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Nutrition must affect the structure and functioning of the brain.
Since the brain has very high metabolic activity, what we consume
throughout the day is likely to dramatically influence both its
structure and moment to moment function. It follows that
nutritional approaches to all neurological disorders are being
researched and entering medical practice, while nutraceutical use is
a mainstay of public habits. This review discusses the biological
basis for non-conventional or non-mainstream approaches to the
treatment of migraine. This requires at least limited discussion of
current migraine pathophysiologic theory. How nutrients and
other chemicals and approaches are mechanistically involved
within migraine pathways is the focus of this article. The
nutraceuticals reviewed in detail are: magnesium, riboflavin,
coenzyme Q10, petasites, and feverfew with additional comments
on marijuana and oxygen/hyperbaric oxygen. This article reviews
the science when known related to the potential genetic
susceptibility and sensitivity to these treatments. As we know, the
basic science in this field is very preliminary, so whether to
combine approaches and presumably mechanisms or use them
alone or with or without conventional therapies is far from clear.
Nonetheless, as more patients and providers participate in
patient-centered approaches to care, knowledge of the science
underpinning nutritional, nutraceutical, and complementary
approaches to treatment for migraine will certainly benefit this
interaction.
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Medical science clearly defines neurological effects of nutritional
deficiencies to certain nutrients. These include iodine and
myedema madness, thiamine/B1 and Wernicke’s encephalopa-
thy, B12 and subacute combined degeneration, and niacin/B3
and pellagra. Headache may be a significant accompaniment of
each of these disorders. Subtle deficiencies with milder effects
may arise. Indeed, medical science increasingly recognizes subtle
deficiencies in individuals. These individuals may be more
genetically vulnerable. They may engage in dietary fads leading to
imbalanced nutritional support. Headache sufferers and provid-
ers alike recognize nutritional implications in prevention and

treatment of migraine because of advice of friends, relatives, and
the Internet. The evidence for these recommendations is nearly
always anecdotal. When providers give advice to prevent
migraines, avoiding food triggers and healthy eating practices are
commonplace. This clinician has yet to attend a headache-related
continuing medical education meeting which connected diet to
recommendations for nutritional intake of specific amino acids,
minerals, vitamins, etc. in any comprehensive manner. Mean-
while, increasing support and basic science exists that regular
supplementation with some nutrients reduces the frequency and
intensity of migraine.

In parallel, physicians should be aware of patient-driven
interests in complementary and alternative medicine (CAM).
The public often perceives CAM to be more helpful than con-
ventional care for the treatment of headache, neck, and back
conditions.1 Nutritional intervention as part of a proactive
health regimen melds into CAM treatment and is wildly
popular. To prevent misuse of healthcare resources and to be
better equipped to meet patient needs, nutritional, nutraceuti-
cal, and other CAM for headache prevention should be con-
sidered early in care.2,3 The American Academy of Neurology
makes no mention of dietary therapy in its most recent guide-
line on migraine. The American Academy of Neurology does
identify a vitamin and a mineral as safe options for preventing
migraine.4 The National Headache Foundation also makes no
statement regarding dietary therapy for migraines. The National
Headache Foundation also identifies riboflavin and magnesium
as possible preventive therapies.5 Based on the size of the popu-
lation of migraineurs worldwide, patient intolerances and fail-
ures with conventional medicine, and reports of CAM studies
in migraine often featured over the Internet, migraine is ripe for
nutritional, nutraceutical, and CAM interventions. While there
is disagreement as to the size of the global market for nutra-
ceuticals, there is none regarding the unstoppable nutraceutical
and CAM movements. This review discusses the anatomical,
functional, and pathophysiologically known aspects linking
headache to nutraceutical and complementary factors. Clinical
aspects and evidence-based data are presented in another review
in this Headache Currents.

NUTRACEUTICAL DEFINITION
Bower and Kalra attribute the coining of “nutraceutical” to Dr
Stephen DeFelice, chairman and founder of the Foundation for
Innovation in Medicine in 1979.6,7 The word is derived from
“Nutrition,” and “Pharmaceutical” Industry commonly uses it
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without regulatory definition. According to DeFelice, it is
defined as a “food, or parts of food, that provide medicinal or
health benefits, including the prevention and treatment of
disease.” “Subsequently, several other terms have entered usage,
including functional food and nutritional supplements, all of
which have been defined in different ways, depending with
whom you speak.”6 Bower reported on definitions and Kalra
further clarified definitions to distinguish between functional
foods, nutraceuticals, and dietary supplements.6,7 Bower defines a
functional food as “engineered or supplemented to give improved
nutritional value.” Transgenic canola oil for improved fatty acid
profile is such an example. Kalra writes that a “functional food”
is one cooked or prepared using “scientific intelligence” with or
without knowledge of the how or why of its use. Thus, Kalra
states functional foods “provide the body with the required
amount of vitamins, fats, proteins, and carbohydrates etc.,
needed for its healthy survival.” By Bower, a dietary supplement
is “a substance produced by isolation or microbial culture puri-
fication that gives health benefits.” Examples include docosa-
hexaenoic acid, petasites, and oral vitamin D. The Dietary
Supplement Health and Education Act of 1994 states “a dietary
supplement is a product (other than tobacco) that is intended to
supplement the diet that bears or contains one or more of the
following dietary ingredients: a vitamin, a mineral, an herb or
other botanical, an amino acid, a dietary substance for use by
man to supplement the diet by increasing the total daily intake,
or a concentrate, metabolite, constituent, extract, or combina-
tions of these ingredients.”8 For Kalra, a nutraceutical must “not
only supplement the diet but also aid in the prevention and/or
treat a disease or disorder.” Bower included medicinal (foods with
inherent or added medicinal properties) and functional foods and
supplements under nutraceuticals. For this article, a fortified
food or plant-based or dietary supplement that is taken to benefit
health is a nutraceutical. Nutraceuticals for the purpose of this
monograph therefore include magnesium, riboflavin, Coenzyme
Q10 (CoQ10), petasites, feverfew, and marijuana; hyperbaric
oxygen is also included in this review.

MIGRAINE PATHOPHYSIOLOGY AND THE
ROLE OF NUTRACEUTICALS
Both Goadsby and Charles provide expert reviews on the patho-
physiology of migraine that aid in understanding of the potential
role of nutraceuticals in the treatment of migraine.9-11 Multiple
imaging studies have now confirmed that vasodilation is not
required for migraine headache. Xenon blood flow, single-
photon emission computed tomography, positron emission
tomography (PET), and functional magnetic resonance imaging
(fMRI) studies show significant cortical hypoperfusion, in some
cases followed by sustained hyperperfusion during a migraine
attack.10 Additional studies of drugs provide evidence that vasodi-
lation is neither necessary nor sufficient for migraine headache.
Transcranial Doppler studies do not support the concept that

vasoconstriction is a primary mechanism by which migraine
agents exert their therapeutic effect.12 Instead, research leads to an
understanding that alternative mechanisms likely exist for each
known agent. The efficacy in migraine of the calcitonin gene-
related peptide receptor inhibitor telcagepant further reinforces
that action on vessels is not absolutely essential.

Migraine is currently viewed as an episodic disorder of brain
excitability. Characterization of the functional consequences of
the mutations of the 3 different genes responsible for familial
hemiplegic migraine indicates that each is capable of changing
cellular function to increase brain excitability.10 One result of
excitability is the triggering of cortical spreading depression
(CSD). PET and fMRI studies have demonstrated propagated
waves of blood flow and brain activity during migraine attacks
with temporal and spatial characteristics that are remarkably
similar to those of CSD. Na+ ion channel blockade in cats and rats
prevented regional cerebral blood flow changes from mechanically
induced CSD, consistent with what is known in human aura.13

Propagated changes in cortical activity that are predominantly
glial and vascular (rather than neuronal) are a speculative mecha-
nism for the dramatic changes in blood flow and metabolism on
PET or fMRI in migraine patients in the absence of corresponding
dramatic neurological symptoms.10 Finally, in addition to the
acute changes in cortical activity during a migraine attack, clinical
electrophysiological techniques provide evidence for interictal
differences in cortical excitability in migraine patients. Research
exists on both sides of excitability, more, less, and no difference.
Transcranial magnetic stimulation studies support an explanation
that migraine subjects have more variability in cortical activity,
that is, a dysregulation of cortical function with instability.14

How then is pain explained? PET studies confirm the consis-
tent activation of the pons and midbrain and hypothalamic acti-
vation has also been visualized during a migraine attack.10

Goadsby writes, “the pain process is likely to be a combination of
direct factors, i.e. activation of the nociceptors of pain-producing
intracranial structures, in concert with a reduction in the normal
functioning of the endogenous pain control pathways that nor-
mally gate that pain.”9 The trigeminal cervical complex (TCC) is
the key structure providing cranial nociceptive inputs. Experi-
mental pharmacological evidence supports actions by and upon
calcitonin gene-related peptide (CGRP), serotonin, nitric oxide
(NO), glutamate, N-methyl-D-aspartic acid (NMDA), orexin,
and cannabinoids at the TCC on second-order neurons influenc-
ing neuronal activity.9 The discussed mechanisms of migraine
pathogenesis continue to evolve, but concepts of primary non-
vascular, variability in cortical excitability, central dysregulation,
and neurotransmitter/receptor manipulation are all likely critical
and potentially amenable to nutraceutical manipulation.

These concepts provide a way to conceptualize implications
for possible nutraceutical opportunities for migraine pathway
management. While the known effects of currently used nutra-
ceuticals may variably correspond to the aforementioned cur-
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rently theorized migraine pathophysiologic concepts, future
research may change both the knowledge of mechanisms of
actions and concepts to act upon. Clearly, both the concepts of
migraine pathophysiology and potential effects of nutraceuticals
and pharmaceuticals are complex. Each is incompletely under-
stood. For nutraceuticals, knowledge about the complex relation-
ships of pharmacological or therapeutic doses, cofactor and
hormone inter-functions, secondary messenger roles, extant
neural and pain pathway activity will all change over time, cre-
ating opportunities for research and sufferers.

MAGNESIUM
A large body of evidence exists on the importance of magnesium
ions (Mg2+), an essential cation, in biochemical and physiological
processes in the human body. At least 325 enzymes are Mg2+-
dependent with many of these brain enzymes. Magnesium par-
ticipates in all reactions that involve the formation and utilization
of adenosine-5′-triphosphate (ATP) in energy metabolism.15,16

With insufficient ATP neuronal ion pumps fail, membranes
depolarize and excessive calcium (Ca2+) leaks into cells, triggering
glutamate release, further depolarizing neurons and raising intra-
cellular Ca2+, causing further glutamate release and so on result-
ing in severe neuronal dysfunction.17 Intracellular concentrations
of Mg2+ are about 4 times extracellular and are regulated by ion
pumps and intracellular binding sites.18 The blood–brain barrier
and choroid plexus regulate cerebrospinal fluid (CSF) and brain
Mg2+ against acute changes in Mg2+ concentrations; however,
during extended periods of Mg2+ deficiency, brain levels of Mg2+

decrease.18 Inadequate central nervous system concentration of
Mg2+ has a critical level, below which neurological dysfunction
occurs.

Sufficient Mg2+ is known to help normalize blood pressure,
have anticoagulant, anti-platelet aggregating and estrogenic pro-
tective effects, regulate cell proliferation, protein synthesis, cellu-
lar energy and cell membrane stability and blood sugar levels.19-21

Mg2+ relates inversely to intracellular Ca2+. Intracellular effects of
Mg2+ ions are mainly opposite to those of Ca2+ ions, possibly
owing to competition at sites where Ca2+ ions activate K+ ion
channels.22 Alterations in Na+/K(+)-ATPase activity, cyclic
adenosine monophosphate/cyclic guanosine monophosphate
(cAMP/cGMP) concentrations and calcium currents in pre- and
post-synaptic membranes, may also be at least partially respon-
sible for the neuronal dysfunction associated with low brain
magnesium.23 At optimal cellular concentrations, Mg2+ functions
as a natural, physiologic, and inorganic calcium channel blocker
resulting in limiting “toxic” excessive intracellular Ca2+ effects.24,25

Mg2+ also acts as a statin.26 It is not surprising, given the impor-
tance of Mg2+ that hereditary factors play a role in the regulation
of Mg2+ homeostasis.27,28 At the time of this writing, at least 19
candidate genes are under study and may play a role in regulating
Mg2+ homeostasis via transporters, regulatory proteins, hor-
mones, receptors, cytokines, and other mechanisms.28 To date,

gene identification has been the result of finding causative muta-
tions in hypomagnesemic syndromes.

Deficient magnesium, alone and in combination with agents
that interfere with Mg2+ utilization, is associated with functional
and structural abnormalities of membranes, cells, organs, and
systems.29 The manifestations of the changes caused by magne-
sium deficiency depend upon its extent and duration and on
variable factors. Among the conditions that increase the risk of
magnesium deficiency are (1) metabolic factors that affect the
absorption, distribution, and excretion of this mineral (see
homocysteine under riboflavin discussion); (2) disease and
therapy; (3) physiologic states that increase requirements for
nutrients; and (4) nutritional imbalances.29 Based on known
functions of Mg2+, it likely has several critical central and periph-
eral pathway functions in migraine pathogenesis, as well as other
headache disorder pathways.

Welch has suggested that magnesium plays an important role
in establishing a threshold for migraine attacks.30 Relationships
that are likely important in migraine involving Mg2+ neurotrans-
mitter effects include (1) neuroinflammatory blockade; (2)
calcium channel blocking effects; (3) NMDA receptor blockade,
glutamate and NO synthesis, release and activity; (4) serotonin
receptor affinities and activities; and (5) endogenous hormone
regulation. All of these activities play roles in vascular and neu-
ronal processes.

Neurogenic inflammation mediated primarily by substance P
is influenced by Mg2+ deficiency. The enzyme most specific for
degrading this neuropeptide is neutral endopeptidase.31 Hypo-
magnesemia reduced cardiac and intestinal expression of neutral
endopeptidase contributing to greater inflammatory response.31

Mitochondrial permeability is also protected by Mg2+.32 Mg2+

together with other factors may have the function of modulating
the correct execution of the cells apoptotic program and/or the
activation of the nicotinamide adenine dinucleotide (NADH)/
cyto-c electron transport pathway.33

Although Mg2+ is 3 to 5 orders of magnitude less potent than
the organic Ca2+ channel blockers, this inorganic Ca2+ channel
blocker possesses unique general and potentially useful Ca2+

antagonistic properties in contrast to the highly selective organic
Ca2+ channel blockers.25 Mg2+ can therefore significantly influ-
ence vascular tone considered important in the expression of
migraine for many decades.34 Turlapaty and Altura first reported
in 1980 that the absence of magnesium in the medium infused
into isolated coronary arteries of dogs significantly potentiated
the contractile responses of both small and large coronary arteries
to norepinephrine, acetylcholine, serotonin, angiotensin, and
potassium.35 Mg2+ produced increased vascular tone with with-
drawal and reduced tone in cerebral arteries with increases.34

These microvascular and macrovascular smooth muscles effects
are believed related to Mg2+-related calcium channel blocker
antagonism.24,25 Mg2+ appears to be a special kind of Ca2+ channel
antagonist in vascular smooth muscle. Only Mg2+ of all Ca2+
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antagonists examined has the capability to inhibit myogenic,
basal, and hormone-induced vascular tone through action on
voltage-, receptor-, and leak-operated membrane channels in
vascular smooth muscle.25 At vascular membranes, it can (1)
block Ca2+ entry and exit, (2) lower peripheral and cerebral
vascular resistance, (3) relieve cerebral, coronary, and peripheral
vasospasm, and (4) lower arterial blood pressure.25 Direct studies
using radioactive calcium reveal that extracellular Mg2+ signifi-
cantly influences Ca2+ content, uptake, and distribution in both
arterial and venous smooth muscles.35 At micromolar concentra-
tions (ie, 10-100 mm), Mg2+ can cause significant vasodilatation
of intact arterioles and venules in all regional vasculatures.25 The
vasoactive properties of the catecholamines (adrenalin, norad-
renaline, dopamine) and corticosteroids, when released, all drive
down intracellular Mg2+ influencing vascular tone. Chronic stress
intensifies release of catecholamines and acute test anxiety in
students increased loses of magnesium in urine.15,36

For more than 2 decades, medical science has known that
magnesium depletion leads to neuronal injury by causing
NMDA-coupled calcium channels to be biased toward open-
ing.37 Ca2+ and Mg2+ ion channels are the chief targets for
glutamate binding to NMDA receptors.38 Data in rat hippocam-
pus suggest that the extent to which NMDA receptors participate
in synaptic transmission depends on the extracellular Mg2+ con-
centration.39 Mg2+ blocks pores of the glutamate-gated ion
channel at normal neuronal resting membrane potentials
through voltage-dependent regulation.40 With deficient Mg2+,
NMDA receptors function abnormally allowing an increased
influx of Ca2+ to cytotoxic levels, leading to the generation
of toxic reactive oxygen species and of toxic amounts of NO
radicals.38,41

Nitric oxide generated from inducible NO synthase (iNOS)
participates in immune and inflammatory responses. NO is a
potent vasodilator and neuronal messenger molecule. NO and
other free radical production is dependent on Mg2+/Ca2+

homeostasis. A large Ca2+ influx into the cell interior, particu-
larly into neuronal mitochondria, occurs with glutamate over-
stimulation of both non-NMDA and NMDA receptors.15

L-glutamate is the predominant excitatory neurotransmitter in
the brain and it is cytotoxic under certain conditions.42 Even
endogenous glutamate may cause neurotoxicity via a process of
depolarization-induced excitotoxicity.43 With deficient cellular
Mg2+ and/or excessive Ca2+, calcium-dependent enzymes which
are normally suppressed are activated. Study of guinea pig
dentate gyrus indicates that NMDA receptor-mediated neuronal
release of glutamate likely involves the recruitment of NO syn-
thetase activity.44 Activation of this enzyme and others like lipid
peroxidase and xanthine oxidase, cause the production of NO
and other free radicals, cytoskeletal breakdown, failure to gen-
erate ATP, and lipid peroxidation and nucleic acid fragmenta-
tion, each of which leads to neuronal dysfunction and/or
death.38 NO is also involved in preconditioning for CSD and

low extracellular Mg2+ induces CSD in the rat hippocampus.45,46

Reciprocally, Mg2+ and Ca2+ homeostasis is tied to NMDA and
NO activities.

Olesen has nicely summarized the extensive literature on NO
in headache stating that NO is involved in nociceptive processing
and a very important molecule in the regulation of cerebral and
extra cerebral cranial blood flow and arterial diameters.47,48 He
reviews the very strong data from human experimentation that
makes it highly likely that antagonizing NO effects will be effec-
tive in the treatment of primary headaches.48 Research on
glutaminergic fine tuning of a metobotropic glutamate receptor
negative modulator is ongoing.49

Neurotransmitter turnover modified by Mg2+ deficit includes
not only NO, but amino acids, neuropeptides, and cytokines.50

Altura and Turlapaty showed in isolated coronary arteries of
dogs that extracellular Mg2+ exerts considerably greater influence
on receptor-operated than membrane-potential sensitive Ca2+

transport channels and that Mg2+ interferes with the affinity
(binding) of serotonin and angiotensin II for their respective
receptors.51 Knowledge of the NMDA receptor blocker and
serotonergic system effects of Mg2+ has fueled research in its
importance in depression, certainly an area of interest to
migraine specialists. Data now exist supporting magnesium as
an antidepressant.15 Results from a study of magnesium in the
mouse model of depression indicated that magnesium induced
antidepressant- and anxiolytic-like effects without tolerance to
the testing modality, suggesting a potential role for magnesium
in these disorders in humans.52,53 One of the stress testing
modalities increased Mg2+ concentrations in serum, and
decreased it in the brain compared to naive animals, showing
that there is a stress-induced loss of Mg2+ from the brain into
the serum.52,53 In the most recent study reported, Mg2+

antidepressant-like effect was dependent on its interaction with
the serotonergic (5-HT(1A) and 5-HT(2A/2C) receptors),
noradrenergic (alpha(1)- and alpha(2)- receptors), and dopam-
inergic (dopamine D(1) and D(2) receptors) systems.54 5-HT2A
and 5-HT2C receptors are targeted by 5-HT antagonists, such
as methysergide, oxetorone, pizotifen, and cyproheptadine,
which are used in migraine prophylaxis.55,56

Human twin studies and mouse genetics both indicate that
extracellular Mg2+ concentration is a quantitative trait with a
significant genetic component.27 Mg2+ concentrations and
linkage to the major histocompatibility locus (HLA-B35 in
humans) in humans is proven, but there has been no convincing
explanation for the association.57 In a cohort of healthy women
aged 18-35, Shuen et al showed a significant relationship
between 2 linked single-nucleotide polymorphisms (SNPs) in the
estrogen receptor (ESR1) detected by 2 restriction enzymes.
Shuen found no significant association between serum magne-
sium and SNPs in 5 other candidate genes. The ESR1 association
existed with 2 difference-independent measures of total magne-
sium (a limitation of this study as the free Mg2+ fraction appears
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most associated to the gene type). There was a significant asso-
ciation of serum Mg2+ to estrogen status. Whether the ESR1
SNPs are directly responsible for the differences in serum mag-
nesium observed or a reflection of tight linkage to another gene
could not be ascertained.28 However, Altura and co-workers
provide prior evidence for interdependence between extracellular
magnesium and estrogen. They observed that ionized magnesium
was higher during the follicular phase (with high estrogen) than
the luteal phase in menstrual cycles in women.58 In a group of
menopausal women, they observed a significant inverse correla-
tion between estradiol levels and Mg2+.59 Whether this relation-
ship is valid only in women is also not known. There may be a
possibility that the rate of shift in magnesium status may be
significant in expression of migraine.

The current clinical data related to magnesium are reviewed in
the clinical section of this monograph.

RIBOFLAVIN
Riboflavin (vitamin B2) is a water-soluble essential precursor to
flavin mononucleotide and flavin adenine dinucleotide, coen-
zymes required for the activity of flavoenzymes involved in elec-
tron transport in oxidation reduction reactions within the Krebs
cycle. It is essential to normal production of ATP and thus for
maintaining membrane stability and for all energy-related cellu-
lar functions.60 Riboflavin is therefore critical as a major cofactor
in oxidative metabolism and generation of energy in the mito-
chondria.61 Brain riboflavin metabolism thus may affect migraine
pathophysiology via several mechanisms.

Beginning in at least the late 1980s, researchers began report-
ing a reduction of mitochondrial phosphorylation potential to
characterize the brain of migraineurs between attacks. Montagna
reported preliminary findings in migraine in 1988 and offered a
hypothesis the next year suggesting migraine as a defect of brain
oxidative metabolism.62,63 Welch in 1989 reported magnetic reso-
nance spectroscopy (MRS) studies to show low phosphocreatine,
high adenosine-5′-diphosphate, and low phosphocreatine:Pi in
migraine without aura patients.64 Additional studies by the
Italian group reported derangement of brain energy metabolism
by phosphorus 31 magnetic resonance spectroscopy (31P-MRS)
in migraine patients with prolonged aura or stroke-like episodes
related to their attacks studied in the interictal period.65,66 To
ascertain whether migraineurs without complicated migraine
(original publication labeling) also displayed similar mitochon-
drial abnormalities, patients with and without aura were studied
with similar results to those of Welch.67,68 A decade later, Boska
et al studied multiple brain cortex regions in subjects with
migraine with and without aura and familial hemiplegic migraine
(FHM), using multislice 31P-MRS imaging.69 They found less
persuasive changes in the energetic metabolism. The authors
attribute to methodological differences, the discrepancies
between these changes and the results of previous single voxel
31P-MRS studies.69 If mitochondrial dysfunction in migraine is

linked to low mitochondrial riboflavin levels, in theory, these
studies suggest riboflavin has the potential of increasing mito-
chondrial energy efficiency, as it directly influences the activity of
mitochondria respiratory chain flavin-dependent respiratory
enzymes affecting mitochondrial phosphorylation.70

The results of the clinical studies on riboflavin published else-
where in this compendium deserve due consideration of the
pharmacokinetics of this nutraceutical. The maximal amount of
riboflavin the human body can absorb from a single dose is
27 mg with saturation of absorption reached at doses 30-50 mg
decreasing the absorption at higher doses.61,71,72 Furthermore, the
half-life of riboflavin is between 1 and 2 hours, with data stronger
for 1 hour.72 This observation of limited absorption with a short
half-life suggests possible therapeutic implications to attain a
positive effect. During the baseline phase in a study of healthy
controls, researchers observed a small circadian variation with
low riboflavin plasma concentrations and urinary excretion
during the afternoon.72 Pharmacokinetic variables did not differ
between sexes.72 Clearance data indicated that urinary excretion
of riboflavin contributes to one-half of the overall removal of
riboflavin from plasma.

To determine the tissue level of bioavailable riboflavin, a recent
meta-analysis recommended, as a good measure, the use of
the Erythrocyte Glutathione reductase basal activity change
(EGR-ac).73 The meta-analysis included 18 supplementation
studies reporting up to 14 biomarkers. Sufficient data were avail-
able to show that EGRac (14 studies) and basal glutathione
reductase activity (5 studies) were effective biomarkers of altered
riboflavin intake (P < .00001), although substantial heterogene-
ity (I2 > 66%) that could not be explained by the subgroup
analysis existed. The authors suggested a need for alternative
biomarkers to EGR-ac. As just noted, EGR-ac is the biomarker
most commonly cited in studies of riboflavin treatment. Plasma
total homocysteine was not an effective biomarker of riboflavin
status in the general population, but some evidence identified its
potential usefulness specifically in those homozygous for a
common polymorphism in the methylenetetrahydrofolate reduc-
tase (MTHFR) gene.73

Homocysteine metabolism involves the B vitamins: B9
(folate), B12, B6, and B2 (riboflavin). Normal physiologic Mg2+

levels along with normal B vitamin levels are necessary to
prevent homocysteine depletion of Mg2+ and increased
homocysteine-induced atherogenesis.74 In a topic review by the
same group as the aforementioned biomarker meta-analysis,
Strain et al write that various constitutive, genetic and lifestyle
factors, inadequate nutritional status, systemic disease, and
various drugs all lead to elevated homocysteinemia.75 The
predominant recognized nutritional cause of raised plasma
homocysteine in most healthy populations is folate insufficiency.
Vitamin B12 and, to a lesser extent, vitamin B6 are also effective
at lowering plasma homocysteine, especially after homocysteine
lowering by folic acid. Riboflavin supplementation appears to be
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effective at lowering plasma homocysteine only in those indi-
viduals homozygous for the T allele of the C677T polymor-
phism of the MTHFR gene.75 This gene codes for the MTHFR
enzyme that produces methyltetrahydrofolate, which, in turn, is
a substrate for the remethylation of homocysteine by the
vitamin B12-dependent enzyme methionine synthase. MTHFR
677TT homozygous genotype genetically predisposes individu-
als to elevated plasma homocysteine.

Riboflavin is required as a cofactor for MTHFR, and
enhanced riboflavin status results in a marked lowering in total
serum homocysteine levels, specifically in individuals with the
TT or homozygous dominant genotype, presumably by neu-
tralizing the variant form of the enzyme.76 This same research
group showed that homocysteine responded only in the TT
group, with levels decreasing by as much as 22% overall from
16.1 � 1.5 to 12.5 � 0.8 mm and markedly so (by 40%) in
those with lower riboflavin status at baseline, from 22.0 � 2.9
and 13.2 � 1.0 mm.77 No homocysteine response was observed
in the MTHFR677 C-T polymorphism (CC) or MTHFR677
C-C polymorphism (CT) groups, despite being preselected for
suboptimal riboflavin status. The authors note that most popu-
lations have a significantly higher (14-21%) heart disease risk
with elevated homocysteine levels.75,76

Elevated homocysteine is associated with disruption of endot-
helial function and induces intracellular Mg2+ depletion, both of
which likely contribute to cardiovascular disease risk.74,78 It is
biologically plausible that elevated homocysteine relates to the
initiation of the migraine aura.79 Endothelin-1 potently induces
Leao’s CSD in vivo in the rat.80 Scher in a Cephalalgia editorial
writes that this may explain to some extent the well-known
relationship between migraine with aura and cardiovascular dis-
ease.78,79 Gene-association studies can measure the relationship
between MTHFR C677T genotype and migraine with or
without aura. Rubino et al pooled the results from 8 gene-
association studies.81 The studied populations were (primarily)
unrelated patient samples and controls from Australia, Finland,
Germany, Japan, Spain, the Netherlands, and Turkey.79 The
pooled estimate of effect indicated a significant, but modest
(odds ratio 1.5) risk of migraine with aura associated with
MTHFR C677T genotype using both fixed and random effect
models.81 The pooled association was not significant for
migraine overall (ie, migraine with or without aura). The
Women’s Health Study found a lower prevalence of the TT
genotype in women with self-reported migraine with aura com-
pared with controls.82 The Women’s Health Study excluded
women with prevalent cardiovascular disease. The TT genotype
carriers magnified increased risk for cardiovascular disease
among migraineurs with aura. Ischemic stroke substantially
drove the increased cardiovascular disease risk.82 As hypertension
is a leading cause of stroke, the report that riboflavin is effective
in reducing blood pressure, specifically in patients with the
MTHFR 677 TT genotype, is noteworthy.83 If confirmed, we

may find that riboflavin has several important roles in contrib-
uting to control of cardiovascular risk, especially in migraineurs
with aura.

COENZYME Q10
Researchers have had an interest in CoQ10 since its isolation and
characterization in 1955. Like riboflavin, CoQ10 plays a central
role in electron transport and energy metabolism. The Internet
markets it as an “energy enhancer.”60 CoQ10 is present in every
membrane of all cells in the body.84 Under normal physiological
conditions, all cells biosynthesize functionally sufficient amounts
of this lipid.85 It’s a “coenzyme” because of its ability to function
in chemical reactions but remain at steady-state levels in cells.
CoQ10 is incorporated into the mitochondria, where it facilitates
the transformation of fats and sugars into energy. CoQ10 is
soluble and mobile in the hydrophobic core of the phospholipid
bilayer of the inner membrane of the mitochondria, where it
transfers electrons one at a time from Complex I and II to
complex III of the electron transport chain.85,86 Given its critical
function within mitochondria, and additional protective effects
on lipoproteins and stabilization of endothelial function through
stimulated release of NO, CoQ10 may be involved in migraine
pathophysiology.

Coenzyme Q10 is an essential cofactor of the electron trans-
port chain, as it protects against mitochondrial collapse or
degeneration by maintaining mitochondrial energy output
through proper electron transport down the respiratory
chain.86,87 CoQ10 is one of the compounds that prevent mito-
chondrial membrane transition pore opening, which allows the
translocation into the mitochondria of molecules as large as
1500 Da in size that can lead to a collapse of mitochondrial
functions.88 CoQ10 thereby counteracts apoptotic events such
as ATP depletion, release of cytochrome c into the cytosol,
caspase-9 activation, depolarization of the mitochondrial mem-
brane potential, and DNA fragmentation.88 CoQ10 is also a
potent free radical scavenger in lipid and mitochondrial mem-
branes.89,90 This compound is our only endogenously synthe-
sized lipid-soluble antioxidant, exceeding both in amount and
efficiency that of other antioxidants.91

Coenzyme Q helps counteract endothelial dysfunction by
stimulating endothelial release of NO.85,92 CoQ exerts multiple
anti-inflammatory effects by influencing the expression of
nuclear factor of kappa light polypeptide gene enhancer in B-cells
1 (NFKB1)-dependent genes.93

The major CoQ species in humans is the decaprenyl quinoid
derivative (CoQ10). Its measurement is challenging owing to its
hydrophobicity and tendency to be oxidized.89 CoQ10 exists in
both ubiquinol and ubiquinone forms, but they have vastly dif-
ferent roles in the body. For example, ubiquinol is an electron
donor, while ubiquinone is an electron acceptor. The electrons
that ubiquinol donates neutralizes free radicals; it is this reduced
ubiquinol form of CoQ10 that scavenges free radicals where they
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can inflict significant damage to mitochrondria and cell lipid
membranes. The chemical difference between ubiquinone and
ubiquinol is that the ubiquinol compound contains 2 hydroxyl
groups reducing the hydrophobic “tail” of ubiquinone. This dif-
ference enables ubiquinol to be more hydrophilic and therefore it
is more absorbable and the form that dominates in most human
tissues.94 CoQ10’s ability to cycle back and forth between the 2
forms accounts for many of its unique properties. This fact
explains why the ubiquinol form of CoQ10 protects against toxic
oxidative reactions in the body. This protective effect is extended
to lipids, proteins, and DNA mainly because of its close local-
ization to the oxidative events and its effective regeneration by
continuous reduction at all locations.91 CoQ10 protects against
glutamate toxicity in cultured cerebellar neurons.95 An impair-
ment of mitochondrial oxidative metabolism might play a role in
the pathophysiology of migraine because of an influence on
neuronal information processing.96 Therefore, CoQ10 may be
of therapeutic importance in migraine, perhaps especially in
younger individuals.

There are 3 major methods which are suited for analysis of
CoQ10: high-performance liquid chromatography (HPLC)-
coupled UV or electrochemical detection, and tandem mass spec-
troscopy.89 Measurement of blood levels of CoQ provides only
limited information concerning its actual levels in organs and
cells.85 Dietary uptake of CoQ is limited to only a few percent;
numerous efforts are continuously directed toward the prepara-
tions of forms that are taken up more efficiently or substitutes
with functional properties similar to those of CoQ10 and which
are taken up into the circulation and cells more extensively.85

CoQ10 concentrations do not increase in brain after oral admin-
istration of CoQ10 in young (1-2 months old) animals.97 This
finding suggests that CoQ10 levels are tightly regulated in young
animals and levels in membranes may be saturated. CoQ10 levels
are known to decrease with aging in both human and rat tissues.98

This decrease may be caused by reduced synthesis or age-
dependent increases in lipid peroxidation that can reduce CoQ10
levels.90 Its biosynthesis is influenced by nuclear receptors which
may give the possibility of re-establishing in the future, by using
agonists or antagonists, normal levels in aging, and deficiencies
caused by genetic mutations.91

A complex of at least 10 nuclear (CoQ) genes encoded pro-
teins synthesizes CoQ but its regulation is unknown.99 Primary
CoQ10 deficiency is an autosomal recessive disorder with 5
major heterogenous phenotypic manifestations and genetic back-
ground. Clinical heterogeneity may reflect blocks at different
levels in the complex biosynthetic pathway of CoQ10 and is
supported by the increasing number of molecular defects that are
being identified in different clinical variants.100 CoQ deficiency
caused by mutation(s) in any of the CoQ genes is designated
primary deficiency. Other patients have displayed other genetic
defects independent on the CoQ biosynthesis pathway, and are
considered to have secondary deficiencies.99

Sparaco et al in a review on mitochondrial dysfunction and
migraine discussed MRS of the brain as a non-invasive radiologi-
cal methods useable for evaluation.96 In addition to previously
mentioned studies, Lodi et al (of the same group of researchers)
found evidence of interictal mitochondrial dysfunction in the
occipital lobe of patients with migraine status, migraine with
prolonged aura, migraine aura, basilar migraine, and migraine
without aura.101 Lodi et al reported decreased amounts of energy
released by the reaction of ATP hydrolysis in all subgroups of
migraine. Interestingly, the severity of these findings correlated
with the intensity of the clinical phenotype.101 A recent MRS
study conducted in patients with progressive supranuclear palsy
treated with CoQ10 showed a significant increase of the ratio of
high-energy to low-energy phosphates indicative of improved
oxidative phosphorylation in the occipital cortex.102

PETASITES
Petasites hybridus, known commonly as butterbur, is a perennial
shrub whose nonextracted plant parts are carcinogenic, hepato-
toxic, lung-toxic, and prothrombotic.60 Pyrrolizidine alkaloids
are the cause of the severe toxicities and require extraction. The
patented, standardized CO2 rhizome root extract is known as
Petadolex. Already Dioscorides in De Materia Medica (about AD
65) described the beneficial effects of butterbur (Petasites hybridi-
cus L., Asteraceae).103 See discussion of petasites clinical use in
migraine under clinical science in this compendium. S-petasin, a
kind of sesquiterpene ester, is usually considered the beneficial
component of butterbur. Petasites is thought to act through
anti-inflammatory inhibition of leukotriene biosynthesis for its
analgesic effects but also has calcium channel regulatory proper-
ties. Both actions may play a role associated with migraine.

Wildi et al performed a quantitative analysis of petasin and
pyrrolizidine alkaloids in leaves and rhizomes of in situ grown
Petasites hybridus plants.104 Their results suggest that leaves might
be a preferable source for harvesting compared to the under-
ground organ. They found high petasin contents and consistently
lower amounts of toxic pyrrolizidine alkaloids in the leaves, while
toxic pyrrolizidine alkaloids were predominant in the rhizome.
There was considerable overlap in total petasin content between
leaf and root, while no overlap in content existed for toxic alka-
loids but as much as 3 to 4500 higher contents in rhizome.104

Phytochemical analyses of different extracts of P. hybridicus
reveal very different patterns of secondary metabolites dependent
on storage and drying. The major constituents in plant material
collected in Dürrbach, Switzerland are neopetasin, petasin, neo-
S-petasin, and S-petasin, while an extract prepared from fresh
commercially available roots and rhizomes mainly contained
9b-hydroxyfuranoeremophilane, furanopetasin, and S-petasin.
After storage, the extract of root material contains a far more
complex pattern of constituents.103 The complexity of pattern of
secondary metabolites depending on place of collection and time
of storage complicates understanding of the pharmacological
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effects of this herbal medicine.103 In a study of the parent com-
pound S-petasin and secondary metabolites, Sheykhazade et al
found similar mechanism of action of S-petasin and 3 metabo-
lites, indicating that even though some of the genuine metabo-
lites of butterbur are degraded during drying and storage of the
roots or rhizomes, the formed artifacts, although slightly less
potent, still possess activities.103

The extract of Petasites hybridus acts as a leukotriene inhibi-
tor.105 Leukotrienes are known to play a role in allergic airway
diseases such as rhinitis and asthma. In a human eosinophil study,
Thomet et al found petasin, isopetasin, and neopetasin to all
inhibit leukotriene synthesis, whereas only petasin blocked
another reactive inflammatory species, eosinophil cationic
protein, but not isopetasin or neopetasin. Petasin had other
effects not found with the other compounds as well.105 In a study
in mice on airway inflammation and reactivity, petasites extract
reduced allergic airway inflammation and airway hyperrespon-
siveness by inhibiting the production of the T lymphocyte helper
type 2 cells which produce cytokines IL-4 and IL-5, and
RANTES (Regulated upon Activation, Normal T-cell Expressed,
and Secreted). RANTES is a chemotactic cytokine for T cells,
eosinophils, and basophils. Cytokines IL-4 and IL-5 and
RANTES actively recruit leukocytes into inflammatory sites.106

Petadolex is beneficial in intermittent allergic rhinitis.107,108 See
evidence in Clinical Science review of this compendium for
evidence in migraine.

Intravenous administration of S-petasin from Petasites formo-
sanus to anesthesized rats caused a dose-dependent fall in blood
pressure probably by blockage of the voltage-dependent L-type
calcium channel.109 S-petasin has also been shown to decrease the
amplitude of L-type Ca2+ current (ICa2+) in NG108-15 neuronal
cells in a concentration-dependent manner. Studies by
Sheykhzade et al reveal that the vasorelaxation effects of the
metabolites are most likely also caused by an inhibition of an
influx of Ca2+ through the voltage-dependent Ca2+ channels.103

As neither endothelial blockade or inhibition of Ca2+ pumps of
the sarcoplasmic and endoplasmic reticular prevent relaxation
induced by S-petasin and metabolites, vasorelaxation must be, by
direct effect on the calcium channels, located on the vascular
smooth muscle cell membrane.103

S-petasin and several metabolites inhibit DNA synthesis in
vascular smooth muscle cells, suggesting an anti-proliferative/
hypertrophic effect of the compounds.103

Shimoda et al studied a Japanese butterbur extract and its
ability to inhibit mast cell degranulation. Extracts of the principal
polyphenolic extract, fukinolic acid, showed potent inhibitory
mast cell stabilizing activity.110 Sicuteri may have first suggested
that dural mast cells play a role in the pathophysiology of head-
aches such as migraine.111 Levy et al have since shown that the
local activation of the inflammatory dural mast cells can provoke
a persistent sensitization of trigeminal meningeal nociceptors
likely critical to the generation of migraine pain.112

While leukotriene inhibition is the typically reported mode of
action of petasites extracts, Fiebach et al studied the effects of
lipophilic extracts from rhizomes of Petasites hybridus on the
formation and release of prostaglandin E2.113 The extracts had
different contents of petasin and isopetasin; the effect observed
was independent of the petasin content. All extracts were only
weak direct inhibitors of cyclooxygenase-1 (COX-1), but most
extracts revealed a strong inhibitory activity against the induc-
ible isoform cyclooxygenase-2 (COX-2). Petasites extracts dose-
dependently inhibited COX-2-mediated prostaglandin E2
release in primary rat microglial cells. Thus, the extracts were
natural selective inhibitors of COX-2 and its expression.113

FEVERFEW
Feverfew (Tanacetum parthenium) is a member of the Asteracee
family and species-specific dried chrysanthemum leaves.114 Its
anti-migraine action is probably related to its principally known
bioactive ingredient, parthenolide, a sesquiterpene lactone.115

Additionally, because feverfew also contains melatonin, some
uncertainty was suggested as to whether parthenolide is the major
active ingredient.114,116 Research of this decade on the relation-
ship of parthenolide to nitroglycerin-induced Fos expression in
the trigeminal nucleus caudalis and the feverfew CO2-extract
(MIG99) trials provide clarification. See the clinical review in
this compendium for additional information regarding the fever-
few CO2-extract (MIG99) trials.

Of strange but nonetheless particle interest is that parthenolide
has shown anti-cancer activity.117,118 The potent anti-cancer activ-
ity of this substance is because in part of its ability to inhibit the
transcription factor nuclear factor kappa B (NF-kB), thereby
reducing the survival potential of a number of cancer cells.119

Parthenolide contains an alpha-methylene-gamma-lactone ring
and an epoxide moiety, which enable it to interact with nucleo-
philic sites of biologically important molecules.120 Parthenolide-
induced generation of reactive oxygen species in cancer cells also
plays a key role in promoting apoptotic cell death.121 A unique
property of parthenolide is its ability to induce cell death mainly
in cancer cells, while sparing healthy ones, and it also protects
normal cells from UVB and oxidative stress.120 When evaluated
in acute lymphoblastic leukemia cell lines, parthenolide induced
cell growth arrest by inducing the phosphorylation of stress sig-
naling proteins leading to cell death. These included p38
mitogen-activated protein kinase, the c-Jun N-terminal kinase,
c-Jun, the heat shock protein 27, and protein kinase B.120 This is
of interest in migraine because of the known relationship of NO
to transcription factor NF-kB.

Nuclear factor kappa B activity, as reflected by a reduction in
the inhibitory protein-kappa-B alpha (IkappaBalpha) and acti-
vation of NF-kB after glyceryl trinitrate infusion, precedes
iNOS.122 The NO donor glyceryl trinitrate causes iNOS expres-
sion and delayed inflammation within rodent dura mater with
significant IkappaBalpha degradation and NF-kB activation.
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Sodium nitroprusside, an NO donor as well, also increases
iNOS expression. Parthenolide attenuates iNOS expression.122

When preventing iNOS/NO synthesis in rat primary microglial
cells, parthenolide inhibits the activation of p42/44 mitogen-
activated protein kinase, but not IkBalpha (IkappaBalpha) deg-
radation or NF-kB p65 activation.123 In a study which
investigated the transcriptional activity of NF-kB in the brain-
stem of rats systemically injected with glyceryl trinitrate (NTG),
activation of NF-kB in brain areas was detected by both immu-
nohistochemical technique and Western blot analysis. A signifi-
cant increase of p65 nuclear immunostaining, an indicator of
NF-kB activation, was detected in the nucleus trigeminalis cau-
dalis in rats injected with NTG but not controls.124,125 In apply-
ing these animal studies to migraine subjects, Sarchielli et al
examined monocytes obtained from serial samples of internal
jugular venous blood taken from 7 migraine patients without
aura during attacks. An increase in NF-kB activity peaked 2
hours after attack onset. This was accompanied by a transient
reduction in IkappaBalpha expression with up-regulation of
iNOS evident at 4 hours.126 In another rat study, nitroglycerin
injection significantly increased the NFKB indicator nuclear
p65 in the trigeminal nucleus caudalis. Atorvastatin, an
3-hydroxy-3-methylglutaryl-coenzyme A (HCMG-CoA) reduc-
tase inhibitor, attenuated this increase in a dose-dependent
fashion.127 All of these data suggest that parthenolide has a
potential role in migraine, given that NO is involved in its
pathophysiology.

While noting the considerable literature related to partheno-
lide action on NO and iNOS through NF-kB activation, most
discussion in the past has suggested its migraine prophylaxis
action involved inhibition of prostaglandin biosynthesis and
platelet aggregation, actions on serotonin including release of
serotonin from platelets and white blood cells and inhibition of
phospholipase A. Given the history of migraine research, interests
in prostaglandins, serotonin, and platelet associations are not
unexpected. It appears to this examiner that the evolution of this
thought goes as follows. Granule secretion in platelets is usually
accompanied by thromboxane synthesis and can sometimes be
inhibited by aspirin and by the other nonsteroidal anti-
inflammatory drugs (NSAIDs) that prevent thromboxane syn-
thesis through inhibition of cyclo-oxygenase.128 Collier et al used
whole plant extracts and found that feverfew contains a factor
that inhibits prostaglandin biosynthesis, but differs from salicy-
lates, in that it does not inhibit cyclo-oxygenation by prostaglan-
din synthase.129 Makheja and Bailey’s prepared extract of
feverfew inhibited platelet aggregation as well and they ascribed
this to inhibition of thromboxane synthesis through inactivation
of cellular phospholipases.130 Thakkar et al reported that an
extract from the leaves of feverfew plant potently inhibited phos-
pholipase A2 activity from extracts of smooth muscle cells from
rat aorta and mesenteric artery.131 While Heptinstall et al could
not consistently reproduce thromboxane inhibition, they found

extracts of feverfew also inhibited secretory activity in blood
platelets and polymorphonuclear leucocytes (PMNs). Heptinstall
found release of 14C-serotonin from platelets induced by various
aggregating agents was consistently inhibited by feverfew
extracts, but thromboxane synthesis was not consistently affected
and did depend on the aggregating agent used.128 Feverfew did
not inhibit but increased the 14C-secretion induced in platelets or
PMNs by a calcium ionophore. The authors concluded that the
pattern of the effects of the feverfew extracts on platelets is
different from that obtained with other inhibitors of platelet
aggregation, and the effect on PMNs is more pronounced than
has been obtained with very high concentrations of non-steroidal
anti-inflammatory agents.128 In 1987, Loesche et al reported an
extract of feverfew inhibited interactions of human platelets with
collagen substrates, mechanism unknown.132 That same year, this
research group published that compounds that contain sulphy-
dryl groups such as cysteine and N-(2-mercaptopropionyl)
glycine prevented the inhibition of platelet behavior by feverfew,
but extracts of feverfew with parthenolide dramatically reduced
the number of acid-soluble sulphydryl groups in platelets. This
effect occurred at concentrations similar to those that inhibited
platelet secretory activity.133 Pugh and Sambo then published that
parthenolide mediated in vitro inhibition of prostaglandin syn-
thetase via prostaglandin E2 production from arachidonic
acid.134 Additional studies with platelets demonstrated the activ-
ity of parthenolide against a variety of platelet stimulants but did
not directly implicate serotonergic mechanisms, with Groenewe-
gen and Heptinstall suggesting that the protein kinase C pathway
might represent the basis of action.135

Two works, in particular, support that the activity of feverfew
is not limited to the sesquiterpene lactone known as parthenolide
only. Five compounds that contain an alpha-methylene butyro-
lactone unit were identified as parthenolide, including 3-beta-
hydroxyparthenolide, secotanapartholide A, canin, and
artecanin, all of which are sesquiterpene lactones. The authors
conclude that these and other sesquiterpene lactones that contain
an alpha-methylene butyrolactone unit are likely responsible for
the anti-secretory activity in extracts of feverfew.136 Marles et al
then confirmed that parthenolide was the major active sesquit-
erpene lactone of the feverfew used in the British clinical trials,
but that other sesquiterpenes with an �,b-unsaturated lactone
function contribute to feverfew activity.137

The next series of reports on parthenolide shifted focus to
serotonin 5-HT receptor blocking properties.137-142 Given the
triptan research milieu and that feverfew has been used tradition-
ally to treat migraine, this development is predictable. Marles
et al first confirmed that parthenolide inhibited serotonin release
and this action correlated significantly with the content of par-
thenolide.137 Barsby et al, using rabbit aortic rings, suggested that
parthenolide-rich extracts of fresh feverfew are active inhibitors
of vascular smooth muscle contractions.138 Bejar reported that
parthenolide on isolated rat stomach fundus did not inhibit the

Headache Currents
492 | Headache | March 2011



storage, release, or stimulation of the 5HT2B receptor, while it
did antagonize the effects of the indirect-acting serotonergics
fenfluarmine and dextroamphetamine, indicating another
indirect-acting serotonergic function than 5HT2B.139 Weber
et al reported affirmatively on 5HT2A receptor inhibition but
stated that the modest 5HT2A receptor activity noted for par-
thenolide is unlikely to entirely explain its mechanism of
action.140 Mittra further confirmed that feverfew extract potently
and directly blocked 5-HT2B and 5-HT2A receptors and neu-
ronally released 5-HT. Both parthenolide and feverfew extract
showed a time and content dependency in their action. This
study ascertained that feverfew should be dispensed in a properly
stabilized form wherein its parthenolide content is not degraded
to less than 90% of the original content.141 In the last study
reported here, T. parthenium and Salix alba (white willow), either
alone or in combination, inhibited binding to 5-HT(2A/2C)
receptors; T. parthenium failed to recognize 5-HT(1D) receptors,
whereas S. alba or the combination did. It was hypothesized that
S. alba in combination with T. parthenium may provide superior
migraine prophylactic activity compared with T. parthenium
alone.142,143

MARIJUANA (CANNABINOIDS)
For general comments on cannabinoids in pain management,
see the clinical review in this compendium and a historical
and scientific review referenced.143 Cannabinoids are substituted
meroterpenes[1-3] and not alkaloids.144 The interest in cannab-
inoids and migraine appears to begin with the work of Volfe, who
reported on the effects of tetrahydrocannabinol (delta-9-THC;
the psychoactive component of cannabis) and cannabidiol
(CBD) and dimethyl heptylpentyl cannabidiol (DMHP-CBD;
the non-psychomimetic components of marijuana derivatives)
on 14C-labeled serotonin release from normal platelets.145 Delta-
9-THC significantly inhibited 14C serotonin release from plate-
lets incubated with human plasma obtained during a migraine
attack, while plasma from attack-free periods revealed no signifi-
cant inhibitory actions. The non-psychomimetic component
derivatives, CBD and DMHP-CBD, had no significant inhibi-
tory effect on 14C serotonin release from normal platelets, when
tested either with migraine-free period plasma or plasma
obtained during the migraine attack.145 A clinical review pub-
lished in 2000 referenced small clinical studies confirming the
usefulness of THC as an analgesic, but also noted that CBD and
cannabigerol (CBG) also had analgesic and anti-inflammatory
effects. They further noted that most of the controlled studies
have been carried out with THC rather than cannabis herb and
so do not mimic the usual real world setting.144

Cannabidiol is the other important natural cannabinoid, and
one of the few which has been investigated pharmacologically. It
has a modulating effect on brain THC levels, and intrinsic activ-
ity itself.146 Although not psychoactive, it has potent analgesic
and anti-inflammatory effects. These effects are several hundred

times that of aspirin (acetysalicylic acid), when measured in
standard animal tests and isolated cell assays.147 However, after
oral administration, it appears to act mainly as a lipoxygenase
inhibitor.147,148 CBD, like THC, also stimulates the release of
prostaglandin E2 and inhibits leukotriene B4 synthesis in vitro.149

Evans et al reported cannabinoids inhibited both cyclo-oxygenase
and lipoxygenase, while the non-cannabinoid constituents inhi-
bited mainly cyclo-oxygenase.150 This same group then reported
that CBD was the most effective of the cannabinoids in an
analgesic mouse model. They suggested that as delta-9-THC and
cannabinol (CBN) were the least effective in this test paradigm,
a structural relationship between analgesic activity and anti-
inflammatory activity among the cannabinoids related to their
peripheral actions and were separate from the central effects of
delta-9-THC.151 CBN is an oxidation product of THC and an
indication of deterioration.144 This research group then assessed
cannabinoids for their ability to inhibit agonist-induced platelet
aggregation and [14C]5-HT release.152 All of the cannabinoids
tested partially inhibited primary aggregation and totally inhib-
ited secondary aggregation of human platelets, when researchers
used adrenaline as the agonist. The order of potency was
CBG > CBD > olivetol > THC > CBN. Cannabinoids (CBs)
only partially prevented [14C]5-HT release in a manner which
did not correlate with inhibition of aggregation.152

In 1990, Matsuda et al reported the cloning and expression of
a complementary DNA that encoded a G protein-coupled recep-
tor with all of the expected properties to be a cannabinoid recep-
tor, discovering the CB(1) receptor.153 Its messenger RNA was
found in cell lines and regions of the brain that have cannabinoid
receptors.153 Delta-9-THC exerts all of its known central effects
through the CB(1) cannabinoid receptor.154 Particularly impor-
tant, classes of neurons that express high levels of CB(1) receptors
are GABAergic interneurons in hippocampus, amygdala, and
cerebral cortex, which also contain the neuropeptides cholecys-
tokinin.154 In 1992, an endogenous cannabinoid was found in
the human brain, arachidonylethanolamide, named ananda-
mide.155 This ligand demonstrates a predilection for areas
involved with nociception.156 A National Institutes of Health
study reported an inhibitory effect of anandamide and other
cannabinoid agonists on rat serotonin type 3 (5-HT3) receptors
in 1995, supporting the antiemetic effects and suggesting an
analgesic effect.157 Then a study in rats demonstrated antinocice-
ptive effects of delta-9-THC and other cannabinoids in the peri-
aqueductal gray matter.158 Goadsby’s lab, in 2004, reported on
anandamide in 2 separate reports. Akerman et al showed that
anandamide was able to inhibit neurogenic dural vasodilatation
via calcitonin gene-related peptide and NO-induced dural vessel
dilation in the intravital microscopy model. CB(1) receptor
antagonists blocked this effect.159 In another in vitro setting,
anandamide was also able to activate the vanilloid type 1
(TRPV1) receptor and cause vasodilation, via the release of
CGRP.160 A CB(1) receptor antagonist was unable to reverse this
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anandamide-induced dilation. Most recently, this same group
reported data to show that manipulation of CB(1) receptors
could affect the responses of trigeminal neurons with A- and
C-fiber inputs from the dura mater.161 They concluded this may
be a direct effect on neurons in the TCC itself or an effect in
discrete areas of the brain that innervate these neurons, but that
the data suggested that CB receptors may have therapeutic poten-
tial in headache.161

Juhasz took this positive and suggestive animal data and
applied single marker association and haplotypic trend regression
analysis to investigate the relationship between the CB(1) gene
(CNR1) and headache with migraine symptoms (nausea, photo-
phobia, and disability, measured by the ID-migraine question-
naire).162 Their results demonstrated a significant haplotypic
effect of CNR1 on migraine headaches, suggesting a significant
effect of CNR1 on migraine that might be related to the alter-
ation of peripheral trigeminovascular activation.162 Most recently,
Seyrek systemically administered cannabinoids to mice to evalu-
ate their antinociceptive effects and the role of descending sero-
tonergic pathways and spinal 5-HT(7) and 5-HT(2A) receptors
in comparison to that of 5-HT(1A) and 5-HT(3) receptors.163 A
selective CB(1) and CB(2) receptor agonist and a mixed CB(1)
and CB(2) receptor agonist were given to induce antinocicep-
tion. Spinal 5-HT was depleted, bilateral surgical lesions of the
dorsolateral funiculus were performed and selective 5-HT(7),
5-HT(2A), 5-HT(1A), and 5-HT(3) antagonists and risperidone
were administered. The CB(1) and mixed CB(1 and 2) agonists
produced dose-dependent antinociception, which the selective
CB(1) receptor antagonist rimonabant reversed. Their antinoci-
ceptive effects were totally absent in spinal 5-HT depleted and
dorsolateral funiculus lesioned mice. The selective CB(2) agonist
did not produce any antinociception. Additional findings (not
listed here) supported that systemically administered cannab-
inoids interact with descending serotonergic pathways via CB(1)-
mediated mechanisms and exert a central antinociceptive effect
involving spinal 5-HT(7) and 5-HT(2A) receptors.163

HYPERBARIC OXYGEN
Given that providers and researchers alike have associated severe
headache with a vascular process in the not so distant past, the
rational for oxygen inhalation therapy rests on the known ability
of oxygen to constrict cerebral resistance vessels.

Harold Wolff described the positive effect on pial vessels of the
oxygen content of blood in 1930.164 Sakai and Meyer reported, in
1978, the following observations: (1) regional reduction of gray
matter blood flow occurred during the prodrome of classic
migraine, sometimes persisting into the headache phase of com-
plicated migraine when blood flow values increased elsewhere;
(2) blood flow values regularly increased during migraine head-
ache and remained increased for 2 days after the headache sub-
sided; (3) dysautoregulation, or loss of the ability to maintain
regional cerebral blood flow (rCBF) constant during changes of

perfusion pressure, was present during migraine headaches.165

The following year, they reported on the cerebral vasomotor
responsiveness to 5% CO2 or 100% O2 inhalation or hyperven-
tilation tested in groups of patients with either migraine or
cluster headache. In migraineurs, inhalation of 100% O2 reduced
mean hemispheric blood flow by 9.4 � 5.4%. During the head-
ache phase of migraine, both cerebral hemispheres experienced
impaired CO2 responsiveness but recovery occurred 24 hours
after headache subsided. In cluster patients, inhalation of 100%
O2 produced a more marked reduction of blood flow to
33 � 11% with relief of headache. During cluster headache,
impaired hemispheric CO2 responsiveness was similar to
migraine, but returned to normal immediately after the headache
subsided.166 The Danish headache research group reported, in
1990, that by direct ultrasound visualization, all arteries studied
showed vasoconstriction except for the superficial temporal
artery on the symptomatic side of headache. This included
peripheral arteries. They attributed the widespread peripheral
constriction to increased sympathetic tone or serotonin release
from platelets.167

Drummond reported increased superficial temporal artery
pulsations on the cluster headache side more than on the non-
symptomatic side.168 A reduction in pulse amplitude followed
oxygen inhalation accompanied by relief of headache. The mag-
nitude of the decrease was greater than in control subjects or
cluster patients between bouts of headache, and was greater on
the symptomatic side in the supraorbital region. Oxygen had
either a direct vasoconstrictor effect or an indirect neural
action.168 Vasodilatory activity by nerves related to the side of
pain most likely explained the findings with intracranial vasodi-
lation a possibility.167 Blood flow velocity studies by the same lab
confirm this finding.169

Ohta studied hyperbaric oxygen effects on cerebral blood flow.
Statistically significant stepwise increases in PaO2 with corre-
sponding CBF decreases occurred at 1 through 2.5 atmospheres
absolute.170 Changes in PaCO2 and blood pressure were slight
and not significant statistically in each series. Therefore, it was
concluded that the CBF decrease was because of vasoconstriction
caused by the elevated PaO2. Direct vasoconstrictive effect of
oxygen, neurogenic control, and the metabolic effect of an
elevated cerebral tissue oxygen level may contribute to the CBF
decrease.170

Myers studied the effects of hyperbaric oxygen (100% oxygen
at 2 atmospheres) on migraine hypothesizing that their results
suggested these possible mechanisms of action: (1) vasoconstric-
tion and (2) increases in the rate of energy-producing and
neurotransmitter-related metabolic reactions in the brain which
require molecular oxygen.171 Proof of vasoconstrictor effect rests
in publications not fully available. Fife in an abstract states, “A
previous study utilizing transcranial Doppler (TCD) demon-
strated a significant decrease in middle cerebral artery (MCA)
mean flow velocity (MFV) at 2 ATA P02 compared to air at 1
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ATA.”172 In abstract form only, Fife reports administering differ-
ing O2 levels at 3 different atmospheric levels to determine
whether MCA mean flow velocity intensified with increasing
PO2.172 Ten awake volunteers respired air at I ATA, 100% O2 at
1 ATA, 11% O2 at 2 ATA, 100% O2 at 2 ATA, 7% 02 at 3 ATA,
and 100 O2 at 3 ATA. Normobaric room oxygen did not differ
in MCA MFV compared to 11% O2 at 2 ATA or 7% O2 at 3
ATA (hyperbaric normoxic conditions). However, a statistically
significant decrease in MCA MFV was observed during hyper-
baric hyperoxia (P � .001).172 This decrease appeared greater at
3 ATA PO2 than 2 ATA PO2 and was not associated with sig-
nificant changes in end-tidal CO2 or blood pressure. These
results are compatible with oxygen-induced distal vasoconstric-
tion of cerebral resistance vessels during hyperbaric hyperoxia,
and suggest that vasoconstrictive effect is PO2 dose-responsive.172

In a fully published confirmatory study, Omae et al studied 8
healthy volunteers’ middle cerebral artery blood flow velocity
(MCV) using transcranial Doppler and transcutaneous gases
(TcPO2 and TcPCO2) in a multiplace hyperbaric chamber.173

Omae studied 4 atmospheric absolute (ATA) conditions: 1 ATA
air, 1 ATA O2, 2 ATA air, and 2 ATA O2. In a second phase, the
transcutaneous TcPO2 was kept at almost the same level under
conditions of both 1 ATA and 4 ATA by inhaling O2 at 1 ATA.
MCV decreased and TcPO2 increased significantly at all but 1
ATA air. Significant differences in MCV between the O2 group
and air group for the same ATA existed. No differences in MCV
or TcPO2 existed between 4 ATA and 1 ATA plus O2 at 1 ATA.
Omae concluded that hyperoxemia caused by hyperbaric oxygen
therapy (HBOT) reduced CBF but high atmospheric pressure
per se does not influence the CBF in humans.173

Researchers interested in O2 therapy have targeted cluster
headache because of its known responsiveness. Searching for a
mechanism of action, DiSabato et al studied 14 International
Headache Society cluster patients with HBOT in a double-
blinded, placebo-controlled study for the content of substance P
in their nasal mucosa.174 A statistically significant decrease in the
content of immunocytochemical reactivity for substance P
occurred when exposed to HBOT which was marked compared
to placebo. They acknowledged that the mechanism of how
HBOT produced this result was unclear but suggested that an
influence on the content of peripheral neuropeptides was
involved in the HBOT mechanism of action in cluster.174

Akerman et al recently provided the first systematic, experimen-
tal evidence for a mechanism of action of O2 in cluster.175 They
studied the effect of O2 on trigeminal nerve activation by stimu-
lation of the Superior Salvitory (SuS)/facial nerve observing
autonomic responses of the lacrimal duct/sac via blood flow
observations. They showed oxygen had no direct effect on
trigeminal afferents, neither affecting meningeal vasodilation nor
neuronal firing in the TCC in response to dural electrical stimu-
lation. Stimulation of the SuS via the facial nerve caused only
marginal changes in dural blood vessel diameter, but did result in

evoked firing in the TCC, while O2 inhibited evoked blood
flow changes in the lacrimal sac/duct.175 Oxygen had no direct
effect on trigeminal afferents, acting specifically on the
parasympathetic/facial nerve projections to the cranial vascula-
ture to inhibit both evoked trigeminovascular activation and
activation of the autonomic pathway during cluster headache
attacks.175 This, of course, explains the prior substance P findings.

Effective treatment for cluster headache implicates 5HT in its
pathogenesis. 5HT binding curves to mononuclear cells show a
lack of high-affinity binding sites during and outside a cluster
crisis.176 Di Sabato et al assessed the actions of HBOT in cluster
headache and its influence on 5HT by monitoring serotonin
binding to mononuclear cells.177 Fourteen chronic cluster
patients treated with 2.5 ATA HBOT (n = 10) had reversal of
their 5HT binding patterns at the end of treatment, while the
environmental air (placebo; n = 4) group had no changes of
serotonin binding to mononuclear cells before and after treat-
ment.177 The binding of 5HT to mononuclear cells was studied
with saturation experiments, that is, increasing the ligand con-
centration and determining the amount bound, which will reach
an equilibrium depending on the number of sites present on the
cells and on affinities.176 The loss of high-affinity sites in cluster
patients could be that the cells had previously been exposed to
high concentrations of 5HT, probably generated during cluster
pain bouts.176,177 If true, the lack of high-affinity binding sites is
to be expected before treatment. Reversal with reappearance of
binding sites following HBOT and the presence of a plateau,
indicating normal 5HT turnover, supports an HBOT effect on
serotonin.177 Whether this is a key mechanism or coincidence
remains unclear.

Migraine is an inflammatory pain condition. HBOT has
effects on osteomyelitis, necrotizing fasciitis, and rheumatoid
arthritis responding poorly to anti-inflammatory drugs.178

HBOT and diclofenac 20 mg/kg markedly reduced the
carrageenan-induced paw edema in rats, thus displaying anti-
inflammatory activity. The combination together produced
greater inhibition than either alone. On the other hand, hyper-
baric oxygen treatment did not consistently modify the anti-
inflammatory effect of diclofenac in this model. Is this explained
by cyclooxygenase inhibition? This study did not analyze inflam-
matory or proinflammatory mediators. Inamoto et al in 1991
reported that the release and production of interleukin-6, which
also enhances prostaglandins by acting on phospholipase A
enzyme, and prostaglandin-E, a prominent prostaglandin in
inflammation, decreased after a 5-day hyperbaric oxygen expo-
sure at 2.5 atmospheres of pressure in mice.179

Finally, and in a rather lengthy summary nearly taken in whole
from the abstract, HBOT demonstrates neuroprotective effects
in experimental ischemic brain injury, which may be important
in migraine and other headaches.180 Research has identified many
physiological and molecular mechanisms of hyperbaric oxygen
therapy-related neuroprotection. A National Library of Medicine
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and National Institutes of Health database review reports neuro-
protective effects on brain injury in a variety of animal models for
focal cerebral ischemia, global cerebral ischemia, neonatal
hypoxia-ischemia, and subarachnoid hemorrhage.180 However,
small human trials of HBOT in focal ischemia have not shown
benefit, although 1 trial of hyperbaric oxygen therapy before
cardiopulmonary bypass demonstrated improved neuropsycho-
logical and inflammatory outcomes with HBOT. Data show
HBOT is associated with improved cerebral oxygenation,
reduced blood–brain barrier breakdown, decreased inflamma-
tion, reduced cerebral edema, decreased intracranial pressure,
reduced oxidative burden, reduced metabolic derangement,
decreased apoptotic cell death, and increased neural regenera-
tion.180 On a molecular level, hyperbaric oxygen therapy leads to
activation of ion channels, inhibition of hypoxia inducible
factor-1 alpha, up-regulation of Bcl-2, inhibition of MMP-9,
decreased cyclooxygenase-2 activity, decreased myeloperoxidase
activity, up-regulation of superoxide dismutase, and inhibition of
Nogo-A (an endogenous growth-inhibitory factor). Ongoing
research will continue to describe the mechanisms of hyperbaric
oxygen therapy-related neuroprotection, and possibly expand
hyperbaric oxygen therapy use clinically.180

CONCLUSION
There is a basic science for nutraceuticals and a clinical science as
well. Both exist in their infancy and need considerably more
research. This article has addressed what this author could find
through databases available on magnesium, riboflavin, coenzyme
Q10, petasites, feverfew, marijuana/cannabis, and oxygen/
hyperbaric oxygen.
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