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Epilepsy is a disease characterized by “paroxysmal, hypersynchronous, and excessive electrical discharges’. Despite
long and extensive research on epileptogenesis, clear explanation of the basic mechanisms of epilepsy has yet to be
established. Considering the diverse etiologies of epilepsy and experimental seizure models, a seizure has many mecha-
nisms affecting single neurons and its neura circuits. Epileptic neuron has the ability of spontaneous depolarization and
firing. To achieve depolarization, these neurons tend to have increased membrane excitability by interaction of neuro-
transmitter receptors and ion channels and synapses, but excitable single neuron does not necessarily mean hyperex-
citable neural circuit. Synchrony, burst, and neural interactions are required for the spreading of the electrical dis-
charges. Increased membrane excitability is mainly achieved by increased influx of calcium and decreased potassium
and chloride transport mechanism. With this membrane excitability, paroxysmal depolarization shift (PDS) needs
synaptic excitation represented by giant EPSP. Synaptic function is mainly controlled by neurotransmitters such as
GABA and glutamate. The imbalance of these important neurotransmitters has a crucial role in epilepsy. Synaptic reor-

ganization and associated change of neurotransmitter plays an essential role in chronic epileptogenesis
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2. Epileptogenesis: Cellular Substrates
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3. Epileptogenesis: Biochemical Substrates
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Figure 1. Epileptogenesisin the cortical structures.
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6. Epileptogenesis of partial seizure (Fig. 1)

1) Factors underlying the development of interictal
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ClO OO0 0000 synaptic inhibitionD 00000
O0D0Od0O O0. 0 00 synchronizationaxon termi-
nall arborizatiohOO burst discharged tightly
packed celld 000 OO (ephaptic interaction), 00
00000000000 spread OO0 OO0 ODOO O
OO0 odooo ooob O oo oo ooo a
0000 0000 000 000 000 0O o0o ooog
0O (Table 2).

3) Interictal-ictal transitions

000 0000 00000 Do0ooo ooooo o
0O 00 00000 000 000 oooOdepolariza
tion shift (DS)J OO0 OO0 O0O0O0OO. 000 OO
0000 000 00000 000 00000 ooo o
OO0 000 000 ODo0o oooo oo ooo oodg
0000. 0000 oOoooonO DsSO voltage-regu
lated intrinsic membrane currents 000 00O
0 000 000000 000 DOooo2 Ooo ooo
000 DSO 000 0D00UODO OO 000 Oooo oo
000 00000 bso 000 000 Oooo ooooo
OO0 000 0000 oogo.

0000 000 0000 00000 0000 oooo
0O 000000 oooooD.oooog oooo ood
000 OO0 OD000 increasing excitationd O
decreased inhibitionD 0000 O OOO regenera
tive cycleD 000 OO OO0 OOO circuilh OO
000 000000 postsynaptic inhibitionD OO0
OoOoooocooOOocrooooooo cABAIOO
00000 OO0O0OD0O ODODOO OO0 excitatory cir-
cuit 0 000 OO0 excitatory connectionl OO0
OO0 000 0000 000. EAASD] OO OO0000
000 OO0 OO0 NMDA receptor antagonistd
ictal discharged 0000 000 0000 ODOOOO
O ictal dischargel O O0O0OO0 OO OOO 0Od O
0000 0000 0D0O00 o0oo. 0 0o ooooo
godd bobob0o o000 oo bboobo booo
OO0 OO0 OO O second messenger system [0
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OO0 O 00 Keceurrent 000 O0OCOO.O OO
afterhyperpolarizatidh 0000 repetitive dis-
chargél 0000 OO OOO.

4) Epileptogenesis of partial seizures

00000 00 epileptogenesis 000 OOO00O0
connectivity 0000 0000 OO0 O0OO0O OO
000 0O O0O0O.00 0000 inhibitory synaptic
circuit 000 OO0 OO0 O0OOO0 OO0 OO O
00 00000 0000 00 o cauod phosphe
rylation 000 000 OO GABA O0OJ0O0O down
regulation, CI transport systemd 00 00O 000
00000 GABAergic circuitl 000 OO0 inhib#
tiord 0000 OO0 O0O.00000 GABA OOO
0O 000 000 OO0 oDooooo oooo gogo
000 DO00O00O0 oO0oOdOo ion channeld OO0
000 000 D0 000 000. 00 EAAD OODO O
00 epileptogenesis OO0 OO0 O0OOO OO0O
0000 000 0000 000 epileptogenesis
oOoo0o0O OO0 000000 ooooo oo oodg
000 OO0 OO0 OO0 epileptic neurond gluta
maté] 00 000 OO0 O0O0O0OOO OO0 OO0
0000 OQ0 000 OooUObO o0 ooodo oooo
OO0 OO 00O 000 sequestration 0O0O0O. O
00 OO0 0000 endoplasmic reticulum calci-
um ATPasell OO0 Ca'-induced Ca” releasél [0
0000000 oooo.e

Ammons horn sclerosisD 00O 000 00O O0O0O
OO0 OO0 OO0.00D00Oo@HsSY ooooo gooo
0000%* 250 000 00 Sommedl HSO OO0 O
000 000002000 oo O pPflege OO0 O
00 0000 00000 DO0oU0oo oooo goog
0000 000002200 197100 198100 O
00 000 000000000 HAO 0000 oogo
0% 00 glutamate receptord] OO0 0000 OO
000 000 00000 HSO oooooo oo o
00 0000 000 HSO 000 OO0 goooo o
000 0000 000000 000000 oOoo TLE
0O 00000 0OO00*® 000 000 HSO Oooooo
00 HSO 0000 HSOOUO 00 000 0oOooOo oo
O00. 0,000 0000 glutamate 00O 00O O
OO0 0000 000 OoUo oo 0 god c-fodl
c-jurd 0 immediate early genel OO0O0O O OO
growth factor, BDNF 00 neurotrophine 0000
TrkB, TrkC OO neurotrophine OO0 0000 O
000 000 sprouting OO0O0O OO. 000 OO
00 00000 Slovitier’d OO0 granule cell
layerl 00O dentate hilusl mossy celll somate
statin-containing neuronl 000 O0O0O0O O0OO
GABAergic neurond OO0 OO OO0 OO0 OO
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Figure 2. Feed-back and feed-forward inhibition. Excitatory
input (1) excites the principal neuron (a) as well as inhibitory
interneurons (b). The interneuron then inhibits the excited neu-
ron and its neighbors (feed-forward inhibition) Spike propaga-
tion down the axon of the principal neuron excites the inhibito-
ry interneuron via axon collateral (2), which in turn inhibits the
firing neuron and its neighbors. (Feed-back inhibition)

0% 00 mossy celld OO0 inhibitory interneu-
ron (bipolar cell, basket cell) feed-forward
inhibitiod feed-back inhibitiond OO0OO gran-
ule celll OO0 firingl O0O0O0O OO0 DOO(Fig.
2 Dormant basket cell hypothesis). 0 00 OO0
Tauckl Nadler (1985)0 0000 OOODO excita
tory dentate granule cell mossy fiberdd 000
proximal dendritic fieldO O sproutin@ OO OO
O DO00O0O0D0OO0 afferent inputDl 0000 OO0O
OO0 00000 monosynaptic recurrent excita-
tory circuitd 0000 OO0 OO0 .2(recurrent
excitatory circuit) 000 OO0 OO0 OO0 new
ronal reorganizationd 0000 OO 0O0O0O
enhanced inhibitionO enhanced excitation 00O
oo oD Dooo.

MTLE OO0 OO0 OO O0ODOO 000 hyper
synchronous ictal onsetd disinhibitory ictal
onsetJ0 OO OO0 OODOD.OOO hypersyn
chronous onset] hippocampal sclerosisl 00O O
00 00O 0O OooDOUO0o. 000D oooog ood
partial limbic seizured] increased inhibitionO
increased excitationd OO O0O0O0O. 00000 in
vivo paired pulse stimulation studiesdl] 000
epileptic hippocampusld enhanced inhibitory
influence 000 OO0 O0OO0OO OO OO QOO
O synchronous dischargell OO0O0 OO0 OO O
0O o0ooooo.

o000 0000 000 0UOobo oo oooogd
MTLE (Mesial temporal lobe epilepsy)d 00000
000 oooOoo. 000 oo ooo oo ooo o



oono

o000 000 o0 oo@Uuooo ooog, o oo
00,000 0000 OO0 OO0 D000 oo o)yao o
U ooob0 obob oo bob oo bob o
000 reorganizatiod OO0 inhibition/excita
tion mechanism 0000 OO0 OO0 hypersyn
chronyl 0000 00O O0OO0O.00 OO0 OO0OO
hypersynchronous discharged OO0 OO0 OOO
0 kindlingD 0000 00000 epileptogenic
regiori] 0000 OO O0OO. OO0 OO0 OOOO
O deafferentiated OO O0O0O0O0O OODOO OOO
0O 000 hypersynchronous discharged OO0 O
oo ooo.

5) Peri-ictal phenomena

Ictal onset] 1) afterhyperpolarizationd break
down 2) strong synchronizing eventd 00O
hypersynchronous ictal onsetd 0 0000 OO0
ictudld OO0 OO0OOODO OO0 OO0 epilepte
genicaread 00O OO0O0O0 OO0 OO OOOOO O
OO0 0000 000 oooo 0 ooo.ooo oo o
OO0 OO0 U000 OD000 0000 000 hypersyn
chronous ictal onsetd 0 OO0O0O0O disinhibitory
event] 0O0O0O0O0O O0O. 00O disinhibitory ictal
dischargé contralateral projection OO0 OO O
OO0 000 000 o000 ooo oo oog ooo
0000 0O0. 0000 oOoO0oO0 OdOd ictal dis-
chargél 000 000 O0OOO0O OO0 O0OO OOO
O 00000 O00d. Ictal terminationC 0 00 00O
0 OD00O0O0 OO0O0D00O0 active inhibitory process
0 synchronizing mechanismd breakdowf 00O
00 . EPC (epilepsia partialis continua)l] 00O O
00 0000 inhibitory mechanismO 00O 000 O
00 terminationd 00 000 O0O0O.

Postictal periodd O0O0O0O0O depressiod 000
00 0000 00O OO0 000 inhibitory mecha-
nisni] 0000 O0O00O. 00O synchronizatidh
0000 0OD0O0 D000 OO0 postictal phenome-
nal 0000 0O000.00 OO0 00O NTO OO0 OO
O 000000000 OO0 oo oogooo gogo
0000 0000 o000 000 oo oo ooo
O inhibitory influenceD 00O OO0 OO O0O0O. O
O00OCO00O0 ODOD OOo oodoo ooo oo
00000 00 ooooo.

7. Generalized epilepsy

000 OO0 000 bODOO00 absencel JME1IOO
000 00 LGHD infantile spasmd O OOOO. OO
0 0dbb 0db boddo oo boboo oo oo
00 000 OO 000D epileptic encephalopathy]
000000 OD0O00O oopooo oOo. Pyridoxine

deficiency OO 000 0O0OOO0O OO OO0 OOO
00000 000 OUODOO0O0 OO0 ooooo gooo
0000 000 DODOO bOOoOo goog. Primary
myoclonic epilepsyd 0 OO OO0 OO0O0O0O O0O0O
00 00000 000 0000 D000 Do oo O
O.000 000 OO0 oodo ooo oo ooo o
0 0000 JME] OO chromosome 6pd OO0 0O
0 0000000 oooog .2

000 glutamate excitationl 00O O0O00O0O0O0O
synchronous paroxysmal depolarization shifts
(PDSs) OO OO0 OOO initial depolarizationd
00 0000 recurrent inhibitory circuitd 000
0000 ODDhOoOodOo DoooO oooO afterhyperpo
larizations (AHs)O OO0 . PDSO epileptogenic
neuronal aggregatesl] 00000 afferent inputd
O postsynaptic responsivityd OO0 0000 calk
cium currentsl 00O 0000 OO0 OOOO. O
OO0 OO0 EAAsSO 0O0OODO. AHO 0O0OOOOO
intrinsic calcium-dependent potassium currents
0 OO0OO GABA-mediated recurrent inhibitiond
0000 OO00O0. 0000 GABA., GABAg recep
tord] OO0 O00O0OO OO OOOOO low-threshold
calcium currentd 0O0O0O. O calcium currentd
spike wavell rhythmicity 0000 OO spike
wavéd] excitation-cell firing-recurrent IPSPs and
LHPs (by GABAg)-hyperpolarizatianOOO low-
threshold calcium currentd 0O O-depolarization-
firingl OO0 OOOOO. OO0 OOO spike-wave
complexl 0000 OOOOO “brake on the sys-
temiD OO0 OO0O0O OO0O0O seizure generation
0O 0000 000 Oood. o000 spike waved 00O
0 0000 0000 000 Coulter 0(1990¥0 OO
000 regenerative low threshold calcium cur-
reni ESMOJ OO0 0OO0O0O O0OOO OOO COOO
spike-wavé] 000 0O0O0O0O OOO. OO0 OO
complicated absenced CPSO 0000 GABA
inhibitory system O00O0O0O0O VGB, TGB OO OO
0O oooo.®

8. Conclusions

OO0 000 000 00000 000 000 oog o
000 0000 OO0 obooo 0o ooo. g, o000
000 00000 excitatory neurotransmitters,
EPSPs, Ca” currents, giant excitatory potential
(PDS), bursting neurons OO0 OO0 OO0 OO O
00 000000 DOOC0O0 inhibitory neurotrans-
mitters, hyperpolarization, IPSP, OO0 OOO0O,
ionpumps 00 OO0 OO0 OO O0O.
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