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Fig. 1 Histological feature of pyramidal cell layers in the hippocampus.
(a) sham-operated control.
(b) 10 days after transient forebrain ischemia.
Bar represents 0.5mm.



B M 2% D MMERAIC 31T B LB LB 133

Fig. 2 Histological changes in pyramidal cells in the CAl area of the hippocampus after transient
forebrain ischemia.
(a) sham-operated control.
(b) 3 days after transient forebrain ischemia.
(c) 10 days after transient forebrain ischemia.
(d) 21 days after transient forebrain ischemia.
Bar in each part of the figure represents 25um.
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Fig. 3 ACh concentrations in the rat brain regions just after and 21 days after transient forebrain

ischemia.

Data are presented as mean+SEM (n=8).

MHHEE2 B #NEENRERA *H])-CPP &
S, ABFEMETIE, 265.87+18.87 fmol/mg
protein (mean=SEM) TH DL T, B
BmaE T3, 118.23+£9.10 fmol/mg protein
(mean+SEM) & L TH Y, E5i, Scat-
chard F#ic & - CHEBIC BT 5 Bm FREb:E
21 H#AHNMDA Z&ANHKd 3 £ U Bmax ¥
Kd T Az EZAH(Fig. 5), B MEF Ti3 Bmax
PEBEICHRALTEN (p<0.005), KdizEE
LS NG -2, 2N Z Eid NMDA
SHRERLFOWBENHEMBOEENELDHT
BREEICHEZ), BMEL2AZICIZERL T
LI LEERT 5.

% ®
MMz & > Th Iz b 3 NSRRI NIRTE

EL T, Z03I€L % bR EEREIE .

o T BRI OMF L 2T TER

LILENH D,

AR DBREE % 18 > T\ B MHRAERR AT,
ERRFE (anoxia) PRMEM (ischemia) (& &
STESEEZERZT I L3N TY
5, MRRERIER L LA LF—RBEITE-
T iz, BERLATADEEEIBHTH
WIZb b oY, ENLATREL BENE
BT EAEES, 5T, L LB~
ERF R LALE, EbiclRRERbTsEEd
OB EMBErET 2 L fERIIFZLNT
Wiz, L2 L, oMLz & - T, Bl
HEHMENFREL->TEY, BEOEMIZNT S
BRI (selective vulnerability) 3E2
LE{EbnTwWIHRTH S, 35,1982
£z Kirino & V2RSS BILEFENHR %
ERL TS, BREABOESIC BT LY,
B bz AN ¥—-RBEBECRBEPTCELZWE
EWRAB E R o, AR b, MR AT



135

BT 5 ECFOELOFE

-

B 2 1 1% ) 1 ERAL

(VAONYV AeM-3U0) [011U0D pajeIado-Weys SA GOO > J *

NAS Fueaw se psjuasasd ate aje(
"ANO-[He] INU ST-80°0 Yitam pajequout atem uorjeredsid 103dsdar yoes Jo sajdweg
"dnoad orueyost ; (J) ‘fonuod paterddo-weys : (S)

mouowmv..ﬁ mouowmm..o No..cwomuo wﬁowﬂm“ﬁ No..oMom..c NoHoMS..o NH‘cMS.A mo.owomd wo.oMnm,c 60 0F18°T No.owmm.o mo.oMmN.o (1 ureIgpmy
€0°0+8%'T I0°0+SE°0 ¥O'0+92°0 ZU'0FO0S'T 20°0F6£°0 T0°0FL2°0 TL0F6P'T 20°0F8E°0 I0°0F92°0 60°0F0S'T €0 0F6E0 90 0FL2°0 (S ’ ’
€C0FPZ'S €0°0F6L°C TOOFPI'0 L2°0F¥2'G 20°0+S8°0 IO OFIT'0 1Z°0F%92°G $0°0F98°0 T0°0F0I'0 BI'0FEZ'S 20°0F98°0 TD'OFO0L'0 (I) URIQPUA+
92°0F92°S 20°0F€8°0 LOOFET'0 92°0F92°G 20°0F€8°0 Y0'0FZT'0 €2°0F92°G S0 0F98°0 T0'0F0T'0 92 0FE€Z'S £O0FIR0 IO 0FOL0 (8 Snureey,
SPOF¥0°9 ST OFOV'1 mo.oMMNAo mm.owcc.o ETOFLY'T Noucwﬁm.o mm.oﬂlrwm.m mo.owmv.M S.ommm.o Hm.ommm.m L0°0FPYT S.QMNN.Q (N wmnzeng
TIE0F0L'S ST'OFPP'T 20°0FEZ°0 PROFBY'S SZOFTIP'I T0°0FP20 6L°0F8S'G PT'OFTIP'I 20°0F¥2°0 6L°0F89°S €I OFOV'T 10°0FSZ°0 (S :
LTO0FVE ¥ 0T 0FFF'T 20°0FL2°0 8E0FCC'V ¥OOFE0'T Z0°0F92°0 92 0F¥2'F €O0FSO'T TOOFLZ0 LZOFVZv %0 0+90°1 Z0°0F9Z°0 (I snduresoddry
81°0F22'v TI°0F00°'T Z0'0+92°0 2V 0F¥2'%F 60'OFIO'T 20°0F8Z2'0 9L 0FEZT'Y 90°0F¥0'T 20°0F82°0 T1€0FEZ'¥y L0°0F00°'T 20°0FR8Z0 (8 ’
ZZ°0FES'T 90°0FE0°T 20°0+L2°0 ST OF¥S'T PIOFSO'T POOFIE0 T2°0FPS'T OT°0F90° L €0°0F62°0 SBIOFFS'T ZI'0FE0’'T ¥0°0F62°0 () X33100
ST'0FPS'T €0°0FE€0°T 20°0F62°0 61 0F%S'T 8T'0F00'T TO0F62°0 SZOFPS'T L 0FC0'T T0°0F22°0 8EO0FFS T €2°0F20°T 80 0F820 (9 [e10dwa ],
69°0+LF9 G0°0-S0'T Z20°0+.2°0 € 0OFSF'9 BOOFET'T Z0'0+82°0 I2°0F6E'9 60°0+8T°I TOOF0£0 T2°0FZ¥V'9 SOOFST'T T10°0F0E°0 (D X33100
02°0F6£°9 20°0F90°T TOOFVC 0 ¥P.L0F8E'9 OT'0FPI'T €0°0F8Z2'0 PL0F6E'9 TT0FIT'T TO0OF62'0 2L 0F6£9 0T 0OFET'T 20°0F82°0 (9 [ejuoiyg
uoidaa urajoad uo[gax urzoad uordax urajoxd uo13ax uryoad
_mEa\ wE.\onQ W REQ\ mE,\NoEn ke _mEa\ we.\_“oEa Ny _mEa\ ms.\ona g
xewy Py XEBUIgY Py Lewg 5331 xeug Py uo18ay]
(9=U) eruUsYIS] 1918 SAEp 17 (9=U) BlWAYDISI 1938 SAep (] (9=U) BlUBYDS] 133je SAEp § (g=u) erwayos! 19)je isn{

"BIWSYDS] UTBIGRIO] JUSisUeI) 19)je suordal urelq jel ayj ul s3uipulq (Y-yOyw) 103dsdal J13IuI[oyd JIULIedSNIA T J[qeL



136 &

X

NMDA receptor

P < 0.005

3004 [

D Sham - operated control
Just after ischemia

3 days

B 10 davs] after ischemia

g M 21 days
272 200
L%
g ®
a
£E |
o 8 100 %
S .
& /
.
= ‘ N\
Frontal Temporal Hippocampus Striatum Thalamus Hindbrain
cortex cortex + Midbrain

Fig. 4 Specific [*H] -CPP receptor bindings in the rat brain regions after transient forebrain ischemia.
(S) : sham-operated control, (I) : ischemic group.
Samples of each receptor preparation were incubated with 15 nM [*H] -CPP.

Data are presented as meanSEM (n=4).
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Fig. 5 Scatchard plots of (*H] -CPP receptor bindings in the hippocampus of the sham-operated control
and the 21 days after transient forebrain ischemia. The inserted Kd and Bmax values are

calculated from 4 rats (mean+SEM).

* p<0.005 vs. sham-operated control (one-way ANOVA).
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Biochemical changes in the rat brain in the chronic stage
after transient forebrain ischemia
Hiroshi YosHikawa
Department of Neurochemistry, Institute for Neurobiology,
Okayama University Medical School,
Okayama 700, Japan
{Director : Prof. A. Mori)

In recent years, cases of sequelae of cerebrovascular disease such as vascular dementia due
to death of many neurons have been increasing. Such neuronal death following brain ischemia
had been considerd to be due to an energy deficiency resulting from an impaired respiratory
chain. However, the detection of the delayed neuronal death showed that neuronal death is not
caused by mere energy deficiency. Most previous studies on delayed neuronal death focused on
the changes in morphology and energy metabolism in the acute to subacute stage. There are
few reports concerning biochemical changes in the chronic stage, especially in neurotransmit-
ter receptors.

Transient ischemia for 20 minutes in a rat four-vessel occlusion model was induced, and
serial histological and biochemical changes were evaluated until the chronic stage. Destruc-
tion of pyramidal cells in the CAl area of the hippocampus was completed by 10 days after
cerebral ischemia followed by recirculation of cerebral blood flow. Light micrescopy showed
no progression after this day. The level of acetylcholine (ACh) was significantly decreased in
the hippocampus, striatum, and frontal cortex at the termination of ischemia but recovered to
normal 21 days after recirculation of cerebral blood flow. The binding sites of muscarinic ACh
receptors (mACh-R) per usit of protein were increased in the hippocampus 21 days after
recireulation of blood flow. However, no changes were observed in the total number of
mACh-R in the entire hippocampus. These finings suggest no changes in the ACh neuronal
system in the chronic stage and no direct association between this system and delayed
neuronal death. On the other hand, N-methyl-D-aspartate (NMDA} receptors, a subtype of
glutamate receptors, showed no change in the hippocampus until after 10 days, but decreased
to half after 21 days despite no evidence of histological progression of neuronal death. Thus,
delayed neuronal death after transient forebrain ischemia appears to be deu to release of
glutamate, an excitatory amino acid. Our findings show the specific death of neurons with

NMDA receptors for glutamate.



