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Abstract

e AIM: To construct an in vitro model of oxygen-glucose
deprivation/reperfusion (OGD/R) induced injury to the
optic nerve and to study the oxidative damage mechanism
of ischemia-reperfusion (I/R) injury in 661W cells and the
protective effect of ginsenoside Rg1.

e METHODS: The 661W cells were treated with different
concentrations of Na,S,0, to establish OGD/R model
in vitro. Apoptosis, intracellular reactive oxygen species
(ROS) levels and superoxide dismutase (SOD) levels were
measured at different time points during the reperfusion
injury process. The injury model was pretreated with graded
concentrations of ginsenoside Rgl. Real-time polymerase
chain reaction (PCR) was used to measure the expression
levels of cytochrome C (cyt C)/B-cell ymphoma-2 (Bcl2)/
Bcl2 associated protein X (Bax), heme oxygenase-1 (HO-1),
caspase9, nuclear factor erythroid 2-related factor 2 (nrf2),
kelch-like ECH-associated protein 1 (keapl) and other
genes. Western blot was used to detect the expression of
nrf2, phosphorylated nrf2 (pnrf2) and keap1 protein levels.

e RESULTS: Compared to the untreated group, the
cell activity of 661W cells treated with Na,S,0, for 6 and
8h decreased (P<0.01). Additionally, the ROS content
increased and SOD levels decreased significantly (P<0.01).
In contrast, treatment with ginsenoside Rg1 reversed the
cell viability and SOD levels in comparison to the Na,S,0,
treated group (P<0.01). Moreover, Rg1 reduced the levels of
caspase3, caspase9, and cytC, while increasing the Bcl2/
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Bax level. These differences were all statistically significant
(P<0.05). Western blot analysis showed no significant
difference in the protein expression levels of keap1 and nrf2
with Rg1 treatment, however, Rg1 significantly increased
the ratio of pnrf2/nrf2 protein expression compared to the
Na,S,0, treated group (P<0.001).

o CONCLUSION: The OGD/R process is induced in 661W
cells using Na,S,0,. Rg1 inhibits OGD/R-induced oxidative
damage and alleviates the extent of apoptosis in 661W cells
through the keapl1/nrf2 pathway. These results suggest a
potential protective effect of Rg1 against retinal I/R injury.

o KEYWORDS: oxygen-glucose deprivation/reoxygenation;
ginsenoside Rg1; oxidative stress; phosphorylated nrf2
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INTRODUCTION

t is generally accepted that ischaemia-reperfusion (I/R)-
I induced tissue damage is not only related to the degree of
reduced blood flow, but also to intracellular calcium overload,
oxidative stress, inflammatory responses, neurotoxicity of
excitatory amino acids, excessive nitric oxide synthesis, and
disturbances in energy metabolism'", ultimately causing tissue
damage and neuronal cell necrosis/apoptosis with the process
causing an increase in reactive oxygen species (ROS), including
superoxide (O”), hydrogen peroxide (H,0,) and hydroxyl
radicals, leading to DNA fracture, lipid peroxidation and
protein inactivation™,
The mechanisms by which I/R injury to tissue occurs are
complex and include primary injury in the early stages of
ischaemia and secondary injury following reperfusion'”,
which is further exacerbated by I/R caused by the restoration
of tissue blood supply after ischaemia has occurred. It is a

common cause of visual impairment and blindness in all forms



Int J Ophthalmol, Vol. 16, No. 7, Jul.18, 2023
Tel: 8629-82245172  8629-82210956

www.ijo.cn
Email: ijopress@163.com

of ischaemic retinopathy (including central retinal artery
occlusion, retinal vein occlusion, glaucoma, traumatic optic
neuropathy (TON) and diabetic retinopathy)” . However, to
date, no definitive neuroprotective treatment has been found
to protect ganglion cells and photoreceptors in many optic
nerve diseases, including glaucoma and TON, and there are no
clinically approved drugs that are effective in rescuing retinal
neurons in ischaemic retinopathy.

Ginsenoside Rgl is one of the most important active ingredients
in ginseng extracts, with a wide range of physiological
activities and important medicinal values”™. Rgl has been
found to have protective effects on various tissues and organs
in the human body, with anti-apoptotic, anti-inflammatory and
anti-aging effects. Previous studies have shown that Rgl exerts
various pharmacological effects through various mechanisms
such as inhibition of apoptosis-related protein levels, down-
regulation of inflammatory mediators and anti-oxidation,
effectively exerting organ-protective effects against I/R induced
damage”'”. Some studies have reported that Rgl can reduce
the release of reactive oxygen stress and lactate dehydrogenase
in a hypoxia-reperfusion model of cardiomyocytes, thereby
improving the ability of cardiomyocytes to resist I/R injury.
However, the role of ginsenoside Rgl in retinal ischemia or
retinal I/R needs to be further investigated'").

MATERIALS AND METHODS

Cell Cultures Although it would be ideal to use a specific
retinal ganglion cells (RGC) cell line to explain internal retinal
degeneration in vivo, no specific RGC line currently exists
in ophthalmology. Cell 661 W line is thought to be a mouse
immortalized cone photoreceptor cell line with multiple
characteristics of retinal ganglion precursor-like cells, and this
cell line has been widely used to study the characteristics of
retinal ganglion cells; therefore, for our in vitro studies we used
the murine retinal neuronal cell line 661W cells. Cells were
cultured in Dulbecco’s Modified Eagle’s medium (DMEM)
containing 10% fetal bovine serum (FBS; Gibco, 98 Thermo
Fisher Scientific, USA) and 1% streptomycin-penicillin
(HyClone, GE Healthcare Life 99 Science, USA). Na,S,0,
(Sodium dithionite, 104 Macklin, China) was encapsulated and
stored in a dry environment and dissolved in 1xphosphate
buffer saline (PBS) as a master mix (0.5 mol/L) and then
added in a gradient of different concentrations. Ginsenoside
Rgl was dissolved in dimethylsulfoxide (DMSO; MP 106
Biomedicals, USA) and stored in frozen portions, then added
to Petri dishes in a concentration gradient.

Cellular Viability Analysis Normally cultured 661W cells, cells
cultured with ginsenoside Rgl, and cells treated with I/R were
trypsinized and centrifuged. After resuspension, cells were placed
in a MUSE Annexin V & Dead Cell Kit (Merck Millipore,
Germany) and incubated for 20min at room temperature in the

dark. The cell suspension was then well mixed and run on a
MUSE cell analyser (Merck Millipore, Germany).

Cellular Oxidative Stress Assay and SOD Assay Cellular
oxidative stress assays were performed using the MUSE
Oxidative Stress Kit (Merck Millipore, Germany): cell samples
were collected from culture dishes and prepared at 1x10° cells/mL
in 1x buffer. Subsequently, 10 pL of cell samples were
incubated with 190 pL of Muse Oxidative Stress working
solution for 30min at 37°C in the dark and run on a Muse Cell
Analyzer (Merck Millipore, Germany).

Quantitative Real-time Polymerase Chain Reaction Total
cellular RNA was extracted using Trizol reagent (Invitrogen,
USA) and nucleic acid quality control was performed to
ensure the quality of RNA extraction. The cDNA was then
transcribed using Prime Script™ RT reagent Kit and gDNA
Eraser (TaKaRa, Japan). Real-time polymerase chain reaction
(PCR) was performed using SYBR Green Master Kit (Roche,
Switzerland) and recorded using the LightCycler 96 System.
B-actin was used as an endogenous control. The list of DNA
primers sequences is showed in Table 1.

Western Blotting After treatment the cells were harvested
and cellular proteins were isolated using standard
procedures. Proteins were separated by sodium dodecyl
sulfate polyacrylamide gel electrophoresis and transferred to
polyvinylidene difluoride membranes (Millipore, Billerica,
MA, USA). Protein-attached membranes were closed with
5% skimmed milk for 60min and then incubated overnight at
4°C with the following primary antibodies: rabbit anti-nuclear
factor erythroid 2-related factor 2 (nrf2) antibody (BIOSS,
China), rabbit anti-phospho-nrf2 (Ser40) antibody (BIOSS,
China), rabbit anti-B-actin rabbit mAb (CST, USA). Rabbit
anti-kelch-like ECH-associated protein 1 (keapl) antibody
(BIOSS, China).

Statistical Analysis All experiments were repeated at
least three times. Each experimental group contained three
independent cell samples. Statistical analysis was performed
using IBM SPSS Statistics 22 software (IBM, USA). Data
were expressed as mean+standard deviation (SD) and
significance was determined by #-test or Bonferroni corrected
one-way ANOVA. Graphs were plotted using GraphPad
Prism 6 software (GraphPad software Inc, USA). P<0.05 was
considered a statistically significant difference. GraphPad
Prism 8 software (GraphPad Software Inc., USA) was used for
157 graphical plot.

RESULTS

Oxygen-Glucose Deprivation Induction of Cell Death
in 661W Cells Using Na,S,0,in Vitro To investigate the
process of in vitro ischemia and hypoxia, we treated 661 W
cells for 50min using different concentrations (0, 2.5, 5.0,
10.0, 15.0, 20.0 mmol/L) of sodium bisulfite dissolved in PBS
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Table 1 List of DNA primers sequences

Gene Nucleotide sequence (5’-3’) Product length (bp)

GAPDH 120
F GAGTCCACTGGCGTCTTCAC
R GTTCACACCCATGACGAACA

KEAP 1 245
F TGCCCCTGTGGTCAAAGTG
R GGTTCGGTTACCGTCCTGC

HO-1 100
F AAGCCGAGAATGCTGAGTTCA
R GCCGTGTAGATATGGTACAAGGA

NRF2 140
F TCTTGGAGTAAGTCGAGAAGTGT
R GTTGAAACTGAGCGAAAAAGGC

P53 173
R CGACTACAGTTAGGGGGCAC
F GGAGGAAGTAGTTTCCATAAGCCT

BCL2 169
F CAGCCAGGAGAAATCAAACAGAG
R GGAGAGCGTCAACAGGGAGA

BAX 61
F CCAAGAAGCTGAGCGAGTGTCT
R AGCTCCATATTGCTGTCCAGTTC

CcYTc 107
F CCAAATCTCCACGGTCTGTTC
R ATCAGGGTATCCTCTCCCCAG

NQO1 87
F GCGAGAAGAGCCCTGATTGTACTG
R TCTCAAACCAGCCTTTCAGAATGG

GCLC 102
F ACATCTACCACGCAGTCAAGGACC
R CTCAAGAACATCGCCTCCATTCAG

PTGS2 74
F TGAGCAACTATTCCAAACCAGC
R GCACGTAGTCTTCGATCACTATC

F: Forward; R: Reverse.

to simulate the oxygen-glucose deprivation (OGD) process
(Figure 1A, 1B). Flow cytometric detection of the degree of
cellular activity showed that cellular activity began to decrease
at 10 mmol/L (67.0%=0.75%) and decreased in a waterfall
fashion when the concentration was increased to 15 mmol/L
(45.6%+2.78%) compared to the 10 mmol/L concentration.
The cell activity decreased to 17.3%+9.67% when the
concentration was increased to 15 mmol/L, and the cell debris
increased significantly, making it impossible to complete the
subsequent experiments.

We continued to investigate the drug toxicity of ginsenoside
Rgl on 661W cells (Figure 1C, 1D), as the drug concentration of
ginsenoside Rgl was increased (0, 20, 40, 60, 80, 100 wmol/L),
there was no significant change in the activity of 661W
cells in the low concentration drug group (0-60 umol/L)
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(92.6%+0.86%, 90.4%+1.42%, 89.9%+0.50%, 92.7%+0.42%),
and the cellular activity decreased when the drug concentration
was continued to increase (80 pmol/L 80.5%+2.20%, 100 pmol/L
63.4%+2.10%).The drug concentrations of 60 and 30 pmol/L
were selected as the 661 W cellular drug groups for the in vitro
simulation process of 661W cellular I/R.

Effects of Different Doses of Ginsenoside Rgl on Cell
Viability During OGD/R Process On the previous basis, a
simulated I/R process was performed, i.e. 15 mmol/L sodium
hyposulphite treatment for 50min followed by the addition of
serum-free medium (DMEM) for 0, 1, 2, 4, 6 and 8h. During
this process, the cell activity underwent a process of first
increase (0-4h) and then decrease (6 and 8h), and at the 6h
stage, the cell activity decreased to 54.9%+1.76%, and the
time was extended to the 8h stage, where the activity further
decreased to 48.9%=+1.59% (Figure 1E, 1F).

After constructing a stable 661W cell I/R model, in order to
investigate the effect of ginsenoside Rgl drug intervention,
we pretreated 661W cells with gradient concentrations
(0, 30, 60 umol/L), specifically by adding the drug after
cell apposition and incubating the cells with ginsenoside
Rgl 0, 30, 60 pmol/L for 24h. When the cell density grew to
70%-80% of the optimal. The oxygen-glucose deprivation/
reperfusion (OGD/R) procedure was carried out at 6 and 8h
when the apoptosis rate increased significantly, and it was found
that as the concentration of ginsenoside Rgl increased, the
degree of apoptosis improved significantly (60.1%+1.14%,
70.1%+2.22%), and after 8h of damage, the drug intervention
also improved significantly (60.3%+1.57%, 68.3%+2.19%).
Based on these results, it was shown that ginsenoside Rgl was
able to delay the loss of cellular activity during I/R in 661W cells.
Effects of Different Doses of Ginsenoside Rgl On Oxidative
Stress during OGD/R Process To further explore the
molecular effects of Rgl on OGD/R in 661W cells in vitro,
we used ROS and superoxide dismutase (SOD) to detect
cellular redox status (Figure 2A). The results revealed a
significant increase in the ratio of ROS(+) cells (55.2%+0.7%,
70.4%+0.8%) at the 6 and 8h stage of OGD/R compared
to cells that had not been subjected to OGD/R treatment
(3.5%+0.8%). However, the addition of Rgl treatment resulted
in a significant decrease in all ROS(+) cells, with the ratio
decreasing to 50.1%+0.9% and 45.3%+1.1% at the 6h stage
and from 70.4%+0.8% to 55.0%+1.4% and 48.2%=+1.4% in the
8h (Figure 2B). In contrast, in the standardized SOD content
assay, intracellular SOD increased compared to the control as
the OGD/R 6, 8h phase progressed, while the administration
of gradient concentrations of the drug was able to increase the
relative intracellular SOD content (Figure 2C). The results
indicate that Rgl has an inhibitory effect on oxidative stress in
661W cells under in vitro conditions.



Int J Ophthalmol, Vol. 16, No. 7, Jul.18, 2023
Tel: 8629-82245172  8629-82210956

www.ijo.cn
Email: ijopress@163.com

Figure 1 Establishment of retinal ischemia/reperfusion in vitro A, B: Flow analysis suggested a significant increase in the degree of apoptosis

in 661W cells treated with increasing concentrations of sodium bisulfite for 50min; C, D: Effect of different ginsenoside Rgl concentrations (O,

20, 40, 60, 80, and 100 umol/L) on the degree of apoptosis in 661W cells; E, F: Flow cytometric analysis of 661W cells showed that the degree

of apoptosis decreased and then increased after the oxygen-glucose deprivation/reperfusion (OGD/R) process and decreased with increasing

concentrations of ginsenoside Rgl. Comparison of apoptosis rates of cells with different concentrations of Rgl at the 6 and 8h stages of OGD/R,

°P<0.05, °P<0.01, “P<0.001.

Effects of Ginsenoside Rgl on the Expression of Keapl/
Nrf2/HO-1 during OGD/R in 661W Cells Further molecular
experiments were conducted to elucidate the changes in drug
regulation in I/R injury in 661W cells. First, the expression
of apoptosis-related expression factors [cyt C, B-cell
lymphoma-2 (Bcl2)/Bcl2 associated protein X (Bax), caspase3,
caspase9] was explored, as shown in Figure 3. Caspase 9 were
differentially up-regulated, and the key point of apoptosis
regulation, Bcl2/Bax, would be significantly reduced,
suggesting that significant apoptotic processes occurred in
661W cells during I/R, and that administration of different
gradient concentrations of drugs could inhibit the expression of
apoptotic genes (cyt C, caspase3, caspase9) and regulate Bcl2/
Bax to protect cells from apoptosis.

Keap1/nrf2 is thought to be an important part of regulating
nrf2 expression, and P53 and heme oxygenase-1 (HO-1),

as important influential factors upstream and downstream
of its regulation, are closely related to oxidative damage. In
order to further investigate the related molecular changes,
we also examined the changes of P53, keap1/nrf2 and HO-1
expression in 661W cells under the conditions of ctrl, ctrl+Rgl
60 umol/L, OGD/R 6h, OGD/R 6h+Rg1 30 umol/L, OGD/R 6h
+Rgl 60 pmol/L, OGD/R 8h, OGD/R 8h+Rgl 30 pmol/L
and OGD/R 8h+Rgl 60 pmol/L. The intermediate nrf2
molecule level was upregulated. However, keapl was not
significantly altered as a chaperone molecule in terms of gene
and protein expression levels, and the mRNA expression
level of total nrf2 was not significantly altered, whereas
the level of phosphorylated nrf2 (pnrf2), which functions
at the protein level, was altered, and elevated after drug
intervention. Further quantitative analysis of pnrf2/nrf2 levels
also revealed a significant increase in the pnrf2 ratio (Figure
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Figure 2 Oxidative stress was restricted by Rgl treatments in 661W cells Ginsenoside Rgl significantly inhibited the ROS levels of 661W cells

at different oxygen-glucose deprivation/reperfusion (OGD/R) periods and elevated the SOD content accordingly, showing a concentration
effect. Compared with OGD/R-, Rgl-, °P<0.05, bP<0.01, P<0.001. ROS: Reactive oxygen species; SOD: Superoxide dismutase; OGD/R: Oxygen-

glucose deprivation/reperfusion.

Figure 3 Ginsenoside Rgl inhibited the apoptotic phenotype of OGD/R in 661W cells 661W cells showed increased expression of caspase3,

caspase9 and cyt C during OGD/R, while Rgl reversed this process. Rgl alleviated the reduced Bcl2/Bax ratio under OGD/R. Comparison with
OGD/R-, Rgl-, °P<0.05, °P<0.01, °P<0.001. OGD/R: Oxygen-glucose deprivation/reperfusion.

4C-4E). It is suggested that 661W cellular processes undergo
drug-regulated phosphorylation into the nucleus to regulate
downstream gene expression, exerting a cytoprotective effect.
Ginsenoside Rgl administration significantly reduced the
upstream P53 expression level (Figure 4K) but increased the
downstream HO-1 expression level (Figure 4G), prostaglandin-
endoperoxide synthase 2 (PTGS2), NADPH: quinone
oxidoreductase 1 (NQOI1) and gamma-glutamate cysteine
ligase catalytic subunit (GCLC) did not participate in
the overall protective effect of ginsenoside Rgl (Figure
4H-47J).

DISCUSSION

In constructing models of I/R, previous studies have reported
the use of triple gas medium to create an ischaemic hypoxic

12-13

environment for cells'*"”, and phosphate buffer using sodium
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bisulphite to simulate ischaemia-hypoxia, the latter of which
has been reported in the literature to deprive the cellular
surroundings of oxygen and maintain a relatively hypoxic
environment"*"”. In this study, 661W cells exposed to OGD
showed a decrease in cellular activity (45.1%=+3.06%), and
although there was an increase in cellular activity early on
when reperfusion conditions were given, there was soon a
trend towards a decrease at 6 and 8h. The OGD/R process
disturbs the oxidative/antioxidative balance in the cells. The
addition of Rgl pretreatment significantly reduced ROS levels
in 661W cells that had undergone OGD/R injury compared to
the same stage, while providing an assay for SOD levels, it was
also found that injury during this process was accompanied by
an increase in SOD, suggesting that oxidative damage during
cellular OGD stimulates the production of reductants, while
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Figure 4 Rgl activates the keap1/nrf2/HO-1 pathway of OGD/R in 661W cells A: Changes in nrf2 mRNA levels were not significant during

OGD/R; B, C, D: Rgl treatment of 661W cells increased protein levels of nrf2 in OGD/R as well as significantly increased the pnrf2/nrf2 ratio; C,

E, F: Keapl was not significantly altered during OGD/R in 661W cells; G, H, |, J: Ginsenoside Rgl up-regulated expression of HO-1, PTGS2, NQO1
and GCLC during OGD/R in 661W cells; K: Rgl treatment of 661W cells inhibited P53 expression during OGD/R. °*P<0.05, ®p<0.01, “P<0.001.

OGD/R: Oxygen-glucose deprivation/reperfusion.

the addition of ginsenoside Rgl increased the accumulation of
reductants.

661W cells, the current line of retinal cone cells for the study
of mouse immortalisation, have a variety of characteristics
of retinal ganglion precursor-like cells!*"”), and this cell line
has been widely used to study the characteristics of RGC and
is currently the most commonly used and only recognised
retinal photoreceptor cell line!"". As cells of neural origin,
photoreceptors produce electrical signals that are transmitted
to RGC via bipolar cells, and its state also influences RGC
changes in I/R injury!'”’. To investigate this I/R optic nerve
injury this study used a cell line of 661W cells.

During retinal I/R, firstly blood flow failure in the body
damages the circulatory system and subsequent vascular
obstruction leading to primary ischaemia*". In the absence
of nutrient supply, tissues are plunged into hypoxia, nutrient
disturbance, calcium in-flow and accumulation of metabolites.
Due to the microvascular system of the ocular retina leading
to late reconstitution of circulation, late reperfusion process,
due to the low concentration of antioxidants in the ischaemic
cells™, the production of ROS also increases and accumulates,
and the imbalance of oxygen and nutrients in ischaemic cells
brought about by reperfusion leads to a build-up of ROS,
which in turn damages cellular structures”. Previous studies
have shown that ROS-induced oxidative stress is the key to
the pathophysiological mechanisms associated with retinal 1/
R injury"”. In this study, ROS and SOD were used to detect

the redox status of cells. The results revealed a significant
increase in the ratio of ROS(+) cells at the OGD/R 6, 8h stage.
However the addition of Rgl treatment resulted in a significant
decrease in both ROS(+) cells. In contrast, in the standardized
SOD content assay, as the OGD/R 6, 8h phase proceeded,
intracellular SOD increased compared to the control group
giving gradient concentrations of the drug was able to increase
the relative intracellular SOD content. The results indicate that
Rg1 has some inhibitory effect on oxidative stress in 661W
cells under in vitro conditions.

Rgl is one of the most important active ingredients in ginseng
extracts and has a wealth of medicinal value and physiological
activity™ ™. In recent years, there is increasing evidence
that ginsenoside Rgl plays an important role in neurological,

242 .
24231 Previous reports

cardiovascular and hepatic studies
have found that ginsenoside Rgl can exert estrogenic effects
through activation of the estrogen receptor (ERa), upregulate
the expression of Yes-associated protein (YAP), and reduce
oxidative stress damage in mouse liver cells based on a mouse
model of liver I/R injury™*”. In the case of neurodegenerative
diseases, ginsenosides have been shown to counteract the
apoptotic process in neuronal cells by inhibiting oxidative
damage. However, the protective effect of these drugs on the
retina is less reported. In this study, we simulated the OGD/
R damage process in 661W cell line in vitro and investigated
the protective effect of Rgl. The results showed that apoptosis
was increased and Rgl pretreatment had a protective effect on
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OGD/R injury in 661W cells, and that the protective effect of
Rgl may be related to affecting downstream cytoprotective
factors through the keapl/nrf2 pathway, improving cellular
oxidative stress levels, and interacting with the P53-mediated
apoptotic pathway.

Nrf2 is a transcription factor that is highly sensitive to redox
changes and is responsible for promoting the expression
of antioxidant genes in response to oxidative damage®*™”.
Under normal biological conditions, nrf2 binds to keapl while
limiting its ability to bind to antioxidant-associated elements
(ARE)"™". However, during oxidative stress events, nrf2 is
released from keapl, degraded and bound to ARE, thereby
activating nrf2 target genes, such as NQO1 and HO-1,
to exert their inhibitory capacity against pro-inflammatory

31-32

mediators”' . In our study, we found that the keap1/nrf2/
HO-1 pathway plays an important role in the protection of
661W cells from I/R injury, and the addition of ginsenoside
Rgl could regulate the phosphorylation process of nrf2, up-
regulate its binding to ARE in the nucleus during antioxidant
reperfusion injury, regulate SOD levels, affect the apoptotic
process of cells during I/R injury, and ultimately protect cells
from I/R injury. In the present study, we found that Rgl had no
significant toxic effect on 661W cells at doses below 60 umol/L.
Furthermore, the protection of Rgl on 661 W cells exposed to
OGD/R was not dose-dependent.
In conclusion, we showed that OGD/R process down-regulated
the expression of nrf2/HO-1, whereas Rgl delayed the I/R injury
of 661W cells by up-regulating the expression of nrf2/HO-1
cells from I/R injury. This study provides further molecular
rationale for the application of ginsenoside Rgl in ocular optic
nerve I/R diseases such as traumatic optic nerve injury.

ACKNOWLEDGEMENTS

Foundation: Supported by Natural Science Foundation of

Guangdong Province (N0.2021A1515010513).

Conflicts of Interest: Zhou M, None; Ma XQ, None; Xie

YY, None; Zhou JB, None; Kuang XL, None; Shen HX,

None; Long CD, None.

REFERENCES

1 Wang N, Yang YJ, Liu YX, Huang LL, Gu MY, Wu Y, Xu L, Sun
H, Guo WY. Magnolol limits NFkB-dependent inflammation by
targeting PPARYy relieving retinal ischemia/reperfusion injury. Int
Immunopharmacol 2022;112:109242.

2 Lee D, Nakai A, Miwa Y, Tomita Y, Kunimi H, Chen JH, Ikeda SI,
Tsubota K, Negishi K, Kurihara T. Retinal degeneration induced in a
mouse model of ischemia-reperfusion injury and its management by
pemafibrate treatment. FASEB J 2022;36(9):¢22497.

3 Liu ZJ, Wang HY, Hou GL, Cao HL, Zhao Y, Yang BF. Notoginsenoside
R1 protects oxygen and glucose deprivation-induced injury
by upregulation of miR-21 in cardiomyocytes. J Cell Biochem
2019;120(6):9181-9192.

1032

4 Yao F, Zhang X, Yao XY, Ren XH, Xia XB, Jiang J, Ding LX.
Peroxisome proliferator-activated receptor o activation protects
retinal ganglion cells in ischemia-reperfusion retinas. Front Med
2021;8:788663.

5 Mathew B, Chennakesavalu M, Sharma M, Torres LA, Stelman CR,
Tran S, Patel R, Burg N, Salkovski M, Kadzielawa K, Seiler F, Aldrich
LN, Roth S. Autophagy and post-ischemic conditioning in retinal
ischemia. Autophagy 2021;17(6):1479-1499.

6 Zhou Q, He XL, Zhao XY, Fan QG, Lai SQ, Liu D, He H, He M.
Ginsenoside Rgl ameliorates acute renal ischemia/reperfusion
injury via upregulating AMPKal expression. Oxid Med Cell Longev
2022;2022:3737137.

7 Xia T, Fang B, Kang CY, Zhao YX, Qiang X, Zhang XD, Wang
YM, Zhong T, Xiao JB, Wang M. Hepatoprotective mechanism
of ginsenoside Rgl against alcoholic liver damage based on gut
microbiota and network pharmacology. Oxid Med Cell Longev
2022;2022:5025237.

8 Liu L, Du XK, Yang Q, Li MJ, Ran QS, Liu QW, Yang LN, Sun LS,
Guo YX, Li YJ, Chen Y, Zhu XX, Li Q. Ginsenoside Rgl promotes
remyelination and functional recovery in demyelinating disease by
enhancing oligodendrocyte precursor cells-mediated myelin repair.
Phytomedicine 2022;106:154309.

9 Kusaka M, Hasegawa T, Ikeda HO, Inoue Y, Iwai S, lida K, Tsujikawa
A. Involvement of endothelins in neuroprotection of valosin-containing
protein modulators against retinal ganglion cell damage. Sci Rep
2022;12(1):16156.

10 Ren X, Lv JJ, Wang NN, Liu JS, Gao CZ, Wu XL, Yu Y, Teng QF,
Dong WK, Kong H, Kong L. Thioredoxin upregulation delays
diabetes-induced photoreceptor cell degeneration via AMPK-
mediated autophagy and exosome secretion. Diabetes Res Clin Pract
2022;185:109788.

11 Somvanshi RK, Zou SL, Kadhim S, Padania S, Hsu E, Kumar U.
Cannabinol modulates neuroprotection and intraocular pressure: a
potential multi-target therapeutic intervention for glaucoma. Biochim
Biophys Acta Mol Basis Dis 2022;1868(3):166325.

12 Shosha E, Fouda AY, Lemtalsi T, Haigh S, Fulton D, Ibrahim A, Al-
Shabrawey M, Caldwell RW, Caldwell RB. Endothelial arginase 2
mediates retinal ischemia/reperfusion injury by inducing mitochondrial
dysfunction. Mol Metab 2021;53:101273.

13 Jiang N, Li ZD, Li ZH, Zhang YY, Yu ZY, Wan PX, Zhu YT, Li
YQ, Su WR, Zhuo YH. Laquinimod exerts anti-inflammatory and
antiapoptotic effects in retinal ischemia/reperfusion injury. Int
Immunopharmacol 2020;88:106989.

14 Gashti RZ, Mohammadi H. Sodium dithionate (Na,S,0,) induces
oxidative damage in mice mitochondria heart tissue. Toxicol Rep
2022;9:1391-1397.

15 Lambert WS, Clark AF, Wordinger RJ. Neurotrophin and Trk
expression by cells of the human lamina cribrosa following oxygen-

glucose deprivation. BMC Neurosci 2004;5:51.



Int J Ophthalmol, Vol. 16, No. 7, Jul.18, 2023
Tel: 8629-82245172  8629-82210956

www.ijo.cn
Email: ijopress@163.com

16 Xu L, Guo WY, Chen D, Peng C, Ding XM, Wu YE, Zeng
CJ. Interleukin-4 promotes microglial polarization toward a
neuroprotective phenotype after retinal ischemia/reperfusion injury.
Neural Regen Res 2022;17(12):2755.

17 Qin QY, Yu NJ, Gu YX, Ke W, Zhang Q, Liu X, Wang KJ, Chen
M. Inhibiting multiple forms of cell death optimizes ganglion cells
survival after retinal ischemia reperfusion injury. Cell Death Dis
2022;13(5):507.

18 Minhas G, Sharma J, Khan N. Cellular stress response and immune
signaling in retinal ischemia-reperfusion injury. Front Immunol
2016;7:444.

19 Zheng L, Gong B, Hatala DA, Kern TS. Retinal ischemia and
reperfusion causes capillary degeneration: similarities to diabetes.
Invest Ophthalmol Vis Sci 2007;48(1):361-367.

20 Ezra-Elia R, Alegro da Silva G, Zanoni DS, Laufer-Amorim R,
Vitor Couto do Amaral A, Laus JL, Ofri R. Functional and structural
evaluation of sildenafil in a rat model of acute retinal ischemia/
reperfusion injury. Curr Eye Res 2017;42(3):452-461.

21 Zhang M, Ma Y, Chai LJ, Mao HP, Zhang JH, Fan X. Storax protected
oxygen-glucose deprivation/reoxygenation induced primary astrocyte
injury by inhibiting NF-«xB activation in vitro. Front Pharmacol
2018;9:1527.

22 Ghaeminia M, Rajkumar R, Koh HL, Dawe GS, Tan CH. Ginsenoside
Rgl modulates medial prefrontal cortical firing and suppresses the
hippocampo-medial prefrontal cortical long-term potentiation. J
Ginseng Res 2018;42(3):298-303.

23 Mohanan P, Subramaniyam S, Mathiyalagan R, Yang DC. Molecular
signaling of ginsenosides Rb1l, Rgl, and Rg3 and their mode of
actions. J Ginseng Res 2018;42(2):123-132.

24 Wang J, Li D, Hou JC, Lei HT. Protective effects of geniposide and
ginsenoside Rgl combination treatment on rats following cerebral

ischemia are mediated via microglial microRNA-155-5p inhibition.

Mol Med Report 2018;17(2):3186-3193.

25 Chen LB, Yao H, Chen XB, Wang ZL, Xiang Y, Xia JY, Liu Y, Wang
YP. Ginsenoside Rgl decreases oxidative stress and down-regulates
akt/mTOR signalling to attenuate cognitive impairment in mice and
senescence of neural stem cells induced by d-galactose. Neurochem
Res 2018;43(2):430-440.

26 Li QH, Xiang Y, Chen Y, Tang Y, Zhang YC. Ginsenoside Rgl protects
cardiomyocytes against hypoxia/reoxygenation injury via activation
of Nrf2/HO-1 signaling and inhibition of JNK. Cell Physiol Biochem
2017;44(1):21-37.

27 Atalay Ekiner S, Gegotek A, Skrzydlewska E. The molecular activity
of cannabidiol in the regulation of Nrf2 system interacting with NF-xB
pathway under oxidative stress. Redox Biol 2022;57:102489.

28 Xu BT, Qin YY, Li D, Cai NB, Wu JL, Jiang L, Jie LM, Zhou ZZ, Xu
JP, Wang HT. Inhibition of PDE4 protects neurons against oxygen-
glucose deprivation-induced endoplasmic reticulum stress through
activation of the Nrf-2/HO-1 pathway. Redox Biol 2020;28:101342.

29 Shi HL, Qiao F, Lu WT, Huang KY, Wen YY, Ye LF, Chen YY.
Baicalin improved hepatic injury of NASH by regulating NRF2/HO-1/
NRLP3 pathway. Eur J Pharmacol 2022;934:175270.

30 Yang ZC, Ning XK, Zhang Y. Forsythiaside protected H9c2
cardiomyocytes from H,0,-induced oxidative stress and apoptosis via
activating Nrf2/HO-1 signaling pathway. Int Heart J 2022;63(5):904-914.

31 Huang H, Kuang XL, Zhu XB, Cheng H, Zou YX, Du H, Tang H,
Zhou LB, Zeng JS, Liu HJ, Yan JH, Long CD, Shen HX. Maintaining
blood retinal barrier homeostasis to attenuate retinal ischemia-
reperfusion injury by targeting the KEAP1/NRF2/ARE pathway with
lycopene. Cell Signal 2021;88:110153.

32 Xu XZ, Tang Y, Cheng LB, Yao J, Jiang Q, Li KR, Zhen YF. Targeting
Keapl by miR-626 protects retinal pigment epithelium cells from
oxidative injury by activating Nrf2 signaling. Free Radic Biol Med
2019;143:387-396.

1033



	_Hlk136594751
	_Hlk135058370
	_Hlk131337305
	_Ref129852721
	_Hlk135298599
	_Hlk136610055
	_Hlk497904036
	_Hlk136605709
	_Hlk123339823
	_Hlk129951347
	_Hlk123340013
	_Hlk117868500
	_Hlk497904036
	_Hlk98749378
	OLE_LINK9
	OLE_LINK1
	_Hlk134714608
	_Hlk134714134
	_Hlk134714073
	_Hlk134795508
	_Hlk134795583
	_Hlk117700701
	OLE_LINK4
	OLE_LINK2
	_Hlk118061750
	OLE_LINK24
	OLE_LINK25
	_Hlk497904036
	_Hlk136943205
	OLE_LINK5
	OLE_LINK6
	_Hlk112432962
	_Hlk136767753
	_Hlk136436077
	OLE_LINK7
	OLE_LINK1
	_Hlk136436072
	_Hlk108183234
	OLE_LINK11
	OLE_LINK13
	OLE_LINK10
	OLE_LINK14
	OLE_LINK16
	OLE_LINK17
	OLE_LINK18
	OLE_LINK15
	OLE_LINK19
	OLE_LINK9
	OLE_LINK2
	OLE_LINK20
	OLE_LINK25
	OLE_LINK6
	OLE_LINK27
	OLE_LINK26
	OLE_LINK31
	OLE_LINK29
	OLE_LINK30
	OLE_LINK28
	OLE_LINK4
	_Hlk136012064
	OLE_LINK19
	_Hlk108183234
	OLE_LINK1
	OLE_LINK2
	OLE_LINK3
	OLE_LINK4
	_Hlk133333513
	_Hlk790823
	_Hlk89787106
	OLE_LINK1
	OLE_LINK2
	_Hlk136591864
	OLE_LINK19
	OLE_LINK20
	OLE_LINK38
	OLE_LINK39
	_Hlk108183234
	OLE_LINK31
	OLE_LINK32
	OLE_LINK11
	OLE_LINK12
	OLE_LINK9
	OLE_LINK10
	OLE_LINK37
	OLE_LINK40
	OLE_LINK43
	OLE_LINK44
	OLE_LINK45
	OLE_LINK3
	OLE_LINK4
	OLE_LINK13
	_Hlk16518107
	_Hlk790823
	_Hlk89787106
	_Hlk136435286
	_Hlk40421564
	_Hlk497904036
	_Hlk40344164
	OLE_LINK1
	_Hlk123584332
	_Hlk40011282
	OLE_LINK2
	_Hlk137886359
	_Hlk138065408
	Research on classification method of high myopic maculopathy based on retinal fundus images and optimized ALFA-Mix active learning algorithm
	Shao-Jun Zhu1,2, Hao-Dong Zhan1,2, Mao-Nian Wu1,2, Bo Zheng1,2, Bang-Quan Liu3, Shao-Chong Zhang4, Wei-Hua Yang4

	Predicting visual acuity with machine learning in treated ocular trauma patients
	Zhi-lu Zhou1,2, Yi-fei Yan3,4, Jie-min Chen2, Rui-jue Liu2, Xiao-ying Yu2, Meng Wang2, Hong-xia Hao2,5, Dong-mei Liu2, Qi Zhang3,4, Jie Wang1, Wen-tao Xia2 

	Identification of hub genes for glaucoma: a study based on bioinformatics analysis and experimental verification 
	Rui-Ling Xie1, Hai-Yan Nie1, Yu-Xin Xu2

	Protective effect of ginsenoside Rg1 on 661W cells exposed to oxygen-glucose deprivation/reperfusion via Keap1/Nrf2 pathway
	Ming Zhou, Xin-Qi Ma, Yi-Yu Xie, Jia-Bei Zhou, Xie-Lan Kuang, Huang-Xuan Shen, Chong-De Long

	Effects of endogenous dopamine induced by low concentration atropine eye drops on choroidal neovascularization in high myopia mice
	Yan-Yan Ji1,2,3, Shi-Xi Zhang4, Ye Kang5, Song Chen1,2

	Differential analysis of aqueous humor cytokine levels in patients with macular edema secondary to diabetic retinopathy or retinal vein occlusion
	Ke-Ke Hu1, Chao-Wei Tian1, Man-Hong Li1, Tong Wu1, Min Gong1, Xin-Li Wei1, Yu-Ru Du2, Yan-Nian Hui1, Hong-Jun Du1

	Subcutaneous pedicled propeller flap technique for microscopic reconstruction of eyelid defects
	Lei Zhong, Qian-Yi Lu, Pei-Rong Lu

	Lid scrubbing with a gel combining natural extracts for dry eye treatment
	Blanca Diaz-Vega1, Carlos Rodriguez-Fabuel2, Sofia Vitores-Mate3, Carlos Carpena-Torres4

	Effect of intubation in patients with functional epiphora after endoscopic dacryocystorhinostomy
	Xue-Mei Han1, Wen-Hao Jiang2, Wen-Can Wu3, Bo Yu3

	Two-step strategy—conjunctival flap covering surgery combined with secondary deep anterior lamellar keratoplasty for the treatment of high-risk fungal keratitis
	Yu-Chen Wang, Jia-Song Wang, Bei Wang, Xi Peng, Hua-Tao Xie, Ming-Chang Zhang

	Posterior scleral application of a mitomycin C-soaked sponge during trabeculectomy
	Kun Hu1, Yun-He Song1, Feng-Bin Lin1, Ying-Zhe Zhang1, Ling Jin1, Meng-Yin Liang1, Robert N. Weinreb2, Xiu-Lan Zhang1

	Technique of using Cionni-Modified capsular tension ring in the management of severely traumatic lens subluxation
	Hao Jiang, Wei Zhang, Yan-Hua Chu

	Corneal astigmatic outcomes after femtosecond laser-assisted cataract surgery combined with surface penetrating arcuate keratotomies
	Nick Stanojcic1,2,3, David O’Brart1,3, Chris Hull2, Vijay Wagh1, Elodie Azan1, Mani Bhogal1, Scott Robbie1, Ji-Peng Olivia Li3

	Rare manifestation of familial vitreous amyloidosis caused by Gly103Arg transthyretin
	Yan-Bing Feng1,2, Yan-Bo Shi2,3, Yan-Yan He1,2, Zhen-Yi Ma4, Yi-Xing Zhu5, Wen-Qing Weng1,2

	Structural measurements and vessel density of spectral-domain optic coherence tomography in early, moderate, and severe primary angle-closure glaucoma
	Wei Jiang, Nan Jiang, Gui-Bo Liu, Jing Lin, Cui Li, Gui-Qiu Zhao

	Predictive factors of epiretinal membrane in complicated rhegmatogenous retinal detachment tamponaded with silicone oil
	Yuan-Jie Qian, Wu Xiang, Yi-Meng Sun, Alfira Mijit, Zhi-Hao Jiang, Yan-Tao Wei

	Comparison of total corneal power measurements obtained with different devices after myopic keratorefractive surgery
	Zi-Yang Wang, Yan-Zheng Song, Wen-Li Yang, Qian Liu, Yi-Feng Li, Rui Cui, Lin Shen, Chang-Bin Zhai

	Long-term observation on safety and visual quality of implantable collamer lens V4c implantation for myopia correction: a 5-year follow-up
	Xiao Chen1,3, Li Li3,4, Jing Rao3, Yue-Xi Chen2, Yang Gao3, Rui-Xue Huang3, Qi-Zhi Zhou1,3,4

	Clinical features, radiological imaging, and treatment strategies of nonmetallic intraorbital foreign bodies: a retrospective analysis
	Guang-Rui Chai, Ming Chen, Zi-Xun Song, Lu Liu

	Ocular manifestations and quality of life in patients after hematopoietic stem cell transplantation
	Shu-Xian Fan1, Wen-Hui Wang1, Peng Zeng1, Ke-Zhi Huang2, Yu-Xin Hu1, Jing Wang1, Yi-Qing Li2, Jian-Hui Xiao1

	Comparison of efficacy of conbercept, aflibercept, and ranibizumab ophthalmic injection in the treatment of macular edema caused by retinal vein occlusion: a Meta-analysis 
	Qiu Xing1,2, Ya-Nan Dai3, Xiao-Bo Huang1, Li Peng1,2

	Highly cited publication performance in the ophthalmology category in the Web of Science database: a bibliometric analysis
	Yuh-Shan Ho1, Ali Ouchi2,3, Leila Nemati-Anaraki4

	Unilateral blurred vision in pediatric patient associated with cavum velum interpositum cyst
	Margarita Zamorano, Esperanza García-Romo, Román Blanco-Velasco, Belén Fernández, Francisco J. Monescillo, Bernardo Fernández de Arévalo

	Pneumonia and ocular disease as the primary presentations of Takayasu arteritis: a case report
	Dong-Ming Xu

	Chickenpox followed streaky multifocal choroiditis with prednison treatment in a girl with asthma
	Chun-Li Chen1,2,3, Zhi-Han Zhang1,2,3, Yi-Zhe Cheng1,2,3, Yang Zhang1,2,3, Xiao-Yan Peng1,2,3


