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~ QI i:S "!! ~ .cl d I !"I .J' .cl Q ., " QI ..J d Q ., ~ " I QI 

VIU'\J n J'1 n f.l'\J VI LL a::: L l-1'\JLL '\J1'Yl1~11 u'\J'l:::iJ'\JW'\Jfi{Jl'\JUUU C'l~iJ1{JlWiJW >J10'lJ'\JVl1f.I L'lf'\J O'\J ()l'l'l::: 

I ti 1 I I ti "' 1 ~I J' .,j "' .J ti OJ "' J' 1 "' . "' o 1 ti 
Y1'1'\J'lJ1~ iJAelf.IW'je'JiJ'\Jn '\Ju'\J L'\J'1~~1ntn'j:::n~'Yl{Jlel~'jUc.JV1?1eJU>nn'lJ'\J '\JiJ'l-111'Ylmau n1 l1 

hhnm'jt1~i.JL'YI 1v1~irn 11'ja1'jllJ'j:::u:::mr~m'l~:::'1'1n 1Vl''hj{Jl'j~nm~~~N1'U>n Yi~~eNnun1'\J 

LL'\J1'Yll~u~m'j~Vlm'j m'jth:::?J1aiJw'Ufil.i-1w1nL'j1'zbua-:iL~el~m~~i.ivtn'Umni'\J 

.,/ I I .J "' 
'lJ ()'lJ tlUW'j:::YJ ru L w t)'\J'j1i.J~1'\J'YI n'Yl1'\J'YIWf.11f.11 )J{Jl Vl{Jll)J LLG'l:::'j1U'j1i.JU'YI Yl11)J • • 

t1 
O "'tJ ... I .J q ..J 

'j::: n elUYllU'j'jf.11£.ILLa::: ()Jl 'j1f.I 'lJ tlUW'j:::~ru1nm mYJO'Yll'\J'Yla'a::: L1al L 'lJ f.l'\JLLa:::C1'3U'YIY111)J)J1 

ll-1 il-:iLLi7i1~:::'j1U'j1)J 1VIL"l1)JVI 'lJtl'lJelUYltlJ (),Vl'j , ~VIVlli'aff ti1'Yltl'3'31)J U'j'jt1J1fim'j~1)J • 
~1 l1A11i.1?11m l1amLa:::airua'4'\Jnl'j~Vl~i1 Proceedings 1V1u l"~1L ll'U~t1-:ijjo11LL ml~mr1mV1 '1 

L'\Jm'j~V1t1'j:::'lfiJi'lf1m')Af~il 'lJt1UYirunnri1u~airuauuv11un1~-:il~ LLa:::'lJelUW'):::YJru ' ' . , ' 
• I . o' I .J I 'J ti t1 ~ J'..$ J:S 1 "ti ..i " "' "' I • "' J' .cl 

a'utl'\JL'lf()'j{Jll-:J 'l'Yl'i11f.I L ltnl') 'j:::~)JYJ'j'3'\JC11L ')~ VIV11UVI VIU'\Jl-11-311 Proceedmgs UUUlJY1'3iJ 

ch'W'zhu 1 i m'jtJ '):::'lfiJA f ~d'u'j'jG'l~VI ii~ 'Hmu LLa:::L tJ u ~'1na1-:i~'ll1u1 i am?ln~wa1V1m'j 
' ' ' ' 

tJ'j:::'lfiJAf ~iflvrjjfama~u~n~n'j'jiJ'lJel-:ia>nYiiJ u1a?Jinm LL ~~tJ'j::: L nA 1 nu l ui'.Jd' . ~ 
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'i1 Ll~Tu Gt'itJ ~HH11'i~1 b ilu~1u"lJ eN 
'I 

Gt 3-11 ~ 3-Hfl aw111 LI 1 bb \'i ~th ~a 11 '°1111 LI 

u'i~~1tJ 2543-2544 

.J 1 llCV '1 .J .,j • '°' &I J' I ..,, ~( '1 

mw11mtmammJi G1'lUWU1'Yl Lllr:I 27 mn~i.i 2543 uG"Jumuii1Lnr:iu 1 umn 'lltl 

.J. "" 'l· ' '1 .J o I 'l· ' °' J' 'l1U~1'\J~HN1'\J'YIG11L'\J1J01'l um'l1 LLa:;~1\JY1~:;Y110Jt1 u G1~1J 

1. 01'lLLQi~oT~m'llln1'l'1lll~ll 1~L~U1JL:at)j /'lltltl'4iJ&i~u~AUUqj'lf11a~ L~tl~'lltl~U'ltl~ 
m'lLLQi~or~ n'l'li.im'lai.i1 ~i.itu hnJ ~1 fl n t1~ut)lm m 'l~1'l1~au&im a LLa:; 1~~u~~ 

... .J 
Y1:;muma'llY1 

'°' o ... ~.,J I .,J' 
LLa :;i.imwmirn~1\J'1UL\JtMOJ1~ '1 ~~lJ 

ti tl ... ti • ~I .?; J .,J "" "" ~ 2.1 a1 m'l 'l:;?!i.J1'lf1m'l '):;~1u ~')~YI 22 U.Jtl 27-28 ii . ~. 2543 JJam·lln 

LLa:;c.Jau1~L'll1~1i.Jtl'l:;'lfi.J 180 ~\J ih1u;'u~1nm'ltl'l:;'lf)J 343,580.- U1YI 'l1U~1U 
v • • 

156,16 3.- u1Y1 ')1u;'ui.i1nn-11'l1£1~1u 186, 811 . - mYI ~~LrlB'l1i.inuut)l?h~ur.J1m>u1~1'l 
.,J " ... ... " 

011i.i~u~aLiit1 31 il.~. 2542 Lrn1 ai.i1~w1 m~uunm 1.64 a1\JU1YI • 
2.2 w~1'lru1LL~tJm'l~1Lilu~1utJ 2543-2545 LLU~Lllu 4 n~i.in~m'ji.ilmy ~ti 

... .,J .,., .. I ~ .,.,_,., _,_,J 
1) n~n'j'li.JL vrn~11i.iaJJW\Jil'l:;'H11~aJJ1·llnLLa:;~11i.iai.iwu Bnut1~~ n'lt1\J '1 

l~LLfi~1uY1:;Luuu ~1\J~aai~ LLa:; home page 'H~t1L1U'llt1~am~JJ 

2) n~n'j'llJ L ~tlW©l\J1~11llf m1i.iaii.J1'jfl'lJt1~am?fn L'li\J 01')~~\J"j'jfJlf.I 
wLA11 m'lai.ii.im tl'l:;'lfi.itlnu&im'l m'lauuauum'li~u m'lLli'l1~1'a . ~ . 
m'ltl1Laut1m1~1u LLa:;m'lmwi.ivf mN1ulu11'la1'l'llt1~a"1~i.i Lllu~u 

3) n~m'liiL~t1u~m'lm~i?J1m'joit1a~~i.i Liu m'j~G1n1'Hu~at1 11')a1'l 

Lml'lfiYlm . LL~ n~1u 011ii"Hl11u~1u LLa:;\1 t1~a~~ m'li~u'H ~ t1 ~ n111ilcym 
.,J .,J "."I ..,, .,J . ., ti 

L'1W1:;L 'lfl~ LWtJLLOu(\l'Hl'H'ltJL Wtln1'lW©l\J1 '):;LYIA 

t1~(i)'mmu1?J10i LlJu~u 

2. 3 LLQ)~oT~t1'40')'l)J01')~1LU\J01')Lrlu1nunu h~'lltl~'1lll~ll~~i] W.tl . 'HtY~ilai­
lltU aGJmuu ;'rnlJutl'l:;tnu llrlUU 1uu1um'l~1LU\J~1\JLLa:;~utl'):;mruauua'41J (tl'l:;mru 

30,000.- mY1oit1u) ~~m'l~~n1nul'lf~'llr:i~am~iiifi~~1Lilum'ln11ltl"Hmmfu01r:iuLL~1 
., • ..i ... ... t11n G1~UYJ~11lJLLlJ:;\J1YI ti. \Jali.JCU a1 1 '\J~aal'l"l 
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2.4 m'j~~n1~mn'j'lJe:J'lam~n1 ~'llrn1utlrimJLviuw"vftla:arn1uuuu LLm~r.hu 
miJe:iua'j'jVl"10~'l'2f~~nluu1'l Vlt1J~O')'j"01'j•J LoH'IJllff.l'j~~wmfafh'lU')~lui~l'IJ')U'l~ , " 

' .d CLI ... I ~ Q.I 41 " ' 1 " ~ 1 t/CU d d l1lJ1£1'lJ11 Ll'rn1Vlqu'j~a'lAVIG'IOVlfln1')LL'l'l'll11'lJB'la"1Vl" viam·DO mm1')1U mviJLm~A11" 

1'~1'11u1'l ctr1iJ) l~~~n1LLa1 3 uuu Lrn~v~vw1m"w"vfa'la"1:anlltue:iu~a~LYl1~'l~n1 " . 
1~ 

2.5 m')~~n111')ai'juHt'2fi'Ylm iJm'ju-rmu~uuviru~u'j')tu16m'ju1'lLamre:iu 
fauu')·rnn5m')L~" ·~'lnl'll'IJiJ1.hdl'Yl6mvm1n am?ln'YlnYl11rn'll~{u'YJ')ltJv1011')a1,t~u • 

<> "' J;I( cl .J CV .J q I o 
C.Y. Kwan v1nmn1'YJtnau McMaster Lu'IJL')tl'lLmnnu free radical 'Ylm~aVlflnl')'YJl'lltJ'llfl'l 

ti .J' "'4 "' J .. I I .J' ti 

nm"LlJfll1G'lfl~Lafl~ LLa~Llln'Yll'ln1W~WlU1£11'YJ"~rnVlfl'j~tJULVlal'IJ 'IJflO'l1001')lJ'j'j£11£1LlG'l1 

5'liJm'ju~mflLL 'IJ1'Yll'l 1ltm1"~1"ilfl~tl1au1'1 ~'lmviJam:an~au l'll~l m.Jn~mfl~ 
McMaster lufama~fllu 

2. 7 tvi')'lnl')n1')th~d3uu'j~a'YJ5mwua~m1"uafl~.tlu'llfl'lma"u lw'j Lllutvi'j'l • 
.J • 1 d "' "' .. tt"" n1')'Yl'IJ1£Jn"1 u1laue:i uu1"'lrn'la"1viw1 lWfl'lJfl'jU°r'J'Uv1nm~'Yl')1'l1'Y1£11Y11aV1,lLa~ L'YIA u au 

tvi')'lm,~'lmh1 l~-1uflui161'Ylu ua~tl1l~uL'li1un1?1a"1vi"ua1 161, 200. - u1'YI v~~1Lil1Jm'j • , ·11 

~mfl'lifl"G'ILLa~~~U')~'2f"a""m L~fla')th1£J'l1'1Jri'lm~'Yl ')1'l ·1 mulu a'lVl1~1" 2544 (01') " . , 
"' "' " J' "' tJ .J .J • I • I • ? I 1 "" .,,J a""'IJ1\11'llfl'IJ'l~v~L 'IJct1'1JVl'IJ'l'lJfl'l01')u'j~'2f"u')~vlu'llfl'l&flJ1Vl" 'IJ 21 "'IJ1Vl" 2544 ) ~'YI . " 
aul'lv~'lf1mvi~fllum')u'l~l2Jua>pJh"'j'2fil~l~ n~ru161~ma fl.UWVI') (l'Yl'l. 2458272) vi~a 

a. 'IJ'laOl:ttU .fl1Vll'2f1LllGl'2fl'Y1£11Vlt1J~UlGl'2fA1Ml f " · "\'.;~a (l'YJ'). 6448677 - 91) 

• "' .J "' cl . ( ) ~ .J 2.8 01'l~1L'IJ'IJ01')L0£110UL')tl'l phenylpropanolamme PPA am·DOct1'1J"lmN 

l~-1U'Yl')1 u 'li fl "a~ n 'j~'YJ ')1'l a1 lil')tua'lJ l~ii ~1~'l111 L w nu fl'IJ oh-rum~ ii ai'j ww L fl'Yln ~i-ru.m u " . . 
lm~flu2Juu1uu 2544 ifLLa1 am:ana"1vi"via1mhu'l~aflum"11amvi"'l~~1Lilum'jlu • 
d J' I 'l ti .J. ( <> cl q "'1 ... L')fl .. nrnm'l ')Ul'l 'YJu')~'2f"viru~n'j'j"Ol ')tJ'jVl1'jamvi" l"fl 15 Li.vi. 2543 irnVI viu1un • 

ainYJ"'j1U')1"'litiJ.Ja L~fJUL~fo'l'lifl~~L oH'IJ LlU'IJ 1\1m')"Ol')lLnl'll LLa1a'l'liti~~ L oH'IJtl'l 
" "' •"' ""l".J'l· ' d ..,., .Jl""" La'll1501') al'IJO'll'IJVlt1J~0')')"01') fllVl1')LlG'l~£11 'lM ~Ci'l uL"fl 21 5.Vl. 2543 ~'l'lJfl\jG'l'YJ ~VI 

.. n n . .., .J .., :: "'. • .. .. w"w 1 'IJ'l~VllJ1£J'lJ11a"1VlW1 UUU'YJl/2544 VIG'l'l'llO'IJlJ 3 au~l\1 Vlt1J~0'j'j)Jli)Ol')al -

lil'jt1Ja'lJ 1~am l~L:an1munai.nviw1 1Ullt'liei"a'YJ1'li'lflm'j mun·1 ~'lL~£JUL~£J'l'lifl"aLLa~ 
, • •H " " 

'liti~~L-Hm~m61" ua~l~a'lGiw"w11n1'jai'j Lll'1°'2fi'YlmL""~ 3/2543 ~'lam:aw1 Vl'lv~1~-ru 
lLa1 ~'lvi"~d?Jeim')~1Lilum'jlum"'llfl'lamviw1 mniir.rnn'l~'Ylumfla'lri" lLa~iJ~rnaflu 
nau~ fla"1Vl""1 flUl'lh 1 iJ,~1'1J~'IJ1£Jna"1VlWl ~u&hfo"-1una~-ruw'l'llti~~L-H'IJL ~J.JLGl"'l10 
a"1:anV1aei~nm 

• I "' • I 0 ? I l: .J "" "'1 " "' 2.9 01')u')~'2f"1'2flm'lu'l~vlu A'l'l'YI 23 viru~m'j"m'a"1viw1 ""VI Vl.fl1Yl1'lf1 • 
Llla'lfi'Ylm viru~ LLW'Yl£JA1avif "mi'Ylmau'llmmriu -rrntlm~1mw~1Lilum'l~~m'lu'j~'lt" 



SJ4 

t~EJ l~L~EJ'UL?lty 'l~.~'l.~UOl'U1 a'Olm~u L1'.lmh::51'U:5'~01'llh::'l!ll ~~ 1~~hLil'Ufl1'l~1Ufl1'l'lJtl 
uinj'O) fl1'lLLol~Gt~n'l'lllfl1'lN1Uol1~ 1 l1a~~1mfu fl1'l~1Lil'Ufl1'lol1~ .-. ~::tlU~'Yll~'lltl'ULLri'U 

• I u 

Lntiu~~l1ll~ t~uij ti .-Hmrny ~im~u~lmJu~L1'.lul1amh"1qilum'l'llti~um'lauua~u~1n 
u~tin,.;1~{1uoi1~ 1 ua:: ti.aw{J)'l1 ~ina{J)1LLvmrf~l41 ti .a~~Tl'arf ~in "~1. L1'.lul1amh"1fll • • ·1:1 

lum'l:5'~n1rnna1'l11'lal'l"1 L~" Proceeding 

I J .J q ') " ~ "' ... I ~ ~ ... 2.1 O 'lJ11tl\J 1 n~::L'lutHl1am·on'l\JYl'l1\J ~tl'll11fl1'lLuu·a10l'lltl~La'll1Gfl1'l 
... ... .. .... .... .. "" ... " "" 

am~ll YLtl .l1ty~tl'l'W'UYI 'l{J)'U~'UYl'l LiJtl 2 Ol.~ . 2543 'W'l::'l1'lffl1'UL'Wa~~'WLLa1Llltl 8 Ol. 

~ .2543 u1una>J1~ll·1 l~Lautil,.; -w . ti . 'lA.~'l.-a'Uru'l~~ L?l~'lf am?lnl1mma'll 044 ~un1 
u 

l1U1~ La'll1iim'la>J1 ~llLL nu Lrn::~::'lJtim'l~U'lrH~1 nam?ln l um'lth::'lflll.h::~1tl'll ti~ a>J1 ~" • 

2 .11 n~n'l'lll~1'U~11llalJW'Uif nuti~~m~uii~1 L ilum'ltlU ~tlfl1'lal1fl'lL 1'.lu 
u 

am?lnama>J1fl>Jinm~ha0l{., ( aa1nn) ~~~::n1 l ,.;L 'l1 l~~rni'tim1~h1a1'lLLa::a1iJ1'lm'il1 
u 

I ... I .,j 1"'1tl 'l1lln~n'l'lll0l1~ 1 'llti~am., Lrn::am~llmJ 1 ~Oltl 

2.12 ~ium'lL~u·lrn~a>J1flll a>J1?ln., ai>J1'ltl0l'l1~atiu 1~~1nuty~~um'lL~u~ 
LL~n~1u l UOl'lU'l::?!ll 

2.13 ~1'Ufl1'l~uaiJ1?ln l l1ihLa::n::Lifomtm?ln 'llru::d (n. -w. 44 )ijam?lnornti~ 
~'W'llti~a>J1flllLyjll?fmtlu~1u1utl'l::ll1ru 400 fl'ULL~1 ua::fha~tli'utl'l~LLnL'lln1Liluua>J1?ln 

u~Ol'l na1~nam 

u1unamf!m1ra'lfinmLL ~~'.h::L n~ 1 nu 

~a'lth1u~1u 
u • 

• 



v • 

n1V1u 61 nT:iu,-~"lfaJi"lf1 n1,-ua~tJ,-~"lf3J a1 :tr wth~~1tJ flli'\Jfi 2 a , , " 

ff 3J1fll3J Ul El"lfi'tl tJ1U\'i\Jth~t't1A1 't1 tJ 

- - ""' 'Jttn 21-23 aJ'U1AaJ 2544 

ru cHeNth~"lf3J 1 fl1f!T'H~fJ'U'j13J fltu~U'W't1fJff1auii' 3J'tt1i't1fJ1flfJ'2.lfl'UUtl'U , . 

GI ~ q 

1\l'Wil 't1 21 3JU1A3J 2544 • 

"' 08.00- 09.00 G'l.:J'Yl::LUU'U 

09.00-09.20 w5LUVI 

09.20-10.30 U1::if1mWLA'l:t VJ').~'flQllO avi11.:iA1iWJu "The Endothelin System as a 

Therapeutic Target in Heart Failure• 1vit1 Prof. G.G. Gray (PLl) 
" 10.30-10.45 wn-tl1'lf1 

10.45- 12.00 U1::if1m 1 : Neurotoxins : From Basic to Clinical Applications 

\'1.uw.a'Yl5wufi ~viwiJam\'1 (PL2) • 
')\'1. VJ'). ~uvim avimA't1 (PL3) 

.., 
12.00-13.00 tl1'H1')f)al.:J1'U 

SJ5 

13.00-14.15 afiu')lf.11: Natural Products as Drugs: Evaluation of Efficacy and Safety 

')\'1.Vl').:oJ'n1m\'1 avim1iWJi1 (sY1) • 
VJ').\lG'ltl.:J Lal:oJ~una (SY2) • 
')\'1.Vl').OVJ~)Jl \'l~iWJu~a (SY3) 

" 14.15-16.15 Oral Presentation I Wn-tb'lf1 

16.15- 17 .30 aliu')lf.I 2: Natural Products for Health and Beauty: Facts or Myths 

')\'1. GJ'). fl)J'Wiu alia~u::na • 
~\'1.Vl').'lfU'Uol wL:Sf.l')~'IJ'Yl') (SY 4) 

'UVLVl'U Lf1'1:t'lA~ • 
18.00-22.00 Welcome Dinner 
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"' "' ... ..J ... 
'lUWt]'Hil'U~'t1 22 3JU1~3J 2544 

08.30-09.45 tl1~nm 2 : Cellul~r Signal Transduction Systems as the (Novel) Drug Targets 

0 9 .4 5-10. 3 0 Poster Presentation 
" .... . 

10.30- 10.45 wn-m'lfl 

10.45-12.00 afitl'jll:J 3: Drug Evaluation I (Lipid Lowering Drugs and Cardiovascular 

System) 

vi . uw.tlmi'vitl' li'vimii'witl' 

'jVJ .~'j.VJ~~'UrJ{ w'jq'n~a{J (SY5, SY6) 

NVl.~'j.w'lf~i'au ~m..,il~Lw'if'j 
12.00- 13.00 wn-mm'jmn~i'u 

13.00- 14.15 afitl'jll:J 4 : Drug Evaluation II (Antidiabetic Drugs) 

NVl.'UVU'fi.JVN,; ~1'j'j()J1a1:.1m (SY7) 

awcy.~'j . ~~lJrJ'j 'HVUL'lf~flUlJ~ (SYS) 

W . fl.'HqJ~~LW(\l .tirJ'jfl~11U'if (SY9) 

14.15- 15.30 eifitl'lll:.I 5: Bioinformatics in Drug Development 

~VJ.~'j,q'jlll'jtU ti~inm!l'l (SYlO) 

'jVl.~'j.a'l~n~ 'N~-j'{JjlJ~ilJ (SYll) • 
.cf ' .a..~ o,J ~ 

'lVl.~'l.1'jWa ~~M1'jfJW\J!l 
u • 

" .... . 
15.30- 15.45 wn-m'lf1 

15.45- 17.00 eifitl'lll:.I 6 : Drug Evaluation ill (Nootropic Drugs) 

'jVl.~'l.~<>nmll an5~a~~ • • 
_,, ,f q I 

'jVJ.uw . ai.ivin~ Ln1:.1mm (SY12) 

'lVl.w.a.~'j.UW{J)'l nm~nam (sY12) 
~ o.I I cf I 

1 7 .00- 1 s.oo 'lfi.1i.1m1rima1:.1?JamLmma::u~LLnuu~'j 

18.30-22.00 Dinner Party 

"' .t..J ... 
'lUVlff'rn 23 3JU1"13J 2544 • 

" 10.45- 11.00 wn-th'lfl 

11.00- 11.30 WBi.JflU'j1~i'a Oral/Poster Presentation Awards 

1i.30- 12.oo wtltJ~ 
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"" ':i1fl'lJ13·fl'YI fl1 fl'i 

f11-:iU'i~°lfa.fhn f11-:iU'i~~1U°lJ eM aa.11~3-1 Ul a°lf1'YI fl1 tt cM-3U'i~t 'YI ff l r1 fl 
~ 

Prof. G.G. Gray 

~'l.uae~ Lal~~una • 
1A.~1.nvi6lm A~iwm~a 

.ct 

21 - 23 3-IU1~3-I 2544 

Centre for Cardiovascular Science, University of 

Edinburgh, Division of Biomedical and Clinical 

Laboratory Sciences, George Square, Edinburgh 

EH8 9XD, Scotland, UK 
er,. " J Ao Q.I 

mvi1'li1tn~')Alnvt'l viru:m w·rn.1mavt'l )JV111nmm.1 

'llillJLLrltJ 
Ao Q,I er,. J er,. Q,I 

mvi1'li1UHf'lf1nm viru:mvrnumavt'l )JVl11l'lmau 

'llillJLLrltJ 
Q,, «Va., Q,, " 4:111. QJ mvi1'li1Lfl5'lf1nm viru~1nmmavi'l )JVl11nmau 

)Jl1~a 

'LI~iin~avift'ru-n'a)JtJ 1w11 nu ;J1n~ • 
er,. Q.I Q,, Q, " '""lit. " mvi1'li1Lna'lf1nm viru~1nmmavi1 )JVl11nmau 

)Jl1~a 

mvii'li1Lmr'lfinm viru~LL wnumavi1' mninm~u 

L~u~lln.i 

Cl. Q,I «:Ito .iCtit. J .llCll.. CV 

fl1V11'li1Lfl5'lf1nm viru~1nmmavi'l )JV111nmau 

)Jl;~a 

mvii'li1mu')mavi1' viru~LLwnuA1avi1' mninm~u • 
'lJillJLLrltJ 

Q, Q.14 (LI " Q, QI mvi1'li1Lfl5'lf1nm viru~Lfln'liAinvt'l mn1nmat1 

)Jl1~a 
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PLl THE ENDOTHELIN SYSTEM AS A THERAPEUTIC TARGET IN 
HEART FAILURE 

Gillian A Gray 

Centre for Cardiovascular Science, University of Edinburgh, Division of 
Biomedical and Clinical Laborat01y Sciences, George Square, Edinburgh 
EH8 9XD, Scotland, UK 

ABSTRACT 

S/9 

Chronic heart failure (CHF) is common condition in Western countries, often 
resulting from coronary artery disease and hypertension. Both of these risk factors are 
increasing in prevalence in developing Eastern countries and it is expected that this will 
be followed by an increased incidence of CHF. Although there have been many recent 
developments in the treatment of CHF, including the introduction of angiotensin­
converting enzyme inhibitors, beta-adrenoreceptor blocking agents and aldosterone 
receptor antagonists, this remains a disabling and fatal condition. Several new therapeutic 
targets are emerging in CHF and among the most promising is the endothelin system. 
Endothelin-1 (ET-) is a potent vasoconstrictor peptide, primarily produced by the 
vascular endothelium. ET-1 is also a potent co-mitogenic factor and modulates 
natriuresis, making it a potentially important player in the progression of CHF. Infact 
plasma levels of ET-1 and of its precursor peptide big ET-1 are increased in line with the 
severity of this disease. The effects of ET-1 are mediated by 2 receptor subtypes ET A and 
ET8 , and early trials indicate that antagonists of these receptors are beneficial in CHF. 
This lecture will cover the mechanisms of ET-1 in CHF, and discuss receptor blockade 
and inhibition of synthesis as potential modes of treatment in CHF. 
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PL2 CLINICAL APPLICATIONS OF BOTULINUM TOXIN 

E-mail: suthiJCj@md.kkn.ac.th 

umh 
luv11amJ vmn~inllu neurotoxin ~-:ia·h:i l~u.1L:ffmLuAYiL~U Clostridium botulinum " . 

fll ~ d ... J d cl a. I !' ., 'j' ... o 1 V V J' I 'j' 
L u'Ul1t1n·aln1llql151'ULL ')'3l1~VILlJtl~Vl{J)tl1J1'Yl'lJ n Li.I La~a l.Jf.Jal11 'YlnaliJL 'lJ tltltllJLL ')·:JLVl.£.lfltln '\.-. 

.f ~ .,I ~ P"'-' "' v. ..:$::::. <U •-r't '-

ql15Gl VI nl ')'YI Gl'3 acetylc~ol i:1e : :euromuscular junction ~ ~ tu\.'\ 0~ (' .J ~' , ~cf.,'""'\ 
t ul11amJ l1tln?f'lJl111 'YILnVI t ')A botulism 1uA'lJ1V1£.1nl')')l.JtJ')::'Yllirn1V11')l1lJ lul1 laul.J 

" ' " ' 
l1t1n:aude:itj tllnl')al~ty~tl tJ1mL\1'3 A~'lJ la e:iiL~U'lJ {})1>11 l.Jtl-:JLii'lJmW'lfmJ namhuin 

I a. I I V J' V J' I 

t1mJLL')'3{JlllJU')L1C\J{Jll-:J '1 L'lf'lJ nmllLirnnae:inm nmllL'lJtlLL'l.l'lJ 'l.11 LLa::u1-:i')1ue:imm')-:ill1nviJ 

LnV11111::m')mu 1vallmm irnnv1ndu-:iilmm')'l.l t1-:i')::umh:;aiY1a{J) t u>1&1~1ll~1u oY-:i LL~u 
w.vt.2520 Llluoiul.J1 luY1laulJ l1e:in:au 1~rimhll11mum')~mflt1rl1-:iffl'1-:i'l.l11-:i 1iJNthu~il 

" ' " " 
t11nl')LA~t1\llV11'Yl~t1na1llLif mn~-:itl~nJn&J ~-:i·,mi1 l~c.rn&ill1n L'Ziu hA dystonia h~m 

tJ.. I ) "i 1 " .J ~ v !11 " ... I !11 n:: ')l.J (blepharospasm L')~ U'Yl\llm::~nA')'3·on (hemifacial spasm) Lu\J{J)'lJ 'lJU11Lu'lJ 

" " t A ., l: .J 1 "' 'i .,I "' 'l '1 !'I .,. 1 " fll 'i .,I ., 'l " A1ll.Jn11'Yl1Jl~')'3'11AtyA')'3'Yl1N \Jnl')')nHl L ')Al'J')ffl:tl lJ VI LlltlVIO'l 'Ylna1£.1Lu\l L ')Al'J')ffl:ll VI 

1m1v~u\l ue:inv1n h~m-:i~mf)l1m tJ')::a1.,,il1mLLa1 'l.lru:;ift~ilm')tl1Y1e:in~iJhfli~nH1 
h~~1J '1 an L'Zill hAl11'3L~\ltll'Yll') h~N1'YIU'3 LU1Joiu 

tJ<j:;101A11m thnn 

1mh-:ill VLVl.2513 Alan Scott LL'Yla-:iamuiJ Smith-Kettlewell, Institute of Visual 

.,I 4 
• • I ~ t U "' "" fll .,I""' "" • t 1 Sciences .,,Llltl'3'lfl1Jnl\J·aa n ')::Ll'Jvta'Yl')~tJLlJ')nl Lu1J~\JLL')nl1l.JLL1J1~Vl\lla1') Ut] a~l.J 

l1tln~lll.Jl 1i~m:n Nthfma::L ll\lNl.JnL unm')lhal') t Ul11airn l1t1n:a1rn1 h'1 \lnl')~fflfltllnl') 
" "' \J ' 

{J)lL'Ylr;l (strabismus) L~t1-:iv1nm'j~nH1lV1um')r.hQ]V1u-:i 1iivlau'l~r.rn&i LLa::mvoi'a-:ir.hQ]V1szl1 ~-:i 
LO VI A11 l.J ~V1i1il1v:;tl1al')Ul'3 ti Ul'3l.Jl~VI L '51 na1 lJ L if a >!~~Qi L ~a 1 li'LnVI ~1l l.Jal.JV1Gl~\l • 

1 u'):;u:;lJ w.Vl.2515 Scott 1~l'llnl')~nmc.ia'l.la-:i tu.,,laull l18n~u1 u~-:iarl1-:ia::LBUV1 
. " . 

&iwllwc.iam'j1~u1ull w.vt.2516 ~-:iv1n-:i1udn11li'l1')1Ui1~a'l.la-:i lul1'laim Y1an~ul'l1111 " . 
V J' I ... dq 'l '""' I ..J cl I .JI ·1·'"" nmllLirnmmLL')-:Ja-:imw1:;lJV1l1uV1 lllJ~a01e:i"1umJ'l.lt1'3')l-:Jmu 'll'-:Jmv::m u')nHltllnl'){J)l 

I t . I"" 1 " V ... cl t 1 "" "" q O J d L'Yla LLa:: 'j~{J)ln::u'jU VI 'l.lt1V1au '1 'l.ltl-3 Ut] a~l.J l1t1n?fUAt1 llmlllv1Lw1::aanql15LUW1::l1 

neuromuscular junction hiL~m'lie:i-:inuri1u'l.lt1-:Jtl'):;a1Y1~u{an aanqY1iforll~u1u 'j:;u::na1~ 
" " 

... J' I ... · ' ""1" ·' "" I 1 "~ • J' 1'!1 ~ na1lJL1Jt1t1mHL')'3v1JnaulJ1un01 'll'nalu ')::l.Jlru 6 LVltJU LLa:; VIL')l.J1Jlal'j1Jlll 'll'LUllllHU • 
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...... ".J' 
eJMJtJ tnfl-32/lNn Ct1ULU a 

1ur11amJ ·rrnn'atnh 1 l1n~1i.1Lif ti~t1\Jn1~'1'1'1L~mrm.1 LLoihi~ti\Jn1~'1~'1l1iJVI ~'1 
\J • 

aii.11·anhi.11l'lf'jm:n1vl'&ilu1'j~~ilnT'Hn~'1 ilm'jL~gtiull11~viunw l1~tiL~gmJll11mnLnu 
'l· I .. .., I 'I 'l ~ .., .., !11 • I"' 1 .J .J • u i.im1n~llJ1l LU'tJ a~i.i Yltin·a\JvUVl1Lu\Ju'lmrui.11n \J nerve terminal YI active Yl~VI 

"' !11 " J' .J • 1 " ... .J 'l ... . I ... " J' :: I • .., • 1 " .. J' 'lM L uunaim \JtiYIYll l1LnVlm'lL~ati\J \11~Jviunm na1i.1L\Jt1\J\Jtit1\Jma'1a'1Y11 l1tlln1'jVl'lf\J 

net 1nva-Jtn'iZ~uet~1nm'ifm~n 

Geller LLa~~ru~5 
wui1r.rnm'ljnu1v1n 1ur11amJ Yltin'au Lnviv1nm'j~e:J\Jfll~'1'1Jt1'1 

\J • 

na1i.1Lifti LLa~1vlN'1nl'l~OU1Vl'l1ULlil~U'1iJm'j~tJ\Jfl1~'1LL'1~fl'1Vl'l1vWUiliJ~11iJ~VIUn01 
.. ... 'l··1·'{1 " J' 1 .J ...... 1 ' ..J " J' .J'l '"' 'llti'1a'l'l1Yltn Yn11nai>JL\Jt1 \J'llru~rimm'lm-l~aun >JWUm'jm~01n C11lma1mut1Y1 >J'jU 

.cf QI .cf I QI .c:tl I Q.I .cf CV l: .J.cf ti 1 " 
nl'lUVlfN>Jnl'jO')~ointi~ synkinesia fN~'1)Jtl~\1'1'1nl'lUVltn Vl'1\J\Jnl'lYIUVltnLLa1 VINam'l 

"" .J.1""' V J' I •QI I I .J Lnviv1nr.JaY1Y11 l1Lnvina1>JL\Jt1t1t1uma'1mnm1m.n'1t1\J 

U \'t ri·UJ a Gl tn 

m 1uri laui.i ritin'au"lfilvi A luuvvuuilm'lNami.11v1n 2 LL'H~-l~ti 
\J • • 

@ !:II 'I 1 ~ .J "' L . I .., "" 'I "' .., 1. Botox Lu\JLU°(j a~iJ Yltin·a\JYIN'1VI \Ju'l~LY1V1a\1'l~VLiJ'ln1 LVlfJU'lUYI Allergan 

1vr~um'lvV1Y1~LuuumLLa1luu'l~LY1V1al1~~m>J~m U'l~LYIVlrJ-lnqu LLa~u'l~Lrivi1riu ilm'll'lf' 

LLW~\-1alf.I 

2. Dysport ® Na VJ L\JU'l~LYIVlrl-lnqu 1viuu~ti'YI Speywood Pharmaceuticals l'lf'LL w~ 
\-1'11f.I 1 \J~ hu a1\1~\JU'j~L YIVI 1 Ylt1'lvl'tl1L'll1mn1i~t1oY-3LLolU w. VI. 2 5 3 2

50 1vr~um'lvVIYl~L Uf.l\J 

mluu'l~Lrivilriu1u~ 25 via1~>J 2543 LLa~il1'£11uu'l~Lrivia'1~1u~ u'l~Lrir1rlt1'1n'1 • 

m'l'lm1rnlau3J mrn:Suri1-J~ailn 
\J , 

1uri lau>J Yltin'au lvl'iim'ltl1ml'lf'~nu1mm'l011m~ (Strabismus) Li'.hun1~LL'jn 
\J • ·---

~'11 una1~ tii.11 lvrtl1m li~nu11'j~'j~uuu'l~a1ritifl1'1n-l'1'1'll11'11vimuw1~1 'j~~iim'lL~gmJ 
1 "' " J' <1"'.l"'.l_ ' 1"'" .., .- '1" \11 \-1'jtJ0'11>JL\JVLn'HNVlunVI 'lf'1WU11 VIN'1VI am~>JLLa~atnU\Jnl'lLLWYlf.l\1alfJLL \1'1 \-1nl'j 

uti>J~rnrn~LLu~tl11l-11mum'j~nm h~oi1'116 
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" .. 'I " J' .. 'lltlGl'lJcNnl'i L'lftJT\J~tl 

L 1iiol'a-u~£J~num'iGJl.Jmaau m'i~ntn 1iiLflt11'lia~nua1u..,d~a1ulGJ'lla~al.Ja~ 
2. ai l.J1'itltl~utl~mom1011l.J~11l.J'i'\JLL 'i~'lla~ 1 'i~'H~t1Vl1l.J~11l.Jol a~m'i'll a~ ~~mn 1~ • v 

cl '1~ c::SV d~ 
3. "~rnm~L~£J~Lanuamrn:::L i'.Ju'lf1m11 

1 ""' ., 'l ., .J .. • 1 .,.J " 4. Gl'iUfil';)tJtllJ'iU 'Un1'i'iOU1l.J10 L'\Jtl~'110l.J~11l.Ja:::GJ1mrn:::all.J1'itl'Y11 GlYl'Htl~ 

GJ'i1'1~tbmrnn 
v 

5. 1iiii~11m~utl1GJLL~tl'i:::m'i LGJ 

'lit:i~tltJ 1~LLri 

1. ~rn~~1nm'i~nu1a~1GJ1iimu tl'i:::mru 3-4 L~au 
v 

d I•'"' "J'.J.J1'" 2. tl1'1l.Jtlln1'itltltl01a~'llfMOall.JL'Utltl'UYI l.JVltl~Ol'i 

3. m~LOGJ{lil~l.JO'\J (antibody) ~aYJan:z1u 

4. 'i1~1LLVN 

'I~ .., 1 tl ""'~ "'"' 1" ..:.r ...i 'Utl0'110 L'lf L'U01'i'iOU1 'j~'):::UU 'i:::a1Y1LLa1'lJtlU~'lf L'\J'Yll~~aun Gl'lJtJltJLWlJ'lJ'\JL'itl[J 1 

L'liu h~m~L~'Ut1TH1'i la01 u1iln ai~~'lf1Ylm orthopedics LLa:::'lu~1u~11l.Ja1£J~11l.J~1ll 'lu 
., ® 1 ""' .r d ., .J ~· 'I a'H'i~ Botox Gl'iUn1'i'lJ'\JYl:::LU[J'UOU~ru:::m'ilJ01'itll'H1'iLrn:::tJ1Ll.Jtlu w.~.2532 L'U 

U'i:::LYl~cl~nqu Dysport ® tu~:::LU[J'\JL'UU w.~.2534 a1ulutl'i:::LY1~1YltJ Botox ® 1~~u 
d ...i ., .J ® 1 ""' d ., .J 

01')~ GlYl:::L U[J'\JLl.J tl1'\JYI 19 l.J O'il ~l.J w. ~. 2 5 3 9 LL a::: Dy sport Gl'iU fil'j~GJYJ::: L U[J'\JtJ11'UYI 

25 V1a1~i.J 2543 • 

. 01';) 1.-A'i'nlf1 l "i~n:::urnh:::a1n 
1uYI 1aui.J Y1an:z1u L~l.Jo1'uihi.J1 lil.um'i~nu1 hmn~~nu1YJm ~ai.J11~iim'itl1l.J1 

v • • 

'lil.uh~tl'i:::aTniYJm L°liu h~'lu"Htl'1m:::Oln~~~illn h~V11n:::tl~u spasticity Llluol'u ~nuru::: 
..$ ., 1 .Jf! " .. '<, " ., fil 1 .J d <$ .. " J' ... tl ... ., 
nl~ty'lltl~ 'i~YI L'lftJ1\J LGll\Jai.JnLu'\J 'i~Yll.Jnl'iLn'i~'H'itln'i:::OJO'lltl~Oall.JL'Utll.JlnLnlJ OVI Gl~'iltJ 

d I 1tJJ' a::: rn tJ Gl VI a u 

Dyskinr_sia -Jf'"'C 
~~ . J 

C" ..... \ " 1'i~1tmtl'1m:::01n~'i~illn 7 

""?\ ...i '1 " .., " J' 'l " n11:::m'iL~aau 'H1Gl1tJO'\J'llt:i~na1i.JL'\Jtl U'H'\Jl (facial synkinesia) 

tl1n1"iVl1L'llii'U (benign eyelid twitching) 
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h~wnn:a.J~u 11 
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16 

Occupational cramps (writer's cramps17
' 

18
• 

19 
) 

Rigidit/
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Cerebellar tremors 
27 

Stiff-person syndrome
28 

Bruxism
29 

Migraine prevention 
30 

(l)::Vl~1 (cramps)
31 

Detmsor sphincter dyssynergia 

Drooling saliva 
32 

l-o yi' /)"\ 

v' 
Pi{\ 

823 

Achalasia ~h1m1::~ lower esophageal sphincter 1iivia1t1ol'1n11,.fLn~mm·rn~tJ 
aiu1n Pasricha Lrn::viru::1ui'.J 2538 

3 31~1'lf'i:ulJ1a~iJ flt:inWlJ 1um'li'nu1 achalasia t~u5~ 

4 ~~Lil~ lower esophageal sphincter 1u~tl1t1:51u1u 1 O 'l1tl vnrh 7 'l1t.ltl1fl1'll11t1lu oiv 

m 1~ilm'ln1 double- blind placebo-controlled vnrh 1~~.rnmh~.a'~L~lJ 1~r.mt:itju1u 6 

L~t:ilJ Cuilliere Lrn::viru::'l1tl~11J~U1tl 5 5 'l1tl 5~m intrasphincteric injection vmi11~r.rn~ 
<>1J' 1 • !ii "" 1 J' ..,/ I 1 1 ~ • CV mmw1'lltJ 1J~11J11J 60% LutJna1 6 L~t:itJ ut1ru::umm1 un auiJ nt:in·atJ ma~~::na1t1 " . 

i'.J "' J"" • I "' t 1 " .'I .J"" .J. 1 • "' L tJfl1'l'lnu1n~LLa::uat:i~flt1 ~m\lvn:: tJ~u1tlVliJVl11iJLatl~ tJfl1'lVl1fl1'l'lnu1LLuu 

invasive
34 ~1nfl1'lAnu1l~t1 Annese LLa::viru::lui'.J 2543 Anu1l~t1n1Li'.lu multicentre 

randomized study ~tl1t1 118 'l1tl wui1~tl1t11~i'umLLUU 1 oo 'HU1tl 2 vi~~l11~nu 1 L~t:itJ 
1~l\JaL1Jfl1'li'nm~~'1~ r.JlJ1t1 68% U~1~r.rn~1nfl1"j5~Vlt:intlfu 1u'l::ti::L1n1 12 L~tlU 35 . " 
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Anal sphincter disorders 

Maria Lta::~H\J:: 1 m~aimwn~JJ 2 5 41 
36 1vl'OiYim{'31'Ui~mn'l~nu1vl'1vifi double­

blind, placebo-controlled 1u~U1f.l chronic anal fissure ~l'U1\J 30 'llf.l uvim tu'(!1a~JJ­

Ylilfi~'U 20 tnhf.l L'lil~ internal anal sphincter Lfivunum'iUVl saline V1ui1n~JJ~uvitun1a-
• " 

~JJfltin:nu 1vl'c.rnti~1'3i'viL~u 

m'i1~H'ntl·1h"1f.h111!'3 

nnfnb''1 focal llyperliidrosis 
fll .J "" J .J .'I "' 'I " "' "' " .J .'I Focal hyperhidrosis Lu'UJn1::YIJJtllfil'lL1NilililfiflwlJJil r.'1Lfll l1'lil'lnLL'l tllnl'lflwl 

iimh 1 l-fL l1iitilJOUNU1f.l~'UL~lJ 'lJlVlmlJJUlL~tl~tl "ri11'1~u~'3'lJtl'31vi"hhLU'U fi')::VllULlJf.ln 
" 

Schnider Lrn::~ru:: 1u\J 2540 
37 1vl'~nmm'i1'l7 Dysport ® 1um'i~mfl~U1f.l~l'U1\J 11 ~'U 

t Qd fll • d ~ I I d fll .J"' ti .J 
Vlf.11ti double-blind Lu'U~tlJ::LL 'iO fllnl'i\lVlYliln·alJ 120 l1\J1f.ILLU'31lVlLulJ 6 ~VlflJJil'll1'3l1lJ'3 

tvimt1~vrnfivunU01'iUVlvl1f.l saline ~ilti8n'li1'3 1vir.rnvl1f.lm'i1'l7 Ninhydrin sweat tests YIU 

I .J J .J "'ti ~ J 1" 0 0 J 11f1Ll1'3ilavia'3 26%, 26%, 31% fl 3, 8, 13 a Vl111 u.rn 'lf subjective assessment m'3tiavi 

a'3 38%, 40%, 61% 011JJ~lolU Naumann LLa::~ru::38 lu\J 2541 uvi1iJ~U1f.l focal 

hyperhidrosis ~~md' r:J1ilti r'.JlLlll 1?7m 3 l1U1f.loiti 4 01'i.'l1JJ. 1vir.rnvl1f.l Minor iodine­

starch test 1vl'r·rn'tlO'iltJ hiV1ui1il recurrent 1u'l::E.1::na1 5 L~il'U 1u Solomon LLa:: Hayman 

1u\J 2543 'ilE.1'31um'il'lintin~uluN'u1v 20 'ilf.l ~ilL11~tititinmn~r:J1ilmLa::~1 V1ui1"ri1111 
" 

nnfmn recurrent gustatory sweating (Frey syndrome) 
"' I .Jtl ti d J • .J"' QI Frey syndrome ~tin~JJtllnl'lfl 'l::ntiUVl1f.l fil'lJJL11'3ilililnLta:: flushmg flm11'U'3 

" " .. J .. .r "'ti .. ., 
LLfi)J 11\Jlr.Jlfi LLa::U'iL1tlJ submandibular L 11'3tltltlnLOVl'll'U'lJtlJ::')U 'j:;flllJtl111l'i LfiVl011JJ11a'3 

" ., 
Ol"l r.hol'vioitimhaiv parotid, radical neck dissection, diabetic neuropathy ~UOlnl"l011JJ 

11a'3m'l~1ol'vioitiJJtl1a1v parotid titinm~\'J'30'3 1 OO% Lnvi0112rna'3m'ir.j1ol'vitl'i::JJ1ru 6 L~tiu 
~il"l1E.1'31um"l~nmvl'1v tuYJ 1auJJ Yltin:nu 1vl'r.rno'3 1 OO% 1vl'r.rnmum~o'3 12 L~eiu " . 
Drobik et al 

40 LU'U~tlJ::LL'lnm'li~nmluntjJJmm'lif'lutJ 2538 oitim Bjerkhoel 
41 

1utJ 

2540 ~nu1N'u1v 31 "llf.l m'luvi o.5 11tl1v oiti 1 01'i.'l1JJ. 11~ti~vi 2.5 l1u1v oiti 01'l.'l1JJ. 
" 

• .J1" I ti"' d.,j V 1" ~llJ1lJ 31 "llf.l mav 'lfm 37 .7 11lJ1f.l "l::LJJ'Unl'iJJL11'3ilililOVl1f.l Minor's starch test vir.rn 

1 !'I 42 ., • " 30 ~ln 31 "llf.l Naumann LLa::~ru:: '\Ju 2540 'llf.1'31'\Jnl"l'ifilfl Frey syndrome ~l'U1\J~ 

u1v 45 'llf.l uvi 1-2 l1u1v oiti 2.25 01'l.'l1JJ. V1ui11vl'r.rnY1m1v 1vl'r.rnLnu 6 Laltiu 1?7m • 
.J I I 43 ".'I I 1 ti 1 ti 

mav 21.1 11'U1f.l 01il'ilf.l Laskawi Lrn::~ru:: "llf.1'31lHJu1f.l 19 "llf.l VIU11fln'ilf.l vir.rn vi " . 
"" "' H 1 !'I ".'I • r.rn'Ul'UM 17.3 LVltllJ Laccourreye lJu 2542 'ilf.l'31\J~u1U Frey syndrome ~1\J1'U 33 
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.J' .J.., V d ... • !11 d 1 " d I 1 V ·nu WtJ'YILUl'l'U1'Yl2J gustatory sweating Lummm 49 Gl"l.'lfi.J. 'lf Botox mau 86 l'ltJ1tl ~Na 

..,,J' d v 1 !'I 45 ".'I t ""' t 'l Ql'lJtJt'l'3"lvtJat 70 Dulguerou Llat~Hl.lt '\Ju 2543 "l1tl'31tJ~ u1tl 15 "l1tl ~tJUQ'l U"(! a"'i.J 

'Ylvn:au 5 vitl1t1oiv 1 Gl"l.'lf>J. vmi11~Na 100% 1uamuil~~uum"l1'lilu Frey syndrome l~ 

Na~>J1n J; ,vi. '\f J/I n r) ,{l>l 1ZJ]1} --n --1 b /J-0 V? e_ tr}_ 

m"l1ii'mfl Pain syndrome 

Porta 1utJ 254346 1~~nlflLU~t1ULnt1um"ll'lf' lunlatJ>J 'Ylvn~tJ num'il'lf' " . 
methylprednisolone UQ'lltJ myofacial pain syndrome LLat pain ~1n chronic muscle spasm 

wui11una>J~l~'tun lauii nvn~u ~::aim"loaQ'lmm"ltl1~ 1~mmrn::muni18nna>J 
• " ' 1 

'ttanm'l1mutl 1'l""3J nvn~u 
1 . m"liLL~'3olflr.i'll1t1 ~n~iLL~-l 1 l1'r.ilJ1m'li11~L~fl'3n1'i'im:nmh'3.a'Ql L~tJU-3 N('t~LLatml 

" " " ... .J .,.J' 'll1'3 L~tl'3YIV1~LnQ'l'lJtJ 

2. m"ltl"lt Li1u m m"l'Yl1'3 ~~il n LLat m "liil~uun mJUQ!YI fl n:au r.i'tht1Y1m1u ~1"l'l~-iu m"l " . 
U'itLi1'ULLatGl")1~~ 1-HLL u.a'Ql11iil~UtJ(lfl~fl'3LL('itL l'l2Jlta>Jnu'li'BU'3i1 \Jn1'i'im:n~1tl t UYI hrnii 

" \I " • 

nvn~u 

® ,.j 1 '!) V ., :' "" tl 4 V I V 
Botox Li.iv~:: 'lhlmm.mumLnav n01 0.9% l'l1i.JL'llt11'll1Ql 01eNNamu1 '1 LW"l1t 

m~n11 ~tllL~v>JqYIB LrlvNa>JLLa1~fl'31'lftlfvi>JQ'l 1u 4 -H1l>J'3 aQ'lff1'Un1"lNa>Jm~Na>J~1tJtl1 
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.. 
tl~inm~mNtl1mav 

® 
Botox 

1 aU.'lfll. 

2 nlJ.ClflJ. 

4 aU.'lf>.J. 
® 

Dy sport 

2.5 aU.'2l'lJ. 

10 11il1u 

s l1thv 

2.5 l1U1U 

20 11il1u 

Thai J Pharmaco/ 

Lnav 1 l1~v 2 au.'lfi.J. ~'3~:: l~V111>.JL'll>.J'llu'llv'3m 1 o l1~v 5 l1il1uoia 0.1 au.'lf>.J. mi" 

(hmu Ldv~Hl>.J LL~1~::1~tl1mla 1 crL~UlJUU>.Jr.J'1>.J1l1l~f"l11>.JL'll>.J'll'U 5 l1U1Uol8 0 .1 au. 
" "" 'l .. "' .J., .. .J .J 'lfll. LVrn~:: VlLl1av'YJfl'U'll1VltHIUYJqvi (m1~1'3YI 1) 

Dysport ® Ldv~::lml.fr.Jai.Jnutl1Lnaatln01 o.9% tl~mm~ 2.5 au'lfi.J. 1u 1 mvi 

~::1~a1'UN'1>.J 20 l1U1Uolrl 0.1 aU.'2l'>.J. ~v'31'if'tl1Lnam.Jn~ 0.9% LYhifu 011'li' 5D/W r.J'1ll 

'ilU111'lt11if'l'lf 

?Ju1vimvfl'lf' LLmnoi1'3nu 1tl1uLLoia:: hf"I f"l11i.J boianvn'llu'llv'3r!tl1u ua::'lfilVl'llv-3 tu 
" 
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.J ® .J... 1 " J' I .J • I"' • I 53 
Gl1"H3fl 2 'll'Ul~tn Botox Yl\l~ umrn.JL'UtJOl1'3 'l (m.n: u'j\Ju1'3v1n Jankovic, 2540 ) 

" ... mrn.JLur:ivi1 

LU~tJOOll\J\J 

Lu~tJnoi1a1'3 

Masseter 

Stemocleidomastoid (SCM) 

Scalenus complex 

Splenius capitis 

Longissimus capitis 

Trapezius 

Levator scapulae 

Submental complex 

Thyroarytenoid** 

Forearm flexors 

Forearm extensors 

'lJu1~L~i1 (Viau) 

( 

I '1 ,.r ) 
'H'U'HJ/mnmurl 

5 (5-10) 

5 (5-10) 

10 (5-15) 

25 (10-75) 

50 (15-75) 

35 (15-50) 

50 (50-150) 

75 (50- 150) 

75 (50-100) 

50 (25- 100) 

10 (5-25) 

10 (5- 30) 

50 (20-75) 

15 (10-25) 

'lJ'Ul~tn Botox 
50 (oi1~1'3~ 2) LLat'lJ'Ul~fJl Dysport( (oi1~1'3~ 3)

51 
'
52 ~1'liluna1>.J 

J' I ... I ., 1· I " J' .J " ... 1 "· I ., • I • I"' 1 " L'UflLLOlat>.JVJ vtLLOlOOl1'30'U uOll>.J'lJ'Ul~'lltJ'3na1mm:i '2f'3r.JL'llt.l'U ~u~\Ju'j'3u<j>.J1NfJ1 'HL'H>.Jt 
\J • 

cOJal'H-j\JYl\J 1 YlmLa1 

fll"'Hfl~{lil~iltl'U (antibodies to botulinum toxin) 

'i' 1 :;>, !ll .J • 1 " "' ., ~ 1 "·'I .J ..,, :;>, L\J'tJ a'4" YltJO·o'ULumn~nm 'HLO~ antibody ~'3\J'U lJ~u1t.1\J1'3~1miJtJ\l~Ylt1n·a\J 

1u u1u 'l mvhioit1\Jaut1'3oit1m~-rn~1 OJ<j1vvmi1lu~1m'Ha1ifu)j antibody Lnvi~u i5 

m~oi~1v'H1 antibody oit1L\J'tJ1a.'4" Y1t1n:Su )jmnt.1iihrlt11'lfm~oi~1vLL\J\J mouse 

bioassay ~'30t1i1L\'.luiG>.J10l~~1'U fl0l~1n1Wm antibody t1tj~t'Hil'3i't1t.1at 0-10 LLOl1'U 

~1t.1'31'U'Utl'3 Jankovic uat Schwartz
53 Lu~t11t.1 cervical dystonia ~1'U1'U 86 ~lt.I vmi11t-1' 

r.Ja\J1ngjt1 antibody ~1'U1'U 20 ~lt.1 ~~L\'.lu{t1t.1a~ 23.3 LLatW\JYl11iJam~'utfo\JYl1'3Yl~UO 

DU1'3?i'~Lv\J nqiJffit1r.Ja\J1ngja antibody Lt'.lu~tl1t.1~liJoir:i\Jaut1'3oit1m~-rnmllm1t.1 
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d ® J.,. t " .r I J .I"' .I 
(;)1''n'3fl 3 'lltnVlm Dysport YIUVI un~1l!LlJfl{f)1'3 '1 (mn : u')Uu1.:i•nn Moore, 

55 ... .... .. ... ... 64 
2538 qntiWlJti ~VIWlJai.n~ LLa::viru::, 2541 ) 

" .r ,f 
mnmuavi1 

Li.1aanvi1uu 

Li.1aanvi1~1.:i 

Masseter 

Stemocleidomastoid (SCM)* 

Splenius Capitis 

Longissimus Capitis 

Trapezius 

Levator scapulae 

Thyroarytenoid** 

Forearm flexors 

Forearm extensors 

' 
'l.IU1VlL~3J (r.au) 

I V ,.r 
(V1u1u/mnmm1) 

20 (10-20) 

20 (10-40) 

40 (20-60) 

100 (50-200) 

200 (100-200) 

200 (100-300) 

75 (50-150) 

100 (100- 200) 

200 (100- 300) 

10 (5-30) 

200 (200- 400) 

100 (100-200) 

J"" "' "' ""' ""'""' !fl ""' J A "' J .J 1 !'I fl1'){f)')1~YllJVl11lJalJWlJi'iflUtlln1')Yl1'3VlalJnL ulJ'lflJVlYl'11VltyYJqVI '2l''3Vl')1~WU VI LVlf.l 

iti mouse neutralization bioassay Ln1tfu
54 wu·h1u~U1UVl')1UWU antibody 1viui5iflJm1U 

hJvi au au a.:ioi tl fll')UVIYJflntBu LLV11 mJru:: L~ U1 niJ r.l'tl1u~hivi au au a.:i oiam ')~fl1flU1'3')1 u 
" 

{f)')1~ hJwu antibody ~'3LLavi.:i11itiilu.:iiim1i.i'b LlJfl1'j{f)')1'J hJwm VJu.:i 

" fl1')LLYW1 

anaphylaxis 1u 

r.Ml~ a1lJfl1')LflVl brachia! plexus neuropathy ~lJtl'3U W.~. 2540 ii')1f.1'31lJ brachial 

plexus neuropathy ~iu1u 5 ')1U 
55

' 
56

' 
57

' 
58 mm')al~ty~a fllfl1')Bflmha.:iLLa::tJ1vi 

LL'lllJ Lllu?fua~1.:iLuuuwau'r1a.:i~1nuvi 1un laul! nantawnu 1u 1 o iu a~')iYJm l vHhna1lJ " . 
.r I .. J • I ".'I ,J 1 I !:11 • I ""'1 ..... I .. ~ LlJflWU11lJ denervation YJ')1flu')::a1Y1 C5-C6 ~u1U'11lJ 'r1ty'r11tJLu'UuflVI lJ 6 auV11'r1 fM 

.,. CV CV .. .r CV 1 I !fl J I CV ' ' .. q 'f 
6 LVlfllJ vi11i.iai.iwutilJU'1 lJLulJYILLlJ'lfVI Gu1llam-Barre' syndrome lJ')1f.1'111JL wu.:i 1 ')1f.I LVltJ 

Haug Lta::viru::
59 L'Ufl1')UV1~tl1u hvivi1n::i.J~u 
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"lYil~'J'j'j::i'.:itum'jii~ 1un 1i'lu3J ttiln:zlu 
\.I , 

nl'l l'lf'.,-mn~u 1 iJ ~thuoY-.l~'l·u) ifo hJijm'lW\fvU'H~il'H a n~l'IJLL il-li'vii1'YI il n~uu i'l ilVI 

Jiu l ur.JtJ1uoY-:i~'l'ltl ~-:iv'11"LL u~ih 1 liuvi lur.Ju1v~-:i~'l'ltl'H~mha-:i l liuiJu01'l LLoivrl1-:i hn 
v v • 

011iJiir.ftJ1v~'1~'l'ltlLL~11vi-rum'luV1t1vn~u~1u1uvrl1-:itl'vv 13 'l1Elvuo-:ii'.J 'W.A.2537 v 

.J • I "' 60 
'Yl1'ln'Yl~i'lvV1un01'tlm1v 

1 I 1 ~ "•'• .J ""t ... I V I 1J~1'l 'lf ~lJ~u1fJYl1J 'l~U1-:J'lflJVlv~mn L'lflJ myasthenia gravis, Lambert-myasthenic 

• !fl " 'I 1 "".J " 1 " 1 61 "" syndrome, motor neuron disease LulJO'llJ ~vimuvn:: umtu'YIO'lv-:J 'lftn lJ'lllJ1Vl\f-:J 1J'l1fJ-:J1lJ 

1 'l1EJ~nl'lUVI L U'tJ 1a'41J 'Yliln~mh 1 lf mm'l subclinical Lambert-Eaton myasthenic 
"" "' .r 62 syndrome 1JV1nl'l 'lfVILvlJ'lllJ 

J:l ".'I .J • "' 1 " .J • uvnv1mJ lJ~u1V'Ylma-:i 'lftn'Yl'lU01lJnl'l'Yl1'11lJ'llv-:J neuromuscular junction m'l 
"" .J "" ~ mm rnv-:i nl'lUVl'YI a n·aiJ 

vu1~01"l.leN 1unlmui 1rnn:zlu 
\.I , 

lmrmu111'WUvvuu 1viiim'lu'l~vn011mu'YI 1auJJ 'Ylvn~ulum'l~nm 1w1oi1'11 mn 
1 , \.I ~ 

>J1a ~-:i 1vi~um'lva>J~uarl1'1n1'1-:i'll11-:i tviu~11 u uoiv'1ii~1 m>J~L~v1~a-:inuliA'Yl1-:iLrn:: 
1" "' ,J'.,. • I 1 " •64 

vlJ1~01'llv'1nl'l 'lfm'lfuviuvn'Hi'l1Uu'l::m'l VILLn 

1. ~mJ-:i:S'~-liviLvlJ m'liim'l~nmLrn~n1'Huvi~ati-:i:8'~-liviLvlJ~lJ L~ah1um'loivi~u 
lvLavnm'l~mflLLuuoi1'1 ., Liu m~uu'l~mu muvi l1~vm'l~1oivi LUu~u 

2. m'l-rmfl~1>Jnu m'l~nl:f1~N1uiJ1Ltl'um'l-rmtivi'1v LU'YI 1au>J 'Ylvn:au L ~v-:i 
v • 

arl1'1L~v1 ~-:iL tJu~il1aiJlvi1d'1 l lim'l-rntfl~1>Jnu'l~'l1i1-:i L\J'tJ 1a'4" 'Ylvn?lunum'l~mfl'lfilvi 
~u., Liu m-ruu'l~'Yl1lJv:djr.rnm'l-rnmarl1-:i h LL01no11-:inum'l-rntnL~v-:iarl1-:iL~v1l1~v 1" 

e e I "" 1 \I !fj 1 .r"' d 3. nl'lnll1lJVI011LLl1lJ-:Jnl'lUVILLi'l~'lllJ1VlfJ1 'HLulJ1J101'l~1lJ lJ'llfU~lJEJ-:J)J~111JLL01n 

ol1-:J nu 1J10~'1 ~1 LL 'H\J-:J LLa~'lllJ1VIV11 u'l~l1i1'1 LL 'W'YIV ~L 'lf'Ylv n:au vlJl ~01U1v::iim 'ltl1'HlJVl~'1 
v 
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t. rn mrf'l'lf'Li'.Juai'l.,rnn:zfu~a::nvi li'11m=5fl"1am~oiL~mJ tut! laipJ ilflrnrnB'tvimh 1 l-1 
na1m if fl~il\Jflla\la\I ~'l°ril L lf na1mif ilU~L1ru~5VJ"1a1£J'1i1LLatliJn'ltOln 'lJnt::if m li~u 
n1'l'1Vll1tL UmJfltJ"1nJtn'l'lJJn1'lfll'H1'lLLatm L 'Utl'lt L l1Vl1 Yl£J LLadlm L tJlf il'lf.11 t 'l\1Wf.11U1a 

Vl~'U"1~'Ul1f "1nltLL WYlfJAla'Olf JJ'Hlinmati'lJilULLtl'lJ 

.,( t ~ ltl .. .J' .,: " ti .... .J .... .. ,( 2. nTlililflt')'tlii ~mn1 m'l1UVl\J'1tL'lJJilflnqni'i 'ltmru1un 4- 7 l1a\1'11n\lvi ililnqni'i 

milimtJ~\ILLol 2-9 L~il'ULLa1LLol'l1fJNU1tl'1ti'ani1m'ln'ltO'lnavia\IL~ilfJ 1 ltJO'lillJLL 'ln 
u u u ~ 

.,J .,: ,( .,: "' .f .,J 
LJJ mm 'lJJl1JJVJqni'i'1tL 'lJJJJmm'lm::01nmmnu 'lvtl '1 

3. e..ia'271\ILfltN m~ill1U\IO'l10'ln tl1L'li'10'l1 tl10'l1 l l1a tl1nmn tviu~1l tlwu lii!f!u Li'.Jm-Wu'l 

~ 'I .. .J ltl .... :: .,J "·'' 1 ""' "' 'ltl 'l11"1'l11 L\J'ltfJtLL'ln'lJil\lnl'lijVl 'll"lflln1')'1t'H1£J Lil\I Vl·:i'U'U LJJil~u1fJ Vl'lUnl'l\lVltll 

L l1il 1 l i1'l::i1vi'lti''lLi'.luwLVl'!'jLrlflmutl1l1~ilwiln lum!1i1uau 
\I 

QI ... .,J .J' ~· .... "4 .J ,( I .,J 
4. tn'ltrnu3J1w~ m L 'Uil\1'11nmuL u\Jm'lntn mm'lLWU\l'ltU::nainm mmqni'iil~ LJJ ilm 

,( "•'I "' "4 1 11«4 CV :: .,J "1 ~I .J' 
l1).JVIClYli'i~u1£J'1tnaumi.rn1m'lm::01n vian Vl\l'U'U L).Jflfllm'lm::01nnau).J1Lu1rn1n'llu 

'1ui'i1nulill l11mfl'lm'luvi 1 lfvi l um1'l1'li'unai~LL wntf5vim~\1'1::1i~via'lm 1 ii'L i'.Ju'l::m: 
\I \I 

QI • I .J .J "' t .J • "' " t 1 .. 'l· I I 5. \l~fJ1'lUu'lt't11\J "11'l\IVlf.11YlLnmnu 'l"1Yll'lln1'l'lntnmrJ Utj a~).J Yliln'lfu unillJ 

.,J 1 '1 "·I t ~ 1 ti "' "' 1 
d L'Uil\1'11nm'1'1t " Vlu'lt £J'l1'Uilt 'lLLa::m'1'1t 'lumum'l 'ltL).J'Ul\.Jam'l'ln'l'j1 mm.nmJ '1 

~li.J L~tnnu t 'l"1~5viniln:zfu Liu m~n'\'j1 t 'l"1"111).JvJ\J L~f!Vla''l mt 'l"1 L u1l111uli.J~1 L i'.lu 
\I 

~ ~ .. "' ~ "' ~ ~ .... ,( 
Vil am'l1~1'lfJ'U1fJLL WYlfJa'Yli'iWlJi'i '1mW).JalJ1VI l1'lil'lil\IAla'O'l'l1~1')£JlJ1fJLLVmrJa).JV!nVI 

LiifJ).JLfll fl1"1i'l11illtl'lA1a'mf "1nJtLLWnfJAla'O'lf ).J'H11nma£J'lltl'ULLtllJ tn'l~Wll (034) • 
347542, 237-686 1n'la'1'l (043) 243-064 l1~il~ta'f!Utn).Jl'J1\I E-mail li~ s.uth.i [l= 

j@md.kku.ac.tb 

d 0 ... - .... 1 " ::7'1 .. .. .. t 1 " d ~ .J 7. amunua::na1tnm'lw~f11 "1rutl\.11'1£J V1LuV1"1aunWLVl'!'j 'l"1 Ul1'U1n'l:::O'ln"1'l\l·an-n 
\I • 

""1~ilnuilnna1'l1'lfm'l" ~tJ1u1l1).J1iim'l::vii1\IL1a1 9.00-1 i.oo u. LLa::"1~iln tut! la 

'IJ).J l'liln:zflJ CU lfil'lO'l'l1~VIJJlfJLa'lJ 4 'ltVli1'lL1a1 13.00-15.00 'U. a1l1~UNU1tiUhO'l'l1~ 
• \I 

QJQJ .,Val 

l1n1\J'1lJn'lL1\J1\JVlfJVl'l1'l1n1'l • • 
8 . fl1'lLUn~wnfl'l1'llfl1'l 1i1LL~'l1i1LLWYIUYl'l1UL ~il~tL~fJ\J lu~\lf.11 LLa1 l iir.JtJ1mh lu~\I 

\I 

mil'l tlfrn'lf.11 L ~il'll1'ltL~'U m'llf il'lf.ll~tililn LULa'~'1~UL~\JLLat L'UA1\lf.11 Li tl11 uuvimm 

1 ti ~.J ti .. 1 ti• .. .. I ltl ..J 1• c;1 "' l: 1 ti ltl l: .. l1LLWYltJYlVlil\IUVlf.11'1t VlVl1L\J'Un1'lUVlf.110'lil '11\J ULa''l~'ltJL~\J\JlJ vitl1 O'l\ILUn ru 

mml'lflVl r.Jilan~L Un 
\I 
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"' ... g ..i • .t1" ~ "''1" .f ... 5. 'l::a::nmm·rnvnqvm · vi1'liJ01'lv1ffMlL'Wv111 l1Y1vn·aummqY11:rn~ Vll.Jl\J'll\J vu 
L i'.J u m'lavi ~11?1'~1mrn::avi m'lL~m 1a1~ vi'v'3n~uin i1viJ1 

6. 01'lU'l::Lijumviu~u-th::aY15~a (cost-effectiveness) L ~v~vlOt.11'l1VllLL 'W'3 

vi1'lifo1'lAmfl 1 \JLL~'llv~~a~~ LLa::~1 l?f~1t.1'llv~mi1ilm1i.i~i.1~11 um'li'nlt1l1~v hj • 
...... J ·1" 'i 1 ~ •.-i ... 7. m'laV1Tivi1m Vl1'll111501'lfl'l::m l1'l1A1 LUYI aui.i Y1vn·auavia~m1uvvuu 

u • • 

8. 

10-20 ti 

g ~ I I • .,j 1"i'.J I 
~a'l::t.1::m1 Vl1'lv1nlt1~a'llv'3Y1rmau 01v'l1~mmi.iv 'liL U'l::EJ::nmu1u L'lf'U 

9. vi1'lAnlt1vii1il ~a 1 u'l::uutl'l::a1Y1a1umn'3l1~v l,j 
u 

1 o. Anlt1mt1v:ij'a~n1 h1~u1t.101vuauv'3oivm'li'nlt1u01noi1~nu 

UYIU1Yl'llv~ lulJla~i.i Y1vn'8uluo1'li'nm hAoi1'3 '1 Y11'3'l::uutl'l::alY1 hvim~L~u 

ml11'lLLa:: L'lvitl1l1ir'3l~i'um'lt.1vi.ii'u1vimi'1 ltl~~wui1r.rnm'li'nlt1 l~~a~mh~~V1Lvu il~a 
II .oj II 1 'j lJ ... J 1"i'.J "' "' I 'j 1 II 'lJ1'3L~W~'Uvt.I 'Ul1('11t.I '1 L'lVlnmm 'U01'l'l0lt1YIA1'l 'lfL 1Hl'UVIULL'l0 L'li'U L'lVI Ul11JlO'l::~n 

vi~~wn hvi011n::tl~u L i'.Juviu rlvuilviflvn'llum·mu~ri'mflvi'v~ 1,,;m'l1uv;iEJ hviif u 1,,;onviv~ 
u u 

vi'v'3Y1'nui1m'li'nlt1 hviifu '1 m'li'nl:t1 

I. Scott AB. Foreword. In: Jankovic J, Hallett M, eds. Therapy with bot11/i11um toxin. New York: 
Marcel Dekker, 1994: vii-ix. 

2. Scott AB. Botulinum toxin injection into extraocular muscles as an alternative to strabismus 
surgery. Ophthalmology 1980; 10: 1044-9. 

3. Scott AB. Botulinum toxin injection of eye muscles to correct strabismus. Trans Am Ophthalmol 
Soc 1981; 79: 734-70. 

4. Hallett M. Clinical mode of action : critical review of potential mechanisms. Mov Disord 1995; 
10: 362-70. 

5. Geller BD, Hallett M, Ravits J. Botulinum toxin therapy in hemifacial spasm : clinical and 
electrophysiologic sh1dies. Muscle Nerve 1989; 12: 716-22. 

6. Jailkovic J. Use of boh1limnn toxin in neurology. In : Kennard C, ed. Recent advances in clinical 
neurology No 8. Edinburgh : Churchill Livingstone, 1995: 89-110. 



S32 

7. 

8. 

9. 
10. 

Thai J Pharmacol 

"'.,~ ... . ":'.! u" .,, ~i ••U1 ..,,,u;-.~ f1" lfYl!iW\lli qvinmnml. n1'i'iO'd1Yl1lllJ11\tl::n1'i'iO'lfllqilJ m.m1qi, \I : lfYl!iW\l!i qm'tlltl>llfl, \JO. 'jfl U)IUW'i::uin 

fl~'1f1n11a::Twn11mdnuZn1t'4~tlnwdu? vo'11umn (Hemifacial spasm and other movement disorders of 

the face). 01~1nwmnum :lniMio ~uiMi~ 2541: 125-43. 
Hertegard S, Granqvist S, Lindestad PA. Botulinum toxin injections for essential voice tremor. 
Ann Oto/ Rhino/ Laryngo/ 2000; 109: 204-9. 
Jankovic J, Schwartz K. Botulinum toxin treatment of tremors. Neurology l ~91; 41: 1185-8. 
Jankovic J. Treatments of tremors with botulinum toxin. In : Jankovic J, Hallett M, eds. Therapy 
with botulinum toxin. New York: Marcel Dekker, 1994: 493-509. 

11 :) u , ~ ~ 'I" -~ , ~ u , ~ :':I f 1 " J ~ f J 1 
. lfYloW\l!i qviwmnnfl. 1'iAmo::u'iU. u : 'fYl!i'l'lllil qm1mnnf1, uo. 'ifl unu1m::uinm'1rm11a:: wm1mao11 m 

fJ~tlnUi du? VD'11uml1 (Hemifacial spasm and other movement disorders of the face). 01~rnmnm1m: 
lnilaOio \~uil~ii~ 254 I: 173-90. 

12. Tsui JKC, Eisen A, Stoessl AJ, Caine S, Caine DB. Double-blind study ofbotulinum toxin in 
spasmodic torticollis. Lancet 1986; i: 245-6. 

13. Stell R, Thompson PD, Marsden CD. Botulinum toxin in spasmodic torticollis. J Neurol 
Neurosurg Psychiatry 1988; 51: 920-3. 

14. Jankovic J, Schwartz K. Botulinum toxin injections for cervical dystonia. Neurology 1990; 40: 
277-80. 

15. Poungvarin N, Viriyavejakul A. Botulinum A toxin treatment in spasmodic torticollis : report of 56 
patients. J Med Assoc Thai 1994; 77: 464-70. 

16. Jankovic J, Orman J. Botulinum A toxin for cranialcervical dystonia: a double-blind, placebo­
controlled study. Neurology 1987; 37: 616-23. 

17. Cohen LG, Hallett M, Geller BD, Hochberg F. Treatment of focal dystonias of the hand with 
botulinum toxin injections. J Neural Neurosurg Psychiat1y 1989; 52: 355-63. 

18. Poungvarin N. Writer's cramp :the experience with botulinum toxin injections in 25 patients. J 
MedAssoc Thai 1991;74:239-47. 

19. Wissel J, Kabus C, Wenzel R, et al. Botulinum toxin in writer's cramp: objective response 
evaluation in 31 patients. J Neural Neurosurg Psychiat1y 1996; 61: 172-5. 

20. Grazko MA, Polo KB, Jabbari B. Botulinum toxin A for spasticity, muscle spasms, and rigidity. 
Neurology 1995; 45: 712-7. 

21. Dunne JW, Heye N, Dunne SL. Treatment of chronic limb spasticity with botulinum toxin A. 
J Neural Neurosurg Psychiafly 1995; 58: 232-5. 

22. Simpson DM, Alexander DN, O'Brien CF, et al. Botulinum toxin type A in the treatment of 
upper extremity spasticity : a randomized, double-blind, placebo-controlled trial. Neurology 
1996; 46: 1306-10. 

23. Bhakta BB, Cozens JA, Bamford JM, Chamberlain MA. Use ofbotulinum toxin in stroke patients 
with severe upper limb spasticity. J Neural Neurosurg Psychiat1y 1996; 61: 30-5. 

24. Poungvarin N, Vachalathiti R. Botulinum treatment for post stroke spasticity : low dose regimen 
(abstract). Eur J Neurol 1996; 3: 23. 

25. Hyman N, Barnes M, Bhakta B, et al. Botulinum toxin (Dysport) treatment of hip adductor 
spasticity in multiple sclerosis: a prospective, randomised, double blind, placebo controlled, dose 
ranging study. J Neural Neurosurg Psychiatry 2000; 68: 707-12. 

26. Smith SJ, ·Ellis E, White S, Moore AP. A double-blind placebo-controlled study of botulinum toxin 
in upper lin1b spasticity after stroke or head injury. Clin Rehabil 2000; 14: 5-13. 

27. Pullman SL, Greene P, Fahn S, Pedersed SF. Approach to the treatment of limb disorders with 
botulinum toxin A: experience with 187 patients. Arch Neuro/ 1996; 53: 617-24. 

28. Davis D, Jabbari B. Significant in1provement of stiff - person syndrome after paraspinal injetion of 
botulinum toxin A. Mov Disord 1993; 8: 371-3. 

29. Tan EK, Jankovic J. Treating severe bruxism with botulimum toxin. J Am Dent Assoc 2000; 131: 
211-6. 

30. Silberstein S, Mathew N, Saper J, Jenkins S. Botulimum toxin type A as a migraine preventive 
treatment. For the BOTOX Migraine Clinical Research Group. Headache 2000; 40: 445-50. 

31. Bertolasi L, Priori A, Tomelleri G, et al. Botulimum toxin treatment of muscle cramps : a clinical 
and neurophysiological study. Ann Neurol 1997; 41: 181-6. 

32. Pal PK, Caine DB, Caine S, Tsui JK. Botulimum toxin A as treatment for drooling saliva in PD. 
Neurology 2000; 11 : 244-7. 



Vol 23: Supplement 1, 2001 

33. Pasricha PJ, Ravich WJ, Hendrix TR, et al. lntrashincteric botulinum toxin for the h·eatment of 
achalacia. N Eng J Med 1995; 332: 774-8. 

34. Hoogenverf WA, Pasricha PJ. Achalasia: treatment options revisited . Can J Gastroenterol 
2000;14: 406-9. 

S33 

35. Annese V, Bassotti G, Coccia G. et al. A multicentre randomised study ofintrasphincteric 
botulimum toxin in patients with oesophageal achalasia. GISMAD Achalasia Study Group. Gut 
2000; 46: 597-600. 

36. Maria G, Cassetta E, Gui D, et al. A comparison of botulimum toxin and saline for the treatment 
of chronic anal fissure. N Engl J Med 1998;338:2 l 7-20a. 

37. Schnider P, Binder M, Auff E, Kittler H, Berger T, WolffK. Double-blind trial ofbotulinum A 
toxin for the treatment of focal hyperhydrosis of the palms. Br J Dermatol 1997; 136: 548-52. 

38. Naumann M, Hofmann U, Bergmann I, Hamm H, Toyka K, Teiners K. Focal hyperhidrosis: 
Effective treatment with intracutaneous botulinum toxin. Arch Dermatol 1998; 134: 301-4. 

39. Solomon BA, Hayman R. Botulimum toxin type A therapy for palmar and digital hyperhidrosis. J 
Am Acad Dermatol 2000; 42: 1026-9. 

40. Drobik C, Laskawi R. Frey's syndrome: treatment with botulinum toxin. Acta Otolmyngol 
(Strockh) 1995; 115: 459-61. 

41. Bjerkhoel A, Trobbe 0. Frey's syndrome: treatment with botulinum toxin. J Lmyngol Otolo 1997; 
111 : 839-44. 

42. Naumann M, Zellner M, Toyka KV, Reiners K. Treahnent of gustatory sweating with botulinum 
toxin. Ann Neurol l 997;42:973-5. 

43. Laskawi R, Brobik C, Schonebeck C. Up-to-date report ofbotulinurn toxin type A treatment in 
patients with gustatory sweating (Frey's syndrome). Laryngoscope 1998; 108: 381-4. 

44. Laccourreye 0 , Aki E, Gutienez-Fonseca R, Garcia D, Brasnu D, Bonan B. Recurrent gustatory 
sweating (Frey syndrome) after intracutaneous injection ofbotulinum toxin type A. Arch 
Otolaryngo/ Head Neck Surg 1999; 125: 283-6. 

45. Dulguerov P, Quinodoz D, Cosendai G, Piletta P, Lehmann W. Frey syndrome treatment with 
botulinum toxin. Otolaryngol Head Neck Surg2000; 122: 821-7. 

46. Porta M. A comparative trial of botulinum toxin type A and methylprednisolone for the treatment 
of myofascial pain syndrome and pain from chronic muscle spasm. Pain 2000;85: 101-5 

47. Greene P. Potency of frozen/thawed botulinum toxin type A in the treatment of torsion dystonia. 
Otolaryngol Head Neck Surg 1993; 109: 968-9. 

48. Ga11lan MG, Hoffman HT. Crystalline preparation ofbotulinum toxin type a Botox : degradation 
in potency with storage. Otolaryngol Head Neck Surg 1993; 108: 135-40. 

49. Sloop RR, Cole BA, Escutin RO. Reconstituted botulinum toxin type A does not lose potency in 
humans if it is refrozen or refrigerated for 2 weeks. Neurology 1997; 48: 249-53. 

50. Jankovic J. Treahnent of dystonia. In : Watts RL, Koller WC, eds. Movement disorders : 
neurologic principles and practice. New York: McGraw-Hill, 1997: 443-54. 

51. Jitpimolmard S, Tiamkao S, Laopaiboon M. Long term results ofbotulinum toxin type A 
52. Dysport in the h·eatment ofhemifacial spasm: a report of 175 cases. J Neural Neurosurg 

Psychiatry 1998; 64: 751-7. 
53. Moore P, ed. Handbook ofbotulinum toxi11 treatme11t. Oxford: Blackwell Science, 1995: 94, 122, 

139. 
54. Jankovic J, Schwartz K. Response and immunoresistance to botulinum toxin injections. Neurology 

1995; 45: 1743-6. 
55. Hatheway CL, Dang C. Jmmunogenicity of the neurotoxins of clostridium botulinum. In: Jankovic 

J, Hallett M, eds. Therapy with botulinum toxin. New York: Marcel Dekker, 1994; 93-108. 
56. Glanzman RL, Gelb DJ, Drury I, Bromberg MB, Truong DD. Brachia! plexopathy after botulinum 

toxin injection [Letter]. Neurology 1990; 40: 1143. 
57. Sampaio C, Castro Caldas A, Sales Luis ML, Alves M, Pinto L, Apolinario P. Brachia! plexopathy 

after botulinum toxin administration for cervical dystonia [Letter]. J Neural Neurosurg Psychiatry 
1993; 56: 220. 

58. Sheean GL, Murray NMF, Marden CD. Pain and remote weakness in lin1bs injected with 
botulinum toxin A for writer's cramp. Lancet 1995; 346: 154-6. 

59. Tarsy D. Brachia! plexus neuropathy after botulinum toxin injection [Letter]. Neurology 1997; 49: 
1176-7. 



S34 Thai J Pharmaco/ 

60. Haug BA, Dressler D, Prange HW. Polyradiculoneuritis following botulinum toxin therapy. J 
Neurol 1990; 237: 62-3 . 

61. Greene P, Falm S, Brin MF, Blizter A. Botulinum toxin therapy. In : Marsden CD, Fahn S, eds. 
Movement disorders 3. Oxford : Butterworth Heinemann, 1994: 477-501. 

62. Report of the Therapeutics and Technology Assessment Subcommittee of the American Academy 
of Neurology. Assessment: the clinical usefulness ofbotulinum toxin A in treatment ofneurologic 
disorders. Neurology 1990; 40: 1332-6. 

63. Erbguth F, Claus D, Engelhardt A, et al. Systemic effect of local botulinum toxin injections 
unmasks subclinical Lambert-Eaton myasthenic syndrome. J Neurol Ne11ros11rg Psychiatry 1993; 
56: 1235-6. 

64. ifn6wu6 ~oivhrnmff. m'l1mu'\)1inpi miowu n-wfliiiln. tu : ifnBwuif ~m~mnnff, un. f-rn?u>t1'1m::~nFi1.Ji1n 
11n::T-rnnnmdou1miJ~lln~ d11? vo.J1ui1u1 (Hemifacial spasm and other movement disorders of the 

face). Ol~lllVOnnum : foi\aOin W\Ji\tiii_, 2541: 254. 

65. Brin MF. Botulinum toxin : perspective on clinical uses. Mov Disord 1995; 10: 362-70. 



Vol 23: Supplement 1, 2001 S35 

• I Q.I~ ~ ' I ~ q ' .. I ~ q 
u'l:n01ma01'l'l.ltJ .. 3':fl'lO~>J neutotoxms \.1'ltlalWf\:lOltl'l::UUu'l::a1nuu >J>Jlf.l11\Jl\J 

mu~nu~11m~~n1n11\.1Ul'lltl'3nl'lLLWYIULLa:: neuroscience 1uu~~uu neurotoxins ~1\J1\J 
u ·~ • 

1 " fll • .J-$ "' 1 • ~ .J "' • I l: >J10 vina1m.J1L u\J expenmental tools °r1'11~ty \J01')\Jl>J1~1n~1LnEJ10U'l::UUu'l::a1nn'3 

a1\JOi'll'3LLa::a1mJa1mhllfL-n'1h~'3nl'ln1'31\JltJamwtJnohLa::01'lLnVl~11>JtlVltJOGl~riti1lf 
"''i I ... J' ..lt11q 1 ,j 

LOVl L'l~Ol1'3 1 tlO>JlO>JlEJ \Jtl0~10\J ~1001')YIL'l.11 ~tNna 001'ltltlO()Ylil'lltl'3 neurotoxins 

U'3n1 l lf a1m'lmh neurotoxins >J11'lfl \JYl1'3~ailm~t1~nmmm'ltlVlUOGlYl1'3'l::UUtJ'l::a1n 
U1'3'lfilvi l~an~1EJ 

I ..lt1<V <V 'j J,ltJ '°' I "' :'I ., .. .J 
al'lO~>J neurotoxins n~~nnu LVlEJYl1 ~::>Jtiij>JlO>J1£Jlii'l1EJ'lf\JVlLLa::.i~rua>Ju01n 

I °'1 I 1<$ I I 1.J 'l"i'.J I LLOlOOl1'30U tJ tlEJ1'3 'l00l1>Jtll~LLU'30~>J'lltl'3 neurotoxins Ol1>JLL"1i'l'3Yl>Jltltl0 VIL , 2 n~>J 

lmy 

1. Intrinsic neurotoxins \.1>J1EJ0'3 al'lW'l'.:lolti'l::uutJ'l::a1n~LVlEJil'l'l>J'lflGlLLa1~::ilt1rl 
u 

JnEJ 1u'l::Urn.h::a1Y1'lltl'3>J\JtlU a1\.1~U intrinsic neurotoxins ~il~~Otl1tl\J>J10 l~LLri tl\J>Ja 
' " . " 

~a'l:: (free radicals) mi:: excitatory amino acids (EAAs) 

2. Extrinsic neurotoxins \.1>J1EJ0'3 al'lW'l'.:loltl'l::uuu'l::aln~1>.h14u1umm'l1 ~'31\J 
."I 4V J' q tl<V 1 I J' "' :: "' ~ 4V o' 
u~~U\J\J>JOl'l'l~O neurotoxins una>J\J>J10>J1EJ\.1altJ'lf\JVl Yl'3~10W'lf ~a·aw Lrn::a011 'l1>J 

' " . ' 
:: ... .... " .J .... ..... " 

n--3 al'l L~ >Ja--3 L~ ')1 ::\.1 ua::n--3 a--3 L~ 'll::\.1 ti nm EJ 

1 .J J' I <t ... "' .J"" • 1 "·I 1 ~ "'"' I 
lJYl\J~::'llt1mn1tN neurotoxins LWEJ'3U1'3'lf'UVlYl>J\J1>J1 'lfu'l:: EJ'lf\H\Jm'3~auntim'3 

n-l'1'3'l.l11'3 Lrn::~il~11>J L i'.lu 1 tJ'l~~ m~~::iltJ'l:: 1v'lfu1um'3~ailn 1 u t1u1~01 e1u lna tl'u 'l~uri 
glutamic acid (intrinsic neurotoxins) ua:: botulinum toxin (extrinsic neurotoxins) 

Glutamic acid ( GLU) 

L i'.Ju O'lVl ti::ijl \J~'3 L i'.Ju a-:iutJ 'l::n tlU~a1~ty1 \J tl1"11'l LLa::LMEJ1.n' eN OU m::u1u 01'lYl1'3 

ti "'~ ... I 1 I i'.J "''i .J 1 " Vll\JL>JLLYIUtia·a>JtlOlii'l1£Jtlf.ll'3 JnEJ ua>Jt1'3~::wu11 glutamic acid L umviti::>JL\JYIWU vi 

m n ~aviuadj~11>Jm m'l tl 1 um 'lm::~m waatJ'l::ain 'l~a--3 1 uu~~um i'.Jun'l1unu &lLLaT11 
' . " ' 

glutamic acid Li'.JlJa'l')~tJtJ'l::a1n'l1ilvim::~u (excitatory neurotransmitter) ~a1~ty \JilO 

J'.,., i'.J "'' .I JI .J " .... ·1""''i ~10\JEJ'3~VlL mfl'lWtlOlti'l::UUu'l::aln (neurotoxin) 'lM\Jl~::LntnmNnum'lm mnvH'l~ 

L~ti>JaaltJ'lHN'l::UUU'l::aln (neurodegenerative diseases) an>J10>Jltl 



S36 Thai J Pharmaco/ 

Glutamic acid 1il::~1 l lf L'lfaau1::a1Y1LOVln11 depolarize l~wc.J1um-:i(i}1i'u~-:iii~'l'ifUVl~L tJu 

ionotropic ~m~emla-:inulamm'ifilvioh-:i 1 ua:: metabotropic ~m~a>.Jlu-:inu1::uu protein G 

ua::a11~u 1 lun~" secondary messengers 'llnm1~ glutamic acid L1'.i1Ja11~au1::ain~ 
1 !'I " !?1 " I ... I ., !?1 I 1 .J" 1 ':'i I 'WU VI L\Ji)'j'j).J'if10l Luua11'Wl:JOlflL'lfaau'l::a1n LLa::U'1Luua11LLOl'l'la \Jflll11')Yl\JU>.J 'lJLVIUtlU 

v 

lu~U'llfl'I monosodium glutamate n11lfii~ilm.nh glutamic acid LLa::m~wutfo1l'lf't1Jm1 

Anl:11m-:i~1uu1::aininmma01i'L1'.luari1-:i>.J1n 

'l1nm1Anl:J11viu1'llbohnL1'.lu model wui1 glutamic acid ~-:iLi'.lu retinal transmitter 
J,.$ CV CV .J • ... I 1 " 'l" " .J'.,,. 
Yl'11~flJOl1l1\J'I a1m'loma1m'lfaau1::ain UL 101u1 Vll1ma'ifuvi 1rnn'l1nua-:immm::nu 

m1Llil~n1LOiu101'lla-:ian011~n~1u fauii~an1ll1an011ii'llmvi101ni1?J1-:iri1u~" Lrlt101'l1"Jaau •ij u ~ ~ 

nl'lLU~UULLUa'l'lltl'I retinal protein wui1lu10iu'lluivitl1l1irnL>.JLa~a 42 kDa 'l::ii~11t1hoie1 
CfYl~'lltl'I glutamic acid fau"J::L~irnvia-:iari1-:iL~u-a'vi 1u'll\J1Vl'lltl'I glutamic acid ~n1 l li~n011 l01 

~\J ~'1~1vii1 lu10iu~-:imh1l11'l:: L1'.lu GLD-sensitive protein (i}1l1rl-:i (Sattayasai et al., 

1995; 1996 a, c; 1997) 

"J1nm10111"Jat1ul11 lu10iu 4 2 kDa 1 u(i}1eiau lri l'i1 llfn11ui1 lu'l0iu~-:imh1'l::L~" 
<:$ ., l: "" I 1 ' ., d. I" ~ .J' d CV I d .J' 

Ll1\J'lfVIOl'ILLOl011tltl\J n mu 18 1\J (E18) LLi'l::>.Ju'j>.JlflJL'W>.Ji.Jlf)'lJ\J L>.Jtl011tltl\J>.Jtl1U"1n'lllJ • • 
'l\Jm::li'-:iaan~1n l'li (Sattayasai et at., 1996b) LLa::L~iJO'l~Vl~'lq'V1U1::mrum~ 6 i'u l1a-:i 

tltlf1'l1f1 l'li ~1nm1ffiu10iu 42 kDa tliim1a-f1-:imnlu'li1-:ilmfot1n~1n 1'litirl1'1L~\Jl~-a'VI \'i1 

llf1hL~t1 l~i1 lu10iu 42 kDa t11"JL1'.luhhOiu~hoiaLLa-:i ua::fi-:imlil'boitiqn~'lltl'I GLU ~1u 
., l: 4 !?I J t 1 t !S 4 • 1 ~ "'S" 'j ., 
Vl'l\J\J'l'IL u\JYl\Jla\J '111 L 'l1tll'l'l::!"1"11fll'lf1l:J1fl'ln11Yl1'11\J'lJtl'I GLU \J'1'1>.J"010l LVIEltll~W 

m10ivi011>.J protein 42 kDa 

n~>.Ji~U'lltl'IL'l11~l'i1m1m::~\J antibody Gia protein 42 kDa ~'I antibody ~l~~:::~u 
nulu10iu 42 kDa 1~vU1'1Lu'W1:::L'l1::'l'I Lrlmh antibody ~1vi°'lu01'l1~at1ulvia 
immunocytochemistry lu retinal cell culture l'i11l1n')1Ui1l1.h0iu 42 kDa lil::wul~mn~ 
neural membrane 0111~at1UL~iJLOl>.JnULifm~t1oi1-:i '1 ~-:ilviuifi Western immunoblolting 

LLa::: immuhistochemistry l'i1llfwui1ut1n~1m10l\J1LLa11 u10iu 4 2 kDa U'la1"1'lfl'WU lviL \J 

.J' d d 'j I ~ .J "' ,J .J V .f "'1 .... 1 U 1VQ L\JtlLtltltiiHVll'..ILu'Wl::tlUl'IU'IYla>.JtMLLa:::OlU c'11\JY1na1>JL\Jtll11 ~, OlU LLa::: 'lJ).J\J ~:::\"lU VILaf) 

" ct ~I .J • 1 I ~ ... ~ ".L • • OJ ~ 4 uau 'l'ILu\JYllnau lil11 GLU m~>.Jn'IO'lf\JOltlnl'lYll'l1\J'lltl'ltl1U1:::mJ 1 ut1ml1\Jt1~1m:::uu 

u'l:::a1n~1u 
d l I ~l Vd t " L).J ti >.J \Jl\J >.J1\J VI ).J 'll El'l1\J11 glutamate a1 >.J11fl a VI Vl11>.J1\JLL1'1'll tl'I 011 LO VI 

neuropathy ~LnVl~lm~l:J'lJtl'I chemotherapeutic agents l1mu(i}1 L'liu. vencristine (Boyle et al., 
. . l:J , ·3 "'' 1 J , 1996), cisplatm ua::: pachtaxel (Boyle et al., 1999) Yl'IYIU1Ll1a1uaanqnli~l\Jna nn011-:i 

.., .., 1 I d .f V Q I .J'd V J I "- U nu LLa:: glutamate El'! >.J>.Jr.rn'lUn1\Jt)Ylli011\J>.J:::L1'1'lltl'IU1Ll1muanV11u ~1f1nl'lYlm'!"1~EJ 

'lltl'IL'l1l~Anl:J10'1 neuropathy ~LOVl~ln pyridoxine 1u'lJ\J1Vl~'I (Sattayasai et al., 2000) ~'I 
l'i1 m1nviat1-:ii1 glutamate lil:::aim1oaV1~11>.J1ULL 1'1'lltl'I n11LOVI pyridoxine- induced 
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neuropathy 1~l1~Cl hi ~~v1n preliminary results ua~~i1 glutamate a1J.n"jtrn~~11iq1m'l~ 
tJCl~n1'lLfl~ pyridoxine-induced neuropathy 1~~1m'liunu li11t1 glutamate mnmi'.Ju 

· "" .., .J .J ""ti 1 n · 'I " .., ... neurotoxm vnm1ltu~nmv>J 'l~ tJ'lfU Un1'lU1>J1 L'lfa~m1>J1ULL'l~'lltl~ neuropathy vum~ 
I 1 di ').oltl .J.. _$QI 1 

v1nrf1Ll10lm1~ 'l ~muv-n~nu1au Lvvn "j~n1'l\1U~~c:i diabetic neuropathy ct1\1"j\Jna nm'l 
.( 1 d q ' :: OJ 1 I ffl d I QI QI I 1 <:I 

tltlfit)'t'lfi'lltl~ glutamate lJn1"jfl>J protective effect lJUfN >JLulJflfl"j1UllU'lf~Ufi vtl1~ 'lO 

1 .,.. d QI d Cf I , , 1 I m1>J ~>J·nt1~1umnmmnt11nrnrn'llv~ glutamate flJ.Jmv m1crotubule formation ~mnum~ 

glutamate receptor LLa:: microtubule-associated protein (MAP)2 (Lopez et al., 1984; 

Bigot & Hunt, 1991; Rosenmund & Westbrook, 1993; Huang & Hampson, 2000) Na 

'Liv~ glutamate oiv cytoskeletal proteins mviiNa'li1t1lum"jn1ll1Ln~ balancing 'Liv~ 

monomeric, dimeric LLa~ polymeric forms 'l.ltl~ action ua~ tubulin ua~a~m"jLfl~n1"jn1a1tJ 

'llv~ neurons 1~ 

Botulinum toxins (BTXs) 

!:11 ... I ti d ti ' Botulinum toxins (BTXs) LulJGf1"j~Umm~uu 'l~nlflfla"jl~vln anerob1c gram 

positive bacterium Clostridium bolulinum ua~ strain ~u 'l fat1a1J.n"jtlli11'1Ln~ 
neuroparalytic syndrome ~L~t1ni1 "botulism" l~ BTXs ~1~v::ii 7 serotypes 1~m) A, B, 

~ Q.I .J I .c:f_J Q.I Q,I ~CV 4 

C, D, E, F ua~ G ctll't'lU serotypes fl~U11J.J«1Uam••ulinum·nn~ food-borne botulism 

') ~ti I 1 d ( ) •1" "' d LlJJ.J'4'litlL~lln A, B, E Lla~ F ~tlfl BTX type A BTX-A v~fl1 \1LO~Vln1'l1lJLL"j~fl~~ 

iJ~Anu1mn~a~ LLa~Ll'.luoi'1~tl1ml?flum"j~nu1 h~8n~1t1 (Kessler & Benecke, 1997) 
u • 

h1rn~a'lJv~ BTXs v~unaf1~~ulu~tl single chain -:i1nd~~un cleaved Ltluforn~a~ii 2 

chains L~fl>JolflfllJ~1tJ disulfide bridge al'l~10 BTXs l'JOoi'1v::iJNmiutf~m'l\1~~'lJv~ 
acetylcholine (ACh) v1ntla1t1tl')~rf1fl fati hWNaoit1m')a~L~')1~lfl1~vn1"jLfl\J ~~if m"j 

tltlOt)flB'llv~ BTX-A v~nlifl"jtlv5uit11~'1~t1 four-step model (Gracies & Simpson, 

2000) l~LLfl 

1. L~vJ.J~unu high affinity ectoacceptors ~~vtj~ presynaptic membrane 'lJv~ 
1 'I " !:11 .... .., .J .... .... 

cholinergic tenninals ~ti L'lf heavy chain LulJOl1v\J v10n1"jfln1"jv\J'llv~ BTX nu 

ectoacceptors Ll'.JULL\J\J high affinity n11t.fLl'.JUL\101Nafh'lfv5Ul fJi1Ll101L~ BTX ~~Lil~ 
.. 'l" " J"" " " J' systemic cercirlatton ~uvm.nm>JvU~L'lllmrn.mrn 

2. Ln~ internalization ~~Lfl~L~fJ acceptors ~1U presynaptic membrane l~m:n~fJ 
lysosomal vesicle pathway ~~dm~u1um')~~na11v~ol'v~m~fJVHl~~1u Lrn~d~La~>J 1~'1~v 
n1"jn')~oi'uLaut1"j~a1f1 • 

3. LO~ pH-induced disulfide reduction Lla~ translocation li1ll1' 1ight chain L'll1ij 
""' :: ~ cytosol LLa~vvnq't'llifJ\JtJ~m')\1a~'lrn~ ACh 
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4. intracellular metalloendoprotease Ju~'hl N- terminal ?HM light chain ~1iJtl\J 
zinc ions '"Jdj proteolytic activity n11li'Liivi cleavage 'llv..:i peptides ~..:iilvi11iJa1~cylu 
m~\J1Un1'i\.1~..:J'lltl..:Ja1'i~tlth~a1ll~..:JLlJU calcium-dependent a1\.1;'u BTX-A 'OJ~ilmu~u 
-a'vi~tl synaptosome-associated protein-25 (SNAP- 25) Utlfl'"JlntJu..:im'"Jil~a~tl 1th0iuoi'1 

~iJ1~~n~1EJ L'liu synaptobrevin, syntaxin LLa~ synaptotagmin Llluoi'u (Montecucco & 

Schiavo, 1995; Raciborska & Charlton, 1999; Pelizzari et al., 1999 ) 
.J ., l: ~ .J 'I " 

nl'ill BTX-A E.l\JE.l..:J01'l\.1a..:J'lJtl..:J A Ch ll peripheral nervous system n1 L \.1~U11'0J~ 

LnVlm'iutJB..:im'in1..:i1u'llt1..:imf1mtJtl 1li11Gi'1m~ofu"OJ~Llluuuu voluntary activation \.1~tl 
electrical nerve stimulation 1vim..Jnmua1~am..:iviailn'OJ~L~iJ~ul~1.h~iJ1ru 24-72 -i11iN 

., 1 \/GI' 4 J' GI .cf 4Qo. 

\.1a..:J Vl'l\JE.11 LLa~ motor recovery 'OJ~LnVl'lJU\.1a..:J'OJ1mJ sprouting 'lltl..:J motor nerves LLa~LnVl 

m'ia{1..:i endplates l~li n1'll1Vlat1..:ilul'1\i~\J~m'OJ~~um~u1um'l sprouting L~miivioY..:iu~ 
48 .a-11iJ..:i\.1a..:il~Wu BTX LLa~~lLU'U~vltlL~tlEJ "] LiJ'li1..:J\.1aiml'tlvi1l1 
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Since 1980, the Office of Primary Health Care System, Ministry of Public 
Health, had proposed herbal drugs as Essential Drugs which can be used as one of the 
strategies to achieve "Health for All for the year 2000". A medicinal plants 
demonstration garden had been set up at the health station and information about the 
selected medicinal plants for simple illnesses, for example, constipation, dyspepsia, 
and insect bites was disseminated. Most of these medicinal plants are prepared and 
used in the traditional style. The selection of these plants is based on folklore 
supported by scientific research and can be easily found in the community. 

Since the last decade, there has been a resUl'gence of interest in herbal 
medicines in western societies. It is generally believed by the lay public that herbal 
remedies are safer and less toxic to the human body than synthetic drugs. The 
medicinal plant industries have become billion dollar businesses. There is an urgent 
need for good quality products worldwide. However, a large variety of medicinal 
plants continues to be gathered from their wild fo1m in the country of their origin both 
for local consumption and export. The large-scale exploitation of plants to meet the 
sudden surges in demand of selected herbs and herbal products results in the threat of 
virtual extinction, at least in easily accessible forest ranges. Cultivation of medicinal 
plants is obviously needed. Decisions on the priority species to be cultivated must 
depend on factors such as the climate conditions, the most abundantly used species, 
species that have export potential, species utilized for curing diseases for which 
modern therapy is dispropo11ionately costly, and species utilized for curing diseases 
which have no effective therapy in modern medicine. The aim of medicinal plant 
cultivation is to obtain produce with high yields of active chemicals and acceptable 
limits of trace metals. In addition to the selection of the best species, environmental 
factors are also important. Soil (type, texture, pH, fe11ility and drainage) altitude, 
seasonal variation in temperature, atmospheric humidity, day-light hours, rainfall 
pattern, and time of harvesting play significant roles. For example, Mentha species 
demand a minimum of 14 h. day light at harvest time to produce a high methanol 
content in the oil. The menthol is converted into menthone under cloudy weather 
which spoils the quality of the oil for commercial purposes; the most appropriate time 
to harvest Andrographis paniculata to obtain high yield of andrographolide is before 
flowering. 

From these examples, it can be realized that even under controlled conditions, 
the contents of bioactive compounds can vary. Undoubtedly, medicinal plants 
obtained from different localities are expected to have varied percentages of active 
compounds. In Thailand, most medicinal plants are collected from natural sources 
and the majority are used without further analysis of the active ingredients. 
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Therefore, it is anticipated that their therapeutic efficacy can be variable. The first 
step in evaluation of the therapeutic efficacy of herbal drugs is quality control of 
medicinal plant materials. WHO has recently published internationally recognized 
guidelines for assessing the quality of medicinal plant materials. Herbal medicines 
have been used for thousand of years. Their popularity has declined in many 
countries due to the inconvenient dosage form and variable therapeutic effectiveness. 
However, in some countries both modem drugs and herbal drugs have been offered to 
patients at the same hospitals. 

Since herbal drugs have been used by humans for so long, it has led to the 
assumption that they are relatively safe and effective. It is hue that the majority of 
herbal drugs have been used by humans for generations, so their efficacy and safety 
have been confomed by their continued uses. However, precautions should be taken 
in herbal drug preparation by using new methods that may affect the efficacy and 
safety of the traditional herbal drugs. Furthermore, concurrent use of herbal drugs 
may mimic, magnify, or oppose the effect of modern drugs, for example, bleeding 
when warfarin is combined with ginkgo (Ginkgo biloba), and exacerbation of 
extrapyramidal effects with neuroleptic drugs and betel nut (Areca catechu). 

To evaluate the efficacy of herbal drugs requires suitable testing models so 
that the results can be extrapolated to humans. There are several semipurified 
compounds and pure chemicals that exhibit antimalarial activities in the in vih·o 
culture of Plasmodium falcipurum but which are toxic in rodent models (P. berghei). 
Some herbal preparations do not exhibit antimalarial activity in in vitro testing but can 
prolong the survival time of P. berghei-infected mice. During the past three decades, 
most pharmacological studies of natural products emphasize the testing and finding of 
pure compounds isolated from herbal drugs. It is anticipated that these new chemicals 
may be the lead for discovery of new classes of drugs for specific diseases. This 
approach is not a successful way to confirm the efficacy of herbal drugs, especially, 
antimalarial drugs. There is a need to develop research on the pharmacology of 
traditional medicine, to identify which preparations provide optimal bioavailability of 
traditional herbal drugs with minimal side effects. 
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SY2 NATURAL PRODUCTS AS DRUGS: EVALUATION OF EFFICACY . 
AND SAFETY 

Chalong Laochariyakul 

Thai Herbal Products Co., Ltd., Rachathevee, Bangkok 10400 

The market for herbal medicines or herbal supplement varies greatly from 
countries to countries, with consumer acceptance and awareness, delivery forms, 
availability of products and regional regulations playing roles in influencing the 
growth of the market. In Thailand, there has been a much greater interest in herbal 
medicine. The consumption of Thai herbs as natural means for improving health and 
beauty is increasing tremendously year after year. Several herbs have been 
introduced for various indications including the exotic one such as Kwao Krew. In 
addition, the burden of health care expenditure coupled with economic crisis, provide 
strong incentives for government to encourage the population to maintain health by 
means of disease prevention and using Thai herbal products to substitute western 
medicine, which will decrease import drngs . 

Even though, product safety and efficacy are paramount concern to general 
public, manufacturer and the government, the control and register of traditional drugs 
that are mostly from nature are less stringent than those of the modern drugs in the 
latest Drug Act 1987 (B.E. 2530). Herbs listed in the official pharmacopoeia of Thai 
traditional medicine may be registered without having to submit product efficacy and 
safety data. The guidelines for registration only require proofs that they have been 
employed in the Thai traditional medicine in the past. This kind of acceptance is to 
take it for grant that all claims that have been made are valid, which is not always 
trne. The utilization of crude extraction and modern delivery forms pose another 
problem in terms of registration and question of efficacy and safety. It is not clear 
about how to deal with this type of formulations. At least some reasonable guidelines 
are needed to regulate and control of these herbs formulated in modern forms. This 
coupled with a prevailing assumption that "natural" is safe, a long history of 
"traditional 11 use and economic factors such as cost, time and lack of proprietary 
protection have led to lack of motivation and laissez-faire passion attitude toward 
safety assessment. However, Thai FDA has set criteria and standard to GMP 
evaluation for manufacturers of traditional medicines using ASEAN Guidelines. The 
major objective is to ensure that consumers will receive efficacious, safe and good 
quality products. The question still remains that this GMP standard is voluntary not 
an enforcement. Nevertheless, as the industry continues to grow and the use of 
natural products accelerates, there is an increasing likelihood that these products will 
come under greater scrutiny by consumer advocates, regulators and the public at 
large. 
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The new millennium has seen much greater interest in finding new remedies 
from natural products. The utilization of herbs in prevention and treatment of illness 
has a long history of development dated back to more than 5,000 years. Several 
important drugs have been successfully developed in the past, including quinidine 
from cinchona tree, aspirin from willow bark, paclitaxel from Pacific yew tree, 
ruiemisinin from Qinghaosu and vincristine from periwinkle plant. Herbal remedies 
suggested around 400-500 B.C. are still used today. For example, ephedra (Ma 
Huang) was recommended for the treatment of astluna. Today, physicians use the 
drug ephedrine, originally extracted from this herb, for a wide range of respiratory 
problems. In ancient days, there was ·no real understanding of human anatomy and 
physiology, physicians could only use external information to guess at the inner 
workings of the body. It is, therefore, necessary to use modern scientific evaluation to 
determine the efficacy and safety of natural products as being employed as drugs. 
The quest for newer compounds derived from plants is being sought after by 
pharmacologists worldwide. In Thailand, many academic and government agencies 
have initiated herbal drug development progrruns. However, since drug development 
is still at its infancy stage in Thailand, several obstacles have contributed to the delay 
in the process of herbal drug development. The safety issues need to be addressed in 
a more scientific manner even though most people seem to regard natural products as 
being devoid of toxicity. Examples of serious side effects have been observed with 
several plants such as Maklua. Many of the herbal products are widely recommended 
despite the fact that toxicity testings are not adequately performed. Attempts should 
be made to employ minimal toxicity testings to evaluate the safety aspects before 
allowing these products to be freely distributed. Regarding the efficacy, clinical trials 
to demonstrate the efficacy and safety of the herbal products are still lacking. In order 
to improve the efficiency of herbal drug developments, all weak points and major 
obstacles should be minimized. It is an undenying fact that Thai herbal medicines 
have played important roles in improving health of Thai people in the past. It is our 
responsibility to carry on making the old wisdom into modern drugs with the hope for 
being self-reliance and decreasing imports of western drugs and raw materials. Co­
operation between all government and private sectors concerned needs to be 
encouraged. Even though registration of herbal medicine is less restricted than the 
western medicine, drug development program should comply with international 
guidelines to a certain extent. Natural products must at least undergo considerable 
evaluations for their efficacy and safety before they are allowed to be distributed in 
the market. 
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Many lipoprotein and nonlipid parameters have been identified as risk factors 
for coronary artery disease. Lipoprotein parameters include elevated Lp(a), increased 
triglyceride, reduced HDL, oxidized LDL , whereas nonlipid parameters are increased 
levels of homocysteine and fibrinogen, decreased endothelial-derived nitric oxide 
production. Among these parameters, lipoproteins remain the primary target for 
promoting the development of new therapeutic agents for the prevention of coronary 
artery disease. A new group of lipid lowering agents that are currently introduced for 
clinical use is HMG CoA i:eductase inhibitors, simvastatin, pravastatin, fluvastatin, 
atorvastatin and cerivastatin. The newer synthetic HMG CoA reductase inhibitors, 
atorvastatin and cerivastatin are more potent on a milligram basis, exhibit improved 
activity for reducing lipoproteins and improving tissue selectivity. As the result of 
HMG CoA reductase inhibition, th.e reduced intrahepatic cholesterol synthesis induces 
upregulation of LDL receptor in the liver, thereby enhancing removal of LDL and 
VLDL remnant particles from circulation. They also modestly increase HDL. In 
addition, the statins posses other pharmacological effects that are categorized as 
antiatherosclerotic and antithrombogenic effects (regulate coronary arterial tone by 
improving endothelial dysfunction , interfere with smooth muscle cell proliferation 
and migration, inhibit monocyte-macrophages and their inflammatory cytokine 
activity, diminish proinflammatory component, inhibit platelet activating factors and 
platelet aggregation, reduce fibrinogen level ). Another group of lipid lowering agent 
is fibric acid derivatives. Fibrates are more capable in reducing VLDL and are 
recommended for the treatment of hypertriglyceridemia. But, -newer fibric acid 
derivatives . (bezafibrate, fenofibrate) could also lower serum LDL to levels 
comparable to the level that achieved by statins. Moreover, fenofibrate was 
demonstrated to reduce proinflarnmatory mediators (cytokines, TNF- a and IFN- y) 
and fibrinogen levels.These fibrates as well as gemfibrozil also increase HDL level. 
Other lipid lowering agent that are recently available are colesevelam (bile acid 
sequestrant) In addition to these agents, there are many lipid lowering agents that are 
under clinical evaluation , ciprofibrate and lifibrol (the fibrates), rosuvastatin, 
nisvastatin (HMO CoA reductase inhibitors), tiqueside and pamaqueside (synthetic 
saponin as bile acid sequestrant), acylCoA:cholesterol acyltransferase inhibitors 
(ACAT inhibitors). 
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tl'l101Ji1L>J011ua 1aoma-:i PGI2 ~-n'uaanm-:iilaa11:::1>.lLtl~uuLLtla-:i2•3 LLQ"j'l:::~u TXB2 1u 
"" • <$"" .J .. .J .... ..,,, 1". 

LaaviLrn:::m'l'Yl1-:J1'\J'lJfl-:JLn'iV!LaflVl'YILOVlL'\Jfl-:Jv10 TXA2 avia-:i v-:JL'lffl11fl1'l l1 asprrin 'lJ'\J1Vl 

! .J ~ "' I <$ "" "'ti 'j 1 I <V .J. I "' 0111 L wau fl-:JO'\Jnl'lLm:::nq>J'lJfl-:JLO'iVllaflVl>J 'l::: ~fJ'lf'\J '\Jn1'l'lf1fJG'IVlfl01'l1LafHVlfl01'lLOVl 

stroke l1~flG'IVltl01'l1Vl1fJ 1 uc.JlJ1EJ\11 l'J'lJ1V1LaflV1.a-1V1'l11l1~flOa1m ilei-H'11vV11U1~ 
u 

1um-:itlfiuQiiim'l 1 l1 aspirin 1u'lJu1viQ"j1,:i 1 niJL'litJ 100-200 >Jn. flO 2- 3 i'u vuo-:i 

'lJ'\JlVJa-:imn~a 650 >JO. i'ua::: 2 ~~-:i l1~a 320 >Jo. i'ua::: 4 ~~-:i m'l1'lf aspirin 1um&ifmr 
u 

i1'lJ'\J1Vlfllm'lf ~mJ'lJ1-:J~1LLQ"jnmvria 1 l1LOVlflln1'li1-:J L~fJ,:iQ"j1,:i 1 1~L'lf'\JL~fJ10Un1'l 1'lf aspirin 

1tJ'lJ'\J1VlL~fl'1Vl 1'lYLLG'l:::U'l'lL'Yl1U1Vl L'lilJ ~~'\J 1a fllL~fJ'\J L~flflll11'l tl1vina-:i flll11'l 1>.l~mJ 
'l:::mm~ei-:1L~eium:::Lw1:::mm'l iiLaEJ-:i1irn Llluoi'u 

• u 

1 d .J 1 \I "' "" \I 1 \I 1 I !1I d I 1 1 \I \I o:j "" '\J'llfJ'YIL>Jfl 'lffll'lf'\JVlLVlfJ1LLa1 VlNG'l >JLulJ'YllnWfl v mv 'lffllVl1'\JLO'lVllaflVll1G'l1fJ 

'lfilvi~1>Jn1J1~LLQ"jV4-:i'l:::~ma>Ja11m'l~v::: 1i cyclo-oxygenase inltibitor 1l1L~Nav:::oi'a-:i 1 l1m L'\J 

'llu1vi~a1>J1'lCl 1tluuO-:imw1:::~rnu1'lfi1'lla-:i Lo~viLaaviLYi1i!1J mn 1l1m?Ju1via-:ivuLnvi Na'lu u 

mum'la-f1-:i ro12 v1nNi1-:il1aaviLaeivi~1fJ m'llla-:inum'lLm:::n~>J'lJv-:iLo~viLaavi~aJJv::: 1>.J 

1~ Na 1um-:itlfiuQim'lvi1u~>J'lJu1vim1 l1L l1m:::aJJif un11~mo L w'l1:::Ln~viLaavi'lla-:1LLQ"ja:::viu 
bQ"jamQ"j1-:inu ~-:iii~a-:1 LV1 'l1:::"1 cyclo- oxygenase inhibitor 1l1>.l 1 ~m~aliLlltJmo11mn~vi 
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.. 4 5 6 !11 ti I • J' cf "'"' ... .. ""<V l: 
LatlVl ~Hl indobufen , ditazole LulJlJllJ al'm·1allJiJ~flJ('fiJtJlJIWLAtl~tl ililflt)fHHJtJt1'3LiU'n:: 

cyclo-oxygenase 'llt>'3Lfl~G'IL~t>G'ILll1Ju lviml'.Ju reversible inhibitor m'la{1'3 Ltl'lalJllLLmm~u 
..,j . ' "'<iv ""' d 'itJ 
tlU '1 LLa:: PGI2 v::~mtJfflULLlJILVUJ'3Lafl'UutJ tnfl1'l'lJ1'3L~fNL'Utl'3vlflfl1'l'l.11G'IL 'l(fO'llLLmm 

.,.JJ'..,j"" """'""1' I , ,, J.ivo ... VllJYILlJtlLUtltJ'H1flJtllJv'3LflVl iJ~tlLL'l'3LYl1 cyclo-oxygenase inhibitor YI L'lftl~LVliJ 

tnm'l'li1'3L~U'3L~tl'3v1flfl1'll'lf cyclo-oxygenase inhibitor ~ti LOVILL~.mLUY11'3L~lJ 
1 "' . I 9 "' " "' ' "1 d "' ., !11 " tnm'l ~Nltl u1Vlv1'ltl:: iJU-3'3 Yltl'3~Jfl Li:it1Vlfltlfl'31U 'HavVlaiJltVILO'l-3 c.JtllJlliJm'HU-3 LulJlJllJ 

" J 'l ti cl \I e QI \I "•ti I 

Llrn'3vlflfl1'l L'lf cyclo-oxygenases iJ'llflvlflVIVll'U'lJU1VltllLLa::~u1UU1'3~tltnvYIUl1lfl 

mm'l'lil'3L~rMU1'3a~1'3hJl~ ~'3iim'lw~1uim~1uLn~viLaavi~uii11'lf mmlii~1~-ruatifl11Q1 • • •11 

v1mhun'31u~ru::m'liim'lmm'lLrn::m'lla'31nu ~ti 

1 Platelet ADP-receptor antagonists 

7"" " • cS "' ... J " J'J " .., d 
ADP ~flal'lO'l::lJllJfl1'lYl1'31lJ'lltl'3Lfl'lVILatlVIO'l1LL'lflYlflfl~lJWtJ al'llJLfltl1'llfl'3fltJLfl'lVl . " 

Laavi~t1li11 r1Lnvi 

tJJ • I' cS "" d <1 "" ., 'l ., , 'l 
(1) nl'lL auu~u'l1'3'lJtl'3Lfl'lVILaflVl LiJtlLfl'lVlLi:lflVl~n ADP m::lJlU L 'HLm::n~ii Lu 

... "' ... tJJ • I 'l "!11 ... "' ..,, • 'l " d "' "" I ... 2-3 1UlYILL'lnv::mvim'lL auu'lu L'HLuuantlru::iimmrna1u'lJ1 Yl1 L'HLn'lV1Lat1V1L'lfm.J01t1nu 
" 

'l~~lU ~UlJlfllJif ~a'3m'lW~'3'31lJ ~'3L~t1i1'l~v1n phosphorylation 'lltl-3 myosin 
t d~ o.J' '} qcv "" 

(2) fl1'lLm::naiJ'lJtl'3Lfl'lV1Lat1V1 LflVl'lJWl1U LU 1 lJ1Yl'Ha'3vlflflflO'l::lJllJVl1U ADP . " . 

(3) m'l'H~'3al'l~a ADP m::~1JLr1iim'l'H~'3al'l~av1n granule mu1mn~viLativi 
. d J, ~ J' ~ . . .J' QJ 

L'lftJ iJnl'l'Ha-3 ADP LWiJ'lJU 'Ha-3 calcium, serotonm vlfl dense granule trnnv1nu ADP U-3 

"" L " " d .. I • LG~'l1-1qYIB'llf1'3a1'lm::oimmvirnavi L'lflJ collagen, thrombm 

Ticlopidine 
8

'
9 

..,, .f <V <$ .. 'j I J' V 

LiJ an vi aau qYIL>'ll a-3 ticlopidine nu Lfl'lVI rn ti vi LVI t1l1l'l'3v::vm11mua1ii1'lfl'HliJ m'lLm:: 

I <$ "' J J • " 1 " .J ... I J' " ... . I .. J ... ..,, 
n~iJ'lJtl-3 Lfl'lVl LatlVIYl~flL 'HlJU1lJ1Vl1U ADP VI 'lf-3 c.JaVl-3 na11u~a1UfltJu'l1fl!)nl'lflJYILflVl L)Jfl 
.:ii "' 4 • t .f ' d " 1 ~ ..J 
uVl PGI2 L'lJl'HavVILatlVlVl1 LLlJlqYIL>'llfl-3 PGI2 v::~'3fl~LUVn::'lJru::uVlmL'lJ1LYl1lJU '11\J 

:: V Q .. .f I °' .J' vJ1 "°' , , , ., cf 

ticlopidine uu c.Ja011uLmvirnt1viv::~'3qY1L>t1~u1u'Ha1mu ut1nv1nu~Y1 Vl'ltJ ttclop1dme U'3iJ 

bleeding time m1uiu~ima:: platelet survival Rua-3 LLoh::~u cAMP LLa:: arachidonic acid 

metabolism 1i.Jiim'lLtl~uULLtla'3 Caea Lrn::~ru::10 wui1Ln~viLavV1'llt1'3~~'l~-rum ticlopidine 

v::lJI au au t1'3oi a m'ln'l::~u'llv-3 ADP L'liuL~u1nrnn~viLaavi'llt1'3~ithu h~ Glanzman's . " 
thrombasthenia (Ln~viLaavin1'31tJ~vitlnG1LLoin1L ilvi) mh1~a L~am::~u m'lLm::mimrn-3 • • 
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<1 4 '1 <1 4 "·'' I .J' .. °' Lm~mrn~wnv ADP Ln')V1Lat1Vl'llt1'3~u1mrn .. m~i.iu"::i.Jm')"um:i-.:1 fibrinogen uu platelet 

receptor mh'3NV1tln~ ~'3L~t111 ticlopidine ~N'1::iru&'3 ADP receptor umn~V1Lat1mh1'1 ADP 

1 t J • • d a QI I '1 ti ti 

i.ia1i.i1 'j(l L l1'Ut.11'U1m::U1'U01')'Yll'31'U'll ti~ Ln'lVI La tlVIVI~ n a11 LLtl1'lll~Ol'U 

Balsano Lrn::~nu:: 11 
'YIV1at1uu'S:: lmnfat1~ ticlopidine 1 u~ll1u unstable angina 6 5 2 

Viti ~L'll1h~vrn1u1a lV1mtl~uULYif.JU01'S~m:n~lJ1EJvi'1t.1iih~i.i~t11'1m ~-blocker, calcium 

antagonist Lrn:: nitrates LYhifu l1~t11'1 ticlopidine ~1>.JtlUOl')~nmuum~i.i 1VIEJ1'1 ticlopidine 

2so i.in. iua:: 2 ri~'3mu1u 48 i1li.i~mr~'11m'll1h~vrn1u1aLrn::ll1m~~wieinuu1u 6 L~eiu 
~rntl'j1nn11m'j 111 ticlopidine ~1i.ivi'1EJaV1e101')1 L~t.1~o1 t1m')OJlf.ll1~t1m'SLnV1 l 'jvin~1i.i L d m-111'1 

d • ,.. .. .., 1 " .. J'ct "'. I l .. I ~ 1 ".'I .J " 011mN 46% Li.JtlLu')f.JUL"rlUUnum'S l1t.11LLUULVliJ t.ll'U'1~i.Ju'S:: f.J'lf'Utlt.11'3U'3 'Ur.Ju1f.J'YILLW 
\I 

.. 12 
aspmn 

" .. .J .. d 1" ... 1 .. tl101'S'lll~LVlf.J~'YILnVILUtl~'11nm') 'll ticolopidine Viti mm'S 'U'S::UUl'll~LVltltlll11'S 

(ntl~L~U 20%) tl101'Sl'll~N1l1U~ Li'U ~'U l'i'u m1iJNV1tln~'lltl~'i::UULat1V1 Li'U L;jV1Lat1V1'lJ11 

Lrn::Ln~V1Lat1V1~1 LLa::ihat1V1ilfln~lf.JNV1tln~ LLoltl101')'lll~L~£Moll~ 1 iJn hhtm ')~Lrn::mf.J lvi' • 
d " .. ti .. ... ct ... ".'I ~· I 1 " Li.Jtlli~Vlt.11 UnL11JVl11i.Jr.JVI nOJ'lltl~')::UULtltlVl'1~V11')01')1'.lLtltlVl~u1ULu'U')::f.J:: 1 'S::l111~ 'lff.Jl 

ll lV1m11vn::lu'lf1'3 12 atJV11\.fLL'Sn'llt1~01'SL~iJ1-J'm 'Ut1n'11nifihlf.J~l'Ullt.11llt11'1nlll1'')::~u 
1 ... J' " " " 1" .r... " 1'!1 .,.J • .., 1 ""' cholesterol 'ULtltlVl~~'ll'UVl1t.I 'lrnmi.i 'll'lltl~t.ll'UVltl mi.i 'll L'U~'Ylma~ Vl')Ut.11 heparin 'lJ'UlVI~~ 

c-T~iivi11i.i el V1un~'ll t1~ ')::um a t1 VI ii ur.ia 1 um~ L~u mm'S ii La t1V1 t1 t1 n mh:n~EJuw~ul1~t1ii 
\I 

La t1V1t1t1n 1 uai.i t1~ 

'lJU1V1oX1ltJ'lJt1~ ticlopidine ~ti 250 i.in. iua:: 2 vi~~ LLoim"Lvii.i'llmVlmlvi'u~ 1,000 

"'1 ~ .q ~ '1""' i.in.nu lJ')::u::au 1 Lrn::mLW'YIU~Lrneim~ na?JVI 

• 13-20 
Clop1dogrel 

L tlirnip~'wfaei~ ticlopidine ~iit)'Yl~ri'u&'3 ADP-receptor 'llt1~Ln~V1Lat1V1LL')'3n11 
ticlopidine Lrn::tfa 1 l1LnV1t11m'S'lll~L~f.J~tl' t1t.1n11 ticlopidine 

d °' l: °' ~j 1 '1 'l I Li.Jtl clopidogrel UUt.1~01')'1U'lltl~ ADP U'U platelet receptor '1::Lu'Ur.Jtl l1 ADP iJ 

ali.Jl'St'lm::~'Unl')LU~f.J'ULLUa~~ glycoprotein GPilb/lla complex ~~tln~Lrlt1'1::LOVI01'SLm:: • 
naiJ'lJtl~ Ln~VI La ti VI ADP l1~t1ohmrlf.l1tll~'U'1::rit11 l1LO~lf11')L U~f.J'ULL tJa~'lJtl'3 GPIIb/IIIa nl . . 

1 ti Q.I Q.I , Vt 4 4:1., I d 4 J' l .. 
l1 fibrinogen ({li.Jl'St'l"UnU GPIIb/IIla LVl~lt.I '1'3LOVI01')L01::n~iJ'lltl~Ln'lVILatlVl'lJ'U VIUiJ 

~I °' d °' l: ct .. °' l: I <1 4 I 

fibrinogen Lu'UOJ1L'lftli.J Vl'3'U'U clopidogrel '1~i.ir.iauuv~m'SLm::n~iJ'lltl~Ln'SVILatlVI Lrn::wu11 
.J'._ I '1 I 'J Q .. d I I .J 

0 
I c$ 4 .J'., 

r.iamnV1t1m~m1'SV11f.l eim~ L'SOVI mt111nt1U'Yl clop1dogrel "::LLaV1~r.ia01mn')V1Ltit1VI muoiei~ 

(lnL tJ~mfitfl 'U~l~Olf.J 1 '1t1t.111J'SU~tltlnt)'Yl~rit1'U LLol"'U a~i1'1"U'U L ')ltl~ liJaii.Jl'j(lOJ')1"LLt.ln 
" " \l\J , 

.fo.1 • , " " Q.I :: • d 4 .J 
al')tltlnt)'YlfiVl~na11 LVI lJtl0'11n ADP LLtl1 clopidogrel "::UUU'301')L01::n~iJ'lltl~Ln'lVILatlVl'YI 

.J o '1 °' '1 d '1 l 'ltl °' '1 c$ 4 .J ._ I I 

L l1'Uf.J1'U1V11U011 m::oiu tl'UVl1t.I Vlflt.11":: 'lJ Vl'lJ11~ n 'S::U1'U Ol'Sn'l::Ol'U Ln'lVI rn tlVl'YI Ln VI ti f.Jl~ 01 ti • • 
L~tl~~#uoieium')l1i~ ADP LLmwu11 clopidogrel liJiir.iao1t1m')nl~l'U'llt1~ phosphodiesterase 



S50 Thai J Pharmacol 

,-nnm'l~m~ntl'l~an5m"t~'llrJ\I clopidogrel fl1\l~ailn1u CAPRJE trial ~'lii~thm?i1 
~1"1u1A'l\ln1'lif 19,185 AU "rhm'l~n1fl~1"tlUO\I 384 amuu1utl'l~Lf!Aoll\I 'l Ltl~uu 
Liiuum'l1'Zfm clopidogrel (i''Ua~ 75 "n.) tlUm'l1'Zf'Lrnrf1W~'U (i''Ua~ 325 "n.) 1u~~LlJ'U 
hAna1mtl'r:il111vm~nar:iGJmu1u 35 i'u~~hum "r1'1r:ic.r~Ltl'U ischemic stroke mu1u 6 

" 
L~rJ'U Lrn~iimm'ltlGJtln6i'llrJ\l'l~\JUtl'l~rflfl'U1Ur:ithn!r:iu 1 atlV11lf "r1'1r:ir.r~iimm'l~ LnVI 

" 
L ~ r:i'lv1nA11" tlGJtln 6i'll rJ\l"r1 a r:iGJ La r:iGJLLVl\I ri1utl a1 u tGJu6iGJon"m'l 1im'llr:i\I c.rtbu r:iu1\loi r:i 

" 
d .J !'I .J .J ".'I 1 .,... "" !'I ti I L'UrJ\l'UlUmau 1.6 u ('l~U~L1mm1n~Vlfl~u1u Vl'lUUlArJ 3 u) r.Ja 'lln!J11 clopidogrel aGJ 

,j'Ol'llnl'lLnVI ischemic stroke 1m.J ,j'Ol'lln1'lLnV1nrr1"Lifr:il111vonU1"r1iJ LLGl~tlOl'llnl'lOllfJL~rJ\I 
v1nA11"r.Jvitln6i'llr:i\l"r1ar:iviLar:iV1l~mnni1LLmilw~uLrn~L~r:i~V1A1u1u clinical end-point 

Lmhtl''l1"nu v~wui1 clopidogrel aV1tlOl'llL~U\l'llrJ\ln1'lLnV1A11"i.lV1tln6imihifl~,nnni1 
LLmilw~u LLoir.rnoi1\lm\lao6iliJ-HviLv'UUn (tlOl'llnl'lLnV1m1"i.JV1tln0i1untj" clopidogrel = 

9.78% na"LLrJillW~'U = 10.64%) • 

L.ml°lfvaufnam{18
-

20 

.J..,tl 4:1t,4:1i,Q.I !'cv ~ oet'l"' .S L"r:i'lu 'l~mu clopidogrel 75 "aam" •znnu"r1mUA'l\I mv~~n~Vl'lf" GirJU1\l'l1VIL'l1 

LLoimifLllu prod.rug ~\lifm~m'li1~~1\lmuol'r:i'l~nr:ir:inwlvi·zi'LiJu 2-oxo-clopidogrel tviu 
I ~ 1 t 'l .. I fll "° il ti .J CYP2B6 ml~ 3A4 nr:iu v1nuuv~fln n Vl'l a'lfmmuu thiol derivative v\lv~r:iu lJ'l n 

" " " 
CV OI 1" I d d r a1m'lmmnu platelet receptor Vlt!Ul\l{ll1'lLLa~'l1VIL'l1 ur:inv1n active metabolite nnm1 

ti J' CV I 1 I ..J 1 I .J il di tl.J umu U\IW\J11 clopidogrel lJ'll\lnlU('t1'1J "r1t'\J (85% 'llrJ\lmnr:i~ um~uarnr:ivi) v~~m auu 

ti .J ., fll b l " "d d . . .J fll ti .J .f t . . ~ f!Ol\JLulJ car oxy ic ac1 envattve 'lf\ILulJ~ fl"r1"Gl(]fl5 VIUv~Ol'l1vWU macttve 

metabolite ffiutl~mtuil\lilVI 1mar:ivi"r1'1''1-iUtl'l~fl1lJU1 1 .a-11"'1 " . 
Clopidogrel trn~L"onur:ila~d1~ty'llrJ\l"u-.5'unuwma"1ttl'l&iu1~ 98% ua~ 94% 

m1mh~u 50% 'llrJ'lm1u~1\lmuv~~nn1"5'Gir:ir:inm'lilam1~ ri1u~n 46% ~m1ur:ir:inm'I 

r:ivvl'l~ 1viuiJ(i)1A~'l=ifim'lleNm'ln1~V1m 8 .a-11"'1 • 

... ... 
el1nT'.l"ll1'3L~tN 

v1nm'ltl'l~Li1u~'1i clopidogrel 'll'UlVI 75 "n.11'u wui1~thmhu1"r1ajnuoir:imm'l 
ti "" 'l """ t 1 I "' ti .. .J ti "' CV .J 1 n ti 'l ... CV J' 'lll\ILAU.:J'llrJ\IUl VIVI viumm'l "W\I 'j~rf.:JAflV4UAalUAa\lnunwu UN 'lfUlLLr:irf W'llJ Vl\IU 

" 
m'lihar:iGJmmr.Jvitln61 iJti'm·nm'lLnvi 9.3% tviuntj"~l~-iu clopidogrel iiti'm1m'l 

LnGJmm'l'l'ULL 'l'I 1.4% ri1una"~1~-irnrna1 w~u iiti'm1m'lLnV1mm'l'lmL 'l.:J 1.6% • • • 
~#ii clopidogrel iiam'l1m'lLnV1Lar:iV1mm1um\IL~umm'l 2.0% m:i~ 0 .7% ol'r:i'I 

L'li1-ium'l'init1ol'11 u t 'l'lwmu1a ri1uN'1iLrnal w~u iJti'm'l1m'lLnV1Lar:iGJr:ir:in1um'IL~um"r11'l 
" " ... ., 11 ., """" 1 1 ,,Jl" 2. 7% trn~ 1.1 % OlrJ\l'l\Jnl'l'lnm u 'l'lwmrna rJOl'llm'l"rnr:iGJr:ir:in ua"r:i\I im~"'YI VI 

-iu clopidogrel = 0.4% ri1u~1~-irnrnalw~uiiti'orn 0.5% 
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ut1mnmnnTnat1~t1t1nN~tJn01LLa1 ih1t1'31ui1m'jl'li' clopidogrel m<JLO~Lil~Lail~ 

'lJ11'lfil~ neutrophil ~1>nn ( 4 viu) vm 1 viu LO~ aplastic anemia Ln~~Lai1~~1mn i.h~ 
II 1'' _, II II ~ .,j 111 .. 1 "" Ylil-3 m'Yl1') i.1ui1u m::L vn::mV11·rnmau Ylil'3Nn Ylt>'3L'1U vi~u a mL<Juu LLN~ 1JYl1'3L~u 

" 
il1'Yl1') (0.7o/o LLoi Lrnal-w~u vm19l' L2%) tl1V1U'3N~tJn01 ~1JN1'YIU'3 ~u tJ1~?h~:: i'3Liuu 

m'j~um1i.1{antl~tJn01 
" 

2. Platelet glycoprotein lib/Illa Receptor Antagonists 
.,j .,s.., II "1.,S"' d 1111 
LiJtlLO')~Lail~~nm::01u GP Ilb/Illa receptor 1.J1Jr·J1J'3LO')~Lat1~n<J::~nn')::01u~1t1 

receptor ifLU'lJ adhesive receptor (integrins) family th::nciu~1u 2 transmembrane protein 

"' A . !fl . .J A .... d "' I :; .... d 
Viii U Hb LLa:: t-'a uruts LLa::Lu'lJ glycoprotem YIL\l\'fl::'11'Yl')ULO'l~L~tl~LYl11J'U 1.J1JN1J'3LO'l~ 

4 I OI .c:i I 

Latl~LLGJa::ti'lJ 'J::iJ GP Ilb/illa receptor ti~ 50,000-80,000 receptors 
11 d"' •111 J'.l.J .I ti' "" 

01')ffl::Ol1JLO'l~L~tl~'l::Yl1 'YI receptor muammua..:J~ ')1'3 ligand l'.i'fiiJ'lf1Vl'lltl'3 
J' I , , <t 11"1 QI 1111 J' J' II 

receptor 1J (L'lf'lJ f1bmogen, vWF) 'l'3L'll1'l1.JOU receptor ~'31U'll1J 1JCJO'l101J01')ffl::Ol1J GP 
.J I QI d "' QI •111 .J.,s I 1 d Ilb/IIIa receptor YICl~U'lJC·J1J'3LO'l~Lati~ U'3Yl1 'YI GP Ilb/IIla receptor YILO\Jti~mu 'lJLO'l~ 

"' .,j .J CV d "f II I J' • 111.. ti 
Latl~LV!at>Utli10"1YIN1J'3LO')~Lail~~1U N~L'Yla11J'Yl1 'Yli.J01') ')10~'l1Cl'3 GP Ilb/Illa receptor 

.... d "' ..: J' 
1.J1JN1J'3LO'l~Lail~L'Wi.J'll1J 

Fibrinogen LU'lJ dimeric molecule ~U'l::m1u~1u a, ~' y chain 1.J'lJ a chain )j 

ROD sequence (~..:JLU'lJ amino acid 3 ~1 oliltlU~il arginine-glycine-aspartic acid) LLa::~ 

carboxyl terminal 'llil-3 y chain il 6 amino acid oltltl'lJLU'lJ KQAGDV sequence (~ii lysine­

glutamic acid-alanine-glycine-aspartic acid-valene) 

'l1001')AOM1~1UOail'3'lanAU~LaV!GJ')il'lJ wui1 85% 'lltl'3 GP Ilb/illa 'lltl..:JLn~~ • 
"' .... .... • . .J . ,J .. .... .J ... ..i 
Latl~'J::<Jum.Jf1brmogen YI RGD region '111Jtl0 15% 'llil-3 GP Ilb/illa <J::'JUt11.J'lL10ltl1J 

vWF ijvi11iia1~t)JL'lim~mnu fibrinogen 11im'lL'Yl~u1tl11 ri'Ln~m'lLm::n~i.i'llti'3 
d "' J'.., QI 111 I • II d II 

LO'l~Lati~ a1'l1J'lUnu GP Ilb/illa receptor ~ii1nm1 1 receptor mi::m'YltnYIVlalU 
"f !fl QI .,j_ I d "f • 'I II "" t II I 1 I d "f .J 

fibrinogen Viii L u1JOl1L'lftliJ'l::'Yl11'3Lffl~Lail~ Yl1 ~ 'YILO~ Vl'l..:Ja'n..:JGJ1'll1U unqmm~Latl~Yl>n 

Lm::nu 

GP Ilb/illa receptor antagonists ~il'lmm1'l~U1J ml~ l~L{Ju 2 n~ii Qltl 

2 .1 Noncompetitive antagonist 

L{J'lJ monoclonal antibody" ~'3Ltl1J glycoprotein GP Ilb/illa receptor antagonist ~1 
.J !fl :; .. ti"' ti t II .,j II ~ LL'lOYl'WU LLa::LuU murine monoclonal antibody 'l101J1JiJOl'j 'l\J 1'3 Vl'l'3a'j1..:JLWila~'llilL'1U 

~11J immunogenicity <Julu~'f~ l~m'l~'3tl1m lmutl<J~uu ~ii abciximab 
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Abciximab 

LU\J Fab fragment 'lHM ch.imer.ic-human-murine monoclonal antiboby, 7E3 ri1tJ~ 
a1>J1·rn~ut1u1~~1L w1~nu glycoprotein Ilb/Illa receptor uur~i1~Ln~viLat1vi tmammt1~ • 
abciximab tl"i~nt1uvi1umvit1~i3tu 439 il1 lviuil 50% Li'.JtJ murine sequence ua~~n 50% 

L UtJ human sequence Vl'fl<J 1i.lwum')1 tl foLVJ')Vl L tJ lma~a abciximab 
21

-
23 

L~tl~<J1n abciximab ~fl chimeric-monoclonal antibody 1ua1mrn~ Fab fragment~~ 
.ct 0 'l Q.I Q.I Q.I d ..:!ii .d 
>JV111>J'11LVfl~ LiJnl')<J\Jntl glycoprotein Ilb/Illa receptor tltJf.ltJ~LmVJLaflVl L>Jtl abciximab 
Q.I .J' ..J. Q.I :: I d ~ I I Q.I t :: 
<Jtl\JU receptor 'U'1~'1~ r.Jauuu~nl')Lnl~n~>J'lltl~Lmvi Lativiflm~ LVltJ'lfVl VlU'lltJVlmJm'ltitin 

.i.XtJ:: ,, , a"" ::,x 1 ti .,..,i a 
Cl'YliltJL U'll'Uvltl'U~Vl'Yl1U'llti~m~u1um'lLm~n~>J'llti~LmV1Laflvi mml~'l1~ viu nVlL>Jmmvi 

Cl OJ OJ d d o'Jll"" I <$Cl "" 

La t!Vl Cl n n'l~Vl tJ vi1mn'l'YIL l1'UU1'U1 L l1 Lnvi nl'lLm~na >J'lltl~ LmVl Lat!Vl<J~Lnvi conformational " . . 
change .,.hti.1 GP llb/Illa receptor ~n adhesive molecules (a1'l~nt1Ll1LnVlm')Lnl~ntj>J'lltl~ 
Ln~viLat1vi Liu fibrinogen, von Willebrand factor Li'.luvi'u) ~u:lvi~1u~u LLa~ilm'll1~~a1')~tl 

I <SCI d II II "''ltl II <SCI"" ~.r .J' 
Vil~ 1 flt1n<J1mn')V1Lat1Vl'Yl~nm~viuLLa1 LWt! n'l~vimmvirnt1vit1mW>J'lltJ ut1n<J1nu 

fibrinogen <J:::Lm:::uu GP IIb/IIIa receptor ii1 L l1Ln~viLat1m1>Jntj>JntJ tviuil fibrinogen Ll'.lu 

vl1L~t1>J r.Ja~mnvim'lLm~mi>J'llt1~Ln~viLat1vi LLvi abciximab <J~ii11l1Lnvi steric hindrance • 
ua:::/l1~fl conformational change ~ GP Ilb/illa receptor ii11i.1 adhesive molecule 1i.la1>J1')Cl 

~unu~L'lft1Lvit11'd ~~uutl~m'lLm~ntj>J'llt1~Ln~viLat1vi lvivz•-
25 

<J1nm'lAmflllJ~tJVltltJflB'lfflaiin26 -28 wu11 abciximab iltl')~~'Y15fl1w\J~n11 aspirin 
'J QI:: I d<dl ::.Jo I .dg .r::lt. 

L'Unl'lUUU~nl')Lnl~na>J'lltl~LmVlrnt!Vl 'Yl~L>Jtl'Yllnl'l'YlmftltltJtlm1~ LLa~L>JtlVJnlflf.lam'lLOVl • 
acute occlusion L~tl~<Jln platelet thrombus lviu1?i' canine anterior left descending coronary 

angioplasty model tJt1n<J1nlf abciximab u~aVl'l:::U~L1a1m'lLOVI reperfusion aV1'll'U1Vl'lltl~ 
tPA ~vi't1~L?i'L~t1Ll1Lnvi reperfusion LLad'.ltl~nu reocclusion lu acute myocardial infarction 

models vi1u 

nl')'YIVlntl~ 1?5' abciximab 'Yll~~ai'ln LlJ multi.center study ~Gl1~cy il 3 nl'l'YIVlntl~ ~ti 
EPIC, CAPTURE LLa::: EPILOG study 

EPIC stud/
9

-
30 

Ll'.J'Um'lAmnLL'lfi ilma"T"iJ~')>Jlna~ 2,099 ~'U Ll'.JU~~mvi11il 
m1a.JL~U~~~vit1m')iil percutaneous transluminal coronary angioplasty (PTCA) lviu~<Jln 
mm'lLLa~'lfluh~ ~ithu 696 ~ulvi{uml1afln 695 ~ulvi{u abciximab LLUU bolus (25 

" 
i3aan{>J1nfan{>J) 708 ~ulvi{u abciximab LLUU bolus Vltl\JL~>Jiil PTCA V11>Jvi1u{um 

I I "" t V Cl 0 .. .:, t :: J' 11.11 'l IJ"1 'l "" 
flm~VltlL'UtM VlUl1UVIL'll1'Yl1~l1at!VJLaflVIVlltln 12 'lf1 >J~ 'Yl~'U~Ju1U'YIO~lJ Vl'lULLm'f W'l\J LLa::: " . 

OJ ti I .iCt. II J' CV"f ~ CV 

heparin Vl1tl f·Ja ')10!)11 primary end-point (nl'lVllU fil')LnVlfial>JLlJtll11 L'J'lJlVILG'itlVl fil')')\J 

m')r.hvi'vi'1m{lwnu1u 30 i'ul1~~m"iii1 PTCA) avia~t1u1~ili1mh~fl 11una>J~1vi-ru • ·11 • 

abciximab LLUtJ bolus ~1>Jnu infusion (~UOJnl'lcU'lltl~ primary endpoint = 8.3%) LOmYiuu 

numim.j'~lvi{uml1at1n (t!U~m'lru primary end-point = 12.8%) a1una>J~lvi{uLLUtl 
, \J 1 , 
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bolus tlU1..:JL~mwu11 ~u&im·Hu primary end point a~HNL~ntl'm1 (11.4%) LLoihJuoin~h..:i 

num..:i(fo~numi>Jl~ium'Hatin • 
EPILOa3

1 
study AO'lflL'U~thu 2, 792 ~u L~u~tl1u~~Q!Lifanua111oi't1..:in1 PTCA 

ua~c.T~iUfll<jnl PTCA tlUl..:JUOLU'U NU1tl 918 ~'U l~iu abciximab ~1>JOU heparin 'l.l'UlQI 
u • u 

>JlOJ<j~11J 9 35 ~u l~iu abciximab ~1>JOU heparin 'l.l'UlQl~l 9 3 9 ~ul~irnn'Hatin~1>.1nu 
heparin 'll'lJlQl>JlOl<j~l'U 'lJ'UlQltll abciximab Yi'l?f'~tl 0.25 >Jn.1nn. LLUU bolus Oll>J~1tJfll<j 
'Ht1QIL'll1'Hat1Ql Lat1Ql~1mh..:ioim ~ti..:i 1 u'llmQI o .12 5 >J~n.1nn.1u1YI r.rnt1"j1ntJ11ti'01"j1fll"jLflQI 

primary end point = 5.4% 1un~>J~l~iu abciximab ~1>JOU heparin 'll'lJlQl>JlOJ<j~l'lJ 5.2% 

1una>J~1~iu abciximab ~1>Jnu heparin 'll'lJlQl~l mi~ 11. 7% 1una>J~1~ium'Hat1n~1>.1nu • • 
heparin 'll'UlQl~l 

Lrlv~Q!Oll>J~tl1uoia ltl~n 6 L~tl'lJ wu111u EPIC study tJOJ"jlfll"jLflQI primary end 

point L'UO~>J~L~tl 1~iu abciximab V'3~~~1n11n~>J~l~iut11'Haeln LLOJ1u EPILOG study hi 
" ""ti .J' WU'lltlQI <j~fll<j'lJ 

CAPTURE study
32 An1:11lu~tl1u 1,265 ~u 1-lim'Hatin 635 ~u ua~ium"jinm 

Gf1u abciximab 630 ~u 1Qlt.1Nll1u~..:i'H>JQliin1'H'lJQILLi1uau11;;i~ium"jnl coronary 
u 

angioplasty L \'l"jl ~L ~'lJ~~1~ium"jin1:11~1t.1 heparin ua~l 'lJLOJ<jOl atj ti tl'lJLLol m <jOJ au ({'lJ ti~oi ti 
'l '.. J' d d ti J' U '} "' !! I ..J .. 

Ell >J QI w ti ( QltlEll) '1'3 >J tl1 fl1"j'lltl~ nal>J L 'U tl'H1 L'1'l.11Ql LatlQI ~(lfl1"j\'J0l:t1WU11 L>JtlUQI 

abciximab 'l.11J1Ql 0.25 >.1n.1nn. LLUU bolus LLtic.Ttl1t.1tit1uium<jrJ1mQI 18-24 .a-1tiN 011>.1 
u 

~1£Jfl1"j'Ht1QlmifL'll1mrnQ!Lat1Ql~11u'llmQI 10 >.1n.1mYi arl1~oim~a~;;iu'Ha~~hm~ 1 .a-1t>J~ 
primary end point (fllWllEI fl1<jLfl~na1>.1Lilvi.111"'lllQ!Lat1Ql fll<jiUm<jrJ1mQlqmuwnEJL'U 30 

1u'Ha..:Jfl1<jnl PTCA) aQlcM'11n 15. 9% (na>JEJl'Hatln) ma ti 11. 3% (na>J abciximab) • • 

ula'Zf;;iau~1aorf 3•
33

-
34 

LrlvuQI abcixin1ab LLUU bolus L'll1trnt1Q!Lat1~whlu'l.lu1Ql 0.25 >Jn.inn. 011>.1~1t.1'Ht.1Ql 
'1 cSI e I I .cJ iCil o!-cr 'I d 4 

EllL'lll'H(ltlQILCltlQ!QlltlEll..:JOltJL'lJtl..:JtlO 12 'lf1L>J~ L'U'll'Ul~ 10 >J~0./1HYI abciximab '1~tltlO()'Ylli 

ml'lJ 01 <j\'il~l'lJ'lJtl~ LO~Ql La tlQI LLa~(fl >Jl<j tl Ol<j1'1WU ~11 >J L ?J >J?J 'U'll fl..:J mifL 'lJW al (f>Jl l~ nufi~ Ell 

L'll1a~1..:imu 60% 'llt>..:J'll'lJlQIEll 0.25 >.1n.1nn. 'H~v 90% 'l.lti..:i 0.15 >.1n.1nn. ~hfouu bolus 
u 

ltl~unum~Q!LatiQI ~am"jvuJ..:i GP Ilb/illa receptor Lfl~>J1n5..:i 80% 'Ha~1l1 bolus dose 

'lltl..:J abciximab 0.25 >.1n.1nn. LLa~mn1l1moialtlm<jauJ~~~L'lfWLOlv{ifn;;i~~~auoia 1tJ1u 
u 

U .J' ..J .fu l: d ti o' I • <:I "' U 

"j~QIU'lJ '1'lJL>Jtl'H~Ql£11 ()YlliEIUEJ~"jL'lf LOlt)"j;,}~~tlEI 1 a~a..:iua~fll"j'Yll..:Jl'lJ'lltl..:JLmQIL(ltlQl'1~nau 

atln~u1~a1umt.11 u liirl.a-1 L>J..:i 'Ha..:J'HEJQ!Ell 1 atlQ11,.f;;i~ii~L'lftlLOJtl{ 10-20% ~v..:i~~tlnvuJ..:i 
u • u 

titj ~l~~~iliOJ'lltl..:J abciximab tl'at.1n11 10 'UlYl a1u~1~~..:i?ii01'li1~'Ha~ (second phase) 30 .. 
'lJl'YI 
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v1flfl1'1~01flLLUU in vivo 'WU11fl1'l1li'mLLUU bolus 1u'llU1~ 0.1-0.3 lJfl./flfl. v~ 

1 li ~am'lm t1uatJ cNvit1mLL thc.1u0"11>.1'llu1~mYll l1 vu 5'1ilv'luuf1'1lirnm'l~ntnmh.rn~La£J~ • 
L~f.J10Ufl1'lth~~ abciximab tltlfl'l1fl~1\Jfl1£J LLviL~tl\J'llfl abciximab LUU1th0iuth~uw1L6'1t11 
.... ,..4 , J' .... d'l 'l' nu Fab 'lleN immunoglobulin 'l\JL'lftl11al'lUv~tmfl'ltl\J~~nau LLa~aalf.J'Yl Ol LLa~Ol'l1'l lJ'WU 

" " 'l .. .J.. "' . L>JOllU fl aOl'YllJfl'Ylll'll fl\J abc1xmab 

., .. 
e11fl1'l'll1\JLAUil 

J I .J .. .. .. "" . I "" J """" :: 
mfl1'l'YlY4UUflF.J'Yla~ ~ti fl1'llJLat1~t1t1n~~unvi 'lM'l1flfl1'l'Yl~aeJ\J'Yl1\J~aunn\J 3 fll'l • 

n~at1\J~mh1mhn1\Joi'u loi'a1t1·'.rnrla 1?7 abciximab ~1iJnu heparin 'l~L~lJBOl'llfll'lLn~ 
Lat1~tlt1fli4~tlfl0lt1Ul\Jih!ml1~ty Utlfl'llflif abciximab fl\Jl'i1 llfm~~Lat1~~1 ('WU lof 16 5 ~U 
'llfl 5,461 ~u) 1~u 4 'llfl 575 ~u LO~Lfl~~Lat1~~1mulu 24 -H1l>J\J l1a\Jloi'~u abcixmab 

fllfll'l~U~'WUUtlU (LO~ > 5% 'lltl\J~i.'lfm) ~ti tJ1~l1a\J 17.6% ~11lJ~ULai10l~1 
" 

14.4% ~~ula 13.6% tl1~m!1t1n 11.4% mL~uu 7.3% tl1~~'lH~ 6.4% ua~t11~ 5.4% 

2.2 Competitive antagonists 

LUm'fl'l'W1fl peptide LLa~ peptidemimetics 

GP llb/IIIa receptor antagonist ~LU\Jal'l peptide ~ti epifibatide ai'lda\JL~'ll~l-f?fu 
1~u1li'ii amino acid sequence ~a1u RGD sequence 'lltl\J fibrinogen ~mi'.Ju KGD sequence 

LL'Yl\J (lysine-glycine-aspartic acid) LLvi'limau ~tl~fln1~~tltlfl'l1fl~1\Jfl1UtlU1\J'l1~L~1 LLa~lof 
... ti QI ti ') ~I I I ., ... d ~"' .t; 1 d, .t; J' 
>Jfll'l 'lU 1'1UOl'lL>JLaflaLuU cyclic form LLOl'WU11U\J~\J>J 'l~U~~'l\J ·a10l aua~\J\JLtl\J 'Yl\J\J 

• .... ti J' l "" '1 
L'W'fl~ fll'lfll'l~al'l 'l~Ltl'YIU'Yll\J OlLfl~'l1~L'l1lJ1fl 

.J · .J ~I :; ~I .J ., !"I """ 
'11\J GP Ilb/llla receptor antagonist 'YlLu\J nonpeptide \J\J Lu\Jal'l'Yla\JL~'l1~l1 Ll1lJ 

" charge conformation ~a1u RGD sequence Liu tirofiban lamifiban \Jtlfl'l1ni1ii GP lib/Illa 

receptor antagonists ~LU\J prodrug oi'1u L'll\J xemilofiban, orbofiban, sibrafiban, lefradafiban 
d o .J' l!'i' "'ti ... "' I q 'lf\J prodrug maiu al>Jl'ltl l1L~Ufl1'l'lU 'l~'Yll\J LLa~>J'l~U~L1alfl1'ltltlflfl'Yllltn1\J1\Jfl11 'l\J 

L ~a11 ~\Jv~L i'.Ju m oi'1u m ~~La t1~~iitl'l~1u'lfu1 tJ am ~Ol 
.J · .J ~I • l: ~I J "' !"I """ '11\J GP Ilb/IIIa receptor antagonist 'YlLu\J nonpepttde \JU Lum:fl'lmt\JL~'l1~l1 Ll1>J charge 

conformation ~a1u RGD sequence L'liu tirofiban lamifiban \Jtlfl'llndii GP llb/IIIa receptor 

antagonists ~LlltJ prodrug oi'1F.J L'li\J xemilofiban, orbofiban, sibrafiban, lefradafiban ~\J 
I J' 1 !'i' QI ti ... "' I q ...( prodrug L~1a1\J a1>J1'ltl l1 L~f.Jfll'l'lU 'l~'YllU LLa~>J'l~EJ~L1a1fl1'ltltlflfl'Ylllf.J11U1\Jfl11 'l\JL'lftl 

I ~I " '1 .. .J ""ti 'I ~ 
11~\J'l~Lu\JEJlOll\JLfl'l~Latl~'Yl>J 'l~ LU'lfU L \Jtl\Jl~Ol 

LLviL ~tl\J'llfl 1 \J'llru~dii LWEJ\J eptifibatide LLa~ tirofiban L Yh'1u~1oi'~um~ty10l 1 l1' 
~iml1u 1 utl'l~L'Yl~l nu ~\J'l~mh11~ua~Lau~ m'W1~m~\Jat1\JdL Yh'1u 
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Eptifibatide 35
-

39 

Lllu cyclic peptide ~iJm1iJ~1LW1~U-3LUfn.')..j'ufiu GP Ilb/lla receptor 'iHNLn~VI 
4 •1" 'l' CVCV .J'4Q.IZ$ I d ~ "l" Laavi l11 \1 fibrinogen iJC'f1iJ1')(1~Unu receptor u ~'3tJUU'3fn'iLfn~naiJ'lHNLn')VILaavi vimu • 

lu 1 -H1liJ'3 \1a'3L~iJl\1mrn,nrnvviLat1~~1 mdoia'31\1~1um'juviL'li1mrnviLavvi~1LLuu 
bolus \1~t1\1UV1L'li1\1at1V1Lat1vi~1LYi1ifu U'31iiwuiJm'lLtJ~mmtJa'3'1Jtl'3m1ufi'3mu LLoiwu11 

eptifibatide ~mh..j'vit1vn~1n~1'3murn'31vimh'3')1VIL~1 iJ~1~~'3~lV1'1JB'3fn'ifh..j'vim 2-3 ~1-
1iJ'3 

d 1 " . <:$ "' I "' .J • I .. 'i 
Llltl\1~VI \1U1 fn'i'Yl1'31U'1JB'3Lmvirnt>Vl~~~tltJ '1 nau~m'l~unvi ~Viti bleeding time 

~~ii~1LYi1tit1ul\1mmulu 15- 30 uifi LLa~m'jn1'31u?Jv'3m~viLavvi~~LYi1nu 60% ?Ja-3~1 

tln01\1a'3\1~Vlm 4 -H11iJ'3 eptifibatide ..j'ufirn44mamhhOiul~L~tJ'3 25% 

iJm')l1Vlav-3 L'lf eptifibatide Yl1'3~aunt1tjl1mt1m'il1V1at1'3 fn'jl1V1aeN~a1~tlJ ~a 
38 39 • .J • I I " I IMPACT LLa~ PURSUIT tnal 'lf'3r.Jafn')l'JV1at1'3u')1fi~)11 ~1n IMPACT trial LLll11 

eptifibatide ~~'lhuavifl'm1vi1u LLa~flVl')1fn')LnVI myocardial infarction LLolr.Ja~lvi"liiLLVtnoi1'3 
tlUYl1'3CfUGl a1ulu PURSUIT trial ~i..j'tJ')1U'31U11 eptifibatide 'lJ1uaV1flVl')1Vl1tJLLa~tlV1')1fn') 

Lnvi MI 1~ t1u1'3iiumh~t1J lvim~ur.Jaoi1-3-HV1L~u\1a-3l'lfmua1 12 .a-11"'3 ·LLa~Ldt10ivivi1mrn 
oitiltJ~u~')U 301u clinical endpoint ifavia'3~1n 15.7 % ( nqiJl~~umviatin) Li'.lu 14.2 % 

( nq" 1~-ru eptifibatide) uan~1ndr.Jaoi1'3t1U1'3iiuua1~tlJU'3~'3atjLLi7l1a'3 l\1mua1 6 L~ffu 
fl'vi'j1vnmLa~fl'vi'l1m')Lnvi MI nu'3~'3~1n-hnaiJ 1~-rumviavn (13.6% 1unaiJ1~-rum\1aan • • 
Lrn~ 12.1 % nqiJ l~~u eptifibatide ) ~inth~ 1mfU'1lfl'3 eptifibatide ~'3na11 mif~-3 l~~u 
m~ t1J1 (ii 1 l-1"1 'lf'l u 

(1) 1mn~ll1u unstable angina \1~tl non Q-wave MI ( UVlt11L'li1\1aBV1Laavi~hmJtJ 

bolus ?Ju1vi 1 so 1iJlvi'jn1iJ1nfan1iJ vrn.i~1uviuviL'li1viat1V1Laavi~h?Ju1vi 2 i.1~n.1nn.11nfi 

~ut1t1n~1nh'3\'4mu1a uoiliiLn1J 12 ~'lliJ-3) ')1iJ~'3~ri'.hu~L(iJ~u"1um'jn1 PCI (1\1m?Ju1vi 
" 

o.5 iJ~n.1nn.1uifi 'j~vi11'3~hol'viLrn~l\1uiu 20-24 ~11iJ'3 \11mnu 90 ~'lliJ-3) 
(2) ~thu~n1a'3~~n1 PCI 1\1m1vium'l5viL'll1l1avviLat1vi~1uuu bolus ?Ju1vi 135 

" 
li-11~'jn1i.11n1an1iJ li'ufi~L~iJ~hol'vi 011iJ~1u\1uV1L'li1lrnaviLavvi~1?Juivi o.5 iJ~n.1nn.1u1Yi 
U1'\J 20-24 i1liJ'3 

I 1 <:$"' 1" ti IV ti "' d ._ J' ..,, .,,..,, f}fll-3 'jfiVI f)l'j ?J eptifibatide (iJt)'3')~1'3tllfn'i'1Jl'3L~tMl'ltll~LnVl'1JU ~flf)l'jiJL('lf)Vlflf}fi 

tlvitlnGi ~'3')1iJ0'3fn')iiLafl~'lflflfiLUC'fllfl'3 LLa~ stroke 

lu PURSUIT trial \'4tJflVl')1nl')iiLaaviaantlvitJnG11unqiJ~'1~-ru eptifibatide 10.6% 
.J "l .,., I d'l .,., II IV 1 ti <:$ ,nirn Vl')UU1\1aanwu 9.1 % ua~ 11.6 % '1JB'3naiJn Vl')U eptifibatide Olu'3')Ufn') \1LiJVI " . 
LaBVILLVl'3L ~iJLGliJ LLoinaiJ 1~-rum\1atiniiL ~U-3 9. 2% LYi1Ju~olfl'31UL~V1LaflV1LL~ML~iJLGlll • 
.J 1 lld'l ""' .. ..,, .. ti .. .J' (11'\J 'lJ IMPACT II trial ~l'l Vl'iU eptifibatide 10.6% LfiVlfllfn')LatlVltltlfir.JVI nVtLLa~fllfn'j'\J 

wu1uc.J'1~1um\1atin 5.1 % 
" 
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T. fib 38,40- 41 1ro 1 an 

~1 'd . d . . .t .t .J I Lu'U non-peph e tyrosme envattve m:>nt)'YlfiLL'>·ma~m:inq'YIDL'll~'l~'YI p atelet 

fibrinogen receptor ~fl ~ GP Ilb/Illa receptor ~~ifu ti.rofiban ~~l1'1>.Jilllf fibrinogen 1tJL~B>.J 
I <$ d 

'>~'H11~Ln'>~LaB~ 

~B-11l1' tirofiban ~1Elfl1'>U~'H1B'HEJ~L'li'l'HaB~LaB~~1 1u~U1EJ unstable angina LL'U~ 

tl1llf'HEJ~mlu'lJu1~ 0.4 >.J~n.1nn.1mYi u1u 30 u1Yi vmJ~1EJ 0.1 >.J~n.1nn.1u1Yi 5n 96 

-i1LJN a1u~U1EJ percu~aneous transluminal coronary angioplasy llfu~'lJ'Ul~ 10 i.J~n.1nn. 
t~EJU~L'li'l'HaB~LaB~~lLL\J\J bolus Olli.1~1EJ'HEJ~El1L'li'l'HaB~LaB~~l'lJ'U1~ 0.5 i.i~n.1nn.1 

Cil 1:1 .:., #j° d I d ~~ e CV ~ #j° ~ ~ 
lJl'YI Bn 36 'lf1L>.J~ tirofiban >.Jm~'>'3·01m'lJB-1fl1'>fl1'l~m 0.9-3.2 'lf1L>.J~ (L'1aEJ 1.6 'lf1-

1i.i-1.) W\JEJ1~\JBBO'Yl1'3Uaa11~ 37 o/o 

fll'>Am~rn·Jafl1'>1i ti.rofiban 'Yll~~~iln ih1EJ~1mh~ty ~ '>1£Ml'U ~fl PRISM, 

PRISM-PLUS LLa~ RESTORE trials 

PRISM Amfl~Jafl1'>1im1u~tl1EJ unstable angina pectoris t~EJllf~tl1EJ-s'u ti.rofiban 

"" ~ 'I I ., 1 " "·'I ., tl " "" .J Wm heparin 'UllJ 48 'lf1Li.1'3 '>1i.IO\Jfl1') 'H~u1EJ')tJ '>~'Yll'U aspirin ~1EJ Li.JB'H~~Ell'YI 48 

-ii t>.J~ U'>ln!}il tirofiban a~tlOl'>lOllEJLLa~m'>Lfl~ MI .J'11~mh-1ih!mh"1ty'Yl1'3ail~ (wu 

3.8% 1umi>.J~1~-Su ti.rofiban LLa~ 5.6% lun~>.Jift?i heparin) LL~iLdB~~m1ii~ao1B1tl 7 1u • • 
U'>ln!}il 1ilwu~11mLmnoi1'3nlJ'>~'Hi1~ 2 nq" mr11 tirofiban 'l~U-1~~a~fi'm'>1m1mrn~m'> 

Ln~ MI J1 1~mh~ih!mh~ty 'Ha-1llfmLL~1 30 1u (2.3% lunqi.i tirofiban LLa~ 3.6% lu 

nqi.i heparin) 

PRISM- PLUS Anu1~a'lJB-1fl1'> l?im 1 mitJ1EJ~ii~11m~EJ'3a~o1Bfll'>Lfl~ unstable 
v v 

angina LLa~ ischemic ECG change t~EJLlf-s'u heparin l-11B tirofiban BU1~L~El1 'H1B heparin 
I &I !'! I I n V .J <>. 1tl d d '>1>.Jnu tirofiban ~afl1'>\'1nu1wu11 n~i.i~ 'lf tirofiban L~EJ1 '1 Lanm'>'Yl~aB~ L'UB~'lln i.i 

tl'm1m1EJ'lJB~N'tl1EJa~ uoi5n 2 n~ii 'Ha~L~i.Jfl1'>'Yl~aB~ 7 1u n~i.i~l~-Su tirofiban ~1i.inu 
" " . ' 

heparin iiDOl'>10l1EJLLa~fl1'>Lfl~ MI L~EJ~ 12.9% a1unqi.i~l~-s'u heparin L~EJ1 'l iitlOl'>l~~ 
ni1~B 17.9% m•~~i1 tirofiban 'li1EJa~tl'm'>1m1mrn~fl1'>Lfl~ MI J11~1u~itl1mmhif ~a~ v 

~~n~11 ~~BUlJllJ 30 1u (18.5% L~EJ\JO\J 22.3%) LLa~ 6 L&'iBu (27.7% LYiEJunu 
v 

32.lo/o) 

RESTORE trial ~nu1luN'tl1EJ unstable angina ~tha~'l~n1 PCI LLa~wui1 fl1'>1lf 
v 

t " ~ ... "'"'tJ .. 1"'.J ""., ) tirofiban 'l~ 'H~a~ L'U'YlllJB'3L~tnnu Li.IE ')~Li.JlJ~Ja'lrn~m lJ1lJ'YI 7 (7. 6% L'YIEJUOU 1o.4% 

I &I I 1' I Q.I "'tl ... t Q.I .J "'1" ( .. Q.I ) LLOl~a~~nm1 i.JL~'U'lf~ Li.IE ')~ Li.JlJ~a'lJB~EJl lJ1lJ'YI 30 'Ha~ 'lfEJl 10.3% L'YIEJ\JO\J 12.2% 
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m'i 1'£1 tirofiban m:in~:nnv:::ih..J'idmnf oie~u1a unstable angina ~e 'li1mw1tJOl'i10llt1 

m~::n1'iLOV1 MI "Zf1 tirofiban nrleLlfLOV1mm'i'li1·H?itM~1tl mm'i'li1-u?it1'3~ih1a-nu~e nl'i 

ihaeV1et1n~V1tln&i1m101'i1 5.3% ua::Ln~V1Lat1V1~11uel'01'i1 1.5% LLoi~a~'3mh1 LL01noi1'3nu 

t1rl1'3 hiiiumh~qJnunqi.imu~i.i (l~-rum~u~1i.1~1a) nqi.i~nu~i.i (placebo) iiel'01'l1m'i 

LOV1Lat1~rnt1n~V1tln&i s. 7% 

~n~11mLL~1'2i1'3olU ~ti competitive m1:: non competitive inhibitor ~ GP llb/illa 

receptor ~'3 m1iJLLOlnol1'3 'lltl-3 inhibitor at1'3nqi.id ~ti competitive inhibitor ii~11muvn:: 
Lv1::v'3oltl GP Ilb/llia receptor i.11n LLol non competitive inhibitor ~'3LUUa1'i\'nn antibody 

uenv1n~unu GP llb/llia receptor LL~1 U'3~unu adhesive receptor (integrins) ~1t.I L'liu 

vitronectin receptor 

Vitronectin receptor wu1u cell l1mt.1'lfilVI L'liu vascular endothelial cell nl'i block 

receptor if mvii~aoiem'imu~i.1m::u1um'i cell adhesion, migration ua:: proliferation 
~ I .J ti QI ti 1.._°'t QI QI q ti J CV 

Lrn::mtn1mvLnt.11'llv'3nu angiogenesis V11tl LLOluv~UUt.1'3iJ'llv>JaLnt11nurn1lUlYl'llv'3 receptor 

J'1' u i.ii.11nwe 
I I J I II II II CV q J il I "''°' J 

uanv1nmn~i.1011'3 1nnm1Lrn1m'301Ut1'3i.1mnti~ U'i~l111'3nl'iYIV1av'3Yll'3~au~ mn 

tha'3tJ-j'utJ1'3~oo.t'Ul 1 liii~ruai.iu&i~iu L'liu thromboxane synthetase inhibitors ( dazoxiben, 

dazmegrel), thromboxaone receptor antagonists ( sulotroban, daltroban, vapiprost), Adenyl 

cyclase stimulators (PGE11 PGD2, PGI2 ) Lrnt m~li'nut1~1uilv~um~eavim'inl'31U'llv'3 
m~viLaavi LLoiiJn 1'£f~1i.inumo111JLn~V1LatiV1~lJ L?iu cAMP phosphodiesterase inhibitors 

( dipyridamole, cilosterol) 

a1l1-ju Eicosapentaenoic acid
42 ~'3LUU polyunsaturated fatty acid ~wrn.nn1u 

mm'in::rn L?iu tlmn::rn ml1l'i'llv'3'lfl1LtJan1i.iiitl~mru eicosapentaenoic acid : arachidonic 

acid LUUaV1ri1u 40:1 LLolV1l1l'i~L'i1-jutJ'i~YllUri1u1myv::ii polyunsaturated fatty acid atM 

'lfilviih uel'01'i1ri1u 1: 1 v1nm'i~wui1 'lll1Lvan1i.iiiat1&i 'llil'3m'iLOVI h~l111~:ma~l1avviLaavi 
i I ti 'l° d d d !:J d QJ I I d ~'l° QI 

Ol1n11 'i::'lfln'i LanLL()UtllJ v'3>Jnl'iv1ff\fl()'3a1L l10lV1'3na11 LLa::WU11LiJtl'l111LtJan LiJ'iU • 
ti . . I" I J' I ... ~ "' "' 
'i~mu eicosapentaenoic acid u'imruu'3n11L'i1 al'iUv::r.nun'i::u1um'iLiJOllUva·amvit.11nu 

I J 'l" CV 1" q " arachidonic acid LLOlLLYIUYlv~ Vl TXA2 LLa:: PGl2 nau V1 TXA3 LLa~ PGI3 PGI3 iJ()Yli'iLLa:: 
I .ci1 GI I ti d .c:( Id QI I 41 I 

~11iJLL'i'3L'lfULVlt.11nU PGl2 LLOl TXA3 LL>Jv::iJ~JaYll'3'lf11l1WL'lfUV1tl1nU TXA2 LLOlt')Ylirnt1um1 

TXA2 m n Ln~vi La evi'll v'3'lf11Laanli.1~'3 Lm::nqi.inulvi" mnni1 Ln~viLat1vi'll t1'3~u~h11vi"-ru 
U'i~muml11'iYl::Latl'i::LJ1YlL~t.110UL'll1 LLol cl1L 'i1-rrn.h::mu eicosapentaenoic acid 1 U'llU1VI 

1ua~ 2-6 n-r>J &ivioit1n1Ju1'31ilmaLnV1 h~l11 LvLrn::l1at1V1LativinaV1a-31vi" Lw'i1::v1nm'i 

~mfl 1 u maiaiJ ~'i~L ~-jutl'i::m1J ml11'iOl1iJ n1l1UYI U'i1 nni1 ~~-jutl'i~mu mm'i~ii 
eicosapentaenoic acid tl'i::n aut1a1 utl~>J1rua'3&iV1oiilnu L i'.lunmmu'i::t1::l1rl'3 v::LnV1 nl'i 

" " 
tlJ • I "' a .., • a .., a 

L at.1ULLua'3'llil'3 fatty acid component uu~U'3Ln'iVlLatlVILLa::m'iYll'31U'lltl'3Ln'iVlLatlVlnavia-3 
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~1u•s-H o1mnij~'l1t.1~1UL~>JL~id1m'lit1tl'l~mutla1lutl~mruwml1m~'li1ua~t101-nonu 
" 

~.nn 1 'l~mrnGl Li~e~\11l~eGJol'iJ1~ mh~l 'l~~m1mt>J~utfif~~ore~m'l?i't1>Jm:ruuatJUL ~>J L~>J 
• " 'l 

il~~uu cyclo-oxygenase inhibitor ua~ ticlopidine Lllumo11um~~Lat1Gl~Ut.1>Jl?fti'u 
.J "' " "' • I .. 1 " a"' .J 1 " ".'I 1 " 1 " >J1nnaGJ L Yl'l1~>J'llti>Jammwu~wti Lrn~u'l~aum'lrum'l 'lftnn>J>J1n'VrnYI~~ l1Nu1U 'lftn ~ . " " 

1~utiell-1Ln~~rnd1m!m.1~~~ LLolabciximab, clopidogrel, tirofiban LLa~ eptifibatide ~~L~~ 
'l .,_, .r "' 1 n n !"I • 1 1 "" 'l · J' "' .. • 1 ., _, ., ~'ltJn1'l'l.l\JYl~LtJU\JLLa~tl~(\J101 l1 'lf Gl L\Ju'l~LYI~ YIUL>Jtl >J\J1\J>J1\JLtl~n>Jm'l\J1>J1 'lfntJ~ 
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\111uolfl 1tl~n 

m'>~1u ~ J.J'>:::~rnl lma 1 ma flvi 1 l-1~ Lrn::: 1na"L~u..:inu~utl nOitf l.JL lJu~..:i~l~-ru m'> • 
wa'1tfoa1i1'1:::U fl'l O\Jl1~tl avi flUGl nl'l'lJ fl'l/l11:::LL'VJ'ln'Ziflu ol1..:i '1 '11 n h~ L tll\111\J lvi"i '

2 '):::~u 
u • 

tl1011a 1uLaflvi~a..:i1 ur.itJ1m rnl111mf um'1LL u..:im1J.Jna1 l~L tJua1J.JL1m?lt1 '>:::~uJ1{Jna 1 u 
u u 

La a vi vi mi Li1'll ru:::avim\11 '> (fasting) 1:::~rnl1011a 1 ma fl VI Ill ul1a..:i-rrnh:::"t11u t11l111 

(postprandial) LLa :::'l:::~rnhm1a 1 mat1V1flfl\J-j'tJtJ'l:::"t11\Jf11\11'l (preprandial) 1 U tl~mif u 
" " 

LL W'VJEJ rbl.J 1 my' '1::: 1 l-1 ~11J.Jal ~ty LUWl:::'l:::~utl1ma 1 u Lat! VI VI tll.JL'li'1'llru:::ti VI tlll11'>L Yi1i!u 

i1'1~uuL~J.Ji1mtn~1uLLaV1..:i 1 li'L ~ui1'>:::~utl1011a 1 uLaavi~na11vi ., '>1J.J"rf ..:im£Jl1a..:i-rutl'l:::m1J 
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m'H1')nil~11>Ja1~tyua::ilm1mflv1'llrNnunT·nnV1m1::u·mn'lfr.iu"OJ1n 1')~Lu1"H11uoi1'3 'l L'liu 

tl'\J3,4 

m')~ Lrnm'3o11u 11l'lf'\Jl.huVI 1 u~t11v L u1'H111J'1u ~ r.i11 L tlu~11"0Ja1~ty'lJ r.i'3m')im;i 

'j" 5 ".'I d 'l ~ I ... "' I .... "f 1 .,j 
L')~ r~u1tlLUl'H11'\JYlff"lU~)J VI L>JVILfitlUfln~'\J'OJ::'Vm1l>Juty'Hl '\JL')tl'3nl'l~1U~>Jfll'Hl') 

ii ty111~a1~t\J1utJ'l::LnA1 Yltt'll ru::il ~ m'T'3 hi ilir n n1"Hu VI tn'Hl')LLa:: 11l'lfu1 n')~il ~11>Jf ~11>J 
" 

aim')fl m.h'3wti L Vit1'3 LL wnti'r.r-rmfl rn'3nhiil~11>Jf ~11mfl>Jl')flY11'3o11u 11l'lfuthuVl~"OJ:: 1 l1~1 
" " 

LL'\J::lh LLO r.l'tl1m Ul'H11'\J lo)~ r.rt11 mrn::LL WYIEJ~VI LLa~'3 JJ n"OJ::)J tl'3czll>Jil fl 1mu'1 tJ 1i'3LLoi~::1i v v v •H •• 

1 CV !' I ... cl: .J .J ... cl: f l CV .J. I CV 

tl1 lJnl')ff"lU~>J')::VIU'\JlOllatlEJ1'3LVltl1 Yl'3Yln1')~1U~>Jfll'Hl')YIVl'\J'\JLulJn1')')fftflYlu')::'HtlVI • • 
d '1 I d 

LLa::>J~1l>J~>JmYl'fVI 

fil') r.i tin n1~'3mt11 u r.l'ihv L u1"H11u L llu~'3:51Ltlu6 L ~ t1'3~1mfl>Jl')fla V11l11::ol'1u Bmta1J " . 
a'3 l~ ')1 )J~'3°li1EJ~1U~>Jtll'Hir noi1'll tl'3 r.l'thEJ L U1'H1llJ~'3 a1'\J l 'HtU >Jniltl1'Hir n Lnulof ~1 El r.rt11EJ 

, \I u v 

d • CV I ; , 1 '1 I J' I d'l ll '1 • CV ."f d 
Ylr.Jr.Jnnla'3nlEJtlEJ1'3('f>J1L('f>Jfl~::~1U~>JVl'H1'l V1'3ltl'IJ'\Jn11~'\JYI >J Vlt1t1nma'3n1EJ uty'HlYI 

,.$ CV ... ".'I ..J 1 I CV I l I "" .,j • I • .J • I " f l " 
'1l~ty~tl~u1El'111J 'Hty>Jn~::ut1n11 >J>JL1a1 L'H\JtJEJ"OJln'3llJu')::~1nmt1~LLa1 Lu'\J{J}lJ 

m-rn~1 L Ul'H111JllJU~'OJU'\JV1~LL U'3{J}1>Jna 1mrn'3nl')tltlnqntlo1'Lll'\J'11>Jna>J l 'Hfli '1 r • • ·~ Q 
... I d d f l d ..('j" '1 '1 .. CV I 1 '1 '1 ~ '°' Q d_ J' Ji l )./) ('",'.l ~ 
~ t1na>JY1'HlJ'3 L u'\JEllYI ti t1 nqnli LV1t1m::{J}'\JL U{J}l L'lfaamM{J}Ut> tl'\J 'Ha')1'3 ua::'Ha'3 tiuaauL \'l>J'll'\J , , ' ' \ • • • 
(insulin secretagogue) n~ >J~ati'3 L lJ '\JEil~ ti tin f'JY1tlV1t1aV11n1::v111J B'U'1a'U (insulin 

) 

I .J fll .J ..('i" • 1"" • I cf !' 'i" • 
sensitizer LLa:: n~ >JY1a1>J L u'\JEllYI till nqYlli LVIEJ Lu amm u a'3 nl'l~ Vl'lf>J'll t>'3'\Jl {J}la n ~ L~ a~1 n a1 

1~ (glucosidase inhibitor) m 1unq>JLL'lmtJumlfl'lfnumn~aV1~'3 llJt>~{J}LLa::il~~uu L~tl'3'0Jl 
CV !' 1 ... d ".'I ..J 1 I ... ...J' d CV 1 "cv ... 9 

naVl')::VIU'\Jl{J}la '\JVILLa::'l1VIL ')1 ~u1EJ '11'\J 'Hty~::>Jmnl'lVl'll'\JL ')1fl1EJ'Ha'3 Vl'lUEll 'lJ VL'1tl 
J' '1 I J' '1 

'llt1'3m 1 unq>Ju~ t1 "OJ::l'h 1,.;'LnVI mm'li11tit1t1 il1'Hir noi1 L ~>J'll'\J LLa::ilfa mmnV1m1::il1{J}1a 

1 mar.iV1~1loftit1EJ 1V1umw1:: 1ur.r~-rutJ'l::YlllJVl'Hl') hiLtJunai na11nu11 rl'1~:: 1'lfm 1u 
" 

na >Jif L ii U'3oi1 L~t111VI v-rmfl 1 li'l::~utl1 {J}la l '\J Lat1V1'lJru::t1V1'Hl'){J} t1'\JL'li'1aV1~la'3~lJL vhnu ~'\J • 
• I "" ., ~ "" !' 1 ... ; .J cl: I cv. I .. J' CV I 1 ufi{J}LLa1 'OJ::>J Ltlnl('fLfiVl'\Jl{J}la '\JLatlVl{J}lL\latl 1- 3 ~'l'3{J}tl('f uVl1'H lJtJn"OJ1nlJU'3WU11EJ1 lJ 

I J' CV!' 1... cvcv . I 'l"l' 1 I J'.J,.$ CV 1" na>JuaV1'l::V1UlJl{J}la mat1vimt1"H'N'lUu'l::mum'H1'l VI >J>J1n m una>JlJYl'1l~tuLLa:: 'lf 
• • v 

nu ti tltl~ tlEJ1 l '\Jnq>J sulfonylurea 
7 ~'3 linumu11rna1t1~utl oi1t1rl1'3 L'li'\J Ell 

f l d ..( CV I 'l • 1 '1 CV ... 'j" q 1 chlorpropamide L u'\JE11Ylt>t1nqY1li'\Jl'\J 'lJUtit1n~ln'l1'3nltll11'3 VI m 'H'l::Vlrnnati L'21LVltl>J '\J 

I ; l '1 I ."f CV CV I f l ""1 I o 1 " '1 I ... d .,j q 
')1'3muvi1 V1ut1u u~"OJU1J~Vl11Lu'\JEJ1YI >J'\Jl 'lf LL>J11'0J::>J')1mfln>J1nn{J}l>J LlHW~1n>J . - " " .. "" 'l· I /' fll .J ..( r: I ~ CV ~ tnfil')'lJl'3L~m"OJ1nmmmnu u Ell tglibenclamide ) Lu'\JE11Ylt1t1n Ylli'l::EJ:<_'\Jl'\Jnai_v 'lJUt1t1n P/W -1 

~in~1'3mt1Y1 ~u1L , ucbu1"Hqj Lthm1{t'lfnumn.Javi1uiJ"OJ"OJuu 'llt>L~EJ~t1n11irii'1"Hirnoi1 
I J' '1 ~ 1· - • th/ "" "" • l "' • 1 " ' _,, ~ ' ffl ~ vq / q L ~LLa::LnV1m1::'\Jl{J}la _u~a Vl{J}l_ ~ut1u tia>J~1'l t1'3flt11_1Lu'UE111! 'lhVIVI~ ::>J'l1m~n ") 

I CV 8 f l d ..(:: CV I CV f l ..J 1 I CV I fll 
L'lf'\Jn'\J Ell glipizide L u'\JEJ1Ylt1r.Jn()Y1liau 'lJUr.Jr.Jn"OJ1n')1'3nlUYl1'3VIULu\J(t1'\J 'Hty ~Vl11L u'\J 

1 I dl1'1 d 1•"f CV .,j '°' !' 1"' ;l"" Ell un~>J sulfonylurea Yl'\Jl 'lf>Jlfi'Yl'fVI '\Ju'OJ~U'\J L'\Jt1'3"0JlnLnV1m1::mvi1a matiVl{J}l ~mm.1 
I d ..( I d I 1 I .,j ... CVQ 

m1E11Y1t1t1nqnom1 LL{J}>J'llAlLLW'3n11El1 uat1'3nqmL'ln Ell sulfonylurea tl'\J 'l >J~rua>Juvi 

~LA~u1'3t1U1'3LL{J}noi1'3n'\Jtitin ltJ gliclazide
9 ilqn51um'luu0'3m'l~unq>JLm::nu'llt1'3LnaV1 
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Laflvi ~"m~llfl'1nu~JJLaflvi~vioi'tAinrnflviLafl~H.JmJ1~ m glimepiride
10 ii~11JJ~1Lvrn~lu 

nl'l~UnU sulfonylurea receptor 'lJfl'1olUtlfl\J ni1\1'iir.Ja~flna1JJLifm111~tfm.Jffll 
QI "' .f11 \I 1 I &I "" I 1 I 1 sulfonylurea Ol1fltJ '1 Luuoiu Ell uafl'1n~JJmM~::JJ'l1mLLVNn11Ell uafl'1nqmL'lnmn u 

:'I ~ """ 1 I .J ""1 ti ti !'] ti ~ a, a. I .., I .f 'l::EJ:: 2-3 uJJ1\J LVlJJEJl l1J.Jl1fltlnql15 VlEJn'l::GllJLUOl1L'lfaa Ll1l1a'1flm'fatJL'lftJOULLOlflflOql15 
<:I "<:I I 'l " I II 12 " "" 1 I .J' ... L'l1LLa::l1JJVlql15L'l1n11 VILLmn repaglinide ua:: nateglinide 'lJflVl'lJfl'1Ell unaJJ1J~fl • 
al"1'lt'laVl'l::~Utl10l1a 1ULaflV1l1a'1i'Uu'l::l11\Jtlll11'l1~~ LLa::Li)vim1::tl10l1a 1 ULafJV!~lfl fllJ 

ml11'lrlvoifl hlirnu hln11 litl1l11!noi'1L ~"~uJJ1m l1i°jmm11unaJJia 1 vJiJam'iu '5mau?lfl 
• \I 

U'1ii'l1 m LL VN ua::~1 L i'.JuGi fl'1i'Utl'l::l11\J n tl\J fl1'H1'll1nrl fl LL a:: ~U1U L U1l111\JU1'1 'l1t1U'1 m~ii 
• • \I 

m1::tl1w1aluLaavi~'1mmmY11~ ~1LUtJGifl'1l~i'umoi'1~u 1~1JJ~1u 
mlunrlJJ insulin sensitizer YiiiqnBavim1::Gi1u8uaau1~un metfomin

13
'
14 ua:: ~ ~ • • ,,,:), l 

thiazolidinediones
15 Ell metformin Lllumlun~JJ lun11u~ ~iiqnB1um'lavim1::Gi1u8u~a1J ,~ d ~ 

1viua flJJ 1viuiina lna1~tyAflaV1m'luavitl~autl1w1an~ faa~1noi'u ~'1aV1'l::~uJ1m1a 1u ~~ 
Laavi'lJru::aviml11'lvit1mi1l~~ Lrn::avi'l::~uJ1ona1maavil1a'1i'uu'l::mumm'l 1~~t111J ' ~,~ j, 

t, 

na1'1 mlliil?ilutl'l::Ln~lnu 'l1JJ~'1l1a1u 1 tl'l::m~luuhumu1u LLOlLV1t1JJ10,jnliLllum~ '.(" . ~ 

... "" .f11 "' .J "' .J'! " 1 , 1 " 1 ''l " i1 "' cS <><:-1 La'lJJl1'lt!Lutm1w1nat1'1l1a'1~lOl1 L'lftll un~JJ sulfonylurea tJ'lJ\J1V1~'1LLa1 JJ V!c.Ja ~~uu .'. \u· 

iJuJJtl1JJ11iL i'.Jumoi'1LL 'lnnuJJ1n~u tviumvn:: 1u~tl1m ml111u~a1ul1~t1iitl1m!noi'1Lnu ~ <)) 
"" "' !' 1 ... 1 ' "' " . "' 1" .J'... "!'S "' ua::JJ'l::vium011a mat1vi JJa'1JJlnun 'llt1~1nvi'lla'1m'l ?W1u~a ~11JJ°l'10LUamm'l LLa:: 

\I \I 

\I a, .J 1 \I I \I I 1 "' 1 " 1 .J .J' '1 I .f11 .J"" mm'll1 tl'1LVl\J •zwrm Vl~tltJ'lJ1'1Ufltl vimuvn::LJ.Jfl 'lW1 tJ'lJtJ1Vll1a'1'lltJ ~Vl11LutJt11l1VILLa:: 
\I 

"" ti I I 1 " "' "" 1 :'I .J I 1 """ ti 1 I JJ~11JJ~JJ~1u1 'l1LUtl'1~1nJJ'l1~1~n U'l::t1:: 4-5 unmum VIJJ01'l~tJ'WUtl1 unqJJ 

thiazolidinediones ~'1iiqnBavim1::Gi1u~1J~au fauoi'l'1 tnol1LL 'ln?la troglitazone 1~~m.m 
... 1tl .,/ "" " "" .J "" .., "" 'S"" U .., 'l """ Lan L\Jtl'1~10'WUJJm01'l'lJ1'1L~tl'1~1ntl1l1'l\JLL'l'1~tl m1::viu11u~tJtNLLnL110l ~~U\J VIJ.Jtn • • 

1 I .J .J.1 <V I 4 • • )6 . . 17 1 I .J'.. "'1 
u1unat1'1nuat1V1.t1t1m1~a ros1ghtazone ua:: p1oghtazone tl1 un~JJtJJJql15 um'laV! 

'l::~ utl1Olla1~~~'1tl10l1a 1 U LatlV!Ol tl\J L'lf1 fl tltJi'UU'l::YJltJ Clll11'lLLa::tl1011a1 U Lat! Vl.tn EJl1a'1i'U 

tl'l::n1umm'l mm'ltili~1JJnumLml111ul1rnrlJJ~u 1 l1~amuvi~uaau1vima~JJqnBnu • • 
1~~ ua::u'1mJJ1'ltiavi'l::~u 1'll,ju 1maavi 1~~'WflaJJm'l '5mat1'lJt1'1t11 lunaJJil?laGifl'1'l t1 • 
'l::t1::na11um'lt1unqnBtnu th::JJ1ru 4-6 auvi1l1~'1~ :: L ~ur.rn'llt1'1t11 ni 1l1Lnvitl1~"1u~1'1 

"' "" .., 1 1 v.J U 1 .., 11 " " A .., .J "" "" 1 mu LOVlfl101'lU1JJ l1'ltll11 ~11tl \J~l1L u 'l~l11 ~ VI 'lJtl'11~tyl1~Vl~tlJJ'l1mLL'W'1JJln u 

il~~U'u 1uam~oimvi11m1unrlJJll~::Lllum~1~i'um1JJiJt1JJJJ1n~avi • • • 
m 1 un~JJ alpha- glucosidase inhibitor'

18 ~"fl flOqnif1viuavi'l::~uJ1011a 1 maavimu 

l1a'1 m'li'uu'l::mu mm'l a1JJ1'ltl 1iLllum-rmflL wu..,oi'1L~u11 u~tl1m ml111u~L i'.Jutl' au hJii 
\I 

mm'l 1vit1~'l::~uJ1w1almaavi01ami1hia"tl'n l1~am~li~1J.Jnut11Lml111u~u 1 1u 
\I 

O'l ru~'WUl1'l::~rnfi011a 1 UL a tlVl OltltJL'lf1aV!a'1~ LLa1 LL~ 'l::~Utl10l1a 1 \J La tlVl.t11EJl1a'1-j'U 
" 1 "4 .cf .cf " .cf .J 'l" tl'l::mumm'lU'1a'1tiV 'lJt1Lat1'lJf1'1t11 unaJJU~tl JJ'l1~1LL'W'1 ua::JJmn1'l'lJ1'1L~EJ'1l1'WU VI 

\I \I • 

LaJJ mLa::~ uu'll1'1ut1 u?l fl iiuna1 tJli' tl'1 rl1 u a~~1'l::ma1 muamJ flEJ 1vi mu'W1::t1tl1'1fl'11 u • 
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1 V I J' "" 1· fl I "" "·'' ti &I ti"" 'l:::EJ::: LL 'lfi'lHMm'l 'lft.11 mm'lLlrn1u":::aGJa'3l1'lt.l\nEJ u L'lJ'l:::EJ:::Olt.l '1 mLirn~u1EJ 'lUL aEJ'lJ 

ih1EJm'lU~LfWI 

LL u1.,,1.., 1 ~~~nu11 'll'l L u1l111u1 uu "~uu 19 u u:::tl1 l-H'La tJn l 'li'EJ1 l M9~ ll'll tJ-3 

sulfonylurea l1~t.l 2 
metformin L llumm1LL 'lna1w!utrtJ1mUll111'lJ~1~~Um'lmUl'lllt.lll11'l " . 

tHl mha'1mEJ aGJtl1l1i1noi'1a'3ua1u~mu~"'l:::~utl1011a 1>.i:f?i~m ~ll'll'lJlGJ'llt.l ~"um:::~.., 
0'3'lJ'lJ1 ~H'f'3~a~HLa1U'31'11U~lJ'l:::~Utl10lla 1>.i1~c.rn ~ nl t-fLWiJEl10l1~at.l'3 l1~t.l0l1.,,mm'li'1ltl " • ., ( t? ) 

ua::: rl'1u'31>.i1~~rnanLL u:::tl1 l t-f L tl~EJ'Ul Ul'lf'muGJ~'lJ'la1m 't'l'lJ LGlEJt.ll"oY-3ol'lJ~1EJnl'lL ~lJ~'lJ'l 
a'lJUGlL\ll'fl:::Oltl'lJfia1'3~'lJ~1llfllJE.ll~lJtl'l:::'t11'lJolt.l 'ttl20 l1~t.l":::l1EJGlE.ll~Utl'l:::'t11'lJ~'3l1lJGll1~t.l • 
U1'1m1Lu=i:::uGJm ~uaau~1"l tl~1EJnu 1'111i.Jfl l1ilm..,~1una 1n?Jei'3m'lLnGJ 1 'll'lL rnl111u lu . " 
il""uu 'l1i.J~'1m'l~uvmm 1 mj 'l l11 l t-fmEJ'lLL w.,,Ef~1u1umm~i.Jl'lf'm 1unall~'lJ '1 Li'.Jumoi'1 • • • 
LL 'ln 1 um'l~nm c.rll1uL Ull111un1Ji.J1ni1J 'l1i.J~'3iim'l 1'lf'mL u1l111uaei'3l1~eia1i.J'l1ilGJ~1l!nu 

" 
1um'll'l1Ul'li.J'l:::~utl1011aoY..,LLoiL~"1t-fm'l~mn21 LGJu 1>.iol'ei'3'ltJ l'lfmoi'1 lGJoi'1l1rl..,"uo'1'll1J1GJ • 
a..,~aGJ L5EJrivu m'l":::LatJn 1-zf'mL rnl111u21ilGJ 1GJ21ilGJl1~..,l1~v~1i.Jn1rnaiEJ21ilGJtTu 1'11'1 " .. 
.. "" 1 '!I ". 'I i::i ltl 'f .. .., :' 1 "" J w"1'lurnm1n 'll L1J~u1m\Jll1111JL uu·nu '1 LGlt1W"l'ltuH1m:::GJum~na urntJGJm1a1 

oi1.., '1 ~'1l1mEJo'1trll1EJ":::mv'1iim'lm1"i'GJ'l:::~uJ1~na1 matJGJrn..,~u1u~naioi1'3 '1 ~1i.Jnu 
" 

'l::: ~u'lJ t.l-.3 HbA 1 c m'ltl~rn u~um ~" 'r1~t.l aGJ'lJUl Gl'll tJ-.3 ml1~tJ'llilGJ'll tl-3mtfu1'11'lW"l'lru1 ().., 
..," .J .... 'l .. 4 """ ii"~ fl LL a:::a1 L l10l'll t.l'3'l:::Giutl1011a.,,a'3'r1'lt.lQ11 Lnu uatl1.., 'ltJUl'l eiu w"1'lru1 u-3 m m'l'll1'1 Ll'lt1'3 . " 

" .Jv ~.f 
ua:::u~n~moianu'l:::'r1i1'1m 'l1lln'1w"1'lru1il..,~h l'lf~1uoi1.., '1 .,,oiv'3LVOJ'lJu m~mflL rn 

l111U'l1ilGJ 1 l1>.i '1 iuriH:::l'lruai.Ju01m'1Lm1'l11.,,m~~ni1m~iivtlL~>J 01>.i1~l1>J1EJl'l11i.Ji1"::: . " 
1'lf'LLa1 l~c~a~ni1Lai.JtJ lu c.ru1EJ~'lfmL~>JtlVLLa1u'3 l~c.ia~ LGJfl 1>.iiimm'l'li'1'3L~U'3"1nm n 

" " 
1 . 1uu"' u"" .. "' "" 1" 1 . J.. • :: "" lll'l1'l"::: 'lUL auum 'lJru:::LGJmnum'lrnt.ln 'lfm l1i.J.,,i.J'l11'11LLW'3m1mnuu 1'11'lLaein 

Ht u'l1t1~~1 L llm ~ v'3"1n L rnl111uu'3L i'.Ju 1 'll'l~u..,~nu1 l>.imEJmGJ c.ru1EJmv'3~um'l:::~hm~ 
" ~l .. ~... ..... ".'I ..J 1 I "' i::1 " J .... "" .J LLW-3\J ' vnm'lJVl'lt1m"01at.lGJ'l110l c.iu1m\Jll111U'111J l1(\li.Jmum1a'3t.l1EJ .,," L 'll'ltl1J '1 .,,wu 

,__ - - " "" 1 

~1i.Jnuani11n>J;EJ ~olt1'3ii~1l'lf~1ua1l1~Um~'lJ '1 ani11n m'l&'3~1EJt11LU1'r1111JLLrltrU1f.l~'3 
" 

1'11'l~1U'30'3U"~EJol1'3 'l L'r1a1if~1mm.rn nl'l":::Latinl'lf'm original l1~tl brand name ~'3LlJ1Jm 
~ r:$ ti o V I u .J.. "" "" 1" "- .. 1 ti .J<>1 : '11L'l"'l U1L'll1"1n011'3 'l:::L.,,~.,,m11'11LLW'3 l1'lmat.ln 'lfm local 'll'3c.Ja01 u 'l:::L.,,~.,,i.J'l11'110l1 

" 
I :: i;:, "" J V 1- 'f I ~ 1 ... "f "1 "1 V m1mnuu LulJL'ltJ-3.,,0lt.l-3 'l11"1'lrucy1u LGJEJmw1:::vm'3EJ'3 uamum'lruu"~lJ\J EJ'3'lJ1Gl'llti 

.. I 4 I .J.J V 1 .. "1 "a"1nv'1l'ln'lna1'3L'l1'lJ l'lru:::m'li.Jm'lmm·ma:::m l1'ltil11J1EJnu.,,LnEJ1'lJt.l'3 'lJ>Jm1nEJ1au 
" 
oi1..,., ~":::Li'.JmLl1ri'1'li'v"ail..,tl'l:::anBm1'llt1'3oi'1m21il~oi1..,., Lu~EJrnnEJun1rntl1..,hiiivl'l01LLa::: 

" 
U 'f "" .J " c.J(i 'l:::LEJ'lf1JL'lJ1>J1LnEJ1'lJt.l'3 

m'll'lf'm~nu1L Ull111ulum'3~NGJ L'liul'lfm<Ha 1vJilam~m Yim ~ml1l1iJn l1~ti 1'lfm 
" 

"" "" V "1 :: 'l I V I I metformin l1'ltl alpha-glucosidase inhibitor LWtla~tl1l11Jfi1J1J i.J~n0lt.l'3t.lt.11'3~'3 1Jt.ln"1n"::: 

1i.i1~c.iaLLa1u'3m'lLnGl 1.,,u 1~ 
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LVlmt;tl 11amh~f1J~~vi'llt1'3m'lwv1'lru1Lat1nl?im~m:nhV1LU1'H11u~t1 1?i'Lrlt1~1 
fll I l: V V :' .J • CV '1·'" L u\JL 'Yll\J\J LLa:;v:;V1t1'3 L\J1Jtl1L 'ltl'3fll')Vl1UVll.Jfll'Hl'lLrn:;eHJflflla'3fllUVl1\JVl uVl1ULa"i.rn fll'l . .. 

La ti fl'lfUVl'lltl'3tll Vl1'lWvl'lfUlvlf)'):;vi'utl1vna 1 ma ti Vl~a'-3 LVIU aV1'l:;vi'utl1vna 1 ma tJVIVltl\J 
" 

V I ., ti 1" il ., .J .. ~ I V <f ., ., :' 1 "' J L'lllfltJ\J'jlJ 'j:;'YJl\Jfll'Hl'l 'Htl~ \J'):;VllJYIVIL(l[Jf)tJ\J LLa1v'3Vl'l1v1Vl'):;VIU\J1Vlla mat1V1YJL1a1 
.J .. J .. 
t1u., Lat1n 1?imdjviaV1'):;vi'uihw1a 1matJVl'Ha'3mm'l 1u'l1u'Ylwui1'l:;vi'utl1011a 1matJV11l1u 

'Ha-3~\Jtl'j:;'Y)l\J tll'Hl'la''3 'H~tl 1\J')l[J~'j:;vi'utl1011a1 maflVIVltllJ.L?il~ LLGl'):;vi'u HbA le V'3a''3 
" . " 

I ., fll V "' 1 " J q I V I q V q J 1 V I 

011Lnrurn Lu\JVl\J Vl1')Laflfl 'lftnmfi1m~n011 mn1v:;2.Jt11fll'l'lll'3LVlt1'3'YIWU V1JJ1n011m 

~ ii'll m LlW'3 L ~ fl'3vlfl tl1 fll'l'll1'3 L?i £J'3a1u1 my~\J nU'll\Jl Vl'll t1'3mffi?J ~'3'11~t)J ~fl fll'lU~U 
L tl~mJ'll\J1Vltll'YlflVlf'3 Vl1'lWvl'ltU11 l1'rlo1ui1m L 'HV1~tl1vi1a 1 mat1V1V'3a''3'H~tl~l LO\Jl t1ifu . . .. 
LOV1v1nm'H~flilv~t1~u 'l L'lium'l~Utl'l:;mum111'lhhi'.luL1a1 hJaJ1La"l.Jfl 
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'1 Cl CV ~ J,, ~ 4 4 Q,I f J' IQ.I I cl 
011ffltOllJl1"Hlt.IU£1'1011\,1'Ntltl'HJ.J'lHIU~au<J10 P- cell ?Jtl'l{J)Utlf)lJ ?JlJf)~OUa'll'l 

V !' t lJ QI '1 4.J_.s CV .J .J •')Vo. J., 4 o. 
mn1t01u 1nman~ ~HfL lJ{Jl101tOlUmJ.JB11J.J'lf1{Jln'11fltyl'l~V1nm Ll1LOV1m1l1a'lt1u~au 

UtlO'J10iftiv1LJ.J'lJ cn1~m.hta1n l1~tl flt1m1~rnmfu1'1'lfUVI L'ifu O~fl10tllJ, glucagon-like 

peptide (GLP) acetylcholine LLa:~ p-adrenergic agonist ii~mmt~U011l1~'1tlfl1LJ.JUB'lJ~aiJ 
L'lJ?JtlJt~tiflitJ.Ju somatostatin epinephrine l1~fl norepinephrine ~t1anqn~oit1oi'1-ru'lfilVI a 2 -

adrenergic, PGE2, Pancreastatin LLat peptide YY tlflOt)l'l~EJU~'I011l1~'1tltlitJ.Juau~au 
iJ<J<Juunalnm1mtvl'um1l1~'lt1t1itJ.Juauaau~a1~fl1mh'li!t1t.1 4 'lfilVI (1tJ~ 1) ~v • • .. •ts \J 

1. naln~LM£11it1'lnum1LnV1 depolarization ?Jfl'lr.JU'I P- cell 1V1£11111t~iJtl1{Jl1alu 
Lat1V1({'1'Jta'1r.Ja"fi1lr1L~J.J')t~U?Jfl'I ATP L'lJL'lJ'aa n1lr1 ATP-Sensitive Potassium channel 

\J 

(KATP) UVI a'lr.JaLl1LULL{JlaL?1£1J.JLfl~tl'lJLi1~L'll'aiflvraV1a'ILnVI depolarization 'lltl'I P-cell LLat 

LnVlm1LUVl'lJfl'I Voltage Dependent L-type Calcium Chrumel (VDCC) {Jl1J.JJ.J1"fi1Lr1LLflaL?it.1J.J 

.J " ..J 'I ~ .,! J' .... .J .J .,! J' " 1 ""' .:, 
Lfla tl\JL?J1'1J11£1 L lJL 'lJ'aa L WJ.JJ.Jl O'lJ'lJ1tVIU'lJ tl'I LLfl a L 'll'£1J.Jl'IL WJ.J({'l'lJ'lJ'JtO ')t{Jl\J l1J.J011l1a'l?Jtl'I 

\J \J • 

t1t11LJ.JtJB'lJaa1J<J1n islet vesicles Li1amtmHat1V1 vl1£1mtu1im11 exocytosis 
• \J 

UtlO'JlOif mV1t1ilt1JUl'l'lfUVI L'litJ arginine 'Jtff')t~'lJ011l1~'1tlflitJ.JtJBUGfatJ 1V1t.1na 

1n~LMt.11it1'lnum1LnV1 depolarization ?Jfl'I P- cells 1Vlt.1011Lfl~tl'lJol1'llfl'lfflVlflil1u~'ILlltJ 
tJ1t~u1n~1inirn1mi1~111£1LUL'lJ'aaa'lmnhlt.1LnV1 depolarization 'llfl'I p-ceUs LLatLnvi 

.J .J " ..J ~ I .J :'I t 'l I .J " .... :'I 011LflatltJ'lJtl'ILLflaL'lft.IJ.JL'IJ1'1L'lJ'aar.J1\Jl'l1'1 VDCC l'lLuVltltlO Vl£1 J.JLOt.11'lJtl'IOU011uVl'lltl'I 
\J 

CV ~ .J~ J' "l"C\ ~ (i" 0. C\ 

KATP chrumels 1tVIULLflaL'll'£1J.Jl'lL WJ.Ja'l?JtJ<Jtmt{JllJ l1Lnvim1mM t1t11 LJ.JU tiuaau 
\J • • 

~1l1-rutnaV11t~rnl1{Jl1almat1V1n~J.J sulfonylureas L'iftJ tolbutamide, tolazamide, 

.f " .:,.,. """ 1.J glipizide, glyburide, glicazide LLat glimepiride flflOt)l'l5ffltOltJ011l1a'lmJ~auV11£1na on 

.J " Q.I ~I Q.I ' " " LOt.11'lJtl'IOU011uVI KATP channel Vl'lna11'l11'1{Jl\J 

2. naln~hhMt.11num1tlvi?Jt1'1 KATP channel 'llt1'1tl1{Jl1an~tflal1~m~£1nant1ti1'1 
.J I .( .JtJ • ) !' t t !' t V l1tJ'l11 m1t1t1nqnBn a1£1m'I (distal effect 'llfl'IUlman~ fl({ Vl£1\J1{Jl1an~ fl({'JtffltOl'lJ 

.:, !"i "" ""'l!'i .J1,.J " .... ..!J' .... .J 011l1a'l'IJtl'I tff)') LJ.JlJtl'lJaau VI LVl£1'lJU1lJ011'Yl J.JLOt.11'lltl'IOU011LWJ.J'll'lJ'lltl'l1tVIULLflaL'll'£1J.JJ)1£1 • 
1 m 'lJ'aa l1~t1 LnV1:t'umt.1l1a'l<J1nm1L ~J.J1t~u?J ti'I LL fl a L~tJJ.J LLatm1L ~J.J'llti'I oi'1tl1~11cn1~at1'1 
( 2

00 
messenger) Liu protein kinase C (PKC) LL at adenosine 3 ', 5 ' - cyclic monophosphate 

(cAMP) Llluvl'iJ m1~n~11i1tl1{Jl1ana 1flacnm1trn1tvl'iJm1l1~'l'llfl'll1t1itmJBiJaaiJ lvi'1~w 
\J • • 

I .J•t ' .J V "' !'°I l V :! .J .J 
mun1tu1um1n J.JLOt.11'llfl'IOU011uVl'llfl'I KATP channel Vl'lJUL\Jtl'l'lln sulfonylurea 'll''ltltlO 
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Receptor 

Acetylcholine 
CCK 

'tPKA 

CAMP 

Recepto 

VIP/PACAP 
GLP-1 

.f fl ... !'I . . .J fl ... ... !'I 1 I .. 
fl'YlilLu'Ulil1u~ KATP channel ua:: d1azox1de 'li~Lu'Ulil10'l::~'Um")Lu~'llfN KATP channel in.Jr..ia 

1~ '1 ~flm")fl")::vium")'H~~flflTiiJuairnau'llv~J1ltl1ana1Y1alum1::~L'lia"'ll1~uY1aL~t13.Jfl~1~ 
• • \I 

1 .J IJI er. .J' Q.I 1 . ~I .J ' Q.I " .i::lfl ' I IJI q 
")'ULL")~ na fl'YILL'Yl'OJ")~'llfl~m::u1um")'Utl~ 3.JLu'U'Yl't1")1ULL'U'li~ tlflL1'ULVUMLLlil11lilfl~3.Jm") . . 

n")::viu'OJ1ntl1ltl1ana1Y1a mh~ l ")nltl1i.J na 1nd1>J::n")::vium")'H~~flflfli.Juauaau~1t1n")::u1u . " ' . 
nl") exocytosis lilli.Jtln&l L'W")1::ali.J1")fl~fl 

Ju~~ t~a norepinephrine 

'U flfllil1ntl1vnana1fla~a13.Jl")flffl::vium")'H~~ flflfi:3.J'U atJaa'U 1~1~mJ1una lndm~'1 
\I • • 

flflfli.J'UU1~'l1il~Li'U vasoactive intestinal peptide (VIP), pituitary adenylyl cyclase­

activating peptide (PACAP) ua:: carbachol ")13.J~~m~ lmJu 'liil~ arachidonic na1i.J1")fl 

fl")::vium")'H~~utifi:i.Juauaau~huna lnii'l~Liunu • • 
3. na 1nm")m::~'ULfl'U l'liiJ phospholipase C-13 1~mJ1um~ pertussis toxin (P'TX) 

-insensitive G proteins ~~'OJ::jjr..iafi11 "1L ~3.Jm")a-f1~Gi'1tl1~11ai")~afl~~ fl inositol 
. . .J ~ .r " 1 .,.. ~ .J 

tnsphosphate (IP 3) ua:: d1acyl glycerol (DAG) IP 3 'YIL 'W3.J'll'U'OJ::m::~u 'Hi.Jnl")'Ha~LLflaL'li 

tli.Jflflfllil1flLL\1a~LnULLflaL~f.li.JJ11fll'UL'lia" 'H~fl endoplasmic reticulum jjr..iafi11\1")::~u 
LLflaL~f.13.Jllltl lm'lia"L~i.Ja~iu a1u DAG lil::m::viu PKC ~~fl11il'OJ::jjr..iafi11 i1au~~'H~fl 

. \I • 
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acetylcholine Lrn~ cholecystokinin 

4. nalnm')m~~ULtltl 1'l1" adenylyl cyclase 1Qlmhum~ cholera toxin - sensitive G 

proteins 'H~tl G, iJt-rnn11lf cAMP Ll~iJ~ltl1tl~'U OJ1nifu cAMP 'l~nl'HUl~Li'.Ju~1ll1~11a1') 
J 1· 1 " • • ( )1 " l: .J ·1" ... Y1at1~ um~oiu protern kinase A PKA 'H active 'llnuu PKA YI active 'l~Yll 'H"j~QlULLvrn 

L~uwnu1uL'2faaL~iJa~~uLantl'tiu Lrn~n1lli'LnQlm')'H~~ttt1fli,iu~uaau~1u1umnt1t1nm 
u ' 

' ' CV I !'I .J .f o 'l J' ... 
'1ln islet vesicles Vl1tim~tftl')LlnJYltlflnC)Yli:lt-llUYll~na nu Viti VIP, PACAP Lrn~ GLP-1 

mn~i,i Oral hypoglyeemic agents ~iJl'lfL'UU'l~U'U L'lfu sulfonylureas .(glimepiride , 

tolbutamide LLa~ glipizide Li'.Juoi'u) LLa~ nonsulfonylurea (Repaglinide) t1flnC)Y151QlUOl') 

V I 'l !'I ,J 1 I .,j I .f CV l; 
n"j~oiur.nuna nm')uQl KATP channel '11tlm unqiJfltl L'lftl Acarbose '1~t1t1nC)Y1liEJUl'.MOl"j 

o 1 ~ • .J f l 'l ~.J .J V CV I .r1 !' t 
Yll~ltl'lJtl~Ltltl '2fiJ a.-glucos1dase 'll'~Lutlltltl '2fiJYILnfl1'lJtl~nUm')EJflEJLLu~ LLa~tllVlla mana 

' 
lmy1lfLi'.JutllVlla1ma~aL~EJ11Ual lad~n n11lfm"j~VltziiJmflu lnLQl')Vl'lf'la~ rl~~rnaVl')~vlU 
., 
UlVlla1uLatlVlflltllHl~'1ln~uu')~YJl'Utlllfl') mnaiJtltlWUB'lJtl~ Biguanide L'li'U Metformin 

' ' 
'l~flt1nqY1BtvrnaQlm"ja{1~tl1Vl1anatvia1u~u L~iJvi11iJ'b'lJt1~Lifm~t1olt1nt1fli,iu~uaau ua~ 

u ' 

m"jV1V1?iiJtl1Vl1aliia11aLan rl1umna"aV1n1u~ilh'1uil'1'1uuLi'.Jumnai,ihu.i~rh~~ t1rl 
'\J ' • • • " 

')~l1il~Ol')Am:ni~E.1Yll~Vlailn L'lfu ciglitazone troglitazone , pioglitazone Lrn~ englitazone 

.J , J' 0 lvJ'..l.ri ~ 1'""' "' ..,. .f ""'"' 1 'lf~mnqi,iu'1~Yl1 'HLumumu111i,i1m-.·rnvi11i,i 1Vlutiu~au EJ1'1~La')iJC)Ylli'lJt1~t1u~au um"j 

~ ... t l:1 ., J' J' ..i 'l ... ., t ... " LWiJnl"j'lJuna via YI~ unmiJLtlti LLa~Lumuti 'lliJu Lrn~'1~aQlm')a"j1~na via'11nVluV11u 
u u 

t .f , J'l , .J., .,: .:, !'I"' ... 
VlfJC)YlliLl1altl'1~ iJLnE.11'lJtl~Ol')LWiJOl')mM?Jtl~t1tl')LiJtltltl~au 

'1 &I I '1 ti .cf q I cl J 4 \I J, !'i o. o. 
'll n'll tl>JaQl~ nm1m~Vlum l'lE.l~mnqi,i LVIU1Yltl t1nC)Y1lin"j~~um"jl1a~ lfti'l LiJtl tiu~au 

.f d f l "'t ' 1 '°' "' 1 !'I • LLa~m"jt1t1nC)Y1linLutlOl')t1t1nC)Ylli V1mnuY11~na nLQltJ1 Viti na nm')uQl KATP channel Yll 

1li'LnQl depolarization 'llti~ NU~ p- cells vi1i,ii,i1 vl'~ifuuu11tl'i,im')i~u1uil'1~uu')1iJ~~1u 
.cf I V g O "11".ct.f~.f ... CV 1..i ... ""' 

t1u1vivi'1~~~Luum')\'1n'lil ua~mvi11m'lJ1 OJ l1an'lf~E.l~?JmVltnnuna ntiu 1 tin 3 'lftlQl?Jti~ 

m')m~Gi'um'll1~~nti{ii,iu~uaaii ~~~1Li'.Juoi't1~m~mvi~t1~i1t1 ua~ model 'lJti~NVli'l1~m'2faa 
' ' .J ,_$CV g CV I I g .Jcv ... 

YILl1iJl~aiJ1:1ll1')UOl')\'JOttl model un~nmn~L'lftl Ol')\'JO'lflLnt11nuu"t'IUl"t'l?Jtl~ PKC 'lftlVI 

ol1~ 1 1um'lm~~tl0l"jl1~~lfti')1mi~u~a'U~fll~flJ ~tlOl') down regulation PKC 'lfUVI 

conventional Lrn~ novel isoforms vi1um"j treat cells l1~tl islets Li'.J'U')~EJ~L1mu1uvi1EJal"j 
.J I .f V 0 ... V 

phorbal esters 'lf~Yl'llU1ltltlnC)"t'llin')~oium"jYJl~ltl?Jtl~ PKC l1"jtJOl'l transfect f3 -cells Vl1tl 

. .,j !'I ., 1 il " "' l: • "' •I ~.J antisense nucleottde seguences LWtluti~nu iJ l1 PKC 'lflJVIUtl 1 "t'll~l'Ul1')tlu')ln!)U'UL'l1aa"t'l 
" g l: 1 " .J ., .., ,J.J 'l· I Vltl~Ol')\'1ntt1 'l1iJ"t'l~Ol') 'lf transgenic animal models "t'l~nVlVIEJtl"Gi"t'l express PKC titin u 

flll1~Unl')AnmL~u1ti'una 1nm')n')~Glu~hum~ Gs ~~Li'.Ju cholera toxin sensitive G 
' 

. ,J 1· I " , l l: .., 1 " "".J protems "~~rn um~oiu cAMP/PKA signal u P- cells uu '1~tl1"1Um'l 'lfal"jLVJiJY1a1m"jfl 

rJU~~m'lnl~l1J'lJtl~ cAMP l1~tl PKA 1V1t1VI')~ 'l1iJ~~m')1lfL'lfaa 'H~tl islets 1vi~U01') 
m~~uvi1u cholera toxin Li'.JU"j~ f..l ~L1a1mu 1 '1un11li G5 'h.Jn1~1u1vi 
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Resting ----.-. Translocation ---i-.•Docking ----e>t> 
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NSF 

SNAPs 
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(SG) 

Priming 

B-cell 
Plasma mem brane 

(PM) 

---illJI• Fusion 

SG PM 

B 

•' 

SG PM 

---~--· Exocytosis 

PM 

'lU~ 2 LLn~N'llU1'\Jn1'HflVI exocytosis mulu p - cells 'll f:NQ)'utitiu 
" 

!5 J ... ..tJ. 1 "' " t J 
01'i~1mflLnu1num'ltitl O{]'Yl i'i'Ylum u'Yll'1'llfN agonist 'H'ltl m'ln'l::~'\J V1£.1Vl'l'1'Yl'll'\J1'1J 

nl'l exocytosis li1 l-H'LnV1m'l'H~~ tftl{().J'IJB'IJG'fa'lrntimnif m tlu'lltim1a1avi L ~m~).Jiim'l?lm:n 
• u • 

1 !'I 'i "" " J' • • I 1 "' ~ J ~I "" ~ nu vi Li.imuun LVIUfnA£J'lltl>JC1YnJ~1uv1nm'l'Yll~l'U'lltl~'H:uuu'l::al'YJ uuavi 'lf'1Lu'\Jn{J)1 

" L'lfC!aL~U1'll'IJ1Vl 1 'Hqj ~~vrna1tJ'l~11'llU1'\Jn1'lLflVl exocytosis '1.h:: ntiu~1U-rr'IJVltl'IJ'Han 4 

u'l::m'l C ~~'lu~ 2) ~ti 
u 

.J " " J.s .. .. 1 d ... 1 ... 1. L).Jtl 'Lcells trnm::{J)'\JLLCl1 grarmles 'YJLnua::ai.JmJaawnu uv::Lviati'IJVJ1).J1 na p " , • 

nu plasma membrane (Translocation) 
"' d ... 1 vcv OJ ~ " ~ QI CV t· 1 "" 2 . Li.Ju granule LVIC!ti'IJVl1).J1 nanumNL'lfaaum v::i.J01'l')1l.JV11n'\J'lltl~ u')VJ'IJU1'1 

.. J ... ~ 
'lf'UVl'Ylc.J'IJ..:JL'lfCICI ua:: granule (Docking) 

'1 J "' " J ~ !"i .. .... 3. granules v::ti~ 'IJnfl1\"l'YJL{J)'l£J).JW'ltl).J'YJv::mNtJtl') Ll.J'\Jtl'IJ'l!Cl'IJ (Priming) 
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SY9 ANTIDIABETIC DRUGS 

1. n1·mti·rnri3-I Antidiabetic drugs : , 
1.1 Insulin preparations : 

• Ultrashort- acting : Insulin lispro (Humalog), Insulin aspart (Novorapid) 

• Short-acting : Regular insulin e.g. Actrapid HM, Humalin-R 

• Intermediate-acting : Lente insulin, Neutral protamine Hagedron (NPH) or 

Isophane insulin e.g. Humalin-N 

• Long-acting : Ultralente, protamine zinc insulin (PZI) 

• Premixed insulin : 'humOJ'llfl..:J Intermediate- acting + Short-acting insulin e.g. 

700/o NPH + 300/o Regular insulin 

1. 2 Oral hypoglycemic drngs : 

1. 2 .1 Insulin secretagogues 

A. Sulfonylureas : 

• First generation 

- short acting : Tolbutamide 

- long acting : Chlorpropamide 

• Second generation 

- short acting : Glipizide, glicazide, glimeperide 

- long acting : Glibenclamide 

B. Meglitinide analogues : Replaglinide, nateglinide 

1. 2. 2 Insulin sensitizers 

• Biguanides : Metfom1in 

• Thiazolidinediones Troglitazone ( L w n tl fllJU 4 3), rosiglitazone, 

pioglitazone 

1.2.3 Alpha-glucosidase inhibitors : Acarbose; voglibose 
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2. Insulin preparations ~ml:: h LLft::LLolft::'ZfU~LL~flol1.:JOUflfh.:J h 
Insulin preparations (ilu'falJ) LtJumif'lmum')~1U~iJ'):;~utl1vnn lu~u1mu1l111u 

~ J11 I Type 1 °'lm1mLa::~u1mu1l111u Type 2 U1.:J')1t.IYI iiornua1rn~orn Oral hypoglycemic 

drugs 

ilm~au LtJumL01~t.1ii~lvi''11nm')anvi'11no1u~r:iu'lltNaorf L?:lu l1ii 11 ., iluaau 
• u • 

'11nl1iiilm')L~t.1~o11'llr:i~mvir:idnulnaL~t.1~~umnn-h8uaau'11n1'1 ~~n1ll1Lnvimm')LLW 
u • 

i!r:it.10-h LLoitnL01~t.1ml1a1du~il~~L~r:itlul1a~Ll1ar:im.imn oir:ii11~~ 1vi''Yl1m')ii15ut.1n~~L~r:i 
u 

ti "" e 1 "l ""' "' "' .f .. .d I _J o ur:ir:imnr:iul1iJVl Yl1 l1 vir:iuaa'lJU')aYlmnr:iu 99% L')t.1011 Monocomponent insulin 'lf~Yl1 • • 
L li'r.7lJ1t.1 LnVlr:llfll')LL Wt.11Ur:lt.lft~ ... 

L lJU'1'1UlJUt.1t1c.Ja01LLa:; l'lf Human insulin ~~ L tlumL01~t.1ii~ilm')L~t.1~o11'lJr:i~n')VJr:J::-• 
iltumi'.ir:ilJ'llr:l~~lJYIOU'):;fll') fl1')LOl~t.liJil'Yla1t.115 L'liu fl1')a~L~')1:;,..;'Yl1~L~il 1Bfl1')Yl1~ • 
W1JliiYf1m')iJ tvit.1l'lf recombinant DNA techniques LtJuoi'u LLa11hmn11li'u1ant n1ll1 • • 
lvi'auaau l u1tl'llr:i~muvi~mn t ')~Lu1l111u~l li'm1~ im1')~mfl ua::n1 l li' r.7u1mnvimm')LL w 

• ... u 

mt!r:imNn-hm')L'li'BU'faU'11na01i' 

Insulin lispro lull 1996 FDA t.lr:ltl~'U Insulin lispro injection ~~LtJ'lJtnLOl~t.liJ 
J ""1 ., !' 1 "~ I .d .f~ I nr:ir:inqYlli 1Jfl1')ftVJ'l:;vium011a VJL')1fl11 Regular insulin LLa:;i11:;t.1:;naim')r:Jr:lOCJY1liaum1 
cl L ""' " L ""' ., "' L " L L "., 1 " "" • I "' ,J rnr:i 'lH1VlL'll1 Olffl'Yl1J~'1~aii11111 mn m1ci1 nanunmm'Yll') vi ~r:i u1:;mru 15 mn 'lf~ 

oi1~'11n Regular insulin ~o1r:i~lli'nmrn1'Yl1') 30 mfi (011i1011')1~) i6m')lli'm~1')l'lfm') 
uviL'li'1lo1~1'Ylu~ L'liuL~t.11nua1Jaau'lfilvi~1J irnn'11mru Insulin Iispro m'1ll1~1i.inuauaau • • 
~ilqntu1ulvi'Lim~t.11nu Regular insulin 

Regular insulin ~n~vi:Si.i'lf1Lrn:;r:ir:inqY1tu1un-hm')'Yl~~BlJ'falJli'l')t1'lf1m m'luvim 

L'li'1lo1~111i!~ '1:;r:ir:inqn~mt.11unaitJ'):;mru 30 u1fi m llir.Jcilum')~1u~i11:;~un~ t~a 

TYPE OF INSULINS ONSET(hr) DURATION (hr) PEAK PLASMA 

CONC. (hr) 

Ultrashort-acting 

Insulin Iispro 0.25 5 0.5-1.5 

Short-acting 

Regular insulin (RI) 0.5- 1 6.8 2- 3 

Intermediate-acting 

NPH 2-4 14- 18 6-10 

Long-acting 20- 24 

Ultralente insulin 6- 10 10-16 
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l~~vnn1~nai 1~EJm'lu~m1trn~ 3-4 ~f-.:irimrn1m'l ua~u~ Long- acting insulin ritiu 

Utlll l1~tim'l1'lf Regular insulin ~1JJnu Intermediate- acting insulin ~1'1c.rn~L'lilJL~E11nu 

1~uli'1 l tl Insulin preparations UEJJJ15u~L'li'1 lQ]~1l1tl'-.:imnni1m'lu~L'li'1l1at1~Lat1~~1 
... 1" l1'ltltl1\I 'lf Intensified insulin therapy e.g. multiple sc. insulin injection, continuous sc. 

insulin infusion Nasal spray, oral insulin, intraperitoneal insulin, 

implantation insulin pump etc. 

3. Insulin & oral hypoglycemic drugs tlElfl'J'tltfoi1'30UE>rl1'3 h 
3.1 au~au tltinqnta~'l~vl\Jtl10l1aLlJLatl~ 1~ 1~EJ nl'lL'li'l~\JO\J insulin receptors 

( • ) .J. I J d \I ~ I • 1 \I... tlJ tl a-subumt 'lf'1tl~'t1LElfl\1JJL'lfaa'llti'1'l1-.:JnlEJLrn~m l1Ln~m'lL aEJULL a-.:i tyrosine autophos-

phorylation CP- subunit) ~'1iir.rnL~>J tyrosine kinase activity 'llfl'1 insulin receptors 

L~t1nui1 m'lm~eiru tyrosine kinase activity 'llfl-.:J insulin receptors 'l~iic.rn 

• d-.:i phosphorylation 'llfl-.:J1tl'lOlU1u target cells n1Ll1m'ln1-.:J1U'llfl-.:JLflU1'lf>J 

ATP-citrate lyase, acetyl CoA carboxylase LLa~ ribosomal protein S6 L ~JJ~lJ 

• d-.:i dephosphorylation 'll ti'11tl'lmu1 u target cells ii c.rn L ~JJ m'ln1'11lJ'll e:i-.:i rnu 1 'lfiJ 

glycogen synthetase & pyrnvate dehydrogenase 

au~au~n\J~JJm'la-f1-.:i second messenger 1~um~oful~rnu l'lfiJ phosphatidyl 

inositol specific phospholipase C n1l1U1~ hydrolysed substrate~e:itj1m~mfJJL'zma1'1mnu 
f l "' f l J • " J • 'l ~ L uU Pl- glycan & 1, 2 diacylglycerol 'lf'1LuUaTml11l1U1l1~1\J~JJnl'll11-.:J1lJ'lltl'1LfllJ 'lf>J 

Ill El 1 m 'lfmf 
~ QI ' Clio Q. ct " " " ue:in\11mmt1'1'W\J11 e:iu~aumrnn'l~Olllnl'la'l1'3 glucose transporters ua~m~01u 

intrinsic activity 'lltl'1 transporters ~'1'li1ulum'llhn~l~acJ1u L'li'1'ltl1uL'lfaa 

3.2 Sulfonylureas qntL~u~e:i m~of u 1'1au~aul1~'1t1t1nm'l1no1utimJ~1um-.:i 
sulfonylurea receptors ue:in\11mfuir'1·zhma~JJqnt'lle:i'3au~au 1~m~JJ~11JJalJJ1'ltl'llfl'1 
au~aulum'l~\JO\J insulin receptors (insulin sensitivity) Lrn~a~ hepatic glucose output 

•• • J V ,:,, Q. Q. I ct QI 

3.3 Meghtuude analogues e:ie:inqn5m~01um'll1a'3fllJ~atJL'lflJL~E11nu sulfonylureas 

LL"'l~ii~g}")1~'l'1a-f1-.:ivi1'1nu 1~EI block ATP-sensitive K+ chrumel ~L~mfJJL'lfaa'llfl'3 P-
cell n1Ll1Lfi~ depolarization & Ca2.influx 'li'ti~'llfl-.:JEl10~JJif~flflflO(jl1tL11 Lrn~ii'l~EI~ 

.fl: I " 

na1e:ie:inqn5au ~'1n'l~ofum'll1a'1au~aul1a-.:imm'll~'1naL~t1'1nuam1~tln01 l~c.rna~th 

gi1a 1uLae:i~1~~ m1~-wui1n1 l ~~tbmn~ hypoglycemia u e:it1a'1 

3.4 Biguanides a~m'la-f1'1nal~a'l1no1u L~JJm'll'lfm1l~a'lle:i'1na1mde:i a~m'l 
v v 

~~:SJ.Jn~ 1~a\110't11'1L~umm'l Lrn~'li~'ll11'1 oxidative phosphorylation lmif m~t1vi1-.:i 1 

3. s Thiazolodinediones hliiqn~m~of ul '1ol'u tie:iul1~'3au~am ~JJ~u uoia1m'lo 

L ~JJ~11JJ 111umwrnvauti'1vie:iau~au1~un'l~~u insulin receptor kinase activity ue:in\11n 
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:: I.,:; '1 'j 1 4'0.I t .," 
uum~~'lf1t1£JUt1\lm'la'l1..:in~ LYia lJL'lfaaoiu viuuuti..:i oxidation 'lJeN long chain fatty acid 

. 1"' . .J..,, ~.,1 LLa~aV'ln1'lYl1\11U'lHNLCllJ '212.J phosphoenolpyruvate carboxykmase 'lf\12.JVl11i.J'11Vlty lJ'lJU1U 

m'la{1..:inalvHl''lJt1..:iQ}u 
\J 

Thiazolodinediones )h.rnL~>.Jnl'lL'lin~ lvia'lJti\ILif m~tiol1\l 'l lviumvn~Lif m~ti 1'll>1lJ 

'1 J' "'t Q.I Q.I dq I 

na1mumLa~01u VltltlH~~unu nuclear transcriptor factor l1L'l£Jn11 peroxisome proliferator 

activated receptor (PP AR) ii1:rn 'l lf transcriptional activity 'lJtl\I insulin-responsive genes 
~ J ~ " 'J " ..c.. .t::4 J " QJ • t " L Wi.J'lllJ'l1i.JYl\IUl~~n'l~Ol lJ L lHOVlnl'lLLavi..:i '1fln'lJtl\ltlUYIVl1UVli.Jn1'la'l1\1011U1Ynna VlaL'lJ1 

• • \J 

"'( . ) ~ J' " L'lfaa GLUTl & GLUT4 glucose transport expression LWi.J'lJUVl1tl 

~1nn1'lYIV'lati..:iti'..:iwu11 Thiazolodinedione derivatives ui..:iQ}1a1>.J1'lm ~2.Jnl'ln'l~~lJ • 
LtilJ1'lfif glycogen synthetase 1vimllu~rni:l1um..:i phosphatidylinositol 3-kinase (PI-3 

d • 'l """ " 'l t ~ J' kinase) ~..:im Ll12.Jn1'la''l1\I na VIL~ULW>.J'lJU 

~ t d "" 3.6 Alpha-glucosidase inhibitors avim'l~vi·a>.Jn~ via~1nY11\IL~lJtl1l11'l LlJtl\1~102.J 
.(.,:: 'l.. J., ·1" t')YliltlutNLtllJ 'lfi.J glucosidase Yl~JU\lal a' 

4 . Oral hypoglycemic drugs Llil\Jmwni'imaGi1\lnU'H~t113J 
Oral hypoglycemic drugs nqi.i Sulfonylureas, Meglitinide analogues LLa~ 

Biguanides lll'l\Jaffium'laV1'l~~rnh011a'lmaeJV1'lJt1..:i~i'.hmrnl111u Type 2 'lnaL~u..:inu 

tl~anru fasting plasma glucose ~a~rn\I ( a..tn/~a) 
Sulfonylureas & Meglitinide analogues 

Biguanides 

Thiazolodinediones (Rosiglitazone 8 mg) 

Alpha-glucosidase inhibitors 

60-70 

60-70 

35-40 

20-30 

5. Antidiabetic drugs n1 L,.;'Lfi~enn1")'2l1\ILA£J\1Gl1\10Uflrl1\I h 
ilml~u m~n1'll1Lnvimm'l'li1..:iL~EN~1na1L1101Gi1..:i 1 1vinri m'l~~1..:imt101eJuaut1..:i • • 

eJ~1..:i~vitln&iGieJ8ua~u m'lLLvrm'l~hJu~anB~tlu'luQ}1m l1~flmm'lLLY1'ln'lftiu~1nm'lLLvrm • • 
r.Ti'.ht1~\ltl1~LflVl lipohypertrophy or lipoatrophy, hypoglycemia, insulin allergy, insulin 
\J 

resistance, insulin edema, Somogyi effects etc. 
J Id 4 d'j'1 1.:'t I 

Sulfonylureas fllnl'lYIWUUtltlYl~VlVlfl hypoglycemia L>.Jtl L?ftnn~>.JU vimuw1~t1Ul\I 

~ ~ ., J .( ., "" " "" ~ " 
tl\l '11l1'lUUlYI a tin t')YlillJlU Vl1'l'l~1\I nl'l LnVl tl1 m 'l'lJ1\I LVl tl\IU L m~~\I mq 
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:: "" d1" irnn~1mm Sulfonylureas m~JJ primary failure or secondary failure mn..1 a 

mL~au L~vBlln') nv'l~1'l cholestatic jaundice mm')LLvim ii~uiuonJJol'1 iil'li LLvimM 
,,, .J 1.J.... • I ti I 

Meghttmde analogues mnT'fYJWUUvt1Y1qQl~rn hypoglycemia LL01wuumm11 
V q .,j 1" I "" ..r 1 "" 1 .,j 1" q V Sulfonylureas mnT~'lJ1'lL~EMvU 'l QlLLnn1')01QlL'lfv UYn'lLQJU'11tl ~ ~au a mL~au Ylv'l~n 

Biguanides l'i11'1LnQl~~lJ1a mL~au nv'lL&lu lactic acidosis 1u'lJ\.J1Qlt11U'lm~LnQl 
intestinal malabsorption, prolonged hypoglycemia m~LflQJ 1QJLUU1'l''fltl tQlm\lW1::~~ii renal 

insufficiency 

Thiazolidinediones (Rosiglitazone) wui1l'i11 l1LnQlnT~OlQl L?i'v 1 um'! L&luma l~a1u 
uu tl1QIA">tl:: mm">u1JJ ">::~u 1'lli7u1mavQJL~JJiu 1111:: ta~01~1'l 

6. 'l7tiu01noh'3')::V1i1'3 First- & second-generation sulfonylureas iiti::hu1'3 

First- generation sulfonylureas L'liu chlorpropamide 

• ii">~t1::L1a1n1'>vvnq-r15m1 Lrn::ii~UOln1'>tUn1'>LflQJ hypoglycemia Uvtlffh 

second generation sulfonylureas 

• l'i11l1'LnQlmm">'li1'lL~EM L'liu cholestatic jaundice, syndrome of inappropiate 

ADH secretion (SIADH) 

• LnQl drug interaction JJ1nni1 

7. c.Jiha~l~i'u Antidiabetic drugs n1ll1'~'11°lf'm~u·hll~'ltl l~Vl~ti'l~ 
" 

1V I ., ., .,j °' "" "" .f .... V .f., "" 
~'l'> 'llvEJ1'l'j~JJQJ">::1'3 Lu ti'l~1 nmm'l011 m~LnQln1'>Lfl'jJJflYl5'1')tl011U qrtilnu ~mnQl 

tlU01'>1tl~v~tha 1~ L'liu ub n1 ·,l"'S fV'r t/\})~ / ,,1 ~ 
• Lrnanmrna, MAOis q La~JJqrt5aQltl1011a'lJti'l~u~au 
•c;enytoin, ucagon, corticosteroids, oral contraceptives, 

" ) .t ........ 
~qYlil'lJv'lvU~au LLa:: sulfonylureas 

..,! .f 
• Aspirin, sulfonamides - LWJJqYlil'lJv'l sulfonylureas 

thiazide diuretics -

• P-blockers - l'i11 l1LnQlpharmacodynamic interaction nu Oral hypoglycemic 

drugs tQlmUn1\.J glycogenolysis ~'ll'i11 l1'LnQl prolonged hypoglycemia 

• mn~JJ cytochrome P-450 CYP 3A4 inhibitors Liu ketoconazole, 

~yclosporin, erythromycin, steroids etc. m~ih.rnaQl replaglinide metabolism 
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SYlO MOLECULAR MODELING IN DRUG DESIGN 



S78 

Molecular Modeling in 
Drug Design 

Jirapom Ungwitayatom 

2-Di111e11sio11al QSAR 

-classical QSAR studies have related the biological 
activity of the drug to physicochemical properties, 
e.g., lipophilicity, electronic property, molar 
refractivity, etc 

-results are usually summarized ill equation 

3-Dime11sio11al QSAR 

-drugs must have a 3-D str11ct11ral /ea/lire which is 
comp/ememary to the binding site to exert 
higher affinity with the target and may be res11lt 
ill higher activities 

-molecular modeling techniques are used to 
understand the 3-D requirements 

- 3-D structura/feat11res, e.g., molec11/ar fields, 
spatial arrangement of phannacophoric atoms 

Thai J Pharmacol 

Traditional Approaches 

random screening and chance discovery 

l 
quantitative structure-activity relationships (QSARs) 

l 
rational drug design 

(1110/ecular biology, C1)1sta/lography, NMR, computer 
graphics rd modeling) 

genomic projects, bioinformatics, combillatorial 
chemistry 

3-Dime11sio11al QSAR 

-stereochemistry has major i11jl11ence ill the 
biological activity of the drugs 

-drug binding site is a chiral ellvironme/l/ and 
pe1for111s discriminatioll befll'eell the 
different enantiomers of all optically active 
drugs 

Molecular Modeling in Drug Design 

"i11terli11ked activities " 
J: Molecular Graphics 

display 3D-struchtres of 1110/ec11/es 
display 1110/ec11/ar properties, etc. 

2. Comp11tatio11a/ Chemistry 
calculate atomic and molecular properties 

through equations 
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Molecular Modeli11g i11 Drug Design 

3. Statistical Mode/i11g 

perfom1 QSAR (MLR, PLS) 
4. Chemical Data/ 111/onnation Manageme11t 

1110/ecular structures database 
orga11ic synthetic methods database 
molecular properties database 

Bioinformatics and Computer-Aided Drug 
Design 

-011ce a disease target molecule is identified 
typically a protein, the protein c011 be used to 
screen libraries of molecules produced by 
combinatorial cl1e111isto• techniques 

-compllters and computer-operated robots are 
esse11tial to the process of screening the molecules 
and tracking the large volume of data generated 
by high thro11g/11111t screening 

Combinatorial Chemistry 

-the tech11ology used in combinatorial synthesis is 
dominated by robots desig11ed to greatly 
accelerate the rate at which compounds can be 
produced. 

-the cha11ce of finding active compounds in a 
library increases with diversity and dissimilarity 
of the co111po1111d set 

S79 

Bioinformatics and Computer-Aided Drug 
Design 

-bioi11for111atics offers a means to get lo a structure 
through seq11e11ce 

-computer-aided drug desig11 offers a means to get 
to a drug through stn1cture 

Combinatorial Chemistry 

-elaborate exte11sio11 of the solid phase peptide 
sy11thesis(SPPS) 

-sim11lta11eously produce many compou11ds with 
desired struclllre (products should be as 
diverse as possible) 

Combinatorial Chemist1y 

mud ... \A 

buldl•& ..... A 
A1 8.C ._AB 

b!O<k.I ~c 

Mi.ltd 
.... A ~ 

rulM e-0 ~ ~A 
~ ~A 

Mi.ltd 
... A ... AA ..... AB ._AC 

buidl•& A. B,C 
b?oclu & ._B ~B ._BB ~ 

rulDJ ~ ~c ~B ~ 
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Combinatorial Chemistry 
0 

• J ·I cJ 
<H o-a O< ----.... I .---

'"' -'~ 

·' , I , I 
0-M 0-A.S 0-M. 
0-e.\ 0-U 0-l\C 
<><A O<a O<C --. I ..----

h•--• iuO 
I ,I c I . 

0->M 0-»r. 0-MC 
O-M4 0-W o-MC 
0-0.A 0-0.a <><AC 

0-.1&1 0-AM o->U; 
O·MA o-en O ·UC 
O<M o-cee O<K 

0-N:A 0-M:& 0-M:C 
0-KA o-l\C& 0-l\CC 
O<CA o-cca O <CC 

Direct Drug Design 

require 
X-ray crystal structure of receptor 
X-ray crystal str11ct11re of receptor-ligand 
complex 
_. receptor bi11df11g site 

Co11f ormatio11al Analysis 

\ I o 
,,,..u·~o.J___ 

acctylcholine 

Thai J Pharmaco/ 

Direct Drug Design 

11ew molec11les are conceived eil/1er: 
-011 tile basis of similarities with k11ow11 references 

str11ct11res 
-011 tlie basis of tliefr compleme11tarity willi t/1e 
JD stmct11re of k11ow11 active sites ("docking") 

Con/ ormatio11al energy 
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Bioactive Conformatio11s 

-not necessarily the lowest energy co11formatio11 
of the 1110/ec11/e i11 sollltio11, in crystal or in the 
gas phase 

-can be identified by: 
-observed co11for111atio11s of ligands in 
crystal struct11res of ligand-receptor 
complexes 

- making co11formatio11al restriction 
a11alog11es 

Solvntio11 Effects 

molecular 111odeli11g 

• i11 vacuo 
• 110 solvent effects 
• solvatio11 e.11ergy should be added 

(Jo,~\ef,J¢,C" 

(JoJ~ef~,CH 
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Bioactive Co11fon11atio11s 

..-_.-3* "'"·.---h~-,..-· ..., ... ~·~ 

Solvation Effects 

ltldirect Drug Design 

• shape and electronic complementarity between 
the receptor and the ligand 

> 3-D pliarmacophore study 
> vofllme operations 
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3D-Pharmacoplzore Study 

• select common pharmacophore for all active 
compounds 

•conformational analysis to identify /ow-energy 
conformations of each active molecule 

•1110/ec11tar s11perimposition to find a common 
3D-pharmacophore for all active compounds 

Molecular Superimposition 

superimposed based 011 

•atoms or site points 
,... shape complementarity to the binding sites 

• electronic properties 
electronic complemellfarity 

.... e.g., electrostaicfields 

Volume Operations 

~ y G=J, 
...... 

4/ 

6~~ 

Thai J Pharmacol 

Dopamine-2 receptor ago11ists 

Volume Operations 

•to find receptor (enzyme) excluded volumes 
and receptor ( enzyme)essential vo/11111e 
-+ information abo11t the dimensions of the 

receptor cavity 
•an inactive compound may fit the 3D­

pharmacoplwre model but may have extra 
vol11111e which inteiferes with binding to the 
receptor 

Volume Operations 
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CoMFA Methods 

-most widely 11sed 3-D QSAR, developed by 
Cramer, et al. 

-biological properties of 1110/ec11/es are related 
to their electrostatic and steric fields 

-can be applied to a broad variety of biological 
systems and also to 11oncongeneric series of 
molec11/es 
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CoMFA 

power of CoMFA techniq11e 
-needs no direct knowledge of the geometries of 

the target 1110/ec11/es 
-is a good tool for predicting activity of synthetic 

candidates and proposing new synthetic 
candidates 

h-M 
0 

co._s 'l lllhit<tloa c~ 'l lr.hlblU.."Q 

o"" 62 ~,-V I I 

~~ 84 ~ 
<>\..,,(! 21 

o~lf 
~ 

41 

32 

:::er' v 20 
76 

:~ ~ 78 
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Web resources 
• Introduction to Molrcular modrllng 

http://\mw.nt lscl.org/Sclrnrt/Compchrm/fulurtOl.hlmt 

http://\mw.nrtscl.org/Sclrncr/Chrmlnform/ 

• Practise In Molecular Modeling 

http://n"w.ch.cam.ac.uk/SGTL 

• Thr Hrprrsrnlalion of Molecular Models Hrndrrlng 

Trchnlqurs. 

http://s«g9.unfqur.ch/nn/rng/loc.html 

• Molrcular Modeling Information 

http://cmmJnfo.nih.gov/modrllng 
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Web resources 

• Molecular Modeling Lecture Notes 

hllp://www.nd.edwchem647/outUnt.hlml 

• Basic Modeling Concepts 

http://W\\w.arnber.ur~f.edu/arnbtr/ONeUlndex.html 

• Molecular Modeling: Hhtory, Links 

http://sugar.rhem.utk.edu/'balmgrp/modelfng.htm 

• Molecular Modeling lnrormatlon 

http://cmmJnfo.nlh.gov/modellng/ 
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SYll USE OF BIOINFORMATICS IN DRUG DISCOVERY 
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Surasak Wongratanacheen1n, Ph.D. 

Department or !llkroblology, 

Faculty or llledlclne, KKU 

h It p://web.kku .ac.th/~su ra_ m1g/lectu re. ht m I 

E-mall :sura_nng.kku.ac.th 

Dncterla or Hunmnn 

i 
Tissue or Cells 

i 
DNA 

i 
DNA Seguenclng 

i 
Gene Anotalion 

~ 

In vitro 
In vivo 
In silica 

Functional analysis by Dlolnfomatlcs or Proteomlcs 

Bioi11formatics Goals 

The ultimate goal of the field is 

• to enable the discovery of new biological insights 
as well as to create a global perspective from 
which unifying principles in biology can be 
discerned. 

• There are three important sub-disciplines within 
bioinfom1a1ics: 

Dioinf orma1ics 
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~ 

What is Bioinformatics 

is a science of recent creation 1ha1 uses biological data 
and knowledge stored in computer databascs,complemenled 
by computational methods, 10 derive new biological 
knowledge. 

Dioinformalics 
is making a key con1ribu1ion to the organization and 

analysis of the massive amount of biological data from 
genome sequencing projects and, increasingly, from other 
areas of 'high-throughput', 'massively parallel', robotized ru1d 
miniaturized methods of biological e~perimentation. 

Sub-discip/i11es 111itlii11 biol11for111atics 

• The de\'elopmenl of new algorithms and slalislics with 

which 10 assess relationships among members of large data 

sets. 

• The analysis and jn1ecpre1alion of various !)'.Iles of dala 

including nucleotide and amino acid sequences, protein 

domains, and protein structures; and 

• The de\'elopment and implemenlalion of tools th al enable 

efficient access and management or different types of 

informalion. 
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$tq<MO<•• 

Exl~ndtd uquencu 
(•-9· C:s.1~r-t.t pSc.41S) 

oom~utoons 
(ltcondo<y struch.n 

c itloons) 

30 SW<llJrU 
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hollcaJ dtctu) 30 c..tooos 

Why use Bioi11for111atics 

111e ralionalc for applying compu1a1ional approochcs to 

problems in biology include: 

• an explos ive~ in lhe amount of biological 

informal ion which necessi1a1es the use of computers for 

infom1ation cataloging and retrieval. 

a more global perspective in experimental design. As we 

move from the one scientist-one gene/protein/disease 

paradigm of the pas! 10 a consideration of whole 

organisms, we gain opportunities for new insights imo 

health and disease. 

Slrribrily g<oups 
0<ntlgl\bort>oods 

-~~- ·-. 
:t • 

Thai J Pharmacol 

Interpretation of Data 

-E\'OtUllonlly tttts 

B ~ ~ ... i .... ~ 
Subuo~ slnlctur.,, ..;;......_ 

Dyn1mlc 
IAelabollc polhWIYS ll!l•nd• Oenonws a'umbUts 

Why use Bioi11for111atics 

• Data-mjnin~ - the process by which 1cs1ablc hypolhcses are 

generated regarding !he function or structure of a gene or 

protein of interest by identif)'ing similar sequences in 

bcller characterized organisms. For example, new insight 

jn10 the molecular basis ofa disease may come from 

investigating the function ofhomologs of the disease gene 

in model organisms. Equally exciting is the potential for 

uncovering phylogenetic relationships and evolutionary 

pallems 

A Decade of <irowth 
for <ieneank and NCBI 

Cu.ir.U:<Ut 
~.c.~ 
~,....,!£., 

"'1'f •'itH'1" 
lri:tn~'- 'Ki 

.. -.......... 
f =t·u 

' l '"" ~~:I 
cS.:ilSl l 

\\'lt'.'i 

"''" 

M.1-........ CVO'"JS -------· 
l.«.!C.#'>4 ,,,.., 

Cll>\'1• 

'..l.AJ·~ 
Klf! lll 

c;~~IWf 

i,b(~.r 

Gvc'ot.' 
""-~ ... ,. 
<e» 

l 

""' 

UH I "" I H I Uil I H l 1"4 HU UU UU HU U tt 



Vol 23: Supplement 1, 2001 

Data Mini11g 

Data Mining 

The Bioinformatics Gold Rush 

• Gene Myers, Jr., Vice president of informatics research at 

Cetera Genomics ::: The new discipline of bioinformalic.s­

a marriage between computer science and biology. It is 

destined lo change the face of biomedicine. 

• The race and competilion will be who can mine it best. 

There will be such a wealth of riches. 

Data Mining 

~:~·;i~ -.u-.t.,,,, 
~~.,,,..--.! 
....._ ... , .. . ,'1,.,,,#'et-.... ~ ...... , .n:. 
~ ........ """' ... u.r...'f/ -.. ,. .. x.:a .,... . a.I .. . 
, .,.,, .. v. ... ,... .l.t .... . 
~l'~hV'l-­
..,....~~"·•-=d 
~ ... ttOrd;rt .... 
...,,.._f"#l:::J""lhM .. --

S89 

The Bioinformatics Gold Rush 

Genomic Projects 

• generating gigantic databases containing the details of 

• When and in which tissue of the body various genes are 

turned on. 

• The shapes of the proteins the genes encode 

• How the prOleins interact with another and the role those 

i.nleractions play in disease. 

Bioinformatics and Drug Companies 

The reason drug companies are so willing to line up and pay 

for bioinformatic.s are. 

• II offer the prospect of findi ng belier drug targets earlier in 

the drug development process. II could me.an you could 

grab maybe S500 million in sales. 

• II significantly decresing overall costs. 

• II lengthening the time a drug is on the market before its 

patent expires. 
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Bioinforruatlcs and Drug 

• Cathepsin K an enzyme that might tum out to be an 
impoftant target for treating osteoporosis. 

t99l RC$Ult'h<n, at Smilh Kline, asked 
Humlll O.ncmo Sd<nlisU - lllllyze g<n<tlc mll<rill from Osttocwu ctll 

Sequence and search for homology 

..(l.. 

Look for some over expressed proreins: cathepsins 

Bioi11/ormatics /11 gene a11d drug discovery 

• Dioinformalics 

has become a key aspect of drug discovery in the genomic 

revolution, contributing to both target discovery and target 

validation. 

• Discussion 

on genome-wide data sources !hat have become available 

to the induslry, including expressed sequence tags, microbial 

genome sequencu, model organism sequences, polymorphisms, 

gene expression data and proteomics. However, these 

knowledge sources must be inlelligenlly integraled. 

Bioi11formatics 111 target validation 

The challenge to bioinformatic.s is evolving from that of 

I. Crearing long lisrs of genes. 
2. Creating short lisls of the targets most likely to be crucial 
in disease and least likely to fail for 'developability' 
reasons. 
3. Target selection between the desire to study targets that 
already have a well underslood role in disease and the 
desire to study those that might offer a completely novel 
mode of action. 
4. BioinJomiatics should provide the bridge that reconciles 
these goals, primarily by providing as many clues as 
possible to function and role. 

Thai J Pharmacol 

,Molec.ular,:and~~cJlatahases 

• Primary sequence databases 

- DDDJ EDI Gen Dank GSDD 

• Specialized databases 

- Blocks GOS PDB PIR 

- PROSITE RE BASE SWJSS·PROT 

~·~Ga.•:nn«e.w-1 ....,._,~,-a.o;....-..-.c•H~~_.,.,. 
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WAM~JL'X1~t, f!...,~ 

O• ~ -wo t·..; ~ 
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Bio informatics 111 target se/ectio11 

I. The characterization of targets, such as the classification and 

subclassilication of protein fanlilies. 

2. The understanding of targets. such as their behavior in a larger 

biochemical and/or cellular context. 

3. The development of ta,rgets, such as making predictions about 

uptake or reuptake, detoxification, the stratification of patient 

populations and other gene-based variations. 



Vol 23: Supplement 1, 2001 

Bioinfon11atics In data integration 

Bioinformatics will established '\vet-dry" cycles. 

Refinements of models 

Computational models- Biological models 

Prediction 

- c- . c.-. 
~...___.. ~~ .......... "=' 
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~ 
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Bioinfonnatics 111 data integratioti 

Data Integration 

I. Expressed sequence tags (ESTs) 

2. Microbial sequences 

3. Human genome sequences 

4. Single-nucleotide polymorphisms (SNPs) 

Expressed sequence tags (ESTs) 

The immediale challenge Iha! faced lhc induslry in making use 
of lhese dala was lhal of dala managernenl. 

build a compu1a1ional infras1ruc1ure 

! . 
rapidly idenlify interesling homologues 

BLAST (Dasie Local Alignment Search Tool) da1abase searches 
and lhen pre.seal lhe resuis biologisls for evalualion. 

cluslering or (even belier) by assembling 
overlapping fragmenls 10 creale a da1aset lhat more closely 

represenled lhe ac1ual underlying genes (public Unlgene 
resource) 

#;;I u ..... 

UnlGene Human Sequencee Collection 

<llhtlf;'#!IDllLP'i:.r.~,.. .. - . ...... b'_ • ......,. ..... 

O..,tmritr.,:it~..-io ltV_.•tra:H~• ..O • f.-.lon 
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Bacterial genome seque11ci11g 
and drug discovery 

• 1928, Alexander Fleming first demonstrated that a fungal 
extratt could inhibit the growth of the bacterial pathogen. 

• The development of Penicillin required 13 years. 

• 1995, llat11wphi/11s influwzae genome complete. 

• 19%, Saccharomyces cere1•isat. 1997, Eschtrichai coli 

• The drug discovery paradiam has shift away from finding 
compound active against whole cells to identifying 
compound that are attive against selected protein targets. 

Factors influencing the need for new 
antibiotics 

•Greater awareness. There are now numerous of the role 
numerous examples of bacterial of infectious agents may 
bacterial infection being play in other examples implicated in 
various disease s conditions, the best documented being 
llelicobacttr pylori and peptic ulcers and probably s tomach -
caocer. 

•Advances In diagnostics. More powerful bacterial diagnostics 
are just on the horizon, however, the ability to detect 
more'unusual' pathogens, such as Mycoplamui and Chlamydia, 
have already demonstrated a high association with community 
acquired pneumonia cases in the US. 

Comparison of Ille relevanl properties of 
pote111ial antibacterial targets. 

Decision matrix 
Essential Known, likely to be, unknown? 

Novel At least not associated with 
Known resistance mechanisms 

Spectrum Conservation of target sequence 
_and function in RTI, UTI, STD 
pathogens etc. 

Selective Comparison against nearest 
human homologue and function 

Thai J Pharmaco/ 

Factors inj111enci11g the need for new 

antibiotics. 

•Drug resistance multiple resistance systems are 
particularly damaging, ofien severely limiting options for 
effective treatment. Many resistance mechanisms are also 
mobile and have spread rapidly through bacterial spe<:ies. 

•More lmmunocompromlsed patients. Numbers of 
patients more susceptible to Infection are growing, partly 
due to an ageing population but also as a result of 
advances in other areas of medicine. 

•Advances In surgery. Patients with any sort of 

indwelling device, from hip joints to mechanical assisled 

hearts are more one to infection. 

Factors i11j111e11ci11g the need/or 11ew 
a11fibiotics. 

Advances in diagnosrics. More powerful bacterial 
diagnostic.s are just on the horizon, however, the ability to 
delect more'unusual' pathogens, such as Mycoplruma and 
Ch/11111ydia, have already demonstrated a high association 
with community atquired pneumonia cases in the US. 

Comparison of the releva11t properties of 
potential antibacterial targets. 

Function Known, likely to be, 
unknown? 

Chemically tractable Enzyme or macromolecular 
binding site 

Assay Know, likely to be, 
unknown? 

Accessible Inside or outside cell 
membrane 

Patient position 
Structural information 
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Microbial genomes 

• Data management 

• Large scale anOlation of genome identifying gene 

• Phylogenetic distribution of genes 

• High degree of similarity across bacteria. 

• Putative targets must also be essential fOf the survival of 

the pathogens etc citric acid cycles in 19 complete 

genomes. 

• Conservation of the gene, lateral gene transfer. 

Polymorphisms 

• Genetic markers in the human genome. 

• Microsatellite marke~ 

• SNPs and the mapping of disease associations 

• underlying genes 

This all information will need bioinfOfTilatics to manage and 

intrepretation leading to candidate genes for drug 

development 

Proteomics 
·~ 10,.. ." - ~,,....,.. _ ... "l 

>.D , ... .._ ,.,......,. 

.. -·"' 
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Ge11ome Seque11ce 

• 10-20% are missing from EST. 

• Low abundance when expressed Of a highly specific 

pauem of expression. 

• Dest drug targets precisely. 

• The potential to predict more full-length genes. This will 

be useful for screening mutations, analysis ofpromOlers 

and regulatory regions, cluster of related genes, 

relationship to model-organism genome and candidate 

genes from mapping studies. 
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(1.)KltllfwiUIF'fKtM 
H~Kidtutth 

The informallon will be useful for target ideolificalion. 

Valid drug targets are 

Those gene that encode proteim 
(sturturaVcatalytlc RNA molecules) required for the cell to 

grow. These can be done by screening for 
temperature-seD!itive mutation, transposon mulagenesis. 

Extensive amalysis of bacterial and the S. ctm·fcat genome 

have found that roughly 25% of the gents are required for 

normal growth. 

Searclli11g for anti-microbial drug targets 

• Identify conseived genes. 

• Select the ones, essential for suivival of the bacteria. 

• Find out the cellular function(s) of it. 

• Design or select an inhibitor. 

• Determine the active dosage i11 vitro 

• Check for toxicity 

• Cheok for activity i11 vivo 

Thai J Pharmacol 

Genomic for target lde11tlfication a11d validation 

• Tenet of genomics-based drug discovery is 

• Sequence database searching that can separate organism's 

genes into se\·eral broad classifications 

I. Geoes that are coD!erved run<mgsl alVmany living 

organisms. 

2. Genes conserved wilhin a particular phylogenetic 

Kingdom. 

3. Genes conserved within a particular Order or Geuns. 

4. Organism-specific gene. 

Genomic for target identification and validation 

• Afler comparing wilh mammalian, from these genes, less 

lhan 10% of microbe's genes is a potential selective agents 

for antimicrobials. 

• For E. coli, !his translates inlo 400 potential large! genes. 

• Genelic-based "generic " assay used lo screen !he targets. 

• Cell-free assay formals for genomic targets. 

• Genomic target priorilization. 

Cllnlcal properties translated to moleculer target charecterisl/cs 

Cl/nice/ prone 

Essen6ef 

Broad specilum 

Reqv'Jed fuoctlon 

I.lo/ocular terl)61 

- "Pre soot In al target species 

- 'Essential"' gcc,..th mod:fler 

llot assodaled v.'W! luxMn - "Novel ta rget 
rubtance mechanlsms 

Se?KU\'8 {no Inherent lo~" Absent rrorn host"' substanlla'ly 
dma<ent 

Oos!rab!o 

• l elhal 

Prs-

- Not saved tr/ uaM!enl exp<esslon 

-"Aceess.'b?e 

- "fuOO!on eas::Y estat>'4h8d 
- 'Chom,u~ uactat>?o 
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Structural ldeouncaUoo // \ '-
(d<Cioe mod uohm ol lctko) { ._ Ph1nn1<oklnt llcs 

Toxkology Potency c-.:.<oo a:>l tt&..'U.l)l 

54::-~ 
Rt.sbtan« Drug 

Tiugel se!ectlon 

Target dlscq""'Y 
Target V81V\catlon 
Target Se!ection 
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SY12 NOOTROPIC DRUGS : EVALUATION ON THE SAFETY AND 
EFFICACY 

... ... ~I " J 1 ..... J... .., J ... .,J • ~ I 

Y1l'JLW~W1 aiieN~ LutJviu viwi tniml"iY1t1m·ma1 .. rn1mrn1nY1a~vim·HNmu1"i'JamN Vl'JLLVI • • 
L~ man'.lu a'J ~U" m~oi1'Jtl"il"it'l'Ul~'l~ijaipJl W"iVl~mniL~'l:f ~altll"it'l L'liL \~tia01ucyqp nl"i 

L1rmfm:i~m"i~loY'JLLoiL~n L~t1lti~1 a~m1~mN~t1 ?J~atim1t1?J"il ~ni:n hvivi11ii-51L~tlt1 
" 

CV "'1 o' """ d "1 .,J J' I 1 1 d 'l "" J: 'l" "iO'l:fltllnl"itla 'lHtJtl"j '1a ~1 tl'lltlll'l'l'l"i'J 'lJL"jt}'J\Jtltll'J "j tl~ "iLYl'l tl~ "j'.}"j'J Ul'JV}"j'J'.)~VIBU ~ 

1 ti "'ti J' ti" ~ 'ti d " ltl ct " mn 'UUl'lmlti "j~OBUfll"jeJJ) "iltl'U 'l~Wmmtia'"i 'lJBtiaVl'JLLVI "j~L~\Jn11'J., 'llJt'l'J'lJB . " 
iia'llti'lm~ijviuaul'lnuii1nrn'l'lfiJ~ -hij'lltivi1"iw'l1"iru1au1" h ij'l!tia"itlLfit11num1iitlav~ " . 
.tfoLLa~tl"i~~YJ5mw'lla'l£mf u 1 au1'Jl "i 

f'l1~1n~Y1113J 

Nootropics t1l'llnmu1n1n~a~1 Noos LLtla11 ~VI (mind) + troepin LLtla11 'll1'lmJ1 
.:,'ltl ct .Ja "~ • .,J ... . I Jc< 

(forward) vi11iivit11t1Y11 VltlltJt'l'ltlll'li.Jql'lllL wtim"il'll'll'U'llfl'Jatia'J L\Jt1'3'.llnt1vi1vi1..:i '1 l'lti 

vi11iivimt11naL~EJ'lnu vi~mvi~aiinuarl-51u1umn miiivimt1Yh'lfluQ11"i1LLa~rnnai"ioi1..:i 1 
" 'l ' ., 1 JJ' 1". ... ct • ~ 'i 1 'l m'.l i.JVl"i'lnu tJYJU'l~ 'lfm'l1ti '1 Viti nootropics vimt1t'l'Jtl1Ull'lat1t1'lmV1t1~ L~tJna nti~ 'l 

d .Jc0t1 ... d 1".,J • "j ct I J.iv ti ( , 

nvi1ii l'lti'llfltiaVl"ifltim"i 'lfLWflUl"i..:Jatiti'l L~tl"i1tiMnatiYJL'lfm~viuairn'J neurotorucs, " . ' . 
cerebral activators) l'liL~i.ia01ucycy1m "i L~tJ'Uj' (cognitive enhancers)n~iiYh?iLi'.Juma~mm"i 
ai.iti'JL~tii.i (antidementi~ drugs) m-rnmmm"iaa hLiiaf "i1t1a'Ja~ulw"i8nvia1t1?Ju~Yi't?i 
1u~tlr.Javii1ru')lLa'~tltl1Vll"i (dietary supplements) Vl~tltl1Vll"iU11'3~'lJmw (functional food, 

medical foods, nutraceuticals) 

" "' ~fl\'l"ll'HU1 

1 um"ioY'JLll1viii1t111m"i l?imvi~aai'lm'Yll"i?Jii~ L~?JiJ~vi~'l '.!~ ltlifr.Jaoitim"ilil'llU 

'llti'latiti'lvi~a ltlLLnl'llm1~f.J~tln01'llt1'laiia~ifu ifoijm"ia1tlvi1t1mh1el'1'J~1t1Y1q'l:f~V1~t1 
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ainJOifl1u~1EJ 1 liJih-.,mt.Jam'3i'lf101')at!uauutiu1'3LY4EJ'3Yrn LLa::tl1 lua01')u1u fa01am'3 
• .J .. , ' " 

G')Ovv1nt.Ja0ln ruin~ Lfi~v1 nm::ua~111m ~ti~ tl~l1~tinnm ti-3LY4EJ'3U1'3a1u1~~1EJ 1501')~~ 
1 u 

tiu1'3~1u 1 L~tioitiu~1mt1d1wru01')mh1ii'3a')')W~tu?Jti'3t.Ja01nru.nLLoia::tiu1'3 l~ u1v:: 
1 

A I 1• 1.J' Wv1')tlJ1v1nL \101 t.Jaoiti u'U 
1 

• " .J .,. .. .J,$ .., .J" .. .J ., 1·1 " 1. 01')'Yl1\1'U1Yl?Jtl'3atlfN \1')f>WEJ1Gall1WYl'11~fll?Jtl'3atlti'3Yltl1'3fl'3 (YIEJ1v::L?J1 uLLn 

1'lliltyl11) ~titi:: h ijna ln~tifiu1u l~tiu1'3 h 
.. ., .. .J., q .cl 1 ti .cl 1 I 1 J.. 1" .. ., <' 2. t.Jaoi.fltu't1Yltl1'3fl'3mrnti:: ')\J1'3 t1na nvm-3 ') LLa::t.JanLn~v1nm') 'lft.Ja0l.fltu't1 

~ ti ,$ .., .J • 1 " .. .1.J • I " .,. 1 I 
'U'U L 'ULl10lt.Ja'11~tynv::m l1Ln~m')LuaEJ'ULLua'3'llv'3?Jv 1 l1')v t1 

3. 'li vt1a01')~ffM1U')::anfit.Ja'llv'3m 1 u~i'.hu l1~v'livt1aY11'3')::u1~inm ijifi01') 
u u u 

~mflL~vllv l~L Y4u'31~ ait11')fla<jtJ~vt1a l~mml'vmL~l 11u L'lfuij~11t1am~mfnumn-utiEJ 
1 u 

L Y4EJ'31~')::W:h'301')\J~1.fl~t.Jaoinru.nif u '1 nu1::~\J'llv'3a1') 1 u~1'301EJ O\Jn1')aQlm1tlL~EJ'3'lltl'3 
nl')LflQI h~ ua::aQI ltJmnuvm f4t1'31Ql at1~lJifOUU~tlltU~U~lfl~l1~tl liJ Lll1JollJ 

EJnol'1vu1'3Liu rl'1wmfiamw 1 mlt1tJ'3LOQlv1nl1avQI Lav~ 1 uat1a'3&iu Lav QI 1 UL~EJ-3 
at1v'3 liJwv vlJ;jtl101')l1a'3atl (vascular dementia) LLOinau ltJ1'lfm-rnmmn1')l1a'3at1LLUU'1'a 

l'lflt1v{ ~'3Wmfia111w~d1~tyLOQ"lv1n01')L~tltl'll8'3L'llaai.h::a1n acetylcholine LLa::mffi'lf~v 
.J ~ • 1 ti J' d 1 '1 " t ".'I 1 .cl ., I mmtit1l')flLWt1a1') acetylchohne ~ munv:: ti ~t.Jaorn~u1EJ un')tuLL')n~'3nai1 

4 1 ..,.J "' ... ,J .I .. .J 1" l1')8 umrunwmGa111wLn~v1nm')'lllQla1')'1'3n')::uau')::a1n'lflJQ"ll1'U'3 01') l1tl1l11') 

l1~umn o1 tl'3Wv1')tu1 L l10l m1~1ui1v::a1t11')fl1 tJ L ~ t1al')ri'3n')::UaU')::a1mfil ~if u 11 'Uatl tl-3 
,J .J " 1 " .. .,, 1 ' ""ct: .J .J ., ~ ct: 1 !:\ • l.J '11lJYJOlv'3n1') ~v')'3l1')8 ti LW')1::t1'lllJOJmrnLnu1?Jv'3l1a1t1'1U'll'UOltllJ lJn1')QJ~·at1 nl')Luauu 

u 

.. I QJ ~ d .i ~ ~ .I I ~ .::ii 
LL ua-3 n1')a'3 L~')1::l1 01')Ln\J n1')l1a'3 LLa::01')tJunt)YJB'll8'3a1')'1'3m::LLau')::alYJLLOla::'lflJQJ ti 

')1 ua::L~ UQl'll ti-3 n a lnm ')~1u ~ti 1 mLoia::.ff uoitiu~'3u-rrn tJ~uu 1 tJ011 t11111::01')n1'31lJ'll ti'3at1 v-3 
1 

l1~vm')iitlv~t1oi1~ 1 ( ')::~\J01')n1~1lJ'lltJ'3LtllJ l'lli.f 01'ljj Co-factor vvn'BLv'U LLa::LdG10l~~1 
1 

LU1J LlllJollJ) ~LL01noi1'30lJ ni1l1'~10ltJUtl1vliJuuuvmat1tJlu LilJ mt1i101')\J~lfl~ lecithin 

v::alt11')flL~t1 acetylcholine luat1v'3 l~l1~tl liJ 01') 1~-ru tyrosine j'jt.Jaoiv01')a'3L~')1::i-1 
dopamine LLa:: noradrenaline LYfo~1Ql nl')tJ~lfl~ tryptophan l1~tl hydroxytryptophan iit:.ia 

oiv01')n111tl1~'ll8'3')::uu serotonin t11ntltimL~ll1lJ melatonin LLOl'llm01')t)QJ\JnOioi1~ 1 l~ 
v~'3l1~v liJ 8U1~h Lll'Uol'U 

d1-.,-ru na ln~a1')ml11')l1~vmv:: 1 uiit:.iaoi vm')n1'31'Ul1~murt?J~11t1tl~u n~hrn-3 
at1v'3l~ifu ijl~-.,ain,.,awifi ua::ai'lrn'3vu1~nj'jt.JaGianalnoi1'31 l~-.,a1mLuu ~~mvalu 
l "i'.J I 1 I 1"°'.J' ~L un~t1 l1ty '1 ~~'31J. -

L t:.iaoivm')n1l1tl1~?Jv~a1'lri~m::uau'l::a1n tQluOJ'l-3 L'liu L i'.J1Ja1'lL~t1o11J 
1 

., <' ... i'.J .J ti ~ t I ti ., ., 
(precursor) 1Jn1')a~L~')1::l1 lt'ltll 1Jal'lYJm::OllJ')::\JU1JlJ 1 ~f.10l')'3 L'lf'U m::Ol'UOl1')\J 

(receptors) l1~mru&~m'l-runarn'Zl1uaivu')::ain (reuptake) l1~m'JuJ'3m')n1a1v (Liu 
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acetylcholine esterase inhibitor liL~)J acetylcholine, MAOB inhibitors liL~)J dopamine) ij 

tnlrn1vn~"mn~t1v1u?i'tiif ~~ 1 um·rniltl'i1vifiihn"1')tlA')t1UAa" ltlil~ 1~ . " . 
2. r.rnoit:im'jl 'HaLiuuL~ aGJ l tlu~a)JiN ijr.J~01J1ru?i'~r11~a'j')'WAru 1 u?i' aif '11u1umn • 

t~umaln~Lnvi~um•n{Jur.rn<J1nm'i'llt11vm1t1GJL~tlVI (L'liun~" ergots, papaverine, 

isoxsuprine, naftidrofuryl, flunarizine, cinnarizine calcium antagonists LLa::m~titinq'Yl~L~)J 
~ Q,I d4 d Q,I d4 .JQ,I 4 

nitric oxide) 'H')tl a Vim') Lm::n\J'll iN Ln aGJ La tJGJ 'H')tl nl')'JU'lltl~ L)JGJ La vGJ LLGJ~'Ylr.J\J·nrn t!Gl LatJGJ 

(ginkgo biloba, piracetam,pentoxifylline) 

3. ~rn La~i.m1')n1~1u'lla~ L'lfaath::ai'Ylm'3r1ti"'H~v favnaln~'l,j'Yl'i1ULL tl~GJ Liu 

hemodialysate, brain hydrolysate, piracetam, pyritinol, flunarizine, cinnarizine, fa)JLLa:: 

a"u l-w'j~n'HaimtilGJ • 
.. 1a. d Q, Q. • 1 " t J 4 

4 . r.Ja<J1nm')aGJu'imrua1'i'YILOVl'WlfOltla')JtJ'3 GJLLnq'YlilLLUU antioxidants 'H')tl free 

radical scavengers LLu1tU)J'llv~m'i~'lJ'WU'H~viM't1mlairuairni1a1'i'lfilvilviu1'3~vvnq'Yl~L'liu " . 
dil L ~"~u mh'3')1GJ L~1mn LLa:: 1u'llru::L~mnunomh1 tlLLt1ur11'3LLa:: li\J'):: tu?tu1 um') t~lfru1 

" 
"' "' ;' .fll • 1 UI 4 .fll .. Cl .J t 1 r.J aoi fl tlJ'na'llfll'W LLa::A11 )Ja'JtJ-31).J L uU'J1U1U )J1 n U 'Yl1'3 n1 'iLL 'W'YltJO tl v L uU'l 5n1')'Yl'lJ1a''lJ 'J • 

1 um'i-rn'lfl t 'iA Liu 1 um'i-rmfl t 'iAatJilu101-w1{nmlu L~)JLAm i!um-w1::15m'iL ~"'H~ti 
m::~\J'i::uu dopamine LLoJiGm')~'3n~11Ltlmwt1'3m'i-rn'lflt11m'iLYl1ifu l,jmm'itlUv-3 

num'iL~v)J'llv'3L'lfaaa"v'3~ilmn~umiL~vtJ 1 1~ m'ilia1'i~ilq'Yl~LLUU · antioxidants ~'3 
" ~ QI • ;' ~ .r 4 1 ""' 1 I .: Cl {J I .J Cl mm'itluv'3num'ima1m'lfaaa)Jv'3L 'W)J'lllJ 'J-3 GJ'iUA11)Jau 'Jvtl1'3'i1GJL'i1 L 'iVm una)J'YllJ • 

q'Yl~ilv~nua"v-3 (neuroprotectives) mu1'3oi'1mimrit1u~1unaln~tJ LLoiil?i't1>JaL~lJL~)Ji1 
ilq'YltLtJu neuroprotective ~'ltl ( L'liu deprenyl 'H~tl selegiline, bromocriptine, NMDA 

antagonists, NOS inhibitors) n-wat1t.11~-rUA11)Ja'Ul'JLLa::U1'3ol1ilm'i1'ifL~lJ~Uv~1'3lJ10~1tJ 
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Drugs Trade names Actions & effects 

I. Noofropics & Neurotonics (MIMS Thailand 2000) 

GABA 

Hemodialysate, 

lsoniazid 

Mecobalamin 

Nimodipine 

Piracetam 

Pyritinol 

Sulbutamine 

Vinpocetine 

Bainto, Gammalon 

Actovegin, Salcoseryl 

Isoniazid Atlantic 

I 

L \'lirn1·rn1l1l'l, neuroprotective 

MAO inhibitor, L\~iHll'lrniiu 
Methycobal, Neuromet, Sicobal, etc. 

Nimotop 

Embol, Mempil, 

Vitamin B12, neuroprotective 

Calcium antagonist, tJtllfJ'IHlllVILauVI 

Membrane action, n'l~Giu metabolism • 
" d .. 

Noocetam, Nootropil, etc. iWlnl'lLnl~n1J'!Jll~Lnt1virnt1vi 

Encephabal, Memonol 

Arcalion 

Cavinton 

m~~lJL'lftiiflh~m't'l ACh, neuroprotective 
I 

L \'IJJioniJu ih, membrane actions 

Sodium channel inhibition, antioxidant, 

'lJtntJl1tl llVI La llVI 

II. Cerebral activators (MIMS Thailand 2000) 

Bencyclane 

Cilostazol 

Cinnarizine 

Co-dergocrine 

Dihydroergotoxine 

Etilefrine 

Flunarizine 

Ginkgo biloba 

Hydrolysate (brain) 

lsoxsuprine 

Nicergoline 

Nimodipine 

a - Tocopherol 

Fludilat 

Pletaal 

Stugeron (Many) 

Calcium antagonist, tJtlltJl1t1t1V1Lat1V1 

Antiplatelet, '!ltlltJl1t1DV1LaDV1 

Calcium antagonist, '!JtlltJl1tl~VILaDVI 

Codergine, Hydergine,etc. m~~lJ'l~\J\J adrenergic & dopamine 

Redergin 

Hyprosia 

Sibelium (Many) 

Tanakan 

n'l~~lJ'j~\J\J adrenergic & dopamine 

n'l~~lJ'j~\J\J adrenergic 

Calcium antagonist, '!JtlltJl1tlllV1Lat1V1 
" d .. 

Antioxidant, t!Vlnl'lLm~nlJ'tlD~LntiVlrnDVI 

Cerebrolysin, Socoseryl, Tricortin 

Duvadilan 

Sermion 

Nimotop 

Hijuven 

I 

LVh.Jal'llllm'l, neuroprotective 

" Antioxidant, n'l~OjU'l~\J\J dopamine 

Calcium antagonist, '!Jtlltll1t1DV1Lat1V1 

Vitamin E, antioxidant 
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Drugs Trade names 

III. Neeurodcqenerative diseases (MIMS Thailand 2000) 

Almitrine bismesylate 

Donepezil 

Riluzole 

Rivastigmine 

Duxaril 

Aricept 

Rilutek 

Exelon 

IV. Haemorrheologicals (MIMS Thailand 2000) 

B encyclane 

Buflomedil 

Naftidrofuryl 

Oxpentifylline 

Fludilat 

Irrodan 

Praxilene 

Herden 

Thai J Pharmaco/ 

Actions & effects 

n~~~unw~nu hL viim~ 1~aua~ 
ililn~h"u 1 tlm.rn.:i 

AChE inhibitor Lvi>J ACh 

Antiglutamate, neuroprotective 

AChE inhibitor Lvi>J ACh 

Calcium antagonist tJUlEJlH'lil~LHil~ 

Lvi>Jm~ hrnLimJLHil~, 
tJtnU'YI ail~ LHil~ r.J ilU 

Lvii.101~ 1 'HaLiuuLat>~, 
tJtnU 'Yl(lil ~La il~r.J ilU 

Phosphodiesterase inhibitor, 

Pentoxifylline Elastab, Flexitol, Penlol Phosphodiesterase inhibitor, 

Sipental, Trental endothelium -protective, 

tJUlU'Ylail~Lail~, 
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I. Antioxidants, Free radical scavengers 

Co-enzyme QlO, ldebenone 

GPl -104 6; immunophilin ligand 

Glutathione, Glutathione peroxidase 

Melatonin 

Superoxide dismutase (SOD) 

II. Hormones 

Estrogens, Conjugated estrogen (Premarin) 

Dehydroepiandrosterone (DHEA) 

Melatonin 

Testosterone 

III. Neurolransmilters & modulators 

Cholinergic drugs (Tacrine, Donepezil, Rivastigmine, Metrifonate, Galantamine) 

SlOJ 

Dopaminergics : Deprenyl (Selegiline), Bromocriptine, Apomorphine, Ergots, Ergoloid 

mesylate 

5- Hydroxytryptophan, Tryptophan 

Lecithin (Phosphatidylserine, PS) 

IV. Vitamins & minerals 

Vitamin A(betacarotene), Vitamin Bl(thiamine), B6(pyridoxine), B12(methcobalamin) 

Vitamin C(ascorbic acid), Vitamin E(alpha-tocopherol) 

Nicotinamide 

Selenium 

V. NSAIDs: Aspirin, Indomethacin, Ibuporfcn 

VI. a~ulw'i • 
.. J' ~ .,J'.,, J'.. (!' 1") '1f1Lt1En UlltH (tnl-11'>'11m\Jl\J~onc:>mma::m~\'4ty11\J~) u vmarnu mm1u11Jamn~'>~rnn lJ 

J1>Jutlm, J1>Ju~Utfo1ua1J..J, m::~nua1J..J 
utl::n1u (Ginkgo biloba) 

djQlDi'IJ ( a1utJ~::ntl\Jluli\J') 
Lall (Ginseng) 

- · "1J.hll1~ (Ephedra) 
d - .. L "1Ql"1n'IJ'JD 

Evening primrose oil (EPO) 

Yohimbine 
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' ® ® ® ® 
1. hVJl1mWlL~tl~H'fiHN l~LLrl f.11 Cavinton · , Nootropil , Trental Actovegin 

LLa~ Duxaril 
® 

e ..,i 1" I ® ® ® ® 
2. fl11~VJ1l)J'11LamJ ~lLLO m Sermion , Encephabol , Actovegin , Duxaril , 

® ® ® ® 
Stugeron , Tanakan , Hydergine LLa~ Nootropil 

Id .. .J., I .f d dl::t "' 
vm11 )Jtn l1a1 tJ'lf'IJ ~n m~11 fll'l ll'lJ eNm)J Na~Ol an~ 'lVJl1a a~ rnv~a)Jv~ Lrn~n11~VJ11)J 

e ..,i .J ti "" I d d I "•'1 .J d "" ti "" ti "' 1 I :: ti '11L"v)J 01'll1'1~ ')~LlJ'IJ11tJ1)JNa~OltlNu1tJl1)JVJ11)JN~ 00ll11~')~UU ')~all'l\-1')tl )J'IJ'IJ Oltl~ 
" 

.. q J "'.J.i., ti g ...... 
W'11')tlfltNLVJ')tl~)Jvl1 L'lfl'l~atlULLa~') LLUU01'lv10'lfl1'1tJ " . 

.,J ... .Joi ... ti " 1. L~';JiN3-Jfl't1 L'ifflQ-lnv\J ')~0tlU~1tJ 

1.1 Specific disease scales (SDS) LU'IJ~~~1~tytl'l~01'lLL'lOLW')l~01'l~'1~Uvnl~i1 
d d "' 'l I.!: J .J'., ti QI t :: I 1" 1 t tJ1)JNa~l1')v )J'IJ'IJ LVJ'ltl~'lf1010ltl~Ol'l~nu 'lVl'IJ'IJ 'l L'lf'IJ 01') 'lf Barthel index score 'IJ ')VJ 

"' J .J'., .!: " f l J .J'., .J1 " 1 .,., ., t 
l1a801 LavO'Ja)Jtl~ LLa~LVJ'lv~'lf1~'1J'IJOltl~L u'IJLVJ'ltl~'lf10'J)J10l')1~1'1Jl1 ?JLLa~ 01'lU01'ltJv)J'lU ~tl 

i1ltl 

!11 .,j .J' °' .J .J • °' .J I .J "" .J' °' t10 11 
1. 2 Functional outcomes L u'IJLVJ'ltl~'lf1~l1'1J~l1alVJtuflU~Uvn Nal1L001'lJ'IJOUNu1tJ 

u " 

1 " J .J'., .J .. ., t '1 ''l " q .J .. .J' ., ".'I I .. :; • 01') 'lfLVJ'jf)~'lf1~l1~LLa~Ol')~OU ')VJ LLOl )J 01Uv0tl~l'-Jal1LO~'lJ'IJOUl'-Ju1tJ11tJ1'lf'IJ01tJ'IJa1lJ1'ltll11 
" 

1 ti ".'I d .. .J' "" <1 fl .J I J: d "" I 1 g "" .J t 
l1Nu1tllJtl101')~'lJ'IJ'1')~ 'l OLu'IJ01'ltJ10l1'1~Ufl011tJ1'1J'IJ~'1'l~ L'lf'IJ 'IJ01'lv10lfltn'lf'IJ~'M'IJ~11 

" 
d ·1" ., "'.J.J' "''l' d tit g I )JNan1 l101'lv010l'IJ'lltl~'Mau01rnu01nrnEJ~a)Ju~a01a~'M'lu i.i n~LL)J11r.Ja01'lv1nlfl'1~wu11 • 

., "' l" I ".'I 1 '"".J' ., .!: ti t .. .J aim'lt'la0101'le>~OltJ'lJv~l1ati~Latl~ 01 LLOltl101'l'lJeNNu1tJ )J~'lJ'IJ ~~uu 'l~ tJ'lftJ'lJe>~mfl'1~ . " 
'°"' J' Q.I "1111 'I d d 'l " I d Q, 

L001'lJ\JOUNu1tJOtnOl1'1~'\.HlO 011101'1')~ 
" f l .,j .J' °' .J e f l ti "" ti 1 .J I 

1.3 Quality of life L u1JLVJ')8~'lf101l1'11L u'IJLLa~VJ1'l ')~L)J'IJ~1ma)Jt1 '1Jf.11l1W'U11 

01'l~mfl L dv~~ul~r.rn~v1~ LW'll~Ul~VJf~wui1m l~Na~LLoiVJrumw?1i01'lJ ei~r.IU1E.1m'1 l"~ . " 
.J' J "" ti d .J .. .J' ., I ~ e 
'lJ'IJ L'IJ8~'110LO~NG'l'lJ1~LVJtJ~'lJ8~tJ1l1L001'lJ'IJ'11001'l'lOlfl L'lf'IJ tJ1al)J1'ltlLW)JVJ11lJ'11 VJ11)J 

\lai~ 01·u~E.1u'fl1~e>01'lli'mm l~~~u LLoirirumw:aiOl'lJt1~rJu1EJmvl"1~~~uon)JNa'lJv~m 
" . " 

tf u 'l 'M~vmnu.gna1m')oa0101'l.gn 1~~mn LLoiijNa'li1~LAtJ~v1nmnu.gmh 1 l-1L~m'Z1 ~1~ 
u mJ ~~fi'liil~n1 l t-1VJrumw:ai01?Jei~ rJu1EJ~~u . " 

1.4 Global assessments L UlJi5m'ltl')~Lilu 101t1fl1W'l1)J'llfNr4u1EJi1~~'1Jl1~t1lii L'li'IJ 
" 

m')tl'l~Lilirna?Jei~mlur.Yu1EJVJ11)J:51L~t1)J ~~1rnnv1nv~m~E.1oi1~i'~'Mmmmu L'liu VJ11i.J:51 
" 
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2. 'ltlUU'U01'lAmfl nl'lAOlfl~LVIJ.Jl:::mm1'lL~U double-blind randomised controlled trial 
" 

(RCT) tnLVl~)jm'lAmflLL\J\J open trial lfu lil:::)j~11"L~t1flt1~t1u'l11..:i~1 
.., ~ I .J ti' ') ~ .c:t ~ \l I I 1 :: A 4 ~ dfl ~ti 
Vl'lUUntlUYllil:::a'l 11tn LVl"t:JaVIVl'ltl "tltn'l 'lUU ~1'lWlil1'lOJ1Cl'lL~'ltl'l"tlYI L'lf • 

Y1V1at1ULLa:::'ltlLL\JtJnl'lAm:n'll1..:io1u oiti 1t1dlil:::mh1~'1'l1£Ja:::L~£JVl'lltl'1tn nootropic \J1'1'lfUVI '( i~ 
u I ~v 

~)jm'll'liut1£JL~£1'1GJ1"a1~ui.ia~1'llt1'1m'll~" 1luh'1Y4JlltnaA~~~~uY1{ JmLLn 1 r Ii Mf -1~v0"cl\o(
1 

® / VV\vKGi.-1.. 'X~1Y\ l{N"""°'> ·s_ ·' V'1 YI I D h 2 :: 
1. Trental (Pentoxifylline) tlil (]Ylil1Vl£J01'laVlf!11J{VIUVl'2HNL~tl~ £1\Jt{'lnl'lLOl::: I L 1 

.... <:f"' ~ '" • ., ... .f blod<- .,. MlVHO~lt-l( .JJCC.!f0( -11 uVtnll."? 
nu'lJt1'1Ln'lV1Lat1V1 LLa:::Lw"m'la'l1'1 prostacyclin Y11hrnqY1fi'lltn£JV1at1V1LatlV1 ri'1t:Jalvi"m'l cl {(At{, 

lvia'lJtl'1L~tlVILLa:::m'lLfl~tJU~1U'llfNL~VILatJVILLVl'1lm~iu lil1nm'lAffH1 Vl~'1 RCT 1Vl£Jn1'lLli 

mfl1£Jlu i 2 ~11"'1V1a'1LnV1mm'lviat1V1L~t1V1a"t1'1muoi'u Lrn::: 111'01V1oit1ti'uu1u 25 iu t:Jam'l 

An'H1wui11iia1m'lClaV1el'ol'nm'lL~£J~iGJLrn:::hJ)jt:Jaoit1m'l~u oi'1'lJt1'1maaa"eN 

S ®(c ) .t fl1 1 . . • 'I " "' 2 . tugeron innarizine tltln(]YlfiLuU ca cmm antagonist Yl1 LVIV1at1viLatlV1'lJ£11£J 

oi'1 lmt:Ja~mli'VILU~th£J vestibular disorder Liu peripheral vertigo Vl~tl dizziness ri1ut:Jaoit1 

cognitive tJ'11ii)jm'lAn'H1~1mt:Ja~VILlilU 
® .f'j" I I 

3. Encephabol (Pyritinol) tltln(]"r'lfiLVlf.JLW"m'la{1..:i acetylcholine, LW" cholinergic 
o'l ... fltl ~ .c! CV I ~ J' .c! '}II 

transmission LLa:::m'lm u L'lf 'l1"Yl'1LW"wa'1'11UGlvL'lfaaa"ti'1"1n'lJU LLa:::LW"nl'l L'lf glucose 'lltl'1 

L'lfa~a"v'1"1niuLiuti'u lil1f101'lAn'H1 3 RCT n1'lAn'H1LL'ln1ur.Tth£J senile dementia 26 'flf.l 
u 

( ) ' ~ "' 1tl .J' . . fu . ...J' !! d mild to moderate wu11a1"1'lf1LW"Lat1V1 La£J'1a"v'1LLa::: cogmttve nct1on Vl'lJU n1'lv1fftflYI 

av'3 Lur.Ttl1£Ja'3t11£J 120 ')1£1 ~iiUfllVll cerebral insufficiency 1Vl£JL'li Sandoz Clinical Assessment 
\J " • •l:j 

Geriatric scale (SCAG) wui1a1"1'lflL~" cognitive function LLa:::m'lAn'H1'fVln1£JL1J~th£J 
moderate dementia ..S1u1u 40 'l1£J WUllL~" cognitive function 1Vl£JL'li Crichton Geriatric 

Behavioural Rating scale 

® ( ) .f'j" " d . d . 4. Hydergine Co- dergocrine titin(]Yli'HVl£Jn'l:::~u'l:::\J\J a renerg1c LLa::: opamme 

"' O 'J \I <:f "' ti"' tld ti I d 1 1tl"' "' d d 1 ., ... ~ J' LLa:::£J'3ali.11'lCl"r'l1 LVIL"VILatJVILLVl'1 'l\JL a£JU'l 'l1'1LWtlt:J1U £1'1V1at1V1LatlVl"r'IGlULL~\J VIVlf.J'l'lJU 
u 

l:a .f "' ... !! 'J ; I ~ 
·n"Y1'3i.J(]YIB'lJ£11£JmrnV1Lat1V1a"t1..:i i.1m'lv1ntn LU"'lfMf.l 2 n1'lY1V1at1'1 wu11a1m'lmw"~'1" 

a1"1'lCl Lum'lWV1 m'lL'll1~..:i~" ~n1m'll1 llil L~"mnfiLrn:::m1"..S1 'l1mr..:im'lmu~"m'lmu'l.lt1..:i 
u • 

<:f J "" ""' ti ""' " "" " "" !! .J , 'I ".'I J a-~ . LVlf)Yl"fl11i.Jt:JVI nGJYl1'3Vl1Uf)1')L'j£JU~ LLa:::einm'lv1f)'H1VIU'3W\J11 LU~u1£1~'1Vl~Yl"U'lJl'11 mild to 

moderate cerebral insufficiency V1lilL~"fl11"al"1'lClm1u cognitive lmu1'1 
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· @ fll "' 1 . I "' .f fll 5. Tanakan (Ginkgo) Lu1Ja1')'10~~1n ULLu~mm:rnnq'YmLu'W oxygen free radical 

.... l: ( )•1" ~ scavengers LLG'l~EJutN platelet activating factor PAF 'Yl1 'HalJ.Jl')flLVUJ local cerebral blood 

. 1 " .. .-J' q I 1 " 1 ".'I flow LLG'l~'Yll 'Hnl') recovery 'lltl..:JL'lfG'la'1mN~'l.llJ >J'flEJ..:J11J11 mm m.Ju1EJ cerebral 
" 

insufficiency LLa~ Alzheimer disease 'lfil~ multi- infarction dementia 

6. Actovegin ® (Hemodialysate) L1'.J'U deproteinised hemoderivative ~10 calf blood 

eieinq"r'liffaum')Lvi>.J glucose transport L~>.Jm')l'li glucose Lvi>.J oxygen uptake O')~~lJOl') 
regenerate LLa~ proliferative 'lltl..:JL'lfaaamN iim')~fflfl')~'H11..:itl vul. 2531 - vul. 2535 

-..l11nu 7 double- blind placebo centrolled trial l'W~thu mild to moderate dementia -..l11J1'W 

')1>.J~..:J'H>.J~ 368 ')1EJ Y1u11maim')m~>.J~11>.J-..l1l~ai~u 

7. Sermion ® (Nicergoline) eieinq"r1ifL~EJ01')L~>.J neuronal energy metabolism, 

dopamine tum over, protein ·synthesis LLa~ phosphatidyl inositol tum over iim')~fflfl 

')~'H11..:ii'.J VLYl.2530 - V'l.Y!.2535 -..lllJ'llJ 8 double- blind placebo controlled trial 1u~U1EJ 

mild to moderated chronic cerebral insufficiency -..l1'W1'W')1>.J~..:J'H>.J~ 980 ')1EJ l~u~nmil..:i 
~~'WlvJvha>.Jei..:i (electroencephalography :EEG) LLa~ brain mapping Y1td1iim')Lvi>.J~'W'l.lt1..:J 

.,J ' l··l.':I .. "' .,J 1··1..':'I .. 1 :;'I ~a'W Yn11'1>.Jtl..:J'lflJ~ delta, theta LLanJnl')a~a..:i?Jti..:i~au rm1'1>.Jtl..:J'lflJ~ alpha 'Wu YI.YI. 

2540 iim')~fflflLlJNU1U multi- infarct dementia -..l1u1u 121 ')1U \J')~ LiJ'WLrlti 6 L~tllJ'Ha..:i 
" 

Ln~h~ t~u1-li' Mini-Mental State examination (MMSE) LLa~ SCAG V1u11a1m')mvi>J 

cognitive function 

' ®< ' ) .f'j° ~ ~ I ~ 8. Duxaril Alm1trine bismesylate tlflO(]"r1iH~EJ01')LV'l>JfltlO·oL~lJQlt1'1>.Jtl..:J LV'l>J 

2, 3 diphosphoglycerate LLa~L ~>J glucose metabolism ~ m'lfaaa>Jti..:J iim')Amn 1 'W')~'H11..:itl 
VI. YI. 2 5 2 3 - 2 5 31 -..l1'W1'W 3 double- blind placebo controlled trial 1 tJ ~U1EJ mild to 

moderate cognitive impairment -..l11J1lJ')1>.J~..:J'H>J~ 117 ')1EJ LLG'l~-..l1lJ1lJ 1 open- trial L'W~ 
tl1u 60 ')1U Y1u11a1>.J1')mvi>Jm1ii~1Lrn~m.niH~ 

®< ) .f'j ~ • • ... 9. Nootropil Piracetam tltlO(]"r1iH~U01')LVl>J neurotransm1ss10n a~~11>.J'HlJ~'l.ltl..:J 

Lifo~ Lvi>J cerebral microcirculation !'Ju~..:inl')Lnl~O'W'l.ltl..:JLO~~Lati~LLa~Lvi>J neuronal metabolism 

iim')Anli1Y1u11l~r.rnail'W~~..:im~~m1ii-;j1 hi~ ?.11~am5 m1~:S>J 'l.11~~11>.Jauh ~tl1u 
...... .J 9 t ... :: ~ q " <$ .J '"."I coma ~1 OtltJQlL'HQl"r'lvm~~ LLG'l~ ')~'Hat!~ Lati~'1>.Jtl..:J')1>.J"r1..:JL V'l>Jnl')L ')EJlJ')'l.ltl..:J L~O"r1>.Jun1mm') 

• 1 \J •11 

L~EJlJ 1 un~m~n'1>.J1G~'W m1n~1nii'u..:iiim')~Olil lu~tl1u age- associated memory impairment 

-..l1u1u 162 ')1U Y1u11tn') l'lim~1>.Jnutn')iJmJum1>.J-..l1 aim')m ~>J~11>.J~11~mn~u ')1iJ~..:im') 
~ O'lfl ~11 >J \')ii vJl'l.I tl..:J f11') 1 ?Jm ~..:i mh1 L 'W ~jtJ1u~~ LLa~n1fl~U1lJLLa~ l~~um L \J~uu L Yi uunu c.1'tJ1 El~ 

1 " \J 'U 

~um')~nl=*1 l u t ')..:JV'lmtnaLL~hn~"l?im V1u11a1m')Cla~vl1l'l7~1u1utn')~nlii1~ ri1utn')~nM1 

LLUU systematic review luh~'Hat1~Lat1~aiit1..:iLiiuuV1aulu~tJ1u 501 ')1£1 V1u11hi1~\J')~Lt1'lfU 
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10. Cavinton ® (Vinpocetine) mrnqnBtviEJnT'H~>.J cerebral metabolism, glucose ua:: 

oxygen utilization, cyclic-AMP level, ATP LLa::L~>.J cerebral microcirculation ')1>.J,t~)jqn~uuff~ 
m·Hm::nu'lltMLn1viLar:ivi ilm')~nmlu~tl1EJ mild to moderated organic psychosyndrome 

-.S1u1u 203 ')1EJ \~'Ui1L~>.J Global Assessment and Cognitive perfonnance ua::1u~tl1EJ chronic 

vascular senile cerebral dysfunction -.S1u1u 42 ')1£J wui1 Clinical Global Assessment L~>.J~U 
t.I' QI '1 ti 1" I ti"' .J 
'lJEl~1')')::1~LLa::'lJr:>l11>.J 'lf'lJEl~tnna>J nootropic a') Vl~OJ1')1~YI 3 • • 

.J " "' " " 1" . GIT'Hnl 3 'llEl~1')')::1·ma::'lJEll11>.J 'lf'lJEl~ nootrop1cs 

Actovegin 

Cavin ton 

Duxaril 

Encephabol 

Hydergine 

Nootropil 

Tanakan 

Trental 

El1'1LOVln1')LLY4EJ1l~ l11>.J1mu~t11mu1'H11U, ~11'1~>.Jma1 (CHF) Lrn:: 

h~101 
I 

~ GI 4 e 

mvLnvim1>.JV1'\JLat1vi011 ua:: tachycardia 

mvl'i11 l11r1-.,U'navi ~~u 1~mL~EJu 101nn~1a uau himi'u ua:::ih1EJ~1u 
LOVI peripheral neuropathy l1'1>.J1'lf~1>.JO'U MAO inhibitors 

l1'1>.J1'lf'1u~tl1EJ myasthenia gravis, rheumatoid arthritis, auto-immune 

disease- SLE, h~ 1m LLa::h~oiu~11m')~ 
mvilmm')\1ti~avi tl1vithti:: ~viv>m ~u~u 011w~1 i~LiEJu LLa:: 

" 
orthostatic hypotension 

"' .,j 'l " "' 1 1 
"' 

11 1 ':'l ".'I t mv>.Jtllnl')~au amL-.iuu n')::1um::11EJ uau >.J'Hau m>.J 'lfLUc.Ju1t.1 w1 
" 

101~ 'j\JLL'j~ • 
"' .,j "' .,j 1" "' ti !'S "' .. mv>.Jmm'j~JlJ~lJ ~au amL-.iuu 1viv1')ti:: LLa::>.J')lt.1~-,um')Lnvim1:: 

Lat!Vltltl n 1 ua>.Jti~ 
.. " .,j 1" "' ti !:I " "' "' i tl1'1LOVln1')LLWEJ1 ~au amL'lEJtl 1VlVJ')~:: 'HlJ1LLVl~ m1>.JVllJLar:>vi~n LLa:: 

.tachycardia \11>.J h'1u~thum1::Lat1viar:in 1ua>.Jr:i~ h~~1 Lv'll1V1Lar:ivi 

(Ml) h~ 101 ua::h~oiu 

.J I II II II I , "' :; q !5 .J !11 
v1nnna11mLLa1'lJ1~01lJ'1 ::wu11m nootrop1c Ln tl'UYl~'H>.J~nm1')v1nti1Y1L uu double-

blind placebo controlled trial tl' ElEJ>.J1n L tlum')~ffli11 u!Jtl1u-.S1u1ml' tit.I tn'Ul~'lfilvi hi)jm'j 
g .J !11 ' ' .,j d'"' .l<) II :; I !11 .,j .f 
v1nmY1LulJ double- blmd placebo controlled trial LLa::Lmt1~·a1vin L'lf\JlJ'1::W'U11Lu'\JL~')tl~'lf 

"1 .Jl I fl( .J"" ') II "1 I 

1VIYI >.JL ulJYltlEJ>.J L'lffllJ L'lflJ Syndrome-Kurz test score (attention and memory), Sandoz 

Clinical Assessment Geriatric Scale score (disease severity) , .Information processing speed 
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d .,j .J'... J ~f ._ 'J '!I ti ._ 1 V I 

'lML~'HN'lf1VlYILulUJ10l'fl~1ULLa::u1:.1i.1 L'lf LU01') 'l::Li.JU cognitive function ~mn Wechsler 

adult intelligence scale, revised (WAIS-R), Verbal memory, language, spatial memory, 

visual perception LLa:: mini- mental state examination (MMSE) 

?7v~1tlVl'lltl'301'lLLtla~rnm'lAOlfl~UnlJL~~v..:i~i'vi lG01'lAO'lfl ~1U1'1JNU1fl~ii~TIJ1'1J 
" 

V ., 1 I"" ._ 'J J"" ~ .cf II I 'J ., d ~f 
lJVl:.I LLa::fJ..:J i.Ji.JfJl'lfUVl LVlYli.J01'l\'J0\:JltNmli.J~i.J~l LlJ01'l'lO'lfl (cost-effectiveness) 'lMLuU 
~ J • ~f 'J ti ._ I ._ :: 'J II "' 'l I .J'... o ._ 'j 'j 
"'..:immuu L'IJtn'l 'l::Li.1u11m'lfuviuum'l L'lf'H'lv ii lrnmnnuanmu::tn'lVllL'IJ'IJ L 'l~'lleN LWI 

"' • .,[ d !of 'j J .J' ... "" ."f ... J I I ., 

'Hav~ La tlVlefi.Jtl..:JLLa::m1::~1li.J'l1Latli.J'lf..:JL u'IJ L 'l~YIL 'ltl'l-3 i.J'Hal£Ju'l'l£.IYJC{..:Jf.J('!Oltl01'l'l0\:Jl 

l11 l \1mnoi tinTnl~LL~m l um'ltl'l::dhmam'l~nt:J1 lil11;;;i::L llumnaii lviifoni.i ~..:ii!u~..:ilil • 
~I .J • ti 'I ' I :: c!f ~ 'l ''l .... I ct I ~I .J Lu'IJYl'IJ1LL an L'l11mn~ii nootropic 'IJ'IJ LnvlJYl..:J'Hi.JVJ'l:: ii vi~nnai1tN11LuU£.11"10l'l1~l'IJYI 

'J .,., 'j ., I 'J ., !!! ~ II II ._ II ® ~ .,., 
L'lf'lO\:Jl L 'l~~..:inai1 L'IJ'HU~(tvfl L'lfm..:iti..:iLaa £Jf)L1'1J Trental YI L'lf'lO\:Jl peripheral vascular 

@ 'l .,., "" J "" ti "" "·'I disease, Hydergine L'lf~f)\:Jl"r'HlOln'l'li.JYlr.JVl 00l'l.IV..:J~u1£.I Alzheimer disease LLa:: 

® 'l "·'' Stugeron L U~u1£.I vestibular dysfunction 

n1'lL°lf1:.11 nootropics 1u h .. mrnu1aA'iu~~u'Ylf 
il..:imr11m~..:imh1m;;;ina11lvi'11LLY1u;;;i::liliim'lAnmlvia~tllvi'11ii'limJ..:ii~~viL'llJ lu 

m'l~nt:J1 N'u1a t 'l~'Havvi Lativiaiit1..:iLm::.m1::~11ii~1 L~vii LLoinwu11iim'l lim miii~..:imh1 " . 
~tiu'li1..:imn ~ellui'.J w.A. 2542 iiiia~1m'llim~..:ina11lu·n~1o11rnu·nii 1,683,849 u1n " . 
ti II ~f I 'J II I ® . 'J ~f I 

'l::mru'ltiaa:: 50 Lu'IJ~lL'lf'llfJ'llti..:im Trental (880,481 UlYI) LLa::L'IJu w.A. 2543 m 

'J II I I .J'"' ti II ~f ® 
L'lf'll£J'l1i.J'llel..:Jmmrnu~ti 1,133,146 UlYI LLa:: 'l::mru'ltiaa:: 75 Lumn Trental aim01 • • 
mfo~l11 l \1~1 li~1t.1'll el..:imn~iida~a..:i L w'l1::ma1u 1 my tJ~u elnucy~m'Hanu l1..:i'lf1~ 1:.1m1'1J 

® 
Trental 

'l1001'lefellJflli.J m;;;i1~6LL wnff LL WYlff LLa::UHl'lfO'l LU h..:il~mu1aA~U~~'IJY1{~1u11J 2 7 

Yi1u 18 Yi1mrn:: 12 Yi1u miia1~u 1vi1:.1ftiaa:: 70 'llt1..:im;;;i1'lffLLW'Ylffl'i1..:i1uu1un11 10 tJ 
LLwnfffvaa:: 90 l11..:i1umun11 3 tJ LLa::unl''lfmfv1:.1a:: 60 l'i1..:i1umun11 6 tJ wu11m;;;i1'l6 

.. <' ., 1 " "' I V • "' d flf ., J 
LLW'YIU LLWYJmLa::Lml'ifmL~£.I 'lfmvi..:ina11'lv£Ja:: 96, 90 LLa:: 67 Ollm'llVllJ 'lf'3LulJOl1La'lJ'Ylef'3 

" 
mn L~vcnii tl..:JelltlU..:Jtl 'IJ01'l Limwu11ilm'l L'lfL lJmru~il'litiu..:iiLL u-Hvi L 'IJff~i.JVl'll'lff LLW'Ylff • 
LLwn6ua:aml'l1n'lLl~u~fvaa:: 19, 6 LLa:: 25 t~mhul'Hajffiim~..:ina11vi'1m'H~r.Ja~11Li1iJ 
m;;;i1'lff'H~m~vu 1 l~..:ili011i.J (fvaa:: 35, 72 LLa:: 25 vi1i.Ja1~u) c!u1m~ulvi'~umm 

" 
OtllJ~..:JL'if'Olli.JC!~L~UL\1i.JlLLa1 (fvml:: 23, 28 LLa:: 33 Olli.Jal~\!) lJeln'llOifu..:iwu11Lm~a 

" 
hin'l1rna1:.111r.Jam'l~nm'llt1..:imLllu8rl1~l') (fvua:: 27, 33 Lrn:: 16 vi1iia1~u) YJ'l1Ur.Ja11 

hj~hLoinu..:i liL w'l1:: 1il'Yl'l1u11;;;i:: limv:: h c fv1:.1a:: 12, 1 7 ua:: 24 miia1~u) (N'~..:imu1..:i 
" 

Yi1uli1:.11vi'11:.1'Ha11:.1iau..:ii) 
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QJ •Clfc:t" ., ., " " ~ 
C·Jaf11'j''jf)U1WU11i.JLYUJ~'rnfJa:: 7 'lltMtnv1"lfJLLW'YlfJ LLa::"lufJa:: 8 'lltl~LJlff'lff)"j'YIGltlU 

i1 l~c.ia~ i'uaa:: 59 11t1~mv1"lVLLwna1iiLLU1v luc.iatn"l~nu1 i't:iaa:: 67 11t1~LLW'YIVGlt1ui1 l~ 

c.iathuna1~ Lrn::i't:iaa:: 33 11t1~LJHl'lffl"lGlt1ui1 hiLLu1v luc.iam"l~nu1Lrn::i't1aa:: 26 11t1~ 

LJHl'lfnw1t1ui1 liil~c.iarna 

v1m.h::autn"lNm"ll'lfm11eMtnv1"laLLWna LW-.'YIVLLa::Lml'lff1"l l~il'limaumLud1mn 

rii.JdLlJunai.J~ir~ilc.iam"l~nu1lii.a'viLvu ~~ifum"lwv1"lru1lmuLuw1::c.ri'.ha~il'lit1tl~iLLil~vi 
• • u 

L nl if u ~~ L~t:i~if m"l~ t:i~ilm"lat:i'U LL a:: L U'U tlUU f1 ~nu1 LL W'Yltl~1fJil f1l"l l'lf m nai.Jif ~1"l l'lfL 'U • 
LUW1:: crthfJ~iJ°li t:itJ~iLL u.a'vi L n1if u lii~1"l 1 'lf m L ~ tl~v1 f) c7U1fJ'lJtlfJll1~tl L i1ui1c.i~'U1 'lf m tl tl'U 

u u u 
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01 AN IN VITRO STUDY FOR THE ACTIVATION OF ANTI-TUMOR 
CYTOTOXICITY BETWEEN AUTOLOGOUS DENDRITIC CELL 
ALONE, TUMOR CELL ALONE, AND FUSION OF AUTOLOGOUS 
DENDRITIC CELL AND TUMOR CELL FROM A GLIOBLASTOMA 
MULTIFORME SUBJECT 

Adisak Wongkajornsilp, Apirak Teeralapnanon, Sukit Haubprasert 

Department of Pharmacology, Faculty of Medicine Siriraj Hospital, Mahidol 
University, Bangkok 10700, Thailand 

ABSTRACT 

Dendritic cell (DC) is the most potent antigen-presenting cell that is 
specialized for the induction of T lymphocyte response. It can process both 
intracellular and extracellular antigens. The abµndant expression of MHC class I, 
class II, costimulatory and adhesion molecules on cell surface provide potent T 
lymphocyte stimulation. Moreover, it secretes various cytokines that signalize T 
lymphocyte proliferation. Fusion of dendritic cell and tumor cell is proposed as an 
alternative method for better tumor antigen presentation. Expressing a variety of 
tumor associated antigens and dendritic cell-derived costimulatory molecules, the 
derived fusion cell (FC) retains the functional potency of dendritic cell and capability 
to stimulate autologous T lymphocyte proliferation. We investigated whether priming 
with FC provided an advantage over DC alone or tumor cell alone in cytotoxicity 
against autologous tumor cells. In our study, denc:lritic cells were generated from 
peripheral blood mononuclear cells (PBMCs) in the presence of GM-CSF and IL-4. 
Using polyethylene glycol, DCs and tumor cells were fused to obtain the FCs. The 
dendritic cells, tumor cells and fusion cells are coincubated with naive T lymphocytes 
to gain the effector cell populations. Each T effector lymphocyte population is 
harvested, and then assayed for their cytotoxic activity. Priming with FC generate a 
frequency of CTL of 1/66667; while priming with DC alone or tumor cell alone 
generated frequencies of 1/80000 and 1/52273 respectively. The priming with tumor 
cell alone provided the highest frequency of effector cells. Our subject has been 
immunized with tumor vaccine for months, so tumor specific memory and cytotoxic T 
lymphocyte may already circulate in his. body. Therefore priming tumor cells alone 
can generate the highest frequency of CTL because of its richest tumor associated 
antigen. Our finding provides the information for the efficacy of using the cellular 
product from this experiment as potential tumor vaccines for clinical trial. 
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02 GLUTAMATE AMELIORATES PYRIDOXINE-INDUCED 
NEUROPATHY: A PRELIMINARY REPORT. 
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ABSTRACT 

Slll 

Ingestion of pyridoxine or vitamin B6 (B6) megadose seems to be one of the 
important causes of drng-induced neuropathy. Although a certain numbers of reports 
concerning pyridoxine-induced neuropatli.y have been published, the mechanism of 
toxicity is still unclear and there is no known therapeutics against the degeneration 
has been found. Interestingly, glutamate (QLU), one of the excitatory neurotoxin, has 
been recently reported to have neuroprotective effects against neuropathy induced by 
many cancer chemotherapeutic agents, based on different mechanisms. In this study, 
the possibility for using GLU as a neuroprotectant against B6-induced neuropathy 
was studied. In addition, as hepatocytes seem to have high expression of GLU­
sensitive proteins, levels of ALT and AST represent the liver functions were 
determined. Spraque-Dawley rats were used and divided into 4 groups receiving 
either; 1) water for injection IP and orally, twice daily, 2) 250 mg/Kg GLU orally, 
twice daily, 3) 400 mg/Kg B6 IP, twice daily, or 4) 400 mg/Kg B6 IP and 250 mg/Kg 
GLU orally, twice daily. Feeding of GLU was started 1 day before starting the 
experiment. Everyday of treatment, rats were tested for pain threshold, muscle power 
score and gait abno1mality. Nerve conduction velocity (NCV) of sciatic nerve and 
AST and ALT levels were determined on DO and D 15. Rats treated with B6 alone 
showed a significant decrease (p < 0.05) in muscle power score and movement score 
(represent gait disturbances) from DlO through D15. A significant decrease in NCV 
was also observed at D 15 without any significant changes in tail-flick test in B6-
treated rats. No significant changes in all parameters for peripheral neuropathy in rats 
treated with either GLU alone or B6 and GLU. Liver enzymes were not affected by 
any treatment in this experiment. Our results show that GLU has the ability to 
ameliorate B6-induced neuropathy. 
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03 ARYLAMINE N-ACETYLTRANSFERASE-2 GENOTYPE 
POLYMORPHISM IN THAI POPULATION. 
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ABSTRACT 

The N-acetyltransferase enzymes (EC 2.3.1.5) encoded by the NAT genes are 
responsible for the human polymorphic acetylation of numerous arylamines or hydrazine­
containing chemicals. Enzymes are consisted of 2 isoforms: NATI and NATI. They are 
expressed in different tissues and possess different substrate specificity. The classical N­
acetyltransferase is NATI, where phenotype and genotype are well recognized to be 
polymorphism. Frequency distribution of the polymorphic forms varies widely among 
ethnic groups and this polymorphism may be implicated in drug toxicity and cancer 
susceptibility. There is no previous report on the NAT2 genotype in Thai population. The 
aim of this study was to determine the allele frequencies of NAT2 gene in Thai population. 
NAT2 genotyping was investigated in 236 unrelated Thais by use a method of polymerase 
chain reaction-restriction fragment length polymorphisms (PCR-RFLP). The analysis was 
carried out in the major four mutation point found in Asian populations namely, C282T, 
C481 T, G590A, and 0857 A. The results showed that alleles associated with slow 
acetylation were identified to be 61.65% (95% CI: 57.27 to 66.04). The frequencies of 
particular NAT2 alleles were *4(wild-type), 38.35%; *5(C481T), 3.81%; *6(G590A), 
32.20%; *7(G857A), 20.55%; *13(C282T), 5.08%. NATI genotypes consisted of 12.71% 
of homozygotes of NAT2*4, 51.27% of heterozygotes of NAT2*4 and other mutant alleles, 
and 36.02% of combinations of mutant alleles. The most common genotypes found were 
NAT2*4/*6A, *4/*7B and *41*4 with frequencies of 0.23, 0.15 and 0.13 respectively. 
Although NATI genotype in Thai population are in . similar patterns with other Asian 
populations, NAT2*4 is significantly lower than Japanese, Chinese and Korean populations 
(P<0.001). The prevalence of slow acetylation status predicted by genotyping in Thais was 
consistent with our phenotyping study (0.64 (95% CI: 0.58-0.70) and 0.63 (95% CI: 0 .51-
0.75), respectively). The data obtained may be pertinent to epidemiological studies of the 
influence of acetylator status in association with drng toxicity and carcinogenesis. 
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ABSTRACT 

Oxidative stress has been implicated in the pathology of a variety of human diseases, 
such as ischaemic-reperfusion injury, atherosclerosis, diabetes mellitus and hepatic injury. A 
potential therapeutic intervention may include natural antioxidants1

• Therefore we examined 
the antioxidant activity and hepatoprotective effect of Polygo1111111 odora/11111 Lo11r. An 
ethanolic extract of dried whole plant of P. odoratu111 was used in all investigations. The free 
radical scavenging activity of the extract of P. odorat11111 was determined by a method based 
on the reduction of the stable free radical DPPH (l,1-diphenyl-2-picrylhydrazyl). The extract 
(0.01-1000 µg/ml) was found to scavenge DPPH in the dose-dependent manner with the 
maximum scavenging activity of 90.9 ± 1.01 % and IC50 of 14.5 µg/ml. The scavenging effect 
of P. odorat11111 on H202 production within the rat white blood cells was investigated by using 
2-7-dichlorodihydro fluorescein diacetate. The production of H20 2 was stimulated by 
phorbol-12 myristate-13 acetate (0.65 µM). The extract (10 and 100 µg/ml) significantly 
inhibited the fluorescent signal of H20 2 (n=5, p<0.05). In order to examine the 
hepatoprotective effect, ICR mice were pretreated with the extract (0.5, 1 and 2 g/Kg/d) for 3 
days before an induction of hepatic injury by an injection of paracetamol 200 mg/kg, 
intraperitoneally. The plasma levels of liver enzymes, ALT and LDH in the control group (no 
treatment but given paracetamol) were 14587 ± 1293 and 29187 ± 2469 U/L respectively 
(n=23). Only the group received 1 g/Kg/d of the extract had the level of ALT and LDH (7726 
± 1452 and 14285 ± 2565 U/L respectively, n=16) significantly lower than the control group. 
It was c011cluded that the ethanolic extract of P. odorat11m has the free radical scavenging 
activity, the inhibitory effect on the production of peroxide in cells and the hepatoprotective 
effect. 
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ABSTRACT 

The aim of this investigation was to study the protective effect of garlic oil 
against chloroform-induced toxicity in rats. Administration of male adult Sprague­
Dawley rats with chloroform intragastrically at the doses of 50, 100 and 200 mg/kg 
caused both hepatotoxic as well as neplll'otoxic effects in a dose- and time-dependent 
manner. A significant increase in either alanine transferase (ALT) or aspartate 
transferase (AST) was observed at 12 h following chloroform administration. The 
activities of these two enzymes reached its peak within 24 h and then gradually 
declined at 48 and 72 h after the administration of chloroform. An increase in the 
dose of chloroform resulted in an elevation of ALT up to 10 folds and AST up to 3 
folds. These results were supported by the findings from light microscopic studies of 
the liver cells which revealed centrilobular necrosis after chloroform treatment. The 
indicators of kidney function such as serum creatinine and blood urea nitrogen (BUN) 
showed the same pattern as that seen with ALT and AST but to a much lesser extent. 
To investigate its protective effect against chloroform-induced to?Cicity, garlic oil was 
given intragastrically to rats at the doses of 50 and 100 mg/kg at 1, 6 and 12 h before 
chloroform.· It was found that the administration of garlic oil (100 mg/kg) at 12 h 
before chloroform treatment could ·offer only partial protection against the chlorinated 
hydrocarbon as seen by a decrease in AST, ALT as well as a decrease in sernm 
creatinine. After chloroform treatment, the activity of hepatic aniline hydroxylase was 
significantly reduced to only 20% of the control. With the pretreatment with garlic 
oil, the activity of this enzyme was increased but not to the control level, because 
garlic oil itself could also inhibit the activity of these enzymes, presumably resulting 
in a decrease in the bioactivation of chloroform to a toxic metabolite. 
Histopathological study showed less severe hepatotoxic effect caused by chloroform 
after garlic oil pretreatment. It was concluded that garlic consumption might afford 
protection against chemical-induced toxicity, especially if the toxic effect was 
mediated th.rough the metabolite formed via cytochrome P450 2El (CYP2El). 
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ABSTRACT 

Aqueous extract of Curcuma sp. (W anphayangoo-tuamea), a plant believed as 
snakebite antidote as well as the aqueous extracts of other plants in this genus were 
tested for their effects on the binding between cobra venom and antivenom antibodies 
by using ELISA. Incubation of crude cobra venqm with the extracts for 1 hr at room 
temperature demonstrated that the extracts of Curcuma sp. (Wanphayangoo-tuamea), 
C. parvijlova Wall. (Khamin-khaow) and C. domestica Valeton [Khamin-tatua (sh01t 
rhizome)] could decrease the binding of cobra venom to antivenom antibodies. The 
maximum effects of the extracts on the binding were approached at the dilution 
between 1 :50 and 1: 12.5. At dilution of 1: 12.5, the extracts of Curcuma sp. 
(Wanphayangoo-tuamea), C. parvijlova Wall. (Khamin-khaow) and C. domestica 
Valeton [Khamin-tatua (short rhizome)] could significantly reduce the binding 
between cobra venom and antivenom antibodies to 26.56 ± 3.97, 47.27 ± 5.91 and 
71.64 ± 5.18 %, respectively, when compared to the absence of the extracts. The 
extract of Curcuma sp. (W anphayangoo-tuamea) could also decrease the binding 
between NTx and antivenom antibodies when tested on ELISA. Western 
immunoblotting showed the decrease in the intensity of 14, 20 and 21 kDa proteins in 
purified fraction of NTx. The extracts of Curcuma sp. (Wanphayangoo-tuamea), C. 
parvijlova Wall. (Khamin-khaow) and C. domestica Valeton [Khamin-tatua (short 
rhizome)] were tested for the antagonistic effects against the inhibito1y effect of cobra 
venom on isolated rat phrenic nerve-hemidiaphragm preparations. The cobra venom 
was incubated with the extracts at the ratio l :5 (by volume) for 1 hr at 37° C before 
added to the organ bath. The complete inhibition time was prolonged when the venom 
was incubated with the extracts when compared to the extract alone. The increase in 
complete inhibition time caused by the extracts of Curcuma sp. (Wanphayangoo­
tuamea), C. parvijlova Wall. (Khamin-khaow) and C. domestica Valeton [Khamin­
tatua (short rhizome)] were 242.15 ± 32.55, 139.28 ± 18.88 and 32.29 ± 44.55 %, 
respectively. The potency of the 3 extracts tested by using isolated rat phrenic nerve­
hemidiaphragm preparations was go along with the potency observed by ELISA 
technique. Without killing any experimental animals and time-saving in screening 
many samples, thus, the ELISA method may be a useful technique in screening 
snakebite antidote. 
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ABSTRACT 

Angiotensin II (Angil) and tumor necrosis factor (TNF) have been shown to promote 
reactive oxygen species, inclu~ing superoxide anion and nitric oxide (NO), and induce 
apoptosis in vitro. These agents are implicated in cardiovascular disease, but few studies have 
evaluated their interactions in vivo. We tested the hypothesis that Angil, TNF, or their 
combination promotes cardiac cell apoptosis and that NOSII is a participant in these events. 
Osmotic mini-pumps were implanted in rats to deliver continuous infusion of Angil (288 µ 
g/kg/day), TNF (22 µg/kg/day), or their combination, for 3 days. These treatments did not 
alter blood pressure or heart rate when compared to vehicle control (tail cuff measurements). 
At sacrifice on day 3 cardiac tissues were fixed in formalin for TUNEL staining and 
immunohistochemistry. Angil or TNF alone induced significant increases in cardiac cell 
apoptosis (nuclei/mm2 = 18.7 ± 8.4, 18.2 ± 8.8) relative to vehicle control (7.5 ± 2.2, p<0.05), 
but combined infusion resulted in no change (4.7 ± 2.9). Apoptotic nuclei included both 
cardiac myocytes and non-myocytes. Prevalence of NOSII was slightly detectable in control 
tissues; no significant differences were observed in any treatment group (NS, digital image 
analysis). These results demonstrate that Angil and TNF alone promote cardiac apoptosis in 
vivo independent of hemodynamic changes, but their combined administration does not. This 
is apparently not related to NOSII induction, but suggest that important interactions exist 
between these agents in vivo. 
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ABSTRACT 

Inflammatory phenomena at site of atherosclerotic plaque are thought to be 
major determinants of the progression and clinical outcome of atherosclerotic disease. 
Cyclooxygenase-2 (COX-2) is involved in the inflammatory response via the 
generation of prostanoids, and the expression of COX-2 was found in atherosclerotic 
vascular wall. This study aimed to investigate the effects of selective COX-2 
inhibitor on atherosclerotic plaque development in cholesterol fed rabbits. Rabbits 
were fed diet containing no additive (control), 1 %cholesterol (cholesterol group) or 
1 % cholesterol with 30 mg/kg/day celecoxib (celecoxib group). Blood cholesterol, 
LDL, HDL, platelet aggregation, and urinary 2,3 dinor TXB2, 6-keto PGF2, and 8-iso 
PGF excretion were measured 4 week intervals. After 12 weeks the rabbits were 
sacrified and the severity of atherosclerosis in the thoracic aorta was measured. 
Urinary levels of 2,3 dinor TXB2, and 8-iso PGF and ex vivo platelet aggregation in 
response to ADP were elevated , whereas the level of 6-keto PGF2 was decreased in 
cholesterol-fed rabbits. Supplementation with celecoxib restored urinary 6-keto PGF2 
level to the normal control, and increased urinary 8-iso PGF level but had no 
significant effect on dinor TXB2 and platelet aggregation. Cholesterol feeding 
significantly increased aortic intima/media ratio (2.97±0.25), and celecoxib reduced 
the intimal thickening ( 0.82±0.08). The results indicate that celecoxib is effective in 
the retardation of atherosclerotic plaque development which shows the involvement of 
COX-2 in the progression of atherosclerosis. 
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ABSTRACT 

In Thai traditional medicine roselle (Hibiscus sabdariffa L.) is used for the 
treatment of various diseases and disorders including hypertension, hyperlipidemia, 
bladder stone and gastric ulceration 1• It was demonstrated that roselle can be used as 
fragrant, antispasmodic drink and anti-hypertensive as well as anthelmintic in 
taeniasis and anti-bacterial agent2. An aqueous extract of roselle was reported to be 
an effective diuretic in patients with urologic disorders3

. The present study was 
undertaken to evaluate roselle for its anti-ulcer activity. Roselle mucilage fraction 
(RMF) was isolated and examined in experimentally ulcerated rats. Oral 
administration of the RMF from 125 - 500 mg/kg significantly inhibited gastric ulcer 
formation induced by indomethacin, ethanol and hypothermic restraint-stress. Anti­
gastric secretory effect of the RMF in pylorus-ligated rats was not clearly 
demonstrated since the gastric volume, pH and acidity output were not affected by 
the RMF pretreatment in a dose-related manner. In ethanol-induced ulcerated rats, 
gastric wall mucus content was markedly preserved by the RMF pretreatment. The 
findings indicate that roselle mucilage possesses gastroprotective potential. 
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ABSTRACT 

Curcuminoid compound extracted from turmeric (Curcuma longa Linn) was 
evaluated for the effect on isolated smooth muscle. In quinea-pig ileum smooth 
muscle, curcuminoid at the concentration of 12 µg/ml significantly inhibited the 
contraction induced by acetylcholine (ACh) 5x10·7 Mand histamine 5x10·7 M.(Force 
of contraction was 62.84 ± 4.66% and 75.60 ± 2.77 % of the control respectively) and 
the effect was prominently observed when the concentration of curcuminoid was 
increased to 36 µg/ml (force of contraction was 42.79 ± 1.98 % and 44.93 ± 4.33 % of 
the control). In potassium depolarizing Tyrode solution, curcuminoid 4 µg/ml and 20 
µg/ml reduced the contraction induced by calcium chloride (CaC}i) 1.8 mM 
significantly. The contraction was 63.31 ± 1.80 % and 36.87 ± 3.25 % respectively. 
The smooth muscle relaxant effect was confirmed in isolated rat uterine smooth 
muscle, curcuminoid 8 ·µg/ml and 16 µg/ml significantly reduced force and frequency 
of contraction induced by oxytocin 1 x 10 ·2 IU/ml. Curcuminoid 8 µg/ml produced 
54.68 ± 3.34 % force of contraction and 79.09 ± 2.29 % frequency of contraction. 
Curcuminoid 16 µg/ml caused more relaxation of rat utrerine smooth muscle. (Force 
of contraction was 42.34 ± 3.16 % and frequency of contraction was 71.18 ± 1.89% ), 
In acetylcholine (2 µg/ml) induced contraction, curcuminoid 8 µg/ml also reduced 
force and frequency of contraction. (Force of contraction was 73.01 ± 4.10 % and 
frequency of contraction was 76.33 ± 3.94 %). The effect could clearly observed 
when curcuminoid 16 µg/ml was applied. (Force of contraction was 43.38 ± 3.56 %, 
frequency of contraction was 49.96 ± 5.20 %) Curcuminoid 8 and 16 µg/ml 
significantly reduced force of contraction induced by KCl 50 mM. (Force of 
contraction was 57.10 ± 4.92 % and 36.60 ± 2.99 % respectively) The results 
obtained from this study suggested that curcuminoid produced smooth muscle 
relaxation effect on isolated guinea-pig ileum and rat uterns by non specific inhibitory 
mechanism. 

Acknowledgement : This research work was supported by Rachada Piseksompod 
Fund. Chulalongkorn University 
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ABSTRACT 

To evaluate the effects of Mawaeng krneo fruits syrnp, simple syrnp and 
bromhexine syrup on the increase sputum volume and viscosity reduction in chronic 
bronchitis patients. This study was perf01med in 12 chronic bronchitis patients with 
productive cough. They were 6 males 6 females, age ranged 23-70 years, weight 33-
75 kg. The expectoration effects of 85% syrnp of the crude extract were compared 
with those of the simple and bromhexine syrups. 10 ml syrups were administered 
three times a day after meal for three days in a single blind cross over design. The 
patients were evaluated on the third day after each trial in pulmonary function tests, 
the sputum volume and the sputum viscosity. The frequency and severity of day time 
and night time cough were assessed subjectively by the patients. As expected, 
Mawaeng krneo fruits syrup could not decrease the frequency and severity of the 
cough during the day and night time. The PEFR, %FEV 1 and FVC remained 
unchange. The sputum volume were slightly increased with some decrease of the 
viscosity. However, there was no significant difference of the change of the sputum 
volume and viscosity between Mawaeng k.rneo fruits and bromhexine syrnp 
regimens. The study should be performed by increasing the dose of the extract in 
more bronchitis patients to obtain the significant results. In summary, Mawaeng 
k.rneo fruits _syrup could increase the sputum volume and decrease the viscosity in 
chronic bronchitis patients. 
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ABSTRACT 

Sl21 

Nitroglycerin and other organic nitrates have been used routinely in the 
therapy of angina pectoris and congestive heart failure. Clinical significant 
methemoglobinemia during administration of organic nitrates, including intravenous 
nitroglycerin has been occasionally reported as a serious complication . In normal 
individuals, methemoglobin in red blood cell is maintained at a very low level (<l %). 
It is immediately reduced by cytochrome b5 reductase to the normal hemoglobin 
moiety. Since acquired methemoglobinemia is not only resulted from exposure to a 
variety of oxidizing agents but also related to cytochrome b5 reductase deficiency, the 
present study was aimed to investigate the relationship of cytochrome b5 reductase 
activity and methemoglobinemia. 114 normal blood samples from male and female 
healthy volunteers with 20-65 years old were used as control group and 40 blood 
samples of patient receiving 24,000-104,000 µg (0.5-3.0 µg/kg/min) intravenous 
nitroglycerin were collected. The concentration of methemoglobin in 57 men and 57 
women healthy volunteers were 0.05 ± 0.02 and 0.08 ± 0.02 % of total hemoglobin 
(mean ± SE) respectively. The cytochrome b5 reductase activity in male were statistic 
significantly lower (p<0.05) than female. No severe methemoglobinemia was found 
in these patients. However, the methemoglobin concentration and cytochrome b5 

activity in the treatment group were significantly higher (P<0.05) than the normal 
group. Our results showed that methemoglobin content of erythrocyte was 
independent on the activity of cytochrome b5 reductase. It was found that 
intravenous nitroglycerin administration in the total doses of 24,000-104,000 µg can 
produce not only slightly increasing of methemoglobin content but also the significant 
increasing of their cytochrome b5 reductase activity. However, the increased 
methemoglobin level of these patients were found to be within an acceptable level of 
normal conditions. In conclusion, clinically significant methemoglobinemia was 
uncommon with low doses of intravenous nitroglycerin administration. In addition, 
the correlation of cytochrome b5 reductase elevation and nitroglycerin administration 
should be further investigated. 
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ABSTRACT 

The effect of (N-hydroxymethyl)-2-propylpentamide (HPP), a novel valproic 
acid (VPA) derivative possessing anticonvulsant activity1

, on rat hepatic cytochrome 
P450 was studied in ex vivo and in vitro system. In ex vivo study, HPP at a dosage of 
100 and 200 mg/kg/day and VP A 250 mg/kg/day were given intraperitoneally to male 
Wista,i· rats once daily for 7 days. On the day after, rat liver microsomes were 
prepared and determined for total CYP contents and CYP activities ( ethoxyresornfin 
0-dealkylase for CYPlAl, methoxyresorufin 0-dealkylase for CYP1A2, benzyloxy­
& pentoxyresornfin 0-dealkylase for CYP2B 1 &2B2 and aniline 4-hydroxylase for 
CYP2El). In in vitro study, inhibitory effects ofHPP at final concentrations of 0.1, 1, 
10, 100 and 1000 µM on P- napthoflavone-induced CYP1Al&IA2, phenobarbital­
induced CYP2Bl&2B2 and ethanol-induced CYP2El activities were studied. The 
results showed that VP A at the dose studied did not have any effect on total CYP 
contents and CYP activities. Whereas HPP 100 and 200 mg/kg/day significantly 
induced CYPlAl and CYP2Bl&2B2 activities. In addition, HPP at 100 and 1000 µM 
significantly inhibited CYP2B1&2B2 activities in vitro with IC5o about 1000 µM. 
These results suggested that the inhibitory effect of HPP on CYP2B 1 &2B2 activities 
may be in part responsible for the increasing effect on barbiturate sleeping time after 
single dose administration 1• The induction effect of HPP, but not VPA, on CYP 1A1 
and CYP2Bl&2B2 activities after administration for 7 days may result from direct 
effect of HPP or its metabolites. Further studies are needed to clarify the metabolic 
pathways of HPP and the CYP involved as well as the effect of HPP on human CYP. 
In vivo studies to verify the potential of drug interaction and carcinogenic risk are also 
needed. 
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ABSTRACT 

Nitric oxide (NO) has been known to play an important role in the central 
nervous system (CNS). In an attempt to investigate the relation between locomotor 
activity and NO in stress rats, the present experiments employed male Wistar rats at 
21 days of age (weaning). In order to induce psychological stress, these rats were 
reared in social isolation (one rat/cage), and the controls were reared in groups of five 
rats/cage (social rearing). After five weeks, both socially and isolation reared rats 
were placed individually into a circular open field arena under bright light condition 
(500 lux) following systemic administration with either saline or a nitric oxide 
synthase inhibitor, L-NAME 30 min before a 5 min test. The results showed that 
under bright light condition, the saline treated isolation reared rats exhibited 
locomotor hypoactivity (indicated by reduction of total zone transitions) and reared 
less than the saline treated socially reared rats. Both group of rats spent more time in 
the outer zone (P<0.05), however, isolation reared rats spent longer time in the inner 
zone than the socially reared rats. Pretreatment with L-NAME (10 and 25 mg/kg i.p.) 
produced hypolocomotion in socially reared rats, but had no effect on the isolation 
reared rats. L-NAME significantly decreased the number of reared and time spent on 
the inner zone of the circular open field arena in both socially and isolation reared 
rats, however, these effects were greater in the isolation reared rats. It was concluded 
that psychological stress in the early stage of life altered the effects of L-NAME on 
locomotor activity in the adult rats. This abnormality may reflect alteration of NO in 
the CNS of the 
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ABSTRACT 

The present experiments were undertaken to determine whether rearing rats in 
social isolation from weaning alters the behavioral response produced by 
carbamazepine when these rats are exposed to the forced swimming test. Isolation 
and socially reared rats were compared for their response in the two aversive 
situations, either without dmg pretreatment or following sub-chronic administration 
of carbamazepine or vehicle (2% Tween 80). Male Wistar rats were raised from 
weaning either alone (isolation rearing) or in groups of six rats/cage (social rearing). 
Six weeks later, these rats were tested for their sensitivity to carbamazepine using the 
forced swimming test (Porsolt et al., 1978, Eur J Pharmacol 47, 379-391). The results 
demonstrated that untreated isolation reared rats showed significantly less immobility 
and more stmggling in the forced swimming test than socially reared rats. Sub­
chronic administration with carbamazepine (10, 20 and 40 mg/kg i.p.) 24, 5 and 1 h to 
both isolation and socially reared rats caused a dose-related decrease in immobility 
time but increase struggling compared to the vehicle treated rats. However, these 
effects did not occur in isolation reared rats. The present data indicate that social 
isolation rearing from weaning alters the response to aversive stimuli and that sub­
cluonic treatment with carbamazepine reduces these effects in the adult rats. 
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ABSTRACT 
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Here, we have investigated the effects of COX-metabolites (POI2, POE2, POF2a 
and TXA2) on COX-2 expressed in human umbilical vein endothelial cells (HUVEC) 
treated with lipopolysaccharide (LPS). Human umbilical vein endothelial cells 
(HUVEC) were obtained from babies born to normal pregnant women (HUVEC) and 
cultured in 96-well/6-weli plates as standard techniques. Cells were grown to 
confluent and replaced with fresh medium containing no addition, LPS alone, COX­
metabolites alone and LPS plus COX-metabolites (0.001, 0.01, 0.1 or 1 µg/ml) for 
24h. Then, the medium was removed and replaced with fresh medium containing 
arachldonic acid (10 µM for 10 min) after which time the medium was collected to 
measured COX activity by the production of 6-keto-POF1a (stable metabolites of 
POii) using enzyme immunoassay. The remained cells were extracted and detected 
COX isoform expression by using immunoblotting. POii, POE2, POF2a or TXA2, did 
not affect on basal COX activity in untreated HUVEC (24h incubation). Untreated 
HUVEC contained COX-1 protein but not COX-2 protein. When HUVEC were 
treated with LPS (1 µg/ml for 24h), COX activity and COX-2 protein was increased 
in a dose dependent manner. The increased COX activity in LPS (1 µg/ml) treated 
HUVEC was inhibited with POE2, but not POii, POF2a or TXA2 in a dose dependent 
manner. Similary, COX-2 protein expression in LPS treated HUVEC was also 
inhibited with POE2, but not POl2, POF2cx or TXA2 in a dose dependent manner. 
These results suggested that POEi, but not POii, POF2cx or TXA2 is a key in feedback 
regulation of COX-metabolites produced in HUVEC. 
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ABSTRACT 

Hemodynamic alterations in Russell's viper envenomation are the result of 
interactions of various vasoactive mediators and perhaps proinflammatory cytokines. 
Since vascular endothelium is likely to be exposed to high concentrations of the 
venom and endothelial cell itself not only plays an important role in physiologic 
control of the circulation, but also play a role in inflammation with the synthesis and 
secretion of proinflarnmatory cytokines. It is therefore, the objective of this study to 
determine the effects of Russell's viper venom (RVV) on proinflammatory cytokine 
production by cultured human umbilical vein endothelial cells (HUVEC). Endothelial 
cells were isolated from freshly obtained human umbilical cords and grown in tissue 
culture to confluence as a homogeneous population. Cells were then incubated at 37 
°C under 5 % C02 with RVV (0.2, 1.0, 5.0, and 25.0 µg/ml) or lipopolysaccharide 
(LPS, 10 µg/ml) for 3,6,12 and 24 hours. After indicated time, the levels of tumor 
necrosis factor- a (TNF-a); interleukin-IP (IL-IP) ; and interleukin-6 (IL-6) in 
supernatants were measured by using ELISA or EIA. The effect of RVV or LPS on 
cell viability was also measured using MTT assay. The results showed slight increase 
of IL-IP level together with TNF-a level indicating that endothelial cell activation 
by LPS or RVV is not sufficient per se to elevate levels of the major endothelial cell­
derived cytokine. The level of endothelial cell-derived cytokine. The level of 
endotherial cell-derived IL-6 was higher than that of TNF-a. Endothelial cell-derived 
IL-6 may be produced through other way apart from production via a cascade of 
cytokines. However, TNF-a and IL-6 productions were not different among these 
groups. The levels of IL-IP were very low, although IL-IP was detectable in the 
group treated with RVV at concentration of 25.0 µg/ml. In conclusion, RVV upto 
25.0 µg/ml has no effect on prominent proinflammatory cytokine production by 
HUVEC. However, In the body and blood circulation, EC is not the single type of 
cells that produce cytokines. The major sources of cytokines are monocyte­
macrophage lineage cells. It is possible that RVV which contains various constituents 
may activate the production of cytokines from those cells other than the EC and 
subsequently induce production of other mediators of inflammation that are 
responsible for the pathogenesis of RVV-induced toxicity. 
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ABSTRACT 

Methamphetamine is a potent sympathomimetic amine. Its pleasant effects that 
lead to abusing are mood elevation, increase in wakefulness, and decrease in appetite'. 
It is easily synthesized in clandestine laboratories. Methamphetamine can be produced 
from reduction of ephedrine2

. One of impurities reported in methamphetamine 
synthesized from ephedrine is 1,2-dimethyl-3-phenyl aziridine, which comes from 
internal substitution of chloroephedrine3

. This impurity may have toxicity since there 
are aziridine-containing compounds that have shown diverse biological activities 
including alkylation of DNA and cellular macromolecules4

• 
5

• In this presentation, cis­
and trans-1,2-dimethyl-3 -phenyl aziridine were analyzed by Gas 
Chromatography/Mass Spectrometry. These two stereoisomeric forms of aziridine are 
completely separated from each other as well as from methamphetamine and its 
metabolite, amphetamine. Because both isomeric forms have similar 2-dimensional 
molecular structure, they give similar mass spectra. The lower limit of detection of 
this method is 3 microgram/milliliter, which is not enough to detect these compounds 
in a biological specimen. To increase sensitivity, their molecules must be derivatized 
in order to increase their molecular weight and volatility. The results showed that 
during derivatization, unstable aziridine ring was opened and then reacted with 
surrounded water, forming ephedrine. Thus, when ephedrine is detected in a 
methamphetamine tablet, it may be derived from contaminated aziridine in addition 
from left over-ephedrine precursor or added ephedrine during packaging. It is still in 
doubt about the stability and toxicity of this aziridine in human body after taken. 
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ABSTRACT 

The pharmacokinetic study was carried out on levonorgestrel tablets from two 
different sources (Hugarian-and Thai-made). Both preparations contained 0.75 mg 
levonorgestrel and had been used for postcoital contraception. Twelve-female 
subjects were given a sin.gle oral dose of 0.75 mg tablets in a crossover disign. 
Plasma levonorgestrel concentration were determined via radio-immunoassay 
technique. The phrumacokinetic analysis of the levonorgestrel data was performed on 
the basis of a two-compartment open model uning a M.K. model programme. 
Absorption and bioavailability of the Hungru·ian-made tablets were slighly higher as 
evidenced by higher serum concentrations of levonorgestrel in the first 2 hours. Thai­
made tablets showed a slighly greater area under the concentration-time curve (AUC) 
during the first 24 hours. The volume distribution (Vd), the cleru·ance (CL) and 
elimination half-life (T112) of both prepru·ations were closely. Comparing the 
phrumacokinetic parameters (Cmax' Tmax' T112· CL, Vd, AUC) by using t-test were not 
statistically significant difference. It implied that both prepru·ations (Hungrufan-and 
Thai-made) were bioequivalent with each other. 
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ABSTRACT 

Tumor cell induced platelet aggregation (TCIP A) played an importance role in 
early state of thrombosis in cancer patients. In addition, TCIP A was recognized as one 
imp01tant step in metastatic cascade. Many investigations in the past were found that 
the ability of tumor cells to activate platelets depend on type and state of cancer cells. 
Several mechanisms of TCIP A have been described, such as adenosine di phosphate 
(ADP), thrombin, thromboxane-dependent mechanism and secretion of proteinase. 
Cholangiocarcinoma, one of the most cancer in the north-eastern part of Thailand, 
associated with thrombosis have been reported. However, the mechanism by which 
cholangiocarcinoma facilitated platelet function is unknown. Here, we have 
investigated how cholangiocarcinoma cell from cell culture effect on platelet function 
as measured by platelet aggregation. Primary human chlolangiocarcinoma (HuCCA ) 
cells were established in our laboratory. Cells were cultured in T-75 Flasks with 
Dulbeco Modified Eargle's Medium (DMEM) containing 15 % fetal bovine serum, 
100 unit/ml penicillin G, 100 µg/ml streptomycin and grown to confluence until uses. 
After which cell were replaced with fresh medium (DMEM) without serum for 24, 48 
and 72 hours. Then, the conditioned medium (CM) was collected. To study the whole 
cell effect, HuCCA were grown to confluence and extracted using trypsinization. 
Cells were resuspended in DMEM to yield a concentration 107 cells/ml. 150 µl of cell 
suspension or CM, therefore, were added to 850 µl of platelet rich plasma (PRP) and 
platelet aggregation. was measured by aggregometer. CM from HuCCA failed to 
aggregate in PRP,whereas direct HuCCA pellets induced platelet aggregation and 
potentiated platelet aggregation induced by submaximal concentration of thrombin. 
Interestingly, the effect of HuCCA induced platelet aggregation were variated in each 
groups of platelet status of subject (63.76, 47.41 and 44.71 % maximum aggregation 
in groups hyper, normal and dis-aggregation, respectively). This finding suggest that 
cholangiocarcinoma cell is able to induced platelet aggregation in a direct tumor cell­
platelet contacts. This results might explain the pathogenesis of tluombosis in 
cholangiocarcinoma and support metastasis in this cancer. However, the actual 
mechanism remains to further elucidated. 
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ABSTRACT 

A randomized study was conducted in 29 ambulatory cirrhotic patients to 
determine the short-term effects of branched-chain amino acids (BCAA) on 
nutritional status, biochemical liver function tests and caffeine clearance. Each patient 
received a 4-week period of isonitrogenous and isocaloric regimens, either a 
standardized diet contained 40 gm protein with supplementation of BCAA 150 gm 
daily (group I) or only a standardized diet contained 80 gm protein daily (group II). 
At the end of treatment, only group I showed significant improvements in 
transaminase levels as well as the caffeine clearance test compared with those of the 
pre-treatment levels. Nonetheless, significant improvements in nutritional parameters 
and additional liver function tests were not yet detected. We conclude that the short­
term nutritional supplementation of BCAA is well tolerated and leads to improvement 
in hepatic metabolic capacity assessed by the caffeine clearance test. 

Acknowledgement: We would like to thank Thai Otsuka Pharmaceutical Co. for 
providing Aminoleban-EN. 
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ABSTRACT 

Economic crisis in Thailand during 1997 had a major impact in all section of 
the country including health care. There were several suggestions for reducing drng 
expenditure budget including restriction of hospital formulruy, generic prescribing and 
generic dispensing. At King Chulalongkorn Memorial hospital, the new hospital 
formulruy was established and implemented on Mru·ch 1998. The generic dispensing 
policy was also in place at the same time. This study aimed to evaluate the, impact of 
the new implementation by compru'ing the prescription patterns in o'ut patient 
deprutments (OPDs) of the hospital before and after the new hospital formula1y 
implementation. The prescriptions from several OPDs were systematically stratified 
sampling 5 weeks before and 5 weeks after Mru·ch 1st, 1998. The information from 
the prescriptions including drng catego1y, drng name, amount of dispensed drng, drng 
cost, etc.) was collected and analyzed. The total number of the prescriptions and the 
average number of drng items/prescription before and after the implementation were 
similru· (2049 vs 2052, and 2.52 ± 0.048 vs 2.45 ± 0.03 respectively). The total cost of 
the prescription, the cost/prescription and the cost/item seemed to be different 
( 1,6090,484 Bath vs. 1,282,343 Bath, 844 ± 54.04 vs. 633 ± 41.11 and 332.58 ± 29 .59 
vs. 255.29 ± 19.98 respectively) After the implementation, physicians in the hospital 
increasingly prescribed drngs by generic name (37.1 % vs. 44.85% ). Local made drngs 
were also prescribed by the physicians and received by patients more than before 
(9.56% vs. 84.27% and 28.15% vs. 60.72% respectively). Anti-infective agents were 
studied in depth as they contribute to significant amount of drng expenditure. The 
total cost of prescribed anti-infective agents and the cost/prescription were increased 
after the implementation (223,529 vs. 274,435 Bath and 585.38 ± 102.84 vs. 772.71 ± 
147.59). The increased cost mainly came from the cost of anti-HIV drngs. Our data 
indicate that the new hospital formulruy can reduce drng expenditure budget and 
change prescribing attitude of the physicians in King Chulalongkorn Memorial 
hospital. 
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ABSTRACT 

Fexofenadine hydrochl<;>ride is a nonsedative, selective H1-receptor antagonist 
that relieves allergic symptoms associated with histamine-mediated disorders such as 
allergic rhinitis and chronic urticaria. Pharmacokinetic study of orally administered 
60, ·120 and 180 mg dosages in 12 healthy Thai volunteers were performed using a 
randomized, single blinded, three-arm cross-over design. Plasma concentrations of 
fexofenadine HCl were assayed by LC-MS/MS method. All pharmacokinetic 
parameters were analyzed using a one-compartment model with first order kinetics 
and then examined for the difference among 3 doses of treatment using the three-way 
analysis of variance with 90% confidence interval. The mean peak plasma 
concentrations for subjects receiving 60, 120, and 180 mg fexofenadine were 249.19 
± 390.20, 397.21 ± 195.51 and 571.83 ± 538.21 ng/mL respectively. AUCs were 
1,343.66 ± 718.70, 3,177.87 ± 1,407.32 and 4,579.27 ± 2,124.70 ng.h/mL 
respectively. Tmax's were 1.79 ± 0.58 , 1.63 ± 0.64 and 1.92 ± 0.79 h respectively. 
Cmax's were 290.46 ± 390.02, 443. 10 ± 183.93 and 716.63 ± 506.18 ng/mL 
respectively. High variation in plasma drug concentrations after administering 180-mg 
dosage was observed and suggested that this oral dosage could generate plasma drng 
concentrations that came near zero-order elimination kinetics especially in the first 
few hours after the ingestion. The pharmacokinetic parameters that have a linear 
relationship with the studied doses were Cmax and AUC. The parameters that were 
relatively constant included t111ax, t112, clearance and volume of distribution. No gender 
difference in all studied pharmacokinetic parameters of fexofenadine HCl was 
observed. No adverse drng reaction nor any significant change in vital signs, ECG 
(rate and QTc intervals) was observed throughout the study. This study showed that a 
single oral dose of fexofenadine HCl at either 60, 120, or 180 mg was well tolerated 
and safe in Thai healthy volunteer. 



Vol 23: Supplement 1, 2001 

P16 BIOEQUIVALENCE STUDY OF THE GENERIC CEFOTAXIME 
(CEFTARAN®) AND THE INNOVATOR PREPARATION 
(CLAFORAN®) IN HEALTHY THAI MALE VOLUNTEERS 

S/33 

Werawath Mahatthanatrakul1
, Benjamas Janchawee1

, Malinee Wongnawa1
, 

Wibool Ridtitid 1, Suthep Jarnratsirikul2 

1 Deparhnent of Pharmacology, Faculty of Science, 2Deparhnent of Medicine, 
Faculty of Medicine, Prince of Songkla University, Songkh/a, Thailand 90112 

ABSTRACT 

Cefotaxime is one of the most commonly used third generation cephaJosporins 
against many gram negative aerobic bacteria. Recently, generic preparations of cefotaxime 
have been introduced into markets. Bioequivalence of the generic preparations and the 
innovator preparation has been questioned by medical doctors and the Food and Drug 
Administration(FDA) of Thailand. Therefore, the objective of this study was to investigate 
the bioequivalence of a generic preparation of cefotaxime(Ceftaran®), manufactured by the 
Thai Nakorn Patana Co. Ltd. (Bangkok, Thailand) and the innovator preparation (Claforan®), 
manufactured by the Hoechst AG, Frankfurt am Main, Germany in 12 healthy Thai male 
volunteers. The study was a randomised, double blind, two-period crossover study with a 
washout period of 7 days. Each volunteer received a single intramuscular dose(l g.) of either 
the generic or innovator preparation during each visit. Serum concentrations of cefotaxime 
were determined by HPLC. No statistically significant difference was found in the AUC, Cnm 
and T max of both preparations. Both preparations fulfilled the bioequivalence criteria based on 
the 90% confidence intervals. In conclusion, the two preparations could be considered to 
be bioequivalent both the rate and extent of drug absorption into systemic circulation, 
suggesting that they would produce the same therapeutic results. However, 
comparative clinical studies should also be carried out further. 

Acknowledgement : This study was supported by a grant from the Thai Nakom 
Patana Co., Ltd., Bangkok, Thailand. 
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ABSTRACT 

Caffeine is a widely consumed psychoactive substance found in a variety of 
beverages, foods, and medicines. In Thailand, the effects of caffeine on general 
health of laborers have been considered as one of the health problems. However, the 
safe limit of consumption per day is not generally well accepted. The purpose of this 
study was to determine the pharmacoldnetic parameters of caffeine in popular energy 
drinks and its effects on psychomotor performance. The phannacoldnetic studies in 
12 healthy male subjects indicated Cmnx = 5.45±0.57 Dg/ml, T max = 0.92±0.39 hr, t112 
= 4.57±0.37 lu. AUC0.s and AUC0.0 values were 26.04±4.28 and 38.94±8.41 D 
g.hr/ml, respectively. Vd was 0.60±0.12 Ukg and CL was 1.53±0.31 ml/min.kg. It 
was suggested that caffeine is rapidly absorbed and distributed throughout the body. It 
is also rapidly eliminated from the body. To investigate the effects of caffeine on 
psychomotor performance by determining changes over the pre-dose reaction time 
(RT) of the simple reaction time (SRT) and choice reaction time (CRT), another 12 
subjects received placebo, 200 mg and 400 mg of caffeine in a crossover study. It 
was found that the administration of low dose of caffeine (200 mg) improved 
performance as the increment over the pre-dose values of SRT, 3CRT, 6CRT and 
9CRT were significantly different from placebo (p<0.05). High dose of caffeine ( 400 
mg) produced less performance enhancement than that of the lower dose. The peak 
performance was observed around 1.5-2 hr with the lower dose, whereas the peak was 
generally observed between 0.5-1 hr with the higher dose of caffeine. About 65 % of 
subjects in this study complained of palpitation, nervousness and restlessness after 
taking 400 mg of caffeine, which none of the subject taking 200 mg of caffeine 
reported any adverse effects. The overall findings of the present study did not 
implicate the adverse effects of a single dose administration of 200 mg of caffeine 
containing in the popular energy drinks in the Thai healthy male subjects. It is 
reasonable to assume that the consumption of caffeine-containing beverages not 
exceeding 200 mg of caffeine per day should not pose a serious health risk to the Thai 
population at large. However, long term intake of caffeine should be rigorously 
assessed using well-controlled studies in order to determine the long-term effects of 
caffeine consumption on human health. 
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ABSTRACT 

Abnormalities in endothelium ·dependent arterial relaxation develop early in 
atherosclerosis/hypercholesterol. Prostaglandins and their metabolic precursors by 
cyclooxygenase enzyme (COX) are involved in the regulation of endothelial function 
and inflammatory process which is an important component of atherosclerotic plaque 
development. COX exists in two isoforms, COX-I being responsible for 
physiological prostanoid synthesis, and COX-2 associated with proinflammatory 
cytokines. We investigated the effect of selective cox-2 inhibitor, celecoxib, on 
endothelium-dependent vasodilation in hypercholesterolemic rabbits. Rabbits were 
fed diet containing no additive (control), I %cholesterol (cholesterol group) or 1 % 
cholesterol with 30 mg/kg/day celecoxib (celecoxib group). After 12 weeks, 
endothelium-dependent vascular relaxations were assessed in isolate aortic rings and 
minary nitrate excretions were assessed in 4 weeks interval. Acetylcholine- and ADP­
mediated endothelium-dependent relaxations were significantly impaired in the 
cholesterol group, but preserved in the celecoxib group. Cholesterol feeding 
significantly reduced urinary nitrate excretion, urinary 6-keto PGF2 and increased 
urinary 8-iso PGF excretion. Treatment with celecoxib has no effect on plasma total-,_ 
LDL-, or HDL-cholesterol and urinary nitrate excretion but significantly reduced 
minary 8-iso PGF excretion and restored urinary 6-keto PGF2 level to the control 
group. These data indicate that dietary treatment with selective COX-2 inhibitor, 
celecoxib, preserves endothelial vasodilator function in cholesterol-fed rabbits. 
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ABSTRACT 

White K wao Krua (Pueraria mirifica) is a thai rejuvenating folk medicine 
which contains many phytoes_trogens including miroestrol, deoxymiroestrol and 
isoflavonoid group like kwakhurin, kwakhurin hydrate, daidzein, genistein which 
posses est.rogenic-like activities. This study aimed to investigate the effect of White 
Kwao Krna on cholesterol level and the resistance of low density lipoprotein (LDL) to 
oxidation promoted by copper ion ex vivo in cholesterol-fed rabbits. Rabbits were fed 
diet containing no additive (control), I% cholesterol (cholesterol group) or 1 % 
cholesterol with 10 mg/kg/day extracted-White K wao Krua (White K wao Krua group) 
for 12 weeks. Plasma total cholesterol level (T-chol), LDL-cholesterol (LDL-chol), 
high density lipoprotein-cholesterol (HDL-chol) and triglyceride were measured 
before treatment and every 4 weeks thereafter. White Kwao Krua reduced plasma T­
chol (6% lower), LDL-chol (7% lower) and triglyceride (6% lower) significantly, but 
no altered HDL-chol level. Supplementation with White Kwao Krua significantly 
decreased the susceptibility of LDL to CU2+-mediated oxidation ex vivo by prolong 
the lag time from 121.8 ± 5."1 min in cholesterol group to 185.2 ± 3.5 min in White 
Kwao Krua group. The present studies indicate that dietary treatment with White 
K wao Krua can improve blood lipid parameter in hypercholesterolemic rabbits and 
increase the oxidation resistance. of LDL ex vivo. 
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3. ii.::in::1uuuu1::1i.11i.::iuntffim1c1Sen1~1Yiu.::i 1 .Ue) 

Contemporary Pain Management for Nurse 1000 tJTVI 

Basic Science & Clinical Update on Mechanisms of Pain 1000 tl1l'l 

4. ~e.::im11l'ij'fl111'.lu?rlJ1;n'lflJllJ., 500 tlll'l 

UlJtJ i tJn'ij'fll lJ1~;ltl iiiMmm iu?rij'mlJ1~"lt1 

,j'1Y11~1,~mm ................. ............. .. .... fi.::i~1t1 'lfiJ1i.tm1An1111~t1.::i . . 
m1i.1thviu'li.::i1h::mff1no ii1u-;iuniin.::i&u ..............................•.. mn 

)11~"lrJllll1 

t1.::i~e ............................................................... . 

1uYi 

l1lJ1tlll11') • ..........••.... . . . ...... . .... . . . . .. .. . . .............. 
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nmn'tl1o !lllfnnrn~i'u 11a:J'1'!!1m1rilm1J~1::11lu 11.lmnrn 

••• ~~a~n:1iivu1.l1:11J"i'l!1mrna:th:11J1i~1.l~lliini1~::lAionn111.l1:n!lum11.l1:11J 

1liv~1111i'ia1 

* * * * ni1a~n:1iiau luu9111if~: lur111J1rn"otiuti1a~n:1iivu lui1A'1um11J11a l11'1 

AVlfie'Ueii.:in::1ua-u11!ein:i'IJ01ii.U•,,,iii1~i.11~i.tAAAti1~~ .. 
fJW ~111 A.::ID'i.t~~ 

'1~101::~tJU"lA 111t11'1111if~~YI01 
' ,_ flOl::UYil'lfJl'IUfA11'1111'1SYitl1lJ1?1 

ouu'1'i11uun e. m.:inen,reo nnii 10700 

in1. 419-7842 , 4113713 

e-mail: tbaiiasp@botmail.com 

Home pagc-http://www.gcocitics.com/tbaiiasp 

I &11.J1.Jfh>{>J~{)-3,r{)-3~fl J 
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fi1u111~1ie I tiff I ~1Ul1U~ 
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• ,, w 

111u1u11e.::ivm 

Classic Place Hotel i1e~1~t11 800 tJ1l'l 
,, . 
l1tl•tJ 900 llll'l 

Radisson Hotel i1e~1~t11 1200 tJ1l'l 
,, . 

l1tl•tJ 1500 tlll'l 

1~uuufi19e.::ii1e.::i~n iiiu1u 1 t1u I '1e.::i i.11~-;iouli'-;i 

nu tJ1'1 
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0111uVltien111n~~n1u~ ................... .. 1~t11uu~ ........ ... ...... . . 

.U1Y11~1 i~rum1m::1iit1um:;11e~i1e.::i~n11th:h l11n11::ii 

m1vni?in11::~e.::im::li1ne16u~ 1 iiu1fl11 2544 11t1::11:: Mfufi111e~ 

i1e.::i11tt1~ 50 11.ld1'11uYl'Ue.::i ~1u1u~~1vHnfofu . 
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~a~au~wu~Mnlfl~n11auuauu 
~ ~ 

n11t.J1~°lf:t.Ji°lf1 n11t.J1~~1tJ11 a\J a:t.J1 ~ :t.J u1 a°lf1n a1 u cH\JU7~t n "'11 n a 
~ 

.q 

21-23 3.JU1~3.J 2544 

u~M'n m.niJvh{m'lf&i~n:rn ~10~ 
" 

u~M'n ltiaoam ~lo~ 

u~M'n hh'lfti{ B'UL(JleJ{L'U-imm~ ~lo~ mmm1'l1nruon' 

u~tin Novartis (th~L'Ylfl1n£J) ~10~ LL~'Um1'l1nruon' 

u~tin t~wn-t~a1 (th~Lnflln£J) ~lo~ 

U~ti'YJ L'UanLa (th~L'Ylfl1'Y1£J) ~10~ 

U~M'YI LLtla(Jlf1L'l1'UL'Url1 (th~L'YIA1'Y1£J) ~10~ 

U~ti'YJ L'lfti{Li£J{ (th~L'Ylfl1'Y1£J) ~10~ 
... ., "' "' ... . "' U'l'\:J'YIL~'leJ~~iJff'l~'Yl~LL~~ ~1n~ 

u~tin LL~'UL'lf'U-:zfLL~n ~10~ 

u~M'n ln£J'U~'>~mm ~lo~ 

u~tin h'l1 (th~Lnfllnv) ~10~ 

U~U'YI a'YJGV4'l uaalwarnn ~10~ 
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~tJ1' 3J fl~ b i1 ;In ~1 ~'el i, u 
~ ~ cf ~~ ~ 

VI~ n '(i '11'i'JVl!I1 Pl 1 ff '11 'i CPJ ~ {) tJ tu6l'l (Pl 

0 QI VO ~ A .cil 

iil1\1'i11~aJL'i511 DJJ:Y1Glj 

1. a1L~vlfitytylUUJi}lOJLlHJ1?Jli'Ylmma01·fo}1uCf?Jl11W ?f1mw LLa:a~ij ~nnamUUfl~iJ~mfl 

~'Yll.J1·UJlnintnatJ~U'HN Lrn:: 1~HrnntJ'iQJU[JiJ 
2 ~ruamrm~u 1 LtJu 1tllfniJtl'i::01A~~urui)101i'Ylmauv::th:m1Allf'Yl'i1rntJutl 1 ltl 11~a 

~ ru::m'iim1'iu~m'i11ana01'iwv1'iru1 LLa1 L l1uaim1'i 1 i1irn'YIB L'lf1aiJ~'i~mi11~ 
u 

o "1 Vo c:$ ~ t 
i:l1'H';itJml1L'ivtnDIQP ti 

" u 

1 al L~vtl~tytyliJ"11Utui}101aJ?J1i'l11LfHl'lfi'Ylm m1::aJ'lJ1i'Ylmma01{?f11llW~'U 1 

2 ~rua~U'Oi~u 1 LtJu 1t1011iJtl'i::01A~~urui)10li'Ylmauv::th::mA1lf'Yl'i1ULtlutl 1 ltl 11~a 
~ tu::O'i'i.JJnl 'iU~"11'i"1aO~Gl'iWv1'ifU1 ua1 L i1uaJJ ~1'i 1 i1m~'YIB L'll1aiJ~'i~mn 1~ 

~ ' ... ;;f 'l ., 1 11.J ., ~ 4 " ., 4 QJ m c;1111a?11111ua:aauG1 ua:: iLtJotta'i ~'YIUtu'f10l1'Ylmau ~w1a~mtuiJm1'Ylmau 

t .... ~ ~ , .... .J 
'Yl'iAW'YI 2183501-3506 Ol~LLOl1U'YI 16- 30 LiJlfl[JU 2544 

"1~tl'Yl1~ e-mail: supatrasri@hotmail.com 
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N§SOneX® 
mometasone turoate monohydrate Aqueous Nasal Spray O. 05 % 

• 

A structurally unique glucocorlicoid Ho 
' designed to optimize cH
3 

.. 

local anti-inflammatory 
potency 




