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RESUMO 

 

MARTINS VAZ, Aline Vasconcellos. Universidade Federal de Viçosa, junho de 
2019. Avaliação do perfil oxidativo e inflamatório de pacientes com enxaqueca. 
Orientador: Lucas Vilas Bôas Magalhães. Coorientadores: Silvia Almeida Cardoso e 
Rodrigo de Barros Freitas.  
 

A enxaqueca é um dos tipos mais comuns de cefaleia primária. Há vários estudos 

evidenciando que os processos inflamatórios e o estresse oxidativo estão envolvidos 

na patogênese da enxaqueca. No entanto, é necessário maior conhecimento sobre 

essa questão, porque os dados são, em parte, controversos, e os possíveis 

mecanismos subjacentes permanecem inconclusivos. Para avaliar e comparar o perfil 

oxidativo e inflamatório de pacientes com enxaqueca, 47 voluntários foram divididos 

em três grupos, sendo: 15 mulheres com enxaqueca crônica (MEC), 17 mulheres 

com enxaqueca episódica (MEE) e 15 homens com enxaqueca (HE). Nos pacientes 

com enxaqueca, na fase interictal, foram determinados: capacidade antioxidante 

total; atividade enzimática dos agentes antioxidantes catalase (CAT), glutationa S-

transferase (GST) e superióxido dismutase (SOD); marcadores de estresse oxidativo 

malondialdeído (MDA) e proteínas carboniladas; hemograma e razão 

neutrófilo/linfócito; e ácido úrico, proteína c-reativa e colesterol total e frações. O 

grupo composto exclusivamente por participantes do sexo masculino apresentou 

redução da capacidade antioxidante total, assim como menor detecção das enzimas 

antioxidantes, entretanto não apresentou alteração significativa dos marcadores de 

dano relacionados ao estresse oxidativo, diferentemente do que ocorreu com os 

grupos compostos por mulheres. Esses resultados indicam que há diferença no perfil 

oxidativo entre os sexos, em pacientes com enxaqueca. Este estudo pode contribuir 

para a melhor compreensão do perfil dos pacientes, com o estabelecimento de 

diferentes fenótipos de enxaqueca, e para identificar novos marcadores que possam 

ajudar na compreensão da fisiopatologia e no manejo dos portadores de enxaqueca, 

visto que o perfil oxidativo apresentou diferenças significativas entre os grupos de 

homens e mulheres avaliados. 
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ABSTRACT 

 

MARTINS VAZ, Aline Vasconcellos, Universidade Federal de Viçosa, June, 2019. 
Evaluation of the oxidative and inflammatory profile of patients with migraine. 
Adviser: Lucas Vilas Bôas Magalhães. Co-advisers: Silvia Almeida Cardoso and 
Rodrigo de Barros Freitas. 
 

Among one of the most commonly seen and primary headaches is migraine. 

Oxidative stress and inflammation is discussed to be implicated in the pathogenesis 

of migraine. However, further knowledge about this issue is necessary because data 

are in part controversial and the possible underlying mechanisms remain 

inconclusive to date. To evaluate and compare the oxidative and inflammatory 

profile of patients with migraine 47 volunteers were divided into 3 groups: 15 

women with chronic migraine (WCM); 17 women with episodic migraine (WEM) 

and 15 men with migraine (MM) and enrolled in this study. Total antioxidant status; 

the enzymatic activity of the antioxidant agents Catalase (CAT), Glutathione S-

transferase (GST) and Superoxide Dismutase (SOD); oxidative stress markers 

malondialdehyde (MDA) and carbonylated proteins; blood count and 

neutrophil/lymphocyte ratio; uric acid, c-reactive protein and cholesterol total and 

fractions were determined in pacients with migraine in the interictal phase. The 

group male participants (MM) displayed a reduction in total antioxidant status, as 

well as a lower value for antioxidant enzymes, but had no significant alterations in 

markers related to damage by oxidative stress compared to women. These findings 

suggest that there is a difference in the oxidative profile between the sexes among 

migraine patients. This may allow a better understanding of patients profile with 

different migraine phenotypes and identify new markers that might help 

understanding the pathophysiology and migraine patient management. 
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1 APRESENTAÇÃO 

 

A presente dissertação foi elaborada de acordo com as normas estabelecidas 

pela Pró-Reitoria de Pesquisa e Pós-Graduação da Universidade Federal de Viçosa 

(PPG-UFV), Viçosa, Minas Gerais. O corpo do trabalho compreende a introdução 

geral, os objetivos geral e específicos, um artigo científico e a conclusão geral. O 

artigo intitulado “Avaliação do perfil oxidativo e inflamatório de pacientes com 

enxaqueca” foi formatado de acordo com as normas da revista Cellular and 

Molecular Neurobiology (Qualis B1 – Medicina 1), para a qual ele foi submetido. 
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2 INTRODUÇÃO GERAL 

 

A cefaleia pode ser considerada uma das desordens neurológicas mais 

prevalentes na atualidade, sendo raro encontrar alguém que não tenha sentido dor de 

cabeça pelo menos uma vez na vida (FERNÁNDEZ-DE-LAS-PEÑAS et al. 2014). 

Apresenta-se também como uma das 12 queixas mais comuns nos serviços de 

atenção primária (STEINER et al. 2018). 

A enxaqueca, também denominada migrânea, é um dos tipos mais comuns de 

cefaleia (STOVNER et al. 2007), e estima-se que ela acometa de 15 a 18% da 

população global (SILBERSTEIN et al. 2017). Em virtude da alta prevalência, a 

migrânea apresenta grande impacto negativo, tanto em nível socioeconômico, quanto 

em nível pessoal, sendo uma importante causa de absenteísmo ao trabalho e de com-

prometimento da qualidade de vida (ABU BAKAR et al. 2016). Trata-se da terceira 

condição clínica mais prevalente e a sétima causa específica de incapacidade no 

mundo (VOS et al. 2015). 

A migrânea é classificada como uma cefaleia primária, e tem dois subtipos 

principais: sem aura e com aura. A enxaqueca sem aura caracteriza-se por uma 

síndrome clínica composta por cefaleia  recorrente, com episódios de duração de 4 a 

72 horas. Essa perturbação cefalálgica pode ter características específicas, como 

localização unilateral, intensidade moderada a grave, pulsatilidade, agravamento por 

atividade física de rotina e associação com náuseas, vômitos e/ou fotofobia e 

fonofobia (Anexo A) (OLESEN, 2013; DODICK 2018). Já a enxaqueca com aura é 

aquela acompanhada por sintomas neurológicos focais transitórios, que geralmente 

precedem e podem cessar ou não com o início da cefaleia (Anexo B) (OLESEN, 

2013; DODICK 2018). Dados disponíveis sustentam o aumento do risco 

cardiovascular associado à enxaqueca com aura (SACCO et al. 2012). 

A migrânea também pode ser classificada como episódica ou crônica, de 

acordo com o número de dias de acometimento ao mês. A enxaqueca é considerada 

crônica quando os episódios de cefaleia ocorrem em 15 dias ou mais por mês, 

durante um período superior a três meses, devendo ser ressaltado que em oito ou 

mais dias a dor apresenta características de enxaqueca, podendo ser com ou sem aura 

(Anexo C) (OLESEN, 2013; DODICK 2018). Portanto, indivíduos que têm cefaleia 

diária ou quase diária podem ter o diagnóstico de enxaqueca. Por outro lado, é 

definida como episódica quando se apresenta em menos de 15 dias ao mês, e 
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corresponde a cerca de 90% dos diagnósticos de enxaqueca (GOADSBY et al. 2017).  

Segundo estudos epidemiológicos, a enxaqueca é uma desordem predominan-

temente feminina, ocorrendo três vezes mais em mulheres do que em homens 

(CHARLES, 2017; STEWART et al. 2008). A menarca, a menstruação, a gravidez, a 

menopausa e o uso de anticoncepcionais hormonais ou terapia de reposição hormonal 

podem influenciar a sua ocorrência. Essas observações, além do fato das crises 

comumente terem início após a menarca e decrescerem durante a gravidez e após a 

menopausa, reforçam a concepção de que os episódios de enxaqueca possam ser 

desencadeados por mudanças hormonais (STEWART et al. 2008; STEWART et al. 

2013). 

As crises de enxaqueca são mais comuns dois dias antes e três dias após o 

início do fluxo menstrual. Quando ocorre exclusivamente nesse período, pode ser 

classificada como enxaqueca menstrual pura, e quando ocorre adicionalmente em 

outros momentos do ciclo, recebe a denominação de enxaqueca relacionada com a 

menstruação (OLESEN, 2013). A cefaleia tende a ser mais severa, de maior duração, 

mais provável de ser associada com náuseas, não é acompanhada de aura e é menos 

responsiva ao tratamento do que a enxaqueca não associada à menstruação (SACCO 

et al. 2012; PIZZA et al. 2015). 

Outros fatores também relacionados com o aparecimento das crises de 

enxaqueca (CHARLES, 2017): jejum, consumo exagerado de cafeína ou a privação 

dela, o estresse, a ingestão de alimentos ricos em nitratos ou glutamato, de queijos 

gordurosos, de chocolate e de vinho tinto, a privação do sono ou dormir em excesso 

(ODEGARD et al. 2010; ENGSTROM et al. 2013; OH et al. 2014; SONG et al. 

2016). 

Vários estudos têm sido conduzidos com o intuito de esclarecer a 

fisiopatologia envolvida na enxaqueca. A depressão cortical, a inflamação 

neurogênica e a disfunção na contratilidade vascular craniana parecem estar 

relacionadas à sua gênese (GOADSBY, 2012; NERI et al. 2015; BORKUM, 2015). 

Além desses fatores, o estresse oxidativo tem sido associado a diversos tipos 

de cefaleia (CORDERO et al. 2012; NEYAL et al. 2013; VURUCU et al. 2013), 

inclusive com a enxaqueca (EREN et al. 2015).  

Os radicais livres nocivos produzidos como resultado de processos 

metabólicos e fisiológicos são, normalmente, neutralizados por sistemas 

antioxidantes enzimáticos e não enzimáticos. O equilíbrio pode mudar para um 
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estado de estresse oxidativo, devido ao aumento da produção de radicais livres ou a 

uma deficiência nos mecanismos de defesa antioxidante (GEYIK et al. 2016). O 

estresse oxidativo pode danificar lipídios da membrana, ácidos nucleicos, proteínas e 

componentes da matriz extracelular, incluindo proteoglicanos e colágenos 

(RAJENDRAN et al. 2014).  

O comprometimento do metabolismo oxidativo mitocondrial pode desempe-

nhar um papel na fisiopatologia da enxaqueca. Além disso, há fortes evidências que 

associam a enxaqueca a uma variedade de transtornos comórbidos, incluindo doença 

cardiovascular e acidente vascular cerebral, nos quais o estresse oxidativo parece ser 

um importante mecanismo subjacente (PIZZA et al. 2015). 

Se o estresse oxidativo e a inflamação podem representar eventos-chave na fi-

siopatologia da enxaqueca e alvos terapêuticos adequados, o maior conhecimento 

sobre essa questão pode contribuir para a compreensão da causa e das complicações 

da enxaqueca e pode ser essencial para o desenvolvimento de novas abordagens 

terapêuticas. 

Diante do exposto, justifica-se a importância da realização do presente 

estudo, fundamentado no conhecimento dos fatores associados à fisiopatologia 

relacionada com a enxaqueca, sobretudo no que tange ao perfil inflamatório e 

oxidativo desses pacientes, visando a um cuidado de forma mais particularizada, 

condizente com os diferentes perfis apresentados por essa doença.  
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4 OBJETIVOS 

 

4.1 Objetivo geral  

 

Avaliar o perfil oxidativo e inflamatório de pacientes com enxaqueca atendi-

dos em um serviço de saúde no município de Viçosa, Minas Gerais. 

 

4.1.1 Objetivos específicos 

 

- Categorizar os pacientes atendidos nos serviços de saúde. 

- Levantar dados socioeconômicos/ambientais e clínicos dos pacientes, volun-

tários. 

- Realizar avaliação bioquímica de cada participante (hemograma/leucograma 

e ácido úrico). 

- Realizar avaliação sorológica do marcador inflamatório proteína-c reativa 

(PCR). 

- Analisar as enzimas relacionadas com o estresse oxidativo: catalase (CAT), 

glutationa-S transferase (GST) e superóxido dismutase (SOD). 

- Dosar marcadores de dano celular pelo estresse oxidativo (proteínas 

carboniladas e peroxidação lipídica). 

- Correlacionar a capacidade antioxidante total com os marcadores de dano 

pelo estresse oxidativo.  
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5 PRODUTO FINAL 
 

Artigo submetido para publicação em revista científica como parte das exigências do 
Programa de Pós-Graduação em Ciências da Saúde, para obtenção do título de 
Magister Scientiae, formatado conforme as normas da revista Cellular and Molecular 
Neurobiology, tendo sido editado como arquivo pdf pela referida revista. 

Link acadêmico: Este artigo faz parte da dissertação de mestrado de Aline 
Vasconcellos Martins Vaz, do Programa de Pós-Graduação em Ciências da Saúde da 
Universidade Federal de Viçosa. 

 

 

 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
EVALUATION OF THE OXIDATIVE AND INFLAMMATORY 

PROFILE OF PATIENTS WITH MGRAINE 
 



3 

EVALUATION OF THE OXIDATIVE AND INFLAMMATORY 

PROFILE OF PATIENTS WITH MIGRAINE 
 

1 Introduction 

Headache can be considered as one of the most prevalent neurological disorders 

today, and it is rare to find someone free from a headache episode (Fernández-de-las-

Peñas et al. 2014). Headaches are considered one of the 12 most common complaints 

in primary care services (Steiner et al. 2018). 

Migraine is one of the most common types of headache (Stovner et al. 2007) and, 

due to its high prevalence, estimated in 15 to 18% of the global population, 

(Silberstein et al. 2017) it has a great negative socioeconomic impact, being an 

important cause of work absenteeism and impairment of quality of life (Abu Bakar et 

al., 2016). It is the third most prevalent clinical condition and the seventh specific 

cause of disability in the world (Vos et al. 2015). 

Other factors are related to the onset of migraine attacks (Charles 2017). Omitting 

meals, excessive caffeine intake or deprivation of it, stress, ingesting foods rich in 

nitrates or glutamate, fatty cheeses, chocolate, red wine, sleep deprivation or 

excessive sleep are often identified as triggers of migraine (Odegard et al. 2010; 

Engstrom et al. 2013; Oh et al. 2014; Song et al. 2016). 

Several studies have been conducted with the aim of clarifying the pathophysiology 

involved in migraine. Cortical depression, neurogenic inflammation, and dysfunction 

in cranial vascular contractility may be involved in its genesis (Goadsby 2012; Neri 

et al. 2015; Borkum 2016). 

In addition to these factors, oxidative stress has been related to several types of 

headache (Vurucu et al. 2013; Cordero et al. 2012; Neyal et al. 2013), including with 

migraine (Eren et al. 2015). 

Tissue damaging free radicals produced as a result of metabolic and physiological 

processes are normally neutralized by enzymatic and non-enzymatic antioxidant 

systems. The balance may become a state of oxidative stress due to either increased 

free radical production, or a deficiency in antioxidant defense mechanisms (Geyik et 

al. 2016). Oxidative stress can damage lipid membranes, nucleic acids, proteins and 

extracellular matrix components, including proteoglycans and collagens (Rajendran 

et al. 2014). 
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Alterations of mitochondrial oxidative metabolism may play a role in the 

pathophysiology of migraine. In addition, there is strong evidence linking migraine 

to a variety of comorbid disorders, including cardiovascular disease and stroke, in 

which oxidative stress appears to be an important underlying mechanism (Pizza et al. 

2015). 

If oxidative stress and inflammation indeed represent key events in the 

pathophysiology of migraine and, therefore, are appropriate therapeutic targets, 

further knowledge about this issue may contribute to the understanding of the cause 

and complications of migraine and may be essential for the development of new 

therapeutic approaches. 

2 Materials and methods 

2.1 Patient inclusion 

Our cross-sectional study recruited individuals from an ambulatory of the Federal 

University of Viçosa, Minas Gerais, Brazil. The total number of patients attended in 

the period from July to November of 2018 with the diagnosis of migraine who 

fulfilled the International Classification of Headache Disorders (beta version - 2013) 

criteria was included in the study.The subjects, aged 18 to 61 years, were divided 

into three groups: (1) women with chronic migraine (WCM) n = 15;  (2) women with 

episodic migraine (WEM) n = 17; and (3) men with migraine (episodic or chronic) 

(MM) n = 15. The study was approved by local ethics committee and all participants 

gave their written informed consent. 

Exclusion criteria were: patients with comorbidities that interfere with the oxidative 

stress and the inflammatory profile (chronic diseases such as neoplasias, infections, 

collagenoses and other autoimmune diseases; other inflammatory processes, chronic 

renal insufficiency, chronic obstructive pulmonary disease, atherosclerotic vascular 

disease (coronary disease, stroke, peripheral artery disease), recent postoperative, 

allergies in activity, post-acute recent illness, recent post-hospitalization, pregnant 

women, and patients taking corticosteroids or immunosuppressants). 

2.2 Collection of blood samples from patients 

A blood sample was always obtained in the attack-free period between migraine 

attacks (interictal phase). Blood samples were centrifuged and the serum stored at     

-80 °C. 
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2.3 Biochemical analysis 

Quantification of uric acid, C-reactive protein (CRP) and blood counts were 

performed using commercial kits following manufacturer's instructions (Labtest). 

Blood counts were performed in an automated impedance counting system.  

Concentration of blood proteins was performed according to Bradford (1976) using 

bovine serum albumin as standard. 

Plasma TAS (total antioxidant status) was measured using fully automated 

colorimetric assay developed by Erel (2004) based on measurements of the OH 

radicals. Catalase (CAT) activity was assayed by measuring the rate of decrease of 

H2O2 absorbance at 240 nm (Aebi 1984). Estimation of serum glutathione-S-

transferase (GST) was carried out as reported by Habig et al. (1974). Superoxide 

dismutase (SOD) activity was assayed by measuring the inhibition of adrenaline 

auto-oxidation, as described by Bannister and Calabrese (1987). As an index of lipid 

peroxidation, we used the formation of thiobarbituric acid reactive substances 

(TBARS) during an acid heating reaction (Draper and Hadley,1990). Briefly, the 

samples were mixed with 1 ml of TCA 10% and 1 ml of thiobarbituric acid 0.67%, 

then heated in a boiling water bath for 15 min. TBARS were determined by the 

absorbance at 535 nm. All the results were normalized by the protein content (Lowry 

et al. 1951). The oxidative damage to proteins was assessed by the determination of 

carbonyl groups based on the reaction with dinitrophenylhydrazine (DNPH), as 

previously described (Levine et al. 1990). Briefly, proteins were precipitated by the 

addition of 20% trichloroacetic acid (TCA) and redissolved in DNPH and the 

absorbance read at 370 nm. 

2.4 Statistical analysis 

The analyzed variables displayed a normal distribution in the Shapiro-Wilk test, 

therefore, the One Way Anova parametric test was performed for multiple 

comparisons. The results were expressed as mean ± standard deviation. Spearman's 

distribution and correlation was performed between total antioxidant status (TAS) 

and oxidative markers. Statistical significance was considered at p < 0.05. Analyses 

were performed using the GraphPad Prism 7.0 program (GraphPad Software, Inc. 

San Diego, CA, USA). 

3 Results 

In the present study, 47 volunteers were divided into 3 groups: 15 women with 

chronic migraine (WCM) with mean age of 36 years and 4 months ± 9.6 years; 17 
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women with episodic migraine (WEM) with mean age of 25 years and 7 months ± 

6.5 years and 15 men with migraine (MM), with a mean age of 23 years and 8 

months ± 4.4 years. Other socio-demographic characteristics of the volunteers are 

summarized in Table 1. 

 

Table 1 – Socio-demographic characteristics of the volunteers (N = 47) 
Sex Female Male 

Groups WCM WEM MM 

N 15 17 15 

Mean age 36 years and 4 

months (SD=± 9,6 

years) 

25 years and 7 

months (SD = ± 

6,5 years) 

23 years and 8 

months (SD = ± 

4,4 years) 

Race/color White = 65,95% 

Schooling Complete upper course = 46,81% 

Single/married Single = 76,65% 

BMI (mean) 25,1 (SD =±4,6) 22,9 (SD =±3,7) 24,3(SD =±3,5) 

 

The majority of subjects self-declared to be of the white race, with complete superior 

course and singles. All declared to be non-smokers. 

No significant difference was observed in the quantification of the blood cell types 

analyzed  in blood count and leukogram between the three groups; there was no 

difference in the neutrophil/lymphocyte ratio (RN/L) (Table 2). 

 

Table 2 – Hematological analysis of the studied groups (n = 47) 
 WCM (n = 15) 

mean ± SD 

WEM (n = 17) 

mean ± SD 

MM (n = 15) 

mean ± SD 

Leukocytes (mm ) 

- (10 ) 

5,8 ± 1,3 6,4 ± 2,3 5,7 ± 1,4 

Lymphocytes 

(mm ) - (10 ) 

2,0 ± 0,4 2,2 ± 0,6 2,0 ± 0,4 

Neutrophils 

(mm ) - (10 ) 

3,2 ± 1,0 3,8 ± 1,7 3,3 ± 1,0 

Eosinophils 

(mm ) - (10 ) 

0,1 ± 0,03 0,2 ± 0,15 0,1 ± 0,07 
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Monocytes 

(mm ) - (10 ) 

0,4 ± 0,08 0,4 ± 0,17 0,3 ± 0,08 

RN/L 1,59 1,74 1,67 

SD = standard deviation; RN/L = neutrophil/lymphocyte ratio. 

 

No significant differences were detected in the quantification of the inflammatory 

marker PCR and on cholesterol, total and fractions, among the 3 groups (data not 

shown). 

For the evaluation of the oxidative profile in the patients' serum, the total antioxidant 

status by iron reduction (TAS) was initially determined. It was verified that the group 

of men (MM) presented total antioxidant capacity significantly lower than the group 

of women with episodic migraine (WEM). Although the difference observed 

between the group of women with chronic migraine (WCM) and men (MM) was not 

significant, its value was close to statistical significance: p = 0.0630 (Fig. 1). 

 

Fig. 1 – Total antioxidant status (TAS) in the serum of women with chronic 

migraine.  WCM (n = 15), women with episodic migraine; WEM (n = 17) and men 

with migraine; and MM (n = 15).  

 

Uric acid is an important antioxidant. The group of men had higher mean uric acid 

values than the groups composed by women, which was expected since the reference 

values for males are higher (Fig. 2). 
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Fig. 2 – Quantification of serum uric acid in patients with migraine. Serum uric acid 

values in women with chronic migraine. WCM (n = 15), women with episodic 

migraine; WEM (n = 17); and men with migraine MM (n = 15). ** p ≤ 0.01 One-

way ANOVA. 

 

Subsequently, the enzymatic activity of the antioxidant agents Catalase (CAT), 

Glutathione S-transferase (GST) and Superoxide Dismutase (SOD) were determined. 

The CAT and GST detections were significantly higher in the WCM group compared 

to the WEM and MM group (Fig. 3A and B). However, SOD detection was 

significantly increased in the two groups of women compared to the group of men 

(Fig. 3C). 

 

 

Fig. 3 – Detection of serum enzymatic activity. Evaluation of Catalase (A), 

Glutationa S-transferase (B) and Superoxide dismutase (C) in serum of women with 

chronic migraine. WCM (n = 15), women with episodic migraine; WEM (n = 17) 

and men with migraine; and MM (n = 15).  p ≤ 0.05, ** p ≤ 0.01, **** p ≤ 0.001 

One-way ANOVA. 
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To assess markers of tissue damage resulting from oxidative stress, the lipid 

peroxidation determined by MDA and the carbonylated proteins were quantified. The 

mean in the 3 groups show no significant statistical variation for MDA and 

carbonylated proteins (Fig. 4A and B). 

 

 

Fig. 4 – Quantification of markers of tissue damage. Lipid oxidation evaluation 

determined by MDA (A) and carbonylated proteins (B) in women with chronic 

migraine. WCM (n = 15), women with episodic migraine; WEM (n = 17) and men 

with migraine; and MM (n = 15). 

 

We evaluated the correlation between migraine and the oxidative markers using the 

Spearman analysis. In the two groups composed of women, a significant inverse 

correlation was observed between measurements of serum total antioxidant status 

(TAS) and the marker of oxidative damage evidenced by lipid peroxidation 

determined by MDA (Fig. 5A and B), interestingly the same relation was not found 

observed for the male group (Fig. 5C). 

 

 

Fig. 5 – Spearman dispersion and correlation (r). Correlation between total 

antioxidant status (TAS) and serum lipid peroxidation (MDA) in women with 
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chronic migraine. WCM (n = 15), women with episodic migraine; WEM (n = 17) 

and men with migraine; and MM (n = 15). 

 

Concerning the carbonylated proteins, only the group of women with episodic 

migraine (WEM) displayed a negative correlation with the total antioxidant status 

(TAS). (Fig. 6B) 

 

Fig. 6 – Spearman dispersion and correlation (r). Relationship between total 

antioxidant capacity (FRAP) and serum carbonylated proteins in chronic demyelin 

(A), women with episodic migraine (B) and men with migraine (C).  

 

4 Discussion 

Migraine is a frequent form of headache particularly in the third decade of life 

(Charles 2017). In spite of being considered a benign complaint (Yilmaz 2011), it 

results in frequent absence from work, significant consumption of medications and 

changes in the daily life and social activities of the patients (Abu Bakar et al. 2016; 

Dodick 2018). 

Eryigit et al. (2017) reviewed several studies suggesting that inflammatory processes 

and oxidative stress are involved in the pathogenesis of migraine.  

In order to identify new markers that might eventually help understanding the 

pathophysiology and migraine patient management, the present study investigated 

the inflammatory and oxidative profile of 47 volunteers, divided in 15 women with 

chronic migraine (WCM); 17 women with episodic migraine (WEM), and 15 men 

with migraine (MM). Most patients self-declared to be of the white race, with 

complete university degrees and not married.  

Participants were selected in a University outpatient clinic, aimed at the care of the 

academic community, which justifies the predominant schooling, age and race/color, 

as well as allowing a reliable answers, since they understood well the clinical picture 

and the questions asked.  
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No difference was observed in body mass index (BMI) values between the three 

groups studied, unlike Bahadir et al. who in 2013 found significantly lower BMI in 

the control (healthy) group than in the migraine group. 

According to Costa et al. (2016), oxidative stress and inflammation are related to the 

genesis of migraine. Moskowitz and Cutrer (1993) suggested that migraine results 

from a neurogenic inflammatory reaction, and Turan et al. (2011) determined that 

markers of inflammation may rise during migraine attacks. 

Several studies investigated the role of the neutrophil-lymphocyte ratio (N/L ratio) in 

the diagnosis and treatment of various diseases, including migraine (Gomez et al. 

2008; Azab et al. 2012) as an important marker of inflammation (Demir 2015).  

Karabulut et al.(2016) observed that N/L ration increases as a sign of inflammation 

during migraine attacks, differently from healthy controls. Eryigit et al. (2017), found 

no statistically significant differences between N/L ratio values in migraine and other 

groups with primary headache syndromes, similarly to the present results who 

compared 3 groups of migraine patients with different characteristics. 

There was no significant differences between the groups in the red series, but there is 

an association between hematological disorders, such as anemia and headache, and 

anemia due to iron deficiency is an important factor related to migraine (Avijgan 

2011; Pamuk et al. 2015). 

Elevated levels of C-reactive protein (CRP) were observed in patients admitted with 

a migraine crisis, compared to healthy controls (Vanmolkot 2007; Gudmundsson et 

al. 2009), differently from observations of Ceylan et al. (2016), in which the levels 

were increased among those suffering from migraine as compared to controls. In our 

study, we found no significant differences in PCR values among the three groups 

analyzed. 

In a study by Bahadir et al. (2013) total cholesterol (TC) levels were significantly 

higher in the group with migraine as compared to the control group without 

migraine. In the present study we did not observe significant variations in the values 

of cholesterol and fractions among the 3 groups analyzed. 

It is known that patients with migraine have lower total antioxidant capacity  

(Vurucu et al. 2013).  

It is already known that the sérum of migraine sufferers display a lower total 

antioxidant capacity (Vurucu et al. 2013; Yigit et al. 2018). In our study, the total 
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antioxidant status was determined by iron reduction (TAS) in the patients' serum. A 

lower TAS value was observed in the men group - MM (Fig. 1). 

Uric acid is an important endogenous antioxidant agent, responsible for about 30% of 

the antioxidant action capacity in healthy individuals (Geyik et al. 2016). In the 

present study a significantly higher values were observed in the group of men (MM) 

compared to the two groups of women; however, no values were off the reference 

value for each sex (Fig. 2). 

Other serum markers, such as the enzyme catalase (CAT), are predictors of 

antioxidant capacity (Alp et al. 2010). Aytaç et al. 2014 and Yigit et al. 2018, 

observed that CAT levels were significantly reduced in patients with migraine 

compared to healthy controls. In the present study, the group of women with chronic 

migraine (WCM) presented the highest values of the enzyme catalase (CAT) 

(Fig. 3A).  

Glutathione S-transferases (GSTs) are a family of enzymes responsible for the 

metabolism of a wide range of xenobiotics and carcinogens (Mannervik 1985) and 

may represent the first step of a detoxification process leading to the formation of 

mercapturic acid. In addition, GSTs have a protective role in cells against oxidative 

stress products (Hayes and Strange 1995).  Shukla (2018) showed that GST levels 

were significantly decreased in migraine patients compared to the control group. In 

our study, we showed that the group of women with chronic migraine (WCM) 

presented the highest values of glutathione S-transferase (GST), as well as that 

observed for the enzyme catalase (CAT) (Fig. 3 Ae B).  

A high activity of the enzyme superoxide dismutase (SOD) correlates with better 

antioxidant power and this prevents oxidation-mediated damage (Ciancarelli et 

al. 2007). According to Borkum et al. (2016), lower SOD activity was found in 

erythrocytes and platelets in migraine sufferers, as well as a lower total antioxidant 

status, suggesting a greater vulnerability to oxidative stress (Ciancarelli et al. 2007). 

Gupta et al. (2009), reported lower levels of SOD in patients with migraine with aura 

than in patients without aura, suggesting that the migraine subtype may have an 

effect on the production of oxidants. In the present study, the two groups composed 

of women, both chronic and episodic migraine, presented higher values of the SOD 

enzyme in relation to men (Fig. 3 C).  

Oxidative stress can modify membrane lipids, nucleic acids, proteins and 

extracellular matrix components, including proteoglycans and collagens (Geyik et al. 
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2016). To evaluate lipid and protein oxidation and, consequently, oxidative damage 

to lipids and proteins, we measured the concentration of malondialdehyde (MDA) 

and carbonylated proteins in serum.  

Previous studies found that plasma levels of MDA were significantly elevated in 

patients with migraine (Gupta et al. 2009; Aytaç et al. 2014). Similar data were 

obtained by Yilmaz et al. (2011) and by Yigit et al. (2018) during migraine attacks. 

In the present study, in spite of variation in the activity of antioxidant enzymes 

between men and women, no difference was observed in the markers of damage as 

evidenced by MDA values. 

Another marker of oxidative damage, such as the concentration of carbonylated 

proteins was not significantly different among the migraine subjects or healrthy 

controls (Bernecker et al. 2011). In the present study, despite the variation in the 

activity of antioxidant enzymes between men and women, the mean in the 3 groups 

showed no significant statistical variation in carbonylated proteins. 

In the current study, total antioxidant status (TAS) and damage by active forms of 

oxygen as measured by lipid peroxidation (MDA) were inversely correlated in 

groups composed exclusively of females. Likewise, protein carbonylation also 

showed a negative correlation with total serum antioxidant status, but in this case, 

only in the group of women with episodic migraine. These findings suggest that there 

is a difference in the oxidative profile between the sexes among migraine patients. 

In summary, according to the present results, we conclude that the group male 

participants (MM) displayed a reduction in total antioxidant status, as well as a lower 

value for antioxidant enzymes, but had no significant alterations in markers related to 

damage by oxidative stress compared to women. This may allow a better 

understanding of patients profile with different migraine phenotypes and identify 

new markers that might help understanding the pathophysiology and migraine patient 

management. 
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Informed consent:  Informed consent was obtained from all individual participants 

included in the study. 
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6 CONCLUSÕES GERAIS 

 

De acordo com os resultados apresentados no presente estudo, podemos con-

cluir que o grupo composto exclusivamente por participantes do sexo masculino 

apresentou redução da capacidade antioxidante total, assim como menor detecção das 

enzimas antioxidantes, no entanto não apresentou alteração significativa dos 

marcadores de dano relacionados ao estresse oxidativo, diferentemente do que 

ocorreu com os grupos compostos por mulheres. Esses achados evidenciam que há 

diferença no perfil oxidativo entre os sexos, em pacientes com enxaqueca.  

 Este estudo pode contribuir para a melhor compreensão do perfil dos pa-

cientes, com o estabelecimento de diferentes fenótipos de enxaqueca, e para 

identificar novos marcadores que possam ajudar na compreensão da fisiopatologia e 

no manejo dos portadores de enxaqueca, visto que o perfil oxidativo apresentou 

diferenças significativas entre os grupos de homens e mulheres avaliados. 
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ANEXO A  
 

CRITÉRIOS DE DIAGNÓSTICO DE ENXAQUECA SEM AURA 
(ICHD-3)  

 

A - Apresentar ao menos 5 episódios preenchendo os critérios de B a D. 

B. Episódios de cefaleia com duração de 4 a 72 horas (não tratada ou tratada sem 

sucesso) 

C. A cefaleia tem, pelo menos, duas das quatro características seguintes: 

1. localização unilateral  

2. pulsátil 

3. dor moderada ou grave 

4. agravamento por atividade física de rotina ou seu evitamento (por exemplo, 

caminhar ou subir escadas) 

 

D. Durante a cefaleia, pelo menos, um dos seguintes:  

1. náuseas e/ou vómitos  

2. fotofobia e fonofobia 

E. Não melhor explicada por outro diagnóstico da ICHD-3 beta. 
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ANEXO B 
 

CRITÉRIOS DE DIAGNÓSTICO DE ENXAQUECA COM AURA 
(ICHD-3)  

 

A. Pelo menos dois episódios preenchem os critérios B e C  

B. Um ou mais dos seguintes sintomas de aura, totalmente reversíveis: 

1. Visual 

2. sensitivo  

3. fala e/ou linguagem  

4. motor 

5. tronco cerebral 

6. retiniano 

C. Pelo menos duas das quatro características seguintes: 

1. pelo menos um sintoma de aura alastra gradualmente em 5 ou mais minutos, 

e/ou dois ou mais sintomas aparecem sucessivamente 

2. cada sintoma individual de aura dura 5 a 60 minutos 

3. pelo menos um sintoma de aura é unilateral 

4. a aura é acompanhada, ou seguida em 60 minutos, por cefaleia 

D. Não melhor explicada por outro diagnóstico da ICHD3 beta e foi excluído um 

acidente isquémico transitório. 
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ANEXO C  
 
 

CRITÉRIOS DE DIAGNÓSTICO DE ENXAQUECA CRÔNICA 
(ICHD-3)  

 

A. Cefaleia (idêntica à cefaleia de tipo tensão e/ou à da enxaqueca) em ≥ 15 dias 

por mês, durante > 3 meses e preenchendo os critérios B e C 

 

B. Ocorrendo em um doente que tenha tido pelo menos cinco episódios 

preenchendo os critérios B-D de 1.1 Enxaqueca sem aura e/ou critérios B e C de 

1.2 Enxaqueca com aura 

 

C. Em  ≥  8 dias por mês durante > 3 meses, cumprindo algum dos seguintes: 

1. critérios C e D de 1.1 Enxaqueca sem aura  

2. critérios B e C de 1.2 Enxaqueca com aura  

3. descrita pelo doente como enxaqueca no início e aliviada por um triptano ou 

ergotamínico  

 

D. Não melhor explicada por outro diagnóstico da ICHD-3 beta. 
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ANEXO D 

PARECER CONSUBSTANCIADO DO CEP 
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ANEXO E  

 

COMPROVANTE DE SUBMISSÃO DO ARTIGO  
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