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Summary

Aim: Migraine is a primary headache syndrome which has been a genetic factor in quite
complex etiopathogenesis. The mechanisms underlying the migraine have not been clearly
enlightened. The aim of our study is to investigate the relationship between polymorphisms of
CHRNA4 gene and migraine and determined to oxidative DNA damage and oxidative stress
with detection of 8-0x02dG and AOPP levels in plasma of patients with migraine.

Methods: In our study, DNA was obtained from migraine patients (n=79) and unrelated
healthy persons (n=68). Alleles and genotypes of CHRNA4 gene polymorphisms (rs1044394,
rs1044393) were determined with PCR and RFLP methods. Also, 8-0x02dG and AOPP levels
were measured in plasma of migraine patients.

Results: As a result, we were found a significant relationship between rs1044394
polymorphism of CHRNA4 gene and migraine patients without aura (p <0.05). Also, it was
shown a significant association between rs1044394 polymorphism of CHRNA4 gene and
smoker migraine patients (p <0.05). As an interesting, 8-0x02dG levels in migraine patients
were determinate significantly lower than healthy controls (p <0.05).

Conclusions: According to our results, CHRNA4 gene may be important for migraine
disease. Also, 8-0x02dG levels in plasma of patients with migraine who have take medicine
treatment might be decreased. This situation may show that drug therapy for migraine may
reduce oxidative stress.
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Migren Hastalarinda CHRNA4 Gen Polimorfizmilerinin, Oksidatif DNA Hasari ve
Oksidatif Stres Markir Seviyelerinin Analizi
Ozet

Amag: Migren, olduk¢a karmasik bir genetik etyopatogenezi olan primer basagrisi
sendromudur. Migrenin altinda yatan mekanizmalar heniiz net olarak aydinlatilamamustir.
Calismamizin amaci, CHRNA4 geni polimorfizmleri ile migren arasindaki iligkinin
arastirilmasi ve migren hastalarinin plazmalarinda 8-0x02dG ve AOPP diizeylerinin tespiti ile
oksidatif DNA hasar1 ve oksidatif stresin belirlenmesidir.

Method: Calismamizda, migren hastalari (n = 79) ve iliskisiz saglikli bireylerden (n = 68)
DNA elde edildi. CHRNA4 geni rs1044393 ve rs1044394 polimorfizmlerine ait allel ve
genotipler PCR ve RFLP yontemleri ile belirlendi. Ayrica, migrenli hastalarin plazmasinda 8-
0x02dG ve AOPP diizeyleri 6l¢iildii.
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Bulgular: Calismamizin sonucunda, aurasiz migren hastalar1 ile CHRNA4 geni rs1044394
polimorfizmi arasinda anlamli bir iligki tespit edildi (p <0.05). Ayrica, CHRNA4 geni
rs1044394 polimorfizmi ile sigara kullanan migren hastalar1 arasinda anlamli bir iliski oldugu
belirlendi (p <0.05). Ilging bir sonug olarak, saglikli kontrollere oranla migren hastalarinda 8-
0x02dG diizeyinin daha diisiik oldugu tespit edildi. (p <0.05).

Sonug: Verilerimize gore, CHRNA4 geni migren hastalig1 i¢in 6nemli olabilir. Ayrica, ilag
tedavisi alan migrenli hastalarin plazmasindaki 8-0x02dG diizeyinde azalma olabilecegi
belirlenmistir Bu durum, migrendeki ila¢ tedavisinin oksidatif stresi azaltiyor olabilecegini

gostermektedir.

Anahtar Kelimeler: Migren, CHRNA4, Gen polimorfizm, 8-0x02dG, AOPP

INTRODUCTION

Migraine is a chronic disease with frequent
attacks, high level of pain and disability
during which causes reduced quality of life
between attacks*?”. Migraine is a
common neurological disorder affecting
between 10 and 20 % of the population.
The clinical presentation is heterogeneous
and includes recurrent headache attacks,
associated  symptoms of vegetative
disturbance, and hypersensitivity of
various functional systems of the nervous
system"**”. According to classification
criteria of the International Headache
Society, migraine is subdivided into two
common subtypes, namely migraine with
(MWA) and migraine without (MWoA)
aura. MWA is categorized by a preceding
motor and/or visual disturbance lasting 20
to 30 minutes prior to the onset of a
migraine attack®. It is widely accepted
that the intracranial throbbing pain of
migraine is mediated primarily by neuronal
activity along the trigeminovascular
pathway. However the mechanisms
underlying the disease have not been
clearly understood. Genetic transition of
migraine has drawn attention for years and
twin studies have supported this issue®~.
Also it has suggested that, 3 different
groups of genes have been identified and
investigated on migraine diseases' basis.
These are genes involved in neurological,
vascular, or hormonal pathways. Under the
broad category of neurological genes
include those involved in expression or
control of ion channels and the dopamine
and serotonergic pathways(6’9’24). Therefore
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we attend to investigated to a gene which
one of the subunit of Neuronal nicotinic
acetylcholine receptors (nAChRs) that has
known as ligand-gated channels.

Alpha nicotinic acetylcholine receptor
(CHRNAA4) as known one of these subunits
of nAChRs which is assigned in the central
nervous system and encoded by 20q13.33
gene region. Also it has suggested that
CHRNA4 is the most important subunit for
nicotine-induced reward, tolerance and
sensitization''®*?. It was investigated that
the activation of nicotinic receptors
modulates centrally induced peripheral
neurogenic vasodilatation!”. It has been
identified as one of the candidate genes
with its genetic variants, especially for
epilepsy which has known as chanelopathy
disease®”. However nicotinic sensitivity of
CHRNA4 might important for especially
smoked migraine patients. We determinate
the functionally polymorphic regions are
known as rs 1044393 and rs 1044394 in
exon 5 region of CHRNA4 gene in
migraine patients.

It has known that oxidative stress leads to
damage on DNA with different
mechanisms by causing a set of lesions
such as alkaline and sucrose modifications,
single and double chain fractures, DNA-
Protein cross-linking. Oxidative DNA
damages are the modification of DNA
alkaline, DNA fractures with single or
double chains, the loss of purines, the
damages of deoxyribose sucroses, the
damage of DNA maintenance systems and
DNA-protein cross-linking"'*~*. 8-0x02dG
has been defined as the marker of oxidative
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DNA damage in cancer, neurodegenerative
diseases and aging®®. Oxidative stress is
discussed to be implicated in the
pathophysiology of migraine. However,
data are in part controversial and the
possible underlying mechanisms remain
elusive to date®~7.

Advanced oxidation protein products
(AOPP) are defined as dityrosine
containing cross-linked protein products
and are reflect oxidized protein
damage'''*.  AOPP has been used
extensively as biomarkers of inflammation
and oxidative stress??. Several studies
have been shown that AOPP levels are
increased in many pathological conditions

such as diabetes mellitus®?, chronic
k%dney ; disease®", _ coronary artery
disease!'?, Behget's disease®®. However,

the best of our knowledge; 8-0x02dG and
AOPP status have not been investigated in
migraine with patients.

The fact that migraine is a channelopathy
disease and we thought that CHRNA4
gene polymorphism might be connected
with migraine. For this aim in our study we
investigated that, a possible role of
CHRNA4 gene polymorphism in migraine
disease. Also it has known that oxidative
stress and DNA damage are important for
migraine disease, considering the evidence
of this association, we measured level of
AOPP and 80x02dG which have known as
an oxidative stress markers in this group.

MATERIAL AND METHODS
Participants

The protocol was approved by the regional
ethical committee, and procedures were
performed according to the principles of
The Helsinki Declaration. Migraine
diagnosis was made according to
International Classification of Headache
Disorders-1I criteria’®. Once enrolled, a
neurologist administered questionnaires
and blood samplings were drawn at the
same visit. In the questionnaire the patients
were asked to report the onset time,
character, location, duration of the pain,
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associated symptoms, histories, and
medications. We evaluated 79 migraine
patients (mean age 36.41+10.35 years)
from the database of Biilent Ecevit
University Medical Faculty, Department of
Neurology.  Sixty-eight  (35.62+10.24
years) unrelated, age and sex matched,
healthy were selected from the same
geographic area. The healthy volunteer
control subjects were recruited from
hospital ~ workers, students of the
University. The control subjects without
headache were generally normal and
received no medication. Exclusion criteria
were  having known inflammatory
disorders, infectious, or immune diseases.
Patients having chronic migraine or drug
overuse headache were also excluded.
Table 1 shows the demographic
characteristics of migraine patients and
healthy controls. No significant difference
in the mean ages and gender was observed
between the two groups (p>0.05).

Genotypic Analysis

After written, informed consent was
obtained, venous blood samples were
collected into vacutainer plastic tubes
containing sodium/ potassium EDTA.
Blood samples were centrifuged at 1000
xg for 10 min. Plasma samples were
separated and immediately stored at -20
0C. DNA was extracted from whole blood
by salting out procedure®”. Genotyping of
the samples were examined in Mugla Sitki
Ko¢man University, School of Health
Sciences Laboratory. The CHRNA4
genotypes were determined by polymerase
chain reaction-restriction fragment length
polymorphism (PCR-RFLP) assay, using
published PCR primers (shown at table 2).
The amplification was followed by
restriction  digestion with the Fokl
(c.555C>T; rs1044393), Cfol (c.594C>T;
rs1044394). Digested PCR products were
directly analyzed by electrophoresis either
on 2 % agarose gels and each allele were
identified according to its size.
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To determine levels of 8-o0x02dG in
plasma of blood

To determine 8-0x02dG (Enzo Life
Sciences, USA) levels in plasma use with
ELISA method. Results were expressed
with ng/mL.

To determine levels of AOPP in plasma
of blood

Plasma AOPP levels were measured by
spectrophotometric method described by
Hanasand et al."¥. In summary, 40 pl and
160 ul of plasma on the citric acid added to
10 pl KI and 10 ml of the KI and 190 ml of
vortexed samples prepared with citric acid
was measured by spectrophotometric
absorbance at 340 nm against blank. 0-100
mol/L chloramine T standards, such as the
sample studied. Results calculated standard
curve mol/L was given as the equivalent of

chloramine. Results calculated standard
curve mol/L was given as the equivalent of
chloramine.

Statistical Analysis

Data are presented as mean + standard
error for continuous data or frequencies
and percentages for categorical data. Chi-
square or Fisher exact tests were used to
compare proportions of patients for
categorical data among groups. Analysis of
variance or t-tests were used to compare
the continuous variables among groups.
Linkage disequilibrium test, haplotype
analysis was evaluated for the two
polymorphic regions. Frequencies of
values which are smaller than 0:03 were
ignored. SPSS 11.5 for Windows program
was used for statistical analysis.

Table 1: Describes the distribution of the cases, and the controls by sex, age and smoking status as

appropriate and clinical manifestations of migraine

Total Migraines n (%)  Controls n (%) p
Age, years MeanSD 36.41+10.35 35.62+10.24 >0.05
Sex
Female 70 (88.6) 51(75.1) >0.05
Male 9(11.4) 17 (24.9)
Smoking Status
Never 57(72.2) 45 (66.2)
Ever 22 (27.8) 23 (33.8)
Treatment
Triptan 30 (38.1)
Beta blockers 21 (25.4)
Antidepressant 28 (36.5)
Aura
MwoA 40 (50.6)
MwA 39 (49.4)
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Table 2: Primers and Restriction Enzymes (RE) used for SNP1044393, SNP 1044394
polymorphisms of CHRNA4 gene.

Primers Sequence Ann. Fragment Size
Gene Polymorphism RE Temp (bp)
(’C)
5’-3’
TT; 17bp, 25bp,
Sense GGCGAGTGGGTCATCGTGG 39bp, 78bp, 132bp
SNP1044393 Fokl TC; 25bp, 39bp, 78
62 bp, 95bp, 132bp
Anti GATGACCAGTGAGGTGGACG CC; 25bp, 39bp,
CHRNA4 sense 95bp, 132bp
TT; 255 bp
SNP 1044394 Cfol Sense AACACCAGGAAGTACGAGTGC 62 TC; 255 bp,
233 bp, 22 bp
Anti GATGACCAGTGAGGTGGACG CC; 233 bp, 22 bp
sense
RESULTS When haplotypes for CHRNA4 rs1044393
A power calculation analyses was and  rs1044394  polymorphism  were

performed using the Power for Genetic
Association Analyses (PGA) software.
Given the sample size of this study, we
obtained a statistical power of 70 %.
According to this base, 79 migraine
patients (mean age 36.41+10.35 years) and
69 (35.62+10.24 years) unrelated, age and
sex matched, healthy were compared.

According to our results, a meaningful
difference was found between the values of
MWOoA and the control group (*p=0.03).
CC genotype was detected to be higher for
MWOoA than the control individuals. As a
result, it was determined that CC genotype
may be a risk factor for MWoA in
proportion to other genotypes (shown at
table 3). CHRNAA4 rs1044393
polymorphism were not significant risk
factors for migraine disease (p>0.05 for
genotypes and alleles). We also analyzed
smoker migraine and smoker control and

we found a significant relationship
between 151044394 polymorphism of
CHRNA4 and smoker  migraine

(*p=0.017). Based on this conclusion, CC
genotype might be a risk for smoker
migraine (shown at table 4). Also, we have
not found any significant relationship
between alleles of rs1044393, rs1044394
and migraine disease (p>0.05)
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determined CT haplotype frequency was
slightly higher in cases than in controls but
the difference did not reach statistical
significance (p>0.05, shown at table 5).

Levels of the oxidative DNA damage in
the form of 8-0x02dG and AOPP were
examined in peripheral blood lymphocytes
of migraine patients and of control group
individuals (Figure 1). 8-0x02dG level
(ng/ml) in plasma of migraine patients
were significantly lower than control
subjects (p<0.05). Figure 2 shows that 8-
0x02dG level in plasma that we have found
significant difference between smoker
migraine patients with smoker controls
(p<0.05). But mean AOPP level of
migraine subjects was not different from
controls (p > 0.05).

We have not shown any association
between 8-0x02dG incision in individuals
with CHRNA4 rs1044393 and rs1044394
polymorphism and the amounts of 8-
0x02dG and AOPP. Also, we analyzed the
levels of 8-oxodG and AOPP in relation to
genotypes in migraine patients and
controls. We did not find any statistically
significant difference in 8-0x02dG and

AOPP levels between populations of
patients and controls with these
polymorphism (p>0.05).
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Table 3: Genotypes for CHRNA4 rs1044393, CHRNA4 rs1044394 polymorphism and the risk of
developing for MWA and MWoA.

MWA OR (95% CI)
Genotypes Control
n (%) MWOoA
n (%) X% p Value
CHRNA4 cc 48 (70.6) 29 (74.4) Reference
rs1044393 30(78.9) 0.08 Reference
CT 20 (29.4) 8 (20.5) 0.6 (0.2-1.6)
7(18.4) 0.56 (0.21-1.48)
TT 0 (0) 2(5.1) 0.174 *
1(2.6) *
CHRNA4 cc 38 (55.9) 23 (59.0) Reference
rs1044394 32 (80.0) 092 Reference
CT 27 (39.7) 14 (34.1) 0.85 (0.37-1.96)
7(17.5) 0.30 (0.11-0.80)
TT 3(4.4) 2(5.1) 0.03" 1.1 (0.17-7.09)
1(2.5) 0.39 (0.03-3.9)

1 ORs (odds ratio); CI (confidence interval) from conditional logistic regression.

* Carriers of at least one intact allele are used as reference.

Table 4: Genotypes of rs1044393 rs1044394 polymorphism of CHRNA4 gene and risk of developing

in smoker and non-smoker migraine patients.

Control Smoker Migraine Smoker

Genotypes Control Nonsmoker Migraine Nonsmoker OR (35% ClI)
n (%)
n (%) X% p Value
CHRNA4 cC 18 (78.3) 20 (90.9) Reference
rs1044393 30 (66.7) 39 (70.9) 0.414 Reference
CcT 5(21.7) 2(9.1) 0.36 (0.06-2.09)
15 (33.3) 13 (23.6) 0.6 (0.2-1.6)
T 0 0 0.107 ok
0(0) 3(5.5) Hk
CHRNA4 cC 13 (56.5) 18 (81.8) Reference
rs1044394 0.017"
25 (55.6) 37 (64.9) Reference
CT 9(39.1) 1(4.5) 0.08 (0.009-0.17)
18 (40.0) 20 (35.1) 0.75 (0.33-1.6)
T 1(4.3) 3 (13.6) 0.150 2.16 (0.20-23.2)
2 (4.4) 0 (0) o

1 ORs (odds ratio); CI (confidence interval) from conditional logistic regression.
* Carriers of at least one intact allele are used as reference.

** (Odds ratio cannot be calculated.
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Table 5. Haplotype for CHRNA4 rs1044393 and rs1044394 polymorphism and the risk of developing
Migraine Disease

Migraine (N=79)  Controls (N=68)

Haplotype n (%) n (%) OR % 95% CI
CcC 115 (74.7) 91 (66.9) 1 (reference)
CT 17 (11.0) 25 (18.4) 1.8 0.94-3.64
TC 12 (7.8) 12 (8.8) 1.2 0.54-2.94
TT 10 (6.5) 8(5.9) 1.0 0.38-2.66

¥
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Figure 1: Levels of 8-0x02dG (p<0.001) and AOPP (p=0.796) on plasma in patients with migraine and in control group
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Figure 2: Levels of 8-0x02dG (p=0.002) and AOPP (p=0.897)on plasma in patients with smoker migraine and in smoker

control group.

DISCUSSION

In our project which is planned to research
a part of the puzzle pertaining to migraine
disease that is one of the multigene
diseases. To our knowledge, this is the first
study to show that functional CHRNA4
gene polymorphisms and levels of 8-
0x02dG and AOPP in patients with
migraine. The pathology of the diseases
such as migraine and epilepsy which are
neurological channelopathies has not been
clearly enlightened yet. Ion channels give
clues about these diseases'™””. In this
study we used four-group case-control
(MWA, MWoA smoked, nonsmoked)
designed. We analyzed to association of
CHRNA4 gene polymorphism and levels
of 8-0x02dG and AOPP in migraine
patients. Migraine patients group were take
regular medicine treatment. As a result of
this study we have found an association
between 151044394 polymorphism of
CHRNA4 gene in MWoA and smoked
migraine patients.

Recently, polymorphisms in CHRNA4
gene that provide protection against
nicotine addiction have been described. It
was suggested that CHRNA4 gene, one of
the subunits of neuronal nicotinic
acetylcholine receptors (nAChR), may be
connected with idiopathic partial epilepsy,
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autosomal dominant nocturnal frontal lobe

epilepsy (ADNFLE), idiopathic
generalized epilepsy syndrome (IGE) and
juvenile myoclonic epilepsy (JME)

diseases and febrile convulsions®. Also, in
another study showed that CHRNA4 gene
polymorphisms may be associated with
Alzheimer's disease'”. Our study supported
that CHRNA4 gene may important for
migraine disease.

8-0x02dG is known as the oxidative DNA
damage marker which increases especially
in neurodegenerative diseases®. In an
investigation suggested that, MDA and NO
levels in platelets were surveyed from the
oxidative stress markers of migraine
patients and it has been determined that
there was a meaningful increase®”. It was
confirmed that oxidative stress increased
especially throughout migraine
attacks"'”.We showed that 8-0x02dG level
in migraine patients were significantly
lower than control. In our study, the group
of migraine patients consists of individuals
who received regular treatment and who
were not in the attack period. The fact that
the patients were not in the attack period
and their treatment might affect the
decrease of 8-0x02dG level. Medications
containing  triptan,  beta-bloker  and
antidepressant are generally used for the
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patients. The effects of these medications
on the oxidative stress haven't been
determined yet. The effect of this medicine
treatment of migraine patients to oxidative
stress were not shown yet.

Recently, it has suggested that oxidative
stress may represent a key event in the
pathophysiology of migraine and a suitable
therapeutic  target®.  Also, it was
determinate that AOPP is a marker of
oxidative stress. It was determinate that
patients with epileptic encephalopathy
have increased levels of oxidative stress
markers"'**>. However, in our study we
have not found a meaningful difference
between AOPP level in migraine patients
and controls.

In conclusion, the fact that 8-0x02dG, one
of the DNA damage markers, is slightly
available in migraine patients cannot be
explained fully in our study. However, the
procedure of our study which has involved
taking blood from the patients who are in
treatment  process (medications like
zolmitriptan, eletriptan, beta blocker and
antidepressant) during the period when
they do not experience attacks may have
affected the result in this direction.
Studying the effect of medications used for
migraine treatment on oxidative damage
will contribute to the definition of migraine
pathology. In further studies it might be
investigation migraine treatment effect of
oxidative stress. Furthermore, researching
different polymorphisms belonging to
CHRNA4 gene in more patients and
control individuals and determining gene
expression will contribute to the study of
connection with migraine disease.

Acknowledgments

This study was supported by scientific
research projects unit of Mugla Sitki
Ko¢man University (BAP10/48). We
would you like to thank to Prof. Dr. Aynur
OZGE for her helps about manuscript
editing.

485

Correspondence to:
Tuba Gokdogan Edgiinlii
E-mail: tedgunlu@gmail.com

Received by: 21 December 2012
Revised by: 22 April 2013
Accepted: 12 July 2013

The Online Journal of Neurological
Sciences (Turkish) 1984-2013

This e-journal is run by Ege University
Faculty of Medicine,

Dept. of Neurological Surgery, Bornova,
Izmir-35100TR

as part of the Ege Neurological Surgery
World Wide Web service.

Comments and feedback:

E-mail: editor@)jns.dergisi.org

URL: http://www.jns.dergisi.org

Journal of Neurological Sciences (Turkish)
Abbr: J. Neurol. Sci.[Turk]

ISSNe 1302-1664

REFERENCES

1. Alderman CJ, Shah S, Foreman JC. The role of
advanced oxidation protein products in
regulation od dendritic cell function. Free
Radical Biol Med 2002; 32: 377-385.

2. Bernecker C, Ragginer C, Fauler G, et al.
Oxidative stress is associated with migraine
and migraine-related metabolic risk in females.
Eur J Neurol 2011; 18: 1233-9.

3. Bockowski L, Sobaniec W, Kulak W, et al.
Serum  and  intraerythrocyte  antioxidant
enzymes and lipid peroxides in children with
migraine. Pharmacol Rep 2008; 60: 542-548.

4. Carrera P, Stenirri S, Ferrari M, et al. Familial
hemiplegic migraine: a ion channel disorder.
Brain Res Bull 2001; 56: 239-241.

5. Chou IC, Lee CC, Huang CC, Wu JY, et al.

Association  of the neuronal  nicotinic
acetylcholine  receptor  subunit  alpha4
polymorphisms  with  febrile  convulsions.

Epilepsia 2003; 44: 1089-93.

6. Colson NJ, Lea RA, Quinlan S, Griffiths LR.
The role of vascular and hormonal genes in
migraine susceptibility. Mol Genet Metab
2006, 88: 107-113.

7. Dorszewska J, Florczak J, Rozycka A, et al.
Polymorphisms of the CHRNA4 gene encoding



J.Neurol.Sci.[Turk]

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

the alpha4 subunit of nicotinic acetylcholine
receptor as related to the oxidative DNA
damage and the level of apoptotic proteins in
lymphocytes of the patients with Alzheimer\'s
disease. DNA Cell Biol 2005; 24: 786-94.
Dorszewska J, Florczak J, Rozycka A, et al.
Oxidative DNA damage and level of thiols as
related to polymorphisms of MTHFR, MTR,
MTHFDI in Alzheimer\'s and Parkinson\'s
diseases. Acta Neurobiol Exp 2007; 67: 113-
29.

Fernandez F, Colson NJ, Griffiths LR.
Pharmacogenetics  of migraine:  Genetic
variants and their potential role in migraine
therapy. Pharmacogenomics 2007; 8: 609-622.
Grosso S, Longini M, Rodriguez A4, et al.
Oxidative stress in children affected by
epileptic  encephalopathies. J Neurol Sci
2011;15: 103-6.

Guney Y, U. Ozel, O. Mertoglu, et al. Serum
AOPP, selenium and vitamin E levels after
irradiation. Turkish Journal of Cancer 2006,
36: 19-22.

Gupta R, Pathak R, Bhatia MS, et al
Comparison of oxidative stress among
migraineurs, tension-type headache subjects,
and a control group. Ann Indian Acad Neurol
2009; 12: 167-72.

Hanasand M, Omdal R, Norheim KB, et al.
Improved detection of advanced oxidation
protein products in plasma. Clin Chim Acta
2012; 413: 901-6.

Haut SR, Bigal ME, Lipton RB. Chronic
disorders withepisodic manifestations: focus on
epilepsy and migraine. Lancet Neurol 2006; 5:
148-157.

Headache Classification Committe of the
International Headache Society. The Internal
Classification  of  Headache  Disorders.
Cephalalgia 2004, 24: 1-150.

Hirose S, Iwata H, Akiyoshi H, et al. A novel
mutation of CHRNA4 responsible for
autosomal dominant nocturnal frontal lobe
epilepsy. Neurology 1999; 10: 1749-1753.

Just S, Arndt K, Doods H. The role of CGRP
and nicotinic receptors in centrally evoked
facial blood flow changes. Neurosci Lett 2005,
381: 120-4.

Kaneda H, Taguchi J, Ogasawara K, et al.
Increased level of advanced oxidation protein
products in patients with coronary artery
disease. Atherosclerosis 2002; 162: 221 — 225.
Kohen R, Nyska A. Oxidation of Biological
Systems: Oxidative  Stress  Phenomena,
Antioxidants, Redox Reactions, and Methods
for Their Quantication. Toxic Pathol 2002; 30:
620-650.

Kors EE, van den Maagdenberg AM, Plomp JJ,
et al. Calcium channel mutations and migraine.
Curr Opin Neurol 2002; 15: 311-316.

Lentini P, de Cal M, Cruz D, et al. The role of
advanced oxidation protein products in
intensive care unit patients with acute kidney
injury. J Crit Care 2010, 25:605-609.

Liang X, Chen Y, Zhuang J, et al. Advanced
oxidation protein products as prognostic
biomarkers for recovery from acute kidney

486

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

35.

36.

37.

38.

39.

injury after coronary artery bypass grafting.
Biomarkers 2012; 17: 507-512.

Lloyd GK, Williams M. Neuronal nicotinic
acetylcholine receptors as novel drug targets. J
Pharmacol Exp Ther 2000, 292: 461-7.

Maher BH, Griffiths LR. Identification of
molecular  genetic factors that influence
migraine. Mol Genet Genomics. 2011; 285:
433-446.

Marques de Mattos A, Marino LV, Ovidio PP et
al. Protein Oxidative Stress and Dyslipidemia
in Dialysis Patients. Therapeutic Apheresis and
Dialysis 2012; 16: 68-74.

Mecocci P, MacGarvey U, Kaufinan AE, et al.
Oxidative damage to mitochondrial DNA shows
marked age-dependent increases in human
brain. Ann Neurol 1993, 34: 609-16.

Miller SA, Dykes DD, Polesky HF. A simple
salting out procedure for extracting DNA from
human nucleated cells. Nucleic Acids Research
1988; 16: 1215.

Olesen J. Preface to the second edition.
Cephalalgia 2004; 24: 9-10.

Ophoff RA, Terwindt GM, Vergouwe MN, et al.
Familial hemiplegic migraine and episodic
ataxia type-2 are caused by mutations in the
Ca2+ channel gene CACNLIA4. Cell 1996,
87: 543-52.

Ozge 4, Oztiirk C, Dora B, et al. Is there an
association between migraine and atopic
disorders? the results of multicenter migraine
attack study. Journal of Neurological Sciences
Turkish 2008; 25: 136-147.

Pan HZ, Zhang H, Chang D , Li H, Sui H .
The change of oxidative stress products in
diabetes mellitus and diabetic retinopathy. Br J
Ophthalmol 2008, 92: 548—551.

Rozycka A, Steinborn B, Trzeciak WH. The
1674+11C>T polymorphism of CHRNA4 is
associated with juvenile myoclonic epilepsy.
Seizure. 2009; 18: 601-3.

Seljelflot 1, Aase O, Eid H. Levels of oxidative
stress areassociated with C-reactive protein
levels in patients with stable and unstable
angina. Europ Heart J 2002; 4: 298-306.
Silberstein SD. Migraine. Lancet 2004, 363:
381-91.

Witko-Sarsat V, Gausson V, Descamps-Latscha
B. Are advanced oxidation protein products
potential uremic toxins? Kidney Int Suppl
2003; 84: 11-14.

Yazici C, Kése K, Calis M, Demir M, Kirnap
M, Ates F. Increased advanced oxidation
protein products in Behget's disease: a new
activity marker? Br J Dermatol 2004; 151:
105-111.

Yilmaz G, Siirer H, Inan LE, Coskun O, Yiicel
D. Increased nitrosative and oxidative stress in
platelets of migraine patients. Tohoku J Exp
Med 2007, 211: 23-30.

Yokus B, Cakw DU. Invivo Oksidatif DNA
Hasan Biyomarkeri; §8-Hydroxy-2'-
deoxyguanosine. T Klin Tip Bilimleri 2002; 22:
535-543.

Zuberi SM, Hanna MG. Ion channels and
neurology. Arch Dis Child. 2001; 84: 277-80.



