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What makes a migraine attack?
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Trigeminovascular Physiology, Pharmacology
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Modeling migraine behavior

Migraine-inducing substances in humans
-nitroglycerin (NTG; NO donor)
-CGRP
-PACAP

-migraine in migraineurs; not in controls

-triptan sensitive

Iversen and Olesen Cephalalgia 1996
Olesen and Ashina Trends Pharmacol Sci 2011

Migraine analog behavior
Acute CGRP ICV reduces time spent in light
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Migraine genetics
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Migraine genetics
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Casein kinase 1 delta (CK16) mouse

Casein kinase 1 delta (CK18) mutations

in two families

with familial migraine and advanced

sleep phase
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Cortical spreading depression and migraine aura

”[scotomata] sketched at brief
intervals during an attack
suggest that a wave of intense
excitation is propagated at a
rate of about 3 mm per minute
across the visual cortex. This
wave is followed by complete
inhibition of activity...”

Lashley KS. Arch Neurol
Psychiatry 1941

Hadjikhani N, Proc Nat Acad Sci 2001
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How does CSD cause pain?
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CSD and sensory plasticity

A network disrupted by spreading depression

Possible consequences

for migraine .
Jeremy Theriot
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Effects of CSD at cellular resolution in vivo

Two photon microscopy
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Why is it called cortical spreading depression?

What causes the cortical silencing after SD

Leao A.A.P.,, J Neurophysiol 1944

Punam Sawant



In vivo whole-cell recordings (current clamp)
layer 2/3 pyramidal neurons of somatosensory cortex

i 60s iv 5s vEs, 20mV

Suppression of spontaneous synaptic activity after SD
Changes last over an hour
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Suppression of synaptic activity after SD

Ratio of excitation/inhibition shifted toward inhibition
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Summary

Shift in synaptic balance toward inhibition after SD
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Next: sensory evoked responses

A Sensory Evoked Activity
pre-CSD 10 min
post-CSD 10 mv

-58 mV

spont. Hindpaw stimulation: spont.
2Hz, 1mA, 4s

Hindpaw stimulation:
2Hz, 1mA, 4s



Toward integrated, cellular resolution models N
Genetics, physiology, behavior

Awake CSD under two photon wild-type /7R, transgenic
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Conclusions

Does my mouse have a headache?
Trigeminovascular physiology, pharmacology
Migraine relevant stimuli, behavior

Genetic models

Cortical spreading depression
Non-pain measure
Drives pain and other circuit alterations

Toward integrated models
Physiology, behavior, genetics
Cellular resolution
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