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Oxidative Stress and Migraine
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Abstract

The pathogenesis of migraine is not completely understood, but inflammation and oxidative stress seem to be involved,
according to data from an experimental model of the disease. This narrative review summarizes data from studies on oxi-
dative stress markers in migraine patients, case—control association studies on the possible association of candidate genes
related to oxidative stress with the risk for migraine, studies showing the presence of oxidative stress in experimental models
of migraine, and studies on the efficacy of antioxidant drugs in migraine therapy. Many studies have addressed the value of
concentrations of prooxidant and antioxidant substances or the activity of antioxidant enzymes in different tissues (mainly
in serum/plasma or in blood cells) as possible biomarkers for migraine, being thiobarbituric acid (TBA) reactive substances
(TBARS) such as malonyl dialdehyde acid (MDA) and 4-hydroxynonenal, and nitric oxide (this at least during migraine
attacks in patients with migraine with aura (MWA) the most reliable. In addition, the possible usefulness of antioxidant
treatment is not well established, although preliminary short-term studies suggest a beneficial action of some of them such
as Coenzyme Q) and riboflavin. Both topics require further prospective, multicenter studies with a long-term follow-up

period involving a large number of migraine patients and controls.
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Introduction

Migraine is a neurological disease of very high prevalence,
since it affects 10-18% of the population, with a greater
frequency in the female sex (female:male ratio 2-3:1).
Although genetic factors play an important role in the risk
of both migraine without aura (MWoA) and migraine with
aura (MWA), given that 50-70% of patients have a family
history of migraine and the fact that individuals with parents
affected by MWoA or MWA have a high risk of develop-
ing the disease, to date, only the CACNAIA, ATPIA2, and
SCNIA genes have been identified as clearly causing famil-
ial hemiplegic migraine [1]. Recently, a meta-analysis of
hypothesis-free genome-wide association studies (GWAS)
involving 102,084 migraine cases and 771,257 controls was
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able to identify 123 genetic susceptibility loci for migraine
(86 of them new) [2]. The results of hypothesis-driven
case—control association studies have shown inconsistent
results.

The pathophysiology of migraine is not fully understood.
Currently, migraine is considered to be a network disorder
that involves many cortical, subcortical, and brainstem
regions, and can generate an important number of signs and
symptoms [3]. Migraine pain seems to be related to the acti-
vation of the trigeminovascular system, which causes the
release of neuropeptides including calcitonin gene—related
peptide (CGRP, present in perivascular trigeminal sensory
afferents and the cerebral arterial walls of the circle of Wil-
lis) and pituitary adenylate cyclase-activating polypeptide
38 (PACAP-38, found in perivascular trigeminal nerve fibers
and ganglia, the sphenopalatine ganglion, and the trigeminal
nucleus caudalis), at the level of the dura mater. Trigemi-
novascular pain transmission and autonomic responses in
migraine seem to be modulated by several brainstem nuclei,
including the locus ceruleus, rostral ventral medulla, supe-
rior salivatory, and cuneiform nucleus, and cause activation
of the hypothalamus (that has indirect and direct connections
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with the trigeminovascular system, sympathetic system, and
thalamus) [3]. The thalamus seems to be important in the
processing of trigeminovascular nociceptive information and
the development of central sensitization, photophobia, and
allodynia in migraine [3]. The cerebral cortex participates
in the generation of cortical spreading depression (respon-
sible for the aura phenomenon), and several cortical areas
associated with pain changes show structural and functional
changes in migraine patients, both during headache attacks
and in interictal periods [3]. Inflammation [4, 5], oxidative
stress, and changes in markers associated with pain transmis-
sion and emotion, such as noradrenalin, serotonin, hypocre-
tin-1, calcitonin gene-related peptide (CGRP), and gluta-
mate, seem to play a role in the pathogenesis of migraine [4].

This review aimed to analyze the results of published
studies on the possible role of oxidative stress in migraine,
including those related to oxidative stress markers in
migraine patients; case—control association studies on the
possible association of candidate genes related to oxidative
stress with the risk for migraine; studies showing the pres-
ence of oxidative stress in experimental models of migraine;
and studies on the efficacy of antioxidant drugs in migraine
therapy. For this purpose, we performed a PubMed database
search from 1966 to April 30, 2023, by crossing the term
“migraine” with “oxidative stress,” “antioxidant treatment,”
and “antioxidant therapy.” The whole search retrieved 313
references that were manually selected to include only those
strictly related to the topic.

Oxidative Stress Markers in Patients
with Migraine

Data from studies measuring different oxidative stress mark-
ers in patients with migraine compared with those of con-
trols in blood cells [6—16] and the brain [17] are summarized
in Supplementary Table 1, while Supplementary Table 2
summarizes the results of studies in serum/plasma [10, 11,
18-47] and urine [18, 48, 49].

Most of the studies addressing the levels of thiobarbi-
turic acid (TBA) reactive substances (TBARS), including
malonildialdehyde (MDA) and 4-hydroxy-2-nonenal (HNA),
have shown a significant increase of these products of lipid
peroxidation in patients with migraine, both in platelets [6],
erythrocytes [13—15], serum/plasma [10, 11, 21-27], and
urine [49], except for several studies in serum/plasma that
have not found significant differences between patients with
migraine and controls [22], and even others showing a sig-
nificant decrease in migraine patients [14, 18, 20]. A meta-
analysis of studies reported up to 2014 showed an increased
odds ratio for these substances in patients with migraine
[50]. TBARS have been found to be increased in migraine
patients during interictal periods and to increase even more
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during migraine attacks [49]. Serum/plasma hydrogen per-
oxide [10] and total peroxide [19] levels have been found
to be increased in single studies involving patients with
migraine and controls, but these findings need to be repli-
cated in other studies.

Serum/plasma ferric reducing antioxidant power
(FRAP) has been reported to be increased in one study [21]
and decreased in two other studies [28, 29], and ferritin
decreased [30]. Serum total antioxidant status (TAS) or total
antioxidant capacity (TAC) has been described as decreased
in migraine patients in 7 studies [20, 24-26, 31, 36, 37] and
similar in migraine patients and healthy control in other 5
[27, 32-35]. On the other hand, total oxidant status (TOS)
is increased in patients with migraine [24, 26, 32, 33, 37] or
MWOoA [31] in 6 studies, and similar to that of controls in
other 2 studies [34, 35]; and similarly oxidative stress index
(OSI) increased in patients with migraine [24, 32, 33, 37]
or MWOA [31] in 5 studies, and similar between migraine
patients and controls in other 2 [34, 35].

Total or native thiol (SH) groups have been found similar
in platelets from migraine patients and controls in one study
[6], while they have been found decreased in serum/plasma
from migraine patients in 6 studies [20, 28, 29, 31, 34, 38],
one of them showing similar dynamic disulfide bonds and its
ratio to total and native SH in migraineurs and controls [38].

Several studies assessed the activity and/or concentra-
tions of antioxidant enzymes such as superoxide dismutases
(SOD-1 or Cu/Zn-SOD and SOD-2 or Mn- SOD, they
maintain the redox potential of the cells and play a vital
role in protecting normal cells from reactive oxygen spe-
cies), glutathione peroxidase (GPx, an important enzyme
involved in the detoxification of hydrogen peroxide), cata-
lase (this enzyme prevents the accumulation of and protects
cellular organelles and tissues from damage by peroxide
produced by metabolic reactions), glutathione reductase
(GSSG-R, responsible for maintaining the supply of reduced
glutathione, riboflavin is its cofactor), or glutathione-S-
transferases (GST, they contribute to the detoxification of
endogenous or xenobiotic compounds and oxidative stress
metabolism), and concentration of glutathione (it can reduce
oxidative stress by decreasing the formation of damaging
free radicals, playing an important role in the cellular control
of reactive oxygen species). When compared with that of
controls, SOD activity of patients with migraine has been
reported to be decreased [7] or similar in platelets [8]; simi-
lar in blood polymorphonuclear neutrophils [8]; increased
[13, 15], decreased [14], or similar in erythrocytes [16]; and
decreased [10, 19, 25] or similar [14, 23] in serum/plasma.
A meta-analysis of studies reported up to 2014 showed a
similar odds ratio for erythrocytes SOD activity. However,
the sum of SOD activity in different specimens (erythro-
cytes, serum, platelets, polymorphonuclear neutrophils)
showed a decrease in this value in patients with migraine



Molecular Neurobiology

[50]. GPx activity has been reported to be increased [15],
decreased [16], or similar [14] in erythrocytes, and increased
[14, 25] or similar [25] in serum/plasma. Catalase activity
has been described as similar in erythrocytes [8], as well as
similar [13], decreased [16] or even increased [15] in blood
polymorphonuclear neutrophils, and decreased in serum/
plasma [10, 23-26]. Serum/plasma GSSG-R activity has
been found similar [36], and GST activity [36] and GSH
levels decreased [36] in migraine patients. Interestingly, a
study using proton magnetic resonance spectroscopy (1H-
MRS) showed a significant decrease in GSH/total creatine
ratio in the occipital lobe from patients with MWoA dur-
ing migraine attacks in comparison with MWoA during the
interictal period and with controls [17].

Nitric oxide (NO, which can act as an antioxidant or
oxidant, depending on its redox state) or NO metabolites
(nitrates plus nitrites) levels have been found to be increased
in platelets of migraine patients during attacks compared
with controls or with migraine patients during interictal peri-
ods in a single study [6]. Serum/plasma concentrations of
NO metabolites have been found to be decreased in migraine
patients in one study [19] and increased in two others [39,
40]. Serum/plasma nitrate levels have been found to be
increased [26, 39], and nitrites decreased [39] or similar to
that of controls [22]. Serum total NO levels have been found
to be increased in 4 studies [10, 25, 26, 39]. NO metabolites
were higher in migraine patients during the interictal period
than in controls and decreased during migraine attacks in
a single study [49]. Peroxynitrite (ONOO —) production
[9] and inducible nitric oxide synthase (iNOS) expression
[9, 10] have been found to be increased in platelets from
migraine patients, while endothelial NOS (eNOS) expres-
sion in platelets was similar for migraine patients and con-
trols [9]. The serum levels of asymmetric dimethylarginine
(ADMA, involved in NO metabolism as NOS inhibitor) have
been described as increased [40] or similar [22, 39], and
those of nitrosylated proteins (markers of oxidative stress)
similar in migraine patients and controls [22, 39]. Studies
on concentrations of NO metabolites in urine gave opposite
results [18, 49]. A meta-analysis of studies reported up to
2014 showed a lack of difference between migraine patients
and controls in NO metabolites and ADMA concentrations
in plasma, serum, and urine, although it showed higher NO
levels during attacks, in patients with aura, together with an
effect of diet [50].

Single studies comparing migraine patients with controls
have found similar serum/plasma carbonylated proteins (oxi-
dation of the side chains of proteins, which is a well-known
marker of oxidative stress) levels [22], increased [28] or sim-
ilar [29] concentrations of advanced oxidation protein prod-
ucts, increased markers of DNA damage [24, 35], decreased
urotensin-2 receptor levels (urotensin 2 has been found to be
increased in several diseases related to oxidative stress and

immunologic mechanisms) [24] and arylesterase enzyme
activity (this enzyme, linked to the paraoxonase-1 or PON-
I gene protect lipoproteins from oxidation) [33, 41], and
decreased [41] or similar [33] paraoxonase enzyme activity.
Gonullu et al. [42] reported a significant increase in serum
levels of cadmium, iron, manganese, and lead; decreased
serum levels of copper, magnesium, and zinc; and similar
serum cobalt levels, in patients with migraine (as we previ-
ously mentioned, copper and zinc are part of SOD-1 and
manganese is part of SOD-2, but in addition, free copper
and manganese act as pro-oxidants and zinc as an antioxi-
dant). Talaie et al. [27] found decreased serum selenium (a
component of selenoproteins and enzymes that have anti-
oxidant properties helping to break down peroxides) levels
in migraineurs. Serum/plasma concentrations of uric acid,
which acts as a powerful antioxidant, have been found to
be decreased in patients with migraine in 3 studies [30, 43,
441, while another study has shown non-significant differ-
ences for this value between migraine patients and controls
[45]. Some of these studies have not been replicated by other
investigators or have shown a great variability that could be
related to the methods used. Data from serum/plasma con-
centrations of other oxidative stress markers are summarized
in Supplementary Table 2.

Genetic Variants Related to Oxidative Stress
in Patients with Migraine

Many case—control association studies have tried to look for
an association between single nucleotide variants (SNVs)
or deletions in genes related to oxidative stress and the risk
of developing migraine. The results of these studies have
been summarized in Table 1. Most studies have found lack
of association between these SN'Vs and migraine, includ-
ing the most common SNVs in the SODI [52-54], SOD-2
[54-56], GSTPI [55-57], GSTM1 [52, 55], GSTT1 [55, 57],
CAT?2 [53, 55, 56], GPX1 [56], PONI [41, 55, 58], CYBA
[55], NOS3 [55, 56, 59, 61, 62, 64, 65], NOS2 [67], NOSI
[70, 711, NFE2L2 [56], and UCP2 genes [56].

Several studies showed modest associations of the risk
for migraine with the SOD2 16C/T rs4880 genotype [54],
GSTM1 deletion [57], CAT2 rs1049982 [(-21 A/T)] genotype
[54], NOS rs1799983 Asp/Asp [60] and NOS3 rs2070744
genotypes [60], NOS2 pentanucleotide repeat polymorphism
[68], and interaction between NOS2 rs743506 and NOS3
rs2297518 [66]. Interaction between NOS2 rs2297518 and
NOS?2 152772249 has been found associated with the risk
of MWA [69]. One study described an association between
NOS3 rs1799983 and migraine susceptibility in men,
although the number of men with migraine was too low [56].

SODI 1s2234695C variant has been associated with the
presence of white matter hyperintensities in patients with
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migraine [55], SOD2 rs4880TT genotype with the pres-
ence of unilateral cranial autonomic symptoms in MWA
[53], PONI 192QQ genotype and PONI 192Q allelic vari-
ant (rs662) [58] and CAT rs1001179CC [56] with earlier
onset of migraine, GPXI rs1050450 with migraine attack
duration [56], and NOS3 rs2070744CC genotype with a
positive family history of migraine [65]. CAT rs1001179,
GSTPI rs1695 and rs1138272, and UCP2 rs660339 variants
have been found to be associated, respectively, with sleep/
weather changes, alcohol consumption, and physical exer-
cise, respectively, as migraine triggers in a single study [56].

Data from Experimental Models of Migraine

Increased lipid peroxidation in the ipsilateral cortex and
meninges and in ipsi- and contralateral trigeminal ganglia
provoked by induction of cortical spreading depression in
rat brain has been described, and application of the oxi-
dant hydrogen peroxide to the meninges caused a transient
enhancement in the electrical spiking activity of the trigemi-
nal nerves, which seems to be mediated by transient recep-
tor potential channel subfamily A, member 1 (ankyrin 1,
TRPAT) receptors because it is abolished by specific TRPA1
agonists [72].

Intraperitoneal injection of nitroglycerin (a NO donor) to
rodents, which causes migraine-related pain in this and other
animal models, induced an increase in oxidative markers
and CGRP in the trigeminal ganglion [73], the trigeminal
nucleus caudalis [74, 75], cortex [74, 76], and brain micro-
somal system [77], which were reduced by preadministration
of insulin-like growth factor 1 (IGF-1), a growth factor that
is capable of reducing spreading depression in brain slices
by blocking oxidative stress and neuroinflammation [73],
riboflavin and vitamin E [76], and bergapten (5-methoxy
psoralen, a naturally occurring organic chemical compound
produced by certain plants that has antioxidant and anti-
inflammatory actions) [74]. IGF-1 and bergapten reduced
migraine-like headaches and allodynia [73, 74]. Intraperi-
toneal administration of nitroglycerin to rodents caused a
reduction of brain calcium, vitamin A, vitamin C, vitamin E,
and brain microsomal GSH, GPx, and Ca**-ATPase, which
was reversed by riboflavin and vitamin E [76].

Intraperitoneal nitroglycerin administration causes a sup-
pression in heat shock protein 70 (HSP70) expression in
the trigeminal nucleus caudalis of mice, which was reverted
(together with a reversion of oxidative stress and improve-
ment of nitroglycerin-induced mechanical hypersensitivity)
by exogenous administration of HSP70 [75].

The use of a brain bioavailable soluble guanylyl-cyclase
(sGC) stimulator (being sGC the high-affinity receptor of
NO, which induces oxidative and nitrosative stress) in mice
can induce chronic cephalic and hind-paw allodynia in a

dose-dependent manner (increasing CGRP immunoreactiv-
ity in the trigeminovascular system), that was blocked by
drugs used in the treatment of migraines such as sumatriptan,
propranolol, and topiramate [77].

Systemic administration of glyceryl-trinitrate (nitroglyc-
erin, a NO donor) elicits prolonged mechanical allodynia in
mice (an equivalent to migraine), which is absent in TRPA1-
deficient mice, is reversed by TRPA1 antagonists (although
these do not prevent early periorbital vasodilatation evoked
by glycerol-trinitrate), and knockdown of TRPA1 and selec-
tive deletion of TRPA1 from sensory neurons in Advillin-
Cre;Trpa fl/fl mice showed that TRPAI1 is responsible for
NO-dependent oxidative and carbonylic stress generation.
These data suggest an important role of TRPA1 activation
in mediating the development of oxidative stress induced by
NO [78]. Recent data have shown an important role of main-
tained activation of TRPM2 in reducing oxidative stress,
inflammation, and neurotoxicity in the trigeminal ganglia
neurons of mice with experimental migraine and the modu-
lation of pain induced by glyceryl nitrate [79].

Antioxidants as a Possible Prophylactic
Therapy for Migraine

Because of the possible role of oxidative stress in the patho-
genesis of migraine, the use of antioxidants in an attempt to
prevent migraine attacks seems reasonable. This issue has
been addressed by two recent reviews [80, 81].

Two open-label studies involving a small series of
patients described a beneficial effect of the combination of
Pinus radiata bark extract with vitamin C [82] and E [83]
in the prevention of refractory migraine by reducing the fre-
quency and intensity of migraine attacks.

Curcumin, which is a strong antioxidant, anti-inflamma-
tory, antispasmodic, antiangiogenic, and anti-carcinogenic
substance, has shown a beneficial effect on experimental
models of migraine by decreasing oxidative stress markers
[84-86]. A recent randomized, placebo-controlled, double-
blind trial involving 100 patients with episodic migraine has
shown a reduction in frequency, severity, and duration of
migraine attacks and headache diary results by the combina-
tion of curcumin with coenzyme Q,;, (CoQ,) in comparison
with those treated with curcumin or with CoQ, alone [87].
Another randomized, double-blind, placebo-controlled clini-
cal trial on the clinical and biochemical effects of curcumin
compared with placebo in 60 patients with migraine is cur-
rently undergoing [88].

Several studies aimed to assess the efficacy of CoQ,
a potent antioxidant with anti-inflammatory actions, in the
prevention therapy of migraine. A meta-analysis of eligi-
ble studies related to this topic reported up to March 2018,
which included 2 observational studies and 3 randomized
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clinical trials involving 189 migraine patients assigned to
CoQ,, (doses ranged from 100 to 400 mg/day) and 157
assigned to placebo (120 of the participants were pediat-
ric), showed that CoQ,, was significantly more effective
than placebo in reducing migraine days per month and
migraine duration, and a non-significant trend towards
reducing migraine attacks per month and migraine severity
[89]. Another meta-analysis, which included 6 randomized
clinical trials published up to December 2019, involving a
total of 371 participants (all adults, the number of patients
assigned to CoQ,, or placebo was not given, CoQ,, doses
ranged from 30 to 800 mg/day; in one study, CoQ),, was co-
administered with L-carnitine and in other with a multivi-
tamins combination), showed that CoQ),, treatment reduced
the frequency and duration, but not the severity, of migraine
attacks [90].

A narrative review by Yamanaka et al. [91]described
the results of 7 randomized clinical trials, 2 retrospective
studies, and 5 open-label trials on the possible efficacy
of riboflavin (vitamin B,, which has antioxidant and anti-
inflammatory properties), many of them involving patients
with pediatric migraine. Most of these studies showed a sig-
nificant reduction in the frequency of migraine attacks in
patients treated with riboflavin.

Allais et al. [92] in an open-label study involving 25
patients with MWA showed a beneficial effect with the
combination of Ginkgo biloba terpenes phytosome (that has
antioxidant actions and modulates glutamatergic transmis-
sion), CoQ,, and riboflavin, consisting in a decrease in the
duration of aura.

Two randomized, double-blind, multicenter, placebo-
controlled studies (one of them with an adaptive design,
and the other with a parallel group), reported by the same
group, showed a beneficial effect of a CO, extract of fever-
few (Tanacetum parthenium, that has antioxidant activities),
designated as MIG-99, at a dose of 6.25 mg t.i.d., consist-
ing in a significant decrease of migraine attacks frequency
compared with placebo [93, 94].

A randomized, double-blind, sham-controlled short-term
pilot study involving 35 migraine patients, 19 assigned to
a combined antioxidant drug including N-acetylcysteine,
vitamin E, and vitamin C (NEC), and the other 16 to pla-
cebo, showed a significant reduction in the number of
migraine attacks per month, in the average monthly head-
ache, migraine duration, headache pain scores, and acute
headache drugs use [95].

Magis et al. [96] described the efficacy of alpha-lipoic
(thioctic) acid (causing reduction of attack frequency,
headache days, and headache severity) in a 1-month single-
blind run period, followed by assignment to this drug or
to placebo, in a study involving 44 migraine patients. In

@ Springer

another study, alpha-lipoic acid showed efficacy in improv-
ing a mood scale for depression, anxiety, and stress, and
reducing serum MDA levels (without significant changes in
GSH, TOS, TAS, and OSI) in a randomized, double-blind,
placebo-controlled study involving 79 women with episodic
migraine, but a specific reference to migraine improvement
was not done [97].

De Luca et al. [98] have shown that several antibod-
ies against CGRP and its receptors (erenumab, fremane-
zumab, or galcanezumab), which are an effective treatment
for resistant migraine, induced a significant reduction in
serum concentrations of advanced oxidation protein prod-
ucts (AOPP), suggesting an action of these drugs against
oxidative stress. Similarly, Arab et al. [99], in a parallel-
group, randomized controlled trial involving 102 individu-
als, showed that Dietary Approaches to Stop Hypertension
(DASH) diet (51 assigned to DASH and 51 to normal diet),
which induced a significant reduction in migraine frequency
and severity, caused a significant reduction of NO and a
marginally significant reduction in OSI, without inducing
significant changes in TAS, MDA, and total thiol concentra-
tions. Finally, a recent study showed an inverse association
between dietary zinc intake and migraine in adult Ameri-
cans, raising the possibility that the administration of zinc
supplements could be useful in the prevention of migraine
[100].

Discussion

Many data are suggesting that a possible role of oxidative
stress in migraine exists. Despite studies of concentrations of
markers of oxidative stress in serum/plasma, urine, and other
tissues not showing conclusive results, most studies and the
results of a meta-analysis have shown an increase for markers
of lipid peroxidation during interictal periods, with an addi-
tional increase during migraine attacks. Similarly, the major-
ity of studies have shown a decrease in TAS/TAC and serum
levels of SH groups and an increase in TOS and OSI in patients
with migraine. SOD activity considering different tissues has
been found to be decreased, and NO seems to be increased
during migraine attacks, at least in patients with MWA. Moreo-
ver, most known migraine triggers can induce oxidative stress
[101]. However, to date, none of the studied variants in genes
related to oxidative stress has shown an unequivocal associa-
tion with migraine. There are some potential reasons for the
controversies seen between the various studies’ results, both
in those addressing biochemical parameters and in studies on
genes related to oxidative stress, including sample size, differ-
ences in the sample collection and in the methods used, and
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Fig. 1 Oxidative stress and its relationship with other pathogenic mechanisms of migraine

possibly factors associated with the participants (for example,
some studies were not matched by age and/or gender). In addi-
tion, there is a lack of replication studies.

Studies with experimental models in migraine, especially
animal models of migraine induced by nitroglycerin or other
NO derivatives, have shown the presence of oxidative stress,
which is prevented by several antioxidants that improve
migraine-like headaches and allodynia. Finally, several pre-
liminary studies have shown the efficacy of antioxidants,
especially CoQ,, [89, 90], and riboflavin [91], in the preven-
tion of migraine in humans.

A detailed revision of the possible role of inflammation
in the pathogenesis of migraine does not fit within the scope
of the present article. However, because inflammation and
oxidative stress are closely related pathophysiological events
(i.e., in inflammatory conditions, immune cells can liberate
reactive oxidant substances leading to oxidative stress and,
on the other hand, the oxidative damage produced by free
radicals can induce inflammatory response through the toll-
like receptors and inflammasomes) [102, 103], we have sum-
marized the most relevant data on the possible contribution
of inflammatory factors in Supplementary Table 3 [104—123].
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Conclusions and Future Directions

Many data are suggesting the possible role of oxidative
stress in the pathogenesis of migraine, and specially the
possible interaction of oxidative stress with inflammation,
as was commented with more detail in the “Discussion” sec-
tion. The pathophysiology of migraine is very complex with
the intervention of several factors, which we summarized
in Fig. 1. We suggest that future studies trying to establish
the possible role of oxidative stress in the pathogenesis of
migraine, and the possible role of antioxidant therapies in
the prevention of this disease, should fulfill, at least, the fol-
lowing conditions:

1) Design as prospective and multicenter studies with a
long-term follow-up period (1 year).

2) Recruitment of a large number of patients diagnosed with
high-frequency MWoA or MWA migraine according to
standardized criteria [123], not exposed to any preventive
therapy for this disease, and a similar number of age- and
sex-matched healthy controls who do not fulfill clinical
criteria for the diagnosis of migraine and with lack of
family history of migraine.

3) Both patients and controls involved in this study should
not have obesity or undernutrition; should not suffer from
kidney, liver, thyroid, parathyroid, oncologic, or acute
infectious diseases; should have no atypical dietary hab-
its (i.e., diets consisting exclusively of one type of food-
stuff such as vegetables, and others), no recent history
of traumatism or surgery); and should not use therapy
with vitamins, calcium or mineral supplements, steroids,
diuretics, diphosphonates, or drugs that could affect oxi-
dative stress. Pregnant women should be excluded.

4) Collection of plasma/serum and blood cells for the analy-
sis of multiple oxidative stress biomarkers, and to obtain
blood DNA for genetic studies of genes related to oxida-
tive stress, both in migraine patients and controls, at base-
line. In migraine patients, a sample during the ictal and
another in the interictal period should be obtained, both
previously assigned to antioxidant treatment or placebo.

5) Randomized and blind assignment of migraine patients to
one of several antioxidant therapies included in the study,
or to placebo.

6) Patients with migraine should undergo periodic clinical
evaluations every 3—4 months to evaluate the frequency,
duration, and severity of migraine according to standard-
ized scales [124, 125].

7) A new collection of plasma/serum and blood cells for the
analysis of multiple oxidative stress biomarkers should
be performed at the end of the follow-up to evaluate the
changes induced by the different antioxidants involved in
the study.

@ Springer

A solid demonstration of the role of oxidative stress in
migraine, together with the usual well-tolerability of anti-
oxidant drugs, warrant the designation of clinical trials try-
ing to establish the role of these drugs in the prophylactic
therapy of migraine, both in improving clinical (reducing the
frequency, duration, and severity of headache attacks) and
biochemical (oxidative stress markers) parameters related
with this disease.
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