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ABSTRACT
Background: Oxidative stress plays a pivotal role in the pathogenesis of numerous chronic and degenerative
diseases by inducing cellular injury, mitochondrial dysfunction, and apoptosis. Epigallocatechin gallate, a major
polyphenolic constituent of green tea, has been widely recognised for its antioxidant potential, yet its integrated
cytoprotective mechanisms require further clarification.
Methods: The present study evaluated the cytoprotective effects of epigallocatechin gallate against hydrogen
peroxide—induced oxidative injury in HepG2 cells. Cells were pre-treated with varying concentrations of EGCG
prior to oxidative stress induction. Cellular viability, reactive oxygen species generation, lipid peroxidation,
antioxidant enzyme activities, mitochondrial membrane potential, apoptotic indices, and expression of redox-
sensitive signalling proteins were systematically assessed using established biochemical and molecular
techniques.
Results: Oxidative stress significantly reduced cell viability, increased intracellular ROS, enhanced lipid
peroxidation, depleted endogenous antioxidant enzymes, disrupted mitochondrial membrane potential, and
activated apoptotic signalling. EGCG pre-treatment markedly attenuated these effects in a concentration-
dependent manner. Restoration of antioxidant enzyme activity and activation of the Nrf2/HO-1 pathway were
central to the observed cytoprotective response.
Conclusion: EGCG conferred robust cytoprotection through coordinated antioxidant, mitochondrial, and anti-
apoptotic mechanisms, supporting its therapeutic relevance in oxidative stress—associated disorders.
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Introduction

Oxidative stress represents a fundamental
pathological mechanism underlying the initiation
and progression of a wide range of chronic diseases,
including liver disorders, neurodegenerative
conditions, cardiovascular dysfunction, metabolic
syndrome, and cancer. Excessive generation of
reactive oxygen species beyond the cellular
antioxidant capacity leads to oxidative damage of
biomolecules such as lipids, proteins, and nucleic
acids, ultimately resulting in cellular dysfunction
and death. In hepatic tissues, oxidative stress is
particularly detrimental due to the liver’s central role
in  metabolism and detoxification, making
hepatocytes highly susceptible to redox imbalance

and oxidative injury (M et al., 2021; Novoselova et
al., 2021; Pisoschi et al., 2021).

Despite extensive advances in pharmacotherapy,
effective management of oxidative stress—mediated
cellular damage remains challenging. Conventional
antioxidant therapies often exhibit limited clinical
efficacy due to poor intracellular bioavailability,
non-specific distribution, and inability to modulate
endogenous defence pathways. Moreover, synthetic
antioxidants have raised concerns related to long-
term safety and interference with physiological
redox signalling. These limitations have driven
growing interest in naturally derived polyphenols
that possess both direct antioxidant activity and
regulatory effects on cellular signalling networks
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(Hossen et al., 2021; Kanazawa et al.,, 2021;
Karunanidhi et al., 2021; Kooshki et al., 2021).
Among dietary polyphenols, epigallocatechin
gallate, the most abundant catechin found in green
tea derived from Camellia sinensis, has attracted
considerable attention for its broad pharmacological
profile. EGCG has been reported to exhibit
antioxidant, anti-inflammatory, anti-carcinogenic,
and cardioprotective properties. Its molecular
structure, characterised by multiple hydroxyl
groups, enables effective scavenging of free radicals
and chelation of redox-active metal ions. Beyond
direct antioxidant activity, EGCG has been shown to
influence key intracellular signalling pathways
involved in redox regulation, apoptosis, and cell
survival (Chen et al., 2017, Frias et al., 2016; Kaur
et al., 2019; Ramesh & Mandal, 2019; Silva et al.,
2019). However, the precise molecular mechanisms
by which EGCG confers cytoprotection under
oxidative stress conditions remain incompletely
understood. In particular, the integrated effects of
EGCG on mitochondrial integrity, endogenous
antioxidant enzyme systems, and apoptosis-
regulating pathways warrant systematic
investigation (Chen et al., 2017; Frias et al., 2016;
Kaur et al., 2019; Ramesh & Mandal, 2019; Silva et
al., 2019). Understanding these mechanisms is
critical for rational development of EGCG-based
therapeutic strategies and advanced delivery
systems aimed at overcoming bioavailability
limitations. Therefore, the objective of the present
study was to elucidate the cytoprotective and
molecular pharmacological effects of
epigallocatechin gallate against oxidative stress—
induced cellular injury in an in vitro hepatocyte
model. The study aimed to characterise EGCG-
mediated modulation of oxidative stress markers,
antioxidant defences, mitochondrial function, and
apoptotic signalling, thereby providing mechanistic
insights into its therapeutic potential.

Materials and Methods

Study design and experimental overview

The present investigation was designed as an in vitro
molecular pharmacology study to evaluate the
cytoprotective potential of epigallocatechin gallate
(EGCQG) against oxidative stress—induced cellular
injury. The experimental framework involved
controlled induction of oxidative stress using
hydrogen peroxide (H20:) in cultured mammalian
cells, followed by treatment with EGCG at
predefined concentrations. The study emphasised
mechanistic endpoints, including cellular viability,
oxidative stress biomarkers, mitochondrial integrity,
apoptotic signalling, and modulation of antioxidant
defence pathways. All experiments were conducted
in triplicate, and outcomes were analysed using
appropriate  statistical models to  ensure
reproducibility and scientific rigor (Chen et al.,
2017; Frias et al., 2016; Kaur et al., 2019; Ramesh
& Mandal, 2019; Silva et al., 2019).

Chemicals and reagents

Epigallocatechin gallate (=98% purity) was
procured from a certified phytochemical supplier
and stored under desiccated conditions at 4 °C to
prevent oxidative degradation. Dulbecco’s Modified
Eagle’s Medium (DMEM), foetal bovine serum
(FBS), penicillin—streptomycin solution, trypsin—
EDTA, phosphate-buffered saline (PBS), and MTT
reagent were obtained from standard cell culture
reagent manufacturers. Hydrogen peroxide (30%
w/v), dichlorodihydrofluorescein diacetate (DCFH-
DA), thiobarbituric acid (TBA), reduced glutathione
(GSH), NADPH, and enzyme assay Kkits for
superoxide dismutase (SOD), catalase (CAT), and
glutathione peroxidase (GPx) were of analytical
grade. All reagents were freshly prepared prior to
use unless otherwise stated.

Cell line and culture conditions

Human hepatocellular carcinoma (HepG2) cells
were selected as the experimental model due to their
metabolic competence and established sensitivity to
oxidative stress. Cells were obtained from a national
cell repository and authenticated prior to
experimentation. HepG2 cells were cultured in
DMEM supplemented with 10% FBS and 1%
penicillin—streptomycin under standard incubator
conditions (37 °C, 5% CO., and 95% relative
humidity). Cells were subcultured at 70-80%
confluency using trypsin—~EDTA and only passages
5-20 were employed for experimental consistency
(Evans et al., 2024; Ling et al., 2025; Pipitone et al.,
2023; Song et al., 2025).

Preparation of EGCG solutions

A primary stock solution of EGCG was prepared in
sterile distilled water and filtered through a 0.22 pm
membrane filter. Working concentrations (5, 10, 25,
50, and 100 uM) were freshly prepared by serial
dilution in serum-free culture medium immediately
before treatment. The pH of all solutions was
adjusted to physiological range (7.2—7.4) to prevent
confounding cytotoxic effects.

Induction of oxidative stress

Oxidative stress was induced using hydrogen
peroxide based on preliminary dose—response
optimisation studies. Briefly, HepG2 cells were
exposed to varying concentrations of H02 (100-800
uM) for 2 h, and 400 uM was identified as the
minimal concentration capable of inducing
approximately 50% reduction in cell viability. This
concentration was selected for subsequent
experiments to allow reliable detection of
cytoprotective effects without causing irreversible
cellular damage (Evans et al., 2024; Ling et al.,
2025; Pipitone et al., 2023; Song et al., 2025).
Experimental grouping and treatment protocol
Cells were seeded in appropriate culture plates and
allowed to adhere for 24 h. The experimental groups
included untreated control cells, H2O:-treated
oxidative stress control cells, EGCG-alone treated
cells, and EGCG pre-treated cells subjected to
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oxidative stress. For cytoprotection studies, cells
were pre-incubated with EGCG for 24 h prior to
H20: exposure. Following treatment, cells were
harvested for biochemical, molecular, and
microscopic analyses (Evans et al., 2024; Ling et al.,
2025; Pipitone et al., 2023; Song et al., 2025).

Cell viability assessment (MTT assay)

Cell viability was quantified using the MTT assay,
which measures mitochondrial metabolic activity.
Following treatments, MTT solution (0.5 mg/mL)
was added to each well and incubated for 4 h at 37
°C. The resulting formazan crystals were dissolved
in dimethyl sulfoxide, and absorbance was measured
at 570 nm using a microplate reader. Cell viability
was expressed as a percentage relative to untreated
controls.

Intracellular reactive oxygen species
measurement

Intracellular ROS levels were determined using the
DCFH-DA fluorescence probe. Treated cells were
incubated with DCFH-DA (10 pM) for 30 min in the
dark, washed with PBS, and fluorescence intensity
was measured at excitation/emission wavelengths of
485/530 nm. Results were expressed as fold change
relative to control cells (Li et al., 2025; Saroj et al.,
2025).

Lipid peroxidation assay

Lipid peroxidation was assessed by measuring
malondialdehyde (MDA) formation using the
thiobarbituric acid reactive substances (TBARS)
method. Cell lysates were reacted with TBA reagent
under acidic conditions and heated at 95 °C for 30
min. After cooling, absorbance was recorded at 532
nm, and MDA levels were calculated using a
standard curve (Ohkawa et al., 1979; Tripathi et al.,
2009; Zamora & Hidalgo, 2001).

Antioxidant enzyme activity estimation
Activities of endogenous antioxidant enzymes,
including SOD, CAT, and GPx, were measured
spectrophotometrically using commercial assay kits
according to manufacturer protocols. Protein
concentrations were determined using the Bradford
method, and enzyme activities were normalised to
total protein content (Barua et al., 2012; Dhawefi et
al., 2021; Elyazid et al., 2021; Zou et al., 2014).
Assessment of mitochondrial ~membrane
potential

Mitochondrial membrane potential (A¥Ym) was
evaluated using the JC-1 fluorescent dye. Treated
cells were incubated with JC-1 (5 pg/mL) for 20
min, washed, and analysed using a fluorescence
microplate reader. The ratio of red to green
fluorescence was wused as an indicator of
mitochondrial integrity (Barua et al., 2012; Dhawefi
et al., 2021; Elyazid et al., 2021; Zou et al., 2014).

Apoptosis analysis

Apoptotic cell death was quantified using annexin
V-FITC/propidium iodide dual staining followed by
flow cytometric analysis. Cells were harvested,
stained according to the kit protocol, and analysed to
distinguish viable, early apoptotic, late apoptotic,
and necrotic populations (Ferruzzi et al., 2013;
Kumar et al., 2015; Nasser et al., 2017; Tian et al.,
2015; Wang et al., 2016).

Western blot analysis

Protein expression of key oxidative stress and
apoptotic markers, including Nrf2, HO-1, Bax, Bcl-
2, and cleaved caspase-3, was evaluated by Western
blotting. Equal amounts of protein were separated by
SDS-PAGE, transferred onto PVDF membranes,
and probed with specific primary and secondary
antibodies. Protein bands were visualised using
chemiluminescence and quantified by densitometry
(Ferruzzi et al., 2013; Kumar et al., 2015; Nasser et
al., 2017; Tian et al., 2015; Wang et al., 2016).
Statistical analysis

All data were expressed as mean =+ standard
deviation (SD). Statistical comparisons among
groups were performed using one-way analysis of
variance (ANOVA) followed by Tukey’s post hoc
test. A p-value of < 0.05 was considered statistically
significant. Data analysis was conducted using
GraphPad Prism software.

Results

Effect of EGCG on cell viability under oxidative
stress

Exposure of HepG2 cells to hydrogen peroxide (400
uM) for 2 h resulted in a marked reduction in cell
viability, confirming successful induction of
oxidative stress—mediated cellular injury. Pre-
treatment with EGCG produced a clear,
concentration-dependent cytoprotective effect. Cells
pre-incubated with EGCG at lower concentrations (5
and 10 pM) showed partial recovery of viability,
whereas higher concentrations (25-100 pM)
significantly restored metabolic activity toward
basal levels. EGCG alone did not exhibit any
cytotoxicity across the tested concentration range,
indicating good cellular tolerability.

Table 1. Effect of EGCG on HepG2 cell viability
under oxidative stress conditions (MTT assay).

Treatment EGCG Cell

group concentration viability
(M) (%)

Control - 100.0+3.2

H:0: — 51.6+29

control

EGCG 25 98.4+3.1

alone

EGCG +15 63.8+34

HZOZ

EGCG + 110 71.5+3.1

HZOZ

EGCG + 125 82.6+2.7

HZOZ
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Figure 1. Concentration-dependent cytoprotective
effect of EGCG against H20.-induced reduction in
HepG2 cell viability (MTT assay).
Modulation of intracellular reactive oxygen

species

Oxidative stress control cells exhibited a
pronounced elevation in intracellular ROS levels
compared with untreated controls. EGCG pre-
treatment significantly suppressed ROS
accumulation in a dose-dependent manner. At
concentrations of 50 and 100 uM, EGCG reduced
ROS levels close to physiological baseline,
highlighting its potent free radical scavenging
capacity and ability to interrupt oxidative chain
reactions at the cellular level.

Table 2. Effect of EGCG on intracellular ROS
generation in HepG?2 cells.

Treatment | EGCG ROS level (fold

group concentration of control)
(M)

Control — 1.00 + 0.08

H:0: - 2.86+0.21

control

EGCG + |5 2.31+0.18

H202

EGCG + | 10 1.94+0.16

H202

EGCG + |25 1.52+0.14

H202

EGCG + | 50 1.21+0.11

H20:

EGCG + | 100 1.08 +0.09

H20:

Effect of EGCG on Intracellular ROS Generation

ROS level (fold of control)
e K+ M N N W
w o w o w o

°

0

Figure 2. Inhibition of intracellular ROS
generation by EGCG in oxidative stress—challenged
HepG2 cells.

Inhibition of lipid peroxidation

Lipid peroxidation, assessed by malondialdehyde
formation, was significantly elevated in H>O--
treated cells, indicating oxidative damage to
membrane lipids. EGCG pre-treatment markedly
reduced MDA levels in a concentration-dependent
fashion. Higher concentrations of EGCG
demonstrated superior membrane-protective effects,
suggesting stabilisation of lipid bilayers and
prevention of oxidative degradation.

Table 3. Effect of EGCG on lipid peroxidation
(MDA levels) in HepG2 cells.

Treatment | EGCG MDA

group concentration (nmol/mg
(M) protein)

Control - 1.42+£0.12

H:0: - 3.96 +£0.25

control

EGCG + |10 3.12+0.21

H:0.

EGCG + |25 2.41+0.18

H20.

EGCG + |50 1.88+0.15

H202

EGCG + | 100 1.56 £ 0.14

H20.

Effect of EGCG on Lipid Peroxidation (MDA Levels)

Figure 3. Effect of EGCG on lipid peroxidation
levels in HepG2 cells exposed to oxidative stress.
Restoration of endogenous antioxidant enzyme
activities
Oxidative stress exposure significantly depleted
endogenous antioxidant defences, as evidenced by
reduced SOD, CAT, and GPx activities. EGCG pre-
treatment effectively restored enzyme activities,
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with higher concentrations achieving near-
normalisation. This restoration suggested that
EGCG not only acted as a direct antioxidant but also
enhanced cellular redox  homeostasis by
upregulating intrinsic defence systems.

Table 4. Effect of EGCG on antioxidant enzyme
activities in HepG2 cells.

Param | Cont | H:0: | EG EG EG
eter rol cont | CG CG CG
rol + + +
H:O0 | H:O | H:O
225250 | 2
uM) | pM) | (100
uM)
SOD 18.4 92+ | 138 | 16.1 | 17.6
(U/mg +1.1 | 0.8 +09 | £1.0 | £1.1
protein)
CAT 42.7 21.5 | 31.8 | 374 | 409
(U/mg +24 | £19 | £21 | £22 | £23
protein)
GPx 11.6 54+£(83+£(199+] 11.1
(U/mg +09 | 0.6 0.7 0.8 +0.9
protein)

Effect of EGCG on Endogenous Antioxidant Enzyme Activities
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Figure 4. Restoration of endogenous antioxidant
enzyme activities by EGCG in oxidative stress—
exposed HepG2 cells.

Preservation of mitochondrial membrane

potential
Hydrogen peroxide exposure caused a significant
collapse of mitochondrial membrane potential, as
reflected by a decreased JC-1 red/green fluorescence
ratio. EGCG pre-treatment significantly preserved
mitochondrial integrity, with higher concentrations
maintaining AWYm values comparable to control
cells. These findings indicated a protective effect of
EGCG on mitochondrial function under oxidative
stress.
Table 5. Effect of EGCG on mitochondrial
membrane potential (JC-1 ratio).

Treatment group JC-1 red/green ratio

Control 1.92 +£0.14

H-0: control 0.86 £ 0.09

EGCG + H:0. (25 uM) | 1.31+£0.12

EGCG + H20: (50 uM) | 1.56+0.13

EGCG + H20: (100 pM) | 1.78 £0.14

Effect of EGCG on Mitochondrial Membrane Potential
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Figure 5. Effect of EGCG on mitochondrial
membrane potential in HepG2 cells subjected to
oxidative stress.

Attenuation of apoptosis and modulation of stress

signalling proteins

Flow cytometric analysis revealed a significant
increase in early and late apoptotic populations
following oxidative stress exposure. EGCG pre-
treatment markedly reduced apoptotic cell death.
Western blot analysis further demonstrated
upregulation of Nrf2 and HO-1 expression, along
with a favourable shift in Bax/Bcl-2 ratio and
reduced cleavage of caspase-3, supporting the
molecular basis of EGCG-mediated cytoprotection.
Table 6. Effect of EGCG on apoptosis markers and
related protein expression.

Parameter Control | H:0: EGCG
control | + H:0:
(50 uM)
Early apoptosis | 46 £+ | 189 + | 82+1.0
(%) 0.7 1.6
Late apoptosis | 23 £ | 146 £ | 57+0.8
(%) 0.5 14
Bax/Bcl-2 ratio | 1.00 =+ | 2.64 + | 128 =+
0.08 0.19 0.11
Cleaved 1.00 +|291 +|134 =+
caspase-3 0.09 0.22 0.12
(relative units)

Control Ha0: control

Figure 6. Modulation of apoptotic signalling and
Nrf2/HO-1 pathway by EGCG in HepG2 cells
under oxidative stress.

Discussion

The present molecular pharmacology study
systematically demonstrated that epigallocatechin
gallate exerted robust cytoprotective effects against
oxidative stress—induced cellular injury. The
findings collectively indicated that EGCG mitigated
oxidative damage through a multi-layered
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mechanism involving direct free radical scavenging,
reinforcement of endogenous antioxidant defences,
preservation of mitochondrial function, and
attenuation of apoptosis-related signalling cascades.
These results were consistent with the established
pharmacodynamic profile of catechins derived from
Camellia sinensis, yet the present work provided a
more  integrated cellular and  molecular
interpretation under controlled oxidative stress
conditions (Anaeigoudari et al., 2021; Doustfatemeh
et al.,, 2017; Ye et al.,, 2019). Oxidative stress—
induced cellular injury represents a common
pathological denominator across a broad spectrum
of chronic disorders, including hepatic dysfunction,
neurodegeneration, cardiovascular disease, and
metabolic syndromes. Hydrogen peroxide-mediated
injury is widely accepted as a clinically relevant in
vitro model because H:0: readily diffuses across
cellular membranes and initiates intracellular
reactive oxygen species amplification. In the present
study, exposure of HepG2 cells to H20: resulted in a
reproducible reduction in cell viability, excessive
ROS accumulation, lipid peroxidation, depletion of
antioxidant enzymes, mitochondrial membrane
depolarisation, and activation of apoptotic
pathways. These observations reflected a classical
oxidative injury phenotype and provided a suitable
platform for  evaluating EGCG-mediated
cytoprotection (Garcia et al., 2010; Garcia et al.,
2010; Shimada et al., 1992).

The concentration-dependent restoration of cell
viability observed following EGCG pre-treatment
strongly indicated that EGCG enhanced cellular
resilience against oxidative insults rather than
merely masking cytotoxicity. Importantly, EGCG
alone did not compromise cellular viability,
confirming its biocompatibility within the tested
concentration range. Similar cytoprotective trends
have been reported in hepatocytes and neuronal cell
lines, where EGCG pre-conditioning enhanced
survival under oxidative and inflammatory stress,
supporting the translational relevance of the present
findings. A key mechanistic observation of this
study was the pronounced suppression of
intracellular ROS generation by EGCG. Oxidative
stress control cells exhibited nearly threefold
elevation in ROS levels, whereas EGCG pre-
treatment markedly attenuated ROS accumulation.
This effect could be attributed to the polyphenolic
structure of EGCG, which contains multiple
hydroxyl groups capable of donating hydrogen
atoms to neutralise free radicals. Additionally,
EGCG has been reported to chelate transition metal
ions, thereby inhibiting Fenton-type reactions that
propagate oxidative stress. The near-normalisation
of ROS levels at higher EGCG concentrations
underscored its potent intracellular antioxidant
capacity (Garcia et al., 2010; Garcia et al., 2010;
Shimada et al., 1992).

Lipid peroxidation is a critical downstream
consequence of uncontrolled oxidative stress,
leading to membrane destabilisation, altered
permeability, and loss of cellular homeostasis. The
significant reduction in malondialdehyde levels
observed in EGCG-treated cells suggested effective
protection of membrane lipids from oxidative
degradation. This membrane-stabilising effect was
particularly relevant in hepatocytes, where oxidative
damage to lipid-rich organelle membranes can
impair metabolic and detoxification functions.
Previous studies have similarly reported that EGCG
inhibited lipid peroxidation in hepatic and cardiac
tissues, reinforcing the biological plausibility of the
present data. Beyond direct antioxidant activity,
EGCG  significantly  restored  endogenous
antioxidant enzyme activities, including SOD, CAT,
and GPx. Oxidative stress markedly suppressed
these enzymes, reflecting exhaustion of intrinsic
defence mechanisms. EGCG pre-treatment reversed
this depletion, suggesting that EGCG modulated
redox-sensitive transcriptional pathways governing
antioxidant enzyme expression. This finding aligned
closely with the observed upregulation of Nrf2 and
its downstream effector HO-1. Activation of the
Nrf2/ARE pathway is recognised as a central
adaptive response to oxidative stress, promoting
transcription of cytoprotective genes. The present
results supported the hypothesis that EGCG acted as
an indirect antioxidant by enhancing cellular
defence capacity in addition to scavenging ROS
directly (Banerjee et al., 2017; Hussain et al., 2016;
Hybertson et al., 2011; Kaur et al., 2016; Sawa &
Sedlak, 2016).

Mitochondrial ~ dysfunction is  increasingly
recognised as a pivotal event in oxidative stress—
induced apoptosis. Loss of mitochondrial membrane
potential compromises ATP production and triggers
release of pro-apoptotic factors. In the present study,
oxidative stress induced a substantial collapse of
A¥Ym, whereas EGCG preserved mitochondrial
integrity in a concentration-dependent manner. This
protective effect suggested that EGCG stabilised
mitochondrial membranes and prevented oxidative
damage to electron transport chain components.
Maintenance of mitochondrial function likely
contributed to improved cellular survival and
reduced apoptotic signalling. Apoptosis analysis
further substantiated the cytoprotective role of
EGCQG. Oxidative stress markedly increased early
and late apoptotic cell populations, accompanied by
an unfavourable Bax/Bcl-2 ratio and elevated
caspase-3  activation. EGCG  pre-treatment
significantly attenuated apoptotic indices and
restored the balance between pro- and anti-apoptotic
proteins. These effects were consistent with
previous reports demonstrating that EGCG inhibited
mitochondria-mediated apoptosis by modulating
Bcl-2 family proteins and suppressing caspase
activation. The convergence of mitochondrial
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preservation and apoptosis inhibition underscored a
coherent protective mechanism at the molecular
level. Collectively, these findings positioned EGCG
as a multifunctional cytoprotective agent capable of
intervening at multiple stages of the oxidative injury
cascade. From a therapeutic perspective, such
pleiotropic activity is particularly valuable in
complex diseases characterised by redox imbalance,
inflammation, and mitochondrial dysfunction.
However, despite its promising pharmacological
profile, EGCG is known to suffer from limitations
related to stability, bioavailability, and rapid
metabolism in vivo. These constraints may partially
explain the discrepancy between strong in vitro
efficacy and variable clinical outcomes reported in
the literature. Nevertheless, the present molecular
insights provided a compelling rationale for further
translational ~ development of EGCG-based
interventions. Strategies such as nanoencapsulation,
prodrug design, and combination therapy could
potentially overcome pharmacokinetic limitations
and enhance tissue-specific delivery. In this context,
the demonstrated activation of endogenous
cytoprotective pathways by EGCG strengthened its
candidacy as a lead molecule for oxidative stress—
associated disorders.

Conclusion

The present molecular pharmacology study
demonstrated that epigallocatechin gallate exerted
significant cytoprotective effects against oxidative
stress—induced cellular injury in HepG2 cells.
Oxidative insult produced by hydrogen peroxide
resulted in marked cellular damage, as evidenced by
reduced cell viability, excessive reactive oxygen
species generation, lipid peroxidation, depletion of
endogenous antioxidant enzymes, mitochondrial
membrane depolarisation, and activation of
apoptotic pathways. Pre-treatment with EGCG
consistently mitigated these pathological alterations
in a concentration-dependent manner, confirming its
strong protective potential at both cellular and
molecular levels. The cytoprotective action of
EGCG was mediated through a multifaceted
mechanism. EGCG  effectively  suppressed
intracellular ROS accumulation and reduced lipid
peroxidation, indicating direct antioxidant and
membrane-stabilising properties. Simultaneously,
EGCQG restored the activities of key endogenous
antioxidant enzymes, suggesting reinforcement of
intrinsic redox defence systems. Preservation of
mitochondrial membrane  potential  further
highlighted the role of EGCG in maintaining
mitochondrial integrity under oxidative conditions.
Importantly, EGCG attenuated oxidative stress—
induced apoptosis by modulating the Bax/Bcl-2 ratio
and inhibiting caspase-3 activation, thereby
preventing programmed cell death.

Activation of the Nrf2/HO-1 pathway emerged as a
central molecular event underlying EGCG-mediated
cytoprotection. By enhancing the transcription of

cytoprotective genes, EGCG functioned not only as
a direct antioxidant but also as an indirect regulator
of cellular defence mechanisms. These findings
collectively underscored the pleiotropic
pharmacological nature of EGCG and its ability to
intervene at multiple stages of the oxidative injury
cascade. From a translational perspective, the results
supported the therapeutic relevance of EGCG in
oxidative stress—associated pathologies, including
hepatic ~ disorders, metabolic diseases, and
degenerative conditions. However, limitations
related to stability and bioavailability warrant
further investigation. Advanced delivery strategies
and in vivo validation studies are necessary to fully
harness the cytoprotective potential of EGCG in

clinical settings.
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