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Abstract -

We investigated the effect of acidosis on hypoxic neuronal damage using

gerbil hippocampal slices. Acidosis could delay the onset of harmful hypoxic depolariza-
tion, but the synaptic recovery after reoxygenation was attenuated when acidosis was

sustained. Conversely, synaptic recovery was potentiated when acidosis was restored to the

physiological milieu during the period of reoxygenation. These results suggest that acidosis

exerts a protective effect on hypoxic neuronal damage only when rapid appreciable pH

recovery is achieved during reoxygenation.
(£EEEE. J. Nara Med. Ass.

50, 509~514, 1999)
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60~80 g DELEEY 123 & (Meriones unguiculatus) %
=—FURBE T ML, DX vEIh w555
ERRCEBEA T A ABRIL . SEE 413,
124 mmol NaCl, 3.3 mmol KCI, 1.25mmol KH,PO,,
MgSO,, 2.0mmol CaCl,, 25.7 mmol
NaHCO;, 10 mmol glucose ® A HE% (ACSF) #ER;
L, 95%0,:5% CO, THHELE+5EfF\, pH7.4
& LT\ 3% (control ACSF). RER L 7o AL, i
BFEAEh7z0Co ACSFIcB L, MAWELRHEEHL
o DI, L mEAESE, » 3V ) 2T 500
um OE X SFEREIC cut LCE 2 5 1 2 R L e
EBRIL7c 2 5 1 A % interface X chamber B &), BE
X 36 CIRE L. ACSF @ pH B L i, Chamber
M i microprobe(SHOTT pH electrode, Orion
Research, Boston)##A L, HAYciHEIL 7. S48
i, 95%0,:5%C0,& L, ¥H#% control ACSF T
10ml/h T 60 SEHER L. AR LD AT 1 2 2~
3 Bt F\~ synaptic response % 504% U 7. M EMH 12 B

2.4 mmol
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LTk, SUBFIBER % CA 1/CA 3 DRI REL,
REERI, ADBE TR LSS A ey F % CA1
® radiatum DOBICERE Lic. 15 BEICHERERE SN2
Schaffer collateral & commisural afferent DJETTH: D
By 7 7 ABEME EPSP) 58 L. 7, DC
potential DFLHEEB LB OFEEBEIFEREL,
HD #E8 Lic. MBGRE B L <13, A0 {EPSP &
27560 %0MEL LT3,

ACSF o pH #A#wBI L CTix 1N HCl Z i\~ ACSF
D acidosis VX% pH 6.2, 6.9 D 2 B & control @
PH7.4 D 3BMECHRE L. ThXho pH TIBEESR
LT f EPSP &L, BMNOKELLE IS %N, !
5% CO, Ic X W EMRAT XN 2 7. EKBRATIL, =
1Tk HD0&ZbLRDBE 5 HHOEBREAR
FIxleGE6~114). %7, L2 TIIER]1 LEE
EDKFASR AR T, constant iz 8 AR IEMRE AT
Tinzic. MEEDE, ThThDORXT 1 ATRBEA
i HD 234U % ¥ TORRI% L, EBREATE
9B5%0, 5%CO, THBRAEBELTI> L Ldc
f EPSP % 60 #-fH&& L .

Paradigm 1
. 7.4
6.9
6.2
I
hypoxia min
<——  60min ——> 60min
Pardigm 2
74
6.9
6.2
hypoxia min

Fig. 1. This figure shows the time course and the sequential change of the pH
of ACSF. In both paradigms, slices were incubated at adjusted pH for
60 min. After hypoxic period, in paradigm 1, slices were exposed at
adjusted pH, but in paradigm 2 pH circumstances were recovered to

pH 7.4.



BhTREEA T A AR HEBRZEATMECRTHT v F -y 2DEE

BREMHEBR PO pH L, ER1 TR ERLhOLV S
C acidosis #HEFE Licowext L, L2 Tlk, £ TDHA
% 4 2T pH % normal ® 7.4 =B L = (Fig. 1). K&
FHMEESREEZ AL oEE B L T, FBRRMARER
45~60 0 DD { EPSP O EREH Ui, KRR
AT f EPSP i3 2 E& TR Lic. ThZho
EIEHR % a) control ACSF(pH=7.4, n=14) b) mild
acidic ACSF(pH=6.9, n=14)c) severe acidic ACSF
(pH=6.2, n=1OHKO'ERK 1 & L& 2 CTHERFL
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Fig. 2. The sequence of waveform of evoked poten-
tials during hypoxia. (a) pre-hypoxic base
line waveform consisted of early fiber volley
(@) and late f EPSP (O). (b) Same response
elicited 1 minute after starting hypoxia. The
late f EPSP is drastically reduced. (c)
Responses taken a few minutes after begin-
ning hypoxia. Both fEPSP and fiber volley
completely eliminated ; hypoxic depolariza-
tion was observed at this time.
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10~15mV @ DC potential ® negative shift, \ 3% %
HD 2D 7.

1 55 1 (paradigm 1)

{EMRATTETO f EPSP voltage %, acidosis D&RE
CHBI L CEfE%R R L7 (Table 1). HD BIL T3,
pH6.9, 7.4 DT, £TDR T A AM8 4 LA HD
®EL, FicpH6.9 D F T HD % TORMAERICIE
£ L T\W=(Table 2). F7, pH 6.2 © severe acidosis
HTHIUATAAFIORT A ATHD B4 bR T,
HD 0 btz 4 Blic s\ ~TH control Btk L, A
Bz HD ¥ TORHEPERE S hic(Table 2). HEo X
5 I BB AT HRIC acidosis BB TICH - B s
Wk, TOBEWCHHAIL C HD AEE L 7o,

Ll, ZOEERCELTAS L, EBRRATED
pH B85 % acidosis @ % F#kfE L 7e RERIC I\ T,
pH 7.4 @ control BT\ T 28.1£15.1 % TH 7D
R L pH 6.2, 6.9 @ acidosis T 8.0+11.3, 15.9+
4.1 % EBBEET L7(Table 3).

2) 528 2 (paradigm 2)

EFEEARAIOf EPSP voltage i, B 1 Ak
acidosis @ v RS L TEMEZ R L7=(Table D.
HD BiL Tix, pH 7.4 ® control BT, £#18 4Lk
P Bl M % 88 7c », pH 6.9 Tk 14 Fl+ 8 4,
pH 6.2 @ severe acidosis B T3 14 Fleh 5 B D & 23
HD%EL7. Zhab acidosisBETo HD O HIFHE
¥, control BHiCl LM ERIENDDOTH
- fz(chi-square test). F7z, HD % CToOREIEIL T
% Table 2 D Z & <, 8 1 [#E acidosis #1, control
I LAEBCER L.

Lal, EBFZRAMED pHEEY 7.4 B LAKSE
Bl BT iE, EB1 & B iz bpH6.2 D severe

Table 1. Pre-hypoxic f EPSP voltages in
hippocampal slices is shown (in mV).
Values are means+SD. Incubation with
severe acidic ACSF (pH 6.2) significantly
attenuates f EPSP voltages. *p<0.05 vs
control ACSF (Kruskal-Wallis test foll-
owed by Dunnett’s method)

pH 6.2 pH 6.9 pH 7.4
paradigm 1 1.3+0.3* 2.2+0.3 2.4%0.4
paradigm 2 1.9£0.3* 2.3%0.3 2.3%£0.4
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Table 2. Delay to HD in both paradigms is shown (in
min). In both paradigms, acidic slices lead
to delay the onset of HD. *p<0.05 vs
control ACSF (Kruskal-Wallis test foll-
owed by Dunnett’s method)

pH 6.2 pH 6.9 pH 7.4
paradigm 1 6.2+1.6% 2.4+0.8* 1.6+0.9
paradigm 2 4.44+1.9* 3.9%1.6* 1.9+1.0

Table 3. The percentage recovery of the fEPSP is
shown (in %). In paradigm 1, for slices
subjected acidosis after hypoxic period, the
recovery ratio was substantially attenuated
by a reduced pH. However, subjected to the
normal pH, acidosis enhances the post
-hypoxic recovery of fEPSP in paradigm 2.
Values are means+SD. *p<0.05 vs con-
trol ACSF (Kruskal-Wallis test followed
by Dunnett’s method)

pH 6.2 pH 6.9 pH 7.4 v
paradigm 1 8.0%£11.3* | 15.9+ 4.1* | 28.1+15.1
paradigm 2 | 68.01+28.6* | 50.1+24.5% | 17.8+14.6

acidosis ## T 68.0+28.6 %, mild acidosis BT 50.1+
24.5%, control BT 17.8+14.6 % & acidosis B ©°#&
B A L CEEROHEL R D= (Table 3).
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