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ABSTRACT

Systemic injection of kainic acid (KA) in experimental animals induces the timbic seizure and structural
damages in hippocampus and amygdala which resemble the changes in human temporal lobe epilepsy. In
recent reports, some adenosine analogues exert neuroprotective actions against excitatory or ischemic
neurotoxicity by several mechanisms. The author performed this study to investigate the neuropro-
tective effects of an adenosine agonist, R-phenylisopropyl adenosine (RPIA). on the neurotoxicity
induced by KA in the hippocampus in rats. Kainic acid (10 mg/kg) was administered intraperitoneally, and
coadministration of KA with RPIA (100 ag/kg. i.p. 10 min prior to injection of KA). wase also performed.
The experimental animals were sacrificed at 1 day and 1 week after drug administration. Luxol fast blue-
cresyl violet stain and GFAP immunochistochemistry in hippocampus were performed. Loss of pyramidal
cells in CA1 and CA3 of hippocampus and increase of GFAP immunoreactivity in the dentate gyrus and all
hippocampal area were observed 1 day and 1 week after KA injection. Neuronal atrophy and nuclear
pyknosis were observed but substantial cell loss was not found after coadministration of KA with RPIA.
GFAP immunoreactivity in the hippocampus was not increased after coadministration of KA and RPIA. It
is consequently suggested that RPIA may attenuate the KA-induced neuronal loss and increase of GFAP
immunoreactivity in hippocampus in rats. (J Korean Epilep Soc 1 : 71-79, 1997)
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brain barrier. BBB)& 953l 483 % AJALT
ol g fJAtkn L&A Uch® Schwarcz &
10 nM®! kainic acidg @39 sjvlol] T3 A3t sivt
AF el AAMEL] Frteh 22 YFo] BHLULH
GABA A7 M 2] A #Q! glutamate decarboxylase, W
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Kainic acidOlf O/ 5t 817 H0I19] £& HE A RPIAJ} (17| &= &

214 GABA ¥ (°H) GABAS] dA¥-29] AF57t 2%
#4503, choline acetyl transferase ¥ tyrosine hy-
droxlase 59 acetylcholine, dopamine ¥ F4-9 ¥
BE FEERTn s en Ulneys¥e 2Ed At
2% heat shock protein 70 (hsp 70)2] mRNA 2
°] kainic acid 9 ¥ 2417t 3-8 Z7150] 2443t Ao
#Hazd 2etchy 3t
e ofg AAA ] EdelA FEA oluAte] F7}
£ 7P $8% 71d ez Qasz glon ol AW ¥ o}
et He] HE 2 g HEdME F.% Jdos
Zgstnz? P NEAdTE FE L el
Ax A7z AFAH BFHE Adda 43Ut Ben-
venisteT 'S #F ] A HEA L (transient is-
chemic attack, TIA)el 23 sjute] &4abgolN glu-
tamate$} aspartatee] MEe] FEot Z7H0 1 g
™ Bullock ¥ Fujisawa" ¥ H¥Zo] $isE 944
H &4 oA A AAH ZAE (delayed cell death)o] Vie}
Um o] Q4] glutamate®] HE9 YA VdEn F
e
@A7HA] kainic acidg ©1&3 AdRd @ P4 H&
olx AhAA] ZL ABAXE BEoVsA4o] AAE B
¥ AMPA/kainates9] glutamate 8% 2| 2
phenobarbital,” calcium channnel blocker,” NMDA
784 28" 4 purine #=A*E 4 T}, Purined]
U adenosine AAA NN vj¢ BEdeA By
AZAGEAZA ot A3ASEZY f2lE dRlske
7188 AU P o] Tt Aoy pgE T o) 2}
ol &Jg 713 FEL A PtkT gBlA i P £S5
BEANZANA adenosined] ZHE-E uiske F&AE
AL A R HIO A A AR BREY AAA R
AA7 e F2 A, 5849 o2 cyclic AMPY] 7+
& 95l wirisEle Aoz gBA Uth® Adenosine
Al 834 AFHES HE 9 FEA obuliedbd] 2%+
ol A ABATEE 7 G B AT Arving®
< kainic acid®] Az Foo] o3 &3l 2-
" chloroadenosine®] calciumo] €9] #4-& A4t glu-
tamate?] 21§ ZaAdS da F33819 29 Fast-
bom ® Fredholm®& L-phenylisopropyl adenosine®]
Auld el ArIAFoz faE glutamated F3E
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AA gk 1At =3 McGregor 2 Stone® 2 HgA
! adenosine A: €A 34| R-phenylisopropy-
ladenosine (RPIA)7} kainic acid®] Fojol o] =z
benzodiazepine 8- Zg<] 718 JAALS g
7%l ot

¥ GFAPE AdaMEe] AEAd E7)d st
A7 wEolh (gliotypic protein)e] YFo.2 A7 <
&34 g vk AARMEZe APl e
7Pl 7lstes AR E4e) Bt Yo} wi¢ £ )
22 g8jA dop.?

°o]’¢3} 2] kainic acid?] H4ld B Alge] 259
2ET FAE 29 F slvie] Fegty &42 s
adenosine 784 AFHEL o]2|@ &4 2 AEL oA
& Holgtx o4 4 Ut ol ¥ dFAE adenosine
A, #8A AF4E2] RPIAE kainic acid®} ¥& £43}
2 afuh 2H5-919] APt Wl 9 GFAPY WAy
¥3He 53815 RPIAY 9% kainic acid #274d 2 47
AxEZe A EFHE AFetaxt BAEE Asign

NBME B W

1. 4858 % 4EF

A AFEE AP EEL AF 300~350 gme] A7
SPF (specific pathogen free. 3 AP FE F4 311
Sprague-DawleyAl €44 ¥FHE A183lon 4873t
F A5 At (AEALR F23 he 2AF I
B AY9 4¥58& U= kainic acid $92. kain-
ic acid ¥ RPIA §85jFog BRslgon zzte] 4
oo 1004 e] 3 E wigsisict

2. Kainic acid ¥ RPIA &9

Kainic acid ¥o29 #Hdle MF kgD 10 mgd
kainic acid& FAH-ZFol &8st (10 mg/10 mD)
Eddel F33l9ic} =3 RPIA 2 kainic acid 4%
o9 #F e kainic acid F9 108 Aol MF kg?
100 pgl RPIAE FAME- S5 Sastd (5 mg/ 50
ml) E3d] Rd3lgic) d2Fe AE5EdE FALE
FHET IS RS RE AP ER S oA BT FA
o2 AFEE cagedld ASslgon 19 2 13 An
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Alell 27+ 84T

3. Luxol fast blue-cresyl violet °|Z &M

Kainic acid ¥ RPIA Sojo] <& sjute] Fepgd o
s fd3slr] 913k luxol fast blue-cresyl violet °1%
dAae ANgalct AESEL oA B £ 19 R 1F
ATAe] 7tz 50 mg/kgel pentobarbitald B7HFest
o ol A7) B FAAS Bale] AgriEdel] AREE A
B3l 50 mlel APAEFY 300 mlel neutral buff-
ered formaling AH&3t] BFIAHT F HE AA}NNS
o] 7H B9 o)A 5 mmFAE BAEGE FF FUT 1
BAA 3~4U7 a2 F4, 25 L TofAF & A
A 57 8 pmel BAEAS AFAStL luxol fast blue-
cresyl violet ©1FE A& Al

Luxol fast blue-cresyl violet °|Fg4& ZAAAE
gotab® A% 36 €9 incubatorelA luxol fast blue
2=g oo A] 4A]7HEQH ¥HE-A]7) 3L lithium carbonate &
oz g7l F cresyl violet B4 % ¥ AL
AA permount® 243t} FeduiF oz BASATt

4. GFAP S1g Zn|oIo gAY

Kainic acid @ RPIA 4% #ivlols GFAPS BH¥
Austs @asly] $isid GFAP BAdAE At
AYEEL AT 19 2 1F Ao 247 50 mg/
kgel pentobarbital® EdFcisl siHAT A44E
E3lo) i EAel] AHTe-S A3t 60 miel 0.1 Mol
phosphate buffered saline (PBS, pH 7.4) % 300 ml¢]
4% paraformaldehyde-0.5% glutaraldehyde (in PBS)
£ AHgdle] BRuAT T HE AASNH T 2 T
oo 5 mmEAS FIAEE sl FLF TF AN
197 £33 8% 30% sucrose-PBS &<ollA] 1Y o]d 3
AAAT cryostatE o838t - 14 TolA 4 40 pmel
PARAS A st om 24 well tissue culture plate@
ol 83t} PRSUHCIA free floating WY o2 AHZZ3}
R R =g

GFAP RigzAseted o A€ At Il rabbit
anti cow-GFAP (Dako Co.)& 0.2% triton X-1003%
3% normal goat serume] ¥ PBSell 1: 50022 &
Hale] AeoA 24A17HEQE ¥HgAIZH e PBS-triton
X-100 §Ho2 FAF o|xg (biotinylated goat anti
rabbit)E 1: 20022 #A3led 3083t ¥H&Al71aL avi-
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din biotin peroxidase complex (Vectastain ABC Kkit.
Vector Co.)& 1A17F B RHGAIZIF TS A8 71H =
0.05% 3.3-diaminobenzidine tetrahydrochlo-ride
(DAB. Sigma Co.)el 100 pg} 3.0% H.0.8 #7}s
5852 WA AT

whalo] Et 22 A WL chrom-alum gelatin.2 coa-
ting® slide glassell 21 & 12412 o] AxA7I2 &
2 g FAaAe A o permountE BUAI ¥ F
gHn|Ac g B

Ay

1. MEEEY YL H

1) Kainic acid 2S5 5°12

Kainic acid @559 83 kainic acid F4F
3080|ulo] els #92 F=& 4 (wet dog shak-
ing) ¥ ATEES FME UM eH 1~24Tld
o RE AREBN AUL fEsRch AEe AL
ZhpAl ke SeE Jeligier] 2358 (1/100& 2
A% A7 Ao Abalsith. Kainic acid F4F 12
BEE giEe] AYEEA 540l A Has
3 9j 2ol ApZo] thaled BIzkelA WHEE o BELE f
urslz] ggket.

2) Kainic acid ¥ RPIA g 8§%i2

Kainic acid®] $<ido] RPIA7} 54€ 3= RPIA
Eo ZAF Ry NI EF49 VeI
RPIA7} Ba® 813 & kainic acid7} F€ Fol= 7
2ol IAE EEAY FL vEker 4% A¥EE
(9/10)& #A¥L Fusidn 25 Yo xPE 77 #
|7 Bu|2S vj2sin) Algalgltt AU S fLeA] e
e 55 O o 19 A R AL T
A& JehiAT

st

NAARE

o aE

2. Luxol fast blue -cresy! violet Z42H

1) Kainic acid 25 %2

Kainic acid B#E559% 19 2379 37 sivte] &
Qe B Aslold Fejshs &ido] Jehsion CAL
CA3 BN e AR &) fEsIch 228 24y
AXE B CA29Y ] AT S e AZlA] Az ¢
2 9 &9 22 (pyknosis)o] HEHY o A FHA}
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Kainic aciddll 03t 815 019l £ & & A1 RPIAJS O1A&= &

228 gagR skt 28y CA3 99X e td
FAAH X7 2AH0] FX (vacuole)?t BEHJ o JE
e M EAME 383, M43 (chromatolysis)4ad
o] A sl AN IVt AF o2 F7E AN
T3 CAl 999 FAMEE o] 2= F¥}
FEEHUL FE} A ZAME 4837} AFEHAG
Kainic acid @554 F 15 234 83 slvlalA /33
o] APAEE 194349 FARE 238 Jehidov
35 2@ AE] §&470] FaHo YUAUTh CA3 B
o)A loopE ol F= FE-& T3/t BAR] ko FA
AEE ¢4d3] 2450 AR AFRA 7 F71=o 9
At} T3 CA2 GGl e dEe] FAA T Z 44
e AU eyt CAlL o E FAH 2 47}
A 3] 748 2238 JeEpAT (Fig. 1).

2) Kainic acid % RPIA § 8§92

Kainic acid®} RPIA ¥85FAF 19 AAT $39 A
43 4 vty Gl e APME L FAME %3}
25470 AU CA3, CAl YN = Axe

S S

Fig. 1. Morphological changes of CA3 area of hippocampus in-
duced by systemic injection of kainic acid (KA) and RPIA. Neu-
fonal loss and gliosis induced by KA were attenuated by coad-
ministration of RPIA A : control group, B : 1 day after KA treatment,
C: 1 day after KA and RPIA treatment, D : 1 week after KA and
RPIA treatment.

L\

sl &

e

SHH3A 017

Yrtazdo] BEHRA YUt A X 92 53| CA3 9
Joll X B AP EFNM = A-g5270] A
3151t} Kainic acid9 RPIA ¥H4-5o % 153 A3 83
9] djuioll A X4d3e] AYMNTE E2EH FAG 2AL
Uehioleh. =& sivke] CA3, CA2, B CAl 99N =
o] FAAEI AN FHE JERIIoY cA
39 FAMEY F71 2T vt ZHiEelg)
A} (Fig. 1).

3. GFAP BigigiMa M

1) g &2

27 87 9 vt 2 X 4s]o)A GFAPS B g4
2 FPNES 2 FAHEZANN = vk SRS ()
€ yehigled ¥AF (molecular layer) 2 o33
(polymorphic layer) oAl <3t Aukg-(+)& Yeh)

or &ule] RE YoM A 21E e
(Table 1, Fig. 2).

2) Kainic acid 35 §%2

Kainic acid @5%F ¥ 19 232 @79 ol a0}
g X 43]e] GFAP B 84L& iz vlsle] @A &
7He JElidY. /33]e] GFAP B84 & A4 xS
AN e viokg FANES ()& YehiiRley 45 2 o
YEoME It FgE (+) T FERY FINe
(++) & Ve =3 sjute] 2F 49 X & FAA
TZAA T F3 2L FER] F FIHE (+~++)
€ Jehiigies EAST dE3Me F5E T2 4%
ke (++~+++)& JeElAt. 53] CA3 9%
A& GFAP "89] J7lol ol FAMESS] 7E
o] §A] g3t} (Table 1, Fig. 2. 3). Kainic acid 5%
AF 1F Ao 879 HollA sivt 2 2]33]e] GFAP
AASH L 19 AFAEH fAR 22148 Jehlidey F
AAES D APGH EZo] HstA A5H AN 243
oA BYPF L EAELE o FANS (+)& YR

Table 1. GFAP immunoreactivity of dentate gyrus and hippocampal CA3 and CA1 area at 1day and Tweek after KA and RPIA injection

Regions Dentate gyrus CA3 CA1
Group Gr. Mol. Pol. Py. Mol. Pol. Py. Mol. pol.
Control + + + + + + + + +
1 day + + ++ ++ ++ ++ + ++ ++
KA 1 week + ++ ++ ++ ++ ++ + ++ ++
1 day + + + ++ + + + + +
KA+RPIA N X . . . N N
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gHze 2550 opduks (++)S YR £8 8
vle] CAl, CA3 FoldE FAMEZME FEE
4 W (++)S Ushien 23 2 ddSdNE
FETAN 2T LS (++~+++)T YIRS
(Table 1, Fig. 3).

3) Kainic acid & RPIA F 8§&°12

Kainic acid$t RPIA ¥E&54 ¥ 19 B34 879 &
o} 9 xj4slo)A GFAPS B #AL kainic acid @5
Zo] 7o Hlgld ZAE £ YT 2832 A
3o APAEZANE g FNE (£)& HER
Q1 2AAse] BaE 9 gdFdAe o Fuks (+)
£ Vet B3 CA3 999 FAMES M e TE5
9] Qpgute (++)& UYehigley, CA3 999 £453%

Fig. 2. Increase of GFAP immunoreactivity in hippocampus induc-
ed by systemic injection of kainic acid (KA), 1day after KA treat-
ment. A : Control group, B : 1 day after KA treatment. DG : den-
tate gyrus.

Fig. 3. Alteration of GFAP immunoreactivity in AC3 area of hippo-
campus induced by kainic acid (KA} tretment and coadministration
of KA and RPIA. Immunoreactivity of GFAP was significantly at-
tenuated by coadministration of RPIA. A : 1 day after KA treatment,
B : 1 week after KA and RPIA treatment. Mol. : molecular layer, Py.
: pyramidal layer, Pol. : polymorphic layer.
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MEX - X - BSE
tg8Z CAl 990X9 BRE ZdAE g Fduke
(+)o] #AAY} Kainic acid 9 RPIA H454% 153
A 829 snt 2 A3l GFAPS] HIEEL
12 ATA vlsle 24 A73-E VeI B8]
& 243 AP XX E vldgt Fdng ()€ vs
s B4 9 o8 ol e e P (+)& YE
Utk =8 sule] CAl, CA3 4N E AFodA st
ok uhgol FAEUC} (Table 1, Fig. 3).

.

ZHAAA (epileptic convulsion) Threl A7 A ol M
o] AAHQ AN FE osle] A7 2 PFEA of
Aol HRA oz FEsE Hrl5Y ooz AN %
0.5~2% A7t ol gy okt Aglo] 9fsied yehd &
@ FAATAe] dF 2FENA L SAAA 4434
Z24 2 Hu2s 4 FesEos FFAUSY
Z (uncus) 2 A=Y (amygdala) 5ol SAFA &42
Salah] AYFES WAA 728 A7|7H 9 kain-
ic acid AL MAA £o P glutamate F-2 aspartate
2o FRHYENEAL] U F47 Foe Al FF
3 FAIG WS 25 Ak o] F kainic acid?]
AAH Bojo] olg g e APFE dF FE2AF o
o] W& ¥rHHel 74 Fe AR TxEY EdH &4
gle] #ulEe] MAA (limbic system)olA SAAY
2 fehke AR AYn i ®

Kainic acid7t 2347371014 A3 2] B8 2 54<S
YehllE 713 AAA8 %9 (postsynatic membrane)©l
Ae] g3 Al g AAQL FRAEH glutamate
9 aspartate® B¥she $2M2Y (axon terminal), &
AAAYAR (presynatic element)olA o] Z&og FF
& 4 9low 19 ¥ - A (BBB)Y #ald 2§ 9
B0 g% FHF o MRS S FEdrin L
A0t

Z22N7AANN glutamated] &A= ligand 2341
Azote] o]l2EE W7l NMDAFEAS ¥l
NMDAZ-84 2 o] Adel 2R ¢n 23t FRALE
A} (secondary messenger)e @43t #&g Fdske
metabotropic glutamate 484} 35F2 E= o
Z BINMDA %%#%¥ a-amino-3-hydroxy-5-methyl-

T
2
&4
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Kainic aciddyf ©/3t 81 i1 £ & HE A RPIAJ} (IF]= &

isoxazole-4-propionate (AMPA)ell ¥-8-8h= AMPA +
£ 2 kainate ol ¥+8-3h= kainate 832 AEdt.
® KainateT&# & sivke] CA3EHe] £33 (stratum
lucidum), t=o)de] A MzA, Alde 238 (re-
ticular nucleus of thalamus), H=3 ¥ Axo] T4
o IUEE EA3H 7 o] ligands] Aol A
i kainic acid 9ol domoic acid, quisqualate ¥ L~
glutamateSoll &lsle] A2FE4 glor] @ guje] CA3,
CA4% 99 A kainic acid®] & 22 NMDAS Z
Aol 2lsled Zvt dctn g2 A AP

& kainic acid®] A3 AHAFM 9] 2-gol thajod
Ferkany5*< kainic acid 7} &3 Z gl 93 28
7 87 calcium QEX o2 AAARQ] ojn|wat 8]
£ A=3d glutamates} aspartate?] #2& F7M2

1 348l 21 Sloviter$*-2 perforant pathe] 7]
A2 Y FEAN AAEH R S AU ARALER
o] A= FHE il ojdjuiet AYFFAA FEE
719] B3 AXAALE Pt T

Kainic acidel <& siwle] &4 dhE BanzA
SperkE¥2 8 A3 kg? 10 mge) kainic acid€
8%a] & wet dog shak @43 A3 244 7
ZAdo] FLEAS &vl, o], HEY FolA kainic
acid A% 3717t ABMES] &3 Y g&Fo] #F
Ha 19 olFolle AZM TS HEV|mES] 24, BF
%3 AaAEe 4, AT £, 89 FHF
o] fEEon olgd &4 drle] CAl AFdM &
3] FAstAc B gl ot

£ A7 A% kainic acid®] A41A Foi& sjute] CAlL,
CA3 79| FAA TN A3 &4 FU3Ih Kain-
ic acid $9% 19 AFA ] CAl FHM e FA A7}
QB 2450 gi%len CA3 799 Z ol FAAE
7} Bol AAEo] AR FAH XS] A tiF-E A
9z 92 #2244 Jehiid BF 15 AIAde
CA179Y A% 19 ZFA G FAIRE &2 Yehide
U CA3TEolM e Alxe HAL B & e tf-Ee]
A Z7} 2AE T A7 nZe] AT v CA27H 9
FAAE L X439 AJAEE 19 AN ele 85
2 A EAe 92 el n 15743 ol CA2T
AL F4A Pl g Ve on X439 AHAES
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BHl &

i
g

561845 o1 7

J
J

A e Mo 74 9 AZAAS] 24-& YA o
o] A7ez ol djule] CAl 79L& 7Y 27l 4%
£4& VeERle CA3 Y= A8&4S fisht CA2 2
Aol E A E4de] FEEA] g8 ¢ 5 AUt

ol el EA¥ SN UERD uie}h o] dfute] z} 7
2 X439 7t R}F A kainic acidel D3t 1zHAde] 3}
ol& Yehll e Re Zzte] A4 A 2ol EZAlshs 84 2
calcium ZE@HE 9 ApoldlA 7IQlske Aoz 47
g stk 33074414 NMDA 83 CAl €99
ol £¥3}1. kainate F88& X33 EE CA3 490l
Wol B¥3lu] ¥ 7159 &3l i AdS Ad A
A EAME calbindinelyt parvalbumin$el calcium
ZAgduldo] 2dEE Ao geiA ek

B dF9ME kainic acid®] A4 5437 RPIAY o7
B3 ENE AdaH T AFEZ GFAPS] HEE4 e
Sl gAY ERANAT Sl ABHARE &4
AZaMze] @4sle et Mitchell$*€ kainic
acidg #79] w4 £ Az CA3 FFlAM MY &
= A&HE w4 A3 253 vjwAHE (microglia)
9] 4% FBESF Aty dF oM. Giiffins*e 554
AR HolM AduMEe] BEF calcium 28T
W21 S-100 ©¥e] Fridttn Feht At

£ ATl A& RPIAF 7} kainic acidell & A4 54
o njX = JES AR AAZA HHE, 3 2 §
B4 HA48 2 NASHED o3 HENE A o
g ko] tZtd o g Aol gor 2o glutamate
5o F8A AAELED] Be et e F
Stk o]&%] AR He wet HEGARA TN T
HAELEAS 24714 Ade] 7123 WHe] Be FEE
AR 9lch FRANAEALY Adde dt gluta-
mate 5849 A&A|, FHBA, calcium channel %A
AEol AEH 1 93 ©1F adenosine SFEE THFE 7]
Aoz 2gcky gl A ot Bullocks & NMDA
44 2gAQ D-CPP-ene’t AWsh@Zol og A3
desidRele] HEY HEdS JAESs dda R
¥ Sutula$®& kainic acidE Aol Foistam 5947
60 mg/kg® phenobarbital® F4% 23 2HE3H Ui
U 2 23Eoe] AANZELES JAE & Ao

2 39}, &8 Braun 2 Freed"E kainic acidg ##
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o] Ao FU8kT calcium @A Q] nifedipine
£ EAd B @ o) A X &A1) EA3] Ao
o} o]t nifedipinec] A¥el A3t Eg A&E s
37} &8 omidtkn FEAT

2 A7ME adenosine A, 879 A4 RPIA
£ kainic acid$} 855t kainic acidol &% &%
o] g e et THFY Aol BHASA £
T ¥ adenosine® A4 AAXNGED ¢ AAZHEZ
(neuromodulator) 2 Z-838ld F347A ] FE2HE
Bzl FRAANAZA Aoz ANE A=
4= 1 9th. Adenosined] FEAE 712H2E ade-
nosine® 2% adenylate cyclase® dAlske A, F4
# sl adenylate cyclase® #AFdte A, FEAE FEH
o 92 adenosined] 9§ FF L TRAZANAL FA|
A8 F3 A, £&A9 gg sdtn g3A AUt
" Mahan$*< adenosine A, +8#7} sinf, diH sz
2 Ao go] EE§IA &% en Schubert  Mi-
tzdorf & simte] CAl YhollA] Ao 283std A7
Axe] 4L A HTh £& Deckert R Jor-
gensen® Al #8341 CA3 YoM 3R &+
AA L) FAaTdo] CAlEGelME HFTA FAA
Fo] £AE7 o 91213l kainic acidBoll o1& &49 §
Aol 71 g3 Fe .

o] 43} o] adenosined dubselM A, 8 A%
slod AANZY AAE fEsh ol JAe] rAde
F 84 oju| kel BulAArt Fa8h9 oldjd: ABHE
o] FEZAAE QY Ahhwe Th A ¢ w2 E
FZ9] dagAFo] Yddcin LEAHUAL? Arving o2
adenosine A, &% AFA 2-chloroadenosine®]
kainic acid®] TAFoo] o AzA AAMLY &L
Az grtn s1glen ole 2-chloroadenosinge] ARAF
o] $=gAlo] Al calciumol 2] FY& ATl wet
glutamatee] #2l7h A=) wj&oleln 3 Barrie
2 Nicholls®= WaA4 adenosine®] 4-aminopyridine®ll
o3t g glutamate?l 218 AAE + dcka &Y
o o7)d= A, 84 L protein kinase C7} vi7igch
3 FeAct,

B AFdAE RPIAZ A28l kainic acid o &g &
o] A KT8 BREPon] RPIAY HAUHFAE £
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% 193} 13 A3A9) kainic acidol] & alivle] A4
T&AL XA dAEAI S Luxol fast blue-cresyl
violet G2 7AA divie] CAl, CA3 399 FAAEE
kainic acid @EFA e 1€ D 13375 B2 Al
27} Ak 1 24 E 0 ou RPIA® kainic acid B-&F
d% 19 AFAde #eE L AED A5 232 ¥
Aot Axel FArle R @un 1F B
& CA3 d9dM A9 47} tha i oy iR e
o) AdoA FAA 27A4E JepiTh ol dte
RPIA®] 1@ kainic acide] 4173 E4 AAtaztel 2} 2
ojgki AbRErt.

RPIAE 8 #<Ql adenosine A, &3 AFA9] st
2 239 whxoA thoFd AlZAGEH] WEL AAT
v}z geiA itk Fastbom % Fredholm®-& RPIAS] ]
A3 LPIA (L-phenylisopropyladenosine)7t B €
sivbdHelA glutmated /& #AaAGL M on
MacGregor 2 Stone®# McGregors ™ RPIAS} kain-
ic acid® EAJd o3l 2% benzodiazepine &
9l PK-111959] Z2%& 24 & A3} kainic acidel 21§
(*H)-PK111959) 28-¢ #A3 2aAZ e ol kain-
ic acidell &g A7 mZo] RPIA &8k AAlE7] H&
dAolgla FAslH on o]l# 3 RPIAY &2 FE F
ZAZAA] Y% adenosine A, =&A|ol 2&td wizfE
i F3R .

B AFellA RPIAS B9+ kainic acid®] Foof &gt
siole] GFAP AHEA4Z7HE A3 ZaAIZA. Kain-
ic acid Foi% siv} 2 X3 GFAP R L o
ZFo sl dREHA st 12 AT e Hlg
o 1330 d¢ Z7te 2724& vehid eyt RPIAg
kainic acid H&FdAdE 14 2 1F AN BF
22 fA A9 84S JePIL) o33 2ol 24
ol ANE ¢ RPIAE #FHY &lvlolA kainic
acidell 9lg AZBAEEL 2 GFAP wogge F7HE
AAshE Aoz AR E

=8 99 : Kainic acid - RPIA - 37},

cE=BASY 1 1997d 98 19¢
< AXETY 1 19979 109 27
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