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Advances in the basic research in pathogenesis accelerated in recent years.
These result in its increasing of potential strategies for specific treatment for this progressive
fatal disease in the future. This article will review various evidences of autoimmunity
,excitotoxin, free radicals and neurotrophic factors in pathogenesis of ALS. The result of

various clinical trials based on these theories are summerized.

Key words: Amyotrophic lateral sclerosis, Pathogenesis, Autoimmune, Excitotoxin, Free

radicals, Trophic factor, Treatment.

Reprint request: Isarasena N, Department of Pharmacology, Faculty of Medicine,
Chulalongkorn University,Bangkok 10330, Thailand.
Received for publication. April 15,1996.

* MATTUNETIN Ancuwnsmand nasnTalimine sy



504 Angad dasiann

. . ) P
Amyotrophic lateral sclerosis (Julsnd
a P '
\finsnn1atiasves motor neuron laglinmuaing
&) o 9 y a A da
Wulnmusniiissnnglsiionaasawieiie
Tunamahdwngltesdszanm 2-3 9 lu
o W A @ o o ° a
Tagudsliimsineudlndenarzaemaiiiu
v ¥ a4,
vaalanlatn wunamaRaadunisaqngegivin
=3 =) A o 1
szafununalnweBanwoaslin Tanailguws

nylunsinsnluauiaa

I. Autoimmune theory
fauwddrezdalaiaunagyladn  Auto-
. v ' &
immune Lﬂuawmqmaa ALS udluzas 10 T4
Qs A = a s g o,
RANTIUNURAIDIANMURUNUIYRI ALS NU immune
. r-l J d 1 & o 9 ] o A’
dysfunction JuMN2AULIBY 9 WUITUWIVAII 9 Atk

' a P o Y
1. avamInisanvas ALS nulsefifianuneidas

9

Qu LS A
NUDNAUNUDU 9
U 9
1.1 Thyroid disease
Appel et al (1986) T Uy ALS 58
AU WU 19 % U133@ Thyroid disease
IuadanTaridniiuag usz 23 % vaagilaudn
47 AUWLD increase titer 289 antithyroid
microsomal antibodies("
1.2 Lymphoma
Younger et al (1991)lans9munsinm
28 ALS uaz Lymphoma 7w 9 au
=t - Qe A o IJ /o
LtaztﬂsuumuunugmU*n"lmumsswmm
1w 25 aul®
{3
- motor neuron syndrome wu'lemalu
Hodgkin's taz non Hodgkin
~ §WITONY upper motor neuron sign
v 1 d -3 A { [
¢ dvananuidaduidain lym-
phoma v l¥ifialan1z lower motor

neuron (WU 8 90 9 AWlu series V89
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younger)

- H WY motor neuron W&z lymphoma 9
wugl@n1snfuad paraproteinemin tiae
%u u.a:maﬂ% paraproteinemia 871941

anfiaw clinical 189 lymphoma 'l&"

2. Inflammatory foci in ALS spinal cord
29Ul CSF total protein uasiwadvaailn ALS
aliuandsnnautn@etiheiiiuden® Engelhardt
o4 e . .
uaz Appel (1990) WU B8N immunostain spinal
o A . Pl
cord 28981281 ALS Wud1dlin3 deposit va9 IgG 1
| .
lower motor neuron 13 37N 15 TIYUREN pyramidal
a
cell T4 motor cortex wu 6 T 11 118 Hafinw
lael$ monoclonal antibodies @@ lymphocyte Ag
wyi1i inflammatory cell infiltration Tugthas ALS
o v a_ (5) A a =
innnineanelian®) Wefinmlle type 2809
lymphocyte wuin T helper cell (CD,) wuans
o da o . . . .
UIIWMNAANY  corticospinal tract degeneration
' A W A k Pt .
#ufl ventral horn wu'léiie Selnany cytotoxic/
suppression cell (CDB)(G) afnelsAa lainy
correlation 289 lymphocyte numsafinuaslsa
¥ .
uanani Kawamata et al (1992) gawuy CDs
h A -3 ! ot hd L
cellmuiduiiaaluiiazasludundauazaaslugihe

ALS 13 au 8neae

3. Animal model ¥83 immune-mediated motor
neuron destruction i 2 model lwgj ¢ fa Experi-
mental autoimmune motor neuron disease
(EAMND) usz Experimental autoimmune gray
matter disease (EAGMD)

EAMND (fia9ann13da bovine spinal cord
motor neuron 1Tl 1u guineapigs Lﬁauﬂ:ﬂ%\‘l
{Wwaan 5 1@eu vliifia lower motor neuron

o . o
syndrome <09 pathological examination EWUNT
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moved motor neuron lap'linuauAaUn@ves
corticospinal  tract W&% upper motor neuron Wu
IgG deposit f spinal cord motor neuron®® uaz
motor endplate

EAGMD 81013 19 upper ua: lower
motor neuron LAiRNN13Aa spinal cord ventral
horn homogenate \#1lw guinea-pig nguaMTeE
Lﬁﬂ%uﬁ’m’hua:;uuﬂn'h EAMND laufainasas
2 1 3 azFuAaemimelu 3 e 25% ves
dainenasazil bulbar NINEEINERzRLIANT
SNIEUURZNNIALYY spinal cord motor neuron
T Pyramidal cell 14 motor cortex® lu
EAGMD fitfanmenssilesinld  Tasl# cyclo-
phosphamide fiauMIMINIZAUNY immune WU
Jmam e clinical signs 489 disease  UAZEANT
B8y spinal motor neuron®’? vslu EAMND
usz EAGMD wusnainwuaufiaundfl motor
neuron udIvuaIuAaUn@fl N-M junction
¢t lauwuin frequency 989 miniature endplate
potentials (Mepps) a:gﬁu o uAaenil ACE

Ly
release 97N axon terminal (Rxau('")

a. Cytotoxic activities ¥8385utiln ALS
wasend 1973 i Wolfgram uaz Myer

ﬂumu'hii"waqvj:ﬂ'w ALS 70% %z toxic @@

cultured mouse ventral horn explant('? ‘&%

{Wenenafinen cytotoxic activity maa“ﬁ%"uﬁﬂw

ALS Tatld cell type Bw ualsitszauna v
Horwich (1974) - organotypic cultures
Lehrich (1978) - Neuroblastoma

Touzeau (1983) - chicken ciliary ganglion

cell
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Doherty (1986) - cultured chick spinal
neuron(*®
Touzeau (1986) - cultured human spinal cord
neurons('%)
8ti1013716 Westall and Jablecki (1981)uaz Ronnevi
et al (1982) anInuFaIlWAuiiane increase
fragility 189 RBC 3 ngiln ALSU"'®) yananil
Conradi usz Ronnevi Siugadliiiuiinmsunyes
#tlg ALS ansavinlWnormal RBC \fia hemolysis
8¢ uaz in vivo immuno suppression 189 ALS ¢t
prednisolone %38 Azathioprine & in vitro cytotoxic
activity '®) wammesasiindeiues Overgaard
(1991) wany M Overgaard liwwdn cytotoxic
activity gnvislay heat 1 56° C 30 min twmuefi
Conradi {8 cytptoxic activity gnvinslas heat
uaz Overgaard Fadein cytotoxic activity \indu
¢ laplisufludesdl prolong incubation waz'lyj
¢8901¥) complement
91N Cytotoxic activity Overgaard @378
fanadumasly diluted plasma 1895t uamasey
\\e screening ALS ¢ Tagaxdl sensitivity 14 0.96

uaz specificity fila 0.85('?

5. Paraprotein W8 Antibody

970 Shy et al (1986) Wyl motor neuron
disease 10 9N 206 A% (4.8 %) { M protein (4 Au
Ig M, 6 au Ig G) 'fogan'h 197 100 aulungx
mugy  adwlsfdszaudnligannin®) &
Younger et al (1990) Wy paraproteinemia 1% 10 %
289¢1178 motor neuron syndromes Bavzailu 30 %
ﬁﬂnq:m‘{ﬂ'mfrﬁ protein gﬁu’lu CSF eV
NIANHITZUZNAINENENE U Target V89

immunoglobulin
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Antibody to ganglioside

Shy etal (1987,1989) MuMwingilae motor
neuron disease 59% i Ay IgG ¢ia ganglioside
GM, GD gon‘hﬁmuqu lagliduiludasd
plasma cell dyscrasia®**® flaudiileluntsfinm
283 Shy ﬂ:tﬂu@'ﬂwﬁ predominate lower motor
neuron FIUANE9N criteria V83 ALS  ualums
finMwe4 Pestronk (1988) “fmuﬂanq'wgﬂ'm motor
neuron Lunga predominate upper(U) predominate

lower (L) uszngNAd Upper uaz Lower (U+L)

\
wudngu UsL Agall Anti GM, iy 67% vaeilae
'lmnm:ﬁnq‘u L Wy 72 % uszng§u U WULNE 7934
ua:tﬂaﬁnmda'lﬂwuﬁcjﬂ'w motor neuron 78% )
titer ¥89 IgM antibodies #ie GM, %38 GD_ aaud
1:25 {13 1:4000 sz anti GD__ YN wuvssnlungy
predominate upper?® athalsfia titer szénin
Q’ﬂ’mﬁlﬂu Multifocal motor neuropathy(®)
Corbo (1992) 'ldfnmiuaznuin anti-GM,
antibodies 1% bind to surface of bovine spinal
motor neuron \ae/'l bind dorsal root goanglion®”
«

Qo A Qr Q. o
udnnangruiiuaasfisnnudunusvasszuugl

q”uﬁu uaz ALS

Antibody to calcium channel
o 3 .

anAwuiilu animal model ¥8s motor

. J = A o
neuron disease W1 mepps §9n31Un@('") uazfian
Ig vngihy ALS Salunyun@ wudwildife
anuAaUnAuuudsaiu®® v lwiimsfinsaw
a ad . . o 4
AAUN@N N-M junction Mudile ALS 1l 1992
Smith léfnwnlfidurdariuves serum 1gG ve9
#iuae ALS nU complements ¥83 L-type voltage-
gated calcium channels (VGCC) 37n Skeleton

. ) . o g o

muscle 289nAY WU d specific binding L8

<t a % ' | a8 vy o a
lﬂ?ﬂul'nUUﬂUHQUﬂQUﬂNﬂTJUQGﬁﬂ'JUﬂ&lT?ﬂﬂ’N
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immune 8uq ussiilovireudn reactivity an
uJ‘s’mJLﬁuuﬁ'umsehtﬁu'[sﬂwui'mzjuﬁﬁrapidclini-
cal progression Anid strong serum
reactivity®® wanendiiilald cell line 7 express
N-type VGCCs fiwnuin ALS IgG Al reactivity
ladnwdelunuit IgG 97n ALS 1 bind @a o
subunit 289 VGCC_ uan@n39n Lambert-Eaton
myasthenic syndrome @3 bind o, uss B
subunit®® wafiewanveIns binding 20y IgG
mlitfa Ca®* entry AnswIu intracellular
Ca* f‘fma'mﬂua'\mmam'mﬁﬂ neuronal
death®” uazilev’ muscle VGCCs gl
ALS umeaoy binding WU ihcreased binding
affinities #@ Dihydropyridine (DHP) Snshumiy
autoimmune motor neuropathy, parancoplastic
UWATUANANIINMIAWAN UaAIDs DHP binding
kinetic fwdswly TsaBuwldain adaptation to
underlying pathological state alsi specific*?
faufluflnnifissin antibodies dia VGCC
duilaseiviliida ALS wialunafiawanen
neuronal injury useduAzatesesedunn selective

vulnerbility 84 motor neuron #aena15(33%4)

Clinical trial

Q (R ] P v
DUz NN FIMUAAITIANNEINUL DS

a Q@ Qs A" A [ o .
wuulifunun ALS iniu3as guamavitclinical
trial lauvin Immunomodulation @14 9§ LTu
cyclophosphamide(ss), corticosteroid,
azathioprine®® Intravenous immunoglobulin®”
Lisnansangamsprogression vaslsn ldTannanaly
gangliosides °**® filgunu  HiRganfdinwvas

e o . < -

Appel (1988) AW cyclosporine naniian slow

R * ol ' ' "M
progressionla®®® udiliafinwsaauwuinlildua

L 1] . . 3 . - A =
ulud total lymphoid irradiation“'*?) TaRgak
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wranemsealinle olimivayu Autoimmune
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II. Excitatory amino acid transmitters theory
wisonduinmuiuit  glutamate  uaz
aspartate  (iJ% major excitatory neurotransmitter
u CNs fl 1950 WiFuigwy toxic effect w89
glutamate lagwyin systemic administration 'lwwg'i
vilAifia retinal degeneration*)
vh'lﬁ'l.‘%'uﬁuﬁnmus:wuné’npuv\muamo
fiusasfianisifia  neuronal death wiIangn
overstimulation lag glutamate (3% Olney TE U
1l 1969-1971 Bsdaanldmrumadoyndns 9 uas
@1 term exitotoxin 3w *5) 3nnsAnEYes Choi
Wotnalndl glutamate vilWifa neural cell e
siwfieen influx 189 Calcium®® sinmaile
984 ion channel n&337n glutamate bind ML receptor
Tagawiz NMDA subtype  aiflaifSoudinuriy
subtype Va3 ionotrophic channel au 9 fia AMPA,
Kinate uf32 permeable #ia calcium 3nnin(®0)
\Haiuileia increase intracellular calcium w2

nizdu enzyme @9 9 léurl Protein Kinase C,

P .
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phospholipase,nitric oxide synthase, protease ua
8w 9 vi{WWifia protein break down, free radical
formation®") sz lipid peroxidation vilWiwad
Hengaudles atnslsfianmaiAnues intracellular
calcium AevathudInI lisusnefunens
mwmvnaé‘la’v‘iv’muﬂLﬁaamnwu'i'\n'nnszv:fu'lﬁﬁﬂ
increased intracellular calcium lag3%8u 1guly
Metabolic inhibitor (Cyanide) w38 depolarization
Tagld K* vinlW Ca?* fiunns Voltage-gate calcium
channel W#Y intracellular ca?* iiiuszaudtle
nnnanzdulay glutamate Lignsavildiia
permanent damage Lvin®?

nnnguildddiunldesurslian
UL TZEMAR TR LU NN BUBILTRRNRI
ischemia,trauma,seizure W8 Neurodegenerative
disease @ 9 ™ Huntington's disease, AIDS
dementia complex, Parkinson's disease, Alzheimur’s
disease 71:.17?\1 ALS

wangmuAAInIALITeNas glutamate
toxicity usz ALS fAfuduflonifivsfineszduves
glutamate ud3n, CSF uaziitaidadng q

1. Iu serum wasguliluamafi 1

2. 1 CSF Naa;ﬂ'l'ﬂuwmoﬁ 2

3. Wwilaidleves spinal cord usz LSitdug
289 CNS
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Auther Case Control Result Comment
Patten 12 12 T total aromatic a.a. 1. BCAA 1u plasma
(1978)® 1 total basic a.a. correlate iV
T tyrosine duration 989 ALS
T ornithine 2. activity 189 ALS
correlate UG5
aspartate e loading
Plaitakis and 22 81 T fasting plasma monosodium glutamate
Caroscio glutamate lungu ALS plasma
(1987)¢ > 100 % \flaifioy glutamate a:gﬂ‘fu
iU control 4NNi1 control
Perry 28 48 1 glutamate, glutamine Perry ot
(1990) T cystine, methylhistidine 1 Plasma glutamate
| threonine, GABA Lﬁmmnmqtﬁui‘fu
! phenylalanine,
{ methionine, histidine
Cama 22 44 1 Alanine Lsiwy Plasma glutamate
(1993)¢" T Isoleucine

T leucine
1 methionine

T tyrosine
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@13797 2. CFS amino lugfily ALS

Auther Case Control Result Comment
Patten 12 12 T total aromatic a.a. severity u ALS
(1978)¢ 1 total essential a.a. wuannAwuny glatamate,
T tyrosine aspartate 289 CSF
T leucine
Meier and 5 17 no significant
Schoft
(1988)¢)
Perry 28 48 + glutamine 1wy glutamate
(1990)¢% 1 alanine lu CSF
1 valine
1t isoleucine
T leucine
T tryptophan
T etharolamine
T lysine
1 arginine
Rothstein
(1990)* 18 28 1 aspartate (100%) lauSsudsuiues
T glutamate (190%) Perry(1990)
T threonine 1. fthevad Rothstein
1 serine §97M13 1/2 189 Perry
2. gilpuey Perry 10
flanfifud LMN
3. level W control
@k 5 Iiuaasds
W837N method 60
Rothstein
(1991)¢" 15 8 1 glutamate (230%) Waswd? Taeld Automate
T aspartate  (154%) HPLC
Cama 16 19 aignanu control t1 subtype
(1993)¢" Spinal onset - serine

glutamine, alanine
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Patten (1982)Wy: ammonia, ornithine 1w
spinal tissue g1y ALS @9z invert MU
duration ¥89 diseasel®® Perry (1987) Wui
glutamate level lu CNS area anss(®® uaz
Platakis(1988) T89731 glutamate lu spinal cord

aanaled

J =3 .
®a1379Nn 3. 'nquﬁn'mnﬂ neurotoxic 19g glutamate
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namlaeTIuudIzau glutamate 1 specimen
' ' 2 v o 1 L o ¥
d19 luudazmsfnslansiiuandraiu vilies

\ v : ' o
Lsanmagld ammauasnnuuandaiaziies
W19 Criteria include, 351U specimen, 35l
a 3 d a deao ' P

nsiensiusziedasfianldvasudaznifinm
dnariu (097 gmfuingualunsifia glutamate

. . & aod d1v ' (53) o o
toxicity WUURNGINT B LINRIBaLN AIATITINN 3

I. \ia enhanced glutamate effect ia target cell (Strong excitotoxic hypothesis, glutamate

receptor abuse)

1. primary glutamate overactivity model eg

synthesis,

- catabolism, neurotoxin activate glutamate receptor

2. secondary glutamate overactivity

- inhibitory neuronal input on glutamate cells

(“neuronal disinhibition” model)

- excitatiion input from higher centers

(“neuronal excitation” model)

- loss of target cell activity glutamate cell overactivity
(“enhanced neuronal feedback” model)

=3 . . A ' ’ o 3 . .
IL. \fia excitotoxic lasfinavad glutamate da cell 1iun@ (Weak excitotoxin hypothesis)

1. impaired functional antagonism at synaptic level eg Mg*' depletion, disturbance of

glycine (“Unopposed glutamate neurotransmission” model)

2. Altered receptor function eg receptor openning Ca2" channel after normal glutamate

stimulation (“Altered receptor” model)

3. Normal glutamate input on target neuron with impired viability (“Weakened target

cell” model)

4. Impaired glutamate removal from synaptic cleft. impaired re-uptake or breakdown

(“Impaired glutamate inactivation” model)




Vol. 40 No. 6
June 1996

na'lnfifinangmludile ALS wenan
abnormal glutamate metabolism Mnsnluudn
&uri abnormal glutamate transport®® fviwmifl
remove glutamate 88n9N synaptic cleft YiNlW
glutamate #3 uaxiinade receptor Radu laowy
77l decrease in Max velocity for high affinity
glutamate up take f spinal cord, motor cortex,
somatosensory cortex atnafiviuandy lauSey
\{Wisuny control "fmamjﬂw neurodegenerative
fug $u® uanvnihiladnunile subclass ves
glutamate transporter 491dur GLT1, EAAC1 uaz
GLASTwuil Variable loss of GLT1 filw astroglia
20-40 % loss of EAAC1 ioai‘m'lmyag.liﬁ cortical
pyramidal neuron s GLAST 'itUSpuudas
wananitin spinal cord glutamate transport sites
finass (HeawSoufiouny  progressive muscular
atrophy waz control 8u 9% grnalsfidin1sfnmn
gene 1 qu transporter Taifinnuuandnalu ALS
wazaudn@™® ﬁcﬁnma’mwﬁw‘ﬁah abnormal
transport MALiaMNNAIANRAUNAYEY Energy
metabolism(’> w38 neural injury uazluuivesns
Anwil glutamate receptor WU gene ﬁqu
Glutamate R5 subunit 483 NMDA receptor in
a;.jﬁ chromosome 21 g 21.1-22.1 'fmglna"ﬁu

P ] @ e [ ye
SOD ' gene fWuINHAIUFUAUTAY familial

- a~ .
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ALS™ @aflezndmlwiadedaly feudezamanm
#gnii1 GluR “Lifiasieatasiu Familial ALS
WABTINU gene 189 Glu R family 8w o Ay
candidate gene 189 ALS AMPA receptor i fi
Lfluﬁﬁnu’lﬁ'ﬂmjﬂ'w motor neuron disease
\fiasnnnu neurolathyrism 'lfmﬁﬂil'm expose to
BOAA Ssllgasuiiin AMPA agonist™ ud
gl aWL increase binding to AMPA uaz kinate receptor
1w spinal cord fihsdnean(™) uanmm‘fﬁﬁwuﬁ
auAnUn@lu ALS fa Axonal ion channel
dysfunction,”” glutamate dehydrogenase activity(™®
48y

Clinical trial
Nnqujres  Excitatory amino acid
° v a Q& 9 :‘d r-f v
ldifauuameamsinnlialaglsonnfignsédu
Eda . a o ¢ da
glutamate MAlagidn  ussWawienlni Ad
) . ' v <
mechanism counter glutamate hr-gﬂmo 9 N W8
& . . ' &
$nwlsn neurodegenerative disease @19 1IN
ALS
o 2 dd v d o
MTIN 4 ugasdanalnuazenAlfiNedu
' o @ o « . o L g
glutamate @199 Fafltandl Clinical trial wi2lu

Qo A )
ALS uazunmnaniimsnsdalyluauiaa®oe)
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Upstream from glutamate receptor

- decrease glutamate release -

Adenosine derivative,catecholamine
Na channel blockers (Phenytoin)
Riluzole, Lamotigine, Lifarizine

VGCCs antagonist-nimodipine

- increase glutamate destruction - BCAA
Glutamate receptor antagonist
- NMDA - glutamate binding site - CGS19755
- glycine binding site = - Felbamate
- polyamine site - Ifenprodil, eliprodil
- receptor associated ion channel - Mg, Ketamine,
Dextromethorphan, Memantine, Remacemide, CNS 1102 MK 801, TCP,PCP
- Redox modulatory site - Nitroglycerin, Nitroprusside
- AMPA - Transmitter site - CNQX, DNQX, NBQX

- Modulatory protein -

GYKI 52466

| . . @y Y

pWd Clinical trial ugis ALS udh
Ao &
ORI
1. Riluzole

d v )

\{uerTedga FDA approved ldiflu
13N ALS laugindiau slow progression 289§
[ A [ '
thy ALS 7iunga bulbar onset 3NTBNUVEY
ALS/Riluzole study group WUINEWNIOANY 1 yr
survival rate Wngu bulbar onset 73% (11 910 15

a a '
Au) Lumﬁunnunqu Placebo 35%(6 31n 17 au)
d‘m'lumiu limb onset 1 year survival rate = 74%
= Qs . »
inguny placebo 64% uar functional score @19¢)
o . . o ‘ a ida

wuindl  deterioration Tninlasmaly uend
statistically significant §iWe9 muscle strength(’®

daev® o o ' 4
lgatadunguanuadtane
o & . g P
NUNIANBRLTY msﬁnmugﬂwnﬁ bulbar onset

atna'lané

A Was . ' J
7léSu  Riluzole ﬁmqﬁaumw, faniTuiunia,
. 4 \ v o o 8 o
functional lasmalu@iningunle placebo rilw
P 3 f o &, aad ' '
AMAFNANT AuuMEIaNuaaIingy bulbar
e
ad < .
onset respond Auw 21U UIWIIE prognosis
1 Y . A’d ' “(80) llvav v
vaanguiiisnguiliaguds algnanasain
Qs v 2/ A Qe W
188199 1N bulbar onset WeIAILEY il
L 2 Qo [] L4 A
avalndidesnunguanld ALS 7l bulbar onset
e ) X,
7le Riluzole 3710 ALS/Riuzole n3finsiiwun
A [ ] ] Qs 3 A [] WV ar
dgasin1segraalinandraiunsflaldiuen
. (81) o aod o o a
Riluzole®" uananidififasdadainadnnansan
fatafianaranarafetulunisuszifiunavasnis
= J Qs ¥/ '
Anwit Usznaunuludayavaings
n13An¥Y ALS/Riluzole 84 Auaadin
mortality rate lwizpzmavesfilis ALS lums

fnw(Xawndn 1 W) Alndifweny  control
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YszinBmwoes Riluzole fadabimannagld
witia®?
2. Branced-chain amino acid
INMIAnE1Las Patten (1982) fiwy

471@% BCAA wiswneiu iy duration vaslin(®?
*‘fso'kTﬁngw eneuaineinieiiainBCAA nzdu
glutamate dehydrogenase ®@ glutamate f synaptic
cleft ¥Wi trial (397N Pilot trial w89 Plaitakis
(1988) Faadzaziina favorable outcome® ug
mifinwda 9 anléuatnd Maluud outcome uaz
maUasuulaies plasma gantarct® Tasawnz
n§uMIAN Htalian @09 terminate Aaufnmay
IWTITWY increase mortality 'lu;j’ﬂ’mﬁ'l@'f BCAA®®
athalafidtilimifnuininlng AdslidRuiag
fvinla ungu Scientific Pan-European collaboration
in Amyotrophic Lateral sclerosis 48038aaaHa
dinly(®®
3. Dextromethorphan

nsfnwild low dose dextromethorphan
aisl significant difference®” atnalsfian1ifinm
lld large dose rndsnnfinag®ss)
4. Lamotrigine

1w trial lag Eisen 1993 Linuanauan

1] A Qe
dradlafiuuny control®®)

IIL Free radical theory

9nfIN31w Free radical Tl any species
capable of independent enistence that contains one
a more unpaired electrons U9TRa fwsavinlw
\ia tissue destruction lalay vilWiAia oxidative
damage @8 lipid, protein uaz nucleic acid 'lad
¥uneBune neuronal death fifinnnamzeng 9
u neurodegenerative disease(*'~**) BararhALS )

- o &
lagsuyAgnwinnae oxidative stress wnnading

[ v d e o~ o .
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N
- increase free radical production L¥uiilu

HaAUNNYBY glutamate overactivity,

exposure to heavy metal or neurotoxin

a9

- impair antioxidant activity 3MNMIVIA
vaevinwAaun@vas free radical scavenging
enzyme (%owuﬁ superoxide dismutase

(SOD), glutathione peroxidase, catalase)

ascorbic acid, vitamin E, glutathione %38

ANNAaUNAY89 mitochondria
wangmuaaIflanuFUWUS 189 Oxidative stress
Waz ALS fa

1. fimswu mutation 1w Cu/Zn SOD gene
Uu chromosome 21 % 10-20 % v84 autosomal
dominant®® familial ALS Baiuiiin 10 % 283 ALS
Yfmuﬂ uazlu transgenic mouse ﬁﬁ mutant Human
SOD fiflayIn§1e motor neuron disease.(*?)

2. 9IMM3An®Y SOD activity 1w lympho-
blastoid cell Wy tlae FALS i SOD mutation
§I activity @n FALS 7§l mutation sporadic
ALS, us: normal®®”

3. Total SOD activity % brain W& spinal
cord fjile sporadic ALS Liuandnsan control
udiilefinmlas immunohistochemical strain lag
anti CusZn SOD,usz Mn SOD wuir lu ALS
neuronal cell straining ¥88n31 control®®

4. wuinlu sporadic ALS § SOD mRNA
level increase 42 % w 0. motor neuron \AiBUNY
control(1°®

5. 9INNNIAN®A serial gluthione peroxidase
(GPX) Wwdfuzasfils MND wuidinsaaazes
GPX activity FroIuHa NI TAY free
radical activity('®"
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6. N13ANW U anterior horn cell WU total
SOD activity §t}as ALS a1 control lag Cu/
Zn SOD u filay ALS azdN1 ué Mn SOD 1z
gﬁuuwu vnl# % Mn SOD e total SOD qa'i‘fu
Tugite ALS®)

st lsidenusuNuives SOD iy ALS
ﬁ'o'hjtﬂuﬁa;ﬂ anduldin SOD fAAaundidn
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Clinical trial

msinnfiguiilasanngufuas free radical
finawat190° 9 Augmenting antioxidant
enzymes (SOD, catalase Glutathione peroxidase)
Preventive antioxidant - Deferoxamine, Probucol,
Salicylate Manital, Lararoid (21-aminosteroids),
Allopurinol 48 1§ trial lu ALS léfuri

1. Seligiline @unilu selective MAOB
inhibitor 71 antioxidative stress effect 1u double
bind cross-over-trial lass ALS research foundation

WU possible benefit
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2. N-acetylcysteine 3 n13fAinwva3 De

Jong 1988 WU subcutaneous injection lag 5%

N-acetylcysteine W38 5.85% N-acetylmethionine

1 6 1fon & modest clinical improvement dasn

Elisabeth 1995 lainu71 acetylcysteine 81an3oiAy
. P a oM o o ' wa A

survival N 12 navagunaIIATY ﬂf.l'lﬂ'lmﬂ ($1]3]

: e v
subgroups analysis Wuingufil limb onset léna

9

1 ’ A
ani nq:mﬁ bulbar onset

IV. Neurotrophic factor

Neurotrophic factor fia molecules i
T ug ML survival uaz development 284 neurons
vl embryonic stages uar adulthood.('®
Neurotrophic factor @7 uinﬁgnwu fia Nerve growth
factor (NGF) Fadaud 40 Trisuwudrdanlu survival
289 sympathetic U8z sensory neuron 783 PNS
uaziIa¢ex1 Wuihiinada Cholinergic neuron fi
basal forebrain 483 CNS @219 yanqanil
ifle NGF gnvinmslag Antibody v neuronal
death (Radn nnauaNlaaINaIvas NGF il
téuﬁs&'au‘l%ﬁuﬁ’l Neurotrophic factor 8w 9 993
nada cell type THauandINU @28t19789

. 1) - 4
neurotrophic factor{’®*"""") §3@1man 5
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Neurotrophins
Nerve growth factor(NGF)

Neurotrophin 3 (NT-3)
Neurotrophin 4/5 (NT-4/5)
Neurotrophin 6 (NT-6)

Ciliary neurotrophic factor (CNTF)

Brain-derived neurotrophic factor (BDNF)

Insulin and Insulinlike growth factor IGF-I, IGF-1I
Fibroblast growth factor - acidic (aFGF),basic (bFGF)

Epidermal Growth factor

- Epidermal Growth factor (EGF)

- Transforming growth factor o. (TGF-a)

- Schwannonu-derived growth factor (SDGF)

Leukemia inhibitory factor (LIF)

Tumor growth factor f§ family (TGF B)
- Glial cell line-derived neurotrophic factor (GDNF)
Platelet-derived growth factor (PDGF)

mnqmamﬁﬁ'rh plun13dnsaagves neuron
ﬁwlﬁﬁé’rﬂahmwm Neurotrophic factor ilw
§UMQV8Y neurodegenerative disease @9 9 udl
wansn familial dysautonomia fAiwuinfieadesny
NGF deficiency U872 liwun1zns11a neurotrophic
factorul3 neurodegenerative Ausanrhy ALS('?

8t 13Aid efgwewaavin  neurotrophic
factor 3 lflulsn neurodegenerative dina 912113
gmitlu ALS #u neurotrophic factor fivhan
Nnaa aoﬁanq’uﬁ promote survival 989 motor neuron
@s\&uri CNTF, BDNF,NT 4-5, IGF- 1, FGF2,FGF-
5,GDNF #seldnsmifiazdndaly

1. Neurotrophin group

faulluszoendsaenuin NGF Squau@
daad lunanazuurashime ') Alhinui NGE
finadia motor neuron 8tl3711@ neurotrophic @7
d ) . d o
aulu family neurotrophin 9 i structure Ind
WLINUIINNTI50 % UAIUAURE subtype U89
) ) ) ¥
tyrosine protein kinase (trK) receptor Wu
nIonIzdun1sieiyved motor neuron &
riWiiudafenlu clinical trial veailey ALS
1.1 Brain-derived neurotrophic factor
(BDNF)
a . o | a P
wulull 1082 Tnadauiaibanaosiia i
4 d
level 189 BDNF messenger RNA gngen

hippocampus,cortex Uaz cerebellum i trk B 1flu
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signaling receptor"’® anlusainassswuinge
80N17c axotomy induced cell death ¥83 motor
neuron luny("'*"'") gan13mIves motor neuron
14229 developing 289 avian("® ludainanssil
rilWifia MND m3l BDNF aa progress 289
motor dysfunction la(''9) ganluaniin preliminary
phase I-II ug@IHaN133NEAAC2)

1.2 NT-4/5uaz: NT 3

Wuin  promote survival 284 cultured
embryonic rat motor neuron uaziilafnwndl motor
neuron f1 express trk B uaz trk C Fafl high affinity
@@ neurotrophin néndﬁﬁlﬁtﬂunéuﬁaﬂﬂﬁ clinical
trial luawina

2. Ciliary neurotrophic factor (CNTF)

§na AN chick ocular tissue Uay

97N rabbit sciatic nerve WU31 support survival 189
ciliary neuron lu culture'?") aauauifisheyatad
signal sequence W8@IIIN1T release CNTF ande
cell injury U8z receptor 284 CNTF wuiiasy
receptor a9 IL-6(1%%""%)

wangwirlWifain CNTF aneldinm
motor neuron disease('?") 'lafa

1. CNTF support survival of cultured motor
neuron

2. recombinant CNTF promote survival of
motor neuron M chick embryo 52w period of
naturally occuring cell death('2?)

3. CNTF prevent cell death of facial motor
neuron after axontomy('?>

4, CNTF induces motor neuron terminal
spronting in normal adult mice

5. Disruption of CNTF gene vinl#iia
progressive motoneuropathy in rats('2

6. CNTF ilasnunmsaipvald facial motor

DAL
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neuron 1% pmn/pmn mouse model of progressive
motor neuropathy('?®)

7. n3finm histological effect ¥89 CNTF
#ia Wobber mouse motor neuron disease Wu1 slow
neuronal degeneration, enhanced axonal regeneration
l proximal uae distal motor axon Uaza@a muscle
atrophy lu ALS(12)

8. Wu CNTF receptor 1% expression 1
spinal cord Uaz motor cortex 89 Hilag ALS("?")
Linical trial Tatl% CNTF éaud phase I-TI fiGuwy
adverse effect{'?®) fia herpes simplex labialis ugifisl
report JINULYINY incidence U89 herpes simplex
labialis lu placebo groups flavih phase III Wy
adverse effect anauganiulila?) amsadae
U cytokine syndrome fia fever,chill, weight loss
t%a'hmmws'\:ﬁqmauu“ﬂnﬁiﬁmﬁu IL,

3. Insulin like growth factor

Insualin like growth factor W38 somatomedin
fo peptide 71§ structure wsz function Indifary
insulin IGFs %t circulate lay bound nu
binding protein(IGFBP,) LA biological Half-life
of IGFs wu receptor 189 IGFs maluns CONS waz
PNS(2?) lusgainanay IGF-1 199 svrvival va9
motor neuron % wobber mouse motor neuron
disease"** uaz lufilay ALS fimy expression 789
IGF-1 receptor W spinal cord'?® mimanasld
rh IGF-I uAunw il minimal adverse effect Waza1n
large trial 1w ALS f North American uag Europe
léwad

1w trial w84 North American g1 sporadic
ALS 266 aw la3u rh IGF-1 0.05-0.10 mg/kg /d
subcutanous injection 3@ placebo for 9 month

W71 change total score of ALS rating scale Uae

secondary efficacy Ltw sickness impact profile
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V. Other theories
o v o da a
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- Retrovirus, slow virus
- Metabolic abnormality
- Heavy metal exposure
- Exogenous toxin
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