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[Abstract] Objective To investigate the regulatory effect and molecular mechanism of acteoside on
oxidative stress and mitochondrial damage in high glucose-induced human retinal pigment epithelial cells
(ARPE-19). Methods ARPE-19 cells were divided into normal control group, mannitol group, high-glucose group,
high-glucose+Mito-TEMPO (reactive oxygen species [ROS] scavenger) group, high-glucose+acteoside group,
high-glucose+acteoside+BafA1 (autophagy inhibitor) group, high-glucose+acteoside+EX-527 (sirtuin 1 [SIRTI]
inhibitor) group, and high- glucose+acteoside+si-SIRT1 transfection group. After corresponding treatments according
to grouping, the cell viability of different groups was detected using cell counting kit-8; adenosine triphosphate (ATP)
content was measured with an ATP level assay kit; mitochondrial membrane potential was detected via JC-1 staining;

mitochondrial ROS level was determined by MitoSOX Red staining; autophagic flux was assessed using
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mRFP-GFP-L.C3 dual fluorescence labeling; the relative expression levels of SIRT1, PINK1, Parkin, LC3 I/ and
p62 proteins were examined by Western blot. Results The cell viability, ATP content and mitochondrial
membrane potential were significantly lower and the mitochondrial ROS level was significantly higher in the
high-glucose group than those in the normal control group, mannitol group and high-glucose+acteoside group (all P<
0.05). The cell viability, ATP content and mitochondrial membrane potential were higher and the mitochondrial ROS
level was lower in the high-glucose+acteoside group than those in the high-glucose+acteoside+EX-527 group and
high-glucose+acteoside+si-SIRT1 transfection group and all differences were statistically significant (all P<0.05). The
cell viability and ATP content were significantly lower in the high-glucose group than in the high-glucose+
Mito-TEMPO group (both P<0.05). The relative expression levels of PINK1 and Parkin proteins in the high-glucose
group were significantly lower than those in the normal control group, mannitol group and high-glucose+acteoside
group, whereas the relative expression levels of LC3 11/ and p62 proteins in the high-glucose group were
significantly higher than those in the normal control group and mannitol group (all P<0.05). The relative expression
levels of LC3 11/ I and p62 proteins were higher in the high-glucose group than in the normal control group (both P<
0.05). The relative expression level of LC3 [[ /I protein in the high-glucose+acteoside group was higher than that in
the high-glucose group but lower than that in the high-glucose+acteoside+BafA1 group (both P<0.05). The relative
expression level of p62 protein in the high-glucose+acteoside group was lower than that in the high-glucose group and
high-glucose+acteoside+BafA 1 group (both P<0.05). The relative expression levels of SIRT1, PINK1, Parkin and
LC3 I/ I proteins were higher and the relative expression level of p62 protein was lower in the high-glucose+
acteoside group than in the high-glucose+acteoside+EX-527 group and high-glucose+acteoside+si-SIRT1 transfection
group (all P<0.05). The GFP/mRFP fluorescence intensities of the normal control group, high-glucose group,
high-glucose+acteoside group and high-glucose+acteoside+BafA 1l group were 0.22+0.10, 0.72+0.04, 0.43+0.06 and
0.61+0.04, respectively, with a statistically significant overall difference (F=33.68, P<0.001). The GFP/mRFP
fluorescence intensity was higher in the high-glucose group than in the normal control group and high-glucose+
acteoside group, and higher in the high-glucose+acteoside+BafA1l group than in the high-glucose+acteoside group,
with statistically significant differences (all P<0.05). Conclusions Acteoside alleviates high glucose-induced
oxidative stress and mitochondrial damage in ARPE-19 cells by activating SIRT1 to promote PINK1/Parkin-mediated
mitophagy.
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Figure 1 JC-1 and MitoSOX staining images of each group A:

JC-1 staining image (X400, scale bar=50 pm) B: MitoSOX staining
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Figure 2 Electrophoretogram of autophagy-related protein

expression in each group
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Figure 3 Comparison of cell viability and ATP content among
different groups after inhibiting mitochondrial ROS A: Comparison
of cell wviability F=238.60, P<0.001. Compared with the normal
control group, “P<0.001; compared with the high-glucose group, "P<
0.001 (One-way ANOVA, Tukey test; n=3) B: Comparison of ATP
content  F£=890.20, P<0.001. Compared with the normal control group,
*P<0.001; compared with the high-glucose group, "P<0.001 (One-way
ANOVA, Tukey test; n=3) ROS: reactive oxygen species; ATP:

adenosine triphosphate
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Figure 4 JC-1 and MitoSOX staining images of each group after

acteoside treatment A: JC-1 staining image (X400, scale bar=50 pwm)
B: MitoSOX staining image (X1 000, scale bar=10 pwm)



+ 834 -

R3 MEHLEFEESAMMEENE ATP & 2 & KA TIEE LR (rxs)

AR S R R 2 R 2026 4F 9 H 55 44 555 9] Chin J Exp Ophthalmol, September 2026, Vol. 44, No. 9

e+
b+ BT AR

IEH
Table 3 Comparison of cell viability, ATP content, and mitochondrial XTBRZL gl BTse 4l BafAl 4l R
function among different groups after acteoside treatment (xzs) PINK1 ‘ W o T ‘ 63 000
2 i 7 ATP & i 3 TRIN 3 TRIN
215 A & ) e o arki ———

A HER T (%) (wmol/g prot) 58 HL A3 ROS # 1 Parkin | - - ‘ 48 000
nRGEoy Ll 3 100.00+5.65 223.20+16.71 4.11£0.78 1.00+0.12 L3l — ‘ 16 000
e 3 — — —— —

AL 3 49.81+4.61° 61.15+8.10" 0.30+0.11"  3.88+0.44" Lesn 14000
BT LAl 3 81.03+3.19" 156.9010.97" 1.53+0.35" 1.62+0.27" p62 ‘ W — ‘62 000
FAE 273.60 385.50 45.16 74.47

PIH <0.001 <0.001 <0.001 <0.001 Bractin | W W S — ‘42 000

TE 5 0E W X R L8, P<0.05 5 5 i M 41 H 8, "P<0.05 (B[] R 5 22 43 #T , Tukey £ 55 )

ATP: =R MR s ROS : I P4

Note: Compared with the normal control group, *P<0.05; compared with the high-glucose group,

"P<0.05 (One-way ANOVA, Tukey test)

species

H,EmBHLC3/ T p62 E M
Xof F2 3k 0 T OEE X R4, SR+
Bl e 4 LC3 I/ 1 2 AN ik
T B AL AR T R B
H+BafA 1 21 , = Bl + B 5 1 2 p62
B A X 2% 38 AT R R A R
W+ B 50 +BafA 1 4, 2 S H G
itef o X (H) P<0.05) (5,3 4)
IEH O B2 AL B B
A7 41 L = B+ B 58 1T +BafAl 41
GFP/mRFP G0 BE 43 5l ok 0.22+
0.10, 0.72+0.04 , 0.43+0.06 . 0.61+
0.04, BRI ZEFHAGIT¥E
X (F=33.68, P<0.001) , &
B4 GFP/mRFP 2% 9658 & 7 T 1E
RN = R TR =
W + B 57 1F +BafA1 41 GFP/mRFP
B 5 B R T o M B A AL,
ZRWARIT¥E X (3 P<
0.05) (&l 6) .
2.5  SIRT1 4 5] &b BE 5 2% 2H 40
MG F1{H  ATP & & 2ok R Dy B
A OC 38 bR O W AR O H )
SIRT1 4 F & ik i AR

TE B IR | AL L+
BT o 2L L = B B S +EX-527
H YN TG I ATP & 2 ki ik
J LA AT ROS 7 i BV 3R 25 57
YA g it 2 L (F=206.00,
560.50. 146.20. 79.35, ¥ P<
0.001) , H v & BE + BT 50 1 +

ATP: adenosine triphosphate; ROS: reactive oxygen

Es B FAEEEEAEREXERRE
23

Figure 5 Electrophoretogram of autophagy-
related protein expression in each group after

treatment with autophagy inhibitors

*4 BEHINHFLEESHEREXEAHENRIEZSLR (Xxs)
Table 4 Comparison of relative expression levels of autophagy-related proteins
among different groups after treatment with autophagy inhibitors (x+s)

21 531 ez PINK1 & H Parkin 2 14 LC3N/ 1 #EH p62 & H
1E 7 B 20 3 0.86+0.03 1.23+0.08 0.80+0.09 0.33+0.06
A 3 0.3420.08" 0.73%0.07" 1.16+0.05" 0.85+0.10°
o W+ B e 1 2 3 0.61+0.12" 0.94+0.05" 1.46+0.10" 0.43+0.03"
TR B 4B 58+ BafA 1 21 3 0.5620.09 0.98+0.07 2.46+0.18° 0.59+0.07"
FAH 17.56 27.02 114.10 32.54
P1H <0.001 <0.001 <0.001 <0.001

T 5 OE X B AL LB, P<0.05 5 5 o AL LA, "P<0.05 5 45 i M+ BT 2 1 41 L 4%, °P<0.05 (AL (R 3%
J7 255781, Tukey K 55 )

Note: Compared with the normal control group, "P<0.05; compared with the high-glucose group, "P<
0.05; compared with the high-glucose+acteoside group, ‘P<0.05 (One-way ANOVA, Tukey test)
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x1 000, 75 R =10 um) B: % 241 GFP/mRFP 28 Y658 & L 4¢  F=33.68, P<0.001. 55 IF # X HR 41 [t
B ,"P<0.05; 5 B 21 L, "P<0.05 5 5 4 + Bl 5 4 LA, P<0.05 (B IR 07 22 40 T, Tukey 1o
K sn=3)
Figure 6

I~
= AL
10 pm 10 wm
H H H
10 wm 10 um 10 um
H H H

—_
=)

GFP
P IR IE
o o
N oo

GFP/mRF

DAPI

10 pwm
H

Comparison of autophagy flux among different groups after treatment with
autophagy inhibitors A: mRFP-GFP-LC3 dual fluorescence staining images of each group (mRFP-
GFP x1 000, scale bar=10 pm)
F=33.68, P<0.001. Compared with the normal control group, “P<0.05; compared with the

B: Comparison of GFP/mRFP fluorescence intensity among different
groups
high-glucose group, "P<0.05; compared with the high-glucose+acteoside group, ‘P<0.05 (One-way
ANOVA, Tukey test; n=3)
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EX-527 4 4 e 1% J7{E . ATP
o R R R T
o A+ B v AL ZROBLIR ROS
& T e B A 22
S ¥ G0 R L () P
0.05) (Kl 7,%5).

% ¢4 SIRTI. PINKI,
Parkin \LC3 11/ 1 \p62 1M
Xq“i'%i'_kiu{zlxtl:hzn%iﬁ/ﬁ
Gt 2 L (F=26.65.13.92,
18.49. 80.02. 28.92, ¥ P<
0.01) , H b i 4% + Bl o H +
EX-527 #1 SIRTI, PINKI,
Parkin \LC3 11/ I & A X %
SP o (1 =T i A N < 4
p62 # [ AH X 3R 3k it = T
B+ 50 A7 41, 22 A gt
¥ X (3 P<0.05) (K 8,
#6),

2.6 si-SIRT1 %% 4 J5 45 41 41
LT 3 fH CATP £ 4 ki Ak
LI e AR O H8 br A WA OC 2R
H M SIRT1 2 1 & ik 5 g

IEH O B R AL
T+ B o 2 B e+
si-SIRT1 % e 28 41 Jfa 3% 7 {8 .
ATP & 5 | 26 {4 B8 | A il
ROS & i Bk LA 22 R ¥ A
4t it 2% = X (F=208.10,
272.30. 173.60. 29.60, # P<
0.001) , H: v i 4l + Bf 32 +
si-SIRT1 7% YL 28 21 1% J7 1A
ATP & it ZROR A B8 67 3
ﬁ?rﬁwﬁwﬂﬁﬁéﬂ,ﬁéﬁﬁi
ROS & & & T &5 b + B 3¢ 4
H, 2RI 0 5 E (Y
P<0.05) (K 9,%7).
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Figure 7 JC-1 and MitoSOX staining images of different groups after SIRT1 inhibitor treatment
B: MitoSOX staining image (X1 000, scale bar=10 pm)

<
=
3
%
=

A: JC-1 staining image (X400, scale bar=50 pm)
SIRT1: sirtuin 1

&5 SIRT1HHIF AR 5 & A48 iE S11E  ATP & 2 70 2% 4 {5 T B8 bL % (rxs)
Table 5 Comparison of cell viability, ATP content, and mitochondrial function among
different groups after treatment with SIRT1 inhibitors (Xzs)

20 51 FEAE AMITE S1{E (%) ATP & (umol/g prot) LRI 47 2RIk ROS 7

I X R Al 3 100.00+5.86 219.70+9.02 3.70+0.10 1.00+0.34

e 4L B 50.52+4.77" 60.27+8.80" 0.29+0.04" 6.41+0.54"

T A+ B 7 3 81.97+3.26" 152.80+10.52" 1.90+0.38" 2.60+0.43"

BB S HEX-527 40 3 64.75+3.52° 90.13+7.21° 0.80+0.17° 4.51+0.48"

FAIY 206.00 560.50 146.20 79.35

P <0.001 <0.001 <0.001 <0.001
5 OF o B4 R, *P<0.05 5 5 R 4 L #, P P<0.05 5 5 5 B+ BT 5 A 4 R, ©P<0.05 (B IR K 7 24y

Br, Tukey K 86:)  SIRTI - JLER 5 BI85 [H 15 ATP:

Note: Compared with the normal control group,

SBEEBARTT s ROS T 1A
*P<0.05; compared with the high-glucose group, "P<0.05;
compared with the high-glucose+acteoside group, ‘P<0.05 (One-way ANOVA, Tukey test) SIRTI: sirtuin 1;

ATP: adenosine triphosphate; ROS: reactive oxygen species

o 3 i
MR 2R A 0T 2# 7 L (F=115.00,
56.67.40.42.64.82.71.25, %] P<0.001) , H: v &5 4 + Bl DR &R HL 2 4%, #6 M A AL I 38 LR GE B 4
. 4 SIRT1.PINK1 . Parkin .LC3 11/ 1 4405 45 22 o H ok R HG v 2Rk AR A O 40 i RE AT

L +si-SIRT1 54 Yt

A X 2 3 R AR T o+ B e A, p62 A X
LS G (B

38 R T A+ B v A
P<0.05) (K 10,%8),

i b ROS A= iy 3 B2 40 O 4% , 76 DR /& B S 0 355 vp T
KADIREZ AL . Lam S52V7E db/db B JR A /N B R
Ok B, A 2 A0 T ) R T A () IR I 2z 1 2 g
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i L e i %6 SIRTUHHIH A IEIE & H SIRT1 E (5 7 & MR % B S AR 53k B b 82 ()
XRAAL EBEAL A1 EX-527 41 it Table 6 Comparison of relative expression levels of SIRT1 protein and
SIRTI [ —— ‘ 120,000 autophagy-related proteins among different groups after treatment with SIRT1
PINKI ‘ D . — - ‘63 000 inhibitors (xxs)
Parkin | G e—— - -— ‘48 000 41 3 BEACHE SIRT1# (4 PINK1ZE (4 Parkin (1 LC3N /1 B p62 1M
O] [ s e == ‘ 16 000 E‘%’X#Hﬁiﬂ 3 090£0.12 0.92+0.17 1.190.10  0.640.08  0.28+0.08
e 4L 3 0.43+0.09" 0.45+0.01" 0.66+0.09"  1.04+0.06" 0.88+0.13"
p62‘ - - - - ‘62 o0 e+ B B 2 3 0.66x0.08" 0.71x0.08" 0.96=0.13" 1.710.12" 0.49+0.03"
B-actin | W  -_ 4 |42 000 e A+ B T+ EX-527 4H 3 0.32+0.04° 0.53+0.05° 0.72+0.04° 1.16+0.06° 0.71+0.05°
E S8 SIRT1M&IF4IEEREASIRTIESFE F1iH 26.65 13.92 18.49 80.02 28.92
Tk 4H X | B R IE Bk SIRT1: Pk f By PME <0.001 0.0015  <0.001 <0.001 <0.001
SR TE 5 IE W IR L 4K, *P<0.05 5 5 s Ml 4 LU ¢, "P<0.05 5 5 i Wi+ BT o 7 4 L, P<0.05 (2
Figure 8 Electrophoretogram of SIRT1 protein M FJ7 2207, Tukey £46)  SIRTL: LR {5 2k 15 I
and autophagy-related protein expression in Note: Compared with the normal control group, *P<0.05; compared with the high-glucose group,

each group after SIRT1 inhibitor treatment "P<0.05; compared with the high-glucose+acteoside group, “P<0.05 (One-way ANOVA, Tukey test)
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Figure 9 JC-1 and MitoSOX staining images of different groups after si-SIRT1 transfection Parkin 18 J%’ s R A ffl—é TTJ‘ Bﬂ ﬁ H Xd‘

A: JC-1 staining image (X400, scale bar=50 pm) B: MitoSOX staining image (X1 000, scale bar= ARPE-19 4f it it 1%33,1/'5}5‘% 5
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ARPE-19 4l il £ ki 4 ) G F 5 14 ] 3 2o filh e gk B 12 RPE 40 it tf PINK 1/Parkin i % BH f 52 410, [a] isf £ Bt 2%
TR A0 B R A R AR I T B s T 2R IR ) R R A A I T RE DTS AT I G 12 G % T ek 3 R [ s s
FE DR WML i) EZAE AR 3 — I & AN T, B, D Amico 2524 H L #[A] PINK 1/
B S 0] I 3 R IR ATP A BRI 2Rk (A st ri 7, 2 F £k Parkin i % 7] fig /& DR Tl B S 36 97 0B 88 i o (15 0
ki K ROS L&, [A] i} PINK1 I Parkin % 35 F i , BN, TE 18 PRI 95 25 A A S AR PE e B v
LC3-11/1 Al J p62 /K F- Tt &, 4 /s ki ik [ Wik 7 16 E B IE 52 A) Ak B I PINK 1/Parkin 26 14 1 98 28 ki K B
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®7 si-SIRTIREEZHMEENE ATP & EFILM A THAE LI (xs)
Table 7 Comparison of cell viability, ATP content, and mitochondrial function
among different groups after si-SIRT1 transfection (xzxs)

+ 837

RTINS T IR S
"l i 2 | PINK1 . Parkin 35,
AR p62 7K, R HE 2R 1A 7 g I

o ANHETE A ATP & 5t SRR RN
) AR (%) (wmol/g prot) JIEE FL AV ROS % &t VI(E ﬁﬂmﬁg,ﬂﬁ#ﬂ%{?ﬁbﬂ BafAl
IE X 3 100.00+6.34  224.6015.38  3.90+0.35  1.00+0.21 JE U ES T AR E R R
[=yiE 3 48.88+4.04"  59.98+7.74" 0.32+0.05"  5.73+1.00" NN . .
1o A+ BT 5 3 81.66+4.46" 156.20+14.69"  1.81x0.24"  2.47+0.55" 52 ¥ 77 i@ 2o {2 3 PINK1/Parkin
EOMECRT R 4si-SIRTI RS e 3 64.37+2.76°  108.00+11.88° 0.52+0.05°  3.91+0.56" SRR R B W S S
FIH 208.10 272.30 173.60 29.60 % ARPE-19 4 i 45443 .
P <0.001 <0.001 <0.001 <0.001

TE 5 10 0 JR AL H 4R, P<0.05 ;5 H B 4L H 48 . "P<0.05 5 5 1o Wi+ B 5 1 41 H 4%, °P<0.05 (B [H 22 )y
SIRTL: FLER A7 B A 45 7 ATP: =B BR IR 1 s ROS : 7 Pk 4R
Note: Compared with the normal control group, *P<0.05; compared with the high-glucose group, "P<0.05;

20T, Tukey K 55 )

compared with the high-glucose+acteoside group, “P<0.05 (One-way ANOVA, Tukey test)

1; ATP: adenosine triphosphate; ROS: reactive oxygen species
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Figure 10 Electrophoretogram of SIRT1 protein and autophagy-

related protein expression in each group after si-SIRT1 transfection
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Table 8 Comparison of the relative expression levels of SIRT1 protein and

SIRT1 YE 2} Sirtuin % % # L
BB, T R LBk 2 R R Y
VA A AR R N K
4 ff iy iz S5 A PO FE . Mishra
ZEBORESE F W, SIRT1 /2 DR &
AP PR 7 o 7 7 B R R A TR STRTT A5 1
M3E KR DR A . BEAh, SIRT1 f& PINK1/Parkin £
S ZeRL AR [ WA A O b O R B filan, A
Z B A Rel 0] 8 i #0% STRT1/PINK 1/Parkin fill 4 5 ()
SRR W CE O EE R Corbi 8 R B A IR
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Tk 3 R TR R 5 A, B0 BT o AT R G Ao R 4
SIRT1 il i K 4B AW 53N . BT Fiks %ﬁ ZN I
FHE 0 BT 52 4 1T B8 3 o /8 H T SIRT1-PINK 1/Parkin 43 F
W, P4 ARPE-19 20 M (9 Zobi Ak A miad 72 . AR5
T8 3 I 0 STRTL 41 i1l 77) EX-527 5 & {% SIRT1 2k 17+
T, 45 S @ B SIRT1 2 35 1T & 25 il 553 Bl v+ 1) £
POV, 2 B0k 41 M TG I {E CATP 55 & 2o A 5 FL 7
A S ROS F1 2, PINK 1/Parkin 2635 T Ff, A W 5 %2
BH, BE 56 1 Bl o i o 30 SIRT1 4 S 19 PINK1/
Parkin i % & ¥ (R 97 VE F o AT 55 BB/ 1 B] o 9 7F
DR G Y7 v 7 1 B 4 T HIL A .

L5 E TR AR ST 2R B B S 4 R)E A G SIRT
553 % , 12 #F PINK 1/Parkin /1 5 (9 42 i AR [ Wi, M 1T
% ik 2 WA 5 09 ARPE-19 41
i Ak B 385 2 R AR 4 4
SR, A B 58 A3 A7 4 — 2 Ja)

SIRT1: sirtuin

autophagy-related proteins among different groups after si-SIRT1 transfection (xzs)

25 FEAE SIRTIZ& M PINKIZEH Parkin®E[H LC3N/ 1 #EH  p624EH
1E 6 IR 20 3 1.00£0.09  0.95+0.10  1.19x0.11 0.47+0.09  0.3620.06
[yl 3 0.41+0.03"  0.39+0.05"  0.49+0.06" 1.07£0.20°  0.93+0.05"
B+ BT 4 3 0.77+0.02"  0.86+0.04"  1.04+0.12"  2.02+0.14">  0.45+0.05"
e+ BT 7 +si-STRT1 4% Y 21 3 0.38+0.02° 0.53+0.02°  0.52+0.07° 1.15£0.08°  0.81+0.07°
F{E 115.00 56.67 40.42 64.82 71.25
PIi <0.001 <0.001 <0.001 <0.001 <0.001
T - 5 1F W X R4 LA, "P<0.05 5 5 3 B4 LA, PP<0.05 5 5 185 Wl -+ BT 5 1 401 B 45 L P<0.05 (B [H 3 2% 4%

Mr . Tukey 5 86:)  SIRTI: T 8RA5 5 A 7
Note: Compared with the normal control group, "P<0.05; compared with the high-glucose group, "P<0.05;

compared with the high-glucose+acteoside group, ‘°P<0.05 (One-way ANOVA, Tukey test) SIRTI: sirtuin 1

B . B 56, SIRT1 ¥ i&
PINK 1/Parkin 1) A& 53 7 #Hl
il R A T i — LI, H
K, AR WF5EALEE T ARPE-19
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MM S 50 E 2 e S
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7 49 A H: Al 20 B, R )
IML45 P9 Rz 240 M e J5T 440



- 838 - rh A Sz B R 2 2026 4F 9 45 44 55 9 1)

Chin J Exp Ophthalmol, September 2026, Vol. 44,No. 9

PP RRZ MM S 50 0 B B, LU 42 1
) DR A 2 AL

RUBERGE A (E 275 IR A7 R 4 e

TEE TR RS SRR ST RS /A B S
BT 2 RESCRE A5 T ORIV R SCRE AL 0 AR A
VPR D 4 45 5 DR HOE « 5 /A0 M0 335 19 S L 4y 5 1
VPR A B 45 T 98 5 50 B0 RIS 5 e 6 S0 R 0 RS I
BT B K

S % Uk

[1] Chen Y, Tang S, Huang Y, et al. Global burden of blindness or visually
impairment attributable to diabetic retinopathy in the adults aged
70 years and older, 1990—2021: results from the global burden of
disease study in 2021[J]. Diabetes Res Clin Pract, 2025, 226:112383.
DOI: 10.1016/j.diabres.2025.112383.

[2] Tarasewicz D, Conell C, Gilliam LK, et al. Quantification of risk factors
for diabetic retinopathy progression[J]. Acta Diabetol, 2023, 60(3):
363-369. DOI: 10.1007/s00592-022-02007-6.

[3] Bhatwadekar AD, Shughoury A, Belamkar A, et al. Genetics of diabetic
retinopathy, a leading
industrialized world[J]. Genes (Basel), 2021, 12(8): 1200. DOI: 10.3390/
genes12081200.

[4] Sadikan MZ, Abdul Nasir NA. Diabetic retinopathy: emerging concepts

cause of irreversible blindness in the

of current and potential therapy[J]. Naunyn Schmiedebergs Arch
Pharmacol, 2023, 396(12): 3395-3406. DOI: 10.1007/s00210-023-
02599-y.

[5] Kowluru RA. Diabetic retinopathy: mitochondrial dysfunction and
retinal capillary cell death[J]. Antioxid Redox Signal, 2005, 7(11-12):
1581-1587. DOI: 10.1089/ars.2005.7.1581.

[6] Bek T. Mitochondrial dysfunction and diabetic retinopathy[J].
Mitochondrion, 2017, 36:4-6. DOI: 10.1016/j.mit0.2016.07.011.

[7] Xi X, Ma J, Chen Q, et al
peroxide-induced injury of retinal ganglion cells via the CASC2/
miR-155/mTOR axis[J]. Ann Transl Med, 2022, 10(1): 5. DOI: 10.
21037/atm-21-5630.

[8] Zhang FK, Jia KX, Wang H, et al. Acteoside as a rising star for clinical

Acteoside attenuates hydrogen

treatment: current fundamental research and future outlooks[J]. J Integr
Med, 2026, 24(1):7-23. DOI: 10.1016/j.joim.2025.08.007.

[9] Yang J, Hua Z, Zheng Z, et al. Acteoside inhibits high glucose-induced
oxidative stress injury in RPE cells and the outer retina through the
Keap1/Nrf2/ARE pathway[J]. Exp Eye Res, 2023, 232:109496. DOI:
10.1016/j.exer.2023.109496.

[10]Han Z, Wang B, Wen YQ, et al. Acteoside alleviates lipid peroxidation
by enhancing Nrf2-mediated mitophagy to inhibit ferroptosis for
neuroprotection in Parkinson’s disease[]J]. Free Radic Biol Med, 2024,
223:493-505. DOI: 10.1016/j.freeradbiomed.2024.07.018.

[11]Narendra DP, Youle RJ. The role of PINK1-Parkin in mitochondrial
quality control[J]. Nat Cell Biol, 2024, 26(10):1639-1651. DOI: 10.
1038/s41556-024-01513-9.

[12]Zhang Y, Xi X, Mei Y, et al. High-glucose induces retinal pigment
epithelium mitochondrial pathways of apoptosis and inhibits mitophagy
by regulating ROS/PINKI1/Parkin  signal pathway[J]. Biomed
Pharmacother, 2019, 111:1315-1325. DOI: 10.1016/j. biopha. 2019.
01.034.

[13]Cong M, Qi X, Sun H, et al. Acteoside ameliorates hepatic steatosis and
liver injury in MASLD mice through activation of PINK 1/Parkin-related
mitophagy markers[J]. Nutrients, 2025, 18(1): 118. DOIL: 10.3390/nu
18010118.

[14]Wei X, Xiong X, Wang P, et al. SIRT1-mediated deacetylation of
FOXO03 hormone resistance in

enhances mitophagy and drives

endometrial cancer[J]. Mol Med, 2024, 30(1):147. DOI: 10.1186/s10020-
024-00915-7.

[15]Sukboon P, Phumsuay R, Promkum C, et al. Mulberry extract mitigates
glucose-induced oxidative injury in differentiated ARPE-19 cells by
enhancing antioxidant defense: implications for diabetic retinopathy
[J/OL]. Food Sci Nutr, 2025, 13(5): €70180[2026-03-18]. http://www.
nchbi.nlm.nih.gov/pubmed/40330202. DOI: 10.1002/fsn3.70180.

[16]Park C, Cha HJ, Kim MY, et al. Phloroglucinol attenuates DNA damage
and apoptosis induced by oxidative stress in human retinal pigment
epithelium ARPE-19 cells by blocking the production of mitochondrial
ROSI[J]. Antioxidants (Basel), 2022, 11(12):2353. DOI: 10.3390/antiox
11122353.

[17]Sun Y, Zheng Y, Wang C, et al. Glutathione depletion induces
ferroptosis, autophagy, and premature cell senescence in retinal
pigment epithelial cells[J]. Cell Death Dis, 2018, 9(7):753. DOI: 10.
1038/s41419-018-0794-4.

[18]Chen W, Lin B, Xie S, et al. Naringenin protects RPE cells from
NalO,-induced oxidative damage in wvivo and in witro through
up-regulation of SIRTI[J]. Phytomedicine, 2021, 80:153375. DOI: 10.
1016/j.phymed.2020.153375.

[19]Li H, Liu X, Zhong H, et al. Research progress on the pathogenesis of
diabetic retinopathy[J]. BMC Ophthalmol, 2023, 23(1):372. DOI: 10.
1186/512886-023-03118-6.

[20]Wu Y, Zou H. Research progress on mitochondrial dysfunction in
diabetic retinopathy[J]. Antioxidants (Basel), 2022, 11(11):2250. DOI:
10.3390/antiox11112250.

[21]Lam CH, Zou B, Chan HH, et al. Functional and structural changes in
the neuroretina are accompanied by mitochondrial dysfunction in a type
2 diabetic mouse model[J]. Eye Vis (Lond), 2023, 10(1):37. DOI: 10.
1186/s40662-023-00353-2.

[22]Li Y, Xu W, Zhao G, et al. TRAP1 improves diabetic retinopathy by
preserving mitochondrial function[J]. Clin Ophthalmol, 2025, 19:
2343-2362. DOI: 10.2147/0PTH.S521660.

[23]Chen Q, Xi X, Zeng Y, et al. Acteoside inhibits autophagic apoptosis of
retinal ganglion cells to rescue glaucoma-induced optic atrophy[J]. J
Cell Biochem, 2019, 120(8): 13133-13140. DOI: 10.1002/jch.28586.

[24]Xi X, Chen Q, Ma J, et al. Acteoside protects retinal ganglion cells from
experimental glaucoma by activating the PI3K/AKT signaling pathway
via caveolin 1 upregulation[J]. Ann Transl Med, 2022, 10(6): 312. DOI:
10.21037/atm-22-136.

[25]Xi X, Liu X, Chen Q, et al. Acteoside relieves diabetic retinopathy
through the inhibition of Miiller cell reactive hyperplasia by regulating
TXNIP and mediating Kir4.1 channels in a PI3K/Akt-dependent manner
[J/OL]. PLoS One, 2024, 19(12): e0312565[2026-03-22]. http://www.
nchi. nlm. nih. gov/pubmed/39689088. DOI:
0312565.

[26]Huang L, Yao T, Chen J, et al. Effect of Sirt3 on retinal pigment

10.1371/journal. pone.

epithelial cells in high glucose through Foxo3a/ PINK1-Parkin pathway
mediated mitophagy[J]. Exp Eye Res, 2022, 218:109015. DOI: 10.1016/
j.exer.2022.109015.

[27]D'Amico AG, Maugeri G, Magri B, et al. Targeting the PINK1/Parkin
pathway: a new perspective in the prevention and therapy of diabetic
retinopathy[J]. Exp Eye Res, 2024, 247: 110024. DOI: 10.1016/j. exer.
2024.110024.

[28]Zhang S, Gong F, Liu J, et al. A novel PHD2 inhibitor acteoside from
Cistanche tubulosa induces skeletal muscle mitophagy to improve
cancer-related fatigue[J]. Biomed Pharmacother, 2022, 150: 113004.
DOI: 10.1016/j.biopha.2022.113004.

[29]Yang Y, Liu Y, Wang Y, et al. Regulation of SIRT1 and its roles in
inflammation[J]. Front Immunol, 2022, 13: 831168. DOI: 10.3389/
fimmu.2022.831168.

[30]Mishra M, Duraisamy AJ, Kowluru RA. Sirtl: a guardian of the
development of diabetic retinopathy[J]. Diabetes, 2018, 67(4): 745-754.



R A SIS IR R 2 AR 2026 4F 9 H 55 44 555 9] Chin J Exp Ophthalmol, September 2026, Vol. 44, No. 9 . 839 -

DOI: 10.2337/db17-0996.

[31]Li L, Chen J, Zhou Y, et al. Artesunate alleviates diabetic retinopathy
by activating autophagy via the regulation of AMPK/SIRT1 pathway[J].
Arch Physiol Biochem, 2023, 129(4): 943-950. DOI: 10.1080/
13813455.2021.1887266.

[32]Guan S, Xin Y, Ding Y, et al. Ginsenoside Rgl protects against cardiac
remodeling in  heart failure via SIRT1/PINK1/Parkin-mediated
mitophagy[J/OL]. Chem Biodivers, 2023, 20(2): €202200730[2026-03—
26]. http://www. ncbi. nlm. nih. gov/pubmed/36639922. DOI: 10.1002/

chdv.202200730.
[33]Corbi G, Conti V, Komici K, et al. Phenolic plant extracts induce sirtl

activity and increase antioxidant levels in the rabbit’s heart and liver[J].
Oxid Med Cell Longev, 2018, 2018: 2731289. DOI: 10.1155/2018/
2731289.

(W H 17 :2026-03-30 & ul H 111 :2026-07-31)
(AR SCHm B B dy 9% )

SRR S

AN R BT R B WAL PR o SR WP R B F AL AL R B M 2 AT 2k 1 )

oA 5
A 3 T B e R B — RS R e R R

WA AR
AR A 6 2 0 B R IR [ 22 R 52 0, 1 200080

BAEEH kR, Email : yanbiao@sjtu.edu.cn
EETE P e b BRIl 45 2% 5 100 42 % B (Y G2025ZD04) 5 b W 117 T2/ fift HE 25 51 25 Bib IR] A 2 BE IR I (2024CXJQ02)

Multimodal imaging evaluation of long-standing branch retinal vein occlusion combined with myelinated retinal

nerve fibers: a case report

Yao Mudi, Liu Qian, Yan Biao

Department of Ophthalmology, Shanghai General Hospital, Shanghai Jiao Tong University School of Medicine, National Clinical Research
Center for Eye Diseases, Shanghai 200080, China

Corresponding author: Yan Biao, Email: yanbiao@sjtu.edu.cn

Fund program: Fundamental Research Funds for the Central Universities (YG2025ZD04); Shanghai Municipal Health Commission
Collaborative Innovation Cluster Project (2024CXJQ02)
DOI: 10.3760/cma.j.cn115989-20260403-00157

BE T 548 DIZE IR Dk 28 I 453 T b o e o R 2 e
BiYJE 5 — N R EEBE 12 A e o Pt rp ke BRAT IR IR IR 72 . BEAE v
L9 345 I R 4% ) 76 140/90 mmHg(1 mmHg=0.133 kPa) .
T B B A 4 B3 18 P o, T AR AR TR KAt R
BT IR IE AR 1.0, 28R 0.2, HREATHR 16.1 mmHg,
ZEMR 15.8 mmHg. XUAR A 5 46 A A< WL BH W 58 o A5 HR AR JiS TR AR
70 AR B AT DL 6 P B R Sk 0 v S A e e 2 5 AR
PR 55 0 A5, A A B AT B B 28 2F 4 (myelinated retinal nerve
fibers , MNF ) FE i 3 4 0 JEF J  Jik 0 il 4 5, o] L F8C7e v o5
AR I JR) S R VK A BE ALY 0 I R R AL O A I ST
P00 S A O AE TR G, 4R 2R R TH P A TR 43 S K B 2
(branch retinal vein occlusion, BRVO) M 28 (& 1) . £ HR 242
SARKEAT MR C ML 48 15 52 (fundus fluorescence angiography,
FEA) T 5k 0T WL MINF 536 9 388 i 52 , 900 258 J] ) e A o T
T3 LA EATHM, R J7 i T LR R T HE VE X 5 3 5 1 B T L
W] S 1 5 2% 568 T M S 8 R AR I IR (neovascular membrane,
NVM)JE 181 L HR 5 2200 (I 2) o Dl 2 A0 T I 22 44 il 28
1% (optical coherence tomography angiography, OCTA ) fi 7% 19 [ fi5%
5 R Z LA PO e A A S OB AR LS IR AR S R AR K
FRTCHE T X, 3275 BRVO 2k & WL B3 A= 1l 45 T8 i (18 3) o Ol
2% HH T W 2 43 ## (optical coherence tomography, OCT) . 7~ 1 %
P25 A0 ZE L, 255 OCTA [a] — figé 3 o7 s b (%) e ML i A5 5, E 52
BB IR I DAY A B 4 Sy FR M v B S A R A A L, AR R T

Jri 0 1) B B A R AL A K (L 4) o 2 W (D AT TR BRIH
PE BRVO 4k & AL 500 A2 il 5 (2) A7 IR AL A A 28 2F 4
(3) 7 AR Jok 45 M5 i A5 980 5 (4) @i I o T3 FRA 428 (A7 IR R Oy
TG E TR X AT A 1918 38O 6 B R (O BE B 4% 300 pum , BE Y A Ji]
200 ms, P 140 mW) o A Ji5 Vg &8 3 i il He o f8 3 20 HR k&%
I A 98 5 A MR G 7B G I 4 B R SR K B B R L AE L B S AT
BT T ARG LVFRS BRI A AT LA HR AL R 7 K
FEL R T PR SO BE , HE 510 R0 | DT A 48 B H Lo L 2 iy WA
A DL B L i K 5 (L S) | B A HIHR RS g 1 e o

T8« 0 8 MNF 2 1 70 58 I T 200 i S 32 3 A 400 199 I 5 35
it 25 2T i B 85 A0 0T TR B R S KA R E SR o 10 A8 B R
FLAR S w0 A7, AH 2555 kb AR TR k4 5 ol A s A s, ) AT 3
WL REHE L A ) 1Y R ik 2 A T T R TR — RS X B[
A7 7E MNF R IH 2 BRVO K4k & 19 NVM. 2SR H A
CHR 592 OCT F1 OCTA) 21 1T MNF (16 4 BILIHE e A% vESEAS T H:
7 e B i X3 R Ak K NVM L. AR 1 2 7R, MINF T g
B Sy — B fige ) 4 B AR = LR AR R AR WIES T,
S 57 W I A e it B PR T A i A T AR L 2% e S
AR BeAh, EBE ZE IR S S PR K % B R 2R VT S A IR
9o A8 JC W 2 e R PR OG0  J A R L AE L X L 3R R TE I K 12
3 FH R IR UUHR 4 v A A S )

SCHR R E 22 06 T MNF BTS00 55 00 338 0, S A MNF fF:
S LB S R A (H BB O bk BEL ZE 1 99 BB A o L





