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Ginsenoside Rk3 alleviates retinal pigment epithelial cell senescence by enhancing
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[Abstract]| Objective To investigate the role and mechanism of ginsenoside Rk3 in alleviating the
senescence of retinal pigment epithelial (RPE) cells and in treating neovascular age-related macular
degeneration (nAMD). Methods An ARPE-19 cell senescence model induced by hydrogen peroxide and an
nAMD mouse model were subjected to validate the pharmacological activity of ginsenoside Rk3 in reducing
RPE cell senescence and shrinking choroidal neovascularization (CNV) area. Transcriptome sequencing was

performed to analyze the changes in differential gene expression profiles. Western blotting was used to detect
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the expression levels of mTOR, S6K1, p-S6K1, 4EBP1, p-4EBP1, p62, and LC3A/B. Molecular docking and

dynamics simulations were conducted to analyze the binding affinity of ginsenoside Rk3 with mTOR protein.

Results

(D Cell experiments showed that ginsenoside Rk3 significantly alleviated the senescence in ARPE-19

cells (P<0. 05). @ Animal experiments confirmed that ginsenoside Rk3 significantly reduced the retinal CNV

area in nAMD mice (P<0. 01), and its efficacy was comparable to the first-line clinical drug aflibercept (P>

0.05). @ Transcriptome sequencing suggested that ginsenoside Rk3 led to enrichment of the PI3K-Akt

signaling pathway. Western blotting showed that ginsenoside Rk3 inhibited the overactivation of mTORC1

signaling (P<0. 05) and simultaneously enhanced cellular autophagy (P<0.05). @ Molecular docking and

dynamics simulations further validated that ginsenoside Rk3 probably targets mTOR to alleviate RPE cell

senescence. Conclusion Ginsenoside Rk3 alleviates RPE cell senescence and reduces retinal CNV area in

nAMD mice by enhancing autophagy through inhibition of mTOR.
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14 (A4898, H1[H , Abclonal) ; 4EBP1 Hi {4 (9644, 5 [H
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RNAiso Plus(9109, H 7%, TaKaRa) ; RNA Ji2 % 5% (HY-
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1.9 B % % % PCR (quantitative real-time PCR,
qPCR)

RNAiso Plus #2 B RNA , B 500 ng RNA [ 5% 5%,
ChamQ SYBR qPCR #liE K T- CFX96 RGH 1. L
FEJF:95 °C 30 5395 °C 10 5360 °C 30 s, 40 MEH
CFX maestro 1. 0 A58, B-actin NS, 519 75
&1,

1.10 %% & % 9% ¥P i (Western blot)
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*1 51¥F3)
Table 1 Primer sequences for gPCR

Primer Primer sequences(5'—3")

Forward primer: ACTGAGAGTGATTGAGAGTGACC

H-CXCL8
Reverse primer: AACTTCTCCACAACCCTCTGC
Forward primer: AGGGACAGGATATGGAGCAACAAG
H-IL-1B
Reverse primer: CAGCTGTAGAGTGGGCTTATCATC
Forward primer: CCTGAACCTTCCAAAGATGGCTG
H-IL-6
Reverse primer: AGCTCTGGCTTGTTCTCACTAC
Forward primer: GGAGGGCAGAATCATCACGAAG
H-VEGFA
Reverse primer: GCACACAGGATGGCTTGAAGATG
Forward primer: CCTTCCGTGTCCCCACT
GAPDH

Reverse primer: GCCTGCTTCACCACCTTC

HLUK , 7% PVDF . —Hifs BEMIC il : p16(1:1 000) .
p21 (1:1 000) . B-actin (1:50 000) ., HRP #5ic Pt
(ASO14, 1:1 000; MK101A, 1:50 000) . #EfK ECL %
TR 52, A2 KU SRR R
111 5 F s 3E4047

TR o> = 4RSS FI B PubChem B8 12 , 0 bR 43
FHE 45U H RCSB PDB $0#E % . % SYBYL-X
2. 1. 18 AF 19 Surflex-Dock A5 5 1 17 43 F XF 4 - i
Surflex-Dock GeomX J7 2 #0017 o K JE X 4%, G S 4K
BEE R B3 T B A R A0 10 IAARIEAS 4
M RN O USSR EUAM S R, KRS
BORFEERIN o S5 R PPAG R 3 A% 046 5 : Total-Score
(43 e 2 B AR - 148 B AR A, >4 /0 B S it
2 0 2 M) A Polar (BE T BCAAR E (7 VAL 45 A 1 48
PLAD) . it PyMOL 5 LIGPLOT+ ] ¥ ALARG Ak S5 i %
FER S f b S g KR F 4 o BAEBE
1.12 T3 hFHEM

55T Amber6 B A AL AT 43 3 1 S AU S 4
A HHBETHE, #F 100 ns P WIETR L E NS
Rk3 A B AR FHALE . 28 AR R H £114SB 137 (4
Iz SRR R BAE SRR ) | BUIA S B0E 1 iE
FH 2 1 1135 (general Amber force field, GAFF) 4= i, o
K ZR BT TIP3P /KB R b 173 AL AL 38 IF 8 i
i Na/Cl B TR P R R A B S T A58 . RE R
AR P S5l T Bk B st B vk L 2 0B IR R T
iy o e R AR 2 S R R R G, B AR
TR 298, 15 K JE /£ 1 atm(1 atm=101 325 Pa) . J&
ZLHUAT 100 ns 2B MD AL, Bl 3 M il i) epptraj 15
BT M R 22 (root mean square deviation, RMSD) .

1] %% 2 7% (radius of gyration, Rg) . &0 8 A48 1k S AH
HAEHRES . 456 H HBER M AmberTools T H £
() MMPBSA. py I A<, & T MM/PB (GB) SA J5 i %f
100 ns FUl #EA7 & EITAL
113 %it bt

i F GraphPad Prism 9. 0 ¥4 47 48 1143 #7 , Br
AR L s R o B R 5 203 B (ANOVA) it &
Tukey 2 # WG AT GE T 0 b o AFI0SE 0 2= /D
B3PI R A R AR M . P<0. 05 U522 7 BAY
Gt

2 #R

2.1 AKZHFRK3 2 F M 4% ARPE-19 & b % %

i Hf 5 2 - B -2 ZLME i (senescence-associated
B-galactosidase , SA-B-gal ) A% P 7P Ml 2 1Ak 410
FEREEN . 2200 wmol/LHKE H,0, 5 12 h
J& LA L5k 92. 36% (E] 1A .B) . ARPE-19 4H
Mz FAL EA S 5, il SA-B-gal YA T
ANZBAF RSP EZIEHKT . RERS5EE
A L, NS A RK3 DAV B B AR A5 3 [ A1 SA-
B-gal FHVELNHE ELAB, 244 BE R 20 wmol/L i, 3 41 ifd
e 5 H,0, 2H B A% T 46. 12% (P<0. 01, K 1C.D) , ¥
TR BE B 8 O J5 S A S S 1 2R 2R BB L R T X
FLBEH B A2, Rk3 38 B 355 m T P21 2R () 3k
A Sy 20 ) 390 2 1 BT AR, P21 A 2 LR A5 i
ik E I BT X SRR RY & JFH,RK3
2525 B W BEAR T 3 A ARPE-19 40 i 7 P21 25 1 Y
F ik (P<0. 05,8 1E.F) ., Ki67 1 Ky —Ff b 58 40 g AH
KB, T RE 5 225y 48 YA 56 | 16 240 14 5
SEATEE . RIS R WoR , H,0, 73 ARPE-19
A Ki67 228 B W B IR (P<0. 01) , 111 Rk3 45 24 1 3%
FhiEs 1 Ki67 BH: 4 M 5] (P<0. 05) , 4878 Rk3 —
FRRE RS T B A 22 53 %L 1% T ARPE-19
N % (B E.G) o A2 5 — A HER bR
A SASP B9 PLE AT AL T 4 F SASP 7F 3 2 Al
Rk3 4524 J5 1 mRNA 284k . &5 R, 5 15 % X R4
M, H,0, 0 B 5 T IL-B.IL-6 . CXCLS Fl VEGF )
mRNA 7K (P<0. 01) , 1fif Rk3 45 24 W Z B 17 3% 4 Fh
SASP K7 mRNA 7K F-(P<0. 01, & 1TH~K) o &¢ L JF
W, N2 B4 RK3 g i & W0 i A AL &5 B0
ARPE-19 il % .
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A and B: SA-B-gal staining for the effect of hydrogen peroxide (H202) on ARPE-19 cell senescence under different concentrations (A)
and treatment durations (B) ; C and D: SA-B-gal staining showing the proportion of senescent ARPE-19 cells in different treatment
groups (C) and corresponding statistics analysis (D) ; E~G: Immunofluorescence staining for the expression of senescence marker
proteins p21 (F) and Ki67 (G) in ARPE-19 cells across different treatment groups, along with statistical results; H~K: Expression
levels of 4 senescence-associated secretory phenotype (SASP) factors IL-18 (H), IL-6 (1), CXCL8 (J), and VEGF (K) in different
treatment groups. a: P<0. 01, b: P<0. 05.

El1 ASEFRK3EIEARPE-19AMTE
Figure 1 Ginsenoside Rk3 alleviates senescence in ARPE-19 cells
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Laser induction
I Intravitreal administration
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GrFAIL ARG 38 2o B SR 2 I e S st A B R A
2H A Bl 41 (Kyoto encyclopedia of genes and genomes,
KEGG )%} 22 57 5L A JE AT & 42 70, B R s AS i
Rk3 802 5 B A I 3 5 JE7E PI3K-Aket £ 538 i (
3A). PI3K-Akt {5 51 g2 40 M — A B A5 1%
S 2%, B AT A 22 o A IR R A A T O
mTOR & PI3K-Akt I 5 ULHY T W80 I F- =2 —, 5410
M2 R, TS mTOR {5 538 BE AE
A AIE R A 2 T RE R, LA R NS A
Rk3 7E 98 % RPE 20 it 5 2 vh 9 /R AL, A0 52 A6
7 mTOR M T W55 M40 A Webr sy 0 H o &
%5, % % ARPE-19 41 g h mTOR B AR AL AR ZS (199

0 1

Time/d

Con Rk3

" Isolectin GS-IB4_

Blank Con Rk3

SA-B-gal

Tissue harvest 1.5+
a
l > a
8 A —
1.0 1
Aflibercept

o
]
1

Area of CNV (ratio to Vehicle)

0-
S H X C
S X &OQJQ
@z
S
—~ 1.5+
o
Q a
. <
Aflibercept ] — a
L2 104
Rl
. E
T
o
< 0.5+
o
()]
@
&S o4
Q ) X E
@ &OQ’Q
&
R

A: Timeline of nAMD mouse modeling, drug administration, and sample collection; B and C: Retinal flat mounts stained with

isolectin GS-IB4, showing CNV leakage areas after modeling and drug treatment ; sample sizes for the 3 groups were 14, 21, and 16,

respectively; D and E: SA-B-gal staining of retinal cryosections, indicating the degree of senescence. nAMD: Neovascular age-

related macular degeneration; CNV : Choroidal neovascularization; a: P<0. 01

B2 AZEEHRK3BEEnAMD /MR CNV FZEZHEEIE

Figure 2 Ginsenoside Rk3 alleviates CNV area and senescence in a mouse model of nAMD
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Al 8.7~ , mTOR 4B 2 Ak 7K - A8 %) B 4 4 3 14 58 (P<
0.01), [AIFFFERE T U7 SOK 1 A BERR L% (P<0.01) K&
4EBP1 FBERR LM (P <0.01) . £ RK3 THE , A%L
P T mTOR(P <0.01) 5 S6K1 By iR 1k (P<0. 05) ,
[F] ) i 25 38 8 AEBP1 iYL 1L (P<0. 01, 1 3B~G) .

WA, A W5 BT 2% B 5 % ARPE-19 4l A7 7% H
Wi T e B A O AE BE IS & B, i RK3 45 25 TPk & A W
eI e IR 4 (P<0. 01,8 4) . ER&E U6,
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A :Bubble plot showing KEGG enrichment analysis of differentially expressed genes from RNA sequencing; B~G: Western blot
analysis of mTOR and phosphorylation of key proteins in its downstream signaling pathway. a: P<0.01, b: P<0. 05
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Figure 3 Ginsenoside Rk3 alleviates senescence in ARPE-19 cells by inhibiting the mTORC1 signaling pathway
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Figure 4 Ginsenoside Rk3 enhances autophagy
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A': Two-dimensional and three-dimensional docking modes and interactions between ginsenoside Rk3 and mTOR; B: Molecular
dynamics simulation analysis of the ginsenoside Rk3-mTOR protein complex, including root mean square deviation (RMSD) ,

radius of gyration (Rg), number of hydrogen bonds, and energy decomposition.
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Figure 5 Molecular docking and dynamics simulation validate the binding of ginsenoside Rk3 to mTOR
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