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Abstract: Network pharmacology was used to explore the potential mechanism underlying the hypoxia tolerance of Astragali Radix
(AR). The primary active components and molecular targets of AR were identified using Traditional Chinese Medicine Systems
Pharmacology Database and Analysis Platform (TCMSP) database and a large number of literatures. Targets related to hypoxia toler-
ance were screened through Online Mendelian Inheritance in Man(OMIM), GeneCards, DrugBank and Uniprot databases. The func-

tional protein association (STRING) network was employed to screen key targets for protein-protein interaction (PPI) analysis. The
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biological processes and pathways involved were analyzed using Metascape database. Molecular docking and animal experiments
were used for verification. The results showed that AR contains 24 main active ingredients and 238 action targets, comparing with
1 013 hypoxia tolerance targets identified by integrating multiple databases, resulting in 137 shared targets. Gene Ontology (GO)
functional enrichment analysis revealed 1 916 biological processes (BP), 102 cell compositions (CC), 176 molecular functions (MF),
and 199 KEGG pathways. Key targets for hypoxia tolerance in AR were identified as VEGFA, HIF-1a and IL-6. The potential active
ingredients of AR are flavonoids and saponins such as quercetin and astragaloside IV. Molecular docking proved that quercetin,
kaempferol, astragalosidel, II, III and astragaloside IV demonstrated strong combination between VEGFA and HIF-1a. ELISA con-
firmed the ability of AR to mitigate hypoxia suppressing VEGFA expression, a core target gene. The experiments of Drosophila fur-
ther showed that AR has hypoxia tolerance. The study provides initial evidence that flavonoids and saponins in AR, such as astraga-

loside IV and quercetin, can alleviate hypoxia by modulating key targets HIF-1o and VEGFA, offering potential implications for the

utilization of Astragalus root in challenging environmental conditions such as high-altitude hypoxia.
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Table 1 Active ingredients of Astragali Radix
%S MOLID ey
(3S,8S,9S,10R,13R,14S,17R)-10, 13-dimethyl-17-[ (2R, 5S)-5-propan—2-yloctan—2-yl}-2,3,4,7,8,9,
HQ1 MOL000033
11,12,14,15,16,17-dodecahydro-1H-cyclopenta[ a phenanthren—3-ol
HQ2 MOL000098 quercetin
HQ3 MOL000211 Mairin
HQ4 MOL000239 Jaranol
HQ5 MOIL000296 hederagenin
HQ6 MOIL000354 isorhamnetin
HQ7 MOL000378 7-O—methylisomucronulatol
HQS8 MOL000371 3,9-di-O—methylnissolin
HQ9 MOL000380 (6aR,11aR)-9,10-dimethoxy—6a, 1 1la-dihydro-6H-benzofurano[ 3, 2—¢]chromen-3-ol
HQI10 MOL000379 9, 10~dimethoxypterocarpan—3-O—-3-D—glucoside
HQ11 MOL000387 Bifendate
HQ12 MOL000391 Ononin
HQ13 MOIL000392 formononetin
HQ14 MOIL000398 isoflavanone
HQ15 MOL000401 Astragaloside |
HQ16 MOL.000403 Astragaloside 11
HQ17 MOL000405 Astragaloside [l
HQI8 MOL.000407 Astragaloside [V
HQ19 MOL000417 Calycosin
HQ20 MOL000418 3'~Hydroxy—4'-methoxyisoflavone~7-O-beta-D-glucoside
HQ21 MOIL.000422 kaempferol
HQ22 MOL000433 FA
HQ23 MOL000439 isomucronulatol-7, 2"~di-O-glucosiole
HQ24 MOL.000442 1,7-Dihydroxy-3, 9-dimethoxy pterocarpene
TR FLB HEEA {6, HE2 A 10 (9 #8530 235 H 3 B (v-akt
(1013) (238) . .
murine thymoma viral oncogene homolog 1,
AKT1) . F 40 s /- 2 -6 (Interleukin—6, 1L-6) . Jff
Jed Y1 A6 ) ¥~ ( Tumor Necrosis Factor, TNF) | i
J8i 25 1 53 (Tumor Protein 53, TP53) . VEGFA .
e K & H B 3 (Caspase-3, CASP3) |\ H 4l il /i~ &
-1B(Interleukin-1 beta, IL-18) . FKEAEK K F3Z
& (Epidermal Growth Factor Receptor, EGFR) .
& 4175 3 I — 1o (Hypoxia—inducible factor-1 al-
pha, HIF-1a) | A %) it & W & &AL ¥ & 1 2
" . (Prostaglandin—endoperoxide synthase 2, PTGS2) ,
B1 AT B R o e
Fig. 1 Intersection targets of Astragali Radix and hypoxia W2 FroR o BEET 10 RO HE RS B A BUR

tolerance
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Table 2 Core targets and Degree

No. #Bgi#Fx L&A Degree
1 AKT1 RAC-aZ AR/ ER-HE g 110.0
2 IL6 HANMIA -6 101.0
3 TNF SR SRBE A 1 100.0
4 TP53 0t IR p53 100.0
5  VEGFA MAF PR AER T A 99.0
6 CASP3 PP AR -3 98.0
7 IL1B HANFE-18 91.0
8 EGFR R ARHFZ I 89.0
9  HIF-la A2 T 1a 88.0
10 PTGS?2 PR ZE G/H A i 2 87.0
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3.6 KEGG B&EDH
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FA 5 HIF-1a 09455 1F 38 T 1L 25 By 5 75 0 3k
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I B AT I, &8 16 M o 5 A% 0 B A
oy R E N E 6 BT o
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WF 52 F W, B4 i HIF-1o &5 2235, 8] i 3
T i AR N VEGF 7K f2 38 38, R I 7 AR F 55
ik VEGFA T F et . 55 H 4
AH LG, B R 20 K BRI I A E Y VEGFA % &
¥y THE (oP<<0.01) 5 S5 R4 A L, B
25 25 41 1% A0RT I b VEGFA & & ¥4 A A
J& AL (oexP<<0.001 B *++P<<0.01) , W &l 7 fir
TN o HERPEIR R TR R A 2 nT RE G L AR
VEGFA & &t & ¥ Tt ik 48 i 7 H -
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RO AR LE, B R 25 25 2 0 A AR iy e S S
TR (xP<<0.05) , W&l 8 Fr /i , 15 B B f€ m]
2% fiff i ST B0 2R IR RE T sk 55 1 1 O
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S5 4LM L, SR AE S 5 RSB T30 &
JRYE N, 22 B B Ry SRR AR L, B 4h 2
YR MRAE S 5 RAAET- 15 DA PRk . n &l 9 pr
71~ , Uk B B T 7 A7 bl R S A AR T O

1 st

TE A7 FE B 48R T B8 B0 Wi L 30 B 4
SPE— R TRk, EEAE A S W
T (HIF) . A W Wi 3L sh P 8 8 (1 & IR 2 55
AR AR, DL RN T N A AN N s
Rl B AN BRI TG S RE 1, 8 T B L |
i A5 45, 52 e A i R RO O R A AR
fif §R4E BE ST 2GR A EEE X, KR
AATWIRL, & E 2T E TR YT R
Ei /T (8 N T 7 =W W e B N R S e N
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Cellular response to nitrogen compound I,
Cellular response to organonitrogen compound |, <
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Fig. 6 Molecular docking diagram of main active ingredients and core targets
(a) Quercetin docking with HIF-1a; (b) Quercetin docking with VEGFA; (c) Astragaloside docking with HIF-1a; (d) Astragaloside
docking with VEGFA.
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Fig. 7 Effect of Astragali Radix on the level of VEGFA in liver and serum of chronic hypoxia mice
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