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Figurel Level of cerebral blood flow and metabolic responses of brain tissue. Penumbra

area surrounds ischemic core.
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Figure2 Various mechanisms of ischemic brain damage
sequentially take place after the initiation of ischemia in ischemic
core and penumbral region.
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Figure3 Protein phosphorylation and expression of mMRNA
in the brain tissue after ischemia.

MEK: mitogen-activated protein kinase kinase, ERK: extra-
cellular signal-regulated protein kinase, ikB: inhibitor kB,
NFkB: nuclear factor kB, CREB: cyclic AMP response ele-
ment binding protein, HIF: hypoxia-inducible factor, MMP:
matrix metalloproteinase, Bcl-2: B-cell CLL/lymphoma-2,
BDNF: brain derived neurotrophic factor, VEGF: vascular endo-
thelial growth factor, TNF-«: tumor necrosis factor-o, 1L-183:
interleukin-18, IL-6: interleukin-6, Stat3: signal transducer and
activator of transcription 3, ICAM-1: intercellular adhesion
molecule-1, ELAM-1: endothelial leukocyte adhesion mol-
ecule-1, HO-1: heme oxygenase-1, HSP70: heat shock protein
70, COX-2: cyclooxygenase-2, iNOS: inducible nitric oxide
synthase
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Table1l Localization of enzymes which produce reactive oxygen species including free radicals in the brain

. Activation . -
OO0 Enzyme Gene/Protein ~ ROS by Ca?* Expression [ 00O OO0 O Localization
Neuronal NO synthase NOS-1 UNO + C neuron, perivascular nerve
Inducible NO synthase NOS-2 UNO - | leukocyte, microglia, astrocyte, endothelial cell
Endothelial NO synthase NOS-3 UNO + C endothelial cell, platelet
)D(a;;:iﬂienge:)y(/ic(ij;c;geenase/ XDH/XO 00, + C endothelial cell
Cyclooxygenase-1 COX-1 0o, - C neuron, astrocyte, microglia, endothelial cell
Cyclooxygenase-2 COX-2 0o, - 1/C neuron, astrocyte, microglia, endothelial cell
NADPH oxidase NADPHO 0o, - C leukocyte, microglia vascular smooth muscle
Myeloperoxidase MPO HOCL - C leukocyte, microglia
Monoamine oxidase MAO H,0, - C neuron, astrocyte, endothelial cell

NO: nitric oxide, NADPH: nicotinamide adenine dinucleotide phosphate reduced form, NOS: NO synthase, XDH: xanthine
dehydrogenase, XO: xanthine oxidase, COX: cyclooxygenase, NADPHO: NADPH oxidase, MPO: myeloperoxidase,

MAO: monoamine oxidase, C: constitutive, I: inducible
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Figure5 Reaction of reactive oxygen species in brain ischemia.
COX: cyclooxygenase, XO: xanthine oxidase, NADPH:
NADPH oxidase, SOD: superoxide dismutase, GPX: glutathione
peroxidase, NOS: nitric oxide synthase
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Figure6 Routes of free radical production in brain ischemia.
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Figure7 Alteration of diffusion-weighted MRI (DWI)-posi-
tive areas and perfusion-weighted MRI (PWI)-positive areas
in the acute phase of cerebral ischemia. Diffusion-perfusion
mismatch area may underestimate the curable area, because
some of the DWI-positive areas may be rescued with early
reperfusion and appropriate protective treatment.
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Pathophysiology of Acute Cerebral | schemia—A Review from a Clinical Viewpoint
Kortaro Tanaka, Shigeru Nogawa, Eiichiro Nagata, Shigeaki Suzuki, Tomohisa Dembo, and Arifumi Kosakai

Department of Neurology, Keio University School of Medicine, Tokyo, Japan
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Normal brain function is totally dependent upon an ample and constant supply of oxygen and glucose via cerebral
blood flow (CBF). Ciritical reduction of CBF sequentially induces ischemic depolarization, excitotoxicity mediated by
Ca*, Na and glutamate, oxidative injury mediated by reactive oxygen species, secondary microcirculatory disturbance,
inflammatory reactions and apoptosisin the brain tissue. White matter accounts for 50% of the total brain volume in the
human, whereas it occupies only 10-15% in the rodents such as rats and mice. Mechanism of ischemic injury is very
different between the gray and the white matters, especially in the very acute phase, because Ca?* and glutamate play
important roles in the gray matter, but not in the white matter. In the white matter, Na* (edema formation) and free
radicals play pivotal roles, suggesting that an anti-oxidant therapy may be very efficient. Universal use of Ca?* antagonist
or glutamate antagonist may not be appropriate because Ca?* and glutamate basically belong to physiological mediators
in the central nervous system. In combination with anti-thrombus treatment, location of lesion-based (gray matter or
white matter) treatment should be developed to protect individual brain regions in the near future to obtain maximal
efficacy of treatment in acute brain ischemia. (J Jpn Coll Angiol, 2004, 44: 217-223)
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