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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., 

~ 
+ 

+ 



Vol 24: Supplement I, 2002 529 

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

l. Allain H, Bentue-Ferrer D. Clinical efficacy of almitrine-raubasine. An overview. Eur Neurol 
1998; 39 Suppl I: 39-44. 

2. Baloh RW. Antiemetic and antivertigo drugs. In: Rowland LP, ed. Current neurologic drugs 2'd ed. 
Philadelphia; Lippincott Williams & Wilkins 1998: 184-9. 

3. Banasiak KJ, Xia Y, Haddad GO. Mechanisms underlying hypoxia-induced neuronal apoptosis. 
Prog Neurobiol 2000; 62: 215-49. 

4. Brunton LL. Agents affecting gastrointestinal water flux and motility; emesis and antiemetics; bile 
acids and pancreatic enzymes. In: Hardman JG, Limbird LE, Molinoff PB, Ruddon RW, Gilman 
FG, eds. Goodman & Oilman's The pharmacological basis of therapeutic 9"' ed. New York; 
McGraw-Hill 1996: 917-36. 

5. Clostre F. Extrait de Ginkgo biloba (Egb 761). State of knowledge in the dawn of the year 2000. 
Ann Pharm Fr 1999; 57 Suppl l: lS8-88. 

6. Brandt T. Vertigo. Its multisensory syndromes 2"' ed. London; Springer-Verlag 1999. 
7. Darlington CL, Smith PF. Molecular mechanisms of recovery from vestibular damage in 

mammals: recent advances. Prog Neurol 2000; 62: 313-25. 
8. De Keyser J, Suiter G, Luiten PG. Clinical trials with neuroprotective drugs in acute iscaemic 

stroke: are we doing the right thing? Trends Neurosci 1999; 22: 535-40. 
9. Doble A. The role of excitotoxicity in neurodegenerative disease: implications for therapy. 

Pharmacol Ther 1999; 81: 163-221. 
10. Dziadziola JK, Laurikeinen EL, Rachel JD, Quirk WS. Betahistine increases vestibular blood flow. 

Otolaryngol Head Neck Surg 1999; 120: 400-5. 
11. Ehrenberger K, Felix D. Receptorpharmacological models for the therapy of labyrinthine vertigo. 

Acta Otolaryngol 1996; 116: 189-91. 
12. Giardino L, Giuliani A, attaglia A, Carfaga , Aloe L, Calza' L. Neuroprotection and aging of the 

cholinergic system: a role for the ergoline derivative nicergoline (Sermion ([reg])). Neurosci 2002; 
109: 487-97. 

13. Grassi S, Pettorossi VE. Synaptic plasticity in the medial vestibular nuclei: role of glutamate 
receptors and retrograde messengers in rat brainstem slices. Prog Neurobiol 200 I; 64: 527-53. 

14. Hunter AJ, Mackay KB, Rogers DC. To what extent have functional studies of ischaemia in 
animals been useful in the assessment of potential neuroprotective agents? TiPS 1998; 19: 59-66. 

15. Kitahara T, Takeda N, Kiyama H, Kubo T. Molecular mechanisms of vestibular compensation in 
the central vestibular system--review. Acta Otolaryngol Suppl 1998; 539: 19-27. 

16. Lipton P, Kalil R. Neurotrophic factors-their role in development, trauma and disease. Neural 
Notes 1995; I: 3-7. 

17. Marini AM, Choi J, Labutta R. Synaptic deprivation and age-related vulnerability to hypoxic­
ischemic neuronal injury. A hypothesis. Ann NY Acad Sci 2001; 939: 238-53. 

18. Mizuta I, Ohta M, Ohta K, Nishimura M, Mizuta E, Kuno S. Riluzole stimulates nerve growth 
factor, brain-derived neurotrophic factor and glial cell line-derived neurotrophic factor synthesis in 
cultured mouse astrocytes. Neurosci Lett 2001; 310: 117-20. 

19. Pauwels PJ, Leysen JE, Janssen PA. Ca++ and Na+ channels involved in neuronal cell death. 
Protection by flunarizine. Life Sci 1991; 48: 1881-93. 

20. Rang HP, Dale MM, Ritter JM. Pharmacology 4"' ed. Edinburg; Churchil Livingstone 1999: 377-
80. 

21. Schmidt-Kastner R, Truettner J, Lin B, Zhao W, Saul I, Busto R, Ginsberg MD. Transient changes 
of brain-derived neurotrophic factor (BDNF) mRNA expression in hippocampus during moderate 
ischemia induced by chronic bilateral common carotid artery occlusions in the rat. Brain Res Mol 
Brain Res 2001; 92: 157-66. 

22. Seemungal BM, Gresty MA, Bronstein AM. The endocrine system, vertigo and balance. Curr Opin 
Neurol 2001; 14: 27-34. 

23. Smith PF. Pharmacology of the vestibular system. Curr Opin Neurol 2000; 13: 31-7. 



Vol 24: Supplement I, 2002 S37 

24. Tusa RJ. Vertigo. Neurol Clin 2001; 19: 23-55. 
25. Vibert N, Vidal PP. In vitro effects of acetyl-DL-leucine (tanganil) on central vestibular neurons 

and vestibulo-ocular networks of the guinea-pig. Eur J Neurosci 2001; 13: 735-48. 
26. Walton M, Conner B, Lawlor P, Young D, Sirimanne E, Gluckman P, Cole G, Dragunow M. 

Neuronal death and survival in two models of hypoxic-ischemic brain damage. Brain Res Rev 
1999; 29: 137-68. 

27. Yamagata K, Tagami M, Ikeda K, Tsumagari S, Yamori Y, Nara Y. Differential regulation of glial 
cell line-derived neurotrophic factor (GDNF) mRNA expression during hypoxia and 
reoxygenation in astrocytes isolated from stroke-prone spontaneously hypertensive rats. Glia 2002; 
37: 1-7. 

28. Yamamoto T, Yamanaka T, Matsunaka T. The effect of stress application on vestibular 
compensation. Acta Otolaryngol 2000; 120: 504-7. 

29. Yamanaka T, Amano T, Sasa M, Matsunaka T. Prednisolone excitation of medial vestibular 
nucleus neurons in cats. Eur Arch Otorhinolaryngol 1995; 252: 112-8. 


