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group. Biochemical analysis revealed that EGCG elevated

EGCG, known for its potent antioxidant, anti-inflammatory,

and anticancer properties, has been extensively studied  the expression of genes involved in the ROS pathway,

for its health benefits”*. We found that EGCG treatment
significantly ameliorated the MNU-induced pathological
changes of the retina by increasing the thickness of the ONL
which approached that of the control group. ERG tests also
demonstrated significant improvements in the EGCG-treated

indicating its antioxidant role. Notably, this regulatory
effect of EGCG on gene expression and tissue pathological
protection is not limited to retinal models. Al-Awaida et /'™
in their study on water-pipe smoke-induced toxicity found

that EGCG could modulate gene expression profiles and
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alleviate histopathological damage, which is consistent with
our findings that EGCG reverses MNU-induced retinal gene
dysregulation and structural impairment. This cross-model
consistency further supports the broad therapeutic potential of
EGCG in counteracting oxidative stress-related tissue damage,
providing additional evidence for its applicability in RP
treatment. IHC staining showed activation of GFAP in MNU-
treated mice, which was mitigated by EGCG, potentially due
to its anti-inflammatory effects.

In RP patients, alterations in the expression of several ROS-
related genes are observed, including /L2, IL18, NRF2, and
SOD, which play crucial roles in the pathogenesis of
RPP* NRF2, a key transcription factor regulating the
cellular antioxidant defense system, may become dysregulated
in RP, leading to a dysfunction in the antioxidant defense
1 As a potent antioxidant, EGCG can regulate ROS
levels in RP patients through various mechanisms, including

system

neutralizing free radicals, enhancing the antioxidant defense
system, modulating BCL2 expression to inhibit apoptosis,
and suppressing inflammation. B-cell lymphoma 2 (BCL2)
is a protein that regulates apoptosis, and its dysregulation
can lead to excessive cell death, a characteristic feature of
RP. By inhibiting BCL2 expression, EGCG can help prevent
the apoptosis of photoreceptor cells, thus preserving retinal
function'*". Furthermore, Keap1-Nrf2 signaling pathway
is a primary target for EGCG’s action'”. By binding to
Keapl, EGCG prevents its inhibitory effect on Nrf2, thereby
enhancing Nrf2 activity and promoting the transcription of
genes that encode for antioxidant enzymes. This upregulation
of antioxidant enzymes strengthens the retina’s defense against
ROS, which is crucial for the survival of photoreceptor cells
in RP patients. Moreover, EGCG’s influence on intracellular
signaling pathways, such as PI3K/Akt and MAPK, further
modulates Nrf2’s nuclear translocation and activity, enhancing
the overall antioxidant response'**™*".

The preclinical findings of this study highlight EGCG’s
potential as a non-invasive therapeutic option for RP,
addressing the long-standing clinical need for less invasive
treatments compared to existing approaches like retinal
transplantation or prostheses. However, transitioning EGCG
from preclinical research to clinical application faces several
“47 In terms of safety, while EGCG is
generally recognized as safe in dietary doses, high-dose

critical challenges'

administration—Ilikely necessary for therapeutic efficacy in
RP—may trigger adverse effects. Clinical observations from
other studies have reported gastrointestinal discomfort (e.g.,
nausea, diarrhea, abdominal pain) in individuals taking high-
dose EGCG supplements, and there is also a risk of interactions
with commonly used medications'*™*. For example, EGCG
may interfere with the absorption of iron or the metabolism
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of anticoagulants, which could be problematic for RP patients
who may have comorbidities and take multiple drugs**".
Additionally, the optimal dosing regimen for EGCG in RP
remains unclear. In our mouse model, a 50 mg/kg intraperitoneal
dose showed efficacy, but translating this to human doses
requires consideration of species-specific differences in
pharmacokinetics, such as bioavailability. Oral administration,
the most feasible route for long-term RP treatment, results in
low bioavailability of EGCG due to poor absorption and rapid
metabolism in the gut and liver. Developing formulations to
enhance oral bioavailability (e.g., lipid-based delivery systems)
or exploring local delivery routes (e.g., intravitreal injections)
may be necessary but also present technical and safety
challenges. Long-term efficacy is another key concern: RP is
a progressive disease that requires decades of intervention,
yet preclinical studies only evaluate short-term effects (7d in
our study). It remains unknown whether EGCG can sustain
its protective effect over extended periods, or if tolerance or
cumulative side effects may emerge.

Furthermore, it is essential to acknowledge the potential
limitations of EGCG treatment beyond the translation
challenges. As mentioned earlier, high-dose EGCG can
cause gastrointestinal side effects, which may reduce patient
compliance, especially for long-term use. EGCG also has
potential effects on liver function; although rare, cases of
hepatotoxicity have been reported in individuals taking high-
dose EGCG supplements, which requires close monitoring in

*1%2Special populations, such as pregnant or

clinical trials'
lactating women, or patients with liver or kidney dysfunction,
may need to be excluded from initial trials due to insufficient
safety data. Additionally, EGCG’s antioxidant effects may
not be universally effective across all RP subtypes. RP is a
genetically heterogeneous disease, and while oxidative stress
is a common secondary factor, the primary genetic defect
varies among patients. It is possible that EGCG may be more
effective in subsets of RP patients with more prominent
oxidative stress, requiring stratified analysis in clinical trials to
identify responders.

Our study indicates that the antioxidant property of EGCG
can protect the retina from ROS-induced damage, providing
a new theoretical basis for RP treatment. Nevertheless,
further research is required to address the challenges of
clinical translation, including optimizing dosing and delivery,
evaluating long-term safety and efficacy, and identifying
patient subsets most likely to benefit. Future studies could
focus on developing improved EGCG formulations to
enhance bioavailability, conducting phase I/II clinical trials
to assess safety and preliminary efficacy, and exploring
combination therapies (e.g., EGCG with other antioxidants or
anti-inflammatory agents) to synergistically enhance retinal
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protection. Only by addressing these gaps can EGCG realize

its potential as a clinically viable treatment for RP.

In conclusion, this study demonstrates the therapeutic

potential of EGCG in mitigating MNU-induced RP in mice.

EGCG administration significantly improved ERG outcomes

and preserved retinal structure, indicating its protective

effect against photoreceptor cell degeneration. The findings
suggest EGCG’s promise as a novel therapeutic agent for

RP, highlighting its antioxidant properties and potential to

modulate gene expression related to oxidative stress and

inflammation. Further research is, however, warranted to
explore EGCG’s clinical application in RP treatment.
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