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o] slute) &3t 7] A el sz}t
QAo FEXNES} F2 o] A grh

Ao oFEo] A o]8¥ AL 18579 F=9
Charles Locock’d©l bromideE A}&3k o]F oo
19123 Hauptmann©] phenobarbitalg A}-&3}%
o, 1937'3¢) Merritt9} Putman®} phenytoing-
2R FHFEAR AMgstTh 2 F oF 5047
2 phenytoin# FEEHV} H%E GBS =T
F3 38} oxazolidinediones Z] (4] : trimethadione)
2} succinimideA)(oll: ethosuximide)®] BE °}&
5wty o, 1950 d T4t Gegh laboratorye©ll
A] carbamazepine, 1962'd X9 P, Eymard
©] valproate® 7NE3tch 1950'Ac) Fute] A
FHA 2 /2= A benzodiazepine] 7 HE ¥}
7F @AY a2y £33 FEXE = Inter-
national League Against Epilepsy(ILAE)d] 23
A AR fE o] BFE 1970d ©o]FRH 1
g 71 Aok A= AAAFH ez o 50009
Hol| o]En 1% oF 20— 0% A FEEE
X527} B7153slb gtk (Loscher and Schmidt,
1994). 1 o] AEXNEBEF) A7l FANA
o] £A¢} AL gRolgtil 3w FEFAF A=
A F¥ mE ZA #$-Aoh e /F¥ES
o} A} 43912} complex partial seizurei= 70% 14
o] AA o] %7} ¥ absence seizure, juvenile
myoclonic seizure, awakening grand mal%s 9] idio-
pathic generalized seizure®] o &+ v 23 a8}
= £2& "ol (Krall et al, 1978 a & b). 131} &
o}2] West syndrome, early myoclonic encepha-
lopathy, Lennox-Gastaut syndrome ¥ %39 &
©}-¢] myoclonic epilepsy= @AY FEZE X F7}

A
e

4

Brbsdtcth wEb do g9 A EA AT B
X4 z2¥A<Q complex partial seizure, Lennox-
Gastaut syndromes- ] X849 73} o} 7]
9] ARG gHHol1 Lol A oA < A
do] B3R #AlHn A Bh v 8¢ A
b= ZhF o] w7 A i ofsirt SH B &
ong o] Fofo] A7t Algsitt Az, 7]
£9] 373#dAE= phenobarbital,
carbamazepine, primidone, valproate, ethosuximi-
de, benzodiazepine $°] o1, 22 TR AA ]
7igte vl NIH(National institutes of Health)
9] NINCDS(National Institute of Neurological
and communicative Disor- ders & Stroke) Epi-
lepsy Branchol] 93] FAFYon, 197519
Anticon- vulsant Screening Projectoll 2lajjA] gt
3HA o] Fof Hrh

1 F 1993¥7tx] NINCDS®] Antiepileptic
Drug Development (ADD) Program®. 2 ¢F 15,
00071 &) 33 BEdAQA FAHEEH {77} ARAME
A tH Kupferberg, 1989). &3t 2 ¢k 209 &
St ZHE 373HA kAl (antiepileptic drugs:
AEDs)= 27% 7}F¢] d&=ul(Table. 1) 1 &
felbamate, gabapentin, lamotrigine, vigabatrin,

e

phenytoin,

clobazam, zonisamide 59 10E£&+

TEA T 43NA del AR H I Sl
ZEH Lo O[5 = ZH Model

old ckBolg Az /gd FES PFol &3}
Z1-d = MEAl H33 5E modelS ©] &3l 1
EARE B Be AFol dasith FAHA A
L A FES ]88 o F23 AL Al
M E S Ae A3 v HEe AgFez &
27 F B a0E APy »AE FEY
FTEER AL B B3 BE S FAY =
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Table 1. Potential antiepileptic drugs under de- Atsle Rolth ZHEEE model2 FAAVIHOZ
velopment Z 23l M genetically prone absence epilepsy rat @}
Zonisamide Milacemide Ao 98] Z#o] dojiul= DBA/2 audiogenic
Denzimol Taltrimide mice o] AEHl o139 LA KL A
Nafimidone C1-966 idiopathic epilepsy9} b5 ARG &2z} M
CGS 18416A Tiagabine Bto] mE UehARE wato] deojupe AI71E
Lamotrigine Clobazam DBA/2 audiogenic mouset:= < 9] xjgh, Az} gt
Ralitoline Flumazenil Z717F o8 dde] Atk gepA AAZE ¥
Topiramate Felbamate FAVG H7NFAE ol &3ty ddF Y HES [HE
Flunarizine LY201116 NAAM AYo) o]t ALt o] &3} oln) 7}
Ozxcarbazepine Gabapentin Z de 2ol WYL EE maximal electroshock
Remacemide Eterobarb seizure(MES) test9} pentylenetetrazole seizure
Progabide U-54494A (PTZ) testo]th. MES test= ¥EZT T
Vigabatrin D-19275 transuricularol] 2 7]24}=& ¢4 tonic hindlimb
Stiripentol AHR-12245 seizureE FZAI7l= WY OE o] MES testo] Z
Nitrazepam e FEua gdzte] JAPEHE 83,

PT = a2 c}' % o
From Rogawski and Porter: Pharmacol Rev Z teste] Ahe Gl FRdade S8
42: 223, 1990. t}(Table 2).

Table 2. Proposed mechanisms of action and spectrum of experimental and clinical activity of estab-
lished and newer antiepileptic drugs

Drug Mechanism Experimental models Human epilepsy
Magimal electrochock ~ Minimal sc.  Electrical kindiling Partial Generalized
seizure test pentylenetetrazol  {(focal seizures)  seizues seizures

(tonic seizures) test(clonic seizures)

Tonic and/or  Absence  Lénnox-Gastaut

clonic seizures  seizures syndrome
Established
antiepikeptic drugs
Carbamazepine | Na + - + + + - -
Phenytoin I Na* + - + + + - -
Valproate | Na*, | GABA(Y) + + + + + +
Ethosuximide ) Ca’* - + o« - - - + -
Phenobarbital | GABA, | glutamate(?) + + ’ + + + - -
Benzodiazepines | GABA +/- + + + + +
Newer
antiepileptic drugs
Vigabatrin | GABA +/- +/- + + [+/-] (%] [+]
Gabapentin | Na'(?), § GABA(?), novel binding site(?) + +/- + + [+] [+] at.
Lamotrigne | Na", additional unknown(?) + - + + (+] [+] [+]
Pelbamate | Na*(?), | glutamate(?) + + + + [+] nt +

tor | signifies that neurotransmitter or ion channel function is increased or decreased
+: anticonvulsant effect, +/ —: weak effect, —: no effect

*: may exacerbate seizures

n.t.: not tested

[ ]: preliminary or anecdotal evidence only

From Upton N: TIPS 15: 458, 1994.
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a9je) A3 HAS AL F JE 4E
2 = bicuculline, picrotoxin(GABA, receptor an-
tagonist), strychnine(glycine receptor antagon-
ist), NMDA® kainate(excitatory amino acid re-
ceptor agonist)F o] 1on, HAl T3 clonic
T tonic seizureE FZA|Z 471 ok MES &
= PTZ testoll A &3S Fx317] A A7 A=
Y 2, pentylenetetrazole2 HALF L T3}
PAHAAZA 7tedNe FEBAY L/FE
F7F dedl, o] AL =7l AA A7) =S
3 model} 3}8t k2ol 93 2 modeld)
FollA Al=s) Roleorgt gk o yolzbA A
X5 EF HXojde FE modeldl A FAH
o] a9E HESH 1 49 Wyl FHEY o
F7HA717] HEQJA Ee e AE 1)
AAE #AZE 71 vk = & 72 model
¢l kindling model2 1967'@ 7Rutiel 4lg stz
Goddarde] S}siAd TtE WWOE B amy-
gdala, hippocampus, cortex5<9 &4 H9E wr&
Aoz woldle] Fx2 H7|AF-& WY Z7I
FojA wzto] Qe FEZE WHEA e RS U

owfﬁm‘l'k“

2 2 x4t o of [0 rle

Ma g lo

Table 3. Mechanisms of antiepileptic agents

o} ojw o] B2 Abghe] REW E= 231 M2
B2-g dodle FELT FAMSITh £E @t
g3 FFHFEHY] {5 = amygdala-kindling mo-
del®} 22 5 F oA HEsSE o] v st
o} Kindlinge] R =5 52t JAPA ] g8
s BL gE o HA{FE FEAN BiE
epileptogenesis 71 4-& ¥3]+ w7l 2t B}
TE FANE S5 232 P55 2 AGZGRE
Fuske 7 Q71 wWEe EEEAR} JoWEA
= A0 Agadg AA7IEE 2t e o
Aol Mg Hasi)

ME2 ZHIX| 22X JHeel 2

71&9 gAAA 9 HLrlde dide H2d
Rogawski ¢} Poter(1990) 2 Pisani $(1991)¢) <]
;A Zledn Jdod, A 7|HAL AA IR =2
73 2 F71 vk A, GABAY 93 A7 A
9] 33}, X, glutamates 9 FEANAAG] o
A, A, Ca®™, Na*, K* £ AlZ= Az ¢
3 Aoz gAY 4 oni(Table 3), A2 kA

Drug Mechanism
1. GABAmimetic drugs
GABA, agonists GABA t
Vigabatrin GABA t
GAD activators GABA t
Partial or subtype selective BDZ GABA ¢
receptor agonists
GABA, receptor modulators GABA t
(«-EMTBL)
GABA, antagonists ca™t (D)
2. Glutamate receptor antagonists
NMDA antagonists Glutamate |
Dextromethorphan Glutamate | (?)
Glycine/ NMDA antagonists Glutamate |
AMPA antagonists Glutamate |
3. Drugs which modulate ion channels
Flunarizine ca®t 1 (7)
Ralitoline Na' |

4. Drugs which act by other mechanisms

Milacemide
Taltrimide

Glycine 1 (?)
Taurine 1
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o] AFATE o] H & BHNA Alx=Ho] Kt
1. GABAN MZATEA A4S

ZtA 3 GABAS] ol thsjA = 1957 Killam
7} Baindl QA FxE2 FFHJoH, 1960F
Killam $& % &4 hydrazidedl <3 #2249 73
do] GABAE Z2A o2 A7 FARE o &4

= AL Rusgrh 1 £ e E5471x GABAAL
AAL ANt 2H G BAAF A YT
2o A¥AREo] Busoe] for §3PA Y 7
we s AdFH o= GABAY 71%5& FAAII
= g e FHE SAHAT 71E] A
barbiturate, benzodiazepine, valproates 2] 373 ¥
7149 AR GABAA ARAAZLEE F2A7
£ Zgol UA% GABAFEAF GABA,FEA=
chloride©] &3 GABA, receptor-chloride complex
2 o]&31 o2 o] complex ionophoreo] ZH&
3} =& chloride channelo] T3 GABAY] #&-
S ZAAFA ok o)y FEEL IFE WA
o] & AW EY FHZole GABAtransami-
nase(GABA-T)Z}+= GABAEHALE AE=R
# ¥ GABAY &3 F7HA71E A7 L H
9th Progabide: 7tEAjo] Z3toA P4 o] &L
Ao st

A, Vigabatrin

1974'd GABA transaminase(GABA-T)¢] H|7}
94 AN AL A=A GABA-TS A9
o3t M) GABAgFo| edF<t =4 FXdrh

Vigabatrin2 MES, PTZ test ¥ kindling model
AN FAAEI} Yehbe E3H RETER 8319
50% 2 ojAole] West syndrome, Lennox-Gas-
taut syndromed| M= 33& &3} JFHAT o
WAooz Hage Wa AT NEE wtou g
83 22 AAAH 2ALo2q o 1.5%2
vl 2 Jeh}s (Grant and Heel, 1991), o9 4l
49 EAZE YYD A SFE HE SR A
] &93cH(Trimble, 1991). SFEWAIF &4 5
WF 30%9 AP A RAYE, AlgelA] B
He gley BEdMe Bl Hza &7
microvacuolization©®] #&7]%<jo)) 9J3le vreldtt

Nl

B. Tiagabine
TiagabineS prototype GABA uptake X} TAQ]
nipecotic acid®] & ZAEMX synaptic cleftZFE

glial cell¥} nerve terminal2 GABAR &4 #4&
JA S 2ZH APgLado) GABATEE J7HAIe
z}go] rt. Amygdala kindlings &3 MESE A
Qg 71d A TEAA EHE BAY(Pierce et
al, 1991). ¥ nipecotic F=A CI-966([1{2-[bis-
4-(trifluoromethyl) phenyl]-methoxy]-ethyl]-1, 2,
5, 6-tetrahydro-3-pyridinecarboxylic acid)+ A3
Hoz frd RESFRy ANE FH7t FO
\} %%, Parkinsonism% 9] AZ A F-2H80]
A3HA JebdtH(Taylor et al, 1990). YRtz o=
GABAA 7)%% Adzog /e FE8& A4
AH gzrgo| B3] LAt

C. 71€}

SKF 100330-AE GABA AFF 2AAA<Q guva
cine®] Fr=AEZA MES testol: &I/} glon
kindling modelolx= &37} th(Loscher et al,
1986). Al AW GABAS F7ke @4 #A3t=
&A2 glutamate decarboxylase(GAD)E &4d3}
stmEM dojd 4 e olg g F-EL valpro-
ate, 3-alkyl GABA, 3-alkylglutamate, 3-isobutyl
GABASE zi it} 3-isobutyl GABAE MES
testo] &7} 1tk GABA, receptor complex|
benzodiazepine binding siteE Z-f314 GABAA
248 Zy}A]F) = HE = & benzodiazepine®] par-
tial agonist$l bretazenil(1, 4-benzodiazepine)#}
DN -2327(2-(7<hloro-1, 8-naphthyridin-2-yl)-3-{2-
(1, 4-dioxa-8-azaspiro[4, 5] decan8-yl)-2-yl)-oxoe-
thyl] 4soindolin-1-one), benzodiazepine subreceptor
selective agonist¢) abecarnile] 1t} Bretazenil,
DN-2327 2 abecarnild HSolE FEAAZ /NE
A9y $AEER FEHALH, diazepam©]
1} clonazepam = 9] nonselective agonist 2.t} <&
Jeo| A ¢hAsittn §oh(Haefely et al, 1990)
GABA, receptor complex®l benzodiazepine re-
ceptor 9Jol= o7 AFRAZF Y2 (Fig. 1)
chloride A= 3 gL GABAS Z&2 23
A4 4 Ut Barbiturates IFEANA AH
chloride channelol] 283t A=AE S7HA717]
= 3kR|9, chloride channelo] EHUYe AE 2
A #EZH GABAY 8- F3AXt}(Seighart,
1992). Progesterone® desoxycoritisone®] THAME
4, alphaxolon, avermectins& GABA-stimulated
chloride AEAS Z7}A71™ (Sieghart. 1992), a-
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GABA
barbiturate |

picrotoxinin-
TBPS

a Ro54864

Fig. 1. GABA, receptor complex

EMTBL(a-ethyl-« -methyl-¥-thiobuty- rolactone) &
GABAa receptor complex®] picrotoxin/ TBPS(bu-
tylbicyclophosphorothionate) bi- nding sitedl] 2
#otd FFAEARE Jepdth. 299 GABATE
AL gE Fol Ro548649F Zn™" ARl 243}
£ HER GABAA 7" 2L F 471 Atk
GABASGEA| = a, 8,7, J, p subunit2] pentamer=A4,
o} $- heterogenic3} 7-ZE<|tH Mohler, 1992). w=}A
benzodiazepined] 2|3 GABA2] %48 2 benzodia-
zepine2] intrinsic efficiency+= benzodiazepine
LA o1gd Wt dz4 veld 5 glom(Mo-
hler, 1992) diazepam®] N FA=§, FHE2E,
Zo|¢aE, EAsA2EF g 242 non-
selective3} 7l benzodia- zepineF+&AE ZAHF3l:=
Zlo] ol 1, 119) subtypes &7 B8 A F= 3
ot Azbeie), ko 2 GABA, receptor complex®|
heterogeneity, 19| 715 2 ©¥d 55 AFAA
o Agste FE29 FH U3 AFE FHFEAY
Ade] B THE VHAE & Ao 443
o} GABA,F&A 0 gt 2T ofz}, HIZd
= selectived GABA,F&A YA CGP-35348
(P - (3 -aminopropyl) -Pdi -ethoxymethy! - phosphinic
acid)2 FHA baclofeng ©]&3ta] &zt vjA&=
GABA 849 ZH80) A7H T Ut GABAF
8= Gproteing AFatd] AAMEY KT AEE

F7HM71 3, Ca T AES g2 Al7lE2R A7 ¥
E-& gAgtt sl (Bowery and Pratt, 1992),
baclofen®] A& g FE7 Ayolir & FAn
o 93 AAAel7IEst, FAAA 7= 3t}
3 §+th(Loscher, 1989). CGP- 353482 MES test,
PTZ testol= &3} o]x] E3l} absence seizure
= EHF o, 71 WL T-type Ca” channeld] =}
L3le= Aoz F&FH1 i (Porter and Roga-
wski, 1992; Brown et al, 1993).

2. Exicitatory amino aciddl MAXEH 242

Glutamate AZAGA o]go] ALz i)
b RuEe] 3 S8k lvh(Dingledine et
al, 1990: Mutani et al, 1991: Meldrum, 1992;
Los- cher, 1993). Excitatory amino acid &)+
A A 37}A ionotropiceld =, NMDA(N -methyl -
D -aspartate), kainate @ AMPA(a-amino -3-hy-
droxy -5-methyl -4 -isoxazole - propionic acid)$} 1
7}A) 9] metabotropic rceptor’} $1tH Watkins et
al, 1990). NMDAZ£-A9]+= strychnine insensi-
tive glycine-binding site®} polyamine, phen-
cyclidine 2 Mg*" binding siteS9] allosteric site
o oA 1 7]Fe] 2FETE V&9 HAXEA
9l phenytoin, carbamazepine, valproate® ©]:-=7%
= NMDAF&A W3 A4 21 U]
o] ¥ Aot NMDASGEA Auhdk S8 3t
AWgo] oz PN S, o] HPPANFA
3e goy) == (Rogawski, 1992) NMDAS &4
AgrA 9 ML Fas vz} Aok A

A) NMDAS &3 AgtE

19573 ulFHAZ /LYW  phencyclidine
(PCP) # ketamine2 ¥]7% 3 d NMDA ZA A 24
FEAFANAN FAFD AT SFHAAT FAE A
Hargol JojM A4 SEEAE AUATH
MK-80194] Flo] Evdxe & BAAA 23z}
£o] Yelhjnz Ao o] &3hA] eFgkrt. 1982
Meldrum@7ge] ¥E APS5, AP7%E ZA7FAA
A o] §-5o| A Z3lA blood brain barrierE ¥}
kX £z o3 A3l ci(Croucher
et al, 1982). &t¥H, D-CPP-ene(3-(2-carboxypi-
perazin -4 -yl) propenyl -1 -phosphonate), CGP37-
849(DL -[E] -2 -amino -4 -methyl -5 - phosphono -3
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-pentenoic acid), 2 19] esterd CGP39551& ]
+ol= PCPY A& ZNrt &5FN7t o] &
= 430 ReY o WA FHEFE] ot
391 2} (Rogawski and Porter, 1990) < amy-
gdala kindling ratol Xl E37} gl A2 HEA
o2 B33 REdad AHEE 7 gA HJ
(Loscher and Honack, 1991). Kindling Ak 7} 72+
o B g o Aot HFPo &3t
E A% EZ, kindlingFENA Holg yFW3
2 AR Vel & e F5FNE 98
7} 1tH(Trimble, 1991). 2o D-CPP-ene°l ¢
gof o] &5 Qo Lo R g o, nPH
oA, AFEZN, A4, 2 FEHIAZ Jdesc
(Trimble, 1991). A= J2] competitive NMDAZ
A= 53] limbic epilepsy®ztoll A P41 2
278& RolEEX d4sE At ErE
A% AHEH7F Q= S dextromethorphano] ¥)
A NMDAZFZEo] glon MES test,
NMDA, 48], amygdala kindling @¢&ol] 37} 20
Sl A A& 7|HLe REXR 19 o
A 22l dextrorphan® dextromethorphanX.t} Tt
7243 FAHFREy NMDAZZ &7 UtH(Ro-
gawski and Porter, 1990). PCP¥ *-Z8-0] dex-
trorphandll A} WEI}X]TE dextromethorphanol A
= vEUR goeozgy, O % FE LA
v}=1c}ar 3 (Losher and Honack, 1993), 39
dextromethorphan®] <F2]2&0] NMDAZ 3 3H&
o} o}1}2} voltage gated calcium channel® sodium
channel?] JAzLe) o3t B3% ¢h(Net-
zer et al, 1993).

B) Excitatory amino acid2l 7 Aol #-&-3t= o8

GlutamateX A7AZH L glutamatef-3 & <Al
Al71E &7 NMDAF £ complextiol A& o
3 - X9 (Fig. 2), & strychnine insensitive
glycine site, non-NMDAS€3] ZA3Al L polya-
mine sited] <A FEE 7} AH Rogawski
and Porter, 1990; Carter, 1992. Meldrum, 1992;
Loscher; 1993a). Low affinity non-competitive
NMDAZ A2 ADCI((%)-5-aminocarbonyl-
10,11-dihydro-6H dibenzo-[ a,d]cyclohepten-5,10-
imine), memantine, 2 dextrorphan¢] 1t} Gly-
cine strychnine sensitive glycine receptorXt+=
NMDA4& AW 9 strychnine insensitive glycine
receptore] F&3e JAAY AFAGEZ.
Glycine/ NMDA<€A 2349l 7-chlorokynure-
nic acide= &9 HAHFREFL AAA 7Y, kin-
dlingell 2§ AT AAAIFIA Kot Gly-
cineF &0 ZL3te FFe] FARPUEHARE E
& =&o] Qlt}. Polyamine sited] 23 A9} selec-
tive non-NMDA(AMPA, kainate) Z3A+= 37
HA 8-S dogyg. FHZoE non-NMDA gluta-
mateT22| 9] benzodiazepine site7} WZEo],
o] B-97F ABAFANEA Mol MEL HH o] 5
3 AtH(Donevan and Rogawski, 1993: Rogawski,
1993). Metabotropic glutamates 83| = polyphos-
phoinositol hydrolysiso] 23] 283} (Watkins
et al, 1990) o] &4 &3 A = presynapseo Z&
8le] glutamatefe]l & A tEEA FFPEHE
Jrebd o} (Sheardown, 1989). Lamotrigine® opioid
kappa &4 EHA 2 benzamide U-50,488H%

Extracellulor

i

Intracellular

Transmitter Glycine Channel Polyamine
site regulatory site domain regulatory site
L-glutomate Glycine MK 801 Spermine
NMDA D-serine PCP Arcaine
CGS 19755 7<chlorokynurenate Ketamine lfenprodil
HA 966
J~—

.?/

IARARRARLRARARARR!
UL

Fig. 2. Schematic allosteric sites of NMDA receptor complex
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glutamatefF8] € A2 2  excitatory amino
acid agonist$] NMDA, kainate, quisqualate, elec-
troshock, soundol] €& AHE JA A ZIH(Rich-
ter and Loscher, 1993). U-50488H¢} F=H =4
kappaT&A ] o3 AF 2L WUFY #Fo] A
U-H4494A% 7IE= A H(Von Voigtlander et al,
1987).

3. lon channeld]| 2235 242

ALY FE2 ME W] iond] A3}el] 23]
Al dojdth 2% RE FAAAY e AWA
ot AZBMEL] vt Lo o AstE Zefshe A
©]E2 jon channel®] 27 B 543 79 A
Hozg ZAgde GFEe sfHo] o]FXn JYrh
Ion channeldll & 37 ligand-gated$} voltage-gated
channel®] Sled), Hd3} FHEQYE ligand-gated
channel2 GABA-gated chloride channel, NMDA
receptor-gated calcium® sodium channelo]™,
voltage-gated cationic channel sodium, potas-
sium 2 calcium channel®)t}(Faingold, 1992).
Phenytoin, carbamazepine, valproate®] ##73H8F
2} 2 lidocained] status epilepticusol] & EH+=
voltage-gated sodium channel& ®JA|&t= 8o
o3t} oA AAFME ¥ golM= sustained
high frequency repetitive firing(SRF)¢] A=
1}e}}e (Macdonald, 1989), voltage-gated sodium
channelS A X7 28-S 712 kA 2 & oxcar-
bazine, topiramide, zonisamide, remacemide %
ralitoline’s°] %It} Potassium channel A<
aminopyridine, guanidineS Z @& Y73, pot-
assium channel activatior$] cromakalime 73 &
A¥E o} ady £ 9] potassium chan-
nel®] #ojo og FAAA = 15} HH 5
2 FA St a9 917 uE o (Porter and
Rogawski, 1992), ©] A9 <=2 blood brain
barrierE #E & g A= JNEHojolwt &
o AR BE 24 2 A% calciume
w9 F83F AR 7)1 Yok AL ZA] 9 cal-
ciumfr o] BolA = calcium® MEW 32
voprbx 7hAREE ollEr BE AZAEFe] d9]lo]
=}, Voltage-gated calcium channeloll = 4714 %
, T, N, L&} P typeol It} (Faingold, 1992).
Phenytoin, carbamazepine, barbiturate, benzo-
diazepineA| ¢FEo] AAAZEY calcium® FUS

AT Aoz &EA A+tdl, barbiturates
£3] L type™} N typeE X't3lH, phenytoine N
type® T typeE A3t} 2 ethosuximede:s T
type calcium channelS x}©3}=u)| o]z ] absence
seizured] 8.3 71A Y] W3 A I (Coulter et al,
1989). 3} phenytoin, carbamazepine, barbitu-
rate, benzodiazepineZl”} calcium®l -f<¢J&ulol)
2 Al ¥4 calcium®] ©]%F 5, calmodulin kinase II
g 4% JASEEA calcium& /AR 2
EZog o] GEES FHAFELo HFPHL=E
calcium current& ZE3=x], T AEW cal-
cum¥g ZRFI=AT obF A Foh
Audiogenic seizure mice®| A calcium channel 2}
A Fo] 7 o]fE 8438 REA% phenylalkyla-
minefr 54?1 verapamil¥} methoxyverapamil
g7 A o @3]8 ¥ EA clonic-tonic
uz}-g o o 71t} Dihydropyridinef+ =& ¢! nifedi-
pine, nicardipine, nimodipine, nitrendipine®} di-
phenylalkylamine?] flunarizine2 ]2}, ben-
zodiazepineZ| diltiazem &3}7} FrhH(De Sarro
et al, 1988). Kindling model9| X% verapamil,
nimodipine, nitrenedipine2 &7} {11 flunari-
zine2 &7} 94H(Mack and Gilbert, 1992). &
1} nimodipine®} ni- trendipine2 PTZ testol] &3}
7} 943 strychninecl] ¢]3F @zlyl NMDAo] 2]g+
uztoll = 2371 gitH(Dolin et al, 1988). Calcium
channel®] T, L, N-type2 X}©@3}= flunarizinel
3 FF ARGl 71 go] ArHo] A=d I
39+ phenytoin®|Y} carbamazepine® -A}3}
Al MES test, PTZ test, allyglycine, bicuculline,
2 audiogenic mice?] tonic seizureo] &7} 9o
U PTZ test 2 audiogenic mice?| clonic seizure®l
= &3%71 glth(Vanden et al, 1986). Refractory
seizure $212] 30%°0 4 &E#7F eptA T, 3-8
o7 FAYE F4 YeBE FVEA3e A
2 oJgrh 1 99l sodium channel$ Wafiste o
© 2 ralitolineo] HZ /I = ArH(Fischer et al,
1992).

4. 7|E} 22

GABAA X glutamateXd AN7ZAAGo)} &AH &
o3l Ze9d ¥ TS Al OdS9 FAZ
At}
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A) Milacemide

Glycine?] ZFofgolgln & 4= glow, glycine
B} FA40] wopx] FREAA Uz AEH ] o
A ANAHAGEA glycine. 2 AFHAT) oo e
GABA $43%4¢ GAD® monoamine oxidase A
¢t BE A5l 2-40] 2rh(Rogawski and Por-
ter, 1990: Semba et al, 1992). ©] °}E A}A <] &7
HZ-8-2 bicucullined] ]38 BAE 2o & L}E}
ARl ARl M e v ksl (Roba et al, 1986;
Rogawski and Porter, 1990).

B) Taltrimide

Taurine®] FXA0)n], GABAA AAALA 9
neuromodulator 24 AZAAME2] FTEAL JAA|
Aok HZ9] o] oshd Ao gu}
Jet, RENFNE F347t 9tk Rogawski and
Porter, 1990).

7|&E SO RHLUZAS srAd=dx|

3718 A7k Lzt 7)d 9] o)2F wjAHe) =A
F EEo] NI YT BFeT A4 YA
A EHIL e FAPAE 7E2IA 2 2y
BERT Ao oM FolyUrh Foz%E TS
o] Ao F2A Wolg dAFEH o AHQ oF
Eo] =g n Qe

1. Clobazam

197539 B =R LA 1,5-benzodiaze-
pine2. 24 1,4-benzodiazepine#l (. diazepam)oi]
el AFAE 2 25 goNrt HekA growy
amygdala kindling 553 &2z, Hawz pi
o ¥FEaIAE vepdth 28y yAo] wa] A
71 @3 o] AtH(Schmidt et al, 1986; Holland et
al, 1992).

2. Eterobarb

Eterobarb+ N,N’dimethoxymethyl-phenobarbi-
tal24 1960%dt) Fulo] Wz 4w FAFY=go)
g1 phenytoin©]u} phenobarbital® GA}3 &7
#2848 JYEl & anticonvulsant barbiturate ©]
T}(Loscher and Schmidt, 1988; Wolter, 1991).

3. Felbamate

Phenytoin, carbamazepine, ethosuximide®.t}%

tAstn FHAES7 Atk FEFA meproba-
mate®t FZ2H 02 FALE dicarbamateZ ©) o
Y] 2 (Wallace) Aol 2lal ARE }Eolct. EEoj
Ae] &3 A EIE valproated} §AFSILY, A A=}
€& ZH(Duane Sofia et al, 1991). 2147 d-& 3
AXe oy, o NMDAFEAH 239
strychnine insensitive glycine siteo] 3l 2}&-0)
ASo] RRHAH( McCabe et al, 1993). z&jr} =2
223 3ol phenytoin® carbamazepineS H &
a'H &yl Foa 3kAwH(Leppik et al, 1991;
Bourgeois et al, 1993), felbamate™Q 2 o] &3}

%= 1S H AtH(Sachdeo et al, 1992; Faught et al,
1993). 5+ A -¢-%2& Lennox-Gastaut syndrome®]d,
FREL FEEE Ve, M £ 24 &
FABASH(EBA, A71F, FF, 24, B3%F)
I AZZN (LA, TE, A &5A)o]t},

4. Flupirtine

8 FYFEo] e USAZ FHINAN Bl
™ carbethoxyaminobenzylamino-pyridine &%
A F2l st}olt}(Seaman et al, 1986). SE o)M=
MES test, PTZ testo| A 337 d&37} Ve,
Aol A= refractory partial 2 absence seizure
of wle¥gt a#rt Aok H2o A 29 FE3)
D-20443(5-(p-fluoro-benzylamino)2-ethoxy carbo-
nylaminoaniline)©] &&] %294 modeld A 3
AstAl FABFEo] 2ol B 5 Y Nickel et
al, 1993).

5. Gabapentin

19709t o)l GoedeckeollA] 7l Qlo, 7]
AL A= gout GADE 84 Al7M
(Taylor et al, 1992), sodium channel® 2}gHal=
Zk-gof Qlth(Wamil and Mclean, 1994). Partial
seizure$} generalized tonic-clonic seizureo] AM&E]
o 238 FHaldbabg dodte REwRd 714 g3
7h Aok 228 H= glov &%, 92, B3
2 A71F 5ol & F UtHGoa and Sorkin, 1993).

6. Lamotrigine

19708 2 folatet A}S WHal sl EA = RE) vt
AE FHYAZA (Yuen, 1991), atypical absence
seizure, juvenile myoclonic epilepsy, Lennox-
Gastaut syndrome$ B|E£3}e] REukziyl A
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sodium channel& g3}y, 3] glutamate2]
22 A cH Yuen, 1991). R&E&2 H3A &2
U, 23044 2oz @7F, 233, EF
eldt}H(Goa et al, 1993). ¢} 2—3%¢°l A= Ste-
vens-Johnson syndrome©| A&, o] val-
proate$} ¥-&A] lamotrigine®| WA} A HEZ
o & vepdth

voltage sensitive

7. Nafimidone

Phenytoin® #A3t #4-& el imidazole
$ %4 o} t}. Nafimidone =39l denzimol, CGS
18416A©] 1 tH Buhles et al, 1986).

8. Oxcarbazepine

Carbamazepine @} -AF8}7 voltage sensitive so-
dium channel® X93te 73 EA ot Carba-
mazepine® YL ow, 19 alternative
drug© 2 A}4-EL}, skin allergye 2t} HA e
1}3 hyponatremiat ¢ £3&HA vebdti(Kloster-
kov et al, 1991; Schmidt, 1992).

9. Remacemide

Phenytoin®] 3 dimensional TZ&¢ 73l
wA" kx| 24 phenytoind §AE A HEEES
VFeRHH, non-competitive NMDA Z 4| o]t} (Ro-
gawski, 1992).

10. Stiripentol

Ethlene alcohol series®ol|A] @749 JAHAZ
M GABAAESE oAty GABARAE A3t
o M) GABAZZE F7HIAth d8rtA £
wralel] §3}7} 9121} carbamazepine, phenytoing
2] YAIE Assinz HeAoE BtEA Aok
3t} (Vincent, 1991).

11. Topiramate

Do R84 ALFo] 29 sulfamatesubsti-
tuted monosaccharideZX A 8+at 287142 g
A A kot GABA 2 $ chloride S S7HA
itk st MES testol &37F o, PTZ test
o= &77t gich

Refractory partial seizureo] &7} JoH

A=

carbamazepine, phenytoin, valproate$te] &4

328¢ gltH(Rogawski and Porter, 1990). %2t
g02 AAF, 7EZF, Eu), AFHaTFol e
[2g= 0

12. Zonisamide

19708 t] @ A2 9] Dainippono| A 73 ko
2 EEZ modele)] MES testille= A7 o,
PTZ testol= &7t fith. Algol A= refractory
partial seizure, myoclonic seizureo| &#7} 1ot
290 7|8 QA renal calculiz} VeI, 717
&3 nage g3 BiiAoti(Rogawski and
Porter, 1990; Seino et al, 1991).

4 &

A2 20-30d ojllol] B F79 AF FAHUA
So| ALHYh &L A HFE9 7N =A
3 o] ol 71E9 BN FFAAEE A
M Fo Zgto] wAE Ao YRFolArh F
A7 A9 o|l&e] 273t F, dA GABAAY oA
2 27X 9= A, glutamate’d AR ZTES JA
A7)= oA 2 calcium channeld 93t HAE
ZAoz HAd oL 7|& IRUAZ ANT 7
20 o] FESo] 2 FFHE UehlA Z3tTh

1 ol fE otk 71E9] FAHAA 9 71H ] &7t
%] olate] 71Ro] 9@ Agolhon, Az fEd
bz e JdRME Bt o Ao At 1
& Bz 7 2REA Fgsste ol WsE 23
e Agtoloz ojd 71A /X AHHQ] *E
392 Mg seEs AAdA e 7t 27
29 Aoz AztEth 2y olHT W A9
ol Bgo] Qi AFBESL +A A, Wl
A 712A2L ol 4FFHez A 79H
At oz olE e LHAE o83 TEY &
ol Wa] 71Rg ol o|3E =E FAYUA
el olgsled wAge o A, FAAIIAE
Z FEg Ftats do) HA S AHEE Zolgdn

Azrgo.
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Development of New Antiepileptic Drugs

Soo Kyung Kim, MD

Department of Pharmacology, Keimyung University,

School of Medicine, Taegu, Korea

Epilepsy is one of the most common disorder of man and one of very difficult disorders to manage in

medical practice. Although estabilished drugs have been used, they have also proved a lack of efficacy

for several types of seizure. A large number of candidate drug used antiepileptive drugs are undergoing

preclinical and clinical evaluation throughout the world. Now, felbamate, gabapentin, lamotrigine,

zonisamide, vigabatrin, clobazam are promising of new generation of drugs in epilepsy management.

Our purpose in this review is to consider the basic mechanism about currently used new antiepileptic

drugs and newly develped drugs. Also, through the history of discovery of new antiepileptic drugs, we

are going to approach to the next generation of epilepsy in pathophysiology, pharmacology, and medical

practice.

Key Words: Antiepileptic drugs, Development



