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ABSTRACT

Background: Recent evidence has suggested that oxidative stress may play a role in the patho-
physiology of migraine. In this study, we aimed to evaluate the oxidative-antioxidative status in
sera of migraine patients from an Iranian population during migraine attacks. Methods: This study
recruited 46 migraine patients with or without aura and 45 sex- and age-matched healthy controls.
The levels of protein carbonyl (PC), malondialdehyde (MDA) and total oxidants status (TOS) were
measured as the indicators of oxidative stress. The levels of total thiols (T-SH), reduced glutathione
(GSH) and total antioxidant capacity (TAC) were determined as markers of antioxidant status. Ox-
idative stress index (OSI) was calculated by dividing TOS to TAC. Results: The serum levels of MDA
(4104 0.70 vs. 3.20 + 0.62, P = 0.003), TOS (1846 + 4.06 vs. 16.21 + 3.67, P = 0.007) and OSI (1.54
+0.60vs. 1.22 + 0.46, P = 0.006) were significantly higher in migraine group compared to controls,
however, no statistically significant differences of PC levels were found between migraine patients
and controls (0.615 £ 0.161 vs. 0.517 £ 0.126, P = 0.1). In contrast, the levels of T-SH (273 £ 51.71
vs. 310.88 +53.32, P =0.001), GSH (28.08 + 6.20 vs. 32.13 4 5.8, P = 0.002) and TAC (1.27 4 0.226 vs.
141 £+ 0.26, P = 0.01) were significantly lower in migraine patients compared to healthy controls.
Conclusion: Our study showed higher levels of oxidative stress and lower levels of antioxidant sta-
tus in migraine group compared to controls, which indicates the possible role of oxidative stress in

triggering migraine attacks.
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INTRODUCTION

Migraine is a prevalent neurological disorder char-
acterized by severe episodic headaches with systemic
or neurological symptoms"?. There are two ma-
jor types of migraines: migraines with aura and mi-
graines without aura. Aura is experienced by about
a third of migraine patients and consists of a se-
ries of transient neurological symptoms that occur
in the visual system or other senses before the on-
set of migraine headache?. Although several genetic
and environmental factors have been shown to be
associated with the presence or development of mi-
graine’, molecular mechanisms of migraine attacks
have not been clearly identified. One of the major
factors lowering the threshold of the first headache
symptom is the impairment of mitochondrial oxida-
tive metabolism®. In this regard, it has been pro-
posed that nitric oxide and oxidative stress may play
a central role in migraine headache by deregulating
brain blood flow”. In fact, oxidative stress originates
from the imbalance between the production of reac-
tive oxygen species (ROS) and antioxidants 6 ROS are
reactive oxidant molecules containing oxygen, which
are formed at relatively low levels in all cells during
normal metabolism and their physiological levels are

necessary to maintain normal cell function’. The
concentration of all oxidants in biological samples is
referred to as total oxidant status (TOS)®.

The additional amounts of ROS are removed by free
radical-scavenging enzymes such as superoxide dis-
mutase, catalase, and glutathione peroxidase7. Also,
there are non-enzymatic antioxidants such as ascor-
bic acid, vitamin E, uric acid, bilirubin, reduced glu-
tathione (GSH), and various thiol groups on protein
molecules that can act to neutralize ROS®. The re-
duced sulthydryl groups of proteins and non-protein
compounds are collectively known as total thiols'’
and all antioxidants present in the serum are referred
to as total antioxidant capacity (TAC)''. When the
levels of ROS increase beyond the antioxidant capac-
ity of the cell, a condition known as oxidative stress
occurs. In such situation, free radicals may damage
cellular proteins, lipids, and nucleic acids, which can
potentially trigger the development of various human

diseases including migraine '>"

. Oxidative damage
to proteins can generate protein carbonyls (PC) ' and
decrease free sulthydryl groups of proteins and other
thiol-containing compounds (or total thiols). The ox-
idation of lipids produces malondialdehyde (MDA),
which is measured as one of the indicators of ox-

. . 15 . .
idative stress”. In some diseases, the main patho-
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physiologic basis may come from the activation of
oxidative stress and inactivation of antioxidant pro-
cesses' ™. Studies have shown that high levels of ox-
idative stress are associated with an increase in mi-
graine risk. Given the fact that both genetics and en-
vironmental factors can affect migraine and oxida-
tive stress'®, this study was designed to examine the
association of non-enzymatic oxidative stress mark-
ers with migraine headache in an Iranian population

sample.

METHODS

Patients

This case-control study was approved by the Ethics
Committee of Zahedan University of Medical Sci-
ences and recruited 46 migraine patients with or with-
out aura during attacks presenting at public or pri-
vate clinics in Zahedan, Iran in 2014. Migraine was
diagnosed based on the International Headache So-
ciety (IHS) criteria, 2nd edition'. This study ex-
cluded patients with the presence of other types of
headaches, history of diabetes mellitus, tuberculosis,
malaria, history of any types of malignancies, depres-
sion, underlying active systemic or inflammatory dis-
orders, or history of using any vitamins or antioxidant
supplements. Meanwhile, 45 sex- and age-matched
healthy individuals without any history of migraine
from medical students and university personnel were
selected as the controls. An informed written consent
form was sent to all participants. Following overnight
fasting, blood samples were taken from cases and con-
trols. Coagulation serum samples were obtained by
centrifugation, which were then aliquoted for each
test and kept at -70 °C until analysis. Each analysis
was conducted in duplicates under similar conditions

on the same day.

Biochemical assays
Chemical materials

Potassium  persulfate,
ric acid, sodium chloride, hydrogen peroxide,
glycerol, sulfosalicylic acid (SSA), sodium phos-
phate, orthophosphoric acid, ferric chloride and
TBA (2-thiobarbituric acid:
mercaptopyrimidine) were purchased from Merck.
ABTS [2, 2-azinobis
sulfonate)], Trolox,

Sigma.
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4, 6- dihydroxy-2-

(3-ethylbenzothiazoline-6-
Ortho-dianisidine,
aldehyde standard (1,1,3,3-tetramethoxypropane),
DTNB (5,5-dithiobis-2-nitrobenzoic
reduced glutathione (GSH) were obtained from

Total antioxidant capacity (TAC) assay

The TAC of serum was measured based on the dis-
coloration of 2, 2-azinobis 3-ethylbenzothiazoline-
6-sulfonate radical cation (ABTS*+) by antioxidants
present in the sample'®. ABTS*+ was produced by
incubation of 7 mM ABTS aqueous solution with 2.5
mM potassium persulfate and allowing the mixture
to remain in the dark at room temperature for 12-
16 hours before use. To measure sample TAC and
ABTS*+, stock solution was diluted in deionized wa-
ter until its absorbance at 734 nm reached 0.70. One
mL of diluted ABTS*+ was added to 10 pL of serum,
then the absorbance was read ten minutes after the
initial mixing. The TAC was calculated using Trolox
as a standard antioxidant and the result was expressed
as uM Trolox.

Total oxidant status (TOS) assay

The TOS levels of the serum were determined using
Erel’s method that was based on the oxidation of fer-
rous ion-O-dianisidine complex to ferric ions by oxi-
dants present in the sample . The ferric ions in acidic
medium formed a colored complex with xylenol or-
ange. Briefly, a solution of 900 L of H2SO4 25 mM
containing 150 M of xylenol orange, 140 mM NaCl
and 1.35 M glycerol was mixed with 100 pl of serum
or standard TOS. Then, 45 yl of solution containing 5
mM ferrous ion and 10 mM O-dianisidine in HoSO4
25 mM was added to the mixture. After 5 minutes,
color intensity was measured spectrophotometrically
at 560 nm. TOS were calculated from a standard curve
using hydrogen peroxide as a standard TOS and the
results were expressed in uM H2O2 Equivalent/L.

Oxidative stress index

Oxidative stress index (OSI) was calculated using the
following equation: OSI = [TOS (umol H2O2 Equiv-
alent/L)/TAC (umol Torolox Equivalent/L)] x 100.

Total thiol assay

The levels of total thiols were measured spectrophoto-
metrically according to Hu’s method with modifica-
tions performed in our laboratory as described*'. The
levels of thiols in each sample was calculated by using
reduced glutathione as a standard thiol and the result
was expressed in pM.

Glutathione assay

At first, the serum was deproteinized with an equal
volume of 5% sulfosalicylic acid (SSA) solution, cen-
trifuged at 38000 rpm for 10 minutes at 4 °C to re-
move precipitated proteins before being assayed for
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glutathione. Serum GSH was measured according to
the modified method of Moron et al.?*. Briefly, 200
uL of serum supernatant was mixed with 2 ml of 200
mM phosphate buffer (pH 8) containing 0.6 mM 5,5’-
dithiobis (2-nitrobenzoic acid). Blank samples con-
tained 2.5% SSA, instead of the supernatant. After
5 minutes incubation at room temperature, the ab-
sorbance was read at 405 nm against the blank sample.
Reduced glutathione was dissolved in 2.5% SSA and
was used as a standard. Serum GSH concentration
was calculated using a standard curve and the result
was expressed as uM.

Protein carbonyl assay

Before PC determination, serum protein was diluted
with phosphate buffer saline (PBS) to 4 mg/mL. The
levels of PC were measured by enzyme-linked im-
munosorbent assays (ELISA) using the commercially
available kit (Cell Biolab, Inc, Company) as described
by Buss et al. The results were presented as absorbance
units in the ELISA reader.

MDA assay

MDA levels were measured according to the method
of Uchiyama and Mihara®. Briefly, 3 mL of 1% or-
thophosphoric acid and 1 mL of 0.6% w/v aqueous
solution of thiobarbituric acid were added to 0.5 ml
of serum. The mixture was heated for 45 minutes
in a boiling water bath. After cooling, the mixture
was centrifuged at 3000xg for 10 minutes and the
absorbance of the upper solution was determined at
535 nm against a blank sample containing 3 mL of
phosphoric acid, 1 ml thiobarbituric acid and 0.5 mL
PBS. The concentration of MDA was calculated using
1,1,3,3-tetramethoxypropane standard curve and was
expressed in M.

Statistics analysis

The results were presented as mean =+ standard de-
viation (SD) for quantitative variables. For the sta-
tistical analysis, the statistical software SPSS version
21.0 (SPSS Inc., Chicago, IL) was used. Numeri-
cal variables of groups were compared by the Stu-
Mann-Whitney U test was
also used to compare the numerical variables of sub-

dents unpaired t-test.

groups. Categorical variables were compared using
the chi-squared test. P values of less than 0.05 were
considered statistically significant.

RESULTS

Demographic and clinical properties in migraine pa-
tients and healthy controls are presented in Table 1.

There was no significant difference in the mean ages of
migraine and control groups (27.22 + 7.40 vs. 26.65 =
8.20, P = 0.77). Regarding to sex distribution, 67.4%
of the migraine group and 66.6% of the healthy group
were female and no difference in sex distribution was
observed between subjects suffering from migraine
and healthy individuals (P = 0.57).

The levels of biochemical parameters in migraine pa-
tients and healthy controls are shown in Table 2. The
mean serum levels of MDA (4.10 = 0.70 vs. 3.20 &
0.62, P = 0.003), TOS (18.46 £ 4.06 vs. 16.21 £ 3.67,
P = 0.007) and OSI (1.54 £ 0.60 vs. 1.22 £ 0.46, P
= 0.006) were significantly higher in migraine group
than those in the healthy group. PC concentration
was slightly higher in the migraine group compared to
healthy controls (0.615 £ 0.161 vs. 0.517 & 0.126), but
the difference was not statistically significant (P=0.1).
Thelevels of T-SH (273451.71 vs. 310.88 £53.32,P =
0.001), GSH (28.08 £ 6.20 vs. 32.13 & 5.8, P = 0.002)
and TAC (1.27 £ 0.226 vs. 1.41 4= 0.26, P = 0.01) were
significantly lower in patients with the migraine com-
pared to healthy control individuals.

The results of oxidative-antioxidative balance between
migraine patients with and without aura are shown in
Table 3. There was no statistically significant differ-
ence in serum levels of MDA (4.00 & 0.65 vs. 4.2 +
0.78, P = 0.056), TOS (18.28 £ 3.55 vs. 18.56 =+ 4.36,
P =0.7) and OSI (1.46 + 0.5 vs. 1.58 %+ 0.64, P = 0.56)
between migraine patients with and without aura. We
also found no significant difference in the levels of T-
SH (280.18 4= 53.07 vs. 269.56 & 51.50, P = 0.55), GSH
(29.56 £ 5.57 vs. 27.30 £ 6.46, P = 0.23), TAC (1.33
+ 0.255 vs. 1.24 & 0.27, P = 0.3) and PC concentra-
tion (0.574 £ 0.16 vs. 0.663 = 0.16, P = 0.3) between
migraine patients with and without aura.

DISCUSSION

In the current study, it was hypothesized that oxi-
dant increment and/or antioxidant depletion might
be two major fundaments of the pathophysiology of
migraine headache. Accordingly, we determined PC,
MDA, TOS and OSI as the indicators for the acti-
vation of oxidative stress and TAC, T-SH and GSH
as the markers of antioxidant status. To the best of
our knowledge, this is the first to study the associa-
tion between oxidative stress and migraine attack in
an Iranian population sample. Overall, our results
revealed that migraine attacks are associated with an
increase in oxidant levels and a depletion of antiox-
idant defenses, which suggests a shift in oxidative-
The
results confirmed our hypothesis and are consistent

antioxidative balance towards oxidative status.

with other studies. Several studies have shown the
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Table 1: Demographicand clinical properties in patients with migraine and healthy controls (Mean + SD)

Parameter

Sex (Female/Male)
Age (year)

Duration of migraine (years)

Healthy control (N = 45)

30/15

26.65 £ 8.20

Monthly frequency of headache -

Headache duration (hours)

Migraine patients
(N =46)

30/16

27.22 £7.40
4.56 + 2.62
5.13 £2.25

29.4+15.5

P value

Table 2: The levels of biochemical parameters in migraine patients and healthy controls (Mean + SD)

Parameter

Total Antioxidant capacity
(mM)

Total oxidant status (uM)

Oxidative  stress index
(OSI)

Total thiol (©M)
Reduced glutathione (M)
Protein carbonyl (OD)

MDA (1:M)

Healthy control (N = 45)

1.41 £ 0.26

16.21 4 3.67

1.22 £ 0.46

310.88 £ 53.32
32.13£58
0.517 £ 0.126

3.20 £ 0.62

Migraine patients
(N =46)

1.27 £0.226

18.46 £ 4.06

1.54 % 0.60

273 £51.71
28.08 £ 6.20
0.615 £ 0.161

4.10 £0.70

P value

0.01

0.007

0.006

0.001
0.002
0.1

0.003

Table 3: The levels of biochemical parameters in migraine patients with or without aura (Mean + SD)

Parameter

Sex (Female/Male)
Age (year)

Total Antioxidant capacity
(mM)

Total oxidant status (M)

Oxidative  stress index
(OSI)

Total thiol (M)
Reduced glutathione (M)
Protein carbonyl (OD)

MDA (1M)

Migraine with aura (N =

15)
12/4
28.06 % 7.36

1.33 +0.255

18.28 4 3.55

1.46 0.5

280.18 £ 53.07
29.56 £ 5.57
0.574 £ 0.16

4.00 £ 0.65

Migraine without aura (N = 31)

18/12
26.33 £ 7.60

1.24 +£0.27

18.56 + 4.36

1.58 £ 0.64

269.56 £ 51.50
27.30 £ 6.46
0.663 £ 0.16

424078

P value

0.35

0.52

0.3

0.7

0.56

0.55

0.23

0.3

0.56

2999
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elevated levels of MDA, a product of oxidative dam-
age of lipids, in the blood of migraine patients when
compared to controls**2°. In a study by Alp et al.”,
the levels of total antioxidants were significantly lower
in migraine patients while TOS and OSI were higher
when compared to healthy individuals. Gupta et al.
showed an increase in plasma levels of MDA and total
antioxidant capacity in migraine patients**. Our TAC
results are consistent with those of Alp et al., but did
not confirm the results of Guptal et al. Moreover, the
disturbance of antioxidant enzyme activities in serum
and erythrocytes of migraine patients have been re-
ported in several studies'**.

Thiols are physiological free radical scavengers that
represents approximately 53% of total antioxidants
present in serum'’. In the present study, low levels
of GSH and T-SH in migraine patients indicate the
occurrence of oxidative stress during migraine attack.
Alp et al. also found lower levels of total thiols in mi-
graine patients and detected a negative correlation be-
tween the duration of pain and thiol levels”’. Sim-
ilar to the study conducted by Bernecker et al., we
found higher levels of PC in migraine patients com-
pared to controls, however, the difference between the
two groups was not statistically significant®. Car-
bonyl groups of proteins can be induced by almost all
types of ROS, and high levels of these proteins are re-
flective of high levels of oxidative stress'*.

Findings of the current and previous studies sug-
gest that oxidative stress are likely to occur during
migraine attacks. Also, there is evidence that ox-
idative stress and nitrosative stress (another form of
oxidative-antioxidative imbalance) are involved in the
pathophysiology of migraine ***°. Environmental fac-
tors that increase the probability of migraine attacks
(so-called migraine triggers) such as alcohol, air pol-
lutants and cigarette smoke commonly have a capac-
ity to induce oxidative stress 8 Moreover, studies
have shown that Flunarizine, vitamin C, vitamin E,
and coenzyme Q10, which are used in migraine pre-
vention, decrease oxidative stress via their ROS scav-
enger properties**’"**
show that irrespectively of environmental and genetic

. These studies and our study

factors, migraine attack is associated with the occur-
rence of oxidative stress, however, it is not known
how oxidative stress triggers a migraine attack. It is
suggested that several oxidative stress-related mech-
anisms contribute to migraine pathogenesis. So far,
two major theories of vascular and neurovascular ori-
gins have been suggested in migraine pathophysiol-
ogy. Based on the vascular theory that was first pre-
sented by Graham and Wolff, the dilation of cerebral
vessels could be a cause of migraine headache®’. One

major mechanism of vasodilation is the activation of
ATP-sensitive and calcium-activated potassium chan-
nels in cerebral vascular muscle. There is evidence
that ROS, such as hydrogen peroxide and peroxyni-
trite (a product of the reaction of nitric oxide with
superoxide), reversibly causes cerebral vasodilation
by activating ATP-sensitive potassium channels most
probably through an oxidant mechanism; whereas su-
peroxide dilates cerebral vessels by opening calcium-
activated potassium channels*>. In another study,
it was shown that the effect of ROS on ATP-sensitive
potassium channels of the cells in the cerebral arteri-
oles is blocked by antioxidants®’.

The neurovascular theory has integrated both vascu-
lar and neurological events occurring in migraine.
Base on this theory, migraine headache is associ-
ated with the inflammation of the meninges, par-
ticularly the dura®®. During migraine attack, the
trigeminal sensory nerves innervating dural blood
vessels become extra sensitive and release vasoactive
modulatory neuropeptides such as the neurokinins,
substance P and calcitonin gene-related peptides
(CGRP), which may play a role in meningeal inflam-
mation and migraine pain’**. This theory also im-
plicates the phenomenon of cortical spreading de-
pression as an underlying mechanism of migraine
aura®. There is evidence that increased oxidative
stress contributes to various pathological states in-
cluding trigeminovascular inflammation, which oc-

4142 1t has been shown

curs during migraine attacks
that ROS, including H2O2,can activate sensory neu-
rons directly and/or indirectly by releasing endoge-

nous CGRP as a mediator of migraine headache*.

CONCLUSIONS

This study showed that oxidative-antioxidative bal-
ance shifts towards oxidative status during migraine
attack. An increase in oxidant levels, either with
or without the depletion of antioxidant activity, may
contribute to migraine pathogenesis by affecting cere-
bral blood vessel diameter and by activating trigemi-
nal sensory nerves innervating dural blood vessels.

ABBREVIATIONS

PC: Protein carbonyl

MDA: Malondialdehyde
TOS: Total oxidants status
T-SH: Total thiols

GSH: Glutathione

TAC: Aantioxidant capacity
OSI: Oxidative stress index
ROS: Reactive oxygen species
SSA: Sulfosalicylic acid
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ELISA: Enzyme-linked immunosorbent assay

ABTS: 2,

2-azinobis 3-ethylbenzothiazoline-6-

sulfonate

CGRP: Calcitonin gene-related peptide
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