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ABSTRACT

Background - The recurrent temporal lobe epilepsy induces contralateral cell damage and secondary epileptog-
enesis in the contralateral hippocampus of rats. This phenomenon is fairly constant and has been used as a
model of human temporal lobe epilepsy. It is necessary to understand this patho—mechanism in order to
prevent this cell damage. Methods - We have investigated the patho—mechanism of secondary epileptogenesis
by using the rat model injected with kainic acid (KA) into the unilateral hippocampus. KA model shows initial
complex partial seizures originating from the limbic structures and following convulsive status epilepticus.
'mmunohistochemical staining for ¢—7fos expression, TUNEL stain for apoptosis, and hematoxylin—eosin (H—
E) stain for morphologic changes were used. Resuits | In the injected hippocampus, transient activation of c—
fos was expressed in the dentate gyrus and CA3 hippocampal area, which were shaded out within 24 hours
after the onset of limbic seizure. The stained cell with normal appearance was not observed in the H—E stain
after 72 hours due to diffuse cell death. In the contralateral hippocampus, transient expression of ¢—fos was
observed in the dentate gyrus, hilus, CA3, and CA1 area. But the expression of ¢—/fosin the CA3 and CA1
area was sustained to 24 hours. Cell loss was mild in the CA3 and hilus, and mild cell degeneration and
shrinkage were observed in the CA1 area. Apoptotic body was expressed in the CA1 area at 72 hours after the
onset of seizure. Conclusion : These results mean that the area of prolonged expression of ¢—/os is vulnerable
to apoptosis. Also it suggests that the patho~mechanism of ipsilateral hippocampus is an acute cytotoxic
edema, whereas the contralateral damage is an apoptosis. (J Korean Epilep Soc 5 : 3-9, 2001)

KEY WORDS : Kainic acid - C—fos - Apoptosis - Limbic seizure.

?'SHU}X]Zf(subiculum) & ALY webs oA

TR 2 FEL sfuellA] st AAAMESY o] d

oot WA 76"‘3% do7A Har fEE A s 3

npE olugl o] o] 9ol AAEARS whA P TEYY
A AT} ©

N E

e}

ZBA olu|yAbe] olEo @ A

QIZre) QlojA HE sfjvte] R4 = 7k
AL Aol HiEHd ulgl T35 v} ¥ ohzt HHlS
drjoll = HEE oA A 29 FFAHAE WEYT B
o] I}V o] kAW A =Y Wil djvt 43}
(hippocampal sclerosis) 2 <& A glom CA19] Hefn

ru_,oﬁ

Bstn,? o)9ox CAl U

Ulgddist ofseist A7ietn
Department of Neurology, The Catholic University of Korea, Seoul, Korea
Fhgeuistin sk AT
Catholic Research Institutes of Medical Science, Seoul, Korea
MR} - 71ed9), 137-040 A& A&7 HEESE 505W14]
TEL : (02) 590—-2093 - FAX : (02) 590—-9686
E—mail : nuyikim@cmec.cuk.ac.kr

J Korean Epilep Soc /' Volume 5 / June, 2001

= AEA 9 #FHYsE 22 (pyramidal cell loss), ¥4
A7 i (reactive gliosis), A% (dentate gyrus) X2 3
M FE2] EAHgranule cell dispersion), mossy A-7-2]
ZA3Hmossy fiber reorganization) 0] Az ox 3
Aty S W EE A b e AAs

T BT



2
rr
2
°
—O{-A‘
N
o
)
e
S
jul
=)
=2
&Y
o,
o T >

ERN _03_74] = FEAYE Re
8 uhpE Fnjol| <] Hii}% ATehe T B

A e P19 Macloczky S} Freund(1993) = 2= &n}

of FlolHAaE FUT § &5 vty xAYHE #ES
AFelA RIS airke] ARAEE S4e deths AR
S sty M| FAFEAHapoptosis) 7F ©] £449) 71R o7
zZhg-stha Ageigie Y

$h A9, HAN AT 5 oA Al gk &
Z}A 9l vkg-o 7 £z} 27] f-4AHimmediate early gene)
o] s AL & delA doH c—fos= oY F4 %
7] FAAE £ 37N Z AAAEL] AL R BE ol
2} Al ZApdALel dggdo] ko A=A Ak & c—fos
v AlEY Zgol S7H] wet SEHT AEAPEAR
c—fos, c—jun 2L F7+ 27| FAAL] A&5A H¥ (pro-

longed expression) @ #go] Qiths WAL olF

ol dare Falstel ¥
R LS sl e 434

+ Sprague—Dawley A2 BFZE 65 o)A
T =4 OE AHEEE ERA 200~250 g9 e
AE AHEstglor A7t F AlRE Al 2FAME (A
o A

FRFAEAL A, WBE S vl ARt

kA= Frold Ak (Sigma, St. Louis, MO, USA), ether (5
A FEFA 3L QKA e, urethane (A7 3F8F
AL Ag, D), cololAR (A, A, g
1) & ARS8kt

2. 47

1) Fos TS| NI A ot 2
FrojuAt 9 F 4A)ZE 8AIRE, 24 A13F

I'-ilI

(7—} ‘_IL N=2)

2) MIENZAE BESH] {8t 2 -

FrolYAl 91 % 24417 48417 72413t

3. 4d

1) :'l°|'=lﬁ' FEEE 0E|

AHFES ether® UM"M o 4 247 EHF
I FAEE =EAT T slvke) CA3el JlolydAte 4
371 g 2Ae 9, & Al d (bregma) 08 FH
AP-3.3 mm, L-3.0 mm A3 =¥ 74L& HU
V 3.2 mmell Hamilton 4715 ©]43t] 1.0 mg/ml2)
52 Flo)|yAk =2l phosphate—buffered saline (PBS)
0.75 21075 pg)E 0.5 pl/min? £53 F3I85 0

2) o

SIEZOEALS Racine?] AWER & 11hA] : 1719 A
2+-9-% (staring, blinking, mastlcatlon) 26 A - 37 119
9 (head nodding), 394 : ZAvlgt ekdte] 7oA A
(clonic movement of fore limb), 494 : Yo+ xpA 2}
k7 Vel 2itlA) 3% (clonic movement and rearing),
5%HAl - Aot} dol & Aol sukE oA Ad
(rearing and falling) 502 T-Halo] Hrlsledct” =3
ZAde] golzt $ 3A)te] ki tholobAlEE 5 mg/kg
B U= FAket] 2468l

(A7 N=3)

of
Iz

glule] WS #91317] 984 hematoxylin—eosin
AL, Fos & l3lr] flste] WxAs)st
FAE, *1]_‘13-1}"5/‘}% 187 98iA] TUNEL g4& A
Alsloith A¥EES urethane 02 w3 v 752 4
I AL T3t AEAES 300 miE FFIL oloiA]
4% paraformaldehyde (0.1 M phosphate buffer, pH 7.4)

% 300 ml #istol 1A T HE HEey, T uF
ouoﬂ 4C°ﬂ}\1 o]_EI:ﬂ- l:._o]— r;l—ﬂ _quo]_oﬂr/]_ ]75 30%
sucrose ¥4(0.1 M phosphate buffer, pH 7.4) ol 712k
H'HWI T F uiE A FRo® i F F3 1/3%E
EZ o %2 dAdide 5% WEAA 70T
o Ryl getd £8E wEth
AH A)Z7] (Frigomobil, Reichert Jung, Germany)
& ARg3to] 50 pm T B5B 4 (frozen coronal
section) & THEo] HAGAE A3 15 #m FAY
B dEH g &efo|Te o] TUNEL f44& A
o gt E5& 6 ym T8 IFEHE Ho] hem-

QUL AN

i)
1o
e
r_ﬂt
ftjo

J

=2 lze

%;é) R A Ay R
3E

atoxylin—eosin

J Korean Epilep Soc /' Volume 5 / June, 2001



rea

eape

el anti-
5 NY, LS AL

hiotinviated

oxidase~abelled stroptavidin (DA

Ku ARG Corporation. CA, UUS.A

C.O08% 3.3 —diaroins

omal g 0019

watory move

3L i% Triton—

ninal deoxyviwcleatidy

¢ 1) S fluorescein-

L parabim

escent antt-body ~peroxidase <:<.>m,;:>£ex(
etection kit, POD. Ko

Todale 1.
selnure

-0 expression after kainic ao

oL NRROCOMNUS

o s, CA344, CAT 4+

P, CAZ s, CA 444

rione Hea, CAS4, DAY+
ote gyrus, o hifus

THMUNCHISIOT
‘f—‘osc ;

o'c J: 1*'{ Yy ;s‘o‘pmumd

SU i.w.z* :;:u!%m Mr; o
(U, WIS DIOI f\ch ex-
pression of %-us 1» ,
i s A3 ¢

g . . PR w1
F Korean Epilep Soc . Volume 5/ Fune, 2001

o



Figg. 3. Mo
CAZ) an

Huc

6

33

B {sont

i

WG

Crbesre

¢, Coll dispesion, @

Epifep Soc / Vol § /7 June

7874

o Wi

i



U ')\:( ¢ ¢

o

MEEY
1) 24, 4808 @

hitus, CAZ, CAL S

SEREEPET

revn Epilep Sov /Voluwme 5 7 Fuse, 2001

~3



FI015A B olfif +F ZEl9 ggf

4, NIEREA gl

24X 747} 4847 TeliX e %5 slmtellA 25 TUNEL
ok AE7t HEHA gt 72*1& oA 7 WS
9] CAl ¥918 wkbs U3 TUNEL 94 A27} 4
A= 248 2AtHFig. 4A, B, O).

1=
Flo|Uare AN o FsAY FL dinh HEH

= o] FaRY el FYste] AL L 45 vk
zo Z41% 29 CA39} CALCIA AAAZY
uhsitiy e 9ok ey Macloczky 9 Freund
(1993) 'V B2 sjule] Flo)datg F29Jd F W= &)
ul2 #Ee Ag F9) whEe] CALF d5 CA3eIM L
NAHL £440] Qdee Rusigict & AFA: Jlo]
YAk #6015 Al BB A7) Abel waA gAEE

&40l

AT7F BEHR) Fe whd WSS 22 CA3S) CA1°ﬂ
A AE o] vehtA, CASE BrIE /HLAJ%}* B3
T, CALL oRzhe] AE &3 915E Hled o old

o) wugl Axsk= Aolr). oA RHFE sfnfe] A
Aido] WhAsk= Rty 7)HE F 9 djntel| A
NAAG Az 9k A CA3eIA Whs A3 #S
2/3% EZ0] CAl9Z 7ka, UmA] 1/3& HHlE CAlL
o7 7P g o]Bth? 2E R sloldale] six A
Z gnjol] frge »F‘Z—‘?‘—(hyperactivity)ol o] Z2E AA
5] u}a}/ﬂ WS sjutel] st
Jof| o3 AAE & = Uk
7ke] gmpell A= ol 4—1—% ko) AAA 2T} ‘?:11517\]
ororo} v &5 7hAoA Hole ALY 1hAH
(mirror focus) BA 71A%E olg} FAFR AoR /\}EHE}
AFAEARE Yo7 AFESE AE
o MA} 22 (chromatin condensation), AEZ 2 7|28
A (cytoplasmic blebbing) 59 Heighd 54 & Helrh
= A A7)19%5AAI DNAY Alcke] 39 (ladder patt-
ern) S Holw, AzerAQ £4° 2 nuclear DNA frag-
mentation®] 2F 200bp Z7}7}F ¥9 strand breakell &3l
3’ —OH groups TETLY 2 Ao E o] 3’ ~0OH7t
cHUs AL o] gek= TUNEL gG4E Aj&sh A, 72
A|Z¥ 7] uh)& CAlelA apoptotic bodyE #2331t
ol HE gnlo] Flo|HAE FYIH] FHE FET
Macloczky 8t Freund(1993)'7¢] By o= dX)3}
Aot} e AN ow Fhojdakg FQlste] AP
2] AR5 Ao A™ 6ARF FRE HEHy

2 b r°"

(@] roi' [‘[r

A3,

9]2=(cell shrinkage),

CA4 Sold AEAEAPE Vet CALIME T ks
33_’7:‘:-1'%1:}_11 Elé}%ﬂ_&ﬁ]iﬂ)lo)lz)IB)lS) o]a@_ l:r i)_zl_oﬂ}q
Bl AEAEALY 93] W AZHAjolE olnbe AREE FH
ojuile] g 4] AR o] Y AU AT HE F
7 #o] glg Ao F FAHT.

Froldat 3915 WA 7ol AlAEH Algte] As)
WA AR dAZE A Foble] wet #utelA Fos ©
Wz)o] whalo] #HAE M ojx= AL hyperactivityZ
3k Aot} D o—fpsE AARIAHtranscription factor) &
ZAstE g8 2ol 3k 57 2] /AR F™,
AN AAAZE 5 To U] AHTEH 14 4
%} & (target gene expression) 2| WIS dZdsk= 3
3o, A F AN dAEIHE divshs diat
AEz g QUh'? B Aol FroHal F91F-919
Fos w9 e xaat A¥ CA3, CALA 2
T} Alzto] Aol what 24417F ool AT st
gk 9] withEe] Xl dEdS 8AIKte] ojn] A4
g0 CA39} CAlME 24412 AT Aldl® FA1H
o}k ¥ ot vHEA- % AAMEY AEAE
Abell 27 27] $ARTL Bofdthe AMde] oY ArE
of s B AL ;ske” P uithS Ffvtel A Fos
gl g W o] A7} Aol whE 3t} apoptotic body <)
P4 APAAE AT, Fos Bao] 271 AR A

2 wha AdEeE o 2d V)
AP F9JolA] MZAPEAL FEE QI o

=
= M—% A3 %%ﬂ ASACE ook BURY A

!

op e au& ol el els] 5 W 2
a9 Ygom AT G5 sjee) Wl J14e *ﬁ 421

2l 7}01”*P AAle) A ARAE B4 el 34 AE
aﬂ—ﬁ::— = AT Dol 292 7
7}01% 24 WA e T2A2
go] 9233 o] FelA TUNEL
Ao vl U= CA3Y Wk CALE 7
=3R4 AYaz A28 HERY 546 98 AT
Aol AN AESFS BRSE BAT & Ak
Pl AT} R 4307} Fos el Yob
o% QIEF FAAVW FoIs LAk
s M AU Fos B0 B, AEAA T
o @Ol AEE & 5 slsich D c—os HE
ojulz} o} WEs) WA A Y3 E B Aol

J Korean Epilep Soc / Volume 5 / June, 2001



wZ - SEEl - 0IME 9
At
2 - Fos & - A A - AEAPEAL

FErkd 1 20014 7€ 104

gz 2ae ANFsH] dobd AR & AEEYT o~ TS FHE F 3
a7 Az AdAAE F
zio , 18] 3L apoptotic body %479 Ae F EN HO| : 7jo]4)
Fo] A7l gaiM o Hgs] YFEte J4Eh <l
7ke) Y 254 7HA0) A o] AurERe] FAMIE 3L o =EASY 2001 54 20¢
USR-S
Ha ) v 25 7oA #2HE mirror focusd] ¥
ol olefet MEADAL Fa7 71039 Bz 248

REFERENCES

1) Macloczky Z, Freund TE Selective neuronal
death in the contralateral hippocampus
following unilateral kainate injections into
the CA3 subfield. Neuroscience 1993:56:
317-36.

2) Gunther S. Kainic acid seizures in the rat.
Prog Neurobiol 1993;42:1-32.

3) Pollard H, Charriaut-Marlangue C, Can-
tagrel S et al. Kainate-induced apoptotic
cell death in hippocampal neurons. Neur-
oscience 1994;63:7-18.

4) Ben-Ari Y, Trmblay E, Ottersen OP, Mel-
drum BS. The role of epileptic activity in
hippocampal and remote cerebral lesions
induced by kainic acid. Brain Res 1980;
191:79-97.

5) Eric WL, and Robert CC. Kainic acid in-

duced limbic seizure: Metabolic behavioral,

electroencephalographic and neuropath-
ological correlates. Brain Res 1981;218:
299-318.

6) Morris HH, Estes ML, Gilmore W, Luders
H. Incidence of mirror foci in patients with
temporal lobe neoplasm and complex par-
tial seizure of many years’ duration. J Clin
Neurophysiol 1989;6:346.

7) Falconer MA, Serafetinides E, Corsellis
JAN. Etiology and pathogenesis of temporal

lobe epilepsy. Arch Neurol 1964,10:233-48.

8) Green JR. Temporal lobectomy, with sp-
ecial reference to selection of epileptic pa-
tients. J Neurosurg 1967:26:584-93.

9) Babb TL, Kupfer WR, Pretorius JK, Cra-
ndall PH, Levesque MF. Synaptic reor-
ganization by mossy fibers in human ep-

ileptic fascia dentata. Neuroscience 1991;
42:351-63.
10) Bouilleret V, Ridoux V, Depaulis A, Mar-

escaux C, Nehlig A, Le Gal La Salle G.

Recurrent seizures and hippocampatl scler-
osis following intrahippocampal kainate
injection in adult mice: electroencephalo-
graphy, histopathology and synaptic reor-
ganization similar to mesial temporal lobe
epilepsy. Neuroscience 1999;89:717-29.

11) Macloczky Z, Freund TF. Delayed cell
death in the contralateral hippocampus
following Kainate injection into the CA3
subfield. Neuroscience 1995,66:847-60.

12) Frank G, Hannes W, Manfred Z. Up-regu-
lation of bax and down-regulation of bcl-2
is associated with kainate-induced apo-
ptosis in mouse brain. Neurosci Lett 1995;
192:85-8.

13) Xia Z, Douglas LG, Chien TL, Alan AB,
Peter HY. Gradation of kainic acid-induced
rat limbic seizures and expression of hipp-
ocampal heat shock protein-70. Eur J Ne-
wrosci 1997;9:760-9.

14) Kondo T, Sharp FR, Honkaniemi J, Mikawa
S, Epstein CJ, Chan PH. DNA fragment-
ation and prolonged expression of c¢-fos,
c-jun, and hsp70 in kainic acid-induced
neuronal cell death in transgenic mice over-
expressing human CuZn-Superoxide dis-
mutase. J Cereb Blood Flow Metab 1997;
17:241-56.

15) Racine RJ. Modification of seizure activity
by electrical stimulation: Il .Motor seizure.
Electroencephalogr Clin Neurophysiol 1972;
32:281-94.

16) Gavrieli Y, Sherman Y, Ben-Sasson SA.

J Korean Epilep Soc / Volume 5 / June, 2001

Identification of pregrammed cell death in
situ via specific labeling of nuclear DNA fr-
agmentation. J Cell Biol 1992;119:493-501.

17) Bursch W, Kleine L, Tenniswood M. The
biochemistry of cell death by apoptosis.
Biochem. Cell Biol 1990;86:1071-4.

18) Shahin S, Annadora B, Ning S, Georges T,
Michel B, Steven SS. p53 induction is ass-
ociated with neuronal damage in the cen-
tral nervous system. Neurobiol 1994;91:
7525-9.

19) Giles Le Gal Salle. Long-lasting and sequ-
ential increase of ¢-fos oncoprotein expre-
ssion in kainic acid-induced status epile-
pticus. Neurosci Lert 1988:88:127-30.

20) Simonto M, Hosford DA, Labiner DM,
Shin C, Mansbach HH, McNamara JO.
Differential expression of immediate early
genes in the hippocampus in the kindling
model of epilepsy. Mol Brain Res 1991:11:
115-24.

21) Morgan JI, Cohen DR, Hempstead JL,
Curran T. Mapping patterns of c-fos expr-
ession in the central nervous system after
seizure. Science 1987;237:192-7.

22) Smeyne RJ, Vendrell M, Hayward M, et al.
Continuous c-fos expression precedes pro-
grammed cell death in vivo. Nature 1993;
363:166-9.

23) Schreiber SS, Tocco G, Najm I, Finch CE,
Johnson SA, Baudry M. Absence of c¢-fos
induction in neonatal rat brain after seizures.
Neurosci Lett 1992;136:31-5.

24) 4 - ol g - A 5 HE-2E
7tz AR v 54 B, =
5}, Fosshale) gl Alwye) sk W
3} ¢t F 7818 4] 1996:14(1) 774-88.





