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ABSTRACT: Glial cells are crucial for maintaining the stability of the brain, 

providing support to neurons, and managing oxidative stress. This research 

examined the cytoprotective effects of the flavonoid Quercetin on C6 glial cells 

subjected to oxidative stress induced by the chemical hypoxic mimetic Cobalt-

Chloride (CoCl2). Treatment with cobalt chloride led to oxidative damage within the 

cells, indicated by increased levels of reactive oxygen species, lipid peroxidation, 

and a decrease in mitochondrial membrane potential. Pre-treatment with Quercetin 

offered significant protection by boosting antioxidant defences, lowering oxidative 

stress, and maintaining mitochondrial function, thereby reducing the number of 

apoptotic cells. The effectiveness of Quercetin was found to be dependent on 

concentration: lower doses were notably effective for certain measures, while higher 

doses displayed limited effects or, at times, exacerbated the damage, implying a 

biphasic response. These observations imply that quercetin’s protective potential is 

determined not only by its dose but also by the particular type of cellular stress or 

injury encountered. Overall, these findings highlight Quercetin as a neuroprotective 

agent and underscore the need for its dose optimisation and further studies in 

physiologically relevant models. 

INTRODUCTION: Quercetin is a pentahydroxy 

flavone having hydroxy group at 3-,3’-,4’-,5- and 

7- positions 
1, 2

.
 
It is a natural flavonoid found in a 

variety of fruits, vegetables and grains like red 

onion, capers, berries, apples etc. It has radical 

scavenging properties which makes it a potent 

antioxidant. It also exerts anti-inflammatory, 

antihypertensive, gastroprotective, immuno-

modulatory effects 
1, 3, 4

. Three structural groups 

that are mainly responsible for free radical 

reactivity and stability of quercetin are: the B ring 

o-dihydroxyl groups, the 4-oxo group in 

conjugation with the 2,3-alkene, and the 3- and 5-

hydroxyl groups 
1, 5

. Quercetin helps in modulating 

cell signalling pathways and inhibit the activation  
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of pro-inflammatory cytokines which makes it a 

potential compound in mitigating inflammatory 

responses in the body 
6, 7, 8

. Its antioxidant activity 

protects the cell from oxidative damage caused by 

various factors including neurodegenerative 

disorders, cancers or hypoxia. Additionally, 

quercetin is also known to reduce viral replication 

and improve immune functions 
7, 9, 10

. 

The pathogenesis of hypoxia, ageing, and various 

neurodegenerative disorders like Alzheimer’s, 

Parkinson’s is often associated with oxidative 

stress. Oxidative stress arises when the endogenous 

antioxidant defence system fails to neutralise 

harmful free radicals. This impairment results in an 

imbalance between antioxidants and reactive 

oxygen species, causing the accumulation of ROS, 

which triggers oxidative damage to the 

biomolecules, resulting in damage at the cellular 

level and ultimately compromising organ integrity 

and function 
11, 12, 13, 14

. The brain is an 

extraordinary organ of the Nervous system, highly 

intricate and remarkable in its structure and 
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function. It consumes approximately 20 percent of 

the total oxygen consumed by the body 
15

. It has 

abundant lipid content and has high energy 

demands which makes it more vulnerable to 

oxidative insults. Besides this, the brain has 

relatively low antioxidant enzymes to combat 

oxidative stress 
16, 17

. The effect of oxidative stress 

is not same on all the types of brain cells. Among 

the brain cells, neurons and glial cells respond 

differently to the oxidative insults 
18, 19

. Neurons 

have long been the primary focus of study due to 

their crucial role in information transmission and 

signalling. They are susceptible to the risk posed by 

oxidative stress. However, Glial cells which were 

traditionally considered merely supporting cells to 

the neurons, are now considered very important 

component of nervous system playing pivotal 

multifaceted role in neuronal signalling, regulating 

brain homeostasis, forming myelin sheath and 

contributing to the dynamic functions of the 

nervous system. These cells have more robust 

antioxidant defence system and can help protect the 

neurons against the damage caused by Reactive 

oxygen species (ROS), however in some cases they 

become overactivated in response to oxidative 

stress signals generating more ROS 
20, 21

. 

Astrocytes, the most abundant type of glial cells 

perform variety of functions like neurotransmitter 

uptake and recycling, regulating blood brain 

barrier, supplying antioxidants to the surrounding 

neuronal cells etc. Microglia, are the resident 

immune cells of brain which helps in removing 

dead and decaying neurons and maintain the 

overall health of the brain. They are also known as 

Brain’s macrophage. Oligodendrocytes are the type 

of glial cells which helps in formation of lipid rich 

myelin around the neurons. As glial cells perform 

various important functions, any damage to these 

would eventually lead to adverse effect on neuronal 

cells 
21, 22, 23, 24, 25

. 

Quercetin plays a neuroprotective role by 

modulating mitochondrial dynamics and neuronal 

function. While its potential in neuronal protection 

is well-documented, its impact on glial cells 

remains relatively underexplored. The present 

study aims to study the antioxidant and anti-

inflammatory properties of quercetin on glial cells 

subjected to oxidative insults. 

MATERIALS AND METHODS: 

Cell Culture: Glial cell line, C6 were cultured in 

DMEM supplemented with 10% FBS and 1% 

Antibiotic-Antimycotic solution and maintained in 

37˚C humidified CO2 incubator.  

Hypoxic Exposure and Quercetin Treatment: 

Oxidative stress was induced in the cells by using 

Cobalt- chloride (CoCl2), a hypoxic mimetic. For 

inducing hypoxia, the culture media was removed 

and cultured cells were washed with PBS 2-3 times 

and supplemented with fresh medium containing 

desired concentration of CoCl2. The 10mM stock 

solution was made by using CoCl2.6H2O (Sigma) 

dissolved in water. Similarly, quercetin treatment 

was done by removing culture media, washing with 

PBS and replacing it with fresh medium containing 

the desired concentrations of Quercetin. Quercetin 

was used in the form of Quercetin dihydrate 98% 

HPLC grade (Sigma). The quercetin was dissolved 

in Dimethyl sulfoxide (DMSO) to make a 10mM 

stock. To assess the effect of Quercetin on hypoxia-

exposed glial cells, cultured cells were washed with 

PBS 2-3 times, pre-treated with the desired 

concentration of Quercetin for 1 hour before 

treating it with CoCl2 for 24 hours.  

Determination of CoCl2 and Quercetin 

Concentrations: 

CoCl2 -Induced Cytotoxicity and Dose Selection 

using Cell Viability Assay: Cell viability assay 

was done using MTT for optimising the desired 

concentrations of CoCl2 and Quercetin. 3-[4,5-

dimethylthiazol-2-yl]-2, 5-diphenyltetrazolium 

bromide (MTT) (Sigma Aldrich, India) stock 

solution was prepared by dissolving 5mg MTT in 1 

ml PBS solution and then sterile filtered. Cells 

were seeded at a density of 2×10
4
 cells per well in a 

96-well plate, incubated overnight in a CO2 

incubator and then treated in triplicate with CoCl2 

at various concentrations (50µM, 100µM, 150µM, 

200µM, 250µM, 300µM, 350µM) for 24 hours. 

Blank wells with only media were also included. 

Cells were then washed with PBS and MTT 

solution was added at a concentration of 0.5 mg/ml 

per well. After the cells were incubated at 37°C in 

5% CO2 incubator for 4h, the MTT solution was 

removed and 150ul of HCl- isopropanol solution 

(0.01 N HCl in Isopropanol) was added overnight 

to dissolve the formazan crystals.  
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The amount of formazan product formed was 

determined by measuring absorbance at 570 nm 

using microplate reader.  

Quercetin Dose Selection: The dose optimisation 

for quercetin was also done in a similar way. 

Preliminary experiments were conducted to ensure 

that quercetin alone at different concentrations did 

not exhibit cytotoxicity. C6 cells were pre-treated 

with the selected Quercetin concentration, and then 

treated with determined optimal concentration of 

CoCl2. Apoptosis assays (as described below) were 

performed to identify the concentrations of 

quercetin that most effectively attenuated CoCl2-

induced apoptotic cell death without causing 

toxicity themselves.  

Apoptosis Assay: C6 glial cells were treated with 

different concentrations of Quercetin, CoCl2 

(300μM) alone or together at 37°C. After the 

treatment, the cells were washed, harvested, and 

resuspended in PBS. Apoptosis was determined 

using the Annexin V-FITC/PI Apoptosis kit 

(Elabscience) as per the manufacturer’s protocol. 

Briefly cells were washed with PBS and 

supernatant was discarded. 100μl 1x Annexin V 

binding buffer containing 2.5 μl 1X Annexin V and 

2.5μl Propidium Iodide (PI) was added to each tube 

containing cell pellet, mixed and incubated in dark 

for 30 minutes. After the incubation, 400μl 1X 

Annexin V binding buffer was added, mixed and 

cells were analysed using flow cytometer. 

Experimental Design and Treatments: C6 cells 

were divided into following experimental groups: 

Control: Cells treated with fresh culture medium. 

CoCl2: Cells treated with the selected CoCl2 

concentration. 

5μM Quercetin+ CoCl2: Cells pre-treated with 

5μMquercetin for 1 hour followed by co-treatment 

with CoCl2 for 24 hours. 

10μM Quercetin+ CoCl2: Cells pre-treated with 

10μMquercetin for 1 hour followed by co-treatment 

with CoCl2 for 24 hours. 

ROS Estimation: Reactive oxygen species were 

estimated by using fluorescent dye 2',7'-

dichlorodihydrofluorescein diacetate (H2DCFDA). 

Cells were seeded at a density of 2×10
4
cells per 

well in a black 96-well plate. After the desired 

treatment, culture media was removed and cells 

were washed with PBS. 100 μl 20 µM H2DCFDA 

(10mM stock solution prepared in DMSO) to each 

well was added and incubated at 37° C for 30-45 

min. The DCFH-DA working solution was 

removed and washed with PBS 2-3 times. 100 μl 

PBS was added to each well and the fluorescence 

was acquired at excitation 495 nm/emission at 530 

nm 
26

. 

Lipid Peroxidation: Lipid peroxidation levels, 

measured as malondialdehyde (MDA), were 

assessed using the CheKine™ Micro Lipid 

Peroxidation (MDA) Assay Kit (Abbkine) 

according to the manufacturer’s instructions. 

Briefly, cell lysates were prepared as described in 

the kit protocol. The reaction mixture, consisting of 

Reagent I and Reagent II, was combined with the 

lysate and deionized water in Eppendorf tubes and 

incubated at 95 °C for 30 minutes. After cooling to 

room temperature, the samples were centrifuged, 

and the supernatant was transferred to a 96-well 

plate. Absorbance was measured at 532 nm and 

600 nm using a microplate reader. 

Catalase: Catalase activity in cell lysates was 

measured using the CheKine™ Catalase Activity 

Assay Kit (Abbkine, Cat. No. KTB1040) according 

to the manufacturer’s instructions. Briefly, cells 

were washed with phosphate-buffered saline (PBS), 

lysed in the kit-provided Sample Diluent, and 

centrifuged to obtain the supernatant. A 

formaldehyde standard curve (0–75 µM) was 

prepared using the supplied 4.25 M stock solution. 

Reactions were performed in duplicate as described 

in the manual, and absorbance was measured at 

540 nm using a microplate reader. Catalase activity 

(U/mL) was calculated based on the amount of 

formaldehyde generated per minute (nmol/min).  

Measurement of GSH/GSSG Ratio: Intracellular 

levels of reduced (GSH) and oxidized (GSSG) 

glutathione were estimated using the methods 

described by Beutler et al. (1963) and Hissin and 

Hilf (1976) respectively, with slight modifications 
27, 28

. For GSH estimation, cell lysates were 

prepared in 5% metaphosphoric acid (MPA) to 

stabilize glutathione.  
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The supernatant was mixed with 0.01 M DTNB 

prepared in 0.3 M phosphate buffer (pH 7.4). The 

absorbance was measured at 412 nm, and GSH 

concentration was determined using a standard 

curve generated from reduced glutathione standards 

which were prepared in 1% MPA. For GSSG 

estimation, the cell lysate was treated with N-

ethylmaleimide (NEM) to block free GSH. The 

mixture was then mixed with 0.1 N NaOH and 

reacted with o-phthalaldehyde (OPT). Fluorescence 

was measured using a microplate reader at 

excitation 350 nm and emission 420 nm. GSSG 

concentration was determined from a standard 

curve prepared using oxidized glutathione 

dissolved in 0.1 N NaOH. The GSH/GSSG ratio 

was calculated by dividing the concentration of 

reduced glutathione by that of oxidized glutathione, 

and was used as an indicator of cellular redox 

status. 

Superoxide Dismutase (SOD): Superoxide 

dismutase (SOD) activity in cell lysates was 

measured using the CheKine™ Micro Superoxide 

Dismutase (SOD) Activity Assay Kit (Abbkine 

Scientific Co., Ltd.) according to the 

manufacturer’s instructions. Briefly, cells were 

lysed using the lysis buffer provided in the kit, and 

the resulting lysates were collected for analysis. 

Each sample was mixed with the prepared working 

solution, including xanthine oxidase, in designated 

wells. For the corresponding sample control wells, 

xanthine oxidase was replaced with sample diluent 

as specified in the protocol. The reaction mixtures 

were incubated at 37 °C for 30 minutes, and 

absorbance was measured at 450 nm using a 

microplate reader. SOD activity was calculated 

using the formula provided in the assay manual. 

Mitochondrial Membrane Potential (MMP): 

Cells were seeded in 24 well plate at a density of 

1×10
5
 cells per well. After the subsequent 

treatments, cells were incubated with 

Rhodamine123 (10μg/ml in DMSO) for 30-45min. 

After washing with PBS, lysis buffer (10mM tris, 

0.25% Triton X-100, 20mM EDTA; pH 8.0) was 

added to the cells and the fluorescence was 

measured at excitation wavelength of 485 nm and 

emission at 530nm.  

Quantification of 8-Hydroxy-2’-Deoxyguanosine 

(8-OHdG): Levels of 8-hydroxy-2'-

deoxyguanosine (8-OHdG), a marker of oxidative 

DNA damage, were quantified in cell lysates using 

a Rat 8-OHdG ELISA Kit (ELK Biotechnology), 

following the manufacturer’s protocol. This assay 

is based on a competitive inhibition enzyme 

immunoassay. Briefly, standards and samples were 

added to 8-OHdG pre-coated wells, followed 

immediately by 1X biotinylated conjugate solution, 

and incubated at 37 °C for 1 hour. After incubation, 

the wells were washed thoroughly with 1X wash 

buffer to remove unbound components. 

Subsequently, 1X streptavidin–horseradish 

peroxidase (HRP) working solution was added and 

incubated for one hour at 37 °C. After multiple 

washes, TMB substrate was added, and the plate 

was incubated in the dark at 37 °C for 20–30 

minutes. The reaction was terminated by adding 

stop solution, and absorbance was measured at 

450 nm using a microplate reader. 

Statistical Analysis: Data are presented as mean ± 

SD from three independent experiments unless 

stated otherwise. Statistical analysis was performed 

using one-way ANOVA followed by Dunnett’s, 

Tukey’s, or Šidák post hoc tests, as appropriate to 

the experimental design. p< 0.05 was considered 

statistically significant. 

RESULTS: 

Determination of CoCl2 and Quercetin 

Concentrations: To induce the appropriate cellular 

oxidative insult, C6 glial cells were treated with 

various concentrations of CoCl2 for 24 hours. As 

shown in Fig. 1A, CoCl2 induced a dose-dependent 

reduction in cell viability. Based on the dose-

response curve, Fig. 1B a concentration of 300 µM 

CoCl2 was chosen for subsequent experiments, as 

the calculated IC50 value was 285.1 µM, and the 

concentration closest to the IC50 in our experiment 

was 300 µM, providing an optimal concentration of 

CoCl2 for assessing its cytotoxic effects. To 

evaluate the protective effect of quercetin against 

CoCl2 stress, it is first needed to determine the 

cytotoxicity of quercetin alone on C6 cells, as the 

effect of quercetin is dose and time dependent. The 

cell viability was determined using the MTT test. 

The calculated IC50 of quercetin was 62.94 µM so, 

the doses below the IC50 value i.e 5µM to 50µM 

quercetin were selected for evaluating the effect of 

quercetin on CoCl2 induced glial cells. (Fig. 2A, 

2B).
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FIG. 1: DOSE OPTIMISATION OF COCL2 VIA CELL VIABILITY ASSAY. (A) C6 Cells were treated with varying 

concentrations of CoCl2 for 24 hours. Cell viability was assessed by MTT assay. (B) The dose- response curveof CoCl2 on C6 

cells evaluated the IC50 value of 285.1µM (95%CI: 261.1 to 303.5µM). Data are presented as mean% of viable cells± 

SD.Statistical analysis revealed that mean cell viability at different concentration of CoCl2 to be significantly different as 

compared to control. (p<0.001, ***) (p<0.05, *). 

  
FIG. 2: DOSE OPTIMISATION OF QUERCETIN VIA CELL VIABILITY ASSAY. (A) C6 cells were treated with 

different concentrations of quercetin alone for 1 hour. Cell viability was assessed by MTT assay. (B) The curve resulted from 

dose response studies of quercetin resulted in an IC50 of is 62.94µM (95% CI:60.34 to 73.14µM); revealing its potential 

cytoprotective or cytotoxic effect across different concentrations. Data represented as mean% of viable cells ±SD. Statistical 

analysis revealed that mean percentage of cell viability at different concentrations of quercetin significantly different as 

compared to control. (p<0.05, *) (p<0.01, **) (p<0.001, ***). 

Apoptosis assay Flow cytometry analysis using 

Annexin V-FITC/PI staining demonstrated that 

exposure to CoCl₂ markedly increased the 

percentage of apoptotic cells (including both early 

and late apoptosis) from 9.8% in the control group 

to 26.03% Fig. 3. Pre-treatment with quercetin 

significantly attenuated this effect in a 

concentration-dependent manner. Specifically, 5 

µM and 10 µM quercetin reduced the apoptotic cell 

population to 17.9% and 12.6%, respectively, 

indicating a pronounced anti-apoptotic effect Fig. 

3. However, higher concentrations of quercetin did 

not produce a similar protective response. 

Treatment with 15 µM and 25 µM resulted in 

21.2% and 24% apoptotic cells, respectively, both 

not significantly different from the CoCl₂-only 

group Fig. 3. Notably, pre-treatment with 50 µM 

quercetin led to a significant increase in apoptosis 

(34.2%) compared to CoCl₂ treatment alone Fig. 3, 

suggesting potential cytotoxicity at this 

concentration. Based on these findings, 5 µM and 

10 µM quercetin were selected for subsequent 

experiments.
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FIG. 3: ANALYSIS OF APOPTOSIS BY ANNEXIN V/PI. Representative dot plots of C6 cells stained with Annexin V-

FITC and PI after CoCl2 and Quercetin treatment. Quantified percentages of apoptotic cell population are summarised in the bar 

graph. Datain the bar graph are represented as mean % ±SD.Statistical analysis revealed the significant difference between 

various groups (p<0.05,*,#) (p<0.01,**) (p<0.001,***). 

ROS Generation: Intracellular ROS production in 

CoCl₂-exposed cells showed a significant increase 

in DCFH-DA fluorescence intensity by 62% (1.62-

fold increase) compared to control cells. However, 

pre-treatment with quercetin markedly reduced the 

accumulation of ROS induced by CoCl₂ stress. The 

5 μM quercetin-treated group showed a significant 

38.97% decrease (1.64-fold reduction) in ROS 

levels compared to the CoCl₂ group, bringing the 

values close to those of control cells. Similarly, the 

10 μM quercetin group showed a significant 

31.51% reduction (1.46-fold decrease) in ROS 

production relative to the CoCl₂-treated group. Fig. 

4A. 

Lipid Peroxidation: Consistent with the ROS 

results, Lipid peroxidation levels, measured by 

malondialdehyde (MDA) content, were 

significantly elevated in cells exposed to cobalt 

chloride (CoCl₂), indicating increased oxidative 

stress. The MDA level in the CoCl₂-treated group 

(0.1285 nmol/10⁶ cells) was significantly higher as 

compared to the control group (0.0741 nmol/10⁶ 

cells). However, pre-treatment with quercetin 

significantly decreased the stress caused due to 

CoCl2. At 5 µM quercetin group, the MDA level 

decreased to 0.0779 nmol/10⁶ cells, and at 10 µM, it 

was further reduced to 0.0744 nmol/10⁶ cells, 

which was close to the control group Fig. 4B. 

Cellular Antioxidant Status: Exposure to CoCl₂ 

treatment markedly reduced the antioxidant levels 

in the cells. Normal (untreated) cells maintained the 

mean catalase activity at 7.150 ± 

0.312 nmol/min/mL which was decreased in the 

CoCl₂ treated group to5.865 ± 0.456 nmol/min/ml. 

Pre-treatment with quercetin before COCl₂ 

exposure enhanced catalase activity to levels even 
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above those of normal cells: at 5 µM the activity 

level increased to 8.525 ± 0.467 nmol/min/mL, and 

at 10 µM the activity dramatically continued to rise 

to 9.127 ± 0.190 nmol/min/mL. The quantitative 

determination of SOD activity in experimental 

groups confirmed the findings that exposure to 

CoCl₂ reduces SOD activity (0.174 ± 0.016 U/10⁴ 

cells) compared to untreated control group (0.393 ± 

0.015 U/10⁴ cells). As shown in the figure, 

quercetin at the aforementioned 5 µM dose 

significantly increased SOD activity in both the 

CoCl₂ group and the untreated controls to 0.516 ± 

0.036 U/10⁴ cells. A 10 µM dose also induced an 

increase in SOD activity to 0.417 ± 0.020 U/10⁴ 

cells. The cellular redox status was estimated by 

the ratio between reduced gluthathione (GSH) and 

oxidised Glutathione (GSSG) levels. In alignment 

with the other antioxidant result, GSH/GSSG also 

exhibited a similar trend in which the exposure to 

CoCl2 resulted in decreased GSH/GSSG of 0.7 

compared to untreated control group with 

GSH/GSSG ratio of 0.87. However, pre-treatment 

with 5 µM Quercetin resulted in an improvement of 

GSH/GSSG ratio to 0.91, which was slightly higher 

than the control cells. Furthermore, pre-treatment 

with 10um quercetin resulted in GSH/GSSG ratio 

of 0.84, which was very similar to the control 

group Fig. 4C. 

 

  
FIG. 4: ASSESSMENT OF OXIDATIVE STRESS AND ANTIOXIDANT STATUS. C6 cells were pre-treated with the 

optimised doses of quercetin following exposure to CoCl2. (A) Assessment of reactive oxygen species (ROS) by DCFH-DA. 

Data is represented as mean percentage of fluorescence relative to control group ± SD. (B) Measurement of lipid peroxidation 

levels. Data is represented as mean± SD. Statistical analysis revealed the significant difference between various 

groups.(p<0.05,*,#)(p<0.01,**)(p<0.001,***,###). (C) Measurement of cellular antioixidant status across different groups. The 

left Y-axis indicates the catalase activityin nmol/min/mL and SOD activity in U/10
4 

cells. The right Y-axis represents 

GSH/GSSG ratio. Data are presented as mean± SD. Although not shown in the graph, statistically significant difference was 

observed: Catalase activity was significantly decreased in CoCl2 treated group as compared to control (p<0.05); significant 

increase in catalase activity was found in 5μM and 10μMquercetin pre-treated groups as compared to CoCl2 group (p<0.001). A 

significant increase was also found in 5μM pre-treated group (p<0.01) and 10μM pre-treated group (p<0.001) as compared to 

the control group. The SOD activity was also significantly decreased in CoCl2 group with respect to control group (p<0.001). 

Both quercetin pre-treated groups showed significant increase in SOD as compared to CoCl2 group(p<0.001). The 5μM pre-

treated group also showed significant increase in SOD activity with respect to control (p<0.01). The ratio of reduced glutathione 

to oxidised glutathione (GSH/GSSG) was found to decrease in CoCl2 group as compared to control (p< 0.05), the 5μM 

quercetin pre-treated group showed significant rise in GSH/GSSG ratio (p<0.01) and the 10μM quercetin pre-treated group also 

showed increase in GSH/GSSG ratio (p<0.05) as compared to CoCl2 treated group. 
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Mitochondrial Membrane Potential: One crucial 

indicator of cellular metabolic activity is the 

mitochondrial membrane potential (MMP). The 

cells exposed to CoCl2 had a 17% lower 

mitochondrial membrane potential than the control 

group. This loss was greatly lessened by the 

quercetin pretreatment. After the pre-treatment of 

5μm dose of quercetin, the loss was 15.09%; 

however, a 10 μm dose of quercetin significantly 

decreased this loss to 4.14%. 

 
FIG. 5: MEASUREMENT OF MITOCHONDRIAL 

MEMBRANE POTENTIAL (MMP). MMP was measured 

by using Rhodamine 123 dye. Data are expressed as mean % 

loss in MMP with respect to control ±SD. Statistical analysis 

revealed significant difference across various groups 

(p<0.01,**; p<0.001,***). 

Oxidative DNA Damage: The quantitative 

analysis of 8-hydroxy-2'-deoxyguanosine (8-

OHdG), a marker for oxidative DNA damage, 

revealed a 20.23% increase in CoCl2 treated group 

relative to the control cells. Fig. 6 illustrates that 

pre-treatment with quercetin at a concentration of 5 

μM tended to reduce the oxidative damage induced 

by CoCl₂ exposure. However, the observed 

reduction was statistically nonsignificant. The 

10μM dose of quercetin significantly reduced the 

oxidative damage by 14.9% as compared to the 

cells treated with CoCl2 alone. 

 
FIG. 6: MEASUREMENT OF 8-OHdG. Data are 

represented as mean 8-OHdG level±SD. Statistical analsysis 

showed significant difference across the groups. 

(p<0.05,*;p<0.01,**). 

DISCUSSION: Glial cells are an integral part of 

our central nervous system as it helps in regulating 

oxidative stress, maintaining brain homeostatsis 

and providing structural and metabolic support to 

neuronal cells 
20, 21, 22

.
 
The present study examined 

the effect of Quercetin against CoCl2 induced 

oxidative stress in C6 glial cells. CoCl2 acts as a 

hypoxic mimetic as it stabilises Hypoxia inducible 

factors (Hif 1α and Hif 2α) under normoxic 

conditions and widely used chemical to induce 

hypoxia like conditions 
29, 30

. Our findings revealed 

that CoCl2 exerts a dose- dependent cytotoxic effect 

on C6 glial cells as indicated by the cell viability 

test with an IC50 value of 285.1 μM.  Our findings 

aligned with the findings of Elkashef et al. 
31  

and in 

our experiment, 300μM of CoCl2 was used to 

induce oxidative stress as it was close to IC50 value. 

Quercetin is known to possess antioxidant and anti-

inflammatory properties. To evaluate its protective 

ability on C6 cells, cells were first treated with 

quercetin alone to identify its non-cytotoxic 

concentrations. Cell viability test resulted in an IC50 

of 62.94μM. Quercetin at doses of 5-50μM was 

selected for the determination of apoptosis induced 

by CoCl2. Flow cytometric assessment by Annexin 

V/PI revealed that pre-treatment with lower doses 

of 5μM and 10μM quercetin before exposure to 

CoCl2 significantly reduced the apoptosis in C6 

cells. However higher doses did not provide a 

significant protective effect and 50μM of quercetin 

further exacerbated the rate of apoptosis caused due 

to CoCl2, suggesting quercetin’s biphasic effect 

where at lower doses it acts as an antioxidant and 

exerts pro-oxidant effect at higher concentrations. 

Hence dose -optimisation studies with the 

flavonoids are very crucial. Notably, a previous 

study by Gitika et al.
32 

reported the dose of 75μM 

quercetin as cytoprotective, against t-BOOH 

induced oxidative stress in C6 cells. This difference 

in doses highlights that, the nature of chemical used 

to induce the stress and the duration of exposure 

are the decisive factors that influence the dose 

required and the resulting response to the stress. 

Oxidative stress results from an imbalance between 

antioxidants and free radicals, resulting in cellular 

injury. There can be numerous factors which can 

result in Oxidative stress, such as hypoxia, 

neurodegenerative disorders, cancer, inflammation, 

smoking, drinking etc 
33

.
  



Verma and Prasad, IJPSR, 2026; Vol. 17(3): 881-891.                                  E-ISSN: 0975-8232; P-ISSN: 2320-5148 

International Journal of Pharmaceutical Sciences and Research                                                                              889 

Our research shows that CoCl2 profoundly 

increases oxidative stress by enhancing the 

generation of ROS in cells. This finding is in 

support of previous studies by He et al. 
34

, Gitika et 

al.
32

, and Isik et al.
35

; which stated thatCoCl2 

causes cellular dysfunction, thus increasing 

oxidative stress and cellular apoptosis. 

Furthermore, the high levels of lipid peroxidation 

in our experiments also strongly supported that 

oxidative stress was induced in CoCl2-treated cells. 

The protective roles of quercetin against 

cytotoxicity, ROS formation, and lipid peroxidation 

are well-documented in previous literature, as 

emphasized by Gitika et al.
32

; Fang et al.
36

; Zhang 

et al.
37

. Our results showed that pre-treatment with 

quercetin significantly decreased the levels of 

malondialdehyde (MDA) to baseline values, 

demonstrating the potential of enhancing 

membrane integrity   by antioxidative processes.  

In addition, pre-treatment with quercetin resulted in 

enhanced activity of catalase and superoxide 

dismutase (SOD), as well as improved ratio of 

reduced to oxidized glutathione (GSH/GSSG).The 

decreased mitochondrial membrane potential 

indicated that CoCl2 compromised the cellular 

mitochondrial integrity. The pre-treatment with 

quercetin effectively mitigated the stress. However, 

5 μM quercetin offered only limited improvement 

in MMP loss as compared to 10μM dose which 

effectively restored MMP. Similar trend was found 

in Oxidative DNA damage, measured by 8-OHdG 

levels, where 10 μM dose of quercetin effectively 

reduced the levels of 8-OHdG but 5 μM dose could 

not produce statistically significant reduction. This 

suggests a possible threshold-dependent response, 

where lower doses may not effectively activate the 

pathways involved in mitochondrial and DNA 

protection. 

However, both doses were found to be effective in 

assays evaluating general oxidative stress such as 

ROS, malondialdehyde (MDA) levels and 

antioxidant studies and in some cases, the 5 μM 

dose showed greater antioxidant and protective 

effect. In MMP and oxidative DNA damage 

studies, higher dose of 10μM was comparatively 

more effective. These outcomes indicate that 

quercetin’s protective effect may vary depending 

on the pathway and the type of damage being 

assessed. Different doses may be needed to 

mitigate the stress, depending upon how severe the 

damage is and which molecular markers are being 

targeted 
38, 39

.
 
While the final doses selected in our 

experiments were based on the apoptotic response, 

using them for further experiment gave us 

important insights as to how different types of 

oxidative damage respond to the treatment. As 

evident by our studies, same dose might have 

variable efficacy depending on the stress 

parameters measured. This shows that antioxidant 

effects of quercetin cannot be confined to a specific 

dosage and it’s crucial to examine several different 

markers to fully harness beneficial effects of 

quercetin. 

While this study provides compelling evidence that 

pre-treatment with quercetin effectively mitigated 

the CoCl2 induced stress. It is very important to 

consider the possible limitations of this study. It is 

an in-vitro study in which C6 glial cells were used, 

further research may be needed to elucidate the 

quercetin’s response in other glial cells and in-vivo; 

as in-vitro studies, useful for molecular studies, 

lack the complex interactions present in a whole 

organism. Therefore, the effects of quercetin 

observed in C6 glial cells may not fully reflect its 

activity in-vivo. Secondly, CoCl2 is being used to 

induce oxidative stress; it may not fully replicate 

the complex mechanism of oxidative stress induced 

in the brain. The present study did not study the 

underlying mechanism behind the protective effects 

of quercetin, therefore, to better understand these 

results, further studies are needed to explore the 

specific cellular mechanisms involved. However, 

our findings align with existing literatures showing 

that flavonoids including quercetin may activate 

endogenous antioxidant enzymes through Nrf2 

pathways, hence enhancing cellular antioxidant 

protection 
40, 41, 42

.
 
Identifying the direct molecular 

targets of quercetin and the signalling pathways 

will provide a more detailed understanding behind 

its protective effect. 

CONCLUSION: We demonstrated that quercetin 

pre-treatment helps in mitigating the oxidative 

injury caused by Cobalt-Chloride (CoCl2) in C6 

glial cell line.  Our findings also suggested that the 

effect of quercetin is dose dependent and may vary 

across different oxidative parameters involved. The 

lower doses of quercetin were found to be 

beneficial in our study indicating the quercetin’s 
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role as a potent antioxidant. These results may 

contribute further to exploring the therapeutic 

potential of quercetin. Further research is also 

needed to understand its underlying mechanism of 

protection, ultimately enabling better therapeutic 

utilization of quercetin. 
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