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Fu5F4 &% F—¥C (PKC) BITTHECHABESFVIIVERILE,
Ca?, YYIRBEREHOELEY VEBILBETHDH. £ DHEBTK Y
HLTLBZEEALh TV, ABNESF T CEARFIHBECS FE
LCwdh, VURBKRHFETH D O EMRIECE L CHEE » 5 MR~
OBEEESZEFRESLAEEhETS, £ EPKCEBEKC. PEMERD
MBECHLEETAT0BHIELS, HBBRE~OBEEREZLh, KR4 H
EREXINCEE, 208, LEOHFERORBEAKE TS % long-tern
potentiation (L TP) O¥BCHEATHH I ERHLAPERDT-P PK
CREEPTBCEELRBULZF->T0EEEZLADL5CE> k. LT
Pri. SHEB0ESHRC IV F T AnEEHEREBBCDbE->TL
B45382cH0Y. ZORZOBRCRABY 7 IV BXBEROT TR A
FO0 ¥ oTHB N-methyl-D-aspartate (NMDA) 2 4 YA koFEHkL
BRETHEZ L L ALNTWSIO1D | LALUNMD AZEEME S
LPKCOFHIACES ROFMERLEHL AR > TR,

¥k oC, BB 7 I BAREELOME»IL Zn 2 OWHESE
WEHEEN, FEHE2ED TV, B4oBHPS, Zn2"CLYNMDA
ZRELr By TALECaZF Yy X ARPEIhSZE12 P, NMDARE
CEDNESBEACESLEZn Y BERE TSI LV ERFEIhTVS, &
Lz, FEML P> EPKCO—XkEEPR Tk, “DNA-zinc finger” &
HIFR3 Zn2"OEABECEUL BB EFEEL T, PKCHHESR
Zn2WEhEERPZH LRI 1D 5T S, ¥ (sernelyFWE T
Y UAKEBWTCPKCORMBEHNBHEHNERD Zn 2" RoATHEH R
WELTVLBY | MRRACRBCEEEO Z n 2" RAEEL Tn5H17-19-20
B, TOBEENEHOFRIFAAETETH S,

ZZCEAMRCBYTE., TONMDAXZER.k, PKCZLTZn*03
ZofEZERTIHN CHs OB EITR - 2,



A<

5

= — S ShEr 5 v Bl & B S
NMDASSESE1EFFHSE XI5
T 5 o T — = C T

#H g PN £ Eh
FIEH Tuifrxr—¥CoMERBEHOFMCE T 5@

PKCREUPCTHEEMPMEC S HFEL TR, otk y ¥
RERALETH DD, FEHEACEL CTHARE,SHRB~0BEH 2HES
FHRHLACERTVLS2®  ZZCNMDAREEPKCoOFEEERLE
OBERBRTIENT., ETNMDASEHRABC LI2MME» S MIBE
~DPKCOBHRBRETCEIERREBEL L,

—C . BRHRE L COBRPERIRLEE. invitro COERET
L38BE, VEORPIS AL TWS, 22 C,. LTPZ0ERKCLH
WHRhTWETy MEEOYRECBFAPKCOBEHIHITSNMDARE
B oBEEBRFTL &,

MBEBCBTF3PKCRCa?RELRCECEALELD & C a2 ik#F
HEBCHEAZLREDLDOO2o0D0RETHAEL., ThfhZEh--LEEHYE
DT0BREEZORTWA2I 2 | ZZCRKERCBOCRMBEY®EE L
TZD2ODREOPK COX ST HEGTA-Ext. ¥ CHAPS-Ext. 0 2 >0 %
HEL., MEE L ADETS20HBEECOPVT, PKCEFEMNCEST S
[3H]phorbol 12, 13-dibutyrate (PDBu) & & % #iE L = (Fig. 1),
Hippoc%ﬁpal slices (0.25 mm) ‘;ggbgenized in Tris-HCl buffer

P 270,000xg, 15 min
preiﬁfubation (37 C, 60 min) peﬂ}et supernatant (Cytosol)

reaction with drugs resuspended in EGTA buffer
J (37 C, 30 min) ¢ 270,000xg, 15 min
washed with KR buffer peﬂlet supernatant (EGTA Ext.)

l resuspended in CHAPS buffer
P 270,000x g, 15 min
supernatant (CHAPS Ext.)

Fig. 1. Procedure for reaction of slices and preparation

of three fractions 9 _
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Bk, EE (KHE 10-15 g) . ¥ -k 1088 (kE 180-250 g) @
Sprague-Dawly R O#EHE T » P AV, Fig. 1TmL o bra—nZiE-o ke,
e, HEPHHHE. Mcllvain tissue chopperZ AL CHE X250 unD Yl v
#ERE L . 95%0,/5% CO, CHER L f-Krebs-RingeriE #rigi (KR) © 124 =M NaCl,
3.3 uM KC1, 2.4 mM MgSOs, 3 mM CaCl,, 1.25 mM KH,PG4, 25 mM NaHCOs,
10 mM glucose (pH 7.4)th—c, 37TCT60E A ¥ F 2X— 1 L &, HgS0.Z Bk
Wi KR (Mg-free KR)'C’@H’%&@LTﬁ‘%%%%bﬂi'(?ﬂt"@?ﬂ%ﬁﬂ Mg-
free KR W CREE. X% L kMg-free RRTHEHL TEHEZBEEL . freed
Ca2t®1pM2® & L8825 aM Tris-HCl, pH 7.6, 100xM leupeptin,
815.8 M CaCl,, 1 mM EGTA) pekhkETF A Alte ZOFEITX—LI %
270,000 x g 155 M& 028 L TR E 2™ (Cytosol) TH 5 Lk 2B .
AU EuBREGTARS W 25 oM Tris-HCI, 100xM leupeptin, 10 =M EGTA,
2 aM EDTA (pH 7.6) TH ARV FL. ¥ HKELL TLF(EGTA Ext.) ¥k
CHELE, ZTOBRBEEHK H oM CHAPS ¥ Z LsEGCTAEH B P F ARV F
L. 4ACC30HEHmEL CAlafbl 2k, BLEEL T ki (CHAPS Ext.) % &
o

[CHIPDBuS & 0 BlE

ZhZhoy@Ecsd 5 [PHIPDBu & 0B EkTanaka% O H K2 KWL,
200 10 RISEE 20 mM Tris—maleate, 100 uM KCI, 2.5 mM CaCl,, 100
1 g/ml phosphatidylserine, 30 oM [*HIPDBu, 0.5 ¥ dimethylsulfoxide
(DMSO) (pH 6.8) Sbu 1®H ¥ A%z, I0CT2HEf vFaxX—PL L
.4 nloKSLE0S %S DMSOREML CRIERELEEE, ZORKBEE
0.3 % polyethyleneininew & L =¥ 5 A7 4 % — (¥hatman GF/B) TH5I A
BL. X5120.5 % DISOCH#EHE. EBL 74 12— oGk 28
L., Z0fbhsIERRENES Y L CIEERZ OS5 phorbol 12-myristate
13-acetateFAE FTCHEL EEEZE LIV UERNEA L kO, EREZ
hZhoHEOBENPHIPBuES Y. FETX— XD E2EFREKC
WeIa A—ry5F—ICmlLi,
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PKCEHOMER. KikkavaZd HHE2P 2 ETEEL Uitk - k. B,
NS :20 mM Tris-HCI, 5 oM magnesium acetate, 200zg/ml H; histone,
1.25 oM CaCl,, 4pg/ml phosphatidylserine, 0.8xg/ml dioleine, 10uM
[ r-32PIATP (pH 7.5) K, 2pgdYy YT AEMZT, VCCIniA*a
AR — P} L T, Hy histone32PEWMYA TR L, RKISOEEEK®L 225 %
rYnnEEgoOoEmTHR., 045D 7 4 AR —TCABLTI7 4L H—
to32pE@EL k.

Western blotting

& 5@ OWestern blottingld. LaemmliZO HFHE2V L 10X OF LT
SDS-EY 77 Y AT I FEKKBEITRV., S0pugd VY T ARyE#L .
TowbinZOHE2¥ iD=t run—ABEREEL &, B®5 301 VR
By MIAYEESETBS-T:20 oM Tris-HCI, 137 mM NaCl, 0.1 ¥ Tween 20
(pH 7.6) CIEEEA Y FaX—bLEH, S7ALDHAHL FPKCO&Y
TRLAFERTEE) I F—AHkC2EBHE. ErF Uit L R <Y R
ETANE. ANV R PEFY—FAIY 72 A7 7 2 —CEAKTUY
. BRKA V¥ 2_—hLk, PARY 72 A7 7 X—YOREHERK : 100
oM diethanolamine-HC1, 5 mM MgCl,. nitro-blue tetrazolium, 5-bromo-
4-chrolo-3-indolyl phosphate (pH 9.5)ZM 2 CTRABIE- AT —A
BErtoPKC%ZHE¥EL I,

EHEOESRE
EHNEOERELoryZ0 RV o TiThk o I

£ B & X

1GHERBOEARAS v FOBEYHFEBVTE., 100zMBXT1 MO BETDH
NMDAﬂﬁEd\%ﬂﬁgﬁlﬂ“2‘9®ﬁﬁ'@'éﬂ)[3H]PDBH%%0)§4|:@E§§
bohlkkdhok, ZhcH L TIHEBOHET v FOPH DV THRAZTL
skEZ %, 100MONMD AR &Y % %7 AKE <o PHIPDBukS & O KD
r. zhiefEoE2o0BEsETCOMMERD S5h iz (Table 1),



Table 1. Effect of NMDA on distribution of [3H]PDBu binding
sites in immature and mature rat hippocampal slices

[®H]PDBu binding (% of total binding)

Cytosol EGTA Ext. CHAPS Ext.

Immature (1 Week)

None 43.1 + 0.6 28.0 £ 1.2 29.0 £ 1.7
100 M NMDA 7.6 + 1.1%¥% 48,2 + 1 T¥F* 44 1 + (. p5***
Mature (10 Weeks)

None 58.0 + 1.5 15.8 £ 0.9 26.2 + 0.6
1004 NMDA 59.5 £ 2.3 16.8 + 3.0 23.7 £ 0.7

1 mM NMDA 60.9 + 1.7 14.7 &+ 2.8 24.3 + 1.1

Values are means * S.E.M. of four experiments.

Total homogenate binding (pmol/mg protein) are determined:
None (1W), 2.88 * 0.32; 1004«M NMDA (1W), 2.56 % 0.24;
None (10W), 6.54 + 0.56; 100 M NMDA (10W), 6.36 + 0.42;
1 mM NMDA (10W), 6.47 * 0.47. #*#x P < 0.001 versus None.

PKCREBRDNAYVu—=VToERLL TOL LD isozyne R HFEL T
LZZERBODLNTHEY2Y | ZON3OORA THEHEBEREEATHS2Y
ZO3EDODPK COisozymell ™3 B5F 7 7atr—ihitk® HwT, Western
blotting®iTlxy, E Sy VBV ARK BT SNMDAZBHAZRC LS
PKCoOBEHZBRILE, PKCEALATIRBEALEHELEL Tk,
2470, HRRE{EDHh, T BBV EI00pMDODNMDATRET S
i, PKCOX47I,. HBLCHEESBETOEYE FhicH
SLEESECOMMREDL S (Fig. 2),

PK C#HEC 20 Td PHIPDBufs & B L UWestern boltting® £58 & k.
BEUYREZENMDALABC LY MIBE COEPE2oDESECOEME B
%R L HED 5k (Table 2),
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Type |

Type M

NMDA (1o0pM) — +
Cytosol

- + = +
EGTA CHAPS
Ext. Ext.

Fig. 2. Immunoblot analysis of NMDA-induced translocation of protein
kinase C. Cytosol, EGTA Ext. and CHAPS Ext. fractions (50 ng of
protein each) were separated by SDS-PAGE (10 % gel) and transferred
to nitrocellulose membrane. FEach membrane were analyzed by immuno-
blotting with type I-, II-, and I -specific antibodies.

Table 2. Effect of NMDA on distribution of protein kinase G

activity in immature rat hippocampal slices

Protein kinase C activity

(% of total activity)

Cytosol EGTA Ext. CHAPS Ext.
None 63.4 + 1.5 17.3 + 0.7 19.3 = 0.9
100 M NMDA 17.3 + 0.8%%* 47,5 & 1.83%%% 35 9 + 1, 6¥**

Values are means * S.E.M. of three experiments.
None and NMDA-treated total homogenate activity are

3.45 + 0.26 and 3.19 £ 0.20 (omol Pi/3 min/mg protein),
respectively. #*#% P < 0.001 versus None.



B2/ HET v VEBURCEIHNMD AZEKAB L7 0T (Y
¥ F—¥CoBBHOHEHA

HfficBVT, &7y PEBUH CNMDAZBERHBCLISPKCO
BEARETEXAZ /LR R, EHiTR., PKCORBRBED %
[SHIPDBuSE &R PETH L TERL, NMDAZEHKHABK L3PKCOE
BoBHEYRIL &,

£ B H &

A BOTRTIRCTHEELI-I5 g0 1 Hig OSprague-Davly RS » b
PHEHLE, WEORKE. E0BH0RAVECPHIPDBuE SR A & R0 FH
itk ok,

£ B & X

NMDAPDANOHENLT7 I ) BZBROY T 24 TOFEIRH 7T =X+ C
DB5H4 =8 (KA) BICXAh A% (QA) RI0uMoBETPKC
OBEEYRIX ok (Fig. 3. ¥LEENTONMDAX { S ZEK]kD
FPA_ZAPCHEITALE2IVEE (Gl u) BRI NORECPRKCOBH %
gz Ehrok(Fig. N EHFSHGluDREREEBHALEEZA,
NMDAR2WuNOBELLEERPKCOBEHERIIEREILEOEHL T,
GluTR200uM LOBRECEELREIEZFIEEZIL & (Fig. D,

KEZNMDARIBPKCoBHEHLT,. NMDAZBHRhESI A VF ¥
FLEOEESUCEERZ S 2 3% ERPBL 2(Fig. 5), NMDA%*
RO RIRENECH S5 2-amino-5-phosphonovaleric acid (APV) ®
A X VF v X AHBEEEET HHESE ketanine R ZhZhi00pMoBREC
100uM NMDAR JIDPKCOBHE=LEWFIL L, FL:4EDO KR 205
Ca2?2RB<{ENMDARCIBPKCoBEHRADB S hEZ ok, ZThE
HLCBEMEKERECF Yy IAZ Ty 7353510 pMOMg 2" PM g2t IR E
BobhBUCFEHL TCNMDASZSHESKEZHET Sl sMDZn 2" ENM
DACKB3PKCOBBEEY S 2 hbok, ZBKREATSINMDAD
Pt E DTS, NMDAZREHRZHELZIESTY L YHBPKCO
BHCREE kb (Fig. 6).

_7_
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Fig. 3. Effect of excitatory amino acids on distribution of [*H]PDBu
binding sites in immature rat hippocampal slices.

Slices were incubated for 30 min at 37 C in the presence of 100

2N glutamate (§), 1004 NMDA (BZA), 100« M kainate () or
100 2 ¥ quisqualate (EZ]). Cytosol, EGTA Ext. and CHAPS Ext. fractions
were prepared and then [*H]PDBu binding to each fractions was deter-
mined, independently. Results are shown as the percentage of [*H]PDBu
binding in the each fractions to the total binding.

Values are means * S.E.M. of four experiments.

* P € 0.05, ** P < 0.01 versus None.
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50 L] 1 ¥ 1 |
40 1' ? t ]
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20 ’9 -
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_% -[- =
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QO CHAPS Ext.
'oE' 50 n ] i 1 |
— QTR _
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. (] [] i T
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Fig. 4. Dose response curve of NMDA- and glutamate-induced trans-
location of [®H]PDBu binding sites in immature rat hippocampal

- slices. Slices were incubated for 30 min at 37 T with several
concentrations of NMDA (O) and glutamate (@). Values are means *
S.E.M. of four experiments. * P < 0.05, #** P < (.01 versus control.



Cytosol

50 +
40
30
20
10

T
-

T

T

m
o)
- O
>

Ext.

9]
o
|
1

DN

W
o
T

ianl &

oy
(@]
T

o

CHAPS Ext.

[*H] PDBuU binding (% of total binding)
)
S

40
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Fig. 5. Effect of NMDA antagonists on NMDA-induced translocation of

[*H]PDBu binding sites in immature rat hippocampal slices.

Slices were incubated for 30 min at 37 C in the presence of 100 uHM

NKDA (PZ4) with 10 att MgSO, (NN), 1 nMf ZnCl. (M), 500xH APV
(E) or 500z H ketamine (E)), or in the presence of 100 M NMDA

in Ca2*-free KR buffer (). Values are means + S.E.M. of four
experiments. * P < 0.05, *x P < 0.01, **x P < 0.001 versus none.

+ P <0.05 fF P <0.01, +++ P < 0.001 versus 100 pM NMDA.
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Cytosol

50 -—;;—é T 13 H B
40%§ 8 ]
30 L :
_ 20 - -
10 + i\-—-—ﬁ- b
g 0 g 1 1 1 1
2 EGTA Ext
a e . : ,
e -
:o: 50 - 8’ E .
S 40+ -
52 30 k i
5 20% —— 8 1
o T T
_Q 0 1'} i 1 1 i
é CHAPS Ext
ri.:1 50 3 T ~ 1 ¥ ]
x a/ g-
— 40 / .
30 '—{F-g"/% .

G 3 10 30 100
NMDA ( pM)

Fig. 6. Effect of glycine on NMDA-induced translocation of [*H]PDBu
binding sites in immature rat hippocampal slices. Slices were
incubated for 30 min at 37 C 1in the presence of several concentra-
tion of glycine: None (O), 1M (@), 10 B (A), 1004 (00)
with several concentration of NMDA. Values are means * S.E.M. of
four experiments.
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NMDAZBRKPBC LH5PKCOEEIBEELBRIAISHMCE, ETN
MDAZBEUPBC LS5 PKCOMBABHRRIECEIERREREL .
ZORR. BETY FOBBYACBEWINMDAZSAARKCLSPKC
OHHErHOHBEBR~NOHBELBEHLAADOLhHZ LB LR, P
KCoMENBHIIMBES>E - MEBESEC B 5 PHIPBuli &2 8E T
BZECELER, PRCOEJ IuFt—ahitk® FHuvVestern blotting
CIZ2BRFPPKCHEERBELLERLD, fildE B HRESECE
3 PHIPBugE S OELE. PKCOBEZEML TWEZ ¥ HAL &=,
Western blotting® R (Fig. DKBWITPKCAATIOELERBEAY
Zoohhlrold, YoshidaF3P B EHRORFTREOBE CERPKCOH
HBREFOXRATCIVELEY, 247183524701, DL B TCRATS
EVIFSHERLTEY, XERCBUIERL-HITIDDOTH- %,

FLHETY VEBYRECBTSINMDAZFKHBCLA2PKCOBE
OHFMEBEEBHLEER. NMDASBAREHEAPVYCIVHEESRSY
52, FEABPOCaZ?REKELTWAZERHLEhERSE, ZHhH
DT, 9EITYy VBBEVFCBTANMDAR LS PK CoBEIX,
NMDARA70REBYEY I ) BZEAPABC LS, SIlEA~NOCa?OR
AEZALEboCchHbEEZOhE, LAL, SIRBOEMCEKEL TNM
DAZEHKREDI Yy TALECaZ"F ¥ XA RHETHAMg2 399, Mg?t
ERPNOBECHERHLCCa2*Fry X ARHETSHZn? 3, ELENM
DACHTIHMPE X LRXEB3ZE CNMDAZEKEPRELE TS SR
ROShTC0B YU IGENMDARC LS PKCOBHCEESY5 %
ok, LEOHERER., RAHHCTHS LA EhENMD AZEHhoOoNHE
CRETFRE > TVBHR, BradyZ3? PMclonaldF*P k> CHEX hi Y
LZHMONMDAZAKOHEE X —HTS5bOCHo> k. BIL, BradyF>?
BHEMONMDAZEHRCarF vy A L ESRFBEENIKFEOMe 2
3B EZTEIPoRLEHELTVS, ¥ ENcDonald%4 k., $HEMOE
WEBOTNMDAZRAEKCa>»F ¥ ANV EAGUROBBRAITHETI Y
534 Pphencyclidinei 5B EZEDEONMD AB AR, KAEFY
IDBHELRBBLTCLAILE2HEL. HEWONMDAZSKRESELRKE
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BhHEESIT CHROREABRCEERRHPF>- TS EEETERL
Twd, T, YEMOMBERREBECBSOCLTPREAREL TWSZ
LA pELIEDESE. REDHOHHORBEARRCE TR, AL
RER->EHEAPZTTVESHONMDAZERCa2F r X VESKDS
HZHELTBY. Z0EAK(R~ORBRHAN~ALBOC 2> OB AR5 EE
ZL. fIRERSARB~OPKCOEZLBHZIIERITEZZONT,
AEROZEECEL, NMDAZEKCa>?F ¥y X AESKAEL T
ZYyskikhksdt. NMDASZEARRBC LOMBACEATSCa?0
BRHBREhIED., RABYCRYEHREKELPKCOBHFREER
ChB0hblLhkv, BE, F—ACRTEHOSE, XEBRECBLVTNM
DASHEANBCISPKCOBHORFTLOBHEZRILLEEZ A, 18
Brb2B8EECOTy VEEYIE CRNMDAR XS PK CoBEIRRERE
XhiA, SHEoHYcrEDOhEIokE, Thik, McDonaldF i
FOVHEIRETY S VEASSBER Y ORBERAEHOLVRACET S
HMEr—®y5botTdh-o k.

h e =

1. $Z5y rHEYHRCBOTCNMDAZE(RARCLIYHRESRS
HBEEN0ZLZLKEPKCOBHRBEXSZEAHLALRS R,

2. HWEYEEZHAVERIATER. RRAPPECBINMD AZEHEKABK
I3PKCogBRIDShE - K,

3. NMDARIXIB3PKCOBEHENMDARXM TOREBHTI I MZE

ErCa2*Fr 3 NVESU]OEELEHALEHERA~NDCaZ*ORA
CEnBlgRIXh TR I ERELRER S,

_13_



= I = e L e >~ DK HEREZER T O
-7 B = 2 — N — N BV S
NMD A<SZZSMERBOE XS5
- 5 o > x I — - C DOEEHE)

 BIECBVT. NMDASEHHBCLSPKCOBHIX, HET v b
HEDRECBOTRILLAER, RALET y MEBYH BV TIRED
Shhkhok, LALERBWCECLLTPRALSLY . 20FEHL
WNMD ASEAOIBHEARIC 1D | FRCBPKCRALRETHHIETY
RELEINRTVE0T, RAHPCEOTONMDAZE]RABRCLSPK
COERMAPEITVRILERIAELILRE,

2 TAECR. RADHOMEHBC BT, NMDAZAEKHBE P
KCoEHiL oy ek 2HNCHs A EZTE > I,

B1H RADWOARHAKCBYINMDARFRABRC LS T aT Y
¥F—ECoBHHETIERNRY

KA HomBHBEoERE: L THvET ¥ roEBEYHFTCE. NMDA
SZEEFBCLIAPKCOBBREAD Ao I ERDL, hoBEREL
TS5w b KBEBOYE. shertey VOBBBIUCXBEEOYIRKCD
wToBAPfFThkok, ¥k, NMDAZHEARBIC L3 PKCoFtkit
B, SFTAOHBLEBCEVTRFANCRETWIEELZLRHIED
2. Hollingsworth Z42 K k> TRVWEEhk, Y F 7 ARBEEBES S
EARERTHBVF S rmz—aY—AR20TOHBRFARITE- k.

£ B 5 &

5288 1 13 Sprague-DawlyR#dE 5 v ¢ (4kE 200-250 g) R UHartleyR#f
BEAEy b (4kE 300500 g) AL, 2hZhoXBEREERTCHEEOD
PAEOVWIREIEE I Fo vk, #oEZARL L.

YFFbma—uaI—L0HK
Sy bRCELEY POXKBEBERCHEBEDY S boa—mY —LKED
Wk Fig. TR RrLEFEROTatra—L K->k,
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o .
Cerebral Cortex reaction (37C, 10 min)
l 9,000xg, 4 min

homOﬁ?nized in KR buffer peﬂ}et
filtrated through homogenized in Tris-HCl buffer
nylon mesh (160 zm) ¢ 270,000xg, 15 min
1 pellet supernatant (Cytosol)
filtrated through 10zm filter 1
P  1,000xg, 15 min resuspended in EGTA buffer
peliet (synaptoneurosome) P 270,000x g, 15 min

pellet supernatant (EGTA Ext.)
resuspended in KR buffer
l resuspended in CHAPS buffer
¢ 270,000xg, 15 min
supernatant (CHAPS Ext.)

Fig. 7. Procedure for preparation of synaptoneurosomes and
three fractions

BiS . K48 %Krebs-Ringer-HenseleitiE#uk (KRH) 125 oM NaCl, 3.5 =M
KC1,1.2 mM MgSO,, 0.4 mM KH,PO., 5 =M NaHCOs, 5 mM glucose, 20 mM
TES-NaOH (pH 7.4)thC. glass-glass homogenizer® v TEPHLEREY
FA4 XL, 160up®F AV Ay 2 CARBLEK. Ope® 74 AXZ—TH
L. 1000 x g CISHBELLSBLCELAZUBRZ VI T bma—nV—
A¥Lbk, 2OVF T boa—uy—arkMeS0s 2w KBE CH#HL 25,
3TCTCHlA v ¥ax—bLE, 1.3 M CaCl,rEWEMZ T HEI0HHE
{VFax—bLiEk, BOLTEYERE 1M free Ca?" B#EHK (25
mM Tris-HC1, pH 7.6, 100xM leupeptin, 815.8xM CaCl,, 1 mM EGTA) €
FETFLAAL, DB B IES I HLRABE0HETEIEERARTL &,

EAEY PABEEY TSPV —LOFHE

EAEy PABKEEY 77 Y —ACDWVTCENicolls® FHEL i,
T4 a—-LVEEARRLYBECEIVFABL, VIS a2 —aY—LAEFHE
ORG. EEOFAB R T - .

ANECET 5 CHPBuESOBMERBIEZS 1 HIOoH KRR =,
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£ B & &

BTy hBLUCEALEY P OKBEE., BEFLZhZhERL YR
ENMDATCAEE. SMHEHEL2o0BYEYHRL CPHIPBussS %
#ELEELE. NVMDAﬂﬁKiéifkli%&thfxﬁwt (Table 3),

Table 3. Effect of NMDA on distribution of [®*H]PDBu binding
sites in mature rat and guinea pig cerebral slices

[®*H]PDBu binding (¥ of total binding)

Cytosol EGTA Ext. CHAPS Ext.

Rat hippocaumpus

None 58.0 * 1.5 15.8 £ 0.9 26.2 £ 0.6
100 M NMDA 59.5 = 2.3 16.8 + 3.0 23.7 * 0.7
1 mM NMDA 60.9 + 1.7 14.7 + 2.8 24.3 £ 1.7
Rat cerebral cortex _

None 57.2 £+ 1.4 17.7 + 1.2 25.0 + 1.5
100 M NMDA 55.0 % 1.1 18.4 + 1.2 26.5 £ 1.1
1 mM NMDA  54.2 + 2.3 221 + 1.8  26.6 * 1.7
Guinea pig hippocampus

None 57.6 + 2.1 15.6 £ 1.5 26.8 + 0.9
100 ¥ NMDA 59.0 * 1.6 14.7 £ 1.5 26.3 £ 1.5
1 mM NMDA 61.6 * 1.6 13.7 £ 2.2 24.6 * 0.7
Guinea pig cerebral cortex

None 56.6 *+ 0.1 17.8 + 1.4 25.6 + 1.4
100 M NMDA 56.5 + 1.9 16.4 + 1.3 27.1 £ 0.7
1 mM NMDA 55.9 £ 1.2 17.4 £ 1.0 27.0 £ 0.9

Values are means * S.E.M. of three experiments.

Total homogenate binding (pmol/mg protein) are determined:

Rat hippocampus, 8.54 * 0.56; Rat cerebral cortex, 5.94 * 0.42
Guinea pig hippocampus, 8.67 * 0.63; Guinea pig cerebral cortex,
8.38 + 0.54.
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—Fi. KA LETSy P BITEALEY POKBERE. wmEhrsFThEh )
Fhma2—nY—APHBL, NMDATHREL =%, 3205BEESTT
[SHIPDBusS & 2 BE L &R, 2hZhioW0T 5-10 ¥EEOPKCOBH
HREBH Sz (Table 4) .

Table 4. Effect of NMDA on distribution of [®H]PDBu binding
sites in mature rat and guinea pig cerebral synaptoneurosomes

[3HI1PDBu binding (% of total binding)

Cytosol EGTA Ext. CHAPS Ext.

Rat hippocampus

None 51.0 + 1.3 14.7 £ 0.5 34.3 £ 1.1

100 M NMDA 49.4 + 1.1 17.6 + 0.4* 32.9 * 0.7

1 mM NHMDA 46.1 £ 1.2 18.1 + 0.6* 35.8 * 1.0

Rat cerebral cortex

None 45.7 + 0.9 14.2 £ 0.7 40.0 * 1.2

100,M NMDA 42.6 + 1.1  16.5 + 0.5  40.9 + 1.1

1 mM NMDA 42.3 + 0.8% 17.6 £ 0.6* 40.1 & 0.7

Guinea pig hippocampus

None 64.4 + 1.8 3.4 + 0.4 32.2 + 0.8

100 M NMDA 58.6 * 1.1 4,1 £+ 0.3 37.4 £ 1.1%*
1 mM NMDA 56.9 *+ 1.2% 5.4 + 0.4* 37.6 * 1.0%
Guinea pig cerebral cortex

None 46.3 + 1.4 2.8 * 0.4 51.0 £ 1.0

100 M NMDA 39.1 + 1.1% 4,7 + 0.3* 56.2 &+ 1.0%
1 mM NMDA 35.4 + 1.0% 5.8 + (0.3* 58.8 + 0.7**

Values are means *+ S.E.M. of three experiments.

Total homogenate binding (pmol/mg protein) are determined:

Rat hippocampus, 7.82 * 0.64; Rat cerebral cortex, 6.89 * 0.39
Guinea pig hippocampus, 7.23 % 0.47; Guinea pig cerebral cortex,
6.26 + 0.34. * P < 0.05, *#* P < 0.01 versus None.
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COHTEALEY PABEErSHABLEYF b ma—n Y —AKBLT,
NMDAZSAEURHABCH T OIRERELRKER>RIESL, EVEY PO
KBEBECOWT, VI TAHBOAR S, SUERTHDH VT TPV —A
CBELTOHHLER, NMDARBC LS PKCOBHUEZADLhizdh o
7= (Table 5), |

Table 5. Effect of NMDA on distribution of [®H]PDBu binding
sites in mature guinea pig cerebral preparations

[®H]PDBu binding (¥ of total binding)

Cytosol EGTA Ext. CHAPS Ext.
Slices
None 56.6 * 0.1 17.8 + 1.4 25.6 * 1.4
100 « M NMDA 56.5 £ .1.9 16.4 + 1.3 27.1 £ 0.7
1 mM NMDA 55.9 + 1.2 17.4 + 1.0 27.0 * 0.9
Synaptosomes
None 51.1 + 1.4 4.5 + 1.3 44.4 + 1.8
100 .M NMDA 50.8 *+ 1.1 4.1 + 0.9 45.0 *+ 1.4
1 mM NMDA 51.9 * 1.2 4.4 + 1.0 43.6 + 2.0
Synaptoneurosomes
None . 46.3 £ 1.4 2.8 £ 0.4 51.0 * 1.0
1004 NMDA 39.1 £ 1.1% 4.7 + 0.3* 56.2 * 1.0*
1 mM NMDA 35.4 + 1.0%* 5.8 + 0.3* 58.8 *+ 0.7*%*

Values are means * S.E.M. of three experiments.

Total homogenate binding (pmol/mg protein) are determined:
Slices, 8.38 % 0.54; Synaptosomes, 6.44 * 0.57;
Synaptoneurosomes, 6.26 + 0.34.

* P < 0.05, *x P < 0.01 versus None.
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FRELEy hARMEESF S b2 —aV—AEBTS5NMDAOHER
EEBRHLEEZS, 100pMl EOBET 5-10 %O HEE P K C OBE MR

boHhtk, (Fig. 8)

Cytosol
50 ——— T r T
Jf‘ﬂl\?
45 \\\\ -
) ™
0 ™ \(?* -
£ 35} \\\\‘¢tfﬁ
g OL%Q 1 I ! 1 3:
=
= EGTA Ej"xt
:é' 6 T 1t T T 1 é’E*_
- 5t */ i
o o
S q/ i
g) 3 —___"__(f./ .
:Eé 2 A
o OT i ) ' 3 1 —I:
@ cgps Ext.
0 t— T T —
l'n-:l */é**
T 556+ A -
o TR
Q
50 —1r——?/ i
45} ]
_L :: i '} 1 ' T
0 6 5 4 3
NMDA (~log M)
Fig. 8. Dose response curve of NMDA-induced

translocation of [“HIPDBu binding sites im guinea pisg
synaptoneurosomes. Synaptoneurosomes were incubated
for 10 min at 37 °C with several concentratioans of
NMDA. Cytosol, EGTA Ext. and CHAPS Ext. fractions
were prepared and then [YHIPDBu binding to each
fractions was determined independently as described
previously. Results are shown as the percentage of
[3H}PDBu binding in the each fractions te the total
binding. Values are means * S.E. M. of four
¥ P C 0.05, %% P ¢ 0.01 versus control.
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$o2ffi TALEY FPABEBY IS bma—avV—AKBYFA3NMDA
SREMNBE L3707y 3 F—YCOHBNBEHOBE

FfiT, Y77 b ma—aY—LAORKBVTE. RAHHTCLNMDA
ZEUPBCISPKCoOBHEADLhZZ LR LR, T T,
BHENMDABBCHIT IREEKEL>EELEY PAKBHEEDSF T+
Za—aV—ARD20TC, NMDAZZAPIBRC LIAPKCOBHOZFEMLE
PREL k.

£ B H &

AT BOTR. §XC HartleyRMitter €y b (JkE 300-500 g) %
FEHLE, ELEY PKBEE I roa—aV—A0#HY., EBERTE
SEOARIFIEF 1 HoFEeik v, PHIPDBuSOBERFE IHF 1
HoHEC-> TiTh- &,

BCaoWMYALOWE

EFAEy PABEE Y F F hma—ma VYV —ARNDY¥Ca?*OlhiAAE.
YFTFr oo —aV—AFKRRICHF AR FLITCEHRBA v F 2 X—b L
. 1.3 oM 5CaClo ¢ EWEHEML CEHEI0B A v F o X— P L THT
ok, RIGOELEK.,. X&HL 10 pM ESTAOEME X > TIihvw, HF X
ZANR—TABLT74 A7 —ORFEELHEL &=,

L7 b=y vEBEOBE

£ 72— VEBOERX. DudekFOH Y Kift> TREIL &, HIB.
YFIFbhmaz—aV—AZ[PlHlnyo-inositol ZWMO A T, 10 M LiCl
HFETCEWEINCTCANBEKEL., 5% rIZnufFRoEmMc kY KB
bk, FBRLEA ) S b—A Y YEEZBaudryZE0 F#EY CTEEL -,

£ B B R

BAEALEY VARBFREO Y F b ma—avV—ALAEBTS5PKCOBEH
CHL T, hoHEBE? I I BZEKRO 7T A 0EBEYRIL ER.
10 MO KAPQATERPKCoBHRED LA > R (Fig. 9),
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Cytosol
60 ]

50 r

[*H] PDBu binding (% of total binding)

None Glu NMDA KA QA

Fig. 9. Effect of excitatory amino acids on
distribution of [°HIPDBu binding sites in guinea pig
synaptoneurosomes. Synaptoneurosomes were incubated
with 100 pM of each excitatory aminme acids as
described in Fig. 8. Results are shown as the
percentage of {3H}PDBn binding in the each fractions
to the total binding. Values are means ¥ S.E_.M. of

four experiments. x P ¢ 0.05, *¥x P ¢ 0.01 versus

none.
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¥h, YF S hma—nmaV—LRNOPCa*ORY AR CHT 2HEH
FIIHBOBZELBRIALEER, GluNMDAKX->TOHA3Ca? 0
HWYAHLBEML = (Fig. 10),

TSR, BEDOALA ) b—AY VIEE (P 1) RARLABEL EHEN 7
IJBZEAREETHIEOIHEC VR ITE, EALEY PXEBEEY
FA b ma—aY—AEETS54 A Y VIRBERBFRNOHEHE 7 I
JEBOEERRIALELEIA, ¥®Ca2OMA0BEtRERD, NMDA
CREAEALLT, QA k> THEHMABEAL M (Fig. 11).

None Glu NMDA KA QA

Fig. 10. Effect of excitatory amino acids onmn 45¢c,2%
uptake into guinea pig synaptoneurosomes.
Synaptoneurosomes were incubated for 10 min at 37 °c
with 1.3 mM 45CaClz in the presence of either 100 uM
glutamate J, 100 pM NMDA ¢ ), 100 pM kainate
(M@ > er 100 pM gquisqualate ( & ). Values are
means ¥ S_.E_M. of four experiments. * P < 08.05,
¥% P < 0.01 versus none.




Y

&)
1
L

k%

[®H] IP formation
(fmol/mg protein)
S

)

None Glu NMDA KA QA
Fig. 11. Effect of excitatory aminoe acids en
formation of [“Hlinositel-1- phosphate in guinea
pig synaptoneurosomes . L H]In031tol—labeled

synaptoneurosomes were incubated for 20 min at 37 °C
in the presence of either 100 uM glutamate ( ).
100 pM NMDA ( J, 100 pM kainate ( ﬂﬂﬂm J or 106 pM
quisqualate ( ). Values are means + S.E.M. of

four experlments % P ¢ 0.01 versus opone.

W, EAEy bRBHEEYF S bo2a—nv—LrEBTB3NMDAK K

Z2PKCOBBEHTS,. NMDAZAFHK(Ca*Fy 2 VEGKOHERD
ERTPBAL &= Fig. 12), 500 O AP VB LT ketamine., Z L TI0 oM
Mg2tic kb, 100uM NMDAR IAPKCOBEHREZEHMEIh L,
FLZORCBETANMDARESBPKCOBHECLAKDCa? T %
ki RZD S hb, VUYLV OEME, ETONMDAK XSPKCoO¥
GrEEtesERAERLERKEREATRED> - L (Fig. 13).
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Cytosol
60

/Tﬂ pet T 1HE
.

[*H] PDBu binding (% of total binding)

Fig. 12. Effect of NMDA antagonists on NMDA-induced translocation of
[®*H]PDBu binding sites in guinea pig synaptosomes. Synaptosomes were
incubated for 30 min at 37 C in the presence of 100xzM NHDA (FA)
with 10 mM MgS0, (NN), 1 mM ZnCl, (M), 500« H APV (B or 500uM
ketamine (E), or in the presence of 100 M NMDA in Ca®**-free KR
buffer (). Values are means I S.E.M. of four experiments.
£ P < 0,05, #+ P <0.01, === P CO0. 001 versus None.

H p<o.01, T PX< 0.001 versus 100 « M NMDA.
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Cytosol
60 —} Y 1 T
50&_ it L A
g—t—q___
S 40 eT—9-
£ L 1
:g OT {F 1 1 —t I
2 EGTA Ext.
o] i | T L T
6 5 | /Q_——-—"'O— -
: 4%——"‘“" Q —
o
® 37 i
~ - o -
g) 2?’ ] pam
5 1} 1
L=
:E 0 |F 1 1 -}
2 CHAPS Ext.
Q 60 "-"—"“7 T T T
= Q
— e O =
"
—
—f— .-
40 N
T “_ ) 1 1 J
0 6 5 4

Glycine (-k_)g M)

Fig., 13. Effect_ of glycine on NMDA-induced
translocation of [“HIPDBu binding sites in guinea 7pig
synaptoneurosomes. Synaptoneurosomes were incubated

for 10 min at 37 °C with several concentratiom of
glycine in the absence (@ ) and presence ( C ) of 100

nM¥ NMDA. Results are shown as the percentage of
{°H1PDBu binding in the each fractions to the total
binding. Values are means * S.E.M. of four
experiments. ¥k P < 0.81 versus control.
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$3f HERT I BIERABCRT BB NEE I budilasto BE

Ibudilast (KC-404) GRRAZEEMEH LYY . ARCHWEFAD 6
FEOS05D oS hEWTCHDH, ZODibudilastOfFRBEF L L CHids
BERAC S VTR, S8 YWME AT+ x— % —TH Hleukotriene DX Y
RBIXh3PIRMBEZWH TS ZLE2ROEL, BP0 THIL S
WLl Tw3, Hirayama$s» @R R B S ibudilastOfEHB/F 28
KTHBET, ELEY MEBYAC BV TERARCIIRILELTP
 FibudilastBRHEFT B L EZHEL TS, TOL TP~ORGwEHL T,
NMDAW L2 PKCOBEBEILL T, HEHT7 I BZAKHABZFL
RIS T ibudilastO BE8%Y . TAEy PABRBEES S b=a—n1
V—AhBOTHREHL L&,

£ B 5 &

EFw BT, FXCTHartleyRiitE€L £y + (4kE 300-500 g) %
HLE, EAEYy bRBHEEYF S boa—aV—L0HAE, RERTESD
HOFBERBIEBE 1 Hofketv, PHIPBEAOBPERB I EZF1H
DHECR->THHhE- 2,

YFS bma—a I —ANDCa2tOMYARBRFEL I O b—NY v E
OPERBISB2HDOHELRE> Tirh-o &,

£ B & 3
NMDAZBEKHARC LA3PKCoBH L TI0 M Dibudilastix®
Yl ko it-(Table 6), ¥k ibudilastENMDAR LBV F S b2 —n

V—AHANDSCa2*0BhiAH(Table 7). BEXUTGluk L3P IR
i (Table K REE L L,
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Table 6. Effect of ibudilast on NMDA-induced changes of
distribution of [3H]PDBu binding sites
in mature guinea pig cerebral synaptoneurosomes

[®H]PDBu binding (¥ of total binding)

Cytosol EGTA Ext. CHAPS Ext.
Control
None 46.3 + 1.4 2.8 £ 0.4 51.0 *+ 1.0
100 M NMDA 39.1 * 1.1% 4,7 £ 0.3* 56.2 + 1.0%
10 M ibudilast
None 45.8 + 1.2 3.1 =+ 0.3 51.1 * 1.2
100« M NMDA 38.9 & 1 4% 4.4 * 0.2%¥ 56.7 + 1.4%

Values are means * S.E.M. of three experiments.
= P < 0.05, *x P < 0.01 versus Nomne.

Table 7. Effect of ibudilast on *5Ca®* uptake
in guinea pig cortical synaptoneurosomes

45(0a2* yptake (nmol/mg protein/10 min)

Control 10 u« ¥ ibudilast
None 5.63 *+ (.15 5.58 + (.18
100 o« M NMDA 6.62 + 0.16* 6.71 + 0.11%
40 nM KCl 8.79 + 0.22%%* 8 88 + (.25%*%*

Values are means *+ S.E.M. of three experiments.
# P < 0.05, *+x P < 0.001 versus Nome
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Table 8. Effect of ibudilast on formation of inositol
phosphate in guinea pig cortical synaptoneurosomes

1P, formation (fmol/mg protein/20 min)

Control 10 M ibudilast

None 0.38 + 0.06 0.41 + (.08
100 M glutamate 1.03 * 0.06%F 0.99 + 0.13*

Values are means + S.E.M. of three experiments.
* P < 0.05 #*k P < 0.01 versus None
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BAfi BSEEDR
% %

BAEBHCBEVWTL, YF T rma—aV—AD0RTENMDAZEHKH
BCXAPKCOBHRREEDZEEZHLALE, ZOZERLPBIFED
Sy bEBEYFORCEVT,. NMDAZEHKARK LS PKCoMEAE
BRGESHHCOLAADSh, RABHHCRIDShind->EERIE. YUk
PWIIEBRRK IBZLOTHHEEZORE,

SIS bma—nV—hik, HollingsworthZF*2 K LY B hik>F
TANBLEERES(EUELTHY, HFCLhEIoBEROM A LR
SFTABCHEF TP —LEE®ETCHDI =—z—aV—Lh, EHLCH
EZREELEVF S b2V —ATHEDLR TS, S EZOERKEE
VWTR7ITAMABRC EID7Z7TF=Vv— 75— OiE#H{EL*?, Ca?2t®
Cl-OEYAZEM+5  X5P IRFORED BEADLh TV,
APRCBOT. NMDAZFKRIBCISPKCOBHFE YIS b —
nV—LACRZOHhkZ Xk, RAGHYCORENET I ) BRMEREORH
Pk SEE. XESRAHEHTHHZEERBL TS, LPL, YF7
22—V —AOEBRZYY Y IAORARETESI D, HEHHOBESE
DEOSPECHBCRTFAETHY . ERAMCKEL CERITILERD D
#2501k, A

¥k, RATLEy VAKBEEIS 74 0 —AEEHRELER IVEE
Lk, YF7ARMBOZRELH, EBERYFT TPV —ACBVTE., NMD
ACIB3PKCOBHEAZO ORI LD, NMDAZSEERNRE Y
HALEPKCOBHCR Y I T AOBBOFARLETCHIEEZLHNE,

BAELEY P ABHEE P r=a—a v —ABY 5. NMDAK &
3PKCoOBBHoHEALRRFL LR, APV, ketaminel K 5FE R EA K
Ca2?ixs3kEHREDLIE, BIETCOYET vy VBUHOES
YiEED, TO0RCBOTEMeg2t IO NMDAOERABRHEEEZ R, K
AP ALhENMDAZE.(CaZ?F vy XL EAhOHEL—BTS D
DCH-ot, FRETISVED20TR., ETNMDAOEHRINE T S
BabhbkRzhBlixghboclkhbok, 2hx 7V > 0fHERF
ABNMDAZEHRONMDAKCHTIBRAER LA IEIZLEHY., &KX
BRECREBEELELIE® >SS, GREONMDAYHLESHORHTR
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ERABRh{ wEEZHR L,

YIATCHENT I I BZEROE R, AXVFYRAEIYTALT
WEHEEZLRTWARS D FEPIRFREDI Yy TIALELDOEE
RPExhiz1619 P IRFOEEX. ZHENTOPKCOEE{LHWET
PBLE2LRBETTIAVYUEu—A (DG) &, MIEPOC a2 S
KPrbDCaZOREFsERIFTA IS F—A3Y VB (IPs) M
£%, DGLIP;RPKCOREELEZHBCHEL TwH I L339 %p
b, EAEY PABEBYF S bma—nV—LBYS, BELTIVE
SHREDYTRAATO7I=ArckB45CazolmhAHE. P IREHR
CRTAHEPHERALE, ZOER. YCa?OMYRAAEDWTH,
GlutNMDAOZTHMERARAZSh, PIRFARCHLCEGLuk
QAR CREERREZD hE, PKCOBHENITIHEREEXGDE
2. RAELEY b KBEEYF S bma2—m v —AKBWY%,. NMDA
CEBPKCOBBE, PIRHFORBEXHEENALLDOTEES, NMD
ASEKOEEICES> EABEC a2 ORACEIYIIERZIEhTVHEE
2bhk, ¥ Fig. 9 BT, NMDAXbbHE{DCa2DIF 7}
ma—nV—ANRYRAEZEFRZILEGluik, Fig. 8 OPKCOBE
KBOWTENMDAXY BPAEEERALIEE Rk, TOZEKDWT,
BHEWEL PR EIATOEOR, NMDAZEAKUACDLCa?OR AR
*RITSHAEREELTEY., GluksiBCa?OoBARZOZEK]ROD
EHEEALCOSTERELZ2OAE, 2. Glu k) bEHKEECD
Ca2*®YF S bhma—nV—LARANFEAZEShigh CP# CBEEB2H
Table 10 £28) &, F— AR REEWAEELEPKCOBEHEIIERET S
hipobZ i), £BALLLETCBEF3PKCOBBHRBEKCCa? D
EAPFCHR{NMDAZSAKABOIERILEABRECHS0hb LIk,

B KEECHS ibudilast FEAEY PABEEOYF S b=a2—n
V—AKE BT, NMDAZAAPARC LA PKCoOBE. NMDAREK
HBCES3Ca2?O0HDYAAR, ZLCGluk k5P IRBOREFHCE
UM ko, HirayamE® Y k&S hkter €y FBBURECEY
% ibudilastO L TPH®ERIKZ. NMDAZEHKoBLEREBL S hTL5E
EOCA1IBCBITSb0CcEkE,., PIRFREIy L L LHEEH®T I
JBZRUBIUCB-7FVvF Y UE2EK (B-Z5K) oBERR®ENT
W3CASBEBISbLbOTHok, ¥, ZOibudilast X5 L TPHE
ERR B SRAkD7 2T A A DHEZIASZELHLAKEIATY
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5, T—ARBERERVE, EAEy FBEUVAC BV Tibudilasth -5
HEPHC L Heyelic MPOELERHMEXRSZZ LS, ibudilastOL TP
HMBERRB-ZE&EALEbOTHDY, RENT7 I JEZAKNOBER
bhotFEzbhi,

AN -5

1. EALEw FAREBYF S roa—aY—AREBOITNMD AS%AK
FBCLAPKCOBHAZADOLIZ Z L X HAHGHOER L TR
OHTHLEBPEL B,

2. EFALFy FPKBEEY)I S boa2—nV—ACBUH3PKCoOBHIX.
PIRBROBEPBHENALELDDOCREL. NMDAZA&KMNZK
B3 F b ma—aV—-ARNOCa?'OEAENTHZIENRRE
hi,

3. RBRR#%xELibudilastEErEy PABREEYF S boax—0v—A

EBWC, BEE7I  BZEEAREALEHE2ORBCEBLLR
ol
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=5 I = 5 A > I — K C oA
NEEBEH I I SN ZETETEZ n?2 oD
B &5

BIE, SIZECBVWINMDASZSEHFHHEPKCoMBNBHOME
RSt hok, BBV, NMDAZEA](ELPKCOBEECHL
T. ELEPFROL> —DOHNTHIZn?'OBEERAL k.

FB1H NMDAR LB usr4vxr—ECoBBHEXRTS
Zn2*%¥v—FrETPENOWNHER

hiEAERCRSREOZn 2" REEL TEN 7192069 | s FEC
BLESF AL OEEPERYAABED S TNS Y, Zn? D
HEEHEHEZRLL TR, HERL 7 I ) BHBREE~ 0512 13-00.0D
D PEKCAOESEGS- 1D HRBEIATVWIR, TOFHEHLATREL,

ZZTCHHARRTCOZn 2 OoBEELC. NMDAZFKABRC ISP
KCOBBEHTANAERO Zn2"0l5%. Za 2 EBD THVWHALEE
Lo, BEEBHOELESI A Y0ox v —42—T3 5 NNN N -tetrakis(2-
pyridylmethyl) ethylenediamine (T PEN) 37 ZHuTHRHL k.

£ B B &

AH BV TR, §XC HartleyRHMifEE L€y b ({kE300-500 g) & fE
HBL. B1E8185c-CerlEey PABBEEY I b=ma—mY—AOD
HE REECEXLEOTZVEZThw, PHPBuA0HERB I EE LM
DFEEHE->TiIthk- Rk,

SFTSbma—naV—ANNOTPENOHRDAHAR

ELEY PRBHEEY T r=a2a—naV—ANNDOTPENOH AR,
YFSbma—nv—Ls®10HHE. TPENL L GRFOSBEGH]ESI >
FaR—PbL,. BISEI1HOFELR-TEPELTHARL 2. TPEN
HED25 mOEEORINCT FWET I E Tk o1, YIS ABOBER
PEHEBCIIBEYERLTC. BB L5280 moBEROBNEZHEL .
255 mmc B ABN: O ER->CTPENOREOREE L =,
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¥ #- 1 @ 0 SpragueDawly® 7 v b (4KE 10-15 &) OBBYH 2T
. ZISSIHCEC. IS, ErEoRAYETR-k, ZEL, TPE
NKﬁ%@ﬁEt@ﬁ%ﬁwﬂﬁﬁ‘mﬁﬁﬁﬁ&bBlﬁﬁﬁhot&\
EHrRnsdk,

B B F

EALEy PAREESF S b=ma—uVy—A%100uMDTPEN XKD
%EVVJ7#;&—933LT#BNMDA%§M?5X‘TPEN%%
B TRNMDARCIAPKCOBERX, Bt AEBshinlilr- k(Fig.
1), ¥%. THTPEN2FABEOZn2EREL. WEOHAK (Zn —
TPEN) %ﬂilﬁé-@:%Ct”&CU)TPENcDNMDAk’.J:ZwPKClDi@ﬁ
T AMEERRHEL TheH L CTPEN%#Ca?2CRELTD
TPENORBERHEE{LE, >k, 1M OTPENEELEY PREES
BLFS boa—nVY—A%A vExa<—F Lk AREEEREEYEC
HFETAHTPENKODWT, TPEN CERAE 255 nn OBEREOBNST #
HEL R, SIS pma—mY—AANORYAAE, Zn—TPEN
L TPENHMBOES LRARETD > k(Table 9).

Table 9. Incorpolation of TPEN and its zinc complex
into guinea pig synaptoneurosomes

0D255 / 0D280

Cytosol CHAPS Ext.

Control 1.264 = 0.005 0.875 * 0.000
1 mM TPEN 1.281 + 0.003* 0.905 * 0.005%*
1 mM Zn-TPEN 1.293 + 0.006** 0.924 % 0. 007**

Values are means *+ S.E.M. of three experiments.
* P < 0.05, #x P < 0.01 versus Control
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Fig. 14. Effect of TPEN and its metal complexes on
NMDA-induced translocation of [3B1PDBu binding sites
in guinea pig synaptoneurosomes. Synaptoneurosomes
were preinpcubated with 100 uM TPEN, Zn-TPEN or Ca-
TPEN for 5 min and then incubated im the presence
¢ ) or absence ( [ ] ) of 100 pM NMDA for 10 min.
Zn-TPEN and Ca-TPEN show mixtures of 100 pM TPEN and
100 uM ZnCl, or 100 pM CaCl,, respectively. and these
mixture were prepared 1 hr before the addition to
synaptoneurosomes. Cytosel, EGTA-Ext. and CHAPS-Ext.
fractions were prepared and then [3H]PDBn binding to
each fractions was determined independently as
described previously. Results are shown as the
percentage of [“HIPDBu binding in the each fractions
to the total binding. Values are means t+ S.E. M. of
four experiments.

¥ P < 90.05, ¥k P ¢ 0.01, %x%x%x P ( 0.001 versus none.
+ P < 0.05, P < 0.01 versus control.
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¥k, BETy rBEYRCBLTH, YA2100uMOTPENT 1 KM
REFTBZECNMDAVCIAPKCOBEHCHL T, ELEY b KBIEHE
YFF b ma—nV—LoBARtEAEOMFERALAEAD S R (Fig. 15).
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Fig. 15. Effect of TPEN and Zn-TPEN complexes on NMDA-induced trans-
location of [*H]PDBu binding sites in immature rat hippocampal
slices. Slices were preincubated with 100 zM TPEN and Zn-TPEN for
80 min and then incubated in the presence (F4) or absence (DH
of 100 x« M NMDA for 30 min. Values are means + S.E.M. of four
experiments. * P < 0.05, ** P < 0.01, #** P < 0.001 versus None.

¥+ P < Q.05 fFt P < 0.001 versus control.
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B2 TPENOFAHBRFCBET S8

BT, NMDAZFHNBC LIZ3PKCoBH» AiAEERtO
Zn2*OoX v —2—THATPENRHAHEHL EZ EHS, ZoNFEFHOR
BEBRHELLE,

£ B 5 &

ATk, TXCHartleyR#ttEer €y b ({KE 300500 g) %1
ALk, TALEY PABBEYF S bma—nVY—-LoHE, RBRTESD
HoHBMISIEF 1 Hohkev, PHPBuSAOBERSIEST1IH
DHECHE>TiITh- k=,

Quin20%XsE

Quin2HKEKEHNTEZZn2* TPENOFER, 254M0Qu in2
22Ca2*® v KRH Rk 10uM CaCl, 2z 240 X #C.
Za?*BIXUCTPENOBRMC L5 XOEZHEL Tithko k. &,
Quin2L3HNXBPHEEE 339 nn. HXEHE 492 mmcHEL &,

ELEY PRBEEYF S boa—BY—ANDAC a2t oMY AHK.
FISEB2HOHELH V., TEALEY bABEEOMEEY BB S 1
TAVFF—ECHEOWMERBIEZEFT I HFOHELCHK > TiTho

£ B B X
¥FF. TPENOZn >R I 5FREEZRFLE, Caf VI r—S2—
THH5Quin 208K Ca?2EMLRELELELRERRXK, Zo " OEMN

CLOBEBERENCEDPL. HLEZZCTPEN2EMT 5 L BEEKEN
KZn2Z kb Quin20®8 ol 2EEXIEE(Fig. 16).
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1 mM EGTA
10 pM CaCls
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0 102030 0 10203
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AFig. 168. Effect of Zn2?* and TPEN on quin-2 fluorescence in solution.

_.37_



¥#-TPEN 100xM O#EETCNMDA® high K LBV FT b
:quv—AWAQCa”@ﬁbﬁ&t%gbhbokﬂ@w1mo

TPENREAEy b ABEEMEESEOPK CHEHCIBEL &b
kﬁ‘Zn”®$MKlDﬂﬂéhtPKCﬁﬁ%@ﬁé%k@wmIDo

Table 10. Effect of TPEN on *°Ca?* uptake
in guinea pig cortical synaptoneurosomes

45Ca?* uptake (nmol/mg protein/10 min)

Control 100 M TPEN
None 5.63 * (.15 5.77 & 0.17
100 M NMDA 6.62 + 0.16* 6.47 + 0.03%
40 mM XC1 8.79 £ (,22%** 8 93 + . 11¥*%*

Values are means * S.E.M. of three experiments.
* P < 0.05, #x%x P < 0,001 versus None

Table 11. Effect of TPEN on protein kinase C activity

Protein kinase C activity
(amol Pi/mg protein/3 min)

Control ' 100 u M TPEN

None 3.51 + 0.11 3.59 + 0.40
100 oM ZnCl,  2.11 + 0.05%%* 3.31 + 0.2477

Values are means * S.E.M. of three experiments.
*%+ p < 0.001 versus None, 1 p < 0.01 versus Control
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B3 2%ﬁ%%7tl57n?4V%f—ﬁcmﬁﬁﬁﬂ?%
TPENO®fH '

AEZE1H. F2H BT, NMDAZEUHBC LIS53PKCORFHK

HEATPENOHHERGHMBRZnZOF V- IJ3ZERTELE,
AFcEIbC,. NMDAZEAHBE* A I LEWPKCOBBHK BT SA
HEHZn2oRarakT5HNTC, TPENR2AWIRHFARTTR -k,

£ B 5 &

A BTk, X THartley Rtk A€y + ({KE300-500 g) %
mb\%Hﬁ%lﬁﬁﬁcf%k%?¥kﬁ&E9f7F:;—ﬂV~A®
HY . NERCEPBEOFAB TRV, PHIPBEEAOBERB I E=H 1 H
ODFHECH->TiTk- 1, ,

AETVF—PRBII2MMIF AV OBEORF X, TLEY P KBKHE
YFS b ma—nY—ARHABEREETEEETYR—FL, 2HibF A
Pz CINCCIONEA vFaX— L THRLEBELNERZITEC. BEESE
I HF1IFHOHERE>TCEIALZHELE., kb, BMO2HIFA VX
[CHIPDBUE S W HE S 5 2 51669 18, Sephadex G257 7 A& VTR X
L. PCHIPDBUES 21k o &,

£ B & R

AT TAL A 7+ 7A2318TC kY ELEY P KRB bz —
BV—ARNOFEERPECa2t0RARZEIL. PKCoOBHYHIL &
YZ A, A2BTREBERKENCPKCoBE R 5I2RZ LE, 100D TP
ENOEMZXZOA2BTC LZPKCOBEEETFAHL & (Fig. 1D.

¥/, PKCOBHCEIACa2BIl0Zn>0BBR IV HEKCTS
i, YF TS bma—aIV—ARFRETEZ—PLEDBORERDWIERITFL L&
YA, Ca*BRUZn0EME LY PRK COBBRREKENCEL
(Fig. 18, 19), X €T X —bPEBVT 100N Ca?2*E 500uM Zn#C Xk
V2R ISIhEABEOPKCOBEBEHNLC. TPENOFHERIL
FERE. Zn2CW L TRBEEBKRENCPKCOBHENH L 28, Ca?*
CHRLCOFEAR pHoBB BT D hh > (Fig. 20),
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Fig. 17. Effect of TPEN omn dose response curve of
A23187-induced translocatiom of € HI1PDBu binding sites
in guinea pig synaptoneurosomes. Synaptoneurosomes
vere preincubated with ( O ) eor without ( @ ) 100 pM
TPEN for 5 min amd then incubated with several

concentration of A23187 for 10 min. Results are shown
as the percentage of [ HiPDBu bindimng in the each
fractions to the total binding. Values are means %

¥ P < 0.05, xx P < 0.01,

S.E.M. of four experiments.
# P < 0.01

£x% P < 0.001 versus nome. T P < 0.05,
versus controel.
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Fig. 18. Effect of Ca2?* and TPEN on distribution of [*H]PDBu binding
sites in guinea pig cerebral homogenate. Homogenate was incubated
for 10 min at 37 C in the absence (@) or presence (O) of 100xH
TPEN with several concentration of CaCl.. Values are means * S.E.M.
of four experiments. * P < 0.05, ==x P < 0.01, #x+ P < 0.001 versus
None.
Fig. 19. Effect of Zn?* and TPEN on distribution of [*H]PDBu binding
sites 1n guinea pig cerebral homogenate. Homogenate was incubated~
for 10 min at 37 C in the absence (@) or presence (O) of 100aM
TPEN with several concentration of ZnCl,. Values are means * S.E. M.
of four experiments. ** P < 0.01, ##* P < (.00l versus None.

+ P < 0.05 versus control.
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Fig. 20. Effect of TPEN on ca2*- or Zn?'-induced
transliocation of [°HIPDBu binding sites im guinea pig
cerebral homogenate. Homogenate was incubated for
10 min at 37 °C in the absence ( A } or presence of
100 pM €aCl, ( @) or 500 pM ZnCl, ( O ) with several
concentration of TPEN. Results are shown as the
percentage of [3H]PDBn binding im the each fractions
to the total binding. Values are means + S_E. M. of
four experiments.

£ P C 0.05, *x%x P < 0.01, %%x P < 0.00! versus none.

tP<Co.05, H P< o0.01, Ht P < 0.001 versus 0 pnM
TPEN.
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Fig. 21. Effect of TPEN on CaZ+- and Zn2+—induced
translecation of [°HIPDBu binding sites in guinea pig
cerebral homogenate. Homogenate was incubated for 10
min at 37 °C in the presence () or absence (D) of
10 pM CaCl, with 10 pM ZnCl, oxr 10 nM TPEN. Results
are shown as the percentage of (SHIPDBu binding in the
each fractions to the total bimding. Values are
means ¥ S.E.M. of four experiments. .
¥k P < 0.01 versus none. + P < (.95 versus 10 nM
ZnClz.
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BAEH FEELDE
£ &

Zn2tEMBRCBEVTC, Naf, K*. Mg2*&20WTE{EFEh5€¢E
A AVTHYY | 20HEHBCORBRBEACLI - TETOERDSL D
OD, BLE20-300MBEELHEIhTVAE?, ¥k, Zn2"RBEOH
REHELERCREERI LS, BERRCBAEL THH, MEMHCLY
SFTARBEANBET L EPHEMYAHZE DI EEO I REEIRT
VW3, ZnTORSCIHGMBROFEZEFRTY PEFEAEE P BZDH
hazZeh¥Erd, Zn2"oMBRC BT BENRELEBERh TSR
Z2OFMEFHTH S, EFOBRLEHECEIY.,. Zn?*BNMD AZEHRK
FPHETR 2L PHENR7 I ) BUaREZ~OBSAHL P Eh TSR,
KiharaZ%73' ik, Sy VBV EPS0PHIG 1l uo#lE® Zn 2" BHET S
TERHELTCWS, ¥k, Zno& RBEANCEVT., Z0EEEH
BLrESLERETHEEL TWS EE25h DR, BabaBE!P INMDAW LY
EABEAEISOZn 2 OBERREI K EEHLPACLTEY, BHE
H7IVEBZEEL Zn7OBMERETETE > TV D,

YZAT, BEHLACEhEPKCO—UEEPRCy s-BROED
EFELEE., wbv 3 “DNA-zinc finger” EIEFhB3 Zn OEARBECEE
LS REETIZERAMSATED Y ¥ ZnP XY PKCERS
HEIAhTOAWERELFREI R TS5 1D X 5 lsernely F1P¥ET
JURKKEBOWTPKCOBHENEROZn 2" RAATH - LEHEL T
Wwh,

zhesozZrds, XHEOHNCHANMDAZEARE. PKCOE
ik, X5 Z 205 2S5 T 5HNT. NMDAXZRBKPHRC X
53PKCOBBHEHNTINERZn>0BESY, BEittoBESEOXV —
2 —CHLTPENRHVHALLE, 2O&E. TPENKLDHPKCO
PEHRHEEXL, 20HHFEAR. IHANZn20X Vv — LSBT EHR
Ehiz,

¥k, A8TC L 3ELEEAIECa2"OBAEZNALEPKCOBE O,
Zn2*oB5RREhEZESLS, PRKCOBHKETSCa?t Zn?'0
BEEZSF T bma—maV—ARPFETZ—PLEDBORDODVTHREL .
A38TC kB F S hb=ma—V—ANTOPKCOBEBREEWTITPEN

_44_



OHRBAELNREOEHL T, FEVF— B TCa?2"oFEMC LS P
KCOBBETPENAERL o FHEAR. HEEOZn 2 BERIC X
ZrEx. BMCRZEhZThPRKCOBHCASEEAEKRLRVZn?TE
Ca2*0HEHA2RIALEER. LTOZ ERATR®REhE,

Zn2RERECRENCPKCOBRHEIIERIL., £BNERETE
EEEDCa2, ThbbaByEBEBC LY. MBENTLALAIEED
Ca2*C k 3PKCOBEHFPHMBLTWIEFELZLNE,

BIHZOHETy FOBEYRRY, SIEORATLE Y P KEKE Y
JFS bma—nv—Lr¥xHuvERFECBWT,. NMDAZZH®.Ca?F¥ ¥
AESEEPHETLILIhI3BEOZn 2" BNMDAZARABC LIS PK
COBBCEEYEihhok, ZOZERXEOVT NeissHF’P R, Zn2*&
NMDASEZKkPHET A L6 T,. NMDAZXBHREI Y FALE
L AYF v FARB->THANCHY AT h 308 MEE2FEL THL0T,
MBIV MBERRIVEELEZn2 RV T T AES~RY AT,

HEOZn2* 2 HMEE, Ca?RFELhI3PKCOBHZHEBML TS
tEz6hil,

7 %

1. NMDAWBKIZPKCOBH*ELEOXFL—FETPENH
MHETZ il s ko b,

2. TPENORHFEAHIAEEZn?OF V- LdEEZHRE,
3. Zn2REREBCBOTRHEMBMCPKCOBEH®sIEEIL. £

BETCR, Ca?Ci5PKCOBHEHBLTWATERARKEEH
fza
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BFE & KBS Em
g B

HEHERCBOTCG l uR7ANAS X UBLEYORER 7 I/ B ME
EEPE XL T, 2ERFEZoEROMERBECEEL TVLIEEZ
LhTnw35- 7 ¥k, PKCRUBHMAKZERESETh, EBE~NO
BERFIOhTED., Zn2E O THRBECHERECHST SEREHLR
BXhTw?, ¥E0FHNKR, BEE7 I JEZEK, PTOLNMDA
Tk PKCOEEI., S5 Zn>03E0BEZHLAIACTSHIET
o, TOER. PKCOFEHtcE---HEErSHABEBE~OBE R,
NMDASHE&AFBRCIVELSZE,. TLTZOPKCOBHCERER
DZn?*RBBEHBHZ AL LE, TEZONMDAKXSPKC
OBEIE. NMDAX /A4 JoHERY I /) BZERAREALECa>OR
AKRELTCEY., PIRFREZEZEALEDOTRLP> L, NMDAK
FZ2PKCOBEHR, 9ZEHoBH B TCHRCEETCH . ZHECHOE
BLT0BEEZLAER, FRABEBVTOLZoHEUEEACE L, A5
OEECTOEEVT, BER7 I ) BIEAABCLS5PKCoBHIX,
METy pMEFPLSERLABNAECOARZD SR TEY | KABHHC
BLTROThLIBENTH - 5559, KPR TH., HARABPCBTY
K. Y77 —ADOERTR, NMDAZEAFBRCLIS3PKCOBELEE
FAoexhholbhH, FFrma—uaV—LAORTHASGY CEIADHTNM
DAREBPKCOBH LI L, YFFboa—nyY —ARBEHEY
I BMBEEEORFCERTH®S EEFLE, ,

AHFECHSL I IhELER L, BCHL PRI AT MR LY. BE
73 ) BAREECBT5PKCEZn o5 % % LY, Fig. 22 €H
RlEk, BRORBC L HEMKEECaZ?FrExAazd@->kCa?k, ¥
FTAGBLLOCl uoEEFRERIL, ZOG1 uBYFFARFEBL
CAFVFYFIAEDIYTALEQAR L TPKARA TOZBEHREES
LCEYEE2RZT, RASWo54. EHNEH T CNMDAX A 0%
wER, A RCEET OAMg 2 IV BRENMCKEL EHERZZUYTL
A%, QADPKAX A 78AUEHLEREYIEIC LY, Mg 2 OB KEFSE
OMFEMBEEhs, FLOEBHOBELSE. QA. KAZERRAYRHE
LTELT. Mg CIERZHEODNMDAZEEREEBHLA TV S,
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Fig. 22. Schematic diagram of excitatory amino acid neurotransmission.

ZLTCGluBRNMDAZEREFRT I ABZLrHC a2 ORALTIERE
L. Ca?kEHBZOEELPLPKCOMAE > SHMEBE~NOBE. 1§
Mt~ Z5H. ZOPKCOBBCRNAEROZn 2" BaEEEhD, X
. PIRFREDI Y TALEQAR A TXEHOFHAR. KAKY K-
£C (PLC) Wk3DGEIP 0EERHMEE, PKCoOEELOMIE
HCa2*BESfrsb0Ca2oFEE3ERIL. ThHoOEW Y FAY
YUy —REALCHBEAS~LEHEEEZEhTCWSEFLORE,

XK. PFTAFEORBIRFEC., Zn2"OHER LSRRI TH,
SFTSABE~EEE L EZn 2R, YT ARNPECHLCGl uOEkERE®
HEL. ¥ F S ABRBEMYAELT, HEHEOZn?>" %L, PKC
OBEHEFRELTCVEEEZbRE, ZLTYF T ABRBERALLECa?
CEAERIEEZUE. Ca2 kEEREC IV SETHEZWERELS N,
SFT AR S D F T ARBERTHECHBREDY . YT T AWMET
L Zn2RkERCPKCOBE., EHEBEL S, ZOPKCoOEELE N
LTGl uokHEREEIL,. EHRcbESHBOERCLIILTPEFO
BHpeEdeEzrbhi,
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