


Thai Journal of Pharmacology

is owed and published every four months by the Pharmacological and Therapeutic Society

of Thailand.

Board of Editors

Editor

Editor

Associate Editors

Supatra Srichairat
Chaichan Sangdee

Pravit Akarasereenont Laddawal Phivthong-ngam
Somjai Nakornchai

Fditorial Board

Adisak Wongkajornsilp Nisamanee Satyapan

Amnuay Thithapandha Pornpen Pramyothin

Borpit Klangkalya Prasan Dhumma-Upakorn

Bunkerd Kongyingyoes Somsong Lawanprasert

Chaichan Sangdee Sopit Thamaree

Chandhanee Itthipanichpong Sumana Chompootaweep

Chongkol Thiengda Supeecha Wittayalertpanya

Karnjana Ketsa-ard Srichan Phornchirasilp

Krongtong Y oovathaworn Wittaya Tonsuwonnont

Nongiuk Sookvanichsilp Yupin Sanvarinda

Manager Supeecha Wittayalertpanya :

Office Department of Pharmacology
Faculty of Medicine, Chulalongkorn University,
Chulalongkormn Hospital, Rama 4 Road, Bangkok 10330,
Thailand. Tel/Fax 2511965

Notice The opinions expressed here in are those of the authors and do not

necessarily reflect the views of the editors or the publisher.

Printed at Ruen Kaew Press, 947 Arun-Amarin Road, Bangkok 10700.Tel: 02-4126552

@ a c{’d a a @ 1 1
NIMINTVING (Thai Journal of Pharmacology) ifudrintvesmnavndinoudszmatne i

o 1 : & O - a 24 o 4 ¢
aygaliihdmladuniavssenaaiiiildwents sdaviofiuddr niodldididedss: Tomima

o =1 s ot =y
My Tardsisanmssussudumednyeianysnussansng




22

35

51

61

Thm J @umaﬁ M Pharmami@gy

Vol. 28: No.?2, 2006
GARHY

UITUENITUD DI
UNUITUIFATS
Schedule
ACEIs vs ARBs: An updated pharmacology for hospital pharmacists
HALAT. LN, AR Ao
Trimetazidine: The established 3-KAT inhibitor for the treatment of
ischemic heart discase

Supanimit Teekachunhatean
A New Drug for an Old Disease: Strontium Ranelate for QOsteoporosis

MR, UW, SiRSIER WAl lrona
foRnsanmandnarssmeasfomulszdns o lumsdadenmdmiunds
T5aWu11a (Pharmacoeconomic Considerations to Improve Efficiency in Drug
Selection for Hospital Pharmacist)

MALAT. YFITINS  InberuyTol
wnnnananuaaeu a1l Cytochromes P4s0

4 e A

3. A3, J9051 Aeilona uag se. as. 29 Tand Wnilona

4




UNUIINIBONT

Taqiu anwiambhmangmssenihlyseEinn wasnnausguulanuanis
alanugdas swstayaansnensuwnd 3siniludenlfud Gaair Waun uazide
dalimivanuimbsazenudsunlassanan ndansdhdminndauday
wasildrusalumausinadihelemamsluduiifmdasiumildhdailoniy Hads
wazinmlsaviaanuduthafiiedu duly ndansdsidudaaiannuazumaninag
TmsisnemamaTulafimsaume wingaslumdudndiednmanamdunsdnmmstuuas
ardsznd wsa m‘sﬁnm(ﬂ'aLﬁ'aqﬁ»&u&uﬁﬁmﬁmﬂﬁsqﬁmm‘5 “ Clinical Pharmacology
for Hospital Pharmacist” fi 159154 Fyatt Regency Hua Hin 3awiausra1usiug ssuheiud
19-21 WOHMNAN 2549

mshazgilatnmunsnaengnasninlsalaathels Sududsmnumaduiulig
windassinewaslsanu uaznalnnisnangnizesan mafazdlahmiliiions
Fudnaiy vialdldwalumsshuiiv uenwilanndammutladose 9 wu sueuasen
l# nalansaangniuese Tsadudgiheiiad wasmnitldsiulugihonetiuud
Hhdpfiamutnwihatunads asilanwidydasasiianuduiusiulssduingn
#9AUAD pharmacogenetics A pharmacogenomics  WNTIHUENTIHYBINUBEMFIEHANY
Indtdsemonn ualuudasmumddiianuuandiuluneasideaszauluana Faiia
M0 genetic polymorphism Tﬂﬂﬁmmt,mmffwﬁmmﬂuNammﬂminawﬁuﬁ: (mutation) M3
namell (deletion) W3amsunsn (insertion) 203M1AA18ING (nucleotides) WIBMTLAN
IWIUBIEY (gene)  HATUANMITII cytochrom  PASO (CYP) MM nniIUn (gene
duplication) MM dareamaeuauawamuaneiuna g umsnmuasin
vsanatides  luade dennduauazlidhlaiilugiheuenedainains upus
erythematosus 118 165Ut hydralazine viandmiiiamovdauamwiangameglaiuom
wneilaandald3uen succinylcholine unudazvgdaunaifiaaeias 5-10 il udlu
ﬂaqﬁuﬂiwuﬁuﬁﬁ@’ﬂwméwﬁ’ﬁ genetic polymorphism Vi i poor metabolizer ABIEN
wanil flhnmaiitadaslasuanlunnefidnhgthady (i anind@ssmsfioRuane
w’%mﬁmé’umﬁ%mLﬁaiﬁ’émﬁ'umﬁ'uﬁﬁqmauﬁ'ﬁmﬁmﬂwm'sa‘%’w (enzyme inducer) ¥3@
Fudla (enzyme inhibitor) mavhnuwaaule CYp Aimhiddalunswssnne

flagiu imawannmlnidelddnmlseaangiawmmaduouun uaziing
wiviusunagunsea e nsUszadnwuger anudaluniswannelul lowi

ar ‘J s oy = i ® » £ A
Taguszmanasiuie mefidrusinluanuimmbmainenamansmsuwnd sades uax



' < o4 o o o ¢ v e dow o o v s o o=
winauhgadauaflsdaiaglzaduszmagameintuiunlaiud uddnudn@esaas
v @ o @ ar el o ar ' P s w s o
pande anuhlakarmsimiuanuiinmaue wdmwariiluduauaidnwndy
nennaluseAuAUTIULAZsEAUARIIN (basic and clinical pharmacology) HAZHANITINEINI
aafin avmeliuwnduazindrnsennsadanldewariliiieusslenigegasagte
= Vs o U @ ar :!dﬂ g
msanmaanugesen lviinilesmssusieaunsinnidenainlunsmns (e
o g , = . 5 v o = I3 = e LR
milugtdanda online) anudAaysgnaziiluuaziwnsinanmidnuideldate
> a 2 i v o o ar o v o '
gndawwanianusma i lddiiadselonilunudsedin. dinduiivasasewineg
o = oo Poe e P & = e =y s S vy
wuada nsdnwitgmatudanududsmslunisidandihaviasiaadasihau
Tasens (u msguidangialildSumnivazwSoufiou) uasnsudanavioly i
= = ar o o4 o An war & - ' w y < [
msuliguiisuiumiaigaflsinwlseuuniammvaanviali wasdauiianuiindy
o = ) 1 ] P = ar o oar o ar
nenfeanue lwluazanesaudldnboudauinndiade Teamll uSeniwemenn
dulvafiumndnaznandwhe luiiivadniieniluudy ety uazyaminsnieau
' o o 4 w w = o o o o ey
mauwndiuuwnduasindonsinazdadedayafladsuanuivnelasase ildms
4 w v o o4 PRy s & - o - @ v e
@anldontuluarmanudndsauaziildavaguuiugiufigndednfisms dradrnd
o & e e = are o o
dnngluumanaiaualumslszyuasaiide msulSeutiguaaaui@inandyinen
Py W ey o ar g o ar o 1 . .
Aupuazndineadiin uaskamssnweseldsnmanuiudsagengy angiotensin
. N 4 . o
converting enzyme inhibitors (ACEIs) *mndjumnqmm Wy angiotensin receptor blockers
- . rox ' = ¥ < =
(ARBs) Mihuenngaluind msnummnmnssunssuagNazBaaasuiin nsulFeuiieu
afheasuiiy sazmsdsaiuuazudamastedany lidlaussaszwinhemeassngu
HdafuasdpdasdiuluduguamiGneendrinmuaznaniinuineaiin sIumd
-] Y oo o ) ]
wathudseiafiveoven walliadszfiunalossnannsoagllan mnaasnguildaduas
> b 1 1 o IJ 1 ar o X ar
donasliuanaaiy ueadusgiuanuamaazaNEmNII0vatuwngrsaLndnslums
= @ ' ' -] X ' o o w & Y o a
wanlfeangulanduninlugiheudarnanianueandrtunslumuiugnisy wend
ol & A g w 4. v a vy A o a = o o
amundatlusaing endudldodnauuds anuaswpsfihedarafiofuwionaiiuhe
<N ‘J = 3/ v ] b £ F
9898N ACELs %58 ARBs fuzidanld dludy adnlsiam aswassamsiganilusmnaain
T d" T = J ar r 2/ as J | r ar
en 2 ngud ennagulessiinhinuuasaansaasaguaslasumsidadasnnhiy
e bnifivasenuminsuagivyiunitasingUssaduawdasyana daulng
= Tt -d ] 1 LR IA 1 CE’ =] Gl F
wiiieuelmitiduafsengrateaadrgs winmlnidfiiesiiauanidnandy
a y T = D) 2 ar Ao ra " oa PR Y
Inendndnamilauvisadaeienuenidagifin manlidedsslomiagwiitadidgma
£ 2D 1 efad o 25 T =, o !dq,. dq{ é’ 14 1
Adiln uagsuMIuSMssasnaduhuiuslmitmnndudisinen Insifiseuwnnen
] o T d o o nl.:%’q ’ ot or e r = '
wnanaly mateiiudalunsfifdfamlunguszfusmsniauiliafososd (non-

. L. ' = 1w v w o,
steroidal anti-inflammatory drugs 139 NSAIDs) JUUSNT0 NIV DIN®I0 LadEnUTIIUNN
uaguantivadainewasivinedilvgazadsadaiy aunssnalinswann

oo v A v [N o o &
NSAIDs UN 2 WazUY 3 WANNUSNAWYDIAUTUURVILATEINE i?ﬂﬂ\?ﬂﬂlﬂﬂ'\‘iaaﬂ



d‘ = = L J’ =i (=" q’ A ] o ar LY
g5 wazRwInendowuinndu e lviludnteuwikiianudammandrinewazme
oom ey o o & =4 Ky v el 0 Y rns
aatinda sdwanzuinlesiinalnnmssangndnasanneimniisgatneduda Tdsnwn
g Jd [ ' o = - oW o o oo a o 1
Tsaniendulamaliiluiuiwalavialulowaas vialasanniiwnanfnieeilwidaiy

tn"lminquffﬁ'ﬂwﬁﬂndnﬂunwﬂﬁi’ﬁnn%’nmw%a therapeutic breakthrough & lwailu
anuvangilfuaniluwng wdsns wasgthalianuaanisgs liduusdnguaniars
shnowaeaniinialwiil dethwaenlminduil wu minwilsadaleviuns (drugs
for Alzheimer’s disease) m%’nm‘[iﬂmmﬁutﬁamqqmiu angiotensin receptor blockers (e
87 trimetazidine Lﬂuﬁi??'%'nwmnsﬁ'ﬂammﬁaﬂ (drug for the treatment of ischemic
heart disease) 67 waiBadunamiussmandpsnnidguamiginainedu uaxiaog
Tunga metabolic modulator Tageni lin/faunasdanmadunszusiiudmssile uay
Tifiuadpanusuidaniiasnniildpangnivmevasndoa nalamsaangndlumsinm
Tsawalamaidaansaomaiumien (antianginal action) Aamsfiudamssumunsalusiu
Base (free fatty acids) ttasﬁﬁwﬁmﬁanﬁﬁuﬁv‘uaul‘dﬂ long-chain 3-ketoacyl CoA thiolase
duwalifimaudssandnwsasmsduainglagagaann snlinglaagnudedy
pyruvate WAs1ENG tricarboxylic acid cycle wniu lusnedonui lWssdu lactate uazAY
Wunsaludesaan wammizenlinduidailafsihnudalflduiiialaasedly
amznadaafion wamsdnwidalumsldmilunmsinmlsamlanadaanisains
Qumihanaauiinhwola
fagtufidudgagiuinniuaunamlanmunadssmalng daswn
ma‘lifﬂ‘[mLﬂﬁﬂﬂﬂ@ﬂugqﬁunnﬂ‘[mﬂLam:am%'%qﬁmtﬁfﬂta%agqnh@'ﬁw Tsan3anme
folnddszmsuiliiiahnfuagiiudulugaifanszgowunisnuawasinsegn
anne Tawalifanssaninfiasiwn Bannu daile Wudu aumgiilinszgnnyuuas
nszgminluanifensmaseslau estrogen M0 aldugarien idsannyadiluaaa
dwiulsanswgnuglvann SafiuddnmnninsiwanmuWanngideinmlsadang
uatlgmilddnde erfisamssaianizgaldfiurendusansogdisa bone remodeling §4
dWunssraumsdiuneenszgn wazn15na bone modeling (Huimumnazmliiiosesin
ynadEnuazaannuiianguoinszgn uasamaifeeaannsaansegnldlunm
iy Favguamaifidhmmalinssgninldneduduiu dumifamsaiinszgn
lo#ann 12fu parathyroid 1-34 %L'ﬁ'u bone remodeling Uz ENUTYALAG osteosarcoma
Tunysn wiiarlinenuii lidenzSadaidlussiniaay aduddyses
parathyroid 1-34 Snﬂ‘azmwﬁqﬁamﬁﬁaﬂﬁ‘lmmsﬁmLv]’ﬂﬁ'fﬁwﬂ'mni'u Faanalaigen
dwmiuaaidlvg) Srontium {humsitwutaslusssumdnanalusimouyud uasd
ﬂmwutﬁmﬁa'uﬂmﬁuﬁuﬁa’hﬁqwﬁdanwﬂ%’wuaznﬁamﬂﬂsz@n uasianuaulaluus
sgillusumsinmlsamanszgnasudaslsslng aunssiailaiou 2 nenssuitiy



a1 Fagiannaula stontium Bnadanilindianie uaziangniaianiueluzluss
strontium ranclate (SR) FgnENsaenIEAIENTEANUALIANNITETNNTEgN Tl
wuw:tiuuazqmmwwaqn'izgnﬁﬁu W lamuseasntvinganszgnlaa

Tuaiia wdrransuanasegmansiiumansiuanaanmniuiouaziuda ud
dalsmenil fimsuaunanazysanmsmandsassilhdaaty downldnets
Sruenaem NI wENaRNIUDE N uanumwLarUsanEualum I nnwEILIa
flddstuludadiniminsaansianusmibmaanmmsludulniuasdudno
fnnaglaa melaniwennsiana wndsiasegeaninie pharmacoeconomics FFUNUM
Hragiazianlddlugnsmaasuazuuamslunisuinisansanlssnaludiu
sosngy lestawrzlumueliguandumuuasinyszdnduanansinwlingege wu
nseadantunatlutnydewadsmenus msudamldiaslulsiwenuia mssviiesay
Tasassdaiiaunslunudienels (Msasiaiasdumluban) wianuianmszau
alanrpalsaweue (MIseniataanuaues g nmstiedunsnIeseuine) nay
nstedaehanmilalundnmsusandnasugmaniniuagluidmivindons
fanane e linudindensfufiaoutiadssanduagaaalaelfnnlssanudigs uas

185UMsEANSUAAULATINTNNMSUNNSILANTIANBENUNDT

56l M5, HUWINY LR
Medmnnddinen
AMEUNNEFFRS

ay a’r = L1
uBIINENaedealnai



“Clinical Pharmacology for Hospital Pharmacist

Hyat Regency Hua Hin
20 May 2006
08:00 AM - 17:00 PM

Chairperson and Moderator: Assec.Prof. Dr. Chaichan Sangdee Ph.D.

Saturday 20 May 2006 (Hyat Regency Hua Hin) Scientific Meeting

08:00 - 08:30 Registration
08:30 — 09:30 “ACEI — ARBs : Update clinical pharmacology for hospital pharmacists”
(1 hour) Asst. Prof.. Dr. Suppanimit Teekachunhatean M.D.,Ph.D.

Clinical Pharmacology Unit, Department of Pharmacology
Faculty of Medicine, Chiang Mai University

09:30 — 10:30 “Trimetazidine :the established 3-KAT inhibitor for treatineptof 1 HEB”

(1 hour) Asst. Prof.. Dr. Suppanimit Teckachunhatean M.D.,Ph.D.
Clinical Pharmacology Unit, Department of Pharmacology
Faculty of Medicine, Chiang Mai University

10:30-11:00 Questions and Answers

11:00 - 11:20 Tea / Coffee break

11:20 ~ 12:00 *“The New Therapeutic Breakthrough in Management of Oseoporesis”
( 1 hour) Asst. Prof.. Dr. Chatlert Pongchaiyakul M.D.

Endpcrinology Unit,Department Internal Medicine
Faculty of Medicine, Khonkaen University

12:00-12:20 (Questions and Answers

12:20 - 13:00 Lunch

13:30 - 14:30 “Pharmacoeconomics for Hospital Pharmacists”
(1 hour) Asst.Prof. Dr. Nusarapom Kessomboon Fh.D.

Faculty of Pharmaceutical Science, Khonkaen University
14:30 -14:50 Questions and Answers
14:50 - 15:50  “The Hepatic Cytochromes P450¢ Drug Metabolism System & Drug Interaction with
relevance Pharmacogenomics for Hospital Pharmacists”
(1 hour) Assoc.Prof. Wichitra Tassaneeyakul Ph.D.
Faculty of Medicine, Khonkaem University
15:50-16 :00 (Questions and Answers

16:06-17:00 Continuing Pharmaceutical Education (CPE) Testing
(1 hour)



Vol. 28, No. 2 2006

ACEIls 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 (ACEIs) and angiotensin receptor
blockers (ARBs) are the well-known inhibitors of renin-angiotensin system (RAS).
ACElIs inhibit the ACE that hydrolyzes angiotensin I to angiotensin Il and inactivate
bradykinin, a potent vasodilator. The pharmacological effects of ACEIs result from
both an inhibitory action on the RAS and a stimulating action on the kalikrein-kinin
system. ARBs block the AT, receptors with high affinity and are generally over
10,000 fold more selective for AT, versus AT, receptors. ACEls and ARBs have
different effects on the RAS: prevention of angiotensin Il formation by ACEIs
reduces activation of both AT, and AT, receptors, whereas ARBs preferentially block
AT, and leave AT, receptors unopposed. Chronic treatment of ARBs can cause a
several-fold increase in plasma angiotensin Il and AT, receptors are thus indirectly
overstimulated by increasing angiotensin 1I. Activation of AT; is believed to induce
several beneficial effects opposite to AT, activation including vasodilatation,
antigrowth and antihypertrophic effects. Nonetheless, several lines of recent evidence
suggest that activation of AT, could lead to deleterious effects (such as cardiovascular
hypertrophy and fibrosis, as well as increased plasina level of plasminogen activator
inhibitor-1} that are parallel, rather than opposite to AT, stimulation. Furthermore,
AT, 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, ACEls, angiotensin receptor
blockers, ARBs, renin-angiotensin system
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postcapiflary venules WagNNEI¥FILY fotal peripheral resistance (TPR) Lﬁu’ﬁu wazyh o
mméfmﬁamtﬁmﬁulﬁaﬂwﬂm‘%’a (rapid pressor response) uanmﬂf}) angiotensin I £
fiwa 1) LA sympathetic  outflow 215z UUUSTEIMEIUNAN 2) LANNITNAS
norepinephrine AnUanalszdm sympathetic 3) fudta reuptake ¥4 norepinephrine §
Uaradszan sympathetic uaz 4) N NSARUAL DD INADALEandD norepinephrine iR
Hafingniesudnuadusdeliiiemsvwasmasmeanidon

2. gnidale

2.1 qmgtﬁmn13w§q aldosterone 3710 adrenal cortex

Angiotensin Il ﬁwaﬂ‘sz@i'u zona glomerulosa U84 adrenal cortex Tvduanevuas
%‘ié"\‘l aldosterone Lﬁm"ﬁu Tpe aldosterone iina¥inlvivio ladau collecting tubules QQ%N
Na“ nduuasiiu K' fu H wniu MIPATN Na' ndufwarinuiinanhluszuulnadien
@anatadamiiudanly wlienusudoainiuacedh 9 (slow pressor response)

2.2 guasasvuulvadisudanlule

Angiotensin il fluandauudas glomerular filtration rate (GFR) IﬁMaWHgﬂLLUU
ilasniiuasiadiudn g 1pa nephron wananfilusail

-l afferent arterioles WA dana L intraglomerular pressure 80 a3 NHaan
GFR

W mesangial cells  wada demalduiinamaeniiaadosiiodiy
glomerulus #91#lumansad (filtration) anas fiuaan GFR

-1l efferent arterioles %o dIRALMANNGUEDALY glomerulus iy fiua
tAu GFR
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TusmzUné angiotensin 1 fuarild GFR anaudniay uilunmeadidaamhlu
Bealalaian wasa efferent arterioles aztudnay vludinaiin GFR duiumsldanis
Wadfuda RAS fugithe bilateral renal artery stenosis v3agthafillathadensasfiudl
renal artery stenosis waﬂmﬁ’wﬁu 9ol GFR anavautio acute renal failure 16

3. gnasanisvsdaslestanwasiluavaanidan

ﬁm;ﬁ'm%’a'h angiotensin Il Hnanalasidi s lanazvaoniea oyl

s lauazvaandandiomsdasuulammawendamulduaiedss s wu

1. Walaia concentric hypertrophy %ﬁﬁmﬁuﬁﬁu hypertension

2. ¥lawfia eccentric hypertrophy 8¢ cardiac fibrosis %ﬁﬁuﬁuﬁﬁu congestive
heart failure 18z myocardial infarction {M1)

3, fimsifingasEandszie (wall) WaTINEN (lumen) BBIVARHLADR i
Funuinu hypertension

4. ftdluge (intimal  surface) wasstiananadaniomsmnd daduiusiu
atherosclerosis

Tt} aansaasunanalnd angiotensin 1l shliAemsuaaunadlasadiawas
vlauszvianaidaaldeil

3.1 Nonhemodynamically mediated effects

Angiotensin  H} ﬁmaﬂ'i:(fu migration, proliferation, hyperirophy WAL /N3P
emuainselumsdiasdmsa 9 saswadniuiadmluvaanidon, wadnauLie
vala was/vi%e fibroblasts TaadimawiienihlWiadinnsdaasiev proto-oncogenes 174
7if %ﬁﬁﬂﬂgnwaﬁﬂﬂiﬁuﬁﬁwaaﬂﬁﬂmmm gene expression 6197 AERWUARUMS

narsiumstaiadulauaatwad ey fibroblast growth factor, platelet derived growth factor

Wae transforming growth factor B uaﬂmﬂ‘ﬁv angiotensin ﬁﬂﬁwatﬁm gene expression
ﬁtﬁmﬂ'mﬁumsﬁ%ﬁﬂﬂiﬁuﬁazﬂu extraceliutar matrix L¥U collagen, fibronectin wa
tenascin tJua

3.2 Hemodynamically mediated effects

vsmwilennualanasiaadaaldnduas msiu cardiac preload (Faduwus
funmsdithlussuulvaSoudaaumniunnmigaiu Na* ndugdnme) uaznistiia
afterload (m‘jf,ﬁ'u TPR) Ailuavil¥iie cardiac hyperirophy tLee cardiac remodeling e
wananil hypertension flalldnin ivanaidoatin hypertrophy waz remodeling 1@
LG AU

uBnNNil angiotensin 1t fanansldanadedssamalesnmaelszms wu

VWY oxidative stress, ABLWth® endothelial dysfunction, tySzaAY plasminogen activator
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. g o [} Py = . ] = . 2 d
inhibitor-1 (PAK1), @UFT¥MENA  thrombosis WHELNNGIAR atherosclerosis (ilusiy %

Tuunedsziuaszlsnandalesaudan luidade 9 T

INHIBITORS OF RAS

P o & o | " i w '
grniuadugansiinuaes RAS  faznandsluuni dsznaulddizen 2 ngu
lour ACEls uas ARBs

ACEIs’

ACEls @amiifiuadudamshaunanoulad ACE  sndantaenlunduiiy
captopril, enalaprl, perindapril, benazepril, quinapril, ramipril, spirapril, lisinopril, fosinopril 1Y
s mstrudvaulus’ ACE 2ae ACELs (gﬂﬁ 2) W1l¥i5:0U angiotensin Il Tutdananas
ANka LY arterioles W@z venules AENBH) ﬂaamf\maﬂm‘ﬁﬁé&ﬁ aldosterone 10 adrenal
cortex UBNNNG ACEls faiinadiudaily bradykinin wWaguliily inactive metabolite #
1¥¥sz@u bradykinin Tusrametfiniu ilugmaaadaas nitic oxide waz prostacyclin #
iy mediators M vinaantdaauenads Salunitiu ACEls utaniie (i perindopril,
ramipril, quinapril, 4az trandolapril) ﬁqawuwsanizmﬂﬁatﬁwgtﬁa:EiaLLa:ﬁwaﬁué’j‘;\‘i RAS

g A [ o d B
Tuilaifald@n ACEls #iiadu

ARBS’

ARBs ﬁ‘lﬁ’mﬂﬁ}ﬂ‘iﬂﬂﬁﬂmﬁﬂaﬁﬂ gﬁumﬁ%’uﬁu (ﬁgu) AT, receptors el affinity
‘?J]QN uszdl selectivity @a AT, NIDNTY AT, receptors B9 10,000 Y1 ARBs 1 affinity @8
AT, receptors L3sdwunnuinlihine ¢4l cardesartan > irbesartan > telmisartan =
valsartan = EXP 3174 (!,"fJ'u active metabolite Ub4 losartan) > losartan wlhMEunu
529N ARBs U AT, receptors tiuuuu competitive umgnBuad angiotensin 1l sinazlal
§1319017UE (insurmountable) MATINANTAU AT, receptors 48 ARBs 16 nania Tu
experiment preparation ‘ﬁlff ARBs ﬁ,ju angiotensin |l lddursouand maximal response
Idufuamsiivnann ARBs Tamznenauld angiotensin Il Tupnuududuiguiesle
Renw Samafiudaludnumedanadandy insurmountable  antagonism”  2INAITANH
ARB  AilFlunaedinwudy cardesartan & insurmountable  antagonism ’gx‘iﬁqm A
irbesartan, eprosartan, telmisartan Wag valsartan Hwalasnd wa losartan Taifieail
Tuwaedl active metabolite 184 losartan (EXP 3174) udaawagananlathe nalnitduiug
AU insurmountable  antagonism ¥84&81N§H ARBs asiannmafisiudy (F?u) AT,
receptors WAMLEINHIN receptors e (slow dissociation) w%ammﬂuwamﬂmfiﬁm
w1 AT, receptors gnnﬁmﬁ’wémﬂumaﬁ (ARBs-induced  receptor

internalization) tHusu 4@ liM insurmountable antagonism zthamnnalnlenma Tumse
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nouf wasanamhaziafeusdomilasmlimsty receptors fanatialdagadaliiag
waihsseuuas angiotensin 11 sifuaeduiy visududluiefgthedudutssmusmng
ilo athalsiomy YsslonflumanguiaenanasdsuaiaonstaldlumansU §is
wialithy fnedasinsanuseli

ARBs fiuflagniuad angiotensin Il naluvananaaad uazludainaans (in vitro
Waz in vivo) Tagniaananuas angiotensin It laun qnaRidnRusiY (1) msveduag
nédwflaceusouveanien, (2) maiinemuGUEanaEEIIWAY, (3) MIRNANINGL
{Honeg, (4) msngENET, (5) MsMAa vasopressin, (6) MIVae aldosterone, (7) MIVa
catecholamines 3N aNWINNLS, (8) miL‘ﬁ"u noradrenergic neurofransmission, () m‘stﬁlu
sympathetic fone, (10) mstasuulamyiwhiivadla, (11) mawnduasiiadnnuwasd

Tussuwihlavasviaaaidan Wuay

AMUANE NN INLAFTINE 55119 ARBs uaz ACEls™
U NENIFRINENINATUEY RAS U6 ARBs filanuuene1Nan ACEls wane

Usznrsadil

1
= = T

1. ARBs HUF90150520% AT, receptors shalssAnSaIwiiganin ACELs

u

laamIn ACEIs fusamsadiy angiotensin 1l Panwusiunmsimfuas ACE
Wity ue L finanan1sa319a1n pathways auflaiFuWusiy ACE (non-ACE
angiotensin ll-generating pathways) ¥l angiotensin | E“i’»?mm‘imﬂﬁﬂmﬂu
angiotensin 1l uaziinansseu AT, receptors 16 (wiilunmzn ACEls) udiilasan ARBs
ﬁwaf'iv’u AT, receptors PN qw%ﬂm angiotensin Il @2 AT, receptors 3qgﬂ€f‘1_|é|3\ﬂ(ﬁ Tow
lidnlusasdiledn angiotensin It gnasiean pathways 1o

2. ARBs §inanszeu AT, receptors nadauiioWisuiu ACEls

HAIAMSAY AT, receptors 2ot ARBs nlsszdu angiotensin 11 Tusemaiiaiy
wanztnen uALilaean AT, receptors Iﬂgﬂﬁuﬁm ARBs mneﬁu‘fﬁqﬁwawwﬁauﬁﬂﬁ'
Lﬁmmiﬂiz@fu AT, recepiors (@ﬁaﬁa “Angiotensin receptors” Usznau) m‘ihgu AT,
receptors é’uﬁ'uﬁ’ﬁ'unwﬁﬁwquﬁlﬁﬁqm:mﬁﬂm angiotensin (L“ﬁu vasoconstriction,
cellutar proliferation, cardiac hypertrophy, myocardial fibrosis LLazammwél'q aldosterone
l,‘idJu(ﬁ'u) Fumsi angiotensin Il fivansaUNY (ﬂixﬁi’u) AT, receptors L%laﬂ"nhi]x
naliiiauadnanelszms wdu vasodilatation, antiprofiferative effects, @9 myocardial
coliagen synthesis Lﬂuﬁu)

3. ACEIs §iuatfinsziu ACE substrates #95359 bradykinin

galgnamudii ace  weulwinliswz Fwennnesimiiuisy

angiotensin | 1iflu angiotensin 1l ud fladlnadasaareaslunsmednnaiaaiia (1t
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bradykinin WAz vasodilator peptides 1 9) Tinaeihnuunualavilaidgnd dathumsls
ACEls Saiisamiiuanslusnameawmenii (ACE substrates) Tunnidl ARBs laiffadands

M3t ACEls T luasdu bradykinin Tusremeriiudu dhldgmadanddan nitrio
oxide ua prostacyclin Ftily mediators fivhliuanadnaviasy (HusedARnduan
MU RAS %89 ACEls) usluwnidieniu syéu bradykinin fiaaui onaraliiie
athades e mmsle wia angicedema ((Dunaideuas ACEIs) daiumsin ARBs il
tRnsEEY bradykinin - Tugnme Serilitienatheios gy amale uaz angioedema
VBENT ACEls USaINTIU AaafiIngniztavasaiianuad bradykinin a0 pgals
Ao dadaadindnaranaunulddmnmisinidmamdaniibitiamsnszdu AT,
receptors HANETLED

athalsiiany famsdassamsiigaiuasAnniudnluh enuuandramdiiazdus
anUszAndualumsndiineasenisananduialsl ot namuuandeiingndaihedy
mar i leh arss whasilumitwiionh AcEls lasnnduds RAS Iefawysainh
wazdaldiselamivamszmsninmsnazdu AT, receptors uananitiwinltiaainisle
(RuiusFumaiuseau bradykinin) Tiasnt athalsiiens wnfinsanadadsusias
wuhiifayaunalszmsiiiedh ARBs pniildivitant ACELs wualy Tamawiwashad

' v 2 ¥ _a =t '
Tundaguene  Tazldadualanazidaasialy

WA NMIMINF nenfiuaei) ARBs el [dwilarm ACEs

1. HARBASUN INE endothelial dysfunction

la#ind endothelial nitric oxide synthase (eNOS) ﬁatflu vascular endothelial
cells ¥wmihfiaha nitric oxide (NO') wali NO' fiwihflddamansuszmsie 1) wldtia
vasodilatation, 2) lasnumaiiia vascular inflammation, 3) tlasnunsiia proliferation
YDUHAEH ﬁag”luwaamﬁam 1084 vascular smooth muscle cells, waz 4) Yaanums
i thrombosis 141 luns@ifivasnd@aniissiu NO Miivaawe uazlinalwfAnany
Gaundle q uaawanmBan Sa71il endothefial  funcion  #Und walunsaiRszau
angiotensin Il ludanviolwilaida (WapaLdon) qﬁu angiotensin 1l §131300326U AT,

ﬁag‘u‘%nm cell membrane 224 endothelial cells was vascular smooth muscle cells Ha
fanaNMlALAnnINszAN NAPDH  oxidase uaziilWtinn13a319 superoxide (0,
Wiatiy F1 0,” @ansasIneaiy NO' i peroxynitrite (ONOO ) WilW NO' #l3uuanas
wazldanasnoangnd ldmand vlviieamsAlGent “endothelial dysfunction”

mM5lW ACEls  fluaansziu angiotensin 1l v lvnadedanariialavagsg
uaNMINissMU bradykinin - ANy (MnMsiude ACE) dafinanssdumsiinuoad

s v o . - 5 ) o i o o r oM oW &
eNOS Mlvszau NO' tiaBu desal endothelial function nauduganzundlawniu
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MNNANINNEDEILIAAAINGULAB AR (1B perindopril, telmisartan,
amlodipine uax atenolol) #aMauflun1Iz endothelial dysfunction Tug{la2 hypertension
TasUseiiuan flow-mediated dilatation (FMD) 284 brachial artery (BA)® 33iandemsia
vaaadeaflagmiiodasasiudadanliarasvils wasmniuameniiaussldanlidon
Inahg BA | NI L5INTEN (shear  stress) PBINFLUTABAEATEAUN THINIUB
eNOS 14 endothelial cell Uaaudas NO' tAinty deusldnaaaidaauenssmun
35m3iavlFUssdin endothetial function 1 :nmsdnswu gjUhe hypertension §i
FMD  fidiniaudnd usmsliesdassq fusudu FMD  lauanshafiy wail ACEI
perindopril fisatin FMD (uily endothelial dysfunction) ldagniiteddgiladiauiuan
Aaumssnn uazilafieufumssneneeeziinduInm ARB temisartan aghslsfio
Tuiitflavanaanauin ARBs fildiluade endothelial dysfunction Tag@AuiEa Haiidiiua
m‘iﬁnmﬁuﬁuam'jw M51% ARB candesartan HHaaNTEHU plasma endothelin-1 (%\‘!L‘TJH
vasoconstrictor #13UaEM I endothelial dysfunction) aatniitnimaailadisuiua
Gudu dayadinanemihinldmivayuin ARBs  fo1afinalFuauaauas endothelial
function 18'* 1iBaudnsAnsAlE FMD #ansudad ARB teimisartan ¥wadauniy
ACE! perindopril

2. N8GD cardiovascular remodeling

NNNSANEHEVEY ACEI perindopril (4-8 mg/) Lherufu atenolol (50-100 mg/
Tu) Tueilhe essential  hypertension Alasunssnwou 137 wudwnduﬁlﬁ’%’u
perindopril 3 left ventricular (LV) mass anasnAuRuBEiTed Ay ualiwy
fiuidydananlunduitléiu atenolol Fmiunalomsoangnslunisan LV mass 284
ACEls tfu HAPNIZAU angiotensin i ﬁama\‘) ﬁﬂﬁtﬁﬂm‘in‘izo{u AT, receptors aaad
Wuwald intracellular  calcium 8684 LLa:Lﬁﬂm‘in‘S::Gi'u nuclear factors @19 (L‘ﬁu
nuctear factor AT3, NFAT3) ﬁ'aﬂaq” HaGaNaYH Ivithn expression 284 hyperirophic
response gene AAAY UBNAING M5n52AU bradykinin-NO pathway 303l ACEls fidl
Fun i LV mass agaaduny’

luvituaa@ednu the Losartan Intervention For Endpoint reduction in
hypertension (LIFE) study " FadnyINawnd ARB losartan tAiBUfiy atenolol Tugfihe
essential hypertension ﬁfl LV hypertrophy INEY WU [osartan AKaEAA LV mass 914
fidaddmilaudivudy atenolol Fanalndanaduusiumanu AT, receptors UaxM3
n‘sxsfu AT, receptors ﬁg\‘l't‘i‘m‘iﬂ‘izﬁu AT, receptors Wlviie dephosphorylation M
ﬁ'l‘iﬁﬁ’tgmwﬁmﬁﬁmﬁmﬁ"lJﬂTil,ﬁm remodeling L@ mitogen activated protein (MAP)

. g 5
kinase LU Y
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asalsiony udduasFafuimansedu AT, receptors Yuduwugiugna
antiproliferation (’Pidiﬁa reverse remodeiing) MINETILAT tLﬁﬁaQﬁuﬁﬂﬂiLﬁuaﬁNHagﬁuiﬁ
MSNIEAU AT, receptors Baanai litinmanszgu signaling pathways A1 1y NFAT-3
Win AT,/NF-KB Seonaildruduiudnugnanmliiie cardiovascular hypertrophy uas
fibrosis ﬁqﬁﬁm@ﬁuﬁwmﬂmsﬁnm’luﬁmﬁ'ﬂmaaqﬁaﬁuaguiw AN9N5264 AT, receptors
mdssadialasauaessuuinlatarvannidan’

3. HARDIEAU plasminogen activator inhibitor-1 (PAR1) Tuwanan

PAL1 iiluansiiflgnituda tissue plasminogen activator (t-PA) 556U PAL1
iinduiaiinanumidsedaniaie thrombosis 1o mailfinsdnwlugihe  essential
hypertension #31 insulin resistance WAzt TsHINMs 1Y hydrochlorothiazide16 Audaan
m3lw ACEI lusvazemn (6 o) lwszau PA1 Tuwanainanas Tuwesd ARB ¥l
356U PAL1 iy Wadnalnmsdudamsadha PA-1 uae ACENs Lﬁmmnmsﬁ'mﬂs:ﬁu
bradykinin-NO pathway dunalnmsiingzeu PA-1 799 ARBs thazilumasnanmsd
engui sy angiotensin I fntiu Haeipan angiotensin 11 azgnuldeusalauiiy
angiotension IV ﬁﬁqﬂgﬂ‘izﬁi’u AT, recepters 984 endothelium W lBEnsas PAK1 0
endothelium Lﬁ'uﬁu

4. HaHD neovascularization °lue‘f'§at€'iaﬁﬂ1m§am

PNMIANNLAENITHNaALEANNEIVNNYNAAEY (surgically  induced
hindlimb  ischemia)  1flut3a1 4 §Uaw wuiwmunduilld$u ACEI  perindopril 8
neovascularization ‘mﬂﬂ'j"IWHﬂ@:NﬂQUQNaﬂﬁﬁﬁﬁﬂﬁWﬁm uPmMs v perindepril luwgﬁlﬁﬁ
brdykinin, (B,) receptors (B,-knockout mice) lNWUANNUANANIINUUNFUAIUANLE
athale wamsAnnIAanaIUEaT bradykinin Avnduannsle ACESs funumandnlu
m'il.‘ﬁu neovascularization 'lmﬁmﬁaﬁmmﬁam '[mmhumsn‘sxoi:u B, receptors "

Tumnssaiudn 0139 surgically induced hindlimb ischemia lunynaaes wum
wynguilaifi AT, receptors (fin neovascularization lauINATIMYNGUAIUGUBENAT
Ha§IAty uan AT, receptors ﬁw:ﬁﬁ’auﬁﬁ'ﬁuﬂum‘iﬁuﬁgﬁ neovascularization™ " HaL#
msﬁnmﬁaﬁuaqu’hmsﬂizﬁu AT, receptors LN apoptosis UPMBABMEDONWENLIN
wanusuanydsdniiadafinaidon diueamgnuldihmsly ARBs Fufiwanssqu

[ o as ] ad
AT, receptors M9BaN D1WNAAA neovascularization AanaILe

‘u*na'a;ﬂ
P I A e “ = A 1 U oo o
AEuAFANUI “ARBs @D ACEls P luAalWifna1mTle wasansoly
uny ACEls  lannnsil” udmsunennamiladeudsd ARBs luiidnudinszau

P ' o ar P = .. ' 8 s =% 1 ar
bradykinin Tusrame mﬂagumﬂuwmmnmﬁm bradykinin Ao liianafanszuunIla
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wazwaandanlevarolszms dalumndaamsuadan bradykinin wwndiazEulims
Snwide ACEIs  flau uddasfiamunaiiheivianudaaimsleldviela dailld
nushlitatunoullld ARBs  deuddu udonnanu ARBs  Bldamslugdiheilai
anansonu ACEIs 16" wanmnidmsAnemandinenthesudougnei ARBs o1afile
wiflend) ACEls  Tasawizatheds luimautlun1ds endothelial dysfunction, n3ae
cardiovascular remodeling, MIANTEOU PAI-1 ’Luwmam, LLa:m'it‘ﬁlm neovascularization
Tudadafinaiden ails WalimuanilBuiesnuamaarinsld ARBs Tunmlfiia
avdiugtiamaniues M adelsiou widlalimanildimsiiaua meta-analysis
2 msdnm’ ¥ Fauansh ARBs lildidinaidmseiuas Mi udfanilldmilanhemaan
Tumsangudmsaiaes M1 Neinadananuandrsnnmsld ACEls lasnnitegiuilui
pan3uiud ACEls finatlasiumsmeuss Mt Idathefamu Tagewizatheds Tugthen
ﬁﬁﬁmﬁmgq (134 heart failure, post-Mi, diabetes uaz hypertension)'’ logagu W
NANFIUNNLAFFINGUazHan UM AN eadindwaduayui ARBs  madild
wilanhudnduidedasunssmsidladieuiy ACEs ath daaguiliuauimiuuad
wazwardarnmsldsmenpangui suludassanansfinmain ONTARGET  uaw
TRANSCEND trials” #atflumsanwal3euniiaunanas ramipril, telmisartan waznslaen
mapwiiofuiulugheddanudasgs Beldud e coronary  artery  disease,
peripheral vascular disease, cerebrovascular disease ¥30 diabetes ﬁﬁ end-crgan
damage} mitamsdnnenaaiutasansaneaurastatumemslelusni

7.7, 2007-2008
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Trimetazidine: The established 3-KAT inhibitor
for the treatiment of ischemic heart disease

Supanimit Teekachunhatean

Depariment 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-KAT), 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 resul,
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-KA'T inhibitor
for the treatment of ischemic heart disease
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(C) 3-ketoacyl CoA thioiase fing ﬁanluﬁ".llﬁmht. amuﬁmwﬁaqmmm enzyme activity Twazhdl 4-
. . o4 = s A wr L w
pentenoic acid (100 pmol/L) Wil nonselective 3-KAT inhibitor. *p<0.05 LllElLﬂLlUﬂflJﬂ’ﬂzﬂ‘lsJ&m’)‘ﬂ“ﬂ

ﬁ']‘ilﬂ 9 [ﬂuﬂﬁ‘aﬂ?’m Kantor PF, Lucien A, Kozak R ef al. m]
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Eﬂ‘?'l 6 HAYDI trimetazidine @a glycolysis (A) 4as glucose oxidation (B) 'luﬁ'aflﬁm‘léﬁ%ﬁ alRpsIn 5
mmoliL N§LAX waz 0.4 mmoliL pafmitate 'hwmxﬁgnmi’imﬁﬂmﬁmnnmmL‘é’aaﬂiﬁﬂaﬂ coronary flow
rate tnie 0.5 mt/min iliszpEiaan 60 wIFl. *p<0.05 WBLALN§UAILAN (control) (ARAENTIN Kantor
PF, Lucien A, Kozak R ef al. 1a}
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A NEW DRUG FOR AN OLD DISEASE:
STRONTIUM RANELATE FOR OSTEQPOROSIES
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Studies A BMD (%) Reductton of fracture risk (%)
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MORE (Raloxifene) 2.6 34-49
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1. Established W39 Severe osteoporosis vfjumwﬁﬁ BMD ﬁaaniwdwmé’mmmuw@uma
(d29078) 20-40 T) tfins 2.5 ATENULINGTIIY (T-score <-2.5 SD) sanfufinszgniindietu

2. Osteoporosis 1TUAMILAE BMD vipsnneadtsanumna (81g 20-40 T) iy 2.5 M
Lﬁﬂ\imum’lﬂiﬁ’m (T-score <-2.5 SD)

3. Osteopenia W38 low bone mass 1iun1£7 BMD vasndnadsasspumjnan (g 20-
40 1) thu 1 ﬁwgﬁﬂqmummgwmwﬂajﬁq 25 Fiuﬁmmummﬁm (-1 SD < T-score > -2.55D)

anudssamaianszgniinainlianszgnwsuaansnuanldafigadie¥a BMD 90
NIAnwIWUT 01 BMD ﬁn‘iz@nu‘%nmdw namad 1 endsauanasyn s lilamafiazia
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L=y ot d o iﬁ' n A L 2
anudadlumsidanszgniniuinaibildialesnselame”

| a @ o o
M1INN 2. LLHW\!ﬂ'J']JJLéEI\‘l (relative risk WA% 95% confidence interval) PNMILNANIEYNANLNBNNIT
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AAagHd BMD %09 1 ALUNIUUNIe 53U Iﬂﬂ?‘l"lﬂ’li']ﬂ‘i’lﬂ'lllmu\lﬂ’l\‘l 1Nu

Sites of measurement | Risk of fracture (85% confidence inferval)

Forearm fracture Hip fracture  Vertebral fracture Al 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)
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El
17790 3, KKOS scoring system

Agey) Score Weight (kg) Score
<45 +7.5 <30 - 14
45-49 + 6.0 30-34 -12
50-54 +4.5 35-39 - 10
55-59 +3.0 40-44 -8
60 - 64 + 1.5 45-49 -6
65 - 69 0 50 - 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- 34 + 8
85- 89 +10
> 90 +12
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4 : .
319 4. ezl (Probability; %) lumsiialsanszgnwsu

Probability (%)

Age (y)
Weight

(ke <45  45-49  50-54 55-59  60-64  65-69  70-74  75-79  R0-B4 B85-80 >90

Bold and italic figures: “high risk”, bold figures: “low risk”, narmal figures: “intermediate risk”.
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. T 4 :
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(Pharmacoeconomic Considerations to Improve Efficiency in
Drug Selection for Hospital Pharmacist)
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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
undertaking pharmacoeconomics 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 pharmacoeconomic 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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a3

ond 1. wihiives CYP nszpas 4 Adraalusvd

Family  Subfamily Isoforms Substrates and functions

CYPI 2 3 Foreign chemicals

CYP2 13 16 Foreign chemicals

CYP3 1 4 Foreign chemicals

CYP4 5 12 Fatty acids, arachidonic acid, eicosanoids
CYP5 ] ] Thromboxane A2 synthase

CYP7 2 2 Cholesterol, bile acid synthesis

CYPS8 2 2 Prostacyclin synthase, bile-acid synthesis
CYPI11 2 3 Steroidogenesis

CYP17 1 ] Steroid 17 -hydroxylase, 17/20-lyase
CYP19 1 1 Aromatase fo form oestrogen

CYP20 1 1 Unknown

CYP21 | 1 Steroid 2 1-hydroxylase

CYPp24 1 1 Vitamin D3 24-hydroxylase

CYP26 3 3 Retinoic acid hydroxylation

CYP27 3 3 Bile-acid biosynthesis, vitamin D3 hydroxylation
CYP39 1 1 24-hydroxycholesterol 7a-hydroxylase
CYP46 1 1 Cholesterol 24-hydroxylase

CYP51 1 1 Lanosterol 14a -desmethylase
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]
=

a1 2. dateenignddsuuladas CYP #iiaeg

vau bl Substrates

CYP1A2  Caffeine, clozapine, cyclobenzaprine, fluvoxamine, haloperidol,
imipramine, mexiletine, olanzapine, pentazocine, propranofol, tacrine,

theophylline, zileuton, zolmitriptan

CYP2C9 Celecoxib, diclofenac, dicumorol, candesartan, flurbiprofen, ibuprofen,
irbesartan, lorsartan, mefenamic acid, meloxicam, naproxen,
phenobarbitone, phenytoin, piroxicam, phenprocoumon, suprofen, taxoi,

tenoxicam, torasemide, tolbutomide, valdecoxib, valproate, warfarin

CYP2C19 Carisoprodol, citalopram, clomipramine, diazepam, hexobarbital,
imipramine, lanzoprazole, moclobemide, S-mephenytoin, omeprazole,

pantoprazole, proguanil, rapeprazole, voriconazole

CYP2D6  Amitriptyline, amotoxetine, bufuralol, carvedilol, codeine, clomipramine,
desipramine, encainide, dextromethorphan, flecainide, fluphenazine,
fluoxetine, haloperidol, metoprolol, nortriptyline, ondansetron,
oxycodone, paroxetine, perphenazine, perhexiline, propranolol;

propafenone, risperidene, thioridazine, timolol, venlafaxine
CYP2El Acetaminophen (paracetamol), chlorzoxazone, dapsone, ethanol,
enflurane, halothane, isoflurane

CYP3A3/4 Alprazolam, buspirone, calcuim charinel blockers, carbamazepine, cisapride,
cyclosporin, HIV protease inhibitors, lovastatin, midazolam, pimozide, simvastatin,
tarcrolimus, triazolam, zalpidem

(family), @5enatas (subfamily) WaruHa (isoform) @M JAINAMNARIEATNABIHAUNMTIIENEN
uaansnasilyvaaaulul
Y- o ' ' 5 = o |
wwizludaiidsgndeun dwluy cvp Nagluaszgad 1, 2 war 3 dnhwhi
< = s e <
whsuwlasenuaznsiafiniwmelasunnmeavan wasaulwinagluassgahn 4 aziiunumly
e @ [ - | 7 o 17 ar s o e |

msudeuuUainsaluiiu uasepadu nimdessiinendasiunsfunnsinianfauudass
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Id ] = o = 3 . e
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uwnﬁuagiﬁ'uu%uml,azé”nﬁmmaqnejmjﬂmﬁﬁwmiﬁnm WU AuAnemwus NN uasnIen
ssvieenlunguetheinn@rlulsswening 2.8% (Grymonpre uasaniz 1988) BaedifiTonu
hngugitheifianmdsgauaniivinnluwungnduluawizawinuusnns 47%
(Goldberg waz@nlz 1996) ﬁ’agaizmm"‘mmﬁmauﬂlmﬂahimumf':ﬁawm Malone WAsADY
(2005) Faulamwznguduasnimswhenifanuddymeedinunigely 25 Suduusn
Taeldpudeyennszuugumwivasauaquiszmnannnd 46 Sueuluanizawimwui i
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(242.6); ,theophylline-fluoroquinolones  (224.5), warfarin-thyroid hormone  (131.1),
benzodiazepine-azole antifungal (44.5)  dwSululssinalnafifnanuhaafieduasnin
stwheenlugdihousnuszinn 27.9% lesuwuniifienudesgegeda wiundnny (Janchawee

azAmMeE 2005)
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%uﬁ’uﬁﬁﬂﬂmm gaaalaun erenuldeed (protease inhibitors, reverse transcriptase
inhibitors) eneuRaTWNAY macrolides MeuFTINGY azoles, wasenduBamiluzila H, U

#in uau



66 Thai J Pharmacol

1 l=' J or [ W =1 L=Y Q! J <4 =t
. ngufiasngndnseduulesl cYP (enzyme inducers) ¥hl cvp fiUSinandsuduwsiadl
= o C%‘ d! 4 =3 dg, ol -9 = s LY s aF
UszAnimwlumsmausnniu Fusnieduinliifowuuidouway uafiaaavdanislden i
4 r ¥ ¥ L] o Qs ¥ s v ar =,
szaswin et leun ereuindsa rifampicin, tdumssn wazendlSaeadunsie

T
1 =f =

a. nauiiariaN)asedsluns3nsIuaY (namow therapeutic index) Rosldenday
anusziase i msrzseduenluhumeiliuamsinnuasinonvaglndidseiu  dadums
Wizuwlasnundssaumassuessaumludaadsainios fonduansmuiguusdagthy
ldwnn daatheldun warfarin enSnwlsaszuuilanasvasaidan aeunstn mvenanasaa

] , R =Y £ ¥ = 1 . . kL
BNNJY benzodiazepines YTUADBAONIUIU UAZEIOIURRBWNYN aminoglycosides tilueiu

athslsiony winhlaanmguimsldmmllanilamananiesuasniensswhenldneg
waflasmnmudasafiasifidnwamanzer dnuuvhlildlasuduamimssuhemnduiiesiy
snguiiilaiasuaindmanihemnudnsdanuddgmeediinnuuguuse Fvnefenafiedu
udmanbigihedeia #ns msdhndumm wiahdaslsfumainundaedio yidudle
lahnwaniilon Abarca uazanz (2004) ldianziaysnndniinasyuuazielddrds
TumsAnunduduasndinaszwineendnnu 4 @y wuhadaras Suaanienssvieenuniiiony
suwsstunssiayannunaddimsssiiasefuiiobies 2.20 Nndnudunsn3msewinm
alainduiiTognaiug 406 wile Tuaashieedianauanmeiuaginnlumsimuszianas
Sumsndmszwinemnuuuee g aealsiins lumefifiaanuazainlumsdny fouudagen
Miiaduasnimazuinmaaniiiu 2 ngu TamFanngusiignaszmuudnzdumadognasnuvio
msiafsidsuwladliingu object drug s lFnuddwa iianmsasumlagy
1§l precipitated  drug @159 3 lﬁ’uamé’umwmnﬁumn‘%miwiwmﬁﬁﬂﬂu'guus\ma:
fiedasiu cvp Jarslianusssinssfuasudndss laanulaassuvasfihanneu

AM5IANTTAVAURATASEITSHINGBINNYITAINY CYP

s ar s L=y T Ad 9 :1
lumsdamsnuduasndensswinenifiannmainnueesssulzd  cvp  wdsuwlas
ar Q‘ 5 4 o e = o) as E=Y T AJ =
wwndvidatndsnsiguaditis  mnsoUfiGmilaumsquademiduasninssiieeniiialag

| ) w & ar & v
ﬂalﬂau ‘]‘ﬁﬁﬂizﬂﬂﬂﬂ’]ﬂﬂuﬂauﬂaﬂ 3 ‘&I‘ulﬂlm

& A @ oo a oo w e s a
winasRdgauhifienelatiiiilamafeduenennm wiamdldnailamadnduasnio
sewineenlasonadsnntayausziamslin Wisuidsuiuds wiaunasenas wiald
Tsunsudidagumenanfaaadde Taqiummsoaumdayamanil online ld @t



Vol. 28, No. 2 2006

67

@IND 3 AradisduRsN3ATSENINeLALIYanyU CYP waziimnudraynronadn

denfiarana duasnisn

p
nalnnsaangnalos
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0 ohject drug
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antifungal

Cyclosporine ~-Rifampicin

HMG Co-A reductase
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Oral contraceptives -Rifampicin
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itraconazole, miconazole)

FUfe CYP3A4
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c] o ot = ] '
(1) web site NTIUTINYDUA DUAINTYITZWINENBU www.subscriberx.com,
www.medicationadvisor.com, www.epocrates.com, wwwpersonalmd.com, www.drugs.com Lﬂutﬁ'u
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D) - | d o oM 2
macrolide Tiltan duau wiawldeu object drug lUiluendunlailagnuldouudaslaepulai cyp
' e ar = ) o E ' |
i RPUENTHUBINTINADININ fluoxetine WA paroxetine il Tianeptine mgnlwgnmaﬂu
Tag CYP wnu
ar o = B o 1 [y o vd o4 2w I .
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ANNFINTOTUMINNULEY CYP BRIGdzyARaliaINLANAIF ilasnauuand
NWUGNTIN (genetic polymorphism) ?Jaaﬁuﬁmuqum‘sﬁ%’maulﬁﬁmdwﬁu LAZBIRFIHATINT
apusuatlumainmuiamsiiemnshifalssmd numamsipefvnnmsldavasrio oo
mmLtmnm'wf':mm‘ﬂuwammnmsnawﬁuﬁ: (mutation) mMsmeawell (deletion) w3an15UNsn
(insertion) #asflimdlalng (nucleotides) w‘%am‘sLﬁuﬁmmwaqﬁuﬁmuqumﬁﬂ%ﬁa cvP
nnNUNA (gene duplication)
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05197 4. sl aeun Ry precipitated drug (v FeiilandtinaunsnIosEwiegnian

eh!
e e oo W fsaniana miiilamana
, AMANIANTI e uns . . , . . .
ﬂEEN‘EI'l - \ BUATOIEIENININE BHATOIETIEHIIINED
NILTIEWIGEN v
ij\‘l Hae
Benzodiazepines Tagninas CYP3A4 Alprazolam Lorazepam
inhibitor Diazepam Oxazepam
Midazolam Temazepam
Triazolam
Calctum channel fiuts CYP3A4 Diltiazem Dihydropyridine
blockers Verapamil calcium channel
blockers
Coumarin Tidagninas CYP2C9 Acenocoumaro! Phenprocoumon
-anticoagulants inhibitors Warfarin
HMG-CoA Tdaqninas CYP3A4 Lovastatin Atorvastatin
reductase inhibitors  iphibitors wn Simvastatin Cerivastatin
Pravastatin
H2-receptor fufls CYP isoforms wann  Cimetidine Famotidine
antagonists i Nizatidine
Ranitidine
Macrolide antibiotics fuffs CYP3A4 Clarithromycin Azithromycin

Erythromycin Dirithromycin
Quinolone Fuds CYP1A2 Ciprofloxacin Lovafloxacin
antibiotics Enoxacin Ofloxacin
Grepafloxacin Sparfloxacin
Trovafloxacin
Antidepressants Futhh CYP2D6 Fluoxetine Citalopram
Paroxetine Fluvoxamine
Sertraline
Tianeptine

o o ' . o o y A e W w o
00asWElUTAY (untransiated region) B4 sNP Awuludruiinendasiumssansialushunaing
) P =Y o ¢ 4 ] o 4 o e P4
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ﬁwﬁ’uL‘%Mﬁwﬁmﬁmﬁﬁmm'sn’[ﬁmaﬁﬁaﬁ'ﬂmmwawnwanﬂﬂ1qﬁuqniiuwaqﬁu CYP
aanvihmibeluiasemoudy 1y Amplichip™ CYP450 waauStin Roche Diagnostics 34
aansaldasadnyaemawugnisima CYP2C19 uaz CYP2D6 dayaiiormihluldnauwuna
1,59nﬁﬁﬂwaqEmmﬁgaﬂ%’wmmwmﬂﬂﬁmm:ﬂuﬁm%‘urﬁ'ﬂmmamu (personalized medicine)
wiglwlaFuen i seanimwlumsinsuasfionudasassgege  luunenudaluil §ifiauas
21DUNMIDHNANVEMKNNNNUTNTTUDEY CYP vnriiafiiemamdnmeeainnaiiudun

CYP2D6 POLYMORPHISM

cypepe annsawlasuulasldmmwmnesiin (a15199 2) sjﬂmﬁﬁmﬁﬁmuwm CYP2D6
UNWIDI(poor metabolzer, PM) ﬂnﬁssﬁ’wmmmﬁﬁ'l,unszLLaLﬁaﬂgqn'jmﬂa wazm lvms
apUAUAFaERINNTY Fauedsmabuuiliidedisld Tumeassiuihu rﬁﬁmsﬁwmwm
Laulwﬁﬁgqnﬁwﬂﬂa (Ultra rapid metabolizer, UM) sinfiszduanmaniisnniidng 3eilloma
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