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-Abstract-

Kindling, induced by repeated subconvulsive electrical or chemical

imulations, leads to ive and amplification of seizure
activity, resulting in permanent brain changes. It is a good animal model of
epilepsy and neural plasticity. C-fos has been proposed as the gene responsible
for turning on molecular events for these permanent brain changes underlying
epilepsy and neural plasticity. But the role of c-fos in the development of
kindling is controversial. This study was undertaken to investigate the role of
c-fos mRNA in the plastic changes underlying kindling.

Among 66 adult male Sprague-Dawley rats, 29 rats were kindled by repeated
administrations of subconvulsive doses(15-25 ng/k®) of pentylenetetrazol (PTZ),
25 rats experienced convulsions induced by a single injection of convulsive
dose(30-60 ms/ke) of PTZ and 12 rats experienced convulsions by a single
electroconvulsive shock (BCS). Twelve control rats received normal saline only.
Animals were sacrificed at various seizure stages. C-fos mRNA levels in the
hippocampus were quantified using slot-blot hybridization analysis.

In the experiment of PTZ kindling, c-fos mRNA expression 30 min after
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convulsion was elevated about 2-4 times at stage 1, 2 and 5, but wasn’t
increased at stage 3 and 4, compared with controls. C-fos mRNA expression 60
min after convulsion was elevated about 2 times at stage 1 and 5, but wasn't
increased at stage 2, 3 and 4. In the experiment of PTZ-induced seizures, c-fos
mRNA expression 30 min after convulsion was elevated 2.5, 2.2 and 6 times at
stage 1-2, 3-4, and 5, respectively. C-fos mRNA expression 60 min after
convulsion was elevated 3.6 times at stage 3-4, but wasn’t increased at stage 1-
2 and 5. In the experiment of ECS-induced seizures, c-fos mRNA expression 30
min after mild convulsion was elevated 3.3 times, but wasn’t increased in
generalized tonic-clonic seizure. C-fos mRNA expression 60 min after convulsion
wasn’t increased at any stage of convulsion.

These results show that c-fos mRNA levels have no meaningful relationship
with the stages of PTZ kindling, and PTZ or ECS-induced seizures, and that ¢-
fos mRNA does not seem to play the crucial role in turning on a molecular

program underlying kindling.
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e wo] F34 WY HARo|}, He]
B 712AT] o §Fe FERYL F4 2 W
Rgeoz FEdo| Ay §4 2YL Ux U
3 RA A ANPA 71 T wg Al &
& AT o] WY Ry WAL wgHo
dodg & Qe F2A ¥ F AL B
Aol AHgse) Ack(Engel, 1989). Kindling&
el B 2L D= MY de olgse
Wilolth, Kindling¥ 32 3aWae de7le o
A vy we ZEs] WA A3 W) 97 39
o A AR o i ASge M 1A
2.2 2% F43 (afterdischarge : ©I8 AD2}
el F7H=el Aele AN IRy ZAERe)
dehte @4elthGoddard §, 1969 ; McNa-
mara ¥, 1980). @714 kindlinge ¥
(amygdala) % Wi¥|9)3 (entorhinal cortex) &
9 W AWE AFReEM T ¢d"y A3
kindlingell ¢J¢ FERPE Aol A7
FEEYes de o 48ch(Racine, 1978 ;
McNamara §, 1985). @@ 2714 kindlings
FAREA #WA °FE, GABAZEA, cocaine,

lidocaine 3! ¥4 ofrlxAt 3 e nAAA
A WRAAR ol TR F27 Fe WA
20 FAReRA JALHS A4 YU @
A% 5 ded o1& Sty & %A kindling
olgti @ch(Masont Cooper, 1972 ; Vosush
Wise, 1975 ; Pinel#% Van Oot, 1976 ; Diehl
%, 1984). 3t273 A F pentylenetetrazol (] 3
PTZol2 )& 2g71de] J&eae @ovt -
ino-b ic acid(GABA) $-84-b i
zepine -§4-chloride °]&g¥A] ¥l A%
3o} GABA 84 3ol AYA8-L FouH
GABAS} oA 2H¢-& AA%R ARAxe] W42}
& FMIlE Aoz @A dcH(Squires T,
1984). PTZE 293, A, g 93 9
a4 238N WR § 4T AU wRE dor)
B2 dd4 e d7d 9 ol4sn
o old% PTZ& @2 A4 o5tz 93 AL
WAL T3 ¢ FAHH kindlingd3E ¥ 4
Slewl o1& PTZ kindlingel2haL dto) A4 3t
Ao FEEYor o|4¥n Uch(Pinel# Van
Oot, 1976 ; Diehl ¥, 1984 ; 1&% §, 1994).
2714 kindling®] FREYE Ba] WA #ot
ARAES] 24 9 A3 (dentate gyrus) B
% (mossy fiber)el A'ga AF4el PTZ
kindling 2= BEY 359 AAEE A
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BY Y FEEAD B9 FRQINE 2@
Huz @ 723 Wi} kindling®¥g % 2t
A FEHoE 28 4¥S e Aen B
Aet{Cavazos?} Sutula, 1990 ; Sutula, 1990 ;
ol %, 1995). Kindlinge @713ke] ¥ 2=
o2 olg 2 ITH FeiA ASE 2esA
B olEg Wse) dgriAe ofy ¥ WA
QA vk 22 kindlingAS Fol c-fos® HIR
¥ FZz7) #4248 (immediate early genes)®|
W Fvh 424 ) BRFYEE olF FA3]
FANRAE FEOA cfos DY T AAIA
(transcription factor)&°] 4% F7)%--fa2
(late effector genes)l HAHE &Koz 37}
AA ARA 77 AIE 2HT Qe F39
i gieH{Dragunow %, 1989). c-fos HaAE o
FG AT Ao ste] AEo} oW FRAH
2¥E O fAAgez wE F RS she
master switch24 2elA sler] (Marx, 1987),
kindling®] ¥2% c-fos $9 FAZNHAAL
F/SRAARAEE kindlingAHoz AGATE
u $8% 92% ¥ Rojgke At At (Drag-
unow ¥, 1989). Shin ¥(1990)3 Simonato ¥
(1991) & 8713 kindling $E24A kindling
o 22 BFH AF2dYd AD Fo cfos
mRNAZL siulelA] 2R9& BdAsta ADS 2o]
@A A&HEe Aol IFALE A%Fe
kindling® 9234 4 & 7139 cfos §9 52
27177t BE Aoz FRIAPT. 2o o
fos mRNA® thFg 434 &AF Fof vSejage
2 . & 220345 (Hunt 5, 1987 5
Bullitt, 1989 ; Menetrey %, 1989), <%
(Dragunows} Robertson, 1988¢ ; Kaczmarek
%, 1988), 2HAYH (Morgan ¥, 1987 ; Dragu-
nowst Robertson, 1988b ; Daval %, 1989),
283 X¥ ¥ (Herrerast Robertson, 1989 ;
Jorgensen , 1989 ; Onodera 5, 1989) ol
c-fos mRNAS] 2de] $43 F7i9e 22¢ &
slen, E=3 g8 AF FoI c-fos mRNAS
BdE ¥ 5 A (Rea, 1989 5 Aronin ¥,
1990). ZHERE cfost kindlings] Wae] W=
Al W8 master switchst 2 $2% 4¢E
A fevk Yzste Ad% Sloh(Teskey 5,

1991). oldelx B wish 2o kindlings] &g
713 &% cfos T FAZIRAAL] 4ol
distedE wdol glom okAA EHaA g

Kindling®] @2 $a% 98¢ ¥ 2oz 4
ZsE AmRIZAES] a2 o BddRe Ads
A742 kindlinge] APPe] webx) Az g
o] ¥} (Sutula ¥, 1988 ; Cavazossh
Sutula, 1990 5 1% 5, 1995). C-fos A
7} kindlings] Wes @A 32 APsE ojs &
< Y EE ¥5E doslerl master switch
A #a q%E VU PTZ kindling®] Wew
Ask c-fos mRNA 23 Ateld] SmlglE FRaA
7h #39 F g% Atk W AT BN
4 9 AAFFFAA dolvke APRIZAES &
o] ARE AEA}(programmed cell death,
apoptosis) ol 9@ Rez BFHm 9w (Pol-
lard ¥, 1994 a & b), °|§& AR} Mz
QA &3 7170 cfos F9 FAINRAAA 9
B MEAGAAcell death gene)o] B4H7} &
A% Roleh= AHES AoHDragunow ¥, 1993
; Smeyne %, 1993 ; Pennypacker 5, 1994 ;
Ham %, 1995 ; Schreibers} Baudry, 1995).
Schreiber §(1992)¢) A@ANA 4F 139 <)
AN kainic acid®& FH T&4E LoPAR -
fos mRNAS] W0 glow Ax2dd] 23 K&
A% 95, A& AIAE 2 @A cfos
mRNAS| $8& Ro|5 AEie] ¥AH 2z 4
FEAY] ofos mRNAZH B4 @ Rog FEs9th
Kindlinge] 8] me} i Ee] 2o
AR APARR oY AX2Ae| c-fosrt BAE
o PTZ kindling®] $@e@Ae] we} c-fos
mRNA9 4#4 gl& 377t 32 RAoloh

oz ¥ A7e WA A0 kindling @
@EA) uHe cfos mRNAY WAPIE AW
224 PTZ kindlings] 9@ 4734 7t&4
(neural plasticity) % c-fos mRNA %@ Ale]2]
ABBAE LohrEln AsiTh

ATChA By
1 dusE
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AYFEL FYARYATLRAN BF e AT
250-300 gme] Sprague-Dawley? 42 #A 78
sle2A olg # 492 66kl 2 dxz 12
vl 4zt AHgetgnt. 49T F PTZ kindling
Age] 29, PTZ #ada A 259k 3
27178 %7 (electroconvulsive shock : |3
ECSet #) 4gel 1201218 27 g3 49
23} 9zFe) GMEL 27 polyethylene-
carbonyl cageol ¥2} -§3tgen, 48 AF F
ELESEERE LN

2 dEuy

1) PTZ kindling

AY¥E % 297 PTZ(Sigma Chemical
Co., USA)E 0.9% A9ESe] 5 10 me/nl
o] FE2 e T2 1525 w/ked 2-3d AFe
2 H7h) FASER, A2 127kE §93d
0.9% BANI5E B2 FARKIS. FAE 30
o4 F¢ BT B V1S H, %
2 5019949 el wiet ZRAHY AREAS
ohedt ol ERIA A 1 2AE A, 9, @
2, § $ol 3¢ Y e Roiw, A 2 @A
£ viEsh e kg WA HelAY FRJ
204 A% Holv, A 3 BAE v A
o 72 oy wR B 2P 2094 dFe=
AAE THASE, A 4 DA TR} @A 9
A F A9 Ay EHE Roln, A 5 dAE
@A P dold F sinile 238 AdE *
TP AN AR I ERE B AET
WAE PTZFA] 9@ 539 2 248 9dg 2
QA o A2 30 2 60¥ B Foll VR 4
AA A9 HrhAE A28 cryotubed] ¥l
AsA2Fo] UE F ARG

2) PTZ ux

AYE F 267k PIZE 0.9% AaA4d5
59 10 mg/mie] FEZ GE T AW £
30-60 mg/kgE S BN FARAG. FAF
308 ol T FEFIE B /1S9 PTZ
FA} A% 2t wAE R HY O A% 30
9 60% A% Fol RIS HYNA HeirAE
A&se] cryotubecl Yol fSdAaFe] 2@ F

FH3

3) T7I13a=A ECS)

A7 F 120kl 2T 2 £F AL UMY
%% Aol 27 AZFsx ECT UNT-7801 (UGO
BASILE, Italy)7171€ AHg3te) A3 6ot
A AN 134 Y 2RE FEI A
85 mA AFF 0.5 msec BF, 100 Hz WI=E 12
¢ AFEALH, unlA ookl E ThE E
# £ o 2HE F557) A3 0 mA &
F2 AT ECSol 948 942 8 98 7
2t 30 R 60% A5} Fol BTl JYNA vk
€ H&S cryotubed] Po] ADago] B
¥ gH3gn.

4) RNAE2] % Slot-blot hybridization

#E¥ 949 #etz3 L Chomczynskish
Sacchi(1987) ¢} *#& t2 330} Thgst 2]
RNAE ¥stgdeh. #H=t2A$ guanidium
thiocyanate ©%%(4 M guanidium thiocya-
nate, 25 mM sodium citrate, 0.5% sarcosyl,
0.1 M 2-mercaptoethanol, 0.33% antifoam A
emulsion (Sigma Chemical Co., USA), pH
7.0)914 homogenizer& |3t EAF &
water-saturated phenol-chloroform-isoamyl
alcohol mixturest 2 M sodium acetate(pH
5.2)& 93 4TolA 2083 10,000 rpme2 94
A& F 434L ANAATE. <719 ice-cold
isopropanol® % 91 ©Al 302 ALAS
] RNAZ 334z 32€ RNAE guani-
dium thiocyanate €&jo] %91 ©H& 2589
icecold ethanol ¥o] RNAZ A48T F
70% ethanolZ A& SpeedVac(Savant
Instrument Inc., USA)& °l&3ld & ot
DEPC (diethylpyrocarbonate) 2 A 2] 3
< spectrophotometer2 260 nMl RNAFE
& 28R -20CelA 28RN 2FUohl AHS
sgick

Slot-blot ¥4 RNA %% formaldehyde2
WP F 8.0, 40, 2.0 =] VA HHE F
slot-blot vacuum minifold (Minifold I,
Schleicher & Schuell, Germany)& AHg-3tal
nitrocellulose filter ¢l AH3te] F7IA=AA
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F 80COIA 9083} Ahedled 2EAYR B
o ol WA F HAFAcE RStk
0.45 M NaCl, 45 mM sodium citrate, 50%
formamide, 0.1% sodium dodecyl sulfate
(SDS), 5% Denhardt’s solution (0.1% polyv-
inylpyrrolidine, 0.1% bovine serum albu-
mine, 0.1% Ficoll), % 5% salmon sperm
DNAZ e 89ez 42cdA 1242 B¢
prehybridizationst#ich. RNA-probe hybrid-
ization® probe® 7-*P-ATP(Amersham Inc.,
USA)Z 5'-end labelling#tel Hol@Y%7 1x
108 cpm/us ©1F Hi A5l Al §elol Arie
o AxNstgck 2@ oh 2X SSC(0.3 M NaCl
% 0.03 M sodium citrate, pH 6.8 % 0.1%
SDS §ojo2 dedr 2083 AHsx, 0.2X
SSC % 0.1% SDS7 &gl 49122 6514
1083 2913 0.1X SSC 2 0.1% SDS7H Eol3
& g9lez 65celA 1083 AHR e 70Tl
A T0-76412 X-ray filme] x&N F SR
o mRNA #%& IBM computerd] 924
densitometer (Hoefer (S-300 scanning
densitometer, Hoefer Scientific Instruments

Co., USA)E A3t 345E 74 99 B4 L
Gaussian integration’l 2.2 Z3 sk,

2 dgd AHER probex U= Oncogene
Science SAHZR¥E 7YY cfos 2 GAPDH
antisense oligonucleotidese] 7-*P-ATPE 5'-
end labellingste] AHg3tsich.

3 BAN 24

WzE R AYT 2 @AM cfos mRNAS
SHAE Alold] Aol7t AEAE Gols] sl
Kruskal-Wallis test& ol§3R.2m, 74
ARG fojeldl vt Aol deast 7
2¥7e] WaslAE Bonferroni correctiong 8
<} 23

4 3
1. PTZ kindling EAIY c-fos mRNAS| el

PTZ kindling 2@2el Z8%% 2 @7 g o
279 #vlolA cfos mRNAY ¢8e 43¢ &
sisieh. PTZ kindling®] 2 @A 3¢ 29
WAE A 1 BARE A 5 @ARA 2476, 5, 8,
59 5etel9eh. PTZ kindling
o & @AY FF cfos
mRNAS} 2&e 93 308 F
o) AEE dAttelA A 1 Ay
B Al 5 @A RN dlxzd]
Hgel 42 2.9, 2.1, 1.4 1.5
2 3,94 Frketgon, ¥ 60
# Fol A& suine 43
2.2, 1.2, 0.6, 0.6 & L=
7t e add. @3 30
& Foll AR kA cfos
mRNAS| 2d& A 1, 2 5 ¢
AN F 2-4¥) FAFStER A
3, 4 @ANME AE=Td vk

4
z 3
]
£
8
s 2
3
2
-3
o

1

0+

Control | ] ] v v
Stage

Fig. 1. Sequential change of c-fos mRNA expression in the

hippocampus according to seizure stage 30 and 60 min after

PTZ kindling.

agom, wH 60% o A%
@ #rtel Al c-fos mRNAS] &
e A 1, 5 wAIA 2229
g A 3, 4 BAdAE
Wzl Wk st 2
i} 922 2 PTZ kindling
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7 @AY cfos mRNAS] S Alelo] $A%
A Aol @rHTable 1 R Fig. 1).

2. PTZ Rsiol] 2|8t c-fos mRNAS| ¢

284 39 PTZE ¥72 Wl 93] 348 &
Z @AY e B9 wAE A 1-2 @A T
@, A 3-4 9A7} 601 % Al 5 A} 127kl
oh % @AY BE cfos mRNAS wde 9F
30% Foll AFY dAviels 2T Hsted A 1-2
@Al 2,58, A 3-4 BANM 2.2 2 A 52
Table 1, Optical density of c-fos mRNA

A4 6.1 Sk 2% A AN oF 2-6
el c-fos mRNAS @37} ggies, %3]
Al 5 24 Al AR F7kskdch 23 608
¥l A& sictlA BT cfos mRNAS) gEe
A 1-2 @A 118, A 3-4 SAA 368 2
Al 5 @AM 1600 F7HskAT. W A 3-4 @A
A BF c-fos mRNAS] FEZ7HE Bl 4
BFEN Aoz} Aen, A 5 @A BHAA o
fos mRNAS] $8& 2% 308 ¥ 423 &0t
AAgE €¥ @A F7PE 9%k Kruskal-

expression in Lhe ‘hippocampus according to seizure stage 30

and 60 min after pentylenetetrazol (PTZ) -kindli

Stage Opncal Density
30 min 60 min
Control 0.54120.198 0.759:+0.253
=6 (0=6)
PTZkindling®
1 1.586+0.514
(n=3) (-
1 0.879:0,088
(n=2)
1 0.466+0.422
(@0=5)
¥ 0.819+0.375 0.4310.031
v 2.102+1.931 14290136
=3) =2

Values are given as Mean+SD.

* 1+ clonic movement of face and neck, I :
forelimb and body with brief rearing,  :
falling and generalized tonic-clonic seizure.

Table 2, Optical density of c-fos mRNA

ression in the

: clonic seizure of neck and forelimb, ¥  clonic seizure of
generalized clonic seizure with rearing and falling, ¥ :

hippocampus according to seizure stage 30

and 60 min after pentylenetetrazol (PTZ)-induced seizure

Stage Optical Density
30 min® 60 min
Control 0.541=0.198 0.759=0.253
n=6) (=)
PTZ-induced seizure
I-1 1.372+0.262** 0.823+0.502
- 1.205+0.475 2.734+2.483
(0= [*)
v 3.299+1.514* 1.250£0.371
(=6 (n=6)

Values are given as Mean=SD.

* Significantly different(p(0.01) between control and each stage according to Kruskal-Wallis test.
** Significantly different (p(0:05) from control mean according to the Bonferroni correction.
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Wallis testd & 302 Foll A3@ sjoioln o
27 3 PTZ #2935 7 @A c-fos mRNAS]
HEAE Apolo] FARHLR fAF Aol7t 9

3. ECS Fee=of 2I8t c-fos mRNAS| 8l

25 (p0.01), A 1-2 D 5 @Al tzge] vl ECS #¢¥3dN BF cfos mRNAS] #de
dt] cfos mRNAS #1@ @@37PL AR EF 30¥ Fol AT HAvlelA Rz Mg
(p<0.05) (Table 2 % Fig. 2). 7hE @ Ee wehe AdelA 339 3 Aa4

Optical Density

0+
Control i -t \4
Stage
Fig. 2. Sequential change of c-fos mRNA expression in the
ippocampus according to seizure stage 30 and 60 min after
PTZ-induced seizure

5

Optical Density
~n © -

Control  Mild Convuision GTC

Fig. 8. Sequential change of c-fos mRNA expression in the
hippocampus according to seizure severity 30 and 60 min
after ECS-induced seizure. GTC : generalized tonic-clonic
seizure.
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AP ARF AR 139
SRR, W 608 Fol
A& #vtlA c-fos mRNA
9 WL shE RN E o
Z23} Aoz} e, A4
g A N E 0.68
2 =29 cfos mRNAYE
weh Zasigoh 2y fEe
% ECS #9238 7 @A o
fos mRNAS SERE Aleld
BARAY Aol gcHTable
39 Fig 3.

 #

€ 97E PTZ kindling ¥
A4 kindlings] @2 @Ast
ool c-fos mRNA @&
A= Aolel fuigle FawA
& 29 FA z3qek 0@
e cfos FAA7} kindling
<] @2l master switch®
& FLF A4YE A FeE
AARR

Kindlingd] @&ele Mze
@ PAE A HAd O
o Bashs, kindling 47}
WIFHoR A&7 HE]
olAd fAA dEe A
Rt 2780 Jonec? Was-
terlain, 1979 ; Cain %,
1980). & Kindling® #v}o4
glutamate] &3 NMDA®]
W F8Ae gl 7L
FAHA o8z (Geula 7,
1988 5 Morrisett %, 1989) |



Table 8, Optical density of c-fos mRNA expression in the hippocampus according to seizure severity 30

and 60 min after electroconvulsive shock!

(ECS)-induced seizure

Optical density

Stage
30 min 60 min
Control 0.541+0,198 0.759:0.253
(0=6) (n=6)
ECS-induced seizure
Mild convulsion 1.793+0.994 0.783+0.320
(n=3) (0=3)
GTC 0.7020,012 0.435::0.206
(n=3) (n=3)

Values are given as Mean=SD. GTC : generalized

AR st Bejshs §24 Gdo] A3 A
o9& Aoz 4AHnE, of g ol2¥E, 4%
ALE, Ed: R $849% 59 Y Bejst
€ 4% $34 289 37142 W8} kindling
€ $89 HzlA 2294 Aoz sfEn
Kindling® @Azt W88 A3e] o3l olsh
2ol GFY FAAES 712 ¢ WE g3
o Adze] A8 § 4F FAIAQ vste s}
Aed, zne @Az ATl o] &y
U AF FINERAAe] qde] Bojshe
Aoz g c-fos 9 FZEI|FAAI}
kindling @] 8¢ 4%< ¢ Aoz 47y
°lA fk. Shin $(1990)2 Simonato (1991
€ B4 9] 21732 (angular bundle)el kindling
AFE E F AoblA /1S ADS} AD ¥l &
A% #@rtelqs c-fos mRNA W& Apolo] )
& A& TAAL cfost kindling Tl F
2% 4% ¥ Aoz FEsAG 224 Shin
F(1990)9) AWM 302 olste] AD Fol
fos mRNAS| @80l 27194 e Fe o3y
c-fos7} kindling ¥¥€el 328 42 344 £
& AARRe 23zt s s 30% st
< ADE kindling®] ¥2e] 7lejsh) w@Eelgh
(Racine, 1972). & |9} APelN @ A3
A e Al 5 SAZ kindlingd FEolv
kindlingA=& A& 22 FEoI AD9 713k
Z2oW c-fos mRNA $dYe] FIsithe 2ae
¥ A7 Zshe Aelst ek E@ Teskey &
(1991)¢] 2714 kindling AHeIA c-fos mRNA
AR} ADZF M2 Aol ggesz A7F
kindling*IX€ ¢-fos mRNA ¥&e] kindling®]

tonic-clonic seizure.

ool 8% 4T2 #A Y& Ao A=dn
223 Shin F(1990)% Teskey 5(1991) & &
ATl 3] A 5 A= kindlingd ¥ AFo|
R F471 $¢ dotlA9 c-fos mRNAS} 717
A7t AEFH FLFE 2] © EF kindlings)
¥g % §A] cfos mRNAS| 2] Fa3 o
TE A 2 AMbske 4202 AZEd. @
# Shin §(1990) & % 2=l 2% kindlings]
wadAsl @Agle]l ADS 712e] 30 o4 g
@ cfos mRNA®] 98] Fdsitin sigeon,
Teskey ¥(1991)& W& xFe2 kindling ¥
VA7t £€ $% cfos mRNA ¥de] Tk 37}
g2 e, Cole F(1990)& W& A3 Fof
€ U2 2P0 de} ¥E A3 @ cfos
mRNA $3& 439 23 Helx 2k ol
2 A7 Avhst fAksiT

2 dFo4 PTZ kindling 2 @AY c-fos
mRNAS] 2@ 2¢ kindling @7 WA= 7
Avhet Helzt Ikt Kindling @AY FE
fos mRNAS} ¥R A 1 B4 SN o]
s3] 238 S7HEIE Al 2, 3, 4 @A A
A Zastgon Al 5 QAN TAl 244 371
€ 2% Q0. oldF AHE Teskey F
(1991) ¢} #71%<) kindling®] 2& WadAclq
cfos mRNAS] 23 3718 B 25} Aoz}
1925, Winston $(1990)°] *i¥ U348 ECS
ASE¢ ¥RPo2q ECSAF 69A c-fos
mRNA®] ¥3do] A ECSAZA #=8 cfos
mRNA 239 f 50%2 #F&3en ECSAHT
8-109AE cfos mRNAS] FAR=7} Ao
€ 492%she ¥¥A o dAse 2ol %
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# ATl 23] c-fos mRNAS 2de] Fake
A& ARAY A7NH g 4 A2 ¥ &
Sich HRAHQA AFe) o4& AAHE c-fos
mRNA &3] 3¢ 3718838 71 FHA
FEHE c-fos @Y #H P4 (Fos-related
antigens)©] c-fos mRNAS| 37149 zde] &
A3AY, c-fos W) AL el 2dH
€ #A% 48| cfos mRNAS 28E H%g
(feed-back) 22 JAFAY, F& WY AFe] c-
fos mRNAS] 23& 2she #4409 dgd 4
2 A 9 o LFES IS WHNgeEn
c-fos mRNASY HAEE A Aoz 3T
& 9o ¥ @F4M PTZ kindling ¥% A 2,
3, 4 @ACIA c-fos mRNAS] Wdo] 24 o4
£ olgs 2 WA ARAREY AF A
c-fos mRNA ¥@¢| 3%z (down-regulation)
olglel W71A kindlingAF#He @ PTZ
kindlingA=el e Azl PTZ #gAztes
At} BAZE AL AFeNE FRIA g T
¥ A3 A= (inhibitory pathway)el 4%
2 9% = Atk & 47904 PTZ kindling
A 2, 3, 4 YAZ BPAA c-fos mRNAS ¥
o] &zt Al 5 @AM M c-fos mRNA
9 FHI =Y N8 A 5 @A WA
2Ry FeR Ax R ALALS) BAT 37
2 Q% HFE GRIAY, o= F(1995)9) 4
BN HelE uish o] wlFARel Ads AT
°] PTZ kindlings} #2994 27l @294
RTh Al 4 @A ol FRE BES)e) AR AR
oe Aol fF8) 2 W A 5 SAeA Hgd
el Al AFgo] B o] FAAA AL F
B9 2E PPne A3 A3 Y ds
S0} 3t A BPYHAsL AR AR
3|2 @ cfos mRNA B9 A7t 329
7] Eee Ydnt. ¥¥ kindlingAFe] W=
7t #74gel Wl kindling ¥@GAE oI
ARAAL e dgE FriHes 42744
A< ¥de] kindlingel 4% WAL shaH
g 23 9€E Fohd kindlings] 29eA
7} wobd 5 FRz71RAAe 2UE vl
#72 Relth 2y 2 4764 e kindling ¥
QeASG 5427148 c-fos mRNAY @

Aolel duigle FAAAE BRE 5 gdeomz
PTZ kindling o 2ol c-fos mRNAS] ¥
F7he AAAZY WFeIHA G4l o AY
#olm kindling WeZ1Hel w=A Ba @
master switchsh && £9% 4¥¢ e 9
Aoz AAdd,

4¥4 §%9 PTZ 23 ¥ (single injection)
o &8 WAL T 3% ool ekt 308714
A& sivtol c-fos mRNA @8 PTZF
158 78 AN F7hete] 30-60%] Az
Rl ol THE 24413 Fof ZIAAR Fagoh
(Morgan ¥, 1987 ; Saffen %, 1988 ; Son-
nenberg ¥, 1989). I\t PTZ F<i% 7 44
FEvT BFHE cfos mRNASY @@L 74 4Y
FE3) Ael7t Bk sich(Saffen F, 1988).
& Q7oA PTZ FEddel 9% w2 9Ad o
fos mRNAS] &8 F4& 24 @A 43t 308 &
ol A& AvtlME A 1-2 SANE Rzl
Hgte felsA F7bsla, Al 3-4 eANE
27 Brke F7IRe Al 1-2 @A) ulgte] o
2 aAgen, A 5 dAdE daE R A 1-
2 @7 5o} @A S7HE BQdh ol PTZ %o
o 9@ WA c-fos mRNAY EdE TS
Aer AZEE A 5 @A LN AT IHE
B9 AE ofos mRNA HAFESL wAe) Zush
BA Slcke A& AR &4 608 ol A&E
HololA BE c-fos mRNAS S8 e A 3-4 WA
A F7HE Bgort AYFED Hel7t glon,
A 12 2 5 BANNE A2 HST BEE B
Kk EF 608 F A} 1-2 R 5 AN cfos
mRNAS| @@o] s visEtad olfe 9%
3 A9E & flov, 2 APFEUT c-fos
mRNA 28] ZNF Wgje] Hol7} slens @
AF 043 F71IAUD c-fos mRNA Wdlo] ZA
FA ol JIARE 27 FolAY, PTZS) &
Aol A7) el 23 Feke] WA e
3 $H8AQA c-fos mRNA 8L fr=sta ol
A cfos BE P P FHH cfos
@] c-fos mRNAS ¥3& JANAE Ao
47¢ & Ao}

ECSe] 9} cfos mRNA 2@e ECSAF 30
2 Fll 7R 2} )2 Wdo] Frkse] HnA
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o ol2u] 242t Fole TIANZE Fadcke 49
A7t ReH (Zawia% Bondy, 1990), °l&
Morgan $(1987) 9] PTZ H&&ae] o3 A1kl
c-fos mRNA2| 28 P33t &3tk Daval 5
(1989) & WAE WorlA %E Fue| FE=
ECS# o] 243 cfos mRNAS) $d& A&
FA g 2T ¥£T FEYE BFHR ECS
39 §E5E cfos mRNAS) w& ECS <8
99 w7 Al &% Aolgn stgrk v
2 @714 BCSAZl <19 o-fos mRNA®) ¥
FEE /e et wohe 4dE 29 308
Foll oF 3ule} WAZIE BRe ANY AP
A4 2R 30 % 60% FolE BETH Nase
o, oleg 23 ofos mENA el WA 7
Eohe fOI8 YRVAVL §8E AAbE Tm
ECSYl 9% c-fos mRNA®) 8 P4 (Zawiash
Bondy, 1990)°] PTZel <j& 4@ ¥4 (Morgan
%, 19873 vl&sika ske Bk gAY BCS
s 22 A ATFe vEd oW e
AL AL fdshe PTZASHE 288
fos mRNA 28 YPIHNE Holg BY Aoz
A7

2 @7k Qo] PTZ %€ kainic acid 59
ZA¥A R ECSl A% ¥ g5e He 492 3
WA oA cfos mRNA B c-fos ©e] A1
s gAH Fd F7hE 29Ut (Morgan F,
1987 5 Dragunowsh Robertson, 1987, 1988a ;
Le Gal La Salle, 1988 ; Daval %, 1989 ;
Popovici , 1990 ; Teskey 5, 1991). et} ]
Hal, {93, g5, FAAY 2Edx, YR
3, caffeine, morphine, beta-adrenergic ago-
nists 3 estrogens SHET 5 THAE A7)
fos mRNA®) W& f=ge] BaEs, 2eime
cfos mRNAE AZAEE S4IE oug
Al AN Fde] FrhAvkR & 4 gk ol
28 BIE c-fos mRNAS] 2ol uj¥e| 5l &
g AArsre 2ol S

2 o

204 Ae] 239 pentylenetetrazol (PTZ)
kindling $E2%eI4 PTZ kindlingel &I& 4

A 742235 cfos mRNA W@Atele] FaaA]
& gotusl 9] WA A PTZ
kindling®] WagAo] ©E c-fos mRNAS] 2¥
WFE FFHA. Sprague-Dawleyd HAE ol
o= o9vlele 1525 me/ked] PTZE 2-3% 22
o2 B FAEY PTZ kindling® 3438
2, 259kl 30-60 me/kee] PTZE U3 B39
FARete] PTZ 44HE fddiglen, 129klE &
% Al 929 AFE ¥l electroconvulsive
shock (BCS) A=& 718te] Ea& fusigct. &
P BTG 7 WA e Role A%
30 2 60% o] Bl PN T WS
At = 1290E 0.9% H4EES
Brhgell FARstgem FARRD UA 30 B 608
Fol AYTH 2L Yo HE AFHAS A
F@ ¥9 dvizFelA RNAS £el8 slot-
blot hybridization W22 c-fos mRNA® 3
o

PTZ kindlingl¥| c-fos mRNA®) $dREE
WA 308 Fol el skl Al 1, 2 R 5 @A
BN o 2-48) FAELSM A 3, 4 9A B3
ANE AT uEANL, L2 608 Fol cfos
mRNAS| AL A 1, 5 9A oA oF 28] &
Qe A 2, 3 L 4 @A M E Nz
gt PTZ F@ddd <@ @AY c-fos
mRNAS] 2@ B2 308 Fol A 1-2 AN
Wzl wlste] 2,50, A 3-4 ©AA 2.20) 2
A 5 AN o 6ul Zzh FtEAR. EH 608
Folle Al 3-4 @AM .64 F/HEAR A 1-2
R 5 SAIME dx2 vsstgch. BECS #9d
24 cfos mRNAS 8L 7 e 2% 2 &
2He e 308 Fol thaael st 3.3¥) S}
ot A 2 WY e dEEst
Hsadch, 22 608 Fole P EF % A
4 2% 294 ¥ 2Fo4 c-fos mRNAS|
o bt 99t @@ AE PTZ kind-
ling, PTZ ¥& ECS #¥¢#%} c-fos mRNAS
A Aele] Suigle FRWAZE Prke & AL
@ 38|22 PTZ kindling %91 8ol cfos
mRNAS] $¥Z71e WAL HiFolAd 249
3}9 ®olv} kindling®] FE/1A WEA Rad
master switchsh 2& $2¢ J¥& e B
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