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Changes of Immediate Early Gene Induction
in the Drug-Induced Seizure Models

Chang Gyo Park, M.D. and Soo Kyung Kim, M.D.

Department of Pharmacology, Keimyung University School of Medicine &
Institute for Medical Science, Taegu, Korea

Cellular immediate early gene expressions have been demonstrated to be modulated in response to a variety
of seizure-inducing stimuli. In this study, two immediate early genes, c-fos and c-myc were investigated in
response to the convulsants such as kainic acid(KA, 10mg/kg, ip), pentylenetetrazole(PTZ, 40mg/kg, ip), and
N-methyl-D-aspartate(NMDA, 60mg/kg, ip) in three regions of rat brain : cerebral cortex, striatum, and brain
stem. The KA and PTZ treatment slightly increased the transcription of c-fos in cerebral cortex, striatum, and
brain stem. The MK-801 or baclofen pretreatment did not block the elevated expression of c-fos by KA and
PTZ treatment. The NMDA treatment showed a reversal response of KA and PTZ treatment. The c-myc expres-
sion did not show a significant change in each of convulsant treatment groups and MK-801 or baclofen
pretreatment did not exhibit considerable differences.

Therefore, c~fos could be one of the first seizure-related genes expressed in a cascade of events underlying
different post-translational products, which result in diverse functional consequences depending on the brain
sites.
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£ A3y % 5 (Cole et al, 1989 ; Wisden et al,
1990 ; Bliss & Collingride, 1993), Halgtz o g2E o
E A (Mackler & Eberwine, 1992 ; Nestler, 1992),
SGEATA 2 7AL  3E(Dragunow &
Robertson, 1987a ; Dragunow et al, 1992), ¥ ¥
(Uemura et al, 1991), $-&%(Post, 1992)3} Z& A
YA Aeg dusr|® @oh 2=y [EGs7t 9
Kol Ay o] A A BHH= AHES ¢
24 A THDragunow & Robertson, 1987b ; Bravo,
1990 ; Herschman, 1991), o1& % 3 7]%¥3}s}e]
A AA M 4A3 FHH YA &
s}, bARE YA E [EGsY g ofF L
G5 F&t}, DAL WY FAPHoR wrEd
wate] dojubs 7l HAEoE A glonH,
748 A pentylenetetrazole(PTZ), kainic acid(KA)<}
kindling animaloll A c¢~fos, c-jun, krox-24(NGFI-A, zif
/268, EGR1) 9 Z7|fHAEo LHP| o]y
RuEe] 9lti(Dragunow & Robertson, 1987a
Morgan et al, 1987 ; White & Gall, 1987 ; Saffer et
al, 1988). F3A4A 9 FEAFTAA 11d TR
£ NMDAF&A7F $a3% 9L 3l A2 ¢4
A T Collingridge et al, 1983 ; Harris et al, 1984 ;
Rothman & Olney, 1987). 81}, NMDAs&-419}
IEGs2] @A) glo] A NMDAS} non-NMDAS&H| &
A= AAA 2 EGsEHAE F71A 9] A% NMDA
FgAe nAYA AdFAU MK-8012 HAAF
(Cole et al, 1990)°)t lindaned] <% IEGs EHA
S7vele Age Anrk VebdA ¢k o (Vendrell
et al, 1992), kindling modelol &= &7t i
Rlc}(Labiner et al, 1993). =3 IEGs mRNAY 57}
o] F MK-801¢ AE 2/|FAA9 FHd o
ZAE tZ2A Jebgdoh 2N, cfosSt krox-20
mRNAE ¢ AFRU Y, jun-B & c-jun MRNAS] 9
A FHstA 2o o™, kox-24 mRNAYE 9 &
S nxA E3gioh ol A=E Ew neurondl
Al [EGsfrAALE & NMDAF &4 9to] dAL L
E & girh

olghztel ARt 2/ FHRY W@ TA o}
A ofz HEF dyo] Hol Q1A Rl A
AL B ATE BiAM B 279 AhA o
¥ 298 IEGs mRNA expressiond ##3)w A}
o, 3279 AEdRE g ol&StmEH,
seizure#-3 3 [EGsEHA LY A M= &
SR LA &3},

SR

AYEE U Al HPABES YT F2dA 3
3ol dAHT AFEE ARSFE 250g W49 Sprague
-Dawley WAL o4 FEG0) AESAG. KA,
PTZ, NMDA, baclofen SigmaArZ4-E], MK-801-&
RBIALZ B FY3teo] AEsHH Tt v

HARE  HEAREE H&A KA(10mg/lkg), PTZ
(40mgfkg), == NMDA(60mg/kg)E 24 B4l
Eoatgon, Ao 748 Ry MK-801
(2mg/kg) =+ baclofen(5mglkg)& 108 B7
el Bo3idok, 47 3ALFAA 608 ol
tonic-clonic W&+ Bl W7l Ay ALE-H AL
Wie ARE Adste A F H2AE 4FE
o] dix, A 2A, Hzte] 3REoE Eegrh

Probe ZH|:c-mys GAPDHS cDNA probet
[ @ ®P]dCTP(Amersham)E nick translation (Gibco
BRL)A Z.2.™, cfos(0.68kb EcoRI/Hind Wl cut):
Dig-RNA labelling kit(Boehringer Mannheim)& ©)
£-3}e] RNA probeg wHEUTH

RNA 22| : RNAzol™ B(Biotecx laboratories, Inc.)
£ %3 100mg3 1mle ¥ 3 homogenizerZ x3-&
np A7) 23 &3 ImlF 0.1mlel chloroform
$ Wil 15&3 & E¢sla 4T 58 FAL o
AL 12,000rpm, 4CE 1587 d4sld 4EAe
Al tubeE2 & F HF9 2-propanole Wi -70C
o 2412 WAEkA. o]& 12,000rpm, 4C 2 1583
A e A& RNAE 75% cold ethanol® A& sfx
Speedvac concentrator(Savant Co., US.A)elA 4%
7+ AN o9& o) diethyl pyrocarbonate
(DEPC) AHeEld F/TE 4ol 5UF UV spec-
trophotometer2 % % «E& ZAskal -10Tel
Baste] ALg-3hg

Northern blot hybridizationOfl 2|5t mRNA 2A{ : ¥
28 20pge] RNA9| formamide, formaldehyde
10X MOPS(sample buffer)& 7}ska 65C oA 1
B hed & 489 $v). Formaldehydest 10X
MOPS7} B0l 9+ 0.9% agarose gel€& o] &3t A
719 %% & nylon membraine(Amersham) & A
o)A # T} c-myc¥ GAPDHS 3$-+= 5X SSPE, 5X

e

<

"Denhardt’s solution, 0.5%(w/v) SDS, & 5% salmon

sperm DNAS 43 £A02 65ColA A 1A
prehybridizationdt i 100C el 5#7 71434
denatureA)Z) labelled probe® #HvMEle) 65T o)Al
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A 1247kel 4 hybridizations}$ith. B3 70T oA
membrane x-ray filmel 397 =A% o @

A5t 9 Tt o-fose) Z-$-& 50% formamide, 5X SSC, 2
% blocking reagent, 0.1% N-laurylsarcosine, B 0.02
% SDSE Frd &YolAl 68ColA Ha 1AL
prehybridizationdt 3. 100CoIA 583k 7Hdste]
denatureA 7! labelled probed #71ste] 68T ol 4l
HA 6AIZEe)A  hybridizationdte]  immunological
detection®-& o] && color precipitate H4-& &
#3t9 . mRNAS] 28L& c-myc, c-fos, GAPDH =
% Gel document system(Bio-Rad, Molecular Analyst

Gel Doc 1000)& o] &-3te] 43131t
PSS

oyl : KAS PTZE cfos mRNAS) Ed & F7HA
7om, KA% PTZR o] 9% cfosS F7H= MK-
801RAX A= 8 W3zt gllth(Fig 1). Baclofen A
AR AT SN F4E RAR(Fg 2).
NMDAE c-fos, c-myc MRNAE & 7149 B
& Holx ¢kken], MK-801 2 baclofen 23] A|oj
93te] 71Ee AEe et (Fig L, 2, 3, 4).
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(A) c~fos
GAPDH

(B) c—~fos
GAPDH

(&)} c-fos
GAPDH

KAS PTZol 9%t c-mycER Y F7H= mlefstgl o
MK-8014 21 X o <8 A 8 wisksh gt et (Fig 3),
baclofen® x| x| o] &l A tha Z71E ArH(Fig 4).
MZA) : KA, PTZ, NMDAE ¢fos, c-myc MRNAE

e 274721, KA, PTZol 9% cfos, c-myc?
Z7l= MK-801, baclofen® & A=A ¢kkovt
(Fig 1, 2, 3, 4), NMDA®l & c- fos 8 = MK-801
2 9% F7hs Ao (Fig 1, 2).

k|7t : KA, PTZ, NMDAE c-fosEH & thd F7HA
Ao, cfosd EHL MK-801, baclofen® A A °ﬂ
23 tha F7hEIoH, NMDAR S oA B
Ak ch(Fig 1, 2). 28, cmyc B8 Z Q‘FEZI
Ho] oA 8 Wiyl glglen MK-801 i
baclofen® A Kol elsiA Fae el BTt
(Fig 3, 4).

g B

o] AFelX AUFEAZ AHEE PTZ, KAl 9
%l c—fos, c-myc MRNARR 9] F717F gl AxA
oA #EEHUT o A EGsHdA £ F
7}t seizurest A7} Aoki s B BIEH

KA PP NDA NMDA

+ 4 +

MK MRS M-8

Fig 1. Effects of KA, PTZ, NMDA, and MK~801 on the c~fos expression in the cerebral
cortex(A), striatum(B), and brain stem(C) of rat brain.
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Fig 2. Effects of KA, PTZ, NMDA, and baclofen(BCL) on the ¢-fos expression
in the cerebral cortex(A), striatum(B), and brain stem(C) of rat brain.
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Fig 3. Effects of KA, PTZ, NMDA, and MK-801 on the ¢-myc expression

in the cerebral cortex(A), striatum(B), and brain stem(C) of rat brain.



— 228 —

HUIB AR R 158 HIR

(o KA KA P P NMDA NDA

+ + +

KL B BL

(A) c-myc
GAPDH

B) c-myc
GAPDH

© c-myc
GAPDIT

Fig 4. Effects of KA, PTZ, NMDA, and baciofen(BCL) on the c-myc expression
in the cerebral cortex(A), striatum(B), and brain stem(C) of rat brain.

o x5t o (Dragunow & Robertson, 1987a ; Morgan
et al, 1987 ; White & Gall, 1987 ; Saffer et al, 1988).
[EGs mRNA¢] £7}+= gene transcriptionAl 712} vl &
310 late response gene EH & ATt A4S
th(Morgan & Curran, 1989 ; Sonnenberg et al, 198
9). Seizure= AR T FA A H e AHTT
Azrgu), &9 trans-synaptic stimulationg &
© gene expression Wyt xeiEge A& 7MY
& 4 gtk 2FRE seizure model & AU 4l
AANA doivs A vkg /AE dehe
& AFdoletn 4@t [EGs fdA4 Bl
NAAZANAG SolstA Uete 4L oy,
BE AN o8 71x Aol oA A s}EE
B oA AT x7]9] YA wgo 2 dEA
t}(Dragunow & Robertson, 1987a; Bravo, 1990 ;
Herschman, 1991). A7 A&l A ¢ [EGs expression
ol & 2% neurotransmitter &34 =8 3 %k-g, neuron-
al sprouting, synaptic density, membrane electrical
activity, neurotrophic growth factor&e} o & 23
3l =Ho] AAHY. [EGsE A E cfos, Jun-B, -
Jun, jun-D E& leucine zipper dimerization motif&

7}A ™ DNA-binding transcription factor AP-1 siteol
Al homo¥E heterodimer& o] &th, olobe 28] o
myce helix-loop-helix motif& 7}AH, o3 1 7%
o thEi A& c-fos familyrd & 48A YA Xet
=3

B dFdqMe 9 HUAEe) 54 ¥ FHelA
[EGsel ZRHAE o%A g8 JeeAE F&3
o zunl 2AEY . Bie) o5d PTZE %43}
W Fvko A c-fos MRNAE seizured 15% Fo o}
BlUA 1AZE Folle diage nlske] 20M7HA &
bt o, 3Nz Ao R EEHPLH o F
& %71 benzodiazepine S 2 JAFH ATt &R
t}(Morgan et al, 1987). % kindling animal®} A4l
02e dozl 5 AU 2o YANAHR cfos
mMRNAS) ¥#o| Z7iEAte Be Rivt JleH,
olgl gk AR c-fos?] F7HE NAME A5
A 9 neuronal plasticity2h. B A7 A w2 o]
t}.
o] A A ZAENY c-myc, c-fos EEA L] A
BE 2y AEAY FR(KA, PTZ, NMDA)S} £
(=, AzA, H3b)el weta Zold vehded,
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epilepsy$t LA ® @Al slvkiL 3= NMDAS&
A 243 NMDAT Foatgl-&v] PTZ, KAd
9% Z7ld Wsle o FRF AHAE 4R R3S
ok oA E cfos, comye EFNA MK-801¢)
93 YAV 238 FUEE AL BEHIUS
Protooncogenee] @& AF FR(H7|AF, PTZ,
KA, caffeine, =40l A]) @ FEo wepi H =
AR A Z7] T8 BEE Nt B& Rt
olw} glom(Morgan et al, 1987 Le Gal La Salle
1988 ; Popovici et al 1988 ; Nakajima et al, 1989), ©]
Re Ao BAsHM AXE AAFEN 44 o
27) Yiolga 23 A= JoH(Clark et al,
1991). Manev 5(1990)2 cerebellar granuleX) ®&
HlFate) AE 59 glutamate(l uM)E FAE c-fos
7} FEHE 21E Busdet, 50uMe aEsd
HNE c-fos7t FEFA g ik 9, olge
el A Sagar 5(1988)-2 NMDAS] A7 4ta)2H&
o] gl E Xl A9 NMDAS) 2|3 c-fos7} £71E Y
ogx 39tk B dTe ZIHR W Fo] NMDAL
glutamateol] &%t c-fos FE7F 2B A= o
A&t @atol olumin AZED. B APAaE
o] 88 AuR KA, PTZ, NMDA) 98] Eo)f
fos, c-myc D F43 ZA&A MK-801 baclofens]
AR} c-fos c-mycdl EE L Aggsle 280
=152 okt NMDA Fodo] 23 o-fos BEHL
MK-801 X+ baclofen AAAE B & Z7tEE A&
L AU (Fig 1 & 2). ©] A= c-fos, c-myce
o] i 4@ 2ol g Hgukgelge 7
53¢ nrge A2 i uEe]Hd AxY
YAIF hEgolgta RopAW, HolE c-fos, c-mycOl
polysynaptic pathway2) 18 markere 8 & U&
HAolat= Sagar 5(1988)9] Aset YA B ulo]
t},

A3A) MK-801¢) 93] £3]% c-fos, comyce] &7%
7} B& ANAE A4S non-competitive NMDA
484 AgA QA MK-801 FEFEAR txzH A
Fos, Fos-B, c-Jun, Jun-B, Jun-D, Krox-24 %9
immediate early gene(IEG)-protein®] X8& 714l
AttE R (Gass et al, 1993)E B o oAsts &
AEAZA 9 MK-8019) NARF AL} [EGs fr%
o Eol dRatAE FETET A4 o] AAR -
myc, c-fos FEE AT BAHAAN 5 & Rl
i Ay zbsbAe, glutamate =84, GABA $-£Agko]

A7 Belss Aoz Holx gou, Add

[EGsEd] #dE AXEe g A& o Yas

o A7,
2 o

AR 27 FAR LEe A AF Be
Rzl IAg, B ATeAME AEA KA, PTZ,
NMDAo 27 thy, A=A, =zt F-H A c-fos, c-
mye MRNA EEHE& 4% 7, competitive NMDA
receptor antagonistg! MK-8013} GABA agonist¢!
baclofeng A Xsle 1E @A WiE #F
gt o A, Yo AdgA o] AdAY EEE
Aeao g dgste Z21.& goplAe Eayen
@A) [EGs a2 23 & 2o th3 nonspecif-
ic¥ YA wgolgtn Az, $oB old #H
B 44 AAAGEE 59 QAE R A7}
dasithi Azt
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