Neurogenic inflammation
in the pathophysiology and
treatment of migraine
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Axticle abstract—The trigeminal nerve transmits headache pain from blood vessels of the pia mater and dura mater.
Triggers for this pain are not well understood, but probably are multiple and largely chemical and develop within the
brain parenchyma, the blood vessel wall, and the blood itself. These unknown triggers stimulate the trigeminovascular
axons, causing pain and releasing vasoactive neuropeptides from periv. lar axons. Rel d neuropeptides activate
endothelial cells, mast cells, and platelets to then increase extracellular levels of amines, arachidonate metabolites,
peptides, and ions. Hyperalgesia and prolongation of pain develop as a consequence, mediated by products from acti-

vated cells and injured tissue. Within postsynaptic brain stem neurons of the trigeminal nucleus caudalis, trigemino-
vascular activation stimulates the expression of an early immediate response gene c-fos. Both neurogenic inflamma-
tion and c-fos expression are blocked by sumatriptan and ergot alkaloids via prejunctional mechanisms involving puta-

tive 5-HT receptors closely related to th

tile state of vascular smooth muscle.

e 5-HT,p subtype on trigeminovascular fibers. The mechanisms of action of

sumatriptan and ergot alkaloids decribed herein are unrelated to the nature of the migraine trigger or to the contrac-
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Neurogenic inflammation within cephalic tissue,
involving vasodilation and plasma protein extrava-
sation, has been proposed as a mechanism in
headache pathogenesis.!* This article is a review of
the roles of neurogenic inflammation and prejunc-
tional mechanisms in headache pathogenesis and
the treatment of vascular headache.

Pathophysiology. Neurogenic inflammation is
mediated by the release of the vasoactive neuropep-
tides substance P, neurokinin A, and calcitonin
gene-related peptide (CGRP) from sensory fibers
that innervate blood vessels.®” Both the endotheli-
um-dependent vasodilation and the enhanced per-
meability induced by the tachykinins are mediated
by receptors located on the vascular endothelium;
dilation produced by CGRP is mediated by recep-
tors on vascular smooth muscle.®

Neurogenic plasma protein extravasation.
During electrical trigeminal ganglia stimulation or
after IV administration of capsaicin, neurogenic
plasma protein extravasation develops within the
dura mater.? This tissue, an important source of
headache pain,!® provides a thick covering for the
brain and contains blood vessels with fenestrated
capillary endothelia.!! The dura mater and its
attendant blood vessels are innervated by neu-
ropeptide-containing trigeminal and upper cervical
sensory nerve fibers;!?13 perivascular sensory

axons, located within the adventitial layer, are
unmyelinated and small.

When plasma proteins, such as iodinated albu-
min or horseradish peroxidase, are administered,
leakage from vessels into surrounding tissue can be
demonstrated after trigeminal nerve stimulation.
This extravasation is markedly attenuated or
absent in animals whose perivascular afferent
fibers have been destroyed by capsaicin treatment
during the neonatal period. In comparison, the sys-
temic administration of substance P or neurokinin
A produces the same amount of leakage from dural
vessels as do vehicle-treated, electrically stimulat-
ed controls. Plasma proteins do not extravasate
from the pial circulation under the same condi-
tions, probably because of the blood-brain barrier.

Trigeminal ganglia and electrical stimulation.
Recent light and electron microscopy studies have
shown that following electrical trigeminal ganglion
stimulation, striking changes occur in the appear-
ance of endothelial and mast cells as well as in the
platelets surrounding or within postcapillary ve-
nules.'* Platelet aggregates appeared within the
lumen on the stimulated side only shortly after
stimulation; some were found adhering to the
endothelium. Endothelial cells later developed
numerous clear cytoplasmic vesicles and vacuoles;
the endothelium hypertrophied and microvilli
formed. Mast cells also showed signs of secretion
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Dbjective. Chr study aimed to investigate the analgesic and antioxidative stress effects of Carcumin (CC) in experimental migraine
induced by Mitroghyoerin (NTG) on rats, compared with Indomethacin (I0) and Propranalal (FF) treatments. Mterin o
Methods. Five groups of 1 ris treated ip. were investigated: contral group (healthy mits) injecied with saline sohoion (0.9%],
NTG-control growp imjected with NTE (1 mg/HH ghw, bw = body weight), and thres groups with pretreatment applied 3 min
previous bo the formalin test (NTG + OO group: Coroomdn (50 mg100 g, NTG + PP growsp: Propranalal (100 g0 ghew), and
NTG + [0 growp: Indomethacin (0.5 mgf100 ghw). Formalin test was performed and smmber of Sinches and shakes were counted.
Several oxidative stress param eters wene also assessed. Resuifs. The smallest vahses of malondialdebyde (M), mitric oxide (N0,
and iotal omidative gahss (TOS) were ohserved on NTG + COC with signifimnt differences as compared with the coninol group
[p < 0N The group pretreated with Concumin proved signicantly smaller number of Sinches and shakes compared with
both NTEG + PP and NTG + 1D Comctesion. Our shady demonstrates a superior activity of Cunoomin not anby versss control, but
also verszs Propranchal and Indomethacin.

1. Introdoction One of the pathophysiological mechanisms In migralne with

Mlgraine Is 3 comman neurevascular disorder with uncom-
plete understond pathogenstic mechanisms. Faln modu-
latlon 15 an Imporiznt bssue In migraine research field.
Therefore, undarstanding the pathogenesls of migraine and
developing new trestments based on pathophysiological
mechanlsms are majar lssues In neuropharmacology. Several
theories on migraine pathogenests have been postulated 1n
recent years, and vascular theory and migraine paln hyper-
sensitivity are In the topic of migraine research fisdd [1).
Migraine 15 assoclated with vasodilatation and blood-brain
‘barrier permeabilization due to neurogenic inflammation [2].

aura s known to be an excessive production of nitric oxlde
{which 15 2 potent vasodilator molecule) even though the
axidative pathway changes In migraine are still uncertaln [3].
Systemic adminisiration of Mitroghycerin (NTG), 2 powerful
vasodilator compound, Is the most used experimental model
of migratne [4]. NTG 1s a nltric axide (NO) donor and has
been proved to provoke spontanecus migralne-Hie attacks in
migralne patients probably through sensitization phenomena
and by faciitation of temporal summation of paln [5].

The theory of paln sensitization (Induding peripheral
and central sensitization) has been postulated In migraine
pathogenesls [6]. Perlpherz] sensltimation 1s characterized
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TaBLE I: Mean + standard deviation for stress oxidative parameters by groups.

Group MDA NOx TOS Thiol TAC

Control 2.57 £0.07 14.80 + 2,39 2630+ 1.16 205.30 £ 2,95 1.23 £ 0.04
NTG 4.52 +0.08 3550 £1.27 45.10 £ 1.52 182.30 £+ 3.23 1.11 +£0.03
NTG + PP 324 £0.14 37.90 £ 1.66 3670 £ 1.49 193.80 £ 3.29 1.19 £ 0.02
NTG + CC 233+ 0.03 2240+ 1.26 31.70 £ 1.89 177.40 £ 4.20 1.60 = 0.03
NTG + 1D 4.20 £ 0.02 3290 £1.29 3590 £ 1.66 194,50 £ 5.48 115 £0.29

MDA = malondialdehyde; NOx = nitric oxide; TOS = total oxidative status; thiol = thiol compound; TAC = total antioxidative capacity.



TaBLE 3: Statistic summary of formalin test.

Group Phase [ Phase 1T

Mean + SD SE Median [Q1-Q3] Mean + SD SE Median [Q1-Q3]
Control 20.50 £ 1.08 0.34 20.50 [20.00-21.00] 111.70 £ 1.83 0.58 111.50 [110.25-113.00]
NTG 4190 + 2.28 072 41.50 [40.25-43.75] 152,30 £ 2.00 0.63 152.50 [150.25-153.73]
NTG + PP 2670+ 1.16 0.37 27.00 [26.00-2775] 122,10 + 1.29 0.41 122.00 [121.25-122.75]
NTG + CC 3280+ 148 0.47 33.00 [31.25-34.00] 141.70 + 2.00 0.63 141.50 [140.25-143.75]
NTG+ 1D 36.10 £ 1.37 0.43 36.00 [35.00-37.00] 130.60 £ 1.51 0.48 130,50 [130.00-131.75]

NTG = Nitroglycerin; PP = Propranolol; CC = Curcumin; ID = Indomethacin; SD = standard deviation; SE = standard error of the mean; Q1 = first quartile
(25th percentile}; 3 = third quartile (75th percentile).
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