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Introduction: This study aimed to evaluate the changes in 
ischaemia-modified albumin (IMA) levels in different types of 
hypoxia-associated epileptic seizures.

Methods: A total of 80 patients admitted to the Neurology 
Outpatient Clinic in Ankara Numune Training and Research 
Hospital and 103 controls were included in the study. The 
patients were divided into two groups in terms of the 
seizure type, including seizures with partial and secondary 
generalisation and primary generalised seizures. Additionally, 
patients were classified in terms of the duration between the 
initial diagnosis and admission. The levels of IMA, albumin 
and uric acid were analysed by spectrophotometry and 
comparisons between the groups were performed.

Results: IMA levels and IMA/Albumin index values were 
higher in the patient group than in the control group (p<0.05; 
p<0.01, respectively). Regarding the evaluation of the seizure 
types, IMA and IMA/Albumin index levels were mainly higher in 
patients with primary generalised seizures (p<0.05). Moreover, 
these parameters were significantly increased in proportion to 
the duration of diagnosis.

Conclusion: IMA and IMA/Albumin index may enable clinicians 
to differentiate the types of epilepsy.
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Amaç: Bu çalışmanın amacı, hipoksi ile ilişkili farklı epileptik 
nöbet tiplerinde iskemi-modifiye albümin (İMA) seviyelerindeki 
değişiklikleri araştırmaktır.

Yöntemler: Çalışmaya Ankara Numune Eğitim ve Araştırma 
Hastanesi Nöroloji Polikliniği’ne başvuran toplam 103 kişi 
kontrol, 80 hasta dahil edildi. Hastalar parsiyel ve sekonder 
jeneralize nöbet ve primer jeneralize nöbet olmak üzere iki 
gruba ayrıldı. Ayrıca, hastalar ilk tanı ve başvuru arasındaki 
süre açısından sınıflandırıldı. İMA, albümin, ürik asit düzeyleri 
spektrofotometrik olarak analiz edildi ve gruplar arasında 
karşılaştırmalar yapıldı.

Bulgular: Hasta grubunda İMA düzeyleri ve İMA/Albümin 
indeks değerleri kontrol grubundan daha yüksekti (sırasıyla, 
p<0,05; p<0,01). Nöbet tiplerinin değerlendirildiğinde 
primer jeneralize nöbeti olan hastalarda İMA ve İMA/albümin 
düzeyleri anlamlı olarak yüksek bulundu (p<0,05). Ayrıca, bu 
parametreler tanı alındığı dönemde önemli ölçüde artmıştır.

Sonuç: Sonuç olarak, İMA ve İMA/Albümin indeksi klinisyenlerin 
epilepsi türlerini ayırt etmelerine yardımcı olabilir.

Anahtar Kelimeler: Albümin, epileptik nöbet, ürik asit
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Introduction
Epilepsy is a chronic neurological disease that requires long-term 
treatment. Numerous studies have focused on the role of oxidative 
stress in the pathogenesis of atherosclerosis and some psychiatric and 
neurodegenerative disorders (1).

In comparison to antioxidant levels, an increase in the formation of 
free radicals is regarded as an important contributing factor to the 

pathogenesis of various diseases caused by oxidative injury (2,3). Free 

radicals can play a role in the exacerbation of some types of seizure. 

The most investigated oxidative damage markers have been lipid 

peroxidation end products, protein carbonyl groups and nitric oxide. 

Animal studies using seizure models have provided evidence of increased 

oxidative stress (elevated lipid peroxidation and protein carbonylation) 

after seizures (4).
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Oxidative stress due to Reactive Oxygen Substance formation plays a role 
in ischaemia- and reperfusion-induced neuronal damage. In addition, 
plasma antioxidant activity can be an essential component in protecting 
against neuronal impairments induced by stroke-related oxidative stress 
(5). Ischaemia-modified albumin (IMA) is considered as a comparatively 
new biomarker for ischaemia as it has been extensively investigated 
in various types of ischaemic disorders (6). This biomarker is a variant 
of the metabolic protein produced in acute ischaemic situations as a 
result of the reduction in the albumin binding capacity for transition 
metals such as cobalt, nickel and copper (7-9). While ischaemia and 
reperfusion occur, the modification that changes the binding capacity 
of albumin to transition metals can also occur as a result of oxidative 
stress (10,11). Secondary physiological changes (including hypotension, 
hypoxia, hypoglycaemia and hyperthermia) that occur as the length of 
epileptic seizures increases contribute to injury both in the brain and 
other organs (12).

The recent finding that ischaemia causes changes in serum albumin 
structure has facilitated the development of a new marker for ischaemia. 
The last amino acid terminal in the albumin structure has the ability to 
bind heavy metals such as copper, nickel and cobalt. Factors such as 
hypoxia, acidosis and free radical damage occurring during ischaemia 
lead to the reduced binding of these metals to the N-terminus of 
albumin. This albumin with an altered structure is described as IMA. 
For the biochemical analysis of various diseases such as ischaemic 
heart disease, deep vein thrombosis, pulmonary embolism, mesenteric 
ischaemia and cerebrovascular events, the aforementioned protein level 
was investigated and its level was found to be above the normal level 
(9,13). Anaerobic metabolism resulting from decreased blood supply 
in the hypoxic ischaemic region leads to the formation of free oxygen 
radicals through the reduction of free metals and the catalytic effect of 
the superoxide dismutase enzyme, which results in increased IMA levels 
in the blood.

Animal studies have shown that the use of antioxidants in addition 
to anticonvulsants led to both a decrease in oxidative stress and 
frequency of seizures. The complex mechanism of epileptogenesis still 
remains unclear. However, factors causing neuronal death, which is a 
key element, may play an important role in the disease progression. 
Indeed, oxidative stress due to free radicals has been shown to cause 
mitochondrial dysfunction and cell death. In addition, this study aimed 
to evaluate the oxidative stress in patients with epilepsy who are not 
using any antiepileptic drug (AED) and the effects of AEDs in those taking 
a monodrug or multidrug therapy (14).

This study aimed to evaluate the changes in plasma IMA levels in two 
types of epileptic episodes in an age- and sex-matched control group.

Methods
A total of 80 patients admitted to Ankara Numune Training and Research 
Hospital Clinic of Neurology and 103 controls were included in the study. 
The patients were classified into two groups in terms of the seizure 
type, including seizures with partial and secondary generalisation and 
primary generalised seizures. Furthermore, the time interval between 
the initial diagnosis and admission time was categorised.

The controls consisted of 47 (45.6%) males (47.6±8.3 years) and 56 

(54.4%) females (42.7±7.6 years) (Table 1) while the epilepsy patients 

consisting of 38 males (47.5%) (49.3±9.4) and 42 females (52.5%) 

(47.2±8.3 years) (Table 1). While 10% of the patients were untreated, 

52.5% of them were receiving a monotherapy (24.6% carbamazepine, 

42.6% phenytoin, 14.8% valproate, 18% others) and 37.5% were receiving 

a polytherapy (Table 2). The demographics and epilepsy profiles of the 

participants are shown in Table 2. IMA, albumin and uric acid levels were 

analysed using spectrophotometric methods. Ankara Numune Training 

and Research Hospital Ethics Committee with protocol number: 17-1439 

(date: 05.07.2017). Informed volunteer consent was obtained from each 

patient.

Measurement of Serum Ischaemia-modified Albumin Levels

Serum IMA levels were measured using the colorimetric method 

described by Bar-Or et al. (8). In this method, 200 μL serum was added 

into 50 μL cobalt chloride solution 0.1% (w/v) and stirred gently for 10 

minutes for sufficient albumin-cobalt binding reaction to occur. Then, 

50 μL of dithiothreitol (1.5 mg/mL H
2
O) was added as a colouring 

agent. After 2 minutes of incubation, 1.0 mL of 0.9% NaCl was added 

to terminate the reaction. The colour change was then measured at 470 

nm using a spectrophotometer (Hitachi U-2900 Spectrophotometer). 

Measurement results were reported as Absorbance Unit. Serum albumin 

was detected with the Bromcresol-Green method in a calibrated and 

well controlled autoanalyser. IMA/Albumin index and albumin-adjusted 

IMA were calculated using the following equations:

IMA/Albumin index = IMA/Albumin

Albumin-adjusted IMA = (Albumin/Median of Albumin) × IMA

Statistical Analysis

Statistical analysis was conducted using SPSS version 20 and MS Excel. 

The continuous variables are presented as mean ± standard deviation, 

while categorical data are presented as percentages. The differences 

between two continuous variables was analysed by Student’s Unpaired 

t-test, while ANOVA test was preferred for the detection of the differences 

between different groups. The relationship between the variables were 

assessed by Pearson’s correlation coefficient. A p value of <0.05 was 

considered statistically significant.

Results

Eighty patients with epilepsy and 103 healthy controls, who were 

matched in terms of age and sex, were included in this study. Serum IMA, 

uric acid and albumin values are shown in Tables 1 and 2. Compared to 

the control group, a highly significant increase in the serum IMA levels 

(p<0.05) of patients with acute epilepsy was detected, while there was 

a significant decrease in endogenous antioxidants such as uric acid 

(p<0.05) and albumin (p<0.05) in epileptic patients. Furthermore, a 

significant negative correlation between serum IMA and serum uric acid 

(r=-0.237, p<0.05) was detected. IMA levels were negatively correlated 

but not statistically significant between treatment groups and disease 

duration (r=-0.40, p>0.05; r=-0.168, p>0.05, respectively).
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IMA levels, IMA/Albumin index and Albumin-adjusted IMA values were 
higher in the patient group compared to the control group (p<0.05; 
p<0.01; p<0.05, respectively) (Table 1). In terms of seizure types, IMA, 
IMA/Albumin index and Albumin-adjusted IMA levels were significantly 
higher in patients with primary generalised seizures (p<0.05) (Table 2). 
In addition, IMA levels were significantly increased in proportion to the 
duration of the diagnosis. It was detected that the median duration of 
disease in the patient group was 7 (1-13) years. There was no difference 
between genders in terms of the disease duration.

Discussion
Anaerobic metabolism resulting from decreased blood supply in the 
hypoxic ischaemic region leads to the formation of free oxygen radicals 
by the reduction of free metals and catalytic effect of the superoxide 
dismutase enzyme, which results in increased blood IMA levels.

Many investigations have demonstrated that the formation of free 
radicals, which lead to oxidative stress, plays a significant role in the 
pathogenesis of epileptic diseases. Various factors make brain tissue 
susceptible to the detrimental impact of free radicals. Cerebral cell 
membrane lipids are particularly abundant in polyunsaturated fatty 
acid side chains, which are extremely sensitive to free radical damage 
(15,16). IMA, formerly investigated in patients with acute chest pain, is 
a non-specific tissue ischaemia marker that has been shown to increase 
spontaneously in epileptic patients (13).

Particularly, in patients with hypoalbuminemia, IMA/Albumin index 
and albumin-adjusted IMA levels are more valuable than IMA levels. 
Therefore, we included these parameters in our study. The albumin 
levels were decreased in the patient group compared to the control 
group.

According to the results of most previous studies involving patients 
receiving treatment, it was not shown that oxidative stress was due to 
epilepsy or AEDs. On the other hand, some studies comparing treated 
and untreated patients showed no difference (17-19). According to the 
results of these studies as well as those of our study, the role of AEDs 
in increasing oxidative stress is not significant. These outcomes have 
therapeutic consequences.

Although this study contributes to the current literature data, a more 
thorough investigation is required to understand the mechanism 
of epilepsy in order to offer newer methods of disease modification. 
Furthermore, it was concluded in this study that elevated IMA levels 
with increased severity and duration of epilepsy have the potential to 
help clinicians in determining the type of epilepsy.

As a limitation, this study was performed among cases with no markers 
of hypoxia following seizure (no acidosis, oxygen saturation >90%). In 
addition, acute phase proteins were not measured.

Conclusion
Oxidative markers were found to be increased in the epileptic patients in 
this study. The finding that the AEDs did not affect the oxidative markers 
indicates that the oxidative stress was caused by seizures. However, the 
underlying mechanism of epileptogenesis is still unknown. Although 
new AEDs have been identified, most of them are refractory to therapy. 
Therefore, it is necessary to have new treatment modalities, including 
AEDs with a potential supplementary antioxidant therapy. In addition 
to the inclusion of new results in the current literature, more detailed 
studies are required to analyse the mechanism of epilepsy.

We can conclude that IMA is a simple, non-invasive approach to 
evaluate the oxidative stress in clinical practice, although without other 
inflammatory markers, IMA alone may not inform physicians about the 

Table 1. Serum IMA, uric acid and albumin values in the patient 
and control groups

Patients

(n=80)

Control

(n=103)
p

Male (N, %) 38 (47.5) 47 (45.6) 0.051

IMA (ABSU) 0.668±0.135 0.597±0.183 0.027

IMA/albumin 0.162±0.038 0.128±0.045 0.005

Albumin-adjusted IMA 0.654±0.137 0.585±0.144 0.025

Albumin (g/dL) 4.11±0.43 4.65±0.37 0.023

Uric acid (mg/dL) 4.19±0.83 4.77±1.06 0.042

IMA: Ischaemia-modified albumin, ABSU: Absorbance Unit

Table 2. Serum IMA, uric acid and albumin values in the patient groups

Primary generalised seizure

(n=42)

Partial and secondary generalised seizures

(n=30)
p

IMA (ABSU) 0.694±0.107 0.623±0.093 0.041

IMA/albumin 0.172±0.054 0.151±0.038 0.029

Albumin-adjusted IMA 0.678±0.112 0.612±0.108 0.038

Albumin (g/dL) 4.09±0.33 4.14±0.42 0.414

Uric acid (mg/dL) 4.11±0.76 4.43±0.91 0.047

Duration of diagnoses, years

[Median (min-max)]   
13 (2-48) 10 (2-50) 0.822

Therapy

None (n, %) 1 (2.3) 2 (7.1) 0.020 

Received monotherapy (n, %) 7 (16.3) 12 (42.9) -

Received polytherapy (n, %) 35 (81.4) 14 (50) -

IMA: Ischaemia-modified albumin, ABSU: Absorbance Unit, min: minimum, max: maximum
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inflammatory state. However, IMA, IMA/Albumin index and Albumin-
adjusted IMA may help clinicians to differentiate the types of epilepsies.
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