MHIBESE (1990) 102, 1373~1384

N-XFN-D-T 2,5 X L Bl E

A% 5D

2 AMAT I BADRE

o LIRS B S BB BB e R R A (Lo P (5
%/ﬁ\

i

¥

#

BE L #42)
&l

CEg 249 A7 BSF)

Key words !

N-methyl-D-aspartic acid, excitatory amino acids,

inhibitory amino acids, running fits, mouse EEG

1

BAcizZLg 2 o8 (Glu), TR x>
B (Asp), y-7 3 /E&EE (GABA) 2 &7 3
B —ENRERE R R T, BHOKET
LHFLELTVBEIEMLNTWEY, borlE
DT 2/ 8H 5 I3 FOKBERBOIERE
BN BEHICERT I LN T3S, Bz
IE, Glu < Asp (ZHZEHMBENIC F DERBH T
£ 5L, MiEiar KRERABIC L DB
S D ERHELSENT 52 &2, KK
H, T, WK SEE BREHSDIWIIES
ORI BB RG22 L3, 2 LICHRHE
BN+ 7 = LGENC IR AA BT Y
DM ENT Glu *° Asp DREILEEL T
ET DI L%, I FOEEL LBREEHRGE
WEE—#HIZEZ LNTWDED, 29 Glu® Asp
TR &R, BMER, Kk, FHEHL
X E %S00, R L, ALERKH S
Vi PRRE RN, BENGEREY, ®
BREERI RO, WAER & Rl B % R A RRRESO,
/NI AR/ NI B R AR B, NE D, B
DV RAEBHE D F DL DR THERE
Kb TWa I EPHMLNTWE, 2, #
WG RNBEET 3 VB 77— 38 ED
EEEAECBREL aETII s, BEipr
S 720 BEREBEEN L RGENTHESS, &
Yk DS VEDFEEL £ 5 N- 2 F)L-D-T X
seZ X8 (NMDA) B, 74 = BRI, X2
ANEBTINL L L 3R L LIE2-73

1373

J-4-RAK /BB (AP 4) Bz 458
BT 724 7T ICEEESEIN T B,
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8) kW) rERERELBEEAL, &
HEER (pH2.2, 1wl IicHEML7 3/ ERSWHR
#EL, 73 /7BYTET I VBEBSTE
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Effect of NMDA on the EEG of mouse. NMDA (1 mM, 2 «1) was injected intraventricularly into
mouse. EEGs were recorded from 4 epidural electrodes : LF-LO, bipolar recording from left
frontal electrode (LF) to left occipital electrode (LO); RF-RO, bipolar recording from right
frontal electrode (RF) to right occipital electrode (RO); LF-RF, bipolar recording from LF to RF;
LO-RO; bipolar recording from LO to RO; LF-E, unipolar recording from LF; LO-E, unipolar
recording from LO; RF-E, unipolar recording from RF; RO-E, unipolar recording from RO; and

ECG, electrocardiogram.
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Table 1. Effects of NMDA injected intraventricularly on amino acid levels in mouse brain

cortex cerebellum hippocampus striatum
control NMDA control NMDA control NMDA control NMDA
Tau
pre-running fits 11.1+0.3 9.0+0.8 9.6+0.7 7.4x0.8 15.1+3.2 7.5%0.5 13.6+0.7 11.3+0.8*
during running fits 13.7£1.5 10.5+0.8 8.1+2.6 13.0+1.6 10.0+1.6 14.1+1.4 15.6+3.9 19.5+1.3
10 min after injection 11.5£1.9 9.0+0.8 10.0%+1.8 13.3%1.3 33.5+9.2 14.74+0.4 14.1+4.7 14.8%1.1
1 hour after injection  10.4%+2.3 8.1+0.8 10.6%+3.3 7.5+0.7 16.8+2.1 10.4*+0.6 11.1+1.6 33.5+3.0
Asp
pre-running fits 2.9+0.2 2.8+1.0 4.6£0.7 2.0£0.4 4.5+1.0 2.3%0.5 3.6+0.2 3.4%0.9
during running fits 4.0+0.7 2.6X0.6 2.1£0.7 4.6%2.2 3.0+0.4 4.5%1.5 4.2+0.4 55%1.3
10 min after injection  3.1£0.2 2.8+0.9 3.9%0.4 4.4x1.1 5.6+1.7 3.1%£0.6 3.8+1.0 4.6%1.2
1 hour after injection 1.7+£0.4 1.9%£1.1 3.5%1.6 2.6+0.8 3.1£0.6 1.8%0.6 1.8£0.7 2.5x1.4
Glu
pre-running fits 12.2+0.5 11.3+0.9 12.3+1.0 8.7+0.7 17.7+£3.6 8.8+0.5 12.8+0.5 13.2%+1.0
during running fits 13.7+£2.0 10.1+0.7 9.3+1.7 12.4+1.3 9.8+1.4 16.7+1.7* 13.3+2.8 17.4+1.3
10 min after injection 11.1+1.6 10.4+0.9 10.8£1.5 16.9%x1.6 22.4+7.1 15.1+0.7 12.8+4.3 14.2+1.1
1 hour after injection 6.4+1.3 8.2+1.3 9.9+2.9 8.4%0.9 14.1+2.7 9.7£0.7 7.2€2.4 10.1%1.4
Gin
pre-running fits 4.4+0.8 4.1+£0.9 4.6+0.8 4.0+0.9 7.0£1.9 3.6x0.5 5.6x0.4 5.8%+1.0
during running fits 4.6+0.8 4.4%0.9 3.5%1.4 7.6%2.2 3.7£0.6 6.2£1.7 5.8t1.4 8.5%1.5
10 min after injection  5.3+0.8 3.8£0.7 5.8%0.9 6.6x1.1 11.5+4.2 5.1+0.4 6.8+2.1 4.5%0.7
1 hour after injection 3.0£0.8 4.4+15 5.2+1.3 5.2+1.0 6.7t1.4  4.6£0.7 3.6+x1.3 5.5%1.5
Gly
pre-running fits 1.3+0.1 1.1+0.8 2.9+0.4 1.8%+0.6 2.2+0.3  1.0+0.4 1.6£0.3 1.7£1.0
during running fits 2.0+0.4 1.2+0.6 2.6+0.5 3.1+1.2 1.7£0.2  2.6%x1.5 2.0+0.3 2.6%1.3
10 min after injection 1.7+£0.3 1.9+1.1 2.840.3 4.9+1.8 3.7x£1.1  2.7+0.7 2.2+0.5 3.1+1.4
1 hour after injection 0.6£0.2 0.7£1.2 2.4+0.8 2.1+0.9 1.5+0.4 1.1%+0.8 0.7+0.2 1.4%2.1
GABA
pre-running fits 2.3£0.2 2.3x1.0 4.2+1.0 2.1+0.5* 3.9+0.6 1.7+0.4* 3.1£0.2 3.2+1.0
during running fits 3.0+0.7 2.1+£0.7 3.2%0.2 4.3%1.3 2.5+0.5 4.0%+0.9 3.0+£0.5 4.7£1.6
10 min after injection 3.4+1.3 3.7x1.1 2.6%+0.5 7.3+2.8* 4.9+1.8 4.8+1.0 3.8+1.0 6.2£1.6
1 hour after injection 1.0+0.2 1.4x1.4 1.5x0.5 1.9%1.3 2.6+0.4 1.9+0.7 1.6+0.4 2.6x1.7

mean+SEM (nmol/mg tissue), n=4 — 5,

Bicid, RELZEGEEDH LN - 72,
3. MW7 I /EBEERICE LT NMDA 0%
2l
1) B Glu ®ic 3 5139 NMDA
BED Glu BI3xREE L T, KERES
ICHEZICEML 20, 10BN RENE
CHREELEZRZDOLN (k-T2 L2L,
KIMEE, /N, BEERIZBCTE, Glu 20
EEETbIERARATES LN LI -2
(Table 1, Fig.2).
2) BP Asp 228 L1ZT NMDA
KRR TR AMEE, N, BHERUKR
&AW Asp Ei3, EBRAAMF NMDA Bt
HEELOBICEELRERRBO LN LD 12
(Table 1, Fig.3).
NMDA 85BN EICBWTUIRERIEPD

* 1 p<0.05 compared with control by Student's t-test

Asp B3R5 1 BN Asp BICHNRTEE
I2%h o7z,
3) WM Gln £i28 Li39 NMDA g
KEGFEHE, P, EBHERUBERTIIERY
Fdp, NMDA 2 58 L BB ORlIcEELE
1bizdg@er 5% - 72 (Table 1, Fig. 4).
4) WM GABA EIiC 5 L1337 NMDA &
MR UHEED GABA 13 NMDA #5%
BICABICHEA L2, v GABA Bz Z o
BB, 109BICIINBEE N THHFIH
L 7zds, #5 1REEEICIINBROMEICEE
L7z, Lo L, RINEE EU#EERD GABA £
2, WTNOBEMIZEWTL B NTE
BEuZIEH 6Nk h» -7 (Table 1,Fig. 5).
AN BT 2151090 GABA B, #%
EEBRURE 1% E W TERICEY, -
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Fig. 2 Effect of NMDA on the Glu level in
mouse brain. NMDA (1mM, 2gl) was
injected intraventricularly into mouse.
Mice were sacrificed by the microwave
irradiation pre-running fits (A), during
running fits (B), 10 minutes (C) and 1
hour (D) after the injection. Values are
expressed as the ratio to the saline
injected group (control). *:p<0.05
compared with control. n=4 — 5

7z,

5) BN Gly Bic B L1335 NMDA 7%
KEGEE, /M, BERUBERTE, W

NOBRIcBWTHHRE - INEFELERR

»oNieh -7 (Table 1, Fig.6).

6) B Tau iz Li2T NMDA O#
BE&END Tau 213 NMDA #E5ERICH

BEL HNTEFICRIL Tz, L LK

BE, /N, BETIE, WThorEizswT

LIREE L X Tau BOF B L EZRBHLNL

& ~72 (Table 1, Fig.7).
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Fig. 3 Effect of NMDA on the Asp level in
mouse brain. NMDA (1mM, 2 xl) was
injected intraventricularly into mouse.
Mice were sacrificed by the microwave
irradiation pre-running fits (A), during
running fits (B), 10 minutes (C) and 1
hour (D) after the injection. Values are
expressed as the ratio to the saline
injected group (control) . *:p<0.05
compared with control. n=4 —5
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R, T/ BMHREEWEIZITWNARTA
AL DEEIZBWTECOMRIZENT
5. #Re329pt Glu % Asp # 4 X O RBEHEIC
EERS L VREWNICEAT S LITWRADS
FERINHIEPEELMEL. £, 22
FREEICa SN 2RELTHEELLTAR
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Fig. 4 Effect of NMDA on the Gln level in
mouse brain. NMDA (1mM, 2 xl) was
injected intraventricularly into mouse.
Mice were sacrificed by the microwave
irradiation pre-running fits (A), during
running fits (B), 10 minutes (C) and 1
hour (D) after the injection. Values are
expressed as the ratio to the saline
injected group (control) . *:p<0.05
compared with cgntrol. n=4-—35
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T L ASREER N7z, & 512, Van Gelder 5203
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Fig. 5 Effect of NMDA on the GABA level in
mouse brain. NMDA (1mM, 2 ul) was
injected intraventricularly into mouse.
Mice were sacrificed by the microwave
irradiation pre-running fits (A), during
running fits (B), 10 minutes (C) and 1
hour (D) after the injection. Values are
expressed as the ratio to the saline
injected group (control) . *:p<0.05
compared with control. n=4 — 5

A0 KT NMDA RBEET 3 /BL
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EEEELRL, Kita 593 NMDA 2=
ABWBERICES L 72 B0RABIERIZ700 pmol
EHAEL 72, LA L Watkins®Vi3 NMDA 9 ¥
FERIIL - L BB EHEL, BIZERIC 5 nmol
NEEFFERAL ., B THRS L7z NMDA &
(2 2nmol TH N, —HH=2I7 AHFELTLZZ &
3R TE 5,

NMDA #BEWICRES L T2 7 ADKEE
BT 13 spike e FoRERIZERS LT,
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Fig. 6 Effect of NMDA on the Gly level in
mouse brain. NMDA (1mM, 2 xl) was
injected intraventricularly into mouse.
Mice were sacrificed by the microwave
irradiation pre-running fits (A), during
running fits (B), 10 minutes (C) and 1
hour (D) after the injection. Values are
expressed as the ratio to the saline
injected group (control) . *:@p<0.05
compared with control. n=4 —5
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AT 2 2RI I I RERIIED L1
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LLBENREEITEECEE T2 2H
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Fig. 7 Effect of NMDA on the Tau level in
mouse brain. NMDA (1mM, 2 gl) was
injected intraventricularly into mouse.
Mice were sacrificed by the microwave
irradiation pre-running fits (A), during
running fits (B), 10 minutes (C) and 1
hour (D) after the injection. Values are
expressed as the ratio to the saline
injected group (control) . *:p<0.05
compared with control. n=4 —5
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LTwandri Lk,
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nmol HNMDA #BEMICEAL THRT 3/
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B Asp, Glu, Gly, Gln, GABA, 73 =
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B R ITEIC N 2 R BOREOER LY
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g LMEESE (BE5 1EMB) o488, F2
B % KRB E, /BN, MBS, REEKICHTTT
I/BEBRAELL. &b, e ARMAT
SBOBEERLSICTEEN T, 2a
I—7RSFHEIC L) EHREFEEL 2%, ZORER,
FAERERICIZAME U ESIZB T GABA
D, MEEIZBVTE Tau DHEE L BLHER
Lidz, 72, BERCRBEERICBVWTGuUD
BE sy, ¥EIIC 13z 35 v T GABA
DEELEMPEEI N, 512, BEICE
It 2 %teh o Glu B3 RIENCH~NERICHE
mLTsY, /MBI 2EEED GABA &
I RECEERICBIT S GABA BiCH~N
BEIIBWER2RT I EHLP E T2,
&C, UEDBAZIMORRENT I/ BE
AL T O—EDBRE 2 R"ET 5, DF 1,
MMM NMDA # #5323 &, * 3RO
StH LmRENIZ L S I E THEEND NMDA
L &7y —AiEE L & B oM MinT RE
BELYBIT., IN2HGTLHICEBEN
GABA {EgyicrBRME @ 2 ERIC LY
GABA 7B &1, #0O#RFEERED GABA &
EXMET T 5. F LBREETIIIHIEMRERZE
YYE H B WIIHRAGRET L 2 Hns Tau?®®
{ GABA rR#EOHEBETERLT S, 3512,
EEPIZ LS &L TUNEDRRMIE, FEiE
7 NLEF =MLY GABA »HURASEY S
NEFOEGEIIETTS. Zo&EFR GABA Tk
LU ROMEEEYET L BB HH L 25
EHUEE L. TBEICIZ NMDA FFESHET
Asp % HHI§ 24—} L 2T 5 —DFED

H #® =A

|ES N TV 559, NMDA 2 Glu DRIz
BETsA—t L7y —icBE Gluoiit
HHIL Glu # BT 5. £k, L2z GABA
DEBRIRES 1L GABA EEMHEMZMRIZD
HEIDTERICLEERIEIL B S F 505 GABA
AREEDOBEIMIZ LT 5 KR EARICB W TiZA
FicBEEEND, ®H» T NMDA {2+ 725
IR L REREE L EEILL, = A DENKTEED
SITEIYIEEILT 5 1EEEBICIIT I VBRER
LA EDBICEDS L LN BN,
—F, OFRAREHDE RIS 5 NMDA 7
HEIA ) BHIC TS IT R, IS
25y FROBEERICBITAE 7 I Y IRHE
B LITTERERT I VBT T2 8L
BT % v ORI EE L, NMDA iR F
—s%3 v (DA) DRBEH THL L Fuxd
T VERRR RN VERE P MR ¢
3795 ko bt=> (5-HT) REEHTH L5
-~k Foxi Ay P BB RICIIHE L 52 7
W2 EFRWIEL7, ZnizeH, NMDA (34
AN Tl DAREESHIN3E 55, 5-HT 1B
BN EENC 3R 52 W TR A
5 EHEL Tvwb, F72, Roberts 549048
274 Z2H 50 DA BHED Glu ® NMDA
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Effect of N-methyl-D-aspartic acid on amino
acids levels in the mouse brain
Yuji OKAMURA
Department of Neurochemistry, Institute for Neurobiology,
Okayama University Medical School,
Okayama 700, Japan
(Director : Prof. A. Mori)

The naturally-occurring dicarboxylic amino acids, L-glutamate (Glu) and L-aspartate, are
the principal neurotransmitter candidates for excitatory synaptic transmission in vertebrate
central nervous systems. The receptors activated by these amino acids are classified by their
most selective and potent agonists, i. e. , N-methyl-D-aspartic acid (NMDA), kainic acid, and
quisqualic acid.

In this study, I examined the effects of NMDA on behavior, electroencephalogram (EEG),
and brain amino acids levels after intraventricular injection in mice. When NMDA was
intraventricularly injected into mice, running fits were observed 10-30 seconds after injection,
followed by a sedative phase and returned to a normal behavior within 15-20 minutes after
injection. In the EEG, middle voltage fast waves were observed 10-20 seconds after injection,
followed by EEG suppression for a few minutes and the appearance of high voltage slow waves
4-5 minutes after injection. About 20 minutes after the injection the EEG was normal. No
spike discharge was observed during this observation. Glu levels increased in the hippocampus
during running fits, while GABA levels decreased in the cerebellum and hippocampus before
running fits, and increased in the cerebellum 10 minutes after NMDA injection. The taurine
level decreased in the striatum before running fits. All amino acids observed recovered to
control levels 60 minutes after NMDA injection. These results indicate that the NMDA-
induced running fits are not accompanied by spike discharges in the EEG, and are related to
Glu and GABA neurons.



