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Brief and mild brain ischemia induces slowly progressive neuronal death and
late-onset cognitive decline with behavioral disorder
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Abstract

Brief ischemic/oxidative stress including global brain ischemia, hypoglycemia and focal ischemia
provokes slowly evolving changes on magnetic resonance imaging (MRI) in the brains of humans and
rats. These MRI changes featured T1 hyperintensity in the areas vulnerable to each ischemic stress. To
clarify the significance of the MRI modification, we analyzed the changes of the rat dorsolateral
striatum for 16 weeks following 15-minutes’ middle cerebral artery occlusion (15-min MCAO), for MRI
signals, manganese (Mn) concentration, neuronal death, astrocytes and microglia/macrophages
activations, expressions of mitochondorial Mn-superoxide dismutase (Mn-SOD), glutamine synthetase
(GS) and amyloid precursor protein (APP). The cognitive and behavioral studies were performed to reveal
whether alteration in brain function correlated with MRI and histological changes in humans and rats.

The T1-weighted MRI signal-intensity of the striatum increased from 1 through 4 weeks after 15-min
MCAO, and subsequently decreased until 16 weeks. The Mn concentration of the striatum increased in
concert with upregulations of Mn-SOD and GS in astrocytes. The neuronal number in the striatum
decreased significantly from 4 hours through 16 weeks, with extracellular APP accumulation and chronic
inflammatory/oxidative responses. The patients and rats with striatal T1 hyperintensity had late-onset
cognitive decline after a mild brain ischemia.

This study suggests that 1) a mild ischemia can trigger progressive MRI- and histological-
neurodegeneration leading to cognitive dysfunction, 2) there is a pathological overlap (progressive APP
accumulation, glial activation and neuronal death) between Alzheimer disease and experimental vascular
dementia, 3) chronic inflammation, long-lasting oxidative stress and/or Mn neurotoxicity may play a role

in neurodegeneration and cognitive decline after cerebral ischemia.

Key words; mild ischemia, neurodegeneration, MRI, T1 hyperintensity, dementia, cognitive decline



"

[l

AT, BERMICUIXLVIEEBL, TOROROEEEEIONIMEMDOKETH S
RFMREIICIER Uz, < DBE. WEEINR — P RINEARO P BAZEIC & D K R
£U, TOEREROEBEEN SR INS, FRMEIRAZEIC X 5 BIFNERLTIZ.
RIAED R D VETR IR H 7= BRRFAR (BIREE, #H) BRUOAKMEBEICHBGENET S, &
MAERETHIVDAMAEBEIE TH 2FEIIE U T, BILITHE & X N2 HEMRE DO A RR
AYIZFEIR T % CEARAOFRAERIAGSE) . MRS FEHIAE T, Rric/NE — R BRI RS HE 85 C
D, KIMEBEHEMRTIE, KES 3, 5, 6 BICHEET 2 HRMRRINICHIEE SN TV S,
Garcia 513 Z ORZIMME OZFEIRHRMALSEZ incomplete infarction &FINZ DJFEEHE 2
ZHRELTVS 1), ERAEHFREMIEIIRIENBR TIEZ OMBIBIEICEENENLSICA
A WS TEKE TGO 2RBMIES/NBRI OB AEEES TS,

B M & 2 HBEEOHBEICO W TIE, B3 < Bl ET L, BREEER
DAPGEIND, BMNR ZOHENELS 25TV, BIMICEES NS EHENREED,
SRMEEZSODHBANEAN S, BEMLEICEL 2B ILWEERTE (magnetic resonance
imaging, MR) DE&RZ(LIT. RIFE (T1&RES T2 &E5). MEETLRES T2 &E5).
MR —ERRXNOEERL, HREHIC T BEEF/T2 BEFLR2)DOHE
FESAISNTWVSAY, BEORIMICED 4T 5 ERUHRMEED MR 2o EZa s hn
TWARW, AFETIE, £ FBRO Ty MR TERFH PRI B 2414 T 5 SR A i
FAFEIZ DWW T MRI BT, MRBERRRE. RATERMEZITV, BRI,

(1) ErOEBEEARKENLRCLS MRI @&

WEBNR T RIMBIIREAZE T, BERRH O MREMRIC IS MROBENZI NARTHE
B, KNEE 2S5 ORE RN BIESE HEENEC 5, DERNICER S Nz ke 0
UMBINIRNDOTRAC Lo THE S NSO EMERE TIid. B, ZROBREMR BEICK
D, BEHOMBRBHIELND ZENH D, TOKMFERBIMERDBIEICKET HEHRED A
S5NTW5, ZORKE., TOEMAERVBEICHEIL TWHKTFZHEL T, Spectacular
Shrinking Deficit (SSD, 2)&MEEN T 5,

BMRBETIE A, 3, 4. BERHEFRNEIRAZE -BEROARICED., BEARD LOKMA
BIERN 2 HRMANEE D 5 WIEHRMEO Y R = X 2FE T2 2 ENFEETHD. [
BRI, MRBHES LOnEMRIIREINS 5, ZOoBMLETIE. HBo2ABEITRES
N, EHRMZAZBEKEOERAIZECRY., 20X RMELFEZEICH LT, incomplete
infarction EWSHEENRILINTWVS(A, 5, 6). AFFET, Bxld, SSD #HOEERKICET
% AR L & PR U R AR IR LT (7)),



Fig.1. Temporal profile of delayed ischemic hyperintensity on T1-W MRI after brief hemispheric ischemia.
Patient 1. Serial MRI reveal no marked change in the basal ganglia 3 days after brief hemispheric ischemia
(A, B) but hyperintensity on TIWI (C, E, G, I} and relative hypointensity on T2WI (D, F, H, J, L) in the
basal ganglia and cerebral cortex (C; arrow) from 7 days after the insult. The T1-hyperintensity subsided
with time and disappeared 23 months after ischemia (K). (T1-/T2-WI, day 3:A/B; day 7:C/D; day 22:E/F,
3 months:G/H; 8 months:I/J; 23 months:K/L)
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Chronological changes of T1- and T2-weighted (W) magnetic resonance imaging (MRI)
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Fig. 2 Chronological changes of T1- and T2-weighted (W) magnetic resonance imaging (MRI), HE staining,
APP, GFAP and RCA-120 immunoreactivity after 15-min middle cerebral artery occlusion (MCAO).
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Fig. 3 Chronological changes of Mn concentration and Mn-SOD immunoreactivity after 15-min middle
cerebral artery occlusion (MCAO) and delayed behavioral changes in circling behavior and CRT task.
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