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ABSTRACT

Aim: The underlying pathophysiological mechanisms in epilepsy
are still not fully known. Paraoxonase (PON)-1 activity and malo-
ndialdehyde (MDA) levels are biomarkers used in the measurement
of oxidative stress. Studies show that oxidative stress has a role in
the pathophysiology of epilepsy. The aim of our study is to evalu-
ate serum PON-1 activity and MDA levels in epilepsy patients with
and without status epilepticus (SE).

Materials and Method: The subjects included in the study were
established in two groups. Group I: The patient diagnosed with
status epilepticus (n=30), group II: 30 adult patients with epilepsy
who were in the outpatient policlinic follow-up and were not in
status were included in the study. Serum MDA levels and PON-1
activity were measured by spectrophotometric method in the bio-
chemistry laboratory.

Results: Serum MDA levels were found to be 86.8+32.4 nmol/
mL in patients with SE and 65.8+15.7 nmol/mL in patients without
SE. Serum PON-1 activity was 180.8+28.3 U/L in patients with SE
and 170.2+25.0 U/L in patients without SE. When patients with
SE and patients without SE were compared, serum MDA levels
were found to be higher than patients without SE and statistically
significant (p<0.001). There was no significant difference between
the two patient groups in terms of PON-1 activity (p>0.05).

Conclusion: The results of our study indicate that the oxidant/
antioxidant balance in the pathogenesis of status epilepticus has
deteriorated in favor of oxidative stress and the antioxidant sys-
tem cannot give an adequate response. Larger research should be
conducted to evaluate the use of serum MDA levels as a biomarker
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OZET

Amac: Epilepside altta yatan patofizyolojik mekanizmalar halen
tam olarak bilinmemektedir. Paraoksonaz (PON)-1 aktivitesi ve ma-
londialdehit (MDA) seviyeleri oksidatif stresin él¢ciimiinde kullanilan
biyomarkerlardir. Yapilan calismalar oksidatif stresin epilepsi fizyo-
patolojisinde rolli oldugunu gdstermektedir. Calismamizin amaci,
status epileptikusta (SE) olan ve olmayan epilepsi hastalarinda se-
rum PON-1 aktivitesi ve MDA dlizeylerini arastirmaktir.

Materyal ve Metot: Calismaya alinan denekler iki gruba ayrildl.
Grup I: Status epileptikus tanisi alan hasta (n=30), grup II: Poliklinik
takiplerine gelen eriskin yas grubundaki statusta olmayan 30 epi-
lepsi hastasi ¢alismaya dahil edildi. Serum MDA seviyeleri ve PON-
1 aktivitesi biyokimya laboratuvarinda spektrofotometrik yéntemle
oledldd.

Bulgular: SE’ta olan hastalarda serum MDA seviyesi 86,8+32,4
nmol/mL SE’ta olmayan hastalarda ise serum MDA dlizeyleri
65,8+15,7 nmol/mL olarak bulundu. Serum PON-1 aktivitesi SE’ta
olan hastalarda 180,8+28,3 U/L SE’ta olmayan hastalarda ise
170,2+25,0 U/L olarak tespit edildi. SE’ta olan hastalar ile SE‘ta
olmayan hastalar karsilastinldiginda serum MDA dlizeylerinin SE’ta
olmayan hastalara gére daha ylkseldigi ve istatistiksel olarak an-
lamli oldugu bulundu (p<0,001). PON-1 aktivitesi agisindan iki has-
ta grubu arasinda anlamli fark bulunmadi (p>0,05).

Sonug: Calismamizin sonuclan status epileptikus patogenezinde
oksidan/antioksidan dengenin oksidatif stres lehine bozuldugunu
ve antioksidan sistemin yeterli cevabi veremedigini isaret etmekte-

dir. Bir biyomarker olarak serum MDA dlizeylerinin kullanimini de-
gerlendirmek icin daha genis capli arastirmalar yapilmalidir
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Introduction

Epilepsy is a common neurological disease that affects
more than 50 million people worldwide'. Status epi-
lepticus (SE), which we can define as a prolonged epi-
leptic seizure state, is one of the neurological emergen-
cies with high morbidity and mortality®. It may result
in permanent changes in normal brain functions and
cognitive functions®. Studies have shown that excessive
oxidative stress is involved in the physiopathology of
SE'. Oxidative stress occurring during SE leads to lipid
peroxidation, DNA damage, and cell death*. The role
of oxidative stress in SE is examined through lipid per-
oxidation levels®.

Malondialdehyde (MDA) is the end product of non-
enzymatic oxidation of lipid peroxides and is used as a
biomarker of oxidative stress in many diseases®’. In ad-
dition, it is a by-product of prostaglandin and throm-
boxane biosynthesis®. The increase in free radicals also
increases MDA production’. In addition to being a
biomarker, this toxic molecule is potentially mutagenic
and atherogenic®. Highly reactive MDA reacts with
proteins and DNA and causes mutations by forming
crosslinks'.

Paraoxonase (PON)-1 is an enzyme mostly produced
in the liver and found in the structure of high-density
lipoprotein molecules in human serum. This enzyme,
called paraoxonase, also hydrolyzes homocysteine, as
it provides the detoxification of toxic organophospha-
tes such as paraoxone and diazinon'. It is a protective
enzyme against lipid peroxidation. Although there
are three types of paraoxonase genes, PON-1, PON-2,
and PON-3, the most studied of this family is PON-
1. It shows its antioxidant properties mainly in blood
circulation. It is known that PON-1 is both synthesi-
zed in the brain tissue and can cross the blood-brain
barrier'". It is known that it loses its activity in the
oxidative phase'.

It has been shown that antiepileptic drugs partially dis-
rupt the antioxidant system and therefore may initiate
oxygen-related tissue injury by free radicals, especially
in patients treated with valproic acid and carbamaze-
pine'. In addition, it has been shown that long-term
use of antiepileptic drugs may increase the formation
of free radicals and cause oxidative damage in neu-
rons'®". Our aim is to evaluate serum MDA level and
PON-1 activity in the physiopathology of epilepsy pa-
tients with and without SE.
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Material and Methods

This study was confirmed by the Ethics Committee
of Dicle University (Ethics committee approval no;
22.05.2017/126). The patients with epilepsy were
assessed by two expert neurologists. The seizure typ-
ing of the patients included in the study was classi-
fied according to the criteria of International League
Against Epilepsy (ILAE) 2017 seizure classifications®.
Electroencephalography (EEG) and magnetic reso-
nance imaging (MRI) the patients were taken.

Patients with pathological EEG findings were not in-
cluded in the study. Patients with psychogenic seizures
were not included in the study. This study was estab-
lished two groups. Group I: The patient diagnosed
with status epilepticus (n=30), group II: The epilepsy
patient in the adult age group who was followed up in
the outpatient clinic and not in status were included in
the study (n=30). Acute and chronic infection, fever,
diabetes mellitus, rheumatological diseases, anemia,
kidney and thyroid dysfunction, mental retardation,
hypertension, use of antioxidant agents, trauma, auto-
immune disease, local and systemic inflammation were
determined as the exclusion criteria of the study.

All participants in the study were informed about the
study. It was conducted in line with the Declaration of
Helsinki. Venous blood was drawn in the first 24 hours
from the onset of status for biochemical analysis. In pa-
tients who were not in status, blood samples were taken
into biochemistry tubes at any time and then kept in
the laboratory for 15 minutes to facilitate coagulation.
The blood samples were centrifuged at 5000 rpm for
10 minutes according to the study protocol and kept
in a deep freezer at -80°C until analysis.

PON-1 and MDA Measurement Method

Serum PON-1 enzyme activity was analyzed by the
Eckerson method using the commercial (Rel Assay
Diagnostic, Gaziantep, Tiirkiye) kit according to
the manufacturer’s instructions with the Architect
C16000 brand auto analyzer and the enzyme activity
was expressed as U/L?.

Serum MDA level was read by the Ohkawa method ac-
cording to the manufacturer’s instructions (Northwest
MDA, Abcam, USA) using a commercial kit at 532
nm and absorbance was measured by spectrophoto-
metric method*.
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Statistical Analysis

IBM Statistical Package for Social Sciences (SPSS)
program version v. 17 statistical package program was
conducted for calculations. The descriptive statistics
were submitted as standard deviation, means, minimum
and maximum values, while presented as numbers and
percentages for categorical variables. The conformity of
the data to the normal distribution was checked with
Kolmogrov-Smirnov and Shapiro-Wilk tests. The cat-
egorical data using the Chi-Square test were compared.
The 2-group Student-T test was used for parameters that
were normally distributed, and the Mann-Whitney-U
test was used to compare pairwise groups for parameters
that were not normally distributed. The statistical sig-
nificance level was taken as p-values less than 0.05.

The sample size was calculated by using the mean and
standard deviation values of the pilot study with 10
patients (G*Power v3.1.9.4). For the MDA variable,
1.33 effect size was obtained, yielding 80% power, and
it was seen that the minimum number of patients to be
included in each group was 10. However, since PON-
1 variable values have very high standard deviation, it
was seen that it had a very small effect size value (0.01)
and required a very high sample size. According to the
central limit theorem®, it is appropriate to include 30
patients in samples with non-parametric distribution
(especially considering the budget). Therefore, it was
decided to include 30 patients in each group.

Table 1. Demographic data of patient groups

Results

Sixty patients were enrolled in our study. The mean age
of the patients who were not in SE was 24.5+6.7 (14
males and 16 females). It was observed that the mean
age of patients with SE (17 females and 13 males) was
26.4%7.2. No statistically significant difference was
found in the comparison of age and gender of patients

with and without SE (p>0.05) Table 1.

The mean serum MDA levels of the patients without SE
were 65.8+15.7 nmol/mL, and the serum MDA levels
of the patients with SE were 86.8+32.4 nmol/mL. It
was observed that the serum MDA level of the patients
with SE was higher than the patients without SE and
it was statistically significant (p<0.001). The mean se-
rum PON-1 activity of patients without SE was found
to be 180.8428.3 U/L nmol/mL in patients with a
mean serum PON-1 activity of 170.2425.0 U/L. It
was observed that serum PON-1 activity was increased
in patients with SE compared to patients without SE,
but it was not statistically significant (p>0.05) Table 2.

Discussion

Brain tissue is more sensitive to oxidation than other
tissues due to its high content of oxidation-sensitive
unsaturated fats and metals, high oxygen consump-
tion, high metabolic rate, and fewer antioxidant
mechanisms?%. While the balance between the oxidant
and antioxidant system was investigated in various

Patients without status epilepticus (n=30) Patients with status epilepticus (n=30) p value

Gender 2 Female 16 (53%) 17 (57%) 0.795
Male 14 (47%) 13 (43%)

Age (Years) ® 24.5+6.7 26.4+7.2 0.095

High (cm) © 171.0 (160-181) 173.0 (164-184) 0.084

Weight (kg) © 66 (63-71) 67 (64-72) 0.940

BMI (Kg/m?) © 26.0 (24,8-27,3) 26.5 (24,0-28,1) 0.210

Data are median (min-max) or mean + SD (standard deviation). Statistical method: @ Chi-Square Tests; ® Student-T test; ©Mann Whitney-U test. Gender: patients without status epilepticus female: 16(53%); male

14(47%); patients with status epilepticus female: 17(57%); male: 13(43%).

Table 2. Serum MDA levels and PON-1 activities of patients with and without status epilepticus

Parameters Patients without status epilepticus Patients with status epilepticus p value
MDA (nmol/mL) ® 65.8+15.7 86.8+32.4** 0.0002
PON-1 (U/L) ® 180.8+28.3 170.2+25.0 0.779

Statistical method:® Student-T test. MDA data are shown as mean + SD (standard deviation) and PON-1 data as mean + SE (standard error). ** p<0.001. Significance between serum MDA levels of patients with

and without status epilepticus. MDA: Malondialdehyde; PON-1: Paraoxonase-1.
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neurological diseases in the 1990 s, these studies have
also been carried out in epilepsy since the 2000 s*.

In experimental epilepsy models, it has been shown
that excessive free oxygen radical formation, an increa-
se in lipid peroxidation and reduced glutathione levels
during SE?*. Free oxygen radicals, which are formed
in small amounts during normal cell metabolism, are
produced in large quantities during prolonged seizure
activity and oxidative stress occurs when these formed
free oxygen radicals exceed the antioxidant capacity.
These formed free oxygen radicals interact with biolo-
gical materials such as proteins, lipids, carbohydrates
and nucleic acids in the cell. By interacting with lipids,
it disrupts the physical properties of the cell membrane
and indirectly the structural connection between cells,
and causes damage and even neuron death by interac-
ting with DNA'®%. Experimental epilepsy studies and
some clinical studies have shown that the presence of
neuronal damage and excessive oxidative stress plays a
vital role in the pathophysiology of SE**'. In different
studies, it has been found that the oxidant-antioxidant
system balance is impaired and PON-1 activity levels
decrease in case of increased oxidative stress?. Serum
PON-1 levels were evaluated in some neuropsychiatric
diseases. In particular, PON-1 activity decreases in the
pathophysiology of of dementia, stroke, Alzheimer’s
and Parkinson’s’*”. Studies have shown that there is a
decrease in the functions of antioxidant systems dur-
ing SE. This decrease results in an increase in lipid
peroxidation and the level of free oxygen radicals".
In the study conducted by Donmezdil et al.*® no sig-
nificant difference was found between PON-1 levels
between newly diagnosed epilepsy patients and the
control group. PON-1 level was found to be lower in
epilepsy patients, but it was not statistically significant.
In another study, serum PON-1 level measured in the
interictal period in epilepsy patients was found to be
low?. In our study, it was found that PON-1 activity
in patients with SE was lower than in patients without
SE, but it was not found statistically significant.

It has been reported that MDA, the end product of
lipid peroxidation, which is a biomarker of oxidative
stress, may be an indicator of the production of free
oxygen radicals’”. Related studies have been conducted
on MDA levels in many different neurological diseases.
It has been shown that MDA plays an important role
in the pathophysiology of diseases such as migraine,
multiple sclerosis, and stroke® . Different results
were obtained in different studies on epilepsy patients
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and serum MDA levels**'. Verotti et al.* showed that
MDA level was high in pediatric epilepsy patients who
received valproic acid treatment for one year. Tong et
al.’” reported that the MDA concentration was sig-
nificantly higher on the 14th day of rats given valproic
acid. Hamed et al.?® reported that serum MDA con-
centration was higher in epilepsy patients treated with
phenytoin. Das et al.*’ demonstrated that MDA level
was higher in epilepsy patients compared to the con-
trol group.

Menon et al.* demonstrated that oxidative stress was
not different in treated and untreated epilepsy patients.
Pandey et al.*! reported that MDA concentration was
higher in epilepsy patients receiving carbamazepine
treatment. However, they reported a decrease in oxida-
tive stress in those receiving antiepileptic therapy for
one year. They have shown that this situation can be
achieved with adequate antiepileptic therapy. It has
been reported that oxidative stress is reduced due to
the fact that antiepileptic drugs such as carbamazepine
can have antioxidant effects™.

This study has several limitations. One of the limita-
tions of our study is that the control group was not in-
cluded in the study. Another limitation of our study
is that epilepsy type, duration of disease, medications
used and seizure frequency were not followed up in
epilepsy patients.

In our study, although there was a significant increase
in MDA level, which is a biomarker of oxidative stress,
between epilepsy patients with and without SE, no sig-
nificant increase was found in PON-1 activity, which
is a part of the antioxidant system responsible for pre-
venting lipid peroxidation. This result makes us think
that the oxidant/antioxidant balance has deteriorated
in favor of oxidative stress in the pathogenesis of SE
and the antioxidant system cannot give an adequate
response.

Conclusion

It was observed that serum MDA level was increased
and statistically significant in SE patients receiving
antiepileptic therapy, and there was no significant dif-
ference in PON-1 activity. The results of our study in-
dicate that while conventional treatments used in the
treatment of SE are effective in stopping seizure activ-
ity, they may cause neuronal damage by increasing oxi-
dative damage.
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It shows that neuronal loss can be minimized by adding
antioxidant treatments to these treatments. Therefore,
studies on oxidant damage and antioxidant activity in
SE will contribute to the development of new drugs
that will have a positive effect on morbidity and mor-
tality by minimizing oxidant damage.
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