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ABSTRACT
Objective: In recent years, researchers have been focused on the importance of oxidative 
stress on migraine pathogenesis. We aimed to investigate the roles of Superoxide Dismutase 
(SOD), Glutathione Peroxidase (GSH-Px), Catalase (CAT), antioxidant Glutathione (GSH) 
and Malondialdehyde (MDA) of a lipid peroxidation product in migraine pathogenesis. Furt-
hermore, we also aimed to investigate the incidence of the gene polymorphisms of these 
enzymes in Turkish population.
Material and Methods: GSH-Px, CAT, SOD activities and plasma MDA and blood GSH 
levels were measured in 40 migraine patients at attack and initial period and 40 healthy sub-
jects. The genotype characteristics were determined by PCR-based RFLP method using DNA 
extracted from peripheral blood. 
Results: Statistically significant decrease in GSH-Px, CAT, SOD activities and GSH levels 
were found in the migraine patients compared to the control group (GSH, CAT p<0.001; 
GSH-Px, SOD p<0.05). In the migraine patients and control groups no significant differences 
were observed for Mn-SOD and CAT genotypes, but there was a significant difference in the 
GSH-Px3 genotype. No difference was detected in the allele frequencies of MnSOD, GSH-
Px3 and CAT gene between the patients and control group.
Conclusion: Consequently, oxidative stress and antioxidant enzymes may play an important 
role in migraine pathogenesis, and according to our data GSH-Px3 gene polymorphism may 
cause a tendency to migraine for our regional community. 
Conflict of Interest: There is no conflict of interest between autors.
Key Words: Migraine, manganese superoxide dismutase, glutathione peroxidase-3, catalase, 
polymorphism

ÖZET
Amaç: Son yıllarda çoğu hastalıkta olduğu gibi migren patogenezinde de oksidatif stre-
sin önemi araştırılmaktadır. Süperoksit Dismutaz (SOD), Glutatyon Peroksidaz (GSH-Px), 
Katalaz (CAT), antioksidan Glutatyon (GSH) ve lipid peroksidasyon ürünü Malondialdehit 
(MDA)’in migren patogenezindeki rollerini araştırmayı amaçladık. Ayrıca çalışmamızda, bu 
enzimlerin gen polimorfizmlerine bakarak Türk popülasyonunda bu polimorfizmin görülme 
sıklığını araştırmayı amaçladık.
Yöntem: Atak ve atak dışı dönemde bulunan 40 migrenli hasta ve 40 sağlıklı bireyin, GSH-
Px, CAT, SOD aktiviteleri ve plazma MDA ve kan GSH düzeyleri ölçüldü. Genotipik özel-
likler, periferik kandan ekstrakte edilen DNA kullanılarak PCR’a dayalı RFLP metoduyla 
tespit edildi. 
Bulgular: Migren hastalarıyla kontrol grubu karşılaştırıldığında, GSH-Px, CAT, SOD ve 
GSH düzeylerinde istatistiksel olarak azalma tespit edildi (GSH, CAT p<0.001; GSH-Px, 
SOD p<0.05). Migren hastaları ve kontrol grubunda Mn-SOD ve CAT genotipleri için anlam-
lı bir farklılık gözlenmedi, ama GSH-Px3 genotipinde anlamlı bir farklılık bulundu. MnSOD, 
GSH-Px3 ve CAT genlerinin allel frekansı açısından hasta ve kontrol grubu arasında farklılık 
bulunmadı.
Sonuç: Sonuç olarak, migren patogenezinde oksidatif stres ve antioksidan enzimler rol oy-
nayabilir ve verilerimize göre GSH-Px3 geni polimorfizmi toplumumuz için migrene yatkın-
lığa sebep olabilir. 
Tarafsızlık Beyanı: Yazarlar arasında çıkar çatışması bulunmamaktadır.
Anahtar Kelimeler: Migren, mangan süperoksit dismutaz, glutatyon peroksidaz-3, katalaz, 
polimorfizm.
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Introduction
Migraine headache is a public health problem of enor-
mous scope that has an impact both on the individual 
sufferer and on the society. Migraine without aura is 
idiopathic, recurring headache disorder manifesting in 
attacks lasting 4 to 72 hours. Typical characteristics of 
such headaches are unilateral location, pulsating type, 
moderate or severe intensity, aggravation by routine 
physical activity and association with nausea, photop-
hobia and phonophobia. Migraine with aura is a recur-
ring disorder manifesting with attacks of neurologic 
symptoms uneqivocally gradually developed over 5 to 
20 minutes or photophobia usually preceding the onset 
of unilateral pulsating headache. Tension-type headache 
is more common in women, with gender ratios ranging 
from 1.04 to 1.4. Prevalence peaks between the ages of 
20 and 50 years. Tension-type headaches often interfere 
with the activities of daily living. Eighteen percent of 
tension-type headache sufferers have to discontinue nor-
mal activity, while 44% experience some limitation of 
function [1-2]. Attacks occur with a mean frequency of 
2.9 days a month or 35 days a year, most sufferers have 
less than 1 attack a month and about one-third have 2 or 
more attacks a month [1-2].
The pathophysiology of migraine is not well known. 
Superoxide dismutase (SOD), catalase (CAT) and glu-
tathione peroxidase (GSH-Px) are the antioxidant enz-
ymes which are known to have critical importance in 
antioxidant system. These enzymes affect free radicals 
in metabolic pathways in different places. They have an 
important role in clearance of free radicals against tissue 
defect caused by these radicals [3,4]. The role of antio-
xidant enzymes in migraine pathophysiology has been 
reported [5-6].
In this study, we examined antioxidant enzyme activi-
ties which play an important role in migraine patients. 
All primary and secondary headaches are classified and 
defined by explicit diagnostic criteria in the Internatio-
nal Classification of Headache Disorders second edition 
(ICHD-2) [7]. Migraine is the most common neurologi-
cal disorder, but the molecular basis is still not comp-
letely understood. An impairment of oxidative metabo-
lism might play a role in the pathophysiology. 
The goal of this study was to investigate the differences 
in oxidative stress status with the measurement of SOD, 
CAT, GSH-Px activities and malondialdehyde (MDA), 
glutathione (GSH) concentrations in the migraine pa-
tients with or without aura and attack. However, with 
these respects in mind, the present study was carried 
out to examine the relationship of Mn-SOD, CAT, GSH-
Px gene promotor polymorphism for migraine by using 
restriction fragment length polymorphism (RFLP) in 
the Turkish population. 

Material and Methods

Cases
In our hospital-based case-control study, 40 patients 
with migraine (10 males and 30 females) and 40 cont-
rols (10 males and 30 females) without migraine disease 
were recruited. The diagnosis of headache was made 
in accordance with the International Headache Society 
(IHS) criteria; [7]  the migraine with aura patients group 
consisted of 40; the mean age was 32.45 ± 6.30 years 
(mean ± SD). The 40 controls without migraine disea-
se was recruited; the mean age was 30.42 ± 3.75 (mean 
± SD). Written informed consent was obtained from all 
subjects. The study was carried out in the Neurology cli-
nic of Firat University, Research and Application Hospi-
tal. Patients and healthy volunteers were recruited from 
the Department of Neurology, University of Firat. Furt-
hermore, this study was approved by the Ethics Commit-
tee of the Medical Faculty of the same university. Medi-
cal, neurologic, psychiatric evaluations were made for 
all of the patients. Patients having these characteristic 
were excluded; first-axis psychiatric disorder present or 
in the past, history of alcohol and cigarette consumption, 
history of any kind of medicine consumption within the 
last 2 weeks prior to the study (except simple analgesic), 
neurologic disorder and /or symptom in clinic and his-
tory, history of head trauma, history of cardiovascular, 
renal and endocrinologic disorder and existing medical 
disorder. Among all participants, information on de-
mographic characteristics and risk factors was collected 
using a structured questionnaire.

Measurement of GSH-Px, CAT, SOD activiti-
es and MDA, GSH levels
Venous blood samples were taken from the antecubital 
vein with suitable vacutainers with EDTA as anticoagu-
lant. The basal venous blood was obtained from all the 
participants in this study in the morning after 12 hours 
of overnight fasting. In all cases blood samples were ta-
ken according to the principles of the Helsinki declarati-
on. The blood samples were drawn from the patients and 
controls. Whole blood was separated for GSH-Px and 
GSH assays. Then remaining blood immediately centri-
fuged at 1500 g for 5 min. The erythrocytes and plasma 
were collected separately for CAT, SOD and MDA as-
says, respectively. All samples were kept at -20 °C until 
assays.
Erythrocyte SOD activity was determined according to 
the method of Sun et al. [8]. Nitroblue tetrazolium salt 
(NBT), a superoxide radical scavenger, is reduced by su-
peroxide to form blue formazan, whose absorption can 
be measured at 560 nm. One unit of SOD is defined as 
the amount of enzyme required to give 50% inhibition 
of the NBT reduction reaction compared with enzyme 
control. The enzyme activity in erythrocytes was exp-
ressed as units per gr of Hb (U/g Hb).
GSH-Px activity was measured by the method of Beutler 
[9] in which cumene hydroperoxide was used as a subs-
trate. Oxidized glutathione (GSSG) produced by the ac-



Turk J Biochem, 2011; 36 (4) ; 310–316. Özbey et al312

tion of erythrocyte GSH-Px and cumene hydroperoxide 
was reduced by glutathione reductase and NADPH. The 
decrease of the NADPH concentration was measured at 
340 nm. The enzyme activity in whole blood was exp-
ressed as U/g Hb.
The level of reduced glutathione was assayed by Beut-
ler et al. [10] method and expressed as mmol/g Hb. The 
method is based on the capacity of sulfhydryl groups 
present in whole blood to react with 5, 5’-dithiobis-(2-
nitrobenzoic acid) (Ellmann’s reagent) and form a yel-
low dye with maximum absorbance at 412 nm.
The end-product of polyunsatured fatty acid peroxidati-
on, MDA, which reacts with thiobarbituric acid in plas-
ma samples, was determined by the method of Placer 
et al. [11]. Reaction of MDA with thiobarbituric acid 
(TBA) has been applied widely to assess lipid peroxi-
dation in biological material. The reaction yields a pink 
MDA-TBA adduct. The colored complex can be quanti-
fied spectrophotometrically from its visible absorbance 
(max 532 nm). The values of MDA reactive material was 
expressed as MDA quantities for plasma volume (nmol/
ml plasma).
Erythrocyte CAT activity were determined according to 
the method of Aebi [12] and expressed as k/gHb. The 
decomposition of H2O2 can be directly followed by the 
decrease of absorbance at 240 nm. The difference in ab-
sorbance at 240 nm per time unit allows determining the 
CAT activity.
Haemoglobin (Hb) concentration was determined accor-
ding to cyanmethaemoglobin method [13].  

DNA extraction
Genomic DNA was extracted from whole blood by pro-
teinase K using a method described elsewhere [14]. The 
DNA samples were then stored at 4 °C until used as a 
template DNA in polymerase chain reaction (PCR).

Determination of Mn-SOD, CAT, GSH-Px3 
genotype
Mn-SOD, CAT, GSH-Px3 genotypes were determined 
by using a polymerase chain reaction (PCR)-restriction 
fragment length polymorphism, the PCR primers were 
designed based on described previously [15-17]. Sequen-
ces of primers, restriction enzyme and sizes of resultant 
PCR products specific for Mn-SOD, CAT and GSH-Px 
were summarized in Table 1. PCR reactions were carried 
out in a total volume of 25 μL, using approximately 100 
ng DNA, 2.5 mmol/L MgCl2, 200 mol/L dNTPs, 12.5 
ng of each primer, and 0.5 units of Taq DNA polymera-
se (Promega, Madison, WI) in the PCR buffer provided 
by the manufacturer (10 mmol/L Tris-HCl, pH 9.0, and 
50 mmol/L KCl). The PCR procedure was as follows: 
an initial denaturation step at 95°C for 5 min, and then 
amplification for 35 cycles at 95°C for 1 min, 60°C for 
1 min, and 72°C for 1 min, followed by a final exten-
sion step at 72°C for 10 min using the Gene Amp PCR 

System 9700 thermocycler (PE Applied BioSystems).
The Mn-SOD RFLP (Ala-9 Val) gene; F: 5’-AC-
CAGCAGGCAGCTGGCGCCGG-3’, and the R: 
5’-GCGTTGATGTGAGGTTCCAG-3’ amplified 
a 107-bp PCR product [15]. The GSH-Px3 RFLP F: 
5’-GAAATCCCAGCCGCCTA-3’ and the R: 5’-CACT-
CACCTTCGACTTCTCTTGCT-3 amplified a 260-bp 
PCR product [16]. The CAT RFLP sense primer 5’-TA-
AGAGCTGAGAAAGCATAGCT-3’ antisense primer: 
5-’AGAGCCTCGCCCCGCCGGACCG-3’ amplified a 
340-bp PCR product [17]. Ten percent of PCR products 
were digested with MroN I (New England BioLabs) at 
37°C for 16 h, with Bsa I (New England BioLabs) at 
50°C for 4 h, with Sma I (New England BioLabs) at 37°C 
for 16 h. Digests were separated on a 3 % agarose gel 
with ethidium bromide. The electrophoresis was run for 
2.5 h at 150 V. DNA fragments were stained with ethidi-
um bromide. The ethidium bromide staining fragments 
were analyzed on UV source using the image analysis 
system Kodak EDAS 120.

Statistical analysis
Kruskal Wallis variant analysis was used in compa-
ring groups statistically. For significant values, Mann-
Whitney U-test was applied in comparing groups in co-
uples; p < 0.05 was considered to be significant.

Results
GSH-Px, CAT, SOD activities and GSH concentrations 
in migraine patients were significantly lower than in 
control groups (GSH, CAT p < 0.001; GSH-Px, SOD p < 
0.05). MDA value difference was not statistically signi-
ficant (p > 0.05) (Table 2). 
No statistically significant difference was found for 
GSH-Px, CAT, SOD activities and MDA, GSH concent-
rations between the attack period and initial period in 
migraine patients (p>0.05) (Table 3).
Identification of the 2 alleles at each polymorphic site 
was performed by incubating PCR product with a rest-
riction enzyme chosen to cut 1 of the 2 alleles (Table 
1), followed by electrophoresis on agarose gels (3%). 
MnSOD genotypes were named according to the presen-
ce or absence of the enzyme restriction sites, i.e. MroN 
I VV, VA and AA are homozygous for absence of the 
site (107 bp), heterozygous for the presence of the site 
(107/98/18 bp) and homozygous for the presence of the 
site (89/18 bp), respectively (Figure 1). 
GSH-Px3 genotypes were named according to the pre-
sence or absence of the enzyme restriction sites, i.e. Bsa 
I TT, TC, and CC are homozygous for the presence of the 
site (224/36 bp), heterozygous for the presence of the site 
(260/224/36bp), and homozygous for absence of the site 
(260 bp), respectively (Figure 2).
Similarly, the CAT genotypes were named according to 
the presence or absence of the enzyme restriction sites, 
i.e. Sma I TT, TC, and CC are homozygous for the pre-
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sence of the site (185/55 bp), heterozygous for the presen-
ce of the site (340/185/55 bp) and homozygous for absen-
ce of the site (340 bp), respectively (Figure 3).
We analyzed MnSOD, GSH-Px3 and CAT gene poly-
morphisms in 40 patients with migraine and 40 healthy 
controls. All the markers of the MnSOD, GSH-Px3 and 

CAT gene in our study were in Hardy-Weinberg equilib-
rium (p>0.05). 
The frequencies of the VV, VA and AA genotypes of 
MnSOD were 27.5%, 70% and 2.5% in cases and were 
40%, 60% and 0% in controls, respectively. The frequ-
encies of the V and A alleles of MnSOD were 0.625% 

Table 1. Primer sequences and reaction conditions for genotyping Mn-SOD, CAT, GSH-Px3 genotype polymorphisms

Polymorp-
hism Primer sequence No. of 

bases

Annealing 
temperature

(°C)

Rest-
riction  

enzyme
Product 
size (bp)

Genoty-
pe

Mn-SOD
F: 5’ACCAGCAGGCAGCTGGCGCCGG 

3’, 
R: 5’-GCGTTGATGTGAGGTTCCAG-3’

22
20

60 MroN I (Ngo-
MIV)

107
107,89,18

89,18

VV
VA
AA

GSH-Px3
F: 5’-GAAATCCCAGCCGCCTA-3’ 

R: 5’-CACTCACCT-
TCGACTTCTCTTGCT-3’

17
24

58 Eco31I (Bsa 
1)

224,36
260,224,36

260

TT
TC
CC

CAT
F: 5’-TAAGAGCTGAGAAAGCATAGCT- 3’  
R: 5-’AGAGCCTCGCCCCGCCGGACCG- 

3’  

22
22

59 Sma 1
340

340,185,155
185,155

TT
TC
CC

Table 2. GSH-Px, CAT, SOD activities and MDA, GSH concentrations in migraine patients and control groups

Patients
(n: 40)

Control
(n: 40)

P

MDA (nmol/ml) 4.89 ± 1.21 5.20 ± 1.90 -

GSH (μmol/g Hb) 0.56 ± 0.33 0.90 ± 0.41 **

GSH-Px (U/g Hb) 41.56 ± 5.17 44.60 ± 5.96                  *

CAT (k/g Hb) 22.14 ± 7.07 31.98 ± 13.87 **

SOD (U/g Hb) 39.67 ± 3.39 42.10 ± 3.99 *

Data are expressed as mean ± SD. 
- : (p>0.05)   
* : Significant difference from control and patients groups (p<0.05)   
** : Significant difference from control and patients groups (p<0.001).

Table 3. GSH-Px, CAT, SOD activities and MDA, GSH concentrations in the attack period and initial period in migraine patients

The attack period Initial period P

MDA (nmol/ml) 4.86 ± 0.80 4.89 ± 1.21  -

GSH (μmol/g Hb) 0.57 ± 0.23 0.56 ± 0.33 -

GSH-Px (U/g Hb) 39.87 ± 7.23 41.56 ± 5.17 -

CAT (k/g Hb) 22.76 ± 7.98 22.14 ± 7.07 -

SOD (U/g Hb) 39.33 ± 5.48 39.64 ± 3.39 -

- : (p>0.05) 
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different between migraine patients and controls (p = 
0.029). 
No significant difference in the alleles at each MnSOD, 
GSH-Px3 and CAT gene were found as shown in Table 
5 ( p> 0.05). 

Discussion
The oxidative stress which occurs in conditions where 
free radical formation exceed antioxidant capacity, hea-
dingly the lipids, proteins and nucleic acids in biological 
systems are cause harmful effects on all oxidable cellu-
lar elements and membrane damaged part is membran 
lipids. The lipid peroxidation products, in activation of 
lipoxygenase and inhibition of prostacyclin platelet and 
leucocyte in the way of prostacyclin/tromboxan cause 
imbalance. Thus by stimulating the leucotrienes doloro-
us inflammatual reactions begin [18]. Consequently, the 
change in lipid peroxidation’s thrombocyte functions is 
thougt to be effective in migraine pathogenesis by re-
duction of cerebral blood fluid.
It has been reported that free radicals have relations-
hip with many diseases such as Alzheimer’s disease, 
Parkinson’s disease, schizophrenia, depression, ische-
mia, epilepsia. It is known that there are enzymes which 
clean free radicals in order to protect cells from cytoto-
xic free radicals in all of the animals and plants. SOD, 
GSH-Px, CAT are free radical cleaning enzymes and 
have important duties in cleaning these radicals against 
tissue defect [19].
Migraine pathophysiology is still in discussion, and 
analysis of responsible etiopathogenesis factors is very 
important [20,21]. It is true that migraine predisposes to 
stroke [19]. The aim of this study was to investigate the 
differences in oxidative stress status with the measure-

and 0% in cases and were 0.7% and 0.6% in controls, 
respectively. The frequencies of the TT, TC and CC ge-
notypes of GSH-Px3 were 30%, 40% and 30% in cases 
and were 7.5%, 45% and 47.5% in controls, respectively. 
The frequencies of the T and C alleles of GSH-Px3 were 
0.5% and 0.5% in cases and were 0.7% and 0.3% in cont-
rols, respectively. The frequencies of the TT, TC and CC 
genotypes of CAT were 45%, 25% and 30% in cases and 
were 50%, 15% and 35% in controls, respectively. The 
frequencies of the T and C alleles of CAT were 0.4% 
and 0.6% in cases and were 0.4% and 0.6% in controls, 
respectively.
The distribution of the genotype at the Mn-SOD and 
CAT genes between patients with migraine and controls 
was not significantly different as shown in Table 4 (p 
= 0.327; p=0.533, respectively). The distribution of the 
genotype at the GSH-Px3 gene was found significantly 

Figure 1. Representative agarose gel electrophoresis illustrating 
PCR products for the Mn SOD promoter polymorphisms. Lane 1, M 
was loaded with appropriate molecular markers; lane 2, homozygous 
VV subject, V allele does not cut with MroN I (NgoMIV); lane 3, 
heterozygous subject; lane 4, homozygous AA subject, A allele cuts 
with MroN I (NgoMIV) to generate 89/18-bp fragments.

Figure 2. Representative agarose gel electrophoresis illustrating PCR 
products for the GSH-Px3 promoter polymorphisms. Lane 1, M was 
loaded with appropriate molecular markers; lane 2, homozygous CC 
subject, C allele does not cut with Eco31I (Bsa 1). The PCR product 
has 260 bp; lane 3, heterozygous subject; lane 4, homozygous TT 
subject, T allele cuts with Bsa 1 to generate 224- and 36-bp fragments.

Figure 3. Representative agarose gel electrophoresis illustrating 
PCR products for the CAT promoter polymorphisms. Lane 1, M was 
loaded with appropriate molecular markers; lane 2, homozygous TT 
subject, T allele does not cut with Sma I. The PCR product has 340 bp; 
lane 3, heterozygous subject, T allele cut with SmaI generating 185- 
and 155-bp fragments; lane 4, homozygous CC subject.



Turk J Biochem, 2011; 36 (4) ; 310–316. Özbey et al315

ment of erythrocyte SOD, CAT, GSH-Px, GSH and plas-
ma MDA levels in the migraine patients with or without 
aura and attack. However, with these respects in mind, 
the present study was carried out to examine the relati-
onship of Mn-SOD, CAT, GSH-Px gene promotor poly-
morphism for migraine by using restriction fragment 
length polymorphism (RFLP) in the Turkish population. 
It is reported that decreased mitochondrial energy reser-
ve in migraine and habitual deficiency caused migraine 
attacks by impairing metabolic homeostasis, hemostasis 
and causing biochemical disorder through activating the 
trigeminovascular system together with probable gene-
tic and environmental factors [22]. The enzymes which 
have a material duty in the brain against free radicals are 
SOD and GSH-Px. Catalase, which exists in some or-
gans at a significant level but in brain at a very low level, 
could be found in subcellular particles which are called 
peroxisomes. Under physiologic conditions, it has been 

reported that the role of catalase against free radicals is 
not important [19].
In previous studies, plasma MDA level and thiobarbitu-
ric acid reactive agents (TBARS) level were found high 
in migraine patients according to the control group [20, 
23-25]. Furthermore SOD and GSH-Px enzyme activi-
ties were found significantly lower in migraine patients 
than in control group [19-26].
In our study, antioxidant enzyme activities within eryt-
hrocytes were examined by using a different method. 
SOD, CAT, GSH-Px enzyme activities and GSH con-
centrations were lower in the migraine group than cont-
rol group. It could be stated that these enzyme activities 
do not play an important role in patients suffering from 
tension type headache and healthy people. To reveal if 
there is an addition of antioxidant enzymes in migraine 
etiopathogenesis we concluded that it must be researhed 
in the perspective of polymorphic conditions. We came 

Table 4. Frequencies of genotypes of the Mn-SOD, GSH-Px3 and CAT gene promoter in patients with migraine and in controls.

Polymorphisms Genotype counts frequency

Genotype

df X2 P value

Mn-SOD VV VA AA

Migraine patients 40 167(40) 24(60) 0(0.0) 2 1.04 0.327

Control 40 11(27.5) 28(70) 1(2.5)

GSH-Px3 TT TC CC

Migraine patients 40 72(42.8) 16(40) 12(30)

Control 40 12(30) 64(37.42) 29(16.95) 2 0.74 0.029

CAT TT TC CC

Migraine patients 40 18(45) 10(25) 12(30)

Control 40 20(50) 6(15) 14(35) 2 6.20 0.533

Table 5. Frequencies of the alleles of the Mn-SOD, GSH-Px3 and CAT gene promoter in patients with migraine and in controls.

Polymorphisms Allele counts frequency
Allele

df X2 P value

 Mn-SOD V A

Migraine patients 40 0.625 0.000                             

Control 40 0.7 0.6 1 0.3 p>0.05

GSHPx-3 C T

Migraine patients 40 0.5 0.5

Control 40 0.3 0.7 1 0.74 p>0.05

CAT C T

Migraine patients 40 0.6 0.4

Control 40 0.6 0.4 1 4.44 p>0.05
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to conclusion that GSH-Px3 has genotype difference 
between patient and control group, this gene polymorp-
hism have relation with migraine, but there is no relation 
between Mn-SOD, CAT gene polymorphism and mig-
raine.
In conclusion oxidative stress and antioxidant enzymes 
may have an important role in migraine pathogenesis ac-
cording to our data, GSH-Px3 gene polymorphism may 
play an important role in the etiology of migraine.

References
[1]		  Headache Classification Subcommittee of the International He-

adache Society. (2004). The International Classification of Hea-
dache Disorders, 2nd edn. Cephalalgia 24: 1-160.

[2]		  Olesen J, Peer TF-Hansen, K. Michael AW. (2000) The Headac-
hes. Philadelphia: Lippincott-Williams and Wilkins, s.227-33.

[3]		  Fahr S, Cohen G. (1992) The oxidant stress hypothesis in 
Parkinson’s disease: evidence supporting it. Ann Neurol. 
32:804-12.

[4]		  Halliwel B. (1987) Oxidant and human disease: some new con-
cepts. Faseb J. 1:358-64.

[5]		  Shimomura T, Kowa H, Nahano T, Kitano A, Marukawa H, et 
al. (1994) Platelet superoxide dismutase in migraine and tension- 
type headache. Cephalalgia. 14:215-8. 

[6]		  Choudhuri R, Cui I, Yong C. (2002) Cortical spreading depres-
sion and gene regulation: relevance to migraine. Ann Neurol. 51: 
499-506.

[7]		  Olesen J. (2008) The role of nitric oxide (NO) in migraine, 
tension-type headache and cluster headache. Pharmacol Ther. 
120(2):157-71. 

[8]		  Sun L, Oberley LW, Li Y. (1988) A simple method for clinical 
assay of superoxide dismutase. Clin Chem. 34(3): 497-500.

[9]		  Beutler E. Red cell metabolism. (1975) In: A manual of bioc-
hemical methods. Beutler E (ed), s. 67-69, Grunef and Strottan, 
New York.

[10]		 Beutler E, Duron O, Kelly BM. (1963) Improved method for the 
determination of blood glutathione. J Lab Clin Med 61: 882-8.

[11]		 Placer ZA, Cushman LL, Johnson BC. (1966) Estimation of pro-
duct of lipid peroxidation (malonyl dialdehyde) in biochemical 
systems. Anal Biochem. 16:359-364.

[12]		 Aebi H. (1984) Catalase in vitro. Methods Enzymol. 105: 121-
126.

[13]		 Fairbanks VF, Klee GG. (1986) Biochemical aspects of hema-
tology. In: Tietz NW (Ed.): Textbook of clinical chemistry. WB 
Saunders Company, Philadelphia, pp. 1532-1534.

[14]		 Miller SA, Dykes DD, Polesky HF. (1988) A simple salting out 
procedure for extracting DNA from human nucleated acid. Nuc-
leic Acids Res. 16: 1215.

[15]		 Cai Q, Shu XO, Wen W, Cheng JR, Dai Q, et al. (2004) Genetic 
polymorphism in the manganese superoxide dismutase gene, an-
tioxidant intake, and breast cancer risk: results from the Shang-
hai Breast Cancer Study. Breast Cancer Res. 6(6): R647-55. 

[16]		 Voetsch B, Jin RC, Bierl C, Benke KS, Kenet G, et al. (2007) 
Promoter polymorphisms in the plasma glutathione peroxida-
se (GPx-3) gene: a novel risk factor for arterial ischemic stroke 
among young adults and children. Stroke. 38(1):41-9.

[17]		 Goulas A, Fidani L, Kotsis A, Mirtsou V, Petersen RC, et al. 
(2002) An association study of a functional catalase gene poly-
morphism, -262C-->T, and patients with Alzheimer’s disease. 
Neurosci Lett. 330(2):210-3

[18]		 Gutteridge JM. (1995) Lipid peroxidation and antioxidants as 
biomarkers of tissue damage. Clin Chem. 41: 1819-1828.

[19]		 Bolayir E, Celik K, Kugu N, Yilmaz A, Topaktas S. (2004) Int-
raerythrocyte antioxidant enzyme activities in migraine and 
tension-type headaches. J Chin Med Assoc. 67: 263-267.

[20]		 Tozzi-Ciancarelli MG, De Matteis G, Di Massimo C, Ma-
rini C, Ciancarelli I. (1997) Oxidative stress and platelet respon-
siveness in migraine. Cephalalgia. 17: 580-584.

[21]		 Schlesinger RH. (1997) Homocysteine levels in migraine pati-
ents. Cephalalgia. 17:46.

[22]		 Schoenen J. (1998) Cortical electrophysiology in migraine 
and possible pathogenetic implications. Clin Neurosci. 5:10-7.

[23]		 Yılmaz G, Sürer H, Üçler S, İnan L, Yücel D. (2004) Plas-
ma malondialdehyde levels in migraine with and without aura. T 
Klin J Med Sci. 24: 309-315.

[24]		 Ciancarelli I, Tozzi-Ciancarelli MG, Di Massimo C, Mari-
ni C, Carolei A. (2003) Urinary nitric oxide metabolites and lipid 
peroxidation by-products in migraine. Cephalalgia. 23: 39-42. 

[25]		 Erdal N, Altunkaynak Y, Altunkaynak E, Öztürk M, Mut-
luay B, et al. (2005) Migrenli Hastalarda Oksidatif Stresin Gös-
tergesi Olarak Lipid Peroksidasyonunun İncelenmesi. Düşünen 
Adam: Psikiyatri ve Nörolojik Bilimler Dergisi. 18:129-135.

[26]		 Shimomura T, Kowa H, Nakano T, Kitano A, Marukawa 
H, et al. (1994) Platelet superoxide dismutase in migraine and 
tension-type headache. Cephalalgia. 14: 215-218.


