 

ll11'J11l'l1 11fl111fl1'1Y 

1 mJ'il'i!UlJ fl11&ilillil1J.Jfl11-l'fl1'11 Lliltlfl111il11\l11ilvi'IJilfl11l'l{11111aamt1fl1"1ilfl (bone marker) 11'1 ' . 
hi L l'Ju~ll w-i11a1t1~1llLii a1'il1fl li11i111llil111i11LL w1Lla::ii111\l 1wLllw1:: 1u111L~t1u LL wTiif a!i1111nii11J.J 

Z - ~.I ' fl 4 '.'I ' .J ~ fl111i111\l bone marker lJ1Jmil1\lJ.Ju1:: Ltl'IJ1J L 1Jfl111illillil1J.l~u1tl L 1lilfl1"1ilflW11Ji'lJ.Jfl11l'llill'l1'1J il1J.11l'l . . ' 
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fl1"1(JfliHh~·nlilL'l1 (high bone turnover) Ltlu hflfl'l"i(JflVquvlflfl1'l1'1l'tnfl~fofla{iiiAat1vi' 
J<J'.,j' 1 v '.> 1 .Id .I v 1"" J' (glucocorticoid-induced osteoporosis) INUL 'W a!l1 ti Ufl1'llillil "u 'ii Lu i'ltlULL u<N fll'l'lfl'lfl Iii L 'J1"llU 

d ..,., ~ 1d _I "' a.s w 1 v _,.,. ""' ~ 
LU a1vlflfll'jliJ lillilllJ fll'j L u<ltlULL u iOM!l a1 BMD illtl'Vl<l~fll'j'jfl tll'il"lil il1 !lL 1 mmnmlil a U'\11'\I" L VIU fll'j 

LU~l'IULLU<l,21 

t v "I • 4 "' - "I - d 'jfl fl'l"lil fl W 'JUilll'IVI <!'VI lJ Iii u'J"vl Llil au (postmenopausal osteoporosis) L u'W 1'111 lJ f,J Vl u fl Vl YlWU . ' 
1 .. d d. - - ,., d' 1·- d J'1 

mrnum1vi '11L11<iJY1"11'H\!Lfllilvlflfll'J!lllil flil'J L!J'W estrogen '1l1m l'Ja VIL fl Iii fll'J<l<lll'lfl'l"I(! m WlJ"ll'W u 

am'll~lJlfl ffllfll'l<lfl1fl'l"lilfl (bone formation) l'nl!J 1.i<llJliliOI~ Lnlil1f mi,l'la 1 lf BMD iO!liliOl'll<lnnm . ' 

hA?i'u m~1 iii u fll'l-l ni;1mm'l mt ti' a an 1!ilt \'Ju 2 U'l"LilYl lm1h 1!ii'ttri I'll~ a Iii n1'J<1a1un'l"I(! n 

d d 91 ,J d I 'VI 

(antiresorptive agent) lliOl"l'llYlLWlJfll'J<l'Jl1"lla'fl'l"i(!fl (bone formative agent) '1l1Ylm'WlJllllJ1ll'liOl"lla' 

m'l-lflMlv"&i1 t1'l""1uV1~' LLvl ~i'fo:ihh:ri11n lilm'u "" fll'j a1fl L tlu ma Iii fll 'j aa1u fl"" Iii flUl' fl ti !J <11m 'j(j . ' 

"' . 1 • - • " . 1 • ~ ' " 1· 1'
425 

' L uU'J"l'l"L1"1UlU a1vYJl VILflliJ'ji)l'J'Jl1"llUllil Li'lflLLO!"Yll VI fl1llJl'llilVl!j'W"ll a' fl'J"I(! flL"l'I u · . <11'Wl'll 

tvllJfll'l<lf11n'l"l(Jfl ttlu parathyroid hormone (PTH 1-34) tl'u wui1mm'lmvl1J BMD 1!il&imflllill'lfll'l 

d ,J ,.,. d v ~I <V16 .,,,t c:::1w• 91 <01 

L'WlJ bone remodeling '1l''WU1llJl'liO!Ylfl'J"U1'Wfll'J<l'Jl'fl'J"l(!flLuUVIO!fl- Vl'UU ""LVIU lil1llll!Jfll'J 

-Wwiuim 1 Viii~ il mm lilfll'l<lml'I fl'l" l(!fl Lrn" L vl !J fll'l<lf1, fl'l"I(! fl 1m1 m L&i mil u i11"" L \'Ju l'Ja &i mh'~~ 1 u 
- t ,J -"1 .,, .,. d .£,?; .d .., 

fll'j'jfl'tll 'jflfl'J"l(!fl'W1U 'll'U"'lUU !J l'llYl ;;\llJl'j(l ail fl!)YlomaliJfl1'j<fiO\ll'Jfl'j" l(Jfl LLa"L w !J fll'j<f'jl~ 

fl'l"i(!fl 1 unmL&imnu ~' 11ii'LLri Strontium ran elate 

• {27·29) 
Strontmm ranelate (SR) 

"' dQ '1 - l ' Q' .I Q • • Strontium (Sr) luU trace element ll!Jill'I UiJ'J'JlJ!llVl Llill'l'WU1l!J'11'Wu'J"flilU'lll'LfllJfliO!ll'lflU • 
Llfl aL 'lJl'JlJ Lta" LL!J fllJ L 'lJl'J!J <ll!Jl'J(l'WU 11iil U illVll'J J'1 iii'W RlVl-lU 1 u ~l' flll'llJUBrJ<ll!Jl'J (]'WU llill U 

' 
J' d ' 1 ~ -~ t ' v 1 ~ "I 27 LUilLl'lilVll' 1 ULO!illil .. u LLO!"fl""l(!fl lill'l'WU1l'l"lilU Sr ULO!illil'il"u'j"lJlru 0.11 - 0.31 µmol/L 

1 ,., 1·· ' - dt ""'' d><.J ti ufl.1'1.1790 Adair Crawford lilflU'WULL 'JiJ1"1'1lUlil'VIU' lill'IV1''1lil11 "strontiamite" 'll~Vl,!lilVlllJ 
' 

0 I d J; d ... d,, d,,.,. -1 ~ .. d,, ~I 
VllLLVl'W'llWUfl'J' LL 'JflllL VllJ il'Vl"fl1'11LlJil' Strontian u'J~Llll'l<lfl ilVl LLO!Ulil vUfl'J~ll'u fl .1'1.1808 Davy 

<ll!Jl'lmtl'lfl strontium chloride ililflm1!il ~,1A1'1l'aqJ<i'nBru "Sr" ,;Jlilatj1mdol<iJfl~lJ 2 :i'.1 atomic 

' v Q ' • t .I "' d number LlllflU 38 lLa"lJ atomic weight LlllflU 87.6 lill'lu'J~lJlru Lenherdt LuUflULl'Jflll'WULliOI" 

'Jll'l,1U1uu fl.1'1.1910 i1 stable strontium :i'.ll'JavJilfl'J"U1Ufl1'l<lf1,ttiOl"fl'J"U1t1<1a1l'lfl'J"lilfl • 
uamnfltl'u :i'.Jm'JAflBl"llil~ Shorr tta" Carter (fl.A. 1952) ~~t~ai1ul'il"t\'Jum'JAflBl~a1~qJ~'l'h1'11 

tfi lilfl11lJ<1t1h1 u flnih sr m 1 il'l um 'l-lflBl hfl fl'l"lilfl w'lu 1Vll'l 11ii'tt<IM 1 lf l'1'lui1ml'IV1a' hf . ' 
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LLYl<IL?il'JJ-J ath-:iL&itn
30 

1'Hl-'l'\llfl1T'W 1!lmu~ilfl11111'Ml'Wfll'l 1 ii' sa·ontium lactate 1 un11-l'n1'11 hYlfl1"~fl 
d 0 1 • 1 "'' vqu•1M'1llJ11fl1'11 ll<l\il bone pain \il. 

SR (Sl2911)
27

'
28

.J
2 

L1'l'W divalent sa·ontium derivative 1.h"nau.1'11'J stable non-radioactive 
.,J .,,.d cldl 

strontium 2 il"\ilil:l.JLL<I" organic moiety (renelic acid) '1MJ-J'1Jfl1'11''1LYJJ,JYJa 5-bis(carboxymethyl) 

amino(-2-carboxy4-cyano-3-thiophenacetic acid di-strontium salt [CI IH6N203S.Sr2] 1\iltJilm1 

<l-:iLm1nfY1~-:i1rn11uu YI.A 1988 m1"1'1L~J-J'111m1An1'!1 clinical trial 1u phase I, 2 tL<I" 3 1uuYl.A. 

1991, 1992 tta" 1996 \illlH'hlilu '1111-l'u strontium content 1-u SR 1ri1nu 34. 1% Lta"il molecular 

' • 1 d1 • • • 1 _,d 
weight L1'11flU 513.49 \ill'J:IJ Yl1-'li.111-'ILL'1"'1fl1-l<U"\il-'1Lti.1\il-'I 'W~u1'1 l 

" 
'" 

·oocli-IT CN 

0 AA 
OOC S N ~ 

"---

COO"~ 

~ 
coo· 

'\llflfl11Afl1'111'11-'1Lilfi''1J'1<1'Wl'lli.1\il{vrni1 strontium iJ bioavailability 27% 1miru"~ ranelic acid 

iJ bioavailability 2.5% SR il halflife tJ1"mru 62 ii'1 hi-:i Ranelic acid il Y1ruauiJ~1um1a"a11'J1m1''W 1.1' 
' 

~1 '1111ll'~lil?lu1.11i<imh-:itl' a!'I wui1 80% '1"~nilu aBn111-:i 1\il LL~ilu11rn11il1f1'1Y 1 um><J<lfl!J!'ltl'1JlM 

SR 11iltJci-:ir.rn1ll'L~lJ bioavailability 'IJ<J-'I strontium
27 

vlflfll'lAfl1-ll'WUi1n111ll' SR ~1J-JnULLY1<1L?itJJ-Jv" 

'1111ll'm11i11i1Ylm1\ila-:i 60 -70% it-:iii'Ldv-:iv1nn111i11i1Ylu SR ~a11av"r.huna 1m&imnrnLY1a1?itJJ-J ii-:iLiilil . . 
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i:J<l'll<l\I SR fii<ifl">:::lilll 
" 

flTlflfl'lfl lU111.lfllil'Vllil1.lcM bbi;'l:::flTH ¥11:::b~IN b'lll.l ;j" 

SR <11m1mvll-lflTli.1-:l'1~melilmb<1e<11ilfll>i.1<nt101:::liln" fat111<11n\il,if (1tJYl 2) 
" " " 

Ml 1n mn viunnif{n n->iornn 
" 

i.11"1"lmvll-! replication °llB,l'li<l<i° pre-osteoblast !11111"b'li<l<l osteoblast Lvll-l~U~''li1t11um1 

'li1t11mn>i.1"ll~ bone matrix, bone collagen fat11lii:Ji:rnmameu1urn1 mineralization 'llfl' 

d d '" d_, v l¥1l-! alkaline phosphatase activity 'li~lull marker 'Vl~li'l!]j'llfl'fl"l:J1J1Ufll"l differentiation 

°llB,l'li<la osteoblast 

FORMATION RESORPTION 
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!!Wfl'>,U11Jfl1'l differentiation '1ieML'llmf osteoclast .J,~m lH('IW<\l!J1'W mature osteoclast 

1wm~ai1i;l1'Wn<ilfl carbonic anhydrase II pathway ua" vitronectin receptor
37 

w ~ ' .J • , 1 .J 1 wd Fl1"1i(\Jfl11LflW osteoclast apoptosis bWm'llS1lf.Jl'Wfl8 fl calcium-sensing receptor 111WU W'YI 

' ·1·~ ' 3839 
"· 1.J 1 ' ' L'll<la osteoclast Yl1 11LflWfl11W11'JmML'llill1 osteoclast · 'W<lfl'ii1fl!J'Wl'l'WUfl8 fl1JIJ 1 'Wt'll<l<lm"~flLWl'I 

dw1' ~ .(dv 291'' 
'Yim 1Jm1UMfl111l1Jfl!)'Ylu'YlllWL\J'W WLLfl 

'V ,,J ' 'll .... 

SR fl1"1i(IJ calcium-sensing receptor 111i:'Ml'Jilfl'>"l'j'Wfl11'111~ inositol phosphate 3 (IP-3) 

L!il" n1,!il'W mitogen-activated protein kinase (MAPK) signalling • 
.fd ' 1 . SR 1l1'il'il"1l1lfl(j'Ylum'llal1 osteoblast Wl'll'J1\J extracellular signal-regulated kinase (ERK) 

"' 1 w w w signaling pathway Lu'Wl'Jil 11m"\ll'W cyclooxygenase-2 (COX)-2 LL<I" fl11'1111 prostaglandin E2 (PGE2) 

nT1i'ln111 hiG11'Ylw aa~ 

- m1iln111lmm!iu'5'fl1LGJL~1Ji'E1wui1 SR (20o-1soo 1Jn!nn1fo 'W11J 104 iuwTli') mm111 
w 

,,; 'V d CV <VO 1V d.¥40 
LW!Jfl11'111~m"WflLL<l"ilWfl11<ll11Elfl1"Wfl'Ylfl)"Wfl<l'W11<11 tNi;J<I 11 BMD LW!J'1i'W • • • 

• d 
WUl1il11J11aLWIJ trabecular thickness LL!!" number Llil"<IW trabecular separation 'YI tibial metaphysis 

Jj s :%.... ..,: .r d <I.I .,, 40 
'W1Jfl'il1fl'W\J fl11viflll1'WEl1WUfl11LWIJ'lllJ'1i1l~ BMD 'Ylm"Wfl<l\J11<11LL<l"fl1"Wfl femur • • 

fl11Afl1'111'Wli~ (Macaca fascicularis) wui1 SR (0.39-2.91 mmol Sriflnii'IJ 'Wl'W 6 L~1l'W) 

d "' dq ' 1 w • d 41 mm111awm1<1mum"~fl alveolar 'MLu'Wfl'l"~m'JIJ bone remodelmg 'W<lW<l1'W'Yl\j'~ 

- fl11Aflll11'WM'IJ'll11~iw11 l'li1111n (ovarectomized rats) wui1 SR (0.30-1.20 mmol Sr/flfl!1'1J • 
'W1'W 8 au W1M) '111J1111 aw fl11'1<11Ufl1"W fl 1iil 1 'W'lliln~1ll iJ fl11L U~U'IJLL Ul'l1fl11'1-l'l~fl ""W fl 

42 

• • 
'IJ1lfl'il1Fl1T'W ir~iJm1ilfl1111'W11'W~11nu11'lu 1ll'L~1l'IJ 11111l11w1wum11riL1l1lfl wui1 SR (3. 1 mmol Sr/ • • 

"" "" d.,, ,J~I QCl.J.., 

flfl/1'1J 'IJ1'1J 101'W) "11J11a!WIJ1"WU bone specific alkaline phosphatase ('ll~tu'IJ marker m111un11<111~ 

w 1 -"' d "' _. w 1•43 m"~fl) tlil"l'IW'l"WU hydroxyproline '1Ju<l"11" ('1Mlu!J marker a1'111Ufl11'1<111'1n1"~flbone) W 

fl1'jff flll1'Y11' 11 liil fl 

Phase 2 clinical trial: dose-ranging studies (PREVOS and STRATOS)" 

PREVOS study (EREY_ention QJ early postrnenopausal bone loss by SR) 

"' " 1 Qd d _, • ~ d w 1 . ~ 1 1 _, Q tu'IJfl11vifl'lfl !Jil!il1'Ylt 11J'l11JWu1"\J1LW1J'IJ'YIU~ !Jtfl\11 1Wn1,WflW1'1J '1Ju1"t'Yll'lt U<ltl'IU!Jtlil" • • 
.1"' • 1 qw .I < d " d w d dQ.I " ~ 1 
Wl~tl'l<l\J1'1J1'1J 160 l'l'W WUIJ1!illlu1"'1'11LW1l.in1'11!J'IJ1W1'11'111l1 SR 'Yl'W1JU'YlilW'YllJu'j""'Ylnl'Jl1 '1Jfl11 ' . 
1nm m1ilnmii'lw"lll'ml'W'1i'W1w I251Jn11''W, soo 1Jn11''W tta" 1n1'1J11'W1u'luutl'iuunum11<111n l11 

fll'lJW BMD 'Ylfl 6 t~1l'IJ\J'IJl'l'lU 2 U t!il"JW'l"l'iu biochemical bone marker l'J<lfl1'lAflll1WUi1 SR 1'1J • 
'11'W1W I n1'1J11'1J 11'1'1Ju'lmru~l111ll'iJm11vi1J~'IJ'll1l~ BMD a~aw lwuwui1~iil111ml1 lumbar spine • • 
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' . 
(L2-4), femoral neck LL<le total hip LVilJ~'U 5.53, 2.46 LL8e3.21% ~rn.Jii1iilu 1eiilu bone specific alkaline 

phosphatase i.'l~~u1u'YlnnalJ~1iii'1u SR LLa"i.'l~i.'llil1unalJ~1iii'1u'IJ1Jllil 1 n1lJ11u LLvi1iJ-wu\il11lJ ... . . ... . . 
LllilflvJ1~"1l<M1evlU osteocalcin LLile urinary cross-linked C-terminal telopeptide 'IJ1M type I collagen Lda. 

iuqlilfl11Afl1'11 uamnnif fl11Amflif1iJ-wu\il11lJLLlilflvJ11"111l11"vlU calcium, strontium, 25-hydroxy 

STRATOS study (STRontium Administration for Ireatment ofOSteoporosis) '
44

.45> 

t llum1fln1111uwiba~ii111i1melilfl'W11J'l1<i'~'l1lJlilU1eil1Liil1l1J 1 u 31 f11JtJ1mheL'Yl\>1LLllUtl11tl 
<u .... • ... • 

~ 2 1 ~ ~ . I ' ,.j g d v d d Q. f " ~ 1 <-2.4 SD (0.842 fl1lJ/'lilJ ) liltllJ11i1Qu1ei.'111ilL'Wil.ifl111"111Jlliltl1"111l' SR 'Yl1Jiltl'Ylqlil'YllJu1"~'YiiH·Ja 1Jfl11 

1n11111iltJfl11An111dl1i111'l'm1u"llmlil 500 lJfl/llJ, 1 nfo11u LLae 2 n1iJ11u Ltl'larnfiaui\'um'11a1ln 

vilfl11llil BMD 1111 6 Lii'iam1umu 2 U LLilellil1eiilu biochemical bone marker 11lJ'if~ liil':iln111i111'il X­

ray fl1elilflll1J'11<i'''i1lJvl1tl'Ylfl 1 ti Nilfl11Afl1'1l'WUll BMD ~ lumbar spine LLile femoral neck L~lJ~lJ • • 
lil1lJ"ll1Jlliltl1~1iii'fo llila-wu BMD i.'l'i.'llil11JfllllJ~1iii'fo SR 11J"ll1Jllil 2 n1lJ/l1J LLae:il51i111fl11L~lJ~1J • • • 
"llfM BMD ~lll1LL'l1lh lumbar spine LLile femoral neck vJ1lULvi1i\'u 7.3 LLile 3.1% lilllJii1iilu -wui11eiilu 

.¥1 .d1·~ bone specific alkaline phosphatase \1~"11\J lJl'!flfl<jlJ'Yl lil1U SR tlile urinary type I collagen cross·linked 

N- telopeptide pyridinoline (NTX) illilil~luntjlJ~lvi'fo SR 1 n1lJ!11J Llile 2 n1lJ!11J LLvi1li-wulil11lJ 

' Q.J .J £ s ~ s ..: ' ..J .... ·~1d 
Lllilfllill'"ll1l~1"1i1U osteocalcin LlJ 1l ~1Ji.'llilfl11 Yiflltl 1J1lfl'il1fl1J1J fl11Yilllfl'U'WU11LlJ1ll"llli.'lu'Yli.'11l~"llil' • • 
m1fo111 nalJ~liii'fo SR "11\Jllil 500 lJfl/llJ LLile 2 n1lJll1J i.'lllJ111lillil1lU~fl11rufl11Lfililfl1"1ilflll1J . . . 

LWa1-8'11il'l11 'U1lfl'llfl1Tuir~-wu1eiilu creatinine phosphokinase (CPK) \1'~u1untjlJ~1vi'fo SR 1 n1lJI 

1u LLile 2 n1iJ11u LLvilli-wu1i111lJi:l1i1tln~m~lilailn 

'illflNilfl11Afl1111 u phase 2 vi1l1'1111t1liii'i1"111Jllil"ll1l~ SR ~:iltl1eil'YlilNa 1 um11'n111~u1tJ~ Lnlil 

meliln-W1mt<i'11'111Lll1J"ll1Jllil 2 n1lJ11u • • 

Phase 3 clinical trials: 

SOTI study (Spinal Qsteoporosis Iherapeutic lntervention)
46 

tllum1fln111lu111ii'l~ffi1i'lmeliln-w1u'11a~'l1lJliltl1e\l1Liil1lm'hmu 1649i'llJ1u 72 Amflu 11 . . . 
tl1emALL11ua ht! Lrnetl1eL 'Ylflilili.'llii11LatJ 11iltJ:ilLnru'l11'i'lilLailni'laiila~:il ma~~tLvi 50ll~u1 ti iila~'l1lJlil . . 
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.d.J' oaJd<=l<VI aJ Q 

femoral neck tla" total hip l'Vrn'll'W 12.7, 7.2 LL<1" 8.6% lill!Jmlil1JllHH'l'ltl1JfllHl<l'Wfl1'l'lfl1'1l llarn BMD 

d '·"'1·~ .~ 'l'I lumbar spine, femoral neck m1" total hip ~~fl1lfl~!J'l'I lil'lUl'Jllrn<lfl 14.4, 8.3 trn" 9.8% lill!JallilU 

l ~ B~\Jlfl SR i'll!Jl'l!li.'l"il!J 1 'W fl'>"~ mta"ii wam a fl1'lllil BMD vli,f 'W fll'lfll'W1tl! llill'J Bl At! Wa'!JBi 

1.J'lmru SR 1'Wfl'l"lilflWUi1 BMD f11urnbar spine l~!J~'W\JlflriB'Wfll'l-l'fl1'!llla"a~fli1flcii.tf11iilfom . . ' 
'Haen 6.8 tta" 8.1% 1i11m!hiilu 

m1AflH1il'wui1 SR 2 n-l'i.tl1'W a1m111alilrn11Zfl1mi1la~fl'>"lilflii''W'Ha~~ 1 tta" 3 U1iil 49 • 
• ~ ~ d ~11 • 

lla" 41% lil1!J<lllil1J ll<l"<ll!Jl'l!lalil clinical 'H'lB symptomatic vertebral fracture 'l'I I llil" 3 u lil 52 llil" 

38% lilli.ti.11vl'u llill'Jii number needed to treat tri1nu 9 (1li'rn1-l'fl1'll 9 fl'W'1l!Jl'l!lUcNtl'Wfl1'l1Zfl1lB~ 

fl'j"~flii''W'Hai 1iil I fl'W) Wilfll'lAfl1'11W1Jil<ll!Jl'l!lillillZfl!J[)~fl'j"~ fl ~'W l'W<l m 'HU <l'illflfl'j"~flii''W'Ha~ 

(non-vertebral fracture) 1iil I 0% LtmhJiiut1'111'lt:ym"a1\&i 'W Bfl\Jlfl,f 'W ii"a1m111alilmrn1u11ii'Ha"tta" 

UB10'W h11ll'til'Ja" 1iiliilflilfl~!Jl'Jl'Hil<lfl SR '1l!Jl'ltll~!J marker 1J[)ifl1'li'l-l'lifl'l"~fl (bone specific 

alkaline phosphatase) lla"illil C-telopeptde crossed-links 1iiliilflill'Jl'H<!Bfl '11'H{uwai!1"ti'il'Jiwtd1flci!J 
' 

~1iilfo SR 'il"ii a1m1li'e" tlltJtiut1fli1m'Hae fl ( 6.1 dfounu. 3 .6%) . ttmci1'W 1mymrn11i.J1mn1trn" 

WUfl1l!Jlllilflml" 1 mbi 3 tiilB'Wll 'lfl!J<l'lfl1'jflfl1'11 ci11JWililliti'il'J"~'W 1131 ttlilflml"\Jlfll'Jl'Hil[)fl 

TROPOS (TReatment Qf !"eripheral OSteoporosis ~tudy) "'' 

tU'Wfl1'>Afl1>11'W i'llil'lf1iihflfl'>"~flW1'W'Ha"'H1JlilU'>"il1tiilu'Wil1m'W 5091 fl'W 1'W 75 ~'Ws 1'W 

11 U'l"l'lll'lll!lUl'J hutlil"U""l'lll'i[)[)i'fl{i)'lllltJ llil!Jiitflru'l1Yl'lill~ [) flABii FN-BMD ~lflil 0.60 fl-l'!J /'ll!J
2 

' 
6lilllill'Jlfl~[)" Hologic) 'H'la T-score:::; -2.5 SD iimm#'ltlm 74 U~'W1u'H'lBBl!J'l"'Hil" 70-74 u111Jnu 

' ' 
iiilil~m~m1l e" rn1m"lilfl 1Z fl 1!ilttri U'> "1&i rn 1tn lil m"lil fllZ nm ri o'W'H a"ll !J lilU ""il1 tiil a'W mAl'JB ci1 'W . . . 

tiila'W tta" 1iilforn'llil'>1il x-ray m"lilflii''W'Ha'l'Yln 1 ti '11'H-l'urn'l1Zn1la"n""lilfl~'W l'W<lm'Hilail1fl . ' . 
fl ""lil flii''W 'Ha" ,f 'W'il" 1 'll'w !I'll !J'll'W\Jl fl ll W'YIS llm a" i'lmU'Wlill!JU ""1&i fl1'j t '11'1-l'u fl1'j-l'fl1'1lli llW'W fl \lfl lU'W . ' 

I d .,,'.,% oW.dQ 'VI QJ 

W1J11 BMD 'l'I femoral neck llil" total hip lW!J!J'W 5.7 llil" 7.1% lil1!Jilllil1Jl!Jal'l'l!J1JflUfl<l'Wfl1'l'lfl1'11 

trn"""fli1flcii.tl11iilfom'Haafl 8.2 tta" 9.8% 1i11mhvl'u . ' 



Vol. 28, No. 2 2006 47 

iu11a-:i lvi' 16% LLa"mm"l!l<H11rn"lttn'll1nm"~n5u 1ci1u1myuernt11ila'il1nm"~nau11a-:i (advm 

" ~ ~ v d,- 1 _, " ~ 1 v " v ' d~ d 
'llillJil L'lf·'lfl'lllJ fllJflU LLa"'llLlil'l-:J \'iu<ll'll \'i"lfl humerus) lil 19% ~l\'i'lUfl~lJ\'ilJlil'lllJLi;'ftJ-:J~-:J (ill~ 

mnni1 74 ULLad:J FN BMD::;; -3 SD) '11mu 1977 lill.I wui1mm'l!lalilfll'lttfl'lla-:in'l"lilmdvmlv1' 
v 

riau SR mm'l!lU a-:ifi'u fll'lttflA~-:JLL 'lfl 1"1~-:i 45% i.i1u 1 m1t1~ LA!lttnm LLi11aw1'l!lll lilfll'ltt ntl11"1 

32% t111'1-lu>JaTI°1-:itfi!l'l 11.1m'lfln1:1Td'wui1:i:Jmm'llil~l.I Mtta"'tla'!tlfoti mmi1m1'1aan LLviwu 1 inhi 3 

L~amL 'lfl'llil'lfll'lfln1:11 'lw..f-:iwu'l"JlrnLAat-il!!l.J 1ut~alil~l vJa avJ afam LLa"'l"Jlu PTH ~ini1noiu " . 
dl ..,.,., :t .J' .d ' "' d dd ' 1 " 1 ' ' ~ 1'i lil"lU!Jlllllflfl 1'i'IUL'llil11Lfllil\J1flfll'l'Yl!Jlflflfl!)1'151'1 calcium-sensing receptor am-:i 'lfllilllJ lJWU1llJ 

A11lJ cl1fi' (\!1'11-:JA lHJ fl 

SOTI Plus TROPOS'
48

' 

fll'lflm11llt!'IUm'l1l1TI'ai;Ja\Jlflfl1'jflfl1:11 SOT! LLa" TROPOS lJllLm1"1f-i1ufi'u llil!J:i:J 

llil mh" i;'f-:J vi L vj a vi' a-:i fll 'j fl fl'Mlil >Ji:! 1 u fll 'jl] lil fll 'lM fl'll a-:i fl 'j" lil mil.I :i:J lil11l.Jau~lJ5 fi'u U'il,ij!J L ~l'M 5u 1 . . " 

"""'< ,J I I <V QJ QJ I 

1'11-:Ji;'f(l\ll Ll.Ji!LL!'Jfllilll.Jfl~l.Jfll~WU11 SR i;'fll.Jl"l(llllilfll'l1'1fl'llil'lfl'l"~fli;'fl.l\'ilM'llil'lfl~l.Jal~ <70, 70-80 

mi" 2so u 1.137, 42 LLa" 32% m:iHhv1u uan'il1miu wui1mm'l!l<llilfll'lLfllilfll'lttfl'lla-:im"lilmlu 
" 

fl'j"liJflttflmriau LLll"lllil 1.1 45 tLll" 33% 1ml'~tA!'JMfll.Jl 1 A~'ltt!l"~"Ltvi 2 A~'l~lJ 1ulil1l.JlllvJU fatJ 
" " 

i'l'lUfll"lfln1:11llLti'llil'I 1 ML i:\ui1u"l"ll'Ylil >Jll'llfl'I SR 1ufll'lll\ilfll"lttfl'llfl'lfl'l"\ll nau\'ia-:i lu~ufi'uiJ'il,ijl'I . " 

v ~ 

WOi:!l'lllN!H 

1. Conference Report from the Consensus Development Conference. Am J Med 
l 993;94:646-50. 

2. NIH Consensus Development Panel on Osteoporosis. JAMA 2001;285:785-95. 



48 Thai J Pharmacol 

3. Chesnut CH III, Silverman S, Andriano K, et al. A randomized trial of nasal spray 
salmon calcitonin in postmenopausal women with established osteoporosis: the 
prevent recurrence of osteoporotic fractures study. PROOF Study Group. Am J Med 
2000; 109:267-76. 

4. Ettinger B, Black DM, Mitlak BH, et al. Reduction of vertebral fracture risk in 
postmenopausal women with osteoporosis treated with raloxifene: results from a 3-
year randomized clinical trial. Multiple Outcomes of Raloxifene Evaluation (MORE) 
Investigators. JAMA 1999;282:637-45. 

5. Delmas PD, Ensrud KE, Adachi JD, et al. Efficacy of raloxifene on vertebral fracture 
risk reduction in postmenopausal women with osteoporosis: four-year results from a 
randomized clinical trial. J Clin Endocrinol Metab 2002;87:3609-17. 

6. Black DM, Cummings SR, Karpf DB, et al. Randomised trial of effect ofalendronate 
on risk of fracture in women with existing vertebral fractures. Fracture Intervention 
Trial Research Group. Lancet 1996;348: 1535-41. 

7. Cummings SR, Black DM, Thompson DE, et al. Effect of alendronate on risk of 
fracture in women with low bone density but without vertebral fractures: results from 
the Fracture Intervention Trial. JAMA I 998;280:2077-82. 

8. Harris ST, Watts NB, Genant HK, et al. Effects of risedronate treatment on vertebral 
and nonvertebral fractures in women with postmenopausal osteoporosis. A 
randomized controlled trial. JAMA 1999;282: 1344-52. 

9. Reginster J, Minne HW, Sorensen OH et al. Randomized trial of the effects of 
risedronate on vertebral fractures in women with established postmenopausal 
osteoporosis. Vertebral Efficacy with Risedronate Therapy (VERT) Study Group. 
Osteoporosis Int 2000; 11 :83-91. 

I 0. Kanis JA, Melton LJ III, Christiansen C, et al. The diagnosis of osteoporosis. J 
Bone Miner Res 1994;9:1137-41. 

11. Marshall D, Johnell 0, Wedel H. Meta-analysis of how well measures of bone mineral 
density predict occurrence of osteoporotic fractures. BMJ 1996;312: I 254-9. 

12. Ross PD, Davis JW, Vogel JM, Wasnich RD. A critical review of bone mass and the 
risk of fractures in osteoporosis. CalcifTissue Int I 990;46: 149-61. 

13. Ongphiphadhanakul B, Saetung S, Rajatanavin R. Cost-effective analysis of bone 
mineral densiity screening strategies for osteoporosis in Thai postmenopausal women. 
Program of the 12'h Annual Meeting of the endocrine Society of Thailand, Bangkok, 
2000;p 48. 

14. Koh LK, Sedrine WB, Torralba TP, et al. A simple tool to identify Asian women at 
increase risk of osteoporosis. Osteoporos Int 2001; 12:699-705. 

15. Pongchaiyakul C, Nguyen ND, Pongchaiyakul C, Nguyen TV. Development and 
validation of a new clinical risk index for prediction of osteoporosis in Thai women. J 
Med Assoc Thai 2004;87:910-6. 

16. Pongchaiyakul C, Nguyen ND, Eisman JA, Nguyen TV. Clinical risk indices, 
prediction of osteoporosis, and prevention of fractures: Diagnostic consequnce and 
costs. Osteoporos Int 2005;16:1444-50. 

17. Geater S, Leelawattana R, Geater A. Validation of the OSTA index for discriminating 
between high and low probability of femoral neck and lumbar spine osteoporosis 
among Thai postmenopausal women. J Med Assoc Thai 2004;87: 1286-92. 

18. Kanis JA. Diagnosis of osteoporosis and assessment of fracture risk. Lancet 
2002;359: 1929-36. 

19. Kanis JA, Melton LJ III, Christiansen C, Johnston CC, Khaltaev N. The diagnosis of 
osteoporosis. J Bone Miner Res 1994;9: 1137-41. 



Vol. 28, No. 2 2006 49 

20. Lenchik L, Kiebzak GM, Blunt BA. What is the role of serial bone mineral density 
measurements in patient management? J Clin Densitom 2002;5(Suppl 2):S29-38. 

21. Looker AC, Bauer DC, Chesnut CH III, et al. Clinical use of biochemical markers of 
bone remodeling: current status and future directions. Osteoporos Int 2000; 11 :467-80. 

22. Rodan GA, Martin TJ. Therapeutic approaches to bone disease. Science 
2000;289: 1508-14. 

23. Riggs BL, Parfitt AM. Drugs used to treat osteoporosis: the critical need for a uniform 
nomenclature based on their action on bone remodeling. J Bone Miner Res 
2005;20: 177-84. 

24. Mashiba T, Turner CH, Hirano T, et al. Effects of high-dose etidronate treatment on 
microdamage accumulation and biomechanical properties in beagle bone before 
occurrence of spontaneous fractures. Bone 2001 ;90:271-8. 

25. Odvina CV, Xerwekh JE, Rao OS, Maalouf N, Gottschalk FA, Pak CY. Severely 
suppressed bone turnover: a potential complication of alendronate therapy. J Clin 
Endocrinol Metab 2005;90:1294-301. 

26. Neer RM, Arnaud CD, Zanchetta JR, et al. Effect of parathyroid hormone (1-34) on 
fractures and bone mineral density in postmenopausal women with osteoporosis. N 
Engl J Med 200I;344:1434-41. 

27. Nielsen SP. The biological role of strontium. Bone 2004;35:583-8. 
28. Reginster JY, Deroisy R, Jupsin I. Strontium ranelate: a new paradigm in the 

treatment of osteoporosis. Drugs Today (Bare) 2003;39:89-101. 
29. Marie PJ. Strontium ranelate: A physiological approach for optimizing bone formation 

and resorption. Bone 2006;38(Suppl 2):S I 0-14. 
30. Shorr E, Carter AC. The usefulness of strontium as an adjuvant to calcium in the 

mineralization of the skeleton in man. Hosp Joint Dis 1952;13:59-66. 
31. McCaslin FE, Janes HM. The effect of strontium lactate in the treatment of 

osteoporosis. Proc Mayo Clinic I 959;34:329-34. 
32. Marie PJ, Ammann P, Rey BC. Mechanism of action and therapeutic potential of 

strontium in bone. CalcifTissure Int 2001;69:121-9. 
33. Fogelman I, Blake GM. Strontium ranelate for the treatment of osteoporosis. BMJ 

2005;330: 1400-1. 
34. Canalis E, Hott M, Deloffre P, Tsouderos Y, Marie PJ. The divalent strontium salt 

Sl291 I enhances bone cell replication and bone formation in vitro. Bone 
1996;18:517-23. 

35. Barbara A, Delannoy P, Denis BG, Marie PJ. Normal matrix mineralization induced 
by strontium ranelate in MC3T3-EI osteogenic cells. Metabolism 2004;53:532-7. 

36. Takahashi N, Sasaki T, Tsouderos Y, Suda T. Sl291 l-2 inhibits osteoclastic bone 
resorption in vitro. J Bone Miner Res 2003;18:1082-7. 

37. Baron R, Tsouderos Y. In vitro effects of Sl291 l-2 on osteoclast function and bone 
marrow macrophage differentiation. Eur J Pharmacol 2002;450:11-7. 

38. Mentaverri R, Hurtel-Lemaire AS, Watte! A, Kamel S, Brown EM, Brazier M. 
Calcium-sensing receptor mediates strontium ranelate-induced osteoclast apoptosis. 
Bone 2005;36(Suppl 2):S403 [Abstract P592-Su]. 

39. Hurtel-Lemaire AS, Mentaverri R, Watte! A, Kamel S, Brazier M. Protein kinases C 
are involved in strontium ranelate-induced osteoclast apoptosis. Bone 2005;36(suppl 
2):S401 [Abstract P586-Su]. 

40. Delannoy P, Bazot D, Marie PJ. Long-term treatment with strontium ranelate 
increases vertebral bone mass without deleterious effect in mice. Metabolism 
2002 ;51 :906-11. 



50 Thai J Pharmacol 

41. Ammann P, Shen V, Robin B, Mauras Y, Bonjour JP, Rizzoli R. Strontium ranelate 
improves bone resistance by increasing bone mass and improving architecture in 
intact female rats. J Bone Miner Res 2004;19:2012-20. 

42. Marie PJ, Hott M, Modrowski D, et al. An uncoupling agent containing strontium· 
prevents bone loss by depressing bone resorption and maintaining bone formation in 
estrogen deficient rats. J Bone Miner Res 1993;8:607-15. 

43. Hott M, Deloffre P, Tsouderos Y, Marie PJ. Sl291 l-2 reduces bone loss induced by 
short-term immobilization in rats. Bone 2003;33: 115-23. 

44. Reginster JY, Meunier PJ. Strontium ranelate phase 2 dose-ranging studies: PREVOS 
and STRATOS studies. Osteoporos Int 2003: 14(Suppl 3):S56-65. 

45. Meunier PJ, Slosman DO, Demas PD, et al. Strontium ranelate: dose-dependent 
effects in established postmenopausal women vertebral osteoporosis - A 2-year 
randomized placebo controlled trial. J Clin Endocrinol Metab 2002;87:2060-6. 

46. Meunier PJ, Roux C, Seeman E, et al. The effects of strontium ranelate on the risk of 
vertebral fracture in women with postmenopausal osteoporosis. N Engl J Med 
2004;350:459-68. 

47. Reginster JY, Seeman E, De Vernejoul MC, et al. Strontium ranelate reduces the risk 
of non vertebral fractures in postmenopausal women with osteoporosis: Treatment of 
Peripheral Osteoporosis (TROPOS) study. J Clin Endocrinol Metab 2005;90:2816-22. 

48. Roux C, Reginster JY, Fechtenbaum J, et al. Vertebral fracture risk reduction with 
strontium ranelate in women with postmenopausal osteoporosis is independent of 
baseline risk factors. J Bone Miner Res 2006;21 :536-42. 



Vol. 28, No. 2 2006 51 

'IJ' fli'l'ilT'HU1't11 \I U1tl'2HA"i'M'\l1'11 i;l !Wj t ~flt~ :iJ U 'i::: ~hi fi ill 'W 
M 

1iin1'i~01 ti'ian a1 lii1'l'ii'U Ultl'tifl'i t 'i'1'1nnu1<1 

(Pharmacoeconomic Considerations to Improve Efficiency in 
Drug Selection for llospital Pharmacist) 

Abstract 

Within the present status of budget allocated to health system, we do not have enough 
resources to do everything we want to do. Consequently, we need the most appropriate 
strategy or tool to help deciding how to allocate resources to those activities that meet our 
goals. Pharmacoeconomics aims to help set decisions to promote efficiency. The advantage of 
unde1taking phannacoeconomics is to be able to measure costs and benefits of various 
decisions and trade-offs between clinical and economic outcomes. Hospital pharmacists 
should use pharmacoeconomics to assist their decision making involving hospital drug 
selection and how medicines can be used in the most cost-effective way. Some considerations 
should be concerned when referring to the phannacoeconomic studies whether the study 
reports include costs and outcomes, comparing the new therapy with the existing one (e.g., the 
most widely used drug therapy in the setting concerned), presenting costs and consequences 
in incremental ratio, and estimation of the relevant budgets and the impact on each adopted 
therapy. 
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' . 

2.1 iil'W1'1'Wli11" (direct cost) 
' 

2. 1.1 iilm)'Wlil1~\'11"fl11lLW1'1El (direct medical cost) Lli'W iil'W'l')'WA11J1 A1Ql11'il~fl'<l1 'laV) 
.t ~ I IV ., a' 

fl11ll W1'11J 11lJ'l'l"l'llll 1"l'il1'11\J11'11"fl11ll W1'11J 

2.1.2 iilu'1'1um1"il'tiiL~mnum1LLW\'IEl (direct non-medical cost) tliu Yi1tiliU1'1Ull1MWU11JLL!l • • 
!\Jlili '11111m1'll<N~ll1mt<1"!\J1ili t1'1uiilu 

v .., ' ~I 
2.2 li1U\'l'W\'11"1111:N (indirect cost) LL1J1LuU 

' 
• d - "' .'I 1 • ' S 1 • d "' .'I 2. 2.1 QJU'l')U1'1lfllil'il1flfl11!.JL'illJ u1!J (morbidity) QI LL fl fl11U!\JL<i!J11!J \ilL\J11~'i11flfl11l'i!Uu11J 

fl11:1-1wm1 t1'1uiilu 

2.2.2 iilu11u~lOQl'il1flfl11Ql1!J011\Jl!JSUlil11 (mortality) 1.fori fl11U!\Jlll!J"l11J 1iilttl11"'i11flfl11 

m1lri11u-l!Jaum1 t1'1uiil'W 

2.3 !ii'U\'l'W~'3'u!ii';N hiliii' (intangible cost) tliu lil11lJlijU1.bm fl11mfl11llil fl11lJ'l'lfl~mmu 
' ' 

'il1flfl11LijulJ11l 

'Ii 11lJ<liii'IJ'l'lU111'il'i1"11U11lJ 1uw-l'11 lJ nu fl11111fl11l'3'!J\'11"flliil fl Llil!Jrt11 U'ii"\ill l ilUfl11lflU . ' 
'li111Jaiii'u1'lu 1 ufl11i'3'1lYrnflliil m"1l"~ 3 ( i1flM1fla1Ju1"'1J1111Nll11l'll'Wllil 1 mu u1"mru 1,000-2,000 " ~ ~ ... ... 
111! lL!l"l u'l1lrn 'i11lum11Ju<1111i1.tlmta"u1"i'l1'l1iN<1'll111m 11mf111u111J 111m1lii1'11u1~;;MA~lfilil11ii' 
r1"11 u) u 11fl'illflll1!1'il'l'hm1i!I flM1iilu \'JU Llil!J m111u 111J'li11 lJ mYaum\'"'i11m1!J11u m1i'3'1lm1fl liilfl ' . 

~"~ il1A!\) 1Ufl11U1~ljjuiilu11uA11 fl11tl1'11Ulil l.!lJ lJ 111 (perspective) Llil!Jr1"11 U fl11tl1'11U lil 

lJ1JlJ1l"lt 1h 1ii111'1u lJ lJlJ11"'ll111NU11l lJ1JlJ1l"'IJ11"1111'i'ma'llmW 1 u~1\J~NL 'li'u'lm1 1Jmrn1'1J11111~Afl1 
1 1 "'~ 1 ""'I.I 1 

~'llmw 1 u ;i1u" ~'511u 'l m 1 LL a~ ii m11111'11~ iil1 m11 fl :1-1 1ufl11U1~ tjju Na 1'111 lil il'lltf11M:J f11am1-it 111 

fi'i!fl11:1-1'11tl11 1h11l':1-1:1-1:1-1111~td11nu i:-rn~11ii'n'il~iJm1:1-1ttmfllii11nu iil1mh1tliu vi'u1'lu'IJ1111~uu 
' ' 

~'IJillW 1ufl11Ql11'ilili lil Qll l-11~ ilu 1!11ma11lil111\J'il~ 1ii llQl fl\ih~ nu l-11fl1 u lii'1u A1Ql11'ill lf111~1'1°'i11 fl 

M11~UijUilifl11'lJ'Wllil 1 '11ajl1°'l11 fl l\iJ fl ll W1'1V~1 '1i'u'lm1 Lllii'il":iJm1 :1-1 lllil fllii11nu1Uii111J'IJ111fl1 liliU \'111'1J 111 

Nu11l • 

' ) .• d( ) mcremental cost lJ1flfl11QlU\'IUL\l<l!J average cost 
' 

Lfl11m1vi'1um11ilttail'llmw :iJ'fl'i!~iJvi'u1'1mfilil~m1lu1"1l~nmmflfl11 1 u vh 111''1111na1'1J11~ . ' ' 
fl11\il1t ilu11u 1 utttd a~ 1m~m1~ t 1'1um1Lih1mi'u:il fl11l-l Llmfllii11nu ii1ii''W t 1a1\i~t 1'1mJ'il~!Jl1tl1~ :il 

.> ~ 1 • • • d - .¥ ~ 1 ,-,d ~ ~I ,-, • d 
f11ll-l <1lfl1U Ufl11fl1U1Wli1U\'IU QlU\'IU'Yllfllil'IJU'l'l1'11lJlil Uu'YJ 1 'il~UlJl uUu•11J'll111fl11f11U1ru '1f1'il~ 

... 1 ~ .... 

1iJiifl11ufofi1 il1'11~uvi'u'l'lu~tfilil~u 1u11u1flm'il"iil 111i'ililam 1 i1'11ci1 u:1-1afi1'll111u•1u iil111ci11t'liu t1u 
1 'U 'lJ ""' 

iii'u 1,000 u11'11uu~ 1 :ili;iafi1tvi1i\'u l,ooo rn'l'l 1uu~ 2 :ili;ia'11tvi1nu 952 rn'l'l tta~tvi1nu 901 
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Ull'I h11J~ 3 rn" n1V1u \il 5lil11<hualilLvl81 iil u rn1u fo Al L'.Ju m'J\J"i.'18 lil A '18'1 nul'I ()Btjl'll-1 

Lf!Ttl;j m i.'l\il{ LL<!" fl£J'l" Lil l'JU'IJ a-J-l']Ul" Lll'W 111.1 ~1iii' \11 fl fll'jU ""Lil 'W l'J 111'11'1 Lfl'l'tl;jf!l i'llil {1u8 &ilil Vi 'i a 

1 um1~u 'j" L 1'I A hi mm1 fl~\J"tll m1 LA'll"Vl1L'lriuYi1 'WU\J\JU'W fl1'j\J"'l'11 fll'jUfo Al ri 8'W111"8lillila8101J 
' 

u'lul'l~iii' a,rn,, 12l'il'8l-! 11 Lll'Wl'l'WA1'1'1'l'W (fll'i<l,l'l'W 1 u~d'Vlml'l~-1 l-!11A11'1'iilru'l1 ~-Ju<1naf1-J) Lll8'1Alil 
... • • • 'U • 'U 

L ll'WA1L~8l-J'Jl\ill 11ilm Yil'lU\Jlfl illl'Jfll'j 121'-ll'W Ltl'W L\il~8'1i.l8llt1'Vlil'1'jll'Jl;§8 5 ,000 Ull'I 8ll'Jfll'j 1i'1l'lJ 5 
' ' 

ti li1''1if t1 l rl il 1 ifli:l fll'iAl'l.11 tlJAl L~8 l-J 'Jl\ill'llU lil L<i''lJ \i)'j~ All~ 8 l-J 'Jl mvi 8 ti L ri1 nu 1,000 Ull'I 

11ill'JU'i"mru 

11.1a1t1'1J8'1Nail11H]ifu il'11iii'lil8a~u~offlilL\Ju111'11'J\J"ufo111ilA1V1'l8111 mi1 um'1uljuG\a4n11" 

1iiufoA1'1J8'1N<1ilw5 ati1" hnlil1l-J m'i~liiufo111ilAl!J8'11'J11ilwli'1l11!"1'11 hhn\ilutym T\ilmuwi" 1 u 
~ T d d • w iJ w T d ~I 1·'' 1" ' d fl 'jtlJ!J 8'1 \il'i'1 fll 'jl'J Lfl l'J1!J 8'1 flU fll'i 8'1 fl 'lJ 'jl'J ('li'1Lu 'lJ fll'j 11'1 'lj'W u fl 8 'lJ lll1" 'li'i"i'l" L1 <ll'lJl 'W f1111'1\J" 

lfllilN<lilWB) 

3. 11'i1111u,,"dlu 1:-1 <1111'1 Lil ilmA1B:JA1 <11il{ 

fll'lU'i" llJ'lJ 1'11'11ii'1'l.llil i\'m A'i't13) Al<llil {ll l ll'lJ fll'l 1 ifli:l fll'i1'11'1 LA'l1'13) Al <llil {1 u fll'i L u'Jl'JUL fi l'IU 

1
w ~ w d w:o;1~ ~ d d w"~·:!id 

fll'j 'lil'Jl'W'ii'lLL UUlLN'lJ fll'Vi fl'tll L w 8fll'ilil lil ~'lJ 'ii L<I 8 f11'11'1L'18 fll'IL 'Vll-Jl"<ll-J 1'1 <l\il lil'1'lJ'lJ 'i1'1'ill L u'l.11'1 
' 

'il"rn 81i.Jfll'Jl tf'll'Jut fil'lU1'111L\!I 8flvll'11 hfo'lU fi'1t1 LL<i" 1 mLvi <1"1'11'1La8n\;f8'1W'il1'ltlJ1,f '1 2 1ii'1t1i18 

li1'1t1 mu l'!'lJLL<I "1i1'1t1 N <l ilw B 'ill fll'iU'l" LlJ'lJ l'J 111'11'1 Lil if'IJ Lfl'l'tl 3J Al '11il {<11 l-Jl'l all t/1 l iii'L'\'J 'lJ 4 Vi an lill l-J 

iln'tlru"!Jfl'11'J<1ilwli'~i'Jn'tl1 li1''1LWl'l'11il 'lJlil1'l1'1~ 1 
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(cost-minimization analysis, 

CMA) 

(cost-effectiveness analysis, 

CEA) 

analysis, CUA) 

(Cost-benefit analysis, CBA) 

d 
llr.J'W~l'W ilV 

dt .,,, ,,,, " 

l"!fl'l'll,ll'lilntfllil r.Jl'l<l'W5 

milBvnv 

""' Q ' QJ 

'l'1 fl'Yll' l!l ilfl :IJVIV11'111il 
' 

CV c'.d dt CV 1 1" r.J<l<l'W5'1'1LV1:1JilVflV iiW 'IJ 

ml1t111il'Yl1~ml'lm'W 

11 n'Yll~ La iln il 11iJ1u1 Iii 

,,,, o'd ~I 
r.J<l<l'Wll'l'llu'W 

B11t1tl1"11'J'lli1 

55 

CMA il1\l'il"U1:IJ11'1i'l'W011 l ti11'JUL fi l'Jtl 11 lilll'Jl !il'UlL till LL <1"1'11 t\1iJ (\) 11il l'JiJ tl:!J lJ &\;>j1'Wi1 

tl1"a'l'1Br.Ji'l'llil'l'J1,.r, 2 U1"LJl'YJ 1a.i iih,nu vi1il1'111'Wf111L t111'JUL Yil'ltJl'Jl'IJU Iii L&i l'J1 nu iltl1" a'Ylll r.Ji'I 

L 11:11 Bv nmLliiil ~ti LL t1t1m LLlil nlii1~nu mh~ 11 n1i11:1J 1 u'Y11,tli]u&i m1tl 1"q nlil1'1l1ll m1'i L1i111~ll°'llil lil d il 
fiBui1,ll1nlil 

CEA L liv~tiLL tltlf111U1"Lil'Wr.Ji'l'Yl1' LJla'IJL\>111'1.:>J 01tllil1~utl:IJ 1'1l' LL<l~f111L vl:1Jil&im1tl>~LilV 

'Yl1,L011'1j01tllil1Li1 b'1vm>Afl1'11l~l'JLLtltl randomized controlled trail (RCT) ll"'l'11h1'r.iam>Afl1'11li 

1'111 :IJ tl:!J \J '> ru lJ1 fl ~'~'W r.J a Gi'w ll ~'j L Iii 11 "vi1. 'W CEA 51'W1 myll" LLtl lil' L tJv VIU1 l'J'Yll' fl1 l'Jil1 'W 

lli1 Bri1,Liv ll1v1vBu&im1ru~il B~nu 1iil ll1u1ur-i'Llll'l~'ilil ll1v1v N'ti11'Jii111'Jmni-,M'1 h111'J 11u11'J 
' " " 

'YJ1' f111'JJl1'W L mh0iJ!J:IJ L 'li'lill:IJ A1U~i'Yl1~fl i\iJ fl VI 'iil L tJv r.J <I ll'W ll'>"vl tlf1 m~ Liv 1~\llt1 lil11:1J !ilv Lai'.\lil~ 
.J I .J'4 ,J "" ' .,,, ~I v 

i'llili'I~ 'IMtl,'IJtl,r.Ji'lfl'l"'l'ltl'Yl\l"Lfllillill:!Jm L'IJV f11'>Lfllil stroke Lu'Wlil'W 

'ilJm >0 l VI m" <\1V1 fo'YJ1~ Lail f1~ 1ii1 L iJ 'W fll'> LL '1'1 Lfl Iii r.Ji'I aw ll~ jj 1'111 :IJ \11 L 'W1" l iv 'ill f11 'li'I lil fll'> 

Lflliln<l'1miJ'<1M'1 hlil11'JLLi'l"U'lJV11Vli'lillilLaillilM1 h mh' hnlilllJ CEA '" 1'111 un1ru~L "1'Wll1'lll!1 
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lllilniih~'l~'l1l1~ LLvi<l~'Yll~ LailmJ~ll<lliMA1 L lJ1.1 am1rl1m vjlJ'lJ il1lll'U'll'W VJ<lolVHl 11'iil incremental cost 
• 

effectiveness ratios (ICERs) ;1A1 ICERs Lll'W1Ja1J<1~111'1.hdmfu1 'Wfl1'lvllilil'U liJL viil<l'lU'll1~L~ilfl 1 urn'l • • 

• ~ 1 ' • • ~ ~ • d "1d "I 1· I lil'W'll'W'l!il'fl1'l'lfl1'11LL 1J1J '111J<l1Jlil1!Jlil'W'll'Ufl1'l'lfl1'11LL 1J1JllillJ ~ lil'W'll'W'lll u<l!J'ULLu<l1 u • • • 
via<lwtfvil1m'l-lnmLL uu 111llauii11!.lvia<lwci'vil1rn'l-lni;1LL urn&!IJ ~ via<lwtf~L tl~!.l'ULL tla11 tJ 

ICERs ~ vl'W'll'W~l U~!.l'ULL tla11tl111'lii11!JVJ<i<lwtf~L U~!.l'ULL tla111.l • 

NU1t1hlilttliliil'W1'W 367 lil'W~Ltl'1forn'l-lfl1'1l'l~'11ll1 1 iltl'Wl!J'W 2544 51 31 'W()tlfllli!IJ 2545 'W1Jll . . 
vl'U'lj'W111Jl\!~!J 1 uii IJ:J.J il1'lJ il' ~U1!J1 'llilM Iii ( VJ<l'l1 J.J'lJiN lll'W 'lj'W'll 11 Iii 'l1 LL<l~lll'W lj'W 'Ill' ail IJ) fl tj J.J ~hil ii\' 

1il'mwum~!.l'lil!.liil 0,560.59 u1'11) ;~~1ni1n<iJ.JN'i11!.l~1il'mwum~!J'lil!.lvl (3,442.40 rn'll) mh,iJ • • 
tl'!.l <111'1' i:y (P<O. oo 1) rl1u n1TJ ii!U 'l~il'll 5 via111 nii1mu'l'u~ ~il1 !.lii ill n1'l~ui1 Iii w ui1 n tj1J ~1l111i1'1 il'm 

wum~!.l'lil!.lvli:ivi1t\!~!.l 1.00 'l'uviilli!'W ;1muni1n<iJ.J~lil'mwum~!J'lil!.lvl~iivi1m~!.l 0.27 i'uviillil'W • 
lLvilil11J.JlLlilflvi1~if1iJiJumhl'lt:y (P>O .05) ICERs 'lJiNfltjJ.J~1 ifmwum~!.l'lil!Jvll m!JUL Vl!J1Jrl1J hJllilLif 

mwum~!.l'lil!.lvl wui1 fl1'l<llilii1u1u·fo~iiil1fl1'l~Uttlila~ 1 1u n<iJ.J~1ifmwmH~!J'lil!JvJll~vJil1li.fo • 

.J' ,.J' ~I_,,. tj "' ""I ""'<=! .J 19:"1 .,,.,J I .J 
'll[M!JlflLJ.JiJLu'l!J1Jl'll!J1Jfl1J CMA ll'lil CEA 1ll'l!il' CUA mm~'ll\I~ 'lH'IJfl';j()j'llVJ<lfl'l~'ll1Jlilil<l'lJill'W'll • • 
tnlil~uaim1tl1'1i1 lii\'..i',tihtl'lmrutta~lilrumw • 

CUA llJ'W~UlL1J1JWll'11'1'l!il' CEA 1lil!JVJ<lol'WtlLWlil' 1u~tJ quality adjusted life years 1'l'iil QALYs 

LLviil1111U'W U!JJ.J~lilfl<ilJ CUA LlJ'Wri1u1'lti1'lJil1 CEA L'l1<111J1'l(l\"l11J1()j QALYs liil111nVJ<ililru • • • 
1~1'li11ii1 mull~ ii?li Iii mim!.l 1lli' a mu ~'1111avmw1~1'1' u1'lti1 ( 1'l'i il tl'l m ru) ii' uvi1 il'l'l tlU 1~ 1!.l'lrwv il1 • • 
<ltl1'U~'l111<1'l!.fl1'W (health state utility) A1il'l'ltlU'ld!J'lJU'lJil1<1tl1'W~'lll'<l'lJJ11'WiiA1~'LLvi 0 (lill!'.I) 5, • • 
1 (avmw LLV1LL 1~<1J.Ju1ru) A1il'l'ltlU'l~ 1!.l'lfU'l!iNamu~m,avmw1'lti, 111diil111nrn1<l11111 'liil &i • • • 
'l!il~ QAL Ys Ail via11J.JiJQ\vil1?lilil~,ii\'1ulilrumwtta~tl'lmru ;,lh111'<11m'ltl'il1vi1~1iilmLm!.lutn!.lu • 
fl1'll'i1lU'W~1'W1'l<llfl1'l<ll!J'lULL1J1J 1lli' 1 u'lll1lil'l1fl'UV1J.J VJ<lol'Wtl'l!il~ CEA t ll'Ufl1'l1lil L\!'Wl~iiQ\liJrumw • • 
1'l'i11tl'lmrumh111i111ti1~1'lti~ 

vl11l ti11fll'lAfl1'11vl 'U'll'WU'l~il'll5VJ<l'lJ1l~fl1'l1 il'm perindopri 1 l vi 1l fll'l<I Iii fl TH ii Iii cardiovascular 
• 

1 ._,, d ~ 1 d • ~ ~ • 
events 'Wf;ju1!J'llJ.J.fll1~ stable coronary artery disease lil!Jlfl1J'l!1ll;J<llllflfl1'l1\l!J The European Tnal on 

d ~ .I 
Reduction of Cardiac Events with Perindopril in Stable Coronary Artery Disease (EUROPA) '11~1Jiull1J1J 
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fl11Afl1'11LUU randomized, double-blind, placebo-controlled, multicentre trial LlilEILLU,lUUfl~lJri1111fo 

perindopril 8 mg 1ua"l'l.f, 'il1mu 6,110 liJU lW"n~uri1111fom11aan 'il1mu 6,108 liJU lOUlli'll;Ji'I 

v • dd w,., .. "" .. <V "'u "', 1• 
\iJU'Yl\JlilWl"l'l1U'Yllf11J1'lfiMf1Ufl1"lllW'Yltl lL<l"1lliJ"ll"l1tl.Ji'l<lWill U QALYs 'lf'liJl QALYs lillJ1'llflfl1"l • 
'YIU'Yl1U111tufl1">U tl.Ji'lfll"lAfl'l:llWUil 1'11ii"ilU;jlU'lfiM ICERs 'lfi'l'n~uri1'1l'm perindopril t1J'fornVit1u 

"' ,J', d d. .% 
flUUll1i'lilfl'lf11 QALYs 'Y\lWU'lfU 1 

9,soo 1.laulil" 

- ,. 1 • 3.4 f11">1ll'l">l"l1\iJU'YlU m1 Iii 
' 

CBA L uu11.l tt uum1'i tm1"tt'Yll,Ll'111:1~1'11alilfri1'1l'tl' at1ria\il 1 m1uu'lm1a'lfmw l 11mm1a 
... .... 1 q 

1 '/l' CBA 11i1L mnruri tl.J aaw tf rii.J 1" dJu ll~ll'1Iii'1 Ul1U1 tl'lU f111 t1u ri a"n au (i, lJ a 1'11'1! il'i'I fllU"i'l'llmWri . ' 
&i~u m1tll ilfl'Yll' tll anrilll'l1r.rn 1111 i'l'Ylii<Halil (tl.Ja 1111 a"Y11i11mui'i,tl.Ja1•h~1"11i1,tl.Jaawrl'tLa"lli'u'Y!u) 

1 .... 1 1 1 

f111lU~l'IUtl.Ji'lawil'1M'a~1u~1.ll;J<il'i1L1uvh11113 'iilfia implied value, human capital approach lli'l" 

willingness to pay 

Implied value Luu m11.l1"~fllilll1 nu'l1'i'Ylll1"nu 1 u lll1u n11i'l Iii 1'11 tlll'lmt1'1JiMl'lli'llllfl n1ru 

au&\ l'l1\il 11 '.i ill'h l dm~tl~Jl tl\llfl fll"l'lll,lU ri au \il)lti lil1 a ti1~ l iu f111U"l" nu fll)l&\U'Yll~ u'l1'it11.l )"nu 
' ' 

ll"l'i1u1rul'i1'lf lill'lft1 ~u&\ L l11lJ 11'.ia n1ruui;ytllt1 a1t11" 

'1111'1at1m11Jlill 11"1a11aa1iitllaii1 tllulli'u 

Human capital approach LUUl;Ji'll'il'lfil~;'ilillJlj'l:laril'i1mrull1m1t11111'lfa~~ifuriaim1oa{1~ 1111 

1 u il\Jll'l\il 'll' a'il1n lil'llil~ LL mm~if fi a "al'l1;'ilil'lf a~ l'l'~lilfl111l"a~ ni11'lu~1u ~~l llmt mi'llilria"'li au . . . 
liJ11u 1i.it'l'i1tVir1u 1mi~l'llJ lil~ifu ~~ 11.il'iamuu~mrnfo 

Q,I .. ~ w "' "' ""' ""' "-' " d 
tl.Ji'li'lWil fl11'1111\l'l11 WTP \ii iMillliJtlfl11ilil1Jltl<lfl'l:ltll"'1J il~fl11U 1fl11lli'l"tl.Ji'li'lWil'Yll~'j'lf illW'Yl 

tii lil~U a Eh~ a" L litl Iii Llil ti a111 \)Lil Wl" fl a lJ i:l'u1ti111 a fl a lJU"l"'lfl'llU ..t111.l n1111 ml~\lln~ l'l'lil au 
1 ... 1 " 

v 1 ...i "" .... o'd "" .% 'II "' 1 v • 
ttuuaau!llm'lf1 1J11ua" Liltllil'lf a~u1n11tta" r.iaawil'Ylll"lfl lil'llU tta1 r.J\il arnt uuaau mull" l1lJ am • v 

- 1 d .1' 1 . d1 v d ~ • v 1 •• ,,; J; • 1 
l~U \Jl"lil~'U'U liltlliJlilllJ'Yl 'lfillU WTP lWilll'11il~MlJi'll'llr.J\ililU\l" l1flU<t~'U'U i'llililllJliJlflllJ 'U • • 
afl'l:ltu"Ui'll!JlUlil l1°1ilUi'lltJUlil 11"1a 1'1f ~Iii iJULailfl\ililU 1um~i.J!ju&\ ~\ililUll'Flil"\ililU 111i'mfl l rla~illfl 
11.i t'll'11 \ll1 an fll)'lf il~fll)l lliJ11 "ttlli''U 'Yl'U'Yll~ l liJ)'l:f~ 1'11'1\ilfllilEJlli' a~ ll rn11'i1il~ li~lli''U 'Yl'U 1'11tllt11a ma ll<I" 

' ~ ' 
rn11h"tilu1Ja1'11·1rn~r.iaawtfri,"tiilil~'U lil~if u l'l'lil auii"flil" 1 M'ua1'11a~ 1u~~ri111i1"1'1l'l'i11'1l'~1t1a~ 

" ... " 'IJ " 

1 1 •- v , ,; L d v - ~ d ~I 1-'1 v 1 v lilt! lJWlll">tul\illlJl1i'lflfll">liJll<itl ilfllll'Yl\ilil~Will">tulillfl'Yll~Laaflm u'U u lillta" l1 r.J<l\ililULlVIU!l~alil •• 

4. ll uuli1mN ua"fll"llll'l"ll"lli'l113J h (sensitivity analysis) 

'll'a lJi'llli''U'Yl'U lli'l"r.Ji'l aw B"IJ a~u'lrn1a?Jmwri'il'u'll'au lli'l"" fl'lfllil liJ11lJ liJ)U ii'1'U ~~ri a 1 Ml ii Iii . . ' 
ilrum 1 u n11'i LI'! 11",,f m~l'l .r~~~ 1 'll'tt umil a a~lli'u nu tla" r.i am~ liJ liil fl L vi a ltfl1'lf ii rum Iii~ n a11 

" ' " 

">UllUU"lliMLlUU'il1aa~ri1'1l'numn fia llr.J'Uilillli'u 11foa"LlUU'ii1aa~ Markov • • 
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ttN'W.Q llcl'u lll' t tJu fll 'J t 'lfll'lu t TI!'IUl'll'1 li.i o fl fll'Jf flB1 li1'1 !'l'llinTi1;h-:i 1 hi 11tw11M1111ii"tBt'llilt1'11~ 

\Jel'111vl' a'ruane1ru~1il'lmtr.iw1ilvl'ulll'\Jet~:1.Jcl'uv1111 decision node ( D l tWlil'11'11'1t~ofl V1a..i'il1mfu 
v " 

~I .J "'l'f d "" "-' o' • di 1 

\Jet u'W probability node ( 0) '1i'1U 8 fl ()'1 b8 fllffVJ\Je lfllil Nil ilW 5'118'1 lllil ile1'11'1 lil Elfl Nil'J1:1.J'll El'1lllilile 

~I ~ 1 I w w ; d ,J 
probability node \Jelu'W I 1'1'JEJ 100% 'Wlllililnll'W1'11'1A1'J\Jelllllil'11il'Wll'W ll<le~'Wqlil1'1 tenninal node '1i'1 

Vl:l.Jl!'la'1r.Ji!awilfllili1'1!'1 li''lm.Jlilii't'l!'lni1B'm1ri1ucl'uY1'W-NilaWil U\J\JU'Wlli'l software ~tl1t'l 1 'Wfll'j 
' ' ' "" " "" ., 1" d ' 1 ~ ' 1 h 1<0t .,,. "" dco1 .oi 111illli'l"1lA'JlemlN'W.Q :l.Jlil'W :l.J '1i'1'11!'1 'W fll'J1lA'JleVI AJl:l.J 1llilefll'Jl u'J!'IUlYl!'IU fl\Jfl'J'J:l.J1'1:1.J1'11'1lil Elfl 

1'1m!lm'1 ttlu 3 m'1tlfon:ffulu 

llUUillmM Markov Lm'Wfl'Jll~1'11'1laEJfl1T'Wi'Jl'l11!J'iiu'li'EJ'W:l.Jlfl l'li'W mruhm~Bf'I NilawiJ 

• ~I d 1 ' "' • ' Q 1 'Q 9 Q~ :l.Jfl\Jellfllil'llu'Wllm'Wefl'llillW 'Ii'! 'W Markov Bl\JllU'llu'WVlall'J'JeliJU l'li'W ll'lllllWlil ll'llillW :!./Iii l~!'l'1i11il 
' ' ' 

1 ' ds ._., , Q _,d -' • 1-' d 1-'" 'W'll1'1 l1 i111'1.ifl Bl Nu1t'llllilile'Jl!'IB1\J'ile:l.J <f Ol'W efl'llillW l u ilt'l'Wll u il'lfl au u :l.Jl'illfl<lm'WeVl'W'1 u !J'1 
" ' 

fll'Ji'l1u1ru 

l d B'1'illfll tJun1'J'l tm1eif~cl' o, 1il'<1:1.J:1.J&i;i1u\l1u1umn tri OW'ill'Jru11u1i nir1111~'1~B rl'1i'l'1lol;Jil~~ 
tio:1.J\Je~ni1 hii:i'1ls3;Jil1le hrn11 

rn1'l tm1eif l'nl:l.J b ifo n11w'il11ru1<1:1.J :1.J&i'ill'W~ tU~t'l'WllU il'l 1 Ullilt'lfl11Ufo:l.J al'i10luY1'W 11'.lo - " ' 
ufo 1'11 A11:1./Ul\Je l U'W'IJ 1!'1 fll'j l fllil r.iaaw ;j lli!eW\111t:lJ1 Nii fll'jl lA 11eif <f lil i11t'lil'il" i'l 1'11lu~t'l'W1 u 

' 
Bti1., h 11i111vf1luil11:1.J'ltm1eli'A11:1.Jb11i111w\11'Jru1\11fl B'll'i'u1en Bu11'lBli1'1 tt u.,~ t~mil'B'lnucl'uY1u 

' 

5. fll'j 1"ll'TI'il3;J il1'111 lil il'·1HA1B:JA1 <I lili'l 'W fll 'Hl Iii ta ii mn 

q~ N lllil Ni!'ll 'W vll'W n11u1e Lil 'W Nil1'11'1 lil ff'lfll'l1B:J Al <f lil f ciTw 1 VI qj l U'W ir fl lA'J1'i;J Al<llil f 
mo11ruamwrnA m mm'! m1tt w1'1rf ~., ri B 11.ftn Iii r.i i!'ll'W ~ tllil n v\1'! nu ir flt A'J1'1'ii Al alil f m 011 ru<t'll'il" 

q q "" q 

fll'j[l W1'11!1 MA11mhiilrunufll'J'Wlll1l:l.Jil1'11'1 lil ff'lilA11'i'ii Al<llil f 1 u1 m 'W <{fll!Jfll'j ru\11'11'11l'UTI1'11l' 1!1! 
v " -

W'I if 'U fll 1u1 il' ii :!./ ii 111!'11 'W fll 'jl ~ 111'11'1 lil ff 'Ii l A 11'1 'ii Al a Iii f1 u1 ~'I A 1 'J i'l fll 1 w 'ill 'j rul 1! til'I ~cl' 1 'U 
" -

\Jlfl Al 01:1./ vll'U U'Je51'1ilN il1'11'1A l\il fl'IJ 1!'11!1 ll<le li1'1'W lA'J1'1;JA1'11il f iil'1111J "" l Bl'J lilvi B 1 ud'" 

I. Tiil :!./ i'lU1e51'1il Nil1'11'1 Al\iJ fl 
" 

randomized, controlled trial, double blind 

....,,. .... ,,,J,,,...,...,,.,Jdl1·~1· 
1.2 l(J1\Jt'llli!ellVlil'11'11ilW:l./Wl'liiHl1l lilVIW :l.J 

1.3 m'ltaBninMm.,fm;iJu t \'Jul ullil1 um.,ul)u&i\11'1t w!'l'l 11il i'lm11 u'l!'lrn fi11uY11'11aanm1 

fom 1 m.inum'1ta1lflfll'JfnM1~~~<tlil trnei'lm'Ju nu&ii111'1 uil'il'ilU'WV1'lB li.i 
q ':..! 'tJ q 
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1.5 an'tfru"rJU1!Jlil'l'ln'lJ~)"'lJ li'l:urn>~fl'IHM~il 1:iJ (L'li'W Bl!J L Wl'l L 1'Jum'W) i'lll-111t1Ull-111iJ'i\'u " , , 
miaJrJll1!J'llil-:iL ·n 1"1'11~a 1:11 , " 

fll)'Uil'W h~W!Jl'UlilvJffl'W L ti'Wm'W L~ atlfom1mJal;ji'l'll il·'l'l1U1!J'll'W'll il'I L 11 Yll ICERs ~1~L1'im th h 
Lfl a'llfl1ill'il'ii"LLll~M L tlu'll1-:iva lJ a LLil" Al'W1 ru Llil !J m ~!J'Yl a fl rn11Llil11"1'1lil11lJ11 it 'W fl il LL ti )Yll'll il~ ii11 

" 
ti • • , e1 , • d - tld ti 1 • ti " - d LL 1lil'W'f!'WlLil"t:Jili'lWi'iLu'Wlilllill'l 1 LWilW'i111ti!lil11L il!J'WlL il'I 'WfllW11lJ'llil'llil'W'f!'W 1"~'Yli'it:Ji'l'Yl 

- £ Lfllil'1J'W 

• ti ti dv 1" d 4 ~ • 1 ' 2.5 Lfl<l'llfl11i111 1"lJ1(1Jfl11'11J )"lJl(IJ'Yllilil'I 'll LlJilW'il11(1Jl'Yll'ILililflil111fl1'11 'YllJ 

L m!JU L 'i'iU'lJ nu fllTlfl'tfl L&ilJ 

ti •-" "1.r.d. •e1 "'1 2.6 <11 'llillillilL'Yl'W'1lil'ILflll'll111 'Wl'Uil-:ilil'Wll1!J1fl'Ulil11lJ'i11L u'UlLi'l"lil11lJ lillJ lill l.!fll1'YllilLL 'Yl'W fl11 
' ' 

u"~tru Lfl i'llLl'l>M!l maii111m'i''U rn1w'il11ru1i1 L tlu "l'11aii11''1J a-:irn1 La a11,, 1111t11" Li'l u t:Ja'Y11-:i 

Lfl <'i'llLl'l>M5fll <11i1{~ u11m a-:i L 'YllJ1"<1lJ L tlu fl1> 1 M'vaaJ a LLn rJu'i'Yl1> L ~ lJ~'W L tlmlil~fl-:iil fl~'li1u 1 M' Ill> 
.J " \.t .... 

W'il11 ru11'1 Iii La fl fl tJ1LV11'W11-:iw tn'Ul a i'.i fll) lJ <M flU1'11 il'U m1 'W m-:ili1'W ill'il lJ fl'lllill 1<\i'lil <h ~'LI 
-'! • 1 - • ~I d d1 • 1 •• • v 4 d dd d , 

lil11lJ~llil!U 'W'lJ1fl11<1'1JfllW11Lu'Ul)fl'l'Yl lJL'YllJ1"<1lJ LLi'l"'Ylfllil'Wlil11 lil1'Uil111111'111i11!J1i'i'Yllil'Yl<llil LLlil 
u q ~ q 

li1lJ 11a1-:im1nl'l11'1§11"1 u U'il'lU'W~'Yl '.iw !J1 m i'.i'ii1 fllil ii-:i'Yl a fl L ~u-:i 1 :iJ1mll'i! "m fl'I La fl fl il U1'1'1!11]J Qin Iii 

LLi'l" rJLa fl nm il'll111V il lJ a~ ti nm il'I LL:iJ 'W !11 Lfl <'111111lil11'il "lJ 1i111lJ L tl'11 'ii LLi'l" lJ'lJ'Yl'Ul'Yl 1uL~il'I1111 
" " " 

ti - • ;d. dtl"-1 - - ti )" LlJ 'W t:Ji'l\11'1 Lfl <l'l!L\'111'1§ Al <!Iii) L w il'll1 UL w lJ )" ~'Yli'i (:J a 'W fll)'lJ)fll) i.'f'1Jfl1W LLi'l "m 'Yll)'l'lJ )" lJ1 ru 

'1Jil'l<lm'U'LI'lil11<1'1Jfll'W 
' 

tana11fi1~a-:i 

L "ll1Lma" 3 u Jo m'YlfnMl'Ylnhlil "rn1Lila-:i"m'Wlilil'l'Utl1"mrul:Wwa. 11u-:i1u: m-:iL'Yl'w 
' ' 

- • d 
i))fl'il 1'W'Yl 24 lJfl1llillJ 2548. 
' 
http://www.nidambel Lnet/ekonomiz/2005ql/article2005jan24p8.htm accessed date 
14/04/2006. 
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Q CV Q <J' "" .,. "'°' CV <I' 
*fl1RJ'lf11iliil'lf111fl1 RW:Jl!Wl1flfl1iil(ll1, ** il1RJ'lf1W!JJl1fl1 f'l!U:Jliliil'lffl1iJf111 

mn'.in &1 i&v flu uri u 

Cytochromes P450 (GYP) LU'Wn~ma'W 1'lfi1~1iilfom1:1Jff'W hilrnm1ci1,rri1''1111' hri'.h1~U'W 
1tirnv1ma'W hi1iiv~l'i111tl'1~'111'i'ty 1'Wm111,m11 U~l'l'WLL ua,m1~1' 1 ~'ffn~ilatj1 'W'il,flll'I ta' t?l'W 

01\iltl1~ 111\il 1vir'W 11af!:1J'WOH&i1'11<Jl'llii' biogenic amines, eicosanoids 1rn~m11Y1il~1~ 1 v10il11'1'Wi'lfl 

t?i'W m ff11LYlilv1fl~~lL1\ila<J:IJ ff11WB'l1flW'lfLla~ff\il1 t\iltl!t11u GYP il'nli111tl'1~n1i\il<l11WB<J<Jn 
, ( ) 1 . ,.; , ~ 1 • "' 1 ' ( ) d ~ .( v1fl11,fl11'1 detoxification \ilmuill'l'Wff11Lllill'W'W 11nmmu'WL1JLL'Vl'Ui'l il\il metabolite 'VJ:IJ(j'Vlo'Vll' 

1na'll'lnm11'foilwi;tl'al'la' 111J~'Vi11 ll'm1L l1ci1tl''W 11nil'u1111n•1n'i1~ml'I1.J~w~'W LL~1 'Wn1'm~nu • 
• ~ 4 • 1d • I l 1 • :!1 1 ;d Q .( - 4 ~ ~ '1111J <l11LYJ:IJU1,'lf'W\ili'l1v\]nLuill'l1JlLuil' \ill'I GYP llfli!WLulJLIJLL'VJ'Ufl il\il'VllJ(j'VJ1i'Vl1,Lilff'lf1'Vltllll1i'JIJ 

WBLvi:iJmfl~'W 1.J .r~tl'mn1:1JLL\ilfl~l~'llfl,Yl11:1Jff11J111l'lli'l' GYP 1 'WLL~il~ljYIYl<J ~,iJY1111J<l11'i'tymn 
~ mmi'lfv<J'W Alff \ii{ LLil~ m w1 au ff'W a'mM m~1'lf1'Wm~m1 LL wn!f 1w ii~m1m~l'I~1'Wm11n \ii wBll~ 11 

m1ri 11"~1~,v 11,m 11Y1 il~1' 1~11,ml'l11ii'fov1 nml'lu an 

L11'W 1'lfi1 GYP iltY11,ff{1, 1u1&i'W~'ilmllmllu11,.lu1~n11umfo (hemoprotein) LLil~~11va' 
1 <'] • _4, d d 1 ;J ~ 4 ' - ' "' . I l11'W 'lf:!Jb\iJIJlvlrn'Hl!ff:IJU\il L\ill'l'VILIJ <JL<J'W 'lf:IJ'W!lfl1\il1l'HLi1~11:1JOU LIJLilfl<J CO 'il~na1m u'Wff11u1~fl11U • • • 

1 . 4 1 ·- ·'" 1 d d ( ) flil Ofl11'V11~1'W'll11~ microsomal GYP !'f11J111li'lo'U11'1 \il\il,Ju'VJ 1 \ill'll'IL:IJ<l substrate R 

Llll~L'lfilii'Lta1v~Lil'1iuilu ferric form (Fe'') '1111' GYP lltlH10,f'Wff11U1~fl<JUL'il,'ll'<l'W CYP­

substrate ~11ii'v~flfl~~1<it\ill'I NADPH-cytochrome P450 oxidoreductase ~~li1mI1~'11'Wlh • 
s1an\il1amnn NADPH 1uifo GYP-substrate complex LU'W~m1ll'mlln~al'l'1'Wm1u1~narn'il,'ll'a'Wd11n . . 
.1.l 1 • "l . I ( '') - ~ • I 4 • "1 w.J '1 . I J Lulll'l'W llil~ 'WJu ferrous form Fe llil,'l1fl'W'Wff11u1~flil'Ul'lf''lfi'l'W'VI \il'Vlil~ 'WJu reduced form 'W 

•~11:1J.11nu1manava,aan'iltv'W nmmll'W ferrous dioxygen complex ~,,~.ra,11n'l~15~a~n1\ill'I • • 
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<U .,,..:::: Q,JQJ <'I 

fl1TlUl<J1i'JLilfllil'li'l'Wi'lfl1'11Nlil1'illfl NADPH-cytochrome P450 oxidoreductase lfii'I cytochrome b
5 

,,,;,l,'il1mfum1'lhrnmJLll''ll'aurfllilif 'il"LLlilflaan t1'iuNinh hl'aanllt'il'W 1 a"lila:IJ t1h 1uLL11'lfla\J1'W 

1milmnnn substrate LLil" aan1lL'il'Wan 1 a"lila1Jf.ln~iii1anmmuuJ1 wfa1Ji1', CYP 'il"naufimi . " " 

( 
'') • d ~ ~ ' d • 1· I ~ ., • 1d • I ferric form Fe LLil"W'li'l:l411'il"'ilUflU substrate •!Jlilflili'l'W 11ili'I u f.l'll:l-J11fll'lLuill'l'WLLuil1 

hrHaf11'lla1 substrate lorn CYP 'il"L1'itJNil'illflfll'l<faviLLmnaan1lt'ilmwm'Hd1a"lila1JLTI'11U'lu 

hirnri a'lla' substrate ttviunil'im~ Lilvi~utl'u al'il'il"LLlil nvi1,nu 1 u1!ilim1 mL uu~u a ~nu o'l'l1J'l11iii'1l a1 

substrate LLil" intermediate complex ~Lillil~U llill'lunil'imvi1' 1~L1'itJNil'illflfll'llll,l'W'lli'l1 CYP il 

1Jlfl!Jll'l'Hillt1Uilil'im!il1t1n'W t1nv1'1a811L'li'W hydroxylation, deami nation, dealkylation, 

"' " sulfoxidation, dehalogenation LLil" reduction LuUlil'W 

RH 
ROH r+\ 
J~Fs~ 

/ (7) e (1) Fe3+ 

s+ RH \1st <f Fe 
ROH (2) 

Fe2+ 

RH (6) 

(F~-o)3+: (3)r o2 
RH ! s+ · 

~~:;s:\i~·"o:'~~":: 
+'RH , 2H ·························· 

~ufi 1. 1~'il1011'111~1u 'Ila~ cytochromes P450 (fi!Jl www.tcm.phy.cam.ac.uk) 

CYP 1:1-11 'llrnu h:iJ''l!ilvi Lfim LLviL 1'1una1J'lla~ta'W h:i1fiila1J11l1rntimn'Hmt1'1lilvi ( isoform) ~~ . " 
m1af1,rnu 1'lf:i1LLviil"'lfuviii''il"t1flfl1Ufl:l-l.1111ilu (gene) mw1"v1'1 il~u1"mru11il'W~f11Ufl:l-lfl1111f1~ 

<u ~ 'U ~ 

CYP 1 u~~il7!11i111n'l!ulilill'ililmnn11 5 oo ilu.11t1nu llill'luuma1ii'a1m1a~vi LL u~Ll'ltJlil'l"na . " 
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Family Subfamily Isoforms Substrates and functions 

CYPl 2 3 Foreign chemicals 

CYP2 13 16 Foreign chemicals 

CYP3 4 Foreign chemicals 

CYP4 s 12 Fatty acids, arachidonic acid, eicosanoids 

CYPS Thromboxane A2 synthase 

CYP7 2 2 Cholesterol, bile acid synthesis 

CYP8 2 2 Prostacyclin synthase, bile-acid synthesis 

CYPll 2 3 Steroidogenesis 

CYPl7 Steroid l 7a -hydroxylase, 17/20-lyase 

CYP19 Aromatase to form oestrogen 

CYP20 Unknown 

CYP21 Steroid 21-hydroxylase 

CYP24 Vitamin 03 24-hydroxylase 

CYP26 3 3 Retinoic acid hydroxylation 

CYP27 3 3 Bile-acid biosynthesis, vitamin 03 hydroxylation 

CYP39 24-hydroxycholesterol 7a-hydroxylase 

CYP46 Cholesterol 24-hydroxylase 

CYP51 Lanosterol I ~a -desmethylase 
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CYPIA2 

CYP2C9 

Thai J Pharmacol 

Substrates 

Caffeine, clozapine, cyclobenzaprine, fluvoxarnine, haloperidol, 

imiprarnine, rnexiletine, olanzapine, pentazocine, propranolol, tacrine, 

theophylline, zileuton, zolrnitriptan 

Celecoxib, diclofenac, dicumorol, candesartan, flurbiprofen, ibuprofen, 

irbesartan, lorsartan, mefenamic acid, meloxicarn, naproxen, 

phenobarbitcine, phenytoin, piroxicam, phenprocoumon, suprofen, taxol, 

tenoxicarn, torasernide, tolbutornide, valdecoxib, valproate, warfarin 

CYP2C 19 Carisoprodol, citalopram, clomiprarnine, diazepam, hexobarbital, 

imiprarnine, lanzoprazole, rnoclobemide, S-mephenytoin, omeprazole, 

pantoprazole, proguanil, rapeprazole, voriconazole 

CYP2D6 

CYP2El 

CYP3A3/4 

Arnitriptyline, amotoxetine, bufuralol, carvedilol, codeine, clomipramine, 

desipramine, encainide, dextrornethorphan, flecainide, fluphenazine, 

fluoxetine, haloperidol, metoprolol, nortriptyline, ondansetron, 

oxycodone, paroxetine, perphenazine, perhexiline, propranolol, 

propafenone, risperidn,;e, thioridazine, timolol, venlafaxi11e 

Acetaminophen (paracetamol), chlorzoxazone, dapsone, ethanol, 

enflurane, halothane, isoflurane 

Alprazolam, buspirone, calculm channel blockers, carbamazepine, cisapride, 

cyclosporin, HIV protease inhibitors, lovastatin, midazolam, pimozide, simvastatin, 

tarcrolimus, triazolam, zolpidem 

(family), li11~fJ<itlau (subfamily) LL<i~'llil111 (isoform) lii1~ 111111Jli1111J1i1a1EJ1i1a~'ll<Na1iilu011L~Ei~G\'1 

'll!l~n1111a~ii1umrnmJ 1'llil 

1 ~ ,,3 • ' l • d i1 d • o wd 
LQ'l/fl~ 'IJ\lli11L<lm\jnli11El1JlJ 51\J '111\J GYP l'JEJ~ 1Jii11~fJ<ll'l 1 ' 2 LL<l~ 3 lJOl'11'111J1l'l 

1tl~E11JLLU<NmLL<i~<n1L1i1i'.i~-l1~01E11vi''iu,nnmuuan LL<i~rnu 1m1~au'1 uli11~n!l~ 4 ~~!lunu1n 1u • • 
"1d "I 1 ~ ' d d ~ ~ d w • ~ ' ~ "1d "I 

011 L u!lEl'tHL u!Mn'llil 'lllJ\J mu1111~ fJG! !l\J 11'1 L'l'1<l!l~~mn El1'l1El~ nu 0111.'M Lli111~1'11'11!lL u <lEl'IJLL u!Hil11 
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11.1fl~1Jmd1:m.J!'HQll'J1il!J\ii"LLi'l"fl"ililtl1Ql (lill"il'!~ 1) iil1mh.:im~~mtl~!J1.ILLtia'lllill'J GYP 'llUliliih.:i 1 

lLilliM 1111.llill"il'lri 2 

m11J L~!J'l'ill fl fll"i 1 'll"m aci1'!11fl'l~.:i 1ll'il Lil 1i11l"1.11vhi vii~ 1l S1.llil "ilil'illfl 51.1lil1fl'lm1"wil'lm 

ii11tJn1.1 (drug-drug interactions) .:i11.1'i\ftJlii1.:i 1iifl"ilil'll1.leJ1.llil"il1J'illflS1.llil"ifl'im1"11i1.:im Hlii1.:iil1.1 

!J1 fl~ 1.11! cl il u u'lU1'1 LL a" <l fl 1'I ill"'li il'I fl a !J N U1 ari Vil fl1'ji1fl1'11 L 'li1.1 ri LL l'l 1.11lillwu1'111 !J'll 0"11 i'M S 1.1 lil 'j fl 'l !J1 
'U ~'U q 

' 1 ' •.•1 d. - 1 ' d q "i"M11'11Jl 'Wflq!Jf;!u1!J'Yl"ifl1'Jllil1 1.lb"i'IW!JlUla 2.8% (Grymonpre Lli'l"i'lru" 1988) 'IJill"l'l!J"ilil'll'W 

i1n<i!JNU11Jriill'l11!Jl~!J'lfl'ILLa"LVlfo'l°nM11'WLLN1.lflQfl Lii1.111.1a11'l°eym1J'ln1wumnil.:i 4 7 % 
q 'U 'U q .... 

( ) 
• ~ d ' 1 d 1 ' .J'~ Goldberg LL<l"l'lru" 1 996 'IJ1l~i'l"i"Ullil11'1!J11'11.11<11.I 'illl.J1l !J1.111.l!J11.ll'lil'llil'I Malone LLa"l'lill" 

( 2 oo 5) ~.:ia1.1hLuw1rntjml1.!1i11n'lm'l"11i1.:im~ilm1mhfiqjm.:i1'lailnmnriqlil11.1 2 5 51.1iilrnL 1n 

Llirn 1'1fey11.1v1l!JWillfl"i"uu<1'llmw~.:imvu1'1amh"'l11n1mnrri1 46 '1'11.11i11.111.1all'l°ey a L1J'ifllwui1 il 
... 'U q q .... 

~u11J~iltafllmnlila1.1mn'lm1"1-li1.:im'llillil~iltim'11fiqjm'll'l1iilntl1"mru 37 4,ooo lil'W ( o.8%) 

Lta"lil111J'llfl'1Ja.:i51.1mn'lm'l"'l1i1.:imliivm'll"m 1 ,ooo 11l'l~wrnnn~illil 1iiltLri warfarin-NSAID 
, I q 'U q 

(242.6), ,theophylline-fluoroquinolones (224.5), warfarin-thyroid hormone (131.1 ), 

benzodiazepine-azole antifungal ( 44. 5) <1111-l'u 11.1ti"i"ll'llil 1vmild111J.:i11.1i1m'i!LOlilB1.llil"ifl'im 

' 1 •.•1 ti ' dq d ~ ~ ( "i"ll11'1!Jl 1.1Nu11'1'W1lfl "i"!Jlru 2 7 .9% blil!JlLN1.lfl1'1!Jlil1l!JL<l!J'lil'lillill'lil LU>J1.lfl'illil l1'll Janchawee . . ' 

lll'l"lilill" 2005) 

LliltJli'11 tlm'il Lnhn a 1fl'IJ 1!'1 B'Wlil"i n'l!ln"11i1.:i1J11iilL \'11.1 3 LL uu ~a mi 1nm.:iw a'llmw 

(pharmaceutical) L.flff'll'ili11.llillfllil-i" (pharmacokinetics) Lli'l"L.flff'llWi'llillfllil-i" (pharmacodynamic) 

Ltvit~m tl'.l1Jrnli1Jun1.11m"11i1.:ina1m mil if 51.11i11n'l1J11"1-li1.:im Ltuuriwu 1vlmn~alil~ i'lm.:it.na'll • 
«! d • - 1 , ' d • • d tld ti 'ili11.llill<llil"i'll'ILfl!J1'1J1l'lflUL1l1.1 'll!Jfli'l!J GYP 1'1"Yllll1.111'1L i'l!J1.ILL a.:im • 

~I"".,,! Q'j" •,<>f CV GI f 1.J.Jw.u 
L u1.IWLlil1'1 L'lJ il'l'illfl!J bilfll<lfl autylllil1.llil"ifl'j1Jl'j"'l111'11Jl ~111.lfl a fl1'1Lfl!J1'1J1l'lflU GYP LLU'IL\'11.1 3 

n~:wria1f\'i;y 1vliil.:ill 

n. mi:w~aanq1'11l'au~.:irn1.11'11!l" CYP (enzyme inhibitors) mii1111 GYP iltl1dl1'1ilmw11.1fl11 
' ii1.:i11.1<1iirn.:i11~aii1.:i11.1 hi1vlrn!J ~rntlu~.:iritnlil1l"1.1a1'i!Ln1i11l"1.1 LL uu'li'1m1111~alil flA1.:i 1vl1.11m -W1l.:i 11il 

~'WnU'llUlil'IJil'l!Jl tli1aci1.:i 1iil'LLri !Jlvl11.I b'l°malila (protease inhibitors, reverse transcriptase 
w .,., w.J'' ..,.,..,.,,,, 

inhibitors) l'lllil11.l'il!l'l1Wfli'l!J macrolides !Jllill'WL'llil"llfl!l!J azoles, lLi1"1Jllill1.1'1<llill!J1.l'll1.llil H, Ul'I • • • 
'llillil L\'J1.1il1.1 
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,,J ""., 1' ·1"' """" .:O:.J'&.oi '!!. ll~!-l'llil1lllt)'11!im~11pmm '113-1 CYP (enzyme inducers) '111 '11 GYP IJU'll.Jltl.ll'IUl°IJ'W'l'l"HHJ 

tl1d1'111lmw 1 u1111'1'11~1um fl~'W ~~r.Ja~Lnlil~'W ii fl hlLnlilLL urnu!"luvH1u LLlii1nlil1111"JV1il~rn111l'm 1 ti 

d ~ ' 1"' ' 'V ,,, 1 • ~ • 1 ~ ' ~ 
'l~!"J~'l'llN lil11J!Jl~ lilLLfl !"Jllill'W1tl.I 'llil rifampicin, !lllill'Wfl1'l'1Hl LL<l~!lllill'W 1'l'1Lillil'1U1~'ll'Wlil 

' , "" ,£ .., ""' ' ~I 'I) !"llfl<ll.J benzod1azepines 'll'Wlilililfl()'ll!i'Wl'W LLa~!"Jllil1'W\l<l°IJWfli.'ll.J aminoglycosides Lu'Wlil'W 
' ' ' 

flUl~ 1101il11J 1LiYi1tlil!"l'Yl1~'11q11jJm11'1J'1"JTvf11tlm\li:i1arna~'nnlilil''Wlil'ln'lm'l~'l'li1~m 1"1-:i11"J 

LL!ii L d fl~'illfl!"Jl LLliia~'llU lil !ii1~il il fltlt\I~ L\l'Wl"iii'1 ir fl LL 'W~Ul L 'l'llifl'ilnuilu lil'lfl 'lm'l~V1i1~m L ti 'WW L01'1n u 
f .J d 4 <V "'< I 'V "" O IV Cl.Q .; €i/ ""'. .J' 

!llfl ~l.J'Vl Ll.J il I fl lil il 'W lil'lfl 'j!"Jl 'j~'\'111~m Lli'l1'il~l.Jlil11 IJ m lil t)J'Yl1~1il<l'W fl LI uu1u LL 'j~ '15~'\'l IJl !"J t:M'\'11 fl Lfl lil°IJ'W 

LLa1m\l'l'111 M'wu1ma1"J:a'llil wrn1 m'l-i'n111ammn V1'ia'il1!ii'a~ 1vi'-i'um.,-rn,,1L viiltl11"J:a'.ilil ~lu'i~mdil • 
1 ' ,f, ( 1 - ,. . d "' ~ ' .. ~ l.J'Wl'Wl.Jl'W<lil!"J Abarca !Li'l~lilru~ 2004) lil1Llil'l1"'1'1°1Jill;j<l'illf11il1'll'V1Lu'Wmlil'l)il'WLL<i"'W!"Jl.J <'llill~il~ 

1um'l~n111iii'1uil'ulil'lf1'lm1"V1i1~m'il1mu 4 L<il.J wui1'15ulil"1Jm BU!il'lfl'lm'l~'l'li1~mLLuu~ilm11J 
'lm1 .,~~~LL V1<i~"liil1Jt1'Vlfl LL Via~ 1 im'lti'l"Lilulil'l~ii'u:i:liJciL Vim 2 .2 % •1fl'il1mu ilu1i11 fl'l!"J11~V1i1~m 

q 'lJ q 'lJ 

'llulil '111-lru~il mi~~'l'll.Jlil 406 'llU!il ~~L1'1lil~i1ii~lil~illil11m11iifllii1~ii'uilcim fl 1 um'lfi1'1'1U lil'llU!il°IJil~ 
u 'lJ , 'lJ 

LL w'llu'll'iil Li1if'llfl .,~~~LL a ~ll11"J mm1 otll]u&i L 'l'lil au m 'l~ LL a~ lilm1 ilu lil'lfl'lm'l"V1i1~m~Ln Iii tlil!"l 
mi 1fl~'W 1~~t11~flilu"11mT'WlililU'l'lil°fl 3 iu 1vi'LLrl 
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Benzodiazepines -Azole 

antifungal 

Cyclosporine-Rifampicin 

m11nm1aanqnlllow 

precipitated drug 

Azole (ketoconazole, 

itraconazole, miconazole) 

iiurT1 CYP3A4 

Rifampicin fl'J:::vf u 

CYP3A4 

HMG Co-A reductase Macrolide antibiotics 

inhibitors-macrolide antibiotics ( erythromycin, 

clarithromycin) U"u&-:i 
CYP3A4 

Oral contraceptives-Rifampicin Rifampicin n'J:::vfu 

CYP3A4 

67 

~1 n object drug 

.( ' . 
(}'YlfiOVli:l:IJB\l'l.lfl\l benzodiazepines b'WJ.JV'U 

1viuLuw1:;'0J1n alprazolam, diazepam, 

midazolam, ua:; triazolam 

cf "" ., °" 
q'YlDOVliJil~lJnU'l.IB\l cyclosporine i:iVli'l\l 

L tia"il1nmBnl'i101a 1"mmrn"L"l1;1u ~ll1a 
milLn01ihym graft rejection LLo"L1foil'iGJ 1oJ 

'J:::~Ufll HMG Co-A reductase inhibitors 
d.fd "' .J 

( statins) L WlJVIJL tl1M"1nam1m1Ltfomt~u 

L018 CYP3A4 ""'N ~h11'~ll1mn01i'h-1il1nm 
Lii1tmm1M 

q11tm.t1hL UOlill nm Yiu ri1 lil01a01 a1 ~1£mil . . . 
Lii01m1.f1Y111n1:018hi"1"~"1o) Ltia1il1nm 

Bnl'i1018 loJL"l1;1u 

Theophylline-Quinolone 

antibiotics 

Quinolone iiurT1 GYP 1 A2 '"o)um theophylline (narrow Tl drug) 

Walfarin-Barbiturates 

Warfarin-Su lfinpyrazole/ 

cimetidine 

Barbiturates 

(phenobarbital) n1"\Jf1t 

11'wu hi1 CYP 'Maw 

tiil011'i111u 1oll.f1n;lu 

Sulfinpyrazole/Cimetidine 

• • aua1 CYP2C9 

.,, .r .,] ~ .,] ·" L WlJVIJL 1J B1illOBOl1lnl1L Uo81J~U LOl8 

CYP 1 A2 a01a1 11111'Lnm~1-1il1nm 1ol~1aifu 
cf., d "' ... 

q'YlDVll'Wfil'iLL'l.l\ICJl1'lJB\1UlBVl';\11fi warfarin ';\!:; 

.,] ,J • " avia1 L\JMillflfll~muaa\J~ULOl8 CYP2C9 

1 "d ,;f ".'I " .: .J \lJL'1V1J ~u18alilOIB1L VilJVIJl\llfllLWil 

11" 1n u 5 u m11 aiJ1 n ilty m La a" LL ~1vl1 

viammn'll~Olm barbiturates L01a11Jiim1 

ufovm01m warfarin ~l11amilLnvi5umia 

il1niltym01maa01 L w11""'"vlum 1maa" 

lllOLfi'W 

cf., d"'... .: 
q'Yli5Vll'WOl'iU'lJ-:J!}l1'l.IB-:JUlBVl'OJ10 warfarin LVOJ 

.r .,] .,] . " l.flOV\JL\JB1illflfllBnLUoa\JJUL018 CYP2C9 

1"1foaav1ha1 ~ll1aa1ilLn01mm101maa01 

'HjBLaaLi!iBVJ:V'UCi-:iurl:Siui llil 



68 Thai J Pharmacol 

() 
d w • - ' ' 1 web site 1'1'l1U'l1:W'llil:IJ8 il'Wlil'ln'll'Jl'l"1'11111'J1Ui!J www.subscriberx.com, 

"I w www.medicationadvisor.com, www.epocrates.com, wwwpersonalmd.com, www.drugs.com Lu'Wlil!J 

( 2) 1.h" dlui11 u n tj:11 ~tl1m mhii 11tJ 1~ru11~il1a mmi\Vi 1'111 :11 L~tJ1aum1tJ1v1 mn n tj :11 

"'~'I d .,.J1 v .,. vd"" .,. QJ "" d w 1 ' 
i;Ju11'J1'1 '11illl'J (;Jl'I 'li!J11'1 <lll'J'li'U (i) (;j1'J:IJl'J11:1JVJ(i)LLl'Jfl1'111W'Uofl'j'j:IJ'/Jil1!J'U1'11'11Ul'l:IJfll'j;,'l"jl1L il'U 'll:IJ 
... ... q ... ... q q 

( ) 

~ 4Q d d d • -~ 1 .1- ·-d 1· d 
3 L8ilfl1nfll'll'IL 1'llJl"amwB<1V11'111mami11flB1Jlil'lll'J'/JB1m 1om> 'W1'111u{]U\lll'lillil 'liL Wil 

'll~fll~l'M M'JiJUil1tl'Wel'W\ll°Jll'Jillfl el'Ulil'lfl'i1Jl'l"'llll"l'Jl 1vlLLrl 

• 1d d "I "' - d d Qt ' • ~~ w ' 3.1 Lu8!J'W1Jl1'1Lu'U precipitated drug Lu'W'li'WVlil!JLLl'llJ 'll":IJ ilfll'1flilil'Wlil'lfl'll'Jl'Wil!Jfl11 

( 
d ) • ' ' • • 1 w ~ 1 w d ,,(. ~ 

lill'll""Yl 4 \ll1ill'Jl"L'li'W i'll1'1'lU macrolide antibiotics ·maan 'Ii azithromycin '111ililfl(jl'lol'JUl'J" 

1 w w , ~ • Id !'t , d 
CYP3A4, Vl'Wil1Jfl11 erythromycin, clarithromycin LL"Yl'W 'll'lilLuSl'JIJLu'U antibiotics fl~:llil'WLL"Yl'W 

macrolide 11.JLa!J Llluvl'u M'lmu~!J'W object drug 1tJLllum~u~hJ1vl'omtJ~!J1JLLUa11vimB'WhJ1" CYP 
" 

, • Id v ~ w ~ "' d 1 , . Id 
L'li'W Lu<l!JIJ1Jl'l"1UEllfll'l'llmfl'llillfl fluoxetine 1'1'lil paroxetine Lu!J Tianeptine '11"9fl :1J9mua!J'U 

fal'J CYP LL't'l'W 

3.2 Ufo'IJ'WlVJl'Jl~LlJ'U object drug 111'L'lllJl"l'l:IJ L'li'W a11JlOflYil<111J1vlL11~'U flvlil"Lvj:IJ'/JIJlVI 
" 

l'Jl'IJ(i) L'li!J Vi'lil1'1lfl1Jl9flVhm!J 1vl'ifo1Ja" flvlil"ufoaVJ'/J'Ul(i)il" LL~UIJ!Vll~il hiil\)Vl'lil1L1ililvlil1U1u 

1JlflUBmvfo11V1 vl'B"Wil11ru1\ll11J1'111mMm"am llu111J 11 tJ 

3.3 L tJ~iJunm 1 M'mL i'lBMam~m tBma~mil"LilVI 
3.4 ii\VJ\lll:i.Jli'"Lfl\ll VJ<l"Yll"l'Jilil fl~ L U~!JIJLL ua" 1uml"fll'j1'1lm-i1:11nu LL<i'1ufo LL(;J'Ufll'l1fl1'11 

v111lm 111'rnm"""~B 1u 

1'111:1Ji'lllJl'l(l 1 'Wfll'lYil~l'U'/Jil" CYP '/JiNLL~il"Ul'll'J<liJl'J11:1Jlllilfl~l~tl'U L tiB~illfll'l11:1JLL\llfl~l" 
' 

"Yll~W'W~fl'l'l:IJ (genetic polymorphism) '/Jil~B'W~l'l1Uij:1Jfll'l'1-i'1"Lil'W hJJ"rn<i11i LL<l"miici~i;Jai.i"m'l 
\llBuau 11~ 1 u m1'.ifl1:11M'lB m1LiiVI111m11iJw"tJ"""~l'i' 11 "~" m1 Lil V1W1:1i11flm>1 il'm1'1m1l'liil VI tVJ !J~ 
1'1111JLL\llfl~1";iillill ll'WN<llJ1il1flfll'lflall'JW'W~ (mutation) fll'l'/JlVIVll!J 11.J (deletion) M'lilfll'lLL "Yl'lfl 

(insertion) '/JB"il111a1a 1"Yl~ (nucleotides) M'l11m1Lllim'hu1'W'/Jil"B'W~l'l1Uij:llfll'l'1-i'1" CYP ~ 
lJlflfli1tJnii\ (gene duplication) 

' 1 " ' Q d d ~ - Qt 1 ;d 
mn~ 'jfl\lll!J 1'111:1JLL\llfl\lll"'/Jil"1J'U CYP "YIWUlJlfl1'1'1\ll 11ill'l1l:IJ'llalfl1'1<111'l'/Jil~'U111<1 El "YJVll'I 

' • '1 • ' d ( ) QO t \ll1L!Vlm Vl\ll1L!VlmVl'W~ single nucleotide polymorphisms; SNPs U'W'111JV1Lil'WL1l Vi!Ji'lllJl'l()WU 

1wJ:1 _J Q d d w • • t·' Q ( ~ ' d1, d • SNP \lll'I" 'W«1'W'/Jil"l'J'W1'1Lfll'J1'/Jil~flUfll'l(liJVJ'l"11'l u'l\ll'W coding region) 'll'l1lll1'W1'1 IJLfl!J1flUfll°J 
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lilTn~~ 4. 11THU~l'IUl'l1~tllu precipitated drug tllmn'il~i'lfarnmnlila'l.Jlil';ln1m.,~11i11rnuill'J 

ni1 

Arua1JuiJi;i,j11i<i'\ !ilBlWJ';j 
m;iilTamari" m;iilTon1ari" 

mi:JJm ' a'l.Jlil';ln"'iu11"Mi11u1 Bum~n1v11~~11~v1 
' n"'ia11•Mi11u1 

''° ii'fltJ • 

Benzodiazepines bvi11qVJ~~111 CYP3A4 Alprazolam Lorazepam 

inhibitor Diazepam Oxazepam 
Midazolam Temazepam 
Triazolam 

Calcium channel arnf1 CYP3A4 Diltiazem Dihydropyridine 
blockers Verapamil calcium channel 

blockers 
Coumarin b~11q1'l~~111 CYP2C9 Acenocoumarol Phenprocoumon 
anticoagulants inhibitors Warfarin 

HMG-CoA bvi11qVJ~~11• CYP3A4 Lovastatin Atorvastatin 
reductase inhibitors inhibitors mn Simvastatin Cerivastatin 

Pravastatin 
H2-receptor au8• CYP isoforms Mmu Cimetidine Famotidine 
antagonists ?Jil!il Nizatidine 

Ranitidine 
Macrolide antibiotics au81 CYP3A4 Clarithromycin Azithromycin 

Erythromycin Dirithromycin 

Quinolone ifu81 CYP1A2 Ciprofloxacin Lovafloxacin 
antibiotics Enoxacin Ofloxacin 

Grepafloxacin Sparfloxacin 
Trovafloxacin 

Antidepressants ifu5• CYP2D6 Fluoxetine Citalopram 
Paroxetine Fluvoxamine 

Sertraline 
Tianeptine 

- ,_, Q d d 1 ' d d • - - ,_, Q d - Q 

!lfllil';l'115tu';lfilU (untranslated region) l'I~ SNP 'Vl'WU 1.J51U'Vl!flrl1llil~f1Ufll';lailfil';l11'1Lu';lfil'l.J'VllJfllJ 

1-llH tJ§umrt.l<Ml'IU lil'llmfl';lfil il~ilfova~L<JU l'lfiJ ~~a~ 1-J!l\ii il fllTYi1~1 Ull il~ Lil U l'lf iJ CYP ~;;l~ Lfl';l1•'1f~u 
<f1u SNP ~Vm1u<f11.J'llil~ intron-exon splicing site il11lLlJU1-J!l'l'J11MlfililLlJU';lll5'11Ulil~Lf\lil~Ufiil'l.J 

' 
';lll'111fllilll1~ll<J~tiu (premature stop codon) '1'11 hl'Lau hi1i1'1lmlilnuni1tln~LL!l~'l'i1~1u lfii'lllil!l~ 
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fli'lfl11<1'il111i11ulw'l'i's<ililinlilLt<i'1 L'li'W Amp/ichip™ CYP450 'llfl<iu'lHl'I Roche Diagnostics ~<I 

i'lllJl'.ill 1'll'lil'.i1'ilaflHtl!"l'l1<1W'WilflTllJ'11iM CYP2C 1 9 LLi1" CYP2D6 ~lirnada1'i1'll11u1'll'11<1Lti;J'Wfll'.i . " 
tl'.i a n'llil 111'11 s<1m '.i1lJ~<1u-lu'1l'W1111'11a<1m1 iL l'llJl" ;;rn '1111-lu ~th !J LLl'i a"lil'W (persona I ized medicine) 

d 1"" "" d~.I " 4 1 " ~ .I " 1 ' 1·'.J' w ~ LVrn l'I L111'.iU!J1\'JlJu'.i"~l'iilfl1'W 'Wfl1'.i'.ifl1'11LLi1"lJlil11lJui1i'l111ilmNi.'!111 'WU\'Jlil11lJlil<J u'W i;JL'IJl'J'W'il" 
" . " 

CYP2D6 POLYMORPHISM 

• Id • I 1 w 4 ( d ) ".'I d Q , CYP2D6 i.'!1lJ1'.itlLu<W'WLLui1<1 111!'11\'J<lll'l'll'W111 lil1'.i1<1\'J 2 ~u1tll'llJfll'.il'l1HW'1li'l<I CYP2D6 

unw~i'l<I (poor metabolzer, PM) :iJ'nih"ii\'u'1Js<1m L 11a1if1 'Wfl'.i"LL<Hl1<1111\j<1ni1un~ tLanh 1 i1'm-:; 

lili'lu<l'W a'll'iamLviiJmn~'W ~<1rn<1A~'li'll'i10<1.ff'W'1111 M'Ln111w1e11iil 1 um<1lil'.i<1n'Wi!1lJ ~~i:im'.i'l11·:n'W"1Ja<1 
" 

Li'l'W1'llifd\j<1ni1un~ (ultra rapid metabolizer, UM) :iJ'ni:i'.i"ii\'umLmhd~1ni1un~ ~<1i:itsmi.'l 
lili'lU<lmNl'iam~1ni1~1il1'.i\'JlfHil1mLi'l'IL 1l'Wvl1i'l flfl(jl'JtthA't)J LLl'irl'1 LlJ LL \'JU i'J 1aiii'~Lfl111~'Wll'Wilq \'It 
1 wn'.i1flH1lJ1flfli11'11mmJ (parent drug) Oi'll'il'il"'ll11ii:i~~L1'l'W UM ffis111miililWHL vilJ~'W 

U'W~lil1UlillJfl1'.ii1'1Lm1"1·hfl'W 1'llif CYP2 D6 1 mLl'ia"ulillili1i'll'ilillil11lJ N111tLi;in ii'u 1.lmn ~<1 • • 

Q ,.J', Jw Q 1 .Id .I d"I 
fll'il'il"L '.jl'Jfli'l'Wfl1llJ'W11 UM 'Wi'Jfl'il1fl'WLL111Ui'l11U1<11'1'W'il"lJi'l11lJ<l1lJl'.ill 'W 111'.iL uiltJULL ua<1mm u'W • • 

1 ..,n I ,t .cl' ~I Q "" .J w 1 ;dQ 
substrate '/Jfl'I CYP2D6 111u1'Wfl<l1<1l'l<!ULu'Wi;J1l'i11flfll'.il.J'W'Wiln'.i'.ilJ'1lfl'I CYP206 l'l<l'.i1<1Lfl'W 'lll.Jl'Jl.J 

• 
1 , di , .I 4 g , d Q d 

1'111lJi'lllJl'.ill 'Wf11'.il'l1'11'Wl'llil1fl11ufllil 'il1fl'.i1tl<l1'Wfll'.i•1fl'l-!1'WU111il11l.Jll'1lfl<ltl'W CYP2D6 allele 'YI 

'WU~11 iJ1 'WU '.i"'lll fl'.itLl'iil"L~fl'lllQi LLlilflil<IO'W 

CYP2 D6 L 1'Jmfl'W 1'llifi.l1i/iru 1'Wfll'.iLU~tlULL ua<1m~1'1l'l 'W'Yll<ililliil fl 1 UU'il'i!U'Wl.Jlflflll 2 5 % ii\'<1 
u • 

1.luniil1mh'llil'Wlill'.il<I~ 2 iil<iif'W ~~L1'l'W PM '/Jfl'I CYP2D6 'iidh"ii\'u'IJtJ<ltllL\'Jllld1'Wfl'.i"LLi.'!LatJlil 
" 

\j'lfl11 Un Qi Lta dfo 11'1111 i fll '.ilil flu <l'W fl<il'i fll'll L l'I a1if t vi l.J~'W Ul<li'l ~<I fll 'ii 0<1.ff un11 it ii lilW 1e11.J 

iil1<JiJ1<1t'li'W Ldfl1'1i'm flecainide 1'W~U1tl~L1'J'W PM '/Jfl<I CYP2D6 ~i:ifll'.illl<llU'/Jfl<i11ilNlilUf1~~1l.Jol11'1 
""lii'fl<11":iJlil1"i'<1L 1'l'WWLl'IH L ti fl<l'illfl ~U1l'lt11'i!i:i'.i"ii\'um 1'W~1<1111t1<1'1Lii'u1 u~<1i'Jl'iln11 'll'Liililm1"M'1 h 

" " 
Mt1<1a1<1'1l'1mlii'm~1NlilUfl~l'l'imlii''W'Wf1 (ventricular tachycardia/ventricular fibrillation) 1.1 1'W111& 

QJ -'"< 'V I T .J,,s <V Q 

'11iMt11'.i"<IUi'l1fl11'lll.JL1'111fli'jl.J tricyclic L'll'W imipramine, desipramine LL11" nortriptylline l'll.Jlil'll'Wl'l11l.J 
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tl!llllilii'l'll'i !l1JTI1'1LlAU i:li 1'1l1 mm11iltlfl&i1 wffiht1~L \'Jti PM 'IJiN CYP2 06 i'llllll"lfllil !llfll'l lilw-1 

tl1"1'Ml'flll fl I'll Lliti ~1'11Jll1J lvi ~'1ll1fl11L"Mald i'll'ili'il hfo W'YJaLTil hi'.ililfl lilJl L \'Jti ill fl111Ji'l'! hA 

'ilmri-l'1~ti'1A'1i'lU ~'!i'll'ilL~IJ'IJUllilm~1'1ilm1'1bt1~1Jan 1uYJ1'1\il'l'1n1JTillJ l'llUl'l'liillil L1i1J codeine 
" " 

11"-ii'l encainide i:h1inuil'tb1J~Ll'J1J PM 'IJiN CYP2D6 !ll'illl"1i11vl1:rn11Jm>-ln1'11 ~.,;il~i'l'l'illflrii'lti~ 
" 

" v ti 1 v v 1 ' tld 1 v '" d "' codeine 'il"!l!lflt)'Ylll"l"'!Ui'llfll"l 11il lilll"lilil'1flflli'l1J 'lilJ CYP2D6 L ll!J1J mu1J morphine 'li'!LulJLIJ 
" 

1 ,,J~ " v ti . . v v tld ' 1 ' 1 v "' LL'YIU!l illil'YllJt)'Ylll"l"'1U 11ilfl!l1J i"lll1"JU encainide 'il"lil!l'!flnL ill'JlJLlill'IL!lU 'IJIJ CYP206 mu1J 0-
" 

desmethylencainide ~'IL \'JmmLYJu!l 1am~illil11mL >.:imnni11ii'1mLLiio.:i 1 o L ri1 LLliid'11il'mna1Jd1 u • 
irll11'J~Ll'J1J UM 'IJ!l'! CYP206 'il"ffiilflll'llnlilW'loJ'illflLIJLL'YIUil lamrna1il'lvia.:i " . " 

CYP2C9 POLYMORPHISM 

CYP2C9 ilmh~ll11'liy 1 Ufll"JL tl~l'JlJLL tla.:immil'm.:iAliilnMml'l'liillil ( lill"Jl'!~ 2) "'!l'illflfll"j 

'lllm~m~11dwui1iru1t1~iii'<M 1il'm warfarin 1 U'IJUllil~lL ~!lifut.:im>LLV.:im1"1Jil'!Laillil'il"il~u 
" 

CYP2C9 LLUU CYP2C9*2 Llil" CYP2C9*3 mni1~ll1u~'11Ll'Juiii'll-11-1l'l'l1 warfarin 11J'IJUllil•M 
" " " 

1Jilfl'illfld tl.:iwui1irl11u~il<ln1'!ru"m.:iw1Jllm'l1J'1Jil'! CYP2C9 Ll'Jmrnu homozygous 'IJil'! 
v • 

~ d1v ~ d , ~ d «,,,., 
CYP2C9*2 ll"lil CYP2C9*3 'YI 'lil'Jl warfarin 'il"IJlil111JLlll'J'!lililfll1"\ilfllilillil'Yl"JULL"l'! "l11J'Yl'!IJLilfllll • 
Lnlilm1nfi\il1a 1ml'ialil~l'illflmaliltlllillil 1maalil Lliu tolbutamide LLil" glipizide \j-1ni1tln&\ 1u 

i'i11Jil'!L~mnu ~u1una1Jd'il"ffiammnlilW'loJ'illt'lm phenytoin a1ni1tln&\iii'1u ii1LLlYi1 CYP2C9 'ii" 
" • v 

• v d v 1 tld ti v 1 . . d 'Ylll11Jl'Yll1ilfl Ufll"JL lll'JULL cMl'Jll1illl'J\il1 Ufl~IJ non -steroidal antiinflamatory Ll\ill 1Jil'!'illfll'Jlfl 

a1Jd i1 m'llUA111Jtl ll i'l lilii't11'i il1JTI1'!fll1'1 lil11 IJ i'.ilil LL"' fl'Yll'!WU Jjfl"j"jlJ'IJ il'! L!l1J 1'11i1d ill'il'il" 1iJl'i cl1J:i1 • • 
A111Jll11'lrum.:iAllilnliiammi1JdL vh 11ilirn LYh~:i1>1m1u 1 UU'il'ilUuwui1~u CYP2C9 'il":i1atimnni1 

.... q q 'U 

1 D variant allele iii'1unu Llill'J allele ~WUIJlfl 1iii'LLri CYP2C9* 1. CYP2C9* 2 Lli'I" CYP2C9* 311il1J'il" 

WU CYP2C9*2 LilW1"1utl"J"'lilfl'l'li11AllLAL'ilt1mvi1Ju LLlii'iidiiwu allele d1utl"J"'lilm'li11LilL'il1J 

1hu CYP2C9 * 3 'il"WU~'! 11Jtl"J"'lilfl"j'li11A !lLAL'ilt!mLil"'lil1 Lil L7i1J 

CYP2C19 POLYMORPHISM 

'illfl"l11J'!11J11Ju'ill!U1Jwu11~u CYP2C19 lilil'at1ni1 18 variant alleles LliltJ CYP2C1 9 Ll'Ju • 
1 '. v d • v d tld ti d1 "' -~ v ~ ~ ( d ) ~ " ~ LilU 'lilJ<llA!lJ'Yl'Ylll1Ul'YIL ll1JULL i'l'!1Jl'YI °liLUU'il"!U1Jilfll1il11J'liU\il \ill"ll'!'YI 2 lil~UU A111JNlilLL"'fl 

'Yll'!Wti llfl "l'llJ'IJ il'! L ilti 1 'llif dtJ a IJ a~ "'"Iii il fll"llil ilU au il'! 1 u fll"l-ln1'11l1 'i il fl1 "l Ln lil ill fl1 "JTil'! L~ ti'! /W H'illfl • 
1J1Lmhdviw \\l1atl1.:iL1iu iru1t1rlL\'Ju PM 'IJil'! CYP2C1 g "":i1fammnlilillfl11TI1'!L~1J'1\lln1Jl 

" 
mephenytoin, mephobarbital LL<l" hexobarbital mnn-l1~rliim>Yi1.:i11J'1Jil'!LilUhi1tln&i extensive 

metabolizer (EM) LL<l"'illfl"ll1J'!l1Jfll"J'illmdm~11dwu-l1mhmtj1J proton pump inhibitor Lliu 

omeprazole i"lllJl"lfllllilmlil 1 ti fl"l"L w1"mm> "JJIJ~~L ~1Jtl"imru gastrin 1 tiwmi'11Jl'IJ a.:ia1mail'm~ 
"' 1"'ct ' ,.,,J~I ' .., Q"" .d' l v.d.,,, J' "' d.J' LUU PM lillilfl11i:!'YILU1J EM ll11Jil\il'llfll"lfll'illill'li8 H. pylori Llilt!LilWl"i:!'Yllillill'liil H. pylori 'liUlil'Yllilil 
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' 1" ' ~ 1 ".'I ' d fi'I \iJCJ clarithromycin fl11 'lJ omeprazole 11!JflU amoxicillin LLa" clarithromycin 'IJ~u1tJfli:lll'muU PM 
" . 

•dQ • 1 '·' -.1 ( ' d Q ~ LL<!" r:J'Vlllfl111'11·:n'IJ'IJCJ1LCJ'IJ 'lJ!Jufl\ilulUfllll' intermediate metabolizer, IM) 'il"~1fl11LllCJL'VltJUflU 

~tl1t1nli11 EM 
" ' 

um11tl 
' 

LCJ'IJ hiJ CYP L U'!JnliitmNLCJ'IJ l'llif~ilu'Vlrn'V!a1f1ru l'!Jm1Ltl~t1'1JLL tla1m~lifm~lilliiin ~'m1 
• v 

111~1'1J'IJCJ1Lil'IJ hiJdm1\il1U\il!J l\iJtJU'ilitwh11'VltntJUilitJ \il11!JLL\ilflvh'1'11'WWm11it'lJCJ'U'IJ GYP 
" ' . 

111J,r,5'1Jlil1n'lm1"wi11m~iJ~am"iii''!J'Vl'laiiu~'m1n1,1'1J'IJCJ,LCJ'IJ hif CYP '"a1~mt1f1ruviam1 
• v 

\iJCJUll'IJ CJ'LL<l"fl11Ln\iJCJlfl11 liiw,tl1"'1~"1'lJCJ'm liii' U'il'ilU'IJ\il11!J{L~tJ1nULCJU 1'1JiJ' CYP mli1il'lmL \zjlJ 
' " 

mn~'IJ w{a11nu\il1111ri'11'V!tl'11'1Jm~ml'flil1~'1J 1 L'liu Lilil'llwu~All'flil-l (pharmacogenomics) ?i1L\iJiJ 

Q- ( ) Q )"'""' ··~·1· Cl'lj'll11'Vlm molecular biology LL<l"'ll1"11Gf'IJL'Vlf1 (bioinformatics Lu'!Jlil'IJ 'li1\iJ11!J~L'Vltn'IJ'il"'ll11'1 'VI 

mm1 ()a ilrnu ~ a'll a'm11i1 aua'IJ a'vi am'Vl'l a il1m1hiw'tl1""'.1'1 nm~' Lil 111~'1J lmLLlil nvi1,i\''!J 1 'IJ tLvi 
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