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Neurovascular coupling (NVC) is the regulation of cerebrovasculature in regard to neuronal
activity. It is the core basis of functional magnetic resonance imaging (fMRI) and recently is
thought to be involved in various neurodegenerative diseases. Endothelial cells (EC), vascular
smooth muscle cells (VSMC), astrocytes, neurons (interneurons), and pericytes are known to
be major players in NVC, and together are termed “neurovascular unit.” The functions of ECs
are to release various vasoactive factors, and to detect shear stress of blood flow to maintain
basal tone. They are also thought to be involved in relaying vascular regulatory signals to upper
level vessels. VSMCs and pericytes exert the actual contractile activity. Astrocytes react to glu-
tamate released from synaptic activity and convey the information to their end-feet to induce
vasodilatation or vasoconstriction, possibly depending on the metabolic state. Interneurons can
release various vasoactive factors to nearby astrocytes, VSMCs or ECs. The dynamics of NVC
are important in normal brain functions. Also increasing evidence suggests that impaired NVC
would be involved in Alzheimer’s disease. Vascular Neurology 2009;1:38-45
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Figure 1. Structure of Cerebrovasculature and Neurovascular Unit. (A) Penetrating arterioles are branched out from pial arteries running
along cortical surface, and capillaries are further branched out from arterioles. Endothelial cells (orange) form the innermost layer of the
vessels, and vascular smooth muscle cells (green) envelope endothelial cells and show contractile activity in arterioles and venules. As-
trocyte end-feet (blue) can fully or partially enclose vascular smooth muscle cells in arterioles and venules, and regulate vascular smooth
muscle cell activity. Pericytes (white) wrap up brain capillaries, while interneurons (yellowish green) signal microvessels, and both of them can
regulate vessel diameter. (B) Using two-photon laser scanning microscopy, cerebrovasculature was imaged after injecting 2MDa FITC-dex-
tran into tail vein of a B6 mouse. Left panel is a depth-coding image (0--400 um) and right panel is z-axis maximum projection image, and
both of them confirm cerebrovasculature drawn in (A). Scale bar=50 um. (C) After injecting astrocyte-specific dye sulforhodamine 101 (SR101)
and calcium-specific dye Oregon green BAPTA-1 AM (OGB-1) into cerebral cortex, an image was taken by two-photon laser scanning
microscope. Red shows astrocyte end-foot, green shows calcium signal, and both envelope arteriole (black). Scale bar=50 um.
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Neurovascular Coupling
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Figure 2. Possible Mechanisms of Relaying Local Vessel Dilatation to Upper Level Vessels. A: Local microvessel dilatation stimulates en-
dothelial cell (orange) possibly in a form of an electric signal, and this is conveyed to endothelial cells of upper level vessels via gap junctions
(blue) between each endothelial cells. At the upper level, this signal can be transferred to vascular smooth muscle cells (green) via myoen-
dothelial gap junctions (purple) to generate dilatation. B: Local arteriole (or microvessel) dilatation leads to an increase in flow (F 1) locally
which causes an increase in flow in the upper level vessels, which then in turn increases shear stress. Shear stress stimulates endothelial
cells to release vasodilatatory factors such as NO, and this induces relaxation of vascular smooth muscle cells to dilate the vessel.
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Figure 3. Vessel Regulation by Astrocytes. Glutamate released and
spilled over from a synapse binds to metabotrophic glutamate re-
ceptor (mGIuR) of nearby astrocytes which increases intracellular
Ca®* concentration. Increased Ca®* concentration stimulates phos-
pholipase A, (PLA;) to generate arachidonic acid (AA), and in-
creased Ca’* concentration also stimulates cyclooxygenase (COX)
to produce prostaglandin E, (PGE;) which acts as a vasodilator.
AA can be delivered to vascular smooth muscle cells, in which cy-
tochrome P450 4A converts AA to 20-hydroxyeicosatetraenoic acid
(20-HETE) which acts as a vasoconstrictor.

41



Neurovascular Coupling

PGE2

COXipmmPs
GIUR %c2+<

PLA2 —P AA

A High Po2

GluR $C02+<

Low Po2

Figure 4. Astrocyte Regulates Vessel Diameter Differently Based on Metabolic Condition. A: In high Po, conditions, prostaglandin E; (PGE;)
is produced and released but prostaglandin transporters (PGTs) reuptake it. On the other hand, released arachidonic acid (AA) constricts
the vessel. B: In low Po,conditions, glycolysis is stimulated resulting in lactate and adenosine being released as a byproduct. Lactate inhibits
PGTs, therefore PGE; can diffuse to the vessel to dilate it. Also, adenosine binds to adenosine A2A receptor to reduce Ca®" concentration in
vascular smooth muscle cells, diminishing the action of AA on the cell. The result is vessel dilatation.
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Figure 5. Integrated Action of Neurovascular Unit. Endothelial cell
(EC), vascular smooth muscle cell (VSMC), astrocyte, interneuron
and pericyte can work as a whole or partially together to regulate
blood vessel diameter. See text for detail explanation.
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