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Oxidative Status in Epileptic Children Using Carbamazepine
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Abstract
Background: There is an increasing attention towards the relationship between oxidative stress and epilepsy. The effect of antiepileptic 
drugs on oxidant status is of major interest. Antiepileptic drugs can increase levels of free radicals, which consequently might lead to 
seizures. Carbamazepine (CBZ) is an antiepileptic drug commonly used in childhood and adolescence.
Objectives: Therefore we aimed to investigate the effects of CBZ on total antioxidant status, total oxidant stress, and oxidative stress index.
Patients and Methods: The study included 40 epileptic patients and 31 healthy children between 4 and 12 years of age. Serum CBZ level, 
total antioxidant capacity and total oxidant status were measured. Oxidative stress index was also calculated both in controls and patients.
Results: In the epileptic group, decreased levels of total antioxidant capacity, increased total oxidative stress and oxidative stress index 
levels were found. Positive correlation between plasma CBZ levels and total oxidant status was observed.
Conclusions: Antioxidant action could not be playing any role in antiepileptic effect of CBZ. Furthermore, increased oxidative stress 
induced by CBZ could be the cause of CBZ-induced seizures. Therefore combining CBZ with antioxidants could be beneficial.
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1. Background
There are over 50 million epileptic patients all over the 

world according the data from world health organization 
(1). In the world, there are approximately 2.4 million new 
epileptic patients each year, of which at least 50% begin in 
childhood and adolescence (1). In the treatment of partial 
and tonic-clonic seizures in children carbamazepine (CBZ) 
is reported to be effective equal to phenobarbitone, phe-
nytoin and sodium valproate (1). Clinical recommendations 
in Europe and the USA suggest use of CBZ as first choice of 
treatment for partial epilepsies (2). However, CBZ was re-
ported to increase lipid peroxide level and erythrocyte os-
motic fragility (3).

Free radicals and lipid peroxides are involved in many 
physiological processes and pathogenesis of a number of 
diseases (4). The effects of antiepileptic drugs on generation 
of oxidative stress have also been investigated (5, 6). Free 
radicals attached irreversibly to proteins and deoxyribonu-
cleic acid (DNA) macromolecules that are the primary tar-
gets for alkylation agents (6). They also cause degradation 
of DNA, nucleotide and structural coenzymes in cells and 
tissues. Furthermore, they can bind covalently to proteins, 
lipids and enzymes; consequently alter enzyme activities; 

corrupt cell membranes; and damage transport systems 
(7). The membrane lipid peroxidation due to an increase in 
free radicals or decrease in activities of antioxidant defense 
mechanisms has been suggested to be causally involved in 
some forms of epilepsy (7). On the other hand, malondialde-
hyde (MDA) values, an indicator of membrane lipid peroxi-
dation, were found to be unchanged in children with epi-
lepsy (8). Oxidative stress index (9) is reported as a valuable 
parameter indicating oxidative stress level. Furthermore, 
previously conducted studies revealed that oxidative stress 
index (OSI) rate indicates oxidative injury, as well (10-12).

Free radicals are eliminated by antioxidant systems. 
Total Antioxidative Status (TAS) determines the balance 
between the oxidative stress and antioxidant status. Mea-
surement of total antioxidant capacity reflects the cumu-
lative effect of antioxidants of plasma and body (13).

2. Objectives
Therefore the aim of this study was to evaluate the oxi-

dative and antioxidative status in CBZ-treated epileptic 
children to improve the data regarding the connection 
between CBZ treatment and oxidative stress.
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3. Patients and Methods
The study is composed of 40 epileptic children (22 males, 18 

females) and 31 healthy children (17 males, 14 females), with 
an age range between 4 and 12 years. All randomized sub-
jects were selected from those who visited relating depart-
ments of Mustafa Kemal university faculty of medicine and 
Antakya State hospital for checkup or medical treatment. 
Patients that were included in the study were chosen among 
those with epileptic seizures receiving CBZ treatment for 1 
year. The patients with systemic diseases (malignancy, diabe-
tes mellitus, hypertension, autoimmune diseases, cardiac, 
metabolic, and central nerve ischemia), who use systemic 
and/or local corticosteroids were excluded. The research was 
approved by Mustafa Kemal university ethical committee.

3.1. Biochemical Procedures
20 ml of venous blood was obtained from each patient 

and controls. Then serum was separated by centrifugation 
at 3000 rpm for 10 min. Serum CBZ level was assessed us-
ing a biochemical auto analyzer (ARCHITECT c8000 Clinical 
Chemistry analyzer, Abbott®, U.S., Japan). Total oxidative sta-
tus (TOS) (9) and TAS of serum was determined using a novel 
automated measurement method developed by Erel (10, 11). 
Oxidants present in the sample oxidize the ferrous ion-o-
dianisidine complex to ferric ion. The oxidation reaction is 
enhanced by glycerol molecules, which are abundantly pres-
ent in the reaction medium. The percent ratio of TOS to TAS 
yields the OSI, an indicator of the degree of oxidative stress 
(14). Percent rate of TOS level to TAS level was accepted as OSI 
(15). To apply the calculation, the result unit of TAS, mmol 
Trolox equivalent/l, was changed to mmol Trolox equivalent/l 
and the OSI value was calculated using following formula:

(1)

OSI = TOS,mmol .L− 1

TAS ,mmol Trolox equivalent .L− 1 × 100

3.2. Statistical Analysis
Analysis of obtained data was performed using SPSS 

13.0 for Windows, a statistical software package. Pear-
son correlation test was used for the correlation be-
tween blood CBZ level and blood TOS value. Correlation 
coefficient (r) and significance values (P) was deter-
mined. A P Value of < 0.05 was accepted as significant.

4. Results
TAS, TOS and OSI levels of each group were compared, and 

statistically significant differences observed. TAS levels of 
CBZ treated group were significantly lower compared to 
those of the control group (P < 0.0001). Conversely, TOS 
and OSI levels were found to be significantly higher in CBZ 
treated group (P < 0.004 and P < 0.0001, respectively) (Ta-
ble 1). In CBZ treated epileptic patients’ group, correlation 
between blood CBZ level and TAS-TOS levels was examined. 
A positive correlation was found between CBZ and TOS lev-
els (r = 0.472, P < 0.01) (Figure 1). However, no significant 
correlation was detected between blood CBZ and TAS levels.

Table 1. TAS, TOS and OSI Values of CBZ and Control Groupsa

CBZ group (n = 40) Control (n = 31) P Value

TAS 1.29 ± 0.23 1.52 ± 0.13 < 0.0001

TOS 1.41 ± 0.49 1.08 ± 0.42 < 0.004

OSI 111.4 ± 0.42 72.4 ± 30.1 < 0.0001

aAbbreviations: CBZ, carbamazepine; OSI, oxidative stress index; TAS, 
total antioxidant status; TOS, total oxidant status.

Figure 1. Positive Correlation Between Plasma Level of CBZ and TOS (r = 

0.472, P < 0.01).
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CBZ: carbamazepine; TOS: total oxidant status.

5. Discussion
Our study showed that CBZ treatment increased oxi-

dative stress in patients with epilepsy. In the literature, 
there is a limited number of clinical case studies inves-
tigating the relation between oxidative stress and CBZ 
treatment in patients with epilepsy (16-20). Our study 
differed in several aspects from those in the literature. 
First of all number of cases in the present study is higher. 
Secondly, we firstly evaluated the relationship between 
oxidative stress and CBZ treatment with TAS, TOS and OSI 
measurement in epileptic patients.

Li et al. (21) investigated the effects of CBZ on the oxida-
tive stress of common carp spermatozoa in vitro. They 
reported that the oxidative stress was apparent and the 
significant inhibition of antioxidant enzymes activities 
including superoxide dismutase (SOD) and glutathione 
peroxidase (GSH-Px) after 2 hours exposure of CBZ at 
higher concentration (2.0 or 20 mg/L). Their results sug-
gested that CBZ can induce reactive oxygen species (20) 
stress and could impair the antioxidant defense system. 
Li et al. (22) also investigated the effect of long-term ex-
posure to CBZ on the antioxidant system in brain tissue 
of rainbow trout. The fish were exposed to sublethal con-
centrations of CBZ (1.0 µg/L, 0.2 mg/L or 2.0 mg/L) for 7, 21, 
and 42 days. CRZ exposure at 0.2 mg/L led to significant 
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increases of oxidative stress indices after 42 days and, at 
2.0 mg/L, after 21 days. Activities of the antioxidant en-
zymes including SOD, CAT, and GPx in CBZ-treated groups 
slightly increased during the first period (7 days). How-
ever, activities of antioxidant enzymes were significantly 
inhibited at 0.2 mg/L exposure after 42 days and after 21 
days at 2.0 mg/L. After 42 days, the content of glutathi-
one (GSH) in fish brain was significantly lower in groups 
exposed to CBZ at 0.2 mg/L and 2.0 mg/L. Prolonged ex-
posure to CBZ resulted in excess reactive oxygen species 
formation, finally resulting in oxidative damage to lipids 
and proteins and inhibited antioxidant capacities in fish 
brain. The authors emphasized that a low level of oxida-
tive stress could induce the adaptive responses of antioxi-
dant enzymes, but long-term exposure to CBZ could lead 
to serious oxidative damage in fish brain.

Oxidative stress is the condition with an imbalance be-
tween generation and elimination of ROS and reactive 
nitrogen species, creating the potential for organic dam-
age. Oxidative stress is blamed for the pathogenesis of 
epilepsy as a potential mechanism (23). Liang and Patel 
(24) have demonstrated that persistent seizures caused 
oxidative damage. Several studies on animal models and 
genetic studies have demonstrated an increase in mito-
chondrial oxidative stress and subsequent cell damage 
after persistent seizures (24-26).

Oxidative stress may be caused by various diseases or 
exposure to certain chemicals. It has been reported that 
the increased amount of active oxygen metabolites or re-
duced activity of antioxidative defense mechanisms may 
cause greater frequency of seizure (7, 27). Antioxidative 
systems suppress this oxidative stress (12). This mecha-
nism protects the organism against the harmful effects 
of the chemicals. 

The role of antioxidant action in the effect of antiepi-
leptic drugs (AEDs) is controversial. Hamed and Abdel-
lah (28) reviewed the relation between membrane lipid 
peroxidation, antioxidants, neuronal excitotoxicity, and 
AEDs. The authors identified that CBZ was found to be a 
better anti-epileptic for the control of free radical-related 
seizures. On the other hand, Solowiej (29) reported that 
SOD activity decreased, GSH-Px, glutathione disulfide 
(GSSG-R) activities and MDA level increased in the serum 
of children and adolescents with epilepsy.

According Niketic (30), the activity of antioxidant en-
zymes were decreased by 40% in epileptic children on CBZ 
compared to healthy individuals. However, increased TOS 
was observed in the same study. Certain studies noted that 
phenytoin (31) and valproic acid treatment (32) increase 
lipid peroxidation in epileptic children. Increased TOS and 
decreased TAS were also demonstrated by some in vitro 
studies (21, 22). Oxidative damage caused by CBZ was re-
vealed by some previously conducted studies (16, 17).

We found increased TOS and OSI levels in patients re-
ceiving 1 year CBZ treatment. Different from the litera-
ture, our findings are based on TAS, TOS and OSI measure-
ments for the first time. Therefore, we discussed our 

results in the light of related literature. Both the role of 
antioxidant action in epilepsy pathogenesis and the ef-
fect of AEDs, particularly CBZ, on the oxidant-antioxi-
dant status in epilepsy patients are controversial. This 
could be due to complex pathogenic mechanisms of 
epilepsy and methodological issues. Yet oxidative stress 
may originate from various sources in the body and pe-
ripheral measurements might not necessarily accurately 
reflect the oxidative stress in the central nervous system.

Another contribution of our study is that the relation-
ship between the CBZ levels and oxidative damage was 
firstly evaluated in the present study. A positive correla-
tion was observed between plasma CBZ levels and oxida-
tive damage. This finding might be an explanation for 
oxidative damage secondary to CBZ treatment, and for 
efficacy of antioxidants (17). There was no control group 
of epileptic patients without treatment in the study. This 
is a limitation of our study.

Epilepsy has a multifactorial mechanism and it is diffi-
cult to isolate a single cause of the disease. Therefore the 
mechanism of action of AEDs could not be fully under-
stood yet. Based on our results, antioxidant mechanism 
could not be playing any role in antiepileptic effect of 
CBZ. Furthermore, increased oxidative stress induced by 
CBZ could be the cause of carbamazepine-induced sei-
zures, a complication of CBZ treatment. Therefore com-
bining CBZ with antioxidants could be beneficial.
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