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1'11mmalil1m'IJ11ii1~ 'l'il1namuuvh1h~1Y1fi'I 
m 1~ lil u 'J~'ll!.11'111 fll'JU .,~~1 YI flU'il ~'lf1 u 'ti11 'l-1 'Vi1u ~'l '11a1u1iii'&l lil lil1 !.I A11 !.I{~ n11'11 u1 
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'llfl~u.,~mfi'l 1Y1u 1iii' 

m~i;.i:i.J'll fl rl1u1uw11 '11m1u1~'ll1J'i'll1m1u1~~1'i'.1Af"~ 24 'II fl~'1mlilmil a'll1Ylm 11 'ti~ • 
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u lil il'1iii' b1 '11 ii'u ;;f;!J lil1111.11 fl ';j~ i;.J !.I'll fl b U lil fll';j u ';j~'IJ !Jl'lll fll';j'IJ fl~ am lil lJ Lil a'IJ'l'l'lm lb M'IU':l~ I YI fi'I • 
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LL M'11-'1::L YIA 1 m1 ~lil1-''l::'1i1J'i'1f1rn"lu<i::1-''>::'1i1J 1 MajmiJqi1-'"l::'il1tJ fl~'1ri 2 4 1 t1'>::M11'1·ltiri 
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NL '111 ~1IJU1::'1f 1J'l1 fl'ri1 t1 trn::M1'1 L tJ t1 mh'1~'111m11-' "l::'1f1J fl ~'1rl' NL 'll11-'1::'1f 1JY1ovi1t1'i1:: hi'f u 
'U ~~ ~ 'l,I ~~ 

fl111Jfl. mJ '1 fl111Jo11Mtl'11 mnlil1'1'l'1f1m"lLlltl'1f'iY1m lil<lt1lil'ilt1m11Jn11Mtl'1trltJ1ilu'11t1'i~tJ 
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d w ' • A ~ 1 • ' , l'i' '111 "1d • "I , 
Yl'1tl1U\Jlil1'1 "]lil1L\J'Wfl11 'il'1'1ftl 'lll'JflYll'W b'llbtlfl1'1'W L'Wfl11LL<lfllu<lU'Wfl111J~ u"l::'1Ufl11W LL<l:: 

nAu::wf t11Ju~Alil 1 u-H1'1lt1ei1'1 1 t .yjflri'lta~IJ 1 ll'ihn1'i~urin11Mtl'1eit111-' Lt<i::af1'1fl111J~11Jjjt1 
' .,,. • 'V 

1::V111'1 a muu ti m'1 fl11'1'1f11'1 

fl ru:: m"l!J fll 1~ Iii 1-' 'l::'1f 1J'i'll1 fll "j Ll<I ::am fl IJ Lil tl'lf'iYI mu M'11-'1:: L YI 1'11 YIU'lf ti a fl lei fl1 arl' 
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iii' t1ufu'l!11Llltl'll'iY1mLL<i::NL'll1~1u1-'1::'1f1J Llilu~~M1m1f u'1iii' aufu L .yjt11'11'Y1flvi1u1iii'a'1a-;-;li'ilu 
u ' ' 

W , d d • ~ d W Q W d A 1 ,,, • 0 1·' 
il'WYI "L'Wtl'W-'W-'Wfl'1" WlJt11JV1mfl'lt1Ul'l'l1LliltJ1fl\J l'Wtl!Jlil'> lJlil1 b'l1fl'1tl~lil<ltllil u 

vll uU 61 UIJ'lf ti U'11il'1 fl11 IJ'1f flU fl W'ill fl 1'il'i1'$'1 LL.i fl'l1lJ fl1'l'l11J~'1 Nriiir.i1t1i1tJ~lil fl11 
' u 

"1 ' d1 • A , 1 W Jl .JI 'f ' _,: 
u1::'1!1J'l1fl "]Yll\J YI liltlYll'lLL'>'1fl1tJ LL'l'1 b'il \Jfl11'illil'11\JWN\J blil!'ILil'W1::tlU1'1!'1'1'ltl'1 

' ' ' 
1'11'11il11'il11U lil1. *'U'1f1(\! LW'1&i .yj1 V1aj'llt1'1L 'll ri1iii'fl1ru1&\1i10it1'11flfl1'l'1UU'1~\J'illflU'$-liY1'11'1'1 
f 1\JLtJ\J1-' 1::'il1'11 fl tJ LL<l d1!J'll'l::'l!lJ1'11'191 LL t1::tl1 LL ri fl ru::fl'J'j!J fll 1~ lilU1::'1f IJ"1 mh'1 '1~1 L<llJ ti 

' ' ' 
'f d Al• ~I .I • o • A d d A J ~ o , • 
blil UY11:: tJ ::YJ1'1 lJ Iii l u\J flu '1"l1 fl LllJLWI \J ti tJ 1'111 lJ <11 L "l'il'l'I Lfl lil'll\J fl ti J:J<l'11\J'1f MYlflYJl'W tltl1'1 LL YI ' . 
'i1'$'1 m fl i'.i'll t1 Nlil w <illil Lrn::'ll flU fl w~ eMri m'il Lii lil~\J 61U't11ii' t1'1'1f t1flii'u11r.i1'1MU1 Lrn::'lf t1fu\91u \J:: 

"ll'l.Laftlil l'i"l1lJ<ll~ 

1-' 'l:: l'il \J ~Iii m 11-' "l::'1f 1J'i'1f1 flT'i • 
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A11J~111i'111N1uwarn1lil1l il1N1u"11a~amAlJ, u1~'11u vu1. 2 543-2544 ~~ 111i'&iwm-.1 u111 

~ - ~ - -' ~ .I - .I • ,,-, I; .J .,J "1'lltl<l'l!1'Yl!Jl\lUUVHA1'1 (Proceedings) <1l'H'lUf11'lu'l~'ljlJ1'l!lfll'lu'l~'illu A'l~'Yl 23 llJB 21-23 

iim1rn 2544 ~AW~llW'Yll'JA1<1A1 lJ'Hll'Yl!Jltl!J"lJamlnu 1ull<i'1if u <l'lUfll'llilllUU~11J"lliH<llJ1AlJl1'.lu • 
,.,, ..l""llJ'I .oi 
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4. l vJ au1~a1u~1u null' fll'Yll'll Al <IA{ llil ~<MA fl111~'Hll~U1~l 1'1A 

rn1lil1li'lu~1u1mh~ llJBl!'lu 2544 11~ iimAlJ 2545 u~A~ltl'mlu11'11~"lla~lU1'Hl.Jl!l 4 'Ila 

l"lim~lJ ll<t~iiwarn1lil1lilu~1ufau'1~l"llU i.ii~d 
1. ~1U'Yl~liluu<1:iJ1nfl ~1u~am1 llil~m1~\ilYl1 homepage "111H<llJ1AlJ"1 u~A~l~U'Htl'111ia1u 

1l1'il'il~'ll'11 uu1~ l w11~fi:iJ~1mllii<1~Auiim1n'ill vl:iJ~u Eiflmn 

2. rn1~\ilYi1111<111lt1'1'll'i'Ylm Aw~u11w1ilrn11!1i'~\ilW:iJvl°111m11'.J 2544 mi1 2 uilJ llil~ 

mm1 !l~\il Vl :iJW11':i<l111 M'i1111Tl'um fl ni111u-oi1m1ci ~~'il~m 111i' m fllJl fl amnflfl11u1u • 
iia1M'rh<l~1'il 

3. Lfl'l~ rn1u 1~ lil u u1~1l'Ylilmw lla ~fl11lJU a a\ilil l'l"ll eM!ll<llJ u 1 w1 ~~111i'~rn1u mT u auu'il1n • • 
m~1'111~11'11'11maA11 '11u1u 161, 200 m'Yl lrla a. fl. 2543 lm~\ilu1~'/llJuiju0irn1 

.,J - .,J - • 1 "'1"" ' .I llJa 18 lJ!l\Jl!JU 2544 LWaW'il11Wl'l!alJa"lleM<llJU W1'Yl \ilvif11'11lJ1fla\Ju1~lJ1W 60 • • • 
111'lfl11 ii~l'll1~1:iJu1~'/llJU1~mw 300 flu 1'1l'~uu1~lJ1W"lla~1fl1~rn1lull<i'1 109,889 

u11'1 rNrnlia~uu1~:iJ1rn'llm 1fl'l~rnwci 51,311 m'Yl ~~ 11ihh 1u1n1urn1~fl'Vl1.Jvl° • 
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SJ3 

0 4 d • d ( ~d " d d1· 
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L U'IJlil{~u "jfl~~lil~l'IJLit'l~LL<J:;WG!JfJU'llfl~~"j:;limhMfo 1ll'illiU0 my'1'~ 4 r\1u 1 utrl fl 14 

numuu 2544 ~i1fl~mm11111\ilqru1ll'uam1i11J ilamiln 1u11m11.1u1:;mru 40 lil'l.I 
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U l)uG\ fl11L~t'l1fl UlB fl11L\il"'Jt'l!J LL<J:;f111Ui1~!'11llll'IJ!J :;L ~~ l '1.1 'l.ll!J'll fl~ i:lmlil!J i LL<! :;lilllJ:; 

Liltl!JAli:lrn'l !J'l11l'Vlt'l1'1£11Jllli1'1 Lria 29-30 wqAllfllt'J'IJ 2544 i1N'Lv1111JU):;!J!J . ' 
u1:;mru 150 lil'IJ W<lf11'lU1:;d'Juil'ui1u1:;au wail1L~'ilflci1~iJl 

7. fl11LV1LU'IJ<lmilnamamlil!Jl'Vlt'l1A1<1\il{Lrn:;L'Vllil bubaaLLvl~U":i:;L'YJA1'VIU ( i:li:l1'Vl'Vl .) ~'I 

L U'IJ mli' fll":i~ ml Lil 'I.I fll'lU1:;<111J~l'IJ'l:;Wi1~am li1 !J'Yll~l'Vlt'll m i'f lil-i'ua:;L 'Vllil b 'IJ 1a 1i 11 !J~~ 
~li1'Vl'IJLL<l:;fl'iJfl11!Ji:IUUi'f'IJ'l.lfl11WVl!'IJ1vll'l.ll'Vlt'11AlMJ1ua:;L 'Yllil 1 ll fa1ilii'1l'l i:lmlillJ i llii'ri~ 
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L!Jfl 51J111il!J 2543 

u1:;!J1J i'fi:l1'Vl'Vl. lil{~~ 212544 trifl 20 fl!Ji11W'l.ltl 2544 llllMilmlilWI 1\il1u'Vl11U~11 
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li1111Lrn:;m1J11m'111111J n'ilfl":i":i!J'llfl~ aa1'Vl'Vl.11ii' ~~rl'u1anamli11J1 1\ilfoum~iff~ hi'L tlu 
' ""' ~ 0 <V "" .., 

am!J um'lJa~ ilil1'Vl'Vl. '1f'lillm1maumm:;Lrn:;mnulil LLam1u1m1~1u'lJa~ ilil1'Vl'Vl. li11l'l • 
8. fl11GJlilmflU):;i'f11l~1'1JflU IUPHAR ~~LU'IJfl~Afll'l":i:;Mi1~u1:;L'VIA~L":ilLU'l.lilmilnmi i1 • 

fl11L\il"'ll'l1Jfl11Lvlflri~lil1LL'Yl'l.l'lJfl~i'fmlil!Ji 1u~1!JU'l:;'q!J World Congress of Pharmacology 

in San Francisco, USA l'IJ 10 fl":ifli)llil!J 2545 fl111Jfl11U'l'l1Tl'1mlil!J!JflUVl:IJltJl'l1 

10.m.w1fiwu An11<1 L tl1.1N'LL'Vl1.1'lJfl~am1il!J luu1:;'1f!J!il~mh1 
' " ' 

9. a1um1u1:;!J!Jl!Jlfll'lU":i:;'\i1u lil~~~ 23 Lrifl 21-23 Ullllil!J 2544 ru l')l)J:;LLW'Yltl-
' ' 

Al'1\il1 !J'l11l'Vll'lli1tJ'llfl'IJlLO'IJ u1:;5Uli111!Jil1L~'i1Lil1.1ni1~lillli1'11l~ Hmn UNLV111!J • 
u1:;'1f1JU1~mru 130 lil'l.I ilw"l iiflAlilrttu Hi1L tl1.1011u1:;111J'l111011u1:;'51u~i1L rl'am 
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bL'W'lJ'Yl~lil m 18.00 'W.) lJu1jflt11Lt<l~flflu11!'i(N 9 L':ifl~ 'H1l'11'11fl1f.N 24 lil'W 'W1Ul'Wfl 

.J ""' ft I "" .J at .:oi "" ft I <>1 j.J<N11J 27 L1fl~ lJU11tllfl11'1'1fl11u1~'HlJLL!l~~11Ji:l~lillJ'Yl<l1JfH'l'W1'W lJ'Ylm11J'illilu1~·1mlil • • • 
Lll1rn ii11u~umnwaa1JA11 LLwiiih1u~1umn -H naun<iu'Hif Lba1u~:il n1 hb'li1amAlJ., 

LLi:llJ fll1U1'YI 

10. fl11U1~'HlJl'll1fl11U1~1l1tJ A{~~ 24 1u 21-22 ii1l1Al.J 2545 AW~fl11lJfl11~1ilfl11 • 
u1~'lllJ 1i;J u1~'lllJ b1111u 1J~1u 'H a1uA{~ LLa~:il fl11b1111u lJWlBlJ 1 u'YI fli;i'1mLa1 111J..t~ 1i;Jii m1 • • • 
~1L ilum1L vJfl 1 '11'r-l'L'li1'i11Ju1~'11:1rn1m1o?Jflfl11~u1fl~~11mm1i-iflmw m ~fl~ li;i'i;i'1u ~~ • • 
u 1uu1u1 u L~md'il~ii A111J '\11 L tlu a1'H fo m1u1~ Lil u i:.i a m1ul]u&\~1u?J<M'll11 Ln ii''ll'i'YlmYJ fl 

l'HlffW 1u1~!J~Wfl 1u 

11. '11U'il'UO~ 31 ilu11AIJ 2544 i:llJ11illJ'1 iiamiifllil!lfllilffWLvllJ~'ULU'U~-ifl!Jfllllil'U ii • 
<lfl1'U~'Yl1~fl11L1ULilW1~tl1UL'.i'Ul~Jifl 1 u51Jllil11111J n'WU1~1J1W 2 aTWUl'YI L vllJ~'U'illfl 
1.64 a1'UU1'YI ~~1i;i'11!J~1'U1'11'm1ULLa11W~Ulilil W 31 il'W11AIJ 2542 bdm11JnU111'1~U • 
'il1flfl11U1~'lllJU1~1l1tl lil{~~ 24 d iiu1'il~ii1J11ilfll'Jfl1u1M'AW~fl111Jfl11U'lm1<11J1AIJ'lllil • • 
1mJ~1LU'Ufl111Jlf1fll1 2 a1'UU1'YI 

tl'UL UUL<liJfl'Ufl11!JflflL'll1flflfl'il1flflfl ( 111J..t~!Jfl!J11ilfl 2 a1ui~fl<i11) ~'il~'HIJ lil • 
111~m11flamAlJ1 u m1u1~'1!1J A{,if 1rnfl~!\J111111ifam adLta lil'A111J Alil L ii u ri1u lli'1L~111n u 

,1u'/Jfl,a1J1AlJ~.~~1L uum1w fl 1 u1 urn'L~fl' ~~d 
d ~ "" """'" J'"" ~ flJ 

'illilL 11J lil'!J'/Jfl,fl11Lfllil'lllJ1lJ ( LL<l~i:llJllillJ) Lfl<l'll1'Yl!J1'1 'U Lfllil'il1fllil111J lilfl,fl1111lJlil1 • 
nu L vJfl 1 'll'L U'U~!JfllJfo'IJfl'fl~Rfl111~~UU11J1'111&1 bL!l~"11J11fJ~1L U'Ufl11'il'!JU1~aui:.iaa1L~'il 
flri1,111ilL~1 a1m1maufllll1~1il~1'WU1~'1!1J1~~U'U11l1'1f1&1 (3 rd SEA/WP Regional Meeting 

of Pharmacologists) LLi'l~LUULi1mw~lil~l'W~~fl<i111utl 2525 ~'LU'Ufl11U1~'1!1J'Wl'W1'111&1 
tVl11~A{~t?1111~amAmA11~1i1 m1','il1ntfum t11 li;i'taufllli'1 (bid) 'H<ll!JA{~ LLwu~atiJ1i;J i:iu'YI 

• 
L1!Ju 1 um11UL<l'Uflmh~11 L 11A11'il~!J1A!Jn'U 1 u11!Ji'l~LB!JlilLLi'l~Llil1!JlJlll1L vJfl fama'l11~'HU1 • 
111J..t~fl11L<l'Ufl~lil Satelite Seminar a1'Hfom1u1~'HIJ IUPHAR ~Ufl~~ tJ lil.1'1.2006 i;i'111 • 
A11'il~ii fl11Llil 11'1 IJ fl11fl ri1~ ?J1lJ 1 'll'bfl lil fl11~ lilW i'lllil 1i;J 

'illfl~Ln~u 1ilu111flui;i'ui1 LU1'Hmun11~1Lilu~1u?Jfl~<l!J1A1JiiL~fl~ 1m1hatj 4 L~fl~ 
fl11U 1~"1'U nu mR fl111~'Hi1~U1~ L 'YI AtT 'lJ 1i;J fl ci111i~LLa1 O'ilfl111J b vl flA111J ii'mfo ii'1~'Hi1~ 
amiintT 1J flU1'il~ln'Yl1~ 1 M'ii fl11~fl"11 LLi'l d11J jJ fl nu IJlfl~ 'lJ tl1\J fl11WWJ'W1A11 lJ-i'lil111J 

• 
<l11J11(1'1Jfl,<llJ1iintTu 1iiu1L tlu'li1~L ri111 L W11~L 11:il fl11~1ilU1~'HlJl'll1fl11lJ1flWfl<llJm1 ~ • 
Bl'ilW'il11W1~1ilL vllJ L&llJ nhfori fl11U11!Jl!JWLl'l'l:l 11il!Jl'Yl!Jlfl1NL~!J1'li1ru'il1f1W1~U1~L 'Yll'i ~~L 11 

• u 

i;i' fl~'li1u nu m fa ma~ i1 ~L ~!J1'li1 !\JL '11 ci1tf m~u m~m LLa1~1il 1 M' mu11u1ua1'H fo amiin 

amA1J'1 ~''il~L tlu fama1M'w1m11 li;i'L Ulil1(!LUlillil1mn~u 
a1'Hfon'ilm11J~Alill1U1'il~LU'!JIJ1fl~\J ~flfl11U'lfl11'Yl1,'i'lf1fl11Wflii'~AIJ ~~'UflflL'HUi'l 

'i11nm11'11'A111J;j L'liu m1ri~111a11m~'i11u 1uu~il'a'"l:!lil'IJfl~,.,111u~1uw1~ ILLa1 u1'i1~ 1i;J 
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vtimmnv 11<1~111:iill'~Willl~1'5u~n 1<nm'i11Ji'.iil 1 tJm1u~11111i1Jm1!1il~ilmA1J l~iinmnu • • 
vhu 11\rlll'~i'.imuJ~ 3 ?!vii' :iihimmTn vvfamahfom?ln'itJ1V1ih~m11i1Jlmnh~m1~1'U 

• • 
1iJ 1m i;'hm mil 'U 11hn'i11Jfo t:lm'!f vrn1uv il~illJlAWI mntJu fili11J~~ 

~ 'I .: d.F- ~ "'' !Jiltliltilfllil'U!Jil'UAWAW~n111Jfll"i'Ylu1n'tfl AW~fi111Jfll1'U"i'l'l11ilmAIJ!Jlilu 2543-• • 
2545 'Ylnfi1tJ fi1tJt1m?lm1a~N'1'1i1'i11J1illn111JG11~ '1 tiil~ilmAw1 lililillil 2 u~Nl'UIJl 111J • • 
J~u~,;''Yl'll'1~11tJ~l~ mT u il'U u 011~11 il'W~l'U!J il~ il1J1A IJ~ Nl'U m~1u~ '1'11~11111\l~ 1~ 'i11J iJ il • 
tl'U 1 'W'Ylfi '] filln111J 11Jil'U1Alil~1!JA111J il!J !bil~1.h:;il'UA111Jil1111Jri~ '] ?f 'UliliOlillil hJ • • 

1fl.w.a.lil-.. u'i'im1 mn~nam 

'Ul!J n ill.Jl AIJ I.fl a'!fl'l'I !'11 Lt li~t.h:a 'Ylfl 1 '11 El 
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QJ .,,; &.'I 

'JU'l1 21-22 :UU1f'laJ 2545 

w '11<1\IU';l~'l1:1J.ffu 2 <1lfll';l<lt11uu 3 'il'llS1<Hll';lm:IJ'l'l11'1'lt11il't1 
' ' 

"' QJ c=.J ""' 
1'1WH]'l'i'11.J111'11 21 :IJ'lllfl:ll 2545 

8.00-8.30 'll. 

8.30-9.00 'W. 

9.00-10.00 'W. 

10.00-10.15 'W. 

10.15-12.00 'W. 

12.00-13.00 'W. 

13.00-13.30 'W. 

13.30-14.30 'W. 

14.30-14.45 'W. 

14.45-16.15 'W. 

Chiravat Memorial Lecture: Engineering animal models in 

cardiovascular research 

1111u Prof. John J. Mullins 

Wfl tll'lll-fllLLvl 

Symposium 1: New pharmacotherapies in ischemic heart disease 

1111u W1.'WW.'1l.JLDU'lii1 LW~l©l'W1h'ilu SYl/l 

i'I. (Wti'11'1) 'WW. Li'l1111 'W'WVlfllU'Wvl SY l /2 

mm'l mn~1u 

Plenary Lecture 1: Translating theory into new therapeutic option in 

the treatment of Vertigo-Dizziness 

1111u ':ii'l.l1l'l.'lu111m a111m~u PLl/l 

l'Ji'l.W(\J 'lll(\J'll'Wfl 6mwi' PLl/2 

Symposium 2: Exploring the new horizons beyond MA-Hypothesis in 

the management of depresssive disorders 

L111U i'l.'WW.'11'1iN ii11"U1W'll SY2/1 

':ii'l.wru.i'l~~111u vitlii11\ill SY2/2 
v ' ' 

wi'I. uw. t1111:1mu <fviil'llu sY213 
' 
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Ill "'""' ..... 1Ufffl':i'11 22 1-l'illiUJ 2545 
' 

8.30-9.30 IJ. Plenary Lecture 2: Antiangiogenic and antivascular therapy in cancer 

9.30-10.30 IJ. 

10.30-10.45 IJ. 

10.45-12.00 u. 

12.00-13.00 IJ. 

13.00-14.00 IJ. 

14.00-15.45 IJ. 

15.45-16.00 IJ. 

16.00-16.15 IJ. 

16.15 IJ. 

T 'ti~"' ~u 'Wqj.~14111".iru 'ilGJ 1'>'f'115 PL2 

Plenary Lecture 3: An ti diabetic drugs: current therapy and 

future opportunity 

t~u Hi'l.~1.uw.aiiil111~ 1~1'l''ll'il1A<iU PL3 

.Wn tll'lfl-fllbLW 

Oral Presentation 

mm111m~1'1..1 

Oral/Poster Presentation 

Symposium 3: Update in Antimicrobial agents 

fau Wl'l.1.J'W. <fi'OOjU 'llJ<ii'\ilJ1..11ilru'li' SY3/l • 
11'1. 'Wqj. 'W"l'>ruili'I 'f1'>'>ru~<i S Y3/2 

'>i'l.~'>.1..l'W.fll'W'1 i'l~l\ilJUfl<l SY3/3 • 
ti 1:: 111 i'I w <i 1111tl 1:: m ~ mN11..1 'l <if u mi:: lJ a u11~1 <i 

Vl till~ 111 'Jtl., ::'I! IJ 

• 
tl1'lf1 
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Professor John J. Mullins 

A.(VhA'il) 'IJVUA1\il 'IJ'IJ'l1f11U'Wll 

Thai J Pharmacol 

Department of Medical and Radiological 
Science. The University of Edinburgh Medical 
School. Teviot Place, Edinburgh, EH8 9JQ 
e-mail: j.mullins@ed.ax.uk 

- ' ' flli'l1'lf1'11U':iifl<l\il'l i'ltu~UV'l'l1UA1<1\il'l 
' ' - ~ '1'1'11\N f1'ltut1'1'111'11Ul om • 

ml'l'l'll1Lila'lf'l'l1m l'ltu~LL W'11uA1a\il-l 

" vn'l '11 m or l'l"IJ fl mui 'IJ 

"" ... ... ,/ 

flli'l1'lf1'1\ill1'l!A1<1\il'l i'ltu~ll'W'11UA1<1\il'l 

tl'l'lll'11!'11i.1UL~EM l 'l·Uj 
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1.i. wru. 'W)1WWA <1111rum1 
u ' ' 

• q~ 

1A.lil1.1J'W.nl'W'1 A1111111Jrl'1 
' 

<OI I """"' CV d' 
1A.lil1.11'W'1 AA>l111'f'W1J5 . ' 
1.i.1<1J\1i1 511:1Jm~ 

m Altf1 Lil ii''lf'i'l'lm AW~LL 'W'l'll'f Al <11i11' fl"'i11w­

'W El1Ul <l :1J111'l'l1m<lu:1Jillil<i 

Q ; ; 

i11A1'1f1B11'11A1<1\il) AW~LL'W'111'1A1<flil1 
' 

; Q ~ 

'ii w1 "~ m ru :iJ 1111'11 I'll '1 l'f 
' 

Sf 9 
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{l':IJ lfllJ!fi ir''lil'Vl till! tt 'I U '.i ::;1 'Vlfl'l '\ll CJ ~~ 1! U 'W fll'.ilJ 1!!~1 24 1J l '.i 1 Ni:1 \ll 
~ 

11'.i {l'l'j ll-a::; 4 ! ci :IJ '.i 1lJ '11;j~u1J~! fl''joj 'IJ tl'I fll '.i ti '.i ::;11:w l'lil fll'.i tl '.i::; ~ill 

u 11t1liilnl'.i1 ~ tiu-a m tl ~vu oU' ti f1~1tlu1 ~ti -:i m u-a::;~1 ~ v1oU' ti'! nu 't'l'll fl l'V'l 

1 ~ CJ~1'1 I tl 1 U'.i ~ri1u f\1u u::;tl l'llti'I ~t ~vu 1 u ¥11mci:1J 1 ~vri \1:1J1iJ-:i 

= Q.) = <J..I " 

fl lfl 1'151 !fl l"f'liTVHJl fl ru::; l"f 1'11! ! '\'lVllJfllft\ll '.i 

lVl'.ift'l'l'Vl 02-2189732, uvln"l102-2189731 

e-mail: supatrasri@hotmail.con1 

. . 
'l1:1J.11Jnrn 11H1'1'lil<U'ri1.'i~ 1tt1Y111.:iinvl~'l'l1~ hh.llruuwt'iuw. :Jl'i'i nw~ iirt111'1i11'Ui~·vhu. n 
.· ' 

ll1~ 'hi1~f1n1nn1 1<l1N~111ilm'ltll~eimtlm~mim1::;~'Vl1~1\.J 'Vl11rfilm~1.'i~on''IJ • 
v ' • • 

iiiu lJ1ii Tl ~ ~ir ul'im<linv11u tflVJJJfl1llJl11::; l'i ~;) ~::mJ!lrmull<i~ m11u V\1,'/ ~•11 m'.i 'I mJ 

'1'1~'1l~lfif1Yl1'.ii1'1'.i tTI'iJ l\il 1iJ10tt~~lJl~m Hl!llllll'l 
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.., ... QI 

PLl/l Lfln~1't1tf1"llfl\11'~UUfl11''t11'\1{9)1 

(Pharmacology of the Vestibular System) 

umh 

1 I 1 I .d:;-1 .d I .f !! 'II 
'l..l'lf1'3 iJf1u'Ylm\JiJ1'1..1 fll':il"Jfflfl'Yl1'3Vll'U neurochemistry Lta:: neuropharmacology 

'lHN vestibular system ~-:ilua1'l..lnm-:i (central) ua::'l..lana1\Jmn-:i (peripheral) lvi'iJm1mi11 

V1tl'1 l ti mh-:imn lillflfl1':iL'li11'15'3m':ili1-:i1'1.J'llt1-:Jal':ia'3 r.j1uu':i::G'J1'Yl (neurotransmitters) m&fo­

':itltlvl (steroid) LLa::Luul'Ylvi'~afi:iJ'l..I (peptide hormones) ~iJr..iavit1fl1':iLflV!tl1fl1'lLit1'1.JA':i~:: 
i1iJnu mm':i{anV1iJ'l..I (vertiginous- dizziness) ':i1J.J~'3a1L V1VJ~li11 li'tiivim':ili1-:i1'l..l~~viun~ " . . 
'll tl'3':i::UUU':i::51'YlLLGl::fl1':iVI eltJGf'IJ a-:ivi aai L VIV1~'3mh1li11 i1i'.i LL '1..11'Yl1'3'll tl'3f11";11cf'm L yj a-rn~1 ii' . " 
tbu~iJ m fll"j LiU'IJ A':i~::i1iJ nu m fll'l-fan VI )J'IJ L ~ )J m f)~'IJ " . 

tllfl1'lLiU'IJA':i~d1iJnu tllfl1'lfanV1t1'1..1 uu11 L U'l.J tllfl1':i~1YlllitlU1'3Vl~'3~il11 i1v7t11u 
• ., 1 .. I " :: .J' "q ~ { e""""' ~ .u , Cl.I' "!! " 
'11\J1\J"1flVI tl-3 u'WtJLL 'W'YlU 'Yl-3\J tllfl1':iL1El'Ul"J':i~:: (dizziness') tl1'1LflVl':i1iJflUtl1fl1':i':i1;tflVl)J'IJ 

V " • 
"" , N & .,. l '"" "!! "" (vertigo) L ':iUn11 vertiginous dizziness Vl':itl t.1t.1tl1fl1':i~1;tflVl~'l..IL ':iEJf) non-vertiginous 

dizziness nlvi' tl1iJt11fl1'l-fanV1t.1'1.J':i'IJLL ':i'3t.11fl:ff \JnaJ0'1::'W\Jfl1fl1':irl~'IJ la (nausea) LL a :: tl1 L~U'IJ " . . 
(vomiting) i1iivi'1u ~-:idiJm':iAn~1'11nu':i::'lnmn~t.1vi1-:i '1 -wu111ammiivimm'lLiU'l..IA':i~:: 

~ J' ti ' .d "" ' ::'I ~- "' "" ~ '1::L 'W)J'll'IJVJ1)Jtl1EJLLa:: ':i::'lf1fl':iflf;l)J'YJ)Jtlltf)Jlflfl11 65 u '1::)J Ltlfl15LflVltllfl1':iL1tl'l..ll"l':i~::)Jlfl • • • 

~-hs.~Sl)')J g Ae-vlSIYl vvvo\vy ~ono{Vl7Yl1 e_. 

Ell fll".i Lt a:: iifl L 'YI f;1'2J fl~ Ell fl1".i L l £1\l fi'lM::i13..1 OU Ell fl1".i'fa fl'H 3..1\l , " . 
" 

m fll':il it.1'1J A':i~d1iJ nu m fll':i-fan VI )J'l.J tl1'1Ln VI 1vi''11fl via1um L VI VI n-3'11 fl fl1 ':ifl':i::vl'IJ " . . , 
m-:ia~'linm (physiological stimulation) ~Lnvivie:i sensorimotor system ua::m'1LOV!fl11iJ~Vl 
.I "' "' .d"' J' "l ' L ' .J . I .d .d ., 'i .d 
uflVlfl1'3'WU1i'iGf.fl1'WflLflVl'll\J L\JGf1'1.J V!Gf1'1JVl'IJ'3'lltl'3':i::UUu':i::"1flf1Lf)tf1'lltl'3 L~LIL\l'Wl::'Vl':i::UU 

fl':i'3~1L'IJ'1~'1JL\J (vestibular system) ~1tlU1'3'lle:J'3Gf1LVl~vi1'3 '1 ~'WU 1vi1i1~1'1.JVJ1':i1'3~ 1 

Physiological stimulation 

Pathological stimulation 

Height vertigo ::f 4. <t:\J-A f :> . 
Motion sickness 
Labyrinthine and vestibular nerve disorders 
Central vestibular disorders 
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J .J""9 IQJ\V~ .JvlJ C>l\V 

111 fl1 'HL <l!iH 'VI fl1 'il'l'W LlJ fl L 11'1 \J ~l "l1'/:;"l 1 IJ flU'l tt fl VI IJU'iJ:; Lfl 1'11'1111-:i 'VI'! fll "l"lU'l • • • 
(perception) fl1':iLil~11\J 1 Vl1'1l fl'1<lfllil1 (ocular motor) fl1':i'Vl'l'liiT1LL<J:;vi1'1111-:i~1-:iml'I • 
(postural) LL<i:;mm':iU<llil'l'Vl1'11ii'1u-;:;uuu-:;:;m'Vlillil lml'&i (autonomic manifestations) 1!ii'LLri 

Cl mm-;{aflVllJ\J 'il1flfl1"l~ii cortical spatial disorientation 
• • 

• fl1fl1':ilil1m:;qfl (nystagmus) L i'.lt1mfl1'l"lllil'l{)il (secondary) ~Lnlil'il1flil111J hialJ 

qm11t1 vestibulo-ocular reflex ~-:ia-:im11um:;~\J1'l'il'lU'l:;<l1'Vl.fl11'1 l\Jtl1\J<llJ11'1 (brainstem) 

o m1:;fl<i'1mifmal'l<IVlfl1':i (ataxia) LL<J:;fl1'>Llll'lq<i'lleJ'lvi1'Vll'l (posture imbalance) 

am d 11'l'il1 fl ii il111J ~lilU fl ill'll a-:i m-;ll1-:i1 \J'll a-:i vestibulospinal pathway 

.I W'f W41 .I d1·· . •.s d 1· 
II fl1':ililBU<l\JB'l'Vl1'!'l:;uuu':i:;<f1'VJfllil b\JIJlil \J"luUUU'VI IJlil11'lfl1'lL'll\J 'lttflil<l\J <I 

• • 
"" "" "' . .t.J'.d '"' 1 • 

1l1L'ill'l\J LL<J:;11ilflfl'l1<l (anxiety) m\JL\J<l'l'il1flfl1'l<l'l<l'IJ'IJ1Wl'J1\J vestibulo-autonom1c 

pathway 1um:;~\Jij\JU1l1L~l'l\J (vomiting center) 1t1<11JB'l<i1\JLlJiiT<im (medulla) mm-:; 

L 'l u \J A'l1'1d1 lJ nu m fl1'l"lilfl VI IJ\J <11 m'l mLl'I fl~ lil fl <i lJ 1!il VI '11 u fl <i lJ lil1 lJ<l1 L Vllil'll B'l fl1'j Lii lil "11 
'I.I 1 'J q q 

BU1Wlf\J 

( 1) Positional vertigo Li'.lt1mrn-;j'i!lflV1l-Jt!~Liilil'il1flfl1'lfl'l:;~\J vestibular pathway 

BU1'1LQl'JUW<i't1amd11-:i'iJ1flfl1'lLU~l'l\JLL U<l'lvi1'Vl1'1 Llill'J 1l1'il'WU"lBl'J h11 (lesion) ~ otolith 

organs ( iil11'u 1\J'lj.ff\J1 t1~b~Bfl1'lL U~l'JULL U<l'ITifl'Vl1'1'1111'1LL 'l'l L UIJtl1'1) Vl~111 t1<!1t1~L~111J Lu'! 

nu vestibular nuclei U<J:;<flJB'IUBl'J (cerebellum) iiT1BU1'l'IJB'lfl~IJ1l1fl1'l~WU1!ilufi benign 

paroxysmal positioning vertigo 

(2) A111Jfilli1Ufl&i'!J£1'! vestibular nerve LLll:;Ma~mfu1u (labyrinth) L'lit! Meniere's • 
disease 

( 3) Vascular vertigo l:i~m VllillJ1'il1flVl<lflVIL~Blil<i'l r.i<i 1 MLiiV1tn1:;fl1'l'll1VIL~BlilL\lW1:; • 
~ (ischemia) ~-:i L i'.lt1<11L V11ila11'i'ru~ll11 iLnviflcilJ a1m'l'Vll'lfl1'l'Vl'l-:illl1 ~hau1-:i L'lium-:;Lnvi 

• v • 

stroke LL<J:; h1i 1mm\J (migraine) Li'.lt11ii't1 

( 4) Vertigo 1unciml'a~B11'J il'nwu11l:im1:;m-:;mlilL~Blil-il'1m11 (transient 
'J 'U'U 'J 

ischemic attack, TIA) Li'.lt1mmqa1l'i''IJ ..i'-:idm'i!Li'.lt1r.i<im'il1nm-:;ll1-:i1u'IJB'l'1111'il~l:iu-:;:;a'V15 
mw!ilmm-:i m11J!ilt1~1 V1~aiim'lalilll1't1·1rn-:i-:;:;uumrnviL~Blil t1Bn1J1nif11ill'lfl'l:;u1um-:;L~B1J 

• 
lilllJll'J (aging) ilu-:ia-:i r.i<i 1 Mfl1'l'll1'11\J'llB'!'l:;UUU'l:;<f1'Vl~Bl'JU'l:;!i'VJ5mw!il11'J 

() 
w' ' •.s d~ d 

5 Traumatic vertigo V11Bl'Jl'!L'll\JB1fl1'lJttflVll-Jt!'VILfllil'il1fl barotrauma 'VIWU'il1flfl1'l 

lil1tl1 (diving) 'Vl~B~t1a~a-:i1J1flm-:;uu (flying) 
•• 

(6) a1m1{anV11m~hhfimnun1-:;'Vl'l'IW1 L'lit1fl1'lBl'llt1~<1-:iLm:; motion sickness 
" 'J 'I.I 'IJ 

1 ~ wd ~ eJ I 1 I .J d 4 I <LI ,J~ I 

(7) Psychogenic vertigo wu VI l\J~'V11Jil111Jmna-:i 1i1!i'!V1\J'ILU\JWLf11'1 L'll\J nmm<i-:i 

(agarophobia) Lm:;n<i'1~~-:i (acrophobia) Li'.lt11ii't1 
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(8) 

( channelopathy) a1V1-r'U K• LL a:: Ca 2 • L th.J~'U 

(9) Vertigo eimil~'l1flm'l1'2i'm ~1flfi1,miu1~-!mn~iH~~'li~fl'YI 'Yl~mn~Yi1li1LnVI 
" 

I CV I .J QI' I IJ J' ~ tll ..:ii q .J I 

n a :1J m m 'l vi..:in a1TY1ttn m mn..:i :IJ1'll1..:J'U'U'U fN LL:1J11 mv:IJ ai L 'YI VJ'll fl..:Jfll';)LnVl'YI LLVJ n VJ1..:i • • 
n'\.J LL~m::'U1'\.Jm';l~tl11tJamnTHit1uA';iiid1:1Jn'Limm';l{anV1:1Junvd'.ia1ua:1JYruifnuV1a1u 

" " . 
th::m';l L'lium'l~L'lfaa"1.h::a1'Yl'lJ1VILaflVl'Yl~fln1''i'll1V1flfln~hv'\.J (m1:: ischemia/hypoxia) ua:: 

m::'U1'Ufl1'lL~fl:IJ'llfl..:JL'lfaatl".i::al'Yl~LflV1v1nfl1';)VJfl'Ui:f'Ufl..:J~flm1::Lvl'U (stress condition) 'Yl~fl 
el. qJ ~1 ad Q .J' II G.I I I 

m::'U1\Jfl1';)Liilfl:IJVJ1:1J1tl Uflnv1nu umrumnvi vestibular damage 'lJLLa1t1..:JW'U11';11..:Jfl1tl 

i:f13.Jl';)flLflV1 vestibular compensation LvJfln1li1mm';lf;JV1tln~~1..:i '1 avitl'fltia..:i ~..:itfum"l 
An'li1 ~..:i n';l::'U1u fl1';)~L~t11'5 ei..:i~..:ii1A11:1Ja1~fY~ fl m';)Yrw.imm L vJ fl l'li'tJ fl..:inuLLa::-!nii1 mm"l 

Lit1uA';iiid1:1Jn'Limm';lfanm~u 1~ _ _ A _ ~ /I AA/I PO"Yl );___ ""erv... oJ-.. • tL <£. e..e.u &u:Jf'-
4) Pt;Jivof'k.if1~b . - A~\ """J I l\S~ - . I -

1)114 ~ ,·-.1 h () /d1-1-~\,,J<K), --
). n1'ltihu.sGJ13-.l1't1 (aging ua::f11l::"l.1161LaeJ61/E>ElfliL'l'U (ischemia/hypoxia) : &JitGlilfll'l 

n1\11'U"l.lil\IL'Zfitath::a1'Y1 \./()vJ vv..2 DvL, pc1. f'tvo( (; r1 tc&(ck) ---i ,fs·c~!tt;Vl ?>._ 

L uu~'Yl';ll'Unu&ii1Lczraau';l::m'YI LUUL'lfaa~i1A11:1J~fl..:im';lwa..:i..:i1ua..:iiJ1n~..:iv::L i1u 1~ , . h.. 4 " c~rro ·.,, <-' d' 
11 a:iJ eN'll ei..:i:iJU'lirJ L ';11 Luu fllt11::~1 'li'fl fl n:aLv'U:IJ1 n~aviv1 ntJ~mru~..:i'Yl:IJ vi~~1..:imt11'li' Lrl fl Lnvi · 

• • lU:,,~tV1JYYd 

m::'U1'\.Jn1';) lvi OVlliJ~n11 i1Ln Vlil11::'lJ1Vl LaflVJ'Yl~fl'lJ1Vl flfln:aL~'\.J ~..:ii1 ~{.'if)';l::'Yl'U~flfl1';)fi1..:J1'U 
(_V'e..y h s 0 . 

'llfl..:i L 'lfaa tl'l:: m'YI flfi1..:i'l1vi L ~1vu mv Lnvim"lYi1..:i1u'UnV'l~fl..:i 'U1 vi L~'U'Yl~flm'lllllt1'll fl..:i Lczraa / ' 
1 J'LL OJ f"'-[ . 

vfW\J 

l 
~OJ_ 

~cc c/£LK. 
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Stroke 

+ Reduction of blood flow 

+ 
+ + i.------- Depletion of rergy stores 

Na -K -pump failure • lllli Acidosis 

+ 
Reperfusion Membran~ization 

+ ------.. Glutamate release 
Opening of voltage-sensitive I 

2+ • 

Ca chanLnels Activation of NMDA and buffering systems 

AMPA recerors / and pumps 

Elevation of intracellular Ca2
+ levels 

I 

Failure of Ca2
+ 

J NO production l 
Activation of NO synthas:_J 

lipases, proteases and Free-radical 
Inflammation 

endonuclease 

l 
formation 

+ Lipid peroxidation 

. + 
Apoptosis ---lllli• Irreversible cell damage -----------' 

Release of cytokines 

Cell death 

Jtl~1 tu:JuiJijfll''Hn~nTrnl~L~U ua::m'.ivt1£J'lleML'lfaa (•.nn De Keyser et al., 1999) 

Cellular Responses lo lschemla 

A. R11p11n11 or 
N1uran1 lo lsch1ml1 F"' 

'"''' cat+ 
c12• 

Miii 
llC&tlllJI 

B. Response of 
l1cheml•·Re1lst1nt N1uron1 
Svn1hn1s ol Neurol10pt11ns 
1n Som., N11U1on1 

C. Acllons al Hourolrophlc f1cla11 
Which Lud lo N•uron Survival 

9'1n'IHI P1ot1ln• !J•·, .. -,,,,,,.n.-,,,.to. 
•,, ,,~ .... ~,.. ;)..,..,,, , ... . _ ......... . 

'.iU~ 2 fll'Wltl'UautM'llfl..:JL'lfaa~am'.iLn~m1::'lll~Lafl~ (ischemia) (•.nn Lipton and Kalil, .. 
1995) 
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111 ':Hil BU i!'IJ B'l'IJ B'l L '11ar.i'tl':i::;i11'11W BJl11::;'1Jll,iJ L~ Bl.ii/BB n:i!L'il'Wil''l <i'l l'J <l L llL '11<1 r.i'tl':i::;<11'11i:i 

• ' .,'. .!' ,J.,. "w1 •1• 'ti fl11il11'1 neurotroph1c factors l'WlJlJln'IJ'IJ '1f'llJl'J11lJalflqj 'Wfll':i'l'll 'l'll'1f<l<l 1::;<11'11il1lJ11'1 

~ w •1• w Q "' Q 1 ' !'I w 'ti .J "'u w1ua::;fl'l B~ l.il'M<l'l'ill mnl.il 1111m ~Ha Bl.ii / BB n'1f L 'il'IJ l'J<l im11'111a u B'l nm '1fila '>::;<11'11'11 

Liil.il'illnfl11LvilJ neurotrophic factors Ju ii?l'1l!,j<l'lll'J'll'Wi1Bl'i1Liil.il loo'M<lll'J'l'll'IL°li'W fl11LvilJ 

• wl! .: • ..J"''tl"'.J WW"' fl11il11'lil111'JUl'J'l protease L'WlJfl11il11'1 calbindin '11'1 L u'IJ b 11.il'IJ'l'lil1lJl':i'1'ilUnULLfl<ll·oulJ 

LLa::;LvilJ111·rnf1'!LB'IJ hiJ~mm1'1~UB'43.J<lii<l':in'liu superoxide dismutase LL<l::; glutathione 

"' . reductase L u'IJl.il'IJ 

Vestibular compensation 

't1Q•..J .. ""'. 'ti Q.r ti bl.iJU fi\iJLL<l1LlJBlJfl1'JU1\iJL'ilU'M'JBfl1'J'111<l1U'IJB'!L'1fml ')::;ill'l'JLfil.il'IJ'IJ ':l::;uu ';j::;i!1'1'J'il::; 

"' .J £'I tlw 1 ' .J Q .J' 1 lJ post- lesional plasticity I 'W BL u'Wfll':i 'JUillJii!<l 'MlJLl<l::;<l\il Blfll':i'l'l'il::;Lfil.iJ'IJ'IJ 'IJ'J::;uufll'J'l'l':i'l 

\il1n L°li'W L&ia1nu'J::;uutl'J::;<11'111'1JillJ B'l Ll.ilU'Wui11 un'Jru~tiil.il unilateral labyrinthectomy 'iJ::;<i'l 

1>Jm111 ll' a1.i1111'Jfil'll'W'IJ B'l L'1far.i'tl'>::;<11'11001uif ua'l 1u'IJru::;~L'1far.i'tl'J::;<11'11'illn'MtTu1 um1uw1'l 
u 

?1'1 lJil''l A'lfll'll'IJ l.illlJtl n&i~'l Lii I.ii A11lJ hi<rn Ii! a1::;'1'1il'l aqiqilW'IJ B'l~'l<IB'l OOl'IJ ~'l I U'IJill L 'Mii!~fll 
1 ll'Lnl.il Blfl1')fJ\iJtln&im'lfl1'J'l'l'N\il1 L°li'IJBlfll'Jfan'MlJ'IJLL<l::;fl~'IJ la BlL~U'IJLU'IJOO'IJ mh'l hn 

u • 

l.illlJ <nfll'>L 'M~lfl'il::;al.iJa'l 1001flmiililn'J::;u1u1111 vestibular compensation 

U'l1U1'11'1J 111 naWltlJ'l'l OUnl'>Liil.il vestibular compensation 
u 

'il1fifl1'JAfi'lfl 1u LlJLW<l'IJB'l<i'Wi''l'll.il<IB'l f\1 llfi:ir-iL<l'lJBLL'IJdl fl1'lLiil.il vestibular 
u 

• • • 
compensation U'IJUl'il::;Lnl.il'illfi lesion-induced plasticity L'lJ central vestibular pathways YJ'lU 

Bl'ilL1i1.i1LlilUi:i1111tlfrnvilJ~'IJ (up-regulation) 'IJB'l\il1fun~WlLlJ'l'l (glutamate receptor) '11Ul.il 

NMDA (N-methyl-D-aspartate) mu1u medial vestibular nucleus (MVN) 'IJB'lOOl'lJ~i:i 
'JBU 1w1 LLa::;i:im'Jtlfua\ila'l (down-regulation) 'IJB'lfl1'lfll'll'IJ'IJB'l\il1fu GABA (GABA 

receptor) 1u MVN 001uw1'lillJOU'lBEJ hfl <i'll'J<I 1ll'Liil.ilfl11lJ<llJli!<l'IJB'l<i'qiqi1w~m'il1noo1u 
.J.. l • ti Q 

'l'llJ'lB!Jb':iflLL<l::;l.iJ1u nw 

w "' ' ' ti Q u .J_. w ~ l w w lJ Q 
n~wl LlJ'l'l'ill.iJL u'lJill':i<l'll'Jl'IJ 'J::;i11'11'11'lJl.ilfi'J::;li!'IJ'l1'1lflqj L 'IJ MVN Ll.ilU'WUl.il1'JU'l'l'l'11'lJl.il 

NMDA, AMPA (U-amino-3-hydroxy-5-methyl-4-isoxazole propionate) LL<I::; 

metabotropic (m GluR) ~'!O\il1fu NMDA ~'WUL'IJ MVN 'iJ::;i'.lmh'lil'au 2 'Ifill.ii loomi 

NMDA Rl!NMDA R2C LUtJ'1lillil~i'.lm1iJb0ia Mg'' ~1 
~I "" .J"" 1 ' 2• I u'lJ'11'1Jlil'l'llJfl11lJ 11.ilB Mg il'l 

u 
NMDA Rl INMDA R2A 

~'ld' NMDA Rl/NMDA R2C 11::;Lfiu1iB'lrlUfl1'Jtl1aqiqi1wtl1::;<11'1'Jl.illlJtlf1&1 

NMDA Rl!NMDA R2A i:imwa1fl'qitu1111ria long term potentiation (LTP) ~'lfllLMLiil.il 
synaptic plasticity 
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lli'1ftJn\j~l1LlJ'l'l'lfUtll mGluR nil1n11Jd1fl'QJviflf11'Hfltll synaptic plasticity L'liun"w LtllU 

d ?1 ~ ' .I, 'i' 1 •.J.1 • I • 
L'1'W1:: mGluR-I 'lf'ILutltll1L'l'lfl1'H1iN'llfl'lfl\jtll1LlJ'YI Ltllfl'WU tll'Ylu<l1Uu'l::!l1'Yltll1tl presynaptic 
,,,..,.. ..,.J' vd'..,. ,:; 
li11'lU'lftlli1tl'il::~nfl'l::ll!ULlJflLfltll synaptic plasticity L'Yl1tltl 

U'YIU1'Yl'llfl'I PAF (platelet activating factor) flUf11'ltfltll vestibular compensation 

ii lipid mediators 'l1<11ulli'1~il r.i'n'ftlflLL ud1tl1'il::L \'Jua1'ld1fl'QJ~L~m'll<J-:inuf11'lLfltll • 
. .. d .Jd• 1 • "'1•• d?1 .. .Jd.I ,,~ synaptic plasticity 'lf'1!11'l'l'llJl(j<lt1 'illJ1flli11'11tl'I tllLLfl PAP 'lf'ILutl hp1d mediator 'YllJu'l::ti'Ylll 

• .r1v o' "" I d .::!! d .::!! o' 
il1'W~'I ~fl<l'l1'1'1JU tll'il1nL'lf<l<l'11il1U'lftltll L'lftl LlJtllL<liltll'IJ11 Lfl<ltllL<lfltll macrophage L'lf<l<l'lj 

"i "'~I fl'"' :;,;f ""' .J 91 :;1 • 
b'W'l'I (endothelial cell) LL<l::L'lf<l<lu'W<l1'YILutlli1tl 'Yl"tl PAP 'il::lJU'YIU1'YILnU'"J'llfl'l'Yl-:i tltll1tl 

,c>! ""' """"' I 
<l'l'l1'YIU1LL<l::'Wmi'.i1'YIU1'1Jfl"'l1"f11U 

1 . ,.,.i . .l<i•d • ~· 1 .r .J • 'i' d 
tl'lf1'1 10 u'YIN1tllJ1tl LtlllJf11'lAtl'WUli11'lU'IJfl'I PAP tlLtlilWil'llil1Uilm'I btlll'J'Ylfl1'j 

fl'l::lij'ulli'1fu P AF 'il::"li11 'li'ilm'lm::lij'u phospholipase C, A2 LL<!:: D LL<1::tl11tl~f11'lL "i'ilJ Ca 
2

' 

mu1m'lfaa U'YIU1'Yl'llil'I PAP via synaptic plasticity 'il::LntllN1t1m'llli1futtllua-:ii:-m1'1i'ilm'l 
I 1 'l.'91 .J , .,: ,!, 

LVllJfl1'lllll'l'llil'lfl\jli11LlJ'YI Yi-:iiim'lm::lij'ulli'1fu NMDA 'YI postsynaptic 'il::L'WlJf11'l'll<l'l'llil'I 

. . d. •-l?1 ·1-' • .J arach1domc acid LL<!:: PAP 'lf'l'il::'Yl1'11tl1'Y1Lutl retrograde messenger fl<IU ufl'l::\i!tl mGluRI 'YI 

presynaptic U'YIU1'Yl'llfl'I PAP vJilf11'lLfltll vestibular LTP 'il::Lvit1'1itll1t1m'l"li11'1i'Lntll full LTP 

expression uvi1iiilN<lvlilf11'lm::~u1'1i'tntll vestibular LTP • 

Ul'IU1'1'1'llil'I nitric oxide (NO) OUfll'lLfltll vestibular compensation 

.J 1 •d 1 • 1 • ~ 1 • • ;/; d 'il1flf11'l'YI PAP lJlJU'YIU1'YI tlf11'lfl'l::\i!tl mfltll vestibular LTP tl'lf1'1LL'lfl 'l tll'ltl'W'il'I 
d• ,. .,J.J, d. d ~,~ .. ·1· 
lJl(!'Wl'lll'JllJ~1fl1'11'111 retrograde messengers li11il'W'Ylt11'il::Lfll'J1'1Jil'I "1'l'Ylil1'il'il::Lu'Wli11'11AQJ tll 

mi NO (nitric oxide) ~-:iil'il'llm.J<111 NO ilu'YIU1'Yld1fl'QJ11.1m'l'lintl11'1i'tntll LTP 1ualJil-:i<bu 

~ti 'l 'il1flfl1'lAfl'lflltllU1ti' NO scavenger LL<l::<l1'lUU~'I NO-synthase -wu11"1'l~-:imh1 
'11lJ1'lOUU~'lf11'l'lifl'll11'1i'Lntll vestibular LTP 1~ a1um'lm'li' NO t'liu sodium nitroprusside 

n<l1lJ1'lOodflU11i.i'tfol LTP 1u MVN ~-:iifu~'IU1'il::L~il5il 1~11 NO Li'Ju retrograde messenger 

~a1i'IQJ1'Wf11'l'lintl11'1i'Lntll LTP 1u MVN 
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n~11 1!ii'uri vestibular suppressants, antiemetics uarn~11<1~'1l~!lUeNtl'l.!el'l.!~'llUeim'1fml 

i.h~m'l'l 

e11w'luiJ1~ mw 
Llf1:::n~u~Lil'll'flU 

1, fl'llJ.Jr.i 1,PYi1iinfi 

'tl1TJ.Jnf 

Motion sickness 

~ u 
nH'll1 

· -~I s i ensory a eren 
i y1 CNS pathways I 

!~ Labvrinth -'J 
i I l 
! Vestibular nuclei 

! (o'i'ofu H,. AchM, 

' I GABA& Glu) 

'!l er -

I 
I 
~ - Cerebellum J 

J 
. ! 

CTZ t Jll'f (ifofu D, 5-HT,, AChM) l 
) 

J, • ,. 
'~ 

Vgn.Jil~g 
(~1'1J f'ChM) 

I .... 
xins ~ Blood i .. Endogenous to 

""~"' 1 'l i!mrn.i',.,~~110h<~1oJu J- I 1iJrjo'i'ofu Nerves 

~ cff1nr:::ilfu91nl'l'tlt-1'il 
LL'll:::nr~Ll'il:::'fl1\.l1 '~' 1-Ju Lllu local irritants 
cytotoxic drugs, CuSO 4, 
radiation, bacteria, viruses 

5-HT, prostanoids, 'tllt'J 'tl~T., ! 

' 
1oum<~1no1'u1"mu1ul 1! 

(ifofu 5-HT, ?) i 
j 

Brunton, 1996; Rang et al., 1999) 

Vestibular suppressants 

somaticll fl::: visceral 

Solitary tract nucleus 

(ifofu 5-HT,, D,.AChM, H,) 

~I .J ""1 w 'i" ~I ~ -' ' ~ Lu'l.!fll'l'l!JBO(}'l'11i 'l.!'l~~U vestibular nuclei t~UOl'luB~O'l.!Ol'ln~i;J1'1.!'11B~<f()Jty1W'il10 

Lii''l.!U'l~<fl'l'l vestibular 1u<ia11a~tl'au i'l'l.!UBlL~U'I.! m1~ autonomic centers ~'I.I 'l mu1u 
u u 

91 ' ' ft I .J .J 91 1 ,%""" .,, 1 91 ' I Q.i .... 

01'1.!<111B~ <fl'j<f~i;Jl'l.!u'l~<f1'1'1'11Lf1fl1'11B~ 'l.!'l~UU'l.!11'1l<llfl'lf'I.!~ ~LLD histamine (m'l.!~'l'lU 

'llil~ H,) , acetylcholine (f.i1uli'i'1-lu'lfil~ muscarinic), GABA (f.i1uli'i'1-lu'1fil~ GABA-A), 

dopamine (f.i1uli'i'1-lu'lfil~ D2 ) LL<!~ n~~1L11'1'1 (f.i1uli'i'1-lu'll<11U'lfil~li'i'~mi11mLL<i'1) m1u 

rnfo vestibular suppressant ~ilm11"1l'mm'lmLU1Ltl'l.!n&imiau 11ii''ll<1lun<i11~111na 1nm'lB!lO • • • 
"1'V ' .J (}'1'11i ~ Ltn antihistamines, anticholinergics, benzodiazepines LL<!~ dopamine antagonists 'If~ 

<V ,,. "'~1 ~ . .,, ,:::j 1 0 <V .J q 

fl1'1'10~1'il~l-l(}'l11itu'I.! antiemetics mm'lf'l.!0'1.1 (~'llfl<l~LBU~ 'I.I antiemetics) <fl'll'lUfll'lf~l-l 
• u 

q '11 B '111-W u tl'ilu n <1"11Ll-l'l'l'il~1!ii' w ~Ii~ 1 u n <i" '1 ~'ll~ ail a1 nu au t'l'll u ei m '11'1 ii'u1~m 'l'1 
u u • 
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tn'Haan 1~ vestibular suppressants ":: 16l'tl'j:: 1ti'lfUL\l'W1:: 11m'jrll~mm'jfamn~uJu 
.. .r '1"" t ... ...i 1 I J' 1" .t ti ~1 LflVl'lJ\JLLa::A-:rn~ 2J\JtltJfl11 30 \Jl't'l L\Jtl'3'11fltJ1 \Jfl~JJ\J'1:: lU]'t15\'f'3'!VI 'j::JJlW 2 'lf1 JJ'3 

V1a'316f~'UtJ1 v1'316f na11LLaTh'j::'lJ'lJU'j::i:fl't1fl1'j't1'j'3vJ1"::alJJ1'HlLOVI vestibular compensation 

1 ~ ..,,J.., "" .I .,..J . " 1 " d "" 
VI L\Jfl")tll't1JJA112Jli.JVlufllfl't1 peripheral vestibular 'll1'3 Vl'll1'3Vl\J'3 LLa::l\-rn"lflfll")LflVI 

. • 1 "".'I '°' ..,.f 1 " ' ..S compensation '1::'t11 Vl~u1tJJJtllfl1'jVl'lJ\J fll") 'lftllfl~JJ vestibular suppressants m"1.1'31i.Ja")'U 

"" 1 " OJ ~ ...J ".'I '°' ..,.f ct '°' .J OJ "" 
f11\Jfl1")LflVI compensation VI Vl'3\J\JL2Jtl~u1tJJJtllfl1")Vl'll\J"'3A1")")'lJVl~Vlm LfltJ1fl'Ufl1")Lf1VI 

vestibular compensation Juiitn")'W'U11tJ1VlaltJ'lfilVla1JJ1")flL~'3fl1")LflVlfl'j::'lJ1\Jfl1")UL6l' LLa:: 

u1JJ1lmum")aV1mfl1")fanV1JJ\J'lfUV1L5tJ'U'Wa\J 16l'LLfl acetyl-DL-leucine YT'3iflvitiiili.Jan11"1 " . 
membrane potential 'lltl'3L'lrnatl'j::a1nlu MVN narn'li1avi1tJn~ (U")::JJlW - 65 ~'3 - 60 

" 
mV) 

1 4Cil ..J ".'I q ..: CV ~ 1 " .J q J QJ 

\Jf1")tll'YJ~u1tJlltllfl1'H'jtJ'j'3A1'jLat>n 'lf vestibular suppressants 'lf'3JJq'Yl5a''3'U")::'3'U 

(sedate) ~vit11.1'li1'31JatJ '1::1V11>.iii li.Ja")'Ufl11Jfl1")n1'311.I l 1.1£ilfltl")::,)TJU'llt1'3~tbtJJJ1n\rn a11.1 

.,J.., .f OJ G '°'ti 'i !") ..,.,J ".'I '"' "!'S ..J " 1 "" 
f.ll'Yl3Jq'YliHH'U")::~'U\'J~fl'1::3J "):: LtJ'lflJ L umwn ~ u1tJJJtl1fl1")J ctfl'Yl~1J'Yl11JLL ")'3LLa::Gltl'3fl1'i VI~ 

U1tJ 161-Wn~au q'YIBa~'lJ")::.ru'llt>~ vestibular suppressants ua:: LL1.11'Yl1'311Jtn")Laan 1~LLa'V1'311 
1ulfl1")1~~ 2 

Gl1"i1'3~ 2 U")::1tJ'lf1.11~'lltl'3tJ1fl~3J vestibular suppressants ('11fl Baloh, 1998) 

Type of Vertigo 

Acute peripheral vertigo 

Chronic recurrent 

peripheral vertigo 

Central vertigo 

Motion sickness 

lw.~~· ~ 

'i. i Gf 

~SS seoatmg More sedating 

0 
~ 

0 

~ .s 
§ 0 0 0 ;:... .s .s .s '§ 0 N N N ;.::l ..... ..... 0 Q.. (.) - - ~ 0 (.) (.) 

~ t; ::I 
r~ co 

+ + + + + 

+ + + + + 

·I 0 .s .a ;:... 

~ '§ 
0 

8 ..c:: 
Q.. 0 ..... 

it 0 

+ + 

+ + 

+ 

+ + 

§ § Q.. 
Q.. 

~ ~ 
.3 cs 

+ 

+ 

• 

-.g 
·i::: 
0 
Q., 

~ 
+ 

+ 
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tllLLflrllL~tlU (Antiemetics) 

... .. .... !ll .J .. .f !l1 . ' ... 1 .. ..11 ' 
f.11LLOtnLOJtl'U'Hf;lltlVl1LulUJl'Vli.IC)'Vll'.iLu'U vestibular suppressants "j"Ji.!Vlltl 'Ufi"HU'VI i.i 

~ 4 dcv o QI "~ 1" • u ~ .J't .f.J 
i.IC)'Vll'.iOVI vestibular ot1 .. rn1m·rn'l.lli.ll'Hl'lfltllnl'°j~'10l1~'U VIL'li'UO'U WJ'U Vltlnl"jeJC:JnC)'Vll'.i'VI 

La'l.ln1.:Jmt1 l 'LJ"j::lJ'IJth::a1Y1ct1'U Of;ll.:J ~.:JOJ::ih.h:: tuml'vri1.:Ji.110 l 'l.loi&~~,'.huii mmi~~'U la 
" 

mian.111vi1u1 (1ian11A'1) 
U'lJUU111iinu,;-11111Pi • 

'Jfl~Ltfal • (YUi. 2542) 

1. Antihistamine 

Diphenhydramine (BENADRYL@) 
~ 

Dimenhydrinate (DRAMAMINE@) n 

Meclizine (ANTIVERT@) 
> anticholinergic 

Cinnarizine (STUGERON@) n 

2. Anticholinergic 

Promethazine (PHENERGAN@) antihistaminic 

Scopolamine (SCOPODERM TIS@) 

3. Dopamine antagonist 

Chlorpromazine (CHLORPROMED@) 

Perphenazine (TRILAFON@) 

Prochlorperazine (STEMETIL@) 
:>- antichol inergic 

Droperidol (DEHYDROBENZPERIDOL@) 
~ 

4. 5-HT antigonists 

Ondansetron (ZOFRAN@) -ii 

Granisetrnn (KYTRIL®) -:j 

5. Prokinetic f fl 
Metoclopramide (PLASIL@) n Antichol inergic, 

antidopaminergic LLa:: 

antiserotoninergic 

Domperidone (MOTILIUM@) tJ Anticholinergic LL<t:: 

antidopam inergic 
' ' 

6. Benzodiazepine - GABA modulators 

Diazepam (VALIUM@) 

)L7. 
Lorazepam (A TIVAN®) 

Cannabinoids-opioids - \ ('1 \n 'tl - (L 

(_ (\,,,'l IL ) 0 ~"'~ti" 

.... .: f f{:')"l_,,,-C.)'1 

~o ~ kl 

8 . 

Dronabinol (MARINOL@) 

Steroids ~ ( , j ~, .-'1 ~ Cv-tJ~ 

Dexamethasone, Me~prednisolone 

v~m"i f. • -"-l \!,,~ i-.e.lk ~'-
L~ f I 
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' uiy\immi'nmi•m&i VU-1. 2542 

U!!JW n. ~rnWmllJi1 11am1m~iJm11J41Li'J1Ja111follm\JVW1Ulol'!n>n•lU 
U!!JW '1!. mnam11Ji1 11a011m~m'l41 b \'Jui;} a., 1il \Jllnl\JVW1UloU1•>elii'u 11'fa41nA'li'Bu• 1:l'a1wl'umm111'la 

hYJU1<'1fUA~1:l'm 1 \JU(\jW n. 1iih\' 11'la 1iih\'wa 11'lmi'J1m1~1:l'mmm 1uuiyil n. oJ1Y111111Jn1ru~~A111m L\JU(\jW 

n. il'uhi11ii' 
"'.., ' .J., 1'!1" .,.J .J1"'°' ... :: U!!J'lf YI. 11mam1m1 11a011m11AB< !f•Aa~L!fm'1!1iy11 A>U1Jaumna'l1n~mu1am1va<amuv.uiuiauu 1 

L ~ a<•1n L i'lum~ilaum1mh 1il1fonlii'a<m'l LiiAvh111'io L i'luauA>1aoia wi'.ha 11'la L i'luaiL 11A 1 "LiiA Lil'a~am 11ii'~1a . . ' 
uiy\i <. 111J1Ufl111Ji1 11a m1m~Bl'lilY1111J~lb i'Julii'a< 1:l'il111'l'U'1hail'iYI ~tJ1au1111u LLoiawri11 ... LiiAB\Jli"1Uoia 

wv1a11'lanailo•111Llla~ am~f1mL ,. uae 111'laih1Y11bb W<lnn m1.r.1'1i'm~<lii'a11 ... mJL l1Ylil1J wa LOYl"111Jrl1Jflll'llJ ... ·~ . . 
the 1a'1fu 'le Iii' a< mlii'am>Y1>1'l'iil•umLaew'l11ru11Au ~L~u1'1!1iy~11ii'fomiilnam1J ueil'u 1 umuiyiilii'< n~11'>e&< 
1""' . .J '•1·· " 1 . .J.J • " ·1·· ..• !! •YI 1AU~L'1fa1'1!1!!JL>iw1e L>YIYI A>Unl>wnam1J \Jl'l1'1!11'1!1YILna1'1!a•'l1namuwnam1J 111a mu1Gllum111a 

ml'•lla m.pl'&i'>1 nu wtmam11'laif1J ALL v.l'lal'f trn vhii'u md 1•wmrna'lelii'a•il1"uum1ti1nu1hedjuLrn"m1'>aau 

m1H'm (>"UU Drug Utilization Evaluation) LAailm1L~U'1lBl;Jofl111'1i'LfiaYJ>1'lllBUL'IJl11U>lli'•11ii' 
uiyil '>. 11mum11Ji1 11um1mi\1wl'u11J.umetm<m>WLA1''1!B<n>"m1• l'lU1-0 n>IJ 11'lmiiarnvh~h\'fom11J 

Antihistamines 

.J..:.1 ,,( ~' "" 9J' .J"" "" "" """ """""I 9J' ""' "" al'l'Yl:IJl]'Ylo L ulJ\l11\l11'W'Yl\l11'lU?J eM histamine 'lf'W\ll H1 lJfl!U<llJU\ll b 'Wfll'JLLfl BlL'ilU'Wfl'W 

.,, d .J ( , . d ~I J "" ...i ..., • 4 ,,;f 
Lfl\ll'illflfll'JLA<lfl'W'Yl mot10n sickness) 'lf~Lu'WB1fl1'l'YllJflL'JUflfl'W11 LlJl':ifJ LlJlL'lfl 'Wflfl'illfl'W 
~,"'. , d..J d - .J .t .JJ 
!'M b'l5 L\ll N<I b 'Wfl'l!U'Ylfl11B1 L'ilU'WLfllil'il1fl'111'1f~ fl flflt]'Ylotil'Wl~'Yl'Ylm~L 'Wl~fl1'111'l iiJ1f!Ul~?Jfl~ 

'11'l antihistamines ~~ 1'1l'LLnem~U'W 1\il L'li'W cinnarizine, flunarizine, cyclizine, dimendydrinate 
' J' "" ..,. "" . . .J"" "" "" . . !II d d 1 "'"" • ""' '111LVl<ll'W'IJfl\l11'il~lJt]Ylo ant1cholinerg1c 'Yllil11U'l5'Wlil muscar1mc \l11U 'lf~L'lffl11t]Yll'ilil~fl<l11:1J 

ri1u'li1ma'hJ 1 u fl11LLrlB1L~Uu I'll antihistamines u11~1u~ L tlum~ihh~ LU'lf'W"l 'Wfll'lfmn 

"" 1w' .,,. "" ' ' ~I v l: Blfl11'lcifl'Vl:IJ'W \llf!Ul~\il \l11fll'll~L'lf'W cinnarizine, flunarizine LL<!~ dimenhydrinate Lu'WOJ'W 'Yl~ 
" ' if cinnarizine LL<!~ flunarizine u~ilq'Ylil°tllu Ca

2
• -channel antagonist ~ntil1u fll'lL'll' 

antihistamines ~~Of! 1lftn\l1Blfl1'>V1~L~!'M~wutimi1lii'ttn ilmm'l~1~'ll:i; u<1~t11mt'11'1 ttlulii'u 

Anticholinergics 
d !II d JQ.l<V ""'- ..:ii "'ti 

Ul'Y1'1ll.J11fJ\lll'Wt]Ylo'lleM acetylcholine (ACh) 'Yl\l111U'lf'Wlil muscarm1c 'il~lJt]'Yll'iLLfl 

d 1 ·Q1 .,,.d.<>1 ,J v :; "I ..,,. """ !II .J.J • 
fllL'il!'J'W lillil 'lJfl'jUJ'YJ:IJal LVIOJ <ll'J'Yl'l'lfl~Vl'l5'W b 'W Vl'l<llJfl11fl1~\ll'WL'i:l'W1~YJ'Ylm~L 'Wl~BlVll'l L'lf'W 

~ ~ ~ ~ 

scopolamine ~~LU'W'11'l~1?ftlfl~numm1?Jf!~ motion sickness 1tiliiimflLL~1lil'iau 1tileJ<1ii'1il 

""'.J' !II !II Q d 1·· 1!11 I "" I .ct ti V, .J 
Blfl11Lfllil?l'WLL<l1 <l1fl11'l511LA!'J1YJ'WU lilUfl!'J lilLLfl Lfl\l1Blfl1'l~1~'1f:IJ LL<!~ lflLLVI~ b'W?l'Wl\ll'Yl 

1ia1V1-rrnLn f11 L~uu'il~ hi vi auwueJmaui flfll'llJfl~, i1uV1~fl'Y11~ .~uil aai1~ m t\ll~u" 

scopolamine L ¥J fl 1'1l'tl fl~n'Wfl11B1 L~!'l'W'il~fll'i1 'W'lU?JiNl'll L\ll"lu:i;vit lf t:i1U'Y11~N1VIU~ 
" " 
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Dopamine antagonists 

"" .J.,. """" ~I 'f .J"" "" ""' .ct <fl'Wl<l1Ulil1'YllJ\'!tlJ<flJUlilLu'W dopamine antagonists blilUlffW1::'Yllil1'iU'lf'Wlil 0
2 

lJ 
.tp, v ""' .J <Vd ..... i1 

f,]'YlliLu'WUlUfifllL'ilU'W'YILL':i~ dopamine antagonists Ul~lil1fi~ffillilfi~lJfl~ 'W prokinetic agents 
d ~· d1 Q l dw• 

L 'W fl~'illfilJ H<llil flnl':iLf1'1fl'W 'Yl'l'llfl~'l'l1~Llil'Willln':i blilUlil':i~ dopamine antagonists 'IH!lfi'illilflU 
u u 

1un~l-lmfn'tll hf1~111ti11flri1~ L'li'W chlorpromazine ~<fll-ll':i!l 1'1l'LU'WU1LLtlillL~U'W 1~L'li'Wn'W LlilU 

1'lft'W'll'Wllill'ifluii'i~~l ~~1'lf'1~&ilum"imu11l-lm'iillt~uu~vmlu11mu '1 1w1 "l1l-l~~m"i 
mL~u'W~Lillil'il1nm"l 1~fuf~1l tm::mLf1iifnm 

illnl':iVl~Li'iu~'llfl~ dopamine antagonists ~ill'ill'jU 1~L'li'W f111l-ltil'mafllil~l ~1~:iil-J 
Lm::m1l-lilliltln&i'llfl~nl'ilfl~fl'W 11111 u'l::uu extrapyramidal LU'IJ~'W 

5-HT antagonists 
J, . 4 1·/;1 ti _, d Q 

nl"i'M<l~ serotonin 'M"ifl 5-HT 'il::vm lillN 'W"i::uu "l::<fl'Yl'11'Wn<i1~u<i::'Y1'1'11~Llil'W 

,J "" ~I ' ' ti " "" .J .J " ..., ""' .J.::.i illln"i'IM 5-HT 'illilLu'W<fl'rn~m'IJ "j::<fl'Yl<flfl!Jj'YILOU1'llfl~num"lillL'ilU'W <fl'>'YllJfl11l-ILilW1:: 

1 • .( d w w Q ' "' d ~ti l , 
L'ill::'il~ 'Wnl"ilill'Wf,]'Ylli 5-HT 'Yllil1"iU'lf'Wlil 5-HT3 L'lf'IJ ondansetron IJ::Lu'IJ<fl'>'Yll-1 "i::bU'lf'W 

1 YI"" v .,....,.., .JFI""'-'" 
mn 'IJnl"iufl~nmm::Lm illnl"ifll L'ilU'Wfl'WLOlil'illnmw1n'YIL u'WW'tllilflL'lf<l<l (cytotoxic drugs) 

m"i 1 li' ondansetron m'ilm::'li111i1Lli1Unl"i 1 li'm~t11n11'jf151i1 LV1'11'1<lli1Lafllil~l T!ilul'i1ff1tl~mru 

nl"iflflfif,]'YIB (bioavailability) 'llfl~m"i 1li'm~t11niltl"l::l-l1ru 60% LL<i::l~-;::tilum<J<Jnq'YIBmu 
1 u 30-60 u1Y\11<i'~ hH'um m'il::n m tl~umL tl<i~~!ii'u Lliluil1h;::u::nmfl~~:/r'l1111 uwmam 

u 

tl-;::mru 3-4 ~11l-i~ m-;1'1l' ondansetron 1111u..1'11tlrJtbmTn'Yl'W1~&i ill'ililmnT>Vl~Li'iu~~Lillil 
11i1"lu'li1~.fu '1 L'li'W tl11i1fl·rn:: 'l'i'ei~tin LL<i::ilm~ 

u 

5-HT antagonists til1~u~ilm-;'tl1m 1'1l'LU'WU1LLOillL~U'IJ L'li'IJ granisetron u<i:: 

tropisetron 

Prokinetic agents 
d ti d d 1 Q d • i; 

'ill n nTrn-;::uu ':i::<fl'Yl'lf ~ fl1u11 l-1 m':i L f1 <i flu 111u fl~'l'l1~ Llil'W m m':i'il:: L n u1u fl~ mm., 

"'f " .... J::'f " .... n'l::llJ'W blilUL'lf<l<itl-;::<fl'YI cholinergic nl':il'IUU~ blilUL'lf<i<Jtl':i::<fl'YI adrenergic LL<i::m'ltl':iu 

tl
d d w w • ti 1 Q d ' 

L '1U'IJ'Yl<f'1U'1fU'1ffl'W'illm::uu ':i::<fl'YIJllU 'W'Yll~Llil'Willln':i'lf~m'W'Yll~ dopamine LL<l:: 5-HT 
• • .... ..... ' " QI ..... "" .... Q.J ... .... "" ""' 

lil~'W'Wnl':ililfllill'W'M':iflUUU~lil1':iU'llfl~ dopamine 'lf'Wlil 0 2 LL<l::lil1':iU 5-HT 'lf'Wlil 5-HT3 ':i1l-I 

/; vdww • d 1 Q 1!'1 ' 
'Yl~m':im::lil'IJ'Yllil1"iU 5-HT, 'il::<fllJl':i!lfl':i::lil'IJnl':iLfl<lfl'IJ 'Yl1'llfl~'l'l1~Llil'Willln':i lil blilUHl'W'Yll~ ' . 
cholinergic til'1flril~'ll1J~Ul l'IJfl~l-lif 1~LLO metoclopramide LL<i:: domperidone 

1 ""' I I .J 1 !V ,¥.,. 
'W'l'l1~Llil'Will'MT>WU11 metoclopramide 'il::L':i~nl':ilfl<lfl'W '111'llfl~fl'111JL'IJflL'iUU'illfl 

1tl ··1·~ _, • ' d • 
11<ifl111 mm., am m<i fl .,1u111u L .,~ m':i Lfl <iflu mu en m'>fl flfl'ill fl m:: L V>jl ::m m':iLL<i::<i lil m'l 

u 

.( 1 f'I W1'f'l.J •vv dv, 
f,]'Ylli'llfl~ metoclopramide 'Wnl'>Lu'W prokinetic agent u~ l-JLu'IJ'Yl'Yl'>lULL'W'lflil'Wfi L'lfflfi'W11 
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metoclopramide 'il~l<f:ilJn11u<ililUilill'J'll!M ACh 'illfH'lf<iau1~<f1'Vl myenteric 
~I .1~, I 1 <'I U w ~ d 1 v d Metoclopramide I u'IJEllYllJu':i~ ll'l'lf'IJL 'Wfll':i il~fl'Wf1111fllilillf11'Jlil'1'1J <I 11'1~il1L'ill'J'IJ'il1fl<fll 1"1\i! 

I Jj Jj ,/ I 1 (:$ <:!j 6l 'V ~ "'<IQ r/ Q. QI 1 d 
lill~ 1 ':i1lJYl~f11':ilil~m':iil ill'Jl~ ':ifllil1lJf11':i'il~L'1ilfl 1'1Jl'Jl'IJ t'IJ<flil':ilJlil':i':iillil1':iW'il1':iUl1tN flfll<IYI 

m'il 1nlil ~rn Ll.'ll'lei ilm':in L 'Wlil':i':isl ~11'1 m':i 1"1m~l1'1illil1l'iillil~1~1i'l'W11i~ill'llJ1'1l'11n m1~u'IJ a'IJ 

!Olil'i11flf11':i1~.:rmlilii-jnm1'WhlillJ~I~~ ~~ill'illli' diphenhydramine ll~il lorazepam ~1lJ~11'l 
d " ' d 1 . . , dd 

IWil'11ilW'11<il'Jlililf11':illil'11l'IJ l11':i~UU extrapyram1dal 'llil~ metoclopram1de 1'1Jfl':iU!Ylf11':i 

d ~ 1""' J..i .£16JV= ...! ,d 51t1 •I 
il1L'ill'J'Wlfllil'il1flf11':i lil':iU<fl':iYllJ()Yl1iflil tlllfllilf11':iil11'ill'l'WYl1'Wll':i~'11'il bll metoclopram1de ':i1lJ 

ilummilJ5'1J 1 t'li'W flcilJat&il'J':iill'll'i', benzodiazepines, anticholinergic, antihistaminics LL'1~ 
' ' 

cannabinoids Domperidone Li'l'Wil'WVl''Wll'llil~ benzimidazole ~~iiqYJB11nm1~1'J'IJIL'1~ prokinetic 
' 

1iill'Jiif!U!<llJU1iili'l'Wlii'1\ll1'1J dopamine ll~iidil~'illfl 1a.i<f1lJ1':itlf.i1'W blood-brain barrier W'1'1lil~ 
domperidone ~~WU 1~mw1~w01u:i11ru':iiJU'Wilfl m':i'l'll' domperidone U~lil~WU<fil11~~ii.,~lii'u 
<filfi:lJ'W prolactin 1ml'iillil~11~ LleJW'1elilf11111il~il'IJ 1l11':i~UU extrapyramidal 'il~wu1~uill'J 

' d 1 ~ v aw d ,. . 
lJlfl W'11ililf11':illil'1il'IJ l11'1lil~Yl1~11il'IJ!lllll':i'il~lil'111'.11il'1~flUW'1YIWU'il1flf11':i 1'11 metoclopram1de 

Motilin 1i'l'IJ1uu1YJl'i'~wu1'Wm~1&1'1Jilllll':i ~~Uf!U!<llJu&l1i'J'W prokinetic agent Llill'l motilin 

'il~fl':i~lll'IJ fll':iOl:il lil ill 1"11 ':i L1'1~ fll':iUU 1ii'1'1J il~m~ t&l'IJ illlll':i ~~if Llil l'J fll':i~ motilin 'il~!Olil B'IJ lil ':i 
' 

o:im i\'ulii'1.:ru~ mw1~ I 'ill~'il~~u:i 11ru m~ I W1~<i1'WU'111'J ( antrum) 1101~li11'l't~n<i1'1Jlll'IJ 
) 

"I ~a ' 1 v ' . d .; ~I . J (duodenum l'J1u{)'111'1J~fl~lJ mocrolide lilllfl erythromycm fl<lllJ1':itlililfl(]Yl1ilu'IJ agomst YI 

lii'1.:rulii'~nci111~l'h 1"11' erythromycin Uf!U!<llJu&i1ll'W prokinetic agent L'li'Wil'IJ ~~m':iu.:ruu1~ 
, , Ja v d v d ~I • , "1 v . . w 

mm':i t'Wfl~lJ macrolide YllJll'IJ1Yllil'111'l motilin fl'il~lu'Wfll':im tll blil prokmetlc agents lil1 

Llla.i 1 L~lJ~'IJ 

Benzodiazepines 

~I .J--=t ,£ 'V <::! ' ' 1 ""i w Benzodiazepines I u 'IJl'JlYllJ (]Yl1illfl ill l'ill'J'IJ ill'Jl~il il'IJ 1 lill'l il ilfl (]Y11i 'IJ':i~lilU'IJ il~ 

cerebral cortex lil1U lil lJaru tul U!I 'lf1;;i0'1J U ill I ~l'J'IJ 11'1~'11il ill fll':i{a fllllJ'IJ~':i~ lii'U'll il~ vestibular 
q vu 'Y'Y '\.I ~ 

nuclei 'illflfll':i~mncilJdn11"11'1nlilm1~<MU mnum1lJ'llilnil~101 1101~1au1il11lJ~1'1i1~&'W 1 ~~ 
' 

ill'i!Ul benzodiazepines m 1'1l'~1:wilum':i l 'W n~:wm&il'J':iill'Jl'i'll~il metoclopramide I i'l'Wlll'IJ lii'1m 

l'Wnci:wd~tl1m 1'1l'~1:w l'Wfll':illrlilll~l'J'IJ 1~11ri diazepam, lorazepam 11'1~ alprazolam 
' 

Cannabinoids 
<V <V I <V o'I ' I ' 

<ll':i<ffllil'illflfl()J'lfl l'lf'IJ dronabinol IL'1~<fl':i<f~lml~llfl~lJ cannabmoids l'll'IJ nab1lone 

<fllJ1':it1'11ilfll':iilll~l'J'Wel'IJIOlil'i11flf11':im~l'f'W~ chemoreceptor trigger zone (CTZ) 1~ 

lii'~nci11'il~<fllJl':itlU1.Jt~ 1~~11'1 naloxone ll<f lil~il(]YJBuri' illl~l'J'IJ'llil~ cannabinoids 
., o/ 'V .J 

f.i1'1Jm~lii'1.:ru opioid r1~i11~ilm':iwulii'1.:ru opioid r1~'11illil 8 1101~ µ l'ltj'WU!lll~l'l'IJ 
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... .. 
aLGltl"iiltl~ 

al"i;31rnn glucocorticoids 1U"l.lmvia~;;i::iltrn~LLnmL~U\JLLa::avimm"ifamu1u1~ 
" " . 

d 1 .( ., 1 ' fl J I ., .. I . 

'lf~na nm"iaanq'Yli:m~ 3-HuU'Yl'Vl''n\JLLU'lfVI i,i·nu~1u11 neuroactive steroid a1m"itl modulate 

central vestibular system 1vi1viu~1'U'Vl1~ GABA LLa:: glutamatergic pathways '11nm'l~n'l:t1 

1uavii''Ylviaa~ wui1 prednisolone aliJl'ltlm::~\JL'lfaath::ai'YIL'lJ MVA 1vi1vitrnanq'Yl5°1viu 

VJ'l~vi a neuronal membrane mh~ 1'lnVl1iJnl"i1-lim~u"iau~tl~m;;i'lumum'lLnVI vestibular 
Clll II Q,I .J. 1" I t compensation anvi1u Vl1tn'Yl1J13J1 'l1 mu dexamethasone ua:: methylprednisolone Vlfltn'1 

1'lfvi'1L~fl1'Yl~a1'lf~1i,inum1un~i,i dopamine antagonists LLa:: 5- HT antagonists 

11.J Q,I • ..J.q ' • ~ ' Q, 

;;i1m111JJ~Lnmnum::uT1m1wn~ 1 'YIJJ~.rnm::'Yluviam"im~1u 'l11J'Yl~m"inmnvim'l 

L~ai,iaa1u"l.la~ L'lfaath::a1'YI ih 1 l-i'ilm~ni:t1mm"iLiuuA"ii:td1i,inu mm"ifamrnuviaiuvi'1 ~ " . 

(1) ANTI-HYPOXIC AGENT 

f.ll~tf:U almitrine- raubasine (DUXARIL®) ¥ 
m ~ai.J almitrine-raubasine L tlum~ilmJ'lh i.n 1'2il um'l~n'l:t1Yl111J ~vitln~"l.l a~'l::uu 

tl'l:: ai'Yl 1 una i,i~ai,i-Wufinu mu L'liu m1i,i ~vitln~"l.l eN"i::uutl"i::a1n~u Y111i,ifanua::viaavi . . " 
CA Z: A

8
1 .cr. .I da t1g t II ctJ 

LatlVl"i1iJ'tNYl113J~VlunVl"l.leN u'l::Gfl'YI vestibular 'lf~J.Jtnnl"i'lctn'YliJ\J'l1iJVl1fl 'Yl~U almitrine " . 
.. I II ') II "" t o ') "• I"" "' J f) ... .J' 

;;i::i,i~avi aY111iJw"iaiJ L'lf'lrn~aan'lftlilu vi um L 'Ylu'li.J1nrnanm'1una::aiu L uLatlVILL~Ha~"l.lu 
" 

a1u raubasine iJ~aviam"il'YlaLiUULatlVl"i::vJrn.Jau (microcirculation) LLa::d~"l.l\J1Unl"iL1J 

LL nuaa:SJJ 1u"i::vl'u1" tviY1"iam~u"l.la~ L'lfaath::ainLL uu l'lf aan'liL;;iuVi1 l lftJ~"1wwa~~1uiht"i:: 
.J • ti .. .J' 'Yl'11L u"l.la~t'lfaaa~"l.luiJ1n 

" f l d ., !'J I II 1 .. .( .J ..J ti t 
Almitrine LutHn"i'Zf~'1Vltl~ L\Jn~i,im::eium"i'Yllfl '1LLa::J.Jq'Yln'Yl'Utlnct1unai~vi1u viu 

'1::m::~u chemoreceptor a~~aLoH""113Jvl'lJ"l.ltl~tltln'liL;;iULULaaV1LLVI~ (Pa02 ) Lvii.J~'lJ a1u 
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raubasine LU'Uaa~natitJ~~1~'11fl"flfl'l~riti>J (Rauwolfia serpentica) aim'lrti1uqY1~'lJtl./J 
noradrenaline ~{;)1~u'llil61aavh 1 n11 lf l-tatl61Latl61"lltJ1tJ{;)1LLa~u-1Ja1>J1'lrttltlflflYl~L U'U agonist 
.J.. .J.., 1"" Yl\J'lL1WYl'1\J'llfH benzodiazepine 61611£1 

mm'lil-1JL~£1-1J~m-;,iwu 1~Liu J1vn!na61 h~mfu1.h~a1Y1..-,a1mau (peripheral 
.J.., .. f l " 

neuropathy) LLa~tllfl1'Hfl£11flUYl1"1L61'Utl1m'lLut.IVl\J 

( 2) HIST AMINE ANALOGUE 

Betahistine (MERISLON@) --+. 

LU\JtJ1~"11'lfLt.tfl1'l~fl'l:t1m1>Ji.l61tlfl~'llfH vestibular mrn.t'lfil61 U..:JLLJJ betahistine :;,i~ 
.., ' f l .J " . ' 1 .( .J " .. d .., 1 ' f l .J ' .., d 

{lfl'16111Lu'Ual'l'll"l~la1£1 histamine LLVlfla flfll'ltltlflflYlliYILLYl'l'l"lfltJ"l >JLu'UYIYl'l1ULL\J'll61 L'lftl 
' . . .. .( f l :; .., " .J .., .., .. "' .., .., 

11betah1stme '1~>J{)YlliLu\JYl"IVl1Vl1\JYIVl1'l\J histamine 'lft.161 H3 LLa~m~V!\JVl1'l\J histamine 

'llil61 H1 ,r-:idm1~u'lfil61 H3 'l~LlJu{;)1~tJ~-:ititj~ presynaptic membrane iiwtl'1~1'um'la61fl1'l 
...,tt-:i histamine ~-:itfu betahistine ~-:ia-:i~rnL~>Jfl1'll1tt-:i"llti"l histamine -;,i1ntlaitJtl'l~a1Y1 Ldti 

'l1>JntJqY1Bn'l~ium1~tJ'lfil61 H1 ~-:in1 l l1iiqY1B"llmtJl1at161Lati61famww1~1 mbu"ll a-:iwffu 1 u 
• \J 

..J 1 11 1 4 
"" 1tl..J ...:, .f a ~I .J .. ti t ~ "".J.,. '1..:J~a l1fl1'l l1aL1£1\J"lltl..:JLat161 ·r;t vestibular LW>J"llt.I '1"1Lu t.ttJ1Yl>J 'l~ EJ'lf'UL'Ufl')WYl>Jfl1'l"ll161 

\J 

Lat161?JcH'Yfa1uluL·1n>.11Lfiv1'lit1-:i Liu lu hYi Meniere ~-:iiim'lmULaum'l 1~~ut1ri1-:inuYinul61 
\J \J v 

~1 >J OlJii tl1 fl1'li'afll1>J'U LLvihi ~ tlt.t 1~ ~a 01 ~ tbf.I iiafl11~l1a ti 61 La tl61 LL61"1 LL ~"1~"1'1~lii10 61 fll'l 
\J • \J 

1 l1aL1t.1umHLat161 utimnn~aL ~i.im'l 1m1Liuu?Jt1-:iLat1611umbu luua1 betahistine fi'-:iii1~.rn 
\J 

L ~>Jm'l 1...,aLiuu?Jt1-:iLat1611 ua>.1t1-:i~1u 

pheochromocytoma 

( 3) MISCELLANEOUS 

a1'lan61"il1nlu~-1Jtn:: (Ginkgo biloba extract) pvv1 \{ D)(!Jc.,,n t PA f 
) 

ai'la061'11fl1tt~..:Jtn~ (Egb 761) '1~iial'llii1Yn fl glycosides LLG'l:: terpene lactones 

l1alt.l'lfU61 ~-:iii q YI Bm-:i Lfl '1'lfiYIE.11 tlU1..:Jl1G'l1fl'YIG'l1U n1 l lf iitl'l:: Lt.l'lft.t1 'lfl. 'U mw~ Lil 61fl11~"ll161 
Lat161,r-:ilua>Jt1"1 '1tlV11 l1Gl1'U1'U \11h ua~a1ufilu 'l t.lt1fla1una1-:i '11flfl1")Afl'l:t1lii1t.t1'U 

\J 

m nihi t1>.1ai;l'ut1auu11ai'lan61:;,i1n1 u~-:i ln::iiYi rua>Ju~ L ti u {;)1~n:iju ti'UJJa a a'l::~ii'l.h~an5 " . . ' " 
mwa-:i ua::a-:ia1m")rt~1u PAP 1~ari1-:i~ n1l\fiim")ihai'lan61~.nnlu~-:i ln~>J11'll'lum")LLn 

\J 

1"llilrumm")L~uui' Y111>.1~um1 m'lLivu~")'l:t~ ")1>J,r-:imm'li'anl1>Jt.1~1t.1 
v " " ' 
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J~I Q,I ~ .., 4 " t d 4 , 

fl't1Buv..:inum·m'll..:JVl1'lleNL;;rnVJLLa::mvi1um'iLfl1::n~>J'lltl~Lfl'ivmrnvi L'H\J warfarin, aspirin, 

triclopidine LLa:: clopidogrel U tl mnnif a..:i L U\J~u1au Lvi1v1flf]'t1tvi n:5'u tl\J i.ia B a'i:: LLa::gj'1u .... 
P AF 'lltl..:Jal'ianviv1n lu~..:i 1n::v::ih·rn'iumun'i::\J1\Jfl1'i'lltl~fl1'iLfivi vestibular compensation 

1 ., "" 1 I d ... I .J ., ... ... .J1 ., I 1• 1 ., 
Vl'Vl'Hl i.J L'UeNv1nn'l::\J1'Ufl1'iVl~fln11fl1vLfif.11'lleNfi\J NO LLa:: PAF Vl..:J't1 Vlfin11 uLLa1 

m h ..:i 1 'inVl1)Jfl1'lAfi'li1 L 'U~U1tl~jj tl1fl1'lL1tlUA'l'li:: 1 \JU'i::'H1fl'iOa>J L 'Vlru wui1r.Jn'll tl..:Jt.11 hj 
... • v 

Nicergoline (SERMION@) 

L ti u m~a1m'it'l avi ~11i.igj'1umu'lJ ei..:i'Vlav vi Laa vi'th 1-H'm'l 1 'Via L11:1u'lJ eN La vvi L ~i.it11n 
~u lvim\lw1:: L 'U'l::uutJ'l::aina1una1..:i ~..:ijjm'itl1 nicergoline i.111'if'LLn1m~hym~Lfiviv1nm'l 
1V1aL11:1u'llv..:iLaavi 1ikw1:1..:iwv L"liu ~11>J~1L~ai.1 m'ii.1ru'SmA-i'1 L~timm'l ijLaa..:ilu'H LLa:: ... 
.. !::! fl ., d 1 I J' !5 ... ""1 _., ., ... I 

L1tl\J Yl 'i'li:: Lu uvi u rn fl iiu1ut11uo;i1nm'lY1nlfltl..:JfJ't1fi \Jfll'iu ti..:inu L'zrna u'i::a1n'll a..:i 
I 

Q./del QI f t d Q CV 

nicergoline EJ~>J'lltl'Ji.'lauua~u11 nicergoline u1o;i::i.1r.JaL 'W>J'l::Vlmrn..:i nerve growth factor 

LLa:: brain- derived neurotrophic factor 1uai.ia..:i1~ LL~a..:i1J.Jijm'iAO'li1~Lvi'U-lfvi1u~tl11:1t'l~ ... 

Glutamate antagonists 
.J ., ., I f l ..J I • I d 1 ., 1 

o;i1n fl1'l't1't1'l1Unmrn111navi1 L>J'YIL u \Jal'l1>1..:J r.J1'Uu'l::a1nnvm vi:w1n u vestibular ... 
d oQI :;1 ., •t"c.. cvG 

nuclei :IJ~11:1Jal~(!J't1..:J 'Uf11'ln'l::Vl'U't11 mnvi vestibular compensation LLl.'l::EJ..:i L tlu excitotoxin 
d .J ., 1 .. :: - ' QJ :; Jd.a I Q.I Q,I 

't1 LOf.11'lJeN 'Ufl1'lLMl 't1..:J necrosis LLn:: apoptosis V1..:J'U\Jfl1'i'V11a1'lt1t1n(]'t1fi't1JJr.JaV1 t1Vl1'l'U'll ti..:i 

glutamate n1hv::jjr.JaaV1m'i'rha1m'lfaatJ'i::a1n 1~ m.h..:i hnvi1i.Jm'iAn'li1m 1un~iiif~1L~~ t ,,..._ c...<-

" .Ja A I :: d Cit. 4=---~ • IJ r"L.,, (r(.., 
Vlfl..:J'Vl1tl1't1i.Jm1>JL\l'W1::LOJ1::'J..:JiJL'H\J'U'Utl1'12Jr.Jnn'i::'t1'Ufl1'lLflVI vestibular compensation~1tl 1''1/.'1-.t ' d" 

.J fill .J .. t ., 'I 'I ".l"I ., 0 ... I 1 " I 'L { l"'-t-' ~ I :>' s. 
al'l'YIL u'U glutamate antagonists 't1>JLL'U1 \Ji.I L'Ufll'i L'Hutl..:Jfl'l.lfl1"i't11a1EJL'lfni.'lu"i::al't1 VILLO ~ 

"!, pf-rr""l I S 
lubeluzole (1-lf"lu acute ischemic stroke) LLa:: riluzole (h"lu amyotrophic lateral sclerosis) '" 

~luzole fi..:ijjqntm::~'Ufl1"iai'1..:i neurotrophic factors 1~~fl~1tl 
, fa-. a-r"""" 'v r oL -v. /- fl: /1 

• S) vb C. J1i v1~ Ci. 

una·aJ , 
., " . .,1., "1tl ' .J ., • OJ1nm1i.1'l't11..:JV11'U neuroscience 't1fl11'Vl'U1 am..:immna1num'i't11..:J1'U Lrn::m'l~1'U ... 

~ii'llv..:i'l::uum'ln'l..:ivi1 'l1i.ii..:im1:wai.i~u6nua1u~u 1 'llt1..:iai.Jt1..:i m'lLnvim'iLu~1:1uLLtla..:i • 
.. :: .. d ~ .. ti .. .J 

m..:iwm5amwn..:ia1mVl LLa::m::u1um'lLnvi LLa::m'i compensate L'WtlLLn L'll~11i.J1'1VI nvi'YI 
Q J' ..J 'j .,.. ., 1 .J ., J ... .. !::! I °' II 

LnVl°ll'U 1;1-:J(:.J(;l L'Vli.JA11i.JL°ll1 vLOEJ10'Unl'lfltlfi(j't1fi'lltl..:JEl1'in'lfltllfll''H1tl'UYl'lM::'i1)Jn'Utl1fl1'iJ 

an'Vli.J'U~ij1'lf mi1 'UUvOJiJu LLa::ijLL 'l.11't11..:J 1 um'i~'Uffl1'Vl1E11 L 'Hii L vlti 1 lfjjtl'l::~'YIGfl1'W~~ ij . ... . 
~ /) ~ ) I y h WA1 I) ht ,{ ~ i2vv [' 0»-.1,.)..C '1-'\ <;; <~ !'2-.. 

tV/ V~I( _ 



S36 Thai J Pharmacol 

<::I 91 :;5 V .d ~ _J' d 1 91 91~11 .d .col .col 9 I '>.I 91 

i'l112JL'il'Vfl~L'll~'l'I U<l~lJ'llBLttEl'WBU'Yllli'l m'WL'Vrn 'l'l~u11'J'YJ!JBlnl''iL1El'W~1'>'1'f~"j1lJnUBlfll"j"j 
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(New Therapeutic Option in the Treatment of Vertigo Dizziness) 

U'tnh 

tnfll'Hit1'UA'ii:t::LU'U\'l1ltd'amHHl'U'llfNfll'iLAgv'U hn (illusion '\ll~v hallucination 
" .J .. .r ...i ., "!S .J ., ., .J .. ti ""1tl .J ::i 

of movement) 'YILflVl'll'UL'Uv..:J~lflfll'i'i'UmlJJ'i(IOLfltl1fl'Ufll'i'Yl'i..:JVl1'Yl~VI flVI 'li..:itll~Lu'U~t'I 
" 

II CV CV "!:! .J QI Q,I .J Cit. 4 1 
JJll\ll flfll'ifl'i::Vt'U v1EJ1::'i'U A11JJ ':il;tfl Lfltl1fl'U fll'i'Yl'i..:J (;11'YJJJ1 fll\l'U Lfl'U'll VI A11JJ CflJJl':i fJ 'U fll'i 

• 'U 

• ' ( ) ... ... • .J.,. ti .. ., .J 
'Yll..:Jl'U L'li'U Vlfll':iLJJl':ifJ motion sickness 'Yl':ivfll~LflVl~lflfll'i'Yll..:Jl'U'Yl~VI flVl'llv..:Jv1tl1 ::'YI 

L~ u1'2i v..:i nu fll':i'Yl ':i..:J ~1 L U'U viu fllfll ':i Li au ~hi:t::~::tl'i:: fl v'l.J vi1 Elm fll'i LLCf Vl..:J'Yll..:J A au fl~ a1 vi' qJ 
I 1" I ., I' ..,j 1 .J .,. ti ._ 

4 eim..:i VILLn fll':i'i'U':i'llv..:Jfll'iLAav'U 'Y11'Yl~VI flVI (vertigo, disorientation) fll':ifl'i::Vtfl'llv..:ian 
" . " 

Vil (nystagmus) fll'iLifoai.1~arJ'lJv..:Jfll ':i'Yl'i..:J~1 (ataxia, fall) ua ::fll':ifl'i::~'Ufll'i'Yil..:Jl'U"l.lv..:J 

'i::uutl'i::ctl'YltlVI 1 uir~ (nausea, vomiting, anxiety) Vlfll'iLiti'UA'ii:t::'WULU'UVlfll'itll'lJ ei..:i~ 

tbt1~JJl'WULL'W'YlEJ1'UL1'l1tlDU~'fi'11 t11vi'tl 'i::i.11ruf mia:: 5-1 0 ua::'WU 1 u~U1tl~JJl~'Ufll'iVl'i1~ 
QI QI ... ".J " ti ... ti "' 1 
'ifliflfl'ULL 'W'YIEJ ~L'l1EJ1'l11 ru Vll'U'YI Av ~JJ fl ua:: 'i::Cfl'Y11'Yltll ':i::JJlCU'ivt1a:: 10- 20 Cfl L VIVI 

" v " \J • 

"l.I v..:JVlfll':iLiuu A':i1f::a1u 1 my LflVl~lflA11JJ ij vitlfl~°ll v..:i':i::uu vestibular 1via L\l'Wl::GlTU"l.I ei..:i 

peripheral vestibular system ~..:ilviLLrivit11 :: 'YJ'i..:J~1lulj~'Wl'U (vestibular apparatus) LLa:aau 

tl'i::Cfl'YI vestibular Vf\J L tluai L 'YIVl°ll ei..:i tnfll':iLit1'U~'i1f:: C1..:if eiua:: 60-80
2

-
4 'Uvfl~1mf um fll'i • 

Lit1'UA'i1f::m~ila1 L 'YIGli.ll~lflmli.1ijvitJfl~°llv..:iai.1ei..:ia1ufla1..:i (central vestibular system) hA 

m..:i~vin'li LLa::m1i.1ijvi tJfl ~°llv..:it1im::'Yl':i..:i~1~u 'l 
(!)YiV 

1. fll'i-'i'fllfl'Yll..:JEJl (Medical therapy) ~..:im~mJ..:irit1t11vi'LU'U 2 tl':i ::L.fl'YI 1vi'uri 

., ~ .J::1 d ~ 
1..1 fll'i ':i fli:tlLUVn:: b':iA'YILu'UCflL 'Yf(;l'lJv..:Jfllfll':iL1tl'U\"1'i1f:: (Specific treatment) • 
1.2 fll':i~fl1fltllfll ':i LiEJ'WA':i1f:: (Symptomatic treatment) 

2. m':i-'i'fl1flvi'1t1m':i~l~VI (Surgical therapy) ~..:im~mJ..:irieia hiLllu 2 tl'i::L.fl'YI 1vi'uri 

2.1 fll':i~l~Vl'lj~'U l 'U'Yl~t!'lh:: Cfl'Yllj'\Jl..:JGl1'U (Non-ablative surgery) L'li'U fll':i 
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cJ1m VI la vi ti ".i:::'U1ti~1Endolymphatic sac (Endolymphatic sac decompression or 

shunt), a1V1~uhvi Meniere Vl~tlfl1".icJ1mVlt!Vlfit1 posterior semicircular canal 

(posterior canal occlusion) LLa::: m".icJ1mV1La\n.h:::a1n singular ~Liti-3 Posterior 

1 ".'I da "" d .. Semicircular canal (singular neurectom y) 'U ~ u 1 ti mrn1 fl1 ".i L1 ti 'U VI i.p.rn Lf1VI'il1 fl 

fl1".iLU~tJ'UYi1 (benign paroxysmal positional vertigo) LU'U~'U 
2.2 fl1'H·hmvil'i1a1t1't'.!.§uluV1~t1u".i:::a1nlji-3lHJVI (Ablative surgery) Ltf'U labyrin-

.4 CV "'.'I d"" "" !S 1 . thectomy, vestibular neurectomy '11Vl".iU~u1tJ'nJJtllfl1".iL1tJ'Uv1~M:::1'ULL".i~ Lrn::: JJ 

VI t1u au t1-3l'i t1 fl1".i~flM1n1'3 m 
3. m~liJu~GfJJ".i~tlm~fl1".i'n".i'3m1 (Rehabilitative therapy) ~'3tll'ilLLU'3UtltJ 1~Li1u 3 

'lh:::L.fl'n 1~LLrl 

3 .1 fl1".iU~V11~~1'3fl1m vJt1~fl'liltl1fl1".iLit1'UA~'li:::LLUU-ri'11u m1t1U1'3Ltf'U Cawthrone-

Cooksey exercise 
"' I d CV .. !S " d .. 

0 
1d • CV 

3. 2 fl1".iU~Vl1~~1'3 flltl L ~ tl~fl'li1 mm~ L1U'U Vl".i'li:::U1'UVIJJ'U'Yl LflVl'il1 n fl1".iL uatJ'U'Yl1 ~n • 
t1Ul-3Ltf'U Brandt-Daroff exercise Vl~tl fl1".i'rh Canalith repositioning maneuve 

3 . 3 m~u~m~~1'3fl1m vJt1~fl 'lil tl1fl1".iLit1uA".i'l?J:::L\l~1:::"-!V'IV'la m1t1U1'3L-zi'U Shepard 

Vl~tl Herdman exercise ~~i6m~if~1Lll'U~t1'3U~:::Liju~tl1mLl'ia:::".i1t1i1 ~U1tl'll1VI 
" " 

aJJ".i~om~ 1 u m".in~~m1'il1 n m".il'i1~1u'll t1'3t11'm:::a1u1VI mh~~liJuvJ L'l~1:::a1u~ 
" 

L lJ 'U U (!j Vil 

4 1-.. 1 1 cv ".'I .,j.. .. !S .¥ I cv 1 
fll~Latlfl 'lf1ilfl1~ VI 'Ufl1~~fl'l?J1r.Ju1tJ'YIJJtllfl1~L1tl'Uv1~'\?J:::t1'UtltlflUalLVIGl'llfN ".iV'I LLa::: 

" " . 
fl1".i~1LU'U'llfNhvilfu '1 vi'-3LLGf~NL'UV11".i1'3~ 1 

<"Tl '! 3 \I vV 

? \~ 
.., ..... .) 

" Lesion 
l). 

~v ~ .,,..,}o Example Medical Surgical Rehab l 
/pi / •"v<.i{\( fJ.,,& RX Rx 

Fluctuating "· BPPV, acute neuritis, +++ +++ +++ 
- unilateral Meniere's disease, fistula (repositioning for 

" ' BPPV) ., f"Yl"' n 

Stable Chronic neuritis, end stage Meniere's + + +++ 
unilateral disease, trauma 

Fluctuating Meniere's disease, autoimmune +++ + N/A 
bilateral 

Stable bilateral Ototoxicity, age-related loss, trauma, + N/A +++ 
autoimmune 

Mixed Acoustic neuroma, migraine, vascular +++ +++ ++ 
peripheral/ insufficiency, (migraine) (neuroma) (trauma) 
central CNS/ear trauma 
Central MS, CNS tumor, seizure, CV A, trauma ++ ++ ( +-\ 

'-

, ,,,-

()'"\ 
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u 1«! ,j'{ 111'11ii111 TH l l'l'll A11'1!: 

l!j'llUfl1':iil1L~U'W (vomiting centre-VC) 1mlllJ1MUilU (cerebellum) il1'il~l111'l~ol'W 1\ii' 

'ill fl 
~ d 

1) Dopamine lli.NlJl'illfl chemoreceptor trigger zone (CTZ) 1u area postrema '11 

n1u<1i.JB~•hu medulla iJ'm-.u 1 um'lm L~uu~Lii111'il1nm-:;m~~'W'llfl~m ':i1i.J1i~m':imu{~a • 
(radiation) LL<t~~11i.Jr:l111tl11&i'Y11~Ll-Jllll lUli:zii.J (metabolic disorders) 

2) Histamine U<t~ Ach ~~l1~'llJ1'i11f1 histaminergic receptors (Hl) LL<t~ cholinergic 

receptors 1 u vestibular nuclei 

3) Serotonin ~~l1~~:1Jl'il1f1 serotonic receptors 'il1f1~11i.Jr:l111tl11&11u'l~UU'Yl1~LW'tl 
mm'l 

4) 'WBfl'il1fliflLol1<11'l~fltl'J~<l1'11U1~lii'1~<tlll<t~fl~1~Ltf'tl GABA 'illfl cerebellum ll~B 
. .Jd.:l' v <til • ddJ' 'V 0 • 

adrenaline '11L'WlJ'll'tl'illflfl1'W<llJfl'l ll'Jfl calcmm 'l'lL'WlJ'll'tl 'il~ll'l~lll'Wfl1'l'Yl1~1'tl'llfl'l vestibular • 
nuclei ii11 '11il ~<tll'l~~'tli'l'\1Uf11':iil1L~U'tl 1\ii' 1 q dtl dd•6 

fli.'I flf11':iil1L'ilU'\ILL<t~Gll':ii.lfl ':i~"1'11'11Lf1Ul'llfl'l 
• u 

LIGllll~Gl':iU1~(ii'~':iU~ 1 
• u 

Chemical Trigger Zone 

Dopamine(+) 

I GI tract I serotonin(+) omiting centre + )Ach, Histamine Vestibular nucleus 
~~~~~~~~~~~~L~~~~~ ....... ~~~~~~~t;r-~,,-~~----.~ 

GABA.(+) 

Purkinje cell in 

cerebellum 

Brain 

stem 

Cochlear 

vessels 

'i ~1tl dt·~ q,; ""'• • d. ;/; bll1U'l11 £11'11 'll':if11'tlil1f111l1U'\l~J':i1"~flflflt]'l1li LllllJ1flf111l1'\I~ flm~ LL<t~Ul~m~mrn~ 

w1~ilq'l1~~~ 111 LLu~nu t11~Jum':i1~ Bn 1timw11111 ~~'111 tlu~ <J~'l1':i1U !i~ Lml'll1'11m L1<1~'1111ti'lii' 
'1111~ m'llil 111if 'ti ill'il LL ti~ m~h"l 'ti f11':i{f11"1 ill fll':i LlU'tl i-l':iB~ 1~ til~d 
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1. Vestibular suppressants Ltl·HU'\Jfi~JJVtltlV11JJna lnm")flflnf]Yl~~a1~cym1 .. urnvra1 

dlvi'LLri
1

-

1.1 Anticholinergic drugs mn~JJ anticholinergic 'li1t1aviaV1")10l")ri\lacycy1w 

U')::a1YJ'lJ tl'I L 'Zfaatl')::cnmn n vestibular nerve 1~mt1vitf u~u~nwtla1t1 
U')::alYJ postganglionic muscarinic Yi1hfoanqY15i1'UOl")tl1L~El'\J natlJJ 

. I ... 1".J.,. 1'"" 1" I u')::alYJ LLa::VIGi'li.rn VI Yl'\JEJJJ ~O'\J VILLO 

8 " .. I J,, 1 - Atropine 0 .4 mg ')'lJu")::Yll'\JfJO 4-6 ~1 JJ'I 

- Scopolamine
9 

0.6 mg -iutl"l::Yll'\Jfln 4-6 -i11JJ'I 'Yl~tl 0.5 mg LLU::'Yla'I 

lu'YIYJn 3 i'u " . 
1. 2 Antihistamine drugs al') histamine L U'\J~'I local hormone LLa:: 

neurotransmitter ij receptor 3 subtype 1~LLri Hl, H2, H3 receptor Ol')UVI 

tf u~ Hl receptor 1vit1 classic antihistamine l'h 1-H'tl~mw histamine avia'I ii 
i:·.rni1'lJm")t11L~£l'lJ n1l-H'Lnvimm")~1"'~"~")'lJLL')'l'J'lJ'Vlau1~ a1'lJ tt2 • 

..J 1 I o.J " 1 receptor '11'\J 'Vl'lJtl~Yl GI tract -.i::~nm::vi'U VI£! analogues 'lJtl'I histamine 

1 "" f l nd :;"( :: .J .J I 

Vl£1JJ cAMP Lu'\J 2 messenger Ol')uVIO'\JYl H receptor YJaJJtl\l'lJtl'1'"1'lJ'W'U11 

L~t1Clnm::iu-.i:: aV1m")a{1'1Lta::tlat1t1'lJtl'I histamine Ell antihistamines ~ilmJ " . 
1'lfntJ a an fJYJ~tlvitf tJ Hl ... "" " l . receptor LLa::Lntl'UflO'lJ'lJ1'lJJJf]Yl5 ca cmm 

antagonism LLvif]YJ5 antihistamine -.i:: 1'lf'"111JJL'liJJ'li'lJUtl£1ni1qY15 calcium 

antagonism (LLa::i'.iqYJ5 anticholinergic ~1JJi1v) m~U£1JJhL~LLri 
7 4:1111 " " ~ " Cll J,, 1 - Promethazine 25- 50 mg \lVIL'lJlnalJJ'Vl')tJLamat1V1fJO 6-8 ~1 JJ'I 

- Dimenhydrinate 
9

-
11 5 0 mg 'iutl')::Yll'\J'Yl~tlUVl L'li1ml'1JJfJO 6-8 -i11JJ'I 

1.3 Antidopaminergic tltlOf]Yl~fa£1V1')'1~ CTZ JJ10ffl1~ VC i'.iqYJ5LU'lJ anti-

histaminic, anticholinergic LLa:: a - adrenoreceptor blocking tlUl'lfitl'lJ Yi11-H 

avimm"l'"1~'\J lff' t11L~£1'lJ LLa::'"1a1m'"1~£1Vl 1~ LLvi1:.rn'li1'ILA£1'l"J::-wu 1~tiavn11 
1vimuvn::~a~1'lfi::uutl')::aim)vi foiJ&i L'li'lJ postural hypotension tl1mL-H''I 

ntl\l~n LLa:: extrapyramidal side effect L'li'lJ dystonia 1V1£1L\l'Wl:: 1 'lJL~mta::'"1'lJ 

~'Im~ m~atlnf]Yl~ antidopaminergic LLti'l liLU'lJ 

1. 3 .1 Phenothiazine group l~LLri 
• 7 ,8 "" • I "' "" " " ~ - Chlorpromazme 5-10 mg ")'tJu')::Yll'\J'Vl')tl\lVIL'lJlna1JJL'\Jtl't'JO 

4-8 i11JJ'I 'Yl~tl 25 mg ai'Yl-!'UYJ1'1Yl11')'t'J0 8-12 -i1tJJ'I 

- Prochlorpromazine
7

'
8 

25 mg 'itJth::m'U'Yl~tlUVIL'li1na1JJLifal'ln 

6 - 8 -i1 t""' 
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1.3.2 Butyrophenone group lvi'LLtl 
12 4:11 ti ti .: d .ct • 

- Droperidol 'lJUlVI 2.5-10 mg UVIL'lJ1mniiLUB'Vl"HJ'VlaBV1Laavivi1nn • 
4-6 i1liN 

. 8 QJ .I odl .m " " .l J., L - Halopendol 'lJUlVI 1-2 mg 'l'Uu'l::'Yl1U'Vl'lB\lVIL'lllna1muann 6-8 "ll1 >N • 
1.4 Monoaminergic drugs Lrla monoaminergic system unn'l::~u -o;i:: 1tJErmf-:im'ln1'31U'lJB'3 

" . 
reticulo- vestibular pathway ij~an11\1Eru&-:im'ln1'31U'lJB'3 vestibular nuclei m 1umh.rcl' • 
.J .. 1~" I 'YJUf.llJ "ll LVILLO 

- Amphetamine
7

-
8 

'lJ\J1VI 5-10 mg i'utJ'l::'YllUfJO 4-6 i1hi-:i 

8 .., .. I ~L 
- Ephedrine 'lJUlVI 25 mg 'l'Uu'l::'YllUfJO 4-6 'lf1 lJ'3 

1. 5 GABA agonist nl'lL ~iim'ln1-:i1u'lJ a-:i'l::uutJ'l::51n GABA 1 u'l::uutJ'l::aimhunai-:i 

'Vl~mfiia-:itl'm.1 -o;i::'li1miu&-:im'ln1'31U'lJ8'3 vestibular nuclei n11 lf resting activity avia-:i 

lviflm'laVI reticular facilitatory system 'li'i-:itJn&i LLa:: il~a'lJmmf'cyqprutJ";i::51'YJ'llfM 

vestibular nuclei 'li1-:i~~vitJn&i m1unaJ.Jd~ilmJ1'lfi.vi'LLn • 
. 13,14 QJ .. I J., L 4 q " ., 

- Dtazepam 'lJ\JlVI 5-10 mg 'l'Uu'l::'YllUfJO 8 "ll1 J.J'3 'Vl'lB 10-20 mg UVI L'lJ10alJ.J 

Lifann 8 -H1tJ.J-:i • 
11 13 QJ odl a " 4 • J., L 

- Lorazepam ' 'lJU1VI 1-2 mg ')'lJtJ";i::'YJ1U'Vl'lB\lVIL'lJ1'VlaBV1LaBV1Vlll'JO 8 "ll1 )N 

- Phenobarbital 'lJ\JlVI 15-30 mg ~UtJ'l::'Yl1UfJO 8 -H1 h1-:i 

1. 7 Calcium antagonists ilqntila-:inum'l 1 'VlaL'li1'lJ8'3LLAaL~f.IJ.JijL'lfaa n11 lfL'lfaana1iiLiia 

L~f.ltJLLa::L'lfaana1m if m.11 l-o;i hi'VIVl~1 ~-:iijqnB~1Un1'l'VIVl~1'lJB'3Lamaavi n11 lf ffnJ.J 

~1U'Yl1U'lJ8'3 Liu LaBVl'lB'UU a navia-:i f.llLL~ a::~1-o;i:: a an qnBvl1f.IA11J.J 11~1-:i nu 1 u Lal.I 

LaBVILL~a::~1LL'VIU'3 ~1~ilmJ1inu1vi'LLn cinnarizine LLa:: flunari zine ilqnB~hiL-o;i1::-o;i-:i 
1 • Id .(.J 1 J ..,j . I 4 1 n I' d1 t Gl tl myocardmm LLGl lJf)'Yli:i'YILUVfl::Gl BL lHILtltlu";i::51'Yl 'OJ'3 "ll VI ~C!Vl 'U ";iA'Yl1'3'l::'U'U 

tJ'l::al'Yl 1rnn~1ndET-:iilqntLtJu _vestibular suppressant vl1f.I 

- Cinnarizine
10

'
15 

'lJ'\JlVI 25 mg ~UtJ";i::'YlltlfJO 8 i1LJ.J'3 
16- 19 Q.I QJ :; 

- Flunarizine 'lJ'\JlVI 5-10 mg ";i'UtJ";i::'Yl1tl1'\Ja::A";i'3 

2. VasodilatorsJ ~ilflJ.J1'lfnu1vi'LLn histamine analog il~rualJ'U&iLUU Hl ua:: H2-
, I I ~I . .J 18,20-22 • 1 " .. 

receptor agonist mn-:iaau LLGlLuU H3 receptor antagomst 'Yl1'\JLL";i'3 'Yll mnvi 

vasodilation 'lJB'3 capillaries, arteriole LLa:: arteriovenous 1 u stria vascularis ua:: spiral 
d I 23 .J "'> 1 ~ V I 

ligament LLa::J.J~aGJa cerebral blood flow f.ll'YIUf.llJ "ll LVI LLn 

- Betahistine dihydrochloride 
15

-
16

'
18

'
21 

'lJU1Vl 8 mg ~'UtJ";i::'Ylltll'JO 6-8 i1 LlJ'3 

- Betahistine mesylate 'lJ\JlVI 6 mg ~UtJ'l::'Yll'\JfJO 4- 6 i1LJ.J'3 

\ 3. Nootropic drugs J 
-- ___., ti ' 

3.1 Ergoline derivatives lviLLn 
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- Nicergoline
8 minq'Yl~'tVlm~JJ neuronal energy metabolism, dopamine tum 

over, protein synthesis LLa:: phosphatidyl inositol tum over 'll'U1Vl~1'li'~hl 10 mg 

iutl':i::'Yll'U 3 rrn1V1a'3B1'Vl1':i 

- Dihydroergocristine 
24

-
25 m:inq'Yl~1~rnm::~'U':i::uu adrenergic LLa:: dopaminergic 

.... D 1 ., a ... tl.... tl ..J tl f ..i f 1tl .... ... ..J .. 
LLa::tNiil13Jl':ifl'Yl1 VIL3JV1LaBVlLLVl'3 ':iUL ati'U':i ':i1'3 L'WB~1'U tl'3VlaBVlLaBVl'YllPIU 

u 

l:.o::ir1 .:I ., ~ ~914 
LL~U ':i13J'Yl'33J t]'Yl5'lJU1ULiil'ULaBVliil3JB'3 'll'U1Vl'YI L'lf~B 1.5 mg -!utl ':i::'Yll'U 3 na1 

V1a'3mV11':i 

3.2 mifl'li''li1t1fl1':i 1VlaLitJ'ULaBVl 1~LLtl 
Pentoxifylline 

26 m:inq'Yl~1Vl tlfl1':ia Vl m13JVIUVl'lltM Lael Vl uutT'3 01''Hfl1:: tl'U'll B'3 

a 4 ~ " o 'I Iii.ct J 4 .J 
LOaVlLaBVl LLa::L'W3Jfl1':iiil':i1'3 prostacyclin 'Yl1 LVl3Jt]'Y15'lltlltl'VlaBVlLaBVl 'll'U1Vl'YI 

l'li'~ei 400 mg -!utl':i::'Yll'U't'JO 8 ~11JJ'3 
- Piracetam

27
-

28 BBOq'Yl~1Vltifl1':iaV1~113JVIUVl'lJB'3LaBVl UUtT'3fl1':iLfl1::tl'U'lJB'3 

LOaVl LaBV1 L ~JJ neurotransmittion, neuronal metabolism •th 1-H'L ~3Jfl1':i 1 Via 

.. ... ..J .cl')...... .... tl .... 
L1tl'ULaBVl'Yliil3JB'3 'll'U1Vl'YI L'lf~B 800 mg ':iU ';i::'Yll'U 3 na1V1a'3Bl'Vl1':i 

3.3 m~'li1m~JJeiein:aro.iu1uaJJB'3 1~mi 
- Almitrine/raubasine

29
-

30 BBOC}'Ylt1vitim':iL~3J arterial oxygen partial pressure 
.c::. 'I 11 I OJ' .J Q.I 

LLa::L'WJJ saturated oxygen LVILLOB1tl1:: neurosensory 'Yl':i::VlU mitochondria 
J" Q,I • .J QI 

trnmnnuti'3':iU01'Ufl1':i'Yl1'31\J"llB'3 perioxidative stress action 'Yl':i::Vlu 

cytochrome an~1tl "ll'U1V1ifl'li'~ei iutl':i::'Yl1\J~~'3a:: 1 L~Vl 2 L1a1 Vla'3B1Vl1':i 

.J I o Q.I 1 " f 3.4 tll'Yl'lf1tlfl10JV1 free radical VlLLn 

, 3 1- 32 .t ~I "" :; 
- Ginkgo biloba tltlOCJ'Yl5Lu\J oxygen free radical scavengers LLa::umN 

platelet activating factor (PAF) 'Yi11-H'L~3Jfl1':i1V1aLi£J'U"lltl'3Lativim-w1::~aJJB'3 
· 1" .... .r .cl')...... ""tl LLi:l::'Yll Vlfl1':i recovery "lltlWlfi:li:l iil3Jtl'3 Vl"ll\J 'lJ\JlVl'YI L'lf~e:J 60 mg ':iU ':i::'t11'U 3 

L1alVIa'3Bl'Vil1 

i el fl'l'l'WOJl'lWl l \.I Ol'lLii el n l itn'imfl Ell nl'lL1 tl\.IA'l\f::il ~.:Jif 
1. 1un·Hu~'Yl':i1Uiilll'VllPl'llB'3mm1 LiuuA1\f:: m':il'li'm-!mflh~~Ltl'Ua1LV1Vl'llt1'3mfl1'l • 

Liti'l.lA'Sl:tdVlUVl'S'3 L ~ an1~V1a1 L VIVI LLa::lJ e:J'3tl'l.lfl11LOVl.J'1'lJB'3Blfl1 'S vi'3LLiilV1'31 UlPl1':i1'3~ 2 • 
2. 1umw~Laan1'li'm~nV1 vestibular compensation 1ilm'l1'li'GlVlGJvtl'ULU'l.l1::a ::L11:11 

'UTU m 'llilu1::a ::LUtlUVHl 'UL'YhJu ~1B~1'3U1~jj~aG!a vestibular comp91sation LLiilV1'3vi'3 
..J /J '}, ' ""' "1f> 0 --;N l ---: (v /.>/ "re.·~ ... '::) 

VJ1'J1'3'YI 3 { r 

9 tJ !::. ~ "' ""' !S ~ ~ J ~I 
3. m1~1n\fl 'l::c;t'Yl5.fl1'W"ll v'3m'lmfl Blfl1':iL1U'U~1 'llJ::'Y11'3~i:l'l.lO'YIL u\J Evidence- base 

u'3iittlJJ1m'.l'n 'bu 1 Vl(\j L tl'U fll'SLtl~tiu L iim.Jtl1::a'Yl6m-wm1-!nl:t1"ll a'3m LL~a::'lfilvinu placebo 
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randomized double-blind 

vt/) 
\..1 ,J r:;l v.. 

~ 
Gll''nU1 2 mYi"l'lfi'mflmw1::mL vivi~ti1 l-H'Ln~ • inT'Hia'IJA';iM:: 

Ar("\ 
Lesion Disease Dru2s V)¥1 ~ J 'L I 

Peripheral Meniere's disease I Diuretics Betahistine'),H>,IK,zi,iz Flunarizine 16-w 
' "-l,/ , ' 

vestibular >- Aminoglycosides '-.) vi ~ 5 tvG... 

disorders Otosyphilis Penicillin, Doxycycline, Tetracycline, 
Erythromycin, Steroids 

Viral neurolabyrinthitis Antiviral agents33 S t .._ Y771cKfa 

Autoimmune Steroids, lmmuno:uppressants34 

Bacterial labyrinthitis Antibiotics 
Central Vestebro-basilar insufficiency Antiplatelet, Anticoagulant, Neuronal protection, 
vestibular Nimodipine, 
disorders Flunarizine17

, Piracetam27
•
28

, Pentoxyfi lline26 

Migraine Benzodiazepines, Tricyclic antidepressants, Beta 
blocker35

, Flunarizine 17
•
19 

Post concussion syndrome Piracetam28 

Cerebral ischemia Vasodilators, Anticoagulants, Ergot alkaloid24
"
26

, 

~ 
Calcium anta~onists 17 , 
Gingo-biloba 1

·
32

, Almitrine I raubasine29 

tjJ 9 i Alcoholic organic brain syndrome Benzodiazepine, Gamma-hydroxybutyric acid36 

Familial ataxia syndromes Acetazolamide8 

Psychogenic Anxiety neurosis Benzodiazepine, Tricyclic antidepressants, 
disorders Panic disorders Monoamine oxidase inhibitors37 

Ocular Motion sickness Dimenhydrinate", Diazepam14
, Scopolamine" 

disorders 

.J .J... • . . 7 v--
Vll'H~'VI 3 Ul'VltJl:.JaV!fl vestibular compensation fJ 6)~! ,,. VYrn 4-

Delayed compensation :lb 
' 

Accelerated compensation 

Burbiturates Betahistine 

Benzodiazepine Calcium antagonist (Flunarizine, Cinnarizine) ~.xk IJ 
Antihistamine Ginkgo biloba 

Neuroleptics Almitrine-Raubasine 'k-

nl';ii'nMl mm·HiEl\JA';iM::A1';iii~L i!'Um';ii'nMlGtl L VIVJ~ti1 l-H'Ln~ fllnl';iLiEl'UA'll1:: L lJ'U • • 
'Han m';j~nM1vi1i.J mm';i~:: l'lf mw1:: L 'IJ';ilt1~ihnm';iLit1'1JA';iM::L5auwa'Uvi~v L 'U';ila~1i.in';iltJ 
a1LV1~LLt.i-a'~ ~tl1mb'U lviqi~::ijmm';i~~m~fl 1vii'um'li'm~nvi1am ijLwa~··foaa:: 1 o L'rhif'U 
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.J ., 4 4 ~ ' .J • ~I " 1 .,., ., " .. q..,j ..I g • 14 
'Yltl\l~NJ.Jtnn1''.il1tl\h'J''j~~tltl 'lW\llLu\JGltl\I Vl'itJnl"f'jfflflVl1tJ1Btl\J L\.IV\l•nnm'i~1n~lLu'iUU . " 
L ifou o\I th~aY15fl1-w'll r:i'lm LLm a~'l!il vi 1 \.I m'i~mfl m m'i Li au A'i~~ u\I hJ m n -w r:i~"~ a'itJ1vii1 • 
m 1vi 1vir.Ja~ni1nl.I Gi'lifuna 1nm'ir:ivnq'Ylt'llv\lm iJ"~avi'1l.l'il~lLLa~c.Ja'2i'1\IL~a\l'lJt1\lm~\IL tlu 

a1u~1~ty~vi't1\l~lil\IO\IL'Um'i'W"J1'HUlL~t1nH'm1-HLlUJl~aJJL'l.Jm'i~n~1~tha~jjmm'iLiau 
A'i~~ 

.., 
'11L't'1Gl e.!Amfl mffl iAmfl r.Jilnl';i"jfftfl £11011 

' " 
" ct 

111\ILfltH 

Acute Motion sickness McClure et al, 1982 14 Dimenhydrinate NS NS 
Diazepam 

Pyykko et al, I 985y Dimenhydrinate NS NS 
Scopolamine - iv-~ f;Lc, ,r....., c1 ~f 2 P" t,{~ q ,f 

Peripheral Marill et al, 2000 11 ~ Lorazepam 1'/ NS DH < LZP 
vestibular Dimenhydrinate :;'1'cld J 

Chronic Peripheral Deering et al, 1986 1
' ~ Betahistine BH>CZ NS cc.- 11 fo 

vestibular Cinnarizine i,H ~&.Ir It 
Fraysse et al, 1991 'B Betahistine BH > FZ NS 'Oit4" 

Flunarizine 
Schremmer et al, 199910 Arlevert ARL>CZ 50, NS 

bl1viJ. 
Cinnarizine 20 mg DH 100, BH 

Cb' Cinnarizine 50 mg 
(WVlWm'l 1 u .. c{ Dimenhydrinate 40 . 

'ri.r"". mg.-.r ' V{. 5\ l uY11f,e. 
Dimenhydrinate I 00 
mg 
Betahistine 12 mg 

Cerebral Hartmann & Tsuda, Pentoxifylline PF > HG NS 
ischemia 198826 Co-dergocrine 

Cesarani et al, I 998J1 Ginkgo biloba NS NS 
Betahistine 

;,{J.. :- l'" 1ln'HIJ! DH= Dimenhydrinate, =TS= Scopolamine, LZP = Lorazepam, BH = Betahistine, 
[ J I '<>.Jc ,6 CZ= Cinnarizine, FZ = Flunarizine, ARL = Arlevert®, (Cinnarizine 20 mg/Dimenhydrinate 
2 WI.~ r, 40 mg), 

PF = Pentoxifyline, HG = Co-dergocrine, GB = biloba, NS = no statistic significance. 

I. Brandt T. Vertigo: its multisensory syndrome. 2"d ed. London: Springer-Verlag London, 1999. 
2. Bath AP, Walsh RM, Ranalli P, Tyndel F, Bance ML, Mai R, Rutka JA. Experience from a 

multidisciplinary dizzy clinic. Am J Otol 2000; 21: 92-7. 

3. a~GJ"il i.h::a1uat1. mm"ii'ilmn.iu. Raiin 2530;3: 80-8 
• ' \f • 

0 
{d-1/ . (\{'). 

I -,.bn114'. 

~)~ 
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J; .J.,,,, 4 41 . l "~ .J. 
'll'IWlfl'W'YJ'ill L u'W b 'W fll'H'il'il]J LlilU lil LL<lrnl'iLL W'ifl'j~'illl'J'll iN b WUJ~L 'NAflfll'H '11'Wl'l1'W1 

"I 'V... v v .... J' v d 1-3 d J..i d • ""' ""' ..... 
b'l1Lf11ilf11'Hl'l1'1L1.'l'WLafllillJ1 L<ll'J'lflfl'WlJ~L 'i'I lJ~L 'i'l'YllJ'll'Wllil L<lf1f111 0. 5 lJ<l<iLlJlil'i mm-; mu 

<11'iB1'111'i LL<l~BBfl~L'il'W 11ilu'l~:zilJt-il'W (diffusion) lJ1'il1f1L<i'mliBlil 'llB'lill'iL mhtlL~ll'Jlil':i'IUlii 
d..i 'f 1 ""'""' '1 ""' 1J di I di ti d1~ 

lJ~ L ':i'llJ'll'Wllil blilf111 0.5 lJ<l<iLlJlil':i Bl'J f1'1Lfl'Wf111'Ylill':iB1'111'i'il~'lJlJNl'WlJ1(l'!L'lJaalJ~L ':i'I lil'il'I 
" 

iii' B'I mfimamlialilua~L'lJaaL~Bu NU-.:i Lamti111il (endothelial cell) 1 um1ci-.:iiJ1um1mm1LLa~ 
' 

... I o' d2 'V V ,,jj V z t :; .J 
il B f)'lJL'il'WlJl<ll 'llaalJ~ L 'i'I 'IJU1'W fll'i<l':il'I L1.'lma il lilU'i~f1 ilUlil11'J'll'W lil il'W lill'I 'l '11'11 l'l'll'W lil il'W 'YI 

" 
Li'luila1~1iianmLa~liim~B'I L~lJtll'W'illf1fll'lvJ1mu#uvlu:i1u (basement membrane) ~llillJ 
':iBULamti11lili1 (capillaries) &ilillilllJ'111'Jrn1anmlJ'llil'IL'lJaaL~ilUNU~'l1aillil LliillilL'll11 tJ1 u ' . 
L d 11 L~ fl ( stroma) Lrl 111'1-ruill]Jl]Jl ru m~GJ'u m1a{1~ Lam ti B lil fll':i L&i'W'Yll'l'll il'I L 'lJaa L~ Bl! NU'I 
'11a il lil Llifllil':i11Jnum1L vi1J,j1u1u'IJ11~ L'lJaa 1'l'lmh1 ua~m'lL tl~umL UM fa1-ia{1-inmu L i'lu 

• ~ , ,.J .J • ~ "' • .J • 4 1·' ,!{ .. ", .J wmaillil b '11lJ'YIL'lJBlJlilBf1'WL u'W'i1'1U '11 L Wil'Wlill'iB1'111'iLL<l~flilf1'lJL'il'W u Lal'J'IL'lJaalJ~L 'i-l b 'W'Yl~lil 

'illil L~lJ iii' 'W'll B'lf11'i<l{1~ La'W Lliillil L~u1'11 iMtlUfll'i L U~l'J'W LL tla'I <llJlil ai11~'1111~m'l?i1u . ' 
'V .J.,, :; 'V v .... 15 J . J' v v v .... 

<l'l1-iLm~m'l'Yll'Juu~m1m1-.:iL<1maBlil • ( lill':il'l'YI I) m1mmum~'!'W'llu1um1<1'll'1L<1maBlil 

'11 m u#u lil il'W LL a~ ill'il ii Na \ii B f11 'ivJ1~1 'W'll B~ L 'lJ<l a '11ml'J'lJUlil1:J.J,j1 tl lil L'ilWl~ L 'lJ<l a~<1{1-i La'W Lti illil 

L vhif u il m lJ~ L '11 lJl ~alJ '11"11-ru m1?i1ua-i'1~ Lau La a lil ii 11il'il'5' u~ 1111 n q 'YI fi,j1Lw1~1 u m1 L tl~l'Ju 
LL tJ a-i am:1ru~'IJ il'I L 'lJa au NU~ 'll<l il lil Lail lil LL<l~ Lm'I a{1~'ll il-l Lama B lil 1'1uri L 'lJ<la fl a1 m ii' il L~l'JU 

' 
'lla-:nama11lil LLa~L'lJaa pericytes Li'lumu LLlii1iJiiwriliiawu1~'ll11~L'lJ<ia~u 1 

U'i1'5'1'J f)'j~iii' 'W fll'H 'il"lru L&iu Llil LLa~f11'j:zilJ'lJ1U'll il~ L 'lJa au NU'l'l1<l fl lil La B lil (vascular 
• u • 

v :: 6l .J 
endotherlial grow factor-vascular permeability factor, VEGF/VPF) A'WWUA':i~U'ifl b'Will'i'YJ 

'11.i''l'illflL 'lJ<ia lJ~ L~'I 1 mi'1 L Wl~L~l'J'I L'lJ<iaLLa~J11 u?i11~'1111~ ( ascitic fluid) L 'W~l'lf111'1 6 L i'lu 
1tJ'lGiUn'5'unUUIWW1"i'W (heparin-binding protein) ii'll'Wllilil(j! 34 1i'I 42 fit<ilill<liiJU L~l'Jf) 

~au11i1 vPF Iii 111J1wui1m., vrF il'm11J11an.,~iii'u m1LL ti'liil1'1J11'1t'lJaau wir-i'll<iillil La111il 11il"' 
' ' 

..,. vv l -<>I .J ~ " ..... .... .,. .J' Q .:(JQ "I v 
lJ ~A 'W WU b U'llil'W'Yl'l1 a'l'i11 f1 L 'lJ<l <l l! N 'W'l '11 <l il lil L<l il lil 'YI L vn~ La l'J'I LL a~ lJ q 'Yltl'YJ'ill L W1~ b 'W fll'jf1'i~\'l 'W 

I o' Q.I "'f "" d I t 89 d AloQI Q "" .. ""''f 
fll'lLL U'IL'lJ<l<lUN'W~'ll<lBlillaBlil L 'jl'Jf1'llill'JB11 VEGF , LlJill u'il'JUL 'Yll'JU1LA'i1~'11f1'ilil il~lJ b 'W 

' 
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U<1~'11iilu'lla~1lh5iml'lltl~ VEGF LL<l~ VPF wui1Li'lut1h&lu'llillilL~1'110U10 cim.nill'llJL~l'lfl 

il'il~l'Jm~lli'um'J<lfl~LflULafllil'llillildi1 VEGF l-llflflll~<l VPF • 
VEGF Li'luntl'EJ LA hh&lu~~unurnww1~wi'Ju Homodimer i11A1~<l-l'1~ (isoform) 

I ~ ""' .J' l<V W G QJ 

fll'Jl~U<ll'J 4 'lltilil 'llUi'l~flUfll'l<li:lU'1llilU (alternative splicing) 'lleM mesenger RNA 

(mRNA) 1~V1i1~m11hu'Ylalil1li'<l (transcript) 1unl'rnf1~lu'J&lu lu'l&lu 4 iuuuu~wuAa 
. ~td"''·' VEGF12" VEGF165, VEGF189 Lb<l~ VEGF205 lilllJ\rl'!.!1'Wmlil<J~lJ 'W'YILu'W<l1'!.!u1~fltlU'llfM 

lu1&lu
10 m1m~lifum1:SlJ'lllUWlt1~i1~Lfl'WLai'llil (vascular permeability) llill'I VEGF LL'.i~Li'lu 

' "" ~ ,J ~I .ci1whl"" "" "'1 Il 50, 000 L 'Yll'lli'J~<ll':H'li;llilllJ'!.!'ll~ L u'W<ll1lJllil'l,ljl'W'YI 'llL u'J!'JUL l'l!'JlJfll'j'lflJ'lllU (permeability) 

fll'jfl'j~lll'Wfll'.i:SlJ'lilU llil11 VEGF "1i11'J 1 '1'11U'J&lu:SlJWl'!.!'illflLfl'WLl'lalil1u<iL dmfila liiJl'J'jf)lJ . " 

d 
lil111~1'1 1 Proangiogenic Growth Factors 

Factor Receptor 

Vascular endothelial growth factor vascular Flk· l/KDR (VEGFR-2), Flt-I 
penneability factor 14 (VEG FR- I) (both present on activated 

endothelium) 
Placental growth factor 149 Flt-I (VEGFR-1) 
Basic fibroblast growth factor 149

•
150 FGF-Rl-4 

(bFGF/FGF-2) 

Acidic fibroblast growth factor 149
·
150 FGF-Rl-4 

(aFGF/FGF-1) 
. 149 150 Fibroblast growth factor3 · FGF·Rl-4 
(FGF-3/int-2) 

Fibroblast growth factor4 149
'
150 FGF-Rl-4 

(FGF-4/hst/K-FGF) 
Transforming growth factor-a 151 (TGF-a) Epidermal growth factor-R 
Edide1mal growth factor 152 (EGF) Epidermal growth factor-R 
Hepatocyte growth factor/scatter factor 153 C-Met 

(HGF/SF) 
Transforming growth factor-~ 154(TGF·P) Transforming growth factor-P-RI, II, lil 
Tu1nor necrosis factor-a 155 (TNF-a) TNF-R55 

Platelet-derived growth factor 156 Platelet-derived growth factor-R 
I I . I . ti 157 Granulocyte colony-stimulating factor Granu ocyte co ony-st1mu at1ng actor 

Interleukin-848 lnterleukin-8R presence on endothelial 
cells remains uncertain 

Pleiotropin 158 Proteoglycan 

Thymidine phosphorylase (TP)-platelet-
derived endothelial cell grovvth factor 38 

Unknown 

(PD-ECGF) 
Angiogenin47 170-kD angiogenin receptor 

Proliferin 159 Unknown 
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L'lf<Hltjl:.JU'l'll'11li11l5B111ii\ll1~'i.J VEGF (VEGF receptor) LLW1ll'Jwu\ll1-!u VEGF 1u 

ef - d 1 VIV I fl I V 19' I o'.J o °" "ti ef d 
L'lf'1'1'1f'W1111l'W 'l 1111J1'lLL111W1JLu'W<\1'W'W1lfl 11lllfl l'lf'1'1Ylfl1L'Wl11'Jlfll'lf'1'1 1:;<1TVl L'lf'1'11J::L'l'l 

r/<U I d .:'ii }213 ..,- o.r "'4 ..,.. "-' 1 1 ,r 
Kaposi's sarcoma l'lf'1'1111181l'W'IJ1l'lLIJl11L'11llil ' 1111'lU VEGF (VEGFR) lJ 3 '1f'Wl11 111'llil1l tl'W 

1. (VEGFR-1) (Flt-1 receptor) ii~m&\1Jil fms-like tyrosine kinase receptor Li'l'W 

lli'1-!u~'ilu VEGF tVPF 1!ilmh'lLL'li'W'll'Wl tl-:;::0Bu!il1mh'W'W1lm'lfmi' (extracellular 

domain) ~iia1'WA<i'ltJBIJl;Jluln'1\Ji:i'W 7 rl1'W (immunoglobulin-like domain) 
.J 1 <d ~I d ~ ('! 1 d w , 

LL'1::<t1'W 'Wb'lf'1'1¥1Lu'WL1l'W'lfl'llJ ll'IL'l'lf'WAl'JL'WGI (intracellular tyrosine kmase 

domain)
8 

Flt-1 receptor iim11Jr.l11'1ty1'Wfll'lGl1'1'lLam5Blil( vaswlogenesis) 'l1l.I 

~-:ia'l-:;'l¥11'11'1J1l'lfl1'l<l{1'l L<1'm5B 111 l m.i (angiogenesis) 

2. VEGFR-2 (Flk-1/KDR receptor) ii~tn&il.111 fetal liver kinasel/kinase insert 

domain-containing 'ilu VEGFtVPF atil'lLLU'W'll'Wl L'lim&imn'W Flk-1 iiuYJUTVl 

r.l11'lty 1'Wfl1'J<l{1'l1<1'u15Blill'li'WL&lmilu Flt-1 receptor LLlliiim11.Jr.l1A'ty 1 'Wfl11<11'1'l 

•~ 1" d , .J >'l."lw_,~d • • 
L<l'W l'11llil 'WL 'lAIJ:;L 'l'll.Jl flfl11 L'W B'l'Jl mu 'Wu'J'JU <1lA'1JYlfl'l::!l!'Wfll'lYJl'll'W'IJ 1l'l 

1 "' d ,Jg ti "" d .,,, ;f d .... :; 0 

VEGF /VPF 111 llillJ'l'l <ll'l 'l::fl 1lu'llmtJ'1f'Wl11'1'1Wlill'Wl'IJ'WL W1ltJU!J'lfll'l'l'll'll'W'IJ1l'l 

VEGF/VPF i:J1'W'l'll'l Flk/KDR <lllJl".it:iil'rnT-:im".i<1{1-:i1am5a1111'W<1'1ili'YJlil<l1l'l 1111"'' 
91"-'"" o<lJ .J.Jv 

3. VEGFR-3 (Fit-4) receptor lu'Wlil1'lU (receptor) <ll'll'lU VEGF-C 'lf'llfl!J1'1J1l'l 

"" "' :' .:'ii • • 14 
flUfll'lGl'll'l'll'18111'WllM'18'l (lymph ang1ogenes1s) 

tlTM-'l'u VEGF iiatil'lU1ltl 5 '15Ul11 tl'l::flBU!il1u VEGF-A VEGF-B VEGF-C LLGJ:; 

VEGF-D tll'l'l-'l'u VEGF-A Ll<l:: VEGF-B lJA111JtllAtyl'Wfll'l<l{1-:iL<1'U15BlilLLWlJ'l'lU1~1lU1'l 
~u !il1u 1!il11ri m::!il'IJ m 'l'l11-:i1'Wv <N 18u"1i'u il''ll B'l 1 'lf<i'1u NU'l'l'1'1Blil15B111 ""' VEGF-C 1rlu1n B'I 

• • 
QJ 'V ~ .:.',j .J1' .J' I d \II 
f1Ufll'l<l'll'l'll'11llil'W1L'll'1EM (lymph angiogenesis) LIJ<l IJ'Wl1Jl.Jl'WWU11 VEGF-C Lfltl1'll<l'I 

OUfll'l<l1'1-:i1am5a1il'IJ<l'lhA1J::L~'l!il1u 1 •·lB VEGF-C 'iluilu VEGFR-3 U'l'lUlYl'lJ<l'l VEGF­

D 1:i.in'l1ULLUiilil lllilltl'lii11Jil'B1<:1'5'uilu VEGFR-2 LLGI:: VEGFR-3 LL'1rn'l::q''Wfll'l<l1'1-:i1a1J 

L5Blil
20

'
21 

VEGF-E 'iluilu VEG FR - 2 LL'1::<1ll.Jl'lt11l'l::!ilum1LLU'lW1'1J<l'lL'lf'1aU NU'l'l1'l1llil • • 
L51llil LLG1:;fll'l<l{1~ 1am5Blil

22
"

3 

.fl dd qJ "-' " "" ""' 1 •• d Angiopoietin (Ang) L u'IJ a !)!Y1Lfltl1'lJ1l~flUL'lf'1<11..jN'lJ'l'll<lillilL'11llil l!fll1<11l'lL<l'l..!Li:11ll11 

L'WU'J'JU'Wi:l'l'lu 4 '!lil111fia Ang-1 Ang-2 Ang-3 mi~ Ang-4 wui1 Ang-1 LL<i:: Ang-2 'ilu 
• 

<V ' 0 d""' ti ""' «II 
nu tyrosine kinase receptor (Tic- 2) <Jl'll'l'JlL w1::YJN1'lJ1l'lL'lf'1'11..jN'lJ'l'll'1<llilL'1 Blil Ang-1 

B 1lflt)YJtlt111uVi11 '11'1n111i'im'Wlfll':i'll1l~ L'lf<1au NU'l'll'11llil L51llil (endothelial cell differentiation) 
' 

Ll'1~LfllilLGl5tJ'Jil1W'IJ<l~L'lf<l'1"" 4 
(endotherlial cell stabilization) L'lJ'l'll'llil':i'IO'WnllJ Ang-2 ~u 

<V "-' ~ QJ "" "-' QJ .J'25 OJ "" "" • 0 

flU Tie-2 receptor Ll'1~tJU!J~fl11'JU'll1l~ Ang-1 flUlil11U (receptor) 'W fll''l'JUf1'1..!lil~fl<l111J1 

1tlaA11lJ 1:Wiiw5m.rnw'll<i~L'lf<1auwti-:i'll<i1llilL5a111Lrn::u'1ml'la111wa (vascular regression)
26 

5-:i 
~ . 

11iJ'i1'J::wu Tie-1 receptor u<i'1n1111m111iil~ 1:Wwu11iil1'ilu (ligand) 'IJB~iil1-lu (receptor) il'i-'iB 

Gll'Jllil 
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"' v.J , .Jd v • • •., ·1!'1 "' ci •.I 
fll "l ;1 fl'lill'IUll'l'll i'N St)!1111'1 'l 11 Lfl !J1'll i'N fl'U ffl':i <I'll~ L<l'W L<Hl 111m lilb111 l'J ;1fl1fl tJ'IJ L l'l<ITIJ 

1 ~ d~ .,,. J:: w J w "'" .t "" .t 
'Wl'l'\jl'll1l<l1NL<lfll'l!J'IJ~fll'JU!Ml'l'Wll'l (knockout mice) fil!l'UM!'l'Wl'l1 2 alleles (homozygous 

knockout) 'lliMU'IJ VEGF 11"Js VEGF receptor W'Ui1l'l'Wl'llil<HNLU!J1J'll1l~~LLliiLU'IJtii'1~eJ'IJ 
" 

(embryo) 1 u m1.1f" rn1'lLA':il~MV1Utii'11im..1~d.ltJ1l'l111L mhif wui1m"l~lilJ'Wl~leN L<i''IJL~1l111 W~l 
" 

tin~ 11i'll1ueNL&lcnnuuu Ang-1 Ang-2 Tie-1 Lta~ Tie-2 'll11il'11u11111a11'!Lllfl!l'lmim~m 
" 

<V <V W <!.l 1 <V i .:>, ">.28 29 <V J; ~ I .J' ><:>! W d1 • 
fl'IJLL<l~fll"l'WlilJ'IJ1'll 1l'I L<l"W L<l1l lil 'IJl'l'IJ oNfl<lll ~lillf fl111 ' lil'l'IJ'IJfJ'WL l'l<llUlJl'l'IJll'l 'IJ fll"l<l':il'I 

" 
Lam~ 81il 1 um1~tln&l trn~ii1v~ilunrnmhl•'liy 1 um.,a{1~L<i'uL~eJl1l °l u L '>AlJ~L ~"!il1m-dunu 

u 8fl'<1 n il't!'I il B!\!l'la1u'llil111~il ~a hi Luw1~1ii a flJ'Hv"liy Lmu L11J'll 1l'I t'll<Hllj ~ir-:i111'18 lil 
L~illilttliiilr.rnlii<lfll':iLv"liyLmu1111'lleJ~L'll<l'15u 1 !il1£1 Liu fibroblast growth factors (FGF) ~'I 

'llUlil acidic LL<!~ basic transforming growth factor-a (TGF-a) epidermal growth factor 

(EGF) platelet-derived growth factor (PDGF) platelet-derived endothelial cell growth 

factor (PD-ECGF) angios!atin LL<!~ CXC chemokines interleukin-8 (IL-8) 

macrophageOinflammatory protein- I (MIP) platelet factor-4 (PF-4) Ll<I~ growth-related 

oncogene-a (GRO-a)'
0 

IV !V<.'d ~I Jn.t<VW ,.J S 1c?:: 

m1 lfil~ wu L<i a l1l L u'W'llU1'W fll'll'l <f <l'U'llU'll1l'W LL<i ~lil 1l tu 11'1 vl nm1" mn W'U1l'll'IJ lil il 'IJ 

~~VI lJ 11l'll 1l~ fl1 ':i<1'{1~ L<i''WL~ il lil mu A lJ L lil !JUv~fl<f 'i'l'I tau L~ a lil Vl<ll !J'llU lil LL111 fl Wl~ nu 31 lib mh:i • 
I f"I ..., 'V = "' l "" = I ..., ..:lt J d 

L'll'W basic FGF (bFGF) L u'W1111fl1~1ij'IJfll'Hv':ifY Ll1JU b\il'll il~ Lv':ifYLl1l'U bl1llj ~'W~Vl<l1llilL<leJ\1ll'lLL 1~'1'1 

.,_ v ~I ..., v d d 1 ci~~ 
<fl1l1111111111lJ\1l11'J VEGF LL<I~ PD-ECGF VEGF Lt<!~ bFGF Lu'Wl1l1fl1~11l'Wl'lU'l'll'l<flil 'IJfl11lJ'll11il • • • 
':ieJl1l'll <m'll<1'1uwir~11<1eJlilL~111i1 aci1~ hn11111J bFGF t tlwii'1m~!ilum1a{1~ t<i'm~al1l~11Jnum1 • • 

d 0 ~...,.,., llJ'VQI .%d d 
L W lJfll'll'll~l'IJ'llil'IL1l'W'lllJ!'ll'J S!J<l<nfl ~1N L<l'IJL<l1ll1l Ll<l~L 'WflL!'IS hepatocyte growth factor L WlJ 

d d .,. ..., <"! • A<>i ..., d ds d • 
fll':iLlil<lil'Wl'l'llEl~L'll<l<l'U~'W~Vl<lillilL<lillillJlflfl11uvvl'J[)'W 1 l'l;Jfl'Ul fll"ll'l'WU11 Ang-1 LL<!~ • 
Ang- 2 L ~ 111'118~ nu ml lJ iJ wiim ill W'll i'M L 'll<l '11.j NU~Vl<l 1llil L~ 8lilU<f11J'li1ii1v~ilul'lUll'l <'h A !Y 

1 u m1 ei ci':l a lil'll ei~ L 'll<i '1u ~i:r~11<iillilL~i'llil26 
" . 

m1a{1~t<i'ut~alil~flA1'UfjlJ T!ill'J lymphoid cells L0ilt1 T lymphocytes macrophages 
32-35 ""''''"''" OJ d .,. llJ 

Lt<!~ mast cells - t1nmmanWrnurn~111v1m'll<1<1 T lymphocytes LL<!~ macrophages lJfl 

tfJl1l~1lJnu hAlJ~L~~L'l1<1'1ll'lleJ~W1VIU~'l~l'J~<lfl'11lJ (invasive cutaneous melanoma) LL<l~il11~ • 
• d~J d•w Jdo!J' ''1 d • 

fll ':i 1l fl L<f'Ul'lt u'W lJ1flLfl!JJ'll1l~ fl'U 1'111 lJ L<ll'NVI L WlJ'll'IJ'll fl~ f111 LL W':im~vl l'J b ':iA lJ~ L .,~ LL<f lil~11 fl11 

a'i'1~ tau ta Blil~ !l n m~iii'u t lil tJ m-,5 n Lau mvY\11111'11 A"~ t~~ L 'll<i '1a<in mlJ u<i~ u w~m~v1 t1 " . . 
1 = "' ,,... d d w .,_. w 'V "" " 1A I ' 33 d rrn nm~ .n lJ A lJ fl'Wl'l Lfl l'J1'll fl~ nu nTrn11~ wm<i alil u1 u am1m rJ'll il~ m l1l um1 m1l'l 

" . " 
m LA iltl 1ulilY\1"l1'1tLN <l l'l1 l'Ji'1mvl~1n'li <N n 'U fll 1~ l'J1tirnt~fll';j11111 U au il'l'll tWi~UU .f1 l1 A lJ ii' ti " . 
' d ,J 'V "" ""' g;; w w "".! QI 1 I ~ II.I 1 . ~I d ' "" 36 ""' s 

ffltll'l'il ~ Lfl l'J1'll 1l~ fl Ufll'l!JUl'J~ fll'l <f 11~ W'W L'18lilVl'l1l lJ'W 'WlN lJL u'W l'll'l':il'ULL 'IJ'lllil lJ fl11 ;1fl'tll 
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o-:i 111111.1a1J~'W 5 'l::Vlll'I N Gl'!l eMilil A lJ rl'Wlii fl m-:;a{1-:i La'W La a li1 LLGl::fll'lL'iJ~fll t&lu Llil'!lfl" L 'lf<l<i' " . .. 
d "l "' o' • " d "~"" d ""' 'V "l .J IJ::L 'l'I b 'W<llilTYllil<lfl'I 'W1J11L'lf<l<11Jn 'lWli<IGl<t1J 16 (B 16 melanoma) llJ flUlilL'!ll L 'WVl'W'Yllil<lfl"'YI 

" 
Uil il l'i' 1Jrl'W1J n 'W~ fl'! n <iu Ufll'l L'il~tu Lm1J 1111Yi'll'1 nil l 'WVl'Wtl nm 

35 

'I.I ~ OJ 'I.I 

S ' d.,,,w<V ' ""'""'t • " 
nT>~1m,nwu11 fll'l'Yl.(J IJ I'! l.J nt1unw1 eM'il::<ililfll'lL'il'lf.1! Llil1J 111'11 fl"n B'WIJ::L "" Lw::m'l 

a{1'! ttfmaBlil l'WVl'W'Yllil<l'N 11ill'lfl1'l'll1Vi'W'Yllil<leMvihi"fomtlililt11u111 doxorubicin mriB'W LLtll 
" " 

Q ,/ W nl O, iV I ..::.I o' d I <V 1 ""'V c::$ .J Q. ""' t 
u li1 L 'If <I <l'!I fl'! IJ1 lJ u n li1 L l'W n fl 'Wu li1 L 'If <l<l IJ:: L 'l'I 'W1J11 Vl'\J'Yllil<l fl'! lil" n <111IJnB'W1.1:: L "l'l'YI L 'il'lf.1! Lli11J Ii) 

hfoi1"n~1Jli111Jl'!IJ 35 
LLULLliil'WVl'\J'Yllil<IB"YiliiilliiamfoiJa (athymic nude mice) fi1(i)N<lfl1'l 

'Yllil<IB'I LL 1J1J L&ll'J1rl'\J LL<llil"lltamaa111Yia{1" l mJ1 'WOB'WIJ::L~'I l'WVl'W'Yllil<IB-:ivi1(i)·foi:ntli1UU1Uli1 
" 

adriamycin JJ1ri fl'W LL<1:: 1 ll't 'll<i<i''!I a-:iiJ'1mJniih vi at viJJ.(]il i'f JJn'W LL<llil'li1 l1.1'1(i)tn111'il1n T 

lymphocyte Llill'llil'l'I nT'JLtn'1'1lilill'i'1.1nuunvdt1"'i11nmL111ilt11u111 adriamycin llill'llML'll<l<i''!la" " . 
w .. I ""'"l o "l w w w ~ .d w d d ,;f 

IJllJ unlil b 'WVIU'Yllil<lfl'l'Yl1 b Vlfll'l<l'll" L<IULG1tllil'Ylnat11J::L ':i'! B 16 melanoma L 'WlJ'lf'W N<lf11"l 
" 

I .J' I W V .J', I Qo OJ dw OJ ='II aJ OJ J;; IV V .:!4 

'YI li1 <I fl'! L VI <11 Un <111'!11'1 Ii) '\J'liU"ll I'll l li1lJUl1J lil'Yl l'J1J !'Mil lJ li1lJnumIJl'lfJ1'11J l'J-:i fll 'l <I'll" W'W LG! a li1 " . 
• • I 4 • d ~ • 4 • I 'f < • < « 37 

fl11'Yll"l'Wunli1'!1 B"'ll"f111'1 L 'W a b VILnlilu'l:: bl'l'li'\JlilBL'li<l<llJ::L ':i'!LeM 

<.I 4 d ~ "I "I l • " • 1.>'l ' < .! .f 1J'Y11Jl'Yl'!IB-:i L 'lf<1<1unlil'YILL 'Yl'ln'lflJu~uu u n B'\Jl.J::t ""m <t L '11f.1!'!1B"lJ'lfl,fl'J'W1Jf11'lL 'WlJ'!IU 

'f '.!1 < 1 .J < '!IB'I PD-ECGF Llill'ILU'Wl::Bl'll'!EM 'WL'li<l<I macrophages ll<I~ lymphocytes 'W'!IW::'YIL'lf<l<I 

:1J::t~-:it'i11m V1ajrn"n<iuwu PD-ECGF L wMt~nual'l" m1rn'll:1J'1lu'!la'lm'lua:1J&1111 PD-ECGF 

1 dJ <V o' Q <>I QJ <l.' d' <IJ o 'V 4 d .J' IV d I 

'W L 'If <I <!'YIU ~tl 'W nu L 'If <I '1 lJ ~ L "" lJ lilll lJ <llJ 'Wu 5 nu 'ill'W1'W L<l'W L'1 a lil'Yll.Jl L<ll'J" f1 au l.J:: L 'l'I LL<I 111-:i11 
do.J'.dvv WW""' do1'°1' < 

L 'li<I <IL VI <ll 'WLf11'11'!1 a" nu f11'l<f11" W'W L'1 Blil'!I <l"l.J~ L "" '11 a b VI tu'!I B'I l.J'\JBl'I " . 
~I d 'V • rt d v a.r v v .:!4 l •32 33 

Lu'W'Yl'Y111Ul.Jl'W1'WLL<1111L'lf<l<I macrophage lf1tn'!IB'lf11Jf11'l<l'll"W'Wb'1tlli1 Vil.I ' 

t111l'liluY1u1'YIV1mutl1::m'llii am'lL'il~f.1! t&lu Llil'!I a"uimilla111i1vitn1111 ;.n.i iii'"d 
w_°i"'d w "'Vd o' cv ""' g 

1. macrophage <I'll" u'il'iltl'Ylf1'l::lil'Wf1l'l'YllVl'W1'Yl'!I <l"l 'lf<I <11J N'W"Vl'1Bli1L'1Bli1 f1T'J~1f11'1l • • 
l 'WM a'!tlfiu&\ m1wui1 macrophage a{1'!U'il~l'lvin'l::q't1 f11''H'il~f.1!Lmu Llil fll'l 

d .J ""<V d OV 4 I <>. 32 IV 
Llil<I B'W'YJ LL<ln1W!'Wln1'l'!IB'IL'lf<l<l1J N'W'!Vl<ltllil l<ltllill.Jlnn11 20 'li'\Jlil ll<l::m::lil'\J . ' 
m1a-i'1'ltamilla1111 t1~1"ml'I 

2. macrophage tl{rntlii'l'llU1'\Jf11'l<lf1'l tiutilla1111111t101'lL tl~l'l'Wbb tl<i~<ll'l Llil'l'!<Jf1'l 

'\J Bf1l'll<l<i' (extracellular matrix) a1'\JU"JrnBU'!IB~<ll"J fa'l'l<l-i'1~'\Jtlf1L'l!GlaUB'Ylii 

'l'l ;;i Iii a~tl ~1'1 LL<I~ <i nBW~'ll B'l L '1f <1'11.j Nir'I VI ;;i fl 111 ta a111u<1:: m'ilil N <11ii a m'l t 'il1f.1! Lmu Llil 

~ ,t 39 .<',- • 'f.I d .J ~I ,J .I 
'!I B'IVl'1Bli1L<1Blil'il1 macrophage aanq'Yl5 Lliltlf11'l<l'l1'1 rn'llil'\J'YIL u'\J.i1'\Ju'l::nau 

'11 <M<ll'l Llil'l'l<lf1'!'\J flf1l'lf<l<i' LL<1::af1~ tau'1!1'1lf proteases 1fauamutl{rntlii~ Llil'l~ 

a-i'1'1 LL'1~ Gi1u U'l~n au'!I <Mm 1tl'l1~ a-i'1~u an L 'li<i ;;i"' 
w_o..;CJv~ w w~ .J 

3. macrophage <l'll'IU\l'11'Jl'ltll'J~f11'l<l'll~WUL<lflli1 thrombospondin-1 (TSP-1) llJB 
"" w Pl ,,,, o::; 39-41 
1f11'111i111'1tlluB'ln'Wl.J~l'l~ retinoic acid 
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fl1'><1f1'1 angiostatin tmm'lfa.i'lJ~L~·Hlillil<llU Lewis Lung Carcinoma 42 !ii'a-:ith~miu 
V o' !V d (LI o' 43 !>,I I I !II 1 > 

lil1UL'lfaa macrophages LLGl~fl1'><1'>1~LilU'llUlJ metalloproteinase \il1iHJ1'1L'lfi.tm a 

plasminogen 1m'lfali'L'V'll~L~EM Lewis Lung carcinoma 1:iJwui1i:Jrn.,af1'l angiostatin ul'iti'1 

1ri plasminogen ~1lJtlUL'lfali' macrophage 1m'llali'LW1~L~!l'l Lewis Lung carcinoma 'il~Olilfl1'> 
v , . dvtl d..ft 

<1'>1'1 ang10statm Li.IU'lfl'JlJ elastase L WlJ'llU lilU granulocyte-macrophage-stimulating factor 

(GM-CSF) Mt'l'illfH'lfali'lcJn~'l Lewis Lung carcinoma ~'lm~!ii'urn'><lf1'IUGl~l1t~t3u-irm1 • 
<I d v ' . . 43 'V ' J' 

elastase 'illfH'lfaa macrophage ua~LWlcJfl1"l<l"l1'1 ang10statm 'illfl plasmmogen 'llillrnmmu 
• 

I .J ~ ti .J' QI nl nl Q,' o' d .J V "-' 

U<lli1'111 elastase 'IMl1M"1'il1fH'lfaa macrophage 'VILLVl'>fl'lflcJu~uU'VIUl'lfaalcJ~L"l~ tflU1'11eMflU 

fl1'><lf1~ angiostatin 1ulcJ~L~'l':i~uud L!Gl~L~u1~a~nuu'V!U1'Vlfl1':iil'uff'lrn"l<1f1'ltamaillil'llil'l 
, 

t'lfaa macrophage 

L 'lf a'1 "~ L ~'I <l1"1"ltl<lf1-:iil'il~Ufl':i~!ii' Ufl1':i<lf1-:i tamaillil 11ii'Lil'IM"ii'l'il1flfll"jfl':i~lii'u1 '11 . ' 
v ..... 'ii .J d <!;! ... 44 45 

<l"ll'l'illflilll'JU ilflli11fl':i~~U'illflil11'JU ilfl'VIU "l'l'Vl~lil\ililil11~'1111ilili'lfl'lfL'ilU ' (hypoxia) il11~ 
... ~ .J.% .d .:.'4 A' QI ... .J 

'111 lil il [) fl'lf L 'ilU Luu WGl'ill fl fll '>'VIL u [) Ltl i.1'111 lil !GI[) Ii) m LG! EM LIGl~IL<llil'I tl'I fll'>lil il u au 11'1'11 il'I L 'lfGIGl'VI 

w m I'll lcJ'il~ iHi1 Ii).,[) Ii) il11~'111 lil il [) fl~h 'ilU I iii" fl1'><1f1'1U'il~tl m~!ii' u fll'><lfl'l 1au ta[) Ii) t Ii) ti fll':i • 
LM~t11tl1aqJqJltlHfilcJrn'><lf1'I VEGF 1rn~r111'11 mRNA Transcript ii1a1ia·rn1w U'il~EJm~0fu 

v v .ell .d 19' . w v 
fl1'><1'>1'1L<IUli:lillililU '1 lilLLfl angiogenin PD-ECGF LLGI~ IL-8 ~flfl'>~~Ulil1Elil11~'1111il 

1111n;at'ilm'liutliia1nu"-'" U'il~mnlil<i'alcJ~u 1 riiiil"rn"lilauaueM'll<Mrn'laf1-:iLamail11J 1!ii'uri 

cytokines IL<l~ growth factors insulin-line growth factor-1 insulin line growth factro-2 
.,! v 49-51 "" v 

EGF hepatocyte growth factor IL-1 LL<l~ PDGF LWlcJfl1"l<l'>1'1 VEGF fl1':i':ifl1'111il1Elfl1"l 

uuff'lfl1'><lf1-:i 1amaillil ill'ilr1111iltlilEJfl1':iil'uff'lil'il~tHlh'l '1 L m.i1du11m M'Wil 1 U'illflfl1':iil'Uff'l~ 
_"f "" v v v ""11 "i' 52 53 A' QJ • "1 .... ""' v d 
u'il'ilElfl':i~li1Ufl11<1''1'1L<IULG11llil LlilEl\il'N ' U1lfl'illflUEl'IWU11 LU':ililU'illflEIU\illUlcJ~l'>'l Van • 

""11 ""' v 91 .Ql 1 v ' .:.I .,,, 54 55 
Hippel-Lindau (VHL) l1':i1lEIU p53 <l1"1':i()\il1UijlcJfl11<1'>1'1L<IULi:l1llil lill'llULlilEl1flU ' 

'i' ""' ... (LI ~ v 'll <!;! 1 !II ' 56 57 
LU"l\ilUl1GllEl'llUlil<l1"11tlEIUEl'lfl11<1':il'IL<lmaillil lil L'lfU TSP-1 ' interferon (lFN-

"' A "")5a,5• 6 k D f l . so . . " d . " I u., -p LLGI~ -v 1 - ragment '1111'1 pro actm ang10statm en ostatm vascu ar 

endothelial cell growth inhibitor" vasostatin 
63 

METH-1 Ila~ METH-2 
64 W~lil.ilru-M''llil'l 

platelet factor 4
65 

M"iil antithrombin Ill
66 (lill':il'l~ 2) lU'l&Jmmhifu1'1'lfUlilLUUt'uri1i.t'lli'M 

111.,&Ju~-:i luan1w\il'>U<llcJU'>W'il~ 1:iJiiq'Vllll'luff'lrn'><1f1-:i 1amaillil" iil1aci1-:i 1'1iu ri1u~il ilfl • 
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fl d ~ . . "' d • ' ! . 42 d . "' d • ' .,'l'l!i'lla'I ang10statm Lu'!.J..1tlu"l~f11l1J'lliN p asmmogen W<l~ en ostatm Lu'l.J,.TWu'J~f11lU 

4 61 
?JB.,, collagen 'll'l.Jlil X V III 

Thrombospondin-1 LU:l~~mbU'll1l'I thrombospmtin 1
57 

Angiostatin 
42 

Endostatin 
61 

Vasostatin 
63 

Vascular endothelial growth factor inhibitor" 
• A I 65 

?i'W<f1'W'll1l'1 platelet factor-4 
• = ' 60 

?i'W<l1'W'll1l'l prolactin 

Restin
160 

P l.f . 1 d . 159 ro 1 enn-re ate protem 
64 

SPARC cleavage product 

0 . l 161 steopontm c eavage product 

Interferon-CJ, - ~ 59 

METH-1
64 LL<l~ METH-2 

161 

Angiopoietin-2 
25

'
162 

Antithrombin Ill fragment
66 

Interferon-inducible protein- 1O
163 

1 ull '\J'\JU'W L ;w.h 111 "l L ~ lJ iii' u fll 'l <1{1-:i uf u L~ a vi L U'W ~ <l l.Jl'\11 fl <llJVJ <iu'l~'Vli11\i\'111 .,~iii' u • • • 
..... ..... ;t w 'V <"I 5 ~ ..... ' J'~ "' w QI <V ;t "" .J' 'V 

u <i ~vi1aua1111 'l <f"ll'l Lau L <i a vi LlJ a <1 vi <11 uu \ill fll "l <I "l11 w·w La a VJ'\!~ o fl au a1 ua ~ Lfl Vl'll 'W'W aa • 

A11:1Ja:1Jwu5'J~'t1111-Wuom'llJ'll 1l1 bA:iJ~L~1ua~111·rn{11 Lff'WL~ avi Dameron ua~mu~" JNu)1 
• 

tria1iuiii'1ulJ~L~.,, p5 3 \]tyLllt!f11'Jvll,l'W lu'\J~vll hl'1iuiiu~'lf11'J<!{11LS'WL~il(i);il TSP hi 
vll'll'W U'WlJ~L~'IUl'l'IJUiiH~m'lia-:inum·rn{1,Lam~1l(i) L'li'W 1iulJ~L~' ras 'tl'lil src 1vimvilJfl1'j 

w ~"1 Q.J !!I w w "" ' 52 68 69 
<l'Jl,u'\J'\Jtlm~\il'Wfll'J<l'Jl'll<l'WL<lil(i) L'll'W VEGF ' ' 

• 

All lJ { L ~ il' fll'J<f {1-:i Lau L~ il Vl'll il' lJ ~ L ~" <11 lJl 'l t1U'l~8 fl \il1'll1'I.Ifll'l1N 81 fl 'HlJl 'l A lJ ~ L ~.,, 
• • 

L ~1l'Y11mam'Jli11t ilu L 'lA'll1l1~u1mrn~wWJm'lllflT>-lfl1"111'lAlJ~L~~1iii' 
• 



Vol 24: Supplement I, 2002 S55 

'illl'YJ'j'j ff U iJ ml lJ <'!lJ-W'W!il\il1J(i) 'l-1 rlUfll'j LL W~fl'j~'i)ll'J Lrn~iJ m1 lJ alJ W'W ti'ilu fll'j'jeJ lil~llil'IJ el'l N 
' " 
th 1.1flri11fi8 rl'1 lil'n'il w u Lau La a lil Mm LL 'li u 1 u ti' <l'w lJ~ L ~'l L"11 u lJ N'tb t1 iJfa m a~t., A LL w~m~'il1 t1 

" • • ~ tj<V a<i<V "'40. .... 

lJ1 ml'W LL<l~lJ 8 lil'll LL<i~lJ 8 lil 'll fll':l'lel lil'lf1 lil <l'W M 

fll 'j A mfl ri1u 1 my w u fll'j L ~ lJ m1 lJ Mm LL U 'W'll 8-1 L<i'u La 8lil1 u li11 LL 'l1U'l~ il m'laf1-i L <i'u 

L~ 8\il lJ1fl1ufi'8'WlJ~ L ~'l LU 'Wiil'lfilwmmru1 'li'l a <l'l~ 1 'WlJ~L~'lLGll'WlJ'l~tl~LL 'lfl 70
-

80 
fll'lAfl'lfl 1 u 

t 'ji')~iltl'l~ ll'l'lf'Wo'8
1

-
86 8~1'l 1'l~lilllJfll'ji')l\il'11l'liliil'lfilfll'l'1-i'l'lL<i''WLa8\il1un8'WlJ~L~'lITTlJT'l!l 

rl1u1!'l fi'lm'lLL w~m~'ill!'l 1 wnf u hiL V'WA11lJ'il~'lL<llJ81 tlfom '11\ilr.JllWl'l 'l MmtJtl'l~m'llil'lif 1 87 

' 
l "Q tl v "' .J.<:>1 <VQ L b'li'llJ~L'l'llJA11lJ'l1lllfl'l1lll!'J (heterogenous) 'l~fl8Ulil1!'JL'1f'1'11il1'l 'l 'YllJAW<llJUlil 

' 
I <V 88-92 d 1 I .J' .<:>! ~ I .J 91 V .di .J 

LLlil fl lill'l fl'W LlJ 8 lJ 'Wl 'W lJ1 'W lJ'fl!'J-11 'WM All lJ LL\ilfl lill'l'll 8'18 W'Yl<l'll'l L<l'W L<i 8 lilYI • 
LLlilflWl'lrl'W 1uhAlJ~L~'l11ilLL<l~lJ~L~'lol11ITT '11aj

9
"

94 

' l " u O <V :; .Jo .J.d V <V I 

2. '1JU1'Wfll'JLL W'lfl'l~'il11J'1J 8-1 b 'li'llJ~L 'J'l L 'WllllilULL<l~'ll'Wlilel'W'Yl'illL Wl~Yllfltn'lleJ'lfl'WLLlil 

U 0. I <V 89 92 .J1 0::: I 1 91 o' d 91 I 

L 'W 8'1'l~lil i'lfl'W ' fll'l'Yl b 'li'llJ~L 'l-l'il~LL W'lfl'l~'ill!'J lil L'lf<l<llJ~L 'l'llil i'l'lr.Jl'W?JU1'Wfll'l 

• v ,,. i:::.J v 'ill v .di 1· '1' Q 

lill'l 'l 'il'WA'lUtn'WL'lf<l<llJ~L'l'l'YlITTlJl'J()fl'l~liJ'Wfll'l<l'll'lL<l'Wt<l81il lil LL\il lJITTlJl'l()lJ 

~11il8tj1um~nmaaVJ 1"1'11~81.lmlJ1'lm1n'il~!\JL~u Llil 1uffJtJ1~~LLW1fl'l~'il1!'l 1tl1"1 

1 ' ' l 1 • . " 89 92 ' Q ~ .i: d , ' 
'il~ lJ<lllJl'JtlLLW'lfl'l~'illl'lb'li'l lil<llL'l'il ' L'lf'WLlil!'J1flU'1J'Wlil8'W8'W 'l b'Wfll'lLLW'l 

J .,:; IV 'V.dl !flZ .Jof>'I '1'""' ....$ <V o. 
m~'ill!'J b 'ji')lJ~L 'l-1 fll'j<l'Jl'l L<l'WL<l 8\il L u'W'll'WVJ 8'W'Yl'il1 L u'WLL\il lJ L W!'J'lW8'11'11'lUW1Jl!i 

n1L illil'1l8'lfll'lLL w~m~'ill!'l t 'lAlJ~L~'l 
~ 911 ,/ d ,J.:,1 91 V .di &' tj I l 

3 . ()'J LLlJ 11 L '1f '1 '1 lJ ~ L 'l'l'Yl lJ fll 'l<l'Jl'l L<l'W L<l 8VJ lJ1 Wl'l'l lJl fll'il~ lJ fll'l LL W'lfl'l~'ill l'I b 'l A L<llJ 8 

1 tl fll'jtJU #" 111-:;af1'l Lama 8\il<ll lJl'j()U 8'lrl'Wfll'lL\J~f\!L~U llil'll 8'l L'lHHl lJ~L ~"~ 
li11n m.i'llii'un1 L ilVJ L 'lAlJ~L~'lLW~lii1LL '11U'l~L 'll'ILL w~fl'l~'illl'J 1 tl iii'li!u'il'lmlJ1'lnU8'l 

W I "j d 1 V42 61 67 
fl'Wfll'JLLW'lfl'l~'il11'1'1J8'lb'li'llJ~L'l'l VJ ' ' 

fll 'j An mm 'l af 1" Lau La 8VJ1uti'uLd8 lJ~ L ~'l.i' 8-1 mill'l fll'llil'>1'il'Yll'lwmil1'Ylmm (i)'jfll'j 

1 -<>. i1d:.J' d .. 1~ "<V .di ,,.,J 
lJ1 VJ'l:)l'W 'W fll'l1LA'l1~'11'lf'WL'W8 lJ~L 'l'l'Yll lil blill'lfll'JLLl'lflL '1f'1'1'lj r.J'W'l'l1'181ilW81il'illflL'1fll'18'W '1 

V W o. V do .J1•1• ' 
lil11'1fll'l!'J8lJWLf11'11il11J antibody 'Yl'il1LW1~ antibody 'Y1 'lf lilLLfl factor VIII - RA (F VIII -

RA) CD3l/PECAM CD34 CD36 TEC-11 LLll~ ulex europaeus (UEA) i'l'iJ~uull 
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• ' .J,,. 1 V.dl ' • ..J .cl .$ ,,if .J 
antibodies 'Vl'IW:W "IJAil F VIII - RA CD31 tL<'I~ CD34 ant1bod1es L:WEJL!il'l!J:IJL'IJEJL!J<lLVHlffl'i 

!il'l1'1 L'lu u-fa muh<ii1 L \Ju iii a~ llm.,tl'u<iJ·1 u1mau Lli ei lilmu 1uii'aulJn1'1 A1-;;'l LA11 ~'If fl1''H'l'i'1~ 

Limll El Ii) LL uu l {J 'IJ ':i~UU iil1 <J ci1~ l 'liu Lli rnwh LL 'V1ii~~faamll <J !ill-Jl Lim lJlfl~ <f lil llil!J !il11'1ln • 
iil1u rnu'lf fl r:i' <l'l'1 <1'Vl'l'lfiu fi1 .r~vm l'J~1 ri eiu Lt<1~uu'11u1u iau Lli 1l lil 1ii'11'J L<1u'llfi1<l~vmu a~ 1 u . " 
lJ~ t1~u1~"1Jillil L'lit1lJ~L1~1:111a LL<l~lJ~L1~mn w1~mm" <i!1L lluiil 1Mfi111u1i1iil1LL11ii~vei~n11u 

• 1 w c:1 82 83 0 w a.I ,J .,... 1 ~ !IJ d • v .,,, 
fl~ 1'11'!'11fl"IJ1l1J fl 1l'IJ lJn .,~ ' '11'1J1'1H<f'IJ w fl lil'i'l'IJU Ii) L 'IJ fHJ'IJ lJn 'l'l LL!il <l~fl iltl <fllJl'ltl'IJU 

<ii 1u1u 1m<1u'llfl<i'1l'l'1'1'Vl':i':i i'IU fl 1 .r~v !.11 ua~ L wu'! iil1LL11ii~ t&l tJ111'5mu~ a'ii1u1u'11 fl'V1<11u 
• tj 

iil1u ww~nllii' 

ti flfl l 'V1U 1l'11flfl1'lUU<il1'W1'1Hi'tHli1llil1 u L<l'IJ'li'fi1<l~"llilll'J<f'! m'11ri'A~U 'W'IJ'ii1'1J1'1Hiu 
" 

tlifl!iJt#'ltLm o ~~ 3+ llilt1~A~1mu s+ 1wlil~~~<i!1u1u1amllfllilmfl~<11i1 11iiu11u·.h'llitl~unu • 
AU !il'D'11 lil LL<I~ 1!1'1ih'J!)!m~uu 11i1'1iJ L 1'1 iJ au nu l U U !il'l1'1 <f flULLm <I~ AU 'lli fll'l!il'l1'1UU<iJ1U1U 
"~ l v d~''""'11 .J,Jtqw ,.... w o' ,,,. .,. v , ..J 

L<f'IJL<l 1l!iJ UflflUlJ~L 'l~ 1lfl15MU~'i'IL"IJ1ltll'l fl fll':iUfllJl "llGl<IU fJU'!MGl1llilb<I fllillil1!J antibody 'VJ 
" . 

'31 L w1 ~ LLGl~U u<l1u1u 1amll 11lil~tleilJiiilil1111il tJ m 1'l 1m1 ~'If m w iii~ fl '111 A a :1J'W1 L!il a { (computer 

image analysis) Ell A m<1u'll' fl <i' a~~<l'Vl'i'i ff U fi1 <l'~"IJ en tJ \'!~ LL<l~'l Ll'l'il ~'If lii'1ti1 U'l LL fl 'ilJ 

A a lJ 'W1 L!il a'i''lli~ m :w~1 '1l'1 lil<ii1u1u1au 1 ll a lil ii B m 'li! u<i11 u1u u v u~v rN 1au Lli fl lil m t11 u ii' au 
~ '''"':.1.J,,., 1 'f nl<:ll .:.lat 96 .,,.~.£1v o'.d ~I d OJ o 

lJ~L ':i~LL<l~1!l'V1UtllJlJ1fl U~ L 'lul'l<l15 Chalkley-Grid 15U "IJLGlU"IJ'VlL uU!ill':il~L W<JUU'11U1U 

" ~ l !II ~ .dv ""'~v ,J 0 1 o' ,,... <:II 'l "" 
L<l'WLGlfllil Ufl <JUlJ~L 'i~'Vl!J<llJ!illil'1!il1tl antibody 'V1'11 L Wl~!il <JL"IJGl<l'I{ fJU'l'V1<1<llil L<I <llil LlilUUU 

"" .d " .,... .... "" ..... ""' .J 'V .. 'V 
U'iL 1W'Vl L 'If Gl Gl1.J W'W~ M Gl a Ii) rn fl (i)!iJ!iJ fl1.J !ill'il~ LLGl~ fl Gl':i1lJ"IJ 1l'l 1J 'j L 1 W'Vl!il'l1'1(i)1£1 L<IU'lf fl Gl il'l • 
~<l'Vl'l'lf!Ufil<l''l\j'llil'lif u ?\!ii L UUlil~LL UU ( Chlkeiy score) 

d "'~'I d .c4 <U .c4 9.' v .:!I ""' • I l 
fll':i'Vl fl u1tl lJ::: L 'l~ lJ lil"IJ'W fll'i<l':il'l L<l'IJLGl <J(i)<f~ <ll'il L fllil fll':i LL W'i fl'i~'ill tJ b 'il'l U <JUl li1 !ii 

" " 
11a A'li1 i.l'u1aiil~ fl<i11 ii1'1:: llii'tl.,~ 1m1u'11fl1111-'l'flm L<l'l l.I M .r~ 1111 Nl iii A 1ui.l'u1ulJ~11'ltl il A 

" " 
£11 d ~ ~ 1 ",I ~ '"1 d ~~ •,•1 l d ~ 

'l~U:::LuUlJlflLuWl~'Vl fll':i':ifl1'11W'ilJ (i)u'l~b!J"IJU b'Wfll'>LWlJfll'j'j<J(i)"IJ1!il "IJ8~Wu1tl U'ilU'VllJ 
" 

'ii1u1u 1auLllalilmrnLl1ihi11ii' fl'1 t'W'l1t1~'ii1u1mauLliaA iunau:iJ::L ~'l~1 ' 1 
0u1'l 11n!il1ml'm1~ 

Lfl!il~i1i.l'u1a~il<J1u1mamllalil1 un au:iJn1'lmn'1:: 11ii'tl.,~ l!.i'lfU'11flm1-'l'fl151w'l:iJ1u'1'l'l 1a:iJ fl . " 
1, I , '3 , •o'I " • d • ' ~ ~ d ~ " 

u b 'Wfll':ir1fl1'11MGlltl'llU~lU b Uflu1!.llJn ':i'l L!i11UlJ'Vlfl'i~'11U Lm!il fllJUl L 'V1'1<l'l 'Vl':ifl1'111il1tlfll'i 
" 

-'l'fl151 L<l'l lJ M <l'l Nl ~ (i) lii'1a I'll LA ii Ul u AM"i fl i!f a{LlJ'W UlU (i) ':il tJ~ n li111 lJ M 'W1 LL ii U"IJ a~ tau La 8 (i) 

lJ1 fl fl auil fll':iW mmru'1 ':il'l~ LLUflll NU1!J~ n 1'111 lJ MUl lL ii 'I.I'll il'l Lau Lli fl(i) tl 8 u 
98

'
99 

fll'j A fl 1515 fl 
" 

'il tl~lU wui1 NU1 a~ii VEGF ~1 n fll':iW!.11 fl'j ru'1'jl'l&1flllm8 fll'l-'l'fl151L<l'llJ
100 lJ~ L 1~ ~ n lilvil fll'j 

" 
fll':i<1-i'1'l 1amllaA<f'l il1'1iim'liil11 ilu hA~'iULL 'l<i'l'i11 ri'm'l-'l'fl151w'l:iJ1iJ11ii'tl.,~a'Vlllmw m'1 • • 
Luu 1tl11ii'i1m'l-'l'fl151t1'uif~m.,af1~LiuLliilAm'ilii1i111:1J'ii1 L \Ju iu~u1aiil~fl<i11 li11'laarnL uu 

" 
fll 'l A fl 151'l~ a 'V11'l A liil fl~ A1u A lJ a u1~ &1 L vi fl tl 1 ~ til ru tl .,~ ll'Vl llm wv B'l m t1' u it~ 111'laf1'l 1au • 
ta fl (i) l 'W fll'i-'l'flB1 w'l:w .t1 tt-'l'u i.l'th!J lJ~ L ~~~ii La'IJ Lli <J(i) lJ1 Li tJ'llJl fl 

" 
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'lJ w ~ 'lJ 

L Metlaloproteinase inhibitors iruii~fll'lUill'lii'uvni;ljl'WVil~btlut~<llil 1'11 LUfl~J-Jil <bu 

LVlqJ<ltj'l~Vlil'lfll'li'lmfl'Yll~l'l~ilfl'i~£1~~ 1 ( phase I ) w1ri1w<iVl'lLAt1~cl1u1V1aj i'iei i'llfll'l 
nl W .J' 'lJ .d nlV 'f 'lJ 

u11ilflmmtrn fl'l~l(Jfl u<i~vmua'l'il1flfl1'lu'iUbA'N'1':i1~\'l<l<!WilU (collagen remodelling) 

2. miru&~ml'1~vt1~L'1f<l'1'ljWU'lVl'181ilL~illil 111fori TNP-4 70 thalidomide squalamine 

I'll combrestatin A-4 prodrug LL<l~ endostatin fl'11flt1flflt)'YIB'Yl1~~1'h1m Utll'lfllltnfl~Ull'ifl 
m 10mn'Yll'll'l~ilfl<l1u1 muau1~V1i1~m1i'inm.ff u 1 LL<J~ 2 ii'l 1:W'Yl'i1ULL tlii'lililmfli.iJ-Jrl'aafl 

u " ' 

q'YJBiru &'lm1<1f1'l tti'w~ t11i1 L u~1'l maatl1'l 1,, 1 uvru~d i'll'ilt tlu 1 tJhi'~m';IAfl'l:tl'Yll'l l'l~ilfl~ 
a a fl LL uu&i m'i!-d1ffr1111XL'll1 hil'lfl<i lflm1aaflq'YIBva'lmfl~1.rd • 

CV Jj 'lJ ').I «\I d do f A<l.j <V 'lJ 'lJ 'lJ <:If 

3. mu u !Nm 1 <l':il'l Lau L '1 <Jlil'Yl a a fl (]'YIB'\11 t Wl~lil au'il'\1£1 fl'l~ll!U fll'l'1'l1'l l'1'W L'1 illi11'11 fl 

~J-Jiihi'uri miiu&'lL~u<il'mf tyrosine kinase Vil'lm1fu ( receptor ) va~i'l'il'5'£1fl'i~lifum'l'1f1'l 
Ltl'IJL~i'llil L-du VEGF bFGF ll<I~ PDGF antibodies lii11m1fui'J'i1'5'1Jfl'l~lii't1m'laf1'lttl'WL~i'llil • 
VI~ a Iii 11 i'J 'i!\l l'I fl';j ~Iii' u fll':i<I f1'l Lau L~ a li1 a tl ':i~Vlll'l fll 'l A fl'J:t1l'5'£J'YJ1'l l'I ~iJ f) VI~ a a tl ';j~ Vlll'l.ff tt . " " 
li1aUV11'l fll'iW (l)j 'IJ1 I'll a1Vlfum1'l'5' l'l 'Yll~ \'I~ il f1 fll'iA fl'l:tl ri au l'I ~il fl l U il'lill'Yllil '1 <l'lWUll l'Jl L Vl~l 

d a1u 1V1aj<11J-11,,airuff'l1111L'il"lGJLmu11i1v11'l L'1f<i'1J-J~L~'l llii'LL1iia1uil' 11mvhif u~rh 1 iXnauJ-J~t~~ 
d • cv 1 <>J 'lJ <V d IV d 

t<i n <N u a lil'l11m11 Iii w <1 fl1'ilil au au 11'l lil 11m11mm111'l m li11l'I11111 lilfll'lL<J n<i'lv <Mn auJ-J~ L 'H 

~'l L ti u'l5~1 'll'tl .,~ tilu tJ .,~ 1ii'Yllim wv 11'lm Ll'I iiu1u Iii 111" L tlu'liS~hJ t V1J-11~a1J ilu 1111tl1~ LiluN<i 

m 1f n'l:t11ii'1um iru ff 'l fll'i afl'l LtlU L~ a Iii m'lif tt~~ ii 1'111mh L tlu 1 u fll'iU I'll l-lfll'll lil N <l m'lf 111'11 
o <>..I CV Q 

al Vl'iU fll 'i'if1 'J:t1'111'l'li1il1 W 

1ri a hi u1 um d w ui1 1111ii~'i lilV a'l L 'lf <i <i' u wil''lVI <i a Iii L~ 11 lil L ti u <i n1'1ru~ a111ruv11'l m1 
' u 

w (l)j'IJlV <l'l Ltl'W L~ 11 lil L VI :W~ m L~£1'l m'l JU~'l L ~"ii fll'lU11'11~ 8 8 f) (]'YIBlii i'JU'\!'5' l'lfll 'lii~'l lilv <l'l L '11'1'1 

NU'lVl<lillil L~<llill.JlAfl'l:tl'Yll'll'l~ilfl l'l1 LV1i.i1lll~uri mlii'1u integrin ~'l 11tj~tl1t'1f<l'1'ljNU'lVl'1<llil 
L~ 111il VEGF L tlu..t'li'l'ilil l'I ii~'ililV i'l'l l '11'1'1 NU~ L~ a Iii ll<l~ L tlu U'ilil tl<l'i'l'l Ltl'IJL~ a Iii m'lif mn iruff 'l 

VEGF m" ii w <i Iii a 11111alil~'llilv11'l L '1f <i<i' NU'lVI <i 11lilL~11lilV11'l L '1f<i '1" n ~'l L '11'1 <i' VI '111 lil L~ a lilV a'l 

"~ L ~'l lLlil nliil'l'\!111 L '11'1 <i' VI '111lilL~8 lilU fl m 

mwi'uwum1fui'J'il\ll'lfl'i~lif um1af1'lLffUL~ <ilil (VEGF receptor) u<1~fl1'lL vll.ltl"lmru 

mn~u 1uLffUL~111i1~af1'l 1 mJ L tlu m11J LLlil fllii1'l~<i1 i1qJ1~V1i1'l LffUL~t11i1~ L'il"lGJLmu Lliltlill.J~ 
1w~ 111 Lt ti'lm1 ilrn<l'w~alil 1V1il~af1'l~u1 V1!l mwLtlilnlii1'lm'lfl<iTiii111Xmlii'1um-:;af1'l L<i'u 

L~ alil h.iiiml'lh'lti'it1'lliim<l'm~aliltlnmii111Xm'liilm1fn'l:t1 (therapeutic index) tl<ialilfim Wl'l'l 
QJ .J f I o' .:!j d <1'n j ""' f'I .d .:"1 ,?; d 

w 11 <in 'l:tllJ~'Yllllil fl li11'l'l~Vl11'l L '1ii1'1Vl'1aIiil<l11 lil l-1 ~ L 'i'l Ll<l~ L '11<1 <l u n li1 Luu 'Yl'Yl'llU Iii 11 J-J'Yl'l fl1'i L w lJ 

Q • 101 102 1 d l!I IV <I <'4 V 
'il1U1U~11'l mtegrins avb3 Ll<l~ avb5 ' Ul-l~L'i'lLli11Ul.Jfll'il'ltll.Jl'1i'1'1Vl<l111ill'181illi111'1 
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antiboby Mil avb3 'i!:;lii1i1Lu'l'n~La'!Ha1J1i1'!11l'llJ:;L~'!LthJa1u1Mqj L<fuLa1Jli1Uf1iiirnl'uualJ 1iiiiili1 

• .fl1.J .J .:t" ""'.J v 
avb3 LL<lli1'l11 avb3 Lu 'tHA'l1l'l\1lJ1El'VILl<lli1-<f:l'l L'l!<l<l M<l Elli1L<l1lli1'Vl~f1f1'l:;\ilu (activated 

endothelium/
03 

A11 lJ '11 ~ru'!I eNM<l'nm11'1l'muu ~'l m-;af1'l Lau La a\iltu 1ll'inu m1 lJ'il~'l~i1 L 'l!mfoa B li1 
" u 

.::II d I <> 1 ~ 1 <>. <LI <>! Q.I' .J 1 !I.' r1 

La fl li1'!1 fl'I lJ~ L "i'l U\il a:;1i11 LI WW'l Lta:;'!J f)'l lJ:: L ''l'l li11'l'l!U li1 m.1 fll'illJ <lf1'Htu::'Vl Llli1f11i11'l nu L 'l!<l<l\1<1 fl li1 

ta Bli1'!IB'llJ:;L~'lilm11JMmnMmu 1um11J<nlJl'lf:l 1 um'l~uf\'rnh!ilu peptide ~;'h1 vn:;
10

' ~'l 
d .J d ,% 1 .I <!ii .J Ill 1 V I I 105 
BU '1 'VILWlJ'!IU '!H'l!<l<l\1<1Elli1L<lflli1'Vlf:lf1f1"l::li11J li1Ltf1 adhesion molewles L'llU E selectin 

u • 

endoglin
10

' f1ll!J LA LU'liiJU LWU prostate-specific membrane antigen 
107 

ED-B domain '!IEl'l 

. . 108 d "" " ""' ' 109 <V .J "" " ""' f1bronectm LLa:;LEJ'IJ'l!Ell.J proteases '1!1Jli11i11'l '] <lf11'!tu:;m;iw1:;1iJ1'!lfl'IL'l!<l<l\1<1flli11<lflli1 

:i;:;L ~'lilu-;:; fo'l!u1:i;1ti LLlil1 um11'1l'1 tlm iJ1Mmu'!l 1Mm1-lnB1 LLmu'l 1'li1um'llil"i1'iliil'iliitJ1 ':!A 

lJ:; L ~'li1uifim'l'Vl1'lf'l aiil'ilUEI 1i8n i1u 

BULlilmVll'l'l1lULLU'lLUU 3 'l!Uli1 LLa:;ilA111J'ii1Lw1:;mfl~'liJ~11ilLLM<1:; species U'lrnau 

<il'1EJ auLlilm VJa'lauti'aw1 af1'l fam'l!aaLil1i1Laa1i1'!111 Eimlilm VJu·rnm u<il'1af1'l 11i1m'l!ai.i' 

Vl''l ~ li1 (fibroblast) LLa:; 1i u llil Ell VJu-:; EIULLf11Ji.i1af1'll!l rn 'l!<ltllli'.l A lJ nu ~'l LLil'i11i ULlil m VJ El'l BU 
u • 

aa-W1 ua:; Lu<il'1 iio1'1-luu'l:;nu (type I IFN receptor) ua:;<nlJ1'ltJmdin'!l11'1hil1i1iu11uu 

f11 'llil fl1J <IU fl'l'!I fl'l I 'l!<ltllL 1JU l~l'J1flU U~1\~E11'!11M I 'If <I tl1J1'l'l!U 1i1 ~nm::l'J'u l\il!J au llil fl I VJ El'l BU 11J 

m1 I 'l'hif u Id fl'lll1f1 f11'll!iilJf1~lJW fl m Wlil (phosphorylation) '!I fl'! t U'l~'IJ ~ L~ a1'll fl'! f\'uo1'1-lu 1iu 

!'!I • 1 v ""' .J 0 I ""' ~I v .,... • 110 ""' 
Llil BL ... !J'jfl'IJ 'Vil \1Lf11i1f11'llilfl1J<l'IJ fl'l'Vl\11 L w1:;1iJf)fl'lJLlilflL ... mfl'IJL1Jlil1\il'lf1<111 'IJflrn \1Uflll1f1 

q 'Vl~i1u b{<l'llfl'l Bu Llil BL VJ l'J'l fl'IJ ~'Vl'll u nu~ LL<i'1 1imlil m VJ u wu U'l mu AlJ m'lVi1'l1U'!I B'l~1 • 
4 .I 1v • ""' .,,, 'l "111 .,,.,, "112 o 
1'VIEl1\1<11 l'J u'l:;f11'l li1 LLf1 f11'll ll'lqj Llil1J blil'!l<M L 'If <!<I f11'l11W1'1J1 f11 'l'!I fl'l L 'l!ll <I f11'l'Vl1'l1'1J 

o::t d 113 "" v "' • 114 "" d 115-117 ""' ~I 
'!I fl'l l'J'IJ ).J:; L 'l'l j)lJ AlJ f)'IJ'!I El'l'l1'lf111'J LL<l::f11'j LI) li1 lJ:;L 'l'l fl'IJLlil m ... l'J'j fl'IJ m lJl'j fJ • • • • • 
uuii''l m'laf1'l La Bli1MmEJ'llu Iii Bu au Llil BL VJEJ'l Bum m'l a ii'uii''lrn'l L 11~f\! Liiiu Llil LL a:: Lt tl'lm1'!1 fl-:i 

L 'l!<1a1J::1 ~'l 118
' 
11

• i:-1 aiil'ln <i11wrn tlm~mf\'um fl rn'l LL tl-:io1'1'!1 fl'! L 'l!aaM<i Bli11a fl 1i11 u~1'lrnl'l 1iu 

~I w ... :1 .v.t: v 1Q.I' " ""''l 
Llilfll "'l'J'rnU fl<t..,11'J1Jl'J'l f11'lf1'l:;lil'IJf11'lLL1J'llil1'!1 B'll'l!<l<t\1<1flli1L<lflli1 b\ill'J fibroblast growth • 
factor 

120 
1imlil m VJ l'J'jfl'IJLLI) 1Ja.i1a1 lJl'jfJ urnf 'l f11'lLL U'l ol1'!1 fl'l L 'l!<ltl\1<1 fl li1 La fl li11i1 tlm~ l'J1fl'IJ 

121 
B'IJLlil m VJl'J'l fl'IJ tl<IW1 mt:: mm1 m lJ1'HlUU~'l f11'j L ll~qj Liii1J Llil'!I fl'! L 'l!<ttl\1<1 fl li1 La fl li1'!l'IJ1 li1 L~f) 
:; ""' "" 122 " <di ,,: " 

?J fl'l'l!'IJ N1\1'1J'l !La:; I 'l!<t<l\1<1 fl\il L<t fl lil\11'!1fl'llJ\j1'11'J 

f11'l 1'1l'm 1imlil fl L Vl El"lfl'IJ~ Nlilil llill'l11iVl'un11'11f1"l"llJl'11<11il{ (recombinant IFN s) • 
m:1.J1"laii'u~'lrn"laf1-:i1amaali11uhAm1'l 1 Bl'i1'1hA 11ii'Liri bi1'B'lBrnamaB\il 'l1l.J~'ll'ila-:ifln 
• ~ 1 . . . 59,124,125 d . 126 .$ " 

L<l'IJL<l<J\il 'IJ'Vl1'lf1 (mfantlle hemang1oma) !J~L"l'l Kaposi's sarcoma L'IJfl'lflfH'lfll<I 

~ ' 1 . 0 127 d A<li 128 .¥ 
l'Jf11'1'!1fl'l?J1f1'l"l f1'l (giant cell tumor of the mandible) 11<1:::1J::t'l'lf1"l:;Lw1::uam1:; L'IJB 
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uam1~V1~S La i'llil'll <Nrl'u1u 
129

'
130 

SIJLlilfl l Wfi"lfl'WeJGl'lihw:l~l u!ii'1 Ltwhi1'1i8t1Llilm Wfl'lfltl-
" 

un:mJ1 '11:1Jl"lt:1<1111f11'l'1fl'l mRNA Ll<l~lth&it1'118'1 bFGF ltil'll<lli'lJ~L~'l'llEl'llJ'WHtJ1!ii"" ~'! 1u 
' 

ni1 il' wui1 fll"jQlil a'WLlil m w tl"lEl'W a <l'Wl m lJl"jtJ <llil fll'lflfl'l bFGF <I lil 1'111 lJ Vltll ll Utl'll El'! tau 
oi wZ ""-"'-] d A"1 .J ;:["i d 

rn a lil LL<l~fl'U!'M f11'l L 'il'lt\! LlilUblil'll El'! lJ~ L ':i'l f1'l~L'l'fl~u '1'111~'YIU ~ m<itJ'l tu M~ 'YI 111<1 fl'! rnn (nude 
. )131 mice 

lil11 lJ t ?J11'1l ~'lf11"l~m1af1'! t<fma a 1111ul1AlJ~L ~'ll'llil11:1J'11 t i'Ju Iii' eNm'l t'il"l'1J t&lu 1111 

• d' ' " 1 ". 'l·'-' • ·' ~ dd ,,( 'llfl'lf1 fl'WL 'W iNElflLL<l~fll"lll 'W'lf1'l~'illtl rm lilt.11 u~fll"llil'W1NU'1l"lu'l~f1flUVl<lll'J'll'Wlil'YllJ(j'Yl!l 

iJu#'l m1af1'! ttl'mi'ifllil a0'1'11ti'lu!ii' fl'! di hi1rn'laf11til'mi'ia1111iJ11ii'Lnlil L'ilw1~ 11J'llu1urn'l 

tf\11111 A tt!il Lf\1111 wn1~un&1L'liuL&i£r"lnt1 m1af1'lLilmaei1111 um1~un&1'11L i'Ju 1 um'lauwud' 
' 

m·m1t1'11 a'lui:.J<1 m1l'11arn&i fl'W 'l1lJ;t'l hm1 <Ntil'mi'ia11111mt1'llil111 Liu hlil Lilmaa111'111 h h111 

til'mi!la1110huumt1 (peripheral vascular disease) iil'lifum1fo'tll h111lJ~l~'llii'1urn1iJu#'lrl1':1 
af 1'1 tau ta a 111~'! Iii' a'! af1'l aaJ 111<iif"~tti1'lm1rJ'u #'I rn 1af1'! Lilu L~ El lil'll a'!"~ L ~'I LL<"~ i:.J<"~l'l LAtJ'l 

' 
~cn'iltn111nu~1'lrnl'lwu1l'I 

" 
.:\I V">i "-'.::: WIV.:11.d Q.11 V 

tJ fl f1L11'W fl'ill f1 i;.J <l'lll'l Ll'll'l'l'll fl'! fll'ltJUl'l'l m 1m1'l L<l'W L<l El lil 'VJ fll'\J Lf1 lil Ii) El'll'l fl1 l'JlL<l1 f11''.i 

{mn'lilllt u tJ rn"l{ f11fl LL uu L {a{'! L cl eN'\11f1fll'l{fl1'11 lii'11'1 fll'lUU #'! Lff'W L~ Ellil fl fl f1 LL uu l vi fl uu ~'! 
m1af1'l Lau La a1111 tt iJ !il'!i!u~'l'11 t i'Jm1~!ii' a'lilm 3J'\Jlil11lJ11'1u <11t1'1'11'l~1'1111il11lJa1t~"'II1Nrn1 

' 
{n'lfl 1urn11111 m'l111 au au a'! w am Llil l'lt11u 111'lilM 0'! ~ t i'Ju lJl lil'lJll'W i'i a nT:11'111'll'Wl lil'll a1 ti' au 

lJ~L ~'l~<1111<1'ltnuf at1<1~ 5 o ml'l 1u1~t1~nm 1iJtnm&i au~{n'lfl mh'l hnm1aJm1uu#1rn'l 

af1'1Lff'Wti'ia111il'n 1 Mi:.J<lfll'llilClllCT'WCl'lLL llWN~ (stable disease) ~'l l'Wfll'l{mn!ii'1mmlilJJ 

t11tr111 en"~ ai1L\'Jui:.J<im1{n u1~1iJ &i w a !il'!J u~~41 L i'Ju Iii' a~ r1111u 111'11!.1 fHl1':1'1'11~ lil ~il fl '111 a 

'1'11~ M' a'! u 5tr&i m "1 urn 'l1 li1u1~a'Vl llm W'll fl'! rn .,{ fl1'11 LL u u uu #'! m 'laf1'l Lfl'W L~ a 111 

m':l~ rn1{nH1 LL uuuu#'lrn'laf1'l 1'1u La a 111 m'il 1iJ<1111'11u1 lil'll a~ ti' au3J~L ~~ 1 M't~mN 
L 11lJ fl'W~Wll l 'Wfll':l{fl'lfl l 'll'llJ~L~~!ii'1mn Ll'IJJU1Ulil !il~if u~~!ii'a~ 1 Mfll"j{f1H1LL uumm rla~i{a-r~ 
!il~Jmn~1~rn.,u"l11111J1 l!ii'~11:1 Liu 1u1um{uu1~mu ua~ui:.Ja~1~1i'i1N1~1:1~1:11n~1 m11'111 

" 
tJ1~ lJ'VJ Bill W'll El~ tJ1 rJ ll ~'! L ff 'WLa '1 lil !ii' Cl~ l °ll''l~l'I~ L 1 '11 &J lil lil1 lJ U "j~ LiJ'IJ i:.J<I !'.111 'W1 'W fll1 Ell L lil lJ UlU lil 

' 4 'II <:$ Q.I QJ "I Q.I o' 61 132 • 1 " 
(complete remission) nm11ilElflCl'W3J~L 1~111tJ11lJlill1<1~fl11'lfl1'11 L'W<llil1'Yllil<lfl'l ' am~ 1fl 

lil13J i:.J<lfll'llil au au Cl'! LL llll CT3.l1J'lW WU 1iilu i'ltllJl fl LL<!~ fll'j Af1H1ci1u 1 mli Wllll muu#~m1 
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LL<l::LL U<lW<lfl1'lAf11'11W1'l '1 Bri1-:a 11m::<11J LL'1::1::i''lnTrn-i'1'lA11lJ!il1\i1'11l'l~hhllu'iJ'l-:i ti\'1 

B cll'l L 'liu 1111 LL mJ'l~U \i1 L 'llii ii' lJ:; L ~'11'Wfll'H'I\i1'11Nfl11ilu C'l fll'l<l{l'! La'W La B!il'll B'llJ:: L ~'! ilfflllJ 

f.11Aty 1 'Wfl1'lLLU<lW<lfl1'l'Yl\i11.'IB'l L'll<l<i''l1<11J\i1LaB\i11 uBi'm::Wl'l '] il'1fl1'1W::LLelflW1'ltlti
104 

LL<l:: 

w ol1 • J w ol 1 •1 • 1 • ' ol d 1·' ' .:!tw ' w ~ fll'l'lfl'tll'YI elW<l'YIB11'11::Vl'W'lB1'iJ lJ !ilN<l tlel1LL'l1'W'!Btl '] l'l'l ufl11tll'l'!W'U11'1f11'JW::fl1'lL'iJ'lqj 

~ 1 " 1 .:!{ w • • old ; " • 1· ''" w ;/! "' L\il'U \il'll B'll.Jn 'l'I 'Wfl1'l'Yl\i11.'IB'l'll'Wf1'Uel1LL '11m'Yl'i!\i1 L'll<l<llJ::L ':HL'lll u \i1'l'W'WLL'U'U'llB'lfl1'l~lf11'11 

U'l:: LUtl N '1 fll 'lil'U C'l fl1'l<1{1.:uama B lil'ii'l !il1'l L llmL 'U'U orthotopic tj'l IJ:: L~'l L 'iJ'lty L&i'U Lm 1 u ~'! 
v.d cvo' .X .c.i• 0 

LL 1 \i1 '1 B IJ'l'IL '11 l.Jl:: <llJ'll B'l <l\i11 'YI \i1 '1 B'l 'W Cl fl'ill flt! fll'l fl Cl flLL 'U'U fll'l'Vl!il '1 B'l'll'lB Bl'W'iJ1 fl11'l<ll'l'iJ1 

L 1'.lu iii' B'l Vl'iJl'l wi-i1 fll'l i'1 fl'tll'YI \i1 <l Cl"l fll 'lf 111'11 LL 'U'U iluC'l Laml'I B !il,f 'WL 1'.imL 'U'U 111t1 111i'mi 

1. l'lTUCl'ltl'WlJ::L 1'l ( chemopreventive agent) 'l'lf miiuC'lrn'l<l-i'l'lLii'ULl'!B!ilriCJ'WU!il 

L'll<i<i'IJ::L~'l LV11 ti'lt1il\i1l'Yl\i11.'11N 

2. fl1'lfflB1W'llJ ( adjnvant therapy) 1'11miiuC'lrn'l<l{1'lLaml'lBlil1uil\ili''Yllil<lB'l~:iJ 
tl'lm w L 'll<l<i'IJ:: L ~'l L Vl il'l L~mfoil L 'liu 'l '11mYf uYi11'1'l fll'lU \i1 L 'll<l oi'IJ:: L ~'l dl 1 tl'l ti il\ili' 

'Vl\i1'1Cl'l 

3. fl1'lffl1'11 (therapeutic modality) L ll'Wfl1'lAfl1'11'Yl\i1'1Cl'll\i1 N1.'l'll1l'll'l1iluC'lfl1'l<l-i'1'l 

s ~ 'l w ; ol ; " old • 1·' ~ ~ 1 "' • " d • L<t'WL<l B!il 'W<le11'Yl\i11.'lfN'l'IL'll1.'11.'llJ::L 'l'l'l'l'i!\i1L'll1 u L'il'l'lJLel'U elL u'WflCl'WlJ::L 'l'lL 'll'l'U'lBl'l 

• LL1.'11 

fll"i A fl1'11 Ill 'lei Cl'U <l'W EM W B fll'lf fl 1'11 LL 'U'U ii 'U c'l fll'l <1{1'1 La'IJ Li'! B lil'iil L 1'.Ju iii' B'l fl1'11'W \i1~\i1 
'11lJ11'lU1.'111'l'Vl1'l (end points) 'll1J'lfl1'lff11'11riBt1'il::L~lJ!ii''Wfl1'lAfl1'11 Ul'llJl\i1'll'W1\i1'llB'lti'B'WlJ::L~'I 
ri 1J'W fll'l 'l '11 m ilu c'l fll'l<l-i'l'l Lii'maa\i1LL<l::Lrl1lfll'lAfl1'11~'W<l\i1 fll'll!il N<t'l::11i1'l'lilfl1'lAfl1fl • 

<V~,% c::.J1v"" ""o'<Vo V.!t 

<11 l.Jl'l ll \i1!il'll'WL'W11 IJ:: L 'l'l'l'I \i1'l'Ul'l11J1 \i1'l1'i11 L!il'l1::'11'1J'U'ill'W1'W L<l'W L1.'l 1l\i1 

v 1) IJ <l fll 'l i'1fl1'11ri11 'W !il ~ il fl VI ui1 <11 lJ1 'l ll L vi IJU 'l:: ll'l'l ll ill W'll eN I'll L !il ilti1u \i1Lrl11 'l '11~1 IJ 
" 

tl'U ill ii u C'l fll'l<l-i'l'l Lau Ll'i 1l !il 1
36 

fll'l A fl1'11'Vl1'l A~il fl 'l uu'iJ'iJti'WtliJ'n 1111 fl LL uu fll'lA fl'lfl N<l'll 1l'l • 
m LA ilti1 ti !il L tl~u rn Yi uu ti' u m'l 'l 'li'm LA il ti1 ti \i1~11J nu m ilu J'l fll "l a-i'1·ml'mii 11\i1 A11i.J <hL ~'ii 

g 1v "" :::; "" d '[ d v .J.=l ' ,.... ""' 
'll 1l'lfll'l~lfl1'1lfl1'l 'lll'lll'JUl'l'll'l'Wl.J::L 'l'l her- 2 mJ::L 'l'l Lel1'Wl.l'l'l'll1ll'l1 herceptin "i1l.lflUl'l1LAl.I 

ti1ti!il 'l u~u1ui.J::L~'l Liii'l'Wl.l'l::u::~L 1'.Jumfl 
137 

'1111iL1'.JuLL 'Wl~lil 'lunT>Afl1'11fl1"i 1'1i'mLAiiti1ti!il 
" 

~1i.JnumEl'uJ'lm'la-i'1'!Laml'l111i11 u L 'lAIJ::L ~'l fll'>AflBlm'l 1'1i'm~1i.Jnuu uud''li1 'li <11m'l11i'lil 

ti 'l::ll'l'lllmw'll v'lm LA iiti1ti!il L 'liu fll'rnuti\'1 L~fl <t'l'll 1l'l ti' B'W i.J::L~"l LL<t:: L vi l.lfll'lii?i'immN c-l'u1il . " 
'111'li<111J1'llll\i1N1.'l'l11l'l!'l1UUJ'lrn'l<l-i'1'lLa'IJLii1llil111i''l1\i1 L ~1~'W ( \i11'l1'l~ 3) 

'ili m 'l ~ u ~ ET u J'l rn '> L 'ii 'l ty L &\ u lm'll B'l ti' Bu 1J:: L ~'l m 'ii '1111 !ill \i1 u w Wl u1~ ii L i'l111 i.J1 il ilu C" 
Lamii11!illlilum'l'l (antivascular targeting strategies) tii'1Bcll'lL'li'W miluJ'lm'l~'U tubulin 

( b I. b' d' ) 138 
' b . A 413

"
140 'b d' o1 w • f tu um- m mg agents L'll'W!'ll com restatm - anti o 1es 'l'l'iJU tissue actor 'll<M 

Lama11\i1~a-i'1'l 'l m.i '111'l'l1Liililm'>LL~'ltii'1L1'.lu~miialil 'l uLamaa!ilif u ·i"' m'li1mm'l!a<i'11<1a!il 

.oi .d v 'l • • 1 ' .,, ... ,n 39 "" o 'l v v <OI }I ,,. d .J 3 "f .JI 
L<l 1l\i1'1'l<l'll'I '11l.l\i11Elfl<l fl\i11'l'11<l1El1D lJ W<l'Vll '11L<l'WWB\i1w1lLLa::L'll<l<llJ::L 'l'l'YIL<IU'l b!ilill<i'W 

Liifllil L miiil'\illEI 1 tl~nm W~1::'ll1\i1Lii1llillJ1L~EI~ 'ill~~fl~111ii'1l'lLLfi'tltym~mm'iliiVlB'l1~8N1.'1 
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•• t.11UUfJ'IJfl1";Hifi1tl matrix 

Marimastat 

Thalidomide 

Squalamine 

Endostatin 

TNP - 40 

"' .?: "' ... ... ., 
u1uu a~w1 n'l~Cl!un1'JffJ1~tau 

l~Ufil 

SU 5416 

SU 6668 

Interferon - alpha 

c 225 

Anti - VEGF antibody 

flut.:il~'U-a'l'.ltf matrix 

metalloproteinase l'!fl'lfilvi 

1um1rn•u1rnu 
Bu~\! NHE 3 ~.:illl'W\111na1-:iu~nuan 
• tl~"u a an'1H'ltma• 1'i 1Yl,mJ 

ii'rnf, 1 tJ,iiu~~ avl11J n1'm1"" "' •'11<ia 

Bel - 2 """ Bel - x L 

"' J;: d "' ,,, . 
UUl'.l'llfl'IJ'llE.llJ methionine 

aminopeptidase - 2 Vh1-H' i!]-.J'O'J'lJB\l 

~ .. 
"u"1myqjlf\J"01n VEGF 
<V J;: ., "' ... 
"umo(jj(jjlfll'llnm1u VEGF FGF 

Uo• PDGF 

m•~m'11oil NK o\ilm,11f11 bFGF 

Uo• VEGF 

ilut-:iW11~u epidermal growth factor 

( ECGFR) 

Bu j-:i n1 'l a{1-:i Hf u li~ fl Vl'Vtl..:J 5 fl J.J 

uh ii~ : VEGF vascular endothelial growth factor 

FGF fibroblast growth factor 
PDGF platelet - derived growth factor 
NK natural killer 
BFGF basic fibroblast growth factor 
EGFR epidermal growth factor re 

S6! 

ir'llAd1~~0J1nn1vin~l'l1i'.lVla1'laflvi 

'llnmutlo1111n (dog fish) (ifo~uu 

a-,,\il'1rn1vlmi'1 ) 
" .% ... ... uantnlil1n L'liaal u fl-.:ian tif'Wlaa!ll'll a..:i 

l1~ murine he1nangioendothelioma 

cell ) i.l12Jldtlt:-Ji:i{111\11fl~5ei' Pichia 

Pastori 1vi1Vlu15~uq1f11fl'J-:ilJYl15mf 

lvl'lln Fumagillin 

Tyrosine kinase inhibitor 

Tyrosine kinase inhibitor 

"' .. d ""' .J' J 
~om~1 n ''11oo•~Yl rna\ilm1 'w1"'°"'1'1 

n'•~u~hv b~a 
Monoclonal antibody 

Monoclonal antibody 
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w "'1 • w .:ll ~I ""141 .,,...:,,1.J 1w~I 'l ,,...,.. ~'lh.><>1 °""""" ~ 
'lll'IL\ill'J'l\111ll'1lmlil111un111 15'Yl<n'il 111u1n!J'IJU 1'1Bfl11 b'!llll!11"Jl'll~ml~1lft!'IJ11'Yl!'Jl ;1ffttl 

" 
Au Vil U'IJ~~l L 'l'fl ~ITT fl L 'IJ<i.lVI <HHil La fl lil~<J-i'l'l 1 VI lJL 'IJ n au lJ~ L 'l'1Ltf:l~1 "il'L \'Ju L i'.11VllJlti1 u !11'l{rnn 

, 4 d • d. I • tj 0 I " 4 

L'IJU W<l\11 antibody 'Yl'illLWl~'Ylu<!Slilll!Jlt<l~lJu1~"'Yll'ill1W 

m L1'1ilu1u1i1llq'Yl~il'u~'lm·rn{1'lL<lmas1111 u~1'1mt1 1 mlli11'Yl111mNi111.1'~1tJ t\iltiiil\il~u 
.Ji ""' ~ 1d ~I • d "" 1 w , o w a.i "" w 

LUBlJ1111'l1'ilLL<l~l\ili'l11lJLu<l!JULLu<l'l\il1'1 '] 'YILfl\11 111LLfl 'il1U1'W'IJ8'1LlJUL<l8\il G!fll'.lft!~'IJi'NW'W 

..... "'4~"" " .:IJ .:IJ .. <:.'! .J 
L<IS\ilfll'llJ'IJl\11'/J fl'lL'IHIG!VIG!fl\ilL<l!l\il Vl"Jflfll"j\111!J ( apoptosis) 'IJ ilWll<IGIVIG!8\iltf:lBlil LV'l"Jfl1 

VllJ1tJLL1J\il1fll'l<J{1-ml'ma8\il Lil! VEGF bFGF LL<!~ IL-8 fll'liil\il~Udla111'.ll'iibll'W'l~l'J~ '1 l'W 

&1' u1u m'iii\11.J ~lrn n VI~ a hi L VllJ'l~ <JlJ ii'11Ju~'l ii fll'>W 1111u·11i:l fll"J 111"Jl'il mh'l 5u ~1111w<i'll8'1 m 
" 
il'u~1L<lmaD\il 1uc!u1t1 1.lLui m.,111.,1'ilm'l{'!a'lil'ilii!J Liu rn.,111·n'ilammL:iJL Vl~n hlvh 

" 
(magnetic resonance imaging) LL<l~fl1111111'ill'l~ma!J'!<!~'l'lamL'l'IU'l (doppler ultrasound) 

d • _ ,d • I d • _ ,d • I • ~ d di " ~ 'i' " 
b w <ll\ilfll':ilu<!tl'WLL u<M L w 81111fl11L umnm u<l'l'IJ 1l'lLlJUL<l<l\il1'JlJ1 L<l!Nfl mnin 1'1 Ll'l'l'ltl11'l'IJ <l'I 

Lamaa111 LL<i~m.,'/li1'1J1u (permeability) 'llB'lV1<1s111taa111 1i:l~h'l 1 mrl1d'm'iliitl1r-L!Jm1lm'l 

llilU"J~i:l'YJ BilTl'l'll fl'l!Jl U'U~'l fll'J<fl "j LU'IJ La a lil l '2- l 4' 

N <1'1l'11 LA !J'l'll cN fll':i{fll'.ll"J~ !'J ~ tl11i1 !'J !'11 U1J c~ fll "j <if l'l u.r 'W Lail Iii Sl'il hi U"Jl flt) 1 u 

'l~Vil1'lfll'li'lfl1'.l11'111 l'lllil nVl~B 1 ml1111'Yllil<l8'1tt11~1'J~u111 LLITTB1'iitl1·mn 1 uml'lVlil~ td i'l 1 iXm 

Lllunmm1ii1un1.lobmh~Liu m1wum1Lil111m·nn~1'1JO'lLL'll'W?J1 (spastic diplegia) 1uLl'11'1 

~L llu hl'l L if 8'lBf1'/J i'N L5ut~B\il'IJ811'Jl)f1 (infantile hemangioma) ~{nm'111'Jl'J1 am111BL W!J'li'l'W 

8avJ1mu n11V1tl'l1'l1" m 1wu m1i1il:1Jwu51~V1i1'l1~uu LL ~'l iil1 lta~ am l'l !il1'1J 8'1 ~ iJ la B 111 lLa~ 
91 w .,;i 66 o "I w ~I 1· 11 wd "-' .?:: w w .<\I <>1 , ~ w .a 

f1111J'l11 WULG18\il 'Vil t V11ll'il L u'W u lil'YJl'Jl!'J'U!J~fl11'1':i1'lL<f'WLG!B\il81'\JlJ W'11111l'l~'U'ULL?H~J1Vl'l8 

'1<11 !Jlil1'11 eMi'l lJ La 8 lil i\11,,, ill'\! L fl Iii w <i'li'l'l l Am La 8 \il LL ~'l lii'1 w Iii tin WVI~ a La i'l \il iJ 8 f1~1 l'J fl1 '1Lt<I~ 
ei1'\Jil11 iX &1' lJ1!J~m ">Air1 l'i!Lrn~V1<10111 Laa111 r\1 L"lu'\111'11111'1Luw1~1 u c!u·ma'l mu tLNa 1 u&Tu1!.I 

•u 'IJ'Uq 'U 

ti~ L ~'l~{n1'.l1m1!J m U'U C1 fll"j<J{l'l LU'W L~ 1llil 81'il m 1.1"11'1 ni1tl nm fll"j<J{1~ LUU La 8 \il'IJ 8'l "j~'IJU l!!u 

~u~fi111tlnm1tl Liu m1w1111'WlmN corpus luteum 1u~V1tj)1 Ll<i~m1a{11Ltl'maa1111rn'l'Yll':ifllw 

l'1.,.,.r)f]111tl n iii m., L i\l 111J tiii u t 111v D1 till n~{nm '11 !'J I'll iluif 'l m'la{1~ tcl'u L~ 8111ill'il:11fl111tlniii
1
" ii'!~ 

JU ~1 i'l1'lW1111'W1 l'Jltl1J~'l fl11<!{11 tau la B lil~'ill L Wl~ ITT B La'IJ ta a \il'll S~ ti~ L ~'l llil!'J m i1 l'J VI '1° fl fll'l~ 
11<.1 f11'.lft!dA'l'l a{11'/J <N Ltl'W La B\il lJ~ L ~~ ll111 fl ITT11'il1 fl Ltl'W ta a \ilU fl m 

m'll"il'm1ruif'lm1a-l'1~Lamaa111 1iu TNP- 470 ~1i1iluml1"1ilu1u111 Liu mYlawm­

ii\u w1A!lLtYi'm'IJ<1 tL<i~ 'l'l'l'll'1<11lrli'lffW11i;lif am1m<1~t1q1'lll{ni;1 h0m~L~~?liNl'Jll.l'llJUlUlil 
1
" tJ.,~a'Yllimwv8'lrrrl{nHd1t1r'\'uiJ~wu 1111"lum1'l"ll'm~1t11i'u1''la{n1'.l·1 

'li:lm1w 1111u1m1foi;1111"1 !.J~L ~1151 Vl:iJ ?i a ~u 1nm1 l tl~irn Ll tla~~ ,11,1~·w 1 urrn t'll"lGJ 

1mu1111v eN L'l!a '1i1~L1~ m1a-l'11 Ltl'IJ La a•1L1'1 u l rlm~u111 au V1tl~ 1um·wil"lGJ1m1J 1111Lt<i:m111~ 



Vol 24: Supplement I, 2002 S63 

t " • tld ti ~ d d • • ~ ~ 'I • fl'i~'illtl'IHM 'lfllJ~L 'i~ffl':ifl'W'l'llfl1'H <ll'J'WLL i:M'111Ntl'Wl1Lfl<J1'11 eNflUfl1'il'il'i(\!Llil1J Llil fl1'lUB~ 

n'Wfl1'llilll'J'118W11'1lllJ~L~~ ILi:!~ fll'i<lfl<lllJLI 'W~fl'l~'illl'I hfl L yj 8Wlill'Wl 1'1f't \'.Jub'i'.h'l'llJlEJ 1 'Wfl1'i • 
• ., • ~ -~· 'i"'ld ·1·" ' 'jfl1'fl L 'lfl fll'jfl'W'WUfll'llLfl'il~'l'ltl'Wlil11'H 'Vlt'IL 'W L<itl genechip Yl1 'l'lfll'l~lfl1'111'111l-!Lllilfllill~ 

'l~'l'lil~ 1'11'1lllJ~L~~Lli:l~l'11i:l'1tln&iTlill'J'lLm1nf 'li'Jt1ll1i:fo (fingerprint) '11i'l~Wl~'Wtil 11ii'<l~lil1fl 
" 1 !V .,,, "'""' "-' t d' .J " ' .J .d w "" t " 

LL<l~'l11il L 'i1 Iii:!~ '11'Wlill'W115fl1'J'lfl1'11 'lfllJn "l~'Vl'illL 'Wl~l'ill~'il~lil8i'JW'Vllfltl1'lJi'J~flU "lfllJ~I 'i~ 
• 

t Ii) l'J Ii) 'j~ m 11' u ff~ fll 'i af 1~ L<i''W I l!l a lil i'Jl'il L \'.I 'WlB fll 'j-'l'fl 1'11'Y11~?i1u1 UlillB'l'l~~~1 lJ nu fll'j-'l'fl1'11 

5u '] t'liu m'l-'l'nm hfl LlilEJfl1'i1luff~il'il~EJfl"l~~'Wfl1'll'il'lqi1&iu Llil'llfl~lJn ~~ (anti-growth 
~ .J 21 o' d ,,. .::\! 

factor therapy) 'l'l"l8Ell'Vlfl"l~~'Wfl1'llil1EJ (apoptosis) '11eNL'11i:li:llJ~l'i~Ui:l~L'11i:li:l'l'l<li'llilL'1i'llil'lJeN 

" lJ~l'j~ 

U'IHfiU • 

d' .J • J; Q Q .:II 'i/1 ~ • 
( primary tumor ) LL<l~lJn'HYltl'W'lfl"l~'ill!J 'l1lJ'YMlJ~l'l~'lli'l~LlJlill'1i'llilA11lJL'lJ1 'ilt:N'l'l<lflfll'l 

vlu\i1um~?i1'l'VIEl1'111l~fll'i<lf1~ t<l'ml!l i'llil tl11 tlcifl1'iWlill'Wl'llim1wmmru'1 'ii'! tumor markers 
~ " 

L'V1 fl iJ fl'Vll~.'j~ i)l'JiJ'iiUtJ Ll<l~i!i fll'i-'l'fl1'!1 hfl lJ ~I~~ !ii1~ '] l'l11lJ'li'1'Vlltl'11 eJ-< L~ eNiJ fl ~~fll 'iYlU'fllJ " . 

W<llJ wmum1lJf t mi1ii'1tlcinl';liluGJrJu1uun~~'Vlfl'1lillil1u'lrn~!ii1~ 'J'111l~ hfl m1ut'lh l'iifi-.vlu 
'IJ 'lJ 'U 'I.I ~ 

~pum~?i1irm1'1I ei-.m.,<1f1~L<i'ml!leililtLl:l~?i1imn hl'llJ~I ~ .. 'il~'ll11 tl~ii51 mJ 'l 1um'lfnm hfl 



SM Thai J Pharmaco/ 

References : 

I. Fidler IJ, Ellis L.M. The implications of angiogenesis to the biology and therapy of cancer 
metastasis. Cell 1994;79:185. 

2. Folkman J. Angiogenesis in cancer, vascular) rheumatoid and other disease. Nature Med 
1995;1:27. 

3. Liotta LA, Steeg PS, Settler-Stevenson WG. Cancer metastais and angiogenesis: an imbalance 
of positive and negative regulation. Cell 1991;64:327. 

4. Anerbach W, Auerbach R. Angiogenesis infibition: a review. Pharmacol Then 1994;63:265. 
5. Hanahan D, Folkman J. Patterns and emerging mechanisms of the angiogenic swith during 

tumm·igenesis. Cell l 996;86:353. 
6. Senger DR, Galli SJ, Dvorak AM, et al. Tumor cells secrete a vascular permeability factor that 

promotes accummulation of ascites fluid. Science 1983 ;219:983. 
7. Connolly DT, Heuvelman DM, Nelson R, et al. Tumor vascular permeability factor stimulates 

endothelial cell growth and angiogenesis. J Clin Invest 1989;84: 1470. 
8. Ferrara N, Henzel WJ. Pituitary follicular cell secrete a novel heparin-binding growth factor 

specific for vascular endothelial cells. Biochem Biophys Res Commun 1989;84: 1470. 
9. Gospodarowicz D, Abraham JA, Schilling J. Isolation and characterization of a vascular 

endothelial cell mitogen produced by pituitary-derived folliculo stellate cells. Proc Natl Acad 
Sci USA I 989;86:7311. 

10. Thomas KA. Vascular endothelial growth factor, a potent and selective angiogenic agent. J 
Biol Chem 1996;271:603. 

11. Dvorak HF, Nagy JA, Berse B, et al. Vascular permeability factor, fibrin, and the 
pathogenesis of tumor stroma fmmation. Ann NY Acad Sci 1992;667:101. 

12. Ziegler BL, Valtieri M, Porada GA, et al KDR receptor: a key marker defining hematopoietic 
stem cells, Science 1999;285:1553. 

13. Ferrer FA, Muller LJ, Lindquist R, et al. Expression of vascular endothelial growth factor 
receptors in human prostate cancer. Urology 1999;53:567. 

14. Veikkola T, Karkkainen, M, Clasesson-Welsh L, Alitalo K. Regulation of angigenesis 
viavascular endothelial growth factor receptors. Cancer Res 2000;60:203. 

15. Olofsson B, Korpelainen E, Pepper MS, et al. Vascular endothelial growth factor B (VEGF-B) 
binds to VEGF receptor-I and regulates plasminogen activator activity in endothelial cells. 
Proc Natl Acad Sci USA 1998;95:11709. 

16. Tsurusaki T, Kanda S, Sakai H, et al. Vascular endothelial growth factor-C expression in 
human prostatic carcinoma and its relationship to lymph node metastasis. Br J Cancer 
I 999;80:309. 

17. Veikkola T, Alitalo K. VEGFs, receptors, and angiogenesis. Semin Cancer Biol 1999;9:21 l. 
18. Salven P, Lymboussaki A, Heikkila P, et al. Vascular endothelial growth factors VEGF-B and 

VEGF-C are expressed in human tumors. Am J pathol 1998;153:103. 
19. Lymboussaki A, Partanen TA, Olofsson B, et al. Expression of the vascular endothelial 

growth factor C receptor VEGFR-3 in lymphatic endothelium of the skin and in vascular 
tumors. Am J Pathol 1998;153:395. 

20. Marconcini L, Marchio S, Morbidelli L, et al. c-Fos-induced growth factor I vascular 
endothelial growth factor D induces angiogenesis in vivo and in vitro. Proc Natl Acad Sci 
USA 1999;96:9671. 

21. Achen MG, Jeltsch M, Kukk E, et al. Vascular endothelial growth factor D (VEGF-D) is a 
ligand for the tyrosine kinases VEGF receptor 2 (Flkl) and VEGF receptor 3 (Flt4). Proc Natl 
Acad Sci USA I 999;96:9671. 

22. Meyer M, Clasuss M, Lepple-Wienhues A, et al. A novel vascular endothelial growth factor 
encoded by Orf virus, VEGF-E, mediates angiogenesis via signaling through VEGFR-2 
(KDR) but not VEGFR-l(Flt-l) receptor tyrosine kinases. EMBO J 1999; 18:363. 

23. Ogawa S, Oku A, Suwano A, et al. A novel type of vascular endothelial growth factor, VEG F­
E (NZ-7 VEGF), preferentially utilizes KDR/Flk-l receptor and carries a potent mitotic 
activity without heparin-binding domain. J Biol Chem I 998;273:31273. 

24. Papapetropoulos A, Garcia-Cardena G, Dengler TJ, et L. Direct actions of angiopoietin-1 on 
human endothelium: evidence for network stabilization, cell survival, and interaction with 
other angiogenic growth factors. Lab Invest 1999;79:2 I 3. 

25. Davis S, Yancopoulos GD. The angiopoietins: Yin and Yang in angiogenesis. Curr Topics 
Microbiol lmmunol 1999;237: 173. 



Vol 24: Supplement/, 2002 S65 

26. Holash J, Maisonpierre PC, Compton D, et al. Vessel cooperation, regression, and growth in 
tumors mediated by angiopoietins and VEGF, Science 1999;284: 1994. 

27. Gale NW, Yancopoulos GD. Growth factors acting via endothelial cell-specific receptor 
tyrosine kinases: VEGFs, angiopoietins, and ephrins in vascular development. Genes Dev 
1999;13:1055. 

28. Patan S, TIE! and TIE2 receptor tyrosine kinases inversely regulate embryonic angiogenesis 
by the mechanism of intussusceptive microvascular growth. Microvase Res 1998;56: 1. 

29. Suri C, Jones PF, Patan S, et al. Requisite role of angiopoietin-1, a ligand for the TIE 2 
receptor, during embryonic angiogenesis. Cell 1996;87: 1171. 

30. Moore BB, Arenberg DA, Addison CL, Keane MP, Strieter RM. Tumor angiogenesis is 
regulated by CXC chemokines. J Lab Clin Med 1998;132:92. 

31. Kumar R, Yoneda J, Bucana CD, Fidler !J. Regulation of distinct steps of angiogenesis by 
different angiogenic molecules. Int J Oncol l 998;12:749. 

32. Polverini PJ. Leibovich JS. Induction of neovascularization in vivo and endothelial 
proliferation in vitro by tumor-associated macrophages. Lab Invest 1984;5 l :635. 

33. Sunderkotter C, Steinbringk K, Goebeler M, et al. Macrophages and angiogenesis. J Leukoc 
Biol 1994;55:410. 

34. Leek RD, Harris AL, Lewis CE. Clytokine networks in solid human tumors: regulation of 
angiogenesis. J Leudoc Biol l 194;56:423. 

35. Gutman M, Singh RK, Yoon S, et al. Leukocyte-induced angiogenesis and subcutaneous 
growth ofB13 melanoma. Cancer Biother 1994;9:163. 

36. Noh R, Karp GI, Devereaux DF. The effect of doxorubicin and mitoxanthrone on wound 
healing. Cancer Chemother Pharrnacol 1991;29:141. 

37. Fidler IJ. Modulation of the organ microenvironment for the treatment of cancer metastasis 
(Editorial). J Natl Cancer Inst 1995;84: 1588. 

38. Takahashi Y, Bucana CD, Liu W, et al. Platelet derived endothelial cell growth factor in 
human colon cancer agniogenesis: role of infiltrating cells. J Natl Cancer Inst 1996;88:1146. 

39. Polverini PJ. How the extracellular matrix and macrophages contribute to angiogenesis 
dependent diseases. Eur J Cancer I 996;32A:2430. 

40. DiPietro LA, Polverini PJ. Angiogenic macrophages product the angiogenic inhibitor 
thrombospondin I. Am J Pathol 1993;143:678. 

41. Lingen MW, Polverini PJ, Bouck N. Retinoic acid induces cells cultured from oral squamous 
cell carcinomas to become antiangiogenic. Am J Pathol 1996; 149:249. 

42. O'Reilly MS, Holmgren L, Shing Y, et al. Angiostatin: a novel angiogenesis inhibitor that 
mediates the suppression of metastases by a Lewis lung carcinoma. Cell 1994;79:3 I 5. 

43. Dong Z, Kumar R, Yang X, Fidler IJ. Macrophage-derived metalloelastase is responsible for 
the generation of angiostatin in Lewis lung carcinoma. Cell 1997;88:80 I. 

44. Shweiki D, !tin A, Stoffer D, Keshet E. Vascular endothelial growth factor induced by 
hypoxia may mediate hypoxia-initiated angiogenesis. Nature I 992;359:843. 

45. Levy AP, Levy NS, Wegner S, Goldberg MA. Transcriptional regulation of the rat vascular 
endothelial growth factor gene by hypoxia. J Biol Chem 1995;270: 13333. 

46. Griffiths L, Dachs GU, Bicknell R, Harris AL, Stratford IJ. The influence on oxygen tension 
and pH on the expression of platelet-derived endothelial cell growth factor-thymidine 
phosphorylase in human breast tumor cells grown in vitro and in vivo. Cancer Res 
I 997;57:570. 

47. Hartmann A, Kunz M, Kostlin S, el al. Hypoxia-induced up-regulation of angiogenin in 
human malignant melanoma. Cancer Res 1999;59: 1578. 

48. Desbaillets I, Diserens AC, Trobolet N, Hamou MF, Meir EGV. Upregulation of interleukin 8 
by oxygen-deprived cells in glioblastoma suggests a role in leukocyte activation. Chemotaxixi 
and angiogenesis. J Exp Med 1997; 186: 120 I. 

49. Akgi Y, Liu W, Wie K, et al. Regulation of vascular endothelial growth factor expression in 
human colon cancer by insulin-like growth factor-I. Cancer Res I 998;58:4008. 

50. Akagi Y, Liu W, Xie K, el al. Regulation of vascular endothelial growth factor expression in 
human colon cancer by interleukin-I. Br J Cancer 1999;80: I 50b. 

51. Tsai JC, Goldman CK, Gillespie GY. Vascular endothelial growth factor in human glioma cell 
lines: induced secretion by EGF, PDGF-BB, and bFGF. J Neurosurg 1995;82:864. 



S66 

52. 

53. 

54. 

55. 

56. 

57. 

58. 

59. 

60. 

61. 

62. 

63. 

64. 

65. 

66. 

67. 
68. 

69. 

Thai J Pharmacol 

Ellis LM, Staley CA, Liu W, et al. Downregulation of vascular endothelial growth factor in a 
human colon carcinoma cell line transfected with an antisense expression vector specific for c­
src. J Biol Chem 1998;273:1052. 
Bouvet M, Ellis LM, Nishizaki M, et al. Adenovirally mediated wild-type p53 gene product 
inhibits vascular permeability factor/vascular endothelial growth factor expression in renal 
cell carcinoma by blocking protein kinase C pathway. J Biol Chem 1997;272:27509. 
Pal S, Claffey KP, Dvorak HF, Mukhopadhyay D. The von Hippel-Lindau gene product 
inhibits vascular permeability factor-vascular endothelial growth factor expression in renal 
cell carcinoma by blocking protein kinase C pathway. J Biol Chem l 997;272:27509. 
Levy AP, Levy NS, Goldberg MA. Hypoxia-induce protein binding to vascular endothelial 
growth factor mRNA and its modulation by the von Hippel-Lindau protein. J Biol Chem 
1996;271 :25492. 
Dameron KM, Volpert OV, Tainsky MA, Bouk N. Control of angiogenesis in fibroblasts by 
p53 regulation of thrombospondin-1. Science 1994;265: 1502. 
Tolsma SS, Volpert OV, Good DJ, et al. Peptides derived from two separate domains of the 
matrix protein thrombospondin-1 have anti-angiogenic activity. J Cell Biol 1993; 122:497. 
Singh RK, Gutman M, Bucana CD, et al. Interferons alpha and beta downregulate the 
expresion of basic fibroblast growth factor in human carcinma. Proc Natl Acad Sci USA 
I 995;92:4562. 
Ezekowitz RAB, Mulliken JB, Folkman J. Interferon alpha-2a therapy for life-threatening 
hemangiomas of infancy. N Engl J Med 1992;326: 1456-1463. 
Clapp C,Martial JA, Guzman RC, Rentier-Dehue F, Weiner RI. The 16-kilodalton N-ter­
minal fragment of human prolactin is a potent inghibitor of angiogenesis. Endocrinology 
1993; 133: 1292. 
O'Reilly MS, Boehm T, Shing Y, et al. Endostatin: an endogenous ingibitor of angiogenesis 
and tumor growth. Cell l 997;88::277. 
Zhai Y, Ni, Jiang GW, et al. VEGI, a novel gytokine of the tumor necrosis factor family, is an 
angiogenesis inhibitor that suppresses the growth of colon carcinomas in vivo. F ASEB J 
1999;13:181. 
Pie SE, Yao L, Jones KO, et al. Vasostatin, a calretriculin fragment, inhibits angiogenesis and 
suppresses tumor growth. J Exp Med 1998; 188:2349. 
Vasquez F, Hastings G, Ortega MA, et al. METH-I, a human ortholog of ADAMTS-1, and 
METH-2 are members of a new family of proteins with angionhibitory activity. J Biol Chem 
l 999;274:23349. 
Gupta SK, Hassel T, Singh JP. A potent inhibitor of endothelial cell proliferation is generated 
by proteolytic cleavage of the chemokine platelet factor 4. Proc Natl Acad Sci USA 
l 995;92:7799. 
O'Reilly MS, Pirie-Shepherd S, Lane WS, Folkman J. Antiangiogenic activity of the cleaved 
conformation of the Serpin antithrombin Ill. Science 1999;285:1926. 
Folkman J. Angiogenesis inhibitors generated by tumors. Mol Med 1995;1:120. 
Rak J, Mitsuhashi Y, Bayko L, et al. Mutant ras oncogenes upregulate VEGF/VPF expression: 
implications for induction and inhibition of tumor angiogenesis. Cancer Res 1995;55:4575. 
Viloria-Petit AM, Rak J, Hung MC, et al. Neutralizing antibodies against EGF and ErbB-
2/neu receptor tyrosine kinases downregulate VEGF production by tumor cells in vitro and in 
vivo: angiogenic implications for signal transduction therapy of solid tumors. Am J Pathol 
1997; 151: 1523. 

70. Weidner N, Semple JP< Welch WR, Folkman J. Tumor angiogenesis and metastasis-corre­
lation in invasive breast cancer. N Engl J Med 1991;324:1. 

71. Gasparini G, Weidner N, Bevilacqua P, et al. Tumor microvessel density, p53 expresion, 
tumor size, and peritumoral lymphatic vessel invasion are relevant prognostic markers in 
node-negative breast carcinoma. J Clin Oncol 1994;12:454. 

72. Weidner N, Folkman J, Pozza F, et al. Tumor angiogenesis: a new significant and independent 
prognostic indicator in early-stage breast carcinoma. J Natl Cancer Inst 1992;84: 1875. 

73. Toi M, Dashitani J, Tominaga T. Tumor angiogenesis is an indekpendent prognostic indicator 
in primary breast carcinoma. Int J Cancer 1993;55:371. 

74. Obermair A, Czerwenka K, Kurz al, Kaider A, Sevelda P. Tumoral vascular density in breast 
tumors and their efect on recurrence-free survival. Chirurg 1994;65:61 l. 

75. Visscher DW, Smilanetz S, Drozdowicz S, Wykes SM. Prognostic significancer of imnage 
morphometric microvessel enumeration on breast carcinoma. Anal Quant Cytol Histol 
1993;15:88. 



Vol 24: Supplement I, 2002 S67 

76. Horak ER, Leek R, Dlenk N, et al. Angiogenesis, assessd by platedlet/endothelial cell 
adhesion moJecule antibodies, as an indicator of node metastases and survival in breast cancer. 
Lancet 1992;340: 1120. 

77. Bosari S, Lee AKC, DeLellis RA, et al. Microvessel quantitation and prognosis in invasive 
breast carcinoma. Hum Pathol 1992;23:755. 

78. Axelsson K, Ljung BM, Moore DH 2"' , et al. Tumor angiogenesis as a prognostic assay for 
invasive ductal breast carcinoma. J Natl Cancer Inst l 992;87:997. 

79. Hall N, Fish D, Hunt N, et al. Is the relationship between agiogenesis and metastasis in breast 
cancer real? Surg Oncol 1992; 1 :223. 

80. Van HoefME, Knox WF, Dhesi SS, Howell A, Schor AM. Assessment of tumour vascularity 
as a prognostic factor in lymph node negative invasive breast cancer. Eur J Cancer 
1993;29A:l 141. 

81. Weidner N, Carroll PR, Flax J, Flumenfeld W, Folkman J, Tumor angiogenesis correlates 
with metastasis in invasive prostate carcinoma. Am J Pathol 1993; 143:40 I. 

82. Takahashi Y, Cleary KR, Mai M, et al. Significance of vessel count and vascular endothelial 
growth factor and its receptor (KDR) in intestinal-type gastric cancer. Clin Cancer Res 
1996;2:1679. 

83. Takahashi Y, Kitadai Y, Bucana CD, Cleary KR, Ellis LM. Expression of vascular endothelial 
growth factor and its receptor, KDR, correlates with vascularity, metastasis, and proliferation 
of human colon cancer. Cancer Res 1995;55:3964. 

84. Maeda K, Chung YS, Takatsuka S, et al. Tumour angiogenesis and tumour cell proliferation 
as prognostic indicators in gastric carcinoma. Br J Cancer I 995;72:319. 

85. Hollingsworth HC, Kohn EC, Steinberg SM, Rothenberg ML, Meriono MJ. Tumor 
angiogenesis in advanced stage ovarian carcinoma. Am J Pathol 1995;147:33. 

86. Graham CH, Rivers J, Derbel RS, Stankiewicz KS, White WL. Extent of vascularization as a 
prognostic indicator in thin (<0.75 mm) malignant melanomas. Am J Pathol 1994;145:510. 

87. Ellis LM, Fidler IJ. Angiogenesis and breast cancer metastasis. Lancet J 995;346:388. 
88. Fidler IJ. Tumor heterogeneity and the biology of cancer invasion and metastasis. Cancer Res 

1978;38:2651. 
89. Fidler IJ. Critical factor in the biology of human cancer metastasis: twenty-eighth GHA 

Clowes Memorial Award Lecture. Cancer Res 1990;50:6130. 
90. Fidler IJ, Hart IR. Biological diversity in metastatic neoplasms: origins and implications. 

Science 1982;217:998. 
91. Liotta LA, Steteler-Stevenson WG. Tumor invasion and metastasis: an imbalance of positive 

and negative regulation [Review]. Cancer 1991 ;51 L5054s. 
92. Poste G, Fidler IJ. The pathogenesis of cancer metastasis. Nature 1979;283: 139. 
93. Kitadai Y, Ellis LM, Takahashi Y, et al. Multiparametric in situ mRNA hybridization analysis 

to detect metastasis-related genes in surgical specimens of human colon carcinomas. Clin 
Cancer Res 1995;1:1095. 

94. Singh RK, Bucana CD, Gutman M, et al. Organ site-dependent expressionof basic fibroblast 
growth factor in human renal cell carcinoma cells. Am J Pathol 1994; 145:365. 

95. Vermeulec PB, Gasparini G, Fox SB, et al. Quantification of angiogenesis in solid human 
tumours: an international consensus on the methodology and criteria of evaluation. Eur J 
Cancer 1996;32A:2474. 

96. 96.Makris A, Powles TJ, Kakolyris S, et al. Reduction in angiogenesis after neoadjuvant 
chemoendocrine therapy in patients with operable breast carcinoma. Cancer 199;85: 1996. 

97. Angeletti CA, Lucchi M, Fontanini G, et al. Prognostic significance of tumoral angiogenesis 
in completely resected late stage lung carcinoma (stage lllA-N2): impact of adjuvant therapies 
in a subset of patients at high risk of recurrence. Cancer 1996;78:409. 

98. Viens P, Jacquemier J, Bardou VJ, et al. Association of angiogenesis and poor prognosis in 
node-positive patients receiving anthracycline-based adjuvant chemotherapy. Breast Cancer 
Res Treat l 999;54:205. 

99. Gasparini G, Harris AL. Clinical importance of the determination of tumor angiogenesis in 
breast carcinoma: much more than a new prognostic tool. J Coin Oncol 1995;13:765. 

100.Gasparini G, Toi M, Miceli R, et al. Clinical relevance of vascular endotherlial growth factor 
and thymidine phosphorylase in patients with node-positive breast cancer treated with either 
adjuvant chemotherapy or hormone therapy. Cancer J Sci Am 1999;5: I 0 I. 



S68 Thai J Pharmaco/ 

IOI.Brooks PC, Toi M, Miceli R, et al. Integrin avb3 antagonists promote tumor regression by 
inducing apoptosis of angiogenic blood vessels. Cell 1994;79: 1157. 

102. Stromblad S, Cheresh DA. Cell adhesion and angiogenesis. Trends Cell Biol 1996;6:462. 
103.Gasparini G, Brooks PC, Biganzoli E, et al. Bascular integrin alpha(V) beta3: a new 

prognostic indicator in breast cancer. Clio Cancer Res l 998;4:2625. 
104.Pasqualini R, Ruoslahti E. Organ targeting in vivo using phage display peptide libraries. 

Nature l 996;380:364. 
105.Bischoff J. Approaches to studying cell adhesion molecules in angiogenesis.Trends Cell Biol 

1995;5:69. 
106.Burrows FJ, Derbyshire EJ, Tazzari Pl, et al. Upregulation of endoglin vascular endothelial 

cells in human solid tumors: implications for diagnosis and therapy. Clin Cancer Res 
1995;1:1623. 

107.Chang SS, Recuter VE, Heston WD, et al. Five different anti-prostate-specific menbrane 
antigen (PSMA) antibodies confirm PSMA expression in tumor-associated neovasculature. 
Cancer Res l 999;59:3192. 

108.Neri D, Camemolla B, Nissim A, et al. Targeting by affinity-matured recombinant antibody 
fragments of an angiogenesis associated fibronectin isoform. Nat Biotechnol 1997; 15: 1271. 

109.Hiraoka N, Allen E, Apel IJ, Gyetko MR, Weiss SJ. Matrix metalloproteinases regulate 
neovasculariztion by acting as pericellular fubrinolysins. Cell 1998;95:365. 

110.Uze G, Lutgalla G, Morgensen KE. a and p Interferons and their receptors and their friends 
and relations. J Interferon Cytokine Res 1995;15:3. 

111. Tamm I, Lin SL, Pfeffer LM, et al. Interferons alpha and beta as cellular regulatory molecules. 
In: Gresser I, ed. Interferon9 London: Academic Press, 1987:13. 

112.Rossi G. Interferons and cell differentiation. In: Gresser I, ed. Interferon 6 London: Academic 
Press, 1985:31. 

113.Reznitzky D, Yarden A, Zipori D, et al. Autocrine P-related interferon controls c-myc 
suppression and growth arrest during hematopoietic cell differentiation. Cell 1986;46:31. 

114.Strander H. Interferon treatment of human neoplasia: effects on the immune system. Adv 
Cancer Res 1986;46:36. 

115.Ferrantini M, Proietti E, Santodonato L, et al. al-Interferon gene transfer into metastatic 
Friend leukemia cells abrogated tumorigenicity in immunocompetent mice: antitumor therapy 

. by means of interferon-producin cells. Cancer Res 1993;53: 1107. 
116.Gresser I, Belardelli F, Maury C, et al. Injection of mice with antibody to interferon enhances 

the growth of transplantable murine tumors. J Exp Med 1983;158:2095. 
117.Gutterrnan JU. Cytokine therapeutics: lessons from interferon a Proc Natl Acad Sci U S A 

1994;91;1198. 
118.Johns TG, Mackay IR, Callister KA, et al. Antiproliferative potencies of interferons on 

melanoma cell lines and xenografts; higher efficacy of interferon-P J Natl Cancer Inst 
1992;84: 1185. 

119.Sica G, Gabbroni L, Castagnetta L, et al. Antiproliferative effect of interferons on human 
prostate carcinoma cell lines. Urol Res 1989; 17: 111. 

120.Heyns AP, Eldor A, Vlodavsky I, et al. The antiproliferative effect of interferon and the 
mitogenic activity of growth factors are independent cell cycle events. Exp Cell Res 
1985; 161 :297. 

121.Friesel R, Komoriya A, Maciag T, Inhibition of endothelial cell proliferation by gamma 
interferon. J Cell Biol 1987; I 04:689. 

122.Ruszczak Z, Detrnar M, lmcke E,lmcke E, et al. Effects ofr!FN-a,-p,-y On the morphology, 
proliferation, and cell surface antigen expression of human dermal microvascular endothelial 
cells in vitro. J Invest Dermatol l 990;95:693. 

123.Hicks C, Breit SN, Penny R, Response of microvascular endothelial cells to biological 
response modifiers. lmmunol Cell Biol 1989;67:271. 

124.0rchard PJ, Smith GM, Woods WG. Treatment of hemangioendothelimas with interferon­
alpha. Lancet 1989;2:565. 

125.White CW, Sondheimer HM, Crouch EC, et al. Treatment of pulmonary hemangiomatosis 
with recombinant interferon alpha-a-2a N Engl Med 1989;320: 1197. 

126.Mitsuyasu RT. Interferon alpha in the treatment of AIDS-related Kaposi's sarcoma. Br J 
Haematol 1991 ;79:69. 

127.Kaban LB, Muliken JB, Ezekowitz RA, et al. Antiangiogenic therapy ofa recurrent giant cell 
tumor of the mandible with interferon alpha-2a. Pediatrics 1999;103:1145. 



Vol 24: Supplement 1, 2002 S69 

128. Stadler WM, Kuzel TM, Raghavan D, et al. Metastatic bladder cancer: advances in treatment. 
Eur J Cancer 1997;33:23. 

129.Nguyen M, Watanabe H, Budson AE, et al Elevated levels of an angiogenic peptide, basic 
fibroblast growth factor, in the urine of patients with a wide specturm of cancers. J Natl 
Cancer Inst l 994;86:356. 

130.Nanus DM, Schmitz-Drager BJ, Motzer RJ, et al. Expression of basic fibroblast growth factor 
in primary human renal tumors: correlation with poor survial. J Natl Cancer Inst 
1994;85:!597. 

13 J.Dinney CPN, Bielenberg DR, Reich R, et al. Inhibition of basic fibroblast growth factor 
expression, angiogenesis, and growth of human bladder carcinoma in mice by systemic 
interferon-alpha administration. Cancer Res l 998;58:808. 

132.Lode HN, Moehler T, Xiang R, et al. Synergy between an antiangiogenic intergrin alpha 
antagonist and an antibody-cytokine fusion protein eradicates spontaneous tumor metastases. 
Proc Natl Acad Sci US A 1999;95: 1789. 

133.Warren RS, Yuan H, Matli MR, Gillett NA, Ferrara N. Regulation by vascular endothelial 
growth factor of human co]on cancer tumorigenesis in a mouse model of experimental liver 
metastasis. J Clin Invest 1995;95:1789. 

134.Shaheen RM, Davis DW, Liu W, et al. Antiangiogenic therapy targeting the tyrosine kinase 
receptor for vascular endothelial growth factor receptor inhibits the growth of colon cancer 
liver metastasis and induces tumor and endothelial cell apoptosis. Cancer Res l 999;59:5412. 

135.Takahashi Y, Mai M, Wilson MR, et al. Site-dependent expression of vascular endothelial 
growth factor, angiogenesis and proliferation in human gastric carcinoma. Int J Oncol 
1996;8:70 I. 

136.Teicher BA, Potentiation of cytotoxic cancer therapies by antiangiogenic agents. ln:Teicher 
BA, ed. Antiangiogenic agents in cancer therapy. Totowa, NJ: Humana Press, 1999;277. 

137.Pegram MD, Lipton A, Hayes DF, et al. Phase ll study of receptor-enhanced chemosensi­
tivity using recombinant humanized anti-p 185HER2/neu monoclonal antibody plus cis-platin 
in patients with HER2/neu-overexpressing metastatic breast cancer rerractory to 
chemotherapy treatment. J Clin Oncol 1998;16;2659. 

138.Chaplin DJ, Pettit GR, Parkins CS, Hill SA. Antivascular approaches to solid tumour therapy: 
evaluation oftubulin binding agents. Br J Cancer l 996;74(Suppl 27):S86. 

139.Dark GG, Hill SA, Prise VE, et al. Combretastatin A-4, an agent that diplays potent and 
selective toxicity toward tumor vasculature. Cancer Res 1997;57: 1829. 

140.Iyer S, Chaplin DJ, Rosenthal DS, et al. Induction of apoptosis in proliferating human 
endothelial cells by the tumor-specific antiangiogenesis agent combretastatin A-4, Cancer Res 
1998;58:4510, 

141.Huang X, Molema G, King S, et al. Tumor infarction in mice by antibody-directed targeting 
of tissue factor to tumor vasculature. Science I 997;275:547. 

142.Frouge C, Guinebretiere JM, Contesso G, Di Paola R, Biery M. Correlation between contrast 
enhancement in dynamic magnetic resonance imaging of the breast and tumor angiogenesis. 
Invest radiol 1994;29:1043. 

143.Cohen FM, Kuwatsuru R, Shames DM, et al. Contrast-enhanced magnetic resonance imaging 
estination of altered capillary permeability in experimental mammary carcinomas after X­
irradiiation . Invest Radiol I 994;29:970. 

144.Pham CD, Roberts TP, van Bruggen N, et al. Magnetic resonance imaging detects suppression 
of tumor vascular permeability after administration of antibody to vascular endothelial 
growth factor. Cancer Invest 1998;16:225. 

145.Wu CC, Lee CN, Chen TM, et al. Incremental angiogenesis assessed by color Doppler 
ultrasound in the tumorigenesis ofovarian neoplasms Cancer 1994;73: 1251. 

146.Barlow CF, Priebe CJ, Mulliken JB, et al. Spastic duplegia as a complication of interferon 
alfa-2a treatment ofhemangiomas of infancy. J Pediatr 1998; 132:527. 

147.Gerber HP, Hillan KJ,Ryan AM, et al VEGF is required for growth and survival in neonatal 
mice. Development 1999;126:1149. 

148.Mauceri HJ, Hanna NN, Beckett MA, et al. Combined effects of angiostatin and ionizing 
radiation in antitumour therapy Nature I 998;394:287. 

149.Baird A, Klagsbrun M. The fibroblast growth factors, proteins with a broad spectrum of 
biological activities. Neurol Res 1994;16:313. 

150.Gimenez-Gallego G, Cuevas P, Fibroblast growth factors, Cancer Cells 1991 ;3:239. 



S70 Thai J Pharmaco/ 

151.Schmitt FC, Soares R, TGF-7a and angiogenesis. Am J Surg Pathol 1999;23:358. 
152. Mooradian DL, Diglio CA, Effects of epidemal growth factor and transforming growth factor­

B I on rat heart endothelial cell anchorage-dependent and independent growth Exp Cell Res 
1990; 186: 122. 

I 53.Lamszus K, Laterra J, Westphal, M, Rosen EM, Scatter factor/hepatocyte growth factor 
(SF/HOF) content and function in human gliomas. Int J Dev Neurosci 1999; I 7:517. 

154.Pepper MS. Transforming growth factor-beta: vasculogenesis, angiogenesis, and vessel wall 
integrity. Cytokine Growth Factor Rev I 997;8:2 l. 

155.Yoshida S, Ono M, Shono T, et al. Involvement of interleukin-8, vascular endothelial growth 
factor and basic fibroblast growth factor in tumor necrosis factor alpha-dependent 
angiogenesis. Mo! Cell Biol 1997;17:4015. 

I 56.Kuwabara K, Ogawa S, Matsumoto M, et al. Hypoxia-mediated induction of acidic/basic 
fibroblast growth factor and platelet-derived growth factor in monomuclear phagocytes 
stimulates growth of hypoxic endothelial cells. Proc Natl acad Sci US A 1995;92:4606. 

157.Bussolino F, Ziche M, Wang JM, et al. lnvitro and in vivo activation of endothelial cells by 
colon-stimulating factors. J Clin Invest 1991;87:986. 

158.Choudhuri R, Zhang HT, Donnini S, Ziche M, Bicknell R, An angiogenic role for the 
neurokines midkine and pleiotrophin in tumorigenesis. Cancer Res 1997;57: 1814. 

159.Jackson D, Volpert OV, Bouck N, Linzer DI. Stimulation and inhibition of angiogenesis by 
placental proliferin and proliferin-related protein. Science 1994;266:1581. 

160.Ramchandran R, Dhanabal M, Volk R, et al. Antiangiogenic activity ofrestin, NCIO domain 
of human collagen XV: comparison to endostatin. Biochem Biophys Res Commun 
1999;255:735. 

161.Sage EH, Pieces of eight: bioactive fragments of extracellular proteins as regulators of 
angiogenesis. Trends Biol Sci I 999;7: 182. 

162.Maisonpierre PC, Suri C, Jones PF, et al. Angiopoietin-2, a natural antagonist for Tie2 that 
disrupts in vivo angiogenesis. Science I 997;277:55. 

163.Moore BB, Arenberg, DA, Addison CL, Keane MP, Strieter RM, Tumor angiogenesis is 
regulated by CXC chemokines. J Lab Clin Med 1998;132:97. 

164.Dedhar S, Hannigan GE, Rak J, Kerbel RS. Extracellular environment and cancer. In: 
Tannock I, Hill RP (eds). Basic science ofoncology. New York: McGrow-Hill, 1998;197. 



Vol 24: Supplement/, 2002 

PL3 ANTIDIABETIC DRUGS: CURRENT THERAPY AND FUTURE 
OPPORTUNITY 

Adisak Wongkajomsilp 

Department of Pharmacology, Faculty of Medicine Siriraj Hospital, 
Mahidol University, Bangkok 10700, Thailand. 

S71 

Type 2 diabetes mellitus is characterized by high plasma glucose resulting 
from a dynamic interaction between defects in insulin secretion and insulin action. 
KATP channel plays a role in depolarization-response coupling and its genetic defects 
are associated with impaired insulin secretion. 

In normal person, pancreatic p cells in the presence of >5.5 mM glucose will 
be depolarized and release insulin. The increase in carbohydrate metabolism leads to 
an increase in the ratio of ATP/ ADP that leads to the closure of the ATP-sensitive K+ 
(KATP) channels followed by depolarization. The membrane depolarization leads to 
the activation of voltage-dependent Ca2+ channels. The Ca2+ ion influx activates 
Ca2+ - regulated exocytosis of insulin-containing secretory granules to fuse with the 
plasma membrane. The mechanism of depolarization response coupling is maintained 
by: (I) The Na+-K+-ATPase pump and open KATP channels maintain the resting 
membrane potential. (2) KATP channels close as a consequence of the increase in 
ATP/ADP ratio. (3) A depolarization of the cell membrane leads to the activation of 
voltage-dependent Ca2+ channels. ( 4) The ensuing rise in the free intracellular 
concentration of Ca2+ ([Ca2+];) initiates the release of insulin by exocytosis. 
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Figure 1 The control of insulin release from human pancreatic p cells (adapted from 
Aizawa et al., 1998). 
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K+ Channels and Sulplmnyiurea Receptors 

The selective inhibition of KATP charmel with sulphonylureas will mimic the 
actions of glucose and promote insulin release, while diazoxide, and voltage-gated 
Ca2+ channel blockers, such as nifedipine, open KATP channel and inhibit insulin 
secretion. KATP channel complex in p cells composed of 2 interdependent different 
groups of subunits: 

1. Kir6.2, a member of the inward rectifier K+ channel family, forms the K+­
selective pore or turmel. Kir6.2 shares -70% homology with Kir6. l, consists of 390 
amino acids, and has two a-helical transmembrane domains linked by a highly 
conserved sequence of amino acids homologous with the Por HS-region of voltage­
gated K+ channels. Kir6.2 determines biophysical properties such as ion selectivity, 
rectification and gating of the complex. 

2. SURI, a high affinity 1581-amino acid sulphonylurea receptor, is a member 
of the superfamily of ATP-binding cassette (ABC) proteins that include the cystic 
fibrosis transmembrane conductance regulator (CFTR), and multi-drug resistance 
associated proteins. This superfamily shares common structure with numerous 
transmembrane sequences and nucleotide binding domains. Two closely related 
genes encode two sulphonylurea receptors, SURI and SUR2. Three splice variants of 
the SUR2 protein include SUR2A, SUR2B and SUR2C. SURI affects the trafficking 
and distribution of Kir6.2. The SURI gene consists of 39 exons and is clustered with 
the KIR6.2 gene, a single open reading frame lying immediately 3' of the SURI gene, 
separated by only 4.5 kilobase pairs. The gene location is on the short arm of 
chromosome 11. 

The KATP channel is an octameric complex formed by four Kir6.2 subunits 
coupled to four SURI subunits. KATP channels in other tissues are octameric 
complexes of other Kir6.x and SUR proteins: cardiac Kir6.2 + SUR2A, smooth 
muscle Kir6.2 + SUR2B, and the smooth muscle nucleotide-activated channel Kir6. I 
+ SUR2B. The K+ charmel is sensitive to adenine and guanosine nucleotides. ATP 
can activate Kir6.2, whereas either ADP or GDP binds one of the nucleotide-binding 
folds of SURl and antagonizes the effects of ATP. Therefore, SURl regulates Kir6.2 
by conferring sensitivity to metabolic signals and to other pharmacological agents, 
such as diazoxide, somatostatin and the sulphonylureas. 

Sulphonylureas, in addition to closing KATP channels, inhibit the Na+-K+­
A TPase and both inhibit and activate swell-activated er channels, potentiate Ca2+­
dependent exocytosis in p cells. a-endosulfine, a 13-kDa peptide ligand of 
sulphonylurea receptors, was expressed in muscle, brain and endocrine cells. It can 
stimulate insulin release through the inhibition ofKATP channels. 

Pharmacological approaches of diabetes mellitus can be either monotherapy or 
in various combinations to improve glucose homeostasis via different modes of action 
(Fig. 3). Sulphonylureas stimulate insulin secretion. Biguanides promotes glucose 
utilization and reduces hepatic glucose production. a-glucosidase inhibitors 
decelerate carbohydrate absorption from the gut, reduce postprandial glucose 
fluctuations and improve glycemic stability that can be used during pregnancy. 
Thiazolidinedione enhances cellular insulin action on glucose and lipid metabolism 
through its action on PPAR-y. 
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Figure 2 The structure of ATP-sensitive K+ (KAw) channels in pancreatic p cells 
(adapted from Dunne et al., 1999). (A) The key regulatory and 
pharmacological influences on KATP channels. (B) The topology of the K+ 
channel subunit Kir6.2. (C) The topology of the SUR! gene product. (D) 
The octameric structure ofKATP channel complex (Kir6.2-SUR1) x 4. 
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Figure 3 Sites of action of anti diabetic drugs (adapted from Scheen and Lefebvre, 
1998) 
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The selection of oral anti-hyperglycemic agents is based on both the 
pharmacological properties of the compounds (mode of action, efficacy, adverse 
effects, and safety profile) and the clinical characteristics of the patient (the degree of 
hyperglycemia, bodyweight, age, renal function, etc.). 

(a) Mildly hyperglycemic patients should preferably be treated with 
metformin, acarbose or thiazolidinediones since they are not associated with any 
hypoglycemic risk. 

(b) moderately hyperglycemic patients, sulphonylureas should be preferred in 
nonobese patients while metformin, and probably also thiazolidinediones, should have 
priority in obese insulin-resistant type 2 diabetic patients. 

( c) More severely hyperglycemic individuals should receive a sulphonylurea. 
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Figure 3 Stepwise treatments of type 2 diabetes (Adapted from Scheen and Lefebvre, 
1998) 
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Table 1 Commercially available oral anti-hyperglycemic drugs 

Sulpl1011yl11reas 
First generation 
carbutamide, tolazamide, tolbutamide, chlorpropamide 
Second generation 

S75 

glibenclamide (glyburide), glipizide (conventional and extended release), 
gliclazide, gliquidone, glimepiride, etc. 
Bigna11ides 

metformin, phenformin 
a-Glucosidase inhibitors 

acarbose 
Thiazolidi11edio11es 

rosiglitazone, pioglitazone 

Snlphonylnreas 

Sulphonylureas essentially stimulate insulin secretion. Less than 60 - 70% of 
patients achieve good glycemic targets. Patients with high fasting plasma glucose and 
severe obesity usually have high initial failure rate. About I 0% of those initially 
responders per year will fail to respond to subsequent treatment (secondary drug 
failure). The main adverse effect of sulphonylurea derivatives is hypoglycemia. This 
adverse effect is most often associated with chlorpropamide and glibenclamide. Other 
adverse effect includes weight gain of several kilograms, chlorpropamide-induced 
hyponatremia secondary to inappropriate anti-diuretic hormone activity, alcohol 
disulfiram-like facial flushing. Second-generation drugs (glibenclamide, glipizide, 
gliclazide, gliquidone, glimepiride) have shorter half-life and are preferred to first­
generation drugs. Gliquidone is excreted via liver and is therefore preferred in 
patients with mild renal impairment. Glibenclamide should be avoided in patients 
with renal disease since it carries a higher risk of hypoglycemia. All initial dosages 
should be reduced by at least a half to avoid hypoglycemia especially in only mildly 
to moderately hyperglycemia. All sulphonylureas should be administered 30 minutes 
before meal to control early postprandial hyperglycemia. The secondary drug failure 
usually results from progressive ~ cell failure since sulphonylureas rely on insulin­
producing capacity of ~ cells. Chlorpropamide and gliclazide have less secondary 
failure rates than glibenclamide or glipizide. Gliclazide has a favorable effect toward 
improving retinopathy since it can reduce thrombotic tendency, enhance fibrinolysis, 
and scavenge free radicals. 

Metformin 

Metformin does not stimulate insulin secretion, but enhanced both non­
insulin-mediated and insulin-mediated glucose metabolism with unclear underlying 
mechanisms. Metformin decreases hepatic glucose output, stimulate peripheral 
glucose uptake and increase intestinal glucose use. Metformin can improve insulin 
sensitivity and reduce hyperinsulinemia and is indicated as a first-line antidiabetic 
drug in obese diabetic patients. Metforrnin has favorable action on biochemical 
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disorders associated with insulin resistance, such as high triglyceride levels, low 
levels of high-density lipoprotein (HDL) and high plasminogen activator inhibitor-! 
(P AI-1) levels. Metformin does not cause bodyweight gain, reduces plasma insulin 
levels and only rarely causes hypoglycemia. The drug should be taken with meals to 
improve digestive tolerance. The major potential adverse effect is lactic acidosis. 
Metformin should be avoided in patients with. decreased renal function, liver disease 
and cardiac or respiratory insufficiency. Minor adverse effects include abdominal 
discomfort, nausea and loose bowel actions during the initiation of therapy, 
malabsorption of cyanocobalamin (vitamin B12) and folic acid with long term use. 

a-Glncosidase Inhibitors 

u-Glucosidase inhibitors such as acarbose and voglibose competitively inhibit 
small intestinal u-glucosidase enzymes. This enzyme normally hydrolyzes non­
absorbable complex carbohydrates into absorbable monosaccharides including 
glucose. The enzyme blockade leads to a delayed rising in postprandial plasma 
glucose, and consequently plasma insulin concentrations. The treatment can improve 
HbA 1 c levels, reduce bodyweight, and decrease the incidence of hypoglycemic 
episodes. Since this class of drug is not absorbed, systemic adverse effects rarely 
occur but the major adverse effect is dose-related and transient gastrointestinal 
intolerance (flatulence, soft stools or diarrhea, mild abdominal pain), due to osmotic 
effect and bacterial fermentation of undigested carbohydrates in the distal bowel. The 
dosage should be gradually increased to limit gastrointestinal symptoms. 

Thiazolidinediones 

Thiazolidinediones include pioglitazone and rosiglitazone are known as 
"insulin sensitizer". This class of drug does not stimulate insulin secretion, but 
enhances insulin action and promotes glucose utilization in peripheral tissues by 
stimulating non-oxidative glucose metabolism in muscle, and suppressing 
gluconeogenesis in the liver. Drug action is attributed to the stimulation of nuclear 
receptors, peroxisome proliferator activated receptors (PPAR-y) that in tum enhance 
the expression of a number of genes encoding proteins involved in glucose and lipid 
metabolisms. This class of drug can improve insulin resistance, glucose tolerance 
without inducing bodyweight gain or hypoglycemia, lipid abnormalities, arterial 
hypertension. Cardiac output and stroke volume are enhanced secondary to a 
decrease in mean arterial pressure and peripheral vascular resistance. The onset of 
action for initial plasma glucose- and insulin-lowering effects is 1 to 4 weeks while 
the maximal responses (mean reduction of 20% in plasma glucose concentrations and 
of 30% in plasma insulin levels) is 6 to 8 weeks. 

Repagliilide 

Repaglinide is a carbamoylmethyl benzoic acid derivative that reduces blood 
glucose by stimulating insulin release from pancreatic P-cells in similar fashion to 
sulphonylureas. Repaglinide is different from sulphonylureas in the structure, binding 
profile, short duration of action, and mode of excretion. The drug dosage and meal 
timetable can be varied and customized before each meal. The overall incidence of 
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hypoglycemia was similar to that of sulphonylureas, but with less severity due to its 
short duration of action. 

Therapeutic Strategy in Type 2 Diabetes 
First Choice Drug Treatment 

1. Diet treatment will be started for 1-3 months. 
2.Treatment with one of the 4 available oral anti-hyperglycemic drugs when diet 
treatment fails. 

2.1 Obese patients with a fasting plasma glucose level of 7-7.8 mmol/L (126-
140 mg/dL) should be treated with metformin since obese people are often 
hyperinsulinemic as well as insulin-resistant and therefore do not require 
further sulphonylurea-induced stimulation of insulin secretion. An 
alternative choice in this group can be a thiazolidinedione in those with 
severe insulin resistance. 

2.2 Non-obese or modestly overweight patients with fasting plasma glucose 
between 7.8 and 11.1 mmol/I (140 and 200 mg/dL) should be treated with 
low dose sulphonylureas that can stimulate insulin release and promote 
bodyweight gain. 

2.3 Severely hyperglycemic patients [fasting plasma glucose exceeding! 1.1 
mmol/L (200 mg/dL)] should be treated with a sulphonylurea in the first 
instance. 

2.4 Modest fasting hyperglycemia with high postprandial glucose or elderly 
patient can be treated with acarbose as monotherapy. 
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Angiogenesis in ischemic heart disease 

More than 6 millions world population died from ischemic heart disease in 1990 (I). 
It remains the leading cause of morbidity and mortality worldwide beyond 2000. The 
improvements in survival of patients with acute myocardial infarction, mainly by coronary 
reperfusion and revascularization interventions, and of the aging population cause 
increasing the numbers of patients who suffered from chronic myocardial ischemia. Many 
of them are not candidates for any conventional revascularization treatments including 
coronary artery bypass graft surgery and percutaneous coronary intervention (2). These 
patients comprised 5-15% of patients underwent coronary angiography. New treatment 
modalities for myocardial ischemia has been recently developed and one of these most 
promising interventions is therapeutic angiogenesis. 

Angiogenesis is the growing of new collateral vessels from pre-existing blood 
vessels. It is one of the processes for developing coronary collateral circulation which 
provide perfusion to ischemic myocardium. The new therapies for ischemic heart disease to 
enhance angiogenesis are therapeutic angiogenesis by gene or angiogenic growth factors 
therapy to stimulate the growth of collateral vessels and transmyocardial or direct 
myocardial revascularization (TMR or DMR) using lasers to punch holes in the 
myocardium and promote channels or induce collateral circulation. 

Many angiogenic growth factors have been demonstrated to generate angiogenesis 
in animal models; however, only vascular endothelial growth factor (VEGF) and fibroblast 
growth factor (FGF) have been focused on recent clinical trial in ischemic heart disease. 
Intramyocardial, intracoronary, intrapericardial or intravenous administration of VEGF-A, 
VEGF-C or FGF-2, FGF-4 genes (naked DNA, plasmid-liposome complexes, adenovirus 
mediated gene tranfer systems) or recombinant proteins (VEGF or b-FGF; FGF-2) in 
myocardial ischemia patients has resulted in successful therapeutic angiogenesis (3-6). The 
3-yr follow-up after intramyocardial injection of human FGF in ischemic myocardium 
showed an increase in left ventricular ejection fraction and improvement in clinical 
appearance (7). However the first randomized controlled study :VEGF in Ischemic for 
Vascular Angiogenesis (VIV A) trial has not demonstrated clinical benefit (8). Recent trial 
on direct myocardial injection of VEGF gene in chronic myocardial ischemia patients who 
refractory to conventional treatments showed improvement of ischemia by clinical and 
perfusion scan studies. The average ischemic area decreased from 6.45 ± 1.37 to 0.95 ± 
0.41 cm2 at day 60 after therapy ( p = 0.00 l ). The numbers of angina free patients increased 
from 0 to 62%, the angina episodes decreased from 48. l ± 4.9 to 2.0 ± 0.8 episodes per 
week after 180 days of gene therapy ( p < 0.0001 ) (9). 

One of the major concerns on growth factors therapy in human is the possible 
increase risk of malignancy, or proliferative retinopathy especially in diabetic patients. 
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Therefore all patients eligible for angiogenesis trial must have no evidence of malignancy, 
renal insufficiency or proliferative retinopathy and so far there is no report of such 
complications in the patients after the therapy. However the long term efficacy and safety of 
this new intervention still have to be close monitored. 

In canine model of chronic ischemia, transmyocardial laser revascularization 
(TMLR) significantly enhances angiogenesis and increased blood flow capacity during 
stress.(! 0) The results of clinical trials on TMLR either by surgical or percutaneous 
procedures has been controversial (11-13) related to the disproportion of symptoms and 
myocardial perfusion improvement, placebo effect and the unproven mechanism of action. 
However TMR using holmiumyttrium-aluminium-garnet (Y AG) and carbon dioxide lasers 
has been recently approved by the United States Food and Drug Administration for the 
treatment of medically refractory angina in patients without conventional options (14). 

Despite the promising early clinical results, there are still so many questions to be 
answered before therapeutic angiogenesis and TMR can be prescribed for ischemic heart 
disease patients. These unresolved issues are the biology of angiogenesis, the selection of 
appropriate patients, choice of end points and means of assessments (clinical outcome or 
coronary angiographic study or perfusion scan etc.), choice of treatment strategy (gene or 
protein, which gene or peptide, naked DNA or liposome or viral vecton, route of 
administration (intracoronary or intravascular or intramyocardium) and side effect profile. 
The large-scale clinical trails are needed to validate these therapies which will be the new 
way for refractory coronary ischemic syndrome treatment in the near future. 

Pharmacogenomics in cardiovascular disease: 

Thanks to Human Genome Project that accelerate the progression of population 
genetics and polymorphism. The numbers of publications indexed in MEDLINE which 
related to genetic polymorphism were more than 6000 in the year 2000. These gave rise to 
the increase important in clinical practice of "pharmacogenomics". Pharmacogenomics are 
the studies of molecular and genetic factors that determine drug efficacy and toxicity. The 
response of drug in each individual is depended on the heterogeneity of pharmacokinetic 
and pharmacodynamic determined by genetic polymorphism. For example, heart failure 
patients who carried the ACE gene polymorphism of DD genotype had a significantly better 
event-free survival when treated with beta-blockers than those not received therapy cp ~ 
0.007) but the II and ID genotype patients did not show these survival benefit with beta­
blockersos). Regarding adverse drug reaction cADR), pharmacogenomics also play an 
important future role: for example, CYP2Cl 9 polymorphism that produced the poor 
metabolizer in 16-23% of Chinese and Japanese people may determine the ADR of 
isoniazid in Asian population, CYP2C9 polymorphism which associated with lower 
CYP2C9 enzyme may increase the prevalence of warfarin overdose ADR (16). In the near 
future, we may have to screen for genotype of certain gene to determine the most 
appropriate drug with the most effective and least ADR for each individual. 
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Q ~ Q Q.I ~ Q 

171ffJTIW1EJ'ff11ffVl'i 1rlflWflLU'JrlflmffVl'i n'i-JLrl'WiLL'1::1T/'i'Wfl1tn'1 • • 
ff1ULffU L'lJVl~ffVI nnu. 10300 • 

58 1 

hffmrnliaaavi..111v&ilJ (coronary artery disease ij~aciffh CAD) ~vm1u~11 .. nyLLa:: 
., ct .clll r::: • 
~~'3tll~ll"1LVIVJvlnm1::V1at1viLat1viLLV1'3LL'lM (atherosclerosis) i.J1nm1 90% m1::V1at1vi 

4 .J1tl.J' °'1 .J ~I "" <:I 
1 1"'°' LatlVl'YI LafM'Yl1 v (coronary artery) 'lf'3Lu\JV1atlV1LatlVILLV1'3LL'lMLLa::na VILfiVI fil'l'Wtlfi'W'U 

" 
'll il'31 'lllj'\J'l1i.Ji'3a1'l~'U 1 Vlli.J fi'l ::lJ1'lJ fi1'ln1 L UVl'll tl'3V1at1V1LatiVILLVl'3LL~'3'th1 \f 'Y11~L~'U'll tl'3 

V1aal"I Laal"lma 1 uV1aa~uaavi&ilJ Vl~a~u -:i1m~JJ~'3tln~ Laaviv:: 1V1aLiau1lii~na1m i'.lmaal"I 

1 Via Liuutl' aaa'3V1~t11 V1ac41u hHlii'L'lfaalJ~L1tu&ilJ~unv::'lJ1li'la an:SLvlJLLa::mm'l ~'3~'3~a-.i1 
..11 lv'll1VlLativi'Yl~ il hvi..111v'll1VlLaal"I (Ischemic heart Disease ij~acia-.i1 IHD) vi'3J'U CAD 

.. :: 1" "'1" .,J .J.,. "" "1 " .J "" ... LLa:: IHD 'l'3\J1'3Vl'l'3tllv 'lfLL'Yl\Jfi\J li) Li.It) CAD 'Yli.JV1atlV1Lat1li'1La'U li'1La'UV1'U'3'Yl'ltll'lalEJLa'U 

.. ·1" " .J' "'1 "" 1tl.J' "'1 ., .J '" 1' Vl\Ji.Jlfi'Wtl v::'Yll V1na1mut1V11 v'lllli'ILatlli'I LaEJ'3'l::li'llJ li'l'l::li'IU'HU'3 LLO'lfll CAD i.J'l'ULL'l'3 • 
flhjm-:i.Yh 1,..;na1i.i Lif ai1 lv'll1l"ILaal"I m'lv::'Yl'l1lJ-.i1na1m if a..11lv'lllviLi~al"I1 uV1a m~EJ'3V1~a 
1 ,.f 1 

OJ .,J 1••l..':I cv 1 1 ., ..... ti 0 ., i.J'll'UBEJnumm'l mm'lLLavi'3 m 'lvi'l1vviau rnfll'l1 -:i u'lJru::vm 'lltu::i.invm'li.i 'l::v11u 
" 

"" • .... " ... ~ ..... .J ., 1 " .,J ~ " .J 1 'H'ltl'lltu::aanma'3mEJli'l1El1G LV115l'IU'3 fi1'lVl'l1vl'l1 -:imuviaUL'1EJ'3a::'Yltl'UV111i.ioa'3 u'lJru:: 
" 

~n 'lltu::aamha'3mEJ 'Yl~ti'lltu::~iim'ld'3m'l'ti1'31U'llt1'3'H°11v lii1EJE11\J1'3'lfill"I L°lfu dobutamine 
~I " "' 1 ~ ct .iJ q QI 4 "' 1 Dipyridamole Lu'WVl'U m'laTLJVl1 v LLa::Qli'lal'l'YllJLLa'3L'Wtl~ 'l tlEJVllJVl'U'lltl'3Vlatlli'ILatlli'l'H1 v 

' " ~I 4.q ell "" q Q.I d 1 tl4 ..J 'd1 I v1nm'Wfl1EJ'lltl'3 LilnL'lEJ Lu'W15fi1'l'YI V1'llt12Ja fi1'lVIUVIU'lltl'3V1at1li'ILatlli'I Vll"l'YlaVI uvin i.i " . 
aim'louan 1lii-.i1iim1::na1mila-H1lv'll1l"ILaavi (ischemia) 'Yl~tl hi 1ulJ1'3'l1EJ ~'3 via'3~'3i5 
f11'lVl'l1v ~'U 'l L vj iloW"il1'ltll1~ VI a'ULL 'U1'Yl1'3 n1'l'!n~1lu~1viuviti1 U L 'lf 'U Dobutamine 

echocardiography 'H~tl m'l 1'li'Ylanni.ii'Juvim'W-!'3a1lii'LLf1 fi1'lVl'l1'l cardiac scan 'lfilV1lii1'3 '1 

tllf11'lLrn::'ii'ai.ia tf v~EJ L~EJ'3'llil'3 ~tl1EJu'3oai1L llu~'3~1Yi'rumn 1um'lL~aJviu1um'l 
" " v 

i il"il\l'EJ LLa::L i'.lu~1n1'Yl'lJVl 1 Ufi1'loW"il1'ltu11,..;,hVl'l1voWLA~LLa::LL \J1'Yl1'3fi1'l'!nti1l'i1a 
lji, 1 ~ -<......., CD .J I .J 1 " I Q I V :,i~.,. I • 

tllfi1'l'lltl'3 IHD 'Yl'WlJUtlEJi.Jln'YlaVl VlLLfitllfi1'lL'llJLL\J'U'Yl'U1tln'YIL'lEJn11 ~ angma 

pectoris an~tu:: L\l'Wl ::'lltl'3tllfi1'lvi'3na11 LtJ~an~ru::m.iu 1. ~n 1 aV!rJVlLVliitl'Uijil::hnvi'ti'lJ ~ ~ \10 
"" ., ... " I 1· I " I cl " • I I .J .J \l V\.N ;u ':\ 

'Yl'ltlfiVl'lVI Vl'HlJ'lL1tuna1'3l'l\Jl an vi aua'3 uvi1ua1'3 La nu tlEJu'l::i.11 rum1vi'l'3'HU'3'll tl'3tllfi1'l c..-sr,..f-
L~lJLL i.iu v::f111t1~1V1a'li'1mrn::m"ilL~au 1tlvu5'3'ii'artamrn::tla1f.l'd'1riauua::d1u1'3 U1'3'l1tl OJJ ~ 
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• 1·'J • • • 1 1 " l d. d • 1·'· d 'il~111 u'l'ln11lJ\ill'W'llll'lli111'l ·1h '11'1'111 villU'WL':iffW'W lJ'WfliJ111'l'l'l'i1~111 u\ill'W'll11 lJ1J1'1111'l 

mu 1tl~u'h1ru~u~'l'h 1 '11'1'111 hi1b liu 1w1ml'J1 uieN1'1<M mrn·H Mri1diJmn\ilvru~.r rN 1-zl'n1'1" 

ml'l 'l1~ailm1uruL tl~um1 tla'!ati1'!11\il L~1bi'Whl'il\ilfl 1v '11~mau hati1'!mn mrn1iJm llirnti 
" 

mu111 2-5 u1Yi 1Jl~':i1umvu1uni1Ju Lb~iJnhimuLfi'W 15-20 u1VI mrn.,iJnv~ml'l1u 
ta~t111vi'wn L\ilmI~'l1~auaun\il1lJ u~t11il'" 1:Jmt1 ml\il'li1i11 hm\ilL~a\ilau1u#u.,mL1~ lii'a~ " . 
~u 1u~ULL ~'l'lrJM~a 1tlh~~l'l11Jl<IYJ'WTI 'WBfl'illfl'1ni;ru~a1rn'liii''lnri11mrn':i angina pectoris 

il'~iJnilmrn·d1uv11u L d a"'illfl 1 uvru~~i111'ii'll1\il L~B\il 'il~ilmm':i'IJ<J'IM1 h<i'uL '11<111 m if a'llii'u 

L ~11~LL ':i'IUULL<lnL ':i'IYl<nl'liii'1'1l B'IM11'il'l1'a~<i1'1<l\il<l'I ~'lil <Jlfll':J 1'ii~'W l~LliJ'W Yl~'W la L '11~ a;zlu 

~1lJvl11'J 1vi' 

- m1uiii'ufai1\il'1~ 
" 

- fl11~ 1viJu 1'WL~B\ilW\ilun&i 
' ' 

- WTICIUUM~ 
" " . 

- L 1J1'1111'W 

- <JliJ L ~fl t.b<l~WU5fl':i':ilJ 
• • 

WQ o' = 1 d - NlJ<Jl':ilJOHL<l~'il\il 'ilLl'l':iiJ\il 
" 

- w~1:Jaann1'1'lrnt1 
" 
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L~il i.l'll·rn Ui11fl1"iL~1miiu'VIU1ilfl U'Wflrllllil'liltYur;rnu 1un1"i 11lLL!Hltl'UJ 6i''!d 
" " " 

Vla11tl'i1mrn-;L~U'VIU1ilnifu iiaim11111111 h~rih hm111Lai1111'11~il 1ii T111t1m11'umrn'l~ " . 
L 1J UU UUilUU v.{il lJtlUU'l~LiJUUll~EIL~El~i1ii m1mlJu1 uhi'mflU ilflL Yiu~ 1111 f11'llll'l111 L \'ilJ LmlJ 

ll11lJUflm L'liUf11'l\ll'l111Lail\ll L-rlmai~m hA'Vl~ilfl11~Lrlu1'li'i1~ L'liu LU1'Vl11U 'j~~u hiru 1uLaill1l 
.d <V 9, <V 1 ~I .oil Z, o fl'.I !V .J 1 !ii v .J 

LLa~ilU 1 f11'lil1Ell11'Wfll~'l~ti'llil~'l11 llLL<l~uill1l 'Vl'lilU1'1fl'l~ll1LuUl1lil~ il1Elfl'ilil~flil~l1l1EJL'Wil 

rn-;1il11umLun hA f11'lU'l~LilU'llil~'1h h T111mu-w1~ii'l1il~<i1~'llil~M'1h1m'l1~il 1ii iirn.,fi'~'llil'I 
Lai11111UUill1l'Vl~il1ii ~~ L 1'.luv ill;j<lri i1Uf11'lfo1'11L-rlm u~urnfiuumumi'l-ifl'lfl 1r;i'&ir;i'1urn'lm'l111 

r;i'1uA~u lvJvhM'1 h (EKG) mll'li1u~m'Jui1iim1~mmLai1111'lli1~fla1m tli1M'1 h ti'11iiiin1'1i'L liu 

?I ill U~EIUL fiuu nu f11'j 1 M i.l'il1u Ol'l111 r;i'1urn'l il il fl fll .r~ f11EILLa~UUfifl EKG 1 U'llUJ~ ii ilflfl1 .r~ f11El 
" 

d ., • 1d • I .; 1··1.'!I ' ~ JI • , d _, 
'lMll~lJf11'lLu<'IEIULLu<l~'llil~fl<'IU ..,..,, Ll1lU'ill1l'llU f11'l01'l11111l1El echocard10graphy L'Will!Jf11'lUU 

~ ~ ~ • ~ 1 ' d ~ • 1d • I 1· I • d 
m1ua~Amum1'llil~NU~'Vlil~'l11 11m~ '1f~lJf1Lu<'IEIULLua~ u LL<l~il11101'l11111l1El cardiac scan L'Will1l 

" 
~ .. 

'l~\llU f11 'l'll1 \ll La il\ll 
~1 .... ~,. d 4 ~1d .. ' 

f11'l<l1U'V11 llLL<l~f11'j\ll1J<l1'lflU'l~ti L 'Will!JL~1'llil'l'Vl<li101L<li101'V11 'ilflL 'jEJfl11 coronary 
:; <V 4 !V .J .... I 

angiography 'l1lJfl~f11'l01'l111NU~'Vl<li1111Lai111ll1l1El ultrasound flL'lElfl11 intravascular 

ultrasonography (IVUS) 'li1uu'lrn ilUf11'llUllUm -rJ ilf11'l'inmlii ii 1 u 

fl1'lfmfl CAD U'l~flilur;i'1u 

~ . 
1. rn 'l., fl m mum 

2 . fll 'l-i fl'li1 i 'l El fl1'l'll El1 El 'VI a ill1l La i111Ji1u1iim'l W1UN1'VIU~ L i11 u~ L~El fli1 

Percutaneous Coronary Intervention (PC!) 

3. f11'l'ifl'li1r;i'1urn'll-i1m111'111m~Ldu~ coronary artery bypass graft (CABG) 

4. rn'lu-irnu~uu-wqmm'llJ Life Style Modification 

<V 91 .fl1 Q,f :; J d !VA•1 Q.t !ii <V al 
111 'l'l fl'lil 1111 El El1LuUf11'l'lfl1fl'llU 'WU ~1U'1f~ ~ u1El'ljfl'llEllJfl01 ii~ 'lU u'l~fl1U El11l~lJ1 fl 

'VI~ ilU ilEl~U ii ri nu m f11'j i.l' U1 EJLL<l~<ll L 'VIOl'VI~ il Ull~EIL~El~'ll ii~ i.l'1hu-;1uif u 1 11ii1i.l'U1fl1r;i'-iu 
'U ... ~ 'U 'U 

f11'l-ifl'lilr;i'1u PCI 'Vl~il CABG 'Vl~il 1ii 

t11#l'lilum'lfm,n 1r;iuri 

fllillilil101'.i'ilotLtl1J'l'IV1flfl (Anti angina Drug) 1r;iLLfi 
• 

mn!ilJ nitrates • 
El1fl~lJ Beta adrenergic blocking agent (BBs) 
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l'J1fl~!J Calcium channel blocking agents ( CCBs) 

.J 1 v ' l'J11l'W '1 ~LLfl 

l'J1L1J1Vl11'W 

mci ~ LLci::u-ru l'lliJu 1 m~ ei~ 
mu~m11Jlil'W fail~ 

m1fm:n!ii'1a PCI 

Thai J Pharmacol 

m-;;mei!ii'1uVl1mei (rotablation) fl1"lA~~!ii'1ml11u111~11t1l~n<l'W l'lliJu (coronary atherectomy) 

LL<l:: laser angioplasty 

UqJV11'll1l~fl1'lfnm!ii'1u PCI 1 u1::u::t~mt '>fl iJuiym restenosis ~~lJfll'>~WJ'Wlfll'> 1<1 
'll~'11~ (stent) L'lh 1u~111 uliiniJ'~iJilqimt~<Mfl1'>~~l11'W'lh (reclosure) ~~!ii'ei~mA'um-;;ci~ 
fl1'>Lfll~l111'lleJ~Lfl~~L~1l~ fl~!Jm anti platelet agents mimnn aspirin u<i'1nllii'Lu-iu1iu 1 mJ 

'il'Wm~'li'~ 2b/ 3a receptor antagonist ~~mm1oci~m"l~~t11utl11!ii'mn 

DIRECTION OF MOTION~ 

ELASTIC TISSUE 
DEFLECTS 

DIAMOND CRYSTAL 

~ICTlSSUESPACE I 

A) ELASTIC TISSUE IS ABLE TO 
DEFLECT OUT OF THE WAY 

'>ULL<f~~ rotablation • 

DIRECTION OF MOTION-+ 

DIAMOND CRYSTAL 

MECHANICAL 
BREAKDOWN 
OF MATTER l
FORCEFUL 

B} INELASTIC TISSUE IS UNABLE TO 
DEf'LECT"OUT OF THE WAV 
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A 

'ltftW\iM Coronary atherectomy • 

Improved luminal geometry after final dilatation 

fll'lci1m111 CABG 

f11Tthci1m111 CABG 1!ii't~l.J!ii'umriau~i'.Jm'l-rf11'f11ii'11:1 PCI WU11:1tf'l~mru 80-90% 
• 

CAD '1~-rmn!ii'1mn ml~ PCI WU1EJ 10-20')1> ~Vl'11'lCl.11lllf11'lff11'f11ii'1u CABG "~~ii • 
Left main lesion 

Triple vessel disease 

ir~ 2mr.\l tllumru~t~tM~am.,111 rcr :1.J1n 1tJ 
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1iJ11m1fni,i11il1u PCI + CABG 'il~lh~aui:.J<HhL~'ilmh~hr.i'1m1u~m1m LL<1:;1111 

tlfu L tl~U'W'Wt]&im'llJ 1iJ~ laf11'1~'il:;Lfl\ilf11'l<J\il!il'WJ1 '11~<1 Lfl\il'l<JU&iu!il'W'!J<J~'\1<1<1\ill~<J\ili11'il 
' 

1 uo11Lrnu~ ~'W 1illlii'wlJ<1 !il~if u m1lJi11!1qJ 1 um11lJLL<i~thu~~<1tj~m1tlfum 11<1:;'1<1~1 li 
tli]u&im1tlfrn tl~uuwq&im1lJ 1 tii\1 L ~'il 



Vo/ 24: Supplement 1, 2002 

SY2/1 EXPLORING THE NEW HORIZONS BEYOND MONOAMINE 
HYPOTHESIS IN THE MANAGEMENT OF DEPRESSIVE 
DISORDERS 

n10"i111iiiwD2ffl1iJVJ{ 0ru:;u Wl'll'lfllffw{ 1Jm"i111'11amrfov 1nil 
a1wmiJeN ~-iwJ'VJiflm foil so200 
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fl .J QJ <V ' .,,. 1 
Lutl'Yll'lfllJ"jUfl'IJ11 monoamine hypothesis lJU'YIU1'Yl<l1AtylJ1fl '1Jfl1'rn5uimnmq 

d W 1 J: V.<$ lllfj .,,.:;, 
"ll fl~m1:;'1f lJ L l'l':il LL<i:; fl<l fl"ll 1N fll"jfl fl fl t)'Ylfi"ll fl~ m LLfl'1flJ Ll'J"jl L u'IJ L 1mm 'IJ'IJ U!iN LLlil monoamine 

oxidase inhibitors (MAOis), tricyclic antidepresants (TCAs) 'il'IJfl'l:;yf~ selective serotonin 

reuptake inhibitors (SSR!s) LL<i:;\il11V1iJ~rvi~fl<lfllJ1Lllm~11 dfifl selective noradrenaline 

reuptake inhibitors (NARI) ~~ hfori reboxetine mh~ hfllilllJ monoamine hypothesis il'~ 1iJ 

<lllJl'$flflliu11'1fl<11nmNmwflflt)'Ylll1~'11'1ilL'il'IJ tlilmuvn:;flu1~~~1h:;lh15~rn"llfl~m TCAs trn:; 

d dv 1w "-' .t cvd..:4 1 ,; • • 
fl'IJ 1 'Yl\ilfl~ 'llL1<l1'1Jl'IJ 10-14 1'1J 'IJflfl'illfl'IJ'IJl'l1Ul~lil1fllJfl<I fl"llfl~fll"jflflflt)'Ylfilil"j~fl'IJVllJ 

L'ii'IJ selective serotonin reuptake enhancer ( lii1flu1~ : tianeptine) 

il'il'ijU'IJlJlJLu'tll'lti1V1iJL~l'l1num1:;~ml'lf1 L~l'lflil a molecular and cellular theory 

of depression iim.,A'uwui1m'l1fl1'11~11'11'l1 LLtl~lJ Ll'lflt i'lu-,:;11:;t 1mmu'iJ:;n il 1 'll'tn\ilm':i 

m:;l'ju"lla~-,:;uu cyclic adenosine 3, 5-monophosphate (cAMP) 1uri1'1J"llil~i'llJil~~'il1tw1:; 
':i1lJi~fl1'H ~lJ~'IJ 1 u'VIU1~LL<l:;f11"jLL<f\iNililfl"ll1N transcription factor cyclic adenosine 

monophosphate response element-binding protein ( CREB) fl1"jLU~l'l'IJLLU<l~vl~flci11'il:;ii~<l . . . 
' ""'.. <V .,,. .... di . • 

lililfl1':li11UijlJ target genes 'Yl'illLWlnt<l:;l'l~lJfll"jL'WlJ"ll'IJ"llil~ bram-denved neurotrophic 

factor (BDNF) L'WL'1f<i<ltl-,:;<11'Y!Ul~ri1uu'lnru hippocampus trn:; cerebral cortex 'IJilfl'illfl'tT'IJ 

il'~ iinT>A'u wui1 m1 mA~!J lilm m':ifl <ilil nTmi'llil~ il il n"ll il~ B DNF trn:;'i!:;ih lu rim-, w il'VI~ ilfll':i 
v 

lilll'l'!lil~L'lf<i<ltl':i:;<fl'Y!Ul~ri1u1u hippocampus 1~ 

IL 'IJ1Alil 1 V1iJm~~lillW'!lil~m1:;~lJLl'lf1il'~L~!J1'llil~nu overactivity of hypo­

thalamic-pituitary-adrenal axis, neural plasticity '!lil~ hippocampus L'IJfll':ilililUi'l'IJfNliiil 
"4 <V<Vr/ I <V di V .d °"' 

A11lJLA':i!Jlil A1llJi'llJW'Wli':inn1~ inflammatory response num1:;'lflJLA':ilLL<i:;iJ1J 1 i'llJijlil§l'W 

1 I I .J', 6JV.,,,, V V1'l d d ·1v..:,1.J' <V 

VllJLVl<l1'1J'll11'1 t'VlLfllilA11lJ':iLL<l:;f111lJL'!l1 'ii 'WL':ifl~'!l<Nfl11:;'lflJLl'l':i1 lillil"ll'W LL<l:;!J~i'l1lJ1':iflU1 
v 

1 tlrim'lA'IJAi'1mLtn~lJLl'lf11ii1 h1iJ 1 ~'3iiti'l:;tl'Y!5mw~ni1~iiil11'1m1md 
• v 
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Antidepressant Therapies 

J 
lnhibit.5'HT Or NE 

reuptake~or bi'eakdown 
·. ·. /'-.... · .. 

ts-HTorNE ~. -

Thai J Pharmaco/ 

mttn:iiml'lf1'ti11'11iim·;t~lJ~UlU'>~~1J'll1N serotonin uoi~ norepinephrine (NE) 

twu~·ih~&u 'l faum':iuu#~m'>l(Jlilfl<i'u (reuptake) 'Vl~11fl1'>'1i1<l1U'll1N monoamines tmhi!' 
...J """ W.::11 W v.J 
<i11J fl1':i1J':i'Vl1'ifll LLfl'lflJLl'l':i1':i::U~U11'J~<l \il'Vl'IJ1'11LL<l~fl1':iU<l\il~ 1111fl'll 11'1 serotonin uoi~ NE 

receptors 1J1'111U1~ (Liu P-adrenergic receptor '1'1~11 PAR LL<l~ serotonin,) u~11au'ti11'11 
. d.J' ::; ,,1,_,;f ,.., 

cAMP signal transduction pathway L'WlJ'llU ':i1lJ'tNfl1':iL'WlJ'llU'll11~':i~\i11J adenylyl cyclase 

LLi:l~ cAMP-dependent protein kinase (PKA) Lli:l~fl1':iLfl~11U~'ll11'1 PKA 1tlu~ nucleus 'll1N 

~~1111Ju fl1':i0fl'l:fl trl 1lL~1 'l i!'1i '115\il lit i1u11fl1'JLL<l\il·Hl 11flLLil~VIU1~'1111~ 
transcription factor cAMP response element-binding protein (CREB) 'J::L~lJ~UL\ilUfll'i 
'l11mi1umun:iiml'lf1'lfilli1~1~ 'l ~~tllu~~~u1111i1 CREB ttlu a common postreceptor target 

<l1'Vl'lumtLn:iim1'1f1 CREB ~flfl11Jf!lJ 1lilt\ill'J monoamine receptors ~'l~U~nu cAMP-PKA 

( . A ) ~ ' .J • 1tl-' v " cascade serotonm.,,,, Lti:l:: fJAR 'Vl'J11i;J11J receptor 'l'l'J::Ul em1m::G)'U'll1l'I Ca -

dependent kinases (Liu serotonin, LL<i~OC-adrenergic receptors 'Vl~B OC 1AR) fll':i1111flf]'l'lt 

'1111~ cAMP signal transduction cascade ti"il'i1 functional output '1111" seronotin Lta:: NE L~lJ 
~u11u1~U111'J~'!li11urn~a1u"1111"alJ11~ ttil'i1'J::~1J'll1I~ serotonin Lta:: NE receptors 1J1"11U1" 

11.i'Ui:l\ili:l"LW!N1J1"a1u (partial down-regulation) 
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fil "ja"ju~-11 mh1 l~~u fil"jairu "1.J'U 1vit1 fil"j~'Uvnrhm"juavi-11 a an'll a-11 brain-derived • • 
. ( ) (.J ~I ) .d. .¥ neurotrophtc factor BDNF LLa~ trkB 'lf-l!Lu'IJ 2 potential targets 'llfl-11 CREB :;;)~LVOJ'll'IJ 

L~fliifil"j~mflLU'IJ'li1-11m1~1t1t11LLO~lJLY1{1 Up-regulation 'llfl-11 BDNF LLa~ trkB a1>.n"jt'lii 

.. .. ' II ..J "· I 1 ... "· I .J .J' ' .J' ' fl'Ylti'wavi fll1'1J1'Yl'llfl-ll L'lfaau"j~al'YI 'IJ hippocampus l1"jflL'lfaau"j~"1'Yl'YllJ1 rnt1-11ai.Ja-11a1uu L'lf'IJ 
• .J .:1... _,: ,¥ I II .J "' "' 

serotomn LLa~ NE neurons ~a'YIV11)J>J10Aflfil"jL'W)J'lJ'IJ'llfl-l!fil"jfltl"jflVI l1'1J1'YILLa~fil"ja"j1-IJVl1 
'U 

LLuulm.i'llfl-11 LA"j-1Ja{1-11~u~nru~V1~flU"j~"1'YI (synapses) l1~8 L'lfaa (~VILLua-11:;;i1n Duman 

RS, Heninger GR, Neslter EJ. 1997. Arch Gen Psychiatry 54: 600.) 

Normal 
sur\ilval and 

gro'tyth 

S'fRESS 

''ll t Glu~rilcolds 
I 

•eoNF 
ft J 

Atrophy. 

t 

ANTIDEPRESSANTS 
. ~\" 

·t ' ·'NE and'S-HT 
I'. 

t BONF . l 

'Increased 
survival and 

growth 

·Increased vulnerablllty / 
I ~ -R.'] lM/fo>-qh_ 

Neuronal insult. and genetic factors ( 

"ji.Jfi 2 ~1LL urn~-111" Lanaua~L'lfaaa1l1~'Ufil"jflflnqn~'lla-11m"j~mfl~1t1mLLri~mA{1ua~ 
'U • 

-wm6a~"ji'Ylt11'lla-11m1i.J~vii.Jn~~am~'utl'num1"LA~t1vi 



S90 Thai JP harmacol 

w ,Ji d • w ;d A w ~ • Id ~ • " 
'11 lLUU lJ lfltll'IJ El~ 01.Jl '111l1l'Y1'11Aqj L 'W hippocampus ;iu'Yl 2. lla'1'1 L 'l'1l '1'1Wi1 

A11mA'iU'1ll1l~fll'l.:rmfllli'1UU1llrl~lJlflf1i11l'Ylii'W1lEl£h'I h~ El CA3 pyramidal cells 1 w 

• ""' .. ..,,; 0 w ' ""' "'d 

hippocampus lJl'lf<l<l'Yl<llAqJ<l~ 3 'IJW'1 A<l CA3 ll<l~ CAl pyramidal cells ll<l~ dentate 
,i; ~ d t t gyms cells l'lf<l<lm 3 '1fll'1\]fll'IJEllJ EM AU mossy fiber ll<l~ Schaffer collateral pathways. 

011i101'11 Ld m~1 '1 dmii.i 1 '11'L 'ilwi1m1mA'iUA L{ei.:r~ 'J~<lAfll'lll<l~M<l<lfl'IJ<l'I brain-derived 

neurotrophic factor (BDNF) 1w hippocampus U'llfl[]fll'lrutii''!mh1i1ri1m111'11'li1Afll'lr1El'1'1"lei 

fll'l'11U'IJ1Ml'111lcllh~m'YILW CA3 pyramidal cell layer 'IJeM hippocampus 

011~ glucocorticoid i11~tii'u m~m llw n <ll'WlW ii~ <l11Jl'l1llll l '11'L '1f 1lclu1~mm mhd 
" 

.i1u 111i'L11ii'w fll'lU1Al~U~Ell'1f1lclU'l~'11'Yl<lU1~~m-dw fll'l'IJlA<l<lfl'lil'JlJ fll'l'IJlAL~ElA tl1.i1<i 

1 m~ El A~l neurotoxins ll<l~ fll'l~ A l~El b.:ram1J1'lt1Yh 1 '11'LiiAm'lr1 El'1'1'i<lfll'l'11U'll<l~ l'lf<lcl 

tl1~'11'Yl n<i~il~Yi11 ti AWL 'll LiiA A11IJflAtlo~'Yll'l'11J<1~111i'41uif wLrl eii1011u1AL~u eil'i1~ ~w.i11J 
IJl 

hippocampus <lA<l~ 1wi;J'1hu~LllwhA<ll'llJWllU'lU'l1W (mood disorders) ll1l~'111J1'l1l<liiu1u 
" 

111i'i1'11111Ju1~Aw~~ LiiAilm11J 1 UIJ L5u~mh~'il1L 'Wl~l'Jl~'J~~'J~LiiA L llw 1 'lA~IJ Lf!f1 
w V 'V4Vd. ,?;; 

fll'j'j fl'lll'l~U~m1m um llfl'lf IJli'l'll'J~ l 'W IJ fll'lll<IA~ El Elfl'IJ<M B DNF 'lllJ'Yl~ tr kB 

ll<l~Uei~n'W the down-regulation 'IJ<l~ BDNF ~lnA'JlflA1llJlA'iuA ~~'111Jl'ltl'l'i11'11'm11J~Elfl 
~l IJ'l'l':i El A11 IJ BU 'lB A'll El~ l '1f 1l clU'l~<ll'Yll vi IJ~W '1'1'i ei-d1u-deiml '1f1J'l'1'i BU El~ nm '1f 1l clU'l~'11'Yl 11J 1 '11' 

" 
<> .J' .J,dvcv.,... , 

11ommu1Jlfl'll'W fll'lll<IA~B<lfl'll<l~ BDNF ll<l~ trkB l'IJ<l1llfll'l1'1J<l~flU'l~AU'IJ<l'I serotomn 
" 
ll<l~ norepinephrine ~a~iJ'IHL<l~A'l<lU'Wl'W 'l11J~~<i1tii'u~'U'IJ<l'I cyclic adenosine 

" " 
monophophate (cAMP) 11i'1u 011.:rom1~u~m111i'1mmLri'~m0f10J~Yi11 '11' glucocorticoid fl'W~ 

1~tii'utlo~LL1l~U'l'111Jl'ltllll L 'l1'L'1f1lclU'l~<ll'Yl CA3 L 'W hippocampus \iiutii'1111i'lli'1u ( tii'ALL U<l'I 

'Jlfl Duman RS, Heninger GR, Neslter EJ. 1997. Arch Gen Psychiatry 54: 603) 
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SY2/2 EXPLORING THE NEW HORIZONS BEYOND 
MA-HYPOTHESIS IN THE MANAGEMENT OF DEPRESSIVE 
DISORDERS : IS THERE ANY CLINICAL RELEVANCE ? 

S91 

~ :; ,.... .... .J' ==1 ' QJ .d Al -:;>11 
L'llJ\lMUlillJEll imipramine Lnlil'll'IHu'W antidepressant li11U'lntmlu'l~l.J1fil 40 u 

riB'W '1111'1l'tiili1'1lJ:JiGi;ij1'W'llfl~ monoamine 1\ilttri norepinephrine Lt<l~ serotonin ii:il<hu 
tfiu1'llB~OUfl1'ltii111 hA:ilmA'il LL<l~ 1~iifl1'lW\llllJ1El1 antidepressant ~m d B~l.Jl'illJ~~U'il~'Liu 
~~fl1'lW\llllJ1EJTtla1uh1ajifo1i1111uM<l'flfl1'l'IJB~ monoamine hypothesis antidepressant li'111 m.i 

~Lii1111f umt~BEI 1 a1u lMajiitf'l~a'Yliimw llJfll'lffllfl hA:ilmA{1 l\iltvi1tGilJ U~(]'YJB1i.irl~ 
• I ' ~ • d d • I • l 1 • .! .f t d •.•1 
u'l~<l~All'lB Blfll'l'lll~ LAEl~<llil<l~ LL<l~lJA11l.Ju<lBlililEI lJfll'l 'lfL WlJ'lllJ li1Elt\lW1~LlJBi;Ju1EJ -
W Ell Ell m~h li'111111ElIii'1 El fll'l iiu Ell antidepressant Lii lJ'lllJl Ill l lJ i'f 'il~'Liuiim atypical 

• Q .f 1 ' .J 1 .; 1 '1."' 1·' Q antidepressant tfllil'lllJ lll.J 'll~fl<l flfll'lBBfl(]'Ylll'IJB~Ell lJ lilLulJ ulilllJ<ll.Jl.Jlil'iillJ'IJB~ 
' -

monoamine ~Bfl1'ltii111hA:ilmA{1 LL~1tl11<1fl(]'YIB~tfiu1'11<1~nu neural plasticity 'IJB~<ll.JB~ 
a1u hippocampus llJfl1'llilBU<llJ1M~Bm1lJLA~Ellil U<l~fl<l1fl~lJ '1 Bil mh~hOlil1lJEJ1ffl1'11 
hA:ilmA{11i'11 l Mi.i OU~A,iitf'l~a'Yliimw llJfl1'lffl1'11L vllLGilJ LL<i~u~\iJB~'l1H 1<l1U'l~l.Jlfil 2-3 

atf 1111'11 M<l~'illnt~lJ~lJiium BU1~~ BL d<1~~~'il~'1111M1Jlfl1'j'IJ B' t 'lA:ilmAfl<llil<l~ll~B ~u1uii -d.f 0 1 I "" "'QJ 1 •d/ Al " 0 
Blfll'llil'lllJ m antidepressant fl~l.J lll.J 1 'il~lJ!]'YlllBlJ l.JW~u'l~<l~A<llil<l~ A11mLlilflli11~'1JB~ 

o I I J' QJ 9/ "" ,,f..., 1 f.c:ll Al " I Al 
m antidepressant Ulil<l~fl~lJ'lllJflUBlfll'l'lll~LAEl~U<l~!]'YlllBlJ l.JW~u'l~<l~A'IJB~m '11lJu'l~ 

a'YJ'iimw l lJfl1'jffl1'11 hA:ilmAf1u~iitl'l~a'Yliimww11 1 OlJ LL<l~U~ 1i.iiiil'il~El~U~~Bri1~'il'111 L'illJ 

ii ~u1u<l'111'1ru~ llil'il~lilBU<llJB~~~Bmfl~lJ 1111 antidepressant ~111'1~ 11~1u~u111 BlJ'llB~fll'li~EJ 
.J • l vqJ' :; ...,..,,. J " d .._. .<:ol .d d ' 

LWBW\llllJl lllil'lllJlJlJAfil<llJUlil'IJB~Ell'YllilB~fll'lflAB El1A1'll.J onset of action 'YIL'l1fl11 2-8 
' 

atf 1111'11 iit1 .. ~a'Yliimw~~?l'u~'l111 M~U1tl hA:ilmAf1'il1lJ1lJl.Jlflfli1'i'BEJ<l~ 6 7 o/o ii1Jlfl1'j~ -.f ~I • I Q !'I ' 1 • ' d t 1 ' • • .'I • t 4 'lllJ'illJLulJufllil LL<l~BEI tlJ'IJ1~'1JB~ remission lillJ1lJli11HlJB~ lilEI lJEIBlJfl<l1Jl.Jlu1Elli11EI 'lA'lllJ -• q 

LA'l11lfl 
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m-11-l &i .:i1 u ~ ei Bu1uw m Bil~'ll'Ylt11f11'l LOlil 1 w1:illJ LA{1 L~lJtu Jt'l LL vi fil'ltfi liltu'll fl'lmm1u 
• • )"' .Jnl :ii1 1 .Jl"J<:ll """.J..., '""' LA'll (Antldepressant \il1LL'lfHlJilu"l~lJ1ru 40 uf1illJ '1f'lf1ililillJ!-l\il.:!illJ'Ylil5U1U11lJf11"l'11il<N 

'llil'li11"l monoamine 1\ilun serotonin U'1~ norepinephrine ~u"lnru synapse 1uillJil'l 1u 

ihr'iluu 1\ililm Antidepressants 1 ·1n.i Lnliltu Bf11'1mu0l1~1iJmm"lfJ vBrnu\il1uwm1ia~"ll'Ylm • 
f11"ltO\il h1i:ilm11{1\illlJillJ!-l&i.:iillJ~t~u1~il'lnu monoamine if tj'liJn~m~uni1 Atypical 

Antidepressants 

r1vu~'il~mii1u'lmm1ut11{1 '1~'llvnci11u'lm1~:iim11{1 h1i:ilm11{1 u<l~mm"l'll v'l h1i 

Depressive Disorders U"l~f1ilUol1U h1ii1J'lviil 1uif 

'f d • ( 1. b "lil'1flJLA"i1 Major Depressive Disorder) 

2. Dysthymic Disorder 

3. Depressive Disorder Not Otherwise Specified 

4. Mood Disorder Due to General Medical Conditions 

5. Substance induced Mood Disorder, Substance intoxication or withdrawal. 

Symptoms of the mood disturbance must develop during or within a month of the 

substance use. 

6. Depression Associated with Dementia 

7. Covert, Masked, or Somatized Depression (Somatothymic Depression) 

8. Adjustment Disordered with Depressed Mood 

9. Schizoaffective Disorder, Depressive Type 

10. Grief Reactions in the Medically Ill 

11. Complicated Grief Disorder 

12. Bipolar I or II Disorder, depressive episode 

13. Bipolar Disorder Not Otherwise Specified, depressive episode 

14. Cyclothymic Disorder 

illf1l"l'IJil'lh1wl1:1uA{1 (Major Depressive Disorder) (i1ililtLU'1'l'l1f1 DSM-IV; illJlillJ~\il 

uw'YltlmiJ"lilu, il.A.1994) ilmm"l 3 \il1ui1i'lviv1uil' 

1. illf11'>J11u (General symptoms)* 
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- m1uru:iimf1f1 (Depressed mood) 

- hrn'W&i~'Wf1u 1iJ<1'Wh 1'Wn'ilm1uo11~ 'J'l1~B 1iJfani1m1u<1'1Jnun'ilm"luo11~ 1 
u • 

(Anhedonia) 

* fll"l"iU'ilUU hf1:iimf1f1lifo~i1t1ci1~tl't1u 1 <nf11"l'IJB~<nm"lvf1 hJfi' 
2. il1f11"l1'11~f111'J (Physical symptoms) 

- 'WB'W 1iJmiuM~B'l1<i'ummn'W hJ 

S93 

<V 14"'1 .d1 ~~· 
m~<1um~'1ll'J'l1"lBf11"lLf1'1B'W '111 fll"l'Wflfllil'.lll<l~mn (Psychomotor agitation or 

retardation) 

- <iB'WLWliU 1iJi1LL"l~ (Fatigue or loss of energy) 

3. B1f11':i1'11~i!GJ L'il (Psychological symptoms) 

- fl;in 1fA1'11~t1fani.llilBUl~lJlf1'11~BBUl~ himm~<llJ 
u u 

-=oj ""' <:\I I <V I 

- lJf111lJf1\iJBUlf1G11£1'11"lBBUlfll'J1Gl1Gl1UUBU '] 

:ilmAf1 (depression) LU'WfliilJB1f11'l (syndrome) • 
U"l~nt1ulii'1un<iua1m"l1'Wvi'1'Wlii1~ 1 liit11uii' • 

1. nriua1n11'1JB~~~u~1GJ (Vegetative features) 1lii'LLri fll"l'Wf!'W m1uamnmm"l tl1mTn 
' 

LL<i~m1ulii' fl~fll"l'Yll~ L Wfl 

2. fl<ilJB1f11"lA1'Wf111lJUf1fi!il (Cognitive features) 1A'uri <!mil f111lJfllil1'1'WolBl'l111Hfl~fJ(i) • 
m1mh A11lJA!ilL'WLL~<iu 

3. nrilJB1f11':iA1llf111lJDU~~i'~h (Impulse control features) hfori A1llJAGJ:iJ1iJ1GJll'J • 
(suicide) LL<l~ A1llJA!il~'il~:iJ1~5u (homicide) 

u 

4. ll<ilJBllll"lAlllW!]All"l"llJ (Behavioral features) 1lii'LLfl LL"l~'il~liJ fflllJW~Wt1hm1lJ'1tJ 
' u 

h1u~~G11~ 1 m1mit1mwliu 

5. 11<iut1lll1"l'l'll~f11a (Physical features) 1lii'LLri U11i1A"l1'1~ U1!ilnB~ n<i'1mil't1~~Lf1~U!il 
' 

Antidepressants ffimuil'il'ilUll uti~aamuun<iulii1~ l~~Gia 1uil' 
' ' 

1. Tricyclic and Tetracyclics 

- Tertiary amine tricyclics 1lii'uri Amitriptyline, Clomipramine, Doxepin, Imipramine 

-Secondary amine tricyclics 1lii'LLfl Nortriptyline 
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-Tetracyclics 1!ii'mi Maprotiline, Mianserin 

2. MAOis 

-Ineversible MAOI 1uihi1'11ti1u'lm.h~L'Ylfl1'Ylu 

-Reversible MAOI-A 11ii'LLn Moclobemide 

3. Selective Serotonin Reuptake Inhibitor (SSRis) 1~fofi Fluoxetine, Citalopram, 

Fluvoxamine, Paroxetine, Sertraline 

4. Noradrenergic and Specific Serotonergic antidepressant (NaSSa) or Norepinephrine-

Serotonin modulator 1!ii'un Mirtazapine 

5. Serotonin-Norepinephrine Reuptake Inhibitor (SNRI) 11ii'Llfl Venlafaxine, extended 

release 

6. Serotonin modulators or Serotonin Antagonist/Reuptake Inhibitors (SARis) 1!ii'ttfi 

Trazodone, Nefazodone 

7. Selective Serotonin Reuptake Enhancer ( SSRE) 1iifon Tianeptine 

8. Norepinephrine and Dopamine Reuptake Inhibitor (NDRI) 11ii'ttn Bupropion 

9. Noradrenaline Selective Reuptake Inhibitor (NRI) : Reboxetine mlli'Td°if~ hiil~1'11U11'J 
'l1.1thn'Ylf11'Ylu 

'l'll.Jll'll'l'lq - -iffl 4-9 flT'ill!jun1iil--.hLi'Ju Atypical Antidepressants 

'llil'lfo'limimlfl~l'Jlf1~lJ Antidepressants 'luil'il~U'I.! iiifl hlil;smf1{1 (major depressive 

episode) 

2. ll'nv:i'ill'Jtlll~~q'Yltli.iVl~u~~a~l'i'~rn~m (adverse effects) 

3. unil'ill~t1n~~mm~-if1~Liiil'l~'llfl~l'J1 lil11lJU<lfllilill'l'lliNl'J1 A1llJ<lllJ1~t1~~tl1u'il~ 
'Yl1.11iieim 1!ii' trn~~1lil1m 

4. l'J11ii'i1.!lflf1'l1.1mimiiJl'J1tl'l.!lb<l~Wl~fl~lJtl'l.!iJU~~i:j'YJlJil1VH Yi1 'l tl'W • • 
s. U'il'iluuii~ 1uai:1J11t1lil11ilm~ru1!ii'11 r1'tl1ulil1.1 'llil'il~lilBuau B~&iliiBmlli'1 'lliltt<i~'il~&i~u . ~ 

91,,,11 f ~ .J ..:.I I 'V 'V 

6. 67'16 'llfl~f:Ju11ll'Yl1'W'l.!'Yl'il~lilflU<lmNlillilflil11il11.!lm1 
'Vftlj 'f '"1 'V .d.::.1 Q 1 1 

7. f:!u11'Jb~lil'lllJli'l~1'YllJfllf11~ atypical 'il~lilfJU<l'l.!fl~lillilil SSRis ll<I~ MAOis lJ1f1f111 

Tricyclic antidepressants 
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Treatments of choice for depressive subtypes 

1. L'irilqfml'l1'1 (Major depression) 

- antidepressants 11olil1iithdl'YlfimwLvi1ou LL<1~iieJ\il11fl1'H1111U<l'W1M 67% 
d 1!11 <V... <=l t .J ... .J' I !ll ""1" - fl11L<l11fl 'lfUllJfl'W'll'lfllllN side effects, 1ril'Y11~fl1U'YJLfl\il'IJ'W'l1lJ\il11'1 LL<l~lJfl 'lfl'll 

\i'\'1 ~ff tl1uV1111Au1um11uAf17111~ ff tl1u LA u \ii 11uau 11~ ~ m ri 11u 
v • 

2, Atypical depression 

- MAOis LL<!~ SSRis iilh~ll'Ylfii11'WLV1tfooi1 Tricyclic Antidepressants (TCAs) 

3. Delusional depression 

- fl111'11' Antidepressant 11rJ1~L&i!'l1:iJo hi1~1;m 

- fll'l 1'11' Antidepressant mi~ antipsychotic ~1lJO'W '!d~i;rn~l'Wfll':iffl'lfl 

4. Bipolar depression 

- Antidepressants l'Jfllil11l1'1YJ1l>l'Ln\il mania Vl1fl hypomania 

- Lithium 1ll'IUU'l~ll'Ylfii11'WLV1Uflfll1 l'Wfl1'>fmn unipolar depression 

- fll'l 1ii' Lithium ~1lJOU carbamazepine 

ITT11fll'lffl1'11 (refractory) 

d" I ,_ 4 ,;') •.•1 .J1 ' 
1Jl'llJu1~"'Yllii11'W\il b'Wi:.Ju11'1'YI lJ\il11U<f'W11~ • 

5. Dysthymic disorder 
• I ,_ 4 .J d ~ l •~ t d v 

- u'l~'1'Y15i11'W'IJ11~ Antidepressant 111'1'1~<1\il<l~LlJflL'YIUUflUfll'l 'lf'lfl'lfl 'lril'lf:IJLl'l'll 

(major depression) 

- SSRis iitl1~a'Ylfii11'W~LW~iie1\il"Jlfl1'l\il1IU<f'W1I~ 60% 

6. Geriatric depression 

- rn·n~ fl fl 1'1l'mll'fl~'WOU1llfl1'i'll1~LAU~'ll11~1'11UITT<1~\i'\'1 
- ll'm~aom~hiiiV1111iiq'YIB anticholinergic tl'11u 1~LLrl nortriptyline, SSRis 

- iJm~11om~1:iliiV11aii cardiovascular adverse effects il'11u 1~uri nortriptyline, 

SSRis, bupropion 

l\ilu~11tlll'o 1'1l'm L'W'll'Wl\il~l 
7. Comorbid psychiatric disorder 

- Panic disorder - SSRis, RIMA (Moclobemide ), Clomiprarnine, Imiprarnine, 

Mirtazapine, Venlafaxine, Nefazodone L \Ju drug of choice 

- OCD - SSRis L\J'W drug of choice 

- Eating disorder -SSRis fll'IL\J'W drug of choice. 
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• "' ... .J I 

VIT'fl'ILLCf~H Antidepressant LLGl::tnm~t11~Lflf.l'l'Yl'W1J\HlfJ 

Antidepressants 

I. Norepinephrine reuptake 

inhibitors 

Nortriptyline 

Maprotiline 

II. 5-HT reuptake inhibitors 

- Citalopram 

- Fluoxetine 

- Fluvoxamine 

- Paroxetine 

- Sertraline 

ID. 5 - HT - norepinephrine 

reuptake inhibitors 

- Amitriptyline 

- Doxepin 

- Imipramine 

- Trimipramine 

- Venlafaxine 

IV. Presynaptic and postsynaptic 

active agents 

- Nefazodone 

Mirtazapine 

V. Dopamine reuptake inhibitor 

Bupropion 

VI. Mixed - action agents 

Clomipramine 

- Trazodone -... 

" ... ... . 
i>lOT'i1l1UflfJUl~UUinl 

- drowsiness, cardiac 

arrhythymia, weight t, 
anticholinergic, 

( orthostatic hypotension -

LilWl:: nortriptyline) 

- overdose tn-.ifi11 lf vm1 M, 
dose titration 

SSRis rnm1m-.ifi11 l1Liivi - SSRis rnm1 rin metabolized 
• • 'U 

insomnia, agitation, sedation, GI LVlfl')::\JUcytochrome P4 50 

distress, sexual dysfunction 
,..--- --

- drowsiness, orthostatic 

hypotension, cardiac 

arrhythymia, weight gain, 

anticholinergic, (insomnia/ 

agitation, GI distress LilWl:: 

imipramine) 

- sleep changes, GI distress 

all1~\J venlafaxine 

- sedation )l 

- sedation, weight ~ 

- insomnia, agitation, cardiac 
- -

arrhythymia, GI distress 

- drowsiness, weight t, -----
(orthostatic hypotension, GI ----
distress, cardiac arrhythymia 

enzyme 

- eru1EJY1\J~tlEJl 1~~ni1n~ii 
'U • 

TCAs Lrn::i'.im1iitli'tt1vifiva~ 1 u 
'U 

- dose titration 

- all1fo Amitriptyline, 

Doxepin, Imipramine LLi't:: 

Trimipramine fil') overdose tll'l 

fi11 lf~nu M 
- a1l1fo venlafaxine fil'j1'1f 

'IJUlVl~~tiwth 1 l1Lnvihypertension 

- no sexual dysfunction, 

(dose titration LilWl:: 

nefazodone) 

- bid dosing with sustained 

release, no sexual dysfunction 

- dose titration 

- all1~U trazodone tn'lfi11 lf LnVI 

priapism 

0 \J • \ 'lvr\ 1<l i l-hJ :-\J LilWl:: trazodone) 

VII. 5 - HT reuptake enhancer 

Tianeptine 

- GI distress, headache, 

dizziness, dry mouth (low 

incidence of anticholinergic 

effects) 

.. RT 

- dose titration , ~e~al -¥ 
dysfunction, no sedation 

_,_. ~ - < 'cJ 1.,..., h" rrf 1 ;)/ •<J {. ,-../ P, IJ .Y 

) 
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Tianeptine 

- L~i.J serotonin uptake 1'1.Jai.Jti-3 

- avi stress-induced atrophy 'lltl-3 neuronal dendrites 

- hlihrnBrl'IJ 1ii-W-nl'l::a..:iri'm-3Yi'l'U cognitive, psychomotor, sleep, cardiovascular 
" 4 o Q.I CV 'Yl'ltl'Ul'Yl'IJ fl(il1 

- 13.i~n metabolized lviti hepatic cytochrome P450 system 

- i'.h.h::a'Ylfifll'WLYi1n'l..J classical antidepressant L'li'IJ amitriptyline, clomipramine, 

imipramine, mianserin LLa:: SSRis 

- ih.h::a'YIBfll'Wl'IJm'laV1~n1i.in-31a (anxiolytic efficacy) V1Gllt1V1a-3n'l..J TCAs 'Yl~fa 

tetracyclic antidepressants LLa:: fluoxetine 1u~ti1 El~ ij a 1 n1 ') ~ ..:i depression LL a:: 

anxiety 

- 1ti')'l..Jn1'U sexual function 

- ij onset of action ~L~1ffll 2 to 8 a\fonl'i' 
- ih.J ')::a'Ylfim'W~ uc!tl1uo51u1uinnni1 213 ?1ei..:ic!tJ1u~1Yi~'Lim~-3'YliJ VI b(--. ~t»I-

" " 
- iji.h::a'Ylfifll'W~i.Jln l11 l ..1'c!tl1t1'Yllm:nn hvi (remission) 1iil'liL-Wu..:iu~Vi1 l lf mm'l 

" 
~~'U L Yi1if 'U LLa ::Vi1 l ..1 c!tl1u a''l..Jlfl ~ L llu'li1..:i na1£J11'Ul'U n-:i1 antidepressants L 'U 

" 
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SY2/3 OVERVIEW OF MONOAMINE HYPOTHESIS OF 
DEPRESSION 

S99 

monoamine oxidase inhibitors L~mnau..11autlrhnJ 1~m'l~VIL1?Jn11r.HvtlLLvim~l\l::Lvi>J 

u~111rua1'lnG'i11 monoamine L'Ueflltl~ ~~irnl\l::Ltl'U serotonin LLa:: norepinephrine LVIEJjjun • 
C: I A d '1 , ,,:.;, 

Ul'Yl'lltl~ dopamine LU'Ua1'ULCf'l11 LLa::L11a~1111'lm~'l::uu receptors 'llfl~"1'lLV1a1mw11mn 
" 

.J' ..,j ~ ~I 1 di I .,. 

'll'UL11aa1111;1uunt1'U L'lll\l~'WU1lnl 'lLOVI down regulation 'lltl~ postsynaptic receptor 

V1a~l\llOiinl'lLvi11?Ja~al'l monoamine LLa1'll1Cft1~ai.JV1111' ij~1111aaV1~aa~nUL\Jl;"inl'l-rmfl 
I 0 1 .,.. 1 .J ., .J d ., .,: .J' I ., .J 

111nn11 'Yll vt11~1111au l\l'Yll\l::'W~'Ultn'YlllL\Janu receptor L'Wll'll'U~1u~num'l'Yl'Wtnm11 
" 

a{1~m~jjamiru:: Ll\ll::l\l~num-;ilil~l'U'llv~ monoamine ?iUVILVl?iUVIVl~~L'Yi1Ju Gl'1t1al~Ltr'U 

selective serotonin reuptake inhibitors ~~n~11 lvii1ij1vi'L~11U'l::a't15fllwtLa::~1111L~1'lleN 

m'l-rmfl=ff 'U t1Ei1~.a'V1 Ll\l'UU fl ~~ L tl'U 1 u1vii1w~'Ulnl'l'll tl~m'l-rfl'lfl L 'l~:amAi'1vi1£Jm L 'U~b~ 
vit11 uifl\l::n111uLn'Uni1m'l'lJGlUt1'Ylv~'llv~ monoamine 1uch::~um';j-rfl~lfllEIL'UL'lfaa111n:ff'U . " 
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SY3/1 UPDATE IN ANTIMICROBIAL AGENTS NEW COMING 
ANTIBACTERIALS IN THAILAND 

Suwat Wimolwattanapun, M.D. 

Departmant of Pharmacology, Faculty of Medicine Siriraj Hospital, 
Mahidol University, Thailand. 

1 ~I .J' _,. 'V .QI l '1 ' <v .:.t.::.t .J .J' 'IJ u 'W • fl • 2 5 4 4 'l'H.Jl 'IJ lJ 1 lJ l'J 1 lil 1 'IJ'irn ti 'W 'll 'IJ 1 'IJ VI lJ 'IJ f1 '1 lJ Iii 1 'IJLL 'lJ fl 'VIL ':i l'J 'YI 'll fl 'll 'IJ • • 
'YI~ L Ul'l'IJ'11VIU11'J 1 mh~ L 'Ylfl 1 'Yll'l nu <1111 f1~1'1Jfl'1.l~m"llJfll"lfl1Vll"iLL'1~1'l1 fl"l~'Yl"i1~<11lil"lfil'!'ll 

3 "lll'l f11"l ~~iiu u1hfoi1-i~1vi'-l'u fl'!lt\Jllil 1l1'11V1u1u1mh~rnfl1mi1 utl -w. fl. 2545 m~ii1 
au 1-iii 3 "l1Uf11"l Au 

J. Linezolid (ZYvox®) 'llfl~'U~M'YI Pharmacia 

2. Quinupristin/dalfopristin (SYNERCID ®) 'llfl~'U~M'YI Aventis Pharma 
® ,,, .... 

3. Telithromycin (KETEK ) 'llfl~'U"l'tl'YI Aventis Pharma 

1u~if-i~ 1.Jnci11~~'1iulJ'1'Yll~tm'f11'l'Yll'll'llfl~l'l1~~ 3 'll'IJl'IJ him'f~t'lltl 
u 

LINEZOLID 

Linezolid t tlu l'll'll'IJlutt "lf1'llfl~l'lll111u-:101il-wncilJ 1 mi~li.i tfluiih1 u f11"ltt TI'YIUlJln u'IJ ' . 
Afl ncilJ oxazolidinones • 

I'll f1 ri lJif () f1 a~ Lfl "ll~'l'l~u Llil u'ill 111 "l'Yll~ Lfl ii U<l ~ iilfl'N af1~ Lfl ii Ltlil f1Wl~1 U'll f1 m l111u 
• u 

-:101il-wncilJ~'IJ 'l ~~LL<foM l'IJ"lU~ 1 
• • u 

0 /\-0-A o 0 N 'I_~ N 0 g 
'--I \_] N,,, 'CH 

F ~H 3 
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Jv <' 
t] '11 ll \ll Tlfil !In 'W 

' 
L. I'd "' .ti;:, b . ' .¥ , ' ' mezo 1 J.Jt]'l'lllLu'W acteriostatlc \llflL'lleH'WflqJ.J enterococci LL<!:: staphylococci 11\ll 

"' .t l'I , . -" ~ .¥ .J , il ' "' 1 .t~ Ii 
J.Jt]'lllllu'W bacten-c1dal '1l\1'JUL'!fBt11'WL'l1f\j 'WflqJ.J streptococci J.Jfl<I flfll'iBBflt]'lllll'JUl'Mfll':i 

if'l1111-;1::11'ttbmmrn'l1?i'.m1u111il1~u~'ILL\ll1t1.fft1~t11 (initial phase) 1111m'li'11u~ui\'u binding 

site U'W 23S ribosomal RNA 1!1M 50S ribosome subunit i1N<iuutT~m-;af1~ 70S ribosome­

mRNA-fMet-tRNA initiation complex 
J"'Q! "' ,£ .<>IQ IV f'I IV .,f .J1 ' 1V ' 

l'Jl'WJ.J1'1t]'lllll'l'iBUl'lqJ.JL'llflLL Ul'l'llL ':il'Jfl'il.JUJflL u'W11<1fl L'lJB'll 1\ll Bl'Jl Ill LL fl 

staphylococci, streptococci, enterococci, 1?i'.a gram-positive rods LW'W 

Corynebacterium spp. LL<i:: Listeria monocytogenes, gram-positive anaerobes LW'W 

CJ. perfringens, CJ. diificile LL<i:: peptostreptococcus spp . 
.¥ , ' .i,.. ~ .,j1 ' 1 u ' 

L'lJB L'WflqJ.J staphylococci '11t111'lty '111\llBEl1 lilLLfl S. aureus, S. epidermidis, S. 

hemolyticus ~'l':i1J.JO'IL;}'.B L 'Wfl~J.J methicillin-resistant LL<i:: glycopeptide­

intermediate S. aureus (GISA) ~11'1 
.¥ .J_. ~ .,j1 ' 1 v ' 

L'lJB streptococci 'll<lll'l!Jj '11 1\llBEl1 lilLLfl S. pneumoniae, S. pyogenes, S. 

agalactiae, S. viridans ~'l'i1J.JO'IL;}'.B S. pneumoniae ~~B~B penicillins ~11'1 
, ' . .¥ .J_. ~ .,j1 ' .. 
L'WflqJ.J enterococc1 L'llB'llt111'l!Jj '11 1\llBEl1 l'IB Enterococcus faecium LL<I:: 

" /' .,j .. .¥ .J.¥ ' . ( ) u E. .aeca 1s 'll'l':i'll.Jf:Ml'llB'lllilB\llB vancomycm VRE 11111'1 

a111:;'uuul'lilL~l'J L 'Wfl~j.Jfl:;'J.J<1ua1t11 my Llill'JL'il'l'n::1?i'.a L 'Wfl~j.J enterobacteriaceae LL<i:: 
. ,¥, ,J .¥ 

Pseudomonas aerugmosa lilB\llBl'Jl t1'l'WL'lJB H. influenzae, Moraxella catarrhalis 

u<i:: Legionella spp. b~BE11LL~hi~hTn 

E11ili1l'h post-antibiotic effect a111:;'rn?i'.a s. aureus i. 1 -2.0 .t1tJ.J'1 1u in vitro 

model LL<I:: 3.6-3.9 -t1LJ.J'I L'W in vivo 

~ , 
u1 i'l'll'il <iu fl1 a \ll':i 

Linezolid tlfllillil:ilJ.Jt'W'l11'1L~'WB1111'l1~~hl<l::':i11'11~1 ill'h absolute oral bioavailability 
u u 

1iiau 1 oo* m111'li1N<i<1111 B\ll':i11~1'1JB'lm':i111111:ilJ.JE111ilmrau 11~hrnN<i~at1~mwu1~un111111 
u u u 

:ilJ.J hh::~uu1a-:ia1111t11aBl'ILt1 1-2 -t1tm faui1m1m'1i'J.J'1i't1<1'1<flilltlt1 14 mcg/mL 1rlaiit1 
"" 'U~ 

1 Ii "' l'I .,J .,J ~ L "' ~ I'll 'W'IJ'Wllil 600 mg l'l':i'lllill'J1 LL<l::Lu'W 20 mcg/mL '11 steady state LJ.JBfl'WEl1 'W'IJ'Wllilllill'J'lfl'W 

nn 12 £1 tw1 m~ui\'u ttl'lmu 1uwmamtl':i::mw 31 * m::'il1m'li'1a1 il'a1~a~1'1 1 1~&i 1rn::i1 
• u 

fi1 volume of distribution tl-;::mw 40-50 L 

E11il'~n oxidised ~ morpholine ring 1~ inactive metabolites i!la aminoethoxyacetic 

acid metabolite LL<i:: hydroxyethyl glycine metabolite LJ.J\ll1UBiia:ilJ.J'IJB'IEl1 hJ1~ml"fu 

cytochrome P450 system ma1t11my AB U'J::mw 80'7b ~n'lluBBfl'l11'1ilaai1:: ~'IB~1u~tl 
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L~lJth::mru 

5.5 -ii'1tm 

Half-life t1B~mill'i11.h::mru 4.5-

1 vu " 4 ~ "' " 4 44 , u 'i" 4 J .J 4 Linezolid lil'l"Ufl1'l~ID'lflU1J!J1Ju'i:: '1Vliii:.l<l'111'i A <l1Jfl b 1Jfl1'l'lfllfl'b 'lAlillil L'lf BVJ Lfllil"lfl 

L:S'Blli1~ 1 ~blliBm 1u~urnnuuoumttana1tt.:rum-;.:;'nm L'lAmviL~Blli1-:i 1 Liu vancomycin, 

ceftriaxone, cefpodoxime proxetil, oxacillin, dicloxacillin, claxithromycin Li'l1J~1J lJ1flVW 

<flJ A1'l Lia:: hi'.:;'um'lBljil'm1 tti'un:: L uuu'51'ww1u 1L<i'11 uatt.:r.:JB LlJ~mua::att'l1'lfB1ru1'5'n'l 
tviuilimJ~:B'a1tt.:ruhAlli1~ ., lliB 1uii 

1. Vancomycin-resistant Enterococcus faecium (VREF) infections 

2. Methicillin-resistant staphylococcus spp. (MRSS) infections 

3. Nosocomial pneumonia ~LOli1111fll~B S. aureus ..f~~b11a::~BlliB methicillin 

(methicillin-susceptible or methicillin-resistant S. aureus) 

4. Community-acquired pneumonia ~LOVl\Jlfll~B S. pneumoniae (penicillin­

susceptible) 

5. Skin and skin structure infections ~101i1111fll~B streptococci, methicillin­

susceptible LLa:: methicillin-resistant S. aureus ..f'i'lfUVl~Li'J'tJ uncomplicated 

Lia:: complicated infections 

'll'll11il LLa::'liil'll 

.£ 

- Linezolid i:JL 'tJ'lU<fl'la::mum~L~B\11~ 111~uuf Bm1a1 L1Jil1'lf1J::U'l'l"L<f~" a1tt.:;'u " . 
'11Uli1Li1'11<lBlill~Bli1~1 11a::i:J1u3um1~1il Ila:: powder for oral suspension a1tt{u 

nu 
- tllJ11i1~1'1i AB 600 mg l'lfl 12 -ii'1tm rrhou..f'inlJUa::5vi a1tt{um'lmli1L~B..t11u 

umi'u1u uncomplicated skin and skin structure infections ~hl1~L01i1"1fll~B 
methicillin-resistant S. aureus ~m111'1f1mimvi 400 mg l'lfl 12 -ii'1LlJ'i1~ 'l::U:: 

11m1um'l1li'u1l1i1uri'11u AB 10-14 1u umi'utu VREF infections ~A1-;lli'u1u 
14-28 llJ 

f]Vlii UVJ'lflLL'lf~'!JB'iUl 

1viu..t11u linezolid 
v ::1 .J ' v ~I ..., ,,£ .J ' o v 
II VI I ulJUlVJA BlJ'lll'iua BVlil u f]Yliill Vl'lflU'lf'iVJVm"U BUli11lJ<l11i1U 

4 • Q "' " .I 1 • ~ 1' ~ " 4 J ( ) AB VlB'illillJ u11i1~1'i1'J:: A<llJ <I B1111UlJ lJBlJ lJ'l'l<l"U il11::1fl<llillaBlilli11 thrombocytopenia 
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'Ii BW'l'i::1'l 'l Ufll'> 'l'liai 
L~B'l'illfltJ<lfll'lAfflfliu in vitro wui1 linezolid i1t]'YIBL1'iu weak, 

monoamine oxidase inhibitor (MAOI) W'l,f'IJ~'llli'B'l'i::1'lf11'JLOlil interaction 

nonselective 

sympathomimetics Liu pseudoephedrine ua:: phenylephrine mi::m L'!Jfl~:IJ antidepressants 

lii1Util'Wl::'W1fl serotonin reuptake inhibitors Liu fluoxetine Lrn::m'J'Hlim~U'lfll'JOUBTlll'l 
.J<::.1~ I""' I 'V .J <>! .J ..::!. ... '1.t .ell 

'YJ:IJu'l:IJltu tyramine <l'l'i1:1JmU L'WB'H<lnL<IU'li'111:1JL<IU'l'IJB'lf11'>Lfllilm1::m1:1Jlil'IJL<IBlil<l'l 
" " 

L1<1::1n1:: serotonin syndrome 

i UNtbu~1~fumu1uni1 2 ai.Jii11vf 'H~B iurJ'tbu~L~U'l~ Bf11'lLOlil1111nliBlilB ilfl 
" " 

'""o ~.ell ::1 .J Q •01•~ 
m'llil'>1'ilUU'il1U1'1JLfl <!Iii Ll!B Iii L uU'JnJ:: 'l Lu B'l'ill fl :IJ'>l U'l1U11'Yl1 mnlilm1:: thrombocyto-

' "'.r~ 1·1· pema 'IM'IJUflU'l::u::n<11'llB'lf11'> 'HUl Iii 

QUINUPRISTIN/DALFOPRISTIN 

Quinupristin/dalfopristin t1'lu combination 'IJB'lmlli'1u~a:ii'W 'lun~:IJ streptogramins 

~'l hi''illflfll'>UlUl pristinamycin ~a'!LA'll::rf~U'illfl~<lffW Streptomyces pristinaespiralis :IJ1 

fi''l LA'll::rf 'Yll'l LA jfoj Bfi'lilobU'IJ B'l quinupristin Llll:: dalfopristin ~ L'H :IJl:; <l:IJ~'f Iii l 'W'll::i1i.J'l:: 

1l'YIBill'W1Uf11'jril~lill~B 1~~~<11il flB 30:70 ( w /w) m..t'l<IB'li1tA'l'l<lfl'lLAi1w'lLL<llil'l 1u • 
.,i.]~ 2 
" 

Z'_.; 2 lM~df1~Lflilun~ quinupristin Ufl~ dalfoprietln 

"' " .......... t]'YI lilillULl U fil'l'l l '>U 

,.t'l quinupnstm LL<!:: dalfopristin BBflt]'YJBiluff'lm'la'!LA'll::'Hl U'J&iU'llB'lLL uAViL~U 
Lliluifohum.i'lBBflt]'YIBB1j1u sos ribosome mi1Bunu u~i1~ulilBUf11'>BBflt]'YIB~1'lnm~n 
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tl'm1 Afl dalfopristin 1l<Jflq'Yltilli1'1111~1lJ~lJlilfflJ~ aminoacyl-tRNA 1rn:: peptidyl-tRNA 'ii:: 

t'1i1 ltl'11unu ribosome ibu quinupristin illi1'1111~ 1u~lJli11llJfl1'H~1JIJlii1l'll1l'I peptide side chain 

Combination 'II Mm if~ <11l~'Vh 1 '11 t}'YI B lli'1u'ila~w'll 1l~m 111~iu flllfll'l 1im 11\iia::'IJlJllJ lill IJ iiTW~ • 
hrn~ 16 1'111 ua::'lh1'11iJr.Ja11'lu bactericidal nrn:B'11l!a1fl'llU1i1~hliimn Liu s. aureus, s. 
epidermidis, 11a:: streptococci flU1~ hfi&i mdii~l'NUq'Ylt11'lmVlt1~ bacteriostatic !11M:rrn:ifa 

U1'1'11Uli1 1iu E. faecium 
.f _.3 <V ~I <V 1v I,% .?; ,J 

1~tj'Ylli'111l~U1A'l1JUA~IJl'll1lfl".il.JU1fllu'Wl1<lfl lilllfl l'llfl staphylococci 'Yl~llaltl 'II~ 

&:fl ..: .J.J' I .J' ' 
'l11J!N1'111l'Ylli11llil1l methicillin (methicillin-resistant staphylococcus spp.), l'llfl streptococci 

iiu S. pyogenes, S. agalactiae, S. pneumoniae ~~'l13,1\i~1:ifa~~a\iia penicillins ua:: 

erythromycin, 1il'a E. faecium ~'J'l11J1i~1ifa~~a\iia glycopeptide, Listeria monocytogenes 

11'1t1vit1 flU1~ hfi&i1il'an:r1Ju1nu1~'11Ulilfl~flliiflm 1'lit1 E. faecalis, E. avium, S. bovis 
~I • Lu'Wlil'W 

a1'11:rrn1uAn1'fon:r1JaU 1:ffa 1un~IJ enterobacteriaceae, acinetobacter spp., non­

fermenting bacilli 1m:: anaerobic gram-negative bacteria ~~ll<lltl ~a\iiam 11\iinii11uffi1L~fl 
• ~.11· ' 

fl'llJ<lUUl~'ll'Wlil'YI 11ilflfl1 L'll'W L. pneumo-phila, Legionella spp., M. catarrhalis, N. 
~I " o ..., .J' 1 ' 1 '""' <V ~ .% gonorrhea LLa~ N. meningitidis Lu'Wlil'W !llll'lUl'llfl H. influenzae 11ilflfl1 l.Jlil'Wflll'lfllilfl 

liimn 

Quinupristin/dalfopristin ii~ 1\ii'Naliimil'aw1n atypical intracellular organisms ~ 
!\1\'lqj'Y11'1Ai:ifin 1\iJmi 1:ffa C. pneumoniae LL<l~ M. pneumoniae 11\iiq'Yltliimil'aif~afl~Bfl'Wflil 
q'Ylt'IJa~ erythromycin tl1~mru 4 1'111 

~ V I I J 
muiJ post-antibiotic effect \iim~aiihliiam at11ui1~ 4-10 il1tm 'll'WrlU'llUlil'llfl~ 

u 

1:B'a 'll'Wllilfllvl'hl' 11a~1tluuu'lla~m1'Yl1i1aa~ 
u 

. , 
Ul<l'll'il<l'Wfll<llil'l 

Q 1 .I • d • .J ~ l J,t 
f111JL'ilW1~ 'W;iullfllill'lllll<lflli1Lafllilli11 llJflU'll11'ltl1 'W'lllJllil 7 .5 mg/kg 'Vlfl 8 '111 m 

1\ilrh peak serum concentration ~ steady state '/Jfl~ quinupristin 3 mcg/mL Lta::'llfl~ 
dalfopristin 7 mcg/mL mdiJm1fl'l~'il1m·1hri1dmfla\ii1~ '] &i t1mi't11t1'l~uutl1~<n'Ylfla1~~ 
m1'1i11t11\iltl'au Al volume of distribution 'IJfl~ quinupristin 1'1i1nu 0.87 L/kg lta::'llfl~ 

dalfopristin 1vi1nu 0.71 L/kg m'11unuttl1&iu1uwmamtl1~mru 55-78% a1wfo 

quinupristin 11a~t1 .. ~mru 11-26% a1l!:ru dalfopristin 

' 1 ' dw t d t ~ mmu l1C)J9fl metabolised 'YllilU liltl'YI quinupristin ~fl metabolised lilfl'lli 

conjugation 1\il metabolites 2 <ii'1 iia glutathione conjugate nu cysteine conjugate 

ri1u dalfopristin ~fl metabolised Llilfl hydrolysis 1\ilil'Ju pristinamycin IIA Ll.Jlil1Ufl1ia-
~ • .l'~J't 1·1·· 1' 'lll.Jlll<lllJlfllil'll'W lilfl non-enzymatic reactions IJ lilflll'ltllfl'W 'lfl.J cytochrome P450 
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, ,:f<V.,.. .tv ~,J .,.. ,£ 1v 
Metabolites 1111" 'l LVl<l1'W fMlJ(]Vllilll1'W~<i·aw'11-:i<l1lJ1'Hll<l'rnql'Hi'IJeN parent compounds Ill 

i1fl 

m1rn:: metabolites 'IJ!l"mibu 1 vini(ln~rnrnnmm"tl1fi 11<i'1(1n~U!l!lmnn~1"ma •• • • 
m"!l'il'il1'l:: (tl-:;::mru 75-80%) ~1viamin~u!l!lnm"ilaai1:: ~"tl-:;::mru 35% 'IJ!l" • • 
quinupristin !l ~l 'IJ~tl~hj~ nL tl~fJ'IJIL tl<i-:i 

Quinupristin i'.lf11i;i~-:i'11'l111tl'>::lJ1ru 0.85 -ii'1fo" <hu dalfopristin Ufl1fl~"'l1'l111 
ti J-; 1'11 •• 'II .:::,1,,J..,,.,. .$:i-1t1 

-:;::mru O. 7 '111 blJ'I 11111m'l1lJ acl!ve metabolites lll1fl 'il::lJmfl'l"'111Gl'Wl'IJ'IJ'WLu'W -:;::mru 3 

-ii'1Tm 11<1:: 1 -ii'1fo" GJ11Ja1!ilu 

'lh:: T u'llu'111-:i A ii ii n 
.f1vw w .f Q, w ~ "tlv 

mu 111-:;um-:;-:;u-:;!l"11<1::'1Jun::1uaum L'W<IVl'l~!lllJ'm111<1::~ b-:; 11<11 
v .,v.i 

'IJ!lU" b'11'11lVllJ1:: 

<llJ a1V1:,'u m ii' i!\ !l hi;i ~ 1111 ~!l'l'W u -:;"~ Lii111'il1 n L~!l nf 1Ju1 n~~ !l ~ !l m ibu 1 V1ru 
• u 

(multiple drug-

resistant gram-positive bacteria) L'll'W vancomycin-resistant E. faecium (VREF) infections, 

methicillin-resistant staphylococcal infections LL<!:: nosocomial pneumonia ~Lillll'illnL~!l 
IV .J.J' I .d :: .J V 'II 

n'llJU1nVllll!llil!lfJ1!l'IJ'l1lJVI" S. pneumoniae 'll~!l~!lYJ" penicillins Lia:: erythromycin 

'11'1Jllllll<l::'liili 

mmu~tl powder for injection ~-:i<11-:;<1::<11a~1tra1V1:,'um-:;<1::<11am lVIL'lf 5% DIW 

Vl~fl sterile water for injection <h'Wfl111~1l'il1'1m lVIL'lf 1imw1:: 5% D/W MllJl'lf saline 

solution 1 w-:;1::'il::Lii111 drug incompatibility ;f u 1i tl~lJ1lil'>'ll!l"<f11<1::mam'liliii;i1-:;u!lani1 
250 mL·ll<i::i;i111.J1'1llJ'il'W'll!l'lm liii;i1-:;1iiu 2 mg/mL 

'IJ'IJ1~W1~1'111111a~11tl A!l 7 .5 mg/kg VlfllllL'51Vl'11llllLB1llll~1lMVllJGl.f11Ell'IJl1'11 hiu!lEJ 

n-:ii 60mn1M'nn 8 '1i'1Tm a1V1fu VREF infections 11<1::nn 12 -ii'1LlJ'I a1V1fum-:;~1111~!l~ • • 
4 .I'd -11' Lnlll'il1m'11aau '1 '11 1111am 

.( 
q '11 li 11 '11 'l flll 'IM '11 !l 'I U1 

~ , , ,.Joiv l'I .( d 1v 
Local venous reactions 'IJ1l"V1'1!llllL'11lllllll11i1111Vl'IJ'l'l1 LVIEl1 lu'IJ(]VlliLL'l1'lnLl'11'1VIWU Ill 

ti eJEJ Y111 '111ii111 mm-:; tl1111 U1lJ 11au·fou11<1::111-:;ei'm<1U'IJ1l'IVl<l!llll!B1llll~1 ( thrombophlebitis) 
4 J' .col .J 4 1v v • 

(]VlliLIVl'lnLIM'W<fllJ1'l(lV1'1nL<IEl'IVl'l1l<llllM lllVlln Infuse fl11'1J1'111" central venous !me IL'Yl'IJ 

peripheral vein IL<i:: flush infusion line i1EJ 5% D/W mi"U~V11'lfJ1VllJlllll<i'1 
.( d d 1v 1v • d 1v d v 4 d ~ ~ w tJ ~ (]VlliLIVl'lnLl'11"1l'W 'l VIWU GI 11111n fl<l'IJ a 1lll'ilEl'IJ 'Yl!l'lllll'IJ ~'IJN1Vl'IJ'I fl'IJ 111lr1'l1'1:: 

tl1111'1l a tl1111n<i'1md1l LL<l::fl11lJN111tln ~'IJ a" fl1'lyJ1'11'1J'IJ a" !ilrn i'.Ju~'W a1V1fu mm1tl1111'1l !l 

ti 'II ..,:' .J.,.. '116t' Q. .col • 81 'ii v ~ 
1111n<11mua V1Lnlll'il1nm L'IJ1 b'il111ll'ilLnlll'il1nlJfl1':i<l::<llJ'll1l'I metabolites L'W'IJeJLl<i::n<11mua 

~" 1ll'il1Lf1L'IJV1~au-;-;1m1111'1111a<1111i;i111J5'1Ja"m" 1 'li'm 'illnnn 8 -ii'1 Tm L i'.lunn 12 -ii'1 LlJ'I • • 
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,j' floWfi::l'l 1Uf11':i1 '!im 

Quinupristin/dalfopristin iiq'VlBuuiT'lbfl'W1'1fi1 cytochrome P450 3A4 (CYP3A4) 

1 • d d t 1 ,J'' • 4 • • • ~ ~ 111-; l1fl1fl'W'Vl~fl metabolised ll1!H11'W 'lf1J'W';1:Wll11U 'iMll111'l';l::W\ll'il:1'lfl1'lbflll1'Vfbl~1fll'l1bb<l:: 

tlfuti'W1ll11'111llrnm::a:w lil111ri1'11'11~1l1~biill1 interaction nu quinupristin/dalfopristin 1~ 
11ifori terfenadine, astemizole, indinavir, ritonavir, nevirapine, cyclosporine, midazolam, 

diazepam, carbamazepine, calcium channel blockers b'lilJ nifedipine, 1'111 un~:w 

HMG-CoA reductase inhibitors b'li'W lovastatin, cisapride, corticosteroids, lidocaine, 

quinidine, disopyramide Li'l'W~U 

TELITHROMYCIN 

Telithromycin Li'lum hm1un~:w macrolides iilm'la-i'1'lLll1ihi'lu macrocyclic lactone 

ring ~iiam:iln1u1'1bLl111Jfltj 14 lil'1 (14-membered ring) 1'1im&iu1tiu erythromycin mil 

d"''1'. d d d. 111~L'iUflLuUl'l1 Ufl~:W ketohdes bU11'1~1fl:W 3-keto group bb'VIU'Vl L-cladmose moiety UU 

• ' d t ;:.,,, ""' .,J 
vmmu-:m 3 ti11'l :IJb<'tm't 1J11fl~1flUU'l:W methoxy group bb'VIUYI hydroxyl group t111'l • 

• .Jo '..J Q ' • .J " '.J erythromycm 'Vlll11Ul1U'l'Vl 6 Lrn:::w carbamate side cham 'VI C-atom ll11bbl1U'l'Vl 11 bb<'I:: 12 

m'lbb'1ll1'ltU'iU~ 3 
u 

mtliiq'VIBU<'tl:fl<'t 1n111-:;1111nq'VIBL'lim&imtium~u 1 1un~:w macrolides iin<'t 111111-:; 

11 an q'l'ltuu5'lm'ia'l Lfl'i1::l11tl-:;wuti11'1 Lb u fin L ~l'J fa l'J ii ~1ullU'l1111nq'l'IB11tj~ 5 os ribosome 

bb~'11:1J1'ill~Utiu ribosome 1~bbUUfli1 erythromycin bb<'I:: clarithromycin Li'lu 10 bb<'I:: 6 b'l'i1 
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a Ill <:>! 4~1 "" ,,;r I 

\ll11Jil11111JLL<l~IJ!]'l11Hu'W bactericidal aTl'l';Ul'lleJVlil1U'IJUl11 L'IJ'W S. pneumoniae, H. 

influenzae, M. catarrhalis, M, pneumoniae Lill~ C. pneumoniae 
.,( ' ,,;r ""' ""' .... ' 

1'1!]'11li'IJ<l'll'J11'l';<l1Jl'l'!IJL'IJ<lllU11'11l'lUfl';IJ1J1flVnfl streptococci l'll'W S. pyogenes 
• .cf ~ .J.J' I ' • Ill h • 

Lta~ S. pneumomae 'l11JfML·aeJ'l11111J\lleJ pemcillms Llil~ erythromycin 1111EJ, stap ylococc1 

' "'1' _.~J _J L'll'IJ S. aureus '11 11111J methicillin '11Vl'l1JL'IJ<l'W1fl methicillin-resistant staphylococci '11'W 
<!} 1.J' I Jv .J'"" 1J1 "JI I 
b Vlqjl111J\ll !ll'Jl !]'11li\ll1'WL'IJ<lfl'llJ1J1flL Vl!ll'Wa'1'1J L Vlf\!LL 'l'lfl11 erythromycin Llil~ azithromycin 

.~,;~ Jd1' 1·· dd.C1•d~ 
<11Vl'l1JL'D!lfl'l1Jil1J l'111J'l1 11111ll'J1 111Llfl H. influenzae 'll'llJf]'l'JIHfl<lLl'lU'lfl1J 

• • I \II ..f .J'J' I V d° Qi .¥ I \II ..a' Q.I 

az1thromycm ll\llllll'll<l'Wl111l\ll!l cefuroxime Lta1 fl1Jfl\l~l111l\ll!l telithromycin 1111U L'lf<lfl'l1Jil1J 
d "'1 ' d__, ~ d d d .,, • d ~ 
!l'W'l'J 1\ll !ll'J1'11"11'lqj l'l!l Moraxella catarrhalis 'lMIJf]'l'Jli LflilLl'lEJ'lfl1J azithromycin, 

clarithromycin llil~ levofloxacin 

'W!lfl\llfld L~!ll'Wfl~IJ atypical microorganisms ri1u1viqjnhllieimd hi'Ltri myco­

plasma ~'IVl!llU (Elflll'IJ M. hominis), Chlamydia pneumoniae, Legionella pneumophila 

LU'IJ~'IJ 

mdi:i post-antibiotic effects ~1ieii1i:im11Ja1~qi'l11'11'l~iJnaT11~rn~aa1u 1 viqj~hllia 
a1i:if11eitj1mh'l1~vii1'I 0.8-7 ~11m Lrlei1'1i'm1u1~~um1m'li1J'lim\Ju 4 tvi1'111l'IA1 MIC 

(minimal inhibitory concentration) 

~ .. 
UJ <!till au ~1 <J lil'l 

U1~fll!Jl11:;i!JL'IJ'l11'1L~'IJ111Vl1'l i:if11 oral bioavailability U'>~!Jlru 57o/o fl1'1'11'>1l-iii&·Jail11 
d 1 dQ 1 ~Ii~ 1d 

'IJ11'1fl1'll!]111'1J!JU1 L'W.fl11~ steady state LIJ!lfl'IJU1 b'W'11'1J1111 800 mg 1'1Jil~l'l'l'I '>~1111JU1 b'Wlil<ll11 
Jd ~ d 1 .i., •,JJd Q 
'IJ'IJIN'l~1111Jlf'1'f111 1'111 1.84-2. 2 7 mg/L L'IJ 1-2 '111 LIJ'I l'J1fl';~\l1Ul'll11JL 'IJ11LEJ11'1J11'1'111'1Ll11'1J 

VllEJ h 1~&i 1 M'l~~u L 'IJ'1111'W<Bat U'W 3-13 L Yi1 1 u bronchopulmonary epithelial lining fluid 

LU'IJ 4.8-14.4 tvi1 L'W bronchial mucosa LU'IJ 2.1-12.1 tvi1 ua~L'IJ alveolar macrophage 

"' ' ~, , ;d Ii 'i' 1 ~ . " Lu'IJ 37.2-2,159.6 L'l'Jl 'IJ11'1'l~l111JL'W'Wal<f!J1 L'WL'IJililLEJ11lj'IJ'll'Wflil1'1 L'W'>'I 'IJ'IJ<J 'IJ1!11U Ulfl 

• 1t11 •d J d • , "' d 1 • 'i' , L'IJ1 111111 U1'WLL'l'J'lfl'IJIJL'IJ1.fl1EJ b'WL'IJilatlJl11lil11111'1J11 111!J1fl bl11Ul'1'W1~ L'W polymorphonuclear 

neutrophil ~'11111lii'l~~UU11J''lfli1 L'IJ'Wil1<f!J11~1i'I 300 tvil 

U'>~!Jlru 70o/o 'IJ11'1U1f1fl metabolised l'W~1'1fl1U faa 33o/o flfl metabolised ri11uttl1a 
u u u 

fl'l~LLml!\11111 (presystemic) L11'W 1m1min~L'llL'Wfl1'> metabolise m~a1~qi ~11 CYP3A4 fll'> 
"J \II ,J .J... ,£ <V :; 1 <1:11 \II I ,._ "'°' ,,,: IV 

fll'l btil'J111'W'l11Jf]'l'lliEJ1JEJ'IL1l'IJ 'IJIJ'W'>1!Jl111U L'll'W ketoconazole, itraconazole \l'l!JNaL'WIJ'>~l111J 

m telithromycin lml!\111111~ 

ma1u 1viruf1ntlu1111fl'l11'111vv1'l~ a1uu11utlu1111nm'!u<1<111~ ~'lti'>~mru l 3o/o 11u"l u 
u u ~ " 

~tlt~IJ fl1'lfi1<ii'111mtn1111u<in1'1ru~LU'IJ biphasic ihi1 initial half-life tl-;~1J1ru 2 ~1LIJ'I Llil~ 
terminal half-life U'l~!Jlfll 11-13 ~1LIJ'I trl111ttl'l1LL1J1J single dose trla1ttl'l1LL1J1J multiple 

dose Al terminal half-life \l~LU'IJ 9.81 ~1LIJ'I ~ steady state 



S/08 Thai J Pharmaco/ 

1.h:ilu"1iun1~ filiiu n 

'il1nmii:im11m'lfiliiun wui1mdfm:nhfil~filL~1l'll<i'lm'lL~uvnu1'ilm1'l 'J 1~r-1a~mn 
ni1 70% L~m'iiuunumlJ1\ll'l.lj1\J~\J 11um'lffl'tf1 L'liu amoxicillin, amoxicillin/clavulanic 

acid, cefuroxime, clarithromycin Li'.luvi'u ~wui11'1l'r-1a 1um'lffl1'11~VlfilL'iiEJlJtl\J 

mifi~f1.Jfl1'iEl1llJfULLa::1l'llil'~1'1'11'1lL\Jfl1'lffl1'11 community-acquired respiratory 

tract infections 1 \J1.J1'lti'l:: rnA1 \J El hti LL'1'1 LLm U'l 1iJ1~fu flT'rn\J il'~1'll''ii1wu1El1ml'Vlf"1lllJ~fl1 . . .. 
• ·1· .r1·' 'IJ <11.J'l "li'IJ 1l'lEl1\J ~HLfl 

1. Mildly to moderately severe community-acquired pneumonia 

2. Acute exacerbation of chronic bronchitis 

3. Acute sinusitis 

4. Tonsillitis/pharyngitis ~Liifil'il1flL~1l group A beta-hemolytic streptococci 1um& 

~1iJmmiu1'1i'm 1unalJ betalactams 1~ • 

'llU1filtta::'Hil'!i' 

miil.u~tl oral tablet L~fila:: 400 mg 'll\Jlfil~LL\J::'ll11'1'11-il'i-i11 800 mg (2 L~fil) iiui'u 

a:: 1 fil~'l ~film1ln\JU1\J 5 i'u d1'Vlfu tonsillitis, pharyngitis, acute sinusitis ua:: acute . -" . 
exacerbation of chronic bronchitis LLal:\Jl\J 7-10 1\J <tl'Vl'l1.J community-acquired 

pneumonia 

.( 
q'l'l li ti 'l'l':'iflLL 'll'l'llfl~ El1 

.( .J ' .J .. • ~ .J ' .,j .J1"' " ti"' f;)'l'lliLL 'l'l'lflLL"li'l'l'l'W1.J1.J1lEl'l'l~fil fl<J 'l'IEl'lLfil\J "li'l'W1.JlJ1flfl11El1El\J'l'I 'Ii L \Jfl1'l~1fl1'11L 'iEIU 

... , .... ..,. 1' "' .J ' 0 
.,,. <di .iii 1· .. L'l'IEIU LL\lllJfllJ<J1fl1'l lJ'l\JLL'l'l f;)'l'lliLL'l'l'lflLL"li'l'l'l'WUU<JEl'i<J'l<'MlJlfil1lJ<l1fil1.J fl<J fl<l\J a lJ\J'l'l • 

ua::mL~EIU \J<Jfl'il1flUm'illi11'1l'Liifil dyspepsia, fl11lJiitn L\Jfll'lfU'l<'INfiltln~ ua::fl11lJNfil 

tln~'ll<J'lm'lli1'l1t1'1JB'llilu Li'.Juvi'u fi'l 1iJih1u'l1ui1mdn1 l 'll'Liifilr-1a'li'1'lLl-ia'lma'l111'il 'Vl"lan1 

1li'Liifilffl1lJNfiltifl~'IJB'l QT interval 

'll a-Vl'l'l::i''l 1un1'l1 '!i'u1 

Telithromycin iiqnttTuif'lL<l\J 1"1ili CYP3A4 1fil°'L'lim~u1nu erythromycin fll'i 1'1i'md 

~1lJtl1.JEl1~\J~flfl metabolised fi1"1m<J\J 1"1ilid LW\J cisapride, simvastatin, midazolam Li'.Juvi'u 
u 

~~; El'l'l::i''l fll'lLOfilW'tfLLa::tlfu'IJmfilm L 'll'L 'VllJ1l:<'llJ 
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RECENTLY APPROVED ANTIMICROBIALS IN THAILAND 

m1mnmn 3'll'IJl'IJ~mh1'111~eiu1mh~ 1-2 tlriB'IJ'11tl'1ii' !l~iJm1m.ilinnzjiJ11~~~ 
11lau l'iJ bt<I~ b 'Yl~ 1eifu n11tlu'l'J~ b iiuu 1 utl1n 'Yli'l 1 'Ylmrl B hju1u mil u1~~mh11eiuri n zj lJ 

.J .J_. ~ ~ ~ ' 1 ' ~"1 v 
fourth generation quinolones 'lf~'Yl.,1flqjl'lfl'W1fl 8-methoxyquinolones lil1BU1'm 'IJfl<jlJ'IJ blil 

bln moxifloxacin bl<t~ gatifloxacin 

1 ' J'l . . d .£v ~ .1' ~ .J 1 
m 'IJfl<jlJ'IJLli!Ubll'Wl~ mox1floxacm lJ1~q'l'lolill'IJ~'1'11'Wl'l1BUl'l<jlJl'llBU1~'11'1Jlil'l'IU1 'IJ 

nzjlJ fluoroquinolones iunB'IJ '] h''hi1ei1:rn iliB l'l'JBUfl<jlJL:ffmbUl'lVh~u1unzjlJ streptococci 

biu S. pneumoniae, S. pyogenes bb<l~b:ffB1unzjlJ anaerobes Ul~'llillil1iei1u brlBl-l'IJ1flnu1' 

q'Yl~eJ1'1JbbUl'lVh~unfiJ'1UW1~ '] bb'1~b:ffB1'1Jfl~IJ atypical microorganisms bi'IJ mycoplasma, 

chlamydia ~u11un~lJ fluoroquinolones ~~11111111~1-J'1~B~bL<i'1 '5~n11,,\'u11unzj1J 8-

methoxyquinolones iitlm.i~ 1'1l'm~l'lllilnwLl'11'1b YliJtlum ilimhm 1ti'ff11'11T11'l~lil b:ff B 1 um~ b~'IJ 
mu l'i!~~ri1uuuu11~ri1u•h~ 1~~1u 

ai11futl BIJ <l'l'Jl~ bll <i'lli'YIU1'11 B~Ul moxifloxacin ii' Nb~U'IJ 1~bl'lU11U'J1lJ lfo<\'11 u111 • • 

I. American Society of Health-System Phannacists. Linezolid. AHFS Drug Infonnation 200 I. 
Maryland: American Society of Health-System Phannacists Inc.; 2001 : 835-7. 

2. American Society of Health-System Phannacists. Quinupristin and dalfopristin. AHFS Drug 
Infonnation 2001. Maryland: American Society of Health-System Phannacists Inc.; 2001 : 468-9. 

3. Aventis Phanna. Quinupristin-dalfopristin scientific monograph. Adis International, 2000. 
4. Balfour JAB, Figgitt DP, Telithromycin. Drug 2001, 61 : 815-29. 
5. Carbon C. Ketolides : An innovative solution to an evolving world of respiratory pathogens. Cl in 

Microbiol Infect 2001, 7 (suppl. 3): 1-38. 
6. Chambers HF. Linezolid. In : Hardman JG, Limbird LE, eds. Goodman and Oilman's the 

Phannacological Basis of Therapeutics. 101
" ed. New York : McGraw Hill, 200 I : pp.1260-1. 

7. Chambers HF. Quinupristin and dalfopristin. In : Hardman JG, Limbird LE, eds. Goodman and 
Oilman's the Phannacological Basis of Therapeutics. 101

" ed. New York: McGraw Hill, 2001 : pp. 
1258-60. 

8. Diekema DJ, Jones RN. Oxazolidinones antibiotics. Lancet 200 I, 358 : 1975-82. 
9. Perry CM, Jarvir B. Linezolid; A review of its use in the management of serious gram-positive 

infections. Drugs 200 I, 61 :525-51. 
I 0. Wimolwattanapun S. Moxifioxacin: A new fluoroquinolone for respiratory tract infections. Thai J 

Phannacol 2001,23 :49-60. 
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sv312 fn".i 1 oif a1tli]ti1u:::£1ti1'1~:i.1f'l11i;i m11an t.o i"lftA".iM3f>n am{ 

( Pharmacoeconomic Consideration Of Antibiotic Therapy) 

mu n:S1u~V1'1l!'l'lfil111iiflru<llJU~fltlll'ltl'W 1 m~iM'2l il~q'Yli§fl'JilUflamtil (antibacterial "' . . 
activity- spectrum) 'Yiall'l'lfU\11 b 'Yli'l il'Utl'W~tfl<'l''lf'il'1'Uifl<l1111' (pharmacokinetics) hforh~~mn 
bb\1~ l'Yl1il fll'J f11~'illl'll'Jl b'lilribil il bfil fl~l~ '1 '2J il~'il~ flll'l'J1lJ 1U~~N01'111~ bfil'l~~l~ '1 bb~ ill'il lJ 

u 

fl1llJ bb111fl~l~1 u b~ il~'2J il~ bfl a'lfw '1fll'11111' (pharmacodynamics) hi' bb ii fl1llJ alJ w 'U ii' 
(correlation) '2l il~illfll1V11 ilfl1llJ'11m'Jtl1 u tll1:.<l1 b tmrn~.,~~u i'nllJ t'll !J'li'W'2l iMl'll 

• "-·1" d • •l '1 i'nllJJU'1~fll1~1fl1'111'ill'I 'Ub'Jil~'2JiN pharmacokinetics lJlJlfllJll'llJl'lfl'Wl'Ubl\11 bb111 'U 

.d ,,,: ""' S " o I "' 4 1 ~iv "" .d b 'J il~'2J il~ pharmacodynamics b W~'il~lJ fll'J~1 fl1'11 bba~'Ul lJlu'>~qn 11l'Yl'Jil 'lf1111 N afll'J'Jfl'lfl blJ il 

t11~mru 4-5 tl~Nl'WlJl fll1b~iln1'1i'mtllj:S1u~l111!'lillA!'l~rualJu~-it~ pharmacokinetics bta~ 
pharmacodynamics (PK - PD) 'il~Vil 1'1l'tl1~ll'YlilNa'2Jil~fll'J-i'flm~~~~'W 

' 8 

Pharmacokinetics 
concentration vs. time 

Time 

PK/PD 
effect vs. time 

Time 

Pharmacodynamics 
effect vs. concentration 

Concentration 
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Dosage 

Regimen 

Concentration 

versus time 

In serum 

Absorption 
Distribution 
Elimination 

Phannacokinetics 

Conentration 
versus time 

in tissue and 

other body fluids 

Concentration 

versus time 

at site of 

infection 

Phannacologic 

or toxicoogic 
effect 

Antimicrobial 

effect versus 

time 

Phannacodynamics 

SI II 

J'llfi 2 1'111!.Jii'!.J'W'uil'llB'lLm~fa'il<rllfll<!lil{ u1ii''IJW<11'11'1lil{Lrn:::w<illiB~U1EJ (Correlation of 

Pharmacokinetic and Pharmacodynamic Parameters with Efficacy) 

i;hfi1'1111'1'JllJ'1llJTHI lt1fll'>!il11:JB'IJ8"EJ1ui]'il1u:; (Parameters of antibiotic activity )
2

-
7 

t .,,, .,,, ~ .J.,,,,?;.J'1· 
1. Potency 11lfl111lvlm:::111umw1<1111'YIEJUEJ~L'IJB 111 (Minimum inhibitory concen-

tration = MIC) '1'11B'>:::l'lu~1<1111~mru1dfB 1~ (Minimum bactericidal concentration = MBC) • 
muij'il1u:::a1utmyA1 MIC LL<I::: MBC ;i:::lli1~fiuhimn ..i'11lu~~ilEJ1.J1'111LVlEJ~A1 MIC 

L W'll:::~UL uliB'lUBEJflil 

2. Time course of activity 'l'llJ1EJ1i~ 1'111lJL~1'1'11B'l:::EJ:::L1<11lUfll'lm11:B'B twmiiflufiu 

1'111lJLVlJVU'IJB'lmuij'il1u:::~1EJ (rate of killing and effect of increasing antibiotic 

concentrations) 'IJ Bflvlflif U'l'l1lJ 1 uf:i'lW<llliBLL Ul'lfiL1El'l'l.1'~vlflfl11~ifmJ'<ILL Ul'lfi L1mrlB'l:::\iJu 

EJ1~1'1'11B'l'llJ1111u;i1mii'm~mui1 (persistent effect-post antibiotic effect)
2

-
6 

JUUUU'IJfl'lfll'l!illt:B'B'IJB'ltflUij'il1u:; (Pattern of antibiotic killing activity) B-1• 

1. Marked concentration-dependent killing (LLUUvi'lmllJLVlJVU) 1~Llrl muij'il1u::: 
,J.,. 461 ' .: d ..J .,,, 'V !I.I .J' ( .. 
'YllJl]'YliHUfll'l:llll'IJBL'l1LL<l:::LL'l'lllJB'l:::111Ul'111lJL'lllJ'IJU'IJB'IEJ1U'l'll'IJ rate and effect of k1llmg 

l vilJW1lJl'111lJLVlJiU'llB~EJ1) Liu netilmicin 100 l:l<i11nflJm1L:B'mLUl'1YiL1mLmlJ<IU 1~'ii1U1lJ 
.J .J .,,! f'I r 1 J'lvd o .J' ~I 1 

'I'll.I~ llJBL'WlJ'lllJ1111El1LuU 3 ll11 v::::llll'IJB 11ll'l1ll<l:::v1U1UlJ1fl'IJULuU 5-10 ll11 'IJB'l'IJU111lm 

L&ilJ 1111EJ hJL .yilJ W<i'lll'ILfiEJ~ 
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m 1ufl*J'd'llifoti arninoglycosides, fluoroquinolones, metronidazole, azalide (l!ifoti 
azithromycin), ketolide (1~ufi telithromycin), oxazolidinone (1~LLfi linezolid) ua~ 

quinupristin-dalfopristin 
. ( 1 'd, •• ) 1 2. Minimal or non concentration-dependent killing U'U'U l.JVMA11lJb'IJl.J'IJ'IJ Ul 'IJ 

'.$1 .¥1!Vd 0,/ <:II 1· ...:. !V v ) 1'd flOllJ'IJl'JlL'IJil ~bl.Jil'l~~'UU1L'l1'1Jil MIC l.Jl.JlflUOl~fll'lL'Wl.J'IJ'IJl~ (A11l.JL'IJl.J'IJ'IJ'IJiJ~Ul 'ii~ l.Jl.J • 
w a ~ il fl 1 'l :ii 1 L :ff il l.J 1 fl U fl '111 il 1 i.i 1J W a L vi l.J La u (increased dose- same or slight increased 

bactericidal effect) '111ilill'i1L1Ufl 1~11Li'l'W flat-dose killing antibiotic LL~m1ufl~l.Jif!JA11l.J 
a1fl'cyiltj~o~l'l~L1al~A111.JL'1ll.J'1l'IJ'IJil~Ul~iltjL'l1Uil MIC (LaflUilU) L1Ufli1 Time-above MIC 

(T>MIC) ~~1~u,.i'11 lu T>MIC dv~elil~lJiililUl~UilU 40-509" 

m 1 ufl~l.Jif1~ufi ~ - lactams 1~LLfi penicillins, cephalosporins, monobactams, 

carbapenems, macrolides, lincosamides ua~mfl~l.J glycopeptides 

m1l.Ja1f\'ru·1nMm1u::im'lm 1ufltil.Jdiia1ll'm'llm~~m.,1i.i'il1Li'luei'il~<Mmm wn~ 1i.i 
" • u 

Ln~tl.,~ 1u'llu 1i.iri'l.Jii1 • 

Antibiotic Killing Activity 

Netilmicin Ciprofloxacin 

9 

8 Control 
Control 

~ 7 
:; 1/4 MIC 

t 6 

" 0. 5 .s 
4 

3 

16MIC 
2 64 MIC 

0 2 4 6 0 2 4 

o Control o 1/4MIC /.; 1MIC 

Time (hours) 

o 4 MIC 

~tl~ 3 Killing Activity 

Ceftazidime 

6 0 2 

Q 16 Ml C 

Control 

16MIC 
64 MIC 

4 6 

• 64 MIC 
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a Penicilllns 

0 oo .. a. Cepha!osporins 

• 

20 - • 
• 

0 20 40 60 80 100 

Time above MIC (%) 

~tJ'ii 4 ~Ublt!Ufl1~~1L~fl'!l<M ~-lactams (Relationship between "Time above MIC" and 

mortality in studies investigating the effects of penicillins and cephalosporins 

against infection in animal models) 

MIC 

'Time above MIC' 
Time 

~tJ'ii 5 Time above MIC • 
'Time above MIC' = the time that serum concentrations of free antibiotic exceed 

MIC, expressed as a percentage of the dosing interval 
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Persistent effect (Post antibiotic suppression effect-PAE) 

'ttlJ1EJ n'ltl'llfl[lfl1'luJ~!l1111uu8'l fll'lll U'llil'1'tt'lei l'il~!\! L&iu LliJ'11 fl'l LL UAnL 'lulii fl 1 ti ii fl 

'li1'l L 1 m '1Hl'l'il1 fl LL u An L 'lu 1illtl ijfl~m fiu m-8'1.,~u~ nm'l1d'l ua~'tt ll'l'illfl~1~1ilu mtli]i51u~ 
1i il A ~1 il'l'ill fl A1\J'l '!A'tt'lflilA~1fli1 MIC 'il'IJ n'l Bl'il 1iJwu mtli]~hu~ 1 u Lil m~ fl'lf fl'l~l'l fl1EI 

u.1'1 fll'lLflA PAE 'il~i'lA11lJLLAfllii1'ln'IJ'l~'tti1'l'lfUA'lffl'l1'11tli]i51u~u<i~fl~lJLL1JAYJL'lu 

Mechanism 'llfl'l PAE 

fll'lAfl'lfl L'IJ'ttilflALL<i~aeii''l1Amnwui11l'tt<nl'lfl<i 1fl ~'lh 1ii'h>.1mrn'l PAE LflA~u1u 
ti """"""" ' .::.I ,,. 1 v ' d 1 .i ti~ Q ' [I fl 'll'J1 'l~'tt11'll'l1 LL<l ~LL 1J A '11 L 'll'J A Llfl 'ill fl fl1'l'11 fl il fl fll'lfl fl fl (j'l'lfi'll fl'll'll [l'lfl'IJ~A fl 

metabolic pathways :ilwa'llA'll11'l'tt'laumf'lfl1'lL<liu1ei'lla'lLLUAnL'll'I (multiple mechanisms 

and/or metabolic pathways are involved and result in bacterial inhibitory effect) Liu l'llfl~lJ 

~-lactams fl1'l'l11'l1'1J!lwaliiam'la{1'l PBPs 'llfl'lLLUAnL'll'I (time takes to resynthesize new 

bacterial protein-new PBPs) waliiamfl~lJ aminoglycosides '1111ii'lm'lLtl~umLtl<i'l'tt'lmLAfl 
!il1'lJ fl'l L tl'liiJ'IJ lil'lif mtu AnL'Ju ni fl'l fll'lL 1m 1 u fll'la'l LA'll~'ttb tl1iiJm mhiJ'iifl (time to 

resynthesize these proteins) ~'lLflAJ:Jil PAE uamnflil'nt1'luw<i'lffl'lfl<i 1flfl1'lUfl'ln'IJ'llfl'l~1'l 
flll'I L'li'IJ 'illfl phagocytic cells 

Q tj 

1. lL1JA'11L'll'ILLfl'llJ1J1fl (Gram-positive bacteria) 
.cl ""1 :; 

UUA'11L'll'l'IJ'IJ 'l (all antibiotics with susceptible Gram-positive bacteria) 
tj tj 

2. LL1JA'l1L'll'JLlfl'llJ<l1J 

ti ~Q d tj 1 .i ~' ~ J; v 1tl tj ~ • ' 2.11'11 [l'lf1'1J~'l1lJflil flfl1'lflflfl(j'l15LulHL1J1Jl'l1Jl'l'lfl1'l<f'l1'l 'lA'IJ'tt'lfl nucleic aCid L'lf'IJ 

aminoglycosides, fluoroquinolones 'ii~ 1iwa PAE ~1'111lJ1fl LAl'ILi:n<n~ti'1'lJ'IJ1Al'l1\j'lL'ttUfl 
MIC lJ1fl (concentration-dependent PAE) 

tl -tj dQ 1 "'1' tj 2.2 I'll [l'lf1'1J~'l1lJflil flfl1'lflflfl(j'l1ll lJL'ttlJffW 2.1 'il~lflA PAE ~'IJ hfori fl~lJl'll ~-
lactams (l'lflLl'IJ carbapenems liim:ffa Pseudomonas aeruginosa) 

,/ v ..J ..,. 
fl1'ltl'l~l'lflAA11!.J'lL'lfl'l Pharmacokinetics-Pharmacodynamics (PK/PD) Uil~fl1'l1J'lll1'l ' . 
1'11 

'il1flllllfl;<j1'1Jfl1'lAflet1igm~eM potency, time course of activity, pharmacokinetics, 

PAE Lrn~11rua1Ju&i5u 'l 'llfl'lmtlfiibu~ '111111'1lm1m'll1 hLLa~tlfrntl~tJ'IJfl1'lu~m1m lii1u 
• v ~ ' 

m1mJ'uhvu (01111'!'11 1 Lrn~1t1n 6) • 
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..l 
fill'i1~ '11 1 PK/PD Parameter Predictive of Outcome 

Time above MIC A.I.LC ~ 
MIC MIC 

P-lactams Quinolones Aminoglycosides 
Erythromycin Azithromycin Quinolones 
Roxithromycin Ketolides Ketolides 
Clarithromycin (Telithromycin) (Telithromycin) 
TMP-SMX 

Organism killing Time-dependent Concentration - Concentration -
dependent dependent+ 

prolonged PAE 
Therapeutic goal Optimize duration of Maximize Maximize 

exposure, often less concentration concentration 
than dosing interval (Peak and/or AUC) (Peak and/or AUC) 

16 

c 12 
0 

~ c 
~ 8 8 

4 

40-50% 

Cmax 

AUG> MIC 

~----6~ v 

AUC2/MIC 
(AUIC) 

12 ,J< 

C > MIC (in hours) 

MIC 

18 24 
Time (h) 

'>U~ 6 Pharmacokinetics LL<I~ MIC 
~ 

Conventional pharmacokinetic variables for assessing the effectiveness of 

antibiotics. 

~1 PK/PD LW~~Wfi'IW'1Jfl~U1tl!):S1u~ 
.,J ..J .J' .,J 

'illn1Mrlfl11lJ'jl'IJl'jeJ~ PK/PD 'lliimfl'll'Wl'><lU 'l li11im'>ri1'11'1lf;l~1'i!Wli'llil 
~ . 

( breakpoints) 'IJ fl~ m tlij~'hu ~ii l'l11 Uii'lil L 'il'l.I LL<t~tl1rn ti~ ti u 1 i aa Iii fla fl~ fi um '>tl11 t11'1i'm~ 
flllilnmn?l'u m1~ 1u'i'J fl.fl. 1998 amfl1J'il<1Yi1'l'llm'lla~a111;;mu~m 1t'i'fi111ufi1~1%1!i'llil Lliltl . ~ . 
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1. 1tiV1an PK/PD principles L'liu li'11timAitufaw1fo'1!fornan'l~lilum11'lm1~ AUC ti'11'1l'm 

~-lactams 1foman1li'mii time above MIC mintfou 50% '1JeN dosing interval ti'11ti1'11 
• 

aminoglycosides LM1'11llJ\'l~A{-:i1~u1li'ii'l~lilul'l1\1'1LVIV'1 MIC '1U1'1U'1il 10 L'lil 

1. Frequency distribution 'l~V1i1-:i'l~lilu1'11 L m if m~a~iim'l&i~L:t'mt"1~fi1~~!il~ 
2. i;J\'lfl1'lAmn1ua~+VJ~"1'1'1 (animal models) 

3. (;J\'lfll'lAfl'lflllJAlJ (clinical trials) 

!il11'11~iin1'lAfl1fl t~u1'1l' PK/PD parameter breakpoints LL"1n111tltl{rntl~illJfl1'l 

u'lV11'l1'11l-llfl 11ii'ttfintjum ~ - lactams 1~uu'lm-;muauA{'l"1'1 L vlanTrn au{U'1J '1'1 tl 
tl1u (compliance) L vla"1~iii'uVjllfl1'l{111:11~1unu\'l~LL 'l'l'lllll!Amm 1 umlil'l M!'l15~ 
1~muw1~ L 'Wfl1'l\J'lV11'll'l11ilJA1'l 1 ML VlrMllJ\'1~ 1-2 A{'I uel..t'!if Iii' '1'1~\J aunrn:t'ana 

~ 

d 
~1'l1'1"11 2 PK/PD breakpoints LL\'l~fll'lU'lVll'lill 

Streetococcus e.neurnoniae 
Penicillin-susce2tible Penicillin-intennediate Penicil I in-resistant 

MIC90 T>MIC90 MIC90 T>MIC90 MIC90 T>MIC,o 
(mg/I) (%dose (mg/I) (%dose (mg/I) (%dose 

interval) interval) interval) 
Amoxycillin-clavulanate 0.06 100 55 2 43 
(500/125 mg TID) 
(875/125 BID) 0.06 100 55 2 40 

Cefaclor 0.5 60 16 0 64 0 
(500 mg TID) 

Cefuroxime 0.12 75 2 35 8 0 
(500 mg BID) 

Cefprozil 0.25 75 4 32 16 0 
(500 mg BID 

Cefdinir 0.06 75 2 35 16 0 
(200 mg BID) 

Cefpodoxime 0.25 83 2 21 4 0 
(200 mg BID) 

Cefixime 0.5 59 0 64 0 
(400 mg OD) 

Ceftibuten 75 2 35 16 0 
400m OD 

'Time above MIC' >40% ~good 2rognosis for bacterial eradication 
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tn'>'U~'ll1'>mtlfiihu::: 1'll"llii'1\1 !I <1 ri1~ A' :iJ ~, 
' 

'il1nrn-s1'1nmrn-s1'1l'm au1~ mm~<11J wui1m~1 '11'1lult'l\j~11ium11J'iht uuii<1 nzj1Jm 

cephalosporins 1rn:::m~1M'll'IJ1\i1~11tl'il1JHU1U hit'lfl'U<llJfl~ iia n<i1Jm aminoglycosides LL!!::: . ' 
fluoroquinolones m~1l-i:;hd'Julli'a~1'11tiaul'J~~iiamnzjlJ ~-lactams i'liu amoxicillin, 

amoxicillin-clavulanate fll'> 1'11H'tl1uii1JuTfo!l::: 2 l'J~~'il:::iini11'111um: 3-4 1'1~~ 20-.2 • 
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A number of pharmaceutical research approaches can be taken to combat the 
problems of emerging antibiotic resistance. One of the most important strategies has 
been synthetic improvement of known antibiotic classes in order to produce analogues 
that circumvent existing resistant mechanisms. This approach has been successfully 
applied to producing additional quinolone, beta-lactam, tetracycline, glycopeptide, 
macrolide and rifamycin antibiotics. In this presentation several new drugs for the 
treatment of bacterial infections that have been developed along this line will be 
discussed. 

The development of new fluoroquinolones with expanded antimicrobial 
activity is currently an area of interest. While the predecessor fluoroquinolone agents 
ciprofloxacin and levofloxacin demonstrate excellent Gram-negative activity and 
borderline Gram-positive activity, newer agents offer broader spectrums of activity 
with greater in vitro potency against Gram-positive organisms, particularly 
S.pneumoniae and even S. aureus. Levofloxacin was the first quinolone to be approved 
for the treatment of penicillin-resistant Streptococcus pneumoniae (PRSP) in 
community-acquired pneumonia, In late 1999, the respiratory quinolones namely 
moxifloxacin and gatifloxacin were approved by the US FDA for clinical use. Each 
of these drugs contains a C-8-methoxy group which is thought to confer better 
bactericidal activity against staphylococci compared with the analogous C-8-H or C-8-
ethoxy compounds. The glycylcyclines or the 9-glycinyltetracyclines have been 
developed to overcome bacterial resistance mechanisms that emerged to earlier 
members of the tetracycline class. Peptidic antibiotics have generated much interest 
as novel antibacterial agents. Among the peptide antibiotics in clinical evaluation is 
the protegrin IB-367, which has entered Phase III clinical trials, particular treating oral 
mucositis. 

The oxazolidinones represent a new structural class of antibiotics. They have 
a unique mechanism of action involving inhibition of the initiation step of protein 
synthesis and are not cross-resistant to other classes of antibiotics.. Linezolid is the 
first of a new class of antibacterial agents, known as the oxazolidinones. In early 
2000, the oral and parenteral dosage forms of linezolid were approved for treatment of 
community-and hospital-acquired pneumonia and methicillin-resistant Staphylococcus 
aureus (MRSA). It may represent a significant advance in the treatment of MRSA, 
PRSP and vancomycin-resistant enterococci (VRE). Ketolides are semi-synthetic 
macrolide antibiotics with improved activity against several erythromycin-resistant 
pathogens. Telithromycin is the first ketolide having activity against staphylococci 
expressing inducible macrolide-lincosamide-streptogramin B resistance and many 
enterococcal strains. The synthetic streptogramin combination of quinupristin/ 
dalfopristin was approved for limited use for the treatment of infections caused by 
VRE. 
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Combinations of beta-lactams and beta-lactamase inhibitors have become one 
of the most successful antibacterial strategies in the treatment of bacterial infections. 
The clinical situation now indicates that second-generation beta-lactamase inhibitors 
capable of encompassing both class A and class C enzymes would combat emerging 
resistance and provide a vital addition to the lists of hospital antibiotics. However, 
there are the complications of developing a combination product; such as selecting 
appropriate beta-lactam partner and achieving compatible pharmacodynamics and 
pharmacokinetics. 

Genetics has provided a major preoccupation for researchers in infectious 
disease susceptibility for almost a century. A range of clinical phenotypes associated 
with infectious diseases, racial differences in susceptibility, and twin studies all 
contributed to the view that the host genotype contributes to disease severity. 
Population studies also contributed to the view that infectious diseases can act as a 
strong selective influence in molding human evolution and population genetic 
structure. Novel bacterial targets that have been examined on the basis of their 
essentiality or their contributions to susceptibility, in vitro, include lipid A, sortase, 
deformylae, efflux pumps, and two-component regulatory systems. Recently described 
inhibitors of these targets include carbohydroxamido-oxazolidines that inhibited the 
second step of lipid A biosynthesis with an IC 50 value as low as 30nM, and 
minimum inhibitory concentations of l tO 3ug/ml against Escherichia coli. Cell-wall­
active inhibitors such as vancomycin and moenomycin were shown to be effective 
inhibitors of the staphylococcal sortase. Efforts are also being made to identify genes 
that are essential during the infection process, with the hope of finding novel targets 
expressed in vivo, but possibly not in vitro. 

The current epidemic of bacterial resistance is attributed, in part, to the 
overuse of antibiotics leading to development of the new compounds circumventing 
the problems of bacterial resistance. Antibiotics can decrease patient morbidity due to 
infections and can be life saving drugs as well. However, their high efficacy and 
relative lack of adverse effects has resulted in overuse in many situations, and 
increasing resistance to available drugs has become a worldwide problem. A reduction 
in antibiotic use is a critical component to reduce rates of resistance. International 
efforts to improve antimicrobial prescribing should be encouraged. Novel agents that 
have been recently approved should only be reserved for treatment of infections 
caused by resistant pathogens. 
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ABSTRACT 

S/21 

Polycyclic aromatic hydrocarbons (PAHs) are ubiquitous in the environment 
and originated from incomplete combustion process of organic materials. This 
compounds are bioactivated to reactive metabolites which bind covalently to DNA 
initiating carcinogenesis. PAHs have been well established as an enzyme inducer of 
cytochrome P450 (CYP) such as CYPIAl and CYP1A2. Caffeine is primarily 
metabolized by CYP1A2 to paraxanthine, so it has been used as a specific probe for 
assessing CYP1A2 activity. The purpose of this study was to compare CYPIA2 
activity in female subjects between smoke and non- smoke exposure using serum 
paraxanthine/caffeine ratio. Each subject took a 180 mg single oral dose of caffeine 
solution. Blood samples were collected before and 5 hours after caffeine intake. The 
serum was separated by centrifugation and stored at -20 °C until analysis by HPLC. 
Carbonmonoxide (CO) level in blood was also detected using spectrophotometer. The 
results showed that serum paraxanthine/caffeine ratio in exposed subjects was 
significantly higher than non-exposed subjects (mean ± SD of 0.45 ± 0.18 and 0.33 ± 
0.12, respectively; P< 0.05). CO level in exposed subjects was also significantly 
higher than non-exposed subjects (mean ± SD of 4.02 ± 0.83 and 3.00 ± 0.72, 
respectively, P< 0.05). Conclusion: By using paraxanthine/caffeine ratio as a probe, 
CYP1A2 activity is increased in smoke exposed subjects, The result implies that these 
subjects has exposed to P AHs and has more risk of carcinogenesis. 

Key words : paraxanthine /caffeine, P AHs, CYPIA2 
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ABSTRACT 

The ~-lactam antibiotics are generally regarded as the bactericidal agents. The 
mechanism of action is inhibiting of the enzymes in the late stage of peptidoglycan 
synthesis namely Penicillin binding proteins (PBPs ). The inhibitions of PBPs cause 
morphological changes leads to bacteriolysis and cell death. The relationship among 
PBPs, morphological changes and bactericidal activities by the ~-lactam antibiotics 
has been evaluated in this research. Cefpirome, Cefepime, Imipenem and Meropenem 
were tested against susceptible strain of P. aeruginosa, E. cloacae and E. coli by time 
kill method. Cefpirome and Cefepime have demonstrated bactericidal properties in E. 
coli above concentration 4MIC, whereas E. cloacae have shown regrowth to both 
drugs concentration range from V.MIC-128MIC after 24 hours of exposure. For 
morphological changes, both drugs have established filamentous cells in both 
Enterobacteriaceae, which related to PBP3 binding as primary target of 
cephalosporins. Interestingly, Cefepime above 32MIC has established filamentous 
with bulge cells that correlated to PBP2 and 3 binding with an increase of bactericidal 
property. Imipenem and Meropenem have manifested bactericidal properties in E. coli 
above concentration I MIC, whereas P. aeruginosa required concentration up to 4MIC 
for this property after 24 hours of exposure. For morphological changes, both drugs 
have established ovoid cells that related to PBP2 binding as primary target of 
carbapenems while Meropenem required concentration above 4MIC to established the 
filamentous with bulge cells that correlated to PBP2 and 3 binding in E. coli. For 
synergy testing, the combination between Cefpirome (PBP3 attacker) and Imipenem 
(PBP2 attacker) at l/4MIC and 2 MIC was done in E. coli. The synergism has been 
detected in l/4MIC combination, whereas the regrowth was observed in both 
combinations after 24 hours of exposure. Conclusion, drugs/concentrations that attack 
to many types of essential PBPs can increase bactericidal properties and 
morphological changes of the susceptible bacteria, which may be the useful data to 
eradicate bacteria for clinical application. 

Key words : PBPs, bactericidal activity, morphological change and gram negative 
bacteria 
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ABSTRACT 

Several studies have suggested that hormone replacement therapy (HRT) may 
attenuates the increased risk of cardiovascular disease in postmenopausal woman. The 
effects of progestin in the combined HRT is widely used to attenuate the endometrial­
cancerogenic effect of estrogen. However the effects of progesterone on the 
atherogenic process have not been understood. In the preliminary study, in vitro 
effects of progesterone (P) and medroxyprogesterone acetate (MPA) on ADP-and 
collagen-induced-platelet aggregation were examined using impedance aggregometry. 
As well as the quantification of the expression of CD41 antigen, a marker of platelet 
GP !lb-Illa receptor which play a critical role for platelet aggregation and 
pathogenesis of atherosclerosis. Preincubation of citrated whole blood from Thai male 
healthy volunteers 3 minutes with P(l-1000 nM) or MPA (1-1000 nM) caused a 
concentration-dependent inhibition of ADP (SOuM) and collagen (0.3mg/ml) induce­
platelet aggregation. Furthermore P and MPA also reduced CD41 expression in dose­
dependent manner, assessed by using a single-color FACS cell analysis. These results 
suggesting that the reduction of GP !lb/Illa receptor expression by P and MP A may 
contributed, in part, to its anti-aggregatory effect and that its anti-aggregatory effect 
might be one of the factors involved in the decrease of the incidence ofatherosclerotic 
cardiovascular disease in postmenopausal HRT. 

Key words : platelet aggregation, GP !Ib-IIIa receptor, progesterone 
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RATS 
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ABSTRACT 

Previous studies from our laboratory have demonstrated that social isolation is 
anxiogenic and may change the effects of many psychotropic drugs (1-4). These 
effects are generally attributed to "isolation stress". However, there is no report 
concerning the role of nitric oxide in isolation stress rats. Therefore, the present 

'\~ experiments were designed to investigate the effects of a nitric oxide synthase 
inhibitor, nitro-L-arginine-methyl ester (L-NAME) on the elevated plus-maze 

\At.nrrp....e <-i ~ ( behavior in social isolation stress rats. Male Wistar rats were obtained from weaning 
· (21 days of age) and reared in groups of five or six rats/cage (social rearing) or singly 

No-~ llf\k:\ I €isolation rearing). After five weeks, each rat was placed individually onto the 
elevated plus-maze following intraperitonean injection with either saline or L-NAME 
30 min before a 5 min test. The results showed that pretreatment with L-NAME (5, 10 
and 50 mg/kg i.p.) in isolation reared rats produced a dose-related anxiolytic profile 
(increase in the percentage of open arm entries and time spent) on the elevated plus­
maze. However, the anxiolytic-like property of L-NAME was not observed in socially 
reared rats. The present results indicate that nitric oxide synthase inhibitor possesses 
anxiolytic property in social isolation stress rats, and may represent a novel class of 
therapeutics for anxiety disorders. 

Key words: nitric oxide synthase inhibitor, L-NAME, elevated plus maze, isolation 
stress rats. 

1 1 "b '\ (a V?- ~ 1,;.:> ' /0 '4 \K) _ 

t>)_ L-NArG 

References : 

I. Soo-ampon, S. and Wongwitdecha, N. (200 1) World J. Psychiatry, 2 ( l )S, 218-2 19S. 
2. Threenet, E. and Wongwitdecha, N. (2000) Intern. J. Neuropsychophannacology, 3 (Suppl l ), 

S295-296. 
3. Wongwitdecha, N., and Marsden, C.A. (1996) Behav. Brain Res., 75, 27-32.Wongwitdecha, N., 

and Yoopan, N. (1997) Biol. Psychiatry, 42 (Suppl 1), S24-25. 



/ Vol 24: Supplement 1, 2002 c (' A '>Ylf~ () lv 6~ L[ 

05 THE EFFECTS OF ANTICOAGULANTS ON 
CHOLANGIOCAR.(;INOMA.CELLINDUCEDPLATELET -- --AGGREGATION: A COMPARISON BETWEEN SODIUM 
CITRATE AND HEPARIN 

Tipsuchon Aiamsa-ard, Pravit Akarasereenont, Sirikul Chotewuttakom, 
Athiwat Thawom 

Department of Pharmacology, Faculty of Medicine Siriraj Hospital, 
Mahidol University, Bangkok 10700, Thailand. 

~l 7 ·....... ""-"\. v-r 1...,,,.,,,, ,...~l-zJ-~1 r -

"'' .'l..- /" () ::; 6) (~ - I.,.('{~~ c~ .,( 

ABSTRACT 

S/25 

During the transport of tumor cells in the blood, a variety of interactions can 
occur with host blood cells. Many studies showed that platelet activation by tumor 
cells could lead to the formation of tumor microthrombi. However, different results 
have been reported. Here, we examined whether anticoagulants, sodium citrate and 
heparin, using in&latel~ rich plasma (PRP) preparatiOiii affected p atelet aggregation 
induceo by Human holangiocarcmoma (HuCCA). Platelet aggregation was 
measured by aggregometer. PRP was prepared from either sodium citrated- or 
heparinized- blood. Primary HuCCA cells were cultured in our laboratory. Cells were 
cultured in T-75 Flasks with Dulbeco Modified Eargle's Medium (DMEM) 
containing 15 % fetal bovine serum, 100 units/ml penicillin G and 100 µg/ml 
streptomycin. Cells were grown to confluence until uses, after which cells were 
detached and, then, resuspended in DMEM to yield a concentration of lx107 cells/ml. 
150 µl of cell suspension or DMEM (control), therefore, were added to 850 µl of 
either sodium citrated PRP (sPRP) or heparinized PRP (hPRP). To study cellular 
mechanisms by which HuCCA induced platelet aggregation, signaling agents such as 
apyrase, indomethacin, EDT A and hirudin will be used. HuCCA is able to induced 
platelet aggregation in a direct tumor cell-platelet contacts. Interestingly, HuCCA 
induced platelet aggregation was different in sPRP and hPRP. HuCCA could induce 
platelet aggregation in some subjects of sPRP whereas induced in all subjects of 
hPRP. Moreover, EDTA and indomethacin inhibited platelet aggregation induced by 
HuCCA in both sPRP and hPRP. Hirudin inhibited platelet aggregation induced by 
HuCCA in hPRP but not in sPRP whereas apyrase inhibited platelet aggregation 
induced by HuCCA in sPRP but not in hPRP. Thus, this finding suggested that 
anticoagulants used for platelet function studies could affect on signaling mechanism 
of tumor cells induced platelet aggregation (TCIP A). 
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ABSTRACT 

Previously, we demonstrated that CU 18-08, CU 18-10, acyl aniline 
derivatives as well as CU 18-11, an acyl aminopyridine derivative reduced the 
spontaneous contraction of rat duodenum. In this study, we investigated the effect of 
these three synthetic compounds on the Ca2+ entry into aortic smooth muscle cells 
after noradrenaline-induced depletion of intracellular Ca2+. Thoracic aortic strips were 
isolated from male Wistar rats (250-300g), denuded the endothelium layer, and 
suspended in a 15 ml organ bath containing physiological solution. To deplete 
intracellular Ca2+, noradrenaline (! µM) was added to stimulate the aortic contraction 
in the Ca2+-free medium. After the intracellular Ca2+ was completely depleted, the 
aortic strips were washed 3 times with Ca2+-free medium. Upon addition of Ca2+, the 
spontaneous contraction or resting tone (RT) of rat aortic strip was observed again. 
This process was inhibited by prazosin ( 1 µM) ( a-adrenoceptor antagonist) and 
nifedipine (1 µM) (Ca2+ entry blocker). Our results showed that CU 18-08 (10 µM) 
and CU 18-10 ( 10 µM) significantly inhibited the RT while CU 18-11 did not. These 
findings suggested that CU 18-08 and CU 18-10 interfered the mechanical refilling 
process of into intracellular pools. It is possible that these two compounds may have 
pharmacological effect on voltage-operated Ca2+ channels or Ca2+ entry due to a­
adrenoceptor activation. 

Key words : CU 18-08, CU 18-10, CU 18-11, aortic smooth muscle, increase in the 
resting tone (IR T) 
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ABSTRACT 

Cyclooxygenase (COX), which exists as COX-I and COX-2 isoforms, is the 
first enzyme in the pathway in which arachidonic acid is converted to prostaglandins 
(PGs). PGE2 is one of the PGs which have numerous cardiovascular and 
inflammatory effects. PGE2 also exerts a variety of biological activities for the 
maintenance of local homeostasis in the body. Elucidation of PGE2 involvement in 
the signalling molecules such as COX could lead to potential therapeutic 
interventions. Here, we have investigated the effects of PGE2 on the induction of 
COX-2 in human umbilical vein endothelial cells (HUVEC) treated with 
lipopolysaccharide (LPS; I µg/ml). COX activity was measured by the production of 
6-keto-PGF1a, PGE2, PGF2a and TXB2 in the presence of exogenous arachidonic 
acids (10 µM for 10 min) using enzyme immunoassay (EIA). COX-I and COX-2 
protein was measured by immunoblotting using specific antibody. Untreated HUVEC 
contained only COX-I protein while LPS treated HUVEC contained COX-I and 
COX-2 protein. PGE2 (3 µM for 24 h) did not affect on COX activity and protein in 
untreated HUVEC. Interestingly, PGE2 (0.003, 0.03 and 3 µM for 24h) can inhibit 
COX-2 protein, but not COX-I protein, expressed in HUVEC treated with LPS 
(I µg/ml) in a dose dependent manner. Moreover, this inhibition was reversed by 
coincubation with foskolin ( cAMP activator; I 00 µM). The increased COX activity in 
HUVEC treated with LPS was also inhibited by PGE2 (0.03, 0.3 and 3 µM for 24h) in 
a dose dependent manner. Similarly, foskolin (I 0, 50 or I 00 mM) can also reverse the 
inhibition of PGE2 on increased COX activity in LPS treated HUVEC. The results 
suggested that i) PGE2 can be negative feedback regulation in the induction ofCOX-2 
elicited by LPS in endothelial cells, ii) the inhibition of PGE2 on COX-2 protein and 
activity in LPS treated HUVEC was mediated through cAMP and iii) the therapeutic 
uses of PGE2 in the pathological conditions which COX-2 has been involved may 
have roles. 
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ABSTRACT 

Leaves of Sa-Gae-Krur (Combretum decandrum Roxb.) have been used as an 
traditional medicine for diabetes mellitus, especially in Northeast of Thailand. 
However, there is no experimental evidence of its hypoglycemic effect. Therefore, 
this study has an objective to evaluate the antidiabetic activity of the extract of Sa­
Gae-Krur both in normal and diabetic rats. 50% ethanolic extract of dried Sa-Gae­
Krur leaves was used in all experiments. Adult male rats (250-330 g) were made 
diabetic by injection of streptozotocin intraperitoneally at dose of 45 mg/kg. One 
week after streptozotocin injection, the fasting blood glucose was determined by 
glucose oxidase test. Rats with fasting blood glucose above 180 mg/lOOml were 
considered as diabetic and included in the experiment. The diabetic rats were 
randomly given either distilled water, various doses of extract or insulin for 3 
consecutive days. The orally administration ofSa-Gae-Krur at doses of0.5, 0.75 and 
1 g/kg/d significantly (P<0.05) decreased the glucose plasma level by 43.6±8.43 
(n=4), 58.78±12.72 (n=5) and 37.0±5.45 (n=6) % respectively. In the insulin treated 
group (Mixtard HM®, 4U/kg/d), the plasma glucose were drastically decreased by 
87.67±2.15 (n=6) %. Interestingly, the extract of Sa-Gae-Krur at doses of 1 g/kg/d 
had no hypoglycemic effect on normal rats. These results suggest that the Sa-Gae­
Krur leave extract possesses antidiabetic effects in streptozotocin-induced diabetic 
rats. 

Key words : Combretum decandrum Roxb, antidiabetic activity, medicinal plant 
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ABSTRACT 

The purpose of this study was to compare the bioequivalence of 80 mg oral 
hypoglycemic gliclazide preparations between a generic (Dianid® The Biolab 
Company, Thailand), and the inovator (Diamicron ® Les laboratories, Servi er 
Industrie, France). The pharmacokinetics and bioequivalence test were studied in 12 
healthy male subjects. A single oral dose of each preparation was given to the 
subjects in a randomized double-blind, two period crossover design with 2 weeks 
washout period. Blood samples were collected before and at 1, 3, 5, 6, 7, 8, 9, 10, 11, 
12, 13, 15, 24, 30, 36, 48, 60 hours after drug administration. Serum gliclazide 
concentrations were determined by using high - performance liquid chromatography. 
Individual concentration time profiles were depicted and the pharmacokinetic 
parameters were analyzed by noncompartmental pharmacokinetic method with the 
use of TOPFIT, a pharmacokinetic data analysis program. Statistical analysis 
comparing the parameters between the test and reference preparations was performed 
by three-way ANOV A. No significant differences in area under the serum 
concentration-time curves at time 0 to infinity (AUC0.oo), maximal gliclazide 
concentrations (Cmax) and time to the Cmax (Tmax) were observed between the test 
and reference preparations. The means and 90% confidence intervals (90% CI) of the 
Dianid®/Diamicron® ratios of AUC0."' and the Cmax were 1.08 (0.98-1.18) and 1.09 
(0.89-1.34), respectively. These values were well within the acceptable 
bioequivalence ranges of 0.8-1.25 proposed by the United States Food and Drug 
Administration (USFDA) and 0.70-1.43 proposed by the commission of the European 
Community of Food and Drug Administration (ECFDA), respectively. The means and 
90% CI of the difference in Tmax between Dianid® and Diamicron® were 0.08 [(-
1.44) -1.61] hour. This value was within the stipulated bioequivalence range of± 2.30 

hours (± 20 % of the Tmax of the reference formulation). Thus, the test product 
Dianid® was considered bioequivalent to the reference Diamicron® regarding the rate 
of absorption (Cmax and Tmax) and the extent of absorption (AUC). 
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ABSTRACT 

Free radicals and reactive oxygen species are known to implicate in the 
pathogenesis of various human diseases such as atherosclerosis, diabetes and 
ischaemia-reperfusion injury. Numerous plant constituents have been shown to have 
free radical scavenging or antioxidant activity. Mulberry (Marus alba) leaves have 
been used to feed the silk worms and now they are also widely prepared as a beverage 
for healthy, mulberry tea. It has been reported that the extract of mulberry leaves had 
many pharmacological effects including antioxidant activity. However, most of the 
information of antioxidant activity of mulberry leaves was evaluated in cell free 
system. In order to obtain an additional important information for implementing the 
mulberry leaves in therapeutic intervention, therefore, we examined the intracellular 
antioxidative activity of mulberry leaves. An ethanolic extract of dried leaves of M 
alba var.Nakhonrajchasima 60 was used in all investigations. The effect of the extract 
on superoxide produced within the rat peritoneal macrophages was tested by using 
H2DCFDA (2',7'-dichlorodihydro fluorescein diacetate) probe. The production of 
H20 2 was stimulated by phorbol-12-myristate-13- acetate. The fluorescence intensity 
is proportional to the amount of H202 produced by cells. The extract of M alba of 
100 µg/ml significantly inhibited the production of peroxide (n=5, P<0.05). The free 
radical scavenging and the reductive activities of the extract of M alba were also 
investigated. The free radical scavenging activity was determined by a method based 
on the reduction of coloured stable free radical DPPH (1, 1-diphenyl-2-
picrylhydrazyl). The M alba extract (1-300 µg/ml) scavenged the DPPH in the dose­
dependent manner with the IC50 of 20.1 µg/ml. The reductive activity was examined 
by using the ferric reducing/antioxidant power (FRAP) assay. The extract was able to 
reduce ferric complex to ferrous form in a dose-dependent mode. The extract at 10 
µg/ml had the ferric reducing activity equivalent to vitamin C 1.2 µg/ml. It can be 
concluded that the ethanolic extract of M alba var.Nakhonrajchasima 60 has the free 
radical scavenging and the reducing activities in cell free system together with the 
intracellular antioxidant activity. 

Key words : free radical, antioxidant, morus alba 
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ABSTRACT 

Barakol is a major constituent extracted from flowers and young leaves of 
Cassia siamea. This study examined subchronic effects of barakol on blood clinical 
biochemistry parameters in rats fed with normal and high cholesterol diet. Thirty-two 
male Wistar rats were randomly divided into 4 treatment groups. First and second 
treatment groups were fed with normal diet and high cholesterol diet, respectively. 
Third and fourth treatment groups were given barakol orally at a dosage of 30 
mg/kg/day for 90 days. Both latter treatment groups were fed with normal diet and 
high cholesterol diet, respectively. Blood was collected by heart puncture and serum 
was tested for biochemistry parameters. Normal diet rats treated with barakol 
demonstrated a significant decrease of TO but an increase of total and direct bilirubin 
comparing to its corresponding normal diet control group. Normal diet rats treated 
with barakol shown no effects on these following blood clinical biochemistry 
parameters: SOOT, SOPT, ALP, BUN, SCr, Hb, Hct, WBC count, differential WBCs, 
cholesterol, LDL/HDL ratio, and glucose. An increase of some blood clinical 
biochemistry parameters such as SOOT, SOPT, ALP, cholesterol and LDL/HDL ratio 
were found in high cholesterol diet rats. No changes of total and direct bilirubin were 
found in this group of animals. High cholesterol diet rats administered with barakol 
showed a significant decrease of SOPT and ALP comparing to the corresponding high 
cholesterol diet control group. This findings were conceivable that both high 
cholesterol diet and barakol administration cause a liver injury but in the different 
manner. Further study on the mechanism of which barakol induced liver injury was 
suggested. Moreover, effect of various doses of barakol on blood clinical 
biochemistry parameters should be further investigated. 

Key words: Barakol, Cassia siamea, High cholesterol diet, Blood clinical 
biochemistry parameters 



SI 32 Thai J Pharmacol 

P7 EFFECTS OF PUERAJUA MIRIFICA ON BLOOD CLINICAL 
BIOCHEMISTRY PARAMETERS IN NORMAL AND HIGH 
CHOLESTEROL DIET - FED RATS 

Kittiya Charoenkul 1, Laddawal Phivthong-ngam2
, Amphawan Apisariyakui3, 

Yupin Sanvarinda4, Nuansri Niwattisaiwong1
, Pompimol Kijsanayotin 1

, 

Supatra Srichairat 5 ,Somsong Lawanprasert 1 

1 Faculty of Pharmaceutical Sciences, Chulalongkom University, 2 Faculty of 
Medicine, Srinakharinwirot University, 3 Faculty of Medicine, Chiang Mai 
University, 4 Faculty of Science, Mahidol University, 5 Faculty of Veterinary 
Science, Chulalongkom University, Bangkok, Thailand. 

ABSTRACT 

Pueraria mir!fica Airy Shaw and Suvatabandhu, known locally as Kwao Keur, 
is considered to be a rejuvenating folk medicine. In this study, we investigated the 
effects of P.mirifica on blood clinical biochemistry parameters in the male Wistar 
rats. Rats were randomly divided into four treatment groups as following: normal 
diet-fed group; high cholesterol diet-fed group; normal diet-fed supplemented with 
P.mirifica group; high cholesterol diet-fed supplemented with P.mirijica group. Each 
group consisted of 10 rats. P. mirifica was administered orally at a dosage of 100 
mg/kg/day for 90 consecutive days. At the end of the treatment, animals were 
sacrificed and blood samples were collected by heart puncture. Serum was determined 
for clinical biochemistry paran1eters. The results showed that body weights of rats 
either fed with normal diet or high cholesterol diet along with P. mirifica 
administration were significantly lower than their corresponding control groups. 
There were no significant difference in the following blood clinical biochemistry 
parameters: hemoglobin, hematocrit, WBC count, percent differential WBC, platelet 
count, RBC morphology, glucose, SOOT, SGPT, ALP, total bilirubin, direct bilirubin, 
BUN and SCr in all experimental groups. P.mirifica significantly decreased serum 
cholesterol in either normal diet-fed or high cholesterol diet-fed rats, whereas 
significantly increased serum triglyceride in normal diet-fed rats but trended to 
decrease this parameter in high cholesterol diet-fed rats. Serum LDL and HDL of 
either normal diet or high cholesterol diet-fed rats were significantly decreased by 
supplementation with P.mirifica. Interestingly, the improvement in the LDL/HDL 
ratio which is a predictor of vascular risk was observed in the hypercholesterolemic 
rats supplemented with P.mirifica. Although, P.mirifica demonstrated a benefit on 
lipid profile and did not show any toxic effects on blood, liver and kidney system in 
this study. An increment of serum triglyceride in normal rat receiving P.mirifica, 
however, is not favorable. Therefore, the study of its effects at various dose and long 
term uses including mechanism of effects should be further investigated. 

Key words : Pueraria mirifica, blood clinical biochemistry, cholesterol-lowering 
effect, LDL/HDL ratio, toxicity 
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ABSTRACT 
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Barleria lupulina Lindi and Clinacanthus nutans (Burm. f) Lindau, both 
belonging to the family Acantaceae, have been widely used in Thai folkore medicine 
as an anti-inflammatory agents and for the treatment of insect bite, allergic response 
and herpes infection. However, the mechanisms underlying their activities in these 
treatments have never been reported. In the present study, extracts from the leaves and 
twigs of B. lupulina and C. nutans were investigated for their inhibitory activities on 
neutrophil functions, including neutrophil chemotaxis, superoxide anion generation 
(SAG) and degranulation. It was found that B. lupulina (10-1000 µg/ml) and C. 
nutans (10-1000 µg/ml) inhibited fMLP-induced neutrophil chemotaxis in a 
concentration-dependent manner with ICso = 8.0 ± 2.2 µg/ml and ICso = 11.9 ± 2.2 
µg/ml, respectively. Both B. lupulina and C. nutans (10-1000 µg/ml) caused a 
concentration-related inhibition of fMLP-induced SAG with IC50 for B. lupulina was 
42.4 ± 10.7 µg/ml and for C. nutans 62.2 ± 9.2 µg/ml. These concentrations of both 
herbs also inhibited fMLP-induced elastase release in a concentration-dendent manner 
with ICso = 145.7 ± 15.1 µg/ml and !Cso = 86.1 ± 18.5 µg/ml, respectively. The results 
also showed the inhibitory effects of B. lupulina (10-1000 µg/ml) and C. nutans (10-
1000 µg/ml) on neutrophil MPO production, giving IC50 = 64.1 ± 10.2 µg/ml and IC50 

= 48.2 ± 11.1 µg/ml, respectively. These findings suggest that inhibition of neutrophil 
activation by these herbs may be attributed, in part, to their anti-inflammatory 
activities. 

Key words : Barleria lupulina Lindi, Clinacanthus nutans (Burm. f) Lindau, 
neutrophil chemotaxis, superoxide anion generation, neutrophil 
elastase, neutrophil myeloperoxidase 
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1Faculty of Pharmacy, 2 Faculty of Medicine Ramathibodi Hospital, 
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ABSTRACT 

Antibiotic resistance, a major negative consequence of antibiotic overnse, is 
one of the mainstay problems worldwide. Various means have been used to control 
antibiotic usage including the use of an antibiotic order form (AOF), restricted 
antibiotic formularies and provision of educational information. The present study 
was designed to evaluate the use of antimicrobial in a 1,000-bed university hospital. 
Antimicrobial agents which are likely to be abused namely ceftazidime, cefepime, 
cefoperazone/sulbactam, imipenem/cilastatin, meropenem, ciprofloxacin, netilmicin, 
vancomycin, azithromycin and clarithromycin were selected for evaluation. A simple 
AOF with educational information was used as a mean to follow-up the treatment. 
The investigator collected data from the filled AOF and the patient's charts, 
Department of Internal Medicine from June - November 2000, and all relevant data 
were assessed. The appropriateness of antibiotic use was assessed according to the 
criteria specified in the AOF showed that 74% of these antibiotics were prescribed 
appropriately. This may prove the effectiveness of the system used in the present 
study. However, 348 of the 430 prescriptions (80.9%) were prescribed empirically at 
the initial stage for treatment of nosocomial infections in patients with serious 
conditions like pneumonia, sepsis and febrile neutropenia. Drngs that were frequently 
used empirically were ceftazidime (37.9%), imipenem/cilastatin or meropenem 
(19 .3% ), and cefoperazone/sulbactam ( 12.1 % ) respectively. Ceftazidime and 
imipenem/cilastatin or meropenem were also frequently used inappropriately among 
111 prescriptions that were classified as an inappropriate prescribing. The most 
common misuses were prescriptions of the drng that did not follow the specified 
indications (70 prescriptions), no dosage adjustment in patients with renal impairment 
(39 prescriptions), improper dose (12 prescriptions) and improper dosing interval (9 
prescriptions). The results suggested overuse of certain antibiotics remain to be an 
unsolved problem. A better monitoring and strictly control the use of the problematic 
antibiotics, i.e. ceftazidime, imipenem/cilastatin or meropenem and vancomycin are 
essential to promote the rational drug use as well as to reduce drug resistance. 
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ABSTRACT 

SI35 

Genetic polymorphism of Thiopurine S-methyltransferase (TPMT) is a 
cytosolic enzyme that preferentially catalyzes the S-methylation of thiopurine drugs 
including azathioprine, 6-mercaptopurine and thioguanine. TPMT activity exhibits 
autosomal codominant genetic polymorphism and patient inheriting TPMT deficiency 
are at high risk of potentially fatal hematopoietic toxicity. To date, more than eight 
mutant alleles have been reported, with TPMT*2, TPMT*3A and TPMT*3C being 
the most common mutant alleles. These variant alleles results from point mutations in 
the TPMT open reading frame leading to decrease in enzymatic activity. Ethnic 
differences in the frequency of mutant alleles are now recognized. TPMT*3A is the 
most prevalent mutant allele in Caucasians, with TPMT*3C and TPMT*2 being rare 
allele whereas TPMT*3C is the most prevalent mutant allele in East Asians. The 
aims of the present study were to elucidate the genetic basis for the TPMT 
polymorphism in a Northeastern Thai population. TPMT* 1 to TPMT*3 were 
analyzed using the polymerase chain reaction-restriction fragment length 
polymorphism (PCR-RFLP) and allele specific PCR. Among the 200 Northeastern 
healthy Thai subjects genotyped, 181 subjects (90.5%) were homozygous wild type 
allele (TPMT*l/TPMT*l), 18 subjects (9.0%) were heterozygotes (TPMT*l/ 
TPMT*3C) and 1 subject (0.5%) was homozygous mutant (TPMT*3C/ TPMT*3C). 
Only TPMT*3C variant allele was found in this population and the frequency of this 
mutant allele accounts for 5%. This study confirms ethnic differences in TPMT allele 
frequency and about 9.5% of a Northeastern Thai population have an increased risk 
for thiopurine-induced toxicity. 

Key words: Thiopurine S-methyltransferase, TPMT, Thai, genetic polymorphism 
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ABSTRACT 

The effect of intraperitoneal administration of the anticonvulsant valproic acid 
(VPA) on the extracellular levels of glutamate and glutamine in the cerebral cortex as 
a reference of its amide derivative, (N-Hydroxymethyl)-2propylpentamide (HPP) was 
studied in freely moving rats. Male Wistar rats were implanted with microdialysis 
probes into the cerebral cortex. The experiments were performed in conscious rats 24 
h after surgery. The microdialysis probe was perfused with an artificial cerebrospinal 
fluid at a flow rate of 2 µI/min Following an initial 60-min equilibration period, 12 
consecutive 20-min dialysates were collected. Injection of either saline, PEG-400, 
VPA (220 and 440 mg/kg) or HPP (80 and 160 mh/kg) were made intraperitoneally in 
a volume of 1 ml/kg of body weight. Dialysates were analyzed for glutamate and 
glutamine content by HPLC with Electrochemical detection (ECD). Samples mixed 
wwith homoserine, an internal standard, were authmatically injected by HPLC 
autosampler. Dialysates were pre-column derivatised with o-pthaldialdehyde (OPA). 
The mobile phase consisted of 70% O.lM phosphate buffer solution and 30% 
methanol with flow rate 1 ml/min. VP A (220 mg/kg) did not alter basal glutamate 
level but in high dose ( 440 mg/kg), there was significant decrease on basal glutamate 
level. In contrast, HPP (80 mg/kg and 160 mg/kg) caused reduction in basal glutamate 
level. Similarly, basal glutamine level after HPP administration has been changed 
significantly by both low and high doses, whereas only the high dose of VPA has 
affected the basal glutamine level. These results suggest that HPP induced a decrease 
in the basal release of glutamate and glutamine in cerebral cortex may underlie the 
mechanism of anticonvulsant of HPP. 

Key words : Valproic acid, (N-Hydroxymethyl)-2propylpentamide, glutamate, 
glutamine, microdialysis 
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ABSTRACT 

Most chemical carcinogens are not active in their original forms but required 
bioactivation to highly reactive metabolites. The phase I and phase II enzymes play 
important role in carcinogen activation. Arylamine N-acetyltransferases (NA Ts) are 
phase II enzymes existed as two isoforms, NATI and NA T2. NAT enzymes catalyse 
the biotransformation of many primary amines, hydrazines and their N-hydroxylated 
metabolites, thereby play role in both the detoxification and metabolic activation of 
numerous xenobiotics. Chemoprotection strategies against cancers usually include 
the inhibition of various steps in metabolic activation. There were many reports 
demonstrated that flavonoid had tumor prevention effect. In this study, the 
chemopreventive agents of interest were focused primarily on some abundant natural 
products which are found in fruits, vegetables, and teas as part of normal human diets. 
The chemical classes employed in this study include polyphenol of small molecules 
i.e. caffeic acid and ferulic acid; flavonoids i.e. quercetin, genistein, silymarin, tea 
catechin and coumarins. Some nonsteroidal anti-inflammatory drugs which were 
previously reported possessing NA Tl inhibition activity such as aspirin, paracetamol 
and diclofenac were also included. This study was aimed to screen the inhibitory 
action of these compounds in vitro on NA Tl, since NATI enzyme is expressed 
widely in the body. The sources of enzymes were from human extra-hepatic bile duct 
carcinoma cell line (KMBC) and surgical liver specimens from cholangiocarcinoma 
patients. NAT! activity was determined by using para-aminobenzoic acid (PABA) as 
a test substrate and was analysed by the high performance liquid chromatography 
method. This study showed that caffeic acid, (-)epigallocatechin gallate, quercetin 
and taxifolin showed strong NA Tl inhibition activity, whereas, tyramine and 
tryptamine, the substrates of alkylarylamine N-acetyltransferase had only slightly 
inhibitory effects. This study suggest that natural products with potent NAT 
inhibitory activity may be useful in cancer chemoprevention. 

Key words : N-acetyltransferase; polyphenol; flavonoids; chemoprophelaxis 
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ABSTRACT 

It is widely accepted that apoptosis is a new therapeutic target of cancer 
research. A variety of new anticancer drugs can inhibit the growth of carcinoma cells 
by inducing cell apoptosis. Stephania venosa (Bl.) Spreng. is a herb of Thai folk 
medicine. Its rhizome has been used for various disease including cancer. This study 
aims to investigate the effect of Stephania venosa rhizome on apoptotic activity in 
human circulating lymphocytes. Lymphocytes were collected and separated from 
peripheral blood of healthy female donors from National Blood Bank, the Red Cross 
Society and cultured in RPMI medium at the density of 4 x 105 cells/ml. Cells were 
culture in a 96-multi-well plate and treated with the water extracted compound from 
the herb at the final concentration ofO, 18.75, 37.5, 75, 150, 300 and 600 µg/ml. After 
48 hours incubation, the cytotoxic effects of the extracts were determined by trypan 
blue dye exclusion method. Apoptotic activity was compared between 4 conditions: 
control, water extract at IC50 (300 fog/ml) and lower concentration (! 00 µg/ml), and 
radiation exposure using 0.5 Gys. ° Co gamma ray as positive control groups. The 
apoptotic cells were detected by using in situ terminal deoxynucleotidyl transferase 
assay. Furthermore, the stability of this compound was also determined by cell 
viability assay and pH measurement for 12 weeks. The results revealed that the water 
extract of S. venosa possessed cytotoxic effect, with 50% inhibitory concentration 
(ICso) at 300 µg/ml. The extract solution was stable at least 12 week at -20°C. Its 
apoptotic activity on cultured lymphocytes was similar to low dose radiation, with % 
apoptotic index at 9.8 ± 0.97, 17.9 ± 2.25, 28.1 ± 1.48 and 27.5 ± 2.17; for negative 
control, the extract at 100 and 300 µg/ml, and radiation, respectively. These data 
suggest that the water extract of S.venosa exhibited cytotoxic and apoptotic activity on 
lymphocytes. These results may encourage for future investigations on the effects of 
S. venosa as an anticancer agent. 
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Tianeptine 

~irst-line 
antidepressant 1 

For all depressed patients 

- Young active 
and elderly 

~ Even with 
associated 
anxiety 

Proven efficacy 
versus SSRls 2 

~ In a meta-analysis 

- 1348 depressed 
patients 

® 

- 2 out of 3 are 
outpatients 

Remarkable 
acceptability profile 

Indications: Major depressive episodes (mild, moderate, or severe). Properties: In man, tianeptine is 
characterized by an action on anxious symptomatology associated with depression. Dosage and admi­
nistration: The recommended dosage is 3 tablets daily, 1 in the morning. 1 at midday, and 1 in the 
evening before the main meals of the day. In chronic alcoholics, whether cirrhotic or not. no alteration of 

.... Excellent tolerance in 
comparative tria/s 3

·
4 

- Preserves sexual drive 5 

dosage is necessary. In subjects over 70 years of age, and in subjects with renal insufficiency, the dosage should be restricted to 2 tablets per day. Contraindications: 
Children under 15 years of age; combination with MAOls; pregnancy; lactation. Precautions: Given the inherent suicide risk in depressed paUents, patients should be care­
fully monitored, especially at the beginning of treatment; precautions in case of anesthesia; the attention of drivers and machine-operators should be drawn to the risk 
of drowsiness; as with all psychotropic agents, if the treatment is to be interrupted, the dosage should be gradually reduced. Drug interactions: With nonselective MAOls. 
Side effects: Rare and generally not severe: epigastric pain, abdominal pain, dry mouth, anorexia, nausea, 
vomiting. constipation, flatulence; insomnia, drowsiness. nightmares. asthenia; tachycardia, 
extrasystoles, precordial pain; vertigo. headache, lipothymia. tremor, hot flushes; respiratory 
discomfort, lump in the throat; myalgia, back pain. How supplied: Coated tablets of 12.5 mg *' ~ tianeptine sodium salt per tablet. As prescribing information may 

vary from country to country. please refer to the complete data 
~ SERVIER sheet supplied in your country. Les Laboratoires Servier - France. 




