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Secondarily generalized seizure and primary generalized seizure:
what we have learned from experimental mmodels of epilepsy
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Kindling and Secondarily Generalized Seizure

10* Kindling Stimulation to Left Amygdala

| Initial Symptoms of Limbic Seizure |
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Seizure Propagation from Amygdala (Focus) = Subcortical structures=> Motor Cortex
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FSS: focal seizure status, GSS: generalized seizure status,

BURSHE MR, B

KA EAEL EAZOITEVZE | B OZ(L (B | BR TANATE | BIERKRILIED
(=40 (BEEI O 3 AR | Moo 3 AH) ((ENCRAVEN )] JR T A A3
S BA—LSS—SGS HS—LSS—SGS | 1-2[=l/H

Pk LS—LSS—SGS AS—LSS—SGS | 4—51[El/A

KW EEE | FM—FS—SGS FS—FSS—SGS |72 L

222N LSS—8GS FS—LSS—SGS |72 L

wP bR LSS—SGS LSS—8GS 2L
I ER SN GSS GSS L
BURIESMUEE | BA—GSS FSS—GSS nL
BRENMEE | BA—LSS—SGS LSS—8SGS 2L
BE LSS—GSS LSS—GSS 2L

o i R 1A BA—-GSS GSS L




TADARITICIRALN R IF784EH 58285 20174E 9 A

R -

1) FhiiEkE

HA = rBR2ugiE AR, K300 EREET S
&, ATFEITHImICE 2IRIE L, EEIOIRRE
W27 o Toe B BATE, A BN A AR AR
multiple spikes?SHI U720 FE1EMIZ, WA
B, KB EEBN R IR A AEE T B L 9 1
0, GRERMARENHH L2, 2 o%sfkil,
51041 L 7228, 6B IR IIXTH S L 72,

Ty b, MEMMRERIEREEZR L. &
A= VBlugiE AR, 300 E2RERT 5L, N
W2, Rk AR 2 & K 3R ITE Omultiple
spikesDSFFRICHELT 2 L H 12 o720 T
M, WERREEICRY, fTEMEILL-EF L
%o 720 FEAEWE R A A T MK i Rz B AR+
L, mELC, @EHEATREIESEE S X9
otz 2O, 5-104 M ORI THIE
L, 6REITRICIE, SRR E L, 23, T
Fed, 3IPHHEORBBERIZ, HETVR
AFTEIEFED BN h o 72,

F v MEFIVTIE, B A= EEEARER
BOREERBFEICHEL, A= 7V 7 T A
VR L 720 B A = Y BRTEA SO AR A2
EACHNER A BR, WANALR, TR I 2 A,
T AE R Pt Bz B 588 B M & R iy BECS I T o B e
WCEACHEHE Z R 7 (Tab. 1o T HOFES
&, PR DS ERALFEERES, IR
5 X9 il B 7 trigger L TW A C
LERLTWAY,

2) BI%

A= Y BEABRISREET S &, AR
® B IR#% \Zmultiple spikes?SH B L, K&
amplitudeZS K L, BIRBEOHBIEERIKE L
otz FEAEIKIMBHE, WK, 5K
T2 X912, 5105 Wk Tl Z % i IE1E
DEMIREE o7z TH HIE, T v MIEA
M & FONCEEER 2 e L, dREEIS ORI <
5L BEHEET L EHICRY, ROk
SAEEBIRE L 2o 7285, FI6RFI CHME s
SRHELEY A= G VXTI LTI, W)
DIZRPEAICIRE L7252 320, Wi

RIEMEER R T, ZREEBRILEEE o7z
(Tab 1) o

3) HFEEF

HA = VEEABRR0SRERT S L, EALD
{Zmultiple spikesHSHIR L, W IR & i
BICRAEW D L, WA RFEEEE A 55-10
SR CTHEL 5 kSR BIEER L o 72
A5, KIGRFR CTRAEII B L, Mk kD
12BE R IR IE R S 2 o 727 JRATIBEACH©
b, HRFEE- DGR - LBIEER DL
b&R L7 (Tab. 1),

4) KETRSEN

HA = VEIEABRR0G R T B L, EALD
{Zmultiple spikes?StHIR 7=, FEAEIX, 3 <2
D KRz BEB P I ARIE L, R bR IEER
Ll o2 hs, 6 THRIEITRBIZIA WV, &
UBEHI2121E, FEPRIZSEAITi L LY R
JABEICEHC D, MR R WO & bR E %
L7z (Tab. 1)o

5) R
A SHERERAR

F v NTIE, A4 = VEREAGRR305 T
%L, EAFICmultiple spikesAHE L, KW
TR F 721 K~ D, circling?¥#2o 51
720 FEVEIEWEEB)SHEF 2PN L, petit malff
D25 HzMDspike and wave complexZS# 1) ik L
ML 7z 178y g, HEBEFIET, FBIEMEANH
KT HFET, TENIMEIL L7, RIS 381E
MBS 5 &, B Ofacial twitching2Si s
5N, Wilrearing&fallingZ # 0 K3, TR
P ERALMEERBIRE L o 7oA, ThH 0%
PRI RO I To2 4l L 72" R IEAt
#HTIE, BHARFEIEER & ZREEBRALTEE
DHR IR FENEFRDTRD Sz (Tab. 1),

B. tREKIESHAI

A I OEAMIRZIZ H 4 = ¥V BREAR605 % 5%
#\¥ 5L, FEAEBICmultiple spikesAS I L,
Z OFAEPIE T CICMRE & kv 3% B) 56 B9 12 %
F¥ 5 L9157z, 605014121, #25HzD



TADARITICIRALN R IF784EH 58285 20174E 9 A

spike and wave complex?s, EA#BEMRF &
KIEBYFEIP I L, SRR 34T E) Bl d
BREZR Lz, 20%, WE - MRSk
EERRIRE & 72 o 7278, BAEISH 120 Rk L
728, ZOBITHBIZL, K24 TIEFR
T E o727, BFRMAHTIE, SRtEof
HOTHEA D 57z (Tab. 1),

6) BHE

A =V BEARKS0SHET S &, FEALS
O HBE 1 Zmultiple spikesAHI L, F IEE
BRICHEIEBDRIE D LTz BIEIZREIC
O Wi5RAEZRE L, WERRBIERERED S,
RPN RS ERACIEER & 2o 720 1TH)
RiE 7y MR 72D VX T LD
W RATEI SR H I, I IR
LFEVEERE & % o 7245, FI6RER] THAEIXTH K
U, M IZ24BE BB IR IEH ISR - 727 J81E
W R AT AR C UL, R & RIS SRR A 7
BRI D)LY 278872 (Tab. 1).

ZE

UL NTE T A D A %2 3208 L 72 Wilder Penfield
W&, BT A RIS T 5 2 L 2 A TEORF
FELALE DT, AR i & L 7 ERIRIE
RO ST, SHICELMREEORBIZS
K% E#k%E L7z Penfield D d 5 HEOH T,
RS ~IERERT 7812, M O BURBEMR A % B
fET L2k, WMIFEHL BT 5488
TAPAFENFERTEDL I LA L,
Thb, 2O L& LV, Penfieldid, FIENE
WAHED O E Y, FEEDS T NN K B\ [R]
LCTHET AL LD, &fTAD AR
WA E R BB L T & 2 7o,

Frix, HerOEBTANAETTVEH OV
T, TADLADRKNTORBIET 2 WS 572
DRI R TE 2T > T & 720

RGN A 4 = VB EEATT VL, T
FBLOATT, WML D > THEMEODE
REAED b ZIREEBALBIENF R S iz L
TADAIITTH E RO I S iz
, HEAMHBEETADPATTVOLEML 2L
THAEFREFNTH S, BONTFEREDD,

WA BB D R S RAL R R I2I,
9 NOF =T VF 7T LTI, FAEELM
DORMEEZ LR, MBEHEEREOA TR, #l
IR, KBRFEEARE, B X O SO AN R 12
b, WidkB X CRPTAE A H O R A H D
L, Pk OB RFEEEBALRFIC D,
FETHROBEAENEG L TWasZ LD H
X7 o7z,

ANDOWEEW DR E TADATIE, HiREd: s
AR WRZ W C CAPAEEPEE SN
78, RO TN TV 525, SIEH
BRiL, 50-60% IR EMEINTVE, &5
12, Broca®Wernicke® FiEH K H 5 W IZ K
JEE L O X 9 Zreloquent cortexiZ TADA
BN T BIER DY A, SVEHY 72 fE BB

BTk, TADADBIRMITIIAEZS T Hi
Thb, ADINT TORBEIET, MEE
W CADPAELRRIET 56 TS, RBIERIC
W R R IR T A AME D IR LR
SRR O ITHEDSRD HNDH 2 LMD, N
BETHBICD TAPAMOEE LY B2
BEAIIET A2 L 2 ME LT &7,

Z DORBZ T MR D T A ASEVERE O L H L
BRI T 572012, BRI B0 7
A=ZVBEEAL, FOREMEBN L. KK
HIERORKESLHBIFICEAT S L, FIDIC
WIFRBEDFRR SN, Fwv T ket
VEDSFHTE STz IREIRIMETIE, WMAFE L
7o ERET AP ATIEDHEFE S iz BURIEAM
#TIE, /NEVERD3HZ spikes and wave & 4%
BALRIEDSTH R S N7z HIRENIZETIE, #)
DIL LR FEVEDSHBL L CRBALRIEAH
BEINT, BEICHMEONA = VBEEALS
Y&, AL TRMERICTA» AT
YED A U RALIIEDEIE S iz TNH DR
BIY, IS0, ORI TA»A
BAEDE LB, ZORENIRZ Y a v D
HHHMIARIET 2 &, BIEESBIICESY
L—Hlfik e LTohf#tkziol L 2H o
I L720 ¥ 512, Penfield2¥#2ME L7z, rhikiE
BRd, WA= VEEOEAILD, WETiEd



TADARITICIRALN R IF784EH 58285 20174E 9 A

AR EMBEER E 2 ), T8 LIS
HEEAETWRADER SN2 L XD, Wl
LEBRACOREEH 2O L EZH LML
oo BONIRERID, WEIKIE, BURIEN
MR B & Ok AR OB, HL TR
MPERICTADPAMOBEIREIFHH I NS Z
XY, IS0k ETALADIRE
WCEBELRBHEZHOZIEZW S L, L
L, 74 VEBRIEAICE > THFE I NS Frm
B/, DR VBNEID, KBt oWEEEER
TRHEREREIX, Y A7 SNTVWERERDIEZS
Nb, SHOPEELT, MM =VBLY Ik

BIZEDED B2 RIETONY, S5%5
WP UETH D, 3HHMOBEME P, A
D TADARIENRD LMD, HHF
AEFNERIBIEAETVOMRT, KETH
BIIEALLEF VTR, WA=V X B8
EPELEXOR, Hlir DTADPATRIENS
BEINTze LPLRAEALZIA = VEROR)
TNHHRT B L, BEERRITERL, BEICH
TADPAMERERIIRO SN R L otz WH

W) BEIZOWTIE, 558D S5 % DR L
HThH b,

AR, TAD ATV B iR S 5
EPEH ISR TW5E, A4 1L, 1975470 5 UK
DOESEEREATRIEF > N v Fo k4
AL U R BRI O L, RS BRI
THHIMIVER T2 2 L 2 5E L2030, =
DOREE T, dFEVFEHSIN D o7, —F
OV VRIS B, REMRE ORI ANEH S
NBEI o ThD, HUHRETAMTAL
T BISHIPRE ENDL LI hoTze F’AD
WFZEsE TlE, SURFI SR E SRWIL, Wkt
ERETNVERETADAET VORI L
T, WIS 2 2 L 2B ST LR,
EHIZ, B CALAERIRD, w#ikkES
BFEBRTIE,  THzOD R FE 8 5t J A S P 14 12
RS2 2 & S BIDIC L722 0 Mo A i
R R BRI T 1, monophasic square pulse
waveZx Va5 &, BRIEHAA 2 DT &

DEALL T, HBRERPENT DI EHE 0,
OO, FHFHEICIE, FePHETWE L
912, biphasic square wave pulse T, el
THZEDRRYWTH Do iR E S W

YIBRFAMICIHE RS & X ) IFREHT, /8T X —
F =R ZEHT LI EDWET, Th
PoETETRIET LS L BbNd,
Fx OFEREETIE, WFERNOTA»AKE
e, KBBEEOTADAENEND, 2K
PEALTEEICRAT L TV RIS, BB T H
FRAZABIE L 72 T A D AFRAEDS MM 0 4 B il e
BTN ARIEZHETHZ L2 LRI
L7ze F72, RETHMBEORFTELREIL F
FENTZTADATNEZR WE SRR D 5
LWL L7, SHROFIET, TANA
BUEOERALE, TADPATMEORBOED 2
AZZXLPHLNPIZENEZEIZED, TAHD
ADBRRRBEBATEL SN T EELTW
%o

HEHE

CORE, TADABBRURIRAEBHO%E S
LIRS E 2 ZHE LT Lz AMEOER
&, JENERKZELEERIC, £ DERRBADKH
PDZEVHD TR o 72 EBRTANA Y
)= ZXDOMEE F LD LY 2 — L TY,
ft L7z CADAIZEE, BB, i,
BB —, B, WAk, FEEW, AR
Wy, EAMEZ, WGEEEE, SERE SHW
%, BTSSR, IWAR—F, S, ARERE],
FH e E, Hvhgit, mEEE, s —, 5t
B2, BRE, BMREETLHR, 2L 0ER
HoWhzHTel+sI el TEE L, &
512, EoEIEFRE, R SREE TR
FITHEZH o T, MR OBE L TAD
ATFZE DAL 2 WIS LT RO S Y
BREZIZH, WOTHEHFLE T,

B
1) Tanaka T, Naquet R Kindling effect and sleep
organization in cats Electroencephalogr Clin
Neurophysiol, 39 : 449-454, 1975.



2)

3)

4)

5)

6)

7)

8)

9)

TADARITICIRALN R IF784EH 58285 20174E 9 A

Tanaka T, Kaijima M, Daita G, et al. Electroclinical
features of kainic acid-induced status epilepticus
in freely moving cats. Microinjection into the
dorsal hippocampus. Electroenceph clin
Neurophysiol, 54 ; 288-300, 1982.

Tanaka T, Kaijima M, Yonemasu Y, et al.
Spontaneous secondarily generalized seizures
induced by a single microinjection of kainic acid
into unilateral amygdala in cats. Electroenceph
clin Neurophysiol, 61 ; 422-429, 1985.

Tanaka S, Kondo S, Tanaka T, et al. Long term
observation of the rats after unilateral
intraamygdaloid injection of kainic acid. Brain
Res, 463 : 162-167, 1988.

Tanaka T, Tanaka S, Fujita T, et al. Experimental
complex partial seizures induced by a
microinjection of kainic acid into limbic structures.
Prog Neurobiol, 38 ; 317-334, 1992.

WA, HrEd, RIS (1995) — &
RBP4 = CEEEFE A X 5 Jackson
TADPAETVIZOWT, &k, 47 477
483, 1995.

Hashizume K, Tanaka T, Fujita T, et al.
Generalized seizures induced by an epileptic
focus in the mesencephalic reticular formation:
Impact on the understanding of the generalizing
mechanism. Stereotact Funct Neurosurg 74 : 153-
160, 2000.

Takano K, Tanaka T, Fujita T, Yonemasu Y
Behavior and EEG changes of unanesthetized
cats after kainic acid injection into unilateral
caudate nucleus. Jap. J. Psych. Neurol., 46(2),
534-536, 1992.

Hashizume K, Tanaka T, Yonemasu Y Change
in cerebral glucose metabolism during limbic
seizures elicited from lateral septal nucleus.
Epilpesy research 30 : 167-176, 1998

10) Sawamura A, Hashizume K, Tanaka T

11)

Electrophysiological, behavioral and metabolical
features of globus pallidus seizures induced by
a microinjection of kainic acid. Brain Research,
935 : 1-8, 2002.

Kato K, Urino T, Hori T, Tsuda H, Yoshida K,

12)

13)

14)

15)

16)

Hashizume K and Tanaka T; “Experimental
petit mal-like seizure induced by microinjection
of kainic acid into the unilateral mediodorsal
nucleus of the thalamus”, Neurologia medico-
chirurgica, 48, 285-291, 2008.

Araki T, Tanaka T, Tanaka S, et al. Kainic acid-
induced thalamic seizure in cats. -a possible
model of petit mal seizure-. Epilepsy Research,
13, 223-229,1992.

Sawamura A, Hashizume K, Yoshida K, Tanaka
T Kainic acid-induced substantia nigra seizure
in rats: behavior, EEG and metabolism. Brain
Research, 911:89-95, 2001

Takano K, Tanaka T, Fujita T, Nakai H,
Yonemasu Y Zonisamide: Electrophysiological
and metabolic changes in kainic acid-induced
limbic seizures in rats. Epilepsia, 36, 644-648,
1995.

Tanaka T, Kaijima M, Tanaka S, et al. Ibotenic
acid-induced nigral lesion and limbic seizure in
cats. Brain Res, 498 ; 215-220, 1988.

Tanaka T Modification d'effet d'embrasement
par stimulation de differentes structures sous-
corticales Revue dEEG et Neurophysiol, 3 : 244-
246, 1975.

17) Tanaka T, Lange H, Naquet R Sleep, subcortical

18)

stimulation and kindling in cats Can ] Neurol
Sci, 2 : 447-455, 1975.

Tanaka T, Naquet R Influence of subcortical
stimulation on amygdaloid kindled cats Applied
Neurophysiol, 39 : 302-305, 1977.

19) Tanaka T, Hashizume K, Sawamura A, Yoshida

20)

21)

K, Tsuda H, Hodozuka A, Nakai H. Deep brain
stimulation and experimental model of epilepsy
In: Deep brain stimulation and epilepsy. Ed:
Hans Otto Luders, Martin Dunitz, London,
pp209-214. 2004.

Takebayashi S, Hashizume K, Tanaka T,
Hodozuka A The effect of electrical stimulation
and lesioning of the anterior thalamic nucleus
on kainic acid-induced focal cortical seizure
status in rats Epilepsia, 48 : 348-358, 2007.
Takebayashi S, Hashizume K, Tanaka T,



TADARITICIRALN R IF784EH 58285 20174E 9 A

9
Hodozuka A: Anti-convulsant effect of electrical Maehara, Kouichi Kato, Yoshikazu Okada,
stimulation and lesioning of the anterior Tomokatsu Hori and Tatsuya Tanaka; “Epileptic
thalamic nucleus on kaicnic acid-induced focal Focus Stimulation and Seizure Control in the Rat
limbic seizure in rats. Epilepsy Research, Model of Kainic Acid-Induced Limbic Seizures’.
74 : 163-170, 2007 Neurologia medico-chirurgica, Vol. 50, pp.355-360,

22) Tomoyuki Urino, Kiyotaka Hashizume, Michiyo 2010
Summary

Secondarily generalized seizure and primary generalized seizure:
what we have learned from experimental mmodels of epilepsy

Tatsuya Tanaka

In the various models of experimentally induced seizures, seizure propagation mechanisms
from the epilepsy foci to the secondary sites have been extensively studied until now. However,
influences of subcortical structures such as basal ganglia, thalamus or mesencephalic reticular
formation (MRF) upon focal seizure propagation were not well studied until now. Using chronic
models of experimental epilepsies in cats and rats, namely kindling and kainic acid-induced
seizure models, we investigated the characteristics of epilepsy focus and mode of propagation
using depth electrodes and regional cerebral glucose utilization (rCGU) methods. Behavioral
changes, EEG evolutions and ictal autoradiograms were compared and analyzed. Moreover, KA
injections into subcortical structures were performed and influences of excessive excitation of
the thalamic nucleus, basal ganglia or MRF were also analyzed. In each injection to the
subcortical structures, seizure-like activities were elicited. Elicited clinical observations, EEG
analysis and autoradiograms (rCGU) were analyzed respectively. The present results
suggested that seizure evolution from focal limbic seizures or focal cortical seizures to
secondarily generalized seizures seemed to require extensive seizure excitation of basal ganglia,
thalamus and MRF. Especially, MRF excitation produced immediate epileptic hyper activities in
cerebral cortex and subcortical structures and resulted in generalized seizures.

Ann.Rep.Jpn.Epi.Res.Found. 2017 ; 28 : 1-10
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