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Relationship Between Changes in Neuronal Activity and Intracellular free
Ca?* Concentration Induced by Hypoxia with Glucose Depletion
— Simultaneous Recordings of Synaptic Activity and Intracellular
free Ca?* Concentration in Rat Hippocampal Slices —

Takashi ABE

Department of Anesthesiology,
Nitgata University School of Medicine
(Director: Prof. Koki SHIMOJT)

In order to study the relationship between intracellular free calcium concentration
([Ca**]})) and functional neuronal damage by hvpoxia, changes in fluorescence of calcium-
dependent fluorescence of a Ca®* indicator (fura-2) loaded and synaptic responses (population
spike and EPSP) were recorded simuitaneously from the CA1l region in rat hippocampal
slices superfused with deoxygenated Krebs solution with or without glucose depletion at
36~37C. When slices were exposed to hypoxia with glucose depletion, synaptic responses
disappeared in 2 min. The synaptic responses reappeared transiently in 7~8 min during
exposure in a majority of slices. [Ca®']; increased in two phases: it increased gradually
until the reappearance of the transient synaptic responses, and then it showed a rapid
and large increase immediately after the disappearance of the transient synaptic responses.
After reoxygenation and glucose resupply, synaptic responses did not recover in the slices
(8 of 10 slices) in which [Ca®!)i increased steeply in the second phase, while the synaptic
responses recovered in the slices (2 of 10 slices) in which [Ca?t]i did not show the second
phase increase. When slices were exposed to hypoxia in the presence of glucose, only
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gradual increase in [Ca®']i was observed, and synaptic responses recovered with augmentation

after reoxygenation.

These results suggest that the rapid and large increases in [Ca?*]i

in the second phase link to acute functional neuronal cell damage by hypoxia with glucose

depletion: The results also suggest that the presence of glucose prevents the large increase

in [Ca?].

Key words: Hippocampal slice, Synaptic responses, Intracellular free calcium, Simultaneous
recording, Hypoxia, Glucose depletion

WEYR, v 7 AEE, MG > vs, FRECE, KRR K a-—-2

1. #

BRI o 2 RRdedoR S A o PR AT 3 e O 0 1 A e Pl
Ca?t BE ([Ca®]) oA MEELTVWAEEZDL
nTWAY. Bizid, BRYRERCECT, K Cat
BRE 2D TR S EBRC L5 HREaEE 1
FVEEEERHBFEIND Z ENMLR TV AT,
Wi, MEIRH Ca?t BEAHEL Ty FTREE
EAFVEEOERELRAEST S L XhEV. OB
LT N-AFN-D-7 25 ¥ v (NMDA) 217
DN VEESEEL N L Ca¥t Ofilal -~
FHASHEESY E T EELLRATVAY, —
F, BORFERTCEREFO /a2, 1B, S
A3 VOEMYD %, BERAMHOILTFVED
AV I R—vav? ZEBFEED v - 7 ABMOREIE
RHETLEVOIREND Y, EEEEFFOMNEE % B
CERHBAD T 2 A F— LR AT D AEET
BETEPIERER TV A,

¥BE CAL ST —@M ot Uk s Mss 7 8
D—DOE LTHILNTWAYY . ZolEgeHki: CA1 £
Il TIE NMDA 21 7O XA 2 3 VEESEEN %
SHELEL, +oEMbc X A2MBER~D Ca?t BEF
AL W EMEOCHENETT A LI LB LHBEH
TBO-8 0 Un L, [Ca?t) o BB RIMED R
MR OBSEERESE & P oV T B &V D EEERY I BE LT
A A

AERTIET v MEBYRERY A CA1 S, 5
BLWEE L [Ca?t) #ERCEZEL, BBERLY
EREA IV -2 B L 3B BET I L
& o THRIMIC L 5 R4 2 88 e fifary o Ca®t
DB EBRET LI,

il

2. A &
1) BEUVREAOFSR

fKE 120~160 g DEEME Wistar %5 » b &V 7e.
BREEEE BIC AR R L, K& 7 V7 AP T A
s a3 44— (Dosaka EM, TDK-1000) % H\»,
BE 350 pm DWEFRREFERLFR L. 717
AWDHB A LT icRkd (mM): NaCl 117, KCl 3.6,
NaHzPO4 1.2, CaCl; 2.5, MgCl; 1.2, NaHCO; 25,
Fra—z1l fFR LR EE*10 ¢ M fura2AM
(1-(2-(5" —carboxyoxazol-2' —yl)6-aminobenzofuran—
5-oxy)-2-(2" —amino-5"-methylphenoxy)—-ehtane-N,
N, N'N'-tertraaceticacid, pentaacetoxymethyl ester,
B E3E4 4 v HEREEE®E Pluronic® F-127
(Carbio) 0.01 %% &495% O-5% CO; TEA L
7 L7 ARRAC0 TS E L.

2) B E Kk

WhalERF v v —B L, KiR%36~37CiiE
L, 95% O7-5% COy +HIclR L7 LT R
Wy 5 ml OFEETERR L. R (HAXE,
CAM-500) 75 340 nm B LU 380 nm DOREEZE
Bk Bat L, BiE&hic500nm X% SIT
HAZ (PR F b= X, C-2400-08) %FH\T CAl
B, LTEH L. Bohhi 2 BRI X 28005 E
o (Ragosaso) %2R, BIRAEERE PRA b =2 X,
ARGUS-200) # i\ TR B4 fER Lo,

WHEEM A F\T Schaffer filki% supramaximal
OME TR L, 2M NaCl Tiifc L7 1 ~10MQ @
MoK o ABEET CAL $E(EMIEL H v 7 ABME
L, #EBRRIES SEN-3301 (HAXE) <
BL, AEU~—dvmrra—7 VC-11 (BAXRE) #
FWECER Lz,

Zha— RAREEREIL I VT AED F e a— A%
B8O NaCl THE#E UCHERRE B\ i EBREATIR5%
Ny5% CO; THABR LK% - T1055 [
Tt EREOBESE (PO, MK H 2 5HEE
(ABL-3, Radiometer, Copenhagen) *F\T, i



BTG AKMESR S & OB 4 7 v 2 — 2 X B MR PERE L o LR

AL & S RS B

a— AP IEERPMBERE S » ¢ (Blood Sugar-
GOD-Perid-Test, Boeringer, Manheim) % F\CHl
E L.
3) & M

YRR B TR BRI £ B ARE ~ORE
HEHETEP, Fi, MR fura-2 OBBEEEL IE
BoiRHbh Ty, & 2 TAERTIE [Cat)
DOEAL % Ragrsse PEILELTEL, EKEBEEATRIO
% 100% &L, TImbOEEE LTERLEL, 7
S FEMTIZ A2 Ragorsso 3 7 ABUNEREWRT AL
DHEAAIIE, Thi BT A REBE S LUBEB I
100 pmX100 pm DT A v FORHEL, FOTA v
N HREEKD Rasorsso OFHERXHA L. 7— %
BETTHLEERETRL, LB L>TH
BEAEE LR p<0.05 24 - THEEH DL L1,

Population spike (HEEEFEAMRIORIEL 100 % &
L, &R LCELL., £8P T population spike
NEEIRich - AT, RIBIZ /A XL (B
fifAT® population spike #EMEX L 3 + 2 %, mean
+SD, n=14) LA F& A&/ L, Mann-Whitney U &E

(mmHg)

600 - ?

o
400
£

RAWTAMIEE OFEELRE L.

Tova— ARENPBHBARAUTORATIE, Mann-
Whitney U BE %V CAMBMES OFBEABE L
1.

3. #& x
1) Mk PO, &4 LO—XBEOTE (K1,
I &&U 1D

PO, TEEFEIL 7 L7 A¥ T 582+13 mmHg (mean
+SD, n=7) HRLEA, BEELES LV — R EH
1477 12949 mmHg (p<0.0001; vs ATTRIE), 5
53¢ 83+2mmHg (p<0.0001), 104 66+3 mmHg
(p<0.0001) FTET L. HHELELDTI65+17
mmHg (p<0.01) ¥ TEHL, 54 7T571+20 mmHg
FATEMES TERE L (p<0.95). Za—
0.5 TR 1/25 £ TET L, 145 TRIERRALL
T BT L7,

2) EMZR+ESILI-RCLBEL

KBRS — 2GR0 o+ 7 2B 25
DAPIC %k Uiz, BB - & I8ER h 14 T 7.5

(mM)
15 -

glucose concentration
wn
1

% R

Glucose
depletion
TR AP
i 1 i i 1

Time (min)

@M

0 5 10 15 20

Time (min)

(II)

1 EREHES V- ABERRICILPES » ¥ A —NERBEOBESE (PO, &
£ (1), RO/ a—-2@\ERL (I) (mean+SD, n=7)

PO, 1 oMcERCHEL L, *o%Ee il L.

Foa—A0KRER L

UBEEE 1 GUMNICSET Lz, (#: p<0.05, ##: p<0.01, #H##4#: p<0.0001
vs EKBFE ML a0 — A BIAIE, X p<0.01; vs EBE+E 7V 32— 2 &R
BHE, BEERFELSVTRATLEBR).



1158 FRESSME B106%E B125 P4 F125

A

before exposure

AN s A

2min

x\/mw

7.5min

10min

APttt A ptncr

20min after exposure

Im\/l

10 msec

(In

B2 EBR+E7va—-2AWIc LS CAL FIROMBEMEL (Raosso) B (1)

Lor T ABM (1) O

(SO; BB, SP; #EmMilafg, SK; BaE)
(1) Rsgozs0 &BIROBGRAE FHEBOFRT. (A) A TERLRD S
fo¥, EFEEO Ragoms 1.0&8 LT3, (B) ARBANKT.5%. BEHE® Ragaso

R S X U MIE S 0B,

(C) AT10%. Rasorase B KE ERLT

Wh, BMBRMO2BLIOE k->TwA. (D) ARKTI0NH. Raossso &

BETFLLEAIBELAMNMED bRV,

() ¥ F 7 ABMIERE+E‘I L2 - 2AH 25 THERL, 75595 %T
—RECHE L, BRI V7 AEBERE, v > 7 ABMEIEE Lk,

0.5 Ty 7 ABMIABOHEL 8.9£0.6 it
Mo Uiz, Zo—@t s > 7 2B ORI A MRTc
N 70.6+18.7 % L HE (p<0.05) NE Mmoot B
Fibo v 7 ABERE, v 7 AEMITEER
HB LicdifrR2ah, B Uish -4 1Y)
FreEIE L.

FIBRFRIE W ERI8YI R PLOIR TV, 205 H 24)
FeE#EL s V7 AR, BEAEELL B5
7o Ragssso BEiff & population spike OZ LD 1 #
#B 2 w4, & 5T population spike #REE L OF
Raaos3s0 DEALE BMIEEESA & EEAC ST T T

hE 3 BEUE 4 wEt. v S ABAITER 2 5L
PR Lch, Rasprase CEMEBEIL D - T2,

Rasorzsn (T BRI 3 SEIR & b ke LE L. &7
5550 745 % TREMHBOEERIMBOBERL VEE
(p<0.05) WiEMr -1 (AT 54 KB 113E7 %,
S 10943 %, MHEB 107+2%. AR 74 K&
MARE 124+8 %, SRS 12+7 %, BHE 11646 %.).
2O, Ragosso (2 3HEEELERC LR L. EEFE
+HE 72— 2 A0 & 9 Ragoszso (FATENIC I
~HLIARE 157423 % (p<0.01), SEAHIKLRE 15819
% (p<0.01), K&HE 174+19% (p<0.01) FTLH



FTED - KPR &5

& DB
HAL & Hg R TR B

+
e

(%)
120

100+

spike
@ -
-4 =
P

% change in
o
-«
ry

(%)
200

180

__
S @
s 2

-
I
<

% change in Raso/380

160+

Hypoxia with
glucose depletion

804

ST ———
1 i 1 L i

0 5 10 15 20

Time (min)

B3 EEMEFEI/ A a—-xXAMrL) v T 2B
fEAEE Lich - -8Rk 5 population
spike e & Ragor380 O %41l (meaniSD,
n=8)

EEBER 7 3 — BRI XY popula-
tion spike X 3 H T2 THEL L.
population spike (XFDH, AWM 701510
SET8YUAF U T B BE S
B, BOEELBEL, v 7 ARBEERE L
BEEhich -7 (#: p<0.05, ##:p<
0.01; vs EEEAFE+E 7L o0 — 2 B FEIE,
¥ p<0.01; vs EEEE+ I L2 H
HRE, AEERECOVWTRAIEBR).
Rasorzso (LB 540 Tlite4 P:J:ﬁLfC.ﬁ;,
ToEABC EH L. (#: p<0.05, #
#: p<0.01; vs EBE+E S V-2 4
TIRIME) . BB O Rasze (FAHFDS5 ~
THRMMOREE R EBCEL, T, AW
BOD3E~5 5 THBIEWERR L (k:
p<0.05, WEE vs HEfEMnE). #aEH
fafd s BBB oM EEEI ) - 1.

Lic., B 7 AWCEHERE, Rasoss ETFTLA
B5, 105018 LSRRI 114404 %, #EAEMINE 11425 %,

B 120017 % L AREIL © A EE (p<0.05) &
Droto. F RSB TS50 55,50 F T MiaE
L oEE (0<0.05) Ehroic (3.54  BIARE 126+

%ﬁwnwzmibﬂﬁmﬁﬁﬁwyvA&E

1159

(%)
120
100

80
60 -

spike

46 4

% change in

20+

|

-850

—@— SP
—— SR

(%)
140

1207

100

% change in R3q0/380

Hypoxia with
glucese depletion

o
-
L

5 2 i i L
L] 5 10 15 20

Time (min)

Bl 4 EEEE4E Lo — RARE, -7 2B
MEE LRI E % population spike
PRIBK D Ragoaso X B (2 WOMEBIE)

Population spike & 2 40 TH& L1
#, 10~11p @ HE L, BUHELL
. BEL L7 ABRBEREKION I
population spike ZGIFT AR O LV~ F
TEE L. Rasoaso WEMIERETFO X
HlcEEO BB FRAYRS oh - 1.

16 %, $EAMREfE 126--15 %, MM 142420%. 5.5
43 AARE 1177 O, #EGHIIARE 120111 %, HURE
133+18 % .). #CHAE L HHAMRBOMICEBEILED, -
7o, BALHAEE L7 2 9IH T Ragaso DD L5 Tk
BB TKELEREEDRIT 5T,
3) EEFEFCLZIEEL

EBEAFICE & 755 population spike IEER L O
Ragoraso DELD 6 G OFHEE 5 wird. v+ 7
A BALT AT 2 AL L2 hS, Ragosaso CEM
Bihidte -t EEBEREAMIC LY R WA
LRL, 105 TARMIMECHE LEHE 113+14 %, #ik
HMaiE 10743 %, BB 11527 % & FEIC (p<0.05)
ER LA 3EEMoFERR L, - 1.

HEe#AL#, population spike it 4.6+0.5 5 THY
HBEL L, »oOIRBIX105 TIRAMINC -~ 133430 % &
BHEZ (p<0.05) WAk L. ZOBMOBEHEIT L



1160 FREEEHE £106% F12F FM4 %128

&
=
2
= 1604
=3
3
& 140
£
E120-
&
£ 100
g
3 804
a
= 60 #
% 404
=
o
: ] #m 20 3

e

—8—-80
3 1] s
s
& ~fi— SR
o 120 E
@
-
£ 100 #
E-|
w
®
80 - Hypoxia
————————
. L . . ) . ;
0 5 10 15 20

Time (min)

B 5 {EERFEAN L7 6t @ population spike
Pl & Rasosso DY EAL (mean+SD, n=6)
Population spike €W & LIEHEA
F3aTHKL, TOBOAM I EEL
EFHE Lk h -7, BBREEIT 5 5L
W2 & L BEOCHEEL, £ ORIBIR105
TRAMIE D bEBICHALE (#: p<
0.05, ##: p<0.01; vs {EREFE AMTHIMHE,
X op<0.01; vs ERRAGIIE FEXE
BB DV TIRAL 2 BB, Rassso (HE
MEAMPRAC LA LY, BBEILEA
WEIO LV~ g TEHE L (#: p<0.05,
#H#H: p<0.01; vs EREEEAMRE). HiE
FALBL05 D Rasorsse B E T2 gt
B LOYEECED - (k: p<0.05, B
B ovs SEtMIAE). #AEMRE L ENE
O EEEI LT

L B0 DA R RRRE L. BEEFE(L105 T Raqrsso 1
IR A FRTE B U p O Tl 10444 % & Sk
kg (101+£1%) LoHEEK (p<0.05) &\WEETR
L.

4, & 2
KREBCI Y 7 AEME fura-2 OREEE & H—
ORI TRECHEIT 5 2 & & o MRS ERE
[Ca ] BMb & OBIFE L M T AN TE . v T
AEME T a— ADFECBEH P EMRAM 25T

HIFFEAIC R Lo, Rassaso 32 OREICIEE ML
Wi ot EBFRHES V2~ ZAAFICE D Raossso
DR TR & ERER LR TRBEL 7 V7 A
T Ragssso WET Lich, v+ 7 AEMIZEIHE

Lich-io, BRI v+ 7 2B SEE L9 i
Rsqo/3s0 OB FRIT L bhich -t $, 7
a4 AT OEBEAN T Rz D EFIFESL
EEFEY, v T AFERLEMARE L. ShbO®E
M HEBREE SV - ABFI LA [Ca?t] 0Bk
TRER LAY F 7 AEB OB > WA o E
TR L TWAZ ERRBEER S,

Rasoraso DR TR E L LRIIERZ - B/ a2
AT OB HET A @y F 7 AEMNEEE L b
Bt Zo—f@tEy S AEMCBE LTI
HoHnTE IO Rader & Lanthorn® (2—@M®E
LIz v TR & < 2R IEEA OB S B AT .55 Tk
¥ EWELT VA, £, Higashi'™ JEBER+&EY
a2 EH 6 U R oA b, BEM
BomV EkETHELTVA, ZoORGEoOR D
5 ¥ TOREIIAER IS0 5 — (B O HBIR &
FHICL—HLTV A, ZhbDZ &b, —ft
F 7 ATEALS AT H R o 56 X BRENT < & iy
B LcBRic BLL, o, BEMASBBRSE LT
LESLOBEUHETLEELLRS.

[Ca?t )i vk & e ER W, BEEMEEE Ca®t
Fop xS By L ERAE NS Calt
WA®, Ca? Offifast~0KHIHE, Hifapm Ca**
FrEEEr o & DRV JEA o VBEREE OB A 4+ v F v
F A BOFAM, Nat/Ca?t 3R MR 20 /g )
WO DORFREL RS,

B HE L & 2 b BARENE Ca?t + v
FOTEHEARIZIS o Nat/Cat A OWEIE L
319200 Takahashi 5% (3#3B CAl #EAEMRCIT4
BOEMEEME Ca®t 5+ x40 HD, hTHL 4
A FRBEELL A 0 ~10mV OREKOBEMRLHND &
WHELTVD, ERERHES o AAMC L OB
PREHTBLILEE, oL A7 Ca?t 5+ %
NGB LU THERS Ca?t AT A L ENELBRD.
Lo L, Krnjevic & Leblond® (& CAl $ifEfilg T
B L a4 TERERKAR 1 ~ 20 s ilE
ThakgELTVS. —F, [Cat ) o LRI
Nat/Ca?" e ROWIESEELGE L BT L 0bh
%19 Dipolo & Beaugé? & Nat/Ca®* #ific &
%A Nat oticis ATP OFERLETHLE LT



P EMER s L OB R T /L 0 — A & B AP o v LB

BAL & RS B

WA A, Whittingham 522 k® a4 o MNEEYIFIC
BWTEBE+F®R A2 — A6 it ATP 13K
MZHL LTwW5b ST A, Lichi-T, KRR+
a2 B AR TkEl [Cat o LR
B BRI L - TEEbEhE A h =X 6D
F e G R &L ek DR oF ()

Wr X3 oEETIE CAl ifickd 5 NMDA %
A TDINE L VSRR OBEEOFEN LR T
%2 Mitani 5% B8 X I EEWHR A BV CIEEE
T4 a— AETO~170 8T CAl LB\ T
[Ca?*]; EB L FARBIAZ LA WELTWA. L
ml, 20 [Ca?t]) FHOBRNIAER - hhih
. R XIEECEG s [Ca?t ) o LA NMDA
AT TR VBRREOERC LD ETH B,
FOBEET v MEELRLTEB A X IBERE IR
OB ER .

Lipton & Lobner'™ [MEEEFR -+ 7/ /L 0 — A &b
o [Ca?t) EFIE ATP KD Ca?t BB
ML bbb LTwb, Fi, EEEFKES L a— 2 HH
R AR 7 v 2 3 vEBBREREA AT A NRE R B O
Ca? WHALFEXNLY . KEBRCckUTLEBTA
&7 [Ca® ] ERxT 5 Zhbofilal Ca*t o
SOBBEITHETHLH, BEABRIAZREL W50
ko,

BRI B0 5 Rassso OELBIMERE+HE SV
2 — ZAR 5~ TS TIHMBOER L DV EEIC NS o
Lo LA TR0 L b K& <ieh, MRiks
L7 ARTHRERE L EVEER Lic. 00 &b b
MR DAL IC L - T Cal™ DBIEFE LEEE X
DBHLZELTHEEINRS.,

fura—2 1TiE Ca** w4 SEEERS b 0, [Ca®t)
OERERZ, Ca¥t oFs LR EET LT
GRS, L LEDRRIE fura2 @ Ca?t &
B, Tihebb fura2 OHIRRNEBE & rofEEER (8
B BRFT200M) CE0BEIhTL32, Li-
DT, EKEEHES V2 — 2 BWC L AEMTKER
[Ca* ] @ LT fura2 © Ca?t FatEHsEL T
LEEZBNA.

Y2 AFETOBBFEAR0S T, HEFEL%
vF T ABMEEYIRCEE L, 25 CRESEA L.
IOy F T ABMOBBEC L AEKEHRELEORA
TP DAL Schiff & Somjen?® 1T L - T H & &
hTwb, eoERTEGHIOBEBREANCL T
LAfA Ca*t BERELELTVWRVLY, KRBT

1161

Raaossso X107 O BEBEAR © LA Lo, Milast Ca2t
BEG [Ca ] cle~h i EvoT, [Ca?t] ob
FThirZ e E LMD, AbHlLEAE
SR OWWRIREE M 36~37 CTH - Dkt LIS 0L
F20CTirbhTw s, EBETEEVT, MIFAO
THRAF =LAV TERRESA R EREIT S &
ERTLAD, Lo TKERTIE ATP AL 0
BB L, ATP REED Ca? flastit s L vl

CHiglah, [Ca¥*l O ERAEI -TsbELLNS.
Fujiwara 528 % Hansen 529 (31090 EEEE AN
TRAEAEHSBIIE LAV IEARLTVE, 2D
BEhb I/ a—- 2AFETOBRBREAHFO [Calt] o
ERITBAESE Ca?t Ty xR L 0iE
HALERD A W= XL LB bOTREWEELZBRA

BEEBFEE, Raosso BESOMET LK, v 7
ZBEMOBBETFGHECIHA L. Kudo B30 8@
DT & Z AR & - THRRENRC—@ED [Ca?t] @
EH & population spike OFFEMEOMEARC B - &
R L. 1, BETHEZS L RIEEEES IR
PITHENN L7c Ca®™ o & 0 fIIRPI O SiE 40 1 E
ML B chmEllao RE®IHT oLt b 4%
ZHRTWAY, RO L pEB#ET o [Catt] @
FRr X ->THEEIh L5 0E, ThhiEER{Eo
PAREE RS e A HERE k> TV A DS L
V.

BEF + Vv A—HO T a3 — ZBEOEIL0.55 T
BIESET LD L, POy 0Lz Eh & vEHRT
Boto. BEREBEACEETD S AKBELE DM,
ORI ARMEN PO, OB(LZEL LT WD
b Loy, BEH TREMRA PO, REML 25
pm WL HBEORERTTHE058E L H 532,
Lichio TEBZRAR 1 5HBICEF v v A —HOBERK
PO; 13129+9mmHg $5% & LT, WHOEETIE
i) DEBREFC - TVWEEEX RS,

Bk, FEBC L EBERATIHO v ) 7 2B
Mk [Ca?t) OB LIC LB DT 2 EHURE
Ehit, FRERBEHES - AAMCL SR8 TA
i [Ca*" ] o RGBS RIEERE - 1
VB BB &, SHERFEARTOS LT —AD
BEEG o [Ca¥th O LA %5 Aot
MEE L ¢ 2 L b ot [Ca¥T ) OF iz EDK
XIS - THERE T CHREIRABEL, 501k
I S AEB EHT IEELRNT TH LELH B
.



1162 FREFEMIE F106% 125 T4 F£128

ez dichicn, HiEHE, HEMEBH
Lz THERERCECHLE LA T ET. $ 1,
PrEEa D e hich, HEIE, HBI I &%
Lo RRB A, o BT, ARKFEER
ERBEIR B LT

2 £ X M

1) Siesjp, B.K. and Bengtsson, F.:
fluxes, calcium antagonists, and calcium-released

Review; calium

pathology in brain ischemia, hypoglycemia, and
spreading depression: a unifying hypothesis, J.
Cereb. Blood Flow Metabol., 9: 127~140, 1989.
2) Kass, I.S. and Lipton, P.:
involved in irreversible anoxic damage to the in

Mechanisms

vitro rat hippocampal slice, J. Physiol., 332:
459~472, 1982.

3) Rader, R.K. and Lanthorn, T.H.: Experimental
ischemia induces a persistent depolarization
blocked by decreased calcium and NMDA
antagonists, Neurosci. Lett., 99 125~130, 1989.

4) Roberts Jr, E.L. and Sick, T.J.:
sensitive recovery of extracelluar potassium and

Calcium-

synaptic transmission in rat hippocampal slices
exposed to brief anoxia, Brain Res., 456:
113~119, 1988.

5) Schurr, A. and Rigor, B.B.: Reviews; cerebral
ischemia revisited: new insights as revealed using
in vitro brain slice preparation., Experientia, 45:
684~695, 1989.

6) Dong, W.Q., Schurr, A., Reid, K.H., Shields,
C.B. and West, C.A.: The rat hippocampal
slice preparation as an in vitro model of ischemia,
Stroke, 19: 498~502, 1988.

7) Schurr, A., Chantgaris, D.G. and Rigor, B.M.:
Glutamine protects neuronal function against
cerebral hypoxia: a study using the in vitro
hippocampal slice preparation, Brain Res., 412:
179~181, 1987.

8) Kawasaki, K., Traynelis, S.F. and Dingledine,
R.: Different responses of CAl and CA3 regions
to hypoxia in rat hippocampal slice, J. Neuro-
physiol., 63: 385~394, 1990.

9) Kirine, T. and Sano, K.: Selective vulnerability
in the gerbil hippocampus following transient

ischemia, Acta Neuropathol., 62: 201~208, 1984.

10) Ellré, K. and Lehmann, A.: Calcium dependency
of N-methyl-D-aspartate toxicity in slices from.
the immature rat hippocampus, Neurosci., 32:
371~379, 1989.

11) Meldrum, B., Evans, M., Griffiths, T. and
Simon, R.: Ischemic brain damage: the role of
excitatory activity and of calcium entry, Br. J.
Anesth., 57: 44~46, 1985.

12) Miller, R.J.: Multiple calcium channels and
neuronal function, Science, 235: 46~52, 1987.

13) Urban, L., Neill, K.H., Crain, B.J., Nadler,

J.V. and Somjen, G.G.: Postisckemic synaptic

excitation and N-methyl-D-aspartate receptor

activation in gerbils, Stroke, 21(suppl III):

23~27, 1990.

Higashi, H.:

mammalian hippocampal CAl neurons induced

by lack of oxygen and/or glucose, In K. Shimoji

(Eds.) Mechanisms of Ischemic Brain Damage,

PharMa International Inc., Tokyo, 30~37, 1990.

15) Takahashi, K., Wakamori, M. and Akaike, N.:
Hippocampal CAl pyramidal cells of rats have

14

~—

Membrane dysfunction of the

four voltage-dependent calcium conductances,
Neurosci. Lett., 104: 229~234, 1989.

16) Fagg, G.E.: L-glutamate, excitatory amino acid
receptors and brain function, TINS, 8: 207~210,
1985.

17) Lipton, P. and Lobner, D.:

intracellular calcium accumulation in the CAl

Mechanisms of

region of rat hippocampus during anoxia in vitro,
Stroke, 21(suppl I1I): 60~64, 1990.
18) Berridge, M.J. and Irvine, R.F.:

triphosphate, a novel second messenger in

Inositol

cellular signal transduction, Nature, 312:
315~321, 1984.

19) Dipolo, R. and Beaugé, L.:
and sodium-calcium exchange in squid axons,
Ann. Rev. Physiol., 45 313~324, 1983.

20) Dipolo, R. and Beaugé, L.: Reverse Na-Ca
exchange requires internal Ca and/or ATP in

The calcium pump

squid axons, Biochem. Biophys. Acta., 854:
298~306, 1986.

21) Krnjevié, K. and Leblond, J.: Changes in



membrane currents of hippocampal neurons
evoked by brief anoxia, J. Neurophysiol., 62:
15~30, 1989.

22) Whittingham, T.S., Lust, W.D. and Passonneau,

J.V.:
and electrical alterations in the hippocampal slice,
J. Neurosci., 4 793~802, 1984.

An in vitro model of ischemia: metabolic

23) Monaghan, D.T., Holets, V.R., Toy, D.W. and

Cotman, C.W.:
pharmacologically distinct *H-L-glutamate binding
sites, Nature, 306: 176~179. 1983.

Anatomical distribution of

24) Rader, R.K. and Lanthorn, T.H.: Experimental

25)

26)

27)

28)

ischemia induces a persistent depolarization
blocked by decreased calcium and NMDA
Lett., 99: 125~130, 1989.

Fluoresence measurement and

antagonists, Neurosci.
Tsien, R.Y.:
photochemical manipulation of cytosolic calcium,
TINS, 11: 419~424, 1988.

Schiff, S.J. and Somjen, G.G.: The effect of
graded hypoxia on the hippocampal slices: An
in vitro model of the ischemic penumbra, Stroke,
18: 30~37, 1987.

Lipton, P. and Whittingham, T.S.:

metabolism and brain slice function, In R.

Energy

Dingledine (Eds.), Brain Slice, Plenum Press,
New York, 113~153, 1984.
Fujiwara, N., Higashi, H.,

Simeji, K. and

gﬁw:ﬁxL;6MﬁWﬁ%ﬁw/¢Aﬁﬁ

29)

30) Kudo, Y.,

1163

Effects of hypoxia on rat
384:

Yoshimura, M.:
hippocampal neurons in vitro, J. Physiol.,
131~151, 1987.
Hansen, A.J.,
H.: Anoxia increases potassium conductance in
Acta Physiol. Scand.,

Hounsgaard, J. and Jahnsen,

hippocampal nerve cells,
115: 301~310, 1982.

Ito, K., Miyakawa, H.,
Ogura, A. and Kate, H.:
elevation in hippocampal granule cell induced by

Izumi, Y.,
Cytoplasmic calcium

perforant path stimuiatipn and L-glutamate
application, Brain Res., 407: 168~172, 1987.

31) Lynch, G., Kessler, M., Arai, A. and Larson,

J.: The nature and causes of hippocampal long-
term potentiation, Prog. Brain Res., @ 233~250,

1990.

32) Bingmann, D., Kolde, G. and Lipinski, H.G.:

33)

Relation between PO, and neuronal activity in
hippocampal slices, In D.W. Lubbers, H. Acker,
E. Leiger-Follet, and T.K. Goldstick (Eds.),
Oxygen Transport to Tissue, Vol. V, New
York,: 215~226, 1984.

Mitani, A., Kadoya, F. and Kataoka, K.:
Distribation of hypoxia-induced calcium accum-
ulation in gerbil hippocampal slice,: Neurosci,
Lett. 120: 42~45, 1990.

(PR 4 F 2 B28A M)






