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Abstract 

Purpose: The current study was intended to investigate the potential effect of ethosuximide on 

glutamate-induced cytotoxicity and oxidative stress in C6 glial cells. 

  

Material and Methods: In our study, the C6 cell line was used. To see how ethosuximide affected 

glutamate-induced cytotoxicity, four cell groups were created. The control group was without any 

treatment. Cells in the glutamate group were exposed to 10 mM glutamate for 24 h. Cells in the 

ethosuximide group were treated with various concentrations (5, 10, 20, and 40 μM) of ethosuximide 

for 24 h. Cells in the ethosuximide + glutamate group were pre-treated with various concentrations of 

ethosuximide for 1 h and then treated with glutamate for 24 h. The cell viability was measured using an 

XTT assay.Total oxidant status (TOS) and Total antioxidant status (TAS) in the cells were measured by 

commercial kits. 

 

Results: Ethosuximide at the concentrations of 10, 20, and 40 μM significantly increased the cell 

viability in C6 cells (p < 0.001). Ethosuximide at the concentration of 40 μM significantly decreased 

the TOS levels (p < 0.05) whereas didn’t alter the TAS levels (p > 0.05).  

 

Conclusion: Ethosuximide can cause neuroprotective effect on C6 cells. Additionally, one of the 

potential mechanisms involved in this effect is inhibition of oxidative stress.  
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1. Introduction 

Glutamate, the central nervous system's principal excitatory neurotransmitter, is involved in brain 

development as well as functions like sensory activity, memory, learning, synaptic transmission 

modulation and  movement control [1]. Overstimulation of both ionotropic and metabotropic glutamate 

receptors, on the other hand, has been linked to neuronal injury in a number of neurodegenerative 

diseases, including Parkinson's disease, Huntington's disease, dementia complex, amyotrophic lateral 

sclerosis, and Alzheimer's disease [2]. Neurologic trauma, hypoglycemia, stroke, and epilepsy are 

examples of acute shocks that cause enormous brain cell death and have been linked to excitatory 

imbalance [3]. Two key mechanisms of glutamate cytotoxicity have been identified in vitro: 

excitotoxicity as well as cystine transport inhibition-related oxidative stress [4]. Excessive glutamate 
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exposure causes membrane depolarization, which can lead to cell death if left untreated. The oxidative 

stress process of glutamate cytotoxicity is the result of simultaneous cystine transport blockage and 

increased reactive oxygen species production. For intracellular glutathione (GSH) synthesis, cysteine is 

the rate-limiting amino acid substrate. Almost majority of the extracellular cysteine is in the oxidized 

cystine state due to its redox instability. As a result, extracellular cystine is the main source of 

intracellular cysteine for GSH biosynthesis. Because glutamate and cystine share the same amino acid 

transporter, they compete for transport into cells. Cysteine transport is limited in the presence of high 

extracellular glutamate levels, resulting in cellular GSH depletion. When GSH, the main cellular 

antioxidant, is depleted, the cell becomes more vulnerable to oxidative damage. Peroxides produced by 

lipoxygenase and monoamine oxidase action may contribute to oxidative stress, which causes GSH-

depleted cells to die. In cell lines such as C6 and PC-12, the development of oxidative stress by 

glutamate has been shown to be the predominant cytotoxic pathway. There is considerable evidence 

that glutamate-induced disruption of intracellular redox homeostasis is a major contributor to cellular 

damage in vivo [4]. 

For the treatment of absence seizures, ethosuximide was offered as an effective and relatively well-

tolerated medicine. The decrease of low-threshold T-type calcium flows in thalamic cells is the 

principal mechanism of effet of ethosuximide in the treatment of absence seizures [5]. Ethosuximide 

has been shown to protect against NRHypo (NMDA receptor hypofunction) neurotoxicity [6]. 

Ethosuximide has been shown to enhance the phenotypes of many neurodegenerative disorder models 

by modifying the expression of DAF-16/ FOXO target genes [7]. The Kornfeld lab was one of the first 

to find that ethosuximide treatment extended the lifespan of wild type C. elegans. Following that, 

ethosuximide was found to rescue C. elegans neurons in three different neurodegenerative models: 

frontotemporal dementia with parkinsonism-17, amyotrophic lateral sclerosis, and adult-onset neuronal 

ceroid lipofuscinosis. The neuroprotective benefits of ethosuximide are not restricted to worms; it has 

also been reported to be effective in a human neuroblastoma cell culture model of Huntington's disease 

[8]. The neuroprotective benefits of ethosuximide are not restricted to worms; it has also been reported 

to be effective in a human neuroblastoma cell line model of Huntington's disease [7]. Additionally, 

ethosuximide reduced neuronal damage and cognitive impairments in amyloid beta toxin-induced 

Alzheimer's disease model of rat [9], indicating that its protective benefits could be translated to 

humans and repurposed as a general neuroprotective drug [8]. However, the effect of ethosuximide on 

glutamate-induced cytotoxicity and the mechanisms behind it remain unknown. The effect of 

ethosuximide on glutamate-induced cytotoxicity and oxidative stress in C6 glial cells was investigated 

in this work. 

 

2. Materials And Methods 

1.1. Cell Culture 

Because of its glutamate-induced cytotoxicity, the C6 Glioma (CRL107) cell line was chosen in this 

work [10]. The American Type Culture Collection provided C6 Glioma cell lines. The cells were 

grown in DMEM (Thermo Fisher Scientific, Altrincham, UK) with 10% Fetal Bovine Serum (FBS) 

(Sigma-Aldrich Co., St Louis, MO, USA), 1% L-glutamine (Sigma-Aldrich Co., St Louis, MO, USA), 

and 1% penicillin/streptomycin (Sigma-Aldrich Co., St Louis, MO, USA) (Sigma-Aldrich Co., St 

Louis, MO, USA). The cells were kept at 37° C in a humidified environment containing 5% CO2. 

Ethosuximide (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. 

 

1.2. Glutamate‑induced cytotoxicity 

To test the effect of ethosuximide on glutamate-induced cytotoxicity, four cell groups were created. It 

was not applied any treatment to the cells in the control groups. Cells in the glutamate group were 

treated with glutamate at dose of 10 mM and then incubated for 24 h. According to the literature, the 

glutamate concentration (10 mM) that causes the death of 50% of glial cells was chosen [11]. 

ethosuximide was added to cells in the ethosuximide group at different concentrations (5, 10, 20, and 

40 μM) and then the cells were incubated for 24 hours. Ethosuximide was added to cells in the 

ethosuximide + glutamate group at different concentrations (5, 10, 20, and 40 μM) for 1 hours and 

then10 mM glutamate was applied for 24 hours. 

 

1.3. Cell Viability Assay 

The viability of cells were evaluated using the XTT test (Roche Diagnostic, MA, USA). Cells were 

cultivated in 96-well plates at the density of 1×104 cells for each well in 100 μl of DMEM and 

incubated overnight before ethosuximide. The glutamate-induced cytotoxicity process was carried out 
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as described above. 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 final phase, 100 μl of DMEM 

without phenol red and a mixture of 50 μL XTT labeling solution were applied to each well, and the 

plates were kept at 37 °C 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 in comparison to 

the control (Figure 1). 

 

 

 
Figure 2 Experimental design of study (created by BioRender). 

 

1.4. Preparation of cell homogenates 

The cells in each group were collected by sterile tubes. The supernatants were collected 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. Repeated 

freeze-thaw cycles were applied to the cells to burst and allow the internal components to escape. They 

were centrifuged at 4000 rpm for about 10 minutes at a temperature of 4°C. Then, the supernatants 

were gathered for analysis of TOS, TAS and total protein levels (Taskiran, & Ergül, 2021). 

 

1.5. Total Antioxidant Status And Total Oxidant Status Evaluation 

The levels of TAS and TOS in cell supernatants were measured using an automated test method, which 

was developed by Erel [13]. The total antioxidant status assay depends on controlling the reaction 

proportion of free radicals by determining the absorbance of colored dianisidyl radicals throughout free 

radical reactions starting with the generation of hydroxyl radicals. Antioxidants in the samples should 

prohibit coloring proportional to their concentrations. The obtained results were expressed in μmol 

Trolox Eq/mg protein. In the total oxidant status, ferrous ions are oxidised to ferric ions when the 

medium contains enough oxidizers so that the test enables TOS levels to be determined by measuring 

the level of ferric ions through the use of orange xylenol. To calibrate the assay, hydrogen peroxide 

was used. The obtained results were expressed at μmol H2O2 Eq/mg protein. Bradford protein assay kit 

(Merck Millipore, Darmstadt, Germany) was used to determination of total protein levels in samples. 

 

1.6. Statistical analysis 

The statistical significance for the tests was found out using one way ANOVA followed by a Tukey 

post hoc test (SPSS 14.0 for Windows) for multiple comparisons between groups. Data acquired from 

the cell viability tests were stated as the mean ± standard error. Significance level was determined as p 

˂ 0.05. 

 

3. Results 

3.1. Effect of Ethosuximide at different doses on C6 Cell Viability after cytotoxicity induced by 

glutamate 

An XTT cell proliferation test was used to assess protective properties of ethosuximide against 

glutamate-induced cytotoxicity in C6 cells. The effects of various doses of ethosuximide (5–40 μM) on 

cell viability in both control and glutamate-treated C6 cells were investigated in this work. 

Ethosuximide at doses of 5, 10, 20, and 40 μM was added to cells for 1 hour before they were 

incubated with or without  glutamate at dose of 10 mM for the next 24 hours. Figure 2 shows that 

preincubating C6 cells with glutamate for 24 hours decreased cell viability substantially compared to 

the control group (p < 0.001; Figure 2). However, as compared to the glutamate-treated group, 
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ethosuximide at doses of 10, 20, and 40 μM improved cell viability (p < 0.001; Figure 2). Furthermore, 

ethosuximide did not affect C6 survival at any dose when compared to the control group (p > 0. 05; 

Figure 2). 
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Figure 2. Effect of Ethosuximide on cell survival in C6 cells after glutamate -induced cytotoxicity. The 

data are expressed as mean ± standard error mean.*p < 0.001 as compared with control group; 
#
p < 

0.001 as compared with glutamate-treated group. 

 

 

3.2. Effect of Ethosuximide on TAS and TOS Levels in C6 cells  after cytotoxicity induced by 

glutamate 

Ethosuximide at dose of 40 μM was added to cells for 1 hour before they were incubated with or 

without glutamate at dose of 10 mM for the next 24 hours. Figure 3 shows that preincubating C6 cells 

with glutamate for 24 hours decreased TAS levels substantially compared to the control group (p < 

0.05; Figure 3A). In comparison to control (p > 0.05; Figure 3A) and glutamate-treated groups (p > 

0.05; Figure 3A), ethosuximide did not alter TAS level in C6 cells. On the other hand, preincubating 

C6 cells with glutamate for 24 hours increased TOS levels, substantially compared to the control group 

(p < 0.05; Figure 3B). In comparison to the glutamate-treated group (p < 0.05; Figure 3B), 

ethosuximide substantially decreased TOS level in C6 cells. 

 

 
Figure 1. Effect of Ethosuximide on TAS and TOS levels in C6 cells after glutamate -induced 

cytotoxicity. The data are expressed as mean ± standard error mean. *p < 0.05 as compared with 

control group; 
#
p < 0.05 as compared with glutamate-treated group. 

 

4. Discussion 

The effects of ethosuximide on glutamate-induced cytotoxicity and oxidative stress in C6 cells were 

investigated for the first time in this study. It was discovered that pretreatment with ethosuximide 

reduced deleterious glutamate alterations in C6 cells. In addition, ethosuximide reduced TOS levels but 

did not change TAS levels after glutamate -induced oxidative stress in the C6 cells. The widespread 

belief that glutamatergic transmission overactivity causes cell death in a variety of neurological 

disorders has driven extensive research into medicines that can reduce or eliminate excitotoxicity [3]. 

Excitotoxicity has been linked to a number of chronic and acute neurological damages, including 
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Alzheimer’s, Parkinson’s,  and Huntington’s diseases, brain trauma, AIDS dementia complex, stroke 

[14][15,16] and spinal cord lesion [17] . Excitotoxicity, which is generated by excessive glutamate 

stimulation and results in excessive calcium ion influx into the cell, is the basic mechanism in the 

pathogenesis of these disorders. Calcium enters the cell, which causes mitochondrial malfunction and 

elevates intracellular nitric oxide levels, inducing cell death processes [10].  

As cystine and glutamate utilize the same transport pathway, an increase in glutamate in the plasma or 

extracellular fluids will prevent cystine from being transported. This reduces cysteine availability 

within the cell for glutathione (GSH) production, resulting in reduced cellular GSH and greater 

oxidative stress susceptibility. The accumulation of intracellular peroxides after glutamate 

administration could be linked to the cell's concomitant GSH depletion. Under usual conditions, GSH 

peroxidase, which uses GSH as a substrate, effectively decomposes both organic and inorganic 

peroxides in cells.  However, substantial depletion of cellular GSH stores, such as that seen after 

glutamate therapy, may limit GSH peroxidase action and lead to peroxide accumulation. As a result, 

glutamate-induced peroxide accumulation inside the cell was significantly higher in GSH-arrested cells 

[18]. 

An imbalance between oxidants and antioxidant defense mechanisms is known as oxidative stress. This 

imbalance results in excessive ROS generation, which damages tissues and disrupts the organism's 

physiological function. Furthermore, research suggests that oxidative stress is a key factor in the 

development of neurodegenerative illnesses and CNS disorders [12]. In agreement with these 

information, glutamate reduced cell viability and increased oxidative stress in our research. 

Ethosuximide is an antiepileptic medicine used to treat absence epilepsy [19]. Other neuropsychiatric 

illnesses may benefit from its use as a treatment [20]. It was demonstrated that ethosuximide stimulated 

proliferation and neuronal differentiation of neural stem cells (NSCs) obtained from the rat 

hippocampus in vitro, enhanced hippocampal neurogenesis in adult rats, and reversed hippocampal 

NSCs loss as well as learning and memory problems in the rat model of Alzheimer disease. In addition 

it was shown that ethosuximide may stimulate neurogenesis via the PI3K/AKT/Wnt/-catenin signaling 

pathway [9].  In other studies, the Ca2+ channel blocker ethosuximide  and different medicines that 

lower extracellular and intracellular Ca2+ levels were found to cause neuroprotective effect [21]. T-

type Ca2+ channel is one of the voltage-gated Ca2+ channels that control Ca2+ levels within cells. In 

NOD/LtJ mice, it was shown that ethosuximide, a T-type Ca2+ channel blocker, dramatically lowered 

the increase in age-related ABR (auditory-evoked brainstem response) thresholds, and loss of outer hair 

cell and spiral ganglion neuron. These effect were linked to the downstream apoptotic pathway [22]. It 

has been found that inhibiting T-type Ca2+ channels using ethosuximide can suppress epileptogenesis 

[23]. In a research on glutamate-induced damage in stroke, Ca2+ channel inhibition substantially 

inhibited Ca2+ entry and postponed neuronal death [23]. Additionally, usual Ca2+ entry antagonists 

inhibit neuronal death when applied before and throughout the injury stage of glutamate excitotoxicity 

[24]. It was reported that calcium channel blockers can inhibit apoptosis or necrosis induced by 

glutamate [25]. It was found that T-type calcium channel antagonists can reduce calcium homeostasis 

dysregulation and enhanced vulnerability to rotenone-induced stress in Parkinson's disease [26]. The 

effects of calcium channel blockers in reducing oxidative stress have been confirmed [27]. Efonidipine, 

a T-type calcium channel blocker, has been shown to improve renal interstitial fibrosis via activating 

Nrf2 and subsequently antioxidant enzymes [28]. In agreement with these studies, in this study, it was 

found that ethosuximide increased cell viability in XTT assay after glutamate-induced cytotoxicity in 

C6 cells by inhibiting of oxidative stress. In contrast to our findings, Williams et al. demonstrated that 

ethosuximide  did not produce measurable neuroprotection in cultured rat neurons after a range of 

insults [29]. Given these findings, it's reasonable to hypothesize that ethosuximide can cause 

therapeutic benefits in neurodegenerative illnesses.  

 

5. Conclusion 

The results of this investigation indicated that ethosuximide decreased cell death in C6 glial cells after 

glutamate-induced cytotoxicity.These effects may be a result of oxidative stress inhibition. As a result, 

ethosuximide may have a neuroprotective effect. However, further research is needed to answer the 

issues concerning the potential processes involved. 
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