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B LCEMar o Catt BEDOE L Rl Lic®.

WECELTIE, 727 ) VIRCTEER™ Y 25cm, EEMP
15em, EEEHH 3~4mm OEMAFORERF = v~ —%EH
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Fig.1. Schematic drawing of the system for the evaluation of Ca** mobilization in the sliced hippocampus.
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Fig.2. Schema of the coronal section of monkey hippoca-
mpus. CA, cornu Ammonis.
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A 16T

Before anoxia During anoxia (5 min) During anoxia (15 min)

B 33T

Before anoxia During anoxia (10 min) During anoxia (15 min)

c 31T

Before anoxia During anoxia (15 min) During anoxia (20 min)

Before anoxia During anoxia (15 min)

E Ca(), 33T

Before anoxia During anoxia (10 min) During anoxia (15 min)

F KCltoad, 29T
Before loading KCl During loading KC1 (1 min)

Fig.3. Dynamic changes of Ca** mobilization in the sliced hippocampus at various conditions. Anoxic stimulation was done at
36°C (A), 33C (B), 31°C (C), and 29°C (D), CaCl, was removed from the artificial cerebrospinal fluid to prevent the influx of
Ca?* at 36°C (E). 50mM KCl was loaded at 29°C (F), instead of the anoxic stimulation. Ratio images were obtained from
340nm fluorescence data prior to sturnulation. Color bar beside each photograph shows the ratio images. Time from the
initiation of anoxic stimulation was shown above each photograph. (A)~(F)x20
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T, YADOEBIITIEEVCOF = VA — R
EMFIBATTS &, BEOHEMBEBOLTITB T Ca®
BEOERNZLAL. UL, Ca BED RO —v
X, H4OfRMEETEV YA bR, CAl B WUT
CA-D) KBRS R Ca™ BED R RTHIHED HRBIN
DIRED, Fio, MABREOKRLRATH -7 (K3-A). A%k
BNz 5 7T CA-1 & CA3 @ Ca® BEOHRY HETS
&, CA-l RBIURIHBAIGER 1 5 LAPIC Ca® BE D HF Btk
L7z LT, CA-3 BRI BBEIAE 5 D1 bBRE L&
BihEodc. Fi, Ca* WED FBHEHEL CAl OF»
CA-3 WHARTRAIETH 7. CA-1 T2 9~104T Ca® JBEE
Re—27wEL, CA-3 TIZBIMBIBHKIS~160 T — 7 10
Liz. ¥— 7DD, CA1 2 CA3 L h EETH 7.
Ca® BEIZ, Y- ETH L, BOABMKTRETST b —
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METDERERE - 1o (K 4-A).
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8
&
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8 114
&
1y
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Fig. 4. Dynamic changes of Ca?*" mobilization in the CA-1

and CA-3 sectors at the same conditions. A~F, refer
to the legion of Fig. 3. The portions where ratio image
was analyzed in the CA-1 and CA-3 sector were respec-
tively indicated as ‘Q and ‘X’ in Fig. 3. —o—
CA-1, —=x—CA-3
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F e VA —RERTBY VI LEN S CaCl, RWI-BE
b, BEOHEMEBEOLTIRE VT Ca** BEDLRERARE
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PPl ERRRLLE, 100% L ) RBURE ERRBBL
7o, Zhizx LT CA-3 R mfsEg 4 S8 Ca¥ BED
bihle E7AE2ALD, 125 BIz02 b B BE A 214
Fotr. ZOABT: Cat BED LR OBBEERIZ, Vv
Wiz Ca* ZEATUWRBAORHEFFTENLDTH -
fo. Fio, MRS bEORBEIRELIT~18S Y~ 71t L
fo. ¥— 7 OfIL, CA-l DHHRCA3 X h L2 BEBMETH Y,
Ca?* ZEARYV VvEANBOBELRARTH >k, FOER
Ca¥* BEAIEY v NVEORE X W ish -l (K 4-E).

3. 50mMKCI #B (R 3, 4-F)

F 2 v RX—DREI29CDIRET, 50mM O KCl 235 = v
A—AEFATS L, BISHRENC, BEOMEMEEOLT
WWHRWT Ca™ BEDO AN B LL (K3-F). ©— 27 OfFR,
CA-1 A CA-3 X hEETH- (R4F).

Fig. 5. Immunohistochemical staining of the hippocampal slice-using anti-PIP; antibody. PIP; staining was significantly increase.d
in the perikarya of CA-l neurons after 20 min anoxic stimulation (D, F) compared to the control (A, C). In contrast, there 1S
less significant increase in those of CA-4 and dentate gyrus neurons (D, E), compared to the control (A, B). A, Dx60, B,

Ex375, D, FX750




EMEBRIC T 5 Ca® BhRE L AT E O 265

1. PIP, iRk benie (K5) ote (R5B,C). “hicw LT, Bl e LI

BOHOBEDFERE Lz v+ v~ VERY BN TE AEBHEATHEBRTHLBEOTNTOMEMBIT BT
w15 e, CA-I~4 DfftfFiiln L Bk E 0 BHMlo & T PIP, Otk 8L Tz (R 5-D), BIKKTHRETS &,
PIP; BMETH -7z (K 5-A). B CHIlRN D PIP, DR CA-1 $6AHM T2 = & BRI 36\ T PIP, DY &N I
YEET S L, PIP, IR ORI D 2B TGO R a3 E BinLcwic (R5-F). Larl, BEOEOEATY CA4 O

B D

Fig.6. Electron micrographs of CA-1 neurons of the control (A) and after the ischemia for 20 min (B, C, D). Vacuolation of the
cytoplasm (B), enlargement of the rough endoplasmic reticulum (C), and swelling of the mitochodria (D), were shown (uranyl
and lead stain). A X6,000, Bx 3,500, Cx 12,000, DX 15,000
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~\

( Cell Response )

Fig.7. Schematic drawing of the mechanism of the
ischemia-induced Ca** mobilization. ER, rough endoplasm-
ic reticulum; M, mitochondria; PI, phosphatydylinositol;
PIP, phosphatydylinositol 4-phosphate ; PIP,, phosphatydyli-
nositol 4, 5 bisphosphate; PLC, phospholipase C; IP,,
phosphatydylinositol 1, 4, 5-triphosphate ; DG, diacylglyce-
rol; PKC, protein kinase C; CICR, Ca**-induced-Ca®*-
release ; IP;-R, IPrinduced-Ca?*-release ; NMDA, N-methyl-
D-aspartate.
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Ca™ Mobilization and Morphological Changes of the Primate Hippocampal Neurons Following Transient Anoxia
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Abstract

Two types of neuronal death are known to occur following cerebral ischemia. One is neuronal death in direct response to
the ischemic insult, which could be recovered from with an early reperfusion. The other is so-called "delayed neuronal death"
which is known to occur in the CA-1 sector of the hippocampus a few days after transient ischemia. Ca> overload in the
CA-1 neurons during transient ischemia is assumed to be one of the causative factors of delayed neuronal death. In this
study, dynamic changes of Ca* mobilization were studied in sliced primate hippocampus, using Fura-2, a fluorescent dye,
and an optical image processor. The transient anoxic stimulation of the hippocampus slice was induced by cutting off
oxygen and glucose in the circulation fluid. The results indicated that the local Ca* levels depended on temperature, and that
in the hippocampal sectors, the dependency was the strongest in the CA-1 sector. Regardless of the Ca* level in the
circulation fluid, intercellular Ca®* was increased during hypoxia in all sectors of the hippocampus. In another set of
experiments, histological changes in the hippocampus were observed in monkeys which had undergone transient anoxia.
Our immunohistochemical study showed a significant increase of phosphatidylinositol 4,5-bisphosphate. Our
electronmicroscopic study showed a marked enlargement of the rough endoplasmic reticulum and swelling of the
mitochondria. In consideration of the present results and previous reports, it is suggested that transient cerebral ischemia
may induce the intracellular release of Ca™ through a breakdown of phosphatidylinositol, and that the vulnerability of the
hippocampal CA-1 neurons may be due to such a Ca® overload.



