J Korean Epilep Soc 3(1) : 22-32, 1999

Kainic Acid §2 F2RZAN
(R-)-N°-phenylisopropyladenosine 2| MAAT} Ho1Y <
NEMEERL A (Neural Cell Adhesion Molecule ; NCAM)Y]
Dot g OA: 3%-

Effect of (R-)-N°-phenylisopropyladenosine (RPIA) Pretreatment

on the Alteration of Neural Cell Adhesion Molecule (NCAM) Immunoreactivity
in Limbic System of Kainic Acid (KA)-induced Rat Seizure Model

SIME' - SIMA? - TAY? - XIS S A
Seon-Chool Hwang, M.D.", Se-lin Hwang, M.D.2, Won-Gil Cho”,
Chang Bae Jin, Ph.D.> and Ho-Sam Chung, Ph.D.?

ABSTRACT

Badkground : Various neuronal and glial factors which participate in neural differentiation, including neural
cell adhesion molecule (NCAM), are upregulated in pathogenesis of temporal lobe epilesy (TLE). This study
aimed to investigate the effect of (N%)-R-phenylisopropyladenosine (RPIA), an adenosine A, receptor agonist,
on the morphological alteration of NCAM immunoreactivity (IR) in limbic system of kainic acid (KA)-induced
epileptic rats. Methods : Experimental animals were divided into control group. KA treatment only (10 mg/kg.
i.p.) group, and RPIA pretreatment (100 #g/Kg, i.p., 10 min prior to injection of KA) group. Animals were
sacrificed at 24 hours and 1 week after KA treatment. Luxol fast blue-cresyl viclet stain for histopathological
observation. and NCAM immunohistochemistry to study alteration of NCAM IR in limbic system were
performed. Results : Neuronal foss in CA1 and CA3 areas of hippocampus, piriform cortex, basolateral
amygdala nucleus and lateral dorsal thalamic nucleus were induced by KA injection, and those were redu-
ced by RPIA pretreatment. Increase of NCAM-IR was observed in interneurons of all hippocampal areas,
except CA2 area, piriform cortex and basolateral amygdala nucleus at 24 hours after KA injection. and
increased NCAM-IR was observed in cell membrane and processes of neurogfia, dentate granule cells and
pyramidal cells in CA1 area of hippocampus, and neurons in piriform cortex, amygdala and lateral dorsal
thalamic nucleus 1 week after KA injection, but those changes were milder than those at 24 hours after
KA injection. RPIA pretreatment significantly reduced K A-induced NCAM-IR in hippocampal CA3, CA1 area,
piriform cortex, amygdala and lateral dorsal thalamic nucleus. Condusion : We suggest that decrease of NCAM
immunoreactivity is associated with neuprotective effects of RPIA on limbic system against KA neurotoxiciy.
(J Korean Epilep Soc 3 : 22-32, 1999)

KEY WORDS : Kainic acid - R-N®-phenytisopropyladenosine - Limbic system - Neural cell adhesion molecule - Temporal
lobe epilepsy.
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% =48220 Y29 kainic acid(KA)'E 4
HE2o AAF B U5 F2AHe2 R &
gh-rBubg (complex-partial seizure)f%9 o] &
wreln] | e atd Wst2 A gvi(hippocampus)l 2174
o] Fa} 2 2 HQ MA@ Z(gliosis)el o5t EAA
91 v} 81&(hippocampal sclerosis)9] A7) vehd
e 2597k (temporal lobe epilepsy: TLE)®] 713
s AFFTUALS AT AIFERYEA e A
53 Uch? =8 KAS ANF o2 Rojshe Y2 Hu
ZrEGH) vlsld AP FE] nH, FE27 FARR

o 2400 B &4 X Aol glol B3 72
o] &4& ge £ e FEE Az dt?
KASS o]83F 7t mdolA ¥dAe] HHE/ g4 (pa-
thogenesis)ollE AZAE &89 AA ek opzt, 23
o) ZAhtol(axonal sprouting) ¥ ¥ ¥4 (synapto-
genesis)ol mat AR A Ee| FATY ddgte B2 ¢
Age] oz W E fEEiy, drlde ABAEY
23l Badste thE Q] AR AZAEF LA neu-
ral cell adhesion molecule: NCAM)9] ¥27} 3¢
t}. NCAME AZAzZdN Az dejd AZFLER
(cell adhesion molecule) 241 * HFF& wjzte] LA}
A 2 FAE7] ANANAATAE, AAAE, A3 2A
T 2 28A RN 122 BAH] AAGY 2 AB-2
‘A WA FoT T YIS FAHA 4A
o4 NCAME siutd A9l 43 (dentate gyrus)s &
o] AR#A el A&EE F3] AT G EEH
P A4 12 diA¥Ae NCAMS AEds
e 53 25A7H49] SolHel M@ 4
o}(axonal sprouting) % HAELL AEAE £ A7
A oA NCAMS] 23 & Futgctn d2iA oo

KASl AAEA71HE glutamated] FHY AHAF
A glutamate® FehEA7H, £ AH 552 kain-
ate =848 ABRE AP ARFUGA 2]
A& G o AEA WY L FJAE FET
t}.? 89 adenosined AZA A i BH A £X
g AARGEAZA A AL A FEA WAE E3E
Vehie® siel, v gd 2 A ade) ABA R 1F
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B¥sh= A, F8AE" glutamate, acetylcholine
ARAALGAAE Fo2A® 2pEH|AY FEYFA
e 9B Ao 9@ A7) FRE Adske 7%
AAY 3 gl e®

o] A3} o] adenosine A, F&# 9 AL glutam-
ate] FE-L Aoz ANAMEY A= FEE A
el 28-S Adta Q483 o A &
& FEA AASA 2% sjvie] WAM NCAMS] &
&ol Ug adenosine®l A HmEo] YA et wt
A B A7 KAS AHEE 25 d=dolA adeno-
sine A, $849] AFo] 7HE4 Wt B NCAM ¥4
o) AREFHE AYUEXE FH7) dste], Kadl ¢ 4
HZ 27 RdoA] G AQ adenosine A, F&A ER
Al (agonist) RPIAE AAX|s] ALA AN7AAES] ¥
ehehd st @ NCAMS] Belurgste A7aigc

o

I

1. M8EE ¥ 4EL

B Ao AHLE AEFES Sty T 77
=220 AFSE #F 300~350 g9} Sprague-Dawley
7 SPF(specific pathogen free) 4 #F & A3l
o A@712E 259 ARAEAR TP FAT
FasU PS8 YERT KA BEFAE(KA &5
7 WdA wx3ed) 2 RPIA A A (RPIA-KAT) 2
2 gl on zizte] Ad Pl 20vkely o] 83 E u)
Crerit=g

2. KAE o[§% Z5ANFIY X RPIA BNA

KA GEZ (A4 A g Rd)e KA 10 mg/kgs FAH:
284 281319 (10 mg/10 ml/kg) B7Zol FARSEaL
A AU SRS 88t RPIA-KATS 8Fde
KA Ed 10849 RPIA 100 pg/kgg FAH: S/ 1
mlo] £3istd By Foim AAAsP e, dzw
ANYEBE FAR FHFTS 10 mlkgd] §F22 F
oaltt BE AR EEL KA % RPIA 59 ¥ 443353
o AP on, 247 2 15 Ao BAEEY.

3.4
RE A3EE2e KAS RPIA Fo F 4oz 4%

S8 ASPOIA AR SR, RN T gAELL T

o2
ot
o2
re
kg
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KARE 87

Az HHeE, B 19 FRE 193 1Y 134 4
e BEIUT. TR ES HYFEY g ¥
g ALY AT R AT AP H-E gA3A
o E3 KA @559 Z2 RPIA AX3] % KA F¥ 4
AlZkolioll AP Z¥o] fdsA] ¥ 4YEES 4
T A3kt

4. THYHDA Bigel 3y
KA %4 9 RPIA AAX| o} o3 widAle] etz &
38 #<1st7] 38k luxol fast blue—cresyl violet ©]%
HAE APt 4¥8F5ES KA RPIA 5o ¥ 244
2t ZA#} Al pentobarbital 50 mg/kgS B FAbsH
sHAI & A S Bote] Al Ades AlY
sta A2l 494 50 ml$} neutral bufferd formalin 300
mlE o FYsi] BRI F HE HEslge
o}, bregmaollX] FWo2 4 mm A P& F4eE AE 5
mm 5742 # - Hcoronal section) & F TI§ 13
HolA 3~4Ut nF T A, B 2 TojHFH L AH
F7 8 pme] BFZAHAE AAsta luxol fast blue-
cresyl violet ©]5H4-& A8t Luxol fast blue-
cresyl violet ] 5@ 42 A HHNA paraffing AAE
F. w7 IfelA 36Ce] AElellA 0.1% luxol fast blue
F&A0 2 10413t Bt A2, 0.01% lithium car-
bonate 842 o] Fejo] o] & o 72 G F
cresyl violet 44 9 @4 AEAHY & AA permountE
s

ZAFHEA AFL gfHEFoz ddA T Hay
(limbic lobe)2 ER/HE F2EE2A 8e384 (hippoca-
mpal formation), X3 (amygdala nucleus) ¥ o4
9 (piriform cortex)¥ &7, HAA <} DHG &) a4
dA g Ad wjZe] &A1 44 (lateral dorsal thalamic nu-
cleus)& o2 g en, B8 (Diaplan, Leica
Co.)& AH&-3t sintdAdoll A 3-f3wk(hippocampus pr-
oper)9] CAl, CA2, CA3 992] S X (pyramidal cell),
2]/} (dentate gyrus)e] FHAE(granule cell layer) ¥
223 2 (hilum of dentate gyrus)gl FA A ¥l Hgs
T sha, T3 ol A feHAE ¢ AJAE, 7]
# 9} 23 8 (basolateral amygdala nucleus) & #j&¢]
ZA ] AAATE BESAY. ABA T PRy
AR Zhzbe] 49 22 ARFHAA ABAEY M4

24
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83 (chromatolysis), #-8-%(pyknosis), Al X292 (shr-
inkage of perikaryon)¥ Fei&A ¥iAd £ A4 A ¥e &
4 (neuronal loss) #-5-5 #&3l9ch

5. NCAM BN § Hoto|

KA %o 9 RPIA HAXE NCAMe| HoutgHiss
TH] AT AGENE NS AEEES KA §
& 2477t 2 153 Z A o] pentobarbital 50 mg/kgS
BARAsd miHAZl F A48 Bt Ao
A#<E Algs8ka. 0.1 M phosphate buffered saline
(PBS, pH 7.4) 50 ml ¥ 4% paraformaldehyde-0.5%
glutaraldehyde(in PBS) 300 ml-& #§3l] 2gA0%
3 H& 3% 328 bregmadld FHCZ 4 mm AH
€ FAHLE A 5 mmFAZ $FEDE FUF A
AoflA 1 U3t T8 (postfixation) 3 F 30% sucrose-
PBS &9oA 1Y o]d AN JFHU7E o] &3]
o -14TolA FA 30 pmel BF2APAE AFIH
™ 24 well tissue culture plate® o|-&-3td PBS oA
A543 (free floating method) 2.2 G 2231811 A
< Al

A 22|38t Mol AME LAk (primary antibody)
< AE 7 FAEe] NCAMo| 25 ¥Hg-3l= rat anti-
NCAM monoclonal antibody(Chemicon., Cat. No. :
MAB310)2.2A4 0.2% triton X-100(Sigma), 3% bo-
vine serum albumin(BSA. Sigma) 2 3% normal rab-
bit serum(Gibeo)ol E&E PBSel 1 : 50022 343l
4CelA 4813 B ¥HgAIZ T o] F PBS-0.2% triton
X-100 &4 2 PBS-3% normal rabbit serum-triton X
100 8822 2zt 1083t $AI8HH 28 oA 24 bi-
otinylated-rabbit anti rat{Vectorstain ABC kit, Vec-
tor, Cat. No. : PK-4004)& PBS-3% NGS-0.2% triton
X100 &%l 1: 20022 343t 3083t ¥HeAIA T,
PBS-0.2% triton X-100 < ¥ PBS-3% NGS-triton
X-100 &4 o2 Z}z} 1083t $AI8I.29, avidin biotin
peroxidase complex(Vectastain ABC kit, Vector, Cat.
No. : PK-4004)& PBS-0.2% triton X-100 & 1:
10022 2AMsta] 1A B¢ H-8A ¥, PBS-0.2%
triton X-100 422 10837 33 Ao, S g
9% 71- =2 0.05% 3.3-diamino-benzidine tetrahyd-
rochloride(DAB, Sigma Co.)°] %% PBSe] 100 ple
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3% H.0.Z A7sld 58 52t WA o] ggd
z2ZAAH L gelatin®- & coating® slide glassell &7 #,
1202 o4 A AzA7|T g4 2 B S AR O
€ permount® &ttt

NCAM Bz Mo gad R JE9H(Di—
aplan. Leica)& AHg3le] djute] X1433](dentate gyrus).
CAl, CA2, CA3 99, 71N 3y, o|4=d R wi&
A gelo| A kel 2 B AANE 2 F9 7129
NCAM #edutewislg gasiion, Zztel sf339d
AN AANE, AATAE Ee RFHzF e B
AEE 3890, vodutge e 2504 (3-CCD.
Sony, Co) ¥ AFHE A&l AAnE 3] 982
¥a3 3 JAEM T2 a8 (Analysis Pro. 2.1, SIS Co.
Germany)& A3l green color® A&3f (color sep-
aration)8td gray scale® A#stn Zze] PR elA
62dl o4 pixel®l gray valueg 233t Z A 49
gray value®| 7ol whel S9%-&(- | gray value 256
~9200), nleket ok uk-g(+ : gray value 199~150), oF
& R uHS-(+ : gray value 149~120), 35% ¥9¢S
(++ : gray value 119~80) 3 72& FH&(+++:
gray value 80~0)8] 5842 ERagen. dET, KA
UEEAF @ RPIA AHAF KA FAT4. NCAM &
Aukg-ol zjo] & 242} wimatATt.

& I

1. KA % RPIA EO{¥Y QY FYRE 2H

1) KA BEZ

KA GEZe 3487y 200k 83 F l6vtele
KA 5o & X2k oo A4d 224 22 (generali-
zed tonic clonic seizure)& FL3A o™ ol& 5~10%
7t A&HAT KA F=EZAA 4rigle 2¥E FE5HA
gromz AT uiAEtAch Be] fEd 8H T
3ol KA 55 3~12417F ool Abgatgict. o]
gurEln AEE 12 e 8AZ AT AR A F-E
o] X &= or 244t AT ol HETS fF ) vist
o] BEA (activity)o] Aol AU, A HEF
thaled WZe whee nylon MR AUE FUSH
ov} Ad AHANE FAFYe] HlE EEHFHA

J Korean Epilep Soc,/Volume 3/ June, 1999

SME - BMH - T

o

E Y]

0

olg|g 27 & KA % 13 AA7A A&HLH,
ZAde HIEE 19 Ao vlste] Zas A

2) RPIA-KAZ

RPIA-KAZe] 438FES RPIA Fo 5~10% 334
R 540l A Zadgen HdFL 200
g 837 F 1307 KA $o4F 1~2A13E oluiel] 2382
fusig ot ol KA @53l Hldke] A &AZto] @5
gAct Aol fLE 84 F 3vtele FHoE AR
22 wjEstn FAXAEF 208 dlol SR Zdel
fIEn AEE GHES FAT NI AN RHE &
B4o] th& raso] siglovt vl B34 S
BRen] 15 AFA7AA ZdfEo] BEHA BTt

2. Lxo! fast blue-cresy! violet 34 A H

KAGEF 313 #ivle] CAl CA3 F9oM e AZBAE
o] FAl7t BT CA3 2 CAl FYelM e tee 3
UM Tt 2AGAT 88Z(pyknosis) R AEAANS
o] AN oY X4 (dentate gyrus)e HBFME 2
CA2 999 EAATANE ATENE D 5] B

Fig. 1. Neuronal loss induced by KA treatment in limbic system. A :
basolateral amygdala nucleus in the control rat, B : basolateral amyg-
dala nucleus in the KA-treated rat, C : piriform cortex in control rat,
D : piriform cortex in KA-reated rat. E : lateral dorsal thalamic nu-
cleus in the control rat, F : lateral dorsal thalamic nucleus in the KA-
treated rat. Luxol fast blue-cresyl violet stain, X 200.
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Table 1. Alteration of NCAM immunoreactivity of limbic regions in rat brain of control group, KA treatment (10 mg/kg i.p.) only group (KA),
and RPIA pretreatment (100 g/kg, i.p.) before KA administration (RPIA+KA) group

Region DG .
CA1l CA2 CA3 Amyg. Pyri. Thal.
Group Gr. Hilus v8 e
Control + + - - - - * +
A 24 h ++ +H4+* | 44+ + ++* ++* +++* +
Tweek | +, ++ ++ +, ++ + * ++ ++ ++
24 hr ++ + * + + + + +
RPIA+KA
1 week +, ++ + + - - + + +

Notes ; DG : Dentate gyrus, Gr. : granular layer, Amyg. : basolateral amygdala nucleus, Ento. : piriformi cortex, Thal. : lateral dorsal thalam-

ic nucleus,

sitive reaction
*back ground reaction

. i '
k™ ! \)L

- : negative reaction, + : trace reaction, + : weak positive reaction, ++ : moderate positive reaction, + + + : strong po-

Fig. 2. NCAM immunoreactivity (IR) in dentate gyrus of hippocam-
pus. A : control rat, B : KA-treated rat, 24 hours after injection, C :
RPIA-KA treated rat, 24 hours after injection, D : KA-reated rat, 1
week after injection. NCAM IR in dentate gyrus is increased at 24
hours after injection. NCAM IR in molecular and polymorphic lay-
ers of dentate gyrus is decreased, but NCAM-immunoreactive neu-
rons or glial cells are increased in granule cell layer at 24 hours
after RPIA-KA treatment, and in 1 week after KA treatment. PAP
method, X 200.

Huou ABAELH L FAHA gttt T3 ol dH A
(piriform cotex)e] FAAEe} 7172} U= (basolat-
eral amygdala nucleus), ¥l&91&A13¥ (lateral dor-
sal thalamic nucleus)A = A13AEY A4 9 #&%
o] #EHAN(Fig. D).

RPIA-KAT ## ainte] 248 € CA1-CA3 999
He AT 9 FAHEY A&7 8gFo] AHHUL
1} CA3. CAl YA = M) HAtiZA ] BAHA] &
Fi=d

w5 ojdu At AYSHER B uj S SA|LE
ME ARAEY 9% 2 8gZo] AFHUY ABAE
9] A4 FFEHR gkt

26

Fig. 3. NCAM-IR in CA1 area of the hippocampus. A : control rat ;
B : KA-treated rat, 24 hours after injection, C : RPIA-pretreated rat,
24 hours after injection, D : KA-treated rat, 1 week after injection.
Strong NCAM IR is observed in interneuons and glial-like cells at 24
hours after KA injection NCAM-immunoreactive neuronal processes
are observed at 1 week after KA injection. Those changes were sig-
nificantly reduced in RPIA-KA group. PAP method, X200

3. NCAM BifMA M

1) 4zx2

CA3 F4go A& vlekgt gFAdnke-
< Jehi eyt 24331 F(hilum of dentate gyrus)elA
B oFe kS (+)€ VERN D XFE 2 AHE 4
B AP L AEolM e 3 T2 FEE FINE
(+~++)& Yehidict 714 &ARs, oA Al
AA TN E BF S () JepIgloH W&ol SA
Aol E 2 AR LY A XA oFg Fguke(+)
< JehfiglcH(Figs. 2A. 3A and 4A. C. E, Table D).

(
0

2) KA HER
KA 9S504% 2443t Z72e] sfulol A NCAMe] &
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ghg-2 27| v|sk] #A 3 F7HE A4S Vel
. A4s el E24& (molecular layer)oll A& 23t FAdwt
S(+). A FoME FHE] SN (++), X33
Bo QAT FHAESANE ZT FAES(+++)S
ztzt el ek(Fig. 2B, Table 1). 3 CAl1 9 9elA
2R FAAES 9 g 3oM BF e Fe
(++4+)& el on] 53] FAHESAM FHABA
F(interneuron) & AZANM LR o F=]E &2 A2
Aozt E7)0AM 725 Hdure-g Jeri . dRAEE
AZAGME Heinkgo] BAEYH(Fig. 3B. Table 1).
CA3 d9dlMe ANHo g CAl 997 fAR 2488
vehiovt FAM TSN Hgel g Bntgo] #
ZAHch £3 CA2 499 WG gzl H5lo
Z7bE192Y CAl 2 CA3 9o vigh] ¥ Ay
& Uehidth, o449 d 2 7iAg & dedoM e F5E
o] PAE(++)E Yehle AHAEs BEERen
AR AZAME AZAWNE BRG] FAHUT

FouZol & o E AET E AXET|NA T
°o*"<§‘é}%(+++)% Vel A4 E7 B35 AcHFig.
4. Table 1).

KA ©E5QE 15 A3FolA NCAMS BHukge
X33 g ZoMe 4 FILE(+)E Y
tha 2o AH T AP EZoM e ATDT AEE7]| A
550l FYue-S Uehls ABAREIE #2H AT (Fig.
2D, Table 1). CAl FFoiME Hutgo] 1Y AT
Hlate] Aol vlekgt GRS (£)S YL Y Al
¥ut 9 FAET|NA o EL FEE IS+ ~+
+)& Yehlle FAA T 8 HYen A7t e F
TARAZAME FAE Pejo] Bgnkgo] AU
(Fig. 3D. Table 1).

3) RPIA HMA & KA £oi2

RPIA-KATA % 24 A7t A9 dfutolx] NCAMS
qule-& KA HEFA T vlgled @A dad &
& UrEMSdE‘r A43e] e Ee AZdMe gt &
B2 (+)& Yehil oy A XS A4 FHellA
E’»—‘ézﬂoi FEE 5L g FARE(++~+++)
Veliglon AdA EEME AT E7]0lA oFgh
A (+)E YeE AESo] FAHAL(Fig. 2C,
Table 1). CA1-CA3 9= 22 AR vlefgh

to f ox N (2
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SME - ME - THZ 2

F|g 4. NCAM-RR in llmbIC system. A : basolateral amygdala nucleus
in control rat, B : basolateral amygdala nucleus of KA-treated rat, 24
hours after injection, C : lateral dorsal thalamic nucleus of control
rat, D : lateral dorsal thalamic nucleus of KA-treated rat, 1 week aft-
er injection, E : piriform cortex of control rat, F : piriform cortex of
KA-treated rat, 24 hours after injection, G : basolateral amygdala nu-
cleus of RPIA-Ka group. 24 hours after injection, H : basolateral
amygdala nucleus of KA-treated rat, 1 week after injection. NCAM-
IR neuronal perikaryons and processes in amygdalar nucleus (B), and
immunoreactive small neurons or glial cells in the piriform cortex {F)
are increased. Neurons with NCAM-IR cell membrane and processes
at lateral dorsal thalamic nucleus (D), and immunoreactive neuronal
processes around the blood vessel at the amygdala (H) are increased.
NCAM immunoreacrtive neurons in basolateral amygdala nucleus
(G) are decreased by RPIA pretreatment. PAP method, A, B, C, D, G
and H : X200, E and F : X63.

oA uke-(+)& UYeh)AtH(Fig. 3C. Table 1). 71X &
Hzd g ujZEAdan o) o deA e EaYE Al
3 RE A Gol A 43 FAWS(+) T2 njeket Fnt
$(£)o] FFHAHFig. 4, Table 1).
RPIA-KA §4% 1F 7oA NCAMS] ©Y
24N 7t A 8t FAHE 27& JERAATE Aol 3
YA T 20 AZ(deep layer)E A EAM = FFE
P U (++)0] AAMEL] AE L E7]A B
o1t CAl - CA3 999 A%, iz 4 03
Zo|lA LS (-) F& e FgE(x)E e
A, HEd @ AT ERFH AZAE B A

(]
kg2
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KARE 81 SXDLUYM RPIAIN NCAMBIGEIZ 0 OIXl= 88

A el E718 A BE FFolA I ZL vt
FYuHe-(+~=)o] BAFAHTable 1).

il B

KAE 7288 $84 AAEHABARA A2 3o
e APFEL o449 ARd 9 B N3 g3l g
£3 H7)% @70l 92l o] &5 x Uk & AFdME 9
23 1A =Yg ARl adenosine A $&3 AL
RPIA7} KAd o1 AAA RS &4 & A3 Este #d
€ QA1) NCAMSE] #3ld] vixle 98-8 #A3.

KaSl B % 3jvle] CAl, CA3 9%, o392 2 ¥
SRS E AG AEEGo] FLEHYH, o2 B
E& glutamatedl F&47t Bol £Xdh= AHoleke ¥
242 AU Ut} Glutamated] 48&3E NMDAF&
A, 4] NMDA4 €4 ¥ metabotrophic glutamate
Aol 3FFE Ydsu o]F ¥] NMDA &3+ AMPA
223 9 kainate $8HME AEL}? oA NMDA
&A% divle] CAl 9l @o] 315, kainate +
£ CA3 992l $93(stratum lucidum), 912
9] A&(deep layer), A ZA (corpus striatum), A%<l
8 (reticular nucleus of thalamus), B3 9 43
o APAE S| nUER EEFG dA UGV E
& KAY 84 AAEA4N 58 714 glutamate
o] felE7he 1 AUR ohe} Mo HYEFPP H 9
A4 HeM s Fa% BE471HC R A3 3ok

¥ dFdA RPIAY AXA & KA & Hesd &
A AAGGT H5Y, 24 B AAEYEA 2@ 4
&4o] A9} Bl Hujel AN ABAGERE o
£33 A EAHEAY G 848 Yo a8HD
glon, B AFdME adenosine A, FE3 BEAU
RPIAS AMg-8ldd KAol 9§ &9 Ad a3E w33}
Aot THE9 Ho FHYA £XE adenosine AHA
A ARRGER 9 A7 23 E4 (neuromodulator) 241
¥ ZRo 24 BAFuz FEAY AREAH Aoz
EHNE NG Aoz JdAH T it 55 £ T2ABAS
oA adenosine?] F&AE 7|EH S 2 adenosine® At
% adenylate cyclaseS Aol we} cAMPY &g
SErA 7= A, 849 adenylate cyclase® AS3he
A, 842 TEH® gdenosined] & AL F

28

2 A 849 g3l mizigkn feiA Uo® Adeno-
sine A, ¥8AE 879 HdA v, tiod 9 44
wo| B¥3ln ¥ #ulol A adenosine A, F8A = CA3 9
Aol ME AHAR iulAEe] Zabhutid], CAl B9
M E AFFTRQ AUA X FAEV O EAPH?
Arvins'"™2 adenosine A, 831 &A1 2-chloroade-
nosine®] KAdl & Az AAAE £42 AT +
ka8t 28, Barrie ¥ Nicholls®& WA adenos-
ineo] A, &84 2 protein kinase C9] "7l & B3k 4-
aminopyridineol ¢J8le] FEE glutamated] felE
Agctn F4sich B A7 A€ RPIAE adeno-
sine A; &4 ZBA 24, Fastbom ¥ Fredholm®'&
RPIAS} o}4#Q! L-phenylisopropyladenosine®] aiqt
A A glutamated] #2l& FAALG SR LT,
MacGregor 2 Stone’® MacGregor5*2 KAdl €&
A7AmZFo] RPIA 2lgt] AdAHY ol F2 FFUA
Al9] adenosine A, F&A 4 sl wiigctn FE3 bt
oleh. B dFeME RPIAS AAA g 27 sivl, 7149
zysd ol4gA wiE A FlA M T
S22 HEYE o] BAFAU o AL FA| A X
248 JehR ¢sto B2 kainic acidell 213 ARARE
o] £4o] A" A& ERIE F AU

Ao} AEhe] Mejel e ARz HET G
METZ] Aol glol 71 B5A Aoln] dFAY
o] kA AL ol g MEte] AAG S % A3
ol 8% 8908 gt ABZA A A E3te
HZE ojyishe A ZH2HE R} (cell adhesion molecule.
CAM)E thdt zzo) BExsin AAA ] WA F
2o AGA], BRE A7)0 BHHE YA ERZEAHge-
neral CAM)# @32 Aj7lol @A AN 2
HE ST HHZEA (restricted CAM)2E FEE
et F R LB Al Ca* " EH o2 MEHEE wifsh
o] H243% (adhernce juction)d] dAdel FddheE N-ca-
dherin¥ calcium #]2}&2<1 NCAM®] 5 714 $/71 &
A4 glon] EH FPAEHAZFEA el 4 BX
ated AN (fascicle)d] Aol 7ldddhe FAHAA
FH &8} axon-associated CAM(Ax-CAM))#, AE
2t A&e] 27| Mol A FFZ(complex saccharide st-
ructure)d] 1AH3 L aste M TR A sacchride-
CAM(Sac-CAM)Je] €24 Utk ® NCAME Hx=2 &
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2 AAATHAEARA olg] EA9 7% 1976d°0
Agog FHATY o|Fo e Yol FHAUL
homophilic ligand2 A<J=ith* B9 (glycoprotein)
o] 9Z9 NCAME 74 @i 4 @538 720 B
& T} € A single chain polypeptideZ ©]F14
th NCAM9] 334 PAolM F88 54L& thd sial-
ic acid® &ashe Ao ol # sialic acide] FFol =
g} Bxjzke] 30% A=7) sialic acid® 74¥ H-typed
10% ©1812! Ltypeo2 F-R= Axe] A7 A &3
£ NCAME tiB¥o] Lrtypeo o|Fojzlc} B 4
sialic acidg 7% H-type A3A 2 LAAHN
2 ¥y ng E4202 polysialylated NCAM(PSA-
NCAM) Z-& eix¥ NCAMo.2 Hygth 417341 LA
A A NCAMS] 482 AR Z radial glia®] end feet
o} BEg 4o Qx 2 A% EXNE SEAUAMRS &
Atoll o8t 7 2] Aujzby, A2 E 279 A X31e
junctional communication®] 84, A2 NCAM-H %
NCAM-Lel 24-& F3jo] wAzgoA A A ¥
HE 9 A¥olge 24 o YA FAGTE™ o
213 A WA bgola NCAME A gd| whe} 323
o] o}t H-type 2 HAdo] 743 L-typeo] 25 THHY
AL Aol Folle diiRe] AHoA Ltypeo] EHH
o] o]2]gt H-typeolA L-typeo 2ol NCAMS] Hghe 4l
AzA] Ao mE AHIL L ABEV4A e
wiedgitkn & 4 gk 3 AAlolA NCAMS |49
F2:4d (plasticity) 2 QFg 8t 5 71X & 25 2dshe 7%
AUz glem) NCAMel @e Fhist A7l F1ae
o) Wslthe dubagl AsdgA e 28-S AYe
oz gEA U@

o]g} Zo] NCAML 2z e} HollA] FPA G A FHoll
A wd=g Aol A9 F3] AR Aol s
AR A NCAMe| wde slgrde] A3 A&4
ol B4 Aol a4 2 MESST ddEdn 5 3
th. oiEel FEolM &4 Fole ABAHES] £l ¢
oux geu 4. mouse. E7], 1%°] ¥ guinea pig
e A3 A4z BPAEE AL 2EHY, 59
#ze 3zl A% 1IHL7A AEAA A EEEo] &
ojdtia FelA Utk ® AaronTTe #F AAAM A&
32 QA3 FAPHLE PSA-NCAMS] Hwhg-&
B w3igel wet AEEge] ZAHn NCAMY =

0.

il

N

o) e
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BME - MK - T2 2

dukew HAs| Zadvia sd. T3, FHY HelA
PSA-NCAM®] #gutg-2 £ (substantia nigra) ¥ 4
zAdxe 4z A% 219 2 A% 259 F=7HA vehd
ta geiA Uoh® A4 fF 9 HolA NCAMS Byt
S& AL 9 AJde] YR Mo 249 BE, AR
3lo] wj&89] o&244 (lateral geniculate body), i
w3 (habenular nucleus), parabrachial nucleus, bed
nucleus of stria terminalis. 2] 34542 (mesen-
cephalic central gray) 2 F7(olfactory bulb)ellM& 4|
FAJojofl A HAre] Weiubg-(punctuate immuno-labell-
ing)ol TR D o] dul A, x|/4439] wjZ3F-9 (dorsal por-
tion) 2 #4290 lamina XX & AZA X A ZA R &
7oA Weutgo] #AE T, Z:4 (lateral ventricle) R
ZAle] H AL £ 3 (ependymal layer) R 2] 4eo] wiA

TolE AZRATA SFECHY B 4G g2

H03E 38 L A 4R oM AEE F9 7 57
oA Wdubgo] wEEglon AN E WE e
wodulgo] A EAlojol A HAEYR oA FAME Al
ANEZ F25E AEY AT viekst Fdutgol
FEHAL.

A7AAL &4 NCAMS] 23 #HdE dTlA Ju-
ckerE*& YA1F AH 5 & (transient global ischemia)
¥ NANES] &40 FEsHE CAl 9YlA NCAMS]
mRNA #8o] 2~44zt YA A2 F7H8in NCAM
180-specific probet #vtel A1ZAA XA, NCAM 120/
140 mRNAE A7 aA T4 Edo] F7HETL st
%3 A5 A (entorhinal cortex)d] &4el olshd X4
3o} Qo] ety A9 g KAdl 23 whg-4 A4 uA
¥ollA = NCAMS] ©gdutgo] Fr7isle Aoz 43A
e B Aol KAL) AXlH Tl 24 AR FHA ol
sute] zt 49 FIAYEHES, o]49d F B &
Aol sutd A oA FAHF NCAM BAge F718
fustglon] 53] dejaty &4dol A #intel CAl R
CA3 99 ¢ XL ol 4a AT ME HEAe]o] F
718 (back ground)oIME 72§ Hyhgo] HAHUT
2 443e] A ES v Z9 SAd M HAHHE 2
ANAAES] A L 7o) FrHER o sietel CAL
CA3 99, olAn Ao Bl wZo] AT T -
ZPAA M E (interneuron) F-& AZIAER FEHE Al
Tol MET ¢ E7]olM Bdubgol AAEHA FIHHUR
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KASL 815 BXNDHUA RPIATI NCAMBIZBISH OIXl= 88

Qx Ao NEAAE Hytgo] AFHACE T2t
KA Bd % 12 ZATAdE BE Ao Agukgo] 24
Nz A o] wlste] @A 3] st on 24X A o
gag F9s1de] Aukee A e &gk A%
2o AP T2, X423 (hilum of dentate gyrus) &
CAl FoME AxZ € 7oA AwreS Ad 7
AL HSAE D AR @A E 2T vlste] #A
3 278U W2 e ARA L] MES
Q E7]olMq 7§ Autgo] #RFHAT VALY SHEY
9 ojAnAojNE EHFH ARAE % AP uA X
A mednteol ehktout 24X T ulste] BA 3|
a8 2742 JehiA. wheta KA 2@ NCAM 9
= FRARQ Ad] o A Ao g F5
& 4 gigich E& RPIA AAAF KA Fo7e] 3jvlolA
NCAMS] #iedulg.o KA BEFAFTo] H|gle] A3 7t
Ason 243 FPHES] AERe FAJAAL L o]
A9 Ay Ao e 25 ARATE A4 dFE
o] Aol A NCAMS] Awt-go] A=A gkt

ol A} el TLESH NCAMS #AAJo] st Mikko-
nenS2e TLE &419) /3319l WadF(inner molec-
ular layer). 917% 2 (outer molecular layer), CAl ¥
o @ o]s]Ae] II o4 PSA-NCAMS] Butgo] &
Jtelion Weukgel Z7he HAERIRE, Sfjule] A
A EAA 2 o]7)4d - EoHmossy fiber sprouting)el &
Eo wgtin 2ug u ot} 8 d75% 22 KARE
g gl NCAMe Weukgdshs 27]9 FA4HU
ZREANT wate] o & 2312 Q) &4 711 & lew,
wabA Zhze] &4l ol Wl E W s TR oHT
E BAAE AU Yot B A7olM 24413 Bl ol
NCAM #eiurgo] sjuls T UAA AAA F7t
sgon drldE FEEHoR Qs Y4HA TLES
£ bl thE H|Bo]F uhgo] TIEE Ao AH
72 AN ] Bizhs FEEAT HE] o3 2FHY
carel oabAQl Whel Ao g AgEn B A7 AHeH
NCAMe®| &4 ChemiconAtell RHEZAD, AAF 3 ezt
o] NCAMd| 25 uhe4 & Ad A< ez &1
Pout, dzFAE X438 L AdeEe A A9
oA ur Weduteg Jehlle AE W 9 KA Fo F
odulgo] Z7le ¥ ie] PSA-NCAMS Z&d] &g
oz dAET B gl KA FAF 2443 B9

b K

g

30

NCAM Butge sivl, HEd % o] 45 34
AN @As) Z71E%T dvtele FAAEY 4Y
Azyde 277 &e FRARAZG A7 IAZM
zz Z719¢ ¢ 4 AUt E=F NCAM AFEH3 A
AAQ 277t A mA RS Wl REHE R T
o] Hol &427]9] NCAMS] T&& FEFA s &
g 2A ML Bobe &4 UAEHA 4 FZAR
o whe A AATAEEE fPshe AR F2
gusinzg dodubgo] FHrddM BEHE AR 4
Z}€]n]. RPIAS] AA o) ejste] FAM 2] HAt AA
soz 22AF 2 AR AT Bt I7HEA o
o Aoz wedch EF dEFe 4 9ol NCAMS] 19
vhgo) 22 AT AE E E7]6M BIFHJH
KA ©E5d % 24 AR AN AZZRFAINE &
AstA Z7tE R AHIPRHE &4 2710 Axd
NCAM 4ol S74& Z71e 7IQ1g Aoz 4z &
. KA 54% 15 B3] NCAMS Beurge &4
2719 2e FHride wge qa2ey AR 27
Uehd uhd sjole] FAAMESM A Xt B4 &
A 2712 Jerd e & & AU ol S0 me 23
Al ARG R 378 2 Aol AT BEHE AR
Azt

ool ATE 8T o KA g AAA &M
27)olE SRS wat Al sl Ade F
ANE 2 AAIAFAH NCAMo] ZTHEH 2, A7t} A%
9 e ze 2 F88 AAAL g YA XA
A aEse olad wike FEEA 9 L] A% 23
Ql &4 2 Ahwolnbyal fslE AoE wddd &
3 RPIAS] AAA & KAl 43 ABA RS 2718487 &
e AA oz NAEVS] AFGFP A% NCAM
o] uhg-Z7} EF ARk Ao A

o o

2

-
=

rHu

B d3oAE KAS AH4E 8F 9 S5 A DA
adenosine A, F&A9] AZo] FRA AAEA HE A
AATHREANCAM) Y 2&8E Adshs £738 AY
A8 A9l Yol 485E 878 =T, KA
mg/kg, i.p.) BENXE ¢ RPIA100 pg/ke, ip.) A
¥ KA ooz ¥Fstol. 27 RPIA AAA] 2
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KA B2 A8 £ sio} ojgnd A=y 2 w35
Aol A luxol fast blue-cresyl violet B4 ® NCAM
w22 3PS AMgsled 22 Feisty wist € NCAM
Hojukgo] WslE BFel e 22 Z2FHE AU

1) KA BERoFolM & sinte] CAL CA3 99, °1%
0, 2 EA s U F|A AT N BN ES]
At s en, RPIA AAXTANE AZAZS
A7} A A

2) KA 9E5o| 3 24412} AAlol X33 o] AYAE,
CAl, CA3 99, o149, W& 3A4d 9 7IR9=
Hzdlo|A FHAZA E(interneuron) R A7 A 22

EME - BN - T2 9
AlzAsdose AFAT Axe 2 AFAE R
AATMES] E7]M NCAMS BEgo] F7HEAL
1 o] 24417t ZTAle] H]3l o shlTt.
4) RPIA A ZelX NCAMS] Huts:
APAE, 714 FHE N ABAE 52
o] £7] 2 Axute] NCAMS] BYyhgo] T
o Z7HEYoU KA & kil
A
olide] Aol whet KA- L ¥ %4 %011*1 RPIA
o] AAA) o) 2§ NCAM BH¥tgel Zae

<]
ha
AN7A =g g RPIASY A7 B ENE Hdste R

AEA Azet 2 5704 NCAMS] dEwtgo] 371+

At

Az

F8 ©9 : Kainic acid - RPIA - NCAM.

3) KA BE59F 153 Zorlole X 2sle) AHHE 9

CAl 999 sleslaEe) AT 2 E7lol NCAMS]
SR ER ELE ST

WHeuhgo] F7E o

«ERBPSY 119999 39 30¢
cAAtEY 11999 T 9¢
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