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Fig. 1
the middle cerebral artery in the rat. Immunostaining of
whole mount preparation. Delicate varicose nerve fibers

Appearance of substance-P positive nerve fibers in

run longitudinally along the blood vessel (arrows). Scale
bar =50um.
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Fig. 2 An overview of the probable origins and pathways of sensory nerve fibers to the intracra-
nial segment of the internal carotid artery (ICA) and the cerebral artery in man. The assump-
tions are based both on the findings in man and monkey. ACA: anterior cerebral artery, BA:
basilar artery, CG: cavernous ganglion, DPN: deep perusal nerve, RF: ethmoidal foramen, GSPN:
greater superficial petrosal nerve, ICG: internal carotid ganglion, ICN: internal carotid nerve,
LSPN: lesser superficial petrosal nerve, MCA: middle cerebral artery, NCN: nasociliary nerve,
nV: 1: ophthalmic nerve, nV: 2: maxillary nerve, OTG: otic ganglion, PCA: posterior cerebral ar-
tery, RO: rami orbitales, SCG: superior cervical ganglion, SPG: sphenopalatine ganglion, TG: tri-
geminal ganglion, VN: vidian (pterygoid) nerve.
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Fig. 3 Schematic representation of measurement of cere- ThHLRHFTIEET b= (5-HT) OBEREHE TS F oA
b‘rAal blood flow through electrical stlml.llatlon of the naso- BRREE LT TE Y, 5HTww S a5k T T=A k(R
ciliary nerve (NCN). The cerebral cortical blood flow (ip- o W . . - .
silateral side) and the thalamic blood flow (contralateral 75 ) BRI OIFIRE R BRI RIE S 5 2 &40 5
side) are measured continuously by laser Doppler flowm- Mol ZOREOMHHZ HIE L T, MILERETOREM
etry. The nasociliary nerve is electrically stimulated out- #L 5HT 2L OBRZMHT 5 7:012, B CTREMR
side of the ethomiodal foramen (EF). ACA: anterior cere- RS E SN X 2 B R RVEE ORI &5 0V % 1VEK
bral artery, BA: basilar artery, GEG: geniculate ganglion, L. SP 5 X U°CGRP ¥Hi# (h-CGRP837) &£ by 74 v %
IQA: 1nterf1al carotid ar.tery, SC(.}: super.1or.cerv.1cal gan- W L CZ DB % 50 L7, ZO8E | 1) 74 2 1% CGRP
glion, SPG: sphenopalatine ganglion, TG: trigeminal gan-
glion, V1: ophthalmic nerve, V2: maxillary nerve, V3: RIS BB L S, BIE OPUSTEE RIEY 2 Z &

mandibular nerve, VII: facial nerve. WS, L 72 (Fig4). Fig. 512, MIME & =R R,
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Fig. 4 Change of cerebral cortical blood flow upon electrical stimulation (ENS) of the nassociliary
nerve (5V, 10Hz, 0.5msec impulse duration as a continuous stimulation for 30sec). Comparison
with flow after administration of h-CGRP 8-37 (60png/kg) or sumatriptan. Values are means and
SEM of 10 animals. The cortical blood flow increases significantly upon electrical stimulation of
NCN. This flow increase is attenuated by sumatriptan of CGRP antagonist, h-CGRP 8-37.
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Fig. 5 The schematic illustration of the cerebral blood vessel and innervated trigeminal nerve
terminal with 5-hydroxytryptamine (5-HT), calcitonin gene-related peptide (CGRP) and substance
P (SP) receptors and action sites of 5-HT and sumatriptan.
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Fig. 6 Cortical spread depression (CSD) demonstrated by micro-application of KCI (K*) onto sur-

face of the cerebral cortex. Images (subtraction images) are observed by a photoelectronic tech-

nique for continuous measurement of cerebral blood volume. CSD propagates in a speed of
3mm/min and the change in diameter of small blood vessels is recognized at 8 second (8s) after

K* application.
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Abstract

Roles of cerebrovascular innervations and their neurotransmitters
in various pathological conditions of central nervous system

Norihiro Suzuki, M.D., Ph.D.
Department of Neurology, Keio University School of Medicine

The concept of neurogenic control of the cerebral circulation began to develop only as recent as the middle of
the 20" century, when it was elucidated that the cerebral blood vessels are supplied by a very dense plexus of
adrenergic nerves innervating the vascular bed. After then, already in the course of several decades, more than
ten types of neurotransimitters including acetylcholine, serotonin, substance P, and calcitonin gene-related pep-
tide, etc., have been observed in these nerves. To determine the origins and pathways of cerebrovascular para-
sympathetic nerves and sensory nerves, retrograde axonal tracing with immnohistochemstry has been studied.
The cerebrovascular parasympathetic nerves originated 1) in the sphenopalatine ganglion (SPG), and 2) from the
internal carotid ganglion, and also 3) from the otic ganglion. While the cerebrovascular sensory nerves originated
1) in the trigeminal ganglion (TG), and 2) from the internal carotid ganglion, and also 3) from the upper cervical
dorsal root ganglia. The neurogenic cerebrovascular vasodilatation was demonstrated in vivo, by the electrical
stimulation of the cerebraovascular branches of TG or SPG. This vasodilatation was attenuated not by anti-
cholinergic agents but triptans as well as anti-CGRP agents. This implicates the mechanism of pathological neuro-
genic inflammation and vasodilatation during the migraine attacks.

(Clin Neurol 2012;52:819-824)
Key words: innervations of cerebral blood vessels, trigeminal nerve, parasympathetic nerve, migraine, cortical spreading

depression




