© 2016 by the author(s). This is an open access article distributed under the terms and conditions of the @ @ @
Creative Commons Attribution (CC BY-NC) licencse. Published by Poznan University of Medical Sciences

ORIGINAL PAPER

DOI: https://doi.org/10.20883/jms.2016.170

Ischemia-modified albumin in migraine patients
during interictal period

Stawomir Michalak', Krystyna OsztynowicZz', Alicja Ptdciniczak? Waldemar Myszka?,
Marcin Nowicki’, Danuta Wegrzyn®, Matgorzata Drzewiecka®, Kinga Kapecka“,
Wojciech Kozubski®

! Department of Neurochemistry and Neuropathology, Poznan University of Medical Sciences, Poland

% Department of Clinical Biochemistry and Laboratory Medicine, Poznan University of Medical Sciences, Poland
® Department of Neurology, Poznan University of Medical Sciences, Poland

* Reological Laboratory, Department of Neurology, Poznan University of Medical Sciences, Poland

ABSTRACT

Aim. Ischemia-modified albumin (IMA) is a marker of myocardial ischemia and may be affected by ischemia
occurring in other tissues. Migraine has been reported as a risk factor of ischemic stroke or cardiovascular
events. Dysfunction of endothelial cells, as well as association with arteriopathies was evidenced in migraine
patients. The aim of this study was to evaluate interictal IMA in migraine patients.

Material and Methods. Fifty migraineurs aged 38 + 9 years were included in the study. The control group
consisted of 25 healthy volunteers aged 37 + 8 years. In all subjects neurological examination was carried on, as
well as clinimetric evaluation with the use of: MIDAS, MIGSEV, QVM, VAS and VRS. Ischemia-modified albumin
was evaluated by means of spectrophotometric method with the use of cobalt chloride. The concentrations
of total cholesterol, HDL- and LDL-cholesterol, triglycerides, homocysteine, C-reactive protein and Lp(a) were
analyzed with routine spectrophotometric methods.

Results. IMA was significantly (P = 0.0108) higher in migraine patients (0.101; 0.00-0.327 0.D.) than in controls
(0.00; 0.00-0.102 0.D.; median; interquartile range). Migraineurs with aura have also higher IMA than controls.
IMA correlated (rS = 0.383, P = 0.0073) with VAS and with homocysteine concentration (rS = 0.430, P = 0.0026).
Multiple regression analysis of IMA and atherosclerosis risk factors showed significant correlation (P = 0.0247)
with HDL cholesterol (R = 0.2958) and triglycerides concentrations (R = 0.3285).

Conclusions. IMA formation in migraine patients, as a marker of oxidative stress even during interictal period
in patients with hyperhomocysteinemia and/or hypertriacylglyceridemia can reflect a milieu of factors which
further increases the risk for cardiovascular complications.
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Introduction

The pathomechanisms considered in migraine involve ization (SD), is related to neuronal compartment and

complex milieu of factors acting both on neural and
vascular compartments in the brain. ,Stroke-migraine
continuum” hypothesis links both sides of those path-
omechanisms [1]. Depolarization which propagates
across grey matter in the brain, known as cortical
spreading depression (CSD) or spreading depolar-

contributes to the development of aura symptoms [2,
3]. The relations between CSD and cerebral blood flow
(CBF) show quadriphasic pattern: short CBF decrease —
marked CBF increase — minor, but sustained CBF eleva-
tion — sustained CBF decrease (oligemia) [4]. Oligemia
related to CSD, constriction of intracerebral large arter-
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ies and endothelium-related hypercoagulability may
cause cerebral ischemia in migraine patients [5].

Migraine is considered not only as a risk factor
of stroke, but also of other cardiovascular diseases.
Meta-analysis showed that the risk of ischemic stroke
in migraine patients is more than 2 times higher com-
pared to nonmigraineurs [6], but the results for hemor-
rhagic stroke are inconsistent [7]. In the HUNT Study
(Nord-Trgndelag Health Study in Norway) [8] Framing-
ham risk score, which includes age, sex, total choles-
terol and HDL-cholesterol concentrations, smoking
status and systolic blood pressure stratified for the use
of antihypertensive medication was used as indica-
tor of cardiovascular risk in headache patients [9]. In
non-migraine headache patients, migraineurs without
aura and migraineurs with aura Framingham risk score
was increased compared to controls [8]. The study
done in USA also showed that migraine, both with and
without aura, is associated with higher risk for car-
diovascular diseases including myocardial infarction,
stroke, and claudication [10].

Human serum albumin is the main plasma protein.
It consists of 585 amino acids formed into a single
polypeptide with three homologous helical domains.
First three amino acids in N — terminal region form
specific binding sites for transition metals like cobalt,
copper, nickel and are the most susceptible region for
degradation compared to other regions of albumin.
The mechanisms involved in ischemia/reperfusion,
especially those related to oxidative stress, cause
changes to albumin and reduce the transitional met-
al binding capacity [11]. Such a transformed albumin
is called ischemia-modified albumin (IMA). It is pro-
posed to be a biomarker of ischemic heart disease, as
it has been noticed that serum albumin of individuals
with myocardial ischemia exhibits reduced biding to
cobalt in comparison to non-ischemic ones [11]. What
is more, this reduced biding of cobalt (Co(ll)) to serum
albumin was also observed among patients with tran-
sient myocardial ischemia after elective percutane-
ous transluminal coronary angioplasty [12]. IMA was
increased in cases of oxidative stress due to ischemia
reperfusion injury [13, 14, 15], thus may distinguish
between ischemic and non-ischemic patients, which
may be clinically important as far as immediate diag-
nose is concerned.

With this background in mind we have undertaken
the study on IMA in migraine patients during interic-
tal period. The aim of the study was to evaluate IMA in
migraineurs with and without aura and to correlate it
with cardiovascular risk factors determined.
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Material and Methods

Patients

We have included in the study 50 migraine patients
aged 38 * 9 and diagnosed basing on the criteria of
International Headache Society. The exclusion criteria
were: history of cardiovascular disease, hypertension
(defined as systolic blood pressure exceeding 140 mm
Hg or diastolic blood pressure over 90 mm Hg), dia-
betes, hyperlipidemia, pregnancy or lactation, inflam-
mation, allergy, and regular use of vasoactive drugs
(except hormonal contraceptives).

The control group consisted of 25 healthy volun-
teers aged 37 £ 8 years.

None of migraine patients and controls showed
symptoms of any acute or chronic disease in medical
history, during physical examination, and in routine
laboratory tests.

All study participants underwent neurological exam-
ination and clinimetric evaluation with the use of: MIG-
SEV (4-item questionnaire which evaluates migraine
intensity as mild, moderate or severe basing on pain,
nausea, limitation of everyday activity and tolerability
of symptoms) [16], MIDAS (Migraine Disability Assess-
ment measures migraine — associated disability bas-
ing on 7 questions) [17], QVM (Qualité de Vie et Migraine
evaluates quality of life basing on 20 questions) [18],
VAS (Visual Analogue Scale: 0 to 10 points, with 10 indi-
cating the most severe pain) and VRS (four-point verbal
rating scale: 0 to 3, with 3 for severe pain).

Fasting blood samples were collected in the morn-
ing not earlier than 4 days after migraine attack and/
or administration of triptans or ergot alkaloids. Rou-
tine laboratory tests were performed immediately after
blood collection. Samples for IMA evaluation were
stored at -80° C until analysis. White blood cells count
(WBC) was evaluated with the use of automated hema-
tology analyzer. C-reactive protein (CRP), total cho-
lesterol, high-density lipoprotein cholesterol (HDL),
low-density lipoprotein cholesterol (LDL), triglycer-
ides (TAG) concentrations were analysed with routine
methods. Lipoprotein a (Lp(a)) and homocystein con-
centrations were analyzed by means of enzyme-linked
immunosorbent assay (ELISA).

Measurements

Ischemia modified albumin was estimated spectropho-
tometrically using Sigma-Aldrich (Germany) reagents
and spectrophotometer Statfax 1904 Plus (Awareness
Technology, USA), according to the manual method
developed by Bar-Or et al [19, 20].



The assay is based on the statement that ischemia
(first reported for myocardial ischemia) causes some
changes in human plasma albumin resulting in reduced
binding of exogenous cobalt, Co(ll).

The unbound exogenous cobalt (Co) reacts with
colored marker (dithiothreitol, DTT) and increased
intensity of the reaction reflects a reduced metal bind-
ing capacity of albumin, thus increased modification of
albumin. The result of the determination is expressed
as optical density (0.D.) [20, 21].

The assay procedure
Patients serum (200 pl) was added to 50 pl of a cobalt
chloride solution (1 g/I). Next, vigorous mixing and
a 10-minute incubation in standard room temperature
were performed. After then, 50 pl of 1.5 g/I DTT solution
was added, what was followed by mixing and 2-minute
incubation in standard room temperature. Finally, 1.0 ml
of 9.0 g/I solution of NaCl was added to obtain the assay
sample. The procedure of preparing the blank sample
required 50 pl of double-distilled water instead of DTT.
The absorbance of the assay sample was read at 470
nm against the blank sample, in duplicate.

The intra- and inter-assay coefficients of variation
were 4,8% and 6,2%, respectively.

Statistics

Statistical analysis was performed with the use of
a licensed version of MedCalc 16.8.4 (64 bit) software.
First, the distribution of results was analyzed with the
D'Agostino-Pearson test. The variables that had a nor-
mal distribution were expressed as mean  SD and tested
with t-Student test; the variables that had a non-gauss-
ian distribution were expressed as median and inter-
quartile range and analyzed with the Mann-Whitney test.

Ethics

All participants signed written informed consent. The
study protocol was approved by the Ethic Committee
at the Poznan University of Medical Sciences.

Results

Neurological examination of migraine patients did not
revealed any deficits. With the use of clinimetric mea-
sures we have noticed high intensity of pain reflected
by VAS and VRS scores, intermediate to high severity of
attacks in MIGSEV score, and severe functional impair-
ment in MIDAS and QVM scale (Table 1). There were no
differences in clinimetric scores between migraineurs
with and without aura (Table 1).

Total cholesterol concentrations were higher in
migraine patients with and without aura compared to
controls. In migraineurs with aura HDL cholesterol lev-
els were higher than in controls. We did not observed
differences in results of other routine laboratory tests
between migraine subjects and controls (Table 2).

IMA was significantly (P = 0.0108) higher in the whole
group of migraine patients (0.101; 0.00 to 0.327 0.D.)
than in controls (0.00; 0.00 to 0.102 O.D.; median; inter-
quartile range). The subgroup of migraineurs with aura
have also higher IMA than controls (Table 3).

IMA correlated (rS = 0.383, P = 0.0073) significantly
with clinimetric evaluation with the use of VAS (Fig-
ure 1). Homocysteine was the only result in the panel
of routine laboratory tests which correlated with IMA
(rS=0.430, P = 0.0026) (Figure 2).

In multiple regression analysis of relation between
IMA and plasma lipids in the model including total
cholesterol, HDL cholesterol, LDL cholesterol, triglyc-
erides (TAG) and Lp(a) concentrations we have found

Table 1. The severity of migraine symptoms in migraine patients with and without aura

Migraine with aura ~ Migraine without aura

N=23 N=27
VAS (Visual Analogue scale) 7961 1.64 8.24+1.33 NS
VRS
(four - point Verbal Rating Scale) 265:057 I NS
QVM Global Index 26.17 £ 6.68 27201548 NS
MIDAS 34.48+16.50 42161 18.87 NS
. 4.0 3.0
MIGSEV — Pain 2.0-4.0 3.0-4.0 NS
MIGSEV- Nausea 33407 33105 NS
MIGSEV- Disability in daily activity 3.04+0.82 3.20+0.50 NS
- 2.0 3.0
MIGSEV- Tolerability 10-3.0 10-3.0 NS

Variables with gaussian distribution are presented as mean + SD, variables with non-gaussian dis-
tribution as median; interquartile range
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Table 2. Results of routine laboratory tests in migraineurs and controls

Controls Migraine with aura  Migraine without aura
6.1 5.8 5.2
et 49-78 41-72 47-71
CRP 0.64 0.46 0.42
0.16-1.02 0.17-0.82 0.24-1.10
7 66 81
dlressp| el 62 - 83 49-68 70 - 90
To;al cholesterol [mg/ 184435 208436 227440"
dL * * *
'(;'BL cholesterol [mg/  ¢9., 1, 6045 67+12* 66+ 14
LDL cholesterol [ng/dL] 11444 126 + 40 141 £34°
7 90 98
TAG [mg/dL] 55 - 155 64-118 67-126
0.08 0.09 0.06
Lp @ [o/L] 0.03-0.13 0.058-0.15 0.032-0.285
Homocysteine [mmol/L] 1212 I 12.20
y 9.24-13.33 10.58-14.38 10.06-15.14
. 617 62.0 63.0
Albumin [g/L] 59.5-65.05 59.2-63.7 59.8-64.0

Variables with gaussian distribution are presented as mean + SD, variables with non-gaussian dis-
tribution as median; interquartile range
* =P =0,0243;+ - P = 0,0002 - compared to controls; # — P = 0,0287 - compared to controls;
$-P=0,0190 - compared to controls

Table 3. IMA in migraine patients and controls

Controls Migraineurs total Migraine with aura Migraine without aura

IMA

[0.D] 0.0 0.101° 0.073" 01M
median 0.0-0.102 0.0-0.327 0.014-0.346 0.0-0.235
interquartile range

IMA
[0.D]
minimum -

. 0.0-0.511 0.0-1.932 0.0-1.922 0.0-1.932
maximum

*P=0.0108; +-P=0.0103
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Figure 1. Correlation between IMA and VAS in migraine patients
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Figure 2. Correlation between IMA and homocysteine concentration in migraine patients

that IMA correlates (P = 0.0247) with HDL cholesterol
(R =0.2958) and TAG concentrations (R = 0.3285).

Discussion

We report the stimulation of ischemia-modified albu-
min formation in migraine patients during interic-
tal period. In our study IMA correlated both with pain
intensity, pro-atherosclerotic risk factors (homo-
cysteine, triglycerides) and with anti-atherosclerot-
ic marker (HDL cholesterol). We are not aware of the
studies on IMA in migraine patients, thus it is an initial
report on this topic.

IMA as a novel biomarker of oxidative stress
and together with low grade systemic inflammation
are underlying causes of many diseases. IMA plays
a major role in their prediction before the overt onset.
It has been reported that IMA is elevated in ischemic
heart disease and as it increases within first minutes
after ischemia and thus it was considered as the earli-
est predictor of myocardial infarction [12].

When ischemic changes started with hypoxia, free
oxygen radicals lead to peripheral vascular insuffi-
ciency, which resulted in ischemia of the limbs and
ischemic heart disease. Gunduz et al [22] noticed that
there was a significant increase in serum IMA dur-
ing limb ischemia with sensitivity and specificity over
80% in cases with clinically severe lower limb involve-

ment. In our study we have observed positive correla-
tion between IMA and pain severity measured with the
use of VAS. There are very limited data on the correla-
tions between IMA and clinimetric measures of neuro-
logical deficits. No correlation between IMA and stroke
severity estimated with the use of National Institutes
of Health Stroke Scale score (NIHSS) was found in
one study [23], but the other [24] reported correlation
both with the volume of ischemic lesion evaluated as
restriction of diffusion on magnetic resonance imaging
(MRI) and with NIHSS score.

According to Falkersammer et al [25] among
patients with peripheral arterial occlusive disease
(PAOD) IMA was a better predictor of major adverse
cardiac events than N-terminal prohormone of brain
natriuretic peptide (NT-BNP) or troponin (cTnT).

In diabetic patients oxidative stress and sub-en-
dothelial inflammation resulted in nephropathy, neu-
ropathy and retinopathy. Recently, Chawla et al [26]
observed that the higher is elevation of IMA the poor-
er is glycemic control. Moreover most of the patients
with complications showed higher IMA values. In view
of the above, it appears that IMA could be related to
glycaemic control in type 2 diabetes patients. How-
ever, the authors [26] used arbitrary units (ABSU) for
the expression of IMA. Thus, the comparison of IMA
results between studies requires careful interpreta-
tion, which should consider methodological and units
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issues. In our study, we expressed IMA in optical den-
sity (0.D.) units and we suggest to call such a biomar-
ker as serum IMA-ABS, when cobalt binding is meas-
ured spectrophotometrically, contrary to the units (U)
used in enzyme-linked immunosorbent assays (ELISA)
based on IMA detection by specific antibodies. Further
studies are needed on correlations between results of
spectrophotometric methods, which estimate ,func-
tional" properties of IMA and ELISA, which measures
rather the ,mass" of protein.

The serum levels of IMA have been reported to rise
in many clinical conditions with acute inflammation,
such as sepsis. Yin M et al. proved that IMA may be
treated as predictor of short-term mortality in patients
with severe sepsis [27]. It can be also associated with
severity of the chronic inflammatory process [28, 29].

None of patients included in our study showed
clinical symptoms or laboratory markers of acute or
chronic inflammation. We can claim that the chang-
es in IMA we have observed were not related to the
inflammation.

We observed positive correlation between IMA and
homocysteine concentration. Such a relations was not
found in the study on polycystic ovary syndrome with
or without insulin resistance [30]. However, in type 2
diabetic patients with peripheral arterial disease IMA
positively correlated with homocysteine concentration
[31]. The results of those studies may suggest that IMA
is more related to vascular pathology than to metabolic
disturbances.

Moreover, we have noticed positive correlations
between IMA and triglycerides and HDL-cholester-
ol. Moderate correlation between IMA and TAG was
already reported, as well as weak correlation with total
cholesterol [32]. The relations between IMA and HDL
cholesterol we have observed may be caused by high-
er HDL cholesterol concentration in migraine patients
with aura, who have also higher IMA.

IMA formation was also related to the oxida-
tive stress. The correlation between IMA and serum
malondialdehyde (MDA), a lipid peroxidation marker,
was reported during the course of normal pregnancy
[33], thyroid gland dysfunction [34] and obstructive
sleep apnea hypopnea syndrome [35].

To conclude, stimulated IMA formation in migraine
patients, and particularly in migraineurs with aura, can
reflect oxidative stress even during interictal period.
It can be independent from acute or chronic inflam-
mation, but in patients with additional hyperhomo-
cysteinemia and/or hypertriacylglycerolemia it could
reflect the increased cardiovascular risk.
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