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Abstract

e AIM: To investigate the therapeutic efficacy and
underlying mechanisms of epigallocatechin gallate
(EGCG), a major green tea catechin with potent antioxidant
properties, in an N-methyl-N-nitrosourea (MNU)-induced
mouse model of retinitis pigmentosa (RP).

e METHODS: C57BL/6 mice were randomly divided
into control (PBS), MNU-induced RP, and MNU+EGCG
pretreatment groups. EGCG (50 mg/kg, intraperitoneal) was
administered daily for 3 consecutive days prior to a single
MNU injection (50 mg/kg). Retinal function was evaluated
by scotopic electroretinography (ERG). Retinal structure
was assessed using optical coherence tomography (OCT)
and hematoxylin-eosin staining, with outer nuclear layer
(ONL) thickness measurement. Mechanisms were explored
via RNA sequencing, reverse transcription quantitative
real-time polymerase chain reaction (RT-qPCR) validation
of oxidative stress- and inflammation-related genes, and
immunohistochemistry for microglial activation, astrocytic
gliosis, and apoptosis markers.

e RESULTS: Compared with the MNU group, EGCG
pretreatment significantly preserved scotopic ERG a-wave
and b-wave amplitudes (P<0.001). OCT and histological
analysis showed that EGCG markedly attenuated MNU-
induced thinning of total retina and ONL (P<0.005,
P<0.001, respectively). RNA sequencing identified 1147
differentially expressed genes modulated by EGCG, with
significant upregulation of antioxidant genes (Nrf2, Sod1,
Gpx4, Catl, Ho-1) and downregulation of pro-inflammatory
genes. Immunohistochemistry confirmed that EGCG
significantly reduced microglial activation, glial fibrillary
acidic protein (GFAP) expression, and cleaved caspase-3-
positive cells (P<0.01 to P<0.001).

e CONCLUSION: EGCG exerts robust neuroprotective
effects in MNU-induced RP through enhancement of
antioxidant defenses, suppression of neuroinflammation,
and preservation of retinal structure and function. These
findings suggest EGCG as a promising candidate for
adjuvant antioxidant therapy in RP.
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INTRODUCTION

etinitis pigmentosa (RP) is a heterogeneous inherited
R retinal dystrophy characterized by progressive
photoreceptor cell apoptosis which eventually results in vision
loss"!. Tt is reported that the prevalence of RP is approximately
1 in 4000 in Western countries, thus affecting over 1.5 million
individuals®. While no effective long-term treatment presently
exists for RP, clinical trials and experimental treatments using
sophisticated methods such as gene therapy, neuroprotection,
anti-apoptotic drugs, retinal transplantation, retinal prostheses,
and stem cell therapy are been explored but are largely invasive
and potentially inconvenient”™. As such, finding a new non-
invasive and effective treatment for RP and alleviating the
medical burden on patients is paramount.
In various RP animal models, the mechanism of photoreceptor
apoptosis induced by N-methyl-N-nitrosourca (MNU), as
well as the biological mechanisms and cellular responses, are

(561 "and thus considered

[7-9]

reported to be similar to that in humans
useful in the search of treatment for human RP'
In as much as RP is known to be a hereditary condition,
reactive oxygen species (ROS), via its ability to induce
oxidative stress, have been implicated as a key factor in
the pathogenesis of several retinal conditions including

P ROS subtypes such as

photoreceptor apoptosis in R
hydroxyl (OH) and peroxynitrite (ONOO) radicals can induce

mitochondrial DNA stress and lipid oxidation, leading to
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mitochondrial membrane rupture and cytochrome C release,
which promotes the activation and progression of apoptotic
cascade. Studies have found that ROS can excessively
increase poly ADP-ribose polymerase activity by interacting
with transcription factors such as nuclear factor-kappa B and
activating protein-1, leading to photoreceptor apoptosis' . As
a result, oxidative stress is believed to play a major role in the
development of RP. For example, oxidative stress is reported to
contribute to the progression of MNU-induced photoreceptor
cell apoptosis, while antioxidant substances such as quercetin,
melatonin, curcumin, vitamin A, and carotenoids can inhibit
the loss of photoreceptor cells in the MNU model""*.

To protect the retina against oxidative damage, microglial
cells infiltrate the outer nuclear layer (ONL) of the retina
in the early stages of retinal degeneration where they are
responsible for clear debris of apoptotic neurons by means of

120 However, left untreated and the underlying

phagocytosis
cause unremedied, a rapid and excessive apoptosis in RP
will typically leads to retinal degeneration and visual loss,
especially in patients who develop RP during adolescence or
young adulthood.

Epigallocatechin gallate (EGCG), a major catechin found
in green tea, has gained considerable attention for its potent
antioxidant properties. EGCG has been shown to scavenge
ROS, thereby reducing oxidative stress and exerting a
protective effect on cells” . However, the potential of EGCG
as a therapeutic agent in retinal degenerative diseases remains
largely unexplored. As such, in this study, we sought to
investigate the neuroprotective effects of EGCG in the retinal
degenerative disease RP. We hypothesize that EGCG can
mitigate oxidative stress-induced damage in retinal neurons by
scavenging ROS, thereby slowing the progression of retinal
degeneration and preserving visual function. The findings of
this study could provide valuable insights into the development
of novel therapeutic strategies for retinal degenerative diseases,
potentially improving the quality of life for millions of patients
worldwide.

MATERIALS AND METHODS

Ethical Approval All animal procedures were approved by
the Institutional Animal Care and Use Committee of Tongji
University (E547895421, granted on May/5/2023) and
conducted following the guidelines of the ARVO statement for
the use of animals in ophthalmic and vision research.

Animals Male C57BL/6 mice (25-30 g body weight) were
procured from Modelorg (Shanghai, China) and housed in a
12-hour light/12-hour dark cycle at 25°C+1°C and 39%—45%
relative humidity, with ad libitum access to water and food.
The mice were euthanized by active exposure to CO, for an
initial 2 to 3min followed by an additional passive exposure
time of 3min, reliably resulting in irreversible euthanasia.
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Mouse Model To induce MNU-induced retinal degeneration,
C57BL/6 mice were intraperitoneally injected with a dose
of MNU (50 mg/kg; N136701, Aladdin, Shanghai, China)
and evaluated on day 1 or day 7 post-injection. Eyes were
rapidly enucleated and processed for respective studies. EGCG
(50 mg/kg; E107404, Tocris, Minneapolis, USA) or the
vehicle control [phosphate-buffered saline (PBS)] were also
administered intraperitoneally. For experiments lasting 7d,
EGCG was administered daily for 3d after which MNU was
administered on the next day after EGCG treatment. Drugs
were stored at -20°C in Shanghai East Hospital of Tongji
University.

Electroretinography Electroretinography (ERG) measurements
were taken following previous reports with slight
modification™ ", Briefly, the mice were anesthetized, and their
pupils dilated with 1% tropicamide and 1% atropine. ERG
measurements were conducted using RetiMINER-C system
(IRC Medical Equipment, Chongging, China) from the corneal
surface using a pair of platinum loop electrodes, along with a
ground electrode placed in the tail and a reference electrode
in the anterior scalp between the eyes. A drop of Genteal Gel
(Alcon,Texas, USA) was applied to the cornea to keep it moist.
For scotopic ERG, mice were dark-adapted overnight and
stimulated with flashes of steadily increasing light intensity
(0.1, 1, 10 cd-s/m”). The band-pass filter was set between 0.3
and 300 Hz, and responses were averaged from 10 single
flashes. Data analysis was conducted using RetiMINER4.0.
Quantitative Polymerase Chain Reaction Reverse
transcription quantitative real-time polymerase chain reaction
(RT-qPCR) was performed using specific primers for eight
genes in mouse eyeball samples as shown in Table 1. Primers
were synthesized by Accurate Biotechnology (Hunan) Co.,
Ltd (Shanghai, China). Total RNA from mouse eyeball
tissues was extracted using the TaKaRa MiniBEST Universal
RNA extraction kit. RNA concentration was measured using
a NanoDrop microspectrophotometer, and RNA integrity
was assessed by agarose gel electrophoresis. RNA was
transcribed into cDNA using the TaKaRa PrimeScript Reverse
Transcription Master Kit and stored at -80°C for later use.
Real-time fluorescent qPCR was performed following the
instructions of the PowerUP SYBR Green Master Mix reagent
and Applied Biosystems Q3 quantitative PCR system. The
gPCR amplification program consisted of an initial hold at
50°C for 2min, followed by activation of DNA polymerase
at 95°C for 2min, and 40 cycles of target DNA fragment
amplification (95°C for 15s, 60°C for 60s) to obtain an SYBR
green fluorescence signal. Glyceraldehyde-3-phosphate
dehydrogenase (GAPDH) was used as an internal reference,
and relative quantitative analysis was conducted using the
27**“ method.
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Table 1 Target genes and primer sequences

Genes Forward (5’-3’) Reverse (5’-3')

Nrf2 ACCAAGGGGCACCATATAAAAG CTTCGCCGAGTTGCACTCA
Keap1l TGCCCCTGTGGTCAAAGTG GGTTCGGTTACCGTCCTGC
Sod1 AACCAGTTGTGTTGTCAGGAC CCACCATGTTTCTTAGAGTGAGG

Gsh TATCAGAGGCGGGAAATCTCTT
Gpx4 GATGGAGCCCATTCCTGAACC
Catl GAAGTGGCGGAGACTTTTAGG
HO-1 GTCTTCCGTGTGTCCTCGG
Gapdh TGGATTTGGACGCATTGGTC

ATTCTTGCTTCGGCCACATAC
CCCTGTACTTATCCAGGCAGA
TGGTCAGTAAACGTAGCTCCA
CCTTACACTTCTTGTGGGTCTTG
TTGCACTGGTACGTGTTGAT

Optical Coherence Tomography Spectral-domain optical
coherence tomography (SD-OCT) imaging was used to non-
invasively acquire cross-sectional tomographic images of
the retina, allowing for the monitoring of retinal morphology
in live experimental animals. The Micron IV intraocular
imaging system (Phoenix Research Labs, Pleasanton, USA)
was utilized as previously described'”. Optical coherence
tomography images were analyzed using InSight XL software
(Phoenix Research Laboratories) to measure total retinal
thickness and the thickness of different retinal layers.
Immunohistochemistry Mice were anesthetized and
subjected to perfusion with 4% paraformaldehyde, after which
their eyes were enucleated. Retinas were carefully dissected
with forceps and then post-fixed in 4% paraformaldehyde
for 30min. Following removal of the lens, the retinas were
immersed in 30% sucrose at 4°C overnight and then embedded
in optical coherence tomography compound (Leica, Hesse,
Germany) at room temperature for 2h. Subsequently, the
embedded retinas were cryo-sectioned at a thickness of 20
pm using a Leica CM1950. Slides containing retinal sections
were washed with PBS and incubated with a blocking
buffer comprising 5% normal donkey serum (Jackson
ImmunoResearch, PA, USA), 0.1% Triton X-100, and 0.1%
NaN; in PBS for 1h at room temperature. After overnight
incubation with primary antibodies at 4°C, sections were
washed three times with PBS and then incubated with
secondary antibodies in a humidified dark box for 2h at
room temperature. Nuclei were counterstained with DAPI
(Sigma-Aldrich, MO, USA), and sections were mounted with
Fluoromount G (SouthernBiotech, AL, USA).

Hematoxylin and Eosin Staining Retinas were isolated from
enucleated eyes and fixed in 4% paraformaldehyde for 30min.
After dehydration using increasing concentrations of ethanol
(70%, 95%, and 100%) and incubation in xylene, retinas were
embedded in paraffin and sectioned at a thickness of 5 pm
using a Leica microtome. Following deparaffinization and
rehydration, slides containing retinal sections were stained
with hematoxylin and eosin (HE) and mounted with Canada
balsam (Sigma-Aldrich, MO, USA). Images were captured
using an Olympus IX83 microscope.

RNA Sequencing

RNA-seq analysis of retina epithelium Total RNA was
extracted from the retina tissue using the TRIzol” reagent
(Invitrogen, CA, USA). Genomic DNA contamination was
eliminated with DNase I obtained (Takara, Tokyo, Japan).
RNA integrity was assessed using the Bioanalyser 2100
(Agilent Technologies, Santa Clara, USA), and quantified via
the ND-2000 spectrophotometer (NanoDrop Technologies,
Wilmington, USA). Only RNA samples of superior quality
(with an OD260/280 ratio of 1.8 to 2.2, an OD260/230 ratio
greater than or equal to 2.0, an RIN value of at least 6.5, and a
quantity exceeding 10 pg) were selected for the construction of
the RNA-seq libraries.

A quantity of 5 pg of RNA was utilized to prepare the
RNA-seq library with the TruSeq™ RNA sample preparation
Kit (Illumina, San Diego, USA), following the polyA selection
method for mRNA isolation and subsequent fragmentation.
Complementary DNA (cDNA) was synthesized in a double-
stranded format as per the protocol of the SuperScript double-
stranded cDNA synthesis kit by Invitrogen, CA, USA. The
c¢DNA library was quantified using the TBS380 fluorometer,
and the paired-end RNA-seq library was sequenced on the
[llumina HiSeq X Ten platform with a read length of 2x150 bp.
Post-quality control measures, the cleaned reads were aligned
to the Mus_musculus reference genome (GRCm38) employing
TopHat2 software, which can be found at http://ccb.jhu.edu/
software/tophat/index.shtml. The gene expression levels across
samples were estimated using RSEM, accessible at http://
deweylab.github.io/RSEM/, and were quantified in terms of
transcripts per million (TPM). Comparative analysis of gene
expression was performed using DESeq?2 to identify genes
with differential expression.

Genes were classified as differentially expressed (DE) when
they met the criteria of a false discovery rate (FDR) of less
than 0.05, employing the Benjamini-Hochberg procedure
for multiple test corrections, and exhibited an absolute
fold change (FC) exceeding 2. Functional annotation and
enrichment analysis of the DE genes (DEGs) were conducted
using DAVID (version 6.8), available at https://david.nciferf.
gov/tools.jsp. Genes were associated with Gene Ontology
(GO) terms and Kyoto Encyclopedia of Genes and Genomes
(KEGG) pathways, with those having an FDR of less than 0.05
considered to be significantly enriched. Dataset details (DOI:
10.6084/m9.figshare.26044690).

Statistics To ensure rigor and reduce bias, mice were
randomly assigned to PBS, MNU, and MNU+EGCG groups
via a computer-generated table; investigators for sample
handling, data acquisition [ERG, OCT, immunohistochemistry
(IHC)], and statistical analysis were blinded to group
assignments using anonymous coding (automated software
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RetiMINER4.0 for ERG, InSight XL for OCT reduced
subjective bias). Analyses used GraphPad Prism 9.0 (general)
or R 4.3.0 (RNA-seq): normality was verified via Shapiro-
Wilk test; two-group comparisons used unpaired #-test, three-
group via one-way ANOVA with Tukey’s post-hoc test; RNA-
seq differential expression via DESeq2 (FDR<0.05, [FC[>2).
Data are mean+standard error of the mean (SEM), significance
denoted as P<0.05.

RESULTS

EGCG Protects Against MNU-Induced Retinal
Electrophysiological Impairment The selection of this
EGCG regimen (50 mg/kg, 3d pre-MNU) was based on two
key points: First, prior mouse pharmacokinetic studies
showed intraperitoneal 50 mg/kg EGCG achieves peak retinal
concentrations (~1.2 umol/L) within 24h, with sustained levels
(>0.5 umol/L) for 72h-concentrations proven to scavenge
ROS and inhibit retinal pro-inflammatory pathways®”.
Second, 3-day pre-treatment aligns with Tsuruma et a/''*, who
found this window suffices to upregulate retinal antioxidant
genes (e.g., Nrf2, Sodl) before MNU exposure, optimizing
protection. Preliminary tests confirmed 50 mg/kg EGCG
alone is non-toxic, with no changes in mouse body weight or
retinal morphology. The mice were observed 7d post-MNU
injection using OCT and fundus photography (Figure 1). ERG
was employed to assess changes in retinal electrical signals in
EGCG+MNU and MNU groups (n=5 for PBS group and n=10
for other two groups). Seven days after the establishment of the
model, mice treated with MNU exhibited significantly reduced
b-wave amplitudes at various light intensities compared to the
untreated group. Concurrently, mice pre-treated with EGCG
displayed significantly less ERG signal damage following
MNU treatment, indicating a protective effect (Figure 2).
Retinal Structural Preservation by EGCG in MNU-
Induced RP Model We further explored the impact of EGCG
on the retinal structure in the mouse model with MNU-induced
RP. A total of 15 mice were randomly assigned to three groups
(n=5 mice per group): PBS control group, MNU-treated group,
and MNU+EGCG intervention group. OCT revealed that,
compared to the control group treated with PBS, the MNU-
treated group exhibited increased reflectivity in the ONL on
day 3 (D3) post-MNU administration, indicating a significant
reduction in retinal thickness. In contrast, OCT images of
EGCG-treated mice showed that ONL reflectivity returned
to the level of the control group by D3, suggesting that
EGCG treatment improved the retinal structure (Figure 3A
and 3B).

Further statistical analysis confirmed that the ONL thickness
in the MNU-treated group was significantly reduced compared
to the control group (P<0.001). In comparison, the ONL
thickness in the EGCG intervention group was increased,
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Figure 1 Schematic representation of the experimental protocol
The experiment included a control group treated with PBS, MNU-
exposed (50 mg/kg) group, and EGCG (50 mg/kg) with MNU-
exposed group. EGCG: Epigallocatechin gallate; MNU: N-methyl-N-
nitrosourea; qd: Quaque die; ERG: Electroretinogram; FA: Fluorescein

angiography; PBS: Phosphate-buffered saline; D: Day.

although still lower than the control group, but not significantly
different from the MNU-treated group (P>0.05). Nonetheless,
the improvement in ONL thickness in the EGCG treated group
indicates that EGCG could exhibits a protective function
against MNU-induced thinning of the retina. Additionally, HE
staining of retinal sections revealed characteristics of retinal
structural disarray and ONL thinning in the MNU-treated
group. In contrast, the retinas of EGCG intervention group
mice were relatively intact with thicker ONL. Measurement
results confirmed that the total retinal and ONL thickness in
the EGCG intervention group were significantly higher than
those in the MNU-treated group (P<0.001) but comparatively
lower than the control group (P<0.005). The ability for EGCG
to ensure the retainment of the total retinal and ONL thickness
after MNU administration further confirms its potential
therapeutic efficacy in protecting the retina from MNU-
induced damage (Figure 3C and 3D).

EGCG Modulates Gene Expression and Ameliorates MNU-
Induced Retinal Degeneration We further investigated the
effects of EGCG on MNU-induced gene expressions and
their relation to retinal degeneration or restoration. For this
analysis, 6 mice were randomly allocated to two groups (n=3
mice per group): PBS control group, MNU-treated group, and
MNU+EGCG intervention group. Through RNA sequencing
and hierarchical clustering analysis, we observed significant
changes in the expression patterns of DEGs between EGCG-
treated and MNU-treated mice. The heatmap showed that
there were 1147 dysregulated mRNAs in the EGCG+MNU
group compared to the MNU-treated group, with red gene
bars indicating upregulated genes and green bars indicating
downregulated genes (Figure 4A). These data revealed that
EGCG treatment can modulate gene expression changes
induced by MNU. Figure 4B shows a comparison of mRNA
expression levels between the EGCG-treated group and the
control group (where red, black, and blue dots represented
mRNAs that were increased, equivalent, or decreased after
EGCQG treatment, respectively). This result suggests that
EGCG has a potential alleviating effect on MNU-induced
retinal degeneration, which can be achieved by regulating the

expression of related genes.
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Figure 2 EGCG-induced effects on scotopic ERGs of MNU-treated mice A: Representative waveforms of scotopic ERGs of vehicle (PBS), MNU

or EGCG combine MNU treated groups from 0.1, 1 and 10 cd-s/m?’; B: Quantitative analysis of scotopic ERG a-b wave amplitudes. Each column

represents the mean+SEM of 5 mice (PBS treated group) or 10 mice (other two groups). Compared to the control group, the amplitude of

scotopic a-b waves decreased in the MNU and partially recovered in MNU with EGCG groups. Statistical comparison was performed by ANOVA

and post-hoc test. EGCG: Epigallocatechin gallate; MNU: N-methyl-N-nitrosourea; ERG: Electroretinogram; SEM: Standard error of the mean;
ANOVA: Analysis of variance; PBS: Phosphate-buffered saline. ®P<0.001 vs MNU-treated group.

To further understand the retinal regulatory genes that were
affected by the treatments, we focused on genes related to
oxidative stress in five retina tissues, including Nrf2, Keapl,
Sodl, gsh, gpx4, catl, and ho-1. After MNU treatment,
the expression levels of these genes were observed to have
significantly changed. However, EGCG treatment significantly
upregulated the expression of Nrf2 and Sod!, consistent with the
enhancement of the antioxidant defense mechanism. Additionally,
the expression of Gpx4 and Catl was also upregulated, which
may have helped reduce oxidative stress. In contrast, the
expression of Keapl was downregulated after EGCG treatment
which may have allowed the Nrf2 to escape ubiquitination and
proteasome degradation, thereby accumulating within the cell
and translocating to the nucleus to promote the transcription
of antioxidant genes, thus suggesting that EGCG may enhance
the antioxidant capacity of cells by regulating the Keap1-Nrf2
pathway. Furthermore, the upregulation of gs/ expression may
be related to enhancing the reducing potential within cells
and defending the cells against oxidative stress. These results
indicate that EGCG combats MNU-induced oxidative stress
and retinal degeneration by regulating the expression of key
oxidative stress related genes (Figure 4C).

EGCG Suppresses Microglial Activation and
Neuroinflammatory Markers in MNU-Treated Retinas
We further explored the inhibitory effect of EGCG on retinal

degeneration in MNU-treated mice. Using DAPI (blue) and
Ibal (purple), glial fibrillary acidic protein (GFAP; purple),
cleaved caspase 3 (green), or CD68 (red) staining, we observed
retinal sections from PBS-treated, MNU-treated, and EGCG-
intervened MNU-treated mice. The results showed that
microglial cells in the retinas of MNU-treated mice were in an
active state and distributed throughout the retina, which may
indicate an early response to retinal injury.

For quantitative analysis, we measured the fluorescence
intensity of Ibal, the intensity of GFAP neurites, and the
number of cleaved caspase 3 or CD68 puncta. Statistical
analysis indicated that compared to the PBS-treated group, the
fluorescence intensity of Ibal, the intensity of GFAP neurites,
and the number of cleaved caspase 3 and CD68 puncta in
the MNU-treated group mice was significantly increased
(P<0.001). However, in the EGCG intervention group, these
increases were significantly reduced, demonstrating that
EGCQG effectively inhibits MNU-induced retinal degeneration.
Specifically, the fluorescence intensity of Ibal was significantly
reduced in the EGCG intervention group (P<0.001), and the
intensity of GFAP neurites was also weakened (P<0.005),
while the number of cleaved caspase 3 and CD68 puncta
decreased similarly (P<0.01). These results confirm the
potential protective role of EGCG in inhibiting MNU-induced
retinal degeneration (Figure 5).
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Figure 3 Effect of EGCG intervention on retinal structure in MNU-induced RP mice A: Retinal OCT images on day 3 (D3) after MNU
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group were lower than those in the PBS group, but higher than those in the MNU-treated group, with statistically significant differences. Scale bar:
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DISCUSSION
RP refers to a broad category of hereditary retinal dystrophies
characterized by vision loss as a result of progressive retinal

] ‘While the condition results from inherited genetic

apoptosis
changes, its occurrence may be aggravated by secondary
factors such as oxidative stress and inflammation which
promotes retinal photoreceptor cell apoptosis™. Despite its
prevalence, no effective treatment regimen has been found and
therefore management practices have included gene therapy,
neuroprotection, antibody therapy, optogenetics, retinal
transplantation, retinal prostheses, and stem cell therapy,
with a number of therapeutic drugs currently in clinical trial
phase””. In spite of the current challenges in identifying
efficacious treatment, some research work has focused on
traditional raw materials with potent active ingredients for
RP treatment. A recent study has reported on the protective
effect of Zhangyanmin Tablet (ZYMT), prepared from the
formulation of several distinct plant parts, on RP as it preserves
the ultrastructure of the retina, improves the thickness of
the ONL, decreases the rate of apoptosis and regulates the
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expression of antioxidant and pro-apoptotic factors”". Other
studies have reported a similar functional property of Chinese
herbal medicine such as, Bujing Yishi tablets which prevented
the thickness reduction of ONL, decreased apoptosis level
in retinal cells and inhibited the levels of inflammatory

B2 and extracts of Fructus lycii and Salvia miltiorrhiza

factors
which regulated the Nrf2/HO-1 pathway to inhibit oxidative
reaction™. In these studies, however, the tablets were made
from the formulation of many active ingredients and thus
may be difficult to identify the biological and therapeutic role
of the constituent ingredients in the treatment process. In the
present study however, the therapeutic effects of EGCG, a
major catechin and a single active ingredient derived from
green tea, on MNU-induced RP in C57BL/6 mouse model was
investigated. The MNU-induced model exhibits characteristics
akin to human RP and is therefore considered a valuable tool
for exploring RP treatment strategies. It was observed that, the
RP stimulation by MNU led to a reduction in photoreceptor
cells in the ONL and a significant decrease in central retinal
thickness.
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unchanged, or decreased expression between the EGCG-treated and control groups (n=5). C: Effects of different treatments on mRNA
expression levels of related genes in mouse eyeball tissue: nrf2, keap1, sod1, gsh, gpx4, catl and ho-1. EGCG: Epigallocatechin gallate; MNU:

N-methyl-N-nitrosourea; DEGs: Differentially expressed genes; PBS: Phosphate-buffered saline.
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Figure 5 EGCG inhibits the retinal degeneration in MNU treated mice A: Retinal sections stained with DAPI (blue) and for Ibal (purple), GFAP
(purple), cleaved caspase 3 (green) or CD68 (red) in PBS, MNU-treated or EGCG intervention mice. In the retina, microglial cells presented as
active state and distributed throughout the whole retina; B: The fluorescence intensity of Ibal, the GFAP neurite intensity and the puncta of
cleaved caspase 3 or CD68 in mouse retinas were quantified. °P<0.01, “P<0.005, “P<0.001, one-way ANOVA. Three mice and six eyes for each
group. EGCG: Epigallocatechin gallate; MNU: N-methyl-N-nitrosourea; PBS: Phosphate-buffered saline; DAPI: 4’,6-diamidino-2-phenylindole;
Ibal: lonized calcium-binding adaptor molecule 1; GFAP: Glial fibrillary acidic protein; Cleaved caspase-3: Cleaved cysteine-aspartic protease 3;
CD68: Cluster of differentiation 68; ANOVA: Analysis of variance.

EGCG, known for its potent antioxidant, anti-inflammatory, =~ group. Biochemical analysis revealed that EGCG elevated
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  indicating its antioxidant role. Notably, this regulatory
significantly ameliorated the MNU-induced pathological  effect of EGCG on gene expression and tissue pathological
changes of the retina by increasing the thickness of the ONL  protection is not limited to retinal models. Al-Awaida et al*”
which approached that of the control group. ERG tests also  in their study on water-pipe smoke-induced toxicity found
demonstrated significant improvements in the EGCG-treated  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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