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Serum levels of ischemia-modified albumin and prolidase in 
migraine subjects

Migren olgularında iskemi-modifiye albumin ve prolidaz serum düzeyleri
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ÖZ

Giriş: Migren başağrısı ataklarıyla seyreden sık görülen nörolojik 
hastalıklardan biridir. Patofizyolojisi halen net bilinmemekle 
birlikte multifaktöriyel olduğu düşünülmektedir. Oksidatif stres 
migren patofizyolojisinde üzerinde durulan konulardan biridir. 
Bu çalışmada migrende oksidatif stres göstergesi olarak iskemi-
modifiye albumin (İMA) ve prolidaz belirteçlerinin araştırılması 
amaçlandı.

Gereç ve Yöntem: Bu çalışmaya 35 migren ve 35 sağlıklı kontrol 
alındı. Prolidaz ve İMA belirteçleri, ELİSA yöntemiyle venöz kan 
örneklerinin santrifüjü sonrası elde edilen serum numunelerinden 
bakıldı. Migren hastalarında ki İMA ve prolidaz düzeyleri kontrol 
grubu ile karşılaştırıldı.

Bulgular: Migren (34 kadın, 1 erkek) grubunda ortalama yaş 
40,06±11,14 kontrol grubunda (31 kadın, 4 erkek) ortalama yaş 
34,31±8,26’dı. Gruplar arasında yaş ve cinsiyet açısından anlamlı 
farklılık izlenmedi (p=0,08, p=0,29). Migren grubunun atak dışı 
dönem İMA ve prolidaz düzeyleri kontrol grubundan istatistiksel 
olarak anlamlı yüksekti (p=0,02, p<0,001). Atak döneminde 
prolidaz kontrol grubuna göre anlamlı yüksekti (p<0,001) ancak 
İMA düzeylerinde anlamlı farklılık izlenmedi (p=0,34). Migrende 
atak dönemindeki İMA ve prolidaz düzeyleri atak dışı döneme 
göre yüksekti ancak anlamlı farklılık gözlenmedi (p>0,05). 

Sonuç: Prolidaz ve İMA migren hastalarında oksidatif stresin 
göstergesi olabilir. Oksidatif stres göstergelerinden prolidaz 
migrende atak sıklığı ile de korelasyon gösterebilmektedir. Bu 
belirteçlerin, migrenin profilaktik tedavisinde antioksidan ajan 
çalışmalarında da yol gösterebileceği düşünülmektedir.

Anahtar Kelimeler:  Baş ağrısı, migren, İMA, prolidaz, interiktal

ABSTRACT

Objective: Migraine is one of the most common neurological 
diseases with headache attacks. Although its pathophysiology is 
still unclear, it is thought to be multifactorial. Oxidative stress is 
one of the topics discussed in the pathophysiology of migraine. 
The aim of this study was to investigate ischemia-modified 
albumin (IMA) and prolidase levels, which are oxidative stress 
markers in migraine.

Material and Method: In this study, 35 migraine and 35 healthy 
controls were included. Serum IMA and prolidase levels were 
measured in serum obtained after centrifugation from venous 
blood samples by ELISA. Prolidase and IMA in migraine patients 
were compared with the control group.

Results: The mean age was 40.06±11.14 years in migraine (34 
female, 1 male) and 34.31±8.26 in controls (31 female, 4 male). 
There was no significant difference between the groups in terms 
of age and gender (p=0.08, p=0.29). Interictal IMA and prolidase 
levels of migraine subjects were significantly higher than the 
control group (p=0.02, p<0.001). Prolidase was significantly 
higher in the attack period than the control group (p<0.001), 
but there was no significant difference in IMA levels (p=0.34). 
Prolidase and IMA levels during the attack were higher than an 
interictal period in migraine but there was no significant difference 
(p>0.05).

Conclusion: Prolidase and IMA may be an indicator of oxidative 
stress in migraine patients. Prolidase, one of the oxidative stress 
indicators, also correlates with the frequency of attacks in 
migraine. It is thought that these markers may lead to antioxidant 
agent studies in the prophylactic treatment of migraine.
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INTRODUCTION

Migraine is a common chronic neurological disease that 
is characterized by episodes of headache. It is believed to 
be multifactorial, and although the exact physiopathology 
remains unknown, oxidative stress is one factor that has 
been considered in its physiopathology. 

Oxidative stress is caused by an imbalance between the 
production of free radicals and the antioxidant defense 
mechanism, and results from the overproduction of oxidant 
radicals, decreased antioxidants or both. This may cause 
cell membrane damage through lipid peroxidation, dama-
ge to the enzymes that play a critical role in intermediate 
metabolism and other proteins, and DNA strand breaks 
(1). Oxidative stress is an important process affecting the 
central nervous system and has been linked to the pathoph-
ysiology of chronic neurodegenerative diseases, epileptic 
seizures, multiple sclerosis, dementia and other conditions 
(2,3). 

During migraine episodes, in other words, in the interictal 
period, peroxides and oxidant products are elevated in the 
subject’s plasma, urine, and platelets. Although the reason 
for the increase in these products in the interictal period 
is unknown, it has been suggested that it could be associ-
ated with a decrease in the activity of certain antioxidant 
enzymes and/or increased activity of such vasoconstrictors 
as angiotensin, endothelin-1 or urotensin. In addition, it is 
thought that the increased cortical hyperexcitability associ-
ated with migraine can result in the overproduction of oxi-
dant products through an increase in metabolic activity (4). 

Ischemia-modified albumin (IMA) and prolidase are syste-
mic markers of oxidative stress. The binding capacity of 
albumin-cobalt decreases as a result of chemical changes 
in albumin caused by free oxygen radicals during ische-
mia, and the resulting albumin molecule is called IMA. It 
has been reported previously that this molecule can also 
increase in inflammatory conditions (5,6). Prolidase is an 
exopeptidase that detaches proline or hydroxyproline from 
the carboxyl terminal position of dipeptides, and is found 
in the plasma as well as in such organs as the brain, he-
art, uterus, and thymus (7). It plays an important role in 
such processes as wound healing, inflammation, carcino-
genesis, angiogenesis, cell migration, and differentiation 
(8,9). Proline is found in the central nervous system, and 
reports have suggested that it plays a neuromodulator role 
in synaptic transmission (10,11). It is also considered to 
be a neurotransmitter, with increased levels of proline ha-
ving been linked to increases in prolidase levels. Proline is 
believed to potentialize the effects of glutamine which is 
known to play a role in migraine episodes (12). The role of 
oxidative stress in migraine is one of the subjects that have 
been the focus of research to light the way for new thera-
pies (diet regulation, use of antioxidants, etc.). The present 
study is designed to investigate IMA and prolidase that co-
uld be a marker of oxidative stress in migraine. 

MATERIAL AND METHOD

In this study, the participants consisted of migraine sub-
jects admitted to tertiary health center neurology outpatient 
clinic and healthy volunteers with sociodemographic cha-
racteristics similar to migraine subjects. Serum IMA level 
and prolidase activity in migraine cases were compared 
with the control group.

Ethical Declaration

Informed consent form for the study was obtained from 
all migraine subjects and healthy controls. The local ethics 
committee has approved this study (20.03.2018-06/05).

Participants

The migraine subjects diagnosed according to the most 
current version of the International Classification of Hea-
dache Disorders (ICHD-3) of the IHS (International Hea-
dache Society) were enrolled for this study (13).

Renal, hepatic and thyroid diseases, presence of anemia, 
malignancy, cardiac disease, hypertension, epilepsy, pre-
sence of any other headache, regular and/or frequent drug 
use (including vitamin and antioxidant use), smoking, al-
cohol use, obesity (body mass index> 30 kg/m2), patholo-
gical findings on previous brain imaging (tomography and/
or magnetic resonance imaging) and diagnosed as psychi-
atric disease in migraine subjects were excluded. 

Cigarette/alcohol use and regular/frequent drug use were 
excluded in the control group.

Ischemic Modified Albumin and Prolidase Analyses

Venous blood samples were taken from migraine subjects 
and controls. In migraine subjects, blood samples were ta-
ken in both interictal and exacerbation periods in migraine 
subjects.

The samples were centrifuged for 10 minutes at 2000 g 
for half an hour immediately after being taken into a pre-
servative-free biochemistry tube and stored at-80 °C until 
analysis. Serum IMA and prolidase levels were measured 
by ELISA with a commercial kit in serum. 

Data Acquisition

Demographic data (age, gender) and education level were 
recorded in the study group. Disease duration, frequency 
of attacks (within 3 months), presence of aura were ques-
tioned in migraine subjects. Data records and examination 
of migraine and control subjects were done by the same 
neurologist. 

Statistical Analyses

SPSS 21.0 statistical package program was used for data 
analysis. The results were taken as mean ± standard devia-
tion for the variables with normal distribution, median and 
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minimum-maximum values   for the variables with anormal 
distribution. The value of p<0.05 was considered statisti-
cally significant. Chi-square test in categorical variables, 
t-test according to whether the distribution was normal or 
Mann-Whitney U test was used to evaluate the differences 
between the data obtained from the groups. Spearman Cor-
relation test was used to analyze the correlation between 
categorical (sequential) and continuous variables.

RESULTS

The demographic characteristics of migraine subjects and 
the control group in the study are shown in Table 1. 

Table 1. Demographic characteristics of the study group

Data
Migraine 
(n=35)

Control 
(n=35) p value

Age (mean±SD) 40.06±11.14 34.31±8.26 0.08

Gender, n (%) 0.29

Female 34 (97.1) 31 (88.6)

Male 1 (2.9) 4 (11.4)

Education, year 
(mean±SD)

7.40±2.95 8.71±3.97 0.66

The disease duration of migraine subjects was 20.57 ± 
9.9 years. The frequency of attack was 6 (min-max: 1-18) 
days within three months. A total of 5 (14.3%) subjects had 
migraine with aura and 30 (85.7%) subjects had migraine 
without aura. 

Prolidase and IMA serum levels of the migraine and cont-
rol groups are given in Table 2. 

Table 2. Levels of IMA and prolidase in both groups

Oxidative stress 
marker Migraine Control

Attack Interictal

IMA, ng/mL

Mean±SD 34.77±88.04 22.96±59.5 19.19±11.97

Median (min-max) 14.5 (3.6-509) 9.9 (1.7-359) 19.78 (0.5-50.4)

Prolidase, U/L

Mean±SD  24.4±26.22 14.6±9.86 5.8±4.92

Median (min-max) 10.4 (2.1-153.4) 10.08 (2.4-49.7) 4.1 (0.17-20.8)

IMA; Ischemia-modified albumin

There was no significant difference between the migraine 
attack and the interictal period in IMA and prolidase levels 
(p=0.130, p=0.902). The IMA and prolidase levels were 
significantly higher in the migraine group compared to the 
control (p = 0.02, p <0.001). There was no significant dif-
ference between IMA levels of a control group and during 
the migraine attack (p = 0.34). Prolidase levels were signi-
ficantly different (p<0.001).

Ischemia-modified albumin level was 23.6 ± 23.8, 
(min-max:11.4-70.06) ng/mL prolidase was 8.8 (min-
max:2.1-32) U/L in attack period of migraine subjects with 
aura. In attack period of migraine without aura, IMA was 

35.79 ± 94.87, median:14.36 min-max: 3.6-509 ng/mL and 
prolidase was 10.48, min-max:2.8-153.4 U/L. There was 
no significant difference migraine with aura and without 
aura (p=0.202, p=0.345).

When the interictal period is evaluated there was no signifi-
cant difference between IMA (16.84±13.90, median:13.99 
min-max:4.7-40.6 ng/mL) in migraine with aura and IMA 
(23.91±64.21, median:9.47 min-max:1.7-359 ng/mL) in 
migraine without aura (p=0.524). In also prolidase level, 
there was no significant difference between migraine with 
aura  (22.43±18.21, median:21.19 min-max:2.4-49.7 U/L) 
and migraine without aura (13.39±7.50, median:10.67 
min-max:2.4-29.3 U/L) (p=0.311).

While the attack and interictal IMA levels did not show 
a significant correlation with the frequency of attacks 
(p>0.05). The prolidase level in the attack was correlated 
with the attack frequency (rs=0.333, p=0.04).

DISCUSSION

The present study investigates the potential of IMA and 
prolidase levels in migraine subjects as an indicator of 
oxidative stress. Prolidase levels were found to be signifi-
cantly higher in migraine subjects than in the control gro-
up during a migraine episode and in the interictal period, 
while IMA was significantly higher when compared to the 
control group only in the interictal period.

To the best of our knowledge, based on a literature search, 
the present study is the first to evaluate prolidase levels in 
migraine subjects as an indicator of oxidative stress. Pro-
lidase plays a role in proline and hydroxyproline metabo-
lism, and a significant linear relationship has been noted 
between prolidase and proline levels. A previous study in-
volving rats showed that proline induces oxidative stress in 
the cerebral cortex (14). Another study demonstrated favo-
rable outcomes with antioxidant therapy in proline-indu-
ced damage (15). The findings of decreased serum catalase 
levels in migraine subjects in the interictal period and the 
associated difficulty in hydrogen peroxide detoxification, 
the decreased activity of superoxide dismutase and glutat-
hione peroxidase in erythrocytes and platelets, and the dec-
reased glutathione peroxidase activity in the erythrocytes 
all support the oxidative stress hypothesis in disease pat-
hogenesis (16-18). The present study identified increased 
prolidase levels in migraine subjects, both during episodes 
and in the interictal period, and this finding is deemed to 
support the oxidative stress hypothesis.  

The relationship between proline and glutamate is one of 
the reasons for the selection of prolidase as an indicator in 
the present study. It has been suggested in previous studies 
that endogenous extracellular proline increases the effect 
of glutamate in the synaptic cleft (19). Glutamate plays an 
important role in the pathogenesis of migraine, and incre-
ased glutamatergic activity triggers cortical hyperexcitabi-
lity in the pathogenesis (20). Studies evaluating glutamate 
levels identified increased levels of glutamate in the plas-
ma, cerebrospinal fluid, and saliva in the interictal period 
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(21), while in the present study it is a striking finding that 
the frequency of episodes correlates with prolidase levels. 
This correlation may be linked to the relationship between 
prolidase and glutamate.

The presence of oxidative stress due to the decreased ac-
tivity of certain antioxidant enzymes in migraine and the 
associated increase in free radicals, as well as in lipid pero-
xides in the interictal period, have gained popularity as re-
search topics in recent studies (22-25). In the present study, 
IMA and prolidase levels were found to be significantly 
higher in migraine subjects in the interictal period than in 
the controls. A study comparing oxidative stress in subjects 
with migraine headaches, subjects with tension-type hea-
dache (TTH) and a control group found oxidative stress to 
be significantly higher in migraine subjects than in subjects 
with TTH and the control subjects, and this is sustained in 
the interictal period (26). In migraine subjects, IMA and 
prolidase levels during episodes were higher than in the in-
terictal period, although the difference was not significant, 
and this was attributed to considerably higher IMA values 
in the subjects than in the control subjects. Such extreme 
IMA values may be a result of undiagnosed accompanying 
depression, despite the application of strict exclusion crite-
ria. Recently, IMA levels have been shown to be higher in 
depressive subjects than in healthy controls (27). 

In this study, migraine without aura was significantly more 
than migraine without aura. IMA and prolidase levels did 
not differ significantly between migraine with aura and 
migraine without aura. If the number of subjects was suf-
ficient in the groups, it was considered whether the result 
could be different or not. Furthermore, migraine subjects 
with aura could not be compared with the control group in 
terms of IMA and prolidase levels because of their small 
number. Previous studies in the literature investigating 
the association between migraine with aura and oxidative 
stress have produced different results. In a study investiga-
ting malondialdehyde (MDA) levels as an indicator of oxi-
dative stress, Yılmaz et al. found no significant difference 
between the MDA levels of migraine subjects with aura 
and those of the control subjects (28). In a study by Tuncel 
et al., oxidative stress was found higher levels of oxidative 
stress in migraine subjects in the control subjects, and the 
difference was even more remarkable in subjects with mig-
raine with aura (29).

Among the indicators of oxidative stress, IMA and proli-
dase levels are higher in migraine subjects than in healthy 
controls, and prolidase has also been correlated with the 
frequency of episodes. It is suggested in the present study 
that these indicators could serve as a guide for antioxidant 
agent studies into prophylactic therapy in migraine sub-
jects. 
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