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u ·~ • 

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

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

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

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

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

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

lmy 

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

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

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

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

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

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

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

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

Glutamic acid ( GLU) 

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

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

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

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

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

L~ti>JaaltJ'lHN'l::UUU'l::aln (neurodegenerative diseases) an>J10>Jltl 
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Glutamic acid 1il::~1 l lf L'lfaau1::a1Y1LOVln11 depolarize l~wc.J1um-:i(i}1i'u~-:iii~'l'ifUVl~L tJu 

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

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

v 

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

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

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

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

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

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

1995; 1996 a, c; 1997) 

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

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

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

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

m10ivi011>.J protein 42 kDa 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

'llv~ neurons 1~ 

Botulinum toxins (BTXs) 

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

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

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

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

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

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

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

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

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

2000) l~LLfl 

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

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

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

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

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

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

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

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

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

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

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

m'ia{1..:i endplates l~li n1'll1Vlat1..:ilul'1\i~\J~m'OJ~~um~u1um'l sprouting L~miivioY..:iu~ 
48 .a-11iJ..:i\.1a..:il~Wu BTX LLa~~lLU'U~vltlL~tlEJ "] LiJ'li1..:J\.1aiml'tlvi1l1 
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