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It is a great pleasure for us that more research articles have been sent to us since the beginning of this 

year. It may be one step of our success or a good sign indicating that more members are interested and 

trust in the Thai Journal of Pharmacology. Moreover, the New Drugs column is generally accepted 

as a good academic professional information for the Thai pharmacologists and physicians. It serves 

also as a bridge of relationship among the pharmacologic academic institutions, the Thai 

pharmaceutical manufacturers, importers and distributors. We must accept that pharmacological 

knowledge and new drug discovery are more and more advanced and developed very fast in this era. 

Most of them have come from the co-operation of many academic institutes and the phannaceutical 

industries. It is also our duty to catch up with the trends of these new discoveries. It is a hard task but 

we are trying to simplify and digest it so that you can save your valuable time in updating your 

knowledge. The editorial staffs also accept that we are gaining more knowledge from this mission. This 

year will remain the same as last year, our goal is attempting to produce 3 issues per year. For this year, 

in 1999, our dream editorial team is still on duty. Thanks for your trust and recommending letters. Your 

support and valuable advice are needed. Keep contact with us, and as usual, we're asking you to send 

us more your research articles and reviews in pharmacological field. We can guarantee that your work 

that passes our peer review process will be published within 3-6 months. See you again in the next 

issue delivered in August. 

Supatra Srichairat 

Editor 
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ilull 111w1m•1na11N·1hmh~d t1tj 11111111u11 rum11J H1111 •t1111ri1mrne•vi'llmaffi li~1 LL u•1h m L •1 

fl 11.Ul 51 il WU fi .JU ilU U11 Ul~ !Jll 111ri1ULta•Ul'11'111lJ\'1U\'111J11'l <ll'l~ LR !J1 i\' mnmi111 Lfl alfil'lm IJ1 U1 L 'll L 'll 
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LETTER TO EDITORS 

Comment to Letter to Editors Vol 20: No 3, Sep-Dec 1998 

1'40J'luqiila111il11: ttil111111tiu1'111 m llu 

'il"i'l 

.... d .J<>J<ll=I"' 
'l'i a 11 fll'l ll<l ~ L 'l iN'll1L11£1111 U'U qj'lf 1'11'l'ia11 "1 

m 1 li'm.nil11 ei1mt'1'1 ltii'1'ul'111irrt ~:w~u 
" 

li.itl' <1u 'llru~t&iu1nufillii'1'u m'lm~lii'u 1 li' 
• 

"" ..,,,,,J .Jv 
L fl Vl 1'111 :W l'1 V1 Vl ill 'WeM 'IM Vl il"J'IJ ii fl'WfJJl Vl 

• u 

I dv tc::l'IV I 

n <1u i!Uei <M'IJ au Bf111L ttumuilm-:i 
' 

U'ln 'U'l'i ii fl 111 'l LL<!~ l 'l'i Vl ~<I'll il'l fll'l~ mil • 
<V .:.I <LI I Q CV -=:I <V 

'Uqj'lfUl'l'i<lfllL tt'l'IJlVl LL<l~'Uqj'lfl'llll<lfl'llil'I 

amuvw1u1a ttm"l um1mllu'il"i-:iililqJm 
... .J' ..... .J" 

lflVl'IJUVl'l'IJ 

1. Uty'l11'lliNUqJi11'11W'I 

1.1 ·nurn·rn11uuqi:;lm11ilmt'l-i-:i'1f1&1 

:;:iuu~1avitrl au w. l'I. 2 5 3 9 1i.i'l1uaifo m • 
rn'l<1r.i1-:i 1i.iil4111'li1u 1 mi'il-:immvi tL'1'1 LLm 

u-:i1h1 fl{}'ll l'lfll'lfl ~ "l uil'ty:;ll'll'l'iil n LL l-i-:i'lf1&1 

Liu nitrofurantoin U'il'iluuilttm1u·HJ . " 
combination li.ii11u1t.i1'11L~tnu'1'1 l'Jl'Ul'I 

" 
I .J £1'1 .Jv.J 

fl l'll'l'IM L u'IJl'Jl'l'l Cj L 'lf1'11'1fl!]J L'il'Wl~'l'll'IU U~ 

il1111'1'liLL<l~'J~U lil u~i'.lBLl'IJ1'1'11'lfl111'mfl . " 
hl'l n1iJiJlU'ill'lfll'l'IJ il"JUty:;im11flfllL 1-i-:i 

'lf1&1 Liu 1u:w1w1~1um'ltl1uvi1'n1'f1 hA&lw 
I <U "" <1J!. <I CV 

Vl <1'111'1L'Wl'l<llJ'W1J ii'l'l'l'IJ il"JeM A fll'ifJUl lJ tJ 

fan (WHO) ua~'IJ<1-:ina'lm:w1'll'l m:w 

1'11U~lJ hl'l&lvima LLU~u1 lli';;'m::11 hl'IMU<J'l 

lum11'1 ceftriaxone IM injection LLmmii'n 

1iJ1\ilil1u'llU fll'luty:;lm tt fin u l-i-:i'lf1&1 w 
" "".d!dV ,,,:.,,, t1-=:1.J 

L'lll'l'W'il'lmuvi1u am-:iu-:inu m'ill'll'I <J'lru '11 

1'11'lii ffl'l'YIU'Yl1U u fll 'IJU ty:;il'll'l'i ii' fl LL M"J'lfl &1 

1 li'rl~u LLmfll'lUfll'IJ'l'lflUfll'ilL UU 1 t.11\ilmn • 
1 u 'l'll'l t.I il u&l 

1. 2 <ltllU'Wl'llUlatLm<i~LL l-i-:iu-:iilm1:w 

LtmnGi1-:inu atjmn 1 m~<N'll <1-:i'l1um'll'll :ii-:i 

LO Vl'ill fl 1'111 m i'iu~LLVl nm1-:inu ii ii n 1 U'IJ fl'l 

m'l :w m 'l W' n111u V1'll 1'1m'll'll1 uu ru:;ll'll,,, fin 
" u 

I I I d 
'IJil'l<f()lU'WUl'Ul<lLLVl<l~LL1'11 LL<l~<l1Ul1U"J 

Sl'il LflVl'il1111'111lJf1'11llJ L '111L'ilLU11 fl fl fll'J 
" 

'll<Muty:;il'llttiln1 ~hhvi1tYiulJnu m1~ 
'll u m11'11 LU u ty:;il'll 'l'i ii n'll <1-:i a mu w l'llUl a 

Ltma~LL 11-:i himil<1unu rn-:itL ti-:iauru1w 1 li' 
• u 

1'1J'Lrn~Liln'ii1umrn-:iar.i1-:i 1\il 1u'llru~~5n 
LL ti-:i11ti-:i 1iJ illj !]Jl Vl L ML 'IJ' '111LlllflV11'111 lJ 

L,,, ~ inJ J1 LL<l~ All lJ au <IU'IJ <N WU1 l'l 
" 

2. i/tym 1ufi?urfirf mnuuwncfrj'ff-J 1'11m 
2, i iltytt1m'll'l<1lJ:ruuty:;iu111iln1 

LL 'W'YIUUl'l l'lU liJ L i'\u \il11'1 nU'll l'l fll'll'll'IJ il'l 
I ,J =I ... 

amuwmu1 <i a1u 11u'lm 'llW ~ <i'Yl1~1'1f1 • 
fll':i Ltiumru'lla-41nm'll<1~m11'1l' cimetidine 

~ifotj1uuty:;ll'llttii'n1 1m~<N'll<J~ drug 
. . d 
mteract10ns LLGl~ CNS adverse effect LlJil 

LYil'Junu ranitidine ~1i.ii:Jilru111tLGili.imi1u 
u " 

Uty:;im'llflf1"1 LUUmU mruii'Aru~fl':i':ilJfll'l 
1'11'i'l'lU':i'llJ 1'111 lJ i'i Vl L MU L 'll ~1 ii'LL<i'1il1 l t.I 

W'ill 1 fl!l 'II ru~ L&im nu 1'111 LL 'ii''l L llLL 'W'YIU 

'Ylol u ~~'II a a'lt.I ~1lii''il1nm1 Vl 'il11ru1 ~ w au • 
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'1lfl'1Rru:m·rntn"l'1 iil1u llt'lluifun'il:tl'lu 

uqimR1 h'1lfl'lt1v-r11ufltjlJd1iie hJ 
J'>! I d q,,,]1 t rj IV V 

fl fl <11u 111u"'1J e.;iu 11r11!l11 u mu 1111u nu 

'll!J f11'rn11 t!Uf]Jtl1'11111aW1 1i.i11i1Lfll1l'il1 f1 
"" •~I .J b Vil'! !-J<l'\11'11'1Jlf11'l bblil b u'lib 'HN'1J<l'lfl11 IJ 

vrn 1'il <i1u til1~ m'il1"lu fl "lW n '111 u'l 111~ a 

t tJ u fl111Jfa n~ 1n111'il1ntl'l:<1u m 'lofabu til1 
" 

lJl n fl11 n1ru d fl'! el fl'! LL f1L '1l~i1' 1'1u fl W'1J fl'! 

Lb vrnu b 111<i1d1 M!JfllJfUfJ11lJ'il~'l~'-htn1wlil 
"1 J' w w 
~ti 'ilUUWUllt1'1JS'l111<lf1ll11'1JB~<l 

' ~. d J • 
(evidence based) LuUL"lB'll1flf11ilfl'lU'1= 

" 
ofl fl qj lJ1 f1 f1l1f111iiJ111 au Utl j{U:JlU'1J fl'! 

R11l.Jfan111~atl1=aun11cld1ui1 

(experience based) 

2 .2 uqi1111A11ml'l~'ll'l'i'V11iianT>il''lm 
1 utrru:iimM<ln'1 u'liim1m 111~ 1rnJ1nusu 

u " 

lJlfl L ds'l'illf1~U~VIT>~rl1Mu11111 T!lrn1m11 
" 

1 'll'trf]J:iim111 <I f1'1Jf.l'!Bmu w mu1a<i1u 1 my 

un'il:uV1111tiu 1 M'u w11uVl'll1<Jru11'1l'mu flf1 
' 

uqi:Si llilum1J11mun 1iil 1111ni'.iL111qr.Ja<1l.J 
J ~ w 

RT:i 'll"V11l.J'l: L U!JU'1J B'lm=l'l'l1'1nl"lR<l'l 
.d .J'w ' ""' ,1,. 

L 111l'!!-J<l11 <llJ l'\1 "lU VI i'l'I !-J111 f11 'lW'il1 'l flJl f1 <JU 

01 iN tL<i: flu UW'ill n A ru=m'llJ f11'>'1 ~HM 
' 

<ltllUW!JlUl<l Lblii <i:u vJ'l~1iilfum'l LLlii'lt#'l 

tt\ii111 fl11 lJL l'Ju'IJ~'l fl'l:U11Jf11''lVl'ill'ltlJ1 
.!., ov.,,..:fi::: .J 

f1<l'IJf1'lfl'lLL<l=!lUl.JVIULU'IJf1"l:U1Uf111'11 
' 

tl{juw1ei'tn fHL<i:1lfo 11'11 IJ1f1~'l'1J<l'lLL Wl'lU 

ua:tl'-luu~m"l llilm'ilw1: 1 uamuwmu1a 
" 

1 m\i I ~iJ LL Wl'lUtl{jUW'll'IJL lJu'iil'IJ1UlJ1f1 

i'llu 1 u h'l1~uu11 w11u n wmfd1u 1 my1u 

<ltll'IJWtllUlat 111ri1fi~'I 1~HU!lljf]J1VI l Mil''! 

mm1ntrru:Sm111<ln1 10) 1Vlm VliNtWi"l:u11 
u ' 

iiR11mh11'1u TVlu 1i.i1iilfunT>Vl"l1'ilmrN 

atl1"tR~'ll'l1'V1 q'lLOlilUqj'l'l1i'l11lJL111~ fllJ ~1 

Suwat Wimolwattanapun 

<1-' c/,, Vtj OJ 

n U'1J <J'l f11 'l<M t11u <in u tlJ'1lm 111<in1 '1J <N 
<I ' "I ""' .J WB•1 w Lb Wl'l!JLLVl<l~AU Ul~RU t'illilLIJflr.Ju1ff:ifM 

" 
'lrnnil'~ 1111'1V1u 1l1'11V1mu u1~Aun L'll'm1\il 1i.i 

mrnil'~ 1 M'i<iu tliw LmV1'1J1'1 '1Jru:~u1'!Runil'1 
1,r,r,~1u1 M'u1~ 1111iJR11iiwa 1'il'1Ja'!V1u 

mruL'lludm'iln11 M tl'-luu~f11'lU1'lR'IJLO\il 
" 

m11J·fani11iJ1iilft1R11t!tJW5'J'>IJ 1111fl hi 
" ' 

w El hilum'iL~Bntliju&\'1J eNLL Wl'1U1iil 

3' Uill1'11'1J B~fll'j'j11J°i11J fl~vli'l11lJrl MU~ 
u " 

L~rnnum trlai'.i'll' milnVl'l w~<J~m-,il'" 1'1l' 

m '1l'a1J<i~'il~1ei''ll1nm-,1'1l'm1111i.i 1 ~1i.iflti 
" " 

1utrqJtim111<ln'1 Ufll.J'il:ihl'amN 1flma~ 
'llnh'll'fllJ<l L '11 <i1d lJl l'lil Li'l"ll~'lf a~ Li'l'Jl:'lf 

" 
1M'1nlil1Mvf R11 l.Jft ,,," 11 ci !l JJ'ilnr <Ju .i1V11 lJ 

" 
1tl~n<1 

~n<i115~uq1mmmnmu111mmi'Bd ~ 
1~ rm!h1uu 1i n fl~~i11l111i11i.i L i\u iil1unu 

0111'1l'ut]J~m'l1<lw1 ~t~t1u<1uu<11jUf11'l 1'1l' 
<V~ <V dd 1Wc:io 

Ut]J'li!J1111<lf1"1 LVllJ'\1 LW'il:<J!Jl'!Ufl!Jfl'\11 
"JWWa! <.>1VW.d11J.. 1.J 
rnm'1lt1UlJ'1J!l fll'll'l'il~ l.J<Mm111mt1flm~11 

" 
L i'\u-h 1iJ i'.i 1b~ 1um1 ~ tl'u1u u11 Ru llil t1 

" 
Wd ""- I <V 1 W mw1: r.Jl1 LU n l'll'l f11fl vm1 u1 <i lilW mm lJ 
" :i; , •• ,. J 

l'\:!Jtl i'l~tJ 1J b 111'\ll!J L VIL W''ll:i'l11lJL'lifl'illfl!-J<l 

'1Jfl~LL 'l'l hruru1tJ1:'1il al.JoW'IJ if'1l fl'IU~tl'\'ltn 

lVltl 1i.ililfl'lLaanmfltlU11'1 lM~U1UL~B 1111a 
" 

'1111 M'~hfltlu1t1i'.itl1mTnmntu ~'lLWl.Ji'.i 
tiauwf~~1uBll.JTrn L u~t1uR11m~mTu 1 

lei' llmJ1J1u~ni:lul111M'tl'1'.hmil'1m1:1.J 1iJ 
" 

""' .J fJj <>I Q.J <V ""' 

i'l111J'il'l~b'leN'IHNUtlJ'litl1111<lf1"1 R'llNl.J 

UqjVll~'IJ I an111mua~11 ~~L~!J'IJU'IAVI liJ 

a a fl 1 uV1aud ?1V1i1m~w-lut1V1'lifluw1'il: 1iil 
" ~.,,J ,.,r, • .J 

'l:'1lJi'l11lJRVI L M'IJ L 'IJt 'ifl'IL'\1<ll'IJ b VllJlfll'l 

~VI u<i'1il1 ltlw'll11ru1tl-lutl1-:it1n'1'1ltrqi:Sm 
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M<i'fl"1 11Xmm::<1m1<1~ L 1'.iu~s alJ{u:mn~ 
<flilmBhl • 

""""~<Vd <V 

'!l B LL tl lJ fl fl 'W ~l <ll'll'liJ L 'HN'll<lfl fl1'l 

1 ~ d 1w~ w d 
'Wfll'H<IBfltlll'l'il~iJ'l'l~ 'Wut1J'1ltJ1ll<lf11 1'I 

Bl'ill'lUB'lW 1t11m 11ifu '!l<H<i'Wffll'WBfl 

LllUB'illfl efficacy, safety, cost LL<!:: 

suitability u~1 1lnil'il~1rnrl1~/;lvr:iim1'il~ 

7 

n1 fl'l'lf1wif'lf'in1'11 

fl ru::u W'l7flff1 if VI {f!".111'lfW1'11 U1 a 

u111'lna1 ill'l :uiirn a 

Comment to letter to editors Vol 20 : No 3, Sep-Dec 1998 

uqJilaT11<i'n11<1::':i::uu':l1'lln1':i 

wqp1':lru iiT~Lw1 liilmh1 Hi1 m-:; 
.,,,.,.,,.~ ..,.J.:>1v 
'illil1'11U qj'll!Jl l1 <I fll'l lil li1 B~ <ll:!Jl''l!l A"l au 

t d ' 1 .I ~ ~ 
A~lJ 'jflVJWUUEl!J Uu'l::L'l'li'IU'!J '1 Lrn;;u 

<> <>. .J .J I I 

'illll1ll'll'l.Jlil'!l1l~tl1VJL'lllJ1::au '1MLL'IJUElll11 

l'i1fl <i11d l'i a:u L 1'.iu M<lfl m1~~1uflTl~1i11'i1 
U'qJ:iim'll<i'n Ltmi11'11{utJ-,;;1ni'ilns m1u 

,.Jsi .J "" " <V o<::t 
mm::auaun Llil LlJSUB~lilfll'l'illilmuru'll u u v 

mMan>iuutl 2539 ~~i1·nsm1mrf~Mulil 
372 'lll'Jnl'l LLmuuut11ilu1ua;;1uuuuu 

<i1~1iliiiatl 2542 ihhinum 932 'lll'lfll'l 

ULL<llil~11tl1;; L'l'li'I hmi'.iht>H tl~umL tl<H 1 tl 
<>. <Oil &II I Q V 

'illflL\il:IJ:IJlll:IJll'lll'lfl ll'lfl11:1Jf11WlllWUl'l1 

1 " 1 <'I • d Ja ll:IJ'il1U1lllJ1flil11J ll 3 u lilllil11ut'lfl~llfl 

a~"lul'i1fl<i11'lJM wqpi'iruam'liuilu l'i1 
I J;; d.dd <V .d <V ""' "-' II 

fl <111ll ll fl Iii fl l1<lflfll':iL'l1J~iJ qj'lf Ul '11'1fl1i1 cN 

'111 mtl'l;;l'Jfl lil1'll"l 1XL 'l-nn;;aua1 M.:i'u amu • 

.1d • I d ~ ,f Jd "' 1 y 
L u<l£1'1JLL u<l~'lll'lfll'll'll'YIL W:!J'!l'IJU'il~rnu Iii 

-li'lil111tl~au1 UlilllJ<ltnllfll'HU'!l a~tl'l;;L 'I'll'! 

.J ~I q <>. I 

'If~ 81'il Luu amu m1wm~ Li'l'l1'1,ljfl'il m fl n11 

ar;nu 111., ru'!l a~ lil11lJL~u1 YJ1iilu1 u'!l a~ 

tJ-,;;'lf1'llu 

LLU1AlilL~iN essential drugs 11ii'~fl 
~ami'u1 U'l~tilUeMAfll'JElUliJ'!'J faflmLUll 

• d • 1 y 

'l~u;;nmm1m1m<i1 LU<M'illf11ilcMf111 l1 

'ljflU'>;;L 'l'll'l~i1n.:i'wmfl':ill1illil <illJl'lil~lil 
• "' d ~ ' '1111'11 'ill Lull 'l'l lJ lil ill.Ill W ':il lill £111 :!Hl'll • 

n':i;;'il1t11tl81 l1 :iu m1u~m':i.:i'flmtl'i~'lll'llll 

BU1~'1i'1li~ LL ll1Alilil'i11il11:1Jil1Al]JW ilfll'i 

1i'm1 tit.,~ w !'lliJl <lLL<i;; Lu ti U':i;; ll'l'll'll' mil 

m'>1'n1'!1 ~u1m uu ari1~mfl m~il~"l u 
~ ~ ~ 'i" d "' Uqj'lll'llll<l fl lil11A 'JiliJlil ~!.! L 'llil'l'lWiJL uU 

ri1u 1 my1 u amu wl'l1u1<iif u i1'l1\il1~ 
Lllm;;ati u<i;;u1111~\ill11 lfol'i1~Lila~wil 

u ty~a1 Man~~ 1i111tl .:ru 11X1 '111 il uam u 
o' <!.I Q.I I 

f111fJJLL<l~<lfl1'tfJJ;;f1111ffi,11W!'l1Ul<l'll<l~Lllil 

<i;;m-i~ariL<f:!J11 111'i1~ hfiili 1ufll'l1'flm 
u 

Wl'l1Ula1Tll 'il::wu11 t 'l~Wl'l1U1'1LLW<i;; 
':j;; tilu i1U'l1U1VI1 u fll':i.:i'm,n lrn~ LLlilflWl~ 
nu m fl ~~,f 'IJ l'il ill!.!llU~~ill Aqj n iiJ B 

'iJ;;YiTuty~mll<i'n il1M{uamuwmuia 1u 



8 

"l~lilu1m L llu hl1i.i1\ii'i1uqiiimM<i'n 1u 

t ~I ~ ~.J 
'lW~ l'l11J1 <l'ljlJ?flJ'il~ L ulJ1Jqj'!fl'l L '11 lJl::<llJ 

ilu 1'H11m1rnarl'l '11m1fm,nuuu tertiary 

care 

.J«:>1 0 ~ 1 

'l~'UU"ll?ff11'l'YllJ f11"lf1111'WGl '1'!Gll'l ']'illn 

m'l"l1lJV'IUUa1m'i!11~<i1unm'l LUu 
" 

d ~I d,?; .-
':i1GJL 'l1 LulJ'l::UU11?ff11'l'YIGl'ln!JLOIU'll 

~h~ 1tvlava-lilum'lAa{ftl-8'u (twlnil'1 

uti'il f.]J111 m1A a{ftl-8'u~n\!11J1 n li.ihi) 

n 'l~'Yl'l1'1m01., rua?J~'l m ua'l'u ilmt1au 1 u 
' " 

t~a~d' 1\ii'mfolilurn-, 1'li'uf.]J?imml'nm 
~,.~.i, ~,~d 

Luummu ?f'lLU'l~l'J~LL'lnLuUUf.]J?ftn?Jfl'l 
,.., , 

n"l~'Yl'l1'l<lllll'l!U<IB 'ilUO'>~'Yl-l LU'l~EI~ 
' 

11'1~ 1\ii't tl ~um uuuf.]Jiim11<lmL tt<1t11&i1 u 
ii11iluliiam 

~~ ~tJ 'l~ L 'YI V'l 1'YIEl1\ii' lJ1'5<l L lJ U 

.... ""' "" ' """" .... d Uf.l!?l1'1111<lnLL'M'l?f1Gl'i!l'W1U 1 UUU'lf'l 

U'l RU 1'1i't vl an111u mu 'W1'1'11'l m'lffflil 

'W l'J11J1 <l?J fl'IU'l~'lfl'lf'W'li'1tl'l~rn V'I LL 'Yl'W~ 
'il~ hHJm.,i;.i<lnlilmrn1flm L~fl'!Uf.l!?ll'll 
11<Jn 1 lf~1 ~'! (~~mJ'W fl'Wil'il~iii' <M 1'11 

m1:J.J-wmmlJflU1~a'! ei'um 1iii'mn 1u 
" 

.,~uu'l1'lfm'l) 1w~tl1uf.]Jilm11<lmfu 1tl 

tl f u l 'lf1li't11 m ~•rn ilu amuv·w1u1a1 u 

~1LiJum'l1m11n111um 111L "i'l'Wmu1aiii' fl'! 

1'1i'~utl.,~mruttr.iu~mhu 111f.]JL um"i~m 
.Jf .... ..,,. .,,,.J' .J """" 
'If fl m m1 :J.JU ru?f m 11 a nu t1'lm1:J.Jurut1m 

u u 

11<lntJ 2539 iim:51u1u 372 "lll'Jfll'l 

Wittaya Tonsuwonnont 

1 ~ J' ~ 1 Vo 1 V<!.1 .Jf I rl 
1Jf11"l'ilGl'lfa!M Glf1111UGl '11'ilGl'lffll'l1U!Ni'1 

f11'lLi1'l'lffl'>'llJ ~'lrifl 1'11tfi'1Uf.l!111!illlJ:J.J11'W 

lln11mu 1.-i'1u m1n111uvitiud'ih 111i'l'l 

' d .J 1tJ1" .J , 'l'W1Ul&lGl1'l ']11<lnL&ll'J'l ?f~Uil'IJ '1 t'Ufll'l 

~ vi:A'mnmrnuf.lJ?lm '11'1 mt nu Tm l'llJ 1iii't ilu 
i'111:J.J&l11'1f.]J?Jfl'lUf.]Jnl'Jl'lltlnLLm au111m LLU1 

i'111lJi<i m~LL n'i!~'l 1 '1JL~fl'lUf.]Jill'l1'11<lfl'51 hi1!ii' 
~ .r1~1 n·~ 'Wlill'IJlB'IJ 'IJ'i!Gl 'ilBfl'll'J 'llU'lfll'l'Yll'l<llnl'l-

" 

"" "" d""' 91 l151'lllJIBB1Gl'Wfl1B1fll'l'YJlJi'111lJ"li'l11lJ 
' " 

lllJl'rn 1 un11ITTmm11J1mum·Hum'lt'li'l'l1 

' ' .J ill'Jl'IVJ<JL'IJ1M 
.J • ~ 

fl'fi" fll 'l'i!l nm l'J'W a fl'IM'Yll'll'WLL u u LU 'Wl~ fl'il 

1 ' ~ ' ,.,J ~I 4 1 • • i'111:J.J lJ'Yl'WGlilltll'Wfll'lllJ'VlLu'W'i!'l'l Gll~'Ylil'W 

1 li'L ilu 11 n i'1 ~-rnd'l td fl ilil f.l!'lll m1 lJGl n~1m~ 
LV'l'l'l:l!jfi'ilnfl'IU'l~L flV'I i'111lJ'Wl'J11'JllJ l 'Wfll'l 

avil'i1fn1:11-wl'J1u1a 1mmu-w1~ 1 mbm)1'l1B 

n11nm1 tl1'ltl1J1 t llum'lL ilnl'i11'li''ii1l'liii'1um 
" " 

n1.,t1.,~'l11'l'i11nv111?fn11 L'W'll~l'J1~1u1u 

lJ1 n~1 'li'f n ·m ~th u '11uuliihi1iii'1l IJL 'WUf.]J?im 
..., 0 "" ..J ..., "" ..., 

'll<l fl fll'jlJl LL 'W1 i'lGl L 'l eMU!jj'lf l'J1'1 an lJ1 lj fl 

&i vi ilu 1111 Lil n l'i1 {111:11-w mu1a'5~ L llu <lnHru~ 

fll'lU~'l11'Nl'W~lJ° fl~ll'J 1iJ fll'U'l O~i'111 IJL U'W 

'ii~~ t 'Wfll'lVJLL<lfflm ~U1U 
" " 

f11.Y'l~l ML il n l'i1f n1:11-w m u1 a m-w1~ 
l'J11 uuru:Su1,,, <l n'S'l iii' a·rn nu rnii n 1 tl Lw~ 

u " 

L tl~aml tla~ 1li'ttliia~l1~-wmu1al11uqJil'l1EJ 
.!1·4.¥,,.J ~.~q 

fll'll'JlL~fl BLUflB'W b'lllJL'WB'lflfll'l'ilGl'YllUf.l!B 

m'll<i'nuuu 1 mJ ~i~mui;y?im'll<lmt 11~·1n&i 

UUUt'lli.i 'W.V'I. 2542 1iii'tl'llfl!J?l'U Lml'JlJ 

mf1Ji1U'Yli1 "fll'l~h~-wmu1alii1~ '1 ~ml11 



Thai J Pharmaco/; Vol 21: No J, Jan-Apr 1999 

ti qJti'i11'1111·rn1~L Ufl~ll'I 11ilL 'Wfl'irud'11 

LLlilflllil'lfl'W Yi11 ttLO\illil11:1ml~illJJ1ua:: 
hi L i'l u l'i 'j"j lJLL rltl 'll'!Hll''l~ L tll {u fll "j 

{fl'l:fl'VW11J1 a Iii ru::fl'i"ilJ f11'j LL 'li'l'llliil 

~1'Wl'l1~'1L \l1J<llJ\il1'l 1 ttlifl1'iU{1J1.h'lLLfl 
' 

1 'll ti qJi!m VI '1 nu 'li'lm ili .•. " 

tiqJ?immfo LL 'li'l'!fliliutiu 1 ln.i1 ti 
<V CV J;; 1aJ d 

1J'l\il1J!iNU\il1'W'l'l 29 lJfl"ll\illJ 2542 

L i'Ju;u 1 tJ L\;Wli'lll'lfl1'im..t'l~'W4Tw1u 
932 'ill'lflT'i tirui!mV1.i'm1tirnilalil 1~ 

u ' 

L Yi1J"lll'lf1T'im'il1ntiqJtimV1.i'ntl 2 5 3 g 

1l n41u1ul.J1 n Llill'I il%1 i.i'!VI m ai1 ii1'il:: 
' ' 

~ 1 • J lil"lil1J\il~l.Jf11T'lfl1fl'VW11Jl<l lillJl fl'll1J 

Tlil l'I mw1::<h1rn 1Mtll"i1'!f fl1'l~'il::; il'lli 
fl {l Lfl !l!'ll 1 ll' LU fl I'll LU Wl:: \ill lJ ti qjil I'll VI .i' fl 

,Z, .J"v IV BJV"14 
U\il'l'1'1Vll.J\il1J<l11JLL\il<f::'l'lil1J b VIL V11J1NLL1J1 

""' .J "" .. .., ""' ..... 
Iii Iii 'l'1au<f1J'll il'l m 'lm u ru'!f m VI a fl m r-J fl u u 

iillilnum'lLUfl~hfm:nwmu1a Llill'J 1i.i 

• d 1 ' .J4 ' 
fl1V11J\ilL'1fflJ 'llGffl 'l'l'll'JlilV1~1JLL<l::lVllJ1:: 

5l.JLWl'l'!W1l 
_., .J ' 
uqjVll'l'l'il::\illl.JlJlL'!f'W 

Vl<i'fl utiu 1Viii1ll'illil'J1Vl<lll'l"l11'1 fl1".i~L01J 

lil11 lJ41ii'lu1 u "l:: lilu T "l'l Wm u1 a'!f l.J'!f'W 
' 

1u'llru::~"ill'lfll"lmlil'!1i.i LWl'l-.!Wil <i111{u 

fll'l{fl'lflLLUU tertiary care 1uh-.iL~tl1J 

9 

tLW'l'lUVl<llmL'li'l trlmi'lm?iud' flLLMNi1'111 

.J1 • 4 ~ d d ~ .'I 
'il'!ffll"i'l'l lJl.JL'l'W<f::amvm.,:iw11 LlJ1lL'il1Ju11'1 

lil'l 1i.iai1J1"lmtl1fufll'l{n-1:11LL uu tertiary 

.J • 1 • 4 .J 1 '•I l care '1'1\ilM '!f!JlilfllJlfllJll'l'!f'l lJu'flfl{l 1J 
~ d ~ 1 v ... .d.:.i """ 

UqJ'!fmVlafl Iii mw1::'ll111'!ffll"l'l1lJ!ijl1J::lil 

11~a 11i1'11Ni11JlJltt<i'1 ~-.i 1i.i;a'l'li1'l L m~a'ld' 
ttifi1m'lLaafl 1 um1oilill'i11'11~1a~1u 

ai 01'lru<f'll ii au m fl LLlli il'u~m"l'll a'ltl"l:: L '11 I'! 
' u u 

fl<i'utl1 m f:! fl iii Iii n u11'1flfll"i1 u fll "l~lilliltiqjil 
~ t 1·d .1~ ~~.J 

m11an lilEJ "l'!f'!LL1J1u{]U\il'l1lVllJ1::5lJ fll'i 

Laaflm 1utiqJtim11'1fltTu 1 uil'il~uutla 
W'ill'l!l!l a 1J 11rl'l~ <11 A ty ~'l~'lfl m fl L i'lu fll 'j 

LU fl l'i1 {fl'Ul'l'Wl Ul <l'll B'ltll 'll'!f fll"l 1 tJ LLa1 

.J 1 ~ ~ 
LL '1'11J'l'l'il::\ilfflllJI VI lJ1:: <flJ 1J"l::\il1Jfl1'l'lfl1'11 

u 

w u1u1a'll a'! b'l w u1u1a1 u "l::lilu lli1-.i '1 

L~<Mifnti'lm?iut&imnu11'1flm"l~&i5u '1 ~"iJ 
u 

U~Vll'l'llENU".in'l'll'l1'1'11'l 1~tlllJ1Ul'il1J 1i.it 11aa 

11'1fl~&i1iflllia 1tJ 

~ ~ ' 
Nfl. lJW. ?tl!'/1 !illJ<fJ'J'JfUlJlJtl 

' 

' mu:: LL w n l'I m ff !ii., 
um'Jnm ilmffo A1un1~T "JflJI 

fll';i~ Iii 11 U'l fl~ lJ'll a'! an::~utl1\ilaIii1 ii u a ::til1u rn"><i fl tau~1lJ 1 'liat&i f.l'iil a lil \ill am q"Ulj 

COX-2 (The new classification of non-steroidal antiinllammatory drugs as COX-2 

concepts) 

~l.J ~d• ~ol 1· 
I u1J '1'1'1'111U fl1J \il11tl11::~u u1(;l<l \il 'll 

v ~ .J1 1 ' d ' LL<i::ml'llfl11Bf1L<fU'11 lJ 'llat\iltJ'JBUm 

(non- steroidal an ti inflammatory drugs; 

NS A IDs) B Bflq'l1BL\ilt1il'u~~m1Yi1'll1J'llB~ 
l o' ,J.,.v.J 

LB1J 'lllJ cyclooxygenase (COX) '!f~IJVl1J1'1'1 
' 

a-i'1~<111 prostaglandins (PGs) Yi!ii;,iallia 



JO 

w m ila~'l'l'l'I m ua:: wu1ila .fll'W'!J B'l~l'l 

mmnmnu L'liu ri1"11'!J'1~i'.lei'lilum1 

(cytoprotection of stomach) lil1U1'pm1-; 

ri1~1U'!JB'lLam~Blil~1tlL~tJ'l 1111 (renal 
<V .t .<!.! 'V 

blood flow regulation) UUl'N'l1'lfln'l~lil'IJ , 
..... • <=$ .:!.! 

fll'l'JUO<l!J'!J eN Lfi<llilL<!Blil (stimulation , 
or inhibition of platelet aggregation) 

..J v "" "" 
LL <I:'. Ln ff)'!) B'l n U'!JU1'1J fll'J'!J 1N nT'l 8 n WU 

(inflammatory process) fll'll'J~qJLmu Llil 
d'o<:!l.J'.J . 

'!J8Wlf<l<1'11'J8L'IJBLEl<l (cell or llssue 

proliferation) '!JU1Ufll"ilil<l81il (labour 

process) !L<l:'.fll"lliln hi (ovulation) 

Lllu~u lil''lifum-,1-il' NSAIDs L~mm1u 
m-i-ln-1:11u 1rnri11 M'Liilil i;,ia'il1'lL~u'l'11nm 

.J_. ~ ~ 1 
lill!J!Jl 'V1<111ilqjlilfl nl"lLOlilLLW<I U 

m::t w1::mm"> au1'l hn11111JU'J'.luuwu , 
• 1" .Jo 111..J91 

11W'IJ 'lf!J COX 'lf'l'V11'11Ul'l'l<l'i1'l PGs 

1. Constitutive isoform (COX-1) 

1 .J • 
wu u.n11::tlnm'lla'l~1'lmu Lnu1'!JB'l 

tllJ<l~"l'l'Vlm 1u cell-cell signalling LL<t:: 

tissue homeostasis L'liu cytoprotection 

of stomach LL<!:'. renal blood flow 

1 
. .J • v 

regu at10n lil1!J'Vlf1<111!J11L<l1 

2. Inducible isofonn (COX-2) hi 
wu'l1"leiwuu aum n 1 u.n11::tln~'!l B'l~1'l 

ma ulii'J::wu 1 um1::illiltln~'!JB'l~1'lfl1U 
"f ii V .J.J IV 

blilElf.lfln'l:'.lil'!Jfl1'l<l"i1'l'Jlf1<11"i'V1Lnl'J1'!J<N " , 
iluwmilamw'!lB'l~1'lfl1EJ L'liu fll"> 

el'mau fll'l~lilL=ii'a Lil B'lBn Ltlu~u 
.J'a.1 I "'3 "' 

U8f1'11n'Wl'J'l'WU11 NSAIDs !J()'Vlli 
..... ~. .J ,..., 
EIUl'J'l ISOform '!JB'l COX 'Vllllilf11il1'lfi'IJ 

.J ' .; 1 ' L'lf81101"i88f1()'Vl!l'!J8'll'J1 '!Jfl<l!J , 

Pravit Akarasereenont 

NSAIDs 1um'J:'lm,nt'liunT>fi'mau tlluwa 

!Jl'J1f)fl1'JUU~'l COX-2 L'!J'!Jf.l!:'.~t:J<ti1'l 
L~l'J'l'J1f1fl11'lmfl llilUL\l'W1:: gastrointestinal 

bleeding LL<!:: renal toxicity LU'IJN<l!J1'11n 

m"iUU~'l cox-1 1uiJ;i'Juu 1~iin1'>~©JU1 , 
, ' .J Q .;. , 

m NSA!Ds '!JU1'Wb'l1!J '] 'lf'll-J(}'Vlli'J1L'W1::LU 

..,. QJ 1 0 .,, ' 

Llilm'!JB'll'Jl<l'l m NSAIDs lil'lf1<l11fll<l'lfll'J 
" 

LU"l:'.'11i1'lfl1"l~@JU1 LlilUUl'l'lfUlil 1~iifl1'l11~ 

<ij1 mh a '11"! fl Llil ~a !J~'il :;<ij1m11a1 u tl"l:: L 'VI lil 

1 • 1 • ' 'V1ULL<l1 lil!Ln meloxicam, nimesulide, 

celecoxib (SC 58635), Rofecoxib (DFU) 

Llill'l l'Jllil'~n!.i11~n L~l'ln~a 11'11<i1EJ BUl'l L'liu 

COX-2 inhibitor, selective COX-2 

inhibitor LL<!:: specific COX-2 inhibitor ~'l 
ti <V .di v.J .J 'V I <V 

LL'W'Vll'J L.fl<l'!fn'l '11'lflt:J'V1Lnl'J1Ufl'l'11<11El'V11U<N 
" <V .Jcv ..,._J.,,., QJ~IV 

lil'l<IU<l'IJLnl'J1f1Ufl1"lL 'll'Jf1'lffllil'lf1<111 lil'l'IJUN 
" 

Lnl'lu 1 u~1u::~'tl1'l1u'l:rmrll'l1'1la~ilurnu hli 
i'fllil l'Jlil"l'l'!J fl LL<llil'llil11 !J ~ lil L i\wfil'J1num1:r lil 

LLti~n~!JUf)~ NSAIDs LLUUL'11l-ilill!J'l'l()'tl~ 
.J ·~ 1· ·' COX-2 'lf~t:JLUl'l'IJ lil~1U"l1l-J'J1nfl11u1::'lf!J . , 

'W1U1'!!1~'11<111'JLL1-i~t'lit1 IUPHAR, World 

Congress on Inflammation, World Congress 

on Rheumatology, World Congress on Pain 
.J 

LL<i::nT'lU1~'lfl-JL'lfl~ Selective COX-2 , 
, . d ..., .J' ..dw "" ~ .J ...i 

Inh1b1tors 'lf~'illilU'W'Vl'iM'l111il.flLf11il L!Jflllilfl'W 
" 

iluml'lu w.A. 2539 Llill'lm1:rlilLLti~mi1Jua~ , 
NSAIDs LLUU1'11l-ilill!J'Vlf]'tl~ COX-2 

mm1mLti'll~Lllu 3 n~!JlmJi!il'~if 
1. Classical NSAIDs 1~ufi NSAIDs ~ij 

1tl'ilua~1uiJ'J~U'IJ Llill'lii IC,0 ratio ua~ 

COX-2/COX-l mnni1 1 L'liu aspirin, 

indomethacin, ibuprofen, naproxen, 
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ketoprofen, tiaprofenic acid, diclofenac, 

sulindac, meclofenamate, piroxicam, 

tenoxicam, azapropazone, phenylbuta-

zone, nabumetone 

2. Preferential COX-2 inhibitors 

(selective COX-2 inhibitor) 11ii'uri 
.:~ 

NSA!Ds YllJ !C50 ratio 'll<M COX-

2/COX- l "l~lril~ 0.0001 ii~ 1 ll~<l 

LL\ilflliil~n'W"l~llll~ 1 ii~ 1000 L'Yil LL!ii 
QJ ~ .J 
EMlJ therapeutic plasma concentration YI 

COX-1 

meloxicam, nimesulide 

3. Highly specific COX-2 

inhibitors (COX-2 inhibitor, specific 

COX-2 inhibitors) 1!iluri NSAIDs ~j:j 
!C50 ratio 'lltl~ COX-2/COX-l um.1 

I ~ I '1J ~ I '1J 

1111 ll"ltllYllflU 0.01 ll"ltlll\ilfl\ill~fl'l.J 

lJlflflil 100 L'Yil U<l~:iJ therapeutic 

plasma concentration ~hi:iJwmJ'u~~ 
COX-1 L'ii'W celecoxib (SC 58635), 

rofecoxib (DFU) 

'il~Lii'W 11ii'illilllJYlt]1'1~LLll1 NSA!Ds 

1u11~1.1 highly specific COX-2 

11 

inhibitors Ul'il~L i'.lmn 1 um11J11i'~'llei~N'thu 
u 

~i11'111 mh L i'.luiil a~ 1'li'm 1 w1a1.1dllllt1i1w<i'li1~ • 
1'Wu'il'iluum11 ritrrl' tl'~ au"l 'l.J 

• • v 

phase III 'lltl~fll"ll:ill'Jm~l'llliln LL<l~W<i~11ii' 
:\)Ii) <Jl'JL 'l.JLllW..l~u1w el h Llill'JlQ'Wl~Ntht1flrilJ 

v v • 

osteoarthritis (OA) LL<!~ rheumatoid arthritis 

(RA) ~~A~iiJ <J~"itl&\lil\illlJ W<l'll<J~fll':iffl1'111 'l.J 
.J' .J "" 'V .J 

"l~tl~tll1 'l.J el fl'illfl'l.JLfl 1'11 flUUYIUlYI LL<l~l1'1.JlYI 

'll<l~Ltl'l.J hi! COX-2 lrnL~5u ~a1A'cyiiei 1-rn 
i'llJ<l~L~tllJ 1wm<itllilLaf.llilLL~'1 (athero-
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THE PROTECTIVE EFFECTS OF VITAMIN EON ISCHEMIC NEURONAL 
DAMAGE IN RATS 
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ABSTRACT 

Antioxidant vitamins (i.e. vitamin E and vitamin C) in large dosages are increasingly common 
self-prescribed drugs. This increase in vitamin use has, perhaps, been promoted by the claim that 
vitamin may provide protection from ischemic brain damage or prevent age-associated diseases 
induced by free radicals and lipid peroxidation. Apart from such legitimate uses of mega-dosages of 
vitamins, at present there is no conclusive evidence to support the recommendation of such use. 
Therefore, the purpose of the present study is to investigate the efficacy of short-term and long-term 
vitamin E supplements in protecting brain damage from transient global cerebral ischemia in Spraque­
Dawley rats. The present study was designed to examine vitamin E's effect on histological outcome 7 
days after transient global cerebral ischemia in the treated and untreated animals. Global cerebral 
ischemia was induced by 30 minutes bilateral occlusion of common carotid arteries with lowering 
mean arterial blood pressure to 60-80 mmHg before occlusion. For the short-term study, animals were 
divided into two groups. Group 1 was subjected to cerebral ischemia with no medication and group 2 
was fed daily with vitamin E (30 mg/kg) from 2 weeks before to one week after ischemic insult. For the 
long-term study, global cerebral ischemia was induced in group I at the age of 15-19 months with no 
medication. Group 2 was fed daily with vitamin E (30 mg/kg) for 12-15 months before ischemic insult 
beginning from the age of 3 months. The result demonstrated that the mean percentage of cell death in 
the 2 weeks supplement group (17.8±0.8) was significantly less than that of the untreated group 
(28.0:t:0.8)(P<0.05). However, the cell death in the long-term(l2-15 months) vitamin E supplement 
group was not significantly different from the untreated group. The present study, therefore, revealed 
that short-term vitamin E supplement provided partial protective effect from acute ischemic brain 
damage. In contrast, our results also showed that long-term vitamin E supplement could not influence 
the outcome damage induced by transient ischemic attack. Therefore, vitamin E supplement should not 
be recommended in healthy elderly population. It should be reserved for individuals with documented 
deficiency or who are at risk only. 
Key words : antioxidant, vitamin E, ischemic brain damage 
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INTRODUCTION 

Free radicals and lipid peroxidation 
have been suggested as important causative 
agents of several human diseases including 
ischemic cell death and age-related 
degenerative disease 1

-
4

• Free radicals are 
normally produced during mitochondrial res­
piration, autooxidation of a variety of 
biological molecules and chemicals. Since free 
radicals are highly reactive, a series of cellular 
defense mechanisms have been evolved to 
prevent uncontrolled radical reactions. 
However, under pathologic condition or 
oxidative stress such as ischemia/ reperfusion, 
larger amount of oxygen free radicals are 
formed than normal which can overwhelm the 
defense of the cell. The excess free radicals 
may induce lipid peroxidation, causing 
neuronal damage resulting in delayed neuronal 
death at selective vulnerable areas of the 
brain5

. Furthermore, brain tissue is particularly 
susceptible to free radical attack due to its high 
metabolic rate and high concentration of 
polyunsaturated fatty acids which are highly 
susceptible to oxidation. Therefore, toxic free 
radicals may be one of the major potential 
causes of age-related destruction of neuronal 
tissue'. Evidences suggest that vitamin E 
which is well accepted as the most effective 
natural lipid-soluble antioxidant or free radical 
scavenger, could theoretically be helpful where 
oxidization and free radical formation are the 
initiating events in disease and aging 
processes'·'. Therefore, elderly subjects who 
are more susceptible to oxidative stress, may 
gain benefit from the antioxidant protection 
provided by vitamin E. Vitamin E supplement 
in large dose is increasingly common in elderly 
population in an attempt to halt the normal 
aging process or prevent and cure diseases. 
Despite it has been realized that antioxidant 
will not delay aging in healthy elderly people, 
vitamin E supplement may be given to prevent 
some diseases such as acute ischemic attack8

• 

The present study, therefore, is based 
on an attempt to investigate two problems. 
First is to assess whether short-term 
supplement of vitamin E in young adult rats 
can provide protection against brain damage 
from abrupt increase in free radicals by acute 
cerebral ischemia. Second is to observe 
whether long-term supplement of vitamin E in 
rats from the age of 3 months until 15-19 
months can protect brain from damage induced 
by acute ischemic attack or not. 

13 

MATERIALS AND METHODS 

Experimental model 
Forty Spraque-Dawley rats of both 

sexes were used in the present study. The 
animals were divided into two groups to study 
the effects of shmt-term and long-term vitamin 
E supplements on protection the brain damage 
from transient global cerebral ischemia. Global 
cerebral ischemia was induced by bilateral 
occlusion of common carotid arteries for a 
period of 30 minutes in anesthetized animals 
(Nembutal 40-45 mg/kg). Anaesthesia was 
maintained throughout the experiment by 
intravenous injection of supplementary dose of 
nembutal (usually about 4-5 mg/kg/hr). 
Occlusion of the arteries was obtained by 
gently tightening polyethylene (PE) loops 
around the common carotid arteries. Collateral 
blood supply to the brain was prevented by 
lowering systolic blood pressure to less than 
l 00 mm Hg before induction of ischemia. After 
30 minutes of arterial occlusion, the 
polyethylene loops were loosened to allow 
recirculation of blood to the brain. Animals 
were then allowed to recover from anesthesia 
and returned to their cages. 

Experimental procedure 
Short-term supplement of vitamin E 

Thirty male rats, weighing from 200-
250 gm, were used. Animals were randomly 
divided into two groups. Group I included 15 
rats for control. Global cerebral ischemia was 
induced in this group of animals without 
vitamin E supplement. Group 2, included 18 
rats for experiment, was fed with vitamin E 
daily (30 mg/kg) from 2 weeks before to one 
week after ischemic insult. 

Long-term supplement of vitamin E 
Ten female rats were raised for 12-16 

months, from the age of 3 months. Animals 
were randomly divided into two groups. Group 
I included 5 rats control. Global cerebral 
ischemia was induced in this group at the age 
of 15-19 months without vitamin E supple­
ment. Group 2, treated group, included 5 rats, 
was fed daily with vitamin E (30 mg/kg) for 
12-16 months before ischemic insult beginning 
from the age of 3 months. 

Histological evaluation 
One week after ischemic insult, rats 

were reanesthetized and sacrified. The rat's 
brain was prewashed with 50 ml saline and 
fixed by transcardial perfusion with 250 ml of 
I 0% formalin in 0.1 M phosphate buffer. (pH 
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7.4). The brain was removed and postfixed in 
the same perfusate at 4°C for one week. 
Following fixation, the brain was cut coronally 
into 6 pieces of 2-3 mm thickness and 
embedded in paraffin by using automatic tissue 
processor. Coronal sections of the forebrain 
were cut into 6 µm thicknesses and stained 
with hematoxylin and eosin (H and E). The 
paraffin sections were examined under light 
microscope. All microscopic sections were 
analyzed by one observer who was blinded to 
the experimental conditions. Estima-tion of the 
extent of neuronal damage in each brain was 
assessed by counting total number of both 
normal cells and ischemic damaged cells in the 
specified regions of the frontal and parietal 
areas. Four randomized microscopic fields in 
the frontal region (two fields from left side and 
two fields from right side) and eight 
randomized fields in the parietal region (four 
fields from left side and four fields from right 
side) were chosen (Figure l ). Total number of 
normal cells and ischemic damaged cells in 
each fields were noted. The extent of ischemic 
damage in both areas of each animal was 
expressed as percentage of ischemic cell death, 
i.e. Percentage of dead cells in the fronto­
parietal area of one animal ~ (Sum of total 
number of dead cells from 12 fields in the 
fronto-parietal region I Sum of total number of 
both normal and dead cells in the same region) 
x 100 

Analysis of results 
All data are reported as mean and 

standard error of the mean. Differences 
between groups were analysed by using 
unpaired t-test. P value of <0.05 was considered 
as statistically significant difference. 

RESULTS 

Physiological conditions of all 
animals which survived after the surgery were 
in good health. No obvious motor deficit or 
any reduction in degree of alertness was 
observed in each group of animals studied. 
Global cerebral ischemia was induced by 
bilateral common carotid occlusion with 
lowering mean arterial blood pressure to 70-74 
mmHg. Microscopic examination of neuronal 
damage revealed that cell death was found 
mostly in the frontal and parietal cortex with 
lesser extents observed in the regions of 
hippocampus, striatum, thalamus and occipital 
cortex. Hence, the frontal-parietal area was 
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chosen to estimate the degree of neuronal 
damage in each group. 

Effects of short-term supplement of vitamin E 
Estimation of the amount of ischemic 

damage expressed as percentage of number of 
dead cells in the fronto-parietal area of each 
animal was summarized in Table l. In the 
treated animals, vitamin E was administered 
orally (30 mg/kg) everyday from two weeks 
before ta one week after ischemic episode. The 
result demonstrated that mean percentage of 
cell death in vitamin E treated group (17.8 ± 
0.8) was significantly less than the untreated 
group (28.0 ± 0.8) (P<0.05). The present result 
revealed that vitamin E supplement could 
provide partial protection against brain damage 
from oxidative stress induced by global 
cerebral ischemia. 

Effect of long-term supplement of vitamin E 
The percentages of cell death in each 

animal of the untreated group and the treated 
group were shown in Table 2. Long-term 
vitamin E supplement slightly attenuated the 
brain damage resulting from transient cerebral 
ischemia. However, the reduction in brain 
damage did not reach statistically significant 
level. It is interesting to note that the mean cell 
death of the young untreated group 
(28.57±1.3) was significantly lower than that 
of the old-untreated group (33.67±3.02). The 

.present result,therefore, revealed that long­
term supplement of vitamin E failed to protect 
the brain from acute ischemic damage. 

DISCUSSION 

The present results demonstrated 
partial protective effect of short-term vitamin 
E supplement against neuronal damage 
resulting from transient forebrain ischemia in 
young rats. In contrast, our study showed that 
long-term supplement of vitamin E failed to 
protect the brain against damage from transient 
cerebral ischemia. 

The present evidence of partial 
protective effect of short-term vitamin E 
supplement in young animals is agreed with 
several other studies. Fujimoto demonstrated 
that vitamin E given intravenously helped in 
the recovery of brain electrical activity 3 hours 
after recirculation9

. In addition, Yamamoto 
showed that intravenous injection of alpha­
locopherol prior lo ligation of carotid arteries 
significantly suppressed the rises in lipid 
peroxides both in the brain and serum, 
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Figure I 
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Semidiagramatic drawing of coronal section demonstrating the location of counting fields 
used in the frontal region (upper) and parietal region (lower). In order to place the 
counting field in a systematic randomized manner and confined only in the frontal and 
parietal areas, the microscopic fields were always started from fields a and b, and then 
moved further to the boundary between areas (as indicated by arrows). The counting 
fields chosen (as indicated by solid circle) were started from the one next to 'a' and 'b' 
and then omitted the next one and chose the further one, respectively. 
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Table I 

Table 2 

Kanokwan Ti/okskulchai 

Percentage of cell death in the fronto-parietal area of the shmt-tenn vitamin E supplement 
group. All data are expressed as percentage of ischemic damage cells of individual 
animal, mean percentage and standard error of the mean of each group. Differences 
between groups are identified by using unpaired t-test and the level of significance of the 
difference is * P< 0.05. 

No. Group! Group 2 
I 23.3 12.7 
2 23.8 14.0 
3 25.6 14.3 
4 25.6 14.9 
5 25.7 15.7 
6 25.8 16.2 
7 27.9 17.7 
8 28.0 17.8 
9 28.5 18.3 
10 28.5 18.9 
l l 28.9 19.9 
12 30.4 20.9 
13 32.3 2 l. l 
14 32.8 21.4 
15 34.0 24.0 
Mean 28.0 17.8* 
SD 3.2 3.2 
SEM 0.8 0.8 

Percentage of cell death in the fronto-parietal area of the long-term vitamin E supplement 
group. All data are expressed as percentage of dead cells of individual animal, mean 
percentage and standard error of the mean of each group. Differences between groups are 
identified by using unpaired t-test and the level of significance of the difference is * P< 
0.05. 

No. Group! Group 2 
I 45.85 39.41 
2 44.91 39.80 
3 36.37 27.65 
4 37.55 36.17 
5 39.71 25.33 
Mean 40.88 33.67 
SD 4.29 6.75 
SEM l.92 3.02 
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improved the severely expressed neurological 
signs, and promoted resynthesis of ATP after 
reperfusion for 3 hours'. In addition, a­
tocopherol administered immediately after 
ischemia prevented ischemia-induced neuronal 
death evaluated after 7 days of survival'°­
Large dose of vitamin E supplement led to 
significant reduction of the infarct volume by 
81 % after 24 hours of right middle cerebral 
artery occlusion for two hours 11

• Long-term 
(13-16 weeks) vitamin E supplement 
significantly reduced (P~0.037) the infarct 
volume measured after 48 hours of survival in 
rats with p,ermanent left middle cerebral artery 
occlusion 2

. However, recent evidence showed 
that short-term Supplement of alpha-tocophe­
rol failed to reduce posttraumatic vasogenic 
brain edema13

. Inconsistencies of the outcomes 
of treatment in different studies may be 
influenced by the ineffectiveness or inappro­
priateness of the method of drug evaluation 
and survival time after the insult. In these 
studies, the positive results were assessed by 
observing the recovery of brain electrical 
activity after reperfusion, measuring the infarct 
volume after 48 hours of survival, or measur­
ing the oxidative products after reperfusion. In 
fact these indexes of experimental endpoint 
may not be sufficient to be used as measures of 
antiischemic efficacy. It is now accepted that 
neuropathologic evaluation performed with 
greater than 4 days survival is regarded as the 
gold standard for assessing cerebroprotection. 
Therefore, the present study may provide a 
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ABSTRACT 
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Bioequivalence of 50 mg and 100 mg of the generic atenolol tablets (Tenolol®, Siam 
Pharmaceutical) were compared to the innovative product (Tenormin®, Zeneca Limited). Each preparation 
was administered to twelve healthy Thai volunteers according to a randomized balance two-way crossover 
design with one week washout period. After drug administration, serial blood samples were collected over a 
period of 24 hr and 30 hr for 50 mg and 100 mg atenolol preparations, respectively. Atenolol plasma 
concentrations were measured using HPLC technique with fluorometric detection. Pharmacokinetic 
parameters were analyzed by noncompartrnental pharmacokinetic method using TOPFIT. The means and 
parametric 90% confidence intervals of the ratio (Tenolol®/Tenormin®) of Cm., and AUC0.~ were 1.17 
(1.00-1.34) and 1.08 (0.96-1.19), as well as 0.94 (0.77-1.12) and 0.98 (0.84-1.14) for 50 mg and 100 mg 
doses, respectively. These values complied with the acceptable bioequivalence ranges of 0.7-1.43 and 0.8-
1.25 for the ratios (Test/Reference) of Cm., and AUC...,, respectively. The mean differences of Tm" 
(Tenolol®-Tenormin®) were -0.33 and -0.06 hr for 50 mg and 100 mg, respectively. These values were well 
within the stipulated bioequivalence ranges of Tm" differences (± 20% of the Tm" of the reference 
formulation) of± 0.58 hr and± 0.78 hr for 50 mg and 100 mg preparations, respectively. Based on the result 
of this study, 50 mg and 100 mg ofTenolol® were bioequivalent to the innovator (Tenormin®) with respect 
to the extent and rate of absorption. 
Key words : atenolol, bioequivalence 
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INTRODUCTION 

The generic pharmaceutical industry in 
Thailand has expanded enormously during the 
last 10-20 years. The growth has been driven by 
a number of factors, in particular the need to 
contain public spending on health care, including 
drug products. The protection of consumers 
demands that a generic drug product that is 
intended as a substitute for, or to be inter­
changeable with, the drug product of the pioneer 
or innovator pharmaceutical company, must be 
'equivalent''"· Substitution of a generic drug 
product for an innovative drug product requires 
that the products must not only be pharmaceu­
tically equivalent, but also bioequivalent. In 
general, for a generic product to be regarded as 
bioequivalent with the innovative product, any 
difference in the rate and extent of absorption of 
the active moiety to systemic circulation and thus 
the site of drug action must be judged clinically 
insignificant. The fundamental reason for 
perfonning bioequivalence testing is to ensure, as 
far as possible, the quality of generic drug 
products. In particular, such testing is intended to 
establish that there are not likely to be any 
differences in safety and efficacy between a 
generic and an innovative drug product; i.e., the 
products are therapeutically equivalent. Thus, in 
essence, bioequivalence is considered a surrogate 
of therapeutic equivalence 1• 

2
• 

Atenolol is a P-blocker widely used for 
the treatment of hypertension, arrhythmias, angi­
na pectoris and acute myocardial infarction3

-5. It 
is a synthetic, cardioselective (i 1 ~adrenergic 
receptor antagonist without intrinsic sympatho­
mimetic activity. Because of its cardioselectivity, 
it has been shown to produce comparable 
therapeutic effects with less adverse effects than 
propranolol. Therefore, atenolol is considered a 
preferable agent in patients with bronchospastic 
diseases, diabetes mellitus and occlusive 
peripheral vascular disease 6' 

7
• 

At present, two dosage forms of oral 
atenolol preparations (50 mg and 100 mg) are 
available in Thailand both as the innovative 
(Tenormin®, Zeneca Limited) and the generic 
preparation (Tenolol®, Siam Pharmaceutical). 
Since the bioavailability studies of the generic 
(Tenolol®) and the innovative preparations of 
atenolol in Thai volunteers had never been 
reported, this study was thus conducted to study 
the pharmacokinetics and to assess the 
bioequivalence of a single oral 50 and I 00 mg of 
innovative and generic atenolol preparations in 
healthy Thai volunteers. 
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MATERIALS AND METHODS 

Subjects 

Twelve healthy volunteers (seven male 
and five female) aged between 21-47 years old 
(mean ± SD~ 31.08 ± 10.91) participated and 
completed this study. Their average weight and 
height were 60.08 kg (48.0-75.0 kg) and 161.13 
cm (150.0-170.0 cm), respectively. All were in 
good health on the basis of history, physical 
examination, electrocardiography, urinalysis, and 
laboratory investigations. The laboratory tests 
included complete blood count with differentials, 
blood urea nitrogen, creatinine, fasting blood 
sugar, total protein, albumin, alkaline 
phosphatase, alanine aminotransferase, aspartate 
aminotransferase, cholesterol and bilirubin. 
None had a history of bronchial asthma, diabetes 
mellitus, peripheral vascular disease or 
cardiovascular disease. Female subjects were not 
pregnant, confirmed by urine pregnancy test. 
Subjects with known contraindication or 
hypersensitivity to P-adrenergic blocking agents 
were excluded as were those with known history 
of alcoholism or drug abuse. The purpose and the 
procedure of the study were informed to subjects 
verbally. After given written informed consent, 
all subjects were enrolled in the study. 

Study drugs 

Test drugs: Siam Pharmaceutical, Bangkok, 
Thailand 

Tenolol® 50 mg (Lot No. Z2562) 
Tenolol® 100 mg (Lot No. 22ZA013) 

Reference drugs : Zeneca Limited, Macclesfield 
Cheshire, United Kingdom 

Tenormin® 50 mg (Lot No. LO. 949) 
Tenormin® 100 mg (Lot No. P0.9808) 

Study design 

Each subject received one tablet of 
either 50 or 100 mg Tenolol® or Tenormin® 
orally by a randomized double-blind crossover 
design. The washout period between each 
treatment was at least one week to ensure the 
total elimination of the previous dosing. On the 
study day, subjects were admitted to the Clinical 
Pharmacology Unit of the Department of 
Pharmacology, Faculty of Medicine, Chiang Mai 
University at 7 A.M. after an overnight fast. 
Baseline supine blood pressure and heart rate 
were measured by automate sphygmomano­
meter. A peripheral intravenous catheter was 
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placed into a forearm vein using aseptic 
technique for blood sample collection. 
Thereafter, subjects were randomized to receive 
one tablet of either 50 or IOO mg Tenolol® or 
Tenormin® with 200 ml water. Ten ml of whole 
blood was collected just before the dosing and at 
0.5, l, l.5, 2, 2.5, 3, 4, 6, 8, 12, 15 and 24 hours 
after dosing of 50 mg atenolol preparations and 
before the dosing and at 0.5, I, 1.5, 2, 2.5, 3, 4, 6, 
8, 12, 24 and 30 hours after dosing of JOO mg 
atenolol preparations. The blood samples were 
immediately centrifuged and the plasma was 
stored at -20 °C until analysis. Supine blood 
pressure and heart rate were recorded at each 
blood sampling time. Exercise was not allowed 
during the study period. Juice was served two 
hours after dosing and lunch was served after 
completing the four-hour blood sampling. Meal 
and fluid intake were identical for all study 
period. Drugs, alcohol or caffeinated beverage 
were not allowed during the study period. 

Drug assay 

Plasma concentration of atenolol were 
determined by high-pefomance liquid chromato­
graphic (HPLC) method using model LC- I OA 
pump HPLC (Shimadsu, Japan) with RF-10 AXL 
spectrofluorometric detector and CTO­
l OA/l OAC column oven. The methods being 
developed were modified from the solid phase 
extraction procedure and HPLC technique'. 
Chromatographic analysis was carried out at 40° 
C, using a 150 x 4.6 nm lnersil C8 column (GL 
Sciences Inc., Tokyo, Japan), a mobile phase of 
NH4H2P04 (7.5 mM, adjusted to pH 4.85) and 
acetonitrile in the ratio of 9.3: 0.7 (flow rate l 
ml/min), and detected by fluorescence detector 
with excitation and emission wavelength of 230 
run and 310 nm, respectively. TI1e retention time 
for atenolol was approximately 3.48 minutes. 
Calibration standards in distilled water 
containing 15-1500 ng/ml of atenolol were used 
to establish calibration curves for assay 
validation and for clinical assay (least squares 
quadratic regression analysis). From a regression 
equation obtained from a standard calibration 
curve, the area under the peaks were used to 
calculate atenolol concentrations in plasma. 
Assay recovery was determined by comparing 
the peak area of atenolol samples in distilled 
water with the peak area of atenolol in plasma. 
Mean atenolol recove1y from plasma were 85% 
and the lower limit of quantitation was I 0 ng/ml. 
The percent correlation coefficient (%CV) of 
inter- and intra-assay validation were less than 
4%. 
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Statistical methods and data analysis 

Plasma concentration-time data were 
analyzed by model-noncompartrnental phar­
macokinetic method. Maximal plasma concen­
tration (Cm,,) and time to reach the maximal 
plasma concentration (Tm" ) were obtained 
directly by visual inspection of each subject's 
plasma concentration-time profile. Other 
pharmacokinetic parameters including plasma 
elimination half-life (! 112), area under the plasma 
concentration-time curve (AUC 0•00), and mean 
residence time (MRT) were derived with the use 
of TOPFIT 2.0, a phannacokinetic and 
pharmacodynamic data analysis program for PC. 
Bioequivalence testing comprised equivalence 
assessment with respect to the rate (Cmax and 
T,.,,) and extent of absorption (AUC) 1

' '· 
11

. The 
C,." and AUC were analyzed statistically by 
logarithmically (In) transformed the data and 
performed a three-way analysis of variance 
(ANOV A), while Tm"' was performed as the 
absolute difference (untransformed data). 
Thereafter, using the variance estimate (VAR) 
obtained from the analysis of variance, 
calculated the parametric 90% confidence 
interval (Cl) from the following formulation 1

•
9

• 

Where XA , X8 were the observed means of 
the logarithmically (In) transformed parameters 
(either C,.., or AUC) for the test product (A) and the 
references (B), VAR was the error variance 
obtained from the three-ways ANOV A (the 
residual mean square of a three-way crossover study), 
n was the number of subjects and tvo. 1 was the 
tabulated two-tail t value for 90% CI and v was 
the number of degree of freedom of the mean square 
from the analysis of variance. The antilogarithm of 
the confidence interval would express the 
bioequivalence as a ratio of the test (Tenolol®)/the 
reference products (Tenormin®). The bioequivalence 
interval of0.8-1.25 for the ratio of the average AUC 
values (Test/Reference) is accepted by the Division 
of Bioequivalence of the United States Food and 
Drug Administration (FDA) and by the Canadian as 
well as the European authorities1

. The FDA also 
accepts this range for Cmax ratio values, however, the 
European guidelines suggest a wider acceptance 
range of 0.7-1.43 proposed by Steinijans et al. for 
Cmax ratio1

·
10

. Regarding analysis of Tmax' the 
stipulated bioequivalence range of Tm., difference 
(Test-Reference) was ± 20% of the Tm"' of the 
reference preparation 11 
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RESULTS 

Twelve healthy subjects completed 
this study without any serious adverse 
effects. The mean plasma concentration-time 
profiles of 50 mg and 100 mg of Tenolol® v.s. 
Tenormin® were shown in Figure l and 2, 
respectively. The means (±SD) of each 
pharmacokinetic parameter of the two 
formulations of 50 mg atenolol were shown in 
table I. Both formulations of atenolol were 
rapidly absorbed after oral administration with 
the mean Tm" (hr) of 2.54 ± 1.08 and 2.88 ± 
1.23 for Tenolol® and Tenormin®, 
respectively. At this time point the mean Cm,, 
(ng/ml) of Tenolol® and Tenormin® were 
503.33± l l l.22 and 436.50 ± 154.60, 
respectively. The mean value of AUCo~ 
(ng.hr/ml) Tenolol ® was 3,882 ± 756 
comparable to the value of 3,639 ± 932 for 
Tenormin®. The means of each 
pharmacokinetic parameter of the two 
formulations of 100 mg atenolol were shown 
in table 2. The mean values of Tm" (hr), Cm,, 
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(ng/ml), AUC0.~ (ng/ml) of Tenolol® and 
Tenormin® were 3.53 ± l.93 and 3.58 ± 1.47, 
759.17 ± 215.29 and 880.50 ± 399.60, 8,244 ± 
l,638 and 7,710 ± 2,562, respectively. 

Table 3 illustrates 90% CI and point 
estimate of Cm., and AUCo.~ of 50 mg 
(Tenolol®/Tenormin®) as well as the Tm" 
differences of (Tenolol®-Tenormin®). The 
mean and 90% CI of the ratio 
(Tenolol®/Tenormin®) of Cm" and AUC,.~ 
were l.!7 (l.00-1.34) and l.08 (0.96-1.19), 
respectively. The mean Tm" differences of 
Tenolol®-Tenormin® was -0.33 hr. 

Table 4 illustrates 90% CI and point 
estimate of Cm., and AUC0.~ of 100 mg 
(Tenolol®/Tenormin®) and as well as the Tm., 
differences of (Tenolol®-Tenormin®). The 
mean and 90% CI of the ratio 
(Tenolol®/Tenormin®) of Cm., and AUC,.~ 
and were 0.94 (0.77-1.12) and 0.98 (0.82-
1.14), respectively. The mean Tm" differences 
of Tenolol®-Tenormin® was -0.06 hr. 

Table I Pharmacokinetic parameters after a single 50 mg oral preparation of the generic and innovator 
atenolol in 12 healthy Thai volunteers. Data expressed as mean± SD. 

Pharmacokinetic parameters 

Tm" (hr) 
c .. ., (ng/ml) 
AUC0.~ (ng.hr/ml) 
MRT0.~ (hr) 
t112 (hr) 

Tenolol® 

2.54 ± l.08 
503.33 ± l 11.22 
3,882 ± 756 
8.76 ± l.05 

5.93 ± 0.71 

Tenonnin® 

2.88 ± 1.23 
436.50 ± 154.60 
3,639 ± 932 
8.98 ± 1.35 

6.21 ± 1.05 

Table 2 Pharmacokinetic parameters after a single 100 mg oral preparation of the generic and innovator 
atenolol in 12 healthy Thai volunteers. Data expressed as mean± SD. 

Pharmacokinetic parameters 

Tm,,(hr) 
Cm" (ng/ml) 
AUC0.~ (ng.hr/ml) 
MRT0.~ (hr) 
t112 (hr) 

Teno lo I® 

3.53 ± l.93 
759.17±215.29 
8,244 ± 1,638 
9.40 ± l.!4 
6.08 ± 0.75 

Tenormin® 

3.58 ± l.47 
880.50 ± 399.60 
7,710 ± 2,562 
9.31±124 
6.47 ± 0.90 
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ALPROSTADIL IN ERECTILE DYSFUNCTION 

Dhasanai Suriyachan 

Armed Forces Research Institute of Medical Sciences, Rajvithi Road, Bangkok 10400, THAILAND 

ABSTRACT 

The underlying rationale behind pharmacotherapy of erectile dysfunction is to employ drugs 
that impair contraction or augment relaxation of the cavernous smooth muscle. At present, however, 
drugs that produce latter effect are more popular than the other. Among these, transurethral alprostadil 
(synthetic PGE1 ; MUSE®) and sildenafil (Viagra®) are widely used for the treatment of erectile 
dysfunction. Transurethral administration ofalprostadil at doses ranging from 125-1000 µg is effective 
in about 60% of patients regardless of the etiology of erectile dysfunction. The most common adverse 
event reported in approximately 30% of patients was penile pain. This pain was usually mild and only 
small proportion of patients discontinued the treatment because of it. Minor urethral trauma was found 
as high as 5% in some reports due to inappropriate administration technique. Such events can be 
minimized by proper counseling. Other side effects occurred in less than 5% of patients include 
dizziness and hypotension. Prolonged erection and penile fibrosis were rarely observed. Since the U.S. 
FDA approval in November 1996, approximately 1.0 million prescriptions for transurethral alprostadil 
have been filled. The average patient age is 60 years, and approximately 44% of patients have 
cardiovascular disease. Only one death in association with alprostadil has been reported to the U.S. 
FDA compared with 30 deaths in patients using sildenafil. More than 2.5 million prescriptions for this 
drug have been written since its approval by the U.S. FDA in March 1998. Therefore, the exposure­
adjusted incidence of drug-associated death with alprostadil seems to be lower than that reported for 
sildenafil. Reasons for this apparent discrepancy remain unclear. From efficacy and safety standpoint, 
transurethral alprostadil should be considered as one of the therapeutic options for erectile dysfunction. 
Key words : erectile dysfunction, alprostadil, sildenafil 
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LL~'liii'1'1Jil'lB1u1::L wm 'W"lll:fll"l l ll atropine 

hJ iJ t:J <I UU ~'I fll'm ~'l iiJ'l'IJ il'l 1Mlil?11 \ll Lrl B fl fl 
u 

fl 1:: el 'W iii'111fl1:: ua1vJvh1 u ii'lili''YI \ll <I il'l 23 • 
'H~il Tlila~'lL-i'11111lJruLwlil1wrn" 0Ei1'l hfi 
\llllJ acetylcholine i1m1'1111'1l'n<l'1mifa 

29 

i \ll'IJ11'l l\llam-,U' uB'l m 1Yi1'11u'IJ a'l rnu 1 '1fi1 

nitric oxide synthase (NOS)
27

'
28 ~'1'11tl1\1l 

. '},/ "' .,,, 
11 acetylcholine m::lil'IJL'll<l<IUt:J'W'l'H<lil\ll • • 
L~1l\ll1M'H~'l NO ~'ILi1um1cl'lm::LL<I 
ti 1::<11 'YI~ i1u'YIU1'1'1'11l°l'l!1 um'l'l'i11 '11 <N lil 

111\ll LL ~'liii'1 29" 31 Lrl il ll fll'lm::ei'um'I L 'W lil • 
d ' 

NO 'YIOfl'H<l'l'illntlmatl'l::<ll'Yl'W1fl non-
" 

d . h 1· . (NANC) 32
'
33 

a renerg1c-nonc o mergic 

u a:: L '1!<1 <i'u N U'l 'H <1a\llL~11 \ll'il:: i;,l1u L '1111 u • 
; • ,,j' M 1·' • 1 ; L'IJ<l<lfl<lllJLU<JL'll'JULL<ll: um::\ll'IJL11'W 'IJlJ • 

d .1d 1 • ~· guanylyl cyclase 'IJ'lLu<lU'W GTP mu'W 

29 34 ,;f 0 IV J P1 
cGMP ' <ll'l'W'l'11'H'W1'1'1Lu'W second 

messenger 
; d~I ,wd,1•• 

L'IJ<l<l<l\llM '1f~Lu'Wfj'lJLL'il<lll'l'lJ'Yl'l'11 'Hfl<lllJ 
.$ <::I I <V 

LUilL1£JU'!leN corpora caver-nosa 'HUil'W\ll'l 

~~tJ11 tl<ifll"lLL~'!iiJ1'1Jil'l1li'EJ1l:L Wlil
29

'
35 

fl<l 
u 

1 n ~LL li';;i ~~ 1um.,<1\ll1:: iii' ULL lil .i L if a lJ L\ll a 

NO-cGMP 11'~ 1:!J'l'J'l1ULL ui\ll 
'd ' 

LL\ll L?11111 
J IV IV V o 

L fl <11'!111~ fl U Ill "l fl "l:: \ll 'W Ill "l'l'11~1U'IJ11~ • 
L1l'W hiJ protein kinase G (PKG) ~'llil1U 

I J ..:.! I "-' <::I 4J \'l lJ'll:UU\lll~ 'l'YllJ N<l\ll il"ll:\ilULLlil<l L 'IJEJlJ b 'W 

L'IJ<ia Liu calcium LL<i:: potassium 

channels LL<I:: gap junctions" fll"l<l\ll<I~ 

'IJ <1~1::1ii' U LLlil <l L ifa lJ l 'W L 'If <I <i''IJ 11~11 a11J L if il 

..:.! "" ' 0 1 ;,J d 
LWU lJN<l\ll11fll"l'l'11~1'W'IJfl~Lil'W '1flJ'YlLfl£1'l 
IV.,_. "-' IV.l'<>.'1 I 

'!I iNflUfll"l'H\ll\ll1'1Jil'lfl<lllJL U11\ll'lfl<ll'l L"ll'W 

phosphorylase b kinase LL<I:: myosin light 

chain kinase
36

'
37 Li1'Wm\ll1'1l'n<l'1mifm~au • 

' w • Id . I ~I 
'H£Jil'W\ll'l cGMP OflLu<ltJ'WLLu<l'!Lu'W GMP 

u 

l\llmil'U hiJ phosphodiesterase (PDE) ~'I 
~ 1 ~ • 

Lu'W isozyme L11'W '1flJ'Yl'WUlJ1fHL<ll:lJU'Yl 

Ul'Yl<ill°l'lJl'Wfll"lLtl~amLtl<i~ cGMP L\llfl 
.J'df <!.I IV.,_. 

L'WilLU11'!1il'l 11~1il"lll\lllil11 PDE5 'll11!,j<l\ll'l 

fl ~11tl11 ti clm1Vl' WJ'Wlmm it 'W.fll1l: a1'a1:: 
u 
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Lwi'lhiLL~~al1 i'ia si!denafil (Viagra®) ~~ 
a fl fl q YI ~t Iii u iJ u B ~fl 1n11"1 'W 'II a" 
PDE5 38

'
39 

' d w 
'IJ'l'l'UlYl'lleN VIP lilflfll'lU'll~lil1'1lfN 

fllU1::L Wi'l 1iJtm'W'111il L vii'.i fl'Wfl'IJNi.'1'11 fl" NO 

VIP llflVl~~'illfl NANC Ln'WL~U1fl'IJ N0
40 

• 
o6J9191 .$.,,. ,,... 

LLi.'l::Yll b Vlfli.'lllJL'WflL 'lU'IJ'llfl'IB1tJ1::L'Wi'l'llfl~ 

<i'\'1 '
0 Ltmm">iililm'llil~fl<i11t'll11'Wfl~11'1J11i1 

·' ~ 4 • .i d 
'II fl" Iii 'Wu fl Iii 'l'I'> fl H YI L<l fl IJ <llJ'fi Oill 'W 'Vil~ • 
L w i'11iJih 1 ll' fl1u1::L w ~m~'l<il1w fl~'ild11J 
LWl'l11li'"·" mh.;ihn~ fll'lLM VIP 1li'1u 

.JA'1 <V .J I 
'll'WllilYl~'l'IJ'W'l11Jfl'Ul'JlffU 1 L'IJ'W phento-

.J .£..., z 
!amine 'IJ~ fl fl fl f:)YlliEIU!N a - adrenoceptors 

L 'W<llJ <NLrn:: L 'Wmhm if fl t1uu'I! fl'lfl'llil'llllil
2 

06)91<>.> CV Id"" .J .::o1 

'Vil b VI B1U1::fiMfl i.'111LI '1Mlil1'Wfl'l'l'il::l.Jl 'Wi'I 

am~'mi11li'"·" 

L'W<i1'W'll1N'l::uuth::m'l'I sympa­

thetic iJ nm·epinephrine IU'W<ll'l<i~m::ua 

ti .i .. w ti d{ 
">::<ll'l'IY1'11flty 'l::'IJU 'l::<ll'Vl'Wlil1Uf!IJ 

.... ... ,,;r "" .J "' 
fll'>VI lillil1'1J fl~ fl '111J L 'W fl L 'ltl'IJ'l'I N'W"VI '1 B Iii 

L~fllilLllil~Lm:: sinusoids ·1'h LML~fllil 1vim'll1 

.J..: d "" 0 1' w 
"L'W mu fl'll fl" fl1U1:: L w i'l'ill'l..!1'W 1J !Jlfl'l.l fl • 
fl'llil'llllil~·rnu11..1anl'weifl'Wfli'1 1um1:: • 
tlflW

25
'
46 

receptors ~:ilU'l'IUl'l'lii11'i'i;ymflfl1'l 
w • .r~~.rd 

Vllil lill'IJ fl~ fl!ll IJ L 'W ElL 'lUU L 'WI 'W fl LU fl'll fl" 

w ~ ' 
ei-m1::1vm flfl a 1-adrenoceptors al'WU'W 

91.J'"" ..... 4 <:II 

fl m IJ L'W m 'j[J'IJ'IJ fl~ N'W'lVI <I B Iii L!l BlilLL\iN Iii fl 
47 w 

a 1 - IL!!:: a 2-adrenoceptors fll'l'il'IJ a,-
'".$"" adrenoceptors 'IJ'Wl'll!l!lfl<'lllJL'l..IBL'lU'IJ'llfM 

corpora cavemosa Llil<J norepinephrine 'ii:: 

• 1 ' . ~ • tld fl'l::liJ'WlB'W 'lllJ phosphohpase C L VII !IEJ'W 

d "' d • ' phosphatidylinositol 'll·rn~ L'l.!LEIB'l!IJL'll!l!l 

m\'11J1if m"'juu1ll'W inositol triphosphate 

Dhasanai Suriyachan 

(IP3) LL<i:: diacylglycerol (DAG) ~~'lil 
• d "' Vl'W1Yll u'l.l second messengers IP 3 11:: 

m::lli''WlMLLlilat;gmJ<Hlfl'illfl mitochondria • 
ua:: endoplasmic reticulum <ITU DAG 'ii:: 

fl'l::lij'WLB'W 1'11if protein kinase C (PKC) 
d • 
'll'llil1'1JfllJfll'lYl1'll'W'llfl'I calcium Lia:: • 
potassium channels !La:: gap junctions 

35 

Lll'WH!l 1 'll'm1m'111J'1lu'IJB"LLflati!U1J l 'WL'llati' 

"'J'V.J...,Z 
fll"i bVIUl'l'lU'IJU'IL'1'W1:: a 1-adreno-ceptors 

t <!ii ,J.,,.:;::; 
L'll'W prazosin Vl'>flEll'VIU'IJU~'l'I~ a 1 ua= a 2 -

adrenoceptors t?i'W phentolamine lii1U51i1 
I '1111uB~l'l'llllil'il::'l'h1 '11' ei1m::lil~ n<i11'W <M 
W Q W 1 'V47 I ~ 'V o 6J \II 

lil1Lbi.'l::LL'll~li11 Iii Elll'l'l<ll'W Llil!lfl'UllJl b'll 
" 

L'Wfll'>'ini,i1m1::fl~l'l'llllil 1iJL1~~fli'1 fau1"1i 
.J .oll6JIVI <U .,JI 

LlilEl1 ']Vl'j<l L'll'l11Jf1'1JU1fl'WL'IJ'W 

I d. E 48,4• prostag an m 1 

'l.lBfl'illfl<l1,a'lfl,::uatl'l=B1'l'l 

I ' .J.J'.d 
L'll'W prostaglandms (PGs) 'll~L'W<lb!JB'llB>I 

w ' 1 '11 """ 50 51 
B~lil'llllill>ILml::VI PGs lil'l1!11U'll'Wlil ' 

'WBfl'inflif ir~'W'IJL<l'W hif~L tl~l'J'WLLU!l~ PGs 

flB prostaglandin 15-hydroxydehydro-
ci Ji .J OJ I 'V 52 

genase L'WL'WBLflBlil>lfl<'ll111111J lllflf11'> 

Afl'Ml'l'mi1 PGE, Lli:l:: PGE, Vi1LMfltlllJ 
.l'd~.l'd w d. 

I 'W flL ,U'IJ b 'WL 'I.I B w B'll eM ei1u1= L 'W1'1'1'l~fl'l'l1 

lMVllilm111ilu norepinephrine vi1ei PGFm 
~ 11'i' .( ' 

lil!lll'Jlil'l lilLlilU PGE1 BBflf:)YlliLL,~1111 

PGE, ""
4 

fll'>Vil lMfla1mil'm~U'Ulil!llUfli'1 
'll<l'l PGEs dllil'il1flfll"l'5'U'IJB>l<ll,\il'lf1~11 

.Jv o1.J 
fl'U receptors 'IJ'W!U<ll!lJL'll'1<1 'II~ coupled 

eitjnu regulatory G protein (G.)
55 

Li'.l'Wwa 

1 MLfllilfll"lfl"i::lijmei'IJ1'1!if adenylyl cyclase 
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.J _,.J 1·~· 'lf'll'l1Ul'llJfll'>Lu<l!J'IJ ATP '11Lu'll cAMP • 

cAMP-dependent protein kinase A 

.J 1-'~ J! (PKA) 'lf'l'il~ u!JU!J'l calcium channels 

bl'1~ gap junctions vi11'11'1'l11mi:JJill"lleM 
~ 1 ... 35 56 .J' <V 

LLl'l<IL'lltllJ llL'lf<l<l<l!ilcM ' ll11nillf11.JEM 

wui1 PGE1 ilil"ll11'lfll'll1~'l"IJ11'1 norepi­

nephrine 'illfl adrenergic nerves" (;J<JW'l 

mfrnh 1 urim'll'l<n!JW1"1J11'!flallJLif BL~!JU 
" 

ALPROST ADIL 

111i'ilm-:;tl1 PGE1 m 1'1l1um-:;{m,n 

1 '"'~ .J1· ill1~11'll'l"IJ1!il lJLL"IJ'l!il1 PGE1 'VI !il'illflfll'l 

...... <>'.:old ""' ' 2 1 
<MLl'l'l1~11lJ'llflL'l!Jfl11 alprostadil ll'l~l'J~ 

.l' '1 ... I ""' w .$ .:d LL 'lfl mu 11 l'I ll 'lu"IJ 11-:im il!il L 'Ill m BLl'J 11"1J11'1 
" " 

Caverject®) 

1 l ~ 58 
lJ LA'lfl'llJ 

(intra-cavernous Injection; 

"1J'lJllilYi'l'll'mh~11i1'l 1-40 
" 

1 . d ""' .J ""' 
ill1~11\ll'l'lllt'l lJLL"IJ'lt'11'VILflt'l 

"' v v 
'ill fl 111 'lUl Iii LllU"IJ 11\lfl'l~lil fl <'Ill 11'1\lt'l 11U 

" 
<'lll11'llii 11md'i'i 11u'llv1~llill'l1'1i'm"llult'l~1 '1 

LWl'M 1 11".111 2 1:JJLl'l'lflilJ
59 

111flf11'l'l1U 
v ""' Q.I .. .J 

'l1lJ"IJ11lJ<l"IJMl'lUJ~m'ill'Jlllll1ll 5 l'lU!~ 'VI 
" " 

~fl'lfl(;J'1"1J11'1 alprostadil 1u~U11'JflllJt'll!J 

\111u'11u1u 618 l'l'll Llil!J 1'1i'"1Ju11il 1 o 11".111 

20 l:JJ 11'l'ln{1.J wui1 llii'm1{mm~ 61.0-
' ' 

79.0 IU~t1fmrn~ 71.0 111't1'l~LWl'lll~L~lJ 

11~\lw111'1'l 1'11'm 1uu<i1u'l~mru 1 o mii 
c:: '~I .. I LL'1~LL"IJ'l11~Lu'lll1'11 0.5-6 'lllJ, ( u'l~lJlU! 

2 'lllJ.Llilmu~ti)58 (;J'1"1J8\lt11<11i1<1'l1u~tl1t1 
" 

h l'l LU1111lll 6°'
61 

11".i 11ilm1~ .~ 11 lil;glJ BB fl 

'Vll'll1'1B!ilb~Blil~l 1mi1m~1m\>1 (venous 

leakage)
60 

Alprostadil LU'IJtllUlilL'li'l B'll'l 

.Jv 1'"'v 'lllt'l L mB1111fl.fll'l~B'll'l'lllt'l lJLL"IJ\lt'l1"1J'lJlll 

u 1fl~111i'iu1111{u10-.i111fla1iTm1ul'lru~ 

31 

mh'lhn~ alprostadil 1u~tl"1J0-.im 

51i1nilimaa11cnl'lth~m., Lriu m1t1ei1.Jiu 

"IJB-.i~tl1a ~tl1!J'il1u1u hhl'm1~hil'IB:JJ{u 
" " 
"' <V c:: .ell • ""' 

f111'lf11fl I W'll~fl '11bl!UM111 Lfl'l\111'.l~Lfl !il 

B'Wt'l'llt1111nm-,5!ilmLi11uei1t11nml'I ~ 
" 

tl1t1u1\l'llt1 hilileiuauei\lliieim uein111nd' 

ii'-.ivi11 '11'tfi Iii Blfll'l B'u 1ilfl'1tl'l~<1\I ii' Lriu 

U11il11\ll'l'lllt'l ~'IWUUBl'JflileJlfll'l~ll '1 

Llill'lwu~-.iuliifmm~ l 6.8-80.0 02
-

07 ia 
L~Blil (f11ti'1~ 1.5-8.0)62

'
66 ei11'11~Lml'I 

u~-.iiil1muil1i1tlnm (muni1 4 'll1.J.; faa 
58 62 66 ""' d' d 'j.I 1 

'1~ 1.3-6.0) ' ' fll'llflli!Lll<Hl'IBL<l'W ti 
IV 66 ,d ~ 1 ~ 

('l11tl'1~ 2.0) LllB'l~lfl(;J<IL'1tlt'll'I '1 VI'! 

mii11.J1tt<i'1 vi11'11'at'l'llfll'Hlifl 1'1l'mma 1u 

6 L~BmL'lfli'i<iu'll1'!<1-.i tl"i~1.J1ru{eim1~ 
u 

7 0 .0
68

'
69 

m01.J1 l\ill'.im'Jtl{utl1'1'JULIUU 
• u 

LL<l~ilim'l1 ttl'll Llill'l 1 M'Vll<rvim'Ja<111~ 

(Medicated Urethral System for Erection; 
70 ~ 1 tld MUSE® ) t'l1m alprostadil 'W;j fl'l"IJB'l 

uv-.i 1\il{um'lU'J'Jll l ll1ltlmrua1M{ua01ill'll • • 
Yi111i'1t1w<11 amn m"i 1 '11'1'11'111'1ri B"uam1~ 

I'll II~ Cl fl Iii lil;glJ ~1 ll L 'If <I <i'u rJ el ti <1<111 ~ L '111 ri 
'l.l'U ~ 'U 

J.d . drv1 
mmtiB corpus spong10sum 'lf'11'11l'l!lJ'Vl<l 

ti <1<111~ BU ~1111f ll till!~ fl'l~lll l'IL '111 ri 
u u 

~ .J d 
corpora cavemosa 'Vll'IM<l<llilL<l<l!il'VIL'llBlJ 

"i~Mi1-.iri1tJ,t'1<11M"IJB'leJ'll'l'lllW 71
"

2 
fll'Jli!Vl 

u 

;glJl'lllllflrJBtl<1<111~Lfllil~'W i'i 0u'111"1~11ml'I 
tl-;~mru{aa<i~ 80.0 "1JB'l"IJ'lJllilffi'l1'onlillil 

" u 
4 1 473 • tl,J 
'lllJ.flltl ll 10 'Wl'VI Alprostad!l ~fll '1tl'W 

LLU<NLlill'JLB'W1'lf" prostaglandin 15-
• .J 

hydroxydehydrogenase 1mifotl'JB corpora 

cavemosa riatla<111~tL<1~1ii0mrn MlJlfl 
u 
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52,73,74 

. .11~ ~ • ~ 
alprostadil 'l'I 'l'IL\ill'lfl1'lll\ilL'iJ1B11'l1::1'1'H'I 

t'i'1u'il'IJ1\il 20 11Jll'l">fl~IJUt1Lti~uinnJ<i~ 
u 

'li1 l ll'1n1m?l1J?J'1..1mN PGE, 
.... d. ,,;f 7 4 
L<la~H'WIJ'il'l.J 

'il1fll11'lflfl~1N<i'ila~n111ll' 

alprostadil m~'liailm;n1:; 1u~tl1w111~ 

a~l'l'ill\illULL~~\lJ1'il1fl<l1L'l'llillllH 'l , 

'ii1u11..1 2,212 flu Llil!'JAW:;~i\1t1'ii1u1u 4 

AW:;
75

-
78 waa'lti1\ifo]~0 t11<111J1''lll'li11M • 

.... cz; "" ~ .J ' 1" 
a1EJ1~ L 'W fill 'il~lil1 I 'Wl'l~'W il'l'l'il~'l11JL 'VH'I Iii 

• 
(Al Erection Assessment Scale, EAS Ill~ 

LLlll 4 ~lJ 1ti) 
79

'
80 

V1"Ja<111Jl'llliil'Wi'l 

a1Jwull1t'i'mh'luat1 1 l'l{~1rlan<lu1tl 
.... .... d 'ii • 

'>fl 'l:fl \il1Lil~'l'IU1'1.Jlil<1a1il'i11~ L 1 <ll'il a'l fll'> 

flffHl (o.5-3 1&iau) ·form:: 49.2-70.3 

( 
.J • ) .J .I QQ 

L\l<IEJ':ial'J<t~ 62.3 LIJ1l'Vl\il<lilU'l'l\i1<11Jf1 
•'V .J'V 

LL<l::':i::'l'l11~'>1JEl<I:: 5 7 .1-6 9.0 ( LU<ll'J'Ja!'J 

)
dtl QdV 

<I~ 63. 7 Ll.Ja 'l~LIJlJ'YIUllJ 'il'IJllil'iJ<J~Ell 

ttl'lfiJ 4 'il'IJllill!ia 125, 250, 500 LL<I~ 
1 T ~ 75-78 .J d 

1000 IJ A'ln':ll.J 'l::!'J~L1<11'1'1fl1L'H.f 

,£ 1· ~·1..1 aanf)'l'lllLL<t~ 'l'l~au~~lill.Jl'll 'l::mru 1 

u;;i~ 21-24 u1ii'l'l<l~lll'mlil1l.J~11llu" 

iJ lil'll f)l'j\i) BU au eM'il a~~U1fl I vi l.J~lJ lill l.J 
u 

'il'IJllil'il<Nm 
75

-
77 

1-iiu1&ia1nu'lni::n<111 u 
~7576 ;:.,,, • 1· 

fl1'laaf1f)'Ylll ' Uaf1'illf11JEM'WU11fl1'l 11 

alprostadil 'Yll'l'li ail <1<111dt'i' ~ <ltlU ~U1fl 
u 

U':i~!JlU1fau<1~ 58.0-68.0 ~L\i1U1Jaull11 
'l'l"i a U'l~<IU 1'111 IJ<i' IJ L VI <11'il1flf11'>11l'u151i1 

1?J'1ai'u1~1111081 

1l1 fll'l ilu liJ-W~tl1::a~vi''il1nm'> 1 i 
. ,_.,.I • .i~ 

alprostadil 'Yll'l'YI au <1<111~'Yl'WU u 11!J'l'l<llil11 a , 
1llfl1'iU11ila'l11'if11i1 wu{mm:: 12.5-38.9 
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• Ii 1 '"' 75 76 78 
'il11J1lJA'N'iJB~fl1'l 'l'l!Jl ' ' 

1V1aj111m'l1iJ1im 'l~ ytl1a<111J11111'li'mlli11 

1u1w"'"" mm"l~u 1~wuii1'11u 11111Jlllu 

1~alil~l (·foua~ 0.4-3.3) 1~1isu (feiu 
rj ._., ~ 

;;i:; 0.9-2.4) fl11UllilL'ilU'ileN'1'11lu<l<l11~1J 
&lit G IV IV 

1<11llilil1lm11nua£1 (1mm~ 0.6-5.1) 

ai's1~1 wm1~'lll11mui'lliltlnili ( ·foua~ 

0.6-1.5) 11.iwum'lilililL~B 1um'lLiliu 

U<l<l11~'1'1"i1lfl1"lLfl\ilL0m~mau 1u auili , 

""'<:ll :.r ...... 
1l~ l'l'illlil LW~ l'l111Jli11J l<I 1l lil lill'iltl f1U'iJlJ1 Iii 

'll1l~l'Jl "· 76 
Alprostadil ~m1m?J'1J?J'u 

U'l~IJllll 5-10 L l°i1'iliNl'l111JL?J'1J?J'lJ'IJ1l~t'Jl 
~ ' _., 1 ·~ . .J .J ~ 
Lt1'Yleiu<1<111:; 1J1J~<1\ilarn·>tl'l<ta1J'l'I fll'l!J 
QjQ ~ .J .J' "'>.82 
'61\il LL'1~\i111 IJ LL 'IJ~LL '>~'il 1l~ Ll'J fl'il 1l~ I '111111 <l'il , 

'ill fl 111'lA mn 1flm nu A111Jtl<1a1i1 

i\'111u111'l 1'li' alprostadil m~'liailam1: 1u~ 
.. •1 d ""' 1 . ~ <V 0 

u11'l'Y11Jfi11:1l~l'l'illlil IJLL'il~~1,1U11J 

2,591 Au Llilt11jt1EJ'1\111lli1~ '1~~1ua"HZ.:! 
u<1:uhtl1tJu11m 2 ti wuauilim'lru'il1l~ , , 
m 111., ilu 11.iw'ltl.,~a~vi' lll~il'8' tl11i1 ili'm~ 
L'Wi'l ('lBU<l~ 29.0) fl1'lU11ilL~U'ilil~fi1l 

ilam1~iit~alil11amil11iim1 cf11u<1:: 5.o) 
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MOLECULAR MECHANISMS OF OPIOID AND ALCOHOL DEPENDENCE 
: RATIONALE FOR THE TREATMENT BY NALTREXONE 
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ABSTRACT 

The mechanisms in opioid addiction and dependence involve cellular adaptations at several 
possible steps in the balance between opioid and other neurotransmitter systems in the brain. Several 
lines of evidence indicated that the noradrenergic system at the locus coeruleus may play pivotal role in 
these adaptations. The uses of opioid antagonist, naltrexone, in the treatment of opioid dependence 
have been widely practiced for more than 2 decades. The rationale for its efficacy in preventing relapse 
is strongly supported by scientific evidence, but major limitations are due to low patient compliance. 
The roles of psychotherapeutic methods in improving patient compliance must be emphasized in the 
therapeutic program. Another therapeutic indication of naltrexone is for the treatment of alcohol 
dependence. This theory has based on rather new evidence on the interactions between alcohol and 
several neurotransmitter systems, including opioid and dopa1nine. Naltrexone reverses alcohol effects 
on opioid receptors, dopamine release, reinforcing mechanism, euphoria, craving, and finally reduces 
relapse and helps patients remain abstinent for longer period of time. The use of naltrexone, thus, could 
be an effective therapy for alcoholism, providing that psychosocial treatment programs are fully 
supported. 
Key words : naltrexone, opioid dependence, alcohol dependence. 
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u ~ 1-1 1-1 il <111 n lil ·1 u 111 u .;i il 1 'il fj 11 l'Hln n 1 'l 
" "' .. i .J, ,J"' ,,,: 

mtl'W'lliltL 'llililu'lB<ll'Vl'Vllil il tu <M nu m1u 
• 

• f'I .Iv .IJ J >'1 
Bl'lltL u1J"iB1J1J fl'l'lu'l1JI uil!JlJ'VlL u'llfll'l 

Ill B'U<l'U eM~ Bfll'l 1im L llu L 1ilTl.ll'IJ Lnlilil'u 
::; .J.t ' <:\! 91 

'Vl'l">=uu 'Vl'll'l.llilB'l.l~nt 11.nfl'w'lauamtlilfl 

lii1'lnuililfl 1tl mi= 1:iJmif1·rnci6u·m 1~'11111 

fll'li'! fl'lfl L\lj'jl='il!il L 111 <i1tr 'I.I 
' 

1111:wA111~'1i1au1'1!' 

.!{ d 1 
fll'lBBnqn~BiltUIBflBIBBUIBflB n 

fl1'l~!il<l':l1 
' 

~ ::; """ """ "' ,£ 
'il=tlt'll'Ufll'ltnlilmrn1wH nuql'rn'l=t1=m1 

v .J • .J v "' "' Vl<Nfll'llil:Wlil<H 'U <l'lfl'l.llu'l.lll<ll'l.ITl.I L u'l.ll'Jil 

'111 n n1 'l t1-r u., = ~ u n11 n1 tl '1.1 'IJ <l'l 'l = u u 

!ii1t 11u~vm1u mht hnm1:wq'Yl~!iia1=uu 

!ii1t '1 ~t1u'l=a=~mtil='l=11=m111'ml'lumi 
~1JI rl <l'lii''U ~t'i!=il1 :Wl ailmm1:w nui1 

uailna1<1aill'Jaliia'l=uu!ii1.:i 1au1tl1 

L rl <l'l'\11 fl T:w La fl<l'IJ <!'!LL 1l an mm a 
' 

<i=mu 11ii'~t 1ml111a=1 u biYu m1;zl1J t-J1u 

'll at LL a <in a irn <i1 tlut a:w at~t Ln 11111ii'11m ~1 

l.Jlfl <lllJl'lfJi'lil'l=~'l.m<l<lfl il l<l<ll'l.l<llJ Bt 

Borpit Klangkalya 

.J <V WW~ d<Vo 
'Vl'j=lilul'l11:i.mn.J'IJ'Ulill 'l 1'/lanu11 

,,{ .. • .J v 
n1,aanqTin'IJE"UDBflDB<lllil<JL!JB~lJ 

o'• ~w ' 
L'!Hl BU1'i!~ l.J il fl tllll~ LllWl ~ L'ill"'il'llil iJ 

receptor 111~8 transpmter VI~<! signal 
. "' 'l 15,35 36 .d 

transduct10n 1Jl'l'll1Jlilllilrllil'l'1 ' LLlil'l'l 
,., J d w ' 

'J~lil1J<l"'IJ1J l'J il'l'l b\1W1 ~ L '111~'\l"'U Bl'l<M 1Jl'il= 
" - ~ . Lfl!il'illfl fll"l'YI Ll.Jli:Hll'!J <l"LLfl<Hl E li'JBLL 'Vl"lfl 

' 
;zlmtl11tlsu"J~111i11lmmrnmNtl1ii'u 1mJu 

" ' 

' d .J 1 .J.J 
'll"bl<l=LWlJflliLl'\Bi'J'U mi (fluidity) 'VlLtl<l 

v "15 37 ,J .,,, ' 0 w 
Vll.Jl'1f'1Gl . '1f"<lll.Jl'l'11.Jl'J'11ili'Jfll''ll11V11J1 
' d ci-j 

'Yl'lliN receptors LL<l~'IJ'l.llilB'l.Jfll'llilB'Ui:l'l.J<Jt 

'/lil!il!ii1" 11~mh"n11-lm1.;i uan'll1nifm,, 

L ti ~l'J'l.J LL ti i:M l 1J'l~!'l~!J11 <Jl'\la.;i l'J B U'U L rl B" 

11ii'8mrn1mJ'l~fll"j Lri'l.I lJfll'lLti~tJ'l.ILLtli:N 

'1Ja";;\1utl"'l=rrnu ~1\'Ju biYu 1u1~al1'1-1 
' 

·~ v LL<l<lfli'll<JBl'l<J acetaldehyde fl'U dopamine 

d. .,, .. I ,J "" I 

1. LW!Jnl'lll"Ll'\11"1-lfll'lfl~IJ isoquinolines 'IHIJr.JolilBfl!J!N 
.£') 1 d IV ,,. d. '°' , o 01 .J "I .!,, 

2. minqvm1lilBlil'l11iloWffl!IJL\'Jail Ll'nJ fluidity 1rnemmV1Bfll'lVl11'1U·m~•N receptors 1'1'lBfll'l11o1~B1 

<ll'l<i11l'leLL'11.h"al1'1'11Ulil!ih1 'I 
.,., ., ~ ~ 

3. tlflflf)'Yllit~i:J(i)"J'l!Jl'f:ltlJLtlfltl'llfl~ receptors Vl";!B transporters Vl'iB ion-channels 
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1 •~I ' ~ 
ITTbu'Wfil"ifl~lJ isoquinolines 1'18 salsolinol 

Ll<l~'illflU~i'F:lm"i~vr:h~ dopamine flt! 

d ~I ' aldehyde '11Lu'U metabolite 'lliNblil<lfl<li'Hl<l 

lil'l hhtlum'l tetrnhydropapaveroline 

(THP)
38

'
39 

fil'j THP tllmll"iL~lJmuffi'1l1u 
m"i<l''ltw.n='li'lJ o{wu 1 ulii'uilu 'il'lil11 lf au 

1 • ' ~d~d'dci 
'ilfl1JlJ1fl11 <ll"i 2 'll'WITT'l'lLfllinJULlJil!JflTl 

d .J'"" ' "' ITTlJ.,11JlJU'l11Jl'l1ITTilfll"iOOflQ'115UR=n11 

iiJITT."ilM~fl hi W<lfll"i'illfl<lilU'J'l'l~fll"iiU 

fiu opioid receptor wu11i'li.iad'Ju agonist 
, ~I .1 d • • "'~! 40 1 • 

um l uU'J'l15'11il il1Jfl1l!J il"iw1J 'lfi=tJ~liHl 

.c>! d"" '!'"l""'l''ci lJ1lJi'11llJW!Jl!JllJ'l'l'il=wa'i!1J Lll ITTTllJGll"i 
" 

salsolinol fiu THP LDITT~U 1v1'il'l'l 1 u.11111 

'11ITTti8'! 11~ fl LllJLLITT 1 u AU ~1m:ruU8 ti fl 8 el fl a 

wa~1111Ltl1''il=uu !lu11'l'l'l '" 2 uliitl'l1J1w~ 
1ITT 11ilmi1 u"i=lilu~~1mn tfl m tl~!lrn Yiuu • 

.,,. .td ' 'I.I 0 1 • 1 d fl1Jt]'l'lll'11flflUITT11'J 'I'll '11A1llJ'1U 'il'l'l'il= 

i'lrrrm~a~if Iii arJ''lilhJmm 'ri1~A1"i ttliifiu'l 

fl ~ w ,J d ~I 1·'1" •1• lu'U'1lJlJITT~11J'llilM1J~'VlluU u ITT LL<l=l'M ITT 
' -

:rum., !l'·N B'l mi a1 '11:rUL~iNfla1 fl fll'j mlfl 
" "' ' tJ'l115'11fl'lLL8tin 0 el a a 

liifl receptor LLa=1lJL<lfl<l'llMLU'l\ilu'llillil 
' 

lii1'l "]'llfl~L'1la;.{tJ1=m'l'li'lLllu<il1u1umn 1111 

tl1ia1J<1U1'lri1um<1•tllrlu1111'l1'l·~ 2 LITT!J 
" ' 

'V 'V .J ""I 'V 1 WW 

L1.l ULilW1~'118lJ <l'l'I '11 lJl'l Cl UU!J1.l lil'lllil L 'il'W 
" 

m1~i'lri1u ll'l'l hla5u11Jn<11m111d\ITTa1m1 

tlil1Jtn 1mJ'iiim<1'l111illi11!J
12

'
15

'
17 . ' 

LITTU <11utL<l'1n<1 lnm·rn anq'l'lilLrn~ 
d • 1-' ' ~ wa 'l'l'Wl u Glfll"i L<IY!l?l ITT LL<!~ 81f)l'j0 81J I'll • 

• 
receptors 11a1u ']'!JU(i) 'l1:i.JTI1 calcium 

J; d ~I 
channels LL<l~'ll'Ulil8'W'l'llu1Jffl'lITTil1J'11J8~ 
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• 
liiil receptors i1~11ail'J!il1u i'11l:iJftm.hmh 

" 
if 'ii ='l'il 1lfi'l111 'lw tlll1.l1fll"l1 '1l'l'J1 L vi il:rrnn 

m1~ii1'l'ill n Ll<J" f1 il el il ;,{(i) <I !l ITT'il'U LL nil ty 111 

fll 'l ~ITT 1'J1LL<!~f11'ltl8'! fl 'Will fll'l Cl fl 'U !Jl Iii fl 
1tl1!il&l~1J 

n1'> 1'1l'!J1-!i'rrn1a1m':i'Vi'tl'!I8~ ttil anml<Hl 

'!l~am'>iiil?l!l'll 
' 

n1,{n1e11~1iii'{uiiM'illn 
" 

<Id; """""' =-=ii .d • .:td 
LLB an fl el a <1l.J11 ai i'l1ll 1ll~l'l'l'11'Wl'il~ITT'Vl'1ITT 

' 
\11am'l 1ll' antagonist LL~'l1J5~ih'i!U'WU'l hi 

' 
WU '11 "i1ITT~ il il fl t]'l'I ~ rn Wl = L'ill~'il'l11J 
.... .,,::; ,L .,...,,! 
<lff!'.Hll~l'JUl'MQ'l'IG'IJCl~llfltifl aela<l L'UeM'illfl 

' d ~ lbfl <I fl 8 !l 8 <I 8 an Q'l'lll L<l'llJ"l~1J1J benzodia-

zepine-G AB A receptors ';i'l'l'i11l'i'L1J1J~'1'W 

hi1 reverse agonist 'llfl1 benzodiazepine 
~ • 4 
flil R015-4513 ell'i!ITTl'Wt]'Vlli'llfl'l 

LLB<mmrn;;i1!il Ltlii~wu11iil1uq'l'ltlli1Lflt1'l 
' • J:: 

1J11<11'WL'l11UU 

mnma'l f\wui1 l1.Ji'l~rnliiae1(i)"ilm1u1t1a111i' 
" 

10 ,% .... ~ 
'11ITT'18'l Ui'lfl'illfl'W R015-4513 iMlJN<I 

dfo\11a'l'h1 l'ltnm81m•'lmnfi'l1aua~B1'i!V\1 

1lfirn 1~ ';l'l 1i.itllu~il<rn 1'1l' 

a111{umm~m1J'1lJ8'l L'li'W 
' 

amphetamine Ll<I~ caffeine ill'illil'l'Wt]'l'lt 

n ITT"" fl-l'll a1 LL il an a el a <11ITT1 uanM!ll~L llu 

physiological antagonist tl11Jtn~'U 1 li.i'!llu 

i1:i'.itl"l=i1'115mw 1milm"i-l a111fu"iilm'ltvia 
' al <:II """ .... • 

a111n1•mm~~11•8L'llllJfll"i'llUtl11'J • 
LLfl<lflfl el 1Jawuilill'il 1ll'llil lil'-l<l'JU1 U111l'l1'l 

' d 
'l'I 3 
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Glutan1ate 

GABA 

Opioid 

Borpit Klangkalya 

fll'lililll!)TIH 

LLBoll!l!lBanlilfl1'lvi1~1U'!lfl' glutamate receptor (NMDA-type) iir.Ja 

" " .J "'ti ' ' l'llil calcium influx Llo•alilnl'l'V11!1Ul'YJ'llfl'L'1faa 'l•ITT'Yl!101Sll~lJ LlfU 
d .J ., ,., "' ., 0 1 "... 0 ::; .J... • 

hippocampus '1f1fl1\llnS1'11il'flUf.Jl'llllilfl1'l'lUi Vil mlUllU LLO•ll1«11'11il1L<l'Vl1 

hihJ (blackouts) 

m'l 1 til'lrnrnan<J llmh l'lu naiu1uii r.Javi1 l iXii m'ltl'irn vim•iii'u NMDA-
.r ~1"&: ....... "".... ... ... 

type receptor 'U'W 1111 11l'Yl..'J1B01'i~UntJ receptor ua~1B subunit immuno-

reactivity ua~Ol'iL~lJ calcium influx ~..'Jfll~Lfit11-ift1~fiun11Lfi~ excitotox1c1ty, 

fl1'lvi1ll1m'1faatl'l•"11'1, Wemicke-Korsakoff syndrome, L'1faatl'l•ll1'YIL~<JlJ~ 
cerebellum lta•fl1'll01il<J1m'lifn 

tL<Jllfl<J!llltlW~IJn1'lvi1'1umN GABA-A receptor iir.rntvilJ chloride influx 

vi11il'tgmf1.1l'1faaii hyperpolarization tOlilfJ<lfllilt!IJ<J' vi11 il'~11~1.1 l'llil<J1fl1'l 

ililnn11a utJu11i\'u 'l•foifn ua•r.Jat1fo uiu tJ1n1'lti1iut'1f 

m'l 1iii''lrnrnantJtrnat 1'1unmuiuilirnaliln1'lvi111uvtJ1 GABA-A receptor 

lL<Jl'lfl<J<ltlatff~IJq'Ylt'!rn' benzodiazepines lta• H' benzodiazepines l'llil<J1fl1'l 

omm11u~u1s&ililq'l11tii 1 UlJllJ"~ benzodiazepine reverse agonist (R015-

4s13) ilr.Jaiii'1uqnttt<J<mmrna tta• 1'1i'ttri'Vl1:1lJ<J1tt<Jan<Jll1rn1tii i\',dm1VNi1 
~. ,,( t I ... CL> 

LuUq'YIHlilil'l•UU GABA-A receptor-chloride influx l'!IUllilS1flU 

llilll n mrna L vilJm'l.r, Lfl'l1•M tetrahydroisoquinolines ( salsolinol) lll'l"THP 

~,jjqntvia opioid receptor ll'lBBl'il~mtl~sutttlM 1tit1'1mn'lntjlJ1JBfwu 1 u 

ff!Jil' 
.. d ~ ..,. .?; 

ttill'lllil<lilatWIJfl1'l!1iN met-enkephalin !1'lil [l-endorphin 'YI' in vitro 

(hypothalamic culture) trn" in vivo 111nvia1.11iii'il!JB'1um;J ttll"tvilJ'l•iii'u [l­

endorphin luwa1<11h r.Javi!l'l"iii'u'!IB' 1)-endorphin ds1115'lJW'uti'nu'lial;!l'IVl1' 

wuGmwiii'1s 11iiswu1>Jat vimilw1" 11muna1.1~11oufim 't1a1 ( t tl'isrn iiuunu ' . . 
mh.1~hifiu) tta" 1uriu~jjtl.,"i'Vil4u1 umauri~1mlilil'l1 ( t tl'forniisunun~lJ~ . ' . 
1 Ufl'li1Ul4~1 hiii~mlilil'll) . . 

,. ~ ~ d ~ ' tld ti 
llfl<lllil!lillll'JUl'J1fl1~\IU'YI opioid receptor l>J1llil'lla11i11\lt amm lNtll11J 

"' .,. ~ ..: "' .J ,,( 
~"lilU1Ji11ttilollilflilo (1JU11illil1il1\lt WlJfl1'l\IU) 'j~l'J•t1lll'Ylililnq'YIG (~"a" 

"'")""'' ,.,,.t.J ,.J tl'llli11\ltWlJ01'l\IU lJUlill'JilS'!lil~ receptor (t!IUl'JU!N'YI delta-lJ11111111'1 mu-

receptor) 1>Java~ttaansnaa'l"s"&u 1 ut'1faat vn"t~u,iiuC~m.,~u~ delta-

1 .,J ~ "' ~ 
receptor U1JllJ"'Yl'l"l'J"S111JfJatj'jlJ mRNA '!Iii~ delta-receptor tta•!Jfl1'llililU 

"' .r CIUi11tWIJ1JU 

Opioid antagonist (naltrexone) 

14U ( ~'l1ua"tSslil'l ul11iiavia 1 ti) 
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"" lil1''1~1'1 2 

Dopamine (DA) 

Serotonin ( 5-HT) 

Muscarinic (M) 

receptor 

Adenosine (A) 

receptor 

Lrna11a!lmfo~l.Jfl1~Yi1~11J'!JB~ DA 1'I reward centers IWlJfl111'1li~'llB~ DA 11 

nucleus accumbens 11J1'1\J lta•IWlJ firing '!JBWlfilil DA ~ slice 'llB~ ventral • 
tegmental area 

... ~ " "1 .J.:., 
l.Jfl11111ilfl111'1ll~lrn~ DA !Lil"lllil firing 'llBWlfllll DA LIJ1'1't,l11tnlilB1fl1> 

oamn (trnanm1mi) Llil"tda1'11nmLBa11m1mi' <11m'lmvi1J111'l11.t~11a~ DA 

1~ ll<flil~i11111ai;rn~'!IB~ DA Bl\lLU\Jl111ilL'l1LiililwqGin'l'llJLLil1~111V1 
' 

(LLBana!!ml) t1~i1i'ia~a~i'ililnu1mh"1~uii' i'ia11m1ui1mfoM1hlil~lil~iiu~~ 
DA receptor jj l'lllalilwq ~m'llJ m'liimrna nmrna1~ lllil1 un11Amfl iinili11d~ 
1 ,.J ~ ' ' ~ ,., 

Ul'l't,llli)lJl'l'llBUflULLilllflB!'!Bil WU11 DA agonist illilfll'lfl\JlLBllnmrna LUlJW• 

~ DA antagonist 1vilJ 

... ., ~ .J .... "' .-.J 
5-HT lJl'lilm•ii!Ufl1111iN DA 1'I striatum ILll•lil'll.Jql'JGllB~l!BllllB!IB!IVI 

d ~ .J " 
1Wl.Jfl1111ll~'!J!H DA 'l'1 nucleus accumbens lil1U 

.,. .,.,J ... "" ,J .J .... 
llB<tllB!!Bll'"11lJllJlJlJUlil11<f>lJql'IB'IJB~ 5-HT 'l'1 5-HT3 receptor 'll~lJ~!alilil 

1111r.i1umH Na, K' ~ ion channels (lta•tvilJm>'H.t~mH DA) 

5-HT antagonist Yi1l'11l11;jlil"l!l1lWflll1l•12.i1~>•'Hi1~111'liiutl1ri'uiiumii'1 
~ ·1· ~ .J 1 ti~ 1 ' • llll•lllilfl11f1Ul11ll1 lil Ondansetron lJl>Jalllilfl1'llillJ~11 UlilU fllil !Lil• llfl'll.Ji(! 

Gllil~>1~i1a11111 hlmn 

'1lJil~U1~i.l11J'!lil~'H\J~!rnuiiuma1i1tJ~mru 5-HT2 receptor uaan-.htlnGi 

l d... d J 
umu•m1 5-HT,A receptor LWlJlJ\J 

-~ • ~ ~1 ' ,% 1 1 .J IL!JaflilD<JalJl'lllaua~ M receptor '1'1~ \JL'llllatWl•ll'l!HL!ll" mrna~ U'!IW•'l'l 

1111M-i't11LilllflB!lilll1•U•V11 i:im11vilJfl1>1ilBUlifUil~~ M receptor Lil~l.Jfl1> 
u ~ • 

aua~1111a11~ cyclic-AMP 

. "" "' " 1 .J ., "' "' A agomst l'11lJql'IBLLilllflB!lilll 1J~W•1'1 antagonist lil1Uql'lfi~1flfl1111ill'lll 

' . ' .... .t: .. • " :; :; 
mcoordmauon Lli'l"!IUU~mrnB~llil!lflilllil!llililnl>1f11~ cyclic-AMP '1'1~1•U•!IU 

1m"1•a•m1 

1• ,.. ' ,% ~ '~.%~ 
1111 mrnana11aa 1m'l!aa1vn•rna~wu11JalW1J A uam'l!aa mmnlil'illmrn 

.... :: .,: ... " ,,,:, " 
aum A uptake fll>L 'WlJ A lJIJan>•ii!'IJ A2 receptor l Wl.Jfll>il>i~ cyclic-AMP 
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Calcium channels 

Adenylate cyclase, 

G Proteins, 

Protein kinase 

Borpit Klangkalya 

c.Jo'l"a"aUlJil,tliloflB~mf?is fllil voltage-dependent L-type calcium 

channels, N-channels ua::: T- channels u<ri1:Wih:.Ja<?iti P-type channels 

fll'l hlfo tlililfl B i>l s.f t uu nmmujj mnH'rn vi IJ fll'll'il,llJlJB~ calcium 

channels ttil"tvllJ calcium influx ~'1hil"tUU~lJlilillJ~jji;Jal1hnlilmfll'lUBUm 
t!lu illfll'>il'n tWol'l.t, fll'ltvllJ calcium channels djjszjmulh 16 ii'1hHl'la' 

1. ,,,~, --· .J~ ·1· 
lllfl\'l~lil mrna n Bi>lBil •1m um"a"nOllil'H fl1JflU1!1,na1mnlil mfll'lllfl lillJlfl 

~alil 1 ul'l'mlil<1'l1~11Hvi'~1J . " . 
mii'u~~ calcium channel jjc.J!lillilillfll'lOB\m11ul'l'mlil<l'l11vi' tliu !1"1Blfll'l " . 

.i'u il'n 'l11Jir~alililoi'l1vna1ualili'l'11ilirn~1vi'vi'1a jj'l1m1ui1 nimodipine olil 

mm'lsmrnrnilos<Js.l tta"illilm'lnau hl~IJ 1vi'vi'1a 

~ ~a v 
r.J!l'l"U"<llJlJB'tLailflil!lilillilil fl'l"G!lJ adenylate cyclase tWIJfll'llilBU<llJB~ 

vis receptors llilmvl:w cyclic-AMP Ltvli;Jl'l'l"a"m1?is fllilfll'll'il~llJ l'l"1fll'llilBU 

tl'WB..:i!J'le:i p-adrenoreceptor, adenosine receptor ua::: prostaglandin receptor ~"1 
Bl\ILUUfll'll'llilfll'lmU (coupling) nu Gs protein tliu wui1jj~1mu mRNA 

11tl"1 a-subunit 'l.lfl"1 Gs protein a111a~ 

lu'l"a"m1ttsilmrns<fjjmmmm'll'il~lUlJB' protein kinase, aoicl1u 

th"flilU Ca ~"l,i;iavJBfll'llilSUillJS~vlS receptor lJUlilvll' 1 
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.. , • d n . . . , ,. 
li11'.ilUI 3 fll'.iLtl!Jl!Wmm '111111• alcohol mtox1cat1on' 

Antagonist 

R015-4513 

Caffeine 

Propranolol, Zimelidine, Lithium 7 

Ibuprofen, Amantadine 

Charcoal, Gastric lavage 

Dialysis 

Fructose 

Thiamine 

&\Iii iil'll i.J1'ii~1 lJ u fll 'lU eN ii' u en fll ':itl fl'W I'll~ • 
'lm11~ 1'llmT11'il11ii'uwlil~~vn~ iin 1vl'11ri~~ • 
~~1ll'il'l'WLL 'l~lJlfl'il'WLU'WL'tHil 1'ti'1lluil'llil11ii' . . . 
llil l'l LU vn~ a Ei1~ ~~ 1uW'a~illl'IM111ilvrn1 il 

• • • 
d • • d 1· 

iilill'VHJ'U ']'l1 lJ\il11'1 ll.Jfl<l Iii en fll'l'11l1J I'll Iii 

n'il~n11tiW-111s1 ti ri11l.J~1:wiJei1 u~u Iii eiu • 
fll':lfo1'11~1l 1 U'il\JMl'l\il~lJ iil'll 1lEil~<llJU'lW • • • 

Reverse benzodiazepine agonist R015-4513 

alilmmli1<1:1rn-:i 1!ii'u1-:i 111iili.iilf.Jaalilm>1i11111umru~ 
1!ii'-luu a an 1111 a cl"'!lm il ~-:i ( ~'l ;i a'll a'l 11aan a 11acl" iii a 

d ... "'""' 1' . WOIHH'IJaa:W:Wlfl!Lll"1ll\I :WLilWl"L\ll"'iMlilfl'.i"UU • 
benzodiazepine-GABA) fJllLU!lmM R015-4513 

i'iil m1•'llilnn-:i1aLLa"a1\l'ii111'i'11iorn1m>iin 1!ii' \i-:i 
i'i-:iilila~1nlil 1 um> ltl'ati1J111 

" 

ail~rnm'.inil<1:wa-:i 1!ii'u1-:i tta"m\11h11alila1m'.i 

·1rn-:iil:w 1!ii' ttliiilm1:wL~U'lITTflfll'.iLOli1f.JOLi:111 1'111m11" 

1'i'1 l\ltvl1JiJlil~'lM1" 

LL unh 1 Mi.tl't~ a'.i".Ju LL aa rm 111rn1 maalillJln 

ni1 0.4% M"iaiim1" acidosis 

L vi1Jm>ti amLaan a 11aa1!ii'u1-:i ttlii'11mli1~-:i jj r·rn 

LaU:Wlfl 

Wemicke's encephalopathy 

1~1lLU1MlJ11'11unl'l1.1\il1llfil'l'11l1J 
1rn1.1na1111<i' 1L~'iluo'lil'il'iluu n~lJ~uui1il • • 
u'lzil'l'lilm·mm~ua a lilill'lmn~a\ilu1'il~ 11ii' • 
LLOfl~lJ benzodiazepines 'l1l'l1.1'l 1uiiia • 

. I d ~ 1 phenobarb1-ta 1'111l1J ']!Jl'li.11\lVn~ 'UUl~ 
d ,J 
rm~ ( 111T>l'l'l1 4) 
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tfii1uil~nu111,~11a,1 llilll 
' 

•th'! ti'til lil i:Jmlla'i11 flfll,~11 

L ii aua~O'llfll~~llilil Llil!J 
' .; 

olillil1lllil!llfllilll ua•alilml 
~ .; u•rn 11 il'll\llfl n11lil1J 

' 

111 

Disulfuram (Antabuse(R)) 

Calcium carbimide 

Naltrexone 

5- HT agonist, 

Serotonin reuptake 

inhibitors: Ritanserin, 

Ondansetron, Fluoxetine 

Acamprosate 

Borpit Klangkalya 

UlJl'MtaU1m1 aldehyde dehydroge­

nase 1h 11Hifl1,i'l•il1J acetaldehyde 

dd ~" 1·· 1J10L1J fllil1Ji'l~1ua•Lfllil fJaLo!I lil LLfl 
' 

fl1fll1ViU1LLt'M U11ili'h1'1• fl~'U 15 

mL~a'U LLU1JV1il'1afl h.i°'U rivmwaa 

~1J~1 lil1w~1 <i'rnl'U trn•m11Jvl1Jlai'it'l 
' 
~1\l'U lllilllilfl 11'1 hLlii'1J~t'1~11'11•Vi~fl 
a1Jrna1 fllilfll1Vi1!1 '!i! '!!mta•fllil!Jlfl 

ii1Llfoii'ilil M 1J!Jfl\l1fli:Jma11vl~mh1 

tta1 <i'~ih".ll)!mtl~ii'lmi\'um~'U 1 

~11J11JIJ1fl ~~ii'1ia~1ii'lil 11Jfll~ 1il'mfl 

11'urY1Lfl'IJ hif aldehyde dehydroge­

nase LL\JUfli'iui'iu11ii' iiNoo•!l•~'U Lta• 

iiNataail'aaflil disulfuram 

a~ reinforcing effects 'llfl-.1 

LL<JaflflllflGl V\l lttolilfl111Jlii'iMfll1~1J 
tvim1a1~hl~1J 

nii\'1iin11~lilaautl1•ll~5n1watj 
~ .. 1 . .J..J ' "' mm a lil fllolillJ 1J fllj IJ~ lil 1J a !ll~Vi'U n 
LLoi11J ~u1an'11tla~1iioi1~•1flmi1Jlil1u . ' 

h'11J~ ht! 11ialil reinforcing effect 

' ' .. wa1trnanmrna LL\ilolil tllofl!llfllillJ'illfl 

ti 
;.J~~ 

o• au fll o om L fl lil flu ill fll o o ii 1J !11 

11il!lfla 1nm•m1J~1•1J1J GABA Lta• 
' .... ~.J 2+ 

!l\J!l~~ glutamate/olil Ca flux 
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111 
.d !'I "" ..., I WiluiMl1'1lfl11Llllil Benzodiazepines 

illf1111lil'lll'l1 

Phenobarbital 

Phenothiazines 

Haloperidol 

Clonidine 

Carbamazepines 

Propranolol 

Phenytoin 

""""' .,... v... ""' ""'""' .J ..J""' 1iJfll'l':Hl131i:JIiilil<I'llB01 iJ lllN YI lJ 
u ' 

m'l 1 'll'mu1m1<l1fl Bm'> 1 '11'm~ii11 '11'ii m'> 
.,j .,j • 

a~<llJ'llB-< acetaldehyde lJ10LlJBlillJ'!'>1 'I'll 

1 '11'ii Blf11'J~hiau1UlJlf)~~ hiBmO~lJll°'lB 
1un<l1~1J1in 11lli'liirl'ii1lulil'l1u1J1n l'l1'lBl'i 

u 

1 um'JlilLL<l'IJB-<LL 'WYIUBU1-< 1nffiilil mffi'll' 
u 

calcium 

carbimide 

'liin1'lri1'!lil~llii'~ul'l111Jaut~lJ10 
flBfll'> 1'1l'm~BBnq11~llim~uu reinforcing 

.d .. ~ ( ) L'WB<llilN<lBl'>lJU!Ll'l<llJ'!'ll euphoria <llil 

49 

ihh" 511 Jim W Oi1'llm1 IL m ti ill fl11ll fl~ L fi VI \11 fl 

m~aV1rmi1 11~ihlum1mnflq11~flV1flw111uh 

l1~il delirium tremens 

aV1mm~ 1~m~a1u m•aV1mm~ilfl 1~ 11~il 

l'la11lmoiouii'1nnfl ua•a~ hlilii ill;JmJl flVrn 1 u~ 
ibuellila~1 

' 

t.l1'<iJL~JJEl101"i delirium tremens 

l'l11lJBU1f1~lJ (craving) llilfJIWi~ Lia~ 
allJTrnu lil'l~U~L1 ai~1u~lJ a'J1BBf1 hJ11if 

' 
Naltrexone Lll'\J opioid antagonist ~iiNa 
,'V..rQ.I I.di .cl-JI 

L'\J'IJB'\J lil~~~f1<111M'l1U<l~LBU\il L'\JlilB'\JlilB 

5-HT 11a~m acamprosate lil~a1t111lum 
.,j 

'l1-<YJ 4 
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I 'lllljU<l 1'1-1111".i1 'II 11allrexcme 

m mi :iJ :iJ ii iii u 
' 

,J w o 1w 
l'l'i Ii! 14 <I 'l'H'i 'IJ tJ l'lifll 11 <11 l,J l"HI 'lJ 

opioid antagonist 1um-,fmflwm\ilmflcil.J 
" . 

mrl'Vlu 1~ ailmu lfo~1 luu'l'lm11J~~ 
'Vll-lw1 u11'lai'lil'

1 
faua"Jtl1rn:::tl al.Jm 'llll.J . " 

4 "~ 
L\ill-lfli'lfl 

1. 1th1'lSm"i~'Vi1h1ilm·arn\ilmflci:i; • • 
ua1'11Ju 1~'11uil 1tl~u\ilaum111 au'Vleim~u 
( 1iu 3 1u) rnm:::'11Mfuw~ilm1l.J.f\l h • 
,Q.J t" ·1· d ~\llJU'l'l'il:::<1aum \ilm'l1 1rn:::wu11 \il1;H1\il 

1 u ~&l lil m ~ :!hn?Jw lf u IN M;; a ii 1 ii u., i)ll u 

il'li'll.J 

LL 'l'I 11lilil'l1u\11ui1~1~·mu '>'llJlflfli1'l'5 • 
"" .... ""'""'""' d fll'l'l'I fl lilU LL<l:::l.J1l'ifll'll'l'l:t:<l\ilffl1 lJ 'l'WLL 'J\l • 

<1'1 lli1'1\il!'IL'li'~11-Jilum~u 1iu clonidine ~\l 
il~<1<11i1Blfll'lll aum 1~a1uV1rl\I 

• 
3. 'l'l<i°'l'illfl~'W\ilCl'IJfll'lllBUWe!l'JlLL~1 

rJl!Jl'>fl 111' naltrexone lila 1tlt~m hiilBlfll"i 

flff!Wl LLa:::<ll!Jl"iflUeNil'IJ 1i.J1 Ml~fuw<i 

'llMmflcim.rn1VJmdaflau 1 tlwwafl 1 lJu • 
m "i u fl\! nu ii 'll m fll 'j fl <i' u 1 t1 &i \il l'mi'i a fl ~'I 
t lJu A11 u <i' lJ t VI <l1'll a\l'lBm'>f fle11ffi'li'fla1 u 

" 
il'l~UlJ (Li'!.lfll'lL?i' methadone) 

1 '"" ,.( "'di1otj 4. Naltrexone lJl-JQl'llH<IW\illil 'l\l lJlJ 

ii 'I! V111 u ~1 u fl1 'l\il1u A jJ fl1 '>-l1 V1ti1 u • 
d 

L'l'll-JfllJ methadone 

d 1tlu B 5. LlJfl\l'illfl naltrexone !'JU!'l'l opioid 

receptors 1~vmnciu 'Vi1 l'111m\lnui1'!dJ • • 
H <l"iU fl11J fll'l'Vil\llu 1i11lJtl n i)\'l) iM~l\l fl1 a 

VI;; fl hi ti a u <l ~1 u ifi ~ il fll ':i i'l fl e11 m.h\l • 
tj 

<J:::lfll'l\il'illfl National Institute on Drug 

Abuse (NIDA) LL<l::: Special Action 

Borpit Klangkalya 

Office for Drug Abuse Prevention 

(SAODAP) ·nmf'lnciulil1'l 'l~1~fum.1 • • 
'l~t1 "·20

"
2 

1iJvmwmllu{1m1 'l'llila"l:::uuau 
,,_, ,,. 1 61 ... 4' .J 

wuq \ilfl'l'll"ifl rn\il-;;-;;.n 'l'l';!fl1:::uuau '1 tJfl 

11u1u.,1u~1u~1'1i'm'1lt11\il 300 :i;n.1um-; 

'l'l\il<1eiw.mm.,fne11 hfl a111 wui1iJNmal'J 

Will'llmi'mu 'Vi11'1l'"l~mu'lla~ serum trans­

aminase (SGPT) <l\l~Uthn.nru 3-19 • 
1n1'1Ja~-;;::\ilutlni)I ttlilN<Jdmu 1t11fii'tdei 

'l'll'lliltll W<ltll~lA1N~ihl9ru 1fii'wi [llfll'l 
' " 

\il~'W 1a Elll~l'IU tl1\ili'l'l1'1~ ~ufiu lJu\l~ 
Yimfl{1 'lli1flfl~1<i M"i1rn1-;:i;uf1al'l tl11i1 

.J I ""1.J ~I 
Ll.J[)tJ ll<l~fl8ULW<IEI '11\11.Jl~fllfll'lfll'illu'W 

.J.J 91 I w «11WS .J 
fl'!.l'YJW1.J1.J1\l l'll'IJ 'l'leJ\lWflM'Hl'l'lCl\lLi:il'J l1.Jfl • 
111'1'11';! t'foui'l'l'ti~ M~\il'l'l'.Jlil 'l'l'!.111~1J • 

~I • <l lJ 'l '"1 .fll '1'1 '1'11'! L W fl <I \ii <l\l L u 1J 1i11J 

-"' d_. u ti d , • 6. U'lJMll'l<llflqJ 'l:::fll"l'l'lm'llS~fll'l b'lJ 

naltrexone Ailfl11lJ~1lJiJ<J'lJB~WU11'1 il·nu • 
\l111~W1.Ji1 WU1tl fl aum1'l1 flt U'lLLfl'jlJ fll"i 

" 
<V •Ill I .J.J !;;$ 
'jfl1'f1\il <J'!.l'lll\ll.11 n mu Vim rn fl~'ll fl N GJLi:itJ 

' d 1 w ~ '!'I ~I • 1'1111 \il<l'W a fllL'Jl'IU fll';jlJllJLi:iEI Lu'Wlil'W 

~ ' d ' ~I 1 '1 vu flfl<l1UM1J~111'il:::Lu1JLW"l1:: lJ \il"l1.Jf,JGJ 

Li'l~l.l<l'll'illfl fll"lfl <lu 1 tliawmfl cium11Vlu ' . 
an ( L dfl~'llfltl~N~'31nu H<l'llCl~l'llflcilJ • 
ua1'11Ju) lil'lif u fll'> 1 Mfll'li'lfle11 fll"i'il~ t'l 

" 
I .:II <V <V 

U<l~fl1 )'lJ11J L VI Gl il'll fl wrnu i'l':i1 Lt<i:::<f~\il lJ 

~~ ilu'YJUl'l'l <1119 'IJ m fl ii)~ iJ'l11'J~1u~wui1 
ti 'l::a'l'JiJ.fllW'lJ eM fll'lf f11'11J~ 1 U rJ'i)I \ill'Jl fl cilJ • • 
m11VluM~fow&l1i1<1"l11fii'~<l t viu~u ari1~u1n • • 
td a 1 'li''l11.J nu~liltllulil'l'l"iil 1~fu1111i11'J 
1 VI~ a ail'u auu'l1flil~fl1.J22'""' • 

mh~ hnlil1u 11111'1i' opioid 

1 "o'I d~ ' ':ll l antagonist U~u11J'l'l\illilCllfl~lJlJfl':iVl'W lilt! 
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~!i'\li'hn m·>trnum mhf u il' ui11 llu'ltim'l • 
~L~U\I ~\lfll'il'il~ L'llLvi'v;iw1~ilut.l'ihu 1u h\I 

• • ' "-' w • Q "" 

Wl'JlUl m 'YllUU LL:IJ LLlil Lilfl<'ll'lfll flU!Jl'll 1H 

u~M'l'lm 1 B\I ~1iJ11il' ail'u auu 111'1 'li't1i1t11i1'l\I • 
L Vlu\I LL~ WU mL ti~ 111'1V'ilut.l'll1!J~1'1fllill'Jlfl " . 
<ilJlJB-:i'Wuu<i'1 liJ~1rr:h 7 1u tt~Blil'l1'il • 
ilam1~ 1iJwumfl~lJil' tt~B 1iJi:lmm'lmm 

.J • l do 

EllLlJB'Yll naloxone challenge test LlilfllJlill 

1~au11~ av a '11'1lJ1 v <11 '!1{u ~ll1u~if,mm?M 
i'llfll'lt!B'Wm atj fll'l 1'1fm 1 umru1'liuif~\IU 
1'll1'1l'nu~'UlilB'Wfl1''mB1JW'tlfl1 m1i1'1!L'U~'U 
lilB'W rn'lilllillilllJ Na 1 vlai'.Ja"ilurn'ln~u ltl 
- d lillill'Jl 11 fl 

• .. ~ ,, d d • 
'l! 11 '11 lil tyu'l~fll"l'll'W\ll'I m'l'l'111'111 lJ 

1 '11'1 h ilu ~tl1u ill il 'Inn ~tl1uwm m lJ fl au 

1tJ1'1l'iJa-:i'Wu 1<1hau 'l1~m1JG11viu8n1u 

tiu1mill1J 'ildiJ1vi'{uNa~1m1i:lri il'Wfll"> 1'1l' 

naltrexone LL~NU1Uil1'ilWEJ11'J1UL'VilJ'll'UlVI • 
' -~· .¥ 1·'d d 4d 'l!iMl'JlflalJlJil'l.,'U'l!'U u1lfll'WiJLil1'1fU~ 1il • 

m·;i'liuif L 1'.lu aum'l1l'lmn L w·n~ 1iJmiffrn 

1• d1·~ - ·~·· mu i'llJ lil LlJ il V)'j1Jl'J1 Lfltl'l!tl111l'il~'l'11 L '11 w 
• • 

U11'J:/iari 'lllJVl<lm '11~"1'111£1 h ua~Lafl7l'llil 

lvi' 

d "·" d1 •• B'U\I ~u1fl'l'l \ll'>U naltrexone 1'11"> 

lvi'{uum'l1~ au'11~a;11V111l.J 1'11'1 l'il au1\!Gii1 
d."i d • ~. • ~ • ' d d 

i'Jllll.Juty'l11LlJ B"'illl u'U\llB\I L'lll'J1fl~lJB'U ']'1'1 

i'.itl{jii~m~ailu 1!il 1iumttri''l111il LLrl'li'il'l 

s •.1 d • ~ •• ~. ' 
Ltttl LLflu1VI LLa~UJBl!llu'Ulilil·HtlfllflalJ • 
lJB-fwu ( L'li'llfll'lNlllllil) ll~WiNLL'il\l L li' 
LL wmf ·foa~tl~U'll'lll VI m \lll lJ 1'111 :I.IL '11 lJl~ 

• 
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11ll'i1m"l 1'1l' nal!rexone 1uf11'lW1tl 

qTIB'l1~aua'lilun1'lil'iviu1nq:1.1:1.1aiwu'il~ 
w1ulJ1inuni1 25 tlmh 1rn::ilrn'l'l'llilaa-,i 
II} 21<v .J "'4 d ' • 
1tl'l01:11 Bl fll ".i il 'W '] l'l fl !J1fll'l1'111il11 'Ul'il:: 
.J \ti .,., • l ""' 
Lfl!J1'l!iNfl1J'l~UU opioid L~tl L'li'l'il\llL.fl'l'l 

m11J'11L~B1J hm~1filuau hl'liuil'i'lwu 

LL<id'lAel1U (~\l<f1UlJ1fl 1i.J11iJr-J!'l) LLmU'Vl 
d ..., • ~I 

lil11lJLflfl1flU naltrexone fl!l'Uu 1'11'1.1990 

n1iJ lJU l'l 1'111lJ1vi fl GiTl n'l fll 'l L '!11 'll Nm VI <I'll • • 
LL<l~U'l'l\'111 lJ L~ l'J1 OU fll'j~fl 'tll ~m VI '!'ll f\li,j 

lJU'l'lV1111Jl\llmh11l'l opioid antagonist 
20 42 w ..... ei w 

LiW ' 'llBlJa<l'll1J<l'llUf11'H'fl naltrexone • • 
1u!>l'&it'l11"i1 ~'luu1111'.lu1~<1'11111iJ~ihau h 

• • d •• 
1'111lJGl'W1'il 1 UL "l B'IU L ~lJ'il1 fl fll".i 

a'! wmwui1 N'il'ivi L!l 1 'lB'\J ~hi'~u fll'l{m,i1 • 
w ""1 d 'V 

lil11'J naltrexone lJfll''lVltl<l'll<IV!a\I 'IJB:l.la ' . 
f11'li>lfl1flU'l'11Jl'l'l'llil'l'l::uu opioid Ltl'Yll'l 

.... ' d w d .J'o<>1 
'flj q lil fl'l'l:l.I W1J11flll'llil1'1l q l'l1i'l~1JU'UlJ W a 

3l d 
aviwq ill fl'>'llJ rn-;i\u "l1:1.1'1'1'1fll"iVI 1.1 

,/ .,d <>!W ,;f .J "-' 
LLB an B l'JB <I Lilel lJ'll 11 :I.I am fl'l!'llLfll'l1flUfll'j 

" 
.,( ' ' El a fl q'l'l!l'l! B'ILLila fl B !l il am B'l~UU opioid 

w'l 11ii'n<i111l'ltiau1111!1d11<i'1 ua~111nwa 

fll'lLM naltrexone i'ua~ 50 :1.1n.Li'luna1 

12 atJvi11'f <lllJl'lOaV!Slil'l1LLOl::tJ~lJ1tll 

'llB'lfll'lfltlU 1 tl~lJ<l'l111ii' <1"11'1111.l'ffifl • • 
Bfllfl~tl (craving) 11ii' fll'l1'1l' naltrexone 

L vi af n't11 r.l'&im <l'l1~'111ii'fu n1'l{U'l B'llll n " . 
FDA 'llB'l<l'11~,!jml.l~fl1L'WU riff.1995 'Ila 

lJ<lfll'lflfl'tlll'!atiB'l naltrexone Lt1'l::t1::~B 
" 
mil81rn1n 

12
-

18
'
21

-" 1rn::i'lmfl 1 u~tl1a 
' , ' .¥ 'I ·' " d fl~lJ L'l1qjlJlfl'l!'U LVl!J<l~uLLa1 naltrexone lJ 

Wa<IVlfll'lflaU 1tJ~lJ<l'll1(1} LL<l::LLif'il~fltlU • 
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<V :: d 
'il1flfl1'lUU!H'l::uu reinforcing 'l'lelilU . .,. ,;: 
au a\lm mwa fl a aa a u ilfl'ill flU i:.Ja'll a\I 

naltrexone U'!Uel~il 11.l1~'11~\lfl1Tl1Um H'm • 
LL~nama-:im1t1'>::u::na1 fl1'>"i'fl1fl'il:: 1~i:.Ja 

~ L 'i'iti?l'u Lrl a 1-M~1t1 i\'u".i1im.,'l'11'1'5mu1uw 

(coping skill, psychosocial support) t?iu 

L~t11nufl'HUfl1'l1'1i' naltrexone -lfl1'11N 
u 

i1 iy 'l11a1 l'l IJ!'ll a'l".i1im">u1 ti w-lfl1'11 

~1 'li'nu ii ti a1 '11 :Su NU1U~WW m fl <i"" a{YJu 
u u • 

flilfl1'>'111Ufl~U 11.l&iwm.J'1iin Yi1 lli'~u 
ma u fl1'l"i'fl1'11 il ~11ti '11tl1 u L tlu L WU\! <bu 

L~fl 1'lla\11\l'il'j1u1nmti'iliy'l11 m'ltl1".i1i 

fl1'l"i'fl1'11~1U opioid antagonist m1'li' "LUU 

u u1'1'11\luf.iuw~ii1'il::?i1mtti'iliy'l111~ a1u 

d u 1 d .J' ~. d 1·' '11U\I '11<lflfl1'l UL'HM'IJLuUL'lil\leJ'j\I uel'l\I 

m flam'l1'li' antagonist 11.llla\lnuil111'a1"> 
I d'~f ..( d ""' 

fl~ IJ IJ il'lTIU fl ii fl (j'l'lll am (:.J <l'l'lL fl W'ill fl fll'l 

Lll'W !Jl La'W &i m LL<l::'11i''lil'il::Yi1111''11 !J m Lll'W • 
1 !'I d .,; du ~· i1 •4 m L'W'l'l'fm LLel<t\l'l'IU\ILUU qj'111fl~~il'>1!J 

a::tlium".i1im'l1.li.ju&i t via 1 iil a1m'lti aum 

• d 4 ~ 1 ·" d J'I Uil!J'l'lllm '11'liltlilU'W1'1m mt'l1'1'1llm ufl\I 
' ' 

ilum'lfl~u 11.lwmmiifl 1~u1u~am Lm::~ 
' 

a1 l'l "'l~f u ~111J~11J il a'i11fl N'tl1!J~~am 
•• u ' 

Borpit Klangka/ya 

• u .J' 1'1 i1 u • w dd ' ·' "' ~ '1Jil'l1<l\IUL uu 'il'il!J lll~qj'l'ltl i:.J amau'l::<t'l'lll 

.fll'W'll il\I fll ">f fl 1'11 au1\I ~'l trn:: L tlu i1 IJ!'111 
0 .... d 91 ""'""' 

'11'11'lU naltrexone 'IM'il::m il'l'l111llfli'l 

.14u4d '1·' • ,_~ u{]Uel'l'JLM!Jl::ll!Jmil u L'll'Wfl1'H'lf1llfl1'l 

m'l'5mi.hum~1t1~1!J ttlu~u 

cbuiliym 1 um'lffl1'11 ~WW'!''l1Ju 
' 1·' •. u d_, u ' ,.J 

LLelflml\lilflfl u 'IJil'illflm'l'l"l~qj'Wl'il::eJ~'l'I 

1.l':i::a'l'llimw'llfflmm'li'a1uM~\I Lta::m1t1 

reinforcing 

opioid, glutamate, GABA, 5-HT LLa:: 

DA LLa::fl1'l'WUi1 naltrexone llllfl'ltlam 

d 4 u 1·'d ~1lt1ilt11flm1J'!''ll !JW L1<l1M1Uflau ueJIJ 

•• ~ dd1· ·1•4 "' Lll.'l::amu'l!Jltl.!'l'lmti m 'I'll M1Jfl1'l~1fl1'11 

'l'il\11 U'll fl\l'l::UU lll'lft'lm::LLCIU'l::lll'l'l~l'! 1 

'l::uu reinforcing Ltarna 1fl~'l'i11 itiimm'l 

Lll'W&imua::mfl1'ltlfl'WU1 fl1'> 1'li' naltrexone 

-lfl1'l1N°&ima'l1~\I L U'WLL u1m-:i 1 '11i.i~mA'mfo 
u ' 

1Ja~111J-il'11i.i 1m<i1il' Ldailm.,Yr\ilJmfll'l 
u u 

1 91 ,;: 91 .J' <::I ""' 

'If mu fl11\l'll11\lt11 fl'IJU t1">1ua::Lil!J m'll a\I 

".i1i m'l1.li.ju&i~'l'i11 '11'1~ ~111J~1" il mn fl~ 
tl1u~~am ".i1im.,il'nii1'il::tl111.lrim'lffl1'11 

' u 

~ilu'l::a'l'JG.fll'W ':i11J 5'!m'lU 1MflUUqj'l11 

u 1· 'd d • fll'lflaU um1J'!''l1ilflm1!J 



ThaiJ Pharmaco/; Vol 21: No/, Jan-Apr 1999 

n~m.rnfwu. 

2525;4:95-114. 

2. Jaffe JH. Drug addiction and drug abuse. 
In Gilman AG, RallTW, Nies AS, et al 
(eds): The Phannacological Basis of 
Therapeutics. New York, McGraw-Hill 
Inc. 1992; pp.522-573. 

3. Gold MS. Opiate addiction and the locus 
coeruleus: the clinical utility of clonidine, 
naltrexone, methadone, and buprenor­
phine. Psychiat Clin N Amer 1993; 16: 61-
73. 

4. Miller NS and Gold MS. A hypothesis for 
a common neurochemical basis for alcohol 
and drug disorders. Psychiat Clin N Amer 
1993; 16: 105-117. 

5. Christie MJ, Williams JT, Osborne PB and 
Bellchambers CE. Where is the locus in 
opioid withdrawal? Trends Pharmacol Sci 
1997; 18: 134-140. 

6. Warner EA, Kosten TR and O'Connor 
PG. Phannacotherapy for opioid and 
cocaine abuse. Med Clin N Amer 1997; 
81: 909-925. 

7. Simonato M. The neurochemistry of 
morphine addiction in the neocortex. 
Trends Pharmacol Sci 1996; 17: 410-415. 

8. Di Chiara G. Cortical and limbic 
dopamine (on opiate addiction): do not 
mix before use. Trends Pharmaco/ Sci 
1997; 18: 77-78. 

9. Gorelick DA. Overview of pharmacologic 
treatment approaches for alcohol and other 
drug addiction : intoxication, withdrawal 
and relapse prevention. Psychiat Clin N 
Amer 1993; 16: 141-156. 

10. Bohn MJ. Alcoholism. Psychiat Clin N 
Amer 1993; 16: 679-692. 

I I. Volpicelli JR and O'Brien CP. Opioid 
involvement in alcohol dependence. J Clin 
Psychiatry 1995; 56 (suppl 7): 3-4. 

12. Ulm RR, Volpicelli JR and Volpicelli 
LA. Opiate and alcohol self-administration 
in animals. J Clin Psychiatry 1995; 56 
(suppl 7): 5-14. 

13. Froehlich JC. Genetic factors in alcohol 
self-administration. J C/in Psychiatry 
1995; 56 (suppl 7): 15-23. 

14. Gordis E. Alcohol research at the cutting 
edge. Arch Gen Psychiatry 1996; 53: 199-
201. 

53 

15. Gordon AS and Diamond I. Cellular and 
molecular neuroscience of alcoholism. 
Physiol Rev 1997; 77: 1-20. 

16. Kosten TR. Addiction as a brain disease. 
AmJ Psychiatry 1998; 155: 711-713. 

17. Saitz R and O'Malley SS. Phannaco­
therapies for alcohol abuse: withdrawal 
and treatment. MedC/inN Amer 1997; 81: 
881-907. 

18. Spanagel R and Zieglgansberger W. Anti­
craving compounds for ethanol: new 
pharmacological tool to study addictive 
processes. Trends Pharmacol Sci 1997; 
18: 54-59. 

19. Ginzburg HM and Glass WJ. The role of 
National Institute on Drug Abuse in the 
development of naltrexone. J Clin 
Psychiatry 1984; 9 (2): 39-41. 

20. Gonzalez JP and Brogden RN. 
Naltrexone: a review of its pha.rmaco­
dynamic and phannacokinetic properties 
and therapeutic efficacy in the manage­
ment of opioid dependence. Drugs 1988; 
35: 192-213. 

21. Swift RM. Effect of naltrexone on human 
alcohol consumption. J Clin Psychiatry 
.1995; 56 (suppl 7): 24-29. 

22. O'Malley SS. Integration of opioid 
antagonist and psychosocial therapy in 
the treatment of narcotic and alcohol 
dependence. J Clin Psychiatry 1995; 56 
(suppl 7): 30-38. 

23. Volpicelli JR, Clay KL, Watson NT and 
O'Brien CP. Naltrexone in the treatment 
of alcoholism: predicting response to 
naltrexone. J Clin Psychiatry 1995; 56 
(suppl 7): 39-44. 

24. Croop RS, Faulkner EB, Labriola DF. The 
safety profile of naltrexone in the 
treatment of alcoholism. Arch Gen 
Psychiatry 1997; 54: 1130-1135. 

25. Llorens C, Martress MP, Baudry M and 
Schwartz JC. Hypersensitivity to nor­
adrenaline in cortex after chronic 
morphine: relevance to tolerance and 
dependence. Nature 1978; 274: 603-605. 

26. Aghajanian GK. Tolerance of locus 
coeruleus neurons to morphine and 
suppression of withdrawal response by 
clonidine. Nature 1978; 276: 186-188. 

27. Gold MS, Redmond DE Jr and Kleber 
HD. Clonidine in opiate withdrawal. 
Lancet 1978; I: 929-930. 

28. Wise RA. The brain and reward. In 
Liebman JM, Cooper SJ (eds): The 
Neuropharmacological Basis of Reward. 
Oxford, Oxford University Press, 1989. 



54 

29. Wiesenfeld-Hallin Z. Combined opioid­
NMDA antagonist therapies: What 
advantages do they offer for the control of 
pain syndromes? Drugs 1998; 55: 1-4. 

30. Tung CS, Grenhoff J, Svensson TH. 
Morphine withdrawal responses of rat 
locus coeruleus neurons are blocked by 
an excitatory amino acid antagonist. 
Acta Physiol Scand 1990; 138: 581-582. 

31. Lyness WH, Friedle NM, Moore KE. 
Destruction of dopaminergic nerve 
terminals in nucleus accumbens: effect on 
ct-amphetamine self-administration. 
Pharmacol Biochem Behav 1979; 11: 553-
556. 

32. Collier HOJ. Cellular site of opiate 
dependence. Nature 1980; 283: 625-629. 

33. Crain SM and Shen K-F. Modulation of 
opioid analgesia, tolerance and 
dependence by Gs-coupled, GM I 
ganglioside-regulated opioid receptor 
function. Trends Pharmacol Sci 1998; 19: 
358-365. 

34. Rasmussen KL, Aghajanian GK. 
Withdrawal-induced activation of locus 
coeruleus neurons in opiate-dependent 
rats: attenuation by lesions of the nucleus 
paragiganto-cellularis. Brain Res 1989; 
505: 346-350. 

35. Weight FF. Cellular and molecular 
physiology of alcohol action in the 
nervous system. Int Rev Neurobio/ 1992; 
33: 289-348. 

36. Li C, Peoples RW and Weight FF. 
Alcohol action on a neuronal membrane 
receptor: evidence for a direct interaction 
with the receptor protein. Neurobiology 
1994; 91: 8200-8204. 

37. Goldstein DB and Chin JH. Interaction of 
ethanol with biological membranes. Fed 
Proc 1981; 40: 2073-2076. 

Borpit Klangkalya 

38. Davis VE and Walsh MJ. Alcohol, 
amines, and alkaloids: a possible 
biochemical basis for alcohol addiction. 
Science 1970; 167: 1005-1007. 

39. Cohen G and Collins MA. Alkaloids from 
catecholamines in adrenal tissue: possible 
role in alcoholism, Science 1970; 167: 
1749-1751. 

40. Fertel RH, Greenwald JE, Schwarz R et al. 
Opiate receptor binding and analgesic 
effects of the tetrahydroisoquinolines 
salsolinol and tetrahydropapaveroline. Res 
Commun Chem Patho Pharmacol 1980; 
27: 3-16. 

41. Reachey JE and Naranjo CA. The role of 
drugs in the treatment of alcoholism. 
Drugs 1984; 27: 171-182. 

42. Resnick BB, Schuyten-Resnick E and 
Washton AM. Assessment of narcotic 
antagonists in the treatment of opioid 
dependence. Ann Rev Pharmacol Toxicol 
1980; 20: 463-474. 

43. Volpicelli JR, Rhines KC, Rhines JS, et al. 
Naltrexone and alcohol dependence: role 
of subject compliance. Arch Gen 
Psychiatry 1997; 54: 737-742. 

44. O'Conner PG, Farren CK, Rounsavill BJ 
and O'malley SS. A priliminary 
investigation of the management of 
alcohol dependence with naltrexone by 
primary care providers. Am J Med 1997; 
103: 477-482. 

45. O'Malley SS, Jaffe AJ, Chang G. 
Schottenfeld RS, Meyer RE, Rounsaville 
B. Naltrexone and coping skills therapy 
for alcohol dependence: a controlled 
study. Arch Gen Psychiatry 1992; 49: 
881-887. 

46. Volpicelli JR, Alterman Al, Hayashida M, 
O'Brien CP. Naltrexone in the treatment 
of alcohol dependence. Arch Gen 
Psychiatry 1992; 49: 876-880. 



Thai J Pharmaco/; Vol 21: No 1, Jan-Apr 1999 55 

NEW DRUGS 

Montelukast: A new anti-asthmatic drug as cysLT1 receptor antagonist 

J:,addawal Phivthong-ngam 1, Pravit Akaraseenont2 

1 Department of Pharmacology, Faculty of Medicine, Srinakharinwirot University, 
Bangkok 10140, 2Department of Pharmacology, Faculty of Medicine Siriraj Hospital, 
Mahidol University, Bangkok 10700, Thailand 

Leukotrienes (LT) I U'!Hll'> 

eicosanoids ~ihhLU~'illflm~ hiJu~hJ~!J 
iii'1 (polyunsaturated fatty acid) ~~LU'IJa1u 
'lh~m1ua~1'1J cell membrane phospholipids 

.J 1' ·1·'-'1 
'll~umau 'll!J phospholipase A2 um1 ~ lu'IJ 

• • 
arachidonic acid <Jflfl!JlLLil1tlflLU~U'IJ~<J 

u 

1~urnu1'11ii 5-lipoxygenase (5-LOX) 'i11J 

nu 5-lipoxygenase activating protein 

Arachidonic acid 

5-Lipoxygenase 
+FLAP 

5-HPETE 

5-Lipoxygenase 
+FLAP 

Leukotriene Ai 

Leukotriene B4 

( chemotaxis and 
leukocyte activation) 

Leukotriene C4 

Leukotriene 0 4 

Leukotriene E4 

hydroxy-peroxy-eicosatetraenoic acid ( 5-

HPETE) ~~tlflLU~U'W~fl 1tl'il'W 1~htJmn'j 
u 

leukotriene A, (LTA,), leukotriene B, 

( L TB,), leukotriene C, ( L TC,), 

leukotriene D, (LTD,), Llil~ leukotriene E, 

(LTE,) ~11J'11iilu (~tJ~ 1)
1 

LT receptor 
antagonists 

Inflamation, 
Bronchoconstriction, 
Hyperresponsiveness 

aid ""' "' </ _,,. .J • .,( 
1ul'I 1 LLC'J\UllJLL!l~~nl~i.NLm1"11 leukotrienes LLO"mnrul'I leukotriene receptor antagomst <rnnqvm 
u • 

FLAP = 5-Jipoxygenase activating protein, 5-HPETE = 5-hydroxyperoxy-eicosatetraenoic acid, 

LT = leukotriene 
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Cl 

LTB, ~!ilLU'W<l1'>11flf1 chemotaxin 

LTC,, 

LTD., ml~ LTE, LU'W cysteinyl containing 

leukotrienes ( sulphidopeptide LT; cysLT) 
J.. .,., d..J w QJ "" 

'11'N'il1 rn 'IHHl!ill'l '1 Vllt1 !'J1V B'lf1U fl1'>Brnau 

t'il'W mast cells, eosinophils, basophils, 

macrophages cysLT U'l~!ilLU'W<ll'j hm~lJ 

slow reacting substance of anaphylaxis 
.;, ~ 

(SRS-A) cysLT BBf1tjV15lll1J'j~UUV11'll!il'W 

m!'JhL!ill'J~ui\'u cysLT receptors l'WVll'll~'U 

'Hll'lh L!ill'JLil'Vfl~ cysLT1 (cysLT receptors 

il 2 '1lfi!ili'fo cysLT1 receptor or LTD, 
,.J !V &' 

receptor B~rin<nm'UBM<lil!il<lmrn~ cysLT2 

,J ~ ) q • , • 

receptor B~VIM<lil!ilL<lillil iJfJ<l'l'll bMMi:lil!il 

<liJM!illii'1 (bronchoconstriction; ilqriBLL'j'l 

' 
nil histamine 1000 L'lil), !WlJf110Gl{l'lLL<I~ 

' ' 
fl11M'1'l mucus, LWlJf11'j:iiiJW1'UVil'lVB'lLM<l1 

'l'll'lfJU'lM<lil!il!~B!il Lli:l~I ~'l l llLfl!ilfl11'j1iJ!ii'1 

Vfl'l eosinophils ~-.:iiimn111li'11l!il epithelial 
' 

cell damage LL<l~L~lJVU1'Ufll"lVB'<lfl11fJl!!il 
"" :.; .J 2-3 

leukotrienes flfl!il'l'lM'U-.1 

M on tel ukast L ll u m~il fJ <l uu B'l fll'j 

eHJfltj'YIBV<l'l CysLT l!ill'lLLU'l~U~ CysLT, 
I 4 "" ~ 

receptors Btll'llil'Wl~L'ill~'iM 'il'l~fl'W©f!Jl'nu 

1llummilum1tl a'lilmrn~-rmfl t '>!ili'.l!il 

Laddawal Phivthong-ngam 

. 
q q~ ( ) <f!il1L!illJ'118'll'Jl'U!ilfl [R- E ]-1-

" 
[[[l -[3-[2-(7 -chloro-2-quinolinyl)ethyl] 

phenyl]-3-[2-(l-hydroxy-1-

methy le thy 1 )phenyl] propy l]thio ]methyl] 

cyclopropane acetic acid ilil'1Mil'n LlJL<lf!<l 

,w c-'.i 1mnu 608.18 'lu'Yl 2) 
" 

flil 1 fl fl Tlil ii fl tj 'YI ll 
Montelukast flflfltjYIBL!ill'JllU'l~Ui\'u 
J ' • 

CysLT YI CysLT1 receptors ill'Jl'l'ill!'Wl~ 

~ • I 4 I .ell 

!'ill~'il'l lJ affirnty ~'lffll LTD, fl'l 2 !Vil 'il'l 
"" ::: ' .J.,. 

a1 lJ1 'j fl l'JU !'1'1'11 U1'U l'll"l!ill'l '1 YI lJG!l IMli!'ill n 

CysLThi 

ei1M111i.lilfJa.ian11~!il:il1.Jt11 oral 

bioavailability VeMl'll 1u~UllJ!ill!il~iJUUfl1 

,J.,~mru 64% '1lru~mu'jum11'l'u1n~uiifi1 
" 

U'jnnru 7 3% mli'l':l~lii'ua'la!il l1mmai.J1 
" ' 

3.6-4.9 .t'1tiJ'l M'1'lfl'l..ll'llfl1!il~'l~'i!ilt!ill'J 
Lil~E1u1~mt11 2.7-5.5 .t'1t1.J~ u~l.Jl\ll'jfll'j 
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fl''j~'iJ1utJ.,~mru 8-11 ~11n LuJ~~uilu 

Ttl1~u1maeilil hhnrnrh 99% ,_, 
_,d _, d w 'l ' 

l'Jl tlfH u oHl'IHt u <lHlli1 'lJ tlil l'J fl <l lJ 
u ' 

bB'W hlf cytochrome P450 3A4 LL<l~ 2C9 

1 • d ~I 
li1 metabolites 'lH L u'W analogs 'llB" 

montelukast 6 JU6 
fiB acyl glucuronide 

(Ml), sulfoxide (M2), 25-hydroxy 

(M3), dicarboxylic acid (M4), 21-

hydroxy (M5), bl<l~ 36-hydroxy (M6) 

analogs ' w 'U11 M4, M5 lL<l~ M6 

metabolites il"<lllJl"jfl~'Un'lJ CysLT1 

receptors 1!il bL~L'Wil11~<1lJlij<ltl (steady 

state) li1'i1'il 1:Jwu metabolites iil"mh11 u 
• 

wma:J1 .Yfo montelukast bl<l~ metabolites 

'll B" l'Jl ~fl'li'U ti1 l'Jci1u t '11t\]'1'11"'1h ~ plasma 

clearance bu~l'JU'i~mru 45 lJ<l./'Wln 1u 

. "-' "" "" 
'll'W11i1 10 lJfl.li1B1'WlJfll'i<l~<llJ'llB"l'JllWl'J" 

t~fltlal'J (tl-;~mru 14%) 1u~l-lflll'J 7 

1:JiiA11lJLb1i1 fl ~1 -l 'I'll" Lil i'f 'll'il<l'W -
,/ I ""' I 

i'll<lli1'i'll B"l'Jl'i~'l111-ll 'W i'l'l!l l'Jll<l~'11qj-l blli1 'WU 

111 uiJ <f-lflll'J ii111~":aili1'll a"m 1 uw m<1:J1<1" 
........ ~ 'U 

~m~fltl Bl'J 1 u i.l'u11'J t ".miilu~ilA11:1J1mL 1" 
u ' 

• • li111lJb'lllJ'IJ'W-L1<11 (area under the 

concentration-time curve; AUC) '11cl-l'il1fl 

l!ilmt'W'll'Wllil 10 lJfl. 1 A{" <f-l~'WU'l::lJlW 
u 
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1. uarna:;::wu eosinophiJs 1u1aa1?1m1::m-J 

l~!J'llll'J 1'il 
1~i.;1U'llfl'I eosinophils L'Wl<flJ'H::LL<i:: 

".! ~I ,,, ~.Jdf4 cu 

l <18 lil bu 'W lil'll'W '!'I'll <Mil 11 ::fll ':i B fl b<f U'IJ B-l'l'll-l 

L~umu t'il Lrn~w1ri1ilm1:1Jam~'mfiluA11:1J 

"jlJbL"j-l'IJa" L'iffMli1
8 

'illflfll'i0mn 1ui.l'u11'J hA 
' u 
~ d1•w ' mirn lil'iU montelukast 'll'Wllil 10 lJfl. mrw 

uaiHlluna1 4 i'i'tl1i11'11 wui11~iilu 

eosinophils 1mllali1bl<l~1 m<flJ'H~<lli1<l-lflU1-l 

iiil' mh A' iy L~ a L fiuu ilum 'Haan' 

2. ua 1um1E1ucf.Jt)ntfveN cysLTs ~v111 '11 

Liili1 LTD4 -induced bronchoconstriction 

'il1flfll'l0fl'tn1um.1'1J11 '11Uli1~bm ~" 
" " 

10-12 ' 1 "'d LLfl:: lLil~ffW 'WU11 montelukast 'W'Ju'l'I 
u 

. ~ ~ 

fl'l~iijlltlill'J LTD,, ascaris '11'JCl ovalbumin 

l!il ttoi1:J il w <l oi a n1., a fl fl'i:: !ilu T1i1 l'J 
" ' 

arachidonic acid, histamine, serotonin '11~Cl 

acetylcholine t:-Jilfll':i'IJ Ull'J'11<l fllil illJ'IJ iM 

- ,£ d montelukast W"'ll-Jt)'l'lol'Jl'lll'Jll'J'H<lfllil<llJClU '1 

t-d'W 13- agonist 

f11'li-lfl1flLLUU randomised, double­

blind, placebo controlled, crossover 
. 13 1 ."., 'l ~ d ~ ' studies 'W~ultlt"'lAMlil'l'llJAl FEV1 (mean 

forced expiratory volume 1u 1 iu1fi) 

82.3% 'lleNAl predicted (FEV1-PP = 

82.3%) wui1 montelukast 1u'll'Wlli1 5, 20, 

100 Lb<!:: 250 l-Jfl. <lllJ1'itl<llilfl1'i'l11illii'1'1lfl~ 
d -

'11<1Cllil<ll-J"1'1Lflli1'il1flfl1'i~lilli1lJ LTD, 'll'Wllil~~ 

d6lwv .J~ 
~lil ('ll'Wlli1'1JCl-l LTD, 'l'IL'l11i111'Jfl1'i~lillillJ'l'llJ 

t:-J<lillil specific airway conductance llii'mfl 

fli1'l1~mvi1i\'1J 50%) 1ui.l'u1u mu'l1a-l 1!il 
" 
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~;- d d ~ t d 
:'lum 4 'IJ1L!N UJVL'Vll'J'UO'U!JlVl<IBO \lll'J'l'J 

montelukast '1J'W1\ll 200 :im. "11J1"Hl<l\lltn'i 

Vl\llvl1'1JB'lVl<IB\ll<llJ~Lfim'il10fl1'lLli LTD, 

tJu1ma'lam.n1uV1a'l 1!ii'fuu1 l!ii'u1u1i<J 20 
u • 

~1 ll.J'l 

e..tan1'li'mfl'l11'11'1iiiln 

fl1'lA01fl L tl~l'J'U L li 1J'UU'ldl'l'JB.fl1W 

'1JB'l!Jl'l'W'IJ'W1ll1~h'l ( oT'JLL~ 10-200 lJO.~B 
l'W W'Ul1'1J'W1lll~1<f\ll'!J1Ml'J1m'll't1")~a'11B.fl1W • 
<f'l<flll L 'Wfl1'iU'U&'ltn':iVl\llvl1'1J B'JVl<I B\ll<llJA fl 
u • 

• ..,. 14-15 
10 I.JO. \llfl1'W 

Primary chronic asthma 

tn'lAnlfl randomised, double­

blind, placebo-controlled, parallel-group 

stud/
6

-
17 

'l u~tl1u hAi1m'llilmL{Bf'1Li'lm1a1 

12 atlmTll' wui1 montelukast L'W'IJ'W1\ll 10 

!JO. ~Bl'W inlJ1'lfJ<lmtl\ll'l101'iLfl\llfl101'i 

m1ui1ma~1!ii' 37%, amm">L'li' 13-agonist <1'1 

hi' 22%, ua~aml'l11lJ'ii1Li'l'WL'Wm"l'l'li' 

corticosteroid 'l 'Wm"lU"l"lL '111B1f11'rn'l 1!ii' 
ddw ';°d 

39% LlJBL'l'll'J'UO'U!JlVl<lflO LlllfllJ~Ja\ll<lfl\ll 

12 atlm1M'IJfl·m1"l 1!ii'fum LLCl::'il1001'iAfflfl 

L~lJL~lJ (extended study) 'lummail'm 

mim~l.J mu~A~tl.,:::a'Vlfimw11til!ii'u1u1i'l 1 
• u 

tJ n1"lVll'J\l1£11Lrl11 'l'll'mmu 12 atlm1V1'1iJri11 • 

Concomitant use with inhaled cortico-

steroids 

01'iAn'lfl L tl~l'JU L liuu f..I <l'IJ 11'1 

montelukast 10 I.JO. ~fll'W OU inhaled 

beclomethasone 400 11JLmnf1J~fll'W 15 ' 1 ' 
.i 'l • ' .J • 'l i1 • l' 'II~ 'II spacer '111ULW11'111 VI \l1 comp 1ance 

Laddawal Phivthong-ngam 

mnni1 90 % 1mEJAmfl'il1nfi1 FEV,, 
d 

B\ll'i1tn'lL'li' 13-agonist ua::m-;amfl1f11"l'l1 

Lfimtu 1mh'lnm'11'W (daytime symptom 
' •.•1 d1 •w score) W'U11 80% '1Jfl'll(lu11'J'l1 \ll"l1J 

montelukast lllfl1J<l'Wfl'l~flm"lfm,n1 liurn vh 
ilur.i'tl1u~l!ii'fu beclomethasone Tmu'llium 

u 

mlJ m"llllfl1J<l'Wfl'llil~mh11!ii'e..tm Vli'.iflunu 1u 

'YI n'li1'1 fl1 u u 11 n'il1 nil U'l w ui1 n1 'l'l 'lf • • 
montelukast ~1lJO'U beclomethasone ii 
tl1~il'YIB.fl1W~n11m'l 'l'lf beclomethasone 

L Vl u'l '11-W''l L ~ fl'l'il1nq'YIB1mEJ11 lJ'IJ fl~ 
1 . w ;/) • 

corticosteroid lJ<f1lJ1'lfJU'UU'lnl"l<f'l1'1 LTs 
9 J..,. ~ 'ii 

1m"l (corticosteroid flflO(]'YlilU1JU'lfl1"l<f°l1'1 

• 1 .J 
LTs Tmuuuu'l phospholipase A, 'W'IJOJ::'YJ 

• 
"' 'ii !II "i'" ""' flflO(]'Yliln"ll:\il'Wfl1"l<l"l1'1 LTs t\llULWlJm"l 

'ri1'11'W'1Jfl~ 5-LOX)
20 

Steroid tapering 

d 1 • bl.J fl VI montelukast 10 !JO. ~fll'W 

1'WNU1EJ stable asthma ~lii'fl'll'l11Jl'llJB1fl1"l 
u • 

!ii'1rJ corticosteroid
21

-
22 

Tmum-;ummlJ wui1 
~ Q J..,. . 

montelukast lJN<IL<f"llJ(]'YliJ01Jl'J1 cort1co-

1• 1 •dJ steroid '111 Vll'l11Jl'll.Jfl1f11"l \ll\ll'IJ'W LL<!:: • 
"1lJ1"lO<l\ll'IJ'W1\ll'IJfl'lU1at&iu"lEJUlii'a~ 1!ii' 4 7% 

'Wfl0'il1nil 40% 'IJEl'l~U1U~1!ii':'lu 
montelukast U~<l1lJ1"lOVl!jlll01"l1'lf 

1 •• corticosteroid mmu 

Aspirin-induced asthma 

1 u Nu1u l "ll'l i1m~1fim'il1 nn1-;u vl' 
u 

..! ""'..... !II 1 • aspirin '1f'lUO\lllJO'il:::~lJfl1f11"l\l11Eln1"l 'II 

corticosteroid u~1foul'lf'ln1iJa1m-;oA1u 
l'llJ 1!ii' m"l 1'lf montelukast 10 lJO.~ill'W • 
m l.J1"lo am Blil"l1f11"lLfim mtn">VI vu 1!ii' 11a::: 



ThaiJ Pharmacol; Vol 21: No/, Jan-Apr 1999 

<w1tl~lJltuf1l">l'll' J3-agonist l'WLLW'1~1mM11ii' 

mh-:iiiil'mhA'ty t\ilm M'tJw<ieT{ILLW1'WLL '>f1'lleM 

m'l1'1i'm" 

Exercise-induced asthma 
.~!'In d!'I 

f1l'>BBf1f11'1{1f1l!JLu'tJf1'ilf1'>'>lJ'l1Lu'tJ 

\111m~lli''tJ mh"m~'il~Vh l '!.\'Ln\ilfll'J&iU'lJB-:lnl{I • 
L~mnuh" t\ilmuvn~ l'tJ~rn~iifl11lJ bwa 

.J,,,__, _.~d·1· 
fll 'J\il BU f.'l'tJ B{l\j{I '1f{j L u'tJ '11'\J '1lfl ty'l'lm 'l'I 

8 0% 'lJ a" wtl1u hl'lil\il hiailJ11tJfl1ufllJ 
u • 

mm"> 1\il 'il1nm.,~m11l\il!lfll'>1-Hm l'tJwu1u 
u 

;:; 1 :: 15 25 ' 
'11-:1 'tJ'l~!J~f.'l'tJ ' (montelukast 100 lJf1.\ilB 

1'tJLi'J'tJL1'11 2 11..1) LL!l~'l~!J~!Jl1 26 

(montelukast 1 O lJn.wa1u Li'J'tJnm 12 

atl\il1'11) wui1 montelukast <lllJl'Hni'uC" 
;:; 

fll'JB\ilf11..l'lJB{l'l'l'1B\il'1lJ '1\ill'l1llJ'JULL "i{ILL'1~ • • 
~ d n 

'l~!J~ L 1 '1l'lJ B-:lf11 'l'l'I \il\il1'lJ B{l'l'I '1 il\il '1 lJ'l'l Lf1 \il 

'illf1fll'lilBf1fil'1{1fll!J 1\il 4 7% WU1!Jf1'1ua 
u u 

• , • d 
'1'1'1Bf1 'ill1..111..l'lJB'lfll'> b°lJ!Jl'lJ!Jl!J'l1'1il\il!llJL 'WB 

U'l'J L '111 Bl f1l'l L U'lJ W~'l'l~iltll!J '11 <1'-:! fll'JB B f1 

n1a"mu01\iltl'Bu01-:i fi1 FEv, tu.,~'1111-:iLLoi~ 

'11 a" f)l 'l il ti f1 fi1 a-:1 f11 !J 'lJ B" HU1!J rillii'-rrnn 
u 

montelukast !l\il '1{1U B !Jf1'hmilJ~1\il~rn.n • 

Paediatric asthma 

f1l'l 1tim montelukast 1\ilwa~Liu 
"' ~ 1 '-'1 "' d !'I 'I 4 ~ ,J( ~ L\ilU1f11..I UIO!u1!JL\ilf1'HL uU L'll'l'l1\il'lJU\ilL1B'l{I 

u d.,,,.,. ',.J "' '1f{l'illLuU\ilB{I L'lJ!JlBl'Jl{l\ilflLUB{!Lu'WL1'111..111..I 

~{IL~!J-:IW Bf1l'Hn\ilBlfll'> 1i.i'Vl-:1tl"i~f.'l-:11°i' L Ufll'l 

~ffl:fl double blind, placebo-controlled 

27 , •.•1 " ' "'' d study L1..l~u1t!L\ilf1Blq'>~'l'l11{1 6-14 u'l'l 

Li'lut'll'lil\il'lJU\ilL{a.r" wui1n1'l1'11 
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montelukast 5 lJf1.wB1u ti'lunm 2 L~BU 
.J n 

<11 lJl '> t1'1 \il ffll lJ tl'!J 1Nf11 'l Lf1 \il Bl f11 'l'l'I <JU<N 

LL'1~ll\ilfll"i 1'11' J3-agonist !l{I 1\il 11. 7% 1u 

d ' d1 'V<V 91 ..::! tin 
'lJW~'l'lf1!llJ'l1 \il'lU!Jl'l'1!lBf1\ilB-:IL'WlJ 'llJlW • 
m11'1l'iln 8.2% tfla~ua\ilm'>~mfl fi1 • 

~.J'-"'11 191 ""''""' FEV1 L'WlJ'lJUIH 8.23% !Jl 'l'llOl!l\ilL'lJ'WL\il!J1 

nuilu exercise-induced asthma 1uwtl1u 
u 

<!d!'1t ~16d ~i: 
L\ilf1'11Lu1..I '>1'1'11\il '1f-:IU1"1lJl'ltl!JUl'Nfll'l'1'1\il 

\111'!JB{l'l1'1B~)<JlJ <l\ilfl1llJ'l'WLL 'l-:1 LL'1~'>~Cl~ • 
.J "" .. "" 

L 1 m'll a" m 111'>'1'1 au'l'l Lfl \il'ill n f11'> a a fl moi-:1 

fllCJ 1\il 59% LL<l~Al FEV1 tll!J'l'la{lf11W<lf1 

fi1a-:1mCJ!l\il!l-:IU<IUfli1Lflt11\il-rum'l1'1Bf1 N'1 

d &::$«II ""'"" "" '11\il1lJlJlflA1l ~ ll.!tll 'W'!J <l-:l'lJ11'1 LL!l~f1l'l L'il'HlJ 

_., "~.r' .J." 
L\ilU b\il'!J1ML\ilf1\il'lJ'W<lU1~lJ1f1 llJ<l'l11f11'l~lf1'1fl 

wal\iluLu~uut~uut1 .. ~an~ll1w~a~ 

montelukast 5 l.Jf). WB1u nu corticosteroid 

252 1l.JtmnflJwa1u1ur.JtJ1m~n wui11'11 -

IJ'l'l tl:iiw~tl.,::a~ !'i'ti B~ m •. 11 ,1•,2•,27 

"' .i~ Montelukast LuUU1'11lJ'lJ<l1JL'!J\ilfl1llJ 

tl<1a\ililuni1~ ~tl1u'11uwam 1~~ mm-;'11'1~ 
.... .J.,,.J'1' v .::ii .J 

LAU~'l1Lf1\il'lJU lJ1'WbL'l~ <llfll'J'!Jl~LflU-:l'l'l'WU 

1\iltui tl1\il0.,,,.~ 1a ii1'1i' tl1\ilvla-:1 vla-:1tau 

~" 5 \il "ll m"l Li'i \il 1i.i LL\il n m1~'il1 n milJ~11ii'fum • 
dn.f1,.f~ 

'1'1'1Bf1 fllf1l'l'l1Lf1\il'lJU lJ'!J'Uf)U'!JUl\il'!J<l~!Jl 

1 .. "'. ~1'"' d ' LL!l~ lJ'illLuU\iliN'l'1q\ilm Cl~ lJLuU'l'ln'llULLU 

'11Y1i1'lJ1..11 YI L vh h~-n1 t -Htn\ilw,,. LLw'il1nm-; 

~f11'11L\ilEIL'l1 montelukast '!J'tJlYI 200 l.Jf1.W<l 

1u ti'JUL'J<ll 22 atl\il1'11 LL<J:: 900 lJf1.W<l1U 

"' ~t1'1' ·~d LuUL1'11 1 a \ill'l'I lJ'WUBlf11'j'!Jl~Ll'l!J"n 

a1A'tym~fli.iiln 

w 01'111-:1 t?i a~ria1A'tyttwwu1\iltl' mm1n 

(3 11..1 350,000) ?ia Churg-Strauss-like 
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syndrome (allergic angutrn and grarmlo­

matosis) 101uil·:ntM1irhLn!il·'il1nm1 l'll'm 
2sd::1 <lf • ,>j""" 

zafirlukast 'i:l~Lu'U!Jl L'Ufl<jl..IL!ilmfl1J mont-

elukast nilu (20 "ll!J'i!Ui:i'liJ'i!'i!UU) 'Hcl'l'illfl , 
:::«$~ ,Jc., ~l' 29 

'IJ'IJ'il'1lJ'lll'Ml'llfllfltil'il1flfll'l '11 montelukast 

( 3 '>1!l'i!Ui:i'1il'il~U'U) mm'liil~n<i11~1J 1 urJ 

.'I d1 •~ 1 ' u1!Jfl til'l'U!Jl 'Ufi<jlJ LT receptor antagonist 
' ~ . 

'l1lJfi'U systemic corticosteroids LL<l1'H~!i1 

m11'll' corticosteroids luill.rn ;;a'lfHLAtJ~iii'~ 

n<i11u'1~i1m 1un~lJ LT receptor antagonist 

hilil1'>il1m1'1l''Yl!i1 LL num1"lm11wu1u1.,Allvi 
" 

~WiJ-< L'll' systemic corticosteroids !111Afllfl 
'Yll'l'l~Ul ti!'lnm L 'i'im11hJ'il~'!.hu 1 M''ll ei :m.i tu 

" 

tJijffit11'l~'lll11nU'!JiJUl1 

Montelukast hiil'u ~~ fll'lVJ1'1l'IJ'll il'l 

Lau hiJ~iii'u 11 ~'I hil'l1l!Jn'lmITTan1n~Mi1'l 
montelukast 1u'llU11il.:;'mflnummil1um'l 

.:;'n1'!1 hA'Yll~ L~'U'llllJ h 1ih rlmnu theo-· 

I
. 3 0 

phyl me , prednisone, prednisolone, 
J:; d ' 

terfenadine 'l1lJ'IN!J1fl'll '] L'i:l'U oral 

contraceptive, warfarin, digoxin LLITT'illflf11'.l 

flfl'Ml~Uil L~ a 1 M montelukast ~1lJfl'U 
dp, .J 21 0 

phenobarbital 'IH L u'U!'Jl'Ylfi'l~IJ!'Ufl1'.li'l1~1'U 

1 ,.i w ~ 

'llB~L<J'U 'll:icJfllilU'll'lllil cytochrome P450 

3A4 1~iilum11Jt'll'lJTIU\J'~~"1 (Cm,,) 1u 

' ' d J' dt w •• I • 
'VH.'11 <f!Jl ll<l~AWil <l!J'W'U 'YI lil fl'll n !'111 lJL 'lllJ 

'll'u-n<11 (AUC) 'llil~ montelukast <llil<l~ 
• I o ~ d 
u'l~mru 20 % LL<!~ 40 % 11nmnlilu 'lltu~'YI 

l'i1A~~?J'l\il<llil<l~'illfl 3.6 ~1 llNLU'U 2.8 ~1 

t '1 ·~ ' d ~ ""' IJ~ lllil :ICJ:ICJN'1\Jlill1<11'YllJ1M'l~lil'U\1''1<1'V1 
" ' 

(Tm,) aci1~ 11nlil1:1CJ~ui1 hlt MNmtlilflITTl~ 
m~A~Ufl16 

Laddawa/ Phivthong-ngam 

(chronic treatment) il1'1'1"lurJu1!J hAi1V1'11Ulil 

1~il.:r~~~'luwu1m~n (mammrh 5 ti) 
" ' 

LL<l~i;!1'11qj step 3 (moderate persistent) 

u<1~a·1'ilw'ill'ltl!lL'll11il1u step 2 (mild 

persistent) (lll!J GINA guideline
31 

J'i w """d .,,.J'Z 
2. u 1Nfl'll i'rllll'l'l'I flU'll~l'Yl'il~Lfl lil'lllJ'YI~ 

1 u'1l1~ n <rM1mm~n m~fiu 

3 . iJ fl~ {i"u fll'HO lil 'll '1 B V1 '1 :icJ 'll \ii iif1'il1 fl 

fl 'l':i a a fl ri1 il~ fl'l!J (ex ere i se - induced 

asthma) 
~ ".'I J ~ ~ ~ d 

4 . 'l fl 'l:fl i'-1 u'l!J 'Yl lJ Ell fll 'l'IJ fl~ b 'l A 'll lil'YI 
" 

'll'UllillL<l:C:':ilJ U'UU'!J iN!Jl 
v 

1uli;l111qjLl<l~l~flill~ 15 i'.l~ul'tl 
IV ., j Q ti 

'lUu'l~'YJl'll<.llLlJ\Jl 1 o l-Jfl. i'ua~A.:r~riau 

mm L~flm!J 6-14 'i'.J {uth~mumd'lvi 
' 

nilviL~m 5 lJfl. i'u<i~fl{~riauuau hhh 
Luu 111a~u.:ru'IJ'UllilI'll1 uwu1!Ja~ ma WU1U 

<u 'lJ qu 

flffN GlllJl'lfl 1'1ft ilti~ITT1t&J!J1'11"lilill'J1'1f~1:1CJ 

nU!Jl'IJl'Jll'J'll<lB\Jl<l!J5u1.J 

ilal'l111:::1~ 

hlA111ii montelukast 1um1{flm 

m&l1J1a l'llil'llulilavilill.J m11'i au 1tl{u<1lil'llmlil 
" 

mm&11l'>flt1lif <i'1 hilil11'llavi l~mml'l1aulif Yiu 
' 

if~ hlll11110n"M'1;.J<i'IJa~m 1um'iJ.:i~.:i 
ffj1il mll'l1MUlJ'Ulil1 1rn~t~flmt1~1fli1 6 

u ' ' 

u ~~1i.im1liimihur:Tu1urn<i1d 'll"lamfl 
" 
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Renin angiotensin aldosterone 

(RAA) system Lll'll1::uu~a1~qJL'llf11':i 
i'l1u~i.im1't'i 1~1'1l'2l •M ll1 'l '1 Lrn nrn a \il 

~ ~I .1'1 ~ 
bi!B\il ua::L u'llb u1'11l.JlU'2JB~f11WHllJ'lllfll 

~ll1m 1'211'llf11'l~fl1'!1t1AL~u1null1 h 

LLa::11aB\ilL~B\il angiotensin II ~~Lllmrn 
J::I Jo'lV 

'2JB~1::uu RAA 'llbu'll<fl':i'Yl'Yll 1111<lB\il 

"" ~ . . . 
\il'llb<lB\il ang10tensm convertmg enzyme 

) 
~I ' ,J ~ 

inhibitor (ACE! Lu'llfl<li.IEll'Ylflfl'l'HllJ'lll • • 
ll1m 1'211'llf11'l~fl1'!1t1A t\ilu m-w1::al'i1~ 

~~m1::A11i.i~'ll tail\lla~ LLa::'l11 h11u
1

-
2 

• 
ACE I 

angiotensin converting enzyme ~~ L\ilU 
.<>I 'II • • .J 

'Ylt]1'1~'1::a\ilf111i'f11~ ang10tensm II '21~ 

L tJ 'lli'fl'l~iil L iLO\ilf11111\il~1'2JM11<lB\il 
L~B\il Lvii.Jf11111\il~1'2JB~ll1L'1 i'fUUi'ftj'll 

f111LO\il ventricular hypertrophy 'llBfl 
.t "" ,£OJ :; 

'illfl'll'll ACE! U~BBflt]'Yl!iUUU~f111 

't'i1mu bradykinin ~~L~ai1Ltl'll<fl':i~ 
,Jv~ 1• 4 

bflU1'2JB~flUBlf111 BU'tl~ '] Lbil::f111Lfl\il 

• .Jf'I V.::t.J 
ang10edema '2J~L u'llBlf111'2l1~ Li'lU~'YJ'WU 

'1lflf111 'l'll' ACEI
3 

'l 'll 1:: u:: \ll
0

a"1~~1\il.iiA11" 
"" .d ,.(, 

-wm m l.J -w \ill 'Ill u1 'YI a a fl q'Yln\ll a1::uu 

.r, 1'.J 'II <V .J RAA 'll L\ilU mflU1'2JB~flU bradykinin '21~ 

~Ul'il:: L tJ 'll fll':itll~\il Bl m1'1l1~ b1'iU~'2J a~ 

m' t\ilu-wmmi.iwlillmu1~aaflqYJBtAu 

\ll':i~~ B angiotensin receptor ~~ L 'llU'il'!U'll 

LU 'll~'Yl':ilU i\'muhi1 receptor a111~U 
angiotensin II iimh~iiau 2 subtypes L~Ufl 

i1 ATI Lbil:: AT, N<lf111\llBUi'f'llB~~B 
, ,J ' 'i ~I 

angiotensm II 'YILi'lEJ'Yl11Ui.11flB'll L\ilEll.Jlflbu'll 

N<l'11flf111fl1::~'1l AT1 a111~u AT, lJfl'WUL'll 

m1:: ~fl \il tJ 1 fl~ LL a:: a a fl q '11 B \ll 'l~ i\' 'lli1" i\' u 

AT1 f11'lBBflt]'YIBl'h'll AT, if'llm'il~\ililLll'll 
, I .J 1 

protective mechanism BEJ1~'11'1l~'2JB~'ll~f11EJ 

L'lli'fm1::~ii angiotensin II \j'~Lii'll1tl 
"" J ,.( 'II 

fl 1 1 -w wi 'll 1 u 1 'YI a a fl q 'YI n \ill 'll 

,J ~ ~ ' • 1· ',J angiotensin II 'Yl'l::\ilU receptor 'il~l.j~L'll'll u'YI 

,J dv l ~ 
fll'YIBBflt]'Yl!i\lll'll AT1 receptor 'll'l::tJ::LL'lfli.J 

'l
• ,J ,£. 

f11'l'Yl\il<lB~ '2li'f11 peptide 'YJBBflt]'Yl!i'illb'Wl~ 

~a AT receptor u~1i.imm1flll1m'l'll'm~ 
441!"] ,J 1' i'l<l'llfl \il L'll'l::u::m1 L'llB~'illfl i.Ji'fll.Jl'lfl~\il 

:ili.i'11fl'Yl1~L~'llB1m'l1~ ~am Furakawa 

ua ::-w1fl1\il"w wi'll1a\ll1 IA.,~ a{1~ ua:: • 
a~Lm1::'1fm1~~LlJ'llB'llW'llii''2lB~ imidazole ~ • 
BBflq'YIBu\ilit'llq'YIB'2lB~ angiotensin II ~ill 
LiLa'llL~B\il'l1\il~11~ LL<i:: 1~lJf11'lWWJ'll1'1\ll'l • 
'I •• ,J 1· ,J~, 
Li'l"N<l'll~\llBl.JlL'lBU ']'il'll \il losartan '1Mbu'U 

'l 
I .J.::t .cfo I 

m 'llfl~i.J non-peptide 'Yli.it]'Yl!i'illL'Wl::\llB 

AT 1 LLa::iim1tl1m 'l'll'm~l'lllilfl' L 'llU'il'!U'll 

iim~1~~um1wwi'll1 Lbil~~\il al'i'l 'll mi i.id~ fl • • 
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,; ~ ' .J ' 1"' t} 'VI il LilW1~1i111J1' fl I'll~ 'VI LLlil fllill~ u'ill fl 

vl1~U / 111mi1J 
' 

candesartan cilexetil L UUl'Jl 1 U 

fl~ lJ non-peptide angiotensin II 

receptor antagonist rlh1u1tlilt11l1lfl 
u 

' q 'VI il l'l11Lrn~i'.ltl1~a'VI ilmw~ <1mm' LA ii 
u 

,J'~ 
'lli'l,l'JlUAi'l ( + )-1-(cyclo-hexyloxy-

' carbonyloxy) ethyl 2-ethoxy-1-[{2 -

( 1 H -tetrazol-5-yl)biphenyl-4-yl )­

methyl] - 1 H - benzimidazole- 7 -

carboxylate M1a candesartan cilexetil 

'1"' ..... l'Jli'l~ U~u prodrug LIJi'lL'll1~11~fl11'J'il~ 

tlflLU~l'JULLU<l~LUU active metabolite 
u 

.... d .,( ' <V .... 

Ai'l candesartan 'lf~i'li'lflt}'VlilUl'J''il1JflU 

angiotensin II receptor 1oi'Yi'uri Active 

b ' Q d"' meta ohte IJ~lil'lLAlJLuU 2-ethoxy-1-

( { 2
1 
-(lH-tetrazol-5-yl)biphenyl-4-

yl} -methyl]- lH-benzimidazole-7-

carboxylic acid 

. , 
!fl <f'lf'il <l'll 1'11 <f liJ'j 

11ilmt11tl candesartan cilexetil 

linear pharmacokinetics 

LL<l~ 1utJ'<f~i'lll'J 
uu ' 

4 

flTifjlil'lflJ 

d 

16 mg 'il~lJ 

~~1UAUU'lfl&1 

I'll rl'Lrl 1l L '1110H1~ fl1tJ11il tJ m1fu 
u 

tl1~mu 'il~tlm tl~uuu uiN 11iiu'llu1um1 
u 

hydrolysis rl<l11ifL~mw~rl.ru 11iluml'lu 

Li'l U 1 'lfti' carboxy lesterase loi'd'J U 

candesartan ~~LUU active metabolite 

Oranee Tangphao 

I 'VI .J'.:o11 

fli'lUL'lll<I systemic circulation l'J1UlJA1 oral 
u 

bioavailability U'l~lJltl.I 15-30% 1mi'lili' 

'Vllil<li'l~ <\1wfo1uAU bioavailability i'.l~h 

U'j~lJltl.I 42% U<l~fll'jliJliJ;glJ 1i.ltlfl';Ufl1U 
u u 

QJ ..:'1 'V I I 

M<l,'illfll(Jlil'lflJL'll1~11~fl1tJ peak 

I . ~ ,J' .J .I 
p asma concentrat10n 'il~Lfllil'llULlJ1lu'l~lJ1tl.I 

3 11~ 5 -E'11mi.nl'~futl1~mu m1m'11:1J'llu 

'II i'l~l'Jl 1 ma i'llil LL U'lW1111iltJlil1~flU'llU11il'll1l~l'J1 
.. 1 'VUJ' QJ 'V • .... 

'VI lil1U M<l~'il1flL'll1'1fl1~LL<fL<l1llil l'Jlfl';~'illtJ 
u 

v1'11oi'~ WUA11:1JL'll :1J'l!U'IJ 1l~tJ1'1~ 1 ua11a 
u 

Llii'llil m~Lw1~1J1m1 .Ju 11i1 Ui'llil LL<l~Wi'llJ 

1oi' <flJ i'l' u~nrurlwum1m'11:1J'llu~1~1l'1:1J1l~ 
Volume of distribution (Vd) '111l~l'J1Ufl1 

U"i~lJltl.I 0.13 L/kg l'J1'1llJ11tl'5'ufiu 1u"iWU 

1oi'a~ (mnni1 99 % )Lim~mfiumv1'1~u 'l 
u 

1 umilJrl' i'.lmtl~mrutl' 1ltJmflrlL'll11 tl1 m~lil 
' 

fl Ti! utf mm UiN"lliNE111ui1~nw 
1iJwum 1 u~tl candesartan cilexetil 

lw i1 <1m1~M1ml'1 ~ iJ mtl~m rutl' i'lurlhi mi 
u 

tlflVUilflfl'il1fl~1~fl1tJ candesartan cilexetil 
u 

'il~tlm tl~uuu tl<i~ 11ilu'IJU111fl11 hydrolysis 
u 

L umhu 1 miJ1oi'm1rlL U11 active metabolite 
~ .J ' ~ 1 
Ai'! candesartan 'lf~<f1\JlJ1fl'il~tlfl'llU1li'lfl \J 

u 

1tl L&llJ i'.lmtl~lJltl.I himnrltln metabolized 
u u 

11iltJ~111L1l\J hiJ cytochrome P450 (CYP 
... 1·· 2C9) 'VllilUU<l~ glucuronidation lilLU\J 

!ii .di <V 1 

inactive metabolite LL<l1'il~ tl fl'llU i'l i'l fl'i11 fl'll~ 
u 
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fll!J flSl~ hn&i candesartan hirTuB1m'J 

. 1 ' 5 '1111l'W'llfl~Lfl'W 'll!J cytochrome P450 

nnilw:iw 

ill a1u 1 'Maj~ n'llu fl fl fl'ill n111 

fllil1t1'Jtl candesartan Ul~<i1'W'il~()fl 
u u 

metabolized l\iliJ glucuronidation u<i'1 
• "" Q .,,. • ~ 

VU fl flfl'Yll~ 'Wl \il LL'1~Ul~'11'W ()fl \il \il'll:W 
u u 

fl il' U 1\iliJVU1 'W fll 'J enterohepatic 

recirculation 'ill fl fll'jff fl't;l 1 mr th mn1 :w 
u 

iilm~fl\il<Wil1u1u 185 A'W wui1trifl1"1 
u 

1u candesartan cilexetil 1'WV'Wl\il 2 ~~ 

16 mg eifli'mliunm 28 i'u iJ1ll'i!~iJ 
Al clearance U'J~!Jlru 14.07 L/hr l\iliJ 

ii terminal elimination half life (T112) 

tl-,~mru 9-13 i'u i1il'~unuvm\ilvfl1 
m~1"11u 'l'lil1'illf11"11um 33% Vfl~m 
'i!~()n'lluflflfl1utlam1~ 68% ()fl'lluflflfl 

u u 

'V111 fl'il'ill 'J~ 1 u 'JU candesartan 'l'l"l fl 
• u 

,J ?1 
glucuronide 'IH L utl inactive metabolite 

mflfli1 90 % Vfl1m~1"11um1fi1<ij'\il 
u 

flflfl'illfl111fllilmil1'W 72 ~11:w1'Mil11u 
t1-,~'V11u 

trifl 1?l'mflEi11eimdfl~ hiwui1iJ 

fll'J<l~ a:wv fl1ill LL'1~ hi V!Ufll'J L ti ~iltl 
LL tl<i1v fl1 A1ei111'V111 tmh'il<it11'11a\il{ 

flS11 hn&i wui11'i1 Cm,,, AUC LL'1~ 

1 
._., ,J d • 

terminal T, 12 'Wl(ju1il'Vl:Wfll'J'Vll~l'W'llfl~ 

· 1\ilUflV11fl~'ilnvl:W~'W:wlflflil 40 % LLlil 

1aJwui11'i1iil~na11iifll'JL tl~il'WLL tl<i~ 1 u~ 
l11£JhA\ll'u iJ1,,,1u1mfo~mil wui11mr 

<lJ 'U q <lJ 

~iifl1qmflni1 60 tl~u 1ti 'i!~iJl'i1 cm,, 
,,!J...JQ <>.' 'IJ I 

LV!!J'IJ'WL!JflL 'VliJUflUA'Wfll!J'WfliJflll 40 • 
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~ , 
U1'1'liV!'11'11'1\il':i 

'Mil'~'illfl candesartan cilexetil ()fl 
u 

tl ,J ti ?1 ' ,J L '1!.J'WLL '1~Lutl candesartan 'J~'M1l~'Vltlfl\il\il 
u u 

~m-51a11~fllil candesartan mm'JtlrJuB~ 
u 

(]'Vlll'llfl~ angiotensin II eim<lm~fl\il 1.1 l\ilil 
,, . ' 

flflfl(]'Vli'i'illLV!l~\ilfl receptor subtype 1 

(AT1 ) LL'1~LLiJf1\ll'1flflfl'illfl receptor Afl'WTil~ 
'II ..J "" "" ..J 

'lllL:WflL'VliJUflU losartan LL'1~ irbesartan LIJfl 

candesartan <ij'ur\'u receptor llu<i'1'ildaJiJ 

' " intrinsic activity 'ii~flflflt]'VlllLU'W receptor 

antagonist candesartan <ijufiu receptor 'llfl~ 

AT 1 1.lu ilufli1m\ll'15u 1un~m&i£J1nui~ 1u 

in vitro LL'1~ in vivo 
"" <V ..J 

fll'J'i!UflU binding site 'V1 transmembrane 

segment V candesartan 1aJiiw<inu AT 2 L<iil 
,J ~ ' ~I w ..,. v v 
'li~fl'Wl'iln u'W'llfl\il L V!'Jl~fll'Jfl'J~\i,Jtl AT 2 IJfl 

1• d?ltJ 'l ,, ' .. 
'MN'1'V1Lu'W 'J~biJ'li'W\ilfl'll~fll!J LLIJ11 AT2 

"' LL\il fl 

"' . . ..J ..,. ' 
(]'Vli'i'llfl~ ang10tensm 'VllJ\ilfl AT1 'illflfll'J 

Afl1'tl1'W in vitro 1'W'M'1l!J models wui1mll 

iil'i1 IC,0 tl1~mru 10-
10 

M LL<i~Ufll'JrJUB1 
?1 ,J, ,Jl 

Lu'WLLUU noncompetitive 'lf~\ill~'illflillfl'W 'W 

' . . 5 
fl'11J ang10tensin II receptor antagomst • 
f11l!JLL\ilf1eJl~ 1u.11ufl<i1nfll'lfl fl nq'VlllrJ'uB~ 
llvh1M' candesartan LL\ilflell~1tl'illfliJ1\ll'1 

5u 1 ~~A111.11uA111J'1'W h&l\il\illlJN'1fll'J 

ff fllfl'Yll~ AiJUflel fl 1 tJ N'1fll'Jff f11'tl(]'Vlll'llfl~ 
<V I ,x1 '1 'VQ _,£ .d ..J 

candesartan iJ~'VlU1lilltl IJ \illJ(]'V11i'V1LfliJ1 

Vfl1flU bradykinin 
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fll':iAfl'lflL'U in vivo wui1trlB 

hf candesartan L'U'1J'U111llJ1flfli1 0.001 

..... ::: "' mg/kg !'11'11lJ1':itltJUl'l-H]'111l'1Jfl'I 

angiotensin II ~v111'11'll<lfl111L~fli11'1111liil1 
1.-i' T111u 1:iJ:ilm-:;t tl~umt tl<i'1'1Jfl'll'!11lJiilu 

t~ei1111u'11utlfl&l (011,,,1u'1Ju1111hhnu 1 
• 

mg/kg) candesartan iim1mt':i'llJ1fl 

flil metabolite 'IJB'I losartan O'I 13 L'l'h 

u<1~iiq'l1lfoulvi'mumnu~1 Tm li''lii'?i'u 
• 

tlU'1J'U1111~1vi'fu 'IJW~~ candesartan 

cilexetil L<J'liiA11lJLLTW1flfli1 losartan 
d • 5 
tM 50 L'l11 

il1llfu 1 ullu~iiA111Jiiim~a111<1'1 • • 
(spontaneous hypertensive rat) 

candesartan L 'U'1J'U1111~L i1''YJ1'1ll<li'1111 L~i'l111 
1i11i#'luvi 0.001 mg/kg ?fu 1tl mm-:;a 

<1111m11Jiilm~a111 lvi'mufli1 s ~1 llJ'I 

T111u l1J
0 

ii fJ <i\ii a a GJ ':il fll':i ti 'U'IJ i'J'I '111 lii 
d ' 

LL<!~ candesartan IJA11lJLL':i'llJ1flfl11 
d ' 

metabolite '1Ji'l'I losartan <M 10 L'l11 'Ui'lfl 

'Jl fl ii' a 11 if u ti.,~ '111 'U U1 &1111 \ii an 'Ul'J'I 

<fllJl':if1<1111 A111Jiilm~a1111vi' au1'1~m ~a'! 
'l 1 •d ~ .r d ., 
t111l'I IJIJ rebound tfl111'1J'UL!Ji'lllfl111!'11 t]'l'lll 

"" .:!ii .:..... <LI o'<V ,JOJ ::: 
<1111A111J111 urn a GJ u <11J wu ll flu q '11 lll'IU l'l'I 

~ d 

fl1':ill11111l1'1J i'J'l ll GI a 111rna111'il1 fl angio-

tensin II au1'lii'l1IL'il'U 

fll':iA fl1'11'111'1 LiHl'IJl'l'l l'll T 111 u..i'1 

1tl hiwui1 candesartan :ilfJa~a-:;~uu 

ti ':i ~ '11 '11 ll~ i'J ':i ~ U U '111'1 L&J 'U f!l '111 ':i 

'11llfu-:;~uu RAA system LL<i'1-wui1 

candesartan v111 ;1'-:;~vl'u renin LL<!~ 

J' 1 • angiotensin II \j'l'IJ'U 111 
. . ""' ,.( 

'Ui'Jfl'illfl ang10tensm II 'il~!Jt]'l'lli 

d'.Ju vasoconstrictor LL<i'1 ifot1'1uiii1 

Oranee Tangphao 

fl':i::~u~'11~cy~n11 '11'tn111 hypertrophy ll~a 
hyperplasia 'IJi'l'I vascular smooth muscle ~'I 
.J v ..... ~ 

Lfl l'l1'1J fl'I flU'1JU1'U fll':ifll'Hfli11 atherosclerosis 
..... ::: "" ::: d .ct 

111'1'U'Ufll':il'IU!'l'lt]'l11l'1Jfl'I angiotensin II 'il'I 

i'll'iliiU'l1U1'11L'Ufll':i'IJ~<lflfll':iL0111 

1 •• 
atherosclerosis 1111111!'1 metabolite '1Jfl'I . ' 
candesartan <fllJl':iflSUS'lfll':iL WIJ'IJ i'l'l':i~vlU 

LLA GIL ~l'llJ 1 m 'IJil <( mh IJ L ii' a L~l'IU'IJ i'J'1'11ila111 

L~i'111l~L0111'11<l''lflflfl':i~vl'U l111!'1 angiotensin II 
• • 

LL<l~<l111fll':iL0111 vascular smooth muscle 

hypertrophy L'Ull'l.J~jjm11Jvl'UL~i'll1l\j'I 'Ui'lfl 

'illfl'ITUm':i1i1' oral candesartan ii'l"li1l'l<l111 

m1~ proteinuria LLil~'IJ~<li'lfll':iL~i'Jtl'IJi'l'l 111l 
"I ,J,,,. ..... .:!il .J ..... 1 
L 'Ull'U'l1lJA11lJl1l'Util i'J 111'1'1 LL<l~ll'U'l'lfl fll1l 111 l1l 

u u u u 

w1"1"11u1 

L'Ull'Uttil~<IU'IJ wui1m candesartan • • 
cilexetil iim11Jtl<1a111i'll'l\j'I iil'i1 median 

lethal single oral dose \j'lflll 2,000 mg/kg 

fflllfu candesartan ta'lniiA111Jtl<1a111ilu\j'I 

T11111iil'i1 lethal single intravenous dose 
d ~I 

tl-:;~mru 1,120-1,550 mg/kg 'lf'1Lu'U'1J'U111l 

~1Nmfltrlatnuunu'1Jm111m~h"lum.,ffl"'11 • 
1mm fla 8 mg via1u 

N<lfll':iAfl1'11'111'1A~Ufl 

fll':iAfl1'!11u phase 1 li''l~1i1'LLUU 
single dose LLil~ repeated dose 1uenm<IJJA':i 

L'Wl'l'IJ1l'l'ii1u1u 36 Au~iim11Jiilm~a1111u 
Lflru'fi'tlfl&l wui1iitl~mru candesartan 1u 

L~a111tl-:;~mru 10% 'IJ<J'ltl~mru candesartan 

li''lll1J111~1vi'frni11 ti Ltil~'il~flflil'uaaflm'I • 
U<l<l11~1u 24 ~1l!J'ILL':ifl l'ilvll'I '] '111'1 
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'll i'l~ renin, angiontensin I LL<!~ 

angiotensin II 1m~i'l01tt<l'~hl'mttiTtVlrM 

AfH~a1 1un11flw1o11q'VlB'llB~ 
candesartan cilexetil 'J~!'J~LU!'JUW<l'U~i'l 

111'> 1ttm'it1UL~i'l01rr~1 u systemic LL<!~ 
'lli'l~101 wu11V1'1~1if candesartan 

cilexetil 'lllJ101 16 mg 1u~u1t1~iim1:w 
11i'WL~i'l01'1~ 'il~Yi11'11'1n1:w111'ut~i'l01<101<1~ • . 
~ - ~ 

LU i'l~'illf1fl1'J'll!'Jl!'Jlll1'lli'l~M<li'l01L<li'l01 U<I~ 

Yi 11it~i'l011 VI <I t'it1u hi L~!'J~ hH vi :1J?f u 

L ti i'l~'illf)U 'J~ ~llJ'VlllJ 1 lJVl<li'l01 L~i'l01~1 tJ 

L~<M 101<101<1~ 
1 U f11'Jl~!'J L vJ i'll'll'lllJl 01 ill~ 

L Vlm~am vl milm 1'1i'm~A~iln wui1 

11111'11' candesartan cilexetil 1u'lllJ101 8 

5~ 32 mg ~Bi'u 101t11MLW!'Hi'U<l~Af~ 
L~!'J1 '1llJ1'J!l01<101A11:1Jl1i'WL~i'l011~~1uw • 
thmi1u 1 V1aj~iiA11:1J11i'UL~i'l01\J~ hJmn 

vu5~a~tl1tmm~ 101t11:ih~t11'1i'B~ilumt1 
• • 

'il~'I ,.J' ..., .J1 •- 7 
'lli'l~Wu1!'J LLlil'lllJf1U'lllJ101'lli'l~!'Jl'Vl 01'JU 

" J "" ... .J' 
(]'V11i<101 A11:1J01lJL<I i'l01'lli'l~!'JllJ 

tl - ,J1 ·~ LL 'JWlJlill:IJ'lllJ101'lli'l~!'Jl'Vl 01'JU (dose 

dependent) l01!'J 5m1m'JL~lJ'lli'l~'l111v 

hhtl~t1mttl<1~8 
1Ami'11tl candesartan 

cilexetil 1u'llm01futl1~mu 8 mg ~i'l 

1u 1~w<11um1<101m1:1J11i'UL~B01trhi\'u 

m11'1i' enalapril 10 mg, losartan 

potassium 5 0 mg, hydrochlorothiazide 

25 mg LL<!~ amlodipine 5 mg W<lfll'J 

1~t1 L tl~t1rn Y1t1u 1A1~mT11rl~atTuauui1 • 
m11'll' candesartan cilexetil 1u'lllJ101 16 

mg ~B1u 1tiw<11um1<101m1:1J11i'UL~B01 
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~ni111111'll' losartan 1u'lJU101 50 mg ~B1u 

Ui'lf1'illf1ifum'J 1'll' candesartan cilexetil ~1:1J 
i\'u hydrochlorothiazide Vl~i'l arnlodipine if~ 

1tiw<1ta~:IJtlU1um'J<I01A1l:IJl1i'UL~i'l01~1!'J 

v1nn11i'lrnflwu11 n111ifu 

tl'J~'VlllJ candesmtan 1u'lJU101 1-8 mg t'Vlt1~ 

Af~L~!'J1 '1llJl'J!lYJ11M renin activity U<I~ 
1~111'u angiotensin II 1uwmamtvi:IJ?fu1~rr~ 
1uB1a1aiJA'JLL<I~1 lJWU1!'J~iiA11:1Jl11'm~i'l01 

" 
a~ m11timrr~LLUU~1MAf~L~!'J1U<I~ 1M~i'l • 
L tiB~ii W<l<I01A11:1Jl11'm~i'l01 l01!'JallJl'J!lUU&~ 

.f . . 1'tl ,J ,J 
(j'Vlll'lli'l~ ang10tensm II 01 'J~lJl!llA'J~Vl'lN 

Vi<l'~'illf1~1Mt111U'lllJ101 8 mg 1tJtJ-,~mru 
24 .t1fo~ 1um10nm~1'll'm1um.i101 8 5~ 
16 mg ~B1u wui1 trough-to-peak ratio 

'llB~m1<101A11:1J11i'UL~B011mhi'it1~nu 1 ~~ 
L i'I ui B ~'ll B~ I'll L w11~ u a 01~i1 m m1 !l mu A :1J • 
A11:1J11i'UL~B011~aJ1ta:1JB m1flm:nw<1'llB~ 
t11V1'1~11111'll'm1~t1~V1rl~ 1 uV1mt111t1~1u wu 

i1 candesartan '1llJ1'J!l<I01A11:1Jl1i''WL~i'l011~~ 
·1·~ ·~1 tl" ".f U:IJ'il~ 01'JU!'Jli'l~LulJ 'J~'ill fl1'J~1f11'1l(]'Vlll 

'll B~ m 1 u1~ t1~mTd'ii1111 fl m:n ~1'll'mu1u 5~ 
~ . 

12 L01i'l'WA1!'J 

1un11flnBll01!'Jf11'JYJl meta-
' 

analysis 'll i'l~W<lfl1'Jl~t1'llillilniimfomUA:IJ • • 
'ii1u1u 6 11tM1u iiwu1t1rr~li'u 1,482 Au 

" 

' 
16 mg ~B1u) f)~:ttY1~01i1lili'lU'1'Wi'l~~i'lf11'J 
..... ... • .J <V 

'Jf11'11Ai'lf1<1:1J'V1'11:1Jl'J!lA1UA:IJA11:1J01'W 
• • 

diastolic 101'1:i.itnu 90 mmHg Vl~B<101<1~ 

Bt1°1~i1'Bt1 10 mmHg V1'1~1oi"fut11 

candesartan cilexetil mh~ hn~1um11'01 

A11:1Jl1i'UL~i'l01101t115 ambulatory wui11111 



68 

1 l\' candesartan 1 U'll'WlVI 8 li'l 16 mg 
• <V "" <:Ii !II 

lilil1U lJW<lfll'JlililU<!Uil'l\J'lfJ'l 80 % LL!J 

ll'il ~ 1i tlfu l'i1 Y111 aJ o1mi:'i ilVI~ L tl~!'JU 
LL tl<1-:iii11J-1nm 1mLlii<1~1'u Llil!'J 1'1l'l'i1m1lJ 

v1mi:'iilVl'll il'lmil-l~1vi'fumV1<1flfl fll'J 1'6 
' 

candesartan cilexetil 1 U'll'WlVI 8 fi'l 16 
v 

I Q..' .tj I <V ell 

mg lilfl1UU WU11Yl1ll-JVl\Jl<lflVl'il~<lVl<l'l 

mfl1un<11 2 iltlV11MV1<l'lL~lJ1l1m 
lll'JAflm 1 u~uwuif ffwu<ruu 

' 
W<l'llfl'l candesartan cilexetil 1um'JUfl'l 

' nu end organ damage vhnlil'illflYl1llJ 

~tJLi:'iflVl<f'l 'illflifllJ<l1Uifii11'YJVl<lil'l WU 
• v 

i1m'J1l1' candesartan cilexetil all-Jl'JfJ 

ffl1'!1U<l~Ufl'l0Ufl1'JLnVI left ventricular 

hypertrophy 1vi' 1uYiu fl1'JAmn1u'J~!'J~ 

LL 'jfln<ruu<rtjuw<1ii'Liunu flsl'l hn~ 
fll'JaU iJ'ui fl l-J<l 1 U LL~ if Yl'l W fl'l'J fl W<lfll'J 

v 

Aflm 1 u'J~fl~m1 LVl!'JVl'illflellil'Jlfll'JU11J 
• 

Vl1fl fll'Jlill!'J~ L tl~!'Juu tl<1'l 1 t11 umfo~1vi' 
' 

<V J;; <VQW .J <V 

'JU fl1 U flfl'ill flUU!'J'll-J'll fll-J<l'YJ<!UU<!UU 
v ' 

W<l'llfl'l candesartan 1urn'Jffl1'1l<lmw 

m'J'lil'llU'll fl'l 11il 1 uN'u1fl m1lJ~mi:'iflV1 
v 

<l'l LL<l~i'J'lf fll-J<l 1 Uif lil1'YIVl<l fl'l~ LL<IVl'l 1 l\' • • 
d I ,J' I .tj • • 

L\1U11fllUUl'il~lJ card10protect1ve effect 

1 u N'u11JV1<l'lLnV1fl.i'1m ii'm111'illil1uvi'1u 
• 

a1V1fUW<l'lliM candesartan 

cilexetil lii flfll'JLnlil stroke Juu'l hi 
mm1oa1t11vi'LL ti-d'VI mY--.h 1 urn'JAflm 

,J ' ' <V 

VIU'l'il~WU11 candesartan ill'il'll11J'Jfl1'11 

tl'h.n oai:'i il V1~1 ti L~U'l <!lJ il'l 1Vll U fl'JW~ 
' 

Yl11" ~ lJL i:'i il VI <I VI~ 1 <l'l LL<l ~ 1 u i\w{ 

'Yllil <I il'l wui1fll'J1 li' candesartan cilexetil 

'l 
.J.:.1 <V ell I "" 

U VIU 'YI l-J Yl11 l-J Iii U L<l il Iii <!'l'il~?f11J <I Iii fl lil'Jl 
• v 

fll'JLfiVI stroke 1vi'nlilll-J 

Oranee T angphao 

candesartan cilexetil i1u 'll\'rn'JlililU 

<!Uil'll'iil insulin ~tu LVIU 1ihumu glucose 

homeostasis V11il'J~~u l'lliTu'luLi:'ifllil 'luN'u1u 
v 

.... .... .J">I "" 1 ,.J 
Yl 11 l-J VI U L<l fl Iii <l'l 'Yl l-JL Ul V111 U ?IU VI WIN 

v 

insulin 'i1lJi1u Uflfl'illflii'u'lWUll 

' ti~ .Jw candesartan ?111J<IVI 'Jmru albumin 'Yl'llU 

ililfl'Yll'lilam1~ 1wJu1muiV111u?iilii1~ 2 ii' 
v 

'll ,,,( "" ell 
Vl11J candesartan ililfl(j'Ylli<llilY11llJVllJL<lilVI 

1vi'~~'l 1 umi lJNU1tJ~i'JL UlV111u?iilV1~ 2 
' v 

v ~ 

fllfll'J'lll'l LAl'J'l 

'ill fl fll 'j 0fl1'11 ill m 'Ji l'l L iii U'l 'll eM 

candesartan 1 uN'u1uV1muiffuY1u 'l m1ui~u 
v 

.J"" ' ,J1 !l/<V 1 111~'1 .J 
'Yll-Jfllll-JmUAlJ'Yl mummrnfl wu11wu1u'Y! 

' ' v 

1vi'fu candesartan cilexetil 'l m1u1V1 8-16 

mg l'iil1u 'Y!Utiiilm 11i1'1llLLlilfll'il'l'illflfl~lJ~ 
1!11<V !II"" .d ' .,I 

VI 'JU m VI <I il fl ill fll'j'IJl'l LYlm 'YIWUU fl U'Yl'f Iii 

.... v .<>I .d 1·· 1" Afl tl1V1i'!'J1'1~ illfll'J'lll'lLA!'J'l'YlWU iiJUl'l VI 

' .J ' "" .::.I .o:>I 
LLfl W'W flflt.!LW<IU U<l~N<lfll'Jlil'J1'il'Yll'l?i1LAlJ 

1 u l1 fl'ltllju&i rn'lm'il i'.JV1tl'Jfl&i L~fl'w ilmLlii1i.i 

"" " .... """"' !II "" ' lJYl1llJ<f1Ylqj'Yll'lYl<IUfl illfll'J'lll'l LYll'J'l L '1'1<11 

ii'1i.iL~mifl'lOU'll'Wllilm~1vi'fu u<i~lJfl 1l11u 

LL'l'l N'u1ulJfl'Y!Ul'iilm candesartan cilexetil 
v 

1vi'~flil enalapril ~'lii'Lfiil'l'JlflWUillfll'lil'l 
LiiU'l'Jlflfll'J 1il<iVl<i'lmfl eJlil':ilfll':i 1il 'l ufl~lJ 
.J1vw 1'' ,.J1v 'YI lil'lU candesartan !JLLlilfllill'l'Jlflfl~lJ'Yl VI 

fumVl<lilfl LLlii~lflilflr.il-l~1vi' ACEI ilUl'l 
' 

-d'VI L 'JU 'l u N' tl1 u~ Ln Iii fll m'l 1ilVI<l'l1vi'f u 
v 

enalapril Lrl il lvi'fu candesartan cilexetil n1J.j 

wu fl1m11mLlilfllil°l'l 1 tl'Jlflflr.i lJ~1vi'fuu1 
' 

VI <I il fl u il fl'Jl fl J 'W u'l hi WU fll) Ln VI il11~ 
L ti LLlilo'fl~U l-J '[ma fl VI ~1Vl1ilfl':iii11J"JA 1 u La ilVI 

v 

,¥ ~ .J 'l" <l'l'llULVllJilU'YJWU'Jlflfll':i ?I hydro-
" 
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chlorothiazide ll'ltJLilWl~ilBl~~~ 1 \JN 
u 

ill fll'l'lil~ LA tWIJ ilWl 1 'W N U11'1~ 
u 

.,,. QJ di QJ <:Ii 

l.JA11l.Jl'l'WL<lill'liH'l~l'lU mild fN 
u 

moderate hiLLl'lflliil~'illflfll'l 1'll' losartan 

LLl.Jl'WN<l~illl'lfl'Yl'Wliimnii'1.Z&l LL<l~ hiwu 
uu • 

i1vh1'11'Li11'1 orthostatic hypotension Lvil.J 
,;f 
'IJ'W 

tlfi fi'hn alJ~u ;f nu 1'11tt"lail1 tt1'l 

wuilfll'll'll'l;gl.J'IJil~ candesartan 
u 

1aJ tl fl 'l'U fl1'llll'l1'1ill111 'l LL '1 dl.J' WU 
u 

ti ii 111t11al.JW'u5 nu a1 vi1,, a 111 f u 

t1 ii n1 m al.J w 'W rl' nu m ~ 'W ilhi ih1 t1~1'W ~ 
wui 1 iltl ii i11m il'l.J w 'W ;f ~ il A11 l.J a1 At\! 

,,J 
L'Wfl~'illfl 

candesartan 1aJ tTut~rn'l'Yll~l'W'IJ eM 

cytochrome P450 ~~ 1:iJih'il~ilt1iii11m 
QJ QJ ,...,J ' .J 
'1l.JW'W1i'Yl'lUfl1'W metabolism '/JeNl'llfl'W 

'lieJl'11n~1~11Jn1'l 1'11 

11JNll1t1a~mt1 1:iJ'11d'J1Joi'a~ 
u u • 

'll a~ 1wvi~il\iluu nw~ a~ili11~mn A1'l 

.,~1~rn'l 1'll'm 11'1m~l.Jm 1 'W'll'W11'1~1ri a'W 

1l.J' LL 'W ~ U 11 vi1 i t11ii'1 'W VI t'!)~ iJ 
' fl'j'ji) 

'IJ'llll'l LL'1~1llfl1'jL'lf 

candesartan ~ii'11111J'1t11'W 
U'l~L'Yll'l1'Ylt1 iiu1,;''YI Takeda L1'l'WNL'J~W 

u 

LLi'l~UlLTil 1'W'lULLU'Ul'l1LUl'l'IJ'W11'1 8 LL<l~ 
u 

' 
16 mg iii/anT;fi'1i1 Blopress a111fu 
d • 1 .J .J.J' ~ 
'llflfll'jAl 'WU'l~L'Yll'lil'W ']'Yl'IJ'W'Yl~LUtl'W 
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LL'111.Zuri Amias 1'Wa~fl(]1'1, Kensen 1'W 

U'j~L'Ylfli;J~~Ll'l<I LL<l~ Atacand 1'WU'l~L'Yll'I 
avif~ml.J1rn 

candesartan ii'llm.i~h"l'WNU1tlA11l.J 
u 

I'll \il1 L&'i t111'Wfll'jfo1'11 A11 l.J vl'W L~ a 1'1'1~ 11~ a 
u 

1'll'~1l.Jnum\il1~1J 1 'W'l~tl~L~l.Jfnm LL 'W~il11 iX 

1'll' candesartan cilexetil 1'W'IJ'W11'1 8 ~~ 16 

mg Iii fll'W lW ti 1 'lffuti'l~'Yll'W tlll'W<l~Af~ 
tflVlfu 1'W'1Vlf~ml.J1fl1 LL'W~U1 Ll1'tifu'IJ'W11'1 

mililtmh~ s ~~ 32 mg liiili''W Ll'lt11'1'il1n 
u u 

rn 'l w a u mrn~ Iii a m L 1'J 'W vi '1 n L 'W fll 'l fl nm fll 'l 

1'll'mL'W'll'W11'1 32 mg lii<Ji''W 1:iJwui1iimrn'l 

'111~ LAt1~~LLwnlii1~ 1U'illflfll'l1 M'mvii'l an 

<f'jtl 
' ·1 ~I 1 ,J candesartan c1 exetil L u'Wl'll Vll.J'YI 

L vi~ 1.Zfurn'l~'W'YI~ L Utl'W L 'WU'l~L 'Yll'l 1 'Ylt1 mil 

L1'l'W angiotensin receptor antagonist aan 

' (]'Yli'l'11LW1~1iiil angiotensin II receptor 

subtype 1 (AT) LLUU non competitive ~~ 
L 1'J 'W'li fl Lvl 'W~LLW fl liil~'ill fl I'll~ 'W l 'W fl ;;i l.J L&J tl1 

' nu ll'lt1Vlolflfl1'l~11tlt11ii''li1'il~ii dose 

'1 .J.J ,£ response curve Wl~ U'illfll'llil'W'Ylilflfl(]'Yll'i 
• • ' .<>! <V 

LL'U'U competitive Wfl receptor Ll'ltl1fl'W 'Wilfl 
~ .: ..... .... <V ' !V ' 

'illfl'W'Wtll'Wm'i!UflU receptor Afl'W'/Jl~LL'W'W 

I 'i) ,J ~ I 

LL<l~Vl~l'lflflfl'illfl receptor fll'll~'/Jl 'l 'IJ~fl'Wl 

'ii~ L 1'J u i:.rn &llii am 'lfo 1'11 A il'Y111 i !]'Ylll'll il~ m 

Bi11.ZmuA'lil'UA<ll.J ~~ 2 4 -&'11mLdil 1 tim 
u • 

LWtl~l'W<l~Az~ candesartan cilexetil L1'lum 

~eJBL'W'lU prodrug ~'il~tlfl metabolized '/JUI~ 
u u u 

~tlfll'll'lill.J Lv1<i~1~rnt1 L 1'lum~ti1il1m 1'll''11'1 
u u u 

A11l.Jvl'WL~ill'l 1.i'&J1 uNll1t1~11 ti'l1l.Jrf~N'1~ 
u uu 

m mLi'l~ Nll1 t1~ ii L rn vi11 u~1l.J oi'1 t1 mii'1 'll' 
• u 
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Mometasone: The nasal administration of corticosteroid 

Adisak Wongkajomsilp 

Department of Pharmacology, Faculty of Medicine Siriraj Hospital, Mahidol 
University, Bangkok 10700, THAILAND 

Mometasone furoate 
~ ,,J d t • ( ti ,J 
<HLA">l::'Vl't'llJalil"> A'Na'il'l 'j 't1 

u u 

vtJ1umilJ adrenocorticosteroid1 

u • 

LU'IWl 

afl'l LU'!:: q 't'lt'l'll'J Lil a'11'h11'J1 lfl ati'J 1NOU 

prednisolone lJlfl LUU 1 7-heterocyclic 

corticosteroid LLm mil' ii ti' BLLlil nml'l~ Luu 

afl1'tf.ll::Lil'Wl::~vil furoate side group 

Lm::mli1~~1LL'VIU'l c17 ·1h1'11m<i::ma1u 

1'll !Ju 1!ii'~ u v mnnil'ua111'1'N af1'l11 v'l 

mometasone furoate U'lilri1utl'l::flt1U~'lif 
4 ,J ,J 
Av (1) chlorine group 't1 C21 LL't'IU't'l'il:: 

LUU propionyloxy group (2) ii furoate 
d<>1 .J .J<>1<>1 I 

group L'WlJtlfl~lil't'I Cl 7 LL't'IU't'l'il::m'Wl'J'ILLA 

:: .l' £'1 ti ,,J ~ ~ 
1 '111il mmuu 'i::aum'if.ll't'ILfllilflU beta-

' .J .J "" . methasone benzoate 't'ILlJtltl aromatic ester 
' • d d.J~ ~ .j' ( ) ii Cl 7 mn 'i)::lJq't'lllYIH1'VIU'llJlfl'11U 3 

.J " I <>I "" 
CH3 group 't'llillLL'MU'l Cl 6 L'il'J'lli11LLUU 

,J £'1 a-orientation LL't'IU't'l'il::LuULLUU ~-

' ,Jd 
orientation 1lila'111 ltlLL<i'1m steroids 't'l:IJ 

.,( """"' .Jo ' ' q't'lllLL'>'l:IJfllJ ~-CH3 't'llillLL'VIU'I Cl6 Ulil 

1 .l°d " ' i.iwui1 a-orientation UlJH<ILttUlilB 

mometasone furoate mil'LL 'iflL~:IJ L'li'L UU!J1 

mi'.11V1U'llU'itlLLUU'1ltl'l cream, ointment 
u 

® ® ® 
LL<!:: lotion (Elocom , Elocon , Biomet 

® ,J ~ 
LL<i:: Ecurol ) L'Wtl<llilfll'ivflLarnrn:: 

mmwi'u~Lnlil'illfl dermatoses Liu 
,J ' d psoriasis LL<!:: atopic dermatitis '1M'WU11lJ 

&' 'I d ,J ' .... d 

qnmL 'j'J Llill'JlJ A11 lJL<ll'J'Jlil vq't'lll'!ll'J LAl'J'J 
' ' '111~l'lflll'J~l Git11J1(1111l11t1-Wwiu1Luum • 

-Wm 'lll'illJ nil1V1:')um'i:')f11'tl allergic 
u 

rhinitis m1::fi1a'! va1 u'i::'Vlil'lfl1">Afl1'11 • 
tl'l::il't'IGill'W'!lv·m1'i:')f11'tl asthma 

Allergic rhinitis (hay fever) LUU 

~1 ~ ' ,J 
Hiil'illflil11::illJ 1Lf1Uliltl allergens 't'lalillillJ 

u • 

Lti'1 ltl LLU'ILUU seasonal allergic rhinitis 

LL<!:: perennial allergic rhinitis llill'J 

seasonal allergic rhinitis 'il:: bm ti allergens 
' • 4 1..i d ~ 

L'llULfl<l'i'Vlqjl'Vl'iflliltlfl tl'll'ltllJlfl L'l.!Ul'l(jl!} 

a1u perennial allergic rhinitis 'il:: hma 



72 

' 1 }I cl! ..., .r.J allergens L'llU 'l'iu Vl'l<JLl'!Ml-!'!'\11flGlli11'M 

1 ' ,J • w ",.J ti ' 3JLfl!J1'1HNfl1Jfl1"llu<IUULL <l'l'lleNql!! LLlil 

NU1!.1 perennial allergic rhinitis m~'ll<Ji.i 
• 
mm1mn1l'u 1 im1'lq1i1 lvi' m111'l~Ln1i1?!'u 

v 

1 •..• ~ ' ti • w 
imu1U'Yl'l 2 m1lJ 'l::flil1Jli11El li11il'\llJfl . ' " 

tl1lln hm A'u'il1Jn '\lllJ 1Jl-:J'l1ui.imm-,~ . " 
lill~B Jwn1Vla 1111111;N Au 'lliBBlflT>Au 

,J ti ~,J m 11Hil1 u 1 n wrn 'YI 'I'! 
v 

Mometasone furoate Uil~ gluco-
.J "' :t 

corticoids BU '1Gl11Jl'lfll'J1J!Nfll'lli1il1JGIU1l'! 

Ilia allergic rhinitis fll'lli1il1J'1Uil'llliil 

allergic rhinitis L~mnn allergens 1t1~1Jfl1J 
specific immunoglobulin-E (IgE) ~'liillil 

• ' "' .J 
LLUUil~fllJ IgE receptors 1JU mast cells 'YI 
.J1 vv ,% 
LtlBlJLYfl~'\ll;Jfl f11'>'il1Jf11J mast cells U'il:: 

histamine, eosinophil 

chemotactic factor (ECF), metabolites 

'llB'I arachidonic acid, cytokines Liu 

interleukin-4 (IL-4), IL-5 LL<l:: tumor 

. (TNF ) .i ~ necrosis factor-a -a <IT'i'YIVl<l'I 

Histamine 

LL<l~ metabolites 'llB'l arachidonic acid Liu 

leukotrienes, prostaglandins ua:: throm­

boxanes LUU<ll'l~ri B 1 liLOlilfll"lLU~!J'IJ 
LIU<l'l1u early phase response 1imfllil 

vasodilatation LLa::m::Gj'u afferent nerve 

endings '11111-i'Lfllilillfll'lAlil'illJfl tlllJfl hrn • • 
'illlJ mu1unm 1i.i~u1YiV1~'l'illf1l~lJalJ~<1 
tllJ allergens Glucocorticoids <nm'ln 

uu~~ early phase Llili1'11il'ilTW1'1J mast cell 
,J ,J 'f 
'l'lbl'JilU L 'W'l~'illJfl LL<l~'11i1f1T'ilil 1JU<l'IJeM'llM ' . 

Adisak Wongkajornsilp 

early phase 

response 

monocytes, T lymphocytes, basophils 

h'l 1 • ' ,J LLa~ eosinop o s 1Ul1"i1l.Jfl~l.Jfl nasal 

mucosa mutu 6-12 ii'1lu·rna·:m11alJ~<I 
• .r • 

allergens f11'llil"l1'\l?lULUeJ 1 U"l~udl'il~WU 
f11'ltLfl"lfl:UlJ'1JB'l eosinophils tt1'11tl1u 

.J.,.J'J;:, 
nasal mucosa illfll'll'ILfl\il'llUlil'llLliJ"i::l'J:: 

Q<Ve"'>.'ltJ"' ; early phase f1M<;J1L'IJUlilil L'IJ1N'il1f1L'lf'1'1 
d ""' .,,. ,},, 

LlJlillaillil'lll1!MvMVl'1'l IL-1, IL-4, IL-5, 

IL-6, IL-8, TNF-a, interferon-y (IFN-
, ,% 

y) Ll'1~ leukotrienes 1Jlf11'JLVl'11U'il~VllJlil 

1tl~l allergen ~nn11u11an 1tl m"l<flJNG!nu 

allergen Uil!JVl~'l'il~'l'l11 li'tfllilf11"ielflL<IUL"4'ei 
• .J.1. ,J' 
"i'l 'lf'lYll VI late phase response t\ilU'll'IJ!.11 

v ~ 
Glucocorticoids "1lJ1"ltlilU!J'l late phase 

response L\ill'JUU~'lfll"i'l1l.Jfl<ii.J'llil'I 
' 

inflammatory cells ~ nasal mucosa 'llil'l 

~U11'J allergic rhinitis LLa1U'l<lllJ1'lflUUn'I 

fll"i'l'l~'l inflammatory mediators 'illflL'lfa<i' 
,.J'C!l "" ,J,d 

mmu 'il'l<llm'lm~'lUillfll'l'Yllililtuil'lm 

• 'illfl'l::l'J:: early phase lil11'J 

w .. 

Iii il'll'il '1 'IJ fll ii 111 'l 

fll '> ~ f11:11 Ul a'lf'il <l 'IJ I'll <llil {'lJ il'l 

mometasone furoate 111A'um"l11il"l~~um 

1m'l<n<!Ulvl1tl liquid chromatography 
1 "" ,J (I.I 

'>1lJflU mass spectrometry 'lf'l<lllJl"i!nlil 

'l~~um~1qlil 1vi'~ 50 pg/mL f11"i~ff1'11 
d """"' <V <V I 

q'Yl51'Jll11'l'1'1'1JOilli'll'Jf11"i11ilN'11ilil 

hypothalamic-pituitary-adrenal (HP A) 
.J ;:-, .<>J.J1 ,J ' .; 

axis 'lf'lLu'Wlil'l"i'!l'IJ'YI 1'Ylqlillililq'Yl5'llil'l 

co1ticosteroids mometasone 
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furoate L'111rl systemic circulation Lnlil?f'IJ 
" • • 

umnnn m'Jwumm"'ill,:Jt1'!l'IJ11il 400 µg . . 
"-'~ .s:.1 •••• 01\11 

m"Llil!Jl IJ b1oava1lab1hty lillt111"l<J!Jil~ 
' 

0.1 LLil~'J~iilum<N<11i11u wmaihi;hni1 
" . 

,,.. J d ""1"' ~ 
'J~lillllill~lil'Yl<lllJl'lffllil Iii 1'1<1 50 ng/L 

..., = :f d Q.I 

f11'l'!J'illill'J1Lt11il'!J'IJ'YlliltJLL<l~ metabolites '111 
" 

~ u ti1 um" J 1 ~h \'J mb u lmy rn ':i i'i Iii 
mometasone furoate t'lll'l'lil<Jli1Li:la1i11ih11rn 
,,,J""'"" <V ~ 

11AlA"l'l'!l11il'!JeNf11':i'!J'illi1Cll'Wl'IJ 5.8 '!11 

LIJ" tl.;i hiilrn"l~f1'tflffll:1J5':1n~'u;h~'l'li1" 
enu L'WA 'l'IU1~iflrnt<i~ 11illiit1Aru<11Ju&hn" • • 
pharmacokinetics 

furoate 

f1151illilff1J 
" 

'!J1N mometasone 

m'li'lrnn 1 uAu Llil111"1l'mliililu<i1n 

tritium 

1 v cl \V .... 

811'11'l lillVW'l'lfl!J<l~ 8 LLil~'il~tlt1'!J'illil 
" 

~ .J 111_.J<V ~ 1' ~ 
Lt1fllJ'l'l:IJlill:IJflL'!l1<11ilU 'il'llil'Jl'l IJ'WlJ'J~lillJ 

" 
l'Jl LU'W<n<U.i1 L'!J81<1l<IUA'lrl1'1J Lmy a1u 

f11"l 1 '1l'mw'W'Yll"'il1Jt1 hlm1J1'>t11'11u1rul'i1 
" 

bioavailability 11il' ila1m<1il'A'l 2 

m1'ili'1i1.,~iilum 1u'Wmm.h 11il 50.8 

,J • ' 
52.3 ng/L 'MAl'IJ1U!A1 bioavailability 

11il~1ni1f1m<1~ 0.1 

f11'>n'i::'i/W 

f11'J~mn 1 u'l'luwui1m1wumm'I 
" 

'ii 1J n wf;i L~ u1 <111J1" n li1 'l1 'l 'Wu u111il~ 
" 

esophagus, trachea, nasal passage Llil~ 

thn' 
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tf .J ti ~ ' 
fJ1 'JI ilfl!J 11 i'l·mil:m1'.il'J!Jf/1 fl 

Metabolism 
,J, d_, • .J 

LIJ <JWU UTVll'l'il IJ fl'il~IJl'Jl <11'1J'IJ 1l tl'YI 
" 

t~lil a fllil 1'lh~1J1J'Yll'IL&i'IJ81'1'11'lLL<i'1'1t1'!J:5'1il 
" .Jw ~ 1 ~ 

'Ylli1U'il1Jlflil1J'l'llJlil liltlfll';itfllil hydroxy-
.J Q • • d 

lation 'YllillLL'l'l'IJ" 6, hydrolysis 'YI furoate 
d J • 

ester U<l~fll".iLL'Yl'W'Vl chlorine 'VI C2 l lil1!J 
2 wdw = 

hydroxyl group fll".i'l!'illil'Vllil1J'il~Lt11il polar 

metabolites IJlflflil 30 '1!Ulil metabolites 

Excretion 

fll".ivi1.lm'Vl14'il1Jfl 'l~WU mometa-
" 

sone furoate !lflTIUtll!J'Yll"illl'ill".i~LU'IJ'l'lan " . 
' d <V ' :' ""' <111.J'Vl metabolites 'l~tlt1'1!1Jtlll'l'Vll'l'Wlli1 

" 
""'I V .J<V I ~"'I 

LLil ~ lJ <11 u u il u 'YI'!! u m !J 'Vll'lu mn1 ~ 

~ , 
Iii 1.'1'1!'1'1 <I I'll i'l lil".i 

qnifviatn"i11<f~ inflammatory mediators 

m 1ufl~lJ glucocorticoids ".i11J..t4 
,J • 

mometasone furoate LUil1JULlUil"Yl4 

humoral Ltil~ cellular immune response 
~ J ~ ~ 
blill'Jf11".il'l1U~)lJ'Yl".i~lilU gene lJN<lillilfll".i 

N~lil mRNA LL<i=Ltl".i~U fll".iAf11'11..t-:i1u 

~ ' . 
'l'lilijlil'YJlilil84LL<l=<llil1'Yllil<lil4'1'11J11 

<V ~ .t 
mometasone furoate <ll1Jl'itl!J1J!J4fll'l'l'l<l'I 

'fl d' ,;f;,J,J m ammatory me iators 'illt1L'11<l<l'Yl'l'YILl1tl1 

'1lil4LU early phase LLil= late phase L'll 
""'<V~ ,1,, 

early phase l'lllJNil!.11Jtl4f11'H1<14 cyto-

kines Liu interleukins, TNF-a LLil= IFN­

y 'l'ltl'lfll".ifl".i~~u macrophage a1u 1u late 
<V .r.: ,J., 

phase muumm·nrn-:i interleukins Llil~ 

.J wl:~...,'1: 
cytokines il'll 'l 'illt1 T cells lil'IU'IJ'il41'11Jl'l4 

fll".i\!un<ilJ?JeN eosinophils llil~ inflam-
' 
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.J , ' . 
matory cells fl'W 1 !J1 t'Wfl'!i.J glucocort1-

;x.,.,, .... z .... <I 

coids 'Wl'M!J1.JtMfl1'l<l-:!Lff'll::'l'I leukotrienes 
~ 

'iNL'lli.Jl'Hl<llil vascular permeability LL<i:: 

""' d &II .,J "" 
<I lil fll'i Lill ::lil lil'IJ fl'1 Li.J lil La fl lil'1J11'1'1 N 'IJ'1 

'l'l<lfllilLafllil 

Ol'iAfl't!ll'W mouse myelomono­

cytic cell line ua:: primary mouse 
' ~ macrophage 'WtJ11 mometasone furoate u 

.; ' 
ij'l'lliLL'l'lf111 beclomethasone, dexametha-

' sone ua:: hydrocortisone mh'l!ih 10 L vi1 

l'Wfl1'lVtJj'lfl11NiililtL<i::Ol'i'l'llt'I IL-1, 

IL-4, IL-5, IL-6, Lta:: TNF-a. 'J1flfl1'i 

i'lil'l::lilu cytokines lii'1a ELISA lliluilfi1 
' 

rc,0 'llfMU1~1fli1 0.25 nM Mometasone 
......... lj .:.. 1 • furoate mUtJ!J'IOl'i'l'IM leukotrienes lil 

LL'l'lfli1 beclomethasone lii'1u Cytokines 
.J "" ct: I J' ti ""..J .,J V "" 

'YI~ fl UtJU'I L VI <ll'IJ <11'1J U <11'W Lil El1'1J 1M fltJ fll''i 

ei'mau 

Mometasone furoate 

w!\111 cytokines tta:: leukotrienes ;,i1millil 

ta<lli1'1J11
4 wa~B CD4' T cells ?iBVtJj'I 

flT>Niilil IL-4 LLa:: rL-5 ~'lti'J'IJ 

mediators ~l'h 1ll' eosinophil LL'l'l'lfl:iim'111 

u1l1ilui'.i rc,0 '1JB'lmtvi1ilu 0.21 nM mil 

.; ' qmm 'l'lfl11 beclomethasone di propionate, 

triamcinolone acetonide, budesonide Lta:: 

betamethasone LLlil1ml'L~EMn'U fluticasone 
, 5 Jrv~""' 

prop10nate fl1'l'l'llil<lfl'U q 'l'lliU1.JtNfl1'iW <llil 

leukotrienes 'J1ntillilLa<llil'1J11'1J!l'l~tha 

atopic dermatitis ~m::~'W Llil!Jfl1'l lll anti­

immunoglobulin E (anti- rgE) 'W'Ull 

mometasone furoate i'.ifi1 IC50 tfl1ilu 

0.007 nM l'W'IJW::~ beclomethasone 

dipropionate 1'11fi1 rc,0 l'WL'1f<t<i'lilutlnw~ 

Adisak Wongkajornsilp 

9 nM u<i:: l'llL'1faa'1J!l'1~U1fJ atopic 

dermatitis tvi1ilu 4 nM ~'lhiLLlilfl~l'ln'll 
"lfl' O:n • .i ' ~ ~ .. 'll<ll.J<l'll!l'I rc,0 'l'ILLlilfllil1'1nu 

'l ::'l'll1'1 L 'If a a'IJ eM lil'IJ tJ fl~ LL a:: L 'If a a'IJ fl'I ~ 
u 

U11'J atopic dermatitis illi.Jllii'm'llflLL'l'l<i'I 

QI "" I • 

LlilfJ1fl'IJ I'll IC50 '1J!l'1U1 budesomde LLa:: 

triamcinolone acetonide mh::'l'll1'1 1. 7 -
u 

11.1 nM ~'l<l'lflil'IJ !l'I mometasone 
u 

furoate •hufi1 re,. 'IJ!l'I betamethasone 

hd 
. d .1'£11 

Lta:: y rocort1sone fJ'l\j''l'IJlJLu'IJ 50 LLa:: 

200 nM lilllJ<illil'U a1u fluticasone 

propionate l:lfi1 IC,0 <l1V1~'Ufll''iB'Uj'1 IL-

4 trhilu 0.32 nM LLa::<l1'1'1'fo IL-5 Lvil 

nu 0.19 nM 1m'1faa'1J!l'l~U1fl atopic 

dermatitis 
6 

Ol'lAfl'lflW<l~fl early phase LLa:: 

late phase '1Jfl'I inflammatory responses l'W 

~U1fJ seasonal allergic rhinitis llilflfl1'llll 

~ ~· mometasone furoate 1ua:: 200 µg Lull 

nm 2 atllillllfl!ltlfll'lfl'l::~lllii'1fJ antigen 

tl
Q Q ~ ' .11-~ 

L 'i!J'UL'l'lfJ'U fl'Ufl'!lJ control 'YI lil'l'U 

placebo lll'ii1'1 30 miiLL'lfl (early phase 

response) -W'Ull'l::lilu histamine alila'I 

(p=0.02) 1::\ilu eosinophilic cationic 

protein (ECP) <llil<l'I (p<0.01) °ii1'W1'1J 
;i; 

fl'l~'1J!l~!llf11'l'J1lJ<llil<I~ (p<0.01) !Jlfl1"j 

m~'li;Jfla\ila~ (p=o.o3) a1u1ui1~mr~ 6 

~1 Tm (late phase response) 'J::wui1 

mometasone furoate <llil'l::lilu rL-6, IL-

8, IL-1 ~, intracellular adhesion 

molecule- I (ICAM-1) tta:: TNF-a. 

'IJ<lfl'Jlfldv'lalil°ii1tl1'1J eosinophil, neutro-
' . phi! LL<t::<tlillill ECP lil1fJ 
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qnif Eiu ~ m:m rrmilirtlfN inflammatory 

cells 1v1ef nasal mucosa 
,;: .J' "'~'I .J 

w <l'ill nm, ~il"l1'il'11UL u 11'11 EM wu1 trVI 
• 

' . ' 
vm mometasone furoate L'tll'V114'illJnVm11 • 

<V :: "'11 

ai1J11ouuu4n1,un1nwlJ'111l4 
ct: .J .Q, "" "' 

inflammatory cells 'Vl'lntnVl'illnm'lalJwa 

eosinophils U<l~ mast cells ~'l~ nasal 

mucosa LL<l~ lamina propria '111l'l~U1EI 

perennial allergic rhinitis mh'lih!mhl'lty 

(p < 0.01)
7 

m1t'li'mLwu4 2 auvi1V111J~ 

U11'1 seasonal allergic rhinitis 'ii11J11J 30 

fl1J vmi1<11:wl'rn<ivi'ii1u1u eosinophils tu 

nasal smear 
8 

<l4 hi 

hypothalamic-

pituitary-adrenal axis 

m11'1l'm 1un~l.J glucocorticoids 

1u1~l'l~m11vimuvn~ 1uL~n l'l1J'tl11 LL<i~ 

Vl!Y'l'l1<i''l11'1L'il~qj~'IJ~ a11Jiil'l11l.JL~l'l41ii1l 
fll'lLiiVI systemic side effects Lti1Jnl'mVI 

VIU1~'111l'l hypothalamic-pituitary-adrenal 
.l .,.4 .( 

(HPA) axis W'l"1lJ110'V11 LVILOVl(j'VlllLL'Vl'lO 
~ , d 

LL'll'lV11l.Jl.Jll'l1l growth retardation L1JLVIO 

m1:w~uLliavi~'l ei11mwliE1 L~l'l'lliia hfl 

.... .¥ 3 Q,I 1·~ 
VIVIL'1111 1J1IO'il101Jn1'l'11~Vlm'l1<l'l'i110 Vl'lU 

1'11LU1JL1<ll'IJ11J<lll.Jl'rn1111'111iivi adrenal 
. • ..! ~ .J 
msuffic1ency 'll'lfl11Vl11'i1'111Jl'Vl'll11'l HPA 

axis LU1JVl'l'>'llii~b~avi LVll'ln111'VIW<l'1111'l • 
mometasone furoate lii11"l~~U plasma 

cortisol ~'lL1Jfl1JUnmLL<l~L1J~U11'1 seasonal • 
allergic rhinitis wam'ltifftn hiwui1mll 
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iJwalii11 HPA axis uliimh'lLVI ~4L'li'111u1!ii' 
~ .J f ~ b" . nufll'l'VI mometasone uroate l.J 10avru-

lability ~1 fll'i 1'll'm'll1JlVl~'lLU'IJ 20 L'Yi1 

'll<J'l'll1JlV1uniiiniJ41i.iiJm~liiffl~~u cortisol 

~4Luwa1ai.i1m1~tuilmn1~ 1ui1'l 24 

J 1· irnn'il1num1 'II 

cosyntropin stimulation test L'IJOl"lAmfl 

m1m~11i"u adrenocortical function LVll'I • . ~ 

fll'l'IWVI cosyntropin L'111'V1<11lVIL'111Vl'll1'1J 6 

?i'1tm n1i.iwul'n1lJNV1Uniiittiunu
2 

1.h:: t m1u n 1 ~ l'l ~ il fl 

fll"l~fflflLLUU multi-center, 

double-blind, randomized trials 1unl'l 
Q.I 'V,..•1 .t¥j I (;$'V 

"lmnr;iu1EJ'Vl~'J L'VlqjLL<l~LlilnVl11'1 mome-

tasone furoate 'll1J1Vli'ua~ 200 µg LUU 

na1 2-12 auvi1'11 l!ii'w<i~ffi1 placebo 1u 

m'lfn1'11 perennial allergic rhinitis U<I~ L'IJ 

m1i'.Ja-:inuu01~fn1'!1 seasonal allergic 
J; J ~ ·' 4 rhinitis mumAl'lnl"lu"l~Ll.J1J objective 

tests 2 'llilVll'ia total nasal symptom 

scores (TNSS) LL a~ total symptom scores 
.J .J'ou "" . . 
'Vl<lVl<l'1 uamnnt11'1'1l.Jn11Vl"l'l'il objective 

test i'ia total airway resistance ~1 TNSS 
~I ' Lu1Jfl~LL1J'll"l1lJ'll1l,rn1m·rn14'ill;JO 4 111'11'1 

~11 AVl'ill.Jfl J1lJn hrn l'lu1~1'111'1'ill.Jn ua~ 
u • u 

'illlJ (sneezing) l1111'1i'l~LL1J'IJ'IJ1l'ILLliia~ 

mm'lofluuiin 1vimL wnuL101~~u1m11'l 1u • • 
.?: 'V d I.:!!! " .. 'I 

'1~ 2 i'l'l'IL'll1Ll'l1J LLVl0111'l~Ll1J'IJ'il101(!u1EI 

?1...,.J <>I .J ....... 
1u1J'VIaflLu11'l'il1nlJ1'111lJO'll1l'ln1'lU1J'l'lO a'I • 

I fl «>I I I 1 I 

n11LLW'l'll'I fl~Ll'IJ1Jl.Jl'l1111'J'l~'l111'1 0-3 I'll • 
o fl11 hiiJmm'> ~1 1, 2 Lta~ 3 fl11mm"l 

'lm1ntl'av u1un0114 ua~mn lillmh~u • 
~'IVllJ Vl'l1muufl:;LL1J1J TNSS 1lilL1JW1'1 
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.... .J ""'! .J 
fl'LJfllfll'iflU 'IJ1lm1'1'1Ji'J'illfl1llflli'111llJfl 4 

" 
mh'l Ai'l fi'miila-:im1 tl1!in lirn lillLL(IN 

w .J ~ ·' 1 , v LL<i::i'l'IJ'l1'11Vl'i<lL'Wlill'IJu1fl \ill'! L'lll'l::LLU'IJ 
" 

~ w 

LL'LJULlill'l1fl'IJ 

w ~· '1Jflfl'ill;jfl':i1lJfl'!JLu'IJ total symptom score 

(TSS) 

fll'>Amn mometasone furoate lw 
~{ha seasonal Vl:j11 perennial allergic 

rhinitis ~'1'11lJ171fli1 6,000 l'l'IJ i'll!J'l:;Vlil~ • 
12-85 ti :llti'i:;1&h'.bahfoi1rd1 2 tJ m1:; 

'11171 <li'J'LJ'l'll'l fl1'1'1U"!'W'LJ.fl11:;.fl l:J LL~ r!u1u'i1:; 
" " 

ii enm11m1 "" tl1u mn'I Vl:j m.n 11 Lrl m ~lJ 
1'111{um-,i'lmfl'W1Ji1 mometasone furoate 

'11'1J1171 50-800 µg u':IV11'i1'u<1:;1'l~"!LUU 
rim 2 8 1u mini t1<t171enfll'l1rn:; m fll'l 
LL<f 171'1'11 a'! wu1 u mh'I iii! u i:l1A'ru1rl 111 ti~ u u 

" v 

LYiuunu placebo fll'Jftmfld'l'lui1m'llU1171 

800 µg 11Zw<t 111'11i'i1Nnu'11u1vi 200 µg 

<iTIJ'11'W1171 100 µg 11ZW<tfll':l{f1'1'!1~1fll1 
<U z ,,,f/ ""'.J 9 

200 µg 171'1UU'll'l.11171 200 µg 'il~(l11'J~lil 

fll'iflfllfl onset of action 'illflr! 
" 

U11'1 197 l'l'l.l~lil<JU<l'W<J'll~ltl1.llfll'i1J':i'lL'l11 
<N~'ILLmtl1umn'l1i'u 1 ti oi am1-ln'M1vi'1iw1 

'11Ullill'W<i:: 200 µg 1u'ii1'1L1m 3 1u 'l'l'LJ 

i1wu1EJ'ii1u1u 113 L~lJlilauauB~!iii'w11u 
" 

12 ~1tm LL<i::mm.,Gi1i'u 1vi'mtJ 1u 7 ~1 
llN llill'l'i1lJUa1 median onset time 'lleN 

.i: 'ti .¥ 1·' ~ fllTIJ'i'iL'YlliJlfll'ilil~LL\il 1'1.ifl<ll"!'ll'IJ u 1'111 

,/,l L dvlv 36 '111 m 'l.l'lltu:;nm 'II placebo L1m'il:: 

mu1111111t1Lllu 72 ~.t1J~ 10 
th::ani!mw 

<l'!<llil'1111'11'11Bl'llmb~'i:;Vli1~ 7-14 l'l.1
9

'
11 

" ' " 
'I.I B mn nil' a \il Gi1'1.1'11 fl~ w U1EJ~ ill fll 'ill'i'.i L 'Yl1 

v 

1v.!: '.I .¥1J~ ~ ,.J1v 
<l~ lillil'ILl\ilul'WmrM'll'l.I l fl'WtHUf)(!lJfl lil • 

Adisak Wongkajornsilp 

mometasone furoate 

placebo aci1~iluEJil11'lqJ (p<O.O 1) 

flYlftfl'lflttl'lmJLYiuu mometa-
v 

sone furoate 'll'W1171 200 µg i'u<i:;l'J{~ nu 

beclomethasone dipropionate '11'1.11\il 200 

µg i'u;;i:; 2 i'l~~ l!J~tbtJ seasonal allergic 

rhinitis (SAR) LUunm 28 1u llilmtl~l'lll 
w ' 

Lfil'lt11'1::LL'l.l'W TNSS Gl~ILl.liL'J1Jvi''IJ'il'Wli'l 8 

i'u 'Wui1<111Jl"lt1U'i'>L m mm11vi'1 'Yi1ilu 

m1dvi'w<i&ini1 placebo fl~lJm-!l' mometa-
Q • v 

sone furoate :111'11 TNSS <l171<l'l'itl!J<I:: 4 7-

71 mfom-il' beclomethasone fii TNSS <llil 
' 

'V • • ' 

<l~'ifl!J<l:: 64 <11'Wfl<jlJ placebo I'll TNSS 
~ v 

<ilil<1~t'WEJ~·rnm1:; 27-46 

fll"lU <Nn'l.I Bl fll'i'll El~ t 'il'l'l u ~u1EJ 

SAR ~lJti"l::liii fllfll'i'iULI 'l~ L '1Joii1~L\l'W1:: 
' 

q171:1Jm1'lti glucocorticoids LrlB'l'illfl 
" 

<11:111'rniruff~ early phase response ~Liilil 
'illfl allergen u<i::UeNtlUfl1'i'i1lJfl~IJ'11<J~ 

d'llilt~i'l\il'lll1U'1L1tu nasal mucosa 1.1 fll'l 
~11M1tl1::an6.fl1'W1un11ilB~nudlu~tl1EJ 

" 
~:i'.ltl'l::i'iii SAR 11iltJ1timttlunm 8 

atl\illlf IL<l::L~lJ 11Zmn1lUL~lJt)lil~i'l11ili1 
" 

'il~LfllilB1fll'iLtJ'IJL1<ll 4 i\'tl1711'11..,H
3 

'l'l'LJil . 
mometasone furoate LVllJa\ilrl1'W'11<1~ 
• wd .J ~Iv 

'il1'1.11'1J1'1JYI iJlfll'iYIL<ll<l~lJlflfl<llil L u'l.l'i1ll'I 
' ' 

<i:: 81-83 LL<i:; 1vi'w<i 1'1Jfll'>U<NtlU~fli1 
,J ~.,,. ' 0 v d 

placebo '1NlJ<llila1'1.1'111N'il1'1.11'1.11'1Jflillfl1'.i 

63-64 
• .J 4 

fl <llJ'Yl u 'i'l11 'i 
' 

beclomethasone dipropionate 1mw<1~111i1 
' d w ..ii 

fl<llJ'lleN mometasone furoate L<lfl'IJ<IEI i'li'l 
' 

ii a VI rl1'1.1 '11 a~'iil '1.11'1.1l'W~111 fll'lfl L<ll I U'IJ 
' 

faEJ<i:: 77 rl1umi1J~1w-lu budesonide ii 
' 

alil<hmuufmm:; s2 wtl1EJ~lm{um 
" 
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mometasone furoate 'l'l"iil beclomethasone 

dipropionate L~1Jtl"llfl!Jirlf11'l'l'l<i'~'i!lf1!~1J 
q~ma1~ 27 1'iim1dJ1Jlfl1"lLW!NL~flU1J!J 

1 d • d1 vw .I 
tl'1Jf.Ul:'l'lfl~IJ'l'l !i1"ltl placebo u''1fl!)Blf11"l 

'Vltl~L~IJ"!il 1~ l 0.5 1u U!'!~Blfll"l'J'llLL"l~ ... ' 
flll 

w d 

tasone furoate '1Jtr1!i11'1l<l:: 200 µg 'VI'$<! 

d 

beclomethasone dipropionate 'Vl"lB 

fluticasone propionate 1um"l.;'fl'lfl 

perennial allergic rhinitis 1 l'Junm 12 

atJ !ill tt Wtlll <11 IJl "ill <l!ilfl11 IJ'l'ULL 'J'l'll1H 
' 

mm"l 11ii'eiu11i'.ltl'mi1~f:!JLrlm tl"lurniluu 

rltl placebo Ll!'!~WllilWU1!Jfl<ilJ~11ii'.;'mn . ' 
if 'I fl'! m 1.11 1 a fl 1 u fl 1J en fl T'l 1 Iii' 'Vli.l'l '11 fl 'VI u !ii 

' ' 
m 1t11~ 1 atl!ill'H' ~'l~ffilfl~IJ placebo 

14 

LL~fil TNSS 'Vitl'l'Vlfl!ill'Jl liJ&hvi11u'lh~ 

atl!i11-H'a!ilnl!J~llii'.;'uu1 • 
f11"l~m:fltl1::ll'l'lllil1w 1 um1'.iflm 

'llflfll'> 1"1im 1u<.i~!J~m11i'I 12 L~ au 1 uil' • 
U1fJ perennial allergic rhinitis wui1~u1u 

<l11J1'l!l 1"1im'1l'l.11!i11ua~ 200 µg 11ii'm<i<i!i1 

fll"j~ff{,/1 lll'l'lll'J<lllJl'l()<l!il'!ltll!ill'Jl<I~ 

1th.r'lm1:: 100 µg 1u'li11mm"lu<i<Jl!il<J1iJ 

ii11 li'mm.,.,mL ""Yl'u 1wiil'u11'Jm'1111'1n 
' " 

~a11'i'i1J'!l'l.l1!ilmLtlu 400 µg ~'!a-:11.rn1m"l 
<i~ 11ii' ~u1ua1u 1 V1qjile.nm.,~t11unm~ 

~ti 1tl~1LL~olU!i11MLL1fl'Vitl'lf11"l.;'m,fl ol!il 

<i1ll'1JB~~tb!J~i'.Jmm1<1!il<t'lif mnYlu 1 u 
w.I ,.,J d J' d 
au!ill'Vl'l'l 4 LL<l::LWIJ'!l'llL"lBfJ '] lil<!Blilfll'l 

~fl1'11 12 l~Bl! 
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l'!'l 1 lJ thrn lil iJ t!'ll iM t!l llil ::1111'11'1.l!ifo U1 

4 d 4 J' 1 ._., 
q'l1DU'l11n~W4'1'llfl!il'!IU u1u1u 

allergic rhinitis 'illfl111':iL"li mometasone 

furoate i'.laui)]m1ru1na1i'iu4i\'u~1n!il'il1n 
' ' ""' d z 

!JlW'IJ corticosteroids ?:IU!ilBl! 11l.J'l'l4 

.J""' .;r ""' .. 1 .... 'U <:!ii 
placebo Bln1':i'11Lfl!i1'1Jl!lJ u1!il'V11 '>Bl!'Vl"iB 

,d4J'1' 
1::1'1ll'l'll;Jfl LL<'l:: pharyngitis 94Lfl!i1'1Jl! !J 

tim1 !'111:1-nuu14~1'1l~Btl1uflm4 LUU • ' . QI IU tV Q,; 

LWl'J4W11'1':i11 ua~,~u~nmau 1 <nfll'>l.Jfl 

'Vll!J 1 tlr\au~u<llilfll'>Anm i'.lt Wl'l4illfl1'> • 
.J.,J V' <v .... w 

'1JB4 epistaxis 'l'llflU1'1JB4flllf11'l'lfl1'11!i11!J 

m1unoi!J corticosteroids 'J11Jif4 mome-
' do..%111 ,J.J 

tasone furoate 'l'ILfllil'!ll!".iBl'J<I~ 6-19 9411 
• ,.J1w .J.,,,,X..,i w 

fl11fl~!J'l'l !ii placebo 'l'ILfl!il'!ll!LW!J~'lBl'l<I~ 

9 15 d ..,:, J' d .... 
3-11 ' 1'1111J!l'il::IWl.J'1J'llLIJB"l::l'J~"lfl1'11 

.J' .,_, 1 w~'I d d 
'\.ll'IJ'!IU a!il '11l!'1J eM w u1!J'l'l'Vi!J!il I'll L 'IJ B4'11fl 

" . 
,,i .:.!IV ,Jlfj 9.'"'11 CV 

(j'l'li'iLl'l'l'lflLLW41J''1J!J<I:: 3-4 W'I tfl<ltl'll'l4fltl 

ollilri1U'1JB4n~lJ~11ii' placebo 'Vl~B cortico-
• 4 d 9,IH2,14 " ~ • 0 •t 

steroids 'lll!!i18l! f11'l~1fl1'11 tl!Wu1!J 
" 

mometasone 

furoate LL<i:: placebo il'u11'Ja'!ml'ln'l'lu~a . " . 
m 1~~ 1iJwum11Jtl!i1tlnw'il1flf11"llil"l1'1 

' ' 
~14f11tlLL<l::lil':i1'\ILWIJLWlJ1lu '] i'f41iJil'l1!J 

41l!f111Lfl!ilq'l'ltlLL'l'l':if1!L'IN5u "1 lu111'Jffii 

d 4J'1· mometasone furoate 'l'lall.Jl"llllfl!il'!ll! !ii 

'\11flfl1"lLli' corticosteroids Wl!'l'l14'\11Jfl'llU!il 
" d I .:,, O:::d W QI 

Bl! l'll'IJ Lfl!il<l::LO!il'l'l'\ll.Jfl 'i!l.JflLL'V14 'Vi'jeJ 

16 
nasal septum 'l'l::~ 

" " 

f11"lAfl1'11W<IITTtl nasal mucosa '!IB~ 

~U11'1 perennial allergic rhinitis
17 

1rla 1~ 
mometasone furoate LUUL1i.11'\.lll! l!ilflfll'l 

Gil.J NU1!Jtil!il?i''IJ L if 1l L vl fllil"l1'\lffl1 IJ'Vll!1'1JB4 . " 
J:: I "-' o' 

'Ill! lamina propria ;JU'l14<1fl1'1f.U~'1JB4LW<l<I 
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1m:::m1~unzjlJ'lleN eosinophil -wui1a111 

ihW'lleN ciliated epithelium t'!lllJ~'IJ'illfl 
·fom1::: 59 LU'W 71 1umilJ~111i' mome-

' 
d~·~ w ·'"1· tasone furoate '11~ tfl<Hlil£Mf1Uf1'11J'l1 Ill • 

placebo ~mif B'llil'lnzjlJ~llli'Zu mome-

tasone furoate lll"lTil liJ-wum1Lnrrnilmrn'l 

eosinophil ~'11'\J~'W epithelium LL<l::: 

lamina propria m1:::ii'lilLL'\J1Lu:1rh 

epithelium ilam,icu::: 1nil'LA<Mnrnimw 

tlnG11J1n~mnn-l'mrn::: 22 Lllu{Bu<i::: 29 

ilm,iru:::il111tlnGILLuu metaplasia LU'\J 

11UBlJ '1 o<i111<1'l Uflfl'i!lfl'dii'l hiwui1i1m1 

LU~UlJLL U<l'l'll fl'IVl1llJ111Jl'llfl'l epithelium 

LL<idiJtfilll atrophy Ma'! 1 imUl'W 12 

..,. "" ""' di LlllB'\J t]'Yl!Ht'l'l'lflLL'll'l'll eNUl Lf111llJlf1'll1Jlill lJ 

1:::u:::nm'lla'!fll'l1'1l'm m11'1l'mu1u 3 
..,. ... .::( ,, 1· 

LlllfllJ Lf111lt]'Yl!HL'Yl':if1U'1f'l':iBl'J<I::: 25 fll':i 'll 
..,. .t d ;r 

l'J11Jl'\J 6-12 LlllfllJ (]'111iU'Yl':iflLL'1f'lrnlJ'll1J 

"' • ' " d LulJ':iflUa::: 33 LL11lt]'l11iLL'Yl':lf1LL'll'IYl':i'WLL':i'l • 
wuuauu<i::: hit 'llllJ~1J!il1lJ'l:::l'J:::L1'1lfll':i 1'11' 

I'll 

fll'lU'lMl':i mometasone furoate 
• 

tV1l'l'!lilZ'lt~l'J1111aG\1111iiailu~'! 36 1u hi 

wui1il~rnliia HPA axis fll"l0fflfl cosyn­

tropin stimulation test td a 12, 2 4 Lrn::: 5 2 

atJ1111'1ftta'!L~lJfll"l{mfl\1l1u mometasone 

furoate 111a triamcinolone acetonide 
.... • "" .J 

'111J111l11J<I::: 220 µg wu111:::111u cortisol 'YI 

• 1 :!! ' 1' ' onm:::!ilu U'Yl'l 2 nalJ lJLL!ilfl!ill'!'illfl 
u • • 

free cortisol 1uilaa11:::~LOU 1u?l1'1 24 

t1LlJ'I1 uNll11'Jn~m~l'l1iluf\liJwu~n1lJ 
u ' 

Adisak Wongkajornsilp 

• 
LL!il nliil'l'ill f1W1'1 ri fl'W fll"j{fl'l:ll L W'IJfl'Wn'! 2 

milJ • 

tlfiil'lu1'.l:::wh'lm 

NU11'J.flfatv13Tn 111i' antihistamine 
u u 

~1lJrlU glucocorticoids ~'lilm10mfl 

tlfiii'lm1:::11il'l loratadine Lta::: mome­

tasone furoate wui11iJiJtli]ii'lm~al~qj 
..,..J' ""'""'" Lfllll'll'W fll':iLfllll.fllJLLW'illfl mometasone 

u 

furoate 0~1nil'illfl budesonide LL<t:::liJuw 
'V "" • .,. .d 
'llllJW1flflU corticoster01ds 'll'Wlll<l'W 

'll'lfllill'll 

UlW'\J mometasone furoate 'I'll'! 

'ii lJ n iJ'li' a ti'l 1 '111 u n11{ n 'l:ll LL<t:::ll a'! nu 
u 

seasonal allergic rhinitis Lm:::{m,n 

perennial allergic rhinitis 1u~U1Elfll~ hi 
~1fl'i1 12 ti li;imm:::ih 1111'1l''llmlil1ua::: 

.:! <V 'V 

200 µg fll':ll'llJ"lfl'l:lllil1EI mometasone 

furoate m1L~lJ LlilEJfll"lW'W 2 11{'1 'l a::: 50 

1 ' • .J 1· µg 'W~'ill;JflLL!il<l:::'lll'lM'il::: lil'll1Jllill'J111lJ 
.J • 

200 µg tlJflfllfl1TYJLal<l'lLLa1<1llJl'JO<llil 

'll'Wl lill'll iN L llu Yiu vi{'! L~ £111 u 'l'il lJmtliia::: u u 

'11'1'!'11::: 111i''llmlllm111J 1 oo µg ttliirl'1mm':i 

w 1 ,Q.f 1 v ' ,, z ~I 
EJ'l lJill'll'W 11W'W'lll'la::: 4 111'1Lu'W'll'Wlllll'l1 

.J 1 • • ~ 11lJ 400 µg LlJBVl1Ul'!lJ<llfll':i 11lU<l1'il'l 

<111J1':io <tlll'll'Wl 111 ma'! 1 u'll El~ L llu1mt ':i'l 
' 

mw1:::q1111umru seasonal allergic rhinitis 
u 

Bl'i!mB'l 1 imlJa~fi''W1Jl'\J 2-4 atJ1111'1ffiB'W 
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d .r l , 4 

fll'jL 'l'UJ'll'IJ'll eM LrH<l<IL\ilil'lil<l L 'UL<lil\il 

LU'IJ risk factor ~'111'lqJlwrn1Yi11'11'LiililLWl 
tam~ei\ill11 haliliilu rn1<1111 TA L<imlil a-:;ei<i~~ 

' 
iJ m1lJ'11v1qJ1ufll'l<i1115111 'l11111 EJ'll ei~ ~'lhu~iJ 
tmam111ei1eim:N 1 uL~il\il 1 um'l1nm!ii'11'Jm 

u 

<i \ii 1'11iJu1 w ~a lil fll 'l <i 111tl'.i m ru LD L-

cholesterol L 'W'W<ll<On Lum Ul'l'llJ11l'1'1'1fl L 'W 

fll'l<l\il'l~iilu 1Amm111a1ei<i 1 u~l~flll'l m 1 u 

fl~lJ 3-hydroxy-3-methylglutaryl 

coenzyme A reductase inhibitors (HMG­

CoA reduc-tase inhibitors) 'l'l"lil~t"lunnu 
1 uih'iluui1 "statins" Lllum'l'l'1fl L 'Wfll'> 

' 
- l , 4 .J- 1 ' 
'j fl'tl1.fl11~ LA L<l<IL\il il'lil Gl<N L 'WL<l il \il'l'l'l fl1fl lJ 

u 

d 1""' ·~1 (j'Ylli<l\il LDL-cholesterol \ilLu'WiltJl~\il \ilU 

L U'W N <!'If \ii L 'If 1J'ill fl fl1 'j cl ti J~ fll 'l<l~ LA 'll ~ '1'11 A 

' ' . .,,. v 
111'Jlfl<llJ statms <lllJ1'l[l<l\il<l\il'l1\il1U'llil4l'J 

' u 

'lhmnn t 'lALa'WL~ei11111'11'ilBliliilu hi'mh~ L~u 
' 

tll 1,2,3 

tnfl<ilJ statins Ofll'i''W'Wt1i1iJq'l1Biu 
' u 

m1<11111ALam111ei'la<1iff4u~tJ w.r1. 2519 

Ulfl~lJdill'ilililU~4fl~lJriil1l1ollilllJfll'l 
WlilJ'W1'11il11'Jl' m L 'WUALL 'lfl 1!ii'LLfi lovastatin, • 
simvastatin LL<l~ pravastatin LU'W<ll'l~1!ii''illfl 
~ath\I lovastatin LL<!~ pravastatin i'Jl\1111m 

'illnt:ffil'llL\il1J\il'l1 Gl1u simvastatin LU'W<ll'l 

' ., ., .., 
"" <1.1 <>' .QI ru ..,, Q"'1 «11 

M<f1LA'l1~11'illnt'lf<l'l1 tn'Yl~<fllJ'lf'W\il'W'il~lJ 

<l'n'l,fru~tl'lu pure enantiomer \illlJli'filJ"lilm 

'Wilfl'illnd lovastatin LL<l~ simvastatin tl~LU'W 
m~l.iflru<llJUmLllu prodrug iiieim1mtei~ hi 

d • tld "' ~ ~ d ililfl(j'l'lli \ilil~~m aumu'W<fl'lflfl'lf'W\il'l'l'W~ 

' ~ .t1· , d "' flil'W 'il~'il~flilfl(]'l'liJ 111 m t'W<jA'Vl<ffl~Luum 

if~LA'll~li'~LU'W racemate 1muri tluvastatin 

~~LUU Ul'lfU \ii LL 'lfl~1m'il1 fl fll'lif~ LA'll~lf ~~ 
mJ111 fat1 B1Al'lm11il111LL tla~'illfl TA1~af1~ 

'llfl~ mevalonolactone m 1uuA~mmtJum 
' 

- ,,J "' iNLA'll~'l'IVHU'W pure enantiomer 1~llri 

atorvastatin LL<l~ cerivastatin 
~I .,,. a' 

Cerivastatin Lu'Wfl'W'W'Wli'llil~ 
' 

pyridine ~~l'J~\il L\ill'Jf11'lif~LA'll~lf:§um~~ 
'l'llJ\il cerivastatin 1mft1fll'lWlllJ'W1 L 'l1'iJA11lJ 

'iii t vn~~ fl t·1i.ni'!ii'rnta~BBnq'VlB11111 u1~1ilum 
J ~ 0 ~ 'ii.QI ti .... .J .,,..J' 
'Vl\illlJlfl 'Vl1 L'l'llJA11lJ <lil\illltl'Vl\il'll'WLL<l~ 

L ii \ii ti fi fl '.i ti ln U ti 1 'If iJ \il ~'WU fl ti <I~ 
ceri v astatin L lJ 'Wtll l 'Vlt1~'lfil111 L~U1 L 'W rnilJ • 
statins ~H'ffl'l,fll'i'u1t1LAta<IL\ilfl'rnaa~1 u 

u u 

L~fl\ilm1U'll'W1\ilU1 L'W'l~mu h1 LA'mflJ a1um 

d ~ ·~ "' ~ ~ - .r 1tl fl'W 1'il~ L'lf b'W'll'Wl\ilLu'IJlJ<l<lfl'llJ'll'W 

cerivastatin hilmLU'W prodrug fll'lililfl(]'VIB 

'llil~l'llLiilil'illfl cerivastatin L\ilU\il'l~~1lJnt1 
. 1· d ~ .r acuve metabo 1tes 'VILfl\il'll'W 

" fll':iil fl fl (]'VI li 

L 'W fl11 if~ LA11~'1'11A La <fL\il il1 il<!Jll U 

1m'lfa'1~1~ 'J'llfl-1~1~mt1 m1iff~muiiia acetyl 
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CoA 'il~tlmtl~umi'Ju HMG CoA 'il1mfu 
u 

LB'U h:iJ HMG-CoA reductase 'ilntl~uu 
HMG CoA 1 'li'Li'lu mevalonic acid ~'1'il~L'111 
a'i an1"l a'1 L\il'l1~'1111'l L<i aLm 11"l 11<iw111 tJ 
u 

cerivastatin l i'lum <ilil 1'llil'u1uLii111il~mrn 
"' I "'4 "" ,,J "l 1 £!! 

fJ'Y1ilL'!fmlilu1num11u '] L'Un~IJ statins 1'111 

ifuJ'1 HMG-CoA reductase ~'11i'lm11u 1'1f:if 

~ilU'Y1Ul'Y1o'hAqJLL<l~Li'lu rate-limiting step 

l 'U m'Ji\''1 l\il"!l~ttl\il L'1<1Wl 11'l11'1
5 

81 

1um1An1'!ll'l<i'lliNmmi1J statins • 
' Q d , 

WU11 cerivastatin IJ\il11lJIL"l'1tllffVl<llil L'Wnl"> • 
w:l5 1' d~I UUEML1l'U 'lflJ HMG-CoA reductase 'l'lLu'U 

membraue-bound ~'1LLl'lf111ii\nn microsomal 

fraction 'lli'l'11ii'Uttl;l L~mtl~urnViuul'i1 IC,0 

( \il11m'111J'11u~ifuJ'11i'lu h1J1vi' 50%) wui1 

cerivastatin ill'i11i'lu 1.3 nM l'U'lltl!~~ 
simvastatin, lovastatin U<i~ pravastatin il~h 

1\'Ju 66 nM, 77 nM LL'1~ 176 nM lilllJ 
• w 8 

<lllilU 

l'lil'l11~tfla'lf'i'11m Cerivastatin m11'tlilt1m-;fiu lU'll'Wllil 

d <w v ,'!i' 
b 'I.I i'l'1'illfll 'lf <1'11i1U Iii i'l'1 L'll LA Lil<lllili'l-

"li'lil°iil'!.111.llJlfl lUfl1'Hl'1LA"l1~'11 bile acids 

1 'lf<i !i'!ii'u~'11 i'lu \ll1 LL ttti'1~a1 AfJJ l u m1ifuJ-,i 

m"lif'11m1~111m<i<Hlilfl"li'l'1 m statins '111 

1tt'tA1<i m111 a1a<ilu1 'll<i<i'mu<ilil'ii1u1u<i'1'ilu 

1tJw i'lL \il 1'1'1a1ttfUfl1"llh1 ui\''1 Lfl"ll~'lf bile 

acids L'llil<i'mu~'11ii' i'l'1U1 LAL'1<Hlili'l"li'l'1'illfl~ 
d , v 'I ' d_. w ~ , 
i'l'U ']lJl L'll Llill'ILu'Wl~bltt'1'1'Y1'11A'1JAi'l'illfl b'U 

1iialil 1'11<1amu'il~iln<i lnm'l'lllil1'lla llilam1 
' 

LVllJ°iil'W1'W d ' LDL receptors 'l'lL'll<lilLlJlJLU"l'W 
, v .r 
LttlJln'll'U b vl i'l ~'1 LA b<l<Hlil i'l"l i'l <i L 'U "lU'll i'l'1 

u 

LDL-cholesterol 1l i'lfl'il1fl'W<ll<llJ1L'111lJ1 l"ll' 
, < J~.J' .,. W'I 

ma L'Wb'lf<l<I N<l'l'1Lfllil'll'U'Yl1 Ltt'l~lilUbflL<l<Hlili'l 

"la<i 1 miia1il<1111<1'1
6 

Cerivastatin ilA11lJ<lllJ1"l'1<1'1 L 'Wm'l 
u 

~uilu HMG-CoA reductase LLUU 
ii 'P • • .J 

competitive A11lJL'lliJ'llU'lli'l'1 cenvastatm 'Y1 

1'1i'l u m1if uJ'1111u 1 'lllJ1 umrn111'Y11il<li'l'1~1ni1 
A111JL'111J'11U'lli'l'1m~u ']LlJfl~lJL~l'l1tllJ Liu 

lovastatin, simvastatin, pravastatin 1i'Jumh'1 

lJ1fl
7 

0.002 1Jn.1nn. 'l'i11'111fililm1ifuJ'1m"l 

w !"I dw 1• 
<l'1LA'>l~tt LAb<l<Hlili'l"ii'l'1'111ilUtt'U lil 50% 

u 

) 1 d . ~' 
(ED50 U'lltl!~'Yl ED50 'lli'l'1 lovastatm lJA1 

1\'Ju 0.3 lJfl./flfl. LL<llil'1l1 cerivastatin ii 
\il111JLL "l'1 Lu fl1"li'li'lflf)'Y1BlJ1flfll1 lovastatin 

.J'v I 

U"l~lJltl! l 00 1'Vi1 Ui'lfl'il1fl'Wl'l'1WU11 
. . .,( . 

cenvastatm i'li'lflf)'Yllililfl HMG-CoA 

reductase LL<!~ ii l'l <l·UU ~~ m"lif~ LA"l1~tt1A L<l <I 

Llili'l'li'l<i~'111'1L~llbl<l~Btll'11~ 1vi'il'aani1~!ii'u 
~~ 50 1'Vi1 

..,i " ' tl<V ~I ceri vastatin lJ \il11lJ'il1 l 'W1~1il i'lb '11'1'11i1UL u'U 

aci1'11J1fl 
7 

cerivastatin ilN<i L 'Wfl1"lil'uJ'1m"l 

i1'11m1~tt1AL<i<ILlili'l"li'l<i~lii'u 1vi'tnu 5-7 -ii'1 

1m Lll'lltl!~~ lovastatin i'li'lflq'YlB1vi'tnu 4-

6 oii'1fo'1 

1 u fl1 "l'1\ll fl1"li1'1 b\il"ll~tt1~ l'1 <Hlil i'l­

"li'l<l~l'll<i<i'!ii'u m1unoilJ statins '1111'111fililn<1 • 
1 d • 1 dd 

n m"l'lllilL'!fm w i'ltn mammi'l'lfl<l'ill0'11i'l'WlJ1 

1"11' L'lfa<i'lii'u'il~~'1 LDL-cholesterol 'i110 

v 1· '1 ' .r 'I .: 'W<l1<1lJ1L'll1 u UL'll<l<llJ1fl'll'Wblill'lfl1"ll'WlJ 

tl1mru LDL receptor 'il1flfl1"lflfl1'11LU<llill 

'Yllil'1i'l'1'WUl1 cerivastatin ilN<IL'Wfl1'lLvilJ 
div .... o'<V .... 

LDL receptor 'Y1<1lJWllliflUfll"l'1\ll"l~lilU 
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LDL-cholesterol lww<n<llJl cerivastatin 

lw'll'Wllil 0.1 l.Jfl.lflfl.<lllJl'lmvlinfimru 

.!·1· 7 'lleN LDL receptor 'l'llilU lil 90% 

1 ·.!1·· 1· 'W~'W'll'l'I lil"lU cholestyramine 1 

nB'W rn-:J1'11' cerivastatin m~tl1n1u'll'W11il 

0.01-0.1 l.Jn.1nn. Li'Jun<n 20 1u 1'11'm1 

1 4 • .¥ 
'Wf11'll.11il total cholesterol l.J1fl'l1'lB'WBl'J'll'W 

• .11· 1 ~ ".I.I 1·~ flU'll'WllilEll'l'I 'II lill'Jl.Ji:HHlill.J'l'l'l'l<llil lilO~ 

<V d ti ;:OJ 
59% 'llB~'ll:lilUL'll.Jlil'W 'WBfl'illfl'Wl'J~<fllJl'j(l 

alil'l::iilu 11i1'lnliL'lfB hli1'1~m~ 77% 'llB~1::iilu 
d.vw7 

L'll.Jli1'Wlil11'J 

lw~U'llthfi'a fll'l 1 '11 cerivastatin 'l u 

'll'Wllil 0.1 l.Jfl.lfln. Li'luna1 13 at11il1i.f 

<lllJl'ltl<llil'l::iilu total cholesterol 1~ 41 % 

alil'l::iilu LDL-cholesterol 1w 52% ua::alil 

-;::iilu VLDL-cholesterol 1~ 23% 'Wilfl 

L Mil mnn i;Ja 1unT'rnlil11'namli1B'lilailU1~L~'W 

'1flil U~'WUl'-Jai'Wfll''rnlil 1GJ'lflaL'lfil h~~1U 

1 1•.1 .I ~ • 
lill'J<llil lilu'l::mru 24% Ll.JB'W'il1'lW1illi1'l1 

ri1'W'll:'l1l1~ HDL-cholesterol LLa:: LDL-
.i lil v ' .¥.! .... ~ ~ 

cholesterol 'lf~L u'IJli111J~'1i'l'l'111ilqj L 'IJfll'iLfllil 

1111:: 1'lll7u~liliilu 1mauLaillil wui1 ceriva­

statin L'IJ'll'Wllil 0.1 l.Jfl.lflfl. Lvll.J HDL:LDL 
' .¥ 

ratio 'ill fl 6.4 LU'W 11.6 (ll'll.J'll'IJ 80%) 
7 

.J 
NfWU/ 

.I • 
f11'iLlil<lil\Jli11 (migration) Lta::fll'l 

IQJ <t'V .l'...i .Jcv 
LL U~li11'll il~ L 'lfaan a1 l.J L 'IJ il L 'iUU'l'I (;J'IJ~'lla Blil 

Lail lil i'iu'l'l1J1'1'1 a1 ~ ty Lt! fll'>Lfl lil.1111:: h iJ'u ~ lil 
!il 'IJ L mau 1l'J il lil 'ill fl fll'li'J flifl L 'W '11 a B lil 

I • • ~ OJ e 
'l'llil<lil~'W1J11 cenvastatm l.Ji;J<IUUU~fll'l 

..,. ... "' J' &ii 1· .I 
L'il'lqj'llil~L'lf<l<lfl<lll.JL'W!JL'iUU lil 50% (;J<l'l'I 
.,.,,%,J'.,,. ..... .,. .... "".t.., ... 

L fl lil 'll u u a" w u Ii flu fll'l uu u~ m 'la~ 1 lil ·n:: '11 

Lfl1amlilil'iil<IU'l::mru 80-90%
9 

Wittaya Tonsuwonnont 

'l 
• ' .11 •• 

'IJfll'l'l'llil<lil~flUfl'i::lillU'l'I lil'iU 

mm.,~illma<r11i1il"lBaa~ (0.2%) 1i'Jun<n 
• • _, ' • t 'l 4 .¥ 

9 <lulil1'11 1::lilu lilL<l<ll\llil'lila maBlil<l~'ll'W • 
~~ 700 l.Jfl.llila. (fl~l.J~1~-i'um'l11'iUflOii'i 
•t : ,.J' ' .11· 'jl:lilU ma<!Llilfl'lil<lli11f111'W 18 L'l'll) LIJB lil 

-i'urn'l-i'mn~1!J cerivastatin 'l::iilulmaa­

LlilB'lBa'il::alilM 50% rn'ialil<N'llil~'l::iilu Llil 

.,J cu o<!I 7 
a::mJ cholesterol ester 'l'li;J'W~'l1ailli1L<lillil 

. .. 
ti) il'll"'il <It! I'll illil'i 

~fl 'tf Wl: L lil [J 'j")IJ '111~ Lil a'lJ"'il au l'fl<!lil'i' 

'llil~ cerivastatin ~il LrlB1'11'm11il!Jfl1''ifl'W m 
'il::Ofllillil:ill.J 1~L~1Lta::<llJ1J"lfll Lfllil first-pass • • • 
metabolism 'l utl~lJlW\'f~ ~mtl~U'WLLUM~ 
iilu 1wL i'lu active metabolites uii::i'itl~mw 

'l 
J' .J OJ I <V .J JO 

!J1 'WL'WilLEIBlilUIJ1flf111il11'J1::il'IJ 1 

Cerivastatin ri1u 1 my~fl'll'5'1i111ilu 

Lil'W hiJ Cytochrome P450 'll"Ulil 2C8 Lta:: 

d<V 11 <V ~· 3A4 'l'lli11J fl1'l'll'illil!J1Lu'IJLLUU 

demethylation LL<'l:: hydroxylation LU~El'W 
cerivastatin 'li1'1i'lu active metabolites 1~un . . :: 
Ml LL<l:: M23 lilll'J<lllilU 'illfl'W'W Ml 'il::efl 

hydroxylated LL<l:: M23 'il::~fl demethylated 
~I . ..,....,,J.:11 

fl<llfllu'W acuve metabolite 11flli11'11'W~lilil 

.IQ , .1._,, 
M24 u'llJlWEll cerivastatm 'l'IL'llllJ'll~fllU 

tl-;::mru 30% Ofl'll'5'~~11i11u-;tl'llil~Ll.Jlil::Uil . ~ 

1 ~ . d .:If ..., 

<l'l'I <11'W'l'IL '11<lil'll'illilililf1'1'11~~'il'il1'l:: 

fll'l'li cerivastatin 'll'W11il 0.2 l.Jfl. 

Llil u m'li'i u 'l u <11 a1 air lil'lil'll.fll'W~ 1 tl~uu 
' 

L iiuunum., 1 '11'u1'1'11~M<lillil La 111i1~1 'l u'l1u1~ 
0.1 l'Jfl. wui1 absolute bioavailability 'llil~ 

d•~· .l1•'j" cerivastatin 1.Jflllu'W 60% Ll.Jil '11El1 Llil!Jf11'l 
""' ..., ct .J ~'i" 
fl'W'il:lilU!Jltl~'illil<l~<llil'l'IL1<l1 2.5-3 '111 LIJ-3 ' . . 
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1m.,~!ilu1'l11u1'1i':w'li'u1uwa1a:w1a'lalil 
u • 

th~mru 0.002 !Jfl.!lilil'> vl'uffi<ilfl11vl 

1'l11m'li'u'li'u-na1 (AUC) i1~hth~u1ru 
J_, 'f <>. <:::j I .J """"" 

0.01 !Jfl. X '111L!J'l/1.l\il"l l'Jl:IJl'lll'l"l-1'111\il?JeN 

fll"llil\il:zil,Jth:;mru 1-2 ?i'1lu'l tnu1u 6 ?i'1 
u 

lu'lm~~flfllillil:ziu 1mmflfli1 80% 1'i1l'l~'I 
u u 

:zi11i1'11eNfl1">'11~1ilm 1u~1'lmmm1mb'! 1.5-
" 

2.4 ?i'1fo'! total body clearance iil'i1 13 

a\il"l /~1 LlJ'I LtadhBu1 \il'Sfll "j fl'j~~ll'J 
th~mru 0.3 iilil'i/flfl. 

12 

ol-' 1·· ~o1~ 
~1 fl fll'>'l'I I'll <t11J 'IHlJ ~fl '11 ~\ii '11 \ii U 

Lli1Uiil'i1 total clearance 13 li1i111?i'1LlJ'l ~1lJ 
nu'li'BlJ1.l~1flfll"li'lfl1fl L\ill'l 1'!i' cerivastatin ~ 

u 

&ililumfl{'la ~'lwui1m11111i11i1:zim'li'1a~1"mu 
u u u 

I ,J • ' 
"1flfl11 98% fll'l'l'I absolute oral b10ava1la-

bility '11fl'I cerivastatin iil'iwrlu'l 60% ~~ii 

aim~~lfl fisrt-pass metabolism Ltlua1u 

lmy 
1ua11J'11fl'IU1lJ1\il'ifll':ifl"l~~1UU1~ii 

v ..J"" 
L11J'l1\ilU 

wa1ammflii-:i 99% 
J' - ol 

1'11fl'111\il mu LWi'I fl111T'm1.l~l11.l1'11 • 
iimn hi ii N am:;'l'lul'i m11a'11~aui'11a1i1-i'?JB'l 

cerivastatin
1"1< fll"l1'11 cerivastatin ~1!JOU 

cimetidine 11~fl magnesium/aluminium 

hydroxide wui11iiii~rnl'im11a'11~aumalil-i' 

'11fl'l cerivastatin
15 

cholestyrarnine ~'I 1'1l'~1u 
numfl~j,J statins 11Jfll':i1.l\il lm!u 1mafllil ii 

N1.l1.l\il bioavailability '11fl'l cerivastatin 

·' ol 1. • ~ '1 •d u"l~mru 21 % ll,Jfl 11U1W'lfllJfl1J LL\il UUN1.l 

l'i fl fll'j{fflil Lrl fl 1 '11mli1-:i nu flUl'IU BU 1 ?i'1 

LU~16 
erythromycin iiNauut'!IU\il~UfliialJ 
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.: J' 
'11fl'l cerivastatin Llilul'i1'l'11 AUC LWl,J'111J 

21% Ll<l~fill'l~-l?i'lliltvi:w?fu 10% Bril'lhO~ 
N<1 tu ~uu ti ua'l 1 u'>~!ilud'lii'il1 t i'.Jum B'lu-ru 

'111J1\ii1'11'11 fl'! ceri vastatin 
17 

m'l1'11 cerivastatin liiiiN<1l'iB111a'1l­

~<1umalil-i''1IB'I digoxin LL<!~ warfarin ~'I 
I ' <>. ,J <>I 

LL\ilfllill'l~lfll'll statms Ul'l'lflJ\il'l'l:WNam:;'l'!U 
' <V ,,. • • 18 

lilBLlla'11~aumalil"l'11fl'l d1goxm u<1:; 
19.J 019/!V AIQ.I ~ 

warfarin '11'1'111 11\ilfl'lu"lU'111J1\ill'l111"leJl'l11J 

\ill,JN<l?JB'lfll'> 1'1i'm L 11<hllBril'l Lfla1l1i1 
' 

fl1'>Afl1"11 u l'l'tl1a hl'l 11il ~11 fll"l 
u 

l u ~ UlJILU <Mfll"ll'i1'111J'1111'111il 1iiiiNa~a1!1ty 
""... ' "" d' 'l'll'll'l<11JfllilBL11a'11~aui'l1a\il"l?JB'l 

cerivastatin Ll<l~L:IJ\il~UB 1a'l1"'
0 LlilU~11u~'l 

hlii1'l111J'il11i'.Ju<ii'a'!u{u'IJullilm1ul\l'tl1u1 '>l'l 
u 

11il 11ri1'l1., il ~1 u ~ tl1 u~ ii fll '> ~t\! 1au fll'> 

l'i1'111J'111l'l 11ill,Jlfl (creatinine clearance UflU 

fli1 30 "a.1mi'i) l'l1'>Ll1mm1u1'l11u 

"l~Ulil"l~1'! L\ilu L\:lw1~ 1 u'>~U~L~!J<ii'u 

Nam"li'mn 

1 • ol ~· 1JNU1U 319 'l1U'l1Lu1J type Ila 
u 

. ~ . 
hypercho le s tero !em 1 a fll ">"l fl 1"1 \il1 U 

cerivastatin LlJ'111J1\il 0.2 !Jfl.!11J <l\il LDL­

cholesterol lmii-:i 30% 'l~!ilu total 

cholesterol 1rn:; llil">flaL'lm hlii'alila'! 22% 

. ~ 1 ol LL<!:; 12% lilll,J1.ll\ilU lJ'lllli~'l'I HDL-
.: .¥ .¥ •.1 1· cholesterol LWl,J'IJlJ 5% NaLUB'llillJu"llfl!) 11 

"' 1 ~.. ' "' ol - J' mumu u r aulil111 ua~Nat\ilU'l'ltnlil'111J 

1rlB1'1i'm1<ii' 3 au\illll m-;1l1m1ua~l'lf'!11J 
"li1'! 1au11~Bri auu Bu 1li'Na1um':ia\il LI'! Laa 

• 
Llil B"l11<1l<ii'~fl'llfl1'>1 '11m1u<1~ 2 l'li''l

21 

L1Jfll'>i'lfl1"1~U1U type IIb 

hypercholesterolemia 'il1u1u 7 51 l'llJ fhti' 
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m cerivastatin L'W'll'!.!llil 0.1, 0.2 bLa:: 0.3 

lJf1.11u tlJunm 16 atllil1M -wui1 LDL-

cholesterol <llil<M 15.l, 23.0 LL<l:: 24.2% 

~nmhlilu <bulm'l11aL'l.f1i1·>1;l<llil<M 14.B, 

11. 7 LL<i:: 20.3% m1mhlilu th::lh1ilm-w 

'lllN cerivastatin ~1"l~<JUVl'1"1'1l'm~ei 1tlli11 l 
" 

ti 1u111'li'lmfl L~ <11 nu miv111111-; 1'/l'm 

gemfibrozil LU'!l'!.!lW 1,200 lJf1./1u 

<lllJ1'l'1<lVI LDL-cholesterol <l'I '[Iii' 7.5% 

Lta::<iw 1m.,11aL'l.fei hw1111 50.3% 22 

f11'i~fnfll'll'll'lliiln1u phase II ua:: 

III 'll<l'I cerivastatin L'!.!~U1!J~LlJu primary 

hypercholesterolemia 'iiltJ1'!JlJ1f1fli1 2, 700 

'l1t1 faalJ11111i1 1, ooo "l1t11'1i'mvu1i" t 

"''" .Joi • ~ u 'IJ'!JlWEll'l'lL'll 0.025-0.4 lJfl./1'!.! 

L U~tlU L fi ti U rlU £11VIi.1fl11 VI~ <J I'll L U~tl UL Viau~ 
.(4.J • d1· 

flflfl(J'l'lli'll'!JW<J'!.! 'WU11 cerivastatin LlJfl VI 

LlJunm 8 atJw1'1f:ffu 1tl<11lJTHl<lW LDL­

cholesterol 11ii' 14.2-36.1% lJlflVl~mfou 

VlllJ'IJ'Wl(ilEJl l'W'!l'!.11(11 0.025-0.2 lJf1.!1'W 

1111c.rn1u111"li.1W LDL-cholesterol 14.2-

28.2% 'IJ'!Jl(il 0.3 LL&1:: 0.4 lJfl.111.J iillil 

LDL-cholesteroI 1111 31.3 Lta:: 36.1% VlllJ 
o<V 4.Jf1 
mwu fll"l<lW LDL-cholesterol LflW'll'W"l1lJ 

ri'u1111aw total cholesterol lwmda 1'1l1u 

'IJ'Wl(il 0.4 lJfl.11uv::<iw total cholesterol 11ii' 

26.8% cerivastatin ih 1 M HDL-cholesterol 
d~, .i~~.i 

4-8% 'll"Lu'WN<l'l'ILVllJfl'WflUl'llfl'W 'l 

statins fll'H vl lJ:ff uil'ltiamfo iflwu 

Vl"l"rlU'll'Wllilm a1ul'l11lJ<lllJ1"l'1 L 'Wfll"li.1W 

1m"lfl~L'llfl h~'llfl" cerivastatin alJwtJil'ri'u 

"l::!ilu 1m.,naL'1fB h~L~iJiHu 1ml'u1a~ih::iilu 
" 

Wittaya Tonsuwonnont 

lJfl./W!.'I. cerivastatin LU'IJ'Wllil 0.4 lJfl./1'W 

<lllJl"l'1<1W"l::filu 1m'>n~L'1fil hw1111 36% 

Ni.'l'!leN cerivastatin LU'IJ'Wl(il 0.2 
~ d 1~ lJfl./1'W 'l'l<lllJl"l'1i.1W LDL-cholesterol ., 

28% fl~L'IJ"l::lilrn~u1ri'u pravastatin 1u 

'!l'WlW 40 lJ11.11u 1um">i>imn wosc0Ps1 

Lta:: CARE2 1umu:;~ LDL-cholesterol <iw 

i.'l'I 1111 36% 'Jlflfll'l 1'11 cerivastatin 'IJ'Wl(il 0.4 

:wn.11u LU~!JULiiuu 11ii'i\'u simvastatin 'IJ'Wllil 

20-40 lJn.11u "'illflfll'>fin1,n 4S
3 

WOSCOP L \Jurn;;~mflNi.'l'IJ fl'l£11bb uu 

primary coronary prevention <h'W CARE 

bL<l:: 4S tl'lun1"lf!n1flN!.'l'!l<J"UlLLUU 

secondary coronary prevention 

"1bVllili.1'11111 LLll"i111::i.'lliJB(il'l1Vl1U'l1flfll"lb0(il 
• 

hi'! L<i'uLaawl11 hawtii'u~m1lJ v.i<iiil~mh1ii' • 
l1h i1ui1m"l L Ml'llfll'ilii v.i<i 1l-iw'ltl'l~<l'IAU1~ 
• I d ~ 1· f d d u "l:: 111 'l'l'lfl au u L w lJ 111 '>lill av1nm mm au • 
N<lm'li'!mmnn WOSCOP, CARE Ll<l:: 4S 

'ii1 L \Ju v.i <im"li>lfl'lfl~ih l'i'i;y1 u m'lii'1 M't i1u 

LlJu11{-:iLL"lni1mlumh.1 statins hiLWtl'ILL~ • 
<lW Blil"ll L~l'N'll eNm"lu1mti.1::m1uv1n 1 'll'l tau 

L~awl111vawtii'u L ri1if u 1l~mm1'1'1WBVl'll • 
l~tl'IV<Mfll'lVlll'l'llfl'l'lfl<lll VIVli.'l~ 1i;J'i;J'1a • • 

L 'Wfll'lflflfl(J'l'IB<lw LDL-cholesterol 

cerivastatin LWW-:iiln'l:tru~ log-linear dose­

. response L~'Wl~Eni\'um~'W ']L'Wfl~lJ statins 

1 dd "'. (iltJLlJ m WlJ'!l'Wl(ill'Jl L uU<lfl'IL 'Yl1 'J::<lllJ1"l'1 

aw LDL-cholesterol 1iHlJln:ffuu'l::lJ1ru 



Thai J Pharmacol; Vol 21: No 1, Jan-Apr 1999 

.J'1 I ,d.J',,,i 
cerivastatin 'IJ11 Nil'11iNmUl'i!~L'Wtnl'Ui'lfl 

.J ..,: ""' ' "' ""' LlJill'WlJ'11'Ullill'J1Lfl'Ufl11 4 lJfl./1'U IJ"lll'J 

'll'U ~ Ll<f lil'l 111L i1ui1fll"l1'l'i'm1 uTiu1 Iii 8 

lJflJl'W 1'ttNil1'Wfll"lillil LDL-cholesterol 

1 • d ~I d1 • ~ w 1 • Iii 44% 'IOLu'UN<l'l'l flilLl'll'J'lflUfll'l 'IJl'Jl 

. ~d 1 24 statms 'IJ'Wlilil'U '] 'W'IJ'Wllil~'l 

Nil 1aiil~tf,,~•NA 

Nil fll'll L 1'1">l~ti'1'111lJUa1l Iii ii' l'J'll ei~ 

cerivastatin ~1iii''illflfll'li'lflrn 1 u phase II 

LLil~ III 1uwu1un11 3,0oo 'flt1wui1~rn hi 
" 

W'lU'l~<l~l'i''IJ ei'lm~wuti ill'J ilu au iilu u., n fl a 

flu syndrome, headache, pharyngitis, 

rhinitis, abdominal pain, diarrhea, back 

pain, sinusitis, arthralgia !Lil~ myalgia 11ilt1 

Nil 1liil'l'li'l~<l'lA~'WUU<l!Hllil 1iii'1ui flu 
' 

.J """ """"' ti ..,,, ,..J syndrome 'IJ'llJijUlilfll'HUfll'lLfllil 6,3% <t1'W 

'lue1uiiluauflei myalgia iliju&irn.,rurn'>tfilil 

23 .J° "I"" ""' • 2% llJ<Hu':HJUl'Vll'JU'l~Vl11~ cerivastatin l'J1 
_,~ ~ d ,£ ~ d 

VI il i'lfl llil~l'Jl L u':HJU L 'Vll'J U'VI a fl fl (j 'Vlli'IJ'U Iii au 

'Wui11liil1"1111JLL1iinoi1'lnu mh'liiumh~ty 

1 u au&lrn'l W'IJ fl'l fll"l in Iii Nil 1liw'lU'l~<l'l l"i' • 
'l u !ii'1u111 'l 'VI 'W oi a u1'Wui11111 'l 'll' 

cerivastatin L'W'IJ'Ullil 0.025-0.4 lJflJl'W 

1iJ1Llilflol1'l'i!1flfl1'l1'1l'tJ1 lovastatin, 

simvastatin, gemfibrozil Lbil~l'J1Vlil<lfl 

'li"l~mru 1.6% 'IJ<J'lHU11'Jiii'fl'l'IWlil l'll'm1da'l " . 

2.2% lillmhiilu cl1unT>Vl~lil 'l'll'm L'W':l~111i1'l 

lll"l-i'n'l,/1 b llu "l~U~ L 1 m u1u 'W ui1 il1V1-i'u 
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cerivastatin LU'W 1.9-4,7% 1u'IJW~~fll'lLW 
_,~ ~ ~ d "'' mLu'l!JUL'Yll'JU'IJ'Wlilflll IU'W 3% 

1 '~ _, <d d d 
i;J <I lJ'W'lu'l~<l'll'l'Yl'l'WLL 'l'l'Vl<llil'IM'WU 

' ' 
11il''il1flfll'lL'll'l'l11un<ilJ statins Afl • 
hepatotoxicity LLil~ myotoxicity NiloleHii'u 

1 • .: .!' 
fl1'illil'l1'i! lil'illflfll'H'WlJ'IJll'IJfl'l serum 

transaminase ~'lcl1u 1 mym statins 'l'i11 '11 
. d.J' .:., v .J1· 

transammase L'WlJ'IJ'WUUU'IJ11'1'll1 'IJ<llJil'VI Iii 
u 

'i!lflN<lfl1'li'lfl'l,fl~"l1U'l1lJ'i!1flNU1U~1'W1'W 
u 
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Estrogen complements 
cardiovascular risk reduction of 
statins in postmenopausal women 

Estrogen therapy improves markers of 
fibrinolysis and vascular inflammation when 
added to simvastatin in hypercholesterolemic 
postmenopausal women. In a prospective 
study, 28 hypercholesterolemic postmeno­
pausal women were randomized to receive 
either 0.625 mg conjugated equine estrogen, 
q.d., 10 mg simvastatin, q.d. or a combination 
of the two for 6 weeks. Levels of plasminogen 
activator inhibitor- I and cell adhesion 
molecule E-selectin, markers of fibrinolysis, 
inflammation and platelet aggregability, and 
levels of total cholesterol, HDL and LDL were 
measured. Estrogen therapy alone or in 
combination with simvastatin significantly 
raised HDL level to a greater extent than the 
statin alone. Estrogen alone or in combination 
with simvastatin lowered plasma levels of 
plasminogen activator inhibitor- I and cell 
adhesion molecule E-selectin. A combination 
of estrogen and simvastatin lowered LDL 
cholesterol to a greater degree than either 
therapy alone. The findings suggest that 
estrogen therapy may provide vasculo­
protective benefit to hypercholesterolemic 
postmenopausal women, even if they are 
already on statin therapy. 

[Circulation 1999; 99: 354-360} 

DNA vaccination activates dendritic 
cells to initiate immune response in 
mice 

DNA vaccination transfects only a few 
dendritic cells, but this leads to general 
activation of dendritic cells and to long-lasting 
CD4 T cell responses in mice. The vaccine 
coded for the fifth component of complement, 

C5, a protein that is not secreted by transfected 
cells. The investigators detected CS in 
keratinocytes in the ears of mice and in 
approximately 2% of dendritic cells within 
draining lymph nodes of 5.4-vaccinated mice. 
In mice vaccinated with empty vector, no 
dendritic cells expressed C5. The antigen­
expressing dendritic cells presumably migrated 
from the site of DNA application to the 
draining lymph nodes. In the spleen of 5.4-
vaccinated mice, frequencies of CS-specific T 
cells peaked 4 weeks after vaccination and at 
40 weeks were stiii greater than in untreated 
controls. Although DNA vaccination results in 
direct transfection of only a very small 
proportion of dendritic cells, it leads to general 
activation of all found in the draining lymph 
nodes, thus providing optimal conditions for 
effective T cell activation. In 5.4-vaccinated 
mice, the scientists detected CS in 
keratinocytes for up to 12 weeks, but in 
dendritic cells from draining lymph nodes they 
detected CS for no longer than 2 weeks. When 
they injected transgenic lymph node T cells 
into mice that had been immunized with the 
5.4 vaccine 20 days before, the T cells 
remained unactivated. These latter findings 
propose that there is no long-lived source of 
antigenic material present. It seems that DNA 
vaccination can induce memory CD4 T cells 
that can be long-lived without repeated 
antigenic stimulation. These may lie in optimal 
activation and expansion of most antigen­
specific T cell precursors, rather than in long­
term storage of antigen leading to periodic 
restimulation. 

[J Exp Med 1999; 189: 169-177} 

Gene linked to smoking behavior 

Researchers have found a gene that appears to 
influence an individual's risk of starting to 
smoke and of becoming addicted to nicotine. 
The findings may lead to more effective 
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smoking cessation therapies tailored to a 
smoker's genetic makeup. Study of 289 
smokers and 233 nonsmokers showed that 
people who had the dopamine transporter gene 
SLC6A3-9 were less likely to smoke, or if they 
did, they tended to start later and found it 
easier to give up than those who lacked the 
gene. People with this particular gene were 1.5 
times more likely to quit smoking than people 
who did not cany it. This gene was associated 
with lower levels of a personality trait called 
"novelty seeking", which was thought to be 
modulated by dopamine and had been linked 
to cigarette smoking behavior. Those with low 
levels of novelty seeking had an easier time 
giving up cigarettes than those with high levels 
of novelty seeking. The study authors 
concluded that a fuller understanding of the 
genetics of cigarette smoking behavior could 
lead to more effective, targeted pharmaco­
logical and psychoeducational cessation 
strategies that took such individual differences 
into account. 

[Health Psychology 1999; 18: 7-13, 14-20} 

Adding et:mercept to methotrexate 
improves rheumatoid arthritis 

In patients with rheumatoid arthritis whose 
signs and symptoms are not controlled with 
methotrexate, the addition of etanercept, a 
genetically engineered receptor-fusion protein, 
binding and inhibiting tumor necrosis factor, 
and blocking the inflammatory process in 
rheumatoid arthritis, is safe and results in 
clinically significant reductions in disease 
activity. The study involved 75 women and 14 
men who had active rheumatoid arthritis, 
average duration 13 years, despite treatment 
with oral or subcutaneous methotrexate for at 
least 6 months. For the 4 weeks prior to the 
study, the patients had been receiving a stable 
dose of l 0 to 25 mg per week. In a double­
blind protocol, the investigators randomly 
assigned 59 patients to receive twice-weekly 
injections of etanercept, 25 mg per dose, and 
30 patients to receive placebo injections. All 
patients continued to receive the same dose of 
methotrexate. After 6 months of treatment, at 
least a 20% reduction in various measures of 
disease activity, specified by the American 
College of Rheumatology (ACR), in 71 % of 
the patients who received combination therapy, 
versus 27% of those who received 
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monotherapy. The study group observed a 
50% reduction in disease activity in 39% and 
3% of the groups, respectively, and a 70% 
reduction in 15% and 0%, respectively. The 
FDA has specified that improvement of at least 
70% according to the ACR criteria constitutes 
a 11 major clinical response". Toxicity in the 
short-term study was minimal, and except for 
mild injection-site reactions) there were no 
significant differences between the groups 
with regard to adverse events. Specifically, 
gastro-intestinal side effects, hematologic 
effects, and headaches were not increased by 
the addition of etanercept. Additional research 
is needed to determine whether etanercept is 
an appropriate initial therapy for rheumatoid 
arthritis and to identify the patients who will 
benefit most. 

[N Engl.I Med 1999; 340: 253-259, 310-312] 

Vaccine reduces colon cancer 
recurrence 

An experimental vaccine reduced the risk of 
tumor recurrence in some patients who had 
undergone surgery for colon cancer. The study 
involved 254 patients with stage II (the cancer 
had spread through the bowel wall but not 
further) and stage lll (the cancer had spread 
through the bowel wall to local lymph nodes) 
colon cancer. Following surgery to remove 
their tumors, half of the patients were given 
the experimental vaccine as part of a procedure 
called "active specific immunotherapy" 
because it was made using cells from a 
patient's own tumor. The other half of the 
group of patients did not receive the vaccine. 
The vaccine was administered once a week for 
three weeks shortly after surgery, and once 
more six months later. The researchers 
reported that after a median follow-up of 5.3 
years, patients who received the vaccine had 
an overall 44% reduction in risk of recurrence 
of the cancer. The greatest reduction in 
recurrence rate was seen in patients with stage 
II cancers. In these patients, those who 
received the vaccine had a significantly longer 
recurrence-free period, and 61% risk reduction 
for recurrences and showed a trend towards 
improved overall survival. The vaccine had 
little effect on the recurrence rate in patients 
whose disease had progressed to stage III. In 
addition, it did not have an effect on overall 
survival in patients who received it, but this 
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might have been partly due to deaths from 
other diseases, such as heart disease, in the 
group studied. The side effects of the vaccine 
were minimal, and appeared to contribute to a 
better quality of life in the patients who 
received it. The investigators estimated that 
use of the vaccine in addition to adjuvant 
chemotherapy could provide benefit over 
surgery alone in more than 90% of colon 
cancer patients (64% stage II, 30% stage III). 
One drawback to the procedure was the 
requirement for a high-quality vaccine­
manufacturing center that could make the 
vaccine from the individual's tumor. 

[Lancet 1999; 353: 345-350] 

AHA: too early to recommend 
antioxidant supplements 

Although epidemiologic evidence suggests that 
diets rich in antioxidants can reduce heart 
disease risk, it is still too early to recommend 
the use of antioxidant supplements for the 
general public, according to American Heart 
Association (AHA) officials. Primary 
prevention trials examining beta carotene, 
vitamin E, and vitamin C supplements have 
produced mixed results about reduction in 
heart disease risk. In the Nurses' Health Study, 
more than 85,000 women followed for 
approximately 8 years revealed a relative risk 
of major coronary disease of 0.66 for women 
with the highest vitamin E consumption 
compared with those with the lowest vitamin E 
consumption. Lower risk was associated with 
levels of vitamin E intake that were achievable 
only by supplementation. Subsequent analyses 
revealed a 43% lower risk in vitamin E 
supplement users versus nonusers and an 
inverse relationship between risk and duration 
of supplement use. Primary prevention trials 
have not uncovered similar benefits. In the 
Alpha-Tocopherol Beta-Carotene Cancer 
Prevention Study, researchers found no 
reduction in risk of lung cancer or major 
coronary events in more than 29,000 male 
smokers who took daily doses of vitamin E, 
beta-carotene, or both. Similarly, investigators 
found no reduction in cancer or heart disease 
risks with beta-carotene supplementation in the 
Physician's Health Study, which followed 
more than 22,000 US physicians for 12 years. 
The evidence was much stronger among 
patients with established heart disease. In the 
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Cambridge Heart Antioxidant Study, the risk 
of myocardial infarction was reduced by 77% 
and the risk of all cardiovascular events was 
reduced by 47% among patients who received 
high doses of alpha-tocopherol. In view of 
these findings, the most prudent and 
scientifically supportable recommendation for 
the general population is to consume a 
balanced diet with emphasis on antioxidant­
rich fruits and vegetables and whole grains. 
Although diet alone may not provide the levels 
of vitamin E intake that have been associated 
with the lowest risk in a few observational 
studies, the absence of efficacy and safety data 
from randomized trials precludes the 
establishment of population wide recommen­
dation regarding vitamin E supplementation. 

[Circulation 1999; 99: 591-595} 

BRCA1/2 gene mutations unrelated 
to survival in women with breast or 
ovarian cancers 

New evidence adds to the controversy 
surrounding the effects ofBRCAI and BRCA2 
mutations on survival in women with breast 
and ovarian cancers, and suggests that survival 
is similar in women with and without the 
mutations. The researchers examined survival 
after breast or ovarian cancers among BRCA I 
and BRCA2 mutation carriers and noncarriers 
in Jewish women in a community of 
Ashkenazi. They tested more than 5,300 
women for three specific mutations and 
interviewed them regarding carrier status and 
survival of first-degree relatives who had been 
diagnosed with one of the two cancers. Among 
50 mutation carriers, 58 of their first-degree 
relatives had been diagnosed with breast 
cancer and 10 with ovarian cancer, and among 
907 noncarriers in the population, the 
corresponding numbers were 979 and 116. 
Median survivals with breast cancer among the 
relatives of carriers and noncarriers were 16 
years and 18 years, respectively, a difference 
that did not reach statistical significance. 
Survival with ovarian cancer also did not 
appear to be affected by BRCA I or BRCA2 
mutation carrier status. The findings suggested 
that BRCA I and/or BRCA2 mutation carrier 
status did not have a major impact on overall 
survival time among patients with breast or 
ovarian cancer. They concluded that screening 
for the mutations would not contribute 
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prognostic information about survival among 
these patients. 

{Journal of the National Cancer Institute 
1999; 91: 201-203, 259-263} 
Repeated transfections of human hepatocyte 
growth factor (HGF) gene into the skeletal 
muscles of rats, using the hemagglutinating 
virus of Japan (HVJ) as a carrier, can produce 
complete resolution of liver cirrhosis. Rats 
were induced pathological changes similar to 
those of human liver cirrhosis by injection of 
dimethylnitrosamine. Beginning 4 weeks later, 
the rats were injected weekly with saline or 
with 10 or 20 mg of HGF-HVJ liposomes. 
Gene therapy increased the plasma levels of 
human HGF as well as endogenous rat HGF. It 
inhibited plasma levels of transforming growth 
factor beta- I, which according to the research 
team induced liver fibrosis, inhibited the 
growth of hepatocytes and induced apoptosis. 
Quantitative analysis of fibrosis by image 
analysis techniques showed a more than 70% 
reduction of fibrosis after HGF-HVJ liposome 
treatment. Hepatocyte apoptosis was 
suppressed in HGF-transfected rats, and 
immunohistochemical staining showed that 
47% of hepatocytes were mitotic. Transfection 
also improved survival from 34 days of 
untreated rats to 43 days of transfected rats 
with 20 mg of HGF DNA. In nine rats that 
were transfected with 40 mg of HGF DNA, 
liver cirrhosis resolved completely within 50 
days after the start of the dimethylnitrosamine 
injection. 

[Nat Med 1999; 5: 226-230} 

Digoxin plus atenolol offers best 
control of chronic atrial fibrillation 

The combination of digoxin and atenolol 
provides better stabilization of heart rate in 
patients with chronic atrial fibrillation than 
either drug alone, diltiazem alone or diltiazem 
plus digoxin. The finding comes from a 
crossover comparison of the five regimens in 
12 patients with chronic atrial fibrillation. For 
single-drug therapy, diltiazem provided the 
worst control of ventricular heart rate, while 
atenolol offered the best control. Atenolol plus 
digoxin offered the best overall results, 
reducing the average daily ventricular rate to 
only 65 compared with 75.9 and 78.9, 
respectively, for atenolol alone and digoxin 
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Hepatocyte growth factor gene 
therapy treats liver cirrhosis in rats 

alone. The two drugs appeared to work 
synergistically. Digoxin favorably modulated 
the parasympathetic nervous system, while 
atenolol blocked the effect of the sympathetic 
nervous system, which drived the heart rate. 
This synergism resulted in almost ideal control 
of the heart. The study showed that, while 
digoxin remained the first-line therapy for 
chronic atrial fibrillation, it was among the 
least effective drugs for this indication when 
used alone. Data provided a rational basis for 
the choice of a pharrnacologic regimen for rate 
control in atrial fibrillation and an approach 
for defining the significance of various 
regimens for preventing the deterioration of 
ventricular and left atrial function. 

{J Am Coll Cardiol 1999; 33: 304-310} 

Possible new vaccine fights malaria 
throughout its life cycle 

A team of researchers has discovered a 
possible new way to vaccinate against malaria, 
one of the world's biggest killers. Creating a 
vaccine is crucial because the parasite has 
begun developing resistance to drugs used to 
treat malaria, and even mosquitos that spread 
the disease are withstanding pesticides. But 
finding a malaria vaccine has proved 
exceptionally difficult and failed because most 
vaccines focused on just one part of the 
malaria parasite's complex life cycle. The 
investigators have created a multipronged 
vaccine designed to make the immune system 
fight the parasite at many stages, i.e., when the 
mosquito bite sends it into the body, when it 
invades the liver and when infection moves 
into the bloodstream. Antigens corresponding 
to the sporozoite, liver, erythrocytic asexual, 
and sexual stages were constructed as a 
synthetic gene that encoded for 12 B cell, 6 T 
cell proliferative, and 3 cytotoxic T lympho­
cyte epitopes derived from 9 stage-specific P. 
falciparum. Immunization in rabbits with the 
purified protein in the presence of different 
adjuvants generated antibody response that 
recognized vaccine antigen, linear peptide 
contained in the vaccine, and all stages of P. 
falciparum. A multicomponent, multistage 
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malaria vaccine can induce immune response 
that inhibits parasite development at multiple 
stages. The rational and approach used in the 
development of a multicomponent P. falcipa­
rum vaccine will be useful in the development 
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of a multispecies human malaria vaccine and 
vaccine against other infectious diseases. 

[Proc Natl Acad USA 1999; 96: 1615-1620] 
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An effective treatment of erectile dysfunction 

Local problem , local solution 

of erecfile dysfuncfion caused 

by organic diseases eg diabetes mellifus, 

vascular disease, spinal cord injury, 

endocrine disorders. rhese patients 

are taking many medications 

for freafmenf . Muse is effecfive 

in treating erecfile dysfuncfion 

regardless of the causes2. 

av a ilabl e on reque s t T e l . 20 7 0 2 5 2 

Ref. 1. Zonszein J. Ura c/in. North Am 1995; 22: 789-802 2. Padma-Nathan H. NEJM. 1997; 336: 1-7 
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