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Research Progress on Mechanism of Astragaloside IV in Treatment of Diabetic Retinopathy
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Abstract; Diabetic retinopathy( DR) is one of the most frequent and serious retinal microvascular complications of diabetic
mellitus( DM) ,which belongs to the category of intraocular disturbance diseases of traditional Chinese medicine. Astragaloside IV
(AS - IV) ,the main active component of Huangqi ( Astragali Radix) , integrates multiple pharmacological targets that align with
the complex pathogenesis of DR. For the past few years,numerous studies have focused on the impact of AS — [V on DR, confir-
ming its effects through various mechanisms such as hypoglycemic effect, anti — oxidative stress damage, inhibition of vascular en-
dothelial growth factor( VEGF) ,anti — apoptosis of retinal cells,suppression of inflammatory responses,and inhibition of ferropto-
sis, thereby obstructing the occurrence and progression of DR through multiple pathways and targets. This paper mainly reviewed
the research progress of AS — [Von the treatment of DR in order to provide reference for its further development and utilization and
clinical application.
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ST FI/INE 5T A0 IR ke 4 A 28 R G A 25 I 10U By Bl /R
KHFBIG RN o AR WFIEE KRB AS — IV — R AE Y
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HAE DM Rl B EEAE M. ZE/K N & LA (hyperglycemi-
a,HG) FREE T, 22 TCm i i 1) B 28 B e A0 e B M T i,
EEESMISTT 3 SN Kol NP3 e A A I (N3 0L
A R A PR R DR ) T L R SR A G 1T ( mico-
tinamide adenine dinucleotide phosphate , NADPH ) 1 58 £k 1 4 fiff
T (nicotinamide adenine dinucleotide, NAD + ) {E i T & #4454k
Sy L BSR40 A A5 2 T, AR AR L , 2 T
YR B RS AR T R U, 2 B

A0S 20 NAPDH JHFE , 180 1 40 i T A A6 00 A e T ik &
i, 51 R AL, [ I 0 2 11 OB % (protein kinase C,
PKC) ,fitift VEGF 44, 75 % DR %95

FEAIC HG Xof DR A pod 5 5 i 5575 742 By v e A 28 00 B 2119
YERT. AS - IV B A BENEAE T, AR HIBIL ] 2 0 i 10 il 7 %
Wl — 6 — Wl I S AT ISl I A TS A, [ 4 1) e SO M A
LI A, TS SRR A HAN 2521 T AS - ViRYT
AR IR TR FR Y DM R, 8 JH G A, DM K B %S L I AR L R
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JHo BRI E R AS - IV KERHE I 2 3 AS - IV ]
DASD 0 PR B b e R % O 460 s BE T 31 HG
2.2 WEAMAEBE  EEAIREE B EA RS L TR
BRAS  ER 53 S M T AL URBE, 230 53 T Ak 0 15 P 4 (reac-
tive oxygen species, ROS) , fu 1% # S b4y I3 AL 0>, LA
it A - LA R YR RS . AR (oxidative stress,
08) J i 48 H H R RYTE -5 T R A i 51 7, DM R e
HG 558 ROS /K Ft &, #8 A 4L 9 15 4k i ( superoxide dis-
mutase , SOD ) FI4 Bt H ik ( glutathione , GSH ) ZE471 5 AL 7 /K 3 [
1%, ROS 722 15 P YR PE T S AR B A 2R HH B 00 I
Z 3 08 it , NI 7 40 g - F0 DR, 0S5 & DR 4l
HRZ W S 22 oumE AL R0 7 ) B s L OO R 1
ROS i BEFR R LR {4 DNA £ 43, i 75 S 40l g4 =, DR
OS ALHAR A, 17 HLIE 23 3 800 2055728 , 400 RS 22715 4
Jifl ( retinal ganglion cells, RGCs) J2&= 4% [% JIEE i ot — - A0 38 15 2 A%
BRI ZIC KT HG 6 DM 3% Py 5 %
1) ROS X2 14 5 IR A DNA 47 4 A6 BEIR , 36 1l RGCs 3B
T, B 1 R FE R W], RGCs B 4% 28 4t 0S
S BRI N -

DR 08 /& HG 55 N K D BERE A A AR 5, AS — IV T L)
[ HG M55 T 45 49 Wi 55 38 25 1 — 1 (glucose transporter 1,
GLUTL) g3k 10961 GLUTI ¢l 0I5 i R BERY 55 £, 2 5 41
I BEE A PN B 2 A5 A SR P 0 16 A PN B A ( ret-
inal capillary endothelial cells, RCECs ) %t 57 i B i 451 3, 1 EL
AS — IV, A F&{I% ROS FIPY 1% ( malonaldehyde , MDA ) 7K -, %
HG 353 (1 AL 145 A WY Sl i 300 0 7 T 3o 41k %038 ( cata-
lase, CAT) SOD FiIl GSH 25 HIL I [T AUk il TV g 340 4 Al bt
WOKT-HFEBR , AS - IVATHE AN HG KBl RCECs Hit S AL B 14,
T GSH 4 AL IR R GE i 1, 35 LA by =X 3 ) 2 #2400 1) i
PRI HLE o I A AFTERaE , AS - IV 3 3 35 5 J0 90 B
AR B SRR G 2 OS BB L AS - IV RERS 1)
HlH b 4 K I F - B2 (transforming growth factor — beta 2,
TGFR2) )k TCFR2 Sy 0™ . FEgLF i rdr, AS ~ IV 38
LA /N B BT AN AL, D8R OS R DNA 45493 5 5 4 4 I JlE
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PRBEHEIA T, NI B 1k 2 2 v B BT ge &
B AS - VAT PTEN 5538l 1/E3 32 R & # 0 Parkin i@
# (PTEN - induced putative kinase 1/Parkin RBR E3 ubiquitin —
protein ligase , PINK1/Parkin & %) , 0 X #5 G BE 5 5 #2 i A
P I Bz 40 i 25 (adult retinal pigment epithelial cell line —
19, APRE - 19) AL R 7. AWRIESEIESE AS - IV Al
EAZI T E2 ARG IR 1 2/470 S AL SO TE A5 5 38 3 ( nuclear
factor erythroid 2 related factor 2/antioxidant response element sig-
naling pathway ,Nrf2 — ARE 38 &) , fifi Nef2 #5155, &
¥ kB(nuclear factor kappa — B, NF — B) #% 55 1% PR A , Plost 4
HRECRES o
2.3 41 # VEGF i A i 48 A< 2 DR i — #E ) R e
(blood - retinal barrier, BRB) 57 /7 & X T ZE [ #1195, VEGF &
SRS R PR ITLAS A G PR 12—, ZE AL I I I 5 PO B JSOR AR SE v 47
A B REEM MO, VEGF —flk -1 J2 G5 T, REAS I ik
VAR 2 MM G, 3R 2253 38 5 R AR I A I, B L
EFEYE . VEGF 134T IR I 5 J7 1 2 T 3240 5, 2 790
BiiFIAYY DR B R, 16 HG RO T , MM B VEGF 3k
A R A T L BRB 2 B L K
B HG PRSI Y 1556 H il & i i, 9F— 2530 PKC,
PKC 540 W1 3 3 3 27 VIAR 5C , PKC — B AT 34 i el if. A7 i
BEVEFNA T A A AR I8, A 3B T ) TG 2 Tl id % , 5
KSFEFPCE . H, PKC I B0 8 7T R P R - 1
FIR A BRI LA WO DIRE , 5 | A AR 0 JE e I 50 4G, 1N 2 400
i % BRB 545

K455 5 N T 1 (hypoxia — inducible factor 1, HIF — 1) #]
AT AP BRI A o AL BN HIF - 1o B A G
HG 5 5 (9 WL e S, 7 BB A6 0, A0 A% 7= 24 HIF -
Lo, HIF — Too SRS R TC A B 205 45 i 2 1, LR R I
% I J% (retinal pigment epithelium, RPE) 4 Jiff . Miiller 4 ifg
VEGF 3k B4 A LR 4ER N T DR AR 5 B i 4, 5 B0
PEAEFR . BFTE R B, AS — VAT ] 5 F 9 HIF - 1o 1 VEGF
L IMH VEGF 75 1L kg 15 20 i o i 2 B2 2 2k, DA T sk 7
VEGF 3 22 5 ) 1L A58 5 1 1 n Al 26 B, P47 17 40 o
M TG 3R . e 4 2T S 1 K 56 BF 9 R B
AS - IVA[ U /NEU VEGF . VEGF — R2 3£ 4 22 35 B 55 R 1I%,
LA VEGF kA 5 A . REREEE 4 2 BLAS —
V2 5875 Mg R FE R F - o ( tumor necrosis factor — o, TNF —
o) VEGF I 3R B L 48 o 10 35 A 8800 IESE AS - IV 5
TNF - o\ VEGF Ji45 B A7 RAFHYAH G
2.4 AMHIRIE RN B RAE /MR DR YR R IR AR R
RAE, DR R FH BRI RE N T8k B35 i 2 5
DR &bl ™", HG -5 /INBe o4 M Miiller 4 L . P B 46 A
FIEAA — L W20 45 90 A 200 7t R A i 58 DR - AL T
+,KOUSUKE"™" 48 % B DR £ I 7 1R 35 3 A RE A o
E PR 52 3 O, W E 40 4 &£ - 18 (interleukin - 18, IL -
1B) L =6 Fl TNF — o %55 | phy st 3 S A0 i — R 90 4
SER AR, 25 220 BRB 2 S L Il 245 07 [RJI, 11 4
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W ZRh R T L I Bk S 2R i BRBE | 0 {6 240 i A7 PA 2
019 Rk L 5k 420, {55 32 45 ) BRB RIS AL > . NF - «B &4
TREIER P T A T R R T F 2R N T, R
TEOLT NF - kB R, T AE DR o, NF - kB R EKF 5
HG R isf [a] 5 1F b, a3 B 11 NF - «B i £ 235 0] L] DR
ot ™

WFgE 28, AS — IV AT 4101 TOLL ££5% 14 4 (toll - like recep-
tor 4, TLR4 )/ NF — kB Fl46 U 7 /&= 538 % ( calcium — sens-
ing receptor signaling pathway , CaSR {558 }% ) , #11h ROS 4= i
AEG BT 8l , i A% T R 45 & SE R AL A A 2 AR B 3
(NOD - like receptor protein3, NLRP3) ik, A &4 il 4 AE 16
A B34S B (serine/threonine protein kinase, AKT) &%
SO 25 W5 S A SRR R TR I W 2 (S i 11
R AKT EREISEEILES 3 1 ( phosphatidylinositol 3 —
kinase, PI3K) [ S8 T iF 558 1, 161k PI3K 15 AKT 454,
LG NF — «B il fg 9502 5 20 5 7 1) 3Rk 4 s, 7
He—RBNRYEE o AS = IV EGHL A A FTIE T X T 40 A
SR AN ML A P, SER I T 2 0 AS — VARSI T 20 %
ERRE I E S - 1 (T cell immunoglobulin and mucin domain
L UTIM = 1) 5 5 6/ BRUS 4080 Thl /TR 41 H %,
P8 Th2 AHIC TIM - 1 TLR4 \mRNA 25 [ /K, 2 S JE 45
[l AS — IV 345 Notch — 1 {5 53 i, 400 1 Jie o 40 0 s, £
i BRI e A0 R AL B Akl A2 FRBUSRIE Wb %
FEA R IL -6 1L — 12 . —% 4L A (nitric oxide,NO) 43, AT
Tl RAE . AT HRIEFR, PIBK/AKT {55 B BE 740 ) 2 2 S0z o
A E A AS - IV A PI3K/AKT {5 53 i &
FEFILRAERT . AS — IVIRYT T 1 40 T 94 BRAS 2 Z2 Ak, 10 o0 Jl
PR, R IR T L IR LA 5K o AN, AS -
V&R AT DA AL TNF — o T — 18 TL — 6 25300 I Jis% 46 55 PR+
SR, AT DR WL S 1) 9 0, 4B 2% DR i R B . el
WFFEARE , B B2 Jr B T A A W B A, BRI % DM 53
HACHER I AEAR , AS — IV 5 1l T8 i A= W B AH B AR 4 4
fie R, 15 S & R g S N T R 1 7 A, DTG IR 4 B 48
I T
2.5 AT AT TR R RS Y T ST
AIREFIESET, DR B KR HG 2 B I8 T, LA ¢
T8 BEAT PN N 3 ( endoplasmic reticulum stress, ERS) {5 5 18
B LRI S B S SR TS IR Sl o A DR o, R
IBEH - FasL & Fas 4545 5648 U5 25, FasL 5301252 14
Fas/CD95 YEHIF=4 T2 15 5 E 64 ( death inducing signa-
ling complex, DISC) , 3@ i — F 5 52 1 B K 34 76 Caspase — 3 5
I, 335 DR A R 2215 41 i &2 45 14 ( ganglion cell com-
plex,GCC) JAT="" . RPE 41l i e U5 T IR I 00 b 224 340, 45 BF
FEHGE RPE AL EA H1 AL AERFAE KR 700 W0 e 2 518 5
PRI AE . 18 DR &R HLH H, RPE 4018 19 U 1k
BT ZALNAER , 1742 HG S BUE S RPE 41 il 3 , 3K Ik
ZEH BN RE RS RSS2 50 vp & B HG 7K OF 1] i 5 R A
RPE — ARPE — 19 %3637 Pk , T 36t 0 ) B 9k £ 240 g - 2
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HEH (B ~ cell lymphoma 2, Bel - 2) 8 F 7K F- il [ A Zeop (A
HLAE ST ARPE — 19 4l Jifl £ 4L {4 ) G s 65, 34 1 6 RPE 2
M= . AS — IV B 2 BiiE B AT LAygi 2 DMK L RPE f9J4
T, i it B AR p - PBK/PIBK . p — AKT/AKT. p — p70S6K1/
p70S6K1 LA K | {# /N RNA — 128 ( microRNA - 128, miR -
128) (RIBAFE M. X — B AT BE 5 1A A Bel -2 FlI FasL 2
FZR A X, TANG! ™ 42 % BUE b B R miR — 138 - 5p
A IRHE I, B R R L/ RT E2 A IR 1 2 (sir-
tuin 1/nuclear factor erythroid 2 — related factor 2, Sirtl/Nrf2 ) %
PERAR, S HUAAL SNAT B 53 5 2 I, B E B o i
PR T BB, AN AL PR K Bk 2 e R AR St T, AS -
VA LU 5 ) miR - 138 - Sp 1335, KK Sirtl/Nef2 35 #:
AR ACARICIr T 135 , AT/ BR T 3, #0 ] HG 7531
RPE 60, AS - IV AT 806 RGCs NI T 1% R I
fifi ( aldose reductase , AR) Ik 55] , AS — IV 0] A4 #] DR /)N ER 40
AL Ak 98 7T 5 A s ( extracellular regulated protein kinases,
ERK1/2) BERRALAN NF — kB (#3800 , 40 il /N UL 190 5 RGCs 2
ML T M NF - B 3 323k, 22 fif W 109 JE b 225715 40 it 2 fE B
L7 AS — IV RE 45 14 0 i 22 2E K B F (nerve growth factor,
NGF) mRNA 7K, (R 1 B X A 28 T 4 M 34 5 K d3 Ao e oh,
TESEIE B G e P il 5 B 4 /DN BUBE R T 1) AS — IVREHS T
P2 A= KA R F Nogo — A (neurite outgrowth inhibitor — A,
Nogo — A) | FAR T i i % Rho OC K 4 i 2 € 28 11 9 iy 2
(Rho — associated, coiled — coil containing protein kinase 2,
ROCK2) | # iR fk L Bk 25 11 9% iR i ( phospho — MYPTL, p -
MYPTL) 2 K-, 3004 1 S5 40 0 3800 , 33 il 28 e A 4 Jsiait
£ (neuronal nuclei antigen , NeuN) | 2 & S Bt &5 [ 43 ( growth
associated protein 43, GAP - 43 ) N M E M A2 EH 2
( microtubule — associated protein 2B, MAP - 2b) F ik, Jg /b 4
JCH PR S S A

2.6 AT BRIETR-FUHB A A TS T,
YE IR 320 40 P BR AR AS WOER , 2k & & Ty, i@ ad 5
NADPH A= K&t ROS, & 40 Jifg A 6 1 ROS MR, ROS iy
e H K % AL 4 ( Glutathione Peroxidase 4, GPX4) F Fi i 41 ffy
PO B S B R R LA R SR, SRR B R
AN TR R I FE, 7EEK \ROS [ GPX4 JIF i e
LA ALY GSH 7KL [A) /TR & i DR % 5 S 4 Bk At
T2 AS - IV AT A PIBK/AKT Nef2 {5538 i, Dl 401
NG, B GPX4 (Nef2 33k, Wl Bk it B 2R, 40 1) 4 i o8
T X AR KB AS — IV AT LUFEAIR ROS KF-, KA 2
R IR LA 8 2R TR 25 DL R B R AE T A G i 3%
5, AT T A A A B B M. SHENG 467 i fff 5 2
W, AS — VA S gk st T b 35 45 1 3505, 2 % GSH, GPX4
P, 5875 G A v I A S AE A | R B ok T 2 2 A O 0 BR
ROS M BRIET . WRHAE ™ AR b KB, AS - IV T HUS
ALY ROS il Fe® ™ T, 4IP3 48 A6 2 7= 7 - 8 ( ma-
londialdehyde , MDA ) J& 7>, 5 it [5] s, 241 g fi 983 471 B ( cellular
tumor antigen p53, P53 ) FITE R4 A G UBGHC 6 50 51 4

(long chain acyl CoA synthetase 4, ACSI4) ({335 F i, T £ 8
8 B IR VA R ERAF R 7 5 11 24 (solute carrier family 7
member 11,SLC7ALL) F1 GPX4 p9E 5 T, HTE AS - Vil
200 pmol/L AR B 7

3 HiF

DR JEMEATIE A FRARBA , FB 1) e e R W I ok 2

BEM SO B X AS - IV BB FIGYT DR IR ARFSE, 2

S48 T AS - VX DRI R E T o ARZRR B4 TAS -

IV 3 e B4 R A ) VEGE 323 9 37 A 1L 8 A

JIG A S RE SNE AT 20 L T B A o B T A R A B R

J7 DR (B[R I-RAFTE —LE ), R R IX AS — IV S 4l H AR

Lol 254 AR 22 5K, HLH G 25 THEREDFAY , B =2 B 5 1 R

Bk, RIARATS 5 B IR AZ 48 JF M ik AS — IVAE DR A ¢

ARE T HLH], B2 2 5l DR Sl P08 R 17 K R G at

JE, 20 )7 I B Uk e 25 20 1L, 5 38 AR 5% I PR AF 5, e i

AS - VE NIRZLZU P B Z I AEIR S T AL, LAY) AS - IVAE DR

Lo 2 R HRBRER H I8 B s R foe HE AT RO

&% ik
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