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Effects of Temperature and pH on Changes in Intracelluar Ca Ion
Concentration of Rat Hippocampal Slices during Oxygen—
Glucose Deprivation

Yoshiko EBINE
Department of Anesthesiology, Niigata

University School of Medicine
(Director: Prof. Koki Shimoji)

Low temperature is commonly known to protect neurons against ischemia, and
neuroprotective effect of mild acidosis has also been suggested in our recent reports. In
this study, the effects of temperature and pH on ischemic cell damage were studied in
terms of intracellular Ca®*, as an indicator of ischemic cell damage, using rat hippocampal
slice preparations. Intracellular Ca®** concentration was measured by fluorometry using
fura—2. Slices were exposed to ischemia by perfusion with glucose-free artificial CSF (ACSF)
bubbled with 95% N:-5% COa.. Intracelluar Ca®" showed a characteristic rapid increase
at 334+83 scc (n=24) following the start of ischemia at normal temperature (37C). The
latency of the characteristic rapid increase in intracellular Ca?t was prolonged to 535349
sec (n=9) at low temperature (33C), while it was shortened to 189+39 sec (n=12) at
high temperature (42°C). The latency of the rapid intracellular Ca®" increase was shortened
at each temperature in alkalized ACSF (pH7.8). The characteristic rapid increase in
intracellar Ca®" was not observed at each temperature in acidified ACSF (pH6.8). The
results indicate that both temperature and pH affect the time to the rapid increase in
intracellular Ca** in ischemic tissue, and suggest the neuroprotective effect of hypothermia

as well as mild acidosis and also hypothermia plus mild acidosis.

Key words® pH, temperature, intracellular Ca ion concentration, ischemia, oxygen-glucose
deprivation
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W, BEILIC R0 A EAROMREFER ER &h,
B & B E OB E A FE R S h TV 5. ZhET
I P AR AR 3 B IRE OB ST, A-
TP &8YVY, HEHRIBEES VS, o 7 2 BEY,
TERET), BMCAER® AL LT 5
PR kA MR E RS T AL 2 h 5 H
M Ca A4 VIBELIRESL Liopgd b, —F,
EFEoLRIRETI, o MEEUR MR
SR ITEEY WK ER I L BMIAR Ca 1 A v BE
BALREY w ko, BERMIREE M U e
Rafr s R & R aTREM A A L.

MR Ca 1 4 vid, SREEEWEOKHE M
FfCHOGIEIZ BEREAREAE - TV 5%, ERRE
T, I hav P T REEOMEN Ca A T
PI~OHLD AL, T3 ¥ —RIFHE OIS~ D i 2
MIA O Ca FEEAY B0 Ca 1+ vEEROVER
12k 0 FOMARNEED, 100TM X T 5
Lo L, B, MREEEO R oMEE o R
SREIZHET Na 1 4 VHEA, Ca 14 viLA, K14
VAR D, MEA Ca 14 vIBEOREK ER
B rhicx L, MIEREREE RIE ST << ATP #
HEERIh TR AF—-L~ApHET4 2, g Ca 1
+ v BEORE e BRI, BESEREREOEELD 2,
FREOMAE . LYY, RnEEEO#TCES LT
HeENDH, Lieh-T, MKW Ca 14 vBEILE
Mz & AR MiEEORED 1 D bnbblErzbN D,

HlER Ca 1 4 vEBEMEPCPKRES 1Y Fa—1 %
BE L LfT5 2 &0t in vivo T L <, L4l
WA FBCE I L LT ER V. % TR
FETIE, BMICE & S h OB EARY AV CER
WORE - pH 2%k, BiMmE 51 & LCBEE -
L a— 2 AR EFT, MlEA Ca 14+ vIREO L
Bt 2iRE S pH DR A BE L.

A *

{KE 110~140 g Ok Wistar 5 » b2 T — 5 LK
B Pl L, e TSmO LT, K7L 7 A
W THE S 350 pm OBV AR L. Thbx
BHM Ca 1 A vHERE 1-(2-5"—carboxyoxazl-2 -vl)~-
6~aminobenzofuran-5-oxy)—2-(2" —amino-5" -methyl-
phenoxy)-ethane-N, N, N, N’ ~tetraacetic acid (fura—
2) DTt bF v AFATZATAEEY (fuar-2AM) 10

F11E F115 FRIFEIA

M EELEBENLS V7 ABRPCER TIOHMHEE L
TR L.

Vi % B ST EORER 0.6 ml ORERERF +
vA—KEE, 5%M#E- 5% HLIRFREH A TR
FLA7 VT ARTHER L. F2/ v 5 v Th bR
340 nm & 380 nm DEEXH 0.01 B YR B
L, CAl $EHIBERE» HOMKAE NV FAART g0 &—
(490 nm~510 nm) % L T photomultiplier & T#
HL, 340nm KU 380 nm BRI L 5 FhEFROAE
SRE & O s dtans Lo, BEEEEERDR O (mM)
1%, NaCl 117, KCl1 3.6, NaHPO, 1.2, CaClz 2.5, MgCl,
1.2, NaHCO325, 72— 2114+ Uiz EEMEEWE (pH
6.8) & NaHCOs % 5mM, 7/ h UHEK (pH7.8)
i3 55mM & LCARB L, BEME NaCl CiE L.
F 4 v A —PIRERIR OB, ABL 500 (Radiometer
) THlE L, F£0OfEi2, 484+20mmHg (Mean+SD,
n=9, 37C) TH-1. KEE- - 87— AEREK
&, snva—RREI LT AEEBEBEFR— 5 % 1L
REFESGH A TEHEMLTHER L. 2OBESEL, 91
+13mmHg (Mean+SD, n=9, 37C) Tk 7. B
HHER (pH6.8) ik 7 h ViEE (pH7.8) %K
e - TN u— AARI0GET H AT T & TER L
7o ARV (33C) - EREME (37C) - SERE
(42°C) &, InRZRZ A TERKORE » EREAR D
LRET $ TR -7 BEREEL, <Y Ra2Ry S
HHAWVT, 5ml/min & L7

HREe Ca 14 vigEOEIE, SREEL (L
T Raaorzso &BET) OELTERLL. HBEED fura—2
ORBEERPEE I N T AL I & PR EDFLEL
0, WORFERATELERLEYREST S - &L IXHEET
HAHT Epb, KRR TEMER Ca 14+ Y REOE
ik, EEEER « 4 7L o — A AFBIARED Raw,
ago DIEARFEMEX L TxOFETE L. KHBE - &
Joea—2REEPICHET AR Ca 14 v IRED
Zigic FROBBUARE - [E, AR5 - 155 k05
Ragor3s0 DEILE S pHT7.4, BREITCTOEEHE L
72, Rsaoszso DEILKR L Z &l A ¥ TORMHEIE,
unpaired T-test THE L, 2% FRAOHBHEEIL 12
test HFV B L7, P<0.05 THEXED D LHEL
7z

f& xR

IEH pH (pH7.4) T}, EBE - B/ a0— 2 AR
r, CAl $ihfiBaBOMIBNA Ca 1 4 vIBEW, &5
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fo FRAR U, Ak FRcE U (B 1 ),

OB T RB A Ca 1A vIBEO LR,

EEENR (37C) Ti2edR+24f o, E#ERE (33
C) TRUNYPRET PRI, BEEHE (42T) T3
P2 tlESh, *oHBHECAEEZIIRED
bhish-7 (B 1 e, & 1. ZoZBiciias Ca
14 VIBED R, EFEERR 37C) TIHEEE -
i 7 o — X ERTBHIATE 334838 (n=24) THEX
nich, EERE (427C) TIX189+39FHE (n=12) &
HECREE ), EEHE (33C) Tt 535+498% (n
=9) FEBCEBELL (B 1 FE £ 1. $K8
F-EBIN - AAWI0GROISTTD Rawiso OF
ez, EHERR: SERBE CRABRZEERES bR
hotott, EEETR T, % - SEREROMEICL LEE
cHglE R (3 2).

pH 6.8 33T
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HRFOMIA Ca 14 v BEOSB LA ERER
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B x . KR EIVa— 2405 RUL50
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et (R 2).
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RTINPAFF IR ICBVTOABIZE SR, TOHRE
TOWERIL 300 8 TH - oh, ERERE T4
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Lo 5%y 10 5
5% { = r E
B | WM . A ; M
“ R t BEE-msia-x EER - x
oL 0 ol
pH7.4133°C H7.4 37°C 174 42°C
P SIS E o PHT4 4xC 5%

1% N q
\Oir }_353 !\,;>

\
i

g z
B 5
o 2 peseappphrdr E
1\ IESE® - B —
0 0

—
i E Y -

pH7.8 37°C

.
|
/

S,
IRBRR - W o

ji:v. 2 S

55

pH78 42T

|
i
|

BEE BS/Ao—2

|
|
|
oL

B 1 EEE--E7v2—- ABMFO Rasso ORI
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£l EBE-E7)V 2 2AHPD Rugase O2ER FROEE &+ OB $ oM
Rasoras0 QR FRAOHEE &+ R $ TORRM
WK pH S B HIBRFRE (B)
33C 37C 42C 33T 37C 42°C
pH6.8 3/14° 5/24° 1/11° 690+60" 564+ 102° 300
pH7.4 9/11 24/26 12/13 535+49¢ 334+83 189+ 394
pH7.8 10/12 26/26 12/12 417 550 233477 116+43¢
(Mean+SD) a:pH7.4 TEERROMEIZKL p<0.05
b:pH7.4 TRAERROMEIZX L p<0.01
c: [d pH TEREITCOMIR L p<0.05
d:E pH TERERIICOMEICK L p<0.01
* 2 EEEFE a2 2AARFD Ragsse OEIL
BEAFE - |72 —2AAMICE S Rawseo OBE{LE
B D pH 104 15497
33T 37°C 42C 33C 37C 42C
pH6.8 | 1.17+0.05"% | 1.324+0.16" | 1.43+0.26" | 1.38+0.17"° | 1.52+0.17 | 1.49+0.26"
pH7.4 | 1.55%0.26° 1.88+0.21 1.94%0.20 | 1.744+0.29¢ 1.96+0.27 | 1.98+0.27
pH7.8 |1.67%+0.33 1.8240.22 1.76+0.17 | 1.75%+0.33 1.8740.23 | 1.80+0.17
(Mean=+SD) a:pH7.4 THEHERRBOMELX L p<0.05
b:pH7.4 THEEFRROMEIZR L p<0.01
c: A pH CEWRIE37TCOMER L p<0.05
d: A pH TEHREITCOMEER L p<0.01
BRI R 3 O (HBIESH 6904608) 12> Lo TREAZT L. Lil, BRKOEBES pH

HBEEh: (B1 kB £ 1. Zhb{& pH ok
I AHHREA Ca 1 A+ v BEO 2 FH O HBHEE
HIGT HREDER pH BLUE pH B LTHE
&, -7 (BD. K pH T, EEE-®712—
Z A0 B OS5 OMIEN Ca 1 4 v IBED LA
DULTHE,  IEFEERE - SRR ORI EEITED
bhdeir oy, EETRE T, ERRERRREC R~
HEIZAFI N (F 2).

¥EHEHE, EH pH RUE pH Tit, EEEE &
Tova— 2 BHEPOMIAR Ca {4 viBEOZEK |-
i3, WThoOERBE TLIEEASOYRTRL LA,
OB E ToORMIL, SERBRIIER S W EERR
FRICIIBEE L., hicst L, & pH <liX, WFho
BREE TL Ak EROBEAIEI S hi. $1, K
pH CEERE AL 5 &, iR Ca 14 v
BEOERL ER LI A

E ®
Fura—2 @ Ca 1+ v & OFEEFENL, BEX pH i

*
T2 7Th, YHEBARD R KEEBEB RV Z
Eh, HMilER Ca BEIWCX 25 pH OFEL, Rao
a0 OEEEE <7 Va0 — 2 EBRIC LS FRICHENS &,
hELEEZLRS

AP BT, EFBLUE pH T, EMATR
HOMKRE Ca 1 4+ vIBEO SRS FREBEIIH
gy, ZOHEE coORML, EFRCEERT

WHBCELE L, SRTEEECHER L

IEIRRE R e faEE s S s h s 2 LB L
T, BROCLERMCL S oBmELSH D, KBE
D HBEE Lo oVD SEQAEMEMS T, FREYH
FEVD w L ARE AR Eh TV A, BMATRIRED
BTy, EWENEROET, BREEVEOBR
WOET, X5cBs sz s vEBBREDETRED
LRTEYYS, Fi, o F 7 2B L TN SET
NRDHHN S, Welsh BV 12k % &, Mongolian gerhil
@ 5 RO P SEEIREAZER I EAR & R - I TiE, A-
TP HEHLIHE X adenylate kinase FEHEAEIN D
#%, Nicardipine 1 mg/ke PAZERI# S T3, ATP HE
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W R, i A R EE A Ca £EPTE
oL EERD FME L ERhA, Busto bk, EM
kB Tz 3 v EEORMRAS i & FEERRTRRE O BRE
ApERTHH S A E®E LY. Buchan bk,
Mongolian gerbil OFHIPIEEIIRMFIZEET 5 H# o™
BHBFE X4 5 NMDA channel blocker MK-801 @
L, BRRETERIC LD LHE L%, McLarmon
Hid, KR TIE NMDA 2440 single channel current
PR A EHE LTV AR, —HT Arai HiE, 30
CTOERFETL 10 pM~1mM 742 3 vEEc#E5 L
f;ﬁ%ﬁﬁ]h’“’ BOTHIEN Ca 14 viBED 2L 57
BHbntcl L Lo, BAEROMKEFERL, s s
:/@wmﬁ%ﬁ%%ﬂﬁﬁétmfummma%ﬁt
218 AP kT, BERRB T, EMAFREO
iR Ca 1 A v BEOHBEN 2K ERAOMEA
BHET Lav b 0o, ZOHBRRESEBICEE L.
hid, BERC L ABAHHOETS ATP HEBORE/L
st ~0 v g 3 vEEOBFEIBE O], Ca channels
DIEWET, M#igA Ca BRI, S OBHOE T/
F, HilgH Ca BEORE /L FACEL T TOT L
APGBEE Lt EqEE 2 BHRS. Thbb, ERGEM
L AMIIEA Ca 1A VIRE BRI L S R
ENEIT D EAREEE R
EERR T, EFEERRCLL, KRR\ a—
2AMFOMEER Ca BEORER A oMM
BECEM L., SROMSEMCAT 2R LT,
Chung 5}, NMDA receptor-gated Ca channel ®
S EBTHEAT S EHE LY, Nilsson Hik, &
i (427) ToOMRHEITE ABoOBERP T2 F 1§
BEEEDAT vV AORNEHE LY. $1, Amorim
L, 7 v FEEYREHAVGEERRT, ERENTCT
37 C I~ EmEEF AN I L A Mlal ATP OEE R
KEL, HMEA Ca A+ vBERIOWALEL RS
LTw 520, EiRcl, KB & filan Ca 1 4+
VEBEDO RO/ 0w ANEESh, REHIER Ca
1A VBEO FAMERETREI b0 EEL LR,
BRI & 5 MMl EL EET LD EELLND
RN ARREOPEMIEN Ca 14 VIBE LRAOER
wit, Ca 14 viiA, MRaREEL» L0 Ca 14
v, Ca A4 v OMRENA~NRAE LEE (ATP %
PEBLT D Na 41+ vCa M+ vTBAOESE), Ca
EEEACKESRENOETAEZELLhEW, Z05h Ca
1A v OB S HRATE AL, voltage-dependent Ca
channel?’ £ NMDA receptor-gated Ca channel #

ERE -E7 L0 — 2AfFRDOT -~
RN T LRE L pH OFE

hEE RN Ca 14 VBE
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WLTEZ B2 2 &R 5, voltage-dependent Ca
channels (AR O Bl FEEE 4 i 7o 2 B Io NG

Pl 2L BEEh T 5%, Morad 520 (3,
AHNEERLHA = VBT L - TEMIL S his Ca B
i3, Mfas pH OETFgEganivoirxt L, NMDA
X it & i Ca B, pH6.6 TIRERICH
HEhio @G Tshs, BEBETTO NMDA %
BAEDIERIE TARE I TV 52572 SEOFEERT
€ pH (pH 6.8) TikEmic k 2#IfaP Ca 1 4 v
B &g FAME & hton, B X3 NMDA
FREDOFEHETAEO—REL->TWEEELLRD.

B OBEERBREC L AT o F— v ADR
AL, WEMRREEOED. 7y TROERES,
EHEMRNEAEOR A + VESENE T L2 7 ) —
SONAOBMAS ER TS L3R TWA. L,
BV, pH6.8 BEORIE 7 v F—v 2k, HFEMEO
ROEEEZBERE TS 2 & LIEHRARYD Loy E
AOM pm B WTRHEATE Y, SLEET & F— > 243,
PR L C MM OSIR D H D L E 2 Hn B

bHAA, BWRES LS CET T, Ezﬁziftﬁﬁ%ha
iz Lo MREE R D 5 5. Mes pH6.0 LT
T, T F—REEC R iR E s S B LR
EX R TWL5%, Kraig bk, Mfast pH5.3 UFT
FERMA s < THBMOBIENE - 5 LA Lo%0. ¥
fo, Walz i3, FLEE 30mM (pH4.87) B OERI
L0, WEYE CTRAHN L EPSP oML RS
F R LT, Staub HiE, pH6.8 LUT T3P E
DiER L, pHb5.6 LITF CIMIIE 8NS5 o & 43
A L3, —7F, Tombaugh 5 if, EHEESEMECE
W6 REH O v o — R - WEEFRIREE I L, Mgt
W pH6.5 TEELAEMREEGRE, B L I
EBELTVWAY, FUABT Y F—> ATY4 pHT.18
(FLEE 10 mM) it pH6.84 (FLEE 20 mM) Tt v+
T AMEEOMENI AW TH S L &R A%, Schurr B
i, EEBRAH T v M EEUF oL THEBELED
synaptic function OEIE##E L/-A, 10mM FLE
B TR S EERNED - 1 LA L1230, Kaku 5
&, 7/ F v T L AREMEMERS -0 LDH fil
ORI WT, EEEREBL 70 2 3 v ERRSETES AMPA-
kinate FIE L VLB TH S L L1, AP E
FHEEER - &7 v o - 2B OMEN Ca 14 v
BEOZE FAYS, FE~7TAh VBB L, B8
ERHEE (pH6.8) TABEEMflchis v ER
i, ZhboMEEFH LA
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=h
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WM Ca 1 A4 VIERIE fura—2 W, 5o
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B a— XAFEOHEA Ca 14 vBED
Al FROMBIE, & pH TSl ah, K CEE
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BAb, mBmc k28R Ca 14 vBEDO LS
R L, @BHIREA Ca 14 viT XA R HI Rk
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