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Table 1 Comparison of CSD between spreading oligemia of migraine with aura and animal
models from reference 24).

Factor MA CSD
Origin primary visual field high density of neuron
Spread continuous continuous
Post-excitation suppression + +
Progress speed (mm/min) 3-5 2-6
Unilateral + +
Repeatability + +
Initial CBF increase + +
Duration of oligemia few hours 1.5 hours
Autoregulation + +
CO2 reactivity - -
Brain metabolism normal normal
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Fig. 1 Spreading suppression of cortical activation during migraine with aura.

This finding was consistent with the progression of the aura from central to peripheral eccentricities in the

corresponding visual field (A and C) from reference 25).
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Fig. 2 The premonitory phase of migraine.
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Fig. 3 Changes during the migraine cycle.

Schematic overview of the migraine cycle and results from functional MRI reproduced from reference 17).
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a. pituitary adenylate cyclase-activating polypeptide (PACAP) 38
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vasoactive intestinal polypeptide (VIP)/ 7 VA T>¥ /XL 7 F
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BB D 5 V. B, FERIIEA = AL L LT,
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FEAHE 2 TV S IR T & = Ui & /i L ¢,
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VIP, NPY, Ach, NO 7 &A% &, MRS ILE S X
%. F7z, mastcell & bR GW, 7177 -0 COX1,
COX2 {&ED* 532 * (Fig. 4). t4E, = PACAP38 |2t
T AP (e b - B 20 F—VPUk) AR TR L
LCHss SN, BREBITOIIGD TV 5 ™.

b. High mobility group box protein 1 (HMGB1)

HMGBI1 (30 kDa) &, AEMIEMILOENIZHFAET 29k
AP OBEAETHAD. HNIZBWTIZDNA L #4 L, DNA
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LR G A A O A MERICHRET L T 3B ERFTH 5.
BRI~ 7 0 7 7 — Dk EANEMIL E LD & HMGBL 1F
WA HAlaE, Mg A~ S 41, advanced glycation end-
products (AGE) %%k TH % receptor for advanced glycation
end products (RAGE) X toll-like receptor (TLR)-2/4 % 574K
& LTl L T damage associated molecular patterns (DAMPs)
A H T 5. DAMPs I £ 0 MY A M A v &2 EA
L, FEXERL, MR ToORE2FHE L ks % 2
L, AR Aot L A A REE L C, BEG
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PR, 2 0 HMGB1 7 Fr SR g 0> CSD DR 2 H % 2 152
ERIZLTWALEZEDNHLNE R ST CSD AR E B & T
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FIURZIZE S L Twb L EbNTWw 5. PANXLF ¥ 2 )ViE
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Fig. 4 The relationship between CSD and neuropeptides, especially PACAP38.
This cartoon is reproduced from reference 35). PACAP: pituitary adenylate cyclase-activating polypeptide; NO: nitric oxide; Ach:

acetylcholine; VIP: vasoactive intestinal peptide; NPY: neuropeptide Y; CGRP: calcitonin gene-related peptide; AA: arachidonic

acid; SPG: sphenopalatine ganglia; SuS: super salivary nucleus; PAG: periacqueductal gray mate; LC: locus coeruleus; RVM;

rostal ventromedial medulla; TCC: trigeminocervical; Tg: trigeminal nucleus; S1: somatosensory; Ins: insulae cortex.
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Abstract

Recent advances in the elucidation of migraine pathophysiology

Eiichiro Nagata, M.D., Ph.D.”

YDepartment of Neurology, Tokai University School of Medicine

Three hypotheses have been proposed so far regarding the pathophysiology of migraine: one is the “vascular
theory”, which posits cerebral vascular dysfunction as the etiological factor. The second is the “neuronal theory”, which
suggests that migraine is triggered by cortical spreading depression. The third is the “trigemino-vascular theory”, which
postulates that migraine is triggered by inflammation of trigeminal nerves and vessels around trigeminal ganglion cells.
Nowadays, the “trigemino-vascular theory” is widely accepted. However, recent advances in imaging analysis indicate
that the origin of migraine lies in a premonitory phase which precedes the aura phase. Modern imaging techniques such
as functional MRI and PET reveal high activity of the hypothalamic area during the premonitory phase of migraine.
These findings suggest that hypothalamic activation might be a generator of a migraine attack. On the other hand,
current analyses show that the photosensitivity of migraine (photophobia) could be caused by dysfunction of the newly
discovered intrinsically photosensitive retinal ganglion cells (ipRGCs). In the absence of visual signaling from rods and
cones, light activation of ipRGCs expressing melanopsin photopigment is sufficient to produce photophobia during
migraine. The ipRGCs project to the hypothalamus; their activation might be the trigger for migraine attacks. Significant
advances in molecular biology and imaging in recent years have clarified the previous hypotheses of migraine
pathophysiology.

(Rinsho Shinkeigaku (Clin Neurol) 2020;60:20-26)
Key words: serotonin, premonitory phase, hypothalamus, PACAP38, intrinsically photosensitive retinal ganglion cells (ipRGCs)




