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Study on the mechanism of Astragali Radix extract in treating hypoxic-ischemic
encephalopathy based on network pharmacology , molecular
docking and experimental validation
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Abstract: Network pharmacology and molecular docking techniques were used to explore the mechanism of Astragali Radix
extract in the treatment of hypoxic-ischemic encephalopathy (HIE). ischemic encephalopathy (HIE) was studied and veri-
fied. The main active components and gene targets of Astragali Radix extract were obtained through TCMSP, UniProt, Gene-
Cards and OMIN databases,and HIE related targets were obtained through GeneCards database. The " active ingredient-drug
target" network of Astragali Radix extract was constructed using Cytoscape software. PDB and TCMSP databases were used to
obtain the molecular structure,and SYBYL-X2. 1 software was used to simulate the molecular docking. The rat model was es-
tablished and the expression of key proteins was detected by Western blot. According to the TCMSP database ,a total of 70 ac-
tive components and 350 related targets of Astragali Radix extract were obtained. After removing repeated targets and gene an-
notation , 120 targets of active components of Astragali Radix extract were obtained. By mapping 120 targets of Astragali Radix

extract with the first 242 targets of HIE ( correlation score >5),18 potential targets of Astragali Radix extract for HIE were
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selected. 4-Hydroxycinnamic acid, cis-ferulic acid, astrapterocarpan, hederagenin and kumatakenin were found to be the key

active ingredients. Eighteen potential targets were input into STRING for protein interaction analysis,and a total of three core

targets ( degree >30) were found,which were respectively inducible nitric oxide synthase 2(NOS2) , prostaglandin-endoper-

oxide synthase 2 (PTGS2) ,superoxide dismutase 1 (SODI1 ). Animal experiments showed that Astragali Radix extract could
reduce the expression of NOS2, PTGS2, MAPK4 and CASP8 proteins in the hippocampus of rat models. Through network

pharmacological analysis and experimental verification, it is concluded that Astragali Radix extract can inhibit neuronal apop-

tosis and protect nerve cells through multi-target and multi-pathway.

Key words : Astragali Radix extract;ischemic hypoxic encephalopathy ;molecular docking;network pharmacology
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Table 1 Related parameters of key compounds in Astragali Radix extract compound-target network
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No. Code Molecular weight OB(% ) Compound name
1 HQI12 164.16 45.98 1549106 423 AR 4-Hydroxycinnamic acid
2 HQ16 194.18 54.97 1548883 NPT 4ERR cis-Ferulic acid
3 HQ2 314.3 53.74 15689655 BRI Astrapterocarpan
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Fig. 3 PPI network screening diagram of Astragali Radix extract and HIE core target

®2 BI0NEERANER

Table 2 Information on the top 10 potential targets

5, Target £ F§ Full name JE{H Degree
NOS2 S A —SF LA &8 2 Nitric oxide synthase 2 68
PTGS2 B 2 AL FR AL 2 Prostaglandin-endoperoxide synthase 2 65
SOD1 ALY AL 1 Superoxide dismutase 1 63
MAPK4 2 B3R IE AR 134 4 Mitogen-activated protein kinase 4 60
CASPS 2 e R 4K [ i 8 Caspase 8 59

CAT 4 LS il Catalase 55
SLC6A3 BRI 6 5t 3 Solute carrier family 6 member 3 52
NOs3 PN iz #—4E AL A A& T 3 Nitric oxide synthase 3 49
AKT1 22 R R/ T AR F LR 1 AKT serine/threonine kinase 1 40
S100B S100 $545 445 11 B S100 Calcium binding protein B 37

NOS2 ‘

SOD1

®

B4 4-BREAERS FHXHZETRLE
Fig. 4 Docking Visualization of 4-hydroxycinnamic acid molecule
TE - ZEfl&] 2y NOS2 \PTGS2 \SOD1 By 434548 S HERL s, A5 Ky 4-52 3 P RER J3 143 5] 5 NOS2 \PTGS2 \SODL X4 A% L HEAT B ALUGH 4
Note: The left images show the molecular structures and docking cores of NOS2,PTGS2,and SODI ;the right images show the simulated docking of 4-
hydroxycinnamic acid with NOS2 ,PTGS2 ,and SOD1 docking cores, respectively.
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Table 3  Binding energy of key active components and key targets of Astragali Radix extract

254 fE Binding energy ( kcal/mol )

WSy

Ingredient NOS2 PTGS2 SoD1

4-Y2 3 KRR 4-Hydroxycinnamic acid 7.4 6.8 5.6

M BTLERR cis-Ferulic acid 8.1 7.7 8.8

FHSERIHF Astrapterocarpan 7.6 1.5 8.9

B ME R AFIC Hederagenin 6.0 7.6 7.4

[ 3% Kumatakenin 6.8 8.2 8.5
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Fig. 5 Expression of NOS2,PTGS2,SOD1,MAPK4 and
CASPS proteins in rat hippocampal tissue
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Table 4 Expression of NOS2,PTGS2,SOD1,MAPK4 ,CASP8 proteins in rat hippocampal tissue( x*s ,n=10)

415 Group NOS2 PTGS2 SOD1 MAPK4 CASP8
JAF7 4] Treatment group 0.37 £0.06 0.41 £0.08 0.47 £0.09 0.43 £0.09 0.27 £0.04
HERIZH Model group 0.58 £0.07 " 0.65=0.10" 0.16£0.03* 0.74+0.11* 0.43 +0.08 *
BT A4 Sham surgery group 0.09 £0.02* 0.130.03** 0.75 0. 12** 0.24 £0.05"* 0.19 £0.02**

T RITALLES, T P <0.05, SRR LA, P <0.05.

Note ; Compared with treatment group, * P <0. 05 ; Compared with model group,P <0.05

XPRE ™7 1552 B it (I 8] | 15 B 2 22 b N R 1
BRI, HIE (IR 7 RCRA R IR b — A e b) 3
SR HIE 697 B #h s B A7k . B 9 3R Y
(00 RETI e o ST BU B W AVECRLE S W i W eR iR €
WO E IS T BRI . BTSSR, AR
RS RPN SR R A AT O & IR
BeTIBEITER o S Y R, B EERENS 1
PR SR B R 2 40 MR -2 2 1 R AA K, 4

S 2 20 0 T A ot e 1 MR 4B A
(B il PR 5 T 8 B A9 FE B R Ay B A P AL
WEFE M AN o 0286 25 127 L0 1 0 e i AR ok %
AL PRy — b TR Bl I AT 25 B2 BE T RO, 3
T RBAEARATAN S 245 W 1) 2 2H P o3 A A
55 P B R HEA T 201 X T M 2458 64 B
BLEI o AR TCMSP HUdi e , 2645 51 25 S U i
70 MIEPERLSY . AR 350 A OCHE A, KR E R



526 KIRF=YIBE R 5T K

Vol. 36

BRI TR, e R A5 i )3 ) A
S310 120 NHE A

N AT AR 0 A - T 2 R RT AT L
B R EIRIT HIE B E 20 P s 4-58 5
PURERR I CR4ERR | i eSS be 1 i Fr e e H e
ERFR NGRSy . 4-F2 3 AEERYOE L HA
TWHERE A LR, s scs BoRY 41 IE A
FERR RENS 22 A I R i BRVE PO o — T Vo i b X
RIS 25 SRR B, T ] 448 2 e 0% A A% 4 v HILIAR 1Y
AN, G i it AUt J ) A REIR 5 BT M
STREMS AR IR B 26 P AR AR ORI i B
&R ST UESE BATHTR JTdiflis T e e i
T AT, SR B AR B
SRIbE TR B R P A B 0y R B — R LS, 7T
RIS /N AT A A2 < B bb (eukaryotic plate-
let derived growth factor BB, PDGF-BB) il #1755 1Y)
ZH A AR 2 U 1/2 (extracellular regulated pro-
tein kinases 1/2 ,ERK1/2) FHG , #2224 5 15 4k
% I ( mitogen activating protein, MAP ) 18 fiff 19 ik 12
A" ST A ERKI/2 MAP B 90 R ik
2,4 PDGF-BB 75 S A9 115 ¥ WLAR M 5
W 2 25 B~ABiE T R T, A R 22 RAE S BRI M
SrRE % 38 5 PDK-Akt 5 53 B% | J g SR 38 A 5
MAPK {55 53 i 2 AT 7 B e R Ve o

120 DS HIE [y 242 /N0 GUAHBRG 515
B I8 AR S, Rl I PPT R 25 3 #r 45 H
NOS2 . PTGS2 , SOD1 , MAPK4 . CASP8 K # [ I8 9T
HIE (%088 5. SOAE B0 N 2 HIE 1 & 2 20K
PRIZR , a R E PR B8 i 1t 22 50 41 i 1) 3 2 A0
IFE ., NOS2 BEfSAEHE rhRx il 28 22 G2 F ] 6 i 28
SR AH LN E— A A, S 5 RAE AN
PSR o B S5 7 , bR K B NOS2 Bk [A g
0 Racl -G B, #5490 ] e SR8 K- YR
RAEH . SOD1 1 FZAE AR TR N A 3P A A
FI 5 SOD1 FEHLIA A AR R N Hh 4% 45 % T B A
FH, BB A 2 4o 240 B A 1 ot AR Ak 00, D4R A
F R 7 A, T AR LA S A - B AL R G 4T
5, ARSNNMISE R R, PTGS2 i 3k RE 4% il
BRI T (9 PC12 AANMI 7 o 24
I R4 TR A B PR J5 AT LA 30 MAPK4 G %I
T DA — 20 08 2 A0 PR T 2 8 PR 7~ 5 3 m)
AR N EE ", CASPS 2 40 i A T 0 IR BT 1
AT 0 SRR B, 0 3 e T SR AL RN il 9 P

PR JRAE BN 1 A PR, L i T i T o R
KRR R N B R T R AT LLE
HH B R Y SR A M B A TR SOk R A
IGYT HIE (PR, oA 0k 2 0T RB W5 S 99 I
=Rt ELlY R Vi A

S FREEE R BN, W 4R R EERR |
B A e | P S AR B AT 3 R M B A G B R
SEA RIS A 06 P, 38 R KA i K el S
454, R¥EIRYT HIE /EH . 3E45 & H8E , SOD1 Fi
FEEEMBE 1T 045 5 BE X, 9-8. 9 keal/mol, B4
SEOG IR LY S R IR YT 41K RO S 4141 NOS2 |
PTGS2 5 Kk KFL T AL AL 4], SOD1 45 [ K3k
IR AR T AR 41K R E 440 NOS2 |
PTGS2 1 3R A KPR TR YT 4 AL A 40, SOD1
I TR AR R A, E— A ESE T 8 FE SR I
WitEihyr HIE OB AT SEfE . ARG R
T B AR A% 38 2L 0OE Nef2/HO (Z55@ %, T
WAL L HO-1 ik, ] — 480 fk 020 i, 3
Jin SOD &M, & S Mk A A Ak e U . PR
WUESE, 5 bR T HA MR ATERR A i EEm1E IS,
LT 1 B R S 00 IO S R 00 oA {1 A 2L 2 Bl 0
R PR XL/ DN 35 P 0 48 2 A -2 1) R 3 U R ki
LB FRE R

25 1 Tk, A SR I 45 24 B2 FN o1 o e
ARAHT T ¥ P I P % FE 2 M 43 IR YT HIE
AIBLTRL, A5 T B R R UGB YT HIE 2R 4585
PRIEERR T B4R IR | 2 P SR e 1 = b i o 2ok A
FHF NOS2 .PTGS2 .SOD1 \MAPK4  CASPS8 %5 3 f
RCORERFEIGYT HIE FEH . 4 2535 Bt Uk 52
T BRI 2 - 2 B AN - 22 3 I U R AR 1Y)
55

S 30k

1 Sun YF, Cai C. Research progress of treatment for neonatal
hypoxic ischemic encephalopathy[ J]. Chin J Appl Clin Pedi-
atr(PAESE D LRHIG IR Z4 78) ,2021,36 :631-634.

2 Lu N,Bai Y,Zhao C,et al. Effect of Huai Qi Huang on asth-
ma in rats and the mechanism research[ J]. Chin J Contemp
Pediatr ( FpE 244 LRI ) ,2020,22 :171-176.

3 Zhang SB, Wang XY, Qi YH. Effects of Astragalus Injection
on antioxidant capacity, insulin resistance and renal function
in patients with DKD( CKD3) [ J]. Chin J Integr Tradit West
Nephrol ( W1 [ W PE EE 45 & B iR 22 ik ) ,2020,21:497-500.

4 Zhang YH, Yang ML, Zhou XQ, et al. Study on the mecha-



Vol. 36

RINIESS « 25T 20 2 B 031 X HeHOR S S B0 TEAIF T B FEAR UG 7 e L R e P s O ML )

527

10

11

12

13

nism of Huanggisan in treating Alzheimer’s disease based on
network pharmacology and experimental verification[ J ]. Nat
Prod Res Dev ( K452 5 FF & ), 2022, 34:2119-
2129.

Russ JB, Simmons R, Glass HC. Neonatal encephalopathy:
beyond hypoxic-ischemic encephalopathy [ J]. Neoreviews,
2021,22:el148-e162.

Zhang Q,Zhang HF,Li ZY , et al. Effects of Huangqi Injec-
tion on the oxidative stress and intestinal mucosal barrier
function in patients with acute pancreatitis[ J]. Jilin J Tradit
Chin Med ( FHFMPEEZY) ,2021,41.:1616-1619.

Song H,Qiu J, Yu C,et al. Traditional Chinese medicine pre-
scription Huang-Qi-Jian-Zhong-Tang ameliorates indometha-
cin-induced duodenal ulcers in rats by affecting NF-kB and
STAT signaling pathways [ J]. Biomed Pharmacother, 2022,
156 :113866.

Tang S, Chen SK,Tan XQ,et al. Network pharmacology and
molecular docking analyses on Huangqin-Tang Decoction in
the treatment of bacterial infection[ J]. Hans J Med Chem
(Z591k2) ,2022,10:108-121.

Lee IC, Yang JJ,Liou YM. Early blood glucose level post-ad-
mission correlates with the outcomes and oxidative stress in
neonatal hypoxic-ischemic encephalopathy [ J]. Antioxidants
(Basel) ,2021,11:22-27.

Dani C, Pratesi S, Ranieri G, et al. Changes of oxidative
stress-related gene expression in an in vitro model of neonatal
hypoxic-ischemic encephalopathy [ J ]. Neonatology, 2022,
119.611-618.

Yang G,Xue Z,Zhao Y. MiR-582-5p attenuates neonatal hy-
poxic-ischemic encephalopathy by targeting high mobility
group box 1(HMGB1 ) through inhibiting neuroinflammation
and oxidative stress| J]. Curr Neurovasc Res,2021,18.295-
301.

Su HF,Shaker S,Kuang Y et al. Phytochemistry and cardio-
vascular protective effects of Huang-Qi ( Astragali Radix )
[J]. Med Res Rev,2021,41.1999-2038.

Xu Y,Huang L,Han J, et al. Effects of EPO combined with
mild hypothermia on oxidative stress and neuroprotection in
neonates with hypoxic-ischemic encephalopathy[ J]. Cell Mol
Biol ( Noisy-le-grand ) ,2022 ,68 ;36-45.

14

15

16

17

18

19

20

21

22

23

Victor S, Rocha-Ferreira E,Rahim A, et al. New possibilities
for neuroprotection in neonatal hypoxic-ischemic encephalop-
athy[ J]. Eur J Pediatr,2022,181.875-887.

Su GH, Liu LH,Chen HL,et al. Effect of astragalus polysac-
charide on oxidative stress response and Wnt signaling path-
way of AD rat model[ J]. Chin J Coal Ind Med ( "7 [E#E 5% T
M EE 22 ) ,2020,23:21-26.

Yang XH,Li C,Cui MX, et al. Effects of Astragalus mongho-
licus and its fermentative matters on kidney injury and oxida-
tive stress of rats with hypothyroidism[ J]. Med Recapit ( £
2RLE) ,2021,27:3102-3106.

Huang WG, Yang DF, Feng JL, et al. Protective effect of as-
tragaloside [V on 6-OHDA-induced oxidative stress injury in
PC12 cells via activation of JAK2/STAT3 signaling pathway
[J]. Chin J Clin Neurosurg ( " [H IIfi IR #f 2 A RBF 24 78
2021,26:270-273.

Islam SU, Lee JH, Shehzad A, et al. Decursinol angelate in-
hibits LPS-induced macrophage polarization through modula-
tion of the NFkB and MAPK signaling pathways[ J]. Mole-
cules,2018,23:1880.

Lin C, Lott AA,Zhu W, et al. Mitogen-activated protein ki-
nase 4-regulated metabolic networks [ J]. Int J Mol Sci,
2022,23.880.

Li X,Li F,Zhang X ,Zhang H, et al. Caspase-8 auto-cleavage
regulates programmed cell death and collaborates with
RIPK3/mLKL to prevent lymphopenia[ J]. Cell Death Dif-
fer,2022,29:1500-1512.

Greco P, Nencini G,Piva I, et al. Pathophysiology of hypoxic-
ischemic encephalopathy;a review of the past and a view on
the future[ J]. Acta Neurol Belg,2020,120.277-288.

Huang XF. Huanggi injection for hypoxic-ischemic encepha-
lopathy: a systematic evaluation[ J ]. Chin Pediatr Integr Tra-
dit West Med ( A [E HP PG BE 454 LB ) ,2018,10:48-53.
Li CY, Yu AX. Clinical effect of Astragali Radix extract in-
jection in treatment of neonatal hypoxic-ischemic encepha-
lopathy and the influence on serum endogenous opioid pep-
tide , neurological factors, and inflammatory factors[ J]. Ma-
tern Child Health Care China ( 7 [E {4 4 {4 {i ) , 2019, 34 .
566-570.





