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Abstract

Purpose: Recent studies have shown that carbamazepine has positive effects on nervous system.
However, its effect on glutamate-induced cytotoxicity in glial cells is still unclear. Our study was
designed to investigate the effect of carbamazepine against glutamate-induced cytotoxicity in C6 glial
cells and involved mechanisms.

Material and Methods: In this study, the C6 glioma cell line was used. Four cell groups were
prepared to evaluate the effect of carbamazepine on glial cell death after glutamate-induced
cytotoxicity. The control group was without any treatment. Cells in the glutamate group were treated
with 10 mM glutamate for 24 hours. Cells in the carbamazepine group were treated with various
concentrations (3.75, 7.5, 15, and 30 uM) of carbamazepine for 24 hours. Cells in the carbamazepine +
glutamate group were pre-treated with various concentrations (3.75, 7.5, 15, and 30 pM) of
carbamazepine for 1 hour and then exposed to 10 mM glutamte for 24 hours. The cell viability was
evaluated by XTT assay. Total antioxidant status (TAS), total oxidant status (TOS), tumor necrosis
factor alpha (TNF-a), and malondialdehyde (MDA) levels in the cells were measured by commercial
kits.

Results: Carbamazepine at the concentration of 30 uM significantly increased the cell viability in C6
cells after glutamate-induce cytotoxicity (p < 0.05). CBZ (30 uM) + glutamate significantly increased
TOS levels in C6 cells compared to control untreated control cells (p < 0.05), while it did not change
TAS level (p > 0.05). Moreover, carbamazepine did not change TNF-a level (p > 0.05) and increased
MDA (p< 0.05) level in C6 cells after glutamate-induced cytotoxicity.

Conclusion: Carbamazepine decreases glial cell death after glutamate-induced cytotoxicity in C6 cells.
While carbamazepine produced protective effective in the acute process, long-term usage may increase
oxidative damage and cause cell death.

Special Issue of Health Sciences
DOI: 10.7176/ISTR/7-08-09

1. Introduction

Neurodegenerative diseases are examples of neurological disorders that affect people all over the world
(Chin & Vora, 2014). The primary characteristics of these disorders are neuronal damage and loss, and
the processes involved include inflammation, oxidative stress, misfolded protein accumulation,
excitotoxicity, and others (Tovar-y-Romo et al., 2009).

Excitotoxicity is a specific type glutamate-mediated neurotoxicity (TW et al., 2014). Glutamate is an
excitatory neurotransmitter that plays a critical effect in the central nervous system's (CNS) plasticity (H
et al., 1997; Nampoothiri et al., 2014). Glutamate is necessary for axon guidance and neuronal growth,
brain development and maturation, and synaptic plasticity in health and disease, additionally being
required for rapid synaptic transmission that is essential for neuron-to-neuron communication (TW et
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al., 2014). Glutamate performs its effects with its own receptors. There are two types of receptors in
this system: ionotropic and metabotropic. The ionotropic receptor family is divided into three
categories: Alpha amino-3-hydroxy-5-methyl-4 isoxazolepropionic acid (AMPA) receptors, N-methyl-
D-aspartate (NMDA) receptors, and kainate receptors (ML, 2005). Glutamate acts as a neurotoxic
when its concentration is too high, causing cell death (C. S et al., 2019). Excess glutamate damages
cellular components, including mitochondria, as well as promotes the production of reactive oxygen
species (ROS) and cell death (A et al., 2001).

Excitotoxicity, which is induced by excessive glutamate activation and results in excessive calcium ion
inux into the cell, is the main mechanism in the development of various disorders (C et al., 2006).
Calcium influx into the cell causes mitochondrial disorder, which causes the cell to go into apoptosis
process (A. M & M, 2003).

Glial cells are non-neuronal cells that play a vital role in the CNS, such as maintaining homeostasis,
supporting and safeguarding neurons (KR, 2004). Therefore, reducing oxidative stress in glial cells is
crucial for the treatment of neurodegenerative (T & M, 2021).

Carbamazepine (CBZ) is an antiepileptic drug (AED) with a carboxamide derivative that is used to
treat partial-onset seizures (Livingston et al., 1967) as well as various neurological and psychiatric
diseases (RM & S, 2004). It is considered to modulate the uptake, release, and receptor binding of
neurotransmitters in dopaminergic, glutamatergic, and serotonergic systems by blocking or enhancing
voltage-gated Na*, K*, and Ca** channels (AF et al., 2002). Several pharmacodynamic researches, on
the other hand, reveal that the mechanisms of clinical effect of CBZ are more complex, involving the
calcium-induced calcium-releasing system (Y. S et al., 2007), voltage-sensitive calcium channel
regulation (T. S et al, 2012; Y. S et al,, 2007; Yamamura et al., 2009), and glutamate release
(YYamamura et al., 2009). CBZ has also been investigated in vivo and in vitro as a neuroprotective drug
(JC, 2003; Woronowicz et al., 2013).

Nevertheless, its effect on glutamate-induced cytotoxicity in C6 glial cells and the mechanisms that
underlie it are yet unknown. The effect of CBZ against glutamate-induced cytotoxicity in C6 glial cells
involved in oxidative stress pathways was investigated in this research.

2. Materials And Methods

2.1. Cell Culture

Because of its glutamate-induced cytotoxicity, the C6 Glioma (CRL107) cell line was selected in this
investigation (Kritis et al., 2015). The American Type Culture Collection provided C6 Glioma cell
lines. The American Type Culture Collection (ATCC) provided C6 Glioma cell lines. The cells were
cultured in DMEM (Thermo Fisher Scientific, Altrincham, UK) containing 10% Fetal Bovine Serum
(FBS) (Sigma-Aldrich Co., St Louis, MO, USA), and 1% L-glutamine (Sigma-Aldrich Co., St Louis,
MO, USA) and 1% penicillin/streptomycin (Sigma-Aldrich Co., St Louis, MO, USA). The cells were
incubated at 37° C in a humidified environment containing 5% CO2.

2.2. Drug Administration
CBZ (Sigma-Aldrich Co., St Louis, MO, USA) and glutamate (Sigma-Aldrich Co., St Louis, MO,
USA) were dissolved in DMEM, and stock solutions were prepared before treatment.

2.3. Glutamate-Induced Cytotoxicity

To examine the effect of CBZ on glutamate-induced cytotoxicity, four cell groups were formed. There
was no treatments for the control group. The glutamate-induced group's cells were given 10 mM
glutamate for 24 hours. CBZ was given to cells in the CBZ group at varied concentrations (3.75, 7.5,
15, and 30 M) for 24 hours. Cells in the CBZ+glutamate group were pre-treated with different
concentrations (3.75, 7.5, 15, and 30 pM) of CBZ for 1 hour and then administered to 10 mM
glutamate for 24 hours.

2.4. Cell Viability Assay

The XTT test was used to determine cell viability (Roche Diagnostic, MA, USA). C6 Glioma cells
were seeded at a density of 1x104 cells per well in 100-uL DMEM and cultured overnight before being
treated with CBZ. The glutamate-induced cytotoxicity method was carried out as described previously.
The medium was withdrawn the next day after 24 hours of incubation, and the wells were cleaned
twice with phosphate-buffered saline (PBS). In the last stage, 100uL of DMEM without phenol red and
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50pL of XTT labeling solution were added to each well, and the plates were kept at 37 degrees Celsius
for 4 hours. After shaking the plates, the absorbance was measured at 450 nm using an ELISA
microplate reader (Thermo Fisher Scientific, Altrincham, UK). All of the tests were repeated three
times, and cell viability was calculated as a percentage of viable cells relative to the control, which
were untreated cells (Figure 1).
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Figurel. Experimental design of study (created by BioRender).

2.5. Preparation of Cell Homogenates

Each group's cells were collected in sterile tubes. The supernatant was removed after centrifugation at
2000 rpm for about 10 minutes. The cells in the tubes were suspended by diluting the cell suspension
with PBS (pH: 7.4) to a cell concentration of approximately 1 million/ml. The cells were damaged by
repeated freeze-thaw cycles, which allowed the interior components to let out. At a temperature of 4°C,
cells were centrifuged for 10 minutes at 4000 rpm. The supernatants were then collected and subjected
to biochemical analysis. Total protein levels in the samples were determined using the Bradford protein
assay kit (Merck Millipore, Darmstadt, Germany).

2.6. Measurement of TAS and TOS

TAS concentrations in cell supernatants we The method is based on detecting the absorbance of
colored dianisidyl radicals during free radical reactions, commencing with the formation of hydroxyl
radicals in the Fenton reaction, to monitor the rate of the reaction of free radicals.re measured using an
automated assay method developed by Erel before (O, 2004). Antioxidants in tissue samples should
inhibit coloration in proportion to their amounts (O, 2004). Micromolar Trolox equivalents per
milligram tissue protein were used to get the results (umol Trolox Eq/mg protein). The amounts of
tissue TOS in cell supernatants were measured using Erel's automated assay technique (O, 2005). The
approach enables for estimating TOS levels by measuring tissue levels of ferric ions with the use of
xylenol orange because ferrous ion is oxidized to ferric ion when appropriate quantities of oxidants are
available in the medium. The calibration of the test was done with hydrogen peroxide (O, 2005). The
assay's results were given in micromolar hydrogen peroxide equivalents per milligram tissue protein
(umol H,O, Eg/mg protein).

2.7. Statistical Analysis

The data were analyzed as a mean with a standard error of the mean (SEM). SPSS Version 23.0 for
Windows was used to analyze the data. A one-way analysis of variance (ANOVA) was used to analyze
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the data, and the posthoc Tukey test was used to determine the differences between the experimental
groups. A statistically significant result of p<0.05 was accepted.

2.8. RESULTS

2.9. Carbamazepine’s effect on cell viability after glutamate-induced oxidative damage

Using a XTT cell proliferation test, the protective effects of CBZ against glutamate-induced
cytotoxicity in C6 cells were assessed. The effects of increasing CBZ concentrations (3.75-30 uM) on
cell viability in both control and glutamate-induced C6 cells were investigated in this study. The cells
were initially treated with increasing concentrations (3.75, 7.5, 15, and 30 uM) of CBZ for 1 hour and
then incubated with or without 10 mM glutamate-induced for the next 24 hours. Figure 2 shows that
preincubating C6 cells with glutamate for 24 hours dramatically decreased cell survival when
compared to control untreated cells (p < 0.05; Figure 2). Furthermore, as compared to glutamate-
induced C6 cells, the tested doses of 30 M CBZ increased cell survival.
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Figure 2. Effect of carbamazepine on cell survival in C6 cells after glutamate-induced cytotoxicity.
The data are expressed as mean + standard error mean. *p < 0.05 as compared with control-untreated
group; # p <0.05 compared with glutamate-treated.

2.10. Carbamazepine's effect on TAS and TOS levels after glutamate-induced cytotoxicity in C6
cells

The cells were treated with the single doses (30uM) of glutamate for 1 hour and then incubated or not
incubated with 10 mM glutamate for the next 24 hours. As shown in Figure 3, glutamate treatment had
no effect on the TAS level of C6 cells when compared to untreated control cells (p > 0.05; Figure 3A).
Furthermore, when CBZ was compared to an untreated control, the levels of TAS in C6 cells was
unchanged. Furthermore, when CBZ was compared to untreated control (p > 0.05; Figure 3A) and
glutamate-treated C6 cells (p > 0.05; Figure 3A), the level of TAS in C6 cells was unchanged.
Furthermore, preincubating C6 cells with glutamate for 24 hours increased TOS levels significantly as
compared to control-untreated cells (p < 0.05; Figure 3B). On the other hand, the CBZ (30 uM) +
glutamate significantly increased TOS levels in C6 cells compared with control untreated cells (p < 0.
05; Figure 3B).

2.11. Carbamazepine’s effect on TNF-a after glutamate-induced cytotoxicity in C6 cells

The ELISA tests were carried out to determine the effects of CBZ on TNF- following glutamate-
induced cytotoxicity in C6 cells. The cells were treated with the single dose (30 uM) of CBZ. The cells
were treated a single dose (30 M) of CBZ for 1 hour before being cultured or not with 10 mM
glutamate for the next 24 hours. When C6 cells were pre-incubated with glutamate for 24 hours, the
level of TNF- did not affect when compared to control untreated cells (p > 0.05; Figure 4).
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Figure 3. Effect of carbamazepine on TAS and TOS levels in C6 cells after glutamate-induced
cytotoxicity. The data are expressed as mean =+ standard error mean. *p < 0.05 and as compared with
control-untreated group.
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Figure 4. Effect of carbamazepine on Tnf-a levels in C6 cells after glutamate-induced cytotoxicity.
The data are expressed as mean = standard error mean. *p < 0.05 and as compared with control-
untreated group.

2.12. Carbamazepine’s on MDA after glutamate-induced cytotoxicity in C6 cells

After glutamate-induced cytotoxicity in C6 cells, the effects of CBZ on MDA were assessed using
ELISA Kits. Cells were pretreated with a single dose of CBZ (30 uM) for 1 hour then incubated with 10
mM glutamate or not. Cells were incubated for 24 hours after treatment. When C6 cells were pre-
incubated with glutamate for 24 hours, the MDA level did not alter when compared to untreated control
cells (p > 0.05; Figure 5). CBZ (30 M) + glutamate, on the other hand, significantly increased MDA
levels in C6 cells when compared to control untreated cells (p 0. 05; Fig. 5).
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Figure 5. Effect of carbamazepine on MDA levels in C6 cells after glutamate-induced cytotoxicity.
The data are expressed as mean =+ standard error mean. *p < 0.05 and as compared with control-
untreated group.
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3. Discussion

In this study is the first to investigate at the effect of Carbamazepine on glutamate-induced cytotoxicity
in C6 cells. CBZ pretreatment enhanced C6 cell survival and decreased cell death after glutamate-
induced cytotoxicity. CBZ pretreatment increased TOS levels in C6 cells but had no effect on TOS
levels after glutamate-induced cytotoxicity. Furthermore, CBZ increased MDA levels in C6 cells while
having no effect on TNF-a levels after glutamate-induced cytotoxicity in C6 cells.

Recent studies have focused on voltage-gated sodium channel (VGSC-) inhibitors, which may be able
to defend the existing neurons from further damage. Sun et al. reported that fenamates (mefenamic acid
and flufenamic acid), voltage-gated sodium channel inhibitors, protect against glutamate-induced
damage in SH SY5Y cells (Sun et al., 2020).

The main mechanism of CBZ is thought to be the blockage of voltage-gated sodium channels (RL,
2002). However pharmacodynamic studies report the mechanisms of clinical action of CBZ are more
complicated with calcium-induced calcium-releasing system (Y. S et al., 2007), glutamate release (O.
M et al., 1998; Yamamura et al., 2009), and modulation of voltage-sensitive calcium channels (Y. S et
al., 2007; Zhu et al., 2002).

Okada et al., investigated the effects of acute and chronic administration of CBZ on astroglial L-
glutamate release using primary cultured astrocytes. Their research demonstrated this that both acute
and chronic treatment of CBZ reduced excitatory astroglial glutamatergic transmission related with
IP3-R and AMPA-R (O. M et al., 2019).

Oxidative stress is the reaction in which there is an imbalance between the production and elimination
of ROS and reactive nitrogen species, which creates the possibility of organic damage. It is suggested
that oxidative stress plays an active role in the development of neurodegenerative diseases (SJ & BC,
2010). Several researches on genetic studies and animal models have shown an enhance both in
mitochondrial oxidative stress and consequent cell damage after recurrent seizures (AJ & M, 1995; LP
& M, 2006; MR et al., 2000). Oxidative stress can be induced by a variety of diseases or by being
exposed to specific substances. It has been suggested that an increase in the amount of active oxygen
metabolites or a decrease in the activity of antioxidative defense systems may lead to an increase in
seizure frequency (JA & JS, 1991; LJ & JJ, 1981). This oxidative stress is controlled by antioxidant
mechanisms (JM, 2000). The organism is protected by this system against the damaging effects of
substances (Tutanc et al., 2015). Antioxidant action's function in the treatment of AEDs is
controversial. The relationship between membrane lipid peroxidation, neuronal excitotoxicity,
antioxidants, and AEDs was reviewed by Hamed and Abdellah (SA & MM, 2004). Ekici et al., in their
experimental study, showed that valproic acid pretreatment, which is an AED before epileptic seizures,
has a DNA damage-increasing effect (EKICI & TASKIRAN, 2020).

Oxidative damage induced by CBZ was demostrated by some previously conducted researches (C. M
et al., 2000; G. M et al., 2004). Decreased TAS and increased levels were also showed by some in vitro
researches (ZH, P, et al, 2010; ZH, V, et al, 2010). Similarly, our results showed that CBZ
pretreatment increased TOS and MDA levels in glutamate-induced cells.

TNFa- is a cytokine that is produced by immune cells and is a proinflammatory cytokine. It has been
suggested that TNF-a causes CNS disorders by increasing neuroinflammation in the brain (DiSabato et
al., 2016)(Ransohoff, 2016). Ichiyama et al. found that CBZ had no effect on TNF-a in LPS-induced
THP-1 cells (T et al., 2000). . In addition, Okada et al reported that acute administration of CBZ did not
alter Tnf-a levels, whereas chronic administration did not inhibit Tnf-a (O. M et al., 2019).
Carbamazepine found to have a significant role in glial cell survival, according to our results. Because
glial cells are important in neurodegenerative disorders, carbamazepine might be used as a
complementary therapy for the treatment neurodegenerative diseases. While carbamazepine produced
protective effective in the acute process, long-term usage may increase oxidative damage and cause cell
death. Therefore, it must be supported by more research.

There are some potential limitations in the research. This investigation was used in C6 rat glioma cells
instead of than primer glial cells. Our method is not sufficient to explain all processes causing
carbamazepine’s effects on C6 glial cells. More research is needed to understand the effects of
carbamazepine on glial cells.

4. Conclusion
The results of this study demostrated that carbamazepine reduced cell death against glutamate-induced
in C6 glial cells. However, the protective effect of CBZ has been demonstrated with acute
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administration. At the same time, carbamazepine increased oxidative damage in this process. This
effect could possibly occur through MDA. However, further study is required to answer the questions
about the possible mechanisms involved.
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