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Abstract Although migraine is a neurological disorder
known since long, its physiopathology remains unclear.
Recent studies suggest that migraine is associated with
oxidative stress; however, they report divergent results.
The aim of the present study was to evaluate total antiox-
idant status (TAS), total oxidant status (TOS), oxidative
stress index (OSI), and serum thiol level in migraine
patients with or without aura. The study group consisted of
141 migraine patients. The control group included 70
healthy subjects. TAS, TOS, OSI were evaluated using a
method developed by Erel. Serum thiol level was measured
using the Hu method. No difference was found in TAS,
TOS, OSI between the patients and controls. The level of
thiol was significantly lower in patients than in controls.
Negative correlations were detected between thiol level
and Migraine Disability Assessment score in patients.
Although TAS, TOS, and OSI were similar to those of the
control group, serum thiol level, an important marker of
antioxidant capacity, was significantly lower in migraines
compared with controls, and caused more serious
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disability. Novel treatment approaches may be developed
based on these data, and compounds containing thiol, such
as alpha lipoic acid and N-acetyl cysteine, may be used in
prophylaxis.
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Introduction

Migraine is a common, chronic, disabling neurovascular
disorder that is characterized by recurrent and severe
headache attacks with neurological, gastrointestinal, and
autonomic symptoms. Although the pathophysiology of
migraine remains unclear, several vascular, neuroinflam-
matory, and neurological mechanisms have been sug-
gested. Oxidant-antioxidant balance disorders lie under
several acute and chronic diseases of the central nervous
system (CNS). It is believed that oxidative stress plays a
role in the pathogenesis of migraine [1, 2].

The oxidant—antioxidant balance is an important mech-
anism for homeostasis in an organism. Reactive oxygen
species (ROS), such as superoxide radical anions, hydroxyl
radicals, and hydrogen peroxide, are formed as a result of
various metabolic and physiological processes, and harm-
ful oxidative reactions may occur. Oxidative stress is
described to occur when an “imbalance between oxidant
and antioxidant is shifting toward oxidants [3]”. The term
“thiol” refers to compounds containing sulfur. Sulfur is an
essential element for biological environments because of
its incorporation into amino acids, proteins, and other
biomolecules [4]. Thiol groups are important members of
the antioxidant cascade because they destroy ROS and
other free radicals by enzymatic as well as nonenzymatic
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mechanisms [5]. It was reported that the measurement of
total thiol levels can be used to evaluate excess free radical
generation, both in physiological and pathological condi-
tions [6].

The hypothesis of the involvement of oxidative stress in
migraine has been considered in the last few years. Data on
oxidative stress were reported in studies on migraine
patients [7]. However, the results are controversial [1]. We
measured plasma total antioxidant status (TAS), total oxi-
dative status (TOS), and oxidative index (OSI) using the
method developed by Erel [8, 9] in migraine patients with
and without aura. In addition, we measured serum total
thiol levels. We hypothesize that thiols consumed to the
greater extent in case of migraine is accompanied by excess
free radical generation. To determine this we compared
TAS, TOS and thiol levels of migraine patients with those
of a control group of healthy individuals, and evaluated the
relationship between their levels and the functional loss in
migraine patients.

Materials and methods
Subjects

One hundred and fifty-one patients (122 females and 29
males, mean age 33.96 £ 9.40 years) who presented at
the Neurology Outpatient Clinic of the Ankara Ataturk
Education and Research Hospital were prospectively
included in the study. Moreover, 70 age- and sex-matched
healthy control subjects (53 females and 17 males, mean
age 3299 + 8.51 years) were also enrolled, for
comparison.

Patients diagnosed as having migraine according to the
criteria of the International Headache Society (2004) were
classified into two groups: those with migraine with aura
(MWA) and those with migraine without aura (MWOA)
[10]. The frequency of episodes, pain localization, auto-
nomic findings, severity of pain, and functional loss of the
patients were evaluated. The frequency of episodes was
evaluated in two groups, one with less than four episodes
per month and the other with more than four episodes per
month. The severity of the pain was evaluated using the
Visual Analogue Scale (VAS), and loss of function was
evaluated using the Migraine Disability Assessment
(MIDAS) [11]. Patient exclusion criteria included the
presence of a systemic disease, a history of malignancy,
smoking, pregnancy, lactation, and intake of medications in
the last two weeks.

Written informed consents were received from the
patients and controls and the study was approved by Local
Ethics Committee of Ankara Atatiirk Education and
Research Hospital (2011/143). All investigators confirm to
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ethical standards as described in the Declaration of
Helsinki.

Blood samples

Blood samples were obtained after an overnight fast.
Samples were collected from a cubital vein into blood
tubes, and serum was separated from the cells by centri-
fugation at 3,000 rpm for 10 min. Samples were stored at
—80 °C until the time of analysis.

Measurement of the TAS of the serum

Serum TAS level was measured using a novel automated
colorimetric measurement method developed by Erel [8].
The principle of this measurement method is based on the
oxidation of the 2.2'-azino-bis (3-ethylbenzthiazoline-6-
sulphonic acid) (ABTS) molecule to the ABTS+ molecule
in the presence of hydrogen peroxide. The rate of the
reaction is calibrated with the standard method of Trolox
which is a vitamin E analog, and its unit is mmol Trolox
Equivalent/L.

Measurement of the TOS of the serum

The total oxidant level was measured using a fully auto-
mated colorimetric method developed by Erel [9]. The
principle of this method is based on the oxidation of ferrous
ion—o-dianisidine complex to ferric ion by the oxidants
present in the sample. The density of the color, which is
correlated with the amount of oxidants in the sample, was
measured by spectrophotometry. The assay calibrated with
hydrogen peroxide and the results are expressed in terms of
micromolar hydrogen peroxide equivalent per liter (pmol
H,0, Equiv/L).

Oxidative stress index

The percent ratio of the TOS to the TAS gives the oxidative
stress index (OSI).To perform the calculation, the result
unit of TAS, mmol Trolox Equivalent/L, was changed to
pmol Trolox Equivalent/L, and the OSI value was calcu-
lated as follows: OSI = [(TOS, pmol/L)/(TAS, pmol
Trolox equivalent/L)/100].

Measurement of the total thiol level of the serum

Total serum thiol concentration or sulthydryl groups (thiol)
were measured using the methods described originally by
Ellman [12] and modified by Hu [13]. After manuel
spectrophotometric optimization processes the method was
applied to an automated analyzer. The format of the test is
shown below:
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Sample volume: 10 pL.

Reagent 1 volume: 110 pL (TRIS buffer 100 mM pH:
8.2 and EDTA 10 mM)

Reagent 2 volume: 10 pL, (10 mM DTNB in metanol).
Calibration Type: Linear (Reduced glutathion is used as
calibrators for the assay)

Sample and reagent 1 were mixed. After 90 s, reagent 2
was added. Here, thiols interact with 5,5'-dithiobis-(2-
nitrobenzoic acid) (DTNB), forming a highly colored anion
(5-thio-2-nitrobenzoic acid) with a maximum peak at
412 nm (€412 = 13,600 M! cmfl). The measurements
were performed on an automated biochemistry analyzer
(Roche Cobas C 501). and the result was expressed in
mmol/L.

Statistical analysis

All statistical analyses were performed using the Statistical
Package for Social Sciences (SPSS), version 15.0 for
Windows (SPSS; Chicago, IL, USA). Data were expressed
as the mean =+ standard deviation.

The Chi-squared test was used for dual and multiple
comparisons of independent categorical variables, when
the conditions of Chi-squared were met; otherwise, Fish-
er’s exact test was used. Student’s ¢ test was used for dual
comparisons of independent numerical variables showing a
normal distribution, whereas analysis of variance
(ANOVA) was used for multiple comparisons. The Mann—
Whitney U test was used for dual comparisons, and the
Kruskal-Wallis test was used for multiple comparisons of
variables that did not show a normal distribution. The
Mann—Whitney U test was used for the comparison of
subgroups, with Bonferroni correction. Relationships
between variables were analyzed by Pearson’s or Spear-
man’s correlation analysis according to the distribution
type of the parameters. P < 0.05 was considered statisti-
cally significant.

Results

The demographic and clinical data of the subjects are
summarized in Table 1. There were no significant differ-
ences in sex and age between the patient and control
groups.

No significant difference was found regarding TAS,
TOS, and OSI between the patient and control groups
(P =045, P=0.15, and P = 0.41, respectively). The
level of thiol was significantly lower in migraine patients
than it was in healthy controls (P < 0.001) (Table 2).

We divided migraine patients into MWA and MWOA
subgroups and compared them. We did not observe any

significant differences in TAS, TOS, and OSI between
these groups. However, the level of thiol was lower in both
groups compared with the control group, but there were no
significant differences in thiol level between the two
groups (Table 3). More MWA patients had a history of
migraine compared with MWOA patients (P = 0.026)
(Table 1).

A statistically significant negative correlation was found
between thiol levels and MIDAS scores (r = —0.263;
P =0.001) in migraine patients (Fig. 1). Similarly, a
negative correlation was detected between MIDAS scores
and thiol levels in MWA patients (r = —0.323;
P = 0.004). Moreover, a negative correlation was found
between the total thiol level and age in the group of
migraine patients (r = —0.250; P = 0.004), MWA
patients (r = —0.234; P = 0.041), and in the control group
(r = —0.415; P < 0.001).

Discussion

Migraine is a neurovascular disease that is characterized by
cortical depression, neurogenic inflammation, and vasodi-
lation. Although migraine is an illness that has been known
since long, its etiology and pathophysiology remain
unclear. At present, a genetic change in brain excitability,
intracranial arterial vasodilation, and sensitization in the
trigeminovascular pathway are implicated in the patho-
physiology of migraine [14]. Migraine patients are genet-
ically predisposed to these neurovascular reactions, which
are induced by various endogenous and exogenous factors
[15]. The balance between inhibition and stimulation of the
nervous system determines the degree of stimulation of this
individual threshold. Factors such as dysfunction of ion
channels, neuropeptides, disorders of magnesium metabo-
lism, and oxidative phosphorylation in mitochondria may
trigger migraine attacks by increasing neuronal excitability
[16]. Moreover, oxygen free radicals and antioxidant
molecules may play a role in the pathophysiology of
migraine by affecting all these processes [1].

It is well known that harmful free radicals occur as a
result of metabolic and physiological processes in the
organism. These are removed by the antioxidant system via
enzymatic or nonenzymatic pathways. The oxidative—
antioxidative balance shifts toward the oxidative status if
the oxidant material increases or the antioxidant mecha-
nisms become insufficient [8].

The hypothesis of oxidative stress in migraine was
recently proposed. Oxidative stress in migraine was
reported to be associated with increased nitric oxide (NO)
[1]. NO plays a role in trigeminovascular inflammation,
which occurs during migraine attacks and precipitates
bouts of migraine by dilating cerebral vessels [16]. An
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Table 1 Demographic and Parameter

Patients (n = 141)

Controls (n = 70) P

clinical charasteristics in

migraine and control groups MWOA (n =74) MWA (n = 77)
Age (mean £ SD years) 342 4+ 95 33.7+9.3 33 £ 85 0.721
Gender (n, %)
Female 59 (79.7) 63 (81.8) 53 (75.7) 0.654
Male 15 (20.3) 14 (18.2) 17 (24.3)
Family history (n, %) 27 (36.5) 42 (54.5) 0.026
Nausea (n, %) 64 (86.5) 71 (92.2) 0.254
Vomiting (n, %) 34 (45.9) 39 (50.6) 0.563
Photophobia (n, %) 69 (93.2) 76 (98.7) 0.112
Phonophobia (n, %) 70 (94.6) 73 (94.8) 1
Frequency of attacks (n, %)
Less than 4 per month 26 (35.1) 29 (37.7) 0.747
More than 4 per month 48 (64.9) 48 (62.3)
MIDAS score (n, %)
Grade 1 7 (9.5) 10 (13) 0.771
Grade 2 11 (14.9) 9 (11.7)
Grade 3 18 (24.3) 22 (28.6)
Values are either of subjects, Grade 4 38 (51.4) 36 (46.8)
percentage or mean-standard VAS (mean + SD) 83+ 15 82+ 1.7 0.637
deviation
Table 2 TAS, TOS, OSI and Parameter (mean + SD) Patients (n = 141) Controls (n = 70) P
Thiol levels in migraine and
control groups TAS (mmol Trolox/L) 25+04 25+04 0.45
TOS (umol H,O, Equiv/L) 10.0 £ 5.5 9.7+52 0.15
OSI 0.287 £ 0.093 0.298 £ 0.092 0.41
Data are mean £ SD .
Thiol (mmol/L) 604.2 + 59.3 670 £ 47.8 <0.001
P <0.05
Table 3 TAS, TOS Thiol level in MWO and MWA P < 0.05
Parameter (mean £+ SD) MWOA (n = 74) MWA (n = 77) P
TAS (mmol Trolox/L) 26+ 04 25+04 0.236*
TOS (umol H,O, Equiv/L) 104 + 6.7 9.7 £39 0.883*
OSI 0.290 £ 0.1 0.284 £ 0.008 0.683
Thiol (mmol/L) 595.6 + 61.4 612.5 + 56.3 0.152%%

* Mann—Whitney U with Bonferroni correction, P < 0.017
** Tukey HSD P < 0.05

increase in NO and its metabolites was detected in the
plasma, urine, and platelets of migraine patients [1, 17, 18].
Yilmaz et al. [18] reported that NO and its metabolites are
good markers of oxidative stress in migraine patients.
Malonyl aldehyde (MDA) is a major indicator of lipid
peroxidation and determines the activities of antioxidant
enzymes, such as superoxide dismutase (SOD), glutathione
peroxidase (Glut-px), glutathione reductase (GSSG-R), and
catalase (CAT). Studies have shown the lipid peroxidation
and levels of these antioxidant enzymes in migraine
patients [19-23]. Conversely, studies of this type are few
and their results are controversial. Bockwski et al. [1]
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found lower MDA concentrations in plasma and erythro-
cytes. A prominent increase in GSSG-R activity was
detected; however, the increase in Glut-Px activity and
decrease in SOD activity were not statistically significant
[1]. Bolayir et al. [23] compared patients with tension-type
headache with a control group and found that SOD and
Glut-Px activities were prominently higher in the erythro-
cytes of migraine patients. Tuncel et al. [22] found higher
MDA plasma levels and similar SOD and CAT activities in
patients migraine compared with the control group. In
contrast, Shukla et al. [24] found no significance differ-
ences in the activities of CAT, SO, and Glut-Px in
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neutrophils, or in platelet SOD in migraine patients com-
pared with the control group.

The cause of the different results from investigations of
oxidative stress in migraine is the evaluation of antioxidant
enzyme activities in serum, erythrocytes, platelets, and
neutrophils because the activities of these enzymes vary
among these structures. There are few data about lipid
peroxidation processes in more components. Lipid perox-
idation levels may be observed based on serum TOS
measurements using the method developed recently by Erel
[9]. On the other hand, TAS is a useful method to deter-
mine antioxidant activity in the biological environment [8].
OSI is calculated from the ratio of TOS to TAS. OSI
includes antioxidants that may be evaluated, as well as
those that are not yet defined or measured in the serum. We
did not find a difference between migraine patients and the
control group in terms of TAS, TOS, and OSI. Yilmaz et al.
[7] found increased levels of TOS and OSI in migraine
patients; however TAS levels were not different from the
control group. Alp et al. [25] reported increased TOS and
OSI and decreased TAS in MWOA patients. The differ-
ences observed regarding the results of these studies may
be due to differences in patient selection and study design.
Patient age, dose of medications and duration of treatment,
environmental factors, nutritional preferences, stress, and
genetic characteristics may have an effect on the antioxi-
dant—oxidant balance.

Thiol groups are sulfur-containing compounds that are
present in all cells of the body [4, 26]. Proteins are the main
antioxidant component in the serum, and the sulfur groups
present in their structure are responsible for this antioxidant

MIDAS Score

effect. Thiol protein groups are responsible for 52.9 % of
the total serum antioxidant capacity, according to a study
of healthy individuals [8]. Although plasma thiols are
strong antioxidants, they also exert a pro-oxidant effect
according to the physiological conditions. Serum thiols are
physiological free-radical scavengers and modulate anti-
oxidant enzymes related to glutathione. Cysteine, methio-
nine, taurine, glutathione, lipoic acid, and N-acetyl cysteine
are some of the sulfur-containing antioxidant compounds
[4]. Free radicals were reported to cause damage in DNA,
proteins, and lipids in studies conducted by various
investigators [27]. On the other hand, the in vivo DNA and
protein damage due to oxidative stress appears to be more
important than the damage to lipids [28]. In vivo oxidative
changes in proteins affect the various cellular functions that
they modulate. Cellular events in which receptors, signal
conduction mechanisms, structural proteins, transport sys-
tems, and enzymes play a role are affected by oxidative
protein damage [29, 30]. All these cellular events play a
role involved in the pathophysiology of migraine which are
cortical hyperexcitability, neurogenic inflammation, acti-
vation of the trigeminovascular system, cortical spreading
depression, and pain. Oxidative protein damage is charac-
terized by an increase in protein carbonyl levels [28, 31]
and a decrease in protein thiol levels [13]. The determi-
nation of plasma thiol levels is important because it reflects
the extent of oxygen-radical-mediated oxidation applied to
proteins [13].

We found lower levels of serum total thiol in migraine
patients compared with the control group in this study.
Thiol levels were not different between migraine patients

@ Springer



648

Acta Neurol Belg (2015) 115:643-649

with and without aura. A history of migraine was more
prevalent in patients with aura compared with patients
without aura. Moreover, a negative correlation was found
between serum total thiol levels and MIDAS scores in
MWA patients. Alp et al. [25] found lower levels of total
thiol in MWOA patients, and they detected a negative
correlation between the duration of headache and thiol
levels. In a study of healthy individuals, thiol protein
groups were reported to account for 52.9 % of serum total
antioxidant capacity [8]. Our results showed that, although
serum total thiol levels were lower in migraine patients,
TAS levels were similar to that of the control group. This
finding may reflect oxidative protein damage and thiols
which are major component of the antioxidant system used
more active in migraine patients. As we mentioned previ-
ously the thiols are physiological free radical scavengers.
Probably in migraine patients, to remove excess free rad-
icals generated, greater extent thiol consumption occurs.
Moreover, it may be associated with the fact that it may
cause a more serious loss of function. In addition, a neg-
ative correlation was observed in the migraine and control
groups between age and total thiol levels. This result
suggests that individuals are affected more profoundly by
thiol levels as they age, regardless of the presence of
migraine. Patients with aura were reported to be more
prone to oxidative stress. We found a family history of
migraine more frequently in MWA patients compared with
those without aura, and detected a negative relationship
between thiol levels and MIDAS. Genetic heritance may
affect these parameters.

Decreasing the severity, duration, and frequency of
attacks is the aim of preventive treatment in migraine
patients. Flunarizine, which is used in preventive treatment,
decreases the oxidative stress via its free-radical scavenger
properties [32]. Antioxidant vitamin complexes, such as
vitamin C and E, were used in migraine patients, and
encouraging results were obtained [1]. According to our
data, antioxidants containing sulfur, such as alpha lipoic
acid and N-acetyl cysteine, may be used in the prophylaxis
of migraine.

In conclusion, we found similar levels of TAS, TOS, and
OSI in migraine patients and in the control group in this
pilot study. Conversely, a decrease in serum thiol levels
and an increase in MIDAS scores were observed. These
findings may be associated with an insufficiency of the
antioxidant system in migraine patients, which may cause a
more serious loss of function. These data may be a cause,
as well as a result, of the disease. Complex studies ana-
lyzing the dynamic changes in the oxidant—antioxidant
balance during and after migraine attacks are required.
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