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Jeneralize Tonik Klonik Tip Epilepsi Tanisi Konulan, Monoterapi ve Politerapi Seklinde Antiepileptik Tedavi Alan Hastalarda Akut
Faz Reaktanlari ve Oksidan-Antioksidan Parametrelerin Arastirilmasi

Amag: Bu calismada akut faz reaktanlari ile oksidatif stres ve epilepsi arasindaki iliskinin arastirilmasi amaglanmistir.

Gereg ve Yontem: Hasta grubu, Cocuk Norolojisi poliklinigine basvuran ve ILAE siniflamasina gore jeneralize tip epilepsi tanisi alan, 33’ monoterapi, 34’U ise politerapi
seklinde antiepileptik ilag tedavisi almakta olan 67 hastadan olusmaktaydi. Kontrol grubu, epilepsi veya bilinen herhangi bir kronik hastaligi olmayan, ayni yas araliginda
benzer sosyodemografik 6zelliklere sahip 6zelliklere sahip 30 saglikh gontlli katilimciyr igeriyordu. Toplam anti-oksidan durumu (TAS) ve toplam oksidan durumu (TOS) Erel
tarafindan gelistirilen yonteme gore olctilmis ve oksidatif stres indeksi (OSI) hesaplanmistir. Hassas C-reaktif protein (Hs-CRP) seviyeleri ol¢tildi.

Bulgular: Antiepileptik monoterapive politerapialan hastalarin hem TOS hem OSI diizeyleri kontrol grubuna gore istatistiksel olarak anlamli derecede yiiksek bulundu(p=0.004),
antiepileptik monoterapi ve politerapi alan hastalarin TOS diizeyleri sirasiyla 19.29+1.27, 19.22+1.26, kontrol grubu 14.49+1.75, antiepileptik monoterapi ve politerapi alan
hastalarin OSI diizeyleri sirasiyla 1.6610.12, 1.72£0.11, kontrol grubu 1.27+0.11). Monoterapi ve politerapi alan hastalarin Hs-CRP diizeyi (sirasiyla 0.59+0.06 mg/L, 1.09£0.06
mg/L), kontrol grubuna gore (0.42+0.02 mg/L) istatistiksel olarak anlamli derecede ytiksek bulundu.

Sonug: Bu calismada, epileptik nobetin oksidatif stres parametrelerini arttirdigl ve antioksidan mekanizmalarin oksidatif hasari azaltmada yetersiz kaldigi sonucuna
varilmistir. Ayrica yiiksek serum Hs-CRP seviyeleri g6z oniine alindiginda, direncli epilepsinin tedavisinde inflamatuar stireci kontrol edebilen tedavi stratejilerinin gelistirilmesi
son derece onemlidir.
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Investigation into Acute-phase Reactants and Oxidant-Antioxidant Parameters in Patients Diagnosed as Having Generalized Tonic-
Clonic Type Epilepsy on Antiepileptic Monotherapy and Polytherapy

Objective: This study aimed to investigate the relationship between acute-phase reactants and oxidative stress and epilepsy.

Methods: The patient group consisted of 67 patients who applied to the Pediatric Neurology outpatient clinic and were diagnosed with generalized type epilepsy according to
ILAE classification, 33 were receiving monotherapy and 34 were receiving antiepileptic medication in the form of polytherapy. The control group included 30 healthy volunteer
participants with similar sociodemographic characteristics in the same age range, without epilepsy or any known chronic disease. Total anti-Oxidant Status (TAS) and total
Oxidant Status (TOS) were measured according to the method developed by Erel, and the oxidative stress index (0SI) was calculated. Sensitive C-reactive protein (Hs-CRP) levels
were measured.

Results: Both TOS and OSI levels of the patients who received antiepileptic monotherapy and polytherapy were statistically significantly higher than the control group (p =
0.004, the TOS levels of the patients who received antiepileptic monotherapy and polytherapy were 19.29 + 1.27, 19.22 + 1.26, respectively, control group 14.49 + 1.75, OSI
levels of patients receiving antiepileptic monotherapy and polytherapy 1.66 + 0.12, 1.72 + 0.11, control group 1.27 £ 0.11), respectively. The Hs-CRP level (0.59 + 0.06 mg /
L, 1.09 £ 0.06 mg / L, respectively) of the patients who received monotherapy and polytherapy was statistically significant compared to the control group (0.42 = 0.02 mg/ L)
significantly higher.

Conclusion: In this study, the findings suggest that epileptic seizures increase oxidative stress parameters and antioxidant mechanisms are insufficient to reduce oxidative
damage. In addition, considering the high serum Hs-CRP levels, it is extremely important to develop treatment strategies that can control the inflammatory process in treating
resistant epilepsy.
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INTRODUCTION

Epilepsy is a chronic neurologic disorder that is fairly com-
mon. It frequently occurs at young ages and requires long-
term, sometimes life-long therapy. Anti-epileptic drugs (AEDs)
used in doses appropriate for types of epileptic seizures and
epileptic syndromes are important in preventing seizures.
Side effects of AEDs show differences. In addition to their ear-
ly side effects, behavioral, endocrinologic, hematologic side
effects and those in relation to memory and speech may also
be seen (1). While deaths due to cardiovascular disorders may
occur more frequently in epileptic patients than the general
population, its exact cause is still not known (2).

Oxidative stress occurs in conditions when oxidative dam-
age exceeds the capacity of antioxidant defense mechanisms.
Although oxidative stress is known to play a key role in the
pathogenesis of many acute and chronic neurologic disor-
ders, its role in epilepsy is still not known clearly (3).

CRP, which is a member of the short pentraxins, is synthe-
sized by hepatocytes in response to inflammatory cytokines,
such as IL-1, IL-6, TNF-a or other stimulators (4). CRP is an
acute-phase reactant that is synthesized in the liver and is
a very sensitive marker of acute and chronic inflammation.
Tests that may measure CRP in a serum sample to 0.2 mg/L
sensitivity are termed high-sensitivity (Hs-CRP) assays (5). It
became clear in recent years that CRP may be used in the
prediction of, especially, cardiovascular risk. The low-grade
chronic inflammatory process in the body was reported to
play roles in both pathogenesis and prognosis of atheroscle-
rotic heart disease (6).

In this study, we aimed to investigate the association be-
tween inflammation, oxidative stress and epilepsy by com-
paring acute-phase reactants and oxidative stress parameters
of epileptic patients with generalized seizures under primary
polytherapy or monotherapy and healthy control group in
this study.

METHODS

Patient and control groups

This study group included 67 patients who were admit-
ted at the Harran University Faculty of Medicine Hospital,
outpatient clinics of Pediatric Neurology, and diagnosed as
having generalized type epilepsy according to ILAE classifica-
tion, 33 of whom were treated with a monotherapy anti-ep-
ileptic drug and 34 of whom were treated with polytherapy
anti-epileptic drugs. Patients who had systemic, metabolic
and chronic disorders in addition to epilepsy, patients having
neurodegenerative disorders and those in whom the diagno-
sis of epilepsy was not definite were excluded from this study.
Medical records of the patients were examined and age, gen-
der, prenatal, natal, postnatal characteristics were recorded,

along with a detailed family history. Physical and neurologic
examinations were administered to all patients.

The control group included 30 healthy volunteer partici-
pants without any chronic or acute disorders, with the same
age and similar demographic characteristics. Physical and
neurologic examinations of all participants were conducted.

Blood Samples

Blood samples were taken from epileptic patients in the
study group and volunteer participants in the control group,
and serum was separated in one hour by centrifugation at
3200 rpm for 10 minutes. Serum samples with hemolysis
were not included. Blood samples were taken into tubes that
did not contain any chemicals. The venous blood samples
were kept at -80°C for measurements of TAS, TOS, OSI and Hs-
CRP levels later at the Central Chemistry Laboratory of Harran
University Medical School. All serum samples were brought to
room temperature at the time of this study, and the measure-
ments were made simultaneously.

Total Antioxidant Status (TAS)

TAS levels of the samples were measured using Rel Assay
brand commercial kits. This measurement method is based
on the de-colorization of colored radical as a result of reduc-
tion of the colored ABTS cationic radical by all antioxidant
molecules in the sample in proportion with the total concen-
tration of antioxidant molecules. Trolox, which is a water-sol-
uble analog of vitamin E, is used as a calibrator. The results
were expressed as mmol Trolox Equivalent/L (7). Tissue TAS
results were expressed as Trolox Equivalent/L.

Total Oxidant Status (TOS)

TOS levels of the samples were measured using Rel Assay
brand commercial kits. This measurement uses a colorimetric
method based on cumulative oxidation of ferrous ion to fer-
ricion by Oxidant molecules in the sample, as reported in the
label. The results were expressed as pmol H,0,Equivalent/L.

Oxidative Stress Index (0SI)

0Sl, as a marker of oxidative stress, is expressed as the per-
cent of TOS levels to TAS levels. In the calculation of the OSI
levels of the samples, TAS levels are multiplied by 10.Thus,
their units become equal to TOS levels. The results were ex-
pressed as Arbitrary Units (AU).

OSI= __T0S,umol H20: Equiv./L.
TAS,mmol trolox Equiv./L.X10

High-Sensitivity C-reactive protein (Hs-CRP)

The Hs-CRP levels of the samples were measured using Rel
Assay brand commercial kits.

Statistical Analysis
SPSS for Windows Version 11.5 (Statistical Package for the
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Social Sciences) computer software was used in the statisti-
cal analysis of the data. In comparisons of the patient group
with the controls, an independent samples t-test was used
and in comparisons of polytherapy and monotherapy groups
with controls, One-way ANOVA Tukey’s Post Hoc method was
used. The results were assessed in 95% confidence intervals,
at p<0.05 significance level.

The patient group was aged between 1-17 years, including
43 (64.2%) males and 24 (35.8%) females (a total of 67 pa-
tients). The control group was also aged between 1-17 years,
including 16 (55.2%) males and 14 (44.8%) females, to make
a group of 30 volunteer participants. The mean age of the
patient group was 7.99£4.91 years, and the mean age of the
control group was 7.89+ 5.32 years (Table 1).

Table 1. Average age in the patient and control
groups

Group Average age
Monotherapy 8.27+5.29
Polytherapy 7.72+4.53
Control 7.89+5.32

When the Body Mass Index (BMI) was compared in the pa-
tient and control groups, there was no significant difference.
The BMI of the majority of the cases was below 18 (Table 2).

Table 2. BMI distribution in the patient and control

groups

BMI Patient (%) Control (%)
Weak (18.4 or lower) 70.6 65.1
Normal (18.5-24.9) 234 28
Overweight (25-29.9) 3 34
Obese (30 or more) 3 34

The TOS level was 19.29£1.27 pmol H,0, Equivalent/L in
the anti-epileptic monotherapy group, 14.49£1.75 pmol H,0-
LEquivalent/L in the control group. TOS level was 19.22+1.26
pmol H,0,Equivalent/L in the anti-epileptic polytherapy
group. TOS level of the anti-epileptic monotherapy group was
significantly higher than the control group (p=0.001). TOS
level of the anti-epileptic polytherapy group was significant-
ly higher than the control group (p=0.001). There were no
statistically significant differences between the TOS levels of
polytherapy and monotherapy groups (p=0.955).

In this study, OSI level was 1.66+0.12 AU in the mono-
therapy group and 1.27£0.11 AU in the control group, while
the OSI of polytherapy group was 1.72£0.11 AU. OSI level of
patients in the monotherapy group was statistically signifi-
cantly higher than the control group (p=0.004). The OSI level

of polytherapy anti-epileptic group was statistically signifi-
cantly higher than the control group (p=0.001). There were
no statistically significant differences in comparing OSI levels
of polytherapy and monotherapy groups (p=0,670) (Chart 1).

TAS level of the monotherapy anti-epileptic group was
1,12£0,03 Trolox Equivalent/L and TAS level of the control
group was 1.15%0.06 Trolox Equivalent/L. TAS level of the
polytherapy group was 1.17£0.03 Trolox Equivalent/L. There
were no statistically significant differences between TAS lev-
els of monotherapy anti-epileptic group and control group.
There were no statistically significant differences between
TAS levels of polytherapy anti-epileptic group and the control
group (p=0.719). There were no statistically significant differ-
ences between the TAS levels of polytherapy and monothera-
py groups (p=0.187). (Graph 1).
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Chart 1. Control Monotherapy Polytherapy

Hs-CRP level was 0.59+0.06 mg/L in the monotherapy
group, 0,42%+0,02 mg/L in the control group, and 1.09£0.06
mg/L in the polytherapy group. The Hs-CRP level of mono-
therapy group was statistically significantly higher than the
Hs-CRP level of the control group (p=0.025). The Hs-CRP level
of the polytherapy group was statistically significantly high-
er than the control group (p=0.000). The Hs-CRP level of the
polytherapy anti-epileptic group was statistically significantly
higher than the monotherapy group (p=0,000).

Epilepsy is one of the important chronic neurologic dis-
orders and it may require long-term, sometimes life-long
treatment. Although large-scale, long-term investigations
were conducted on epileptogenesis, the main molecular and
cellular mechanisms in epileptogenesis are still not clearly
known (8).

Measurement of Hs-CRP levels was recently described as a
method of detecting chronic inflammation in cardiovascular
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disorders, stroke, renal diseases and neuro-degenerative dis-
eases such as Parkinson’s disease and dementia (9-14).

Oxidative stress occurs in conditions when the neutraliza-
tion capacity of the organism of Oxidant factors is below that
of the required level. Oxidative stress may also be described
asan increase of Oxidant level and/or decrease in antioxidant
capacity. Detection of one of the Oxidant or antioxidant lev-
els may provide an impression on the oxidative stress, while
the determination of both may provide a more correct result.
Free radicals are both causes and results of epileptic seizures,
and that oxidative phosphorylation in the mitochondria pro-
duces oxygen radicals routinely in the nervous system, as in
all the other parts of the body. High lipid content, oxygen
consumption and oxidative metabolism of the brain make it
more sensitive to oxidative stress. Oxidative stress is known to
play a key role in the pathogenesis of many acute and chronic
neurologic disorders, but its role in epilepsy is still unknown.
Anti-epileptics and epilepsy were shown to decrease antioxi-
dant enzyme levels and increase lipid peroxidation in multi-
ple studies (15,16).

Hassazadeh et al. have administered sesamol as an anti-
oxidant agent to six rats, with another six rats as the control
group in their study, which have aimed to evaluate the effica-
cy of antioxidants on epilepsy control in rats. Generalized epi-
leptic seizures were induced in both groups by administration
of pentylenetetrazole (PTZ), and the behavior characteristics
of the rats were recorded. In this study, epileptic seizures oc-
curred later in the group which was administered sesamol,
and these rats also had more preserved cognitive functions in
comparison with the other group after the seizure (17).

Ben-Menachem et al have compared blood antioxidant
enzyme levels of epileptic patients with progressive myoc-
lonic epilepsy, which is hard to treat and which has a high
potential for developing resistance, with healthy controls. An-
tioxidant levels of patients were significantly low. Afterwards,
the patients were treated with high doses of N-Acetylcyste-
ine. Patients and controls were compared before and after
treatment. After treatment, oxidative stress parameters of
red blood cells decreased, along with a decrease in seizure
scores. It was concluded that it might be effective in decreas-
ing neuronal death caused by oxidative stress and controlling
seizures (18).

The effects of oxidative stress on epileptic seizures were in-
vestigated in a study conducted by Shin et al. Oxidative stress,
which occurs due to the increased free radical release, was
associated with the underlying pathogenesis in initiating and
continuing epileptic seizures. It was concluded in this study
that antioxidant treatment may be used in the treatment of
epilepsy in order to decrease oxidative stress and may exert a
neuro-protective effect (19).

The effects of anti-epileptic drugs on oxidative stress pa-
rameters are still controversial. The effects of AEDs used in
epilepsy on oxidative stress have started to attract attention
recently. While anti-epileptic drugs are believed to decrease
oxidative stress by some authors of studies on this issue,
polytherapy was concluded to increase oxidative stress in the
study by Martinc et al (8). In an investigation by Yurekli et al.
topiramate and lamotrigine were concluded to exert a pro-
tective effect on the antioxidant redox system of patients with
epilepsy (20). In many studies, especially older antiepileptic
drugs were concluded to increase oxidative stress (21,22).

In a study by Menon et al, oxidative stress levels of 75 pa-
tients taking AEDs and 25 patients who were not taking any
AEDs were evaluated. Oxidative stress parameters of 25 epi-
leptic patients not taking AEDs were compared with patients
on anti-epileptic treatment and the control group. No differ-
ences were found between the patients taking or not taking
AEDs in terms of oxidative levels. On the other hand, there
were no differences in oxidative stress levels of polytherapy or
monotherapy patients in the treated group. Oxidative stress
increased in both patients on AEDs and patients not taking
any AEDs, but it was concluded that AEDs did not exert any
effects on oxidative stress (23).

In a study conducted by Varoglu et al. effects of valproate
(VPA), carbamazepine (CBZ), levetiracetam (LEV) on antioxi-
dant and Oxidant enzyme activities, and their clinical signifi-
cance were investigated. A total of 32 patients taking VPA, 17
patients taking CBZ, eight patients taking LEV, and 11 patients
on polytherapy and age and gender-matched 30 healthy vol-
unteers as controls were included in this study. Oxidative
stress was observed to increase at the end of the 2nd month
with all three anti-epileptic drugs (24).

In a study conducted by Shahar et al. oxidative stress pa-
rameters were investigated in the saliva of resistant (n=11)
and non-resistant (n=22) epileptic children. Level of oxida-
tive stress was higher in resistant and non-resistant epileptic
patients than control group. On the other hand, there were
no significant differences between resistant and non-resistant
epileptic groups (25).

TOS level of epileptic patients on monotherapy was statis-
tically significantly higher than the control group (p=0.001).
TOS level of patients on polytherapy was also statistically sig-
nificantly higher than the control group (p=0.001). Also, a sig-
nificant difference was not found between epileptic patients
on monotherapy or polytherapy (p=0.955).

When the monotherapy anti-epileptic group was com-
pared with the control group concerning TAS levels, a sig-
nificant difference was not found (p=0.829). There were no
significant differences between the polytherapy anti-epileptic
drug group and the control group (p=0.719). There were no
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statistically significant differences between the polytherapy
and monotherapy anti-epileptic drug groups (p=0.187). The
absence of a significant difference between patient groups
and the control groups concerning TAS suggests that anti-ep-
ileptic treatment may have a negative effect on the Oxidant
system rather than the antioxidant system.

OSl levels of patients on anti-epileptic monotherapy
were statistically significantly higher than the control group
(p=0.004). OSI level of patients on anti-epileptic polytherapy
was statistically significantly higher than the control group
(p=0.001). When the groups on polytherapy and monothera-
py were compared, no statistically significant differences were
observed (p=0,670).

While TOS, which is a general marker of oxidant molecules
and OSI, was a marker of oxidative stress, increased in pa-
tient groups with generalized type tonic-clonic seizures under
monotherapy or polytherapy in this study, the difference be-
tween the control group was statistically significant. Howev-
er there were no statistically significant differences between
polytherapy and monotherapy anti-epileptic groups. Oxida-
tive stress may develop due to epileptic seizures or AED use in
patients with epilepsy. Reactive oxygen products are known
to be effective in epileptic seizures. Development of oxidative
stress in the central nervous system and a return to basal val-
ues in the inter-ictal periods were shown in epilepsy models
in experimental animals (26). Oxidative stress was higher in
epileptic patients who were newly diagnosed and who had
not used AEDs before than epileptic patients using AEDs in
human studies (21). This suggests that epilepsy alone may
increase oxidative stress in epileptic patients taking anti-epi-
leptic medications, without the effects of AEDs. Thus, the fre-
quency of seizures should also be considered when the effects
of AEDs on oxidative stress are evaluated in epileptic patients.

While our study supports the study conducted by Menon
et al. it does not support the study by Martinic et al. which
has shown that polytherapy with anti-epileptic drugs in-
creased oxidative stress. A statistically significant difference
was not found in our study between the groups who were un-
der monotherapy or polytherapy, concerning oxidative stress
levels. Differences in results on this issue suggest a need for
more clinical investigations.

In a study by Ishikawa et al. (27), the Hs-CRP level of pa-
tients with daily generalized type motor seizures was signifi-
cantly higher than other epileptic patients and control groups
and it was concluded that frequent motor seizures could
cause chronic inflammation. Epileptic seizures were conclud-
ed to initiate brain inflammation in glial cells and caused
damage in the blood-brain barrier independent of leuko-
cytes and inflammatory molecules of blood-origin in a study
by Librizzi et al. (28). Also, brain inlammation was claimed to
cause recurrent and continuing seizures.

Long-term use of anti-epileptic drugs may cause low-
grade systemic inflammation and increase oxidative stress
(29,30). A study by Yuen et al. has shown the absence of an
association between the number of anti-epileptic drugs used
and CRP levels (31). Atherosclerosis risk values of 195 patients
taking anti-epileptic medications were evaluated in another
study by Tan et al and CRP levels were higher than the control
group (32).

Hs-CRP levels of patients on anti-epileptic monotherapy
were statistically significantly higher than the control group
(p=0.025). Hs-CRP levels of patients on antiepileptic poly-
therapy were statistically significantly higher than the control
group (p=0,000). Hs-CRP levels of patients on polytherapy
was statistically significantly higher than patients on mono-
therapy with anti-epileptics (p=0,000). This result may show
the presence of increased systemic inflammation in pediatric
patients with generalized type motor seizures.

An increase in TOS and OSI levels of epileptic patients with
generalized tonic-clonic type epilepsy reflects an increase in
oxidative stress. These findings support the role played by oxi-
dative stress in the pathogenesis of generalized type epilepsy.
We observed an increase in parameters of oxidative stress due
to the seizure itself, as well as a contribution of anti-epileptic
treatment by increasing the oxidative stress. Conflicting re-
sults of previous studies on the effects of anti-epileptic drugs
on oxidative stress and antioxidant system create a require-
ment for further clinical investigations. Also, the finding of
increased serum Hs-CRP levels in this study, suggests that var-
ious anti-inflammatory treatment strategies that could con-
trol the inflammatory process may be beneficial for treating
resistant epileptic patients.
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