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Oxidative stress is defined as an imbalance between the generation of reactive oxygen species (ROS) and their 
scavenging. Indatralin, which has serotonin reuptake inhibitory activity, has not yet been studied for its ability 
to prevent oxidative damage. Our research's objective was to find out how indatraline defends against oxidative 
damage. C6 cells were used in the study and four different cell groups were created. The control group received 
no therapy at all. For 24 hours, cells in the H2O2 group were exposed to 0.5 mM H2O2. The indatraline group 
received indatraline treatments for 24 hours at various doses (0.5, 1, 2.5, 5 and 10 μM). For one hour, indatraline 
was administered to the indatraline + H2O2 group at various concentrations (0.5, 1, 2.5, 5 and 10 μM) before the 
group was subjected to 0.5 mM H2O2 for 24 hours. Following the occurrence of oxidative damage, total 
antioxidant status (TAS) and total oxidant status (TOS) levels were determined. Cell viability was also evaluated 
using the XTT assay. As a result, after hydrogen peroxide-induced oxidative damage, indatraline at doses of 10, 
5, and 2.5 μM showed a protective effect by significantly enhanced cell survival in C6 cells(p < 0.001). 
Additionally, indatraline boosted the lowered TAS level while decreasing the elevated TOS levels following 
hydrogen peroxide-induced oxidative damage (p<0.001). 
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Introduction 
 

Hydrogen peroxide (H2O2), superoxide anions (O2-), 

and hydroxyl radicals (OH-), which are generated in 

minute quantities during regular oxygen metabolism, are 

known as reactive oxygen species (ROS). In the 

dismutation reaction of superoxide, two superoxide 

molecules receive two protons to produce hydrogen 

peroxide and molecule oxygen. Because non-radical 

products are produced in this process, either naturally or 

as a result of the enzyme superoxide dismutase (SOD), it 

is known as the dismutation reaction. In addition, ROS 

play a crucial role for these cells[1] in crucial signal 

transduction processes including secondary messenger 

systems[1]. Free radicals are extremely harmful to cells 

and maintain homeostasis by interacting harmoniously 

with the antioxidant system[2]. Disruption of the 

oxidant/antioxidant balance causes the formation of free 

radicals, damaging important cell structures such DNA[3], 

lipids[4], proteins[5], and carbohydrates[6]. Cells lose 

their ability to function and finally perish as a result of 

genetic damage brought on by an excessive increase in 

H2O2 production [7,8]. Lipid peroxidation is the primary 

mechanism of ROS-induced oxidative damage[9]. Due to 

the brain's high lipid content and heightened sensitivity to 

ROS, many neurodegenerative disorders are caused by 

increased oxidative stress [10–12]. Long-term 

potentiation (LTP), a key process for learning, synaptic 

transmission, and neural plasticity, has been 

demonstrated to be dramatically reduced by elevated ROS 

concentrations[13,14]. Glial cells like microglia and 

astrocytes are the principal producers of ROS[15]. 

Therefore, lowering oxidative stress by regulating ROS 

generation in glial cells is crucial for the treatment of 

neurodegenerative disorders. 

A strong inhibitor of serotonin (5-HT) reuptake is 

indatraline. By inhibiting 5-HT reuptake, serotonin 

reuptake medications boost serotonin transmission and 

have antidepressant effects by reducing the number and 

sensitivity of post synaptic receptors[16], [17]. Numerous 

psychiatric medications, including serotonin reuptake 

inhibitors, have been shown in studies to have 

neuroprotective benefits[18,19]. One study suggested 

that indatralin may slow the progression of various 

neurodegenerative disorders, including Alzheimer's 

disease, by inducing autophagy.[20]. Its effects on 

oxidative damage in C6 glioma cells, however, have not 

yet been studied and are still unknown. In this study, we 

looked at how indatraline affected the production of ROS 

and the viability of C6 glioma cells under an oxidative 

damage scenario generated by H2O2. 
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Material And Methods 
 
Cell Culture 
C6 Glioma (CRL107) cell lines were acquired from 

the American Type Culture Collection and cultured in 
DMEM (Thermo Fisher Scientific, Altrincham, UK) 
containing 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. The cells were kept at 37°C in 
a 5% CO2 humidified environment. Before treatment, 
stock solutions were made by dissolving indatraline 
and H2O2 (Sigma-Aldrich Co., St. Louis, MO, USA) in 
DMEM. 

 

Cell Viability Assay 
The Roche Diagnostic, Massachusetts, USA, XTT assay 

was employed to measure cell viability. Prior to 
indatraline treatment, C6 glioma cells were seeded in 96-
well plates at a density of 1x104 cells per well in 100 mL of 
DMEM. Four cell groups were set up the following day to 
assess indatraline's protective effects. The control group 
did not receive any care. For 24 hours, cells in the H2O2 
group were exposed to 0.5 mM H2O2. For 24 hours, cells 
in the indatraline group were exposed to indatraline at 
different concentrations (10, 5, 2.5, 1 ve 0.5 μM). For 24 
hours, cells in the indatraline group were exposed to 
indatraline at different concentrations (10, 5, 2.5, 1 ve 0.5 
μM ). The indatraline + H2O2 group's cells had an hour of 
pretreatment with varying doses of indatraline (10, 5, 2.5, 
1 or 0.5 μM) before being exposed to 0.5 mM H2O2 for 24 
hours. After incubation, the medium was taken out, and 
phosphate buffered saline was used to wash the wells 
twice. The plates were then kept at 37°C for 4 hours after 
the last step of adding 100 μL of DMEM without phenol 
red and 50 μL of XTT labeling solution to each well. The 
plates were shaken, and an ELISA microplate reader 
(Thermo Fisher Scientific, Altrincham, UK) was used to 
measure the absorbance at 450 nm. The cell viability was 
determined by comparing the percentage of viable cells to 
the control, or untreated cells, in each experiment three 
times (Figure 1). 

 

Preparation of Cells Homogenates 
Sterilized tubes were used to collect the cells for each 

group. They underwent a 10-minute centrifugation at 
2000 rpm. Supernatants were eliminated. PBS (pH: 7.4) is 
used to thin the cell suspension to a cell concentration of 
roughly 1 million cells per milliliter. This component of the 
cells that are in the under the tubes, suspended. Through 
numerous freeze-thaw cycles, the cells were destroyed in 
order to release the internal components. They 
underwent a 10-minute, 4oC, 4000 rpm centrifugation 
process. Then, using TAS and TOS commercial kits (Rel 
Assay Kit Diagnostics, Antep, Turkey), the supernatants 
were collected for biochemical examination of total 
antioxidant status (TAS) and total oxidant status (TOS). 
The total protein levels in samples were determined using 

a Bradford protein assay kit (Merck Millipore, located in 
Darmstadt, Germany)[21]. 

 

Measurement of TAS and TOS 
An automated test technique that Erel had previously 

created was used to measure the TAS concentrations in 
the cell supernatants [22]. The technique is based on 
detecting the absorbance of colored diacidly radicals 
during free radical reactions, starting with the generation 
of hydroxyl radicals in the Fenton reaction, in order to 
track the reaction rate of free radicals. According to their 
quantities, antioxidants in the tissue samples should 
decrease coloring[22]. Micromolar Trolox equivalents per 
milligram of tissue protein (mol Trolox Eq/mg protein) 
were used to express the results. Using Erel's automated 
test approach, tissue TOS concentrations in cell 
supernatants were measured[23]. The method enables 
the measurement of tissue ferric ion levels using xylenol 
orange in order to quantify TOS levels because ferrous ion 
is converted to ferric ion when sufficient amounts of 
oxidants are present in the medium. The calibration of the 
assay was done using hydrogen peroxide[23]. In 
micromolar hydrogen peroxide equivalents per milligram 
tissue protein (μmol H2O2 Eq/mg protein), the assay's 
results were expressed. 

 

Statistical Analysis  
The results were expressed as a mean ± standard error 

of the mean (SEM). The data analyses were performed 
with SPSS Version 23.0 for Windows. The data were 
evaluated using a one-way analysis of variance (ANOVA) 
and a postdoc Tukey test was utilized to identify the 
differences between the experimental groups, and a value 
of p < 0.05 was accepted as statistically significant. 

 

Results 
 
Effects of Indatraline on Cell Viability in C6 

Glioma Cells İnduced Oxidative Damage by H2O2 
To assess the neuroprotective effects of 

indatraline on C6 glioma cell toxicity by, an XTT cell 
viability experiment was carried out. Our work 
employed the 0.5 mM H2O2 IC50 value that was 
discovered in earlier research on C6 glioma cells [24]. 
According to Figure 1, continuous H2O2 (0.5 mM) 
concentration significantly reduced cell viability when 
compared to control (γP<0.001, Figure 1). At 
concentrations of 10, 5, and 2.5 µM, indatraline 
treatment significantly boosted the viability of H 2O2-
induced C6 glioma cells (αP<0.001, Figure 1). 
Additionally, there was no discernible difference 
between the control group and the C6 glioma cells 
treated with various amounts of indatraline in cells 
not treated with H2O2 (P>0.05). 
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Groups (XTT) Cell Viability 
(% of control) 

SEM 

Control 100 0 

H2O2 52.73 ± 0.81 

Ind 10 µM + H2O2 78.64 ± 1.57 

Ind 5 µM + H2O2 72.53 ± 0.91 

Ind 2.5 µM + H2O2 67.34 ± 1.93 

Ind 1 µM + H2O2 53.53 ± 1.74 

Ind 0.5 µM + H2O2 55.63 ± 1.82 

Ind 10 µM 105.52 ± 1.42 

Ind 5 µM 104.42 ± 2.53 

Ind 2.5 µM 103.56 ± 2.41 

Ind 1 µM 100.11 ± 1.11 

Ind 0.5 µM 99.22 ± 2.12 

 

 

Figure 1. Effects of indatraline on C6 glioma cells' ability 
to survive after being subjected to H2O2-induced 
oxidative damage. Results are shown as the mean ± 
SEM (γP<0.001, αP<0.001). 

 

Evaluation of the Effect of Indatraline on TAS 
and TOS in C6 Glioma Cells Induced Oxidative 
Damage by H2O2 

Using commercial kits, TAS and TOS were evaluated in 
C6 glioma cells. H2O2-treated cells had considerably lower 
TAS levels than control cells in C6 glioma cells (γP<0.001, 
Figure 2). The TAS level in the H2O2 + indatraline group was 
considerably higher than that in the H2O2 group (αP<0.001, 
figure 2). In H2O2-treated cells compared to control, TOS 
level was considerably higher (γP<0.001, Figure 2). When 
compared to the H2O2 group, the TOS level was 
considerably lower in the H2O2 + indatraline 
group(αP<0.001, Figure 2).  

 
Groups (TAS) mol Trolox 

Eq/mg 
protein 

 SEM  

Control 0.76 ± 0.041 
H2O2 (0.5 mM) 0.49 ± 0.022 
Ind 10 µM + H2O2 0.72 ± 0.025 
Ind 10 µM  0.75  ± 0.017 

 

Groups (TOS) μmol H2O2 
Eq/mg protein 

SEM  

Control 1.54 ± 0.085 
H2O2 (0.5 mM) 4.01 ± 0.094 
Ind 10 µM + H2O2 2.54 ± 0.076 
Ind 10 µM  1.55  ± 0.083 

 

 

 

Figure 2. Effects of indatraline on TAS and TOS following 
H2O2 treatment in C6 glioma cells. Values are 
presented as mean ± SEM (γP<0.001, αP<0.001). 

 

Discussion 
 
Numerous mechanism can cause oxidative stress, 

which can cause cell death and brain dysfunction [25]. As 

a result, it may increase the risk of developing 

neurodegenerative illnesses like Alzheimer's, Parkinson's, 

Hungtinton, and others [26,27], with ROS and H2O2 in 

general, which are the main causes of oxidative stress, 

contributing to the underlying causes of these conditions 

[28]. Indatraline's ability to protect C6 glioma cells from 

oxidative damage brought on by hydrogen peroxide was 

assessed in this work for the first time. Here, indatraline 

significantly shielded C6 cells from the toxicity brought on 

by hydrogen peroxide. Additionally, indatraline 

pretreatment demonstrated a strong protective effect by 

raising TAS level and lowering TOS level against hydrogen 

peroxide-induced oxidative damage in C6 cells. 

Numerous antidepressants, including indatraline, have 

been demonstrated in prior research to shield the brain 

from oxidative stress. In vitro research done concurrently 

with our findings revealed that indatraline greatly 

increased cell viability in HT-22 hippocampus cells 

subjected to glutamate-induced toxicity[29]. Indatraline 
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may mitigate various neurodegenerative illnesses marked 

by the buildup of fibrillary tangles, according to another in 

vivo study[20]. According to yet another study, serotonin 

reuptake inhibitors like indatraline exhibit brain-

protective effects via boosting the brain's production of 

neurotrophic factor[30], [31]. Indatraline shown a 

neuroprotective effect against neuropathic pain in 

another trial of the condition[32]. Salam et al. 

demonstrated, in accordance with our findings, that 

serotonin reuptake medications boosted the antioxidant 

system and decreased oxidative stress by raising TAS 

levels in the brain and liver[33]. In a comparable manner 

it was demonstrated in a comparable in vivo investigation 

using the serotonin reuptake inhibitor fluvoxamine that 

elevated TAS levels lowered oxidative stress by activating 

the antioxidant system[34]. 

Our results support earlier research and demonstrate 

that indatraline protects against oxidative damage by 

enhancing the antioxidant system and suppressing the 

oxidant system in glial cells and makes a major 

contribution to their survival. In the pathophysiology of 

several neurodegenerative illnesses, glial cells are crucial. 

Consequently, in the treatment of such disorders, 

indatraline might function as a protective agent. However, 

further research is required in this area. 

This article has some limitations. Instead of primary 

glial cells, glioma cells, a secondary cell line, were used for 

this study. The techniques used are insufficient to explain 

indatraline's protective effects. More methodologies and 

mechanisms need to be studied, such as measurement of 

oxidative stress parameters including ROS levels and lipid 

peroxidation. 

 

Conclusion 
 
The results of this investigation demonstrated that 

indatraline decreased the oxidative damage caused by 
hydrogen peroxide in C6 glial cells. These effects are most 
likely brought about by the antioxidant system being 
stimulated, which lowers oxidative stress. Indatraline may 
therefore have a calming impact on the central nervous 
system. To clarify this, more study is necessary. 
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