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A Biphasic Increase in Cytosolic Ca?* Concentration Induced by NMDA
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Abstract

We have investigated the changes in cytosolic Ca2* concentration([Ca?*],) induced by N-methyl-D
-aspartate (NMDA) in cultured hippocampal neurons. NMDA produced a biphasic increase in [Ca?*],,
consisting of an initial increase (INC1) occurred at several seconds after the start of application and a
subsequent increase (INC2) after the end of application. The latter INC2 found in the present paper was
larger and longer lasting than INCI, and suggested playing an important role in the long-term potentia-
tion (LTP). The time course of INC2 showed two different patterns; (i) a rise began to decrease within
30 sec after the end of application of NMDA, (ii) continuted its increase more than 3 min. To analyse
the characteristics of these two different increses, we tried to fit normal distribution functions to the
histograms of the maximum increase in [Ca®*],. These two increases in INC1 and INC2 were obtained
by subtracting the resting values from the peak value in INC1 and INC2, respectively. The histogram
for INC1 was fitted by a sum of the normal distribution functions with one large peak value and with two
small peaks. On the other hand, INC2 was well represented by a function composed of two normal
distribution ones. Pretreatment of neurons with islet-activating protein (IAP) suppressed INC2 com-
pletely in about one-third of experimented neurons. In the rest of neurons treated with IAP, one of the
two normal distribution functions disappeared. The increase in [Ca?*], in INC2 was suppressed by 40%
by IAP.

From those findings, it was suspected that one of mechanisms producing INC2 was coupled with IAP
-sensitive GTP-binding protein.
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Fig.1 Drug were applied by a new method. Drug
solution, consisted of the same ion compo-
nent as the superfusion saline were applied
to cells through a hole (about 40 gm in
diameter) in a U-shaped polyethylene tube
(inner diameter 0.3mm). The hole was pun-
ctured at the bottom of the tube, and
placed about 1.5mm distant from the cell.
The change of drug solution was conduct-
ed via a stop-cock just before drug appli-
cation. All superfusion was done at a flow
rate of 1 ml/min.
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Fig. 2 (a) Response of a biphasic pattern to the
application of 100+ M NMDA. Applica-
tion time was 12 sec as shown by a upper
horizontal bar. (b) The subsequent
increase (INC2) induced by 100« M
NMDA was compared with the initial
increase (INC1). Bar graph indicates
mean=SEM. The astarisk indicated statis-
tically significant difference compared
with control (*p<0.05 t test).

T-721000 M NMD Anff) (2441F) ic>wT, IN
C1l, INC2#NnFNDBFAD AlCa?t ]\ DB T
ZHRNXTAL, T4bB100w M NMD A #1288 5
L7#fgIiz>wT, INC1BIUVINC2TOHA

[Ca? ] %20nM %2125, £ DBEOMM % K2 5.
ZLTHEIC A[Ca™ ] 271 PP AMICEY, 202
NORRITK T 2 % il ic L THES AN *
fE->72. INC 1, INC 2 2h#h &R % Fig.5(a)
() I2OMT/RL 72, Fig.5(a) (3 1 ok & 7c peak &

WA RF T FH RS



180

~N
(3]

ca? Concentstion(nM)

Fig. 3

c&” Concentration (nM )

ca® Concentration (nM )

Fig. 4

()]

(382)
]
3| 10NMDA
INCI INC2
9 o Fo
o S.x_//w\/—\’\’\
1 . . .
00 750 1500
Time(sec)

Response to the application of 100 « M
NMDA in Mg?** condition. Application
time was 12 sec as shown by a upper
horizontal bar. The initial increase (INC1)
was depressed.

100NMDA

1 . ,
00 750 150.0
Time (sec)
(a)
391
100NMDA
2 93' ﬂ
1961
98+
INC! INC2
11 . . ;
0.0 885 177.0
Time (sec)

(b)

Response to the application of 100« M
NMDA. Application time was 12 sec as
shown by a upper horizontal bar. The
subsequent increase (INC2) showed two
different time couse patterns ; (a) one of
which decreases with making a peak
within 30 sec after the end of application,
and (b) other increases more than 3 min.
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The histogram of the maximum increase
in (Ca?*),. (a) The initial increase (INC1)
was represented by normal distribution
functions with a large peak and two small
peaks, and (b) the subsequent increase
(INC2) was composed of two normal dis-
tribution functions.
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Table 1 Parameters of normal distribution functions
INC1 INC2 INC2
(control) (control) (IAP)
number 44 7 3 34 13 24 4
Mean (nM) 112 220 270 131 250 90 197
SD (nM) 41 13 15 75 50 70 30
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132 A[Ca?t ], O FEHMEDL 1 A P2k D40% KISz,
Fig. 7 Effect of IAP on the subsequent increase.

The histogram of the maximum increase
in (Ca®*), in the subsequent increase was
expressed by a sum of two normal distribu-
tion functions.

LOLXDOBREUTEL WeHTH S, £7212InM LILE
DL TR ICYENT W), ) ol
FREHORN L) EIT) ROOBRER e (MLE -
TLEHL0LEHEEDBEANLONEL, RIDHS50
aMLUTFTH-720, KkEZKE (A [Ca**];=400nM
PRy * Lichrzn 2 [Ca® | EHLAZ EIEIC
Wb Y EELEBEREIT > ThwiwEEbid
12DTHD.

XC2MEOEILIZAPVICEINEIRITE S & H
5, INC1BEWINC 2 TH[Ca*], LRz e b
INMDAV L7 2 —CB# L7720 D TH DI LI
L THD, 272 INC 213, NMDARG#THIC
B, 7Y THEORE»BOHETIIE LGS
P Edrh, 7Y THEICAEEINZMENINC 2D
HREICEELTWELNEEbS,

NMDAC kW& E1 2 INC 114, Fig.6(a) i
sRL7Z2E 512 A[Caz ] D3RS AR A 3 B (EBLsr 46
MO TEBREINS, L LPEAEEOKRE W 2{EIIL
SEHPED N B D L D L FD peak MHATNSB LT

Vol.41 No.2 (1991)

EoT, INC2%2MET21ERIIIAPICLIYM
H$IXNBEGTPHEAS VB2 THLNTHSZ
EHREEND,

NMDA i & 2 [Ca?* ], LR DL T PORE, HFF
CETH DI LT TIRBESRTWAD. RRH XD
BEHICRTEOICINC 2 I NC 1T~ #1.50% L
HBEICKEGEABIRETHEZLEERT B L,
CHEHIckEL[Catt ] FALEB I THBENXLTPR
HEICE(ES L TWE I L TREINS,

F 24, Goh® btk » T, TAPICED T v bilg
E254 2K TOLTPOREFMHENE LS T
YEYEI N, GTP#EAS /X7 B LT PORE
CEELRHEIZALTWA I EERIN. N
LOMEKERE, P RRLIZNMDAKGRIZH
a3, TAPICL-THHISNAINC2ELTP
L OBMENHESSBROMB YL L THIRD 5.

5. 28

NMDAIZ & 3 [Ca**],» tHIZ, 3 x MLILETIZ
12 A Y DHINET 2 FitEE 2 L7 (100 MTI390% L)
b)), 200 I NC 113, Ca**F + 2L 2507 Sl
S S HIIBRIAND Ca?* DAL DR EIN TS &
Bbhd, AMECEIVRRINS, BFZNMD
AfRE#TRICRET S I NC 2320 [Ca? ] DEFHE



7y M HERRARENINIC 51 5 NMDAEMALIC & 2 MIBSCa iR 2 HIMEZE (L,

BB D6, LAY 2BULEN A=A
FOERENT VB EEbLRE, INC2IEBIF3 A
[Ca** ]\ DBEF XL 2 H ERIHEE DR T
DYy e TER, ZO2HNSHIZ] APk
D EEMEDKE WA HIHI S L, EE D 20% 58
mElEne, CREYVINC22EXRT 21 ERIZG
TPHAES v I7RBERNTHLDOTHELEbN S,

1)

2)

3)

4)

5)

SR
Y. Kudo, K. Ito, H. Miyakawa, Y. Izumi, A.
Ogura and H. Kato: Brain Res., 407 168-172
(1987)
M. L. Mayer and G.L. Westbrook: Prog. Neuro
-biol., 28 197-216 (1987)
J.C. Watkins and R.H. Evans: Trends. Ann.
Rev. Pharmac. Tox., 21 165-204 (1981)
T.V.P. Bliss and A.R. Gardner-Mediwin: J.
Physiol., 232 357-368 (1973)
T.V.P. Bliss and T. Lomo: J. Physiol., 232

6)

7)

9)

10)

11)

12)

13)

(385) 183

331-356 (1973)
T.V.P. Bliss and A.C. Dorphin: Tr.neurosci., 5
289-290 (1982)
M. Baudry and G. Lynch:Proc. nat. Acad. Sci.
U.S.A,, 81 2298-2302 (1980)
J.W. Goh and P.S. Pennefather: Science, 244
980-983 (1989)
H. Sugiyama, I. Ito and C. Hirono: Nature, 325
525-528 (1987)
AR - BOREE - PR - P EIRAME, Ml T,
15 996-1003 (1986)
PR - ZREE - HHAE - AR - EE
HE - BHES - 2 BH, L0 KP T HHHE

ke, 40 223-229 (1989)
R. Shingai, Y. Ebina, Satoshi. Nagaoka and K.
Harada: Neurosci. Lett. (in press)
Y. kudo and A. Ogura: Br. J. Pharmacal., 89
191-198 (1986)

(‘PR 2 4£10H 158 2 58)

W HRE T s



