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Abstract 

Oxidative stress plays a critical role in the pathogenesis of hepatic dysfunction through excessive generation of reactive oxygen 

species (ROS) and impairment of antioxidant defense systems. This study investigated the in vitro antioxidant and cytoprotective 

effects of Beta vulgaris ethanol extract in a hydrogen peroxide (H2O2)-induced oxidative stress model using HepG2 cells. 

Antioxidant potential was first evaluated through 2, 2-Diphenyl-1-picrylhydrazyl (DPPH) and hydrogen peroxide scavenging 

assays, where the extract demonstrated strong concentration-dependent radical inhibition, achieving 93.14% DPPH scavenging 

at 600 µg/ml. The extract exhibited IC₅₀ values of 147.41 µg/mL (DPPH) and 297.82 µg/mL (H2O2), indicating substantial free 

radical scavenging capacity comparable to ascorbic acid. In the cell-based model, H2O2 exposure significantly increased 

malondialdehyde (MDA) levels, confirming lipid peroxidation and oxidative injury. Pretreatment with Beta vulgaris extract 

reduced MDA concentrations in a dose-dependent manner, with optimal protection observed at 600 µg/ml, comparable to the 

standard antioxidant silymarin. Furthermore, the extract significantly restored intracellular glutathione (GSH) levels and 

enhanced antioxidant enzyme activities, including catalase (CAT) and superoxide dismutase (SOD), demonstrating improved 

cellular redox balance. These findings suggest that Beta vulgaris ethanol extract possesses strong antioxidant and cytoprotective 

properties and may serve as a promising natural therapeutic candidate for mitigating oxidative stress-mediated hepatic damage. 
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1. Introduction 

The liver is particularly vulnerable to oxidative stress due 

to its central role in xenobiotic metabolism, detoxification, 

and energy homeostasis. As the principal organ responsible 

for biotransformation of drugs, environmental toxins, and 

metabolic by-products, hepatocytes are continuously exposed 

to reactive oxygen species (ROS) generated both during nor-

mal metabolic processes and through cytochrome P450-medi-

ated xenobiotic metabolism, making them susceptible to oxi-

dative injury. Excessive ROS production during detoxifica-

tion disrupts redox balance, damages lipids, proteins, and 
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DNA, and contributes to the pathogenesis of various liver dis-

eases. This susceptibility is compounded by the liver’s high 

metabolic activity and its ongoing requirement to maintain re-

dox homeostasis, positioning oxidative stress as a key factor 

in hepatic dysfunction and disease progression [10]. 

Oxidative stress is widely recognized as a fundamental bi-

ochemical mechanism underlying the initiation and progres-

sion of liver diseases and numerous chronic conditions, in-

cluding metabolic syndrome, inflammation, cancer, and neu-

rodegenerative disorders [28, 30]. It arises from an imbalance 

between excessive production of reactive oxygen species 

(ROS) and the inability of endogenous antioxidant defense 

systems to neutralize these reactive intermediates [17, 27]. 

Under physiological conditions, ROS play essential roles in 

cellular signaling and metabolic regulation; however, their un-

controlled accumulation results in oxidative damage to bio-

molecules such as lipids, proteins, and DNA, ultimately im-

pairing cellular integrity and function [4, 14]. 

In vitro oxidative stress models using human hepatocellular 

carcinoma (HepG2) cells have become a widely accepted ex-

perimental platform for investigating hepatic redox imbalance 

and evaluating the antioxidant potential of bioactive com-

pounds. Hydrogen peroxide (H2O2), a stable ROS precursor, 

is commonly employed to induce oxidative injury in HepG2 

cells, mimicking pathological oxidative conditions observed 

in liver dysfunction [15, 21]. In recent years, increasing atten-

tion has been directed toward plant-derived natural antioxi-

dants as safer alternatives to synthetic antioxidants, which 

may exhibit adverse toxicological effects when used long-

term. Medicinal plants and dietary vegetables are rich sources 

of phenolics, flavonoids, and other secondary metabolites ca-

pable of scavenging free radicals, chelating metal ions, and 

enhancing endogenous antioxidant enzyme activities. These 

phytochemicals contribute significantly to cellular defense 

mechanisms by acting as free radical scavengers, while also 

modulating key cellular signaling pathways [7, 18, 31]. 

Beta vulgaris (beetroot) is a widely consumed vegetable 

known for its high nutritional and pharmacological value. It 

contains abundant bioactive compounds, including betalains, 

polyphenols, flavonoids, carotenoids, and ascorbic acid, 

which have been reported to exhibit strong antioxidant, anti-

inflammatory, hepatoprotective, and cytoprotective activities. 

Betalains, in particular, are potent radical scavengers and have 

been associated with reduced lipid peroxidation and improved 

cellular redox balance [9, 20]. This study aims to evaluate the 

in vitro antioxidant and protective effects of Beta vulgaris eth-

anol extract against H2O2-induced oxidative stress in HepG2 

cells by assessing intracellular ROS generation, lipid peroxi-

dation, and antioxidant enzyme activities. 

2. Materials and Methods 

Collection and Identification of Plant Sample Materials 

Fresh Beta vulgaris (beetroot) roots were purchased from 

the Fruit Garden Market in Port Harcourt, Rivers State, Nige-

ria. The plant materials were subsequently authenticated at the 

Department of Plant Science and Biotechnology, Rivers State 

University, Nigeria. 

2.1. Chemicals and Reagents 

Analytical-grade ethanol, hydrogen peroxide (H2O2), 3-(4, 

5-dimethylthiazol-2-yl)-2, 5-diphenyltetrazolium bromide 

(MTT), 2′, 7′-dichlorofluorescin diacetate (DCFH-DA), thio-

barbituric acid (TBA), Ellman’s reagent (DTNB), and other 

biochemical assay reagents were purchased from standard 

commercial suppliers (Sigma-Aldrich, USA). Dulbecco’s 

Modified Eagle Medium (DMEM), fetal bovine serum (FBS), 

trypsin-EDTA, and penicillin–streptomycin were from Gibco 

(Thermo Fisher Scientific, USA). 

2.2. Extraction and Preparation of Plant 

Materials 

The fleshy bulbous roots of Beta vulgaris were thoroughly 

washed with distilled water to remove soil particles and other 

surface impurities. About 200g of cleaned plant material was 

then homogenized into fine slurry using a laboratory blender. 

The homogenate was macerated in 95% ethanol at a ratio of 

1:5 (w/v) for 72 hours at room temperature with intermittent 

shaking to enhance the extraction of phytochemical constitu-

ents. After maceration, the mixture was first filtered through 

muslin cloth to remove coarse residues and subsequently 

through Whatman No. 1 filter paper to obtain a clear filtrate. 

The extraction process was repeated under identical condi-

tions to maximize yield. The filtrates obtained from both ex-

traction cycles were pooled together and concentrated to dry-

ness using a water bath maintained at 45°C. The resulting 

crude ethanol extract was dried completely and stored at 4°C 

in an airtight container until further use for biochemical and 

antioxidant assays. 

Preparation of Extract Stock Solution 

A stock solution of the Beta vulgaris ethanol extract was 

prepared by dissolving a measured quantity of the dried ex-

tract in dimethyl sulfoxide (DMSO). Working concentrations 

were subsequently prepared by serial dilution with culture me-

dium (DMEM), ensuring that the final concentration of 

DMSO in all treatment wells did not exceed 0.1%, a level con-

sidered non-toxic to HepG2 cells. 

2.3. Antioxidant Radical Scavenging Assays 

2.3.1. DPPH Radical Scavenging Assay 

The DPPH radical scavenging activity of the Beta vulgaris 

ethanol extract was measured using the method described by 

Brand-Williams et al. [6] with some modifications. 

Fresh DPPH solution (0.1 mM) was prepared in methanol 

and mixed with different extract concentrations (100–600 

µg/mL). Also, known concentrations of a standard antioxidant 
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(ascorbic acid) was prepared too. For blank, DPPH was mixed 

with methanol only. The reaction mixtures were incubated in 

the dark for 30 minutes at room temperature. Absorbance was 

measured at 517 nm using a spectrophotometer. The % DPPH 

radical scavenging activity was calculated using equation (1). 

𝐷𝑃𝑃𝐻 𝑆𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 (%) = 1 −
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒𝑠𝑎𝑚𝑝𝑙𝑒(𝐷𝑃𝑃𝐻 𝑤𝑖𝑡ℎ 𝑝𝑙𝑎𝑛𝑡 𝑒𝑥𝑡𝑟𝑎𝑐𝑡)

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒𝑐𝑜𝑛𝑡𝑟𝑜𝑙(𝐷𝑃𝑃𝐻 𝑤𝑖𝑡ℎ 𝑛𝑜 𝑒𝑥𝑡𝑟𝑎𝑐𝑡)
 × 100                  (1) 

The IC50 value (concentration of extract that scavenges 50% 

of DPPH radicals) was also determined using a regression line 

plotted between percentage inhibition and extract concentra-

tion. 

2.3.2. Hydrogen Peroxide (H2O2) Scavenging Assay 

The hydrogen peroxide (H2O2) radical scavenging activity 

of the Beta vulgaris ethanol extract was determined using the 

method described by Ruch et al. [26] with some minor modi-

fications. A 40 mM H2O2 solution was prepared in phosphate 

buffer (pH 7.4) and mixed with varying concentration of the 

extract (100–600 µg/mL). Also, known concentrations of a 

standard natural antioxidant (ascorbic acid) was prepared too. 

For the blank, H2O2 was mixed with solvent only. The mix-

tures were incubated for 10 minutes at room temperature. The 

absorbance was afterwards measured at 230nm with a spec-

trophotometer and recorded. The H2O2 scavenging ability was 

calculated using equation (2). 

𝐻2𝑂2 𝑆𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔(%) = 1 −
𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒𝑠𝑎𝑚𝑝𝑙𝑒(𝐻2𝑂2 with plant extract)

𝐴𝑏𝑠𝑜𝑟𝑏𝑎𝑛𝑐𝑒𝑐𝑜𝑛𝑡𝑟𝑜𝑙(𝐻2𝑂2 𝑤𝑖𝑡ℎ 𝑏𝑢𝑓𝑓𝑒𝑟 𝑜𝑛𝑙𝑦)
 × 100                  (2) 

The IC50 value (concentration of extract that scavenges 50% 

of H2O2 radicals) was also determined using a regression line 

plotted between percentage inhibition and extract concentra-

tion. 

2.4. Cell Culture and Maintenance 

Human hepatocellular carcinoma (HepG2) cells were ob-

tained from a certified cell repository National Centre for Cell 

Sciences (NCCS, Pune, India) and maintained under standard 

culture conditions. Cells were grown in Dulbecco’s Modified 

Eagle Medium (DMEM) supplemented with 10% fetal bovine 

serum (FBS) and 1% penicillin–streptomycin to prevent mi-

crobial contamination. Cultures were incubated at 37°C in a 

humidified atmosphere containing 5% CO2. The growth me-

dium was replaced every 2–3 days, and cells were subcultured 

at approximately 70–80% confluence using trypsin–EDTA. 

2.4.1. Seeding of Cells for Experimental Assays 

For experimental analysis, HepG2 cells were seeded into 

96-well plates (1 × 104 cells/well) for cell viability assays and 

for 6-well plates (2 × 105 cells/well) for biochemical oxidative 

stress assays. The cells were allowed to attach overnight be-

fore treatment. 

2.4.2. Induction of Oxidative Stress and Cytotoxic 

Model 

Oxidative stress was induced by exposing HepG2 cells to 

hydrogen peroxide. To establish the oxidative injury model, 

cells were treated with different concentrations of H2O2 (50–

500 µM) for 24 hours. The concentration causing approxi-

mately 50% reduction in viability (IC₅₀) was selected for sub-

sequent experiments. 

2.4.3. Experimental Design and Treatment Groups 

Cells were randomly divided into eight groups (8), the Nor-

mal Control Group (the untreated HepG2 cells maintained in 

culture medium only), Oxidative Stress Control Group (cells 

exposed to H2O2 only), Extract Pre-treatment Groups which 

are cells pretreated with Beta vulgaris ethanol extracts at dif-

ferent concentrations (200, 400, 600, 800 and 1000 µg/ml) for 

24 hours followed by H2O2 exposure, and Positive Control 

Group (cells were treated with a standard drug Silymarin prior 

to H2O2 induction). 

Table 1. Treatment Protocol. 

S/No. Groups ID 

1 Normal control 
Untreated 

Control 

2 Hydrogen Peroxide (H2O2) only Negative Control 

3 
Hydrogen Peroxide (H2O2) + 

150mg/ml silymarin 
Positive control 

4 Test 1 (H2O2+ 200mg/ml) HH200 

5 Test 2 (H2O2+ 400mg/ml) HH400 

6 Test 3 (H2O2+ 600mg/ml) HH600 

7 Test 4 (H2O2+ 800mg/ml) HH800 

8 Test 5 (H2O2+ 1000mg/ml) HH1000 

2.5. Cell Viability Assay (MTT Assay) 

Cell viability was assessed using the MTT colorimetric as-

say. The HepG2 cells were seeded into 96-well plates and 
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treated according to experimental grouping. Following treat-

ment, MTT solution (0.5 mg/mL) was added to each well and 

incubated for 4 hours at 37°C. The resulting formazan crystals 

were dissolved in dimethyl sulfoxide (DMSO), and absorb-

ance was measured at 570 nm using a microplate reader. The 

cell viability was expressed as a percentage relative to the un-

treated control group. 

2.6. Preparation of Cell Lysates for Biochemical 

Assays 

Following treatment, cells were harvested and washed 

twice with cold phosphate-buffered saline (PBS). Cells were 

lysed using ice-cold phosphate buffer and centrifuged at 

10,000 rpm for 15 min at 4°C. The resulting supernatant was 

collected and used for the determination of oxidative stress bi-

omarkers and antioxidant enzyme activities. 

2.7. Biochemical Assessment of Oxidative Stress 

Biomarkers 

2.7.1. Lipid Peroxidation Assay (MDA 

Determination) 

Lipid peroxidation was evaluated by measuring malondial-

dehyde (MDA) levels using the thiobarbituric acid reactive 

substances (TBARS) method as described by [24]. The cell 

lysates were mixed with thiobarbituric acid reagent and heated 

in a boiling water bath. After cooling, absorbance was meas-

ured at 532 nm. MDA concentration was expressed as 

nmol/mg protein. 

2.7.2. Reduced Glutathione (GSH) Assay 

Reduced glutathione (GSH) levels were determined using 

Ellman’s reagent (DTNB) as described by Ellman [11]. Cell 

lysates were mixed with DTNB and absorbance was read at 

412 nm. Results were expressed as µmol/mg protein. The 

GSH levels were calculated using the standard calibration 

curve - a plot of the GSH standard absorbances vs concentra-

tion of the GSH in µM. 

2.7.3. Determination of Superoxide Dismutase 

(SOD) Activity 

SOD activity was determined using the pyrogallol autooxi-

dation method as described by Marklund & Marklund [22]. 

The assay is based on the ability of SOD to inhibit the autox-

idation of pyrogallol in alkaline Tris–HCl buffer (pH 8.2) that 

is containing 1mM EDTA. One unit of SOD activity was de-

fined as the amount of enzyme causing 50% inhibition of py-

rogallol oxidation, and results were expressed as U/mg protein. 

2.7.4. Catalase (CAT) Activity 

Catalase activity was determined by monitoring the decom-

position rate of hydrogen peroxide at 240 nm as described by 

Aebi [1] CAT activity was expressed as µmol H2O2 decom-

posed/min/mg protein. 

2.8. Statistical Analysis 

All experiments were performed in triplicate (n = 3) and 

data were analyzed using SPSS version 20. Data were ex-

pressed as mean ± standard error of the mean (SEM). Statisti-

cal analysis was conducted using one-way analysis of variance 

(ANOVA) followed by Tukey’s post hoc test. Differences 

were considered statistically significant at p < 0.05. Graphical 

representation and statistical analyses were performed using 

Microsoft Excel. Calibration curves were constructed using 

linear regression analysis, and the coefficient of determination 

(R2) was reported. 

3. Results 

The results of the DPPH radical scavenging assay (Table 2; 

Figures 1-3) demonstrated that the Beta vulgaris ethanol ex-

tract exhibited a progressive increase in antioxidant activity 

with increasing concentration, indicating a strong concentra-

tion-dependent antioxidant response. The highest scavenging 

activity was recorded at 600 µg/mL, with 93.14% inhibition, 

which was comparable to the activity of ascorbic acid (95.10%) 

at the same concentration. Regression analysis further con-

firmed a linear relationship between concentration and radical 

scavenging activity for both the extract and the standard anti-

oxidant. The IC₅₀ value of the extract was 147.41 µg/mL, 

which, although higher than that of ascorbic acid (87.30 

µg/mL), suggests that the extract possesses substantial free 

radical scavenging potential. Similarly, the hydrogen peroxide 

scavenging assay results (Table 3; Figures 4-6) revealed that 

the Beta vulgaris ethanol extract displayed a concentration-

dependent increase in scavenging activity. The extract showed 

comparable effectiveness to ascorbic acid across most tested 

concentrations. Regression analyses confirmed strong linear 

relationships between concentration and scavenging activity 

for both treatments. Notably, the IC₅₀ value of the extract 

(297.82 µg/mL) was slightly lower than that of ascorbic acid 

(300.80 µg/mL), indicating that the extract exhibited margin-

ally superior hydrogen peroxide scavenging efficiency. 
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Table 2. DPPH Radical Scavenging Test showing % Inhibition of Ascorbic Acid and Beta vulgaris Ethanol Extract. 

S/No. Concentration (µg/ml) % Inhibition of Beta vulgaris Ethanol Extract % Inhibition of Ascorbic Acid 

2 100 59.80 73.85 

3 200 75.50 85.95 

4 300 80.40 86.93 

5 400 90.10 88.56 

6 500 91.50 92.10 

7 600 93.14 95.10 

 
Figure 1. Regression line and equation of different concentration of Beta vulgaris ethanol extract with DPPH solution in the antioxidant 

activity test. 

 
Figure 2. Regression line and equation of different concentration of ascorbic acid with DPPH solution in the antioxidant activity test. 
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Figure 3. The IC50 values for the Beta vulgaris ethanol extract and ascorbic acid for DPPH radical scavenging activity. 

Table 3. Hydrogen Peroxide Radical Scavenging Test showing % Inhibition of Ascorbic Acid and Beta vulgaris Ethanol Extract. 

S/No. Concentration (µg/ml) % Inhibition of Beta vulgaris Ethanol Extract % Inhibition of Ascorbic Acid 

2 100 22.88 25.75 

3 200 36.60 38.82 

4 300 60.47 54.25 

5 400 75.16 67.58 

6 500 77.38 76.47 

7 600 80.10 86.54 

 
Figure 4. Regression line and regression equation of different concentration of ascorbic acid with hydrogen peroxide solution in the antioxi-

dant activity test. 
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Figure 5. Regression line and regression equation of different concentration of Beta vulgaris ethanol extract with hydrogen peroxide solution 

in the antioxidant activity test. 

 
Figure 6. IC50 values for hydrogen peroxide radical scavenging activity for the Beta vulgaris ethanol extract and ascorbic acid. 

The malondialdehyde (MDA) levels in treated HepG2 cells 

are presented in Figure 7. The results showed a significant in-

crease (p < 0.05) in MDA concentration in the negative con-

trol (H2O2-treated group) compared with the untreated control, 

confirming successful induction of lipid peroxidation and ox-

idative stress. Treatment with the Beta vulgaris ethanol extract 

at different concentrations (HH200–HH1000) produced vari-

able reductions in MDA levels, indicating protective effects 

against oxidative membrane damage. The optimal inhibitory 

effect was observed at HH600 and HH1000 which was signif-

icantly different (p > 0.05) from that of the positive control, 

silymarin. 

The results for intracellular antioxidant markers, reduced 

glutathione (GSH), catalase (CAT), and superoxide dismutase 

(SOD), are presented in Figures 8-10. The untreated control 

group represents baseline antioxidant status in HepG2 cells 

under normal conditions. In the negative control group ex-

posed to H2O2 alone (Figure 8), GSH levels decreased signif-

icantly (p < 0.05) to 89.05 nmol/mg protein, indicating deple-

tion of intracellular glutathione during detoxification of reac-

tive oxygen species. This further confirms the successful in-

duction of oxidative stress in the cells. Pretreatment with the 

plant extract (HH200–HH1000) significantly improved GSH 

levels relative to the negative control. At HH200, GSH in-

creased significantly (p < 0.05) to 176.89 nmol/mg protein, 

suggesting a protective effect at this concentration, possibly 

through stimulation of GSH synthesis or reduced consumption. 

At intermediate concentrations (HH400–HH800), GSH levels 

ranged between 142.09 and 146.49 nmol/mg protein, remain-

ing significantly higher than the negative control group but 

slightly lower than the untreated control, indicating moderate 

protection. The highest concentration (HH1000) produced a 

marked increase in GSH to 290.41 nmol/mg protein, nearly 

double the untreated level, suggesting a strong antioxidant re-

sponse potentially mediated by enhanced glutathione biosyn-

thesis and efficient ROS scavenging. The positive control (si-

lymarin) produced a GSH level of 153.92 nmol/mg protein, 
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indicating mild but consistent protection in line with its estab-

lished hepatoprotective activity. 

Also, H2O2 treatment significantly decreased SOD activity 

from 3.80 to 2.32 U/mg protein (p < 0.05), indicating oxida-

tive suppression of superoxide detoxification capacity (Figure 

9). Extract treatment resulted in concentration-dependent re-

covery of SOD activity. Low (HH200) and high concentra-

tions (HH800–HH1000) almost completely restored SOD lev-

els, with values significantly different (p > 0.05) from the un-

treated control group and not significantly different (p > 0.05) 

from the positive control group. Moderate concentrations 

(HH400–HH600) showed partial restoration. Similarly, hy-

drogen peroxide exposure also resulted in a significant reduc-

tion (p < 0.05) in catalase activity compared to untreated cells, 

confirming oxidative stress-induced impairment of enzymatic 

antioxidant defense (Figure 10). Treatment with the extract re-

stored CAT activity, with the extract concentrations producing 

elevated enzyme levels with values not significantly different 

(p > 0.05) across the extract treated groups. These effects were 

comparable, though slightly lower, than those observed with 

silymarin. The results indicated that Beta vulgaris ethanol ex-

tract significantly enhanced both non-enzymatic (GSH) and 

enzymatic (CAT and SOD) antioxidant defenses, demonstrat-

ing strong cytoprotective activity against H2O2-induced oxi-

dative damage. The antioxidant efficacy of the extract was 

comparable to that of the standard hepatoprotective agent, si-

lymarin. 

 
Figure 7. Malondialdehyde (MDA) levels in the HepG2 cells. 

Values are represented as (Mean± S. E. M) Means with different superscript (a-f) are significantly different (Tukey hsd, p<0.05). Superscript 

letters (a - f) compares the malondialdehyde levels across the experimental groups. 

 
Figure 8. Reduced glutathione (GSH) levels in the cells. 

Values are represented as (Mean ± S. E. M). Means with different superscript (a-e) are significantly different (Tukey hsd, p<0.05). Superscript 

letters (a - e) compares the reduced glutathione levels across the experimental groups. 

http://www.sciencepg.com/journal/bmb


Biochemistry and Molecular Biology http://www.sciencepg.com/journal/bmb 

 

22 

 
Figure 9. SOD Activity in Cells. 

Values are represented as (Mean±S. E. M). Means with different superscript (a-e) are significantly different (Tukey hsd, p<0.05). Superscript 

letters (a-e) compares superoxide dismutase activity across the experimental groups. 

 
Figure 10. Catalase (CAT) activity in the cells. 

Values are represented as (Mean±S. E. M) Means with different superscript (a-d) are significantly different (Tukey hsd, p<0.05). Superscript 

letters (a-d) compares catalase activity across the experimental groups. 

4. Discussion 

From the analysis conducted, the results of the scavenging 

assays indicate that the Beta vulgaris ethanol extract exhibits 

significant antioxidant activity, demonstrated by the concen-

tration-dependent increase in its ability to neutralize free rad-

icals aligning with the concept that extracts rich in phyto-

chemicals tend to donate electrons or hydrogen atoms more 

effectively at higher concentrations, thereby enhancing the 

reduction of free radicals [6, 14, 23, 26]. The DPPH radical 

scavenging assay evaluates the capacity of compounds to do-

nate electrons or hydrogen atoms, thereby neutralizing free 

radicals [23]. Similarly, the hydrogen peroxide scavenging 

assay determines the ability of extracts to detoxify H2O2, a 

reactive oxygen species capable of crossing membranes and 

forming highly reactive hydroxyl radicals [26]. The ob-

served antioxidant effect in both DPPH and H2O2 scavenging 

assays is likely due to the presence of bioactive constituents 

naturally found in Beta vulgaris, consistent with previous 

studies attributing the strong scavenging ability of Beta vul-

garis to its richness in betalains, phenolics, and flavonoids, 

and supporting its use as a source of bioactive compounds 
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with health-promoting and disease-preventive properties [8, 

9, 13, 19, 23, 25]. Similar patterns have also been noted in 

other research, where the synergistic interaction of multiple 

phytochemicals in Beta vulgaris extracts led to heightened 

antioxidant activity [8]. Additionally, the Beta vulgaris eth-

anol extract’s performance relative to ascorbic acid is con-

sistent with existing literature, which emphasizes that crude 

plant extracts often exhibit slightly higher IC₅₀ values than 

pure standards but still retain substantial antioxidant activity 

due to the synergistic interactions among multiple phyto-

chemicals [21, 25]. 

Hydrogen peroxide is well documented to trigger oxidative 

stress–mediated responses in liver cells, resulting in the eleva-

tion of intracellular reactive oxygen species (ROS), leading to 

lipid peroxidation, depletion of glutathione (GSH), and im-

pairment of antioxidant enzymes such as superoxide dis-

mutase (SOD), catalase (CAT), and glutathione peroxidase 

(GPx) [16]. To counteract reactive oxygen species (ROS), 

cells rely on a sophisticated antioxidant defense network that 

maintains redox homeostasis [29]. This system includes enzy-

matic antioxidants - SOD, CAT, and peroxidases (PRx), and 

non-enzymatic molecules such as GSH, vitamins C and E, ca-

rotenoids, and polyphenolic compounds derived from plants 

[5, 29]. 

In the in vitro cell based antioxidant assays, the observed 

decrease and increase in antioxidant levels in the negative 

control group of the experimental groups confirms that hydro-

gen peroxide successfully induced oxidative stress in HepG2 

cells [14]. Treatment with Beta vulgaris ethanol extract mark-

edly restored GSH levels, significantly reduced MDA levels 

and formation, counteracted CAT suppression; progressively 

improved CAT activity at all tested concentrations, and sig-

nificantly elevated SOD levels. This indicates significant an-

tioxidant and hepatoprotective effects. 

These findings are in agreement with previous reports and 

studies highlighting the richness of Beta vulgaris in bioactive 

compounds capable of promoting GSH synthesis, improving 

CAT activity, reducing MDA levels effectively preventing li-

pid peroxidation, substantially restoring SOD activity, main-

taining cellular redox equilibrium, and the protective activity 

likely due to the compounds stimulating antioxidant pathways 

and modulating enzyme expression, functioning as chain-

breaking antioxidants, scavenging ROS and stabilizing lipid 

radicals through the neutralization of hydroxyl and peroxyl 

radicals [2, 3, 7, 9, 12, 13, 19, 25, 28]. 

5. Conclusion 

The present study demonstrates that Beta vulgaris ethanol 

extract exhibits significant antioxidant and protective effects 

against H2O2-induced oxidative stress in HepG2 cells. The ex-

tract showed strong concentration-dependent radical scaveng-

ing activity in both DPPH and hydrogen peroxide assays, with 

inhibition levels comparable to ascorbic acid. In the oxidative 

stress model, hydrogen peroxide significantly induced oxida-

tive stress, elevating malondialdehyde (MDA) levels, indicat-

ing enhanced lipid peroxidation and cellular oxidative injury. 

However, pretreatment with the extract effectively reduced 

MDA accumulation, markedly improved intracellular antiox-

idant status by restoring reduced glutathione (GSH) levels and 

enhancing the activities of key antioxidant enzymes, catalase 

(CAT) and superoxide dismutase (SOD), with effects compa-

rable to the standard hepatoprotective agent, silymarin. These 

findings indicate that Beta vulgaris ethanol extract strengthens 

both enzymatic and non-enzymatic antioxidant defense sys-

tems, thereby promoting cytoprotection and redox homeosta-

sis under conditions characterized by oxidative stress. 
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