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ABSTRACT
Background: Processes such as neurodegeneration, hypoxia, blood brain barrier dysfunction and
oxidative changes are effective for epileptogenesis.There is no non-invasive biomarker that can be
used in the follow-up of patients with epilepsy, which is a neurodegenerative disease.
Objective: In our study, it was aimed to investigate the relationship between inflammatory, oxidative,
neurodegenerative processes, and antiepileptic use in patients with epilepsy.
Methods: The groups were formed from the patients who were followed up in the epilepsy outpatient
clinic between April 2019-June 2019, and the age-gender-matched control group.The study included
30 patients and 30 healthy volunteers. Venous serum samples were collected from groups to study
myeloperoxidase, malondialdehyde and alpha-synuclein.
Results: The levels of myeloperoxidase and malondialdehyde were higher in the control group and
this difference was statistically significant (p=0.003, p<0.001). The level of α-syn was higher in the
epilepsy group and there was no statistically significant difference between the two groups (p=0.52).
There was a positive correlation between the α-syn level and disease duration and as the disease
duration increased, the level of α-syn increased (r=0.379, p=0.03).
Conclusion: Although the α-syn level increases with the duration of the disease in epilepsy patients, it
is not a suitable parameter for use as a biomarker in the follow-up.
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Introduction
Epileptogenesis describes structural changes leading to
seizure activity in brain. In recent years, many reasons such
as neurodegeneration, blood-brain barrier disorder, changes
in the glutaminergic system, hypoxia, oxidative changes
have been suggested to explain epileptogenesis.1-5 The
mechanism in epileptogenesis is uncertain and studies are
suggesting an important role of inflammation in the
etiology.6 Leukocytes, which are one of the important
components of inflammation, are important during
epileptogenesis because it has been shown in experimental
studies that depletion of neutrophils prevents seizure
induction and development of epilepsy.7
Myeloperoxidase (MPO) is an inflammatory enzyme found
in the granules of neutrophils.8 MPO plays a role in the
pathogenesis of epilepsy and many different neurological
diseases. Considering oxidative stress, tissue damage, and
inflammation as cause and effect-related cycles, the idea
that an important mechanism like the inflammatory system
in epileptogenesis is oxidative changes can be put forward.
Increased free radicals have been reported to cause
neuronal damage.9
It has also been reported that the nervous system is
susceptible to oxidative stress-induced damage, especially

due to the polyunsaturated fatty acid content prone to lipid
peroxidation.10 In several studies, lipid peroxidation has
been associated with neurological and neurodegenerative
diseases.11 Malondialdehyde (MDA) is a lipid peroxidation
product.
Alpha-synuclein (α-syn) is a small, acidic protein and is
localized in the synaptic terminals.12 Inflammation and
oxidative stress have been suggested to trigger the
phosphorylation and aggregation of α-syn.13 It is mainly
localized in the neocortex, striatum, and thalamus
hippocampus, thalamus, and cerebellum.14
Epilepsy is mainly diagnosed clinically and the diagnosis is
supported by electroencephalography.
There is no
objective biomarker used to indicate the course and
progression of the disease in epilepsy. In our study, it was
aimed to investigate the inflammatory, oxidative,
neurodegenerative process, and their relationship with
antiepileptic use in epilepsy patients.

Methods
Patient selection
The groups were formed from the patients who were
followed up in the epilepsy outpatient clinic between April
2019-June 2019, and the age-gender-matched control
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group. The ILAE classification was used for the epilepsy
diagnosis of the patients. A study invitation was sent to
patients who had no other systemic disease with follow-up
in the epilepsy clinic, who were between the ages of 18-55,
who were noted to have no structural lesions in their
neuroimaging (3 T MRI, coronal flair slices). Venous blood
samples were received from the first 30 patients meeting
the criteria and 30 healthy volunteers. The seizure types,
duration of disease, seizure frequency (annual number of
attacks), duration of drug use (months, patients who had
used monotherapy for at least 6 months and patients who
had received polytherapy for more than 6 months), and
drug doses of the patients were recorded. For the study,
written consent from the participants and approval from the
local ethics committee was obtained.
Collection and study of serum samples: For
myeloperoxidase, malondialdehyde, and alpha-synuclein
levels, 5 ml of the venous blood sample was taken from the
patients and healthy volunteers and centrifuged at 4000 rpm
for 5 minutes. The serums were placed in two separate
Eppendorf tubes and stored at -80 °C until the study.
Myeloperoxidase
The assay is based on the kinetic measurement of the
absorbance of the yellowish-orange complex at 460 nm
wavelength, which results from the oxidation of
myeloperoxidase (MPO) and o-dianisidine in the presence
of H2O2.15
Alpha-synuclein
The level of α-syn was studied using the ELISA method
(SunRed cat no: 201-12-1314). The analysis results were
calculated as ng/ml according to the manufacturer's
instructions.
Malondialdehyde
The measurement principle of malondialdehyde (MDA)
which results from lipid peroxidation is based on the
measurement of the absorbance of the pink compound
formed by the reaction of MDA and thiobarbituric acid
(TBA) at 532 nm.16
Statistical analysis
All analyses were performed with SPSS 20. Numeric
variables were expressed as mean ± SD, minimummaximum. Categorical variables were shown as n (%). The
t-test was used for comparisons. Pearson’s rank correlation
coefficient was calculated to determine the relationship
between α-syn levels and disease duration. The level of
significance was set at p<0.05. It is written using Times
New Roman 10 with single space and each new paragraph
indents in 3 pt.

Results
The group’s age was 29.23 (±10.9) years. 40 of the 60 cases
were female. Demographic and clinical data of epilepsy
patients are shown in Table 1. There was no statistically
significant difference between the male and female patients
in terms of the MPO, MDA, and α-syn levels (p=0.257,
p=0.861, p=0.290). The levels of MPO and MDA were
higher in the control group and this difference was
statistically significant (Table 2). The level of α-syn was
higher in the epilepsy group and there was no statistically
significant difference between the two groups. There was

no statistically significant correlation between the annual
number of attacks α-syn level (p=0.82, r=-0.04). There was
no statistically significant difference between the
monotherapy and polytherapy groups in terms of the MPO,
MDA, and α-syn levels (Table 3). There was a positive
correlation between the α-syn level and disease duration
and as the disease duration increased, the level of α-syn
increased (r=0.379, p=0.03). When we divided the patients
into two groups as primary generalized seizure and
secondary generalized seizure, there was no statistically
significant difference between the seizure type and MPO,
MDA, α-syn (Table 4).
Table 1. Demographic and clinical data of epilepsy patients
Age (±SD)*
29.2 (±10.9)
Sex n (%)
Female
20 (66.7)
Male
10 (33.3)
Drug use n (%)
Monotherapy
18 (60)
Polytherapy
12 (40)
Disease duration (year), min-max (M)**
1-51 (10.5)
Annual number of attacks, min-max (M)**
1-48 (14.7)
Seizure type n (%)
Primary generalized seizure
20 (66.7)
Secondary generalized seizure
10 (33.3)
*SD: Standard Deviation, **M: median, min: minimum, max:
maximum
Table 2. The α-syn, MDA and MPO levels in patient and control
groups
Epilepsy
(n=30)
Alpha-synuclein
37.49
(ng/ml) *
(±11.4)
Malondialdehyde
58.37
(nmol/ml) *
(±15.5)
Myeloperoxidase
4706.41
(u/l) *
(±2408.7)
*mean±standard deviation

Control
(n=30)
34.60
(±21.9)
78.46
(±24.1)
6880.76
(±3061.8)

p
0.52
<0.001**
0.003**

Table 3. The α-syn, MDA, MPO levels in monotherapy and
polytherapy patients
Monotherapy
(n=18)
Alpha-synuclein
36.79 (±11.08)
(ng/ml) *
Malondialdehyde
55.31 (±14.47)
(nmol/ml) *
Myeloperoxidase
4722.22
(u/l) *
(±2446.73)
*mean+standard deviation

Polytherapy
(n=12)

p

38.53(±12.43)

0.69

62.96(±16.68)

0.19

4682.69(±245
8.26)

0.96

Table 4. The α-syn, MDA, MPO levels in patients with primary
and secondary generalized seizures
Primer
Generalized
(n=20)
34.9 (±7.6)

Alpha-synuclein
(ng/ml) *
Malondialdehyde
57.3 (±14.3)
(nmol/ml) *
Myeloperoxidase
4807.6
(u/l) *
(±2488.7)
*mean±standard deviation
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Sekonder
Generalized
(n=10)
42.6 (±15.9)

0.08

60.4 (±18.4)

0.61

4503.8
(±2355.9)

0.75

p
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Discussion
In our study, similar and different results were obtained
with the literature. When the epileptic patients and healthy
controls were compared, the levels of MPO and MDA were
higher in the control group, which was statistically
significant. The level of α-syn was higher in the epilepsy
group than in the control group but there was no
statistically significant difference. There was a positive
correlation between the α-syn level and disease duration
and as the duration of disease increased, the level of α-syn
also increased. There was no statistically significant
correlation between the gender, seizure type, single or
multiple drug use and MPO, MDA, and α-syn levels.
MPO leads to the production of hypochlorous acid, a strong
oxidant. Hypochlorous acid is a highly reactive neurotoxic
oxidant. The mammalian brain is sensitive to oxidative
stress. Any damage to the brain or blood-brain barrier may
initiate the formation of free oxygen radicals.17 Disruption
of the blood-brain barrier is effective in seizure induction
and progression.18 In our study, the MPO level was lower
in the epilepsy patients than in the control group. There was
no statistically significant correlation between the disease
duration and attack frequency and MPO level. In epileptic
seizures, free radicals are overproduced, which contribute
to neuronal hyperexcitability and neuronal cell death. MPO
is thought to play an important role in the pathogenesis of
epilepsy along with many neurodegenerative diseases.
Recent experimental and human-induced resistant epilepsy
studies have shown an increased prevalence of MPO in
inflammatory cells, which triggers chlorinative stress in
epileptogenesis.19 While MPO was expected to be high in
epilepsy patients, the reason for low MPO levels in the
patients in our study was thought to be due to the
antiepileptic drugs used. This suggests that antiepileptics
have MPO-inhibiting properties. In the studies conducted,
it has been found that 4-Aminobenzoic acid hydrazide, an
irreversible MPO inhibitor, provides neuroprotection in
experimental epilepsy.19 This shows that there is a need for
studies with larger patient populations. Comparison of
MPO values at the time of diagnosis and after treatment
with antiepileptic drugs will contribute to the evaluation of
the efficacy of antiepileptic drugs on MPO.
Oxidative stress is a major factor in the pathogenesis of
acute and chronic central nervous system damage and
neuronal damage.20 Numerous studies suggest that serum
electrolytes, trace elements, and lipid peroxidation play a
causal role in some types of epilepsy and seizure recurrence
due to oxidative stress.21 While the MDA, a lipid
peroxidation product and oxidative stress marker was
expected to be high in epilepsy patients, it was higher in the
control group in our study and this was statistically
significant. It was thought that lower the MDA levels in
epilepsy patients may be due to the antiepileptic drugs used.
In this case, the MDA level should be lower in patients
having polytherapy, while MDA level was higher in the
patients having polytherapy than those having
monotherapy. This suggests that the type of antiepileptic
drug used is also important at the MDA level. In a different
experimental study, it was reported that the level of MDA
decreased with ethosuximide, phenytoin, and primidone. 22
Studies are showing that the chronic use of antiepileptics

such as valproic acid, phenytoin, and carbamazepine may
increase the free radical formation and subsequently
oxidative damage in neurons.23 When the drugs used by the
patients in our study were grouped, no comparison could be
made between the drug groups since the number of groups
was small. Our patients had single and combined drug use
in the form of valproic acid, carbamazepine, lamotrigine,
levetirasetam, topiramate, phenytoin, lacosamide. Although
many studies reported that high MDA level was associated
with epilepsy, our study results did not support this. 9,21 In
another study, the MDA levels were found to be higher in
patients treated with antiepileptic drugs compared to
untreated patients and it was concluded that the drugs had
oxidative stress-enhancing effects.24 In our study, all
patients were using antiepileptic drugs, and the duration of
drug use were different from each other and there was no
statistically significant correlation between duration of drug
use and the MDA levels. This suggests that the reason for
the different results of our study from the literature may be
due to the patients' use of different groups of drugs.
The low levels of inflammatory and oxidant markers in our
patient group supported that there was no single cause in
epileptogenesis, suggesting that other than oxidative and
inflammatory pathways, there may be different
neurogenetic pathologic pathways in resistant epilepsies.
Moreover, the studies reporting that oxidative and
inflammatory mechanisms are effective had been conducted
with serum samples studied after the patient group had an
active seizure. In this study, patients who had ongoing
seizures but did not have a history of seizures in the last 24
hours were included in the study. Therefore, our results
support that different pathways are effective in
epileptogenesis and suggest that antiepileptic drugs used
may also have anti-oxidant and anti-inflammatory effects.
α-syn is an abundantly found neuronal protein. Although its
biological function is not exactly known, the results
obtained in cellular models show that they have important
roles in vesicular transport and synaptic physiology. 25 α-syn
has been found abundantly in the presynaptic nerve
terminals in the dentate supragranular region after the
formation of pilocarpine-induced recurrent seizures.26
There is no biochemical prognostic marker used in the
diagnosis and follow-up of epilepsy. The diagnosis is
supported by clinical and electrophysiological tests. In our
study, the α-syn level was higher in the epileptic patients
and this was not statistically significant. However, there
was a positive correlation between α-syn level and disease
duration, and as the duration of disease increased, the level
of α-syn also increased (r=0.379, p=0.03). There was no
statistically significant correlation between seizure
frequency and α-syn level. In a study, the levels of α-syn
were found to be higher in the serum and CSF of patients
with resistant epilepsy compared to newly diagnosed
epilepsy patients, non-resistant epilepsy patients, and the
control group. It has been stated that the level of α-syn can
be used as a biochemical marker for resistant epilepsy
patients.27 The fact that α-syn increased correlatedly with
disease duration but did not change with seizure frequency
in our study suggests that it may be more indicative of
neurodegeneration but its use as a biomarker for resistant
epilepsy is not reliable. Patients may have protein leak due
to the deterioration of blood-brain barrier during seizure
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and the α-syn in protein structure may also increase in
serum after seizures. In our study, higher α-syn level in the
epileptic patients than in the control group and increased αsyn level with increased duration of the disease can be
explained by the deterioration of blood-brain barrier during
a seizure, while the absence of correlation between the αsyn level and seizure frequency is contrary to this. And this
suggests that the doses of antiepileptic drugs used and the
duration of drug use also affected the α-syn level. Mehrabi
et al. showed that metformin has anticonvulsant and
antiepileptic effects in their experimental epilepsy model.28
Regarding the effect of metformin, Hussein et al. found that
metformin caused downregulation of the α-syn in
hippocampal neurons and they thought that its antiepileptic
effect is caused by this.29 The study by Hussein et al.
showed that the α-syn level was affected by drugs.
Study limitations; We had limitations such as the small
number of patients, the use of different groups of drugs, the
samples being studied in serum but not in the cerebrospinal
fluid.
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6.

7.

8.

9.

Conclusion
Epileptic seizures lead to an increase in oxidative stress,
increasing the MPO and MDA levels. In our study, the
higher MPO and MDA levels in the control group
supported that antiepileptic drugs suppress oxidative stress.
The absence of correlation between the seizure frequency
and α-syn level, while the α-syn level increased with
disease duration in epilepsy patients, suggests that the type,
duration, and doses of drugs used affected the level of αsyn. The fact that the α-syn level was higher in the epilepsy
patients but this was not statistically significant and was
affected by drugs indicates that it is not a useful parameter
as a biomarker. Further studies on biomarkers that can be
used for follow-up in resistant epilepsies and that are not
affected by drugs should be conducted.
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