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Mechanism of Astragaloside IV in Treating Diabetic Retinopathy Based on

Network Pharmacology and Molecular Docking
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Medical College, Beijing 100193, China)

[ Abstract] Objective: To reveal the pharmacological mechanisms of astragaloside IV (AS-1V ) in
treating diabetic retinopathy based on network pharmacology and molecular docking and to provide reference for
new drug development and mechanism research. Method: Potential targets of AS- IV were obtained from
SwissTargetPrediction and Targetnet. The targets of diabetic retinopathy were screened using GeneCards, Online
Mendelian Inheritance in Man (OMIM) and Therapeutic Target Database. The targets of AS-IV and diabetic
retinopathy were intersected by Venny 2.1.0. STRING platform and Cytoscape 3.7.2 were used to construct
protein-protein interaction (PPI) network and screen core targets, respectively. Then, Gene ontology (GO) and

Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment analyses were performed.
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Furthermore, the binding affinity of AS-IV to key target receptors was assessed by molecular docking with
Autodock Vina, and the key target signaling transduction pathway was Result: A total of 56 intersected targets
of AS-IV and diabetic retinopathy were found, and the top five key targets were obtained through PPI network
analysis: protein kinase B (Akt) 1, vascular endothelial growth factor A (VEGFA) , epidermal growth factor
receptor(EGFR) , Src and signal transducer and activator of transcription 3(STAT3). Molecular docking verified
the strong binding affinity of AS-IV to the five key target receptors. In addition, in vitro tests have been confirmed
that AS- IV attenuated high glucose-induced injury in human retinal pigment epithelial cell line ARPE-19 by
regulating Akt/Nrf2/HO-1 and Akt/glycogen synthase kinase-38 (GSK-38) signaling pathways. Conclusion:
There was a significant overlap in the targets of AS-IV and diabetic retinopathy. The key targets and pathways

may reveal the main pharmacological mechanism of AS-IV in the treatment of diabetic retinopathy.
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5 pmol-L'AS- IV %0 . 50 mmol-L"' % %j i +
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Degree 4 {i , Degree {E K T~ ¥ {i 19 2 S BEHE AT, —
244 G H BEREHEA BT S WS AL HEAT 0 4,
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F1 AS-NATFDRAAISNXBHABEXRER
Table 1 Critical targets of AS-IV for DR

FEH £ AP AN 2 E ot Degree
Aktl 0.214 721 277 0.739 726 027 36
EGFR 0.109 581 065 0.692 307 692 34
VEGFA 0.121 671 982 0.683 544 304 32
SRC 0.066 137 389 0.650 602 410 28
STAT3 0.010 321 165 0.562 500 000 20

2.4 AS-IViG Y7 DR WY AH G HE £ GO & 4& 41 i Al
KEGG il i & %0 GO = &£ —45 5] 1 149 %
AWt R 74 05y F T REAH 56, 22 0040 i 4 A 56 .
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o AS-IVIRYY DR Y HE &5 3 2 7E 8 (1 I B Y i
W, G B A Y, B G B A IE 1) R
4 KEGG BALEER 114 X5 5., ¥ixpFE
[ AT 20 2% 38 fi% 38 o S B AT R R o AS-IVIRYT
DR 1] 8 ¥ & 3| PI3K/Akt {5 = i 1% , ik K AL & ¥ 7%
A DA 14 98 1k W Wi A1 8, AGE/RAGE 15 53l 6 45
HH OG5 D384 5 1 R B in 4 et o

2.5 r AR AT a4 o X A b LAVE A
AS-IV 5 MARZ IR S5 ol . SR EW,
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AS-IV 5 Aktl .EGFR,VFGFA ,SRC ., STAT3 ) 4% &
A 1 fE -16.2~-12.0 kcal-mol" (1 cal~4.186 J) , U
R2. 45 HHBEBAL, KRG R S KW
AS-IV 53X 54 SCHERE AR 3Z AR (19 45 G 2 F1 ) B0

F2 AS-NEXEEASFHELESBEREE
Table 2 Affinity moleculer docking of AS-IV

R R PDB ID 454 fig /keal - mol”!
Aktl 6HHG -16.2
EGFR 5X28 -12.2
VEGFA 3POW -12.0
SRC IKSW -15.1
STAT3 6TLC -13.6

2.6 SEEREER

2.6.1  AS-IV X %5 B 452 15 9 ARPE-19 40 Jifd i) £
YEF A% 29 BB o 50 mmol L' AS-IVIRE R
10 pmol - L™ I, 40 i A7 16 %8 0 (75.9+3.3) % , 5 B Y
20 Fl A A L TR ) B R 4 R (P<0.05) 524 AS-IV K
P& 15 2 20 pmol- L, 4 i 4715 2 My (75.0+4.5) % , 2
JfL 3% g AR Y 2 Lb # A B I 4R R (P<0.05) , DL
P 3. SCI Ak B AS-IV G A 45 0 5| A A4 40 i
H R BEEA Y ER T A AR, ]
AS-IV 10 wmol-L" F1 20 wmol-L™" %5 2 J X} % % B
51 195 19 ARPE-19 4t Jfl 1% 77 9 $2 F+ K °F- 22 5 o 48 it
2 IR 22 R 3L 5 L AS-IV 10 wmol- L' R %45

£3 AS-VHEHEHRY ARPE-19 FITFERMFIN (x+s5,n=3)
Table 3  Effect of AS-IV on ARPE-19 cells on viability by high-

glucose (x+s,n=3)

4150 e g I A7 1 2 /%
2 H 4 100+0.9
A7 2 50 mmol- L' 62.6+2.5"
AS-IV -+ 2 5 wmol-L"'+50 mmol-L" 65.2+3.8"
10 wmol-L"'+50 mmol- L 75.9+3.3%
20 pmol-L"'+50 mmol- L' 75.0+4.5%

5 HA RV P<0.05; SHEAIE AV P<0.05(FK4MES
[A])

2.6.2  AS-IV X% 2 4 45 45 1) ARPE-19 41 Ml i E 35
B 520 A Hoechst 33342 % 4 i 4% 34 47 9% O ¢
O, 2 A A MEAZIE B R EB BRI AIREE 6
Y 2 40 A% T 35 kAR e A0 A N AT LU WL 9
B AR TN T AS-IV T4 2 R L ok
YR B TR A T S R B A R B D TR R
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4, O T /MR RO DB R
W1 AS- 1V RE % 10 ] % 45 6% 51 & 59 40 M A i A . W
K14,

A B
Cc D

WA HAEF R 353 ) ;B AS-IV41 (AS-IV, 10 pmol-L™");
C. A (7 A B 50 mmol-L") ; D. AS- IV + 45 U 21 (5 %5 4
50 mmol-L"+AS-IV, 10 pmol-L™") (Kl 2 [A])
B1 ASSVHERESHNERZESHLE
(Hoechst 33342, x400)
AS-IV reversed the changes in high-glucose induced ARPE-19

A

Fig. 1
cells apoptosis( Hoechst 33342, x400)

F4 AS-VIEHEIRGH ARPE-19 A A TR (x+s,n=3)
Table 4 Effect of AS-IV on ARPE-19 cells on apoptosis by high-

glucose (X+s5,n=3)

4151 e S A /%
= A 5.8+0.6
AS-IV41 10 wmol- L™ 4.5+1.5
I 25 50 mmol- L™ 19.3+2.0"
AS-IV -+ 21 10 pmol+L™'+50 mmol-L"! 10.2+1.3%

2.6.3 AS-IV X Akt/Nrf2/HO-1 } Akt/GSK-3B8 1 5
A G AR IB R Nrf-2 B —Fp G St R,
SRR VNN E U A SN E S S EAE Y IR iR N

HO-1 2 T Az —. 1 Akt {5 5 38 #% nT i
5 Nrf2 (9 3% 1, Akt 7 B R A6 0T DLRG 5ER R i Nef2 19
T M N2 19 36 PR 3 5, T UiE AR 1 HO-1 1) Rk 1
Jn, DT 2 5 40 i 2 BE R A A 98 5 . R Western
blot A5 Il AS-1IV X A 5 2 11 3R 3K By 52 e, AR 20 45
HO-1 Hl Nrf-2 ) % 35 5 1E % 41t 48 BH ok /> (P<
0.05) ; AS-IV T 45 25 )5 , Bt S AL 25 111 HO-1 Al Nrf-2
() 4 1K 5 MU 4 LA BH 8 7 =, AS-IV 41 2R 1 HO-1
FUNf-2 1) 2238 1 40 5 in 2 1.83 Al 1.38 4%, 2 7
B4 it24 3 X (P<0.05) . GSK-384& {7 T PI3K/Akt
R RN, B T2 &R/ J R, 25 4
I RE A R, g AR A M A K R T BESR
SRR AS-IV - T kb BEBH 38 i1 T ARPE-19 4
Jfl p-Akt 1 p-GSK 1 ik , 5B R WAL 2 5 A 48
TR X (P<0.05), WE2F1F%KS,

—— 60 kDa

. —————— ..

p-GSK-33 W -” 46 kDa

asy; A .
" .

Nif:2 3 100 kDa

R ———

ﬂ-aCtin _ 43D

A B C D
2 AKt/Nrf-2/HO-1 % Akt/GSK-38 15 SE B E A R iX Bk
Fig. 2 Electrophoresis of AKkt/Nrf-2/HO-1 and Akt/GSK-38

pathway related protein expression

x5 AS-VIEHERBGE ARPE-19 40 Akt/Nrf-2/HO-1 % Akt/GSK3BE S @B E B RIZWFI (x+s5,n=3)
Table 5 Effect of AS-IV on Akt/Nrf-2/HO-1 and Akt/GSK3B pathway in high-glucose stimulated ARPE-19 cells (x+s5,n=3)

20 5 W% /wmol- L7 Nrf-2/B-actin HO-1/B-actin p-Akt/Akt p-GSK-38/GSK-38
ek 100 100 100 100
AS-IV4 10 wmol-L"! 93.2+8.9 96.9+2.2 113.5%19.9 109.6+16.6
B 50 mmol-L" 74.942.2" 63.143.3" 183.5+28.8" 150.7+23.0"
AS-IV -+ 20 10 wmol-L"'+50 mmol-L" 137.1+11.0"% 87.1+1.5"% 250.4+28.7"% 209.3+26.6"%

3 itig
AS-IV il i 2 80 5 | £ B 7R 1 2 08 DR T &
SE WA TR 9 3R T AE Y WO IR R B RE R

AR LA RS I DR, 4
T LA S A A A L i AS-IV 0

DR A HIL 45 A W 4
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A B 5 38 I ) 4 25 B Ry R, R T
AS-IV i J7 DR [ 5 4> % U) 8 53, 40 5 o4 Akt
VEGFA .EGFR ,SRC . STAT3. 43 T XF 4% 86 IF /3 #r
T, AS-IV 5ix s OIS 45 & 1 38 . 3
MR B © R W], Aktl © B E W1 78 R 5 3R B A 2
Fik 8 ST TS T A0 A A R i is A AR
AT 50 A B, S R Y A R AR e = Akl
2P VEGF ik i 11 4% A pl A b 5 ) k& &
GRS ARG S 5 DR A 5 &
2 OCHK, an e 21 40 M 2B % 2 38 3 Sre/Akt/cofilin {5 5
& 5 38 1% 7E SE 86 PE DR A LR B P a0 R R
B2 MiR-19a #1ll il 7 38 1 PTEN/Akt/p-Akt 5 5 18
o3 K BUDR™, A 2 54 Rg, i 3 1% IRS-1/
Akt/GSK-3B 15 5 1% 1M 7™ A= W5 PR o5 #0L D) ot 258 A
PE Y #2234 I . VEGF A 5, 4
%0 VEGFA~VEGFE FlJif £ 4= K W 7, AR i i
WY& VEGE-A 2k 1 2 ik L i Dk Rk & 487 09 ff i &
FVK L Y B2 4 i, VEGF 410 il 77 2 $L VEGF 254
€ B IE B 7E DR 19 3R 97 AR W A 200 . EGFR J&
— ol 7 A T B R TR T A AU DO B 3R b R R AR IR B
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