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Abstract: TRP channels are members of a large family of non-selective cation channels. The family which numbers over 
30 is classified into 6 groups based on amino acid sequence homology. TRP channels are distributed in many peripheral 
tissues as well as central and peripheral nervous system. These channels are important in sensing a wide range of chemical 
and physical stimuli. Several TRP channels, including TRPV1 and TRPA1 are important in pain transduction pathways. 
This review will focus on the function of TRP channels in the trigeminovascular system and other anatomical regions 
which are relevant to migraine. We will discuss the possible role of TRP channels in migraine, including the potential role 
of TRPV1 in the hypersensitivity and allodynia frequently observed in migraine patients. We will review the status of 
TRP channel drugs in migraine therapeutics. We will also discuss the possible roles of TRP channels in triggering 
migraine attacks, a process which is not well-understood.  
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INTRODUCTION 

 Migraine is a common and debilitating episodic disorder 
characterized by unilateral throbbing headache, phonopho-
bia, photophobia and nausea. It is sometimes preceded by 
aura or premonitory symptoms [1, 2]. Migraine is more 
common in women (18%) than in men (6%) for reasons 
which are unclear [3, 4]. The pain of migraine is connected 
with activation of the trigeminovascular system, comprised 
of the sensory neurons arising from the trigeminal ganglion 
and the cerebral blood vessels they innervate. Excitation of 
the trigeminovascular system is associated with neurogenic 
inflammation of the meninges and the release of 
neurotransmitters such as calcitonin gene-related peptide 
(CGRP), a potent vasodilator. The important role of CGRP 
in migraine has been realized and capitalized upon as CGRP 
antagonists have shown efficacy in clinical trials [5, 6]. 
 Migraine is an episodic disorder and what triggers the 
attacks and where they are initiated is probably the least 
understood facet of migraine pathophysiology. Initiation of 
migraine episodes has been linked to a number of potential 
triggers [7, 8]. Environmental factors such as air pollution, 
odors, and temperature or weather changes may trigger 
migraine [9-11], but the supporting evidence is somewhat 
controversial and largely anecdotal. Physiological factors 
such as diet, hormonal milieu or stress may also be important 
triggers. Furthermore, migraine is co-morbid with a number 
of diseases and conditions, including multiple sclerosis [12, 
13] and epilepsy [14] which may provide clues about how 
migraine is triggered. Where these putative triggers are 
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acting to initiate migraine is unclear, but both peripheral and 
central sites have been implicated. 
 Transient receptor potential (TRP) channels are a family 
of non-selective cation channels which are important in pain 
signaling pathways. In this article, we will discuss the 
expression and function of TRP channels in the anatomical 
substrates of migraine. We will examine the evidence that 
TRPs are important in migraine pain and associated 
symptoms, including hyperalgesia and allodynia. We will 
also examine the potential role of TRPs in triggering 
migraine episodes and how some of the postulated factors 
and triggers for migraine may provide clues as to the nature 
of TRP channel involvement. There are at least 30 members 
of the mammalian TRP family of non-selective cation 
channels, which are divided into 6 subfamilies, based on 
sequence homology. The TRP channels are gated by a 
diverse set of chemical, thermal, mechanical and other 
environmental signals. Their distribution is generally 
widespread and they are found in a variety of cell types 
where they are thought to sense and integrate a multitude of 
environmental signals. A number of excellent review articles 
provide further details on the TRP family [15, 16]. This 
review will focus on the TRP channels implicated in pain 
pathways and those expressed in anatomical regions relevant 
to migraine, including the cell bodies, axons and peripheral 
and central terminals of trigeminal nociceptors, the 
trigeminal nucleus caudalis (TNC) and cerebral blood 
vessels. Several TRP family members, including the TRPV1 
(Transient Related Potential Vanilloid Type 1), TRPV2 
(Transient Related Potential Vanilloid Type 2), TRPV3 
(Transient Related Potential Vanilloid Type 3) and TRPV4 
(Transient Related Potential Vanilloid Type 4), TRPM8 
(Transient Related Potential Metastatin Type 8) and TRPA1 
(Transient Related Potential Ankyrin Type 1) channels, are 
expressed in pain sensing neurons where they detect 
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temperature, physical and/or chemical signals. We will also 
explore the function of TRP channels in regions which may 
be important in headache pain initiation or processing [17].  

TRPV1 

 The physiological roles and endogenous activators of 
TRP channels in sensory neurons are not well-understood, 
but a large part of what we know comes from studies of 
TRPV1. TRPV1 is considered the prototypic TRP channel as 
it was the first mammalian TRP channel cloned and is the 
most studied to date. The TRPV1 channel, previously known 
as the VR1 receptor, was identified through an expression 
cloning strategy on the basis of its sensitivity to capsaicin 
[18], the pungent ingredient in chili peppers. The initial 
descriptions of the selective actions of capsaicin on the 
sensory neuron subpopulation termed nociceptors precip-
itated the search for its receptor, a discovery which has 
significantly advanced our understanding of pain. 
 Activation of the TRPV1 channel by capsaicin, noxious 
heat (> 43º C) and protons in vivo results in a painful burn-
ing sensation. Activation of these channels is excitatory due 
to cation influx, primarily sodium and calcium, and the 
subsequent depolarization leads to activation of voltage-
gated calcium channels resulting in further calcium influx 
and neurotransmitter release. The TRPV1 receptor has been 
termed a “molecular integrator” [19, 20] as it can detect and 
integrate signals from a variety of noxious chemical and 
physical stimuli. It has been suggested that the TRPV1 ion 
channel acts as a “stimulus integrator” given the polymodal 
nature of its activation and that each of the activating stimuli 
is capable of potentiating the effect produced by another 
activator of TRPV1. The TRP channel is also activated or 
modulated by several endogenous ligands including 
anandamide, arachidonic acid metabolites and inflammatory 
mediators such as adenosine triphospate (ATP), bradykinin, 
prostaglandins and nerve growth factor (NGF) which are 
present in elevated concentrations during inflammation. 
These observations suggested a role for TRPV1 in pain 
perception, specifically thermal hyperalgesia during 
inflammation, which has been corroborated by genetic and 
pharmacological studies [21-23]. 
 Structure-function studies have enumerated specific 
protein domains in the complex regulation of this channel 
[16, 24]. TRPV1 is a six transmembrane domain protein with 
intracellular N and C terminals, structurally reminiscent of 
voltage-gated potassium channels. The sites of action of 
capsaicin (the intracellular loop between transmembrane 
domain II and III), protons (extracellular sites near pore 
region) and temperature sensing (intracellular C terminus) 
have been identified as well as several phosphorylation sites. 
The regulation of TRPV1 receptor function involves protein 
kinases [25, 26] as well as phosphatases. TRPV1 channels 
form homo-tetramers and, in expression systems, hetero-
tetramers which further increases their functional diversity.  
TRPV1 Localization 

 TRPV1 is abundantly expressed in subsets of small and 
medium diameter sensory neurons in dorsal root ganglion 
(DRG) and trigeminal ganglion (TG), which are largely 
unmyelinated C and Aδ fibers. In situ hybridization studies 
demonstrate TRPV1 message in neurons of DRG and TG 

[18, 27, 28]. Immunocytochemical studies indicate that 16 to 
50% of trigeminal ganglion and dorsal root ganglion cells 
express TRPV1 [29-32], with the variability likely 
attributable to species and methodological differences. 
Radioligand binding studies with 3H-resiniferatoxin, an 
ultrapotent agonist, have demonstrated TRPV1 receptor 
protein in sensory ganglia, trigeminal nucleus caudalis 
(TNC), olfactory nuclei, cerebral cortex, dentate gyrus, 
thalamus, hypothalamus, periaquaductal grey, cerebellar 
cortex, superior colliculus and locus coeruleus [20, 33, 34]. 
TRPV1 has also been reported in non-neuronal tissue 
including mast cells [35, 36], although a functional role of 
the channel in these cells remains questionable.  
 The TRPV1 receptor is highly co-expressed with 
calcitonin-gene related peptide (CGRP) [30-32] a potent 
vasodilator with an important role in migraine. TRPV1 is 
also co-expressed with other pain signaling molecules such 
as substance P [30], P2X3 purinergic receptors [29] and 
other markers of nociceptive C and Aδ fibers. Patterns of co-
expression with other TRP family members are distinct, i.e., 
TRPA1 is co-expressed within a subset of TRPV1 
expressing cells [37, 38] whereas TRPM8 is rarely co-
localized with TRPV1 [37, 39, 40] but see [41].  
 TRPV1 is widely expressed in the anatomical substrates 
of migraine, particularly in soma of the trigeminal ganglion, 
nerve fibers, in central terminals in the TNC and in 
peripheral terminals within the dura [29, 30, 42, 43]. 
Although previous studies had demonstrated the occurrence 
of TRPV1 receptors in the dura, the origin of the TRPV1 
protein was not known. Retrograde labeling studies have 
demonstrated that 25% of the trigeminal ganglion cells 
projecting to the dura express TRPV1 and 80% of those 
express CGRP [42]. This high level of co-localization is 
consistent with reports that TRPV1 receptor activation in the 
dura stimulates CGRP release and subsequent vasodilatation 
[44-46]. Most studies report the presence of TRPV1 in pre-
synaptic terminals of TNC [43, 47], but see [48]. TRPV1 has 
also been detected in arteriole smooth muscle in the dura 
[43], albeit at low abundance [49]. TRPV1 is also reported in 
the cochlear arterioles where it has been hypothesized to 
mediate inner ear disturbances in migraine [50, 51]. 
 The extent and distribution of TRPV1 in the central 
nervous system (CNS) is the source of some debate amongst 
researchers. Initially the receptor was believed to be rather 
narrowly expressed in sensory ganglia and peripheral tissues 
which is consistent with its presumptive role in pain 
signaling. Currently, TRPV1 is thought to be more widely 
distributed than originally thought and it has been detected in 
periaqueductal grey, hypothalamus, thalamus, amygdala, 
cortex, olfactory bulb, trigeminal nucleus caudalis and a 
number of other regions of the brain in humans, rats and 
mice [33, 34, 47, 52, 53] but see Cavanaugh et al., [2011] 
[49]. Several reports have also suggested that TRPV1 is 
functional in the CNS in several areas including cerebral 
cortex [54], dentate gyrus [55], and hippocampus [56, 57].  
 However, conflicting reports have made it difficult to 
assign physiological roles for TRPV1 in the CNS and some 
pharmacological and genetic data appear inconsistent with 
important functions in these locations. For example, 
capsaicin failed to elicit calcium entry or neurotransmitter 
release from hippocampal synaptosomes [58], and vanilloids 
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produced similar effects on hippocampal excitatory 
postsynaptic conductances (EPSC) in wildtype and TRPV1 
knockout mice [59]. Furthermore most reports indicate that 
TRPV1 knockout mice exhibit no overt behavioral deficits 
[22], but some authors identified changes in behavior and/or 
synaptic transmission [56, 57] in mice lacking TRPV1. 
Finally systemic administration of capsaicin or 
resiniferatoxin in animals, which ablates TRPV1 expressing 
cells through overexcitation, reduces hyperalgesic and pain 
responses, but produces no other detectable behavioral 
changes. 
 Recently, Cavanaugh et al., 2011 [49, 60] using a 
sensitive genetic approach for lineage tracing, determined 
that very little TRPV1 is expressed outside of sensory 
ganglion except a few small regions in the CNS, notably the 
hypothalamus. While it is challenging to reconcile this recent 
data with many previous reports suggesting the existence of 
TRPV1 in the CNS, the specificity of biochemical tools (e.g. 
antibodies) and variables in their implementation may 
underlie the differences. In any event, this controversy is not 
yet resolved. The need for clarification of the CNS 
distribution of TRPV1 is significant with regard to the 
development of novel therapeutics for several conditions 
[61-64], including migraine. If functional TRPV1 is 
expressed in other regions of the CNS, this may signal 
additional targets to explore for drug development for other 
indications or likely additional side effects. 
TRPV1 Function 

 A large body of work demonstrates that TRPV1 has an 
important role in pain transduction and neurogenic 
inflammation. TRPV1 agonists produce pain in humans and 
pain-like behavior in animals [24, 64, 65]. These behaviors 
are absent or much reduced in animals in which TRPV1 has 
been genetically or pharmacologically ablated [21-23]. Also, 
TRPV1 antagonists can block or reduce pain-like behaviors 
in animals. TRPV1 mRNA, protein and/or protein 
translocation are increased during inflammation and 
neuropathic pain in DRG [66, 67] and trigeminal ganglia 
[68]. In some cases where it has been examined, the 
increased expression of TRPV1 is primarily in Aδ fibers [67, 
69]. In rats, turpentine injection into the facial area 
transiently decreased head withdrawal latency to both heat 
and cold and increased the number of TRPV1 expressing 
cells, as well as TRPV1 staining in the peripheral (vibrissal) 
and central terminals in TNC [68]. These specific changes in 
TRPV1 expression underlie the importance of TRPV1 in 
hyperalgesia associated with inflammation or tissue damage.  
 TRPV1 is present in peripheral and central nerve 
terminals [43, 47] of trigeminal ganglion neurons where it 
mediates neurotransmitter release. Capsaicin stimulates 
release of CGRP from dural tissue [70] and TRPV1 
activation of peripheral nerve terminals in the dura induces 
CGRP-dependent vasodilatation [44-46] which can be 
blocked by capsezepine, a TRPV1 antagonist [71]. This 
suggests that TRPV1 may have a role in the initiation and 
propagation of migraine and its accompanying hyperalgesia 
and allodynia [72]. It was proposed that TRPV1 receptors 
are important mediators of CGRP and substance P release 
from peripheral nerve terminals. CGRP and substance P 
induce vasodilatation and plasma extravasation in the 
meninges. This is accompanied by the release of 

inflammatory mediators and mast cell degranulation and the 
resulting inflammatory soup sensitizes trigeminal 
nociceptors [73]. Sensitizing agents, such as bradykinin, 
PGE2 [74, 75], ATP and NGF all have excitatory actions on 
nociceptors and are all known to converge through different 
signaling pathways to modulate TRPV1. TRPV1 channel 
function is potentiated by these agents via phosphorylation, 
increased membrane trafficking and increased expression. 
TRP channel sensitization may contribute to the peripheral 
and central sensitization which underlies hyperalgesia and 
allodynia seen in a large percentage of patients. In support of 
this theory, NGF produces hyperalgesia in animals and 
humans and is elevated in cerebral spinal fluid in chronic 
migraine sufferers [76].  
 TRPV1 is present in other peripheral tissues where it may 
have a role in migraine symptoms. Inner ear disturbances 
including phonophobia, tinnitus, fluctuations in hearing 
perception and increased noise sensitivity are often seen 
during attacks. The trigeminal ganglion innervates the 
cochlea [77] and capsaicin stimulates blood flow and 
neurogenic inflammation in the inner ear [50]. This 
observation and the subsequent report that TRPV1 and 
substance P are co-localized in nerve fibers (presumably of 
trigeminal origin) surrounding cochlear arterioles [51] 
prompted the suggestion that TRPV1 may mediate inner ear 
perturbation during migraine. Another study has suggested 
that the tinnitus, which worsens in intensity during migraine 
in some patients, may be a form of allodynia related to 
abnormal cortical function [78]. 
 While it is clear that TRPV1 has an important function in 
pain signaling in the peripheral nervous system, its role in 
the CNS is less clear. TRPV1 receptors in the CNS may 
subserve important roles in synaptic transmission and 
plasticity [56, 57] and have been implicated in anxiety, 
glucose metabolism and temperature regulation [56, 79]. 
These reports are not all in agreement and the existence and 
role of TRPV1 channels in the central nervous system is still 
under debate [49]. However, the possibilities are intriguing 
as some areas where TRPV1 is postulated to be important 
are also implicated in migraine susceptibility, including the 
PAG, hypothalamus, thalamus and cortex [33, 34, 52, 53].  
TRPV1 Therapeutics 

 As reviewed elsewhere [24, 61, 62, 64, 65], TRPV1 
ligands are considered to have significant potential as 
therapeutics for a variety of chronic pain conditions, 
including cancer, osteoarthritis, neuropathy and migraine. 
Although TRPV1 receptors are being targeted for a number 
of conditions we will focus on clinical trials of migraine and 
cluster headache. Cluster headache shares some 
pathophysiological characteristics of migraine including 
involvement of the trigeminovascular system [80].  
 Compared to other targets, TRPV1 receptors are unusual 
in that both agonists and antagonists are considered good 
prospects for drug discovery efforts. TRPV1 agonists are 
predicted to be efficacious because they produce significant 
and long lasting desensitization of capsaicin-sensitive pain 
transducing neurons and relieve pain-like behavior in 
animals and pain in humans. Alternatively, TRPV1 
antagonists are viewed as therapeutic leads because TRPV1 
agonists themselves cause pain, TRPV1 is up-regulated in 
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inflammation and other painful conditions and thermal 
hyperalgesia after inflammation is attenuated in TRPV1 
knock-out mice [21, 22]. Antagonists, which presumably 
block the actions of endogenous ligands and/or sensitized 
thermal responses of TRPV1, have been shown to relieve 
pain in inflammation, cancer and osteoarthritis [64, 65]. 
 An unusual characteristic of TRPV1 agonists such as 
capsaicin, civamide and resiniferatoxin is their ability to 
produce a long lasting refractory state to many diverse 
stimuli in sensory neurons after the initial excitation [20]. 
This characteristic has been studied in animals and is now 
being taken into the clinic. In fact, this property of capsaicin 
has been used for many years in over the counter 
preparations to relieve joint and muscular pain. Pre-clinical 
studies have demonstrated that a single administration of 
resiniferatoxin [63, 81, 82] can produce profound and long 
lasting effects on pain perception. The mechanism of this 
nociceptive desensitization is debated but may include 
neuronal defunctionalization or ablation [65]. Animal studies 
have demonstrated that capsaicin, civamide and 
resiniferatoxin decrease TRPV1 receptor message and 
protein and deplete neurotransmitters including CGRP and 
Substance P from sensory neurons, thus attenuating pain-like 
behavior in animals. Unfortunately, the agonists used in 
these studies are not amenable to systemic administration as 
they perturb blood pressure and heart rate and most efforts 
are now being directed toward local administration.  
 Clinical trials of capsaicin and civamide for migraine or 
cluster headache are ongoing and some have been 
completed. These studies have focused on nasal 
administration of capsaicin and its analogs. Intranasal 
capsaicin or civamide, a stereoisomer of capsaicin, have 
shown some benefit in episodic migraine [83, 84] and 
chronic migraine [85]. Marks and colleagues [86] conducted 
a double blind placebo controlled trial of capsaicin for 
cluster headache and reported a significant decrease in 
headache severity after 8 days compared to placebo. 
Additional trials of capsaicin [87] and civamide [88] have 
also reported efficacy in cluster headache. Two trials of 
civamide in cluster headache are complete, but have not been 
reported as of yet (http://www.clinicaltrials.gov identifier: 
NCT00069082, NCT00033839). Due to the mode of action 
of TRPV1 agonists, i.e. desensitization of capsaicin-sensitive 
nociceptors, some authors suggest that these agents are better 
suited for prophylactic treatment of chronic headache [83, 
89]. The results of ongoing or not yet reported studies may 
clarify this issue. Nasal administration is predicted to have 
some advantages over oral or topical administration as lower 
dosages may be used and the absorption is fast [90]. 
However, from a practical standpoint, the initial burning, 
lacrimation and rhinorrhea produced by nasal administration 
of TRPV1 agonists likely deters some patients. As this side 
effect decreases with repeated dosing and several trials have 
reported efficacy, nasal administration of TRPV1 agonists is 
still being actively pursued clinically. Topical administration 
at peripheral sites is being tested. Topical application of 
capsaicin jelly on painful scalp arteries has been tested with 
modest success [91] and hopefully future studies will assess 
more potent compounds.  
 Other TRPV1 antagonists are being extensively pursued 
for drug development. TRPV1 antagonists relieve pain-like 

behavior in inflammation, cancer and osteoarthritis in 
animals and some clinical trials have demonstrated efficacy 
(see Wong and Gavva (2009) [64] and references therein). 
The mode of action of TRPV1 antagonists varies, but is 
presumed to functionally block endogenous TRPV1 agonists 
or enhanced spontaneous TRPV1 activity which occurs 
during inflammation and tissue damage.  
 Preclinical studies of TRPV1 antagonists in animal 
models of migraine [92, 93] have been elucidating. Systemic 
administration of SB 705498 in cats reversed and prevented 
sensitization of TNC responses by inflammatory soup to 
electrical or mechanical stimulation of dura or facial skin 
[92]. The authors hypothesized that SB 705498 may block 
central sensitization and based on this and pharmacokinetic 
arguments suggested that SB 705498 may be better suited 
for treating the allodynia seen in transformed migraine. In 
contrast, the potential of TRPV1 antagonists for acute 
migraine has been called into question by another animal 
study. Goadsby and colleagues [93] examined the effect of 
the TRPV1 antagonist, A-993610, on in vivo models of 
migraine. In their study, A-993610 did not block enhanced 
nerve activity in the trigeminocervical nuclear complex 
induced by electrical stimulation of the middle meningeal 
artery, had no effect on neurogenic dural vasodilatation, but 
blocked capsaicin induced vasodilatation. Furthermore A-
993610 did not block mechanically induced cortical 
spreading depression. These results suggest TRPV1 may not 
be an effective target for acute migraine therapy.  
 However, a most surprising report by Evans et al. (2012) 
[43] may reinvigorate interest in TRPV1 antagonists as acute 
migraine therapeutics. This recent paper suggests that 
sumatriptan, the prototypic 5HT1 agonist used in migraine, 
is a TRPV1 antagonist. In this study, sumatriptan inhibited 
capsaicin induced currents in dissociated trigeminal ganglion 
neurons and increased EPSPs in trigeminal nucleus neurons 
in brain stem slices. Another point of interest in this story is 
the report that triptans can be used to treat allodynia [94, 95] 
(although see Burstein et al, (2000) [96]) . These results 
together suggest a pivotal role for TRPV1 in 
trigeminovascular pain and its central transmission.  
 While early reports were promising, initial excitement 
about clinical trials with several TRPV1 antagonists has 
diminished due to untoward side effects. Reports of 
hyperthermia and profoundly impaired perception of noxious 
heat stimuli in patients or healthy volunteers have appeared 
(as reviewed by Eid (2011) and references therein [61] ). In 
some cases the hyperthermic effect appears to diminish after 
repeated administration in humans as it does in some animal 
studies. Several additional studies of TRPV1 antagonists are 
ongoing and some completed, but the results have not been 
reported.  
 A research area which may contribute to the 
identification of TRPV1 antagonists without the effects of 
body temperature and loss of heat perception are efforts to 
classify antagonists based on their ability to modulate 
distinct forms of TRPV1 activation such as those initiated by 
capsaicin, protons or temperature elevation [64]. At the 
present no separate activation-dependent efficacies have 
been found that might mitigate body-temperature responses, 
however this line of study should lead to a better 
understanding of the mechanisms involved in both.  
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TRPA1  

 TRPA1 is a non-selective cation channel of the transient 
receptor superfamily. The TRPA1 receptor, formerly known 
as ANKTM1, was originally cloned and described as a 
noxious cold sensing receptor [37]. TRPA1 expression, 
pharmacology and function are discussed in several reviews 
[97, 98]. TRPA1 is activated by a variety of pungent 
chemicals from plants, including cinnamaldehyde [99], 
allicin, and diallyl disulfide (in garlic) [38,100], 
isothiocyanates (in mustard oil, wasabi, horseradish) [99, 
101] and umbrellulone [102, 103], the active agent from the 
‘headache tree’.  
 TRPA1 detects environmental irritants such as acrolein 
[104], formaldehyde [105] and toluene [106]. Acrolein is 
found in cigarette smoke, tear gas and is also a metabolite of 
some chemotherapeutics. TRPA1 is activated by endogenous 
products of inflammation and oxidative stress, including 4-
hydroxynonenal [107, 108] and 15-deoxy- 12,14-
prostaglandin J2 (15dPGJ2) [109], as well as by intracellular 
protons [110, 111], acetaldehyde [112], H2O2 [108], CO2 
[110] and anesthetics such as isoflurane [113]. TRPA1 can 
also be modulated by inflammatory mediators including 
bradykinin [99] and NGF [114] through undefined signaling 
mechanisms. With advancing study the list of known 
activators and modulators of TRPA1 keeps increasing.  
 TRPA1 activation by various agonists occurs through a 
rather unusual mechanism for a membrane receptor, namely 
covalent modification of intracellular amino acids, rather 
than a classical lock-and-key mechanism. It was noted that 
many of the diverse set of chemicals capable of stimulating 
TRPA1 were reactive electrophiles [115, 116]. Both groups 
demonstrated that compounds such as allyl isothiocyanate 
and cinnamaldehyde form covalent interactions with cysteine 
residues in the intracellular N terminus of the channel. The 
fate of the receptors following covalent modification is 
unclear as well as how mechanisms of desensitization or 
sensitization may differ under these conditions. However, 
somewhat analogous to TRPV1, sensitization of TRPA1 
responses by phosphorylation and membrane trafficking has 
been described [117].  
TRPA1 Localization 

 TRPA1 is selectively expressed in a subpopulation of 
TRPV1 expressing neurons in the dorsal root ganglia, 
trigeminal, and nodose ganglia [37, 101], as well as in hair 
cells of the inner ear [118, 119]. In situ hybridization studies 
are in good agreement with mouse [120] and rat [40] 
showing similar expression populations in the trigeminal 
ganglion (36.5% and 36.7%, respectively), while 20% was 
reported in neonatal rat [101]. TRPA1 is also co-expressed 
with CGRP and markers of C fibers [38, 40, 120]. 
Immunocytochemistry identifies TRPA1 proteins in both cell 
bodies and sensory nerve fibers [120, 38]. Functional 
TRPA1 responses are present in peripheral and central 
terminals of nociceptors [121]. 
TRPA1 Function 

 TRPA1 agonists produce pain-like behavior in animals 
[99, 105] and pain in humans. TRPA1 antagonists or genetic 
deletion of TRPA1 provides further evidence for the 
importance of TRPA1 in pain pathways. Sensory neurons 

from TRPA1 knock-out mice do not respond to mustard oil 
or allicin [104], nor can bradykinin induce hyperalgesia in 
TRPA1 -/- mice. TRPA1 was implicated in the detection of 
noxious cold, however this role is in dispute and remains 
unresolved despite the efforts of many researchers [122, 
123]. It may be that like TRPV1, TRPA1 has a more 
important role in inflammation-induced hyperalgesia than in 
acute temperature sensation. For example, cold hyperalgesia 
can be induced in wildtype mice but not in TRPA1 knock-
out mice [124]. A selective TRPA1 antagonist, HC-030031 
[105, 125] reduces cold hyperalgesia associated with infla-
mmation or neuropathic pain. Del Camino et al. [124] also 
observed that noxious cold temperatures had little effect on 
TRPA1 currents whereas slight cooling dramatically 
increased agonist induced currents. Therefore, it is likely that 
TRPA1 contributes to cold hypersensitivity, but may not 
have a significant role in detecting acute cold sensation.  
 In the trigeminovascular system, TRPA1 agonists induce 
CGRP release from trigeminal neurons [126] and dural tissue 
[103] and stimulate meningeal vasodilatation [103, 126]. 
Studies on the potential role of TRPA1 in migraine are just 
beginning. TRPA1, as an environmental irritant detector, has 
been strongly implicated in asthma, respiratory disorders, 
allergy and other conditions [127-129]. In these disorders, 
the first exposure to irritants is in the nasal mucosa and 
respiratory passages. Nasal administration of TRPA1 
agonists and irritants induces meningeal vasodilatation 
which is TRPA1 and CGRP receptor dependent [103, 126]. 
We have proposed a mechanism for air-pollution induced 
headache via activation of TRPA1 receptors at trigeminal 
nerve terminals in the nasal mucosa and subsequent 
activation of the trigeminovascular system. Future studies 
will delineate the mechanisms involved and may aid in the 
increased understanding of air pollution-induced headache 
and other health problems, a growing issue world-wide.  
TRPA1 Pharmacology 

 The pharmacology of TRPA1 is complex. There appears 
to be significant species differences in responses (for 
examples see Chen et al. (2008) [130]. In addition, despite 
low sequence homology between TRPA1 and other TRP 
family members, some ligands cross react between members. 
For example, the well-known TRPM8 agonist menthol has a 
bimodal effect; activating TRPA1 at low concentrations and 
inhibiting at high concentrations [131, 132]. Mustard oil, the 
prototypic TRPA1 ligand also has a concentration dependent 
effect, activating TRPA1 at low concentrations and 
inhibiting at high concentrations. Furthermore, mustard oil 
has also been reported to activate TRPV1 though with lower 
potency [133]. TRPA1 antagonists have been developed 
[125, 134, 135] and are being pursued as therapeutics.  
TRPA1 Interactions 

 The characteristics and expression patterns of TRPA1 
parallel those of TRPV1 in many ways and in fact their 
function and regulation is tightly intertwined. They both 
detect pungent plant compounds. They are both modulated 
by temperature and components of the inflammatory milieu. 
They are co-expressed in nociceptive neurons where they 
trigger or enhance neurotransmitter release, and both are 
upregulated with pain and inflammation [66-69, 114, 136, 
137]. There is a growing body of work which demonstrates 
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their functional and physical interaction [138]. The intricate 
pharmacology and functional interactions between TRPA1 
and TRPV1 are just beginning to be understood. Exploring 
their interactions may gain us insight into their roles in 
migraine and other painful conditions and help in drug 
discovery efforts as well.  
TRPA1 Therapeutics 

 TRPA1 antagonists are being developed for therapeutics 
for several painful conditions [61, 62], supported by various 
pre-clinical studies. Genetic ablation [104] or knockdown 
[136, 139] of TRPA1 attenuates in vivo responses to irritants. 
TRPA1 expression levels have been shown to increase with 
inflammation and tissue injury [136]. Furthermore, the 
hyperalgesia induced by inflammation and injury can be 
blocked by TRPA1 antagonists [134, 135]. There is some 
optimism in the development of TRPA1 antagonists as 
therapeutics as the restricted localization of TRPA1 
compared to TRPV1 may be an advantage and more 
importantly no body temperature changes have yet been 
reported. However, TRPA1 has not been a primary target for 
migraine therapeutics as of yet. 

Other TRP Channels 

 Over 30 members of the mammalian TRP channel family 
have been identified (for reviews see [15, 16]. In addition to 
TRPV1 and TRPA1 described above, there are several more 
which could be involved in migraine. Three other members 
of the Vanilloid subfamily, TRPV2, TRPV3 and TRPV4 and 
one member of the Melastatin family, TRPM8 are expressed 
in tissues relevant to migraine or have been implicated in 
pain pathways. Sensory neurons express multiple types of 
TRP channel members, some of which have overlapping 
function and significant sequence homology. In addition, 
some TRP family members have splice variants and can 
form heterotetramers further increasing the potential for 
functional diversity. Because of these characteristics and a 
general lack of specific pharmacological agents and/or 
antibodies it has been difficult to delineate their functions, 
distributions, and in vivo activators.  
TRPV Family 

 In addition to TRPV1, other gene products including 
TRPV2, TRPV3 and TRPV4 have been identified in 
trigeminal neurons as well as a diverse set of brain and 
peripheral tissues. Similar to TRPV1, TRPV2 - 4 have 
putative roles as thermosensors [140]. TRPV2 was initially 
implicated in sensing noxious heat (> 52 ° C). However this 
has been questioned recently as TRPV2 knock-out mice do 
not exhibit defects in thermal hyperalgesia or mechanical 
allodynia [141]. TRPV3 [142] is expressed in trigeminal 
ganglia and a variety of other tissues and is activated at 
temperatures above 40° C. It has been widely studied for its 
importance in neuropathic pain and several TRPV3 
antagonists are in pre-clinical or early clinical trials for 
chronic neuropathic pain. In contrast, no specific evidence 
has yet appeared that either is TRPV2 or TRPV3 is 
important in migraine. 
 TRPV4 has been identified as a probable thermosensor, 
mechanosensor and osmosensor. It is expressed in a variety 
of tissues including trigeminal ganglia, where TRPV4 may 
contribute to some migraine symptoms. Dural afferents are 

activated by mechanical stimulation [143] and it was 
hypothesized that activation or sensitization of these 
afferents may be the source of throbbing head pain seen in 
migraine after movement or coughing. TRPV4 receptors in 
trigeminal afferents are considered a candidate for this role 
and deficits in mechanical sensing observed in TRPV4 
knock-out mice [144] lend support to this hypothesis. A 
recent study has provided further evidence for a role of 
TRPV4 in migraine. The study of Wei and colleagues (2011) 
[145] demonstrated that activation of TRPV4 on dural 
afferents produces headache related behavior in a rat model 
of migraine. In this study retrograde labeling was used to 
identify dural afferents and approximately 50% of them were 
sensitive to hypotonic solutions or 4 α-PDD, both known 
activators of TRPV4. Topical application of these ligands to 
the dura produced allodynia which could be blocked by a 
TRPV4 antagonist in vivo. Consequently, it is likely that 
TRPV4 antagonists will be further evaluated as a possible 
therapeutic in migraine, just as they are currently being 
evaluated for neuropathic pain [146].  
TRPM8 

 TRPM8 is classified as a cold and menthol receptor [39, 
147] and is expressed in a variety of tissues including 
trigeminal sensory neurons. It is expressed in small-diameter 
primary sensory neurons, but co-localization studies are not 
in agreement as some report co-expression with other 
nociceptive markers (TRPV1 and CGRP) while others do not 
(for more references, see Knowlton and McKemy (2011) 
[148]. TRPM8 appears to be more highly expressed in 
trigeminal ganglia than dorsal root ganglia [40] and within 
trigeminal ganglia it is more abundant in the region of 
mandibular branch input. TRPM8 knock-out mice exhibit 
significant deficiencies in behavioral responses to a range of 
cold temperatures [149-151]. Both TRPM8 and TRPA1 
receptors have been considered putative cold detectors, but 
their relative importance is still debated [122, 123]. From the 
present evidence, it appears that TRPM8 may be more 
important in detecting environmental cold and TRPA1 in 
cold hyperalgesia [62, 123]. TRPM8 appears to be a key 
mediator in neuropathic and inflammatory pain [152] and is 
a target of therapeutic development in the treatment of 
several painful conditions. For example, TRPM8 receptor 
activation has been implicated in the neuropathy produced 
by the chemotherapy agent, oxaliplatin [153]. TRPM8 
exhibits a similar paradoxical feature to TRPV1 in the 
potential use of either agonists or antagonists in drug design, 
as over the counter menthol patches are available for 
migraine and other pain relief. However, no clinical trials for 
TRPM8 agonists or antagonists in migraine have been 
reported. 
 In summary, our understanding of the physiological roles 
and therapeutic potential of TRP channels is advancing 
rapidly, but whether TRP channels will be efficacious targets 
for migraine remains to be seen.  

TRP Channels and Migraine Triggers 

 The precise involvement of physiological or 
environmental triggers in initiating migraine is not well-
understood, but approximately 75% [7] of migraineurs report 
that specific triggers are linked to their migraine episodes. 
The most commonly reported migraine triggers are stress, 



TRP Channels in Migraine The Open Pain Journal, 2013, Volume 6    43 

hormones, not eating, weather, sleep disturbance, perfume or 
odor, neck pain, lights, alcohol or smoke [7-10, 154]. How 
these divergent triggers might initiate migraine is unclear 
and whether the origin of migraine pain is anatomically 
central or peripheral is highly debated. There are many 
excellent reviews on this subject [155-162]. Here, we will 
discuss some specific examples of how and where intrinsic 
or extrinsic factors may modulate TRP channel function and 
promote (initiate or exacerbate) migraine headaches.  
 Generally, the hypotheses about the site of migraine 
initiation fall into two categories. One theory advocates the 
importance of central structures, while the other theory 
suggests that migraine is initiated by activation of peripheral 
substrates, i.e., meningeal afferents. Central nervous system 
structures implicated include cortical or subcortical areas 
[156]. Although the existence and importance of TRPV1 
channels in the CNS is debated [33, 60, 60], we will presume 
that the evidence indicating TRPV1 has multiple roles in the 
CNS is valid for the purpose of this discussion.  
 Some subcortical and limbic areas are hypothesized to be 
important in migraine with support coming from clinical and 
imaging studies [163, 164]. In particular, the periaqueductal 
grey has been termed a ‘migraine generator’ [165], but the 
available evidence is not conclusive. A more recent 
hypothesis suggests a mechanism where multiple triggers act 
on different structures to activate a common pathway of 
parasympathetic activation of the trigeminovascular system 
[156]. Specifically, many common migraine triggers activate 
subcortical structures including the lateral hypothalamus 
(food and sleep deprivation), periaqueductal gray, bed 
nucleus of stria terminalis and periventricular nucleus of 
hypothalamus (stress) and piriform cortex (olfactory 
stimuli). Each of these areas, as well as others, provides 
input to the superior salivatory nucleus and the 
parasympathetic sphenopalatine ganglion, which when 
stimulated results in meningeal vasodilation and activation 
of trigeminal afferents. TRPV1 is postulated to have 
important functions in some of these sites [53, 166] and 
could be involved in central migraine triggering, but no 
experimental evidence in support of this hypothesis has been 
reported. 
 Evidence for cortical initiation is generally based on 
theories of hyperexcitability of the cortex in migraine [163, 
164, 167] and studies of cortical spreading depression [155, 
168] and references therein), the electrophysiological 
correlate of aura. Several lines of evidence support the 
likelihood of cortical hyperexcitabilty in migraine, including 
imaging studies in patients (as reviewed by Welch (2005) 
[164], the effects of genetic mutations in familial types of 
migraine [169, 170] and an association with epilepsy [14, 
164]. For example, cortical hyperexcitability is associated 
with epilepsy, another episodic disorder co-morbid with 
migraine [14). In this regard, anti-epilepsy drugs are reported 
as effective in migraine prophylaxis [164, 171], and they 
reduce susceptibility to cortical spreading depression in 
animal studies. Thus, it is hypothesized that general 
hyperexcitability in combination with other factors may 
trigger migraine. 
 If cortical hyperexcitability has a role in initiation of 
migraine then it is reasonable to ask whether expression and 
function of TRP channels in the cortex might be important in 

the pathogenesis of migraine. A recent report suggests that 
TRPV1 regulates cortical excitability [54]. This study 
describes a SNP allele in the TRPV1 channel which is 
associated with enhanced synaptic transmission in the 
cerebral cortex. The channel coded by this allele also 
produces larger currents in heterologous expression studies 
[172]. Subjects were assessed with transcranial magnetic 
stimulation using a paired pulse stimulus in motor cortex. 
Subjects homozygous for this allele exhibited larger short-
interval intracortical facilitation, a measure of glutamate 
transmission. Approximately 6% of the healthy volunteers 
recruited for this study were homozygous for this allelic 
variant. It would be potentially fruitful if future studies 
include examining the allelic distribution in migraine 
patients and the properties of this channel variant in sensory 
neurons.  
 Cortical hyperexcitabilty increases susceptibility to 
spreading depression in animal models of migraine [173-
175]. Cortical spreading depression (CSD) is the 
phenomenon where a slow wave of transient excitation 
followed by a sustained depression of electrical activity 
moves across the cortex. Cortical spreading depression in the 
occipital cortex is believed to be the source of visual aura 
seen in some migraine patients. It has been demonstrated that 
cortical spreading depression activates the trigeminovascular 
system [155, 168, 176-178] to induce excitability of 
trigeminal and trigeminal nucleus caudalis neurons, 
meningeal vasodilatation, plasma protein extravasation and 
increased c-fos expression in the trigeminal nucleus caudalis. 
It is postulated that CSD can initiate migraine pain, but how 
trigeminal afferents are activated as a consequence of CSD is 
not clear. The excitation of cortical neurons results in high 
concentrations of protons, glutamate, K+ and ATP which 
presumably cross the subarachnoid space to activate pial and 
meningeal afferents likely through axon reflex. TRP 
channels are a possible candidate for activation of trigeminal 
afferents after CSD as TRPV1 is activated by protons. 
 In support of the peripheral initiation theory, a large body 
of evidence suggests that the origin of migraine pain may 
arise from inflammation of the meninges and subsequent 
activation of meningeal nociceptors [73, 179, 180]. The 
supporting evidence includes the elevated levels of 
inflammatory mediators observed during migraine attacks 
[76, 181, 182], the therapeutic efficacy of non-steroidal anti-
inflammatory drugs, and mast cell involvement [180,183]. 
Mast cell degranulation, which is thought to be induced by 
CSD, releases a number of inflammatory mediators that 
activate and sensitize intracranial nociceptors [73, 179, 180]. 
Some of these mediators, including bradykinin, 
prostaglandins, eicosanoids and NGF sensitize TRPV1 
and/or TRPA1 channels and increase their activation. This 
indirect evidence suggests a mechanism for the initiation of 
migraine pain by TRP channel activation of meningeal 
nociceptors after CSD or local inflammation.  
Genetic Predisposition 

 As previously reviewed [169, 170, 184], genetics 
contributes significantly to the expression of migraine. Over 
50% of patients have at least one first degree relative with 
migraine. Some rare familial forms of migraine are due to 
single gene mutations in the Cav2.1 voltage-gated calcium 
channel [185], a Na+,K+-ATPase [186], the Nav1.1 voltage-
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gated sodium channel [187] or TRESK, a potassium channel 
[188]. These mutations are all predicted to increase neuronal 
excitability. For example, mice bearing Familial Hemiplegic 
Migraine (FHM) mutations in the Cav2.1 protein exhibit 
enhanced susceptibility to cortical spreading depression 
[173, 175], presumably due to increased release of 
neurotransmitters in these gain-of-function channels [169].  
 The single gene mutations described above are associated 
with rare monogenic forms of migraine, rather than common 
forms of migraine with or without aura. Most previous 
population or linkage studies have been inconclusive or 
difficult to replicate perhaps due to clinical heterogeneity or 
small sample size. However, one recent report is of note. 
Chasman et al., (2011) [189] used a genome-wide 
association study to identify SNPs linked to increased risk of 
migraine. They identified a SNP in close proximity to 
TRPM8 that is associated with a small increase in migraine 
risk. The TRPM8 channel detects cold temperature and 
mediates neuropathic pain and now is the first TRP channel 
genetically linked to migraine.  
 In contrast to SNP analysis representing proximity 
relationships, genetic alterations in coding regions of TRP 
channels have not, as of yet, been linked to migraine. 
However, the first TRP channel gene mutation linked to a 
pain syndrome has recently been described. Kremeyer and 
colleagues [190] have described a gain-of-function mutation 
in TRPA1 associated with an episodic pain syndrome. 
Although the report does not mention migraine or headache, 
the patients suffer debilitating upper body pain which is 
triggered by fatigue, fasting or stress, some of the most 
commonly reported migraine triggers [7]. In fact, cold 
temperature (i.e., swimming in cold water) is cited as a 
contributing factor to attacks which is intriguing in light of 
the putative role of TRPA1 in cold hyperalgesia [124].  
 These studies of genetic variation of TRP channels linked 
to migraine or other pain syndromes are exciting and future 
studies focusing on these mutations should increase our 
understanding of the functions of TRP channels and their 
possible roles in migraine. 
Environmental Factors 

 Extrinsic or environmental factors such as alcohol, air 
pollutants and cigarette smoke are widely cited as migraine 
triggers, some of which have recently been identified as TRP 
channel agonists.  
 It has been known for many years that alcoholic 
beverages can precipitate migraine. In fact, migraine 
sufferers tend to consume less alcohol [191] presumably due 
to compensatory avoidance. A possible mechanism for 
alcohol-induced headache was described by Trevisani and 
colleagues who reported that ethanol lowers the activation 
temperature of TRPV1 [192]. In a later report they 
demonstrated that alcohol stimulates neurogenic plasma 
extravasation and meningeal vasodilatation [193] in a 
TRPV1-dependent manner after intragastric administration 
of the ethanol equivalent of 3-4 drinks. In addition, alcohol 
stimulated the release of CGRP and Substance P from dura 
mater. Finally, other constituents of alcoholic drinks such as 
sulfites have also been implicated as migraine triggers in 
some sensitive individuals [194]. 

 Odors, particularly perfume, smoke and air pollution are 
frequently cited as migraine triggers. Headache is the most 
common complaint linked to indoor and outdoor air 
pollution. The mechanisms are not well-understood, but may 
be linked to TRP channels in some cases. For example, the 
TRPV1 channel has been implicated [195] in Multiple 
Chemical Sensitivity [196], an acquired disorder usually 
precipitated by low- level exposure to chemicals over a 
sustained length of time or a single high level exposure. 
Afterwards patients are hyper sensitive to low levels of many 
chemicals and suffer from headache, fatigue, respiratory and 
skin problems. Although no diagnostic pathology has been 
identified, patients have increased levels of the inflammatory 
mediator NGF, a TRPV1 and TRPA1 modulator [197], and 
heightened TRPV1 responses [198].  
 Little is known about air pollution induced headache, but 
some clues may be taken from allergy, asthma and other 
illnesses related to bad air quality [127, 128]. Migraineurs 
are more likely than the general population to have disorders 
such as asthma, allergy and eczema which can be triggered 
or worsened by allergans or irritants. Neurogenic 
inflammation related to chemical sensitivity is postulated to 
have a role in these disorders [199] and similar mechanisms 
may mediate air pollution induced headache. Some 
components of smoke and air pollution, such as acrolein and 
formaldehyde, activate TRPA1 channels, the environmental 
irritant detectors. It has been demonstrated that TRPA1 is an 
important mediator of neurogenic inflammation in a mouse 
model of asthma [128]. Also cigarette smoke causes TRPA1-
dependent neurogenic inflammation in the airways [200].  
 As several disorders, triggered or worsened by 
environmental irritants, seem to be linked to TRPA1 and 
inflammation, we hypothesize that environmental irritants 
may likewise initiate headache through TRPA1 receptors, 
activation of sensory neurons and inflammation. We have 
previously reported that acrolein and other irritants stimulate 
release of CGRP from trigeminal neurons and increase 
meningeal blood flow after nasal administration [126] in a 
TRPA1-dependent manner. In addition to environmental 
irritants, TRPA1 receptors are activated by pungent 
ingredients from plants. Ingestion of these ingredients does 
not promote headache, but topical administration on nasal 
mucosa produces burning and sometimes painful cold 
sensation. Anecdotal reports over many years have described 
a headache tree, the California bay laurel, whose vapors 
elicit severe headaches (see Benemei et al., 2010 [201] and 
earlier references therein). Recently, the active ingredient, 
umbrellulone has been identified which produces a painful 
cold sensation after topical administration and activates 
TRPA1 in heterologous expression systems [102, 103]. 
Umbrellulone increases the excitability of trigeminal neurons 
and stimulates CGRP release from dura, two responses not 
observed in TRPA1 knock-out mice. In addition, 
umbrellulone increases meningeal blood flow after nasal or 
systemic administration. This report lends support to the 
hypothesis of Kunkler et al. (2011) [126] that environmental 
irritant-induced headache is mediated by TRPA1 activation 
of the trigeminovascular system.  
 Weather, including heat, humidity and low atmospheric 
pressure are also frequently reported as migraine triggers, but 
clinical studies are few and inconclusive. As triggers, these 
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factors are also difficult to understand from a mechanistic 
standpoint. For example, high altitude climbers are exposed 
to low atmospheric pressure, but studies of headache 
associated with altitude sickness are confounded by other 
triggers, including food and sleep deprivation and 
dehydration. Surprisingly, migraineurs do not report airplane 
travel as a trigger, despite the usual presence of multiple 
verified triggers, including low atmospheric pressure and 
changes in sleep, diet and alcohol consumption. Bolay and 
Rapoport (2011) [11] have advanced a theory correlating 
weather changes and migraine to the abundance of desert 
dust particles at particular times of the year. They 
demonstrated that the trigeminovascular system is activated 
by conditions simulating an African dust-laden atmosphere 
[202]. Airborne desert dust particles contain products of 
microbial metabolism including Fe2+, oxalate and basic 
amino acids. It is not clear which components of desert dust 
are responsible for activating the trigeminovascular system. 
Given the broad array of compounds that activate or 
modulate TRPA1 channels, they are obvious mechanistic 
candidates for these induced syndromes. 
 Stress is the most frequently reported trigger for migraine 
[7] and a number of other conditions which are co-morbid 
with migraine, including asthma, eczema and multiple 
sclerosis are also aggravated by stress. As mentioned above, 
stress in the form of sleep or food deprivation could activate 
sub-cortical structures and subsequently the trigeminovas-
cular system [156]. Alternatively, stress could contribute to 
migraine episodes through inflammatory mechanisms, i.e., 
activation of meningeal immune cells. For example, mast 
cells in the meninges are activated after restraint stress in 
animals [183]. Degranulation of mast cells releases a number 
of inflammatory mediators which contribute to sensitization 
of nociceptors [73, 179]. Several mast cell mediators 
including bradykinin, prostaglandins and eicosanoids 
sensitize TRPV1 and TRPA1 channels, possibly implicating 
their involvement in stress induced migraine.  
 Acrolein, in addition to being considered an exogenous 
TRPA1 agonist found in smoke and air pollution, is also 
produced in significant amounts in some disorders associated 
with oxidative stress. Oxidative stress, caused by tissue 
damage or other pathological processes can result in 
accumulations of acrolein and 4-hydroxynonenal due to lipid 
peroxidation. Acrolein is highly reactive, has a long half-life 
and can diffuse some distance from the site of injury in 
animal models of mild traumatic brain injury [203]. As both 
acrolein and 4-hydroxynonenal are TRPA1 activators it is 
conceivable that their accumulation under these conditions 
may contribute to migraine susceptibility in multiple 
sclerosis and brain injury. For example, migraine is more 
prevalent in the military than in the general population 
(NINDS Migraine Information/NIH report) and is more 
likely with a history of mild head trauma [204]. The combat 
environment is suggested to predispose to migraine perhaps 
due to a combination of stress and high incidence of 
traumatic brain injury.  
 In summary, we are just beginning to understand the role 
of TRP channels in migraine. Whether they will play a 
leading or supporting role is unclear. Indirect evidence 
suggests that TRP channels, particularly the TRPV1 channel 
may be important in the activation of meningeal nociceptors 

after CSD or inflammatory insults. TRPV1 receptors may 
have a role in hypersensitivity and allodynia seen in 
migraine and they may be partly responsible for the efficacy 
of a common migraine treatment, sumatriptan. We have 
described several examples of how TRP channels may be 
involved in triggering migraine episodes. We hypothesize 
that a diverse set of environmental and physiological triggers 
converges on a common group of signal integrators, the TRP 
channels, to promote migraine. Many questions remain 
unanswered but are worth pursuing as migraine is one of the 
most undertreated neurological disorders. 
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