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Effects of Intracellular Ca?* Release System on Neurotransmitter Release and Neuronal Cell Death
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HHRREEOARHFICL - THEREENL L
ZroNTwaZErs, KFRTIXCICR
T®H HRyREIPIRD RIS 3:. IT5GABAB &
Uglutamate B O3 SRR IC R I1ZTEE
KoOWTHREZMZBLLBIZ, WA= VER
FERITVRATY ABIZEITS5RYyR mRNA
DEBIZOVWTHEI L,
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1. BRIZH T 2GABAE L Uglutamateilt
EORE

Nt VR AFKET ICHEEWistarRT v b
D #E & dialysis probe% #A L7z, Probeif
A36EFRIRICHBIE) v ¥ LR % BB
L, microdialysis® AW THRSDGABAB
& Uglutamate 2 BN L 7z, B L 7:GABA
B L PglutamatePMERE IZiXhigh
performance liquid chromatograph system
with an electrochemical detector (ECD-
HPLC system)?® % Hw7:, BHFHE6HM
VUREICHIRN R E O EEPREELLI-C &
* W2 %, IP3RYEEIX (adenophostin A),
IP3RFH# 3 (xestospongin C), RyR¥EZHE
(ryanodine) ¥ 7 13RyRF#¥ (ruthenium
red) 2 EHTHBIEY V7 VEORK & 1
7L, GABAZ X U'glutamate ® Z: 5T (2
RIZTHEIZOWTRE L7

2. HAZVBERTVIhAT) XABOR
b E ik R i gl

. 8HBDCSTBLY VAR AL =V B
(420318; Calbiochem-Novabiochem Corp.,
San Diego, CA, USA) 25 mg/kg%* [EAH
5L, IRMUARKZ5ETVhAZRIL
2bDEHVI TwhA»G2, 6, 12, 24,
BEFMBRICUT OREZ2IT o 720 HRITIZE
BEITIZAEBVEARORR T2 o7,
RYMWVET - VEBREBETIC, 4%3F 5%
VAT VFEF-01%T V7 —VT VPR
FTEONICEREZL, REHHLz, K
YEFRRREL, GER»D4I 70V E
DNT T4 PR EERL, A<M FTY Y

IAIVREBERLLE. EERPLHIZIETT
F—AT503 70 VEOYK EERL, VY
FHic-Foshifk (SC52; Santa Cruz Bio-
technology, Santa Cruz, CA, USA; 1:1000)
B XU ¥hissDNAH4E (A4506; Dako
Cytomation, Kyoto, Japan; 1:100) % — Xk
LLTABCEIITREREL, AEBEL
720

3. In situ hybridization

TWwhA>52, 6, 12, 24, 48KRIBICH
ERBRmE, BEHERLBRFIAT74 A
LECREREEL, 7V A ATy b (HM500-
OM, MICROM) ¥ A\, 203 7o vEonk
RWGWHR 2 ERL 2o RyR-1 mRNA (bp
1541-1585), RyR-2 mRNA (bp 1195-1240),
RyR-3 mRNA (bp 363-411) $ & UFc-Fos
mRNA (bp 712-756) \CHEN 24 IR ¥
VAF F7o—-728 L. ThbnTO
— 7 [¥P] adATP (2000 Ci/mmol, NEN)
& terminal deoxynucleotidyl transferase
(Boehringer Mannheim) # AW THE# L,
Qiagen spin column (QIAGEN) {ZTH#M L
720 In situ hybridizationt¥ Tomiyama & D%
B IXfEo ke 2D, 50% formamide
(Merck), 4x standard saline citrate, 1x
denhardt's solution, 1% Salcocyl (Sigma),
0.02% phosphate buffer (pH 7.0), 10%
dextran sulphate (Sigma), 500 zg/ml
salmon sperm DNA (Sigma), 250 ug/ml
yeast tRNA (BRL) 2T, E##7u—7#%2x
107 ug/ml DMMBEEICHFRL 7z MBEARIT4%
INGENAT VT FICTREESE L =%,
BR70—-TiNA TV ¥4 ¥~ a &t
720 42C TISBEMI RS S 7218, B L7,
TEERBEIZ60T, TepmEMIz45x4E, B
# 121320 mM Tris-HCL (pH 7.5) £ 1mM
EDTA% & A 72600 mM NaCl ##i % F\v: 720
3 Oilethanoic THAL, ¥, N

A7V T4 ¥—Y g 3 -ABERIT

Kodak BioMAX MS films iZ-70Ci2T2:8
MZBXEE, BEL7, mRNAORE L~V
DERALITIE A F x +— (Epson GT-9500)
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Fig.l 5 v F#ERIZBIT5GABA (A) B X Uglutamate (B) OEREME K 2 BEWEX OBE, RyRIED
% (ryanodine, Ry). RyRBH# (ruthenium red, RR), IP3R¥EBY¥ (adenophostin A, AdA), IP3R

FH# 3 (xestospongin C, XeC),

ICTHESBE LTHRDY AR, NIH Image 1.61
ZHv, #E (CAl, CA3), WiRE, AU
B, M&tk, REKROgray levelDflEH» 5 /%y
2759 FOMEEG W/l 2optical
density& LTHHL 7=

# R

1. BRICH T 3GABAS LK Uglutamateilf
BICHT S AERAOKE

IP3R{EBI 3R IZGABA B L Uglutamate D&
PEERE MEARTFEICTEL 2 (Fig. Do
RyRYEBIE b glutamate D Z 556 8 % i BEAK
FHEICTOH# L7228, GABADOEBEEHEIZX L
TRIBEEFE_HEOHRER L, 2 F
Y, GABADX B E®E Zryanodine 100 mM
TE—-ZIGEL, BICImM TR R 2
272, IPSRIAEIRIZGABAD 1M+ %
EEARFEME M L 2225, glutamatelZ 3%
oo RYREEZERIEIGABAB LIV
glutamateW T hOEPEERICLEE TS5 2
ol

2. W14 =BT VWhATY AROKREE
=2 di ok

HhA = VBEBESHTIE, JTOhAREDS
2EFH AR IC BV THEBCA3, HRE, %k
% o PICKBERII~IVE ICE S MEMAR
(B 3 & U iF B ML) ASEREREIC
ZH 6N (Fig2a, B)o

c-FosfREMMRILETIZ, H4 = U Bks
Bl B T2 126 1IC B CAL-3, Bk,
ek, KEERICc-FosBttoB®ET
AREMRAEBED LN (Fig2C, D),
24F I LAREIC X c-FosDRARIIZITIL A LED
bivadolz, SIRHAIOEE, Mk, KK
BRI idc-FoshEnMEMMRIZIZ L A LE
gé hidho 750

TRV RADT—H—THbssDNA%
Huwi-REds{bs i, 74 = rBisel
ICBW T2 ICERE B X ULk, 6
& ICHWRCAS, BEMd LURRERD
~IVRIZ, 12RM8ICiZBCALICDAED
ssDNAB M 8o 5 hi: (Fig2E F)o

8 A= UBUIVhATIARICETS
RyR mRNAD &R

*EH Tit, RyR-1 mRNAD ¥ 7+ i

EREB LUV F v IHBECEE, Wik,
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Fig2 »4=VEBITWNATY ABEDOREM
BRI R, (A, B) #ilk#s L luk i
AL % Ry MMM (CA3, TV AR
2BFfI%, H & E #f2), (C. D) HEEB&
UEREICBIT Bc-FosDBEDEHR (17
WL A BIE2EFHI#£) . (E, F) ssDNAKY%
DMK (CA3, TV LA BITA24R
#)o A, C, E : Bar=200um, B, D, F :

Bar=50 ym.,

Figd HEB(A.CEG BIUI4=VvEBITwh
AT AR TV ABRIED S 28R )
(B, D, F, H)i=3!¥ ARyR-1 mRNA(A, B),
RyR-2 mRNA (C, D), RyR-3 mRNA (E,
F), c-Fos mRNA (G, H) &8,

Bar=1mm,

D S
Figd D4 =VBIITvwhATY ARICEIT2
RyR-3 mRNAD#ERKE(L. X (A),
Wi AR G20/ (B), 68 (C),

128 (D), 24 WM (E), 48W: (F)o

Bar=1mm,

HHRCAL MEMk, KBEEERBTBE~T
EFETH o7/ (Fig3A)s RyR-2 mRNAD ¥
TFNVERREBR L LZHIICRBDS5hk
25, BT T FVITEECALS, BRE,
ANEENMAEICED S5 (Fig.3C).
RyR-3 mRNAD Y 7+ VI3 E, BEik,
RRFER CTHEEICZD SN 7 (Fig3E), =
NODFAHIET I ABITBITAERL OLH D
REI—H LT,
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Figh5h »4 = EEFvwhA~Y ARICBITARYR1(A, B), RyR-2(C, D), RyR-3(E, F) B & Uc-Fos
mRNA (G, H) ®Z 8, DG, dentate gyrus; Cx, cerebral cortex; CP, caudate-putamen; Th, thalamus.

h 4= vBFS5HTIE, RyR-1 mRNA
(Fig.3B) 3 X U* RyR-2 mRNA (Fig.3D) D%
BItBHEREHRIRD O i h o228,
RyR-3 mRNARZITV R ABMED S2B M B X
UMD HEERCA3R O ITMEARTRATR
Ex#EHOLN, TOHMEE L7 (Fig.3F,
Figd) .

c-Fos mRNA®D ¥ )iz, #BEITIEK
REE, @5, sRE, SRENARE TR
E~hEECED LM (Figd3G)e #A =
B 5 H TR M ICEBECALS, HWIRE
B L OKBE KRG Cc-Fos mRNADEE®D
VTP NVHEED SR (Fig3H). £DHITHE
§5L, 128RALLEEICIZIZE A ETER LT,

HAZ VBT VRAR Y ARROZEICE
i BRyR mRNA B & Uc-Fos mRNAD#ER
BZE{L % Fig. 5i2R Lo

£ %

AR TIE, 14 = VBERTVRATY
ADHEEH, BEE, KBREERCIBVT, &5
HEBICHBIT Bc-Fos mRNAB L UEHD—
BUORBITE, RyR-3 mRNAORHLE
DED LN, c-Fos 34 LHBMIZL HIE

b S i Bimmediately early gene®—oC
B 12, c-Fos mRNAB X UZBHD—&H
DORBATEIX, BRAALEORON-BE, B
Fik, KBEEICHFET 2HEMROBR R
EiTi, Thick &L rMACa» D
MAHo7Z LERBLTVS, BRKERIY
WA TII3- 24 EDO T v FEECALICE
W TIP3R mRNADEBRETFHE ST
W, ITWHABREDENIH DY, A
RREFRI, PRELABEMBOARFEEC
& 5 TRyR-3 mRNA#fup-regulation&d 1) %
TLEERLTWVS,

BEC, #4i1Z, BEPIT—DENIZES
TRET5HOTWBRENRRL LR 2R
LT&7%, &0, FRERIZBWTCICR
(IP3R & RyR) OBBETTEIIGABAB I U
glutamate D HEME X TLE L 72c —F, RyRD
BAERBEI ST 13 glutamateidi BE % JTAHE L 7228,
GABA#RE I HIcHHIL 220 TDZ EI],
ryanodinel3EBETII7T=A b LTH
BThh, BRETRET7TYFI=_APELT
B L THHAMETH S, H5HVIIGABA
Za—-uvOAERL ) BREEIENILER
BLTWE202b LAk wWFhiZLTh,
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GABA= 2 —u VA& IC Bk LN I
glutamatef@ 4L & i, RyROBEEABMIT
#, DWTIHREERBEOREL D6
L, TADPARELFIERITTRERITES
IZEz oD,

AR TIE, I =VBITWRATY A
BWT, TwhABRREY*E—-—27LT5
RyR-3 mRNADRERTGHEIFEHCAIL %
HIZBHOLNTz, EHIC, ThODBATIE
mRNADRHRTLHE & BE T 72 13E 0 THME
R (TR P=TR) RBDLNz, ThF
T, BRAITA A AV KENHRICBNT,
/NEaE D & DCaz it % FAE ¥ % dantrolene
7z & N thapsigarginid TA » AR ED
FELOTICHERICIEEREE 2 2\t 1T

WAL o THEE SN2 MEMALTE % 9%

THIENREENRTWEY, 2%, Mg
HH 6 DCa* DA X T, ryanodine
SHDCa2* IFR T — V2 5 DCa?At, IFvh
ABREDORBMMIEICIILETH L Lt
AEENTVS, 65, RYROT V¥ I=
X b Td Sdantrolene( & E5THZ LT, 4
A= VRIC X 2 FEMRIES IR E D v
)G HIOBEEXFLTS, Th
LOMELSEOBEREBEEXL L, 24
ZVBRIT WA FREMALSE I RyR-3%¢
BMELTWwWRI LA FEIOND, COZ LR
RyREZEML7Ca* UMM T2 L i X
D, TR AREINE MEHRIEN LT
EHMEBRELZTRRTEIDDTH 5,
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Summary

Effects of Intracellular Ca?* Release System on
Neurotransmitter Release and Neuronal Cell Death

Koichi Wakabayashi, Fumiaki Mori, Motohiro Okada and Sunao Kaneko

Dynamic changes in the intracellular free Ca?* concentration play a crucial role in various
neural functions. Neuronal ryanodine receptor (RyR) is thought to be responsible for Ca?-
induced Ca?* release, while inositol 1,4,5-trisphosphate receptor (IP3R) is involved in IP3-
induced Ca?* release. We investigated the effects of Ca?*-induced Ca?* release agents on basal
releases of GABA and glutamate in the rat hippocampus and the expression of RyRs mRNA in
the mouse brain after kainic acid-induced seizures. IP3R agonist and RyR agonist increased the
basal releases of GABA and glutamate. However, excessive amount of RyR agonist increased
the basal release of glutamate and decreased that of GABA. Following the kainic acid-induced
seizures, transient up-regulation of RyR-3 mRNA was observed in the hippocampal CA3 region
and the striatum. Thereafter, neuronal cell death (apoptosis) occurred in these areas. These
findings suggest that inhibition of RyR function might prevent neuronal cell death following
epileptic seizures.
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