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[ Abstract] Objective: To explore the multi-component, multi-target and multi-pathway mechanism of
Astragali Radix against immunoglobulin A nephropathy (IgAN) by network pharmacology, aiming to provide
evidence for its basic research and clinical application. Method: The active chemical components and targets of

Astragali Radix and targets associated with I[gAN were obtained by literature mining and GeneCards, Traditinal
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Chinese Medicine Integrated Database (TCMID) , Traditional Chinese Medicine Systems Pharmacology
Database and Analysis Platform (TCMSP) databases. Cytoscape 3.7.1 software was used to draw network
interaction diagrams. The key targets of Astragali Radix against IgAN were searched by network topology. Gene
ontology (GO) analysis and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway analysis involved in
the targets were analyzed by different packages in R programming language. On this basis, cell experiments in
vitro were carried out to verify the activation effect of astragaloside IV on phosphatidylinositol 3-kinase/protein
kinase B/tumor suppressor gene protein 53 (PI3K/Akt/p53) signaling pathway of human mesangial cells.
Result: A total of 25 active components and 49 ingredient-disease targets of Astragali Radix were screened. The
GO enrichment analysis included 84 items, which were related to nuclear hormone receptor binding, nuclear
receptor activity, deoxyribonucleic acid binding transcriptional activation activity and other aspects. The KEGG
pathway enrichment analysis included 88 KEGG pathways, which were closely related to PI3K/Akt signaling
pathway, hypoxia inducible factor-1 (HIF-1) signaling pathway, advanced glycation end product/receptor of
advanced glycation end product (AGE/RAGE) signaling pathway and others. Cell experiments in vitro
confirmed that astragaloside IV could effectively inhibit the platelet derived growth factor-BB (PDGF-BB) -
induced proliferation of human mesangial cells by regulating PI3K/Akt/p53 signaling pathway. Conclusion: The
active ingredients of Astragali Radix may play a role in the treatment of IgAN by acting on targets and pathways
related to apoptosis, oxidative stress, inflammation response and others, providing ideas and directions for the
new drug development and mechanism study of [gAN.

[Keywords] Astragali Radix; immunoglobulin A (IgA); IgA nephropathy; network pharmacology;

astragaloside IV ; molecular mechanism; in vitro cell test
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Table 1 Basic information of active ingredients in Astragali Radix

ID &Y A X 43 BT o OB/% DL degree
MOL000374 Cc4 642.67 41.72 0.69 16
MOL000401 HIERTT 1 astragaloside | 869.17 46.79 0.11 16
MOL000403 HIERTF I astragaloside 1I 827.13 46.06 0.13 15
MOL000439 isomucronulatol-7,2 " -di-O-glucoside 626.67 49.28 0.62 15
MOL000405 #E R astragaloside 1l 785.09 31.83 0.10 14
MOL000407 # 1 H ¥ astragaloside IV 785.09 22.50 0.15 14
MOL000433 - folic acid 441.45 68.96 0.71 13
MOL000379 C5 462.49 36.74 0.92 10
MOL000387 2R WL bifendate 418.38 31.10 0.67 10
MOL000354 5t 2% % isorhamnetin 316.28 49.60 0.31 7
MOL000098 Hit iz % quercetin 302.25 46.43 0.28 7
MOL000422 111 2% 1} kaempferol 286.25 41.88 0.24 6
MOL000239 15 [ 3% % jaranol 314.31 50.83 0.29 6
MOL000442 C3 31431 39.05 0.48 6
MOL000398 A 5 T isoflavanone 316.33 109.99 0.30 6
MOL000371 3,9-di-O-methylnissolin 314.36 53.74 0.48 5
MOLO000378 7-O-methylisomucronulatol 316.38 74.69 0.30 5
MOL000380 Cl1 300.33 64.26 0.42 5
MOL000417 T 7 ¥ il calycosin 284.28 47.75 0.24 5
MOL000438 C6 302.35 67.67 0.26 5
MOL000392 249 46 % formononetin 268.28 69.67 0.21 4
MOL000211 T F A il mairin 456.78 55.38 0.78 3
MOL000430 it SE 0 (betaine 117.17 40.92 0.01 2
MOL000296 ¥ 77 B 12 17 JC hederagenin 414.79 36.91 0.75 1
MOL000033 C2 428.82 36.23 0.78 1

7 :C1.(6aR,11aR)-9,10-dimethoxy-6a,11a-dihydro-6H-benzofurano[3,2-c]chromen-3-ol; C2.(35,85,95,10R,13R,14S,17R)-10,13-dimethyl-17-
[(2R,5S)-5-propan-2-yloctan-2-y1]-2,3,4,7,8,9,11,12,14,15,16,17-dodecahydro-1H-cyclopenta[a]phenanthren-3-ol; C3.1,7-dihydroxy-3,9-dimethoxy
pterocarpene; C4.5"-hydroxyiso-muronulatol-2', 5'-di-O-glucoside ; C5.9, 10-dimethoxypterocarpan-3-O- f -D-glucoside ; C6. (3R) -3- (2-hydroxy-3,4-
dimethoxyphenyl) chroman-7-01(F 2 7] ) .

BB G5 Y A UniProt ¥ ¥ &, IF A AT R &, R S R0 2 A B IgAN %% 1E H A0
SwissTargetPrediction £ #5 i X 4 i {5 B A7 4 52, 710344, 7E Venny 2.1.0 F- &5 I 43 51 5% A B (6
25 T O k1 B B R 0 /E T 3k 138 . D PERL A 5 TgAN 9 /E FTHE o, 2 i 5 LR, 9 3 B s
“IgA nephropathy” F & & 815 , £ GeneCards F i i BB 5 AR 25 Wy -9 g S [R5 49 LR 2.

®2 HWATIGANKEERS
Table 2 Potential targets of Astragali Radix against IgAN

M4 UniProt ID LYy Xof L 3
ABCBI Q6TBL4 P-Hi#EH 1 wrEEE L, I
ADHIB P00325 LB AAF 1B WA S AT T ET SR
AKRIBI  PI15121 [0 L 5 SRR RS M %
ALOX5 P09917  AE/E DU IR 5-N8 & A il L3NS
BCL2 P03372  BiREL4HIER -2(Bcl-2) LY ENIIE )
BCL2L1 P10415  Bcl-X BT |

CASP3 P42574 A R R A& F K B 1 MR R LR
fiff-3 ( Caspase-3)
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g2
#M4  UniProt ID LYy X L 43

CASP8 Q14790 Caspase-8 fit fe %

CASP9 P55211  Caspase-9 it e 2%

CAVI Q03135 /NEEH-1 ik e R

CCNDI P24385 G /SHv 5 PE AN LA Y R 1 D, ik e

CRP P02741  C-RRRiHEH i iz 2%

CYPIAI P04798  4fifi (53 P450 1Al 0 NI )

CYP3A4  P08684  4ififi (i P450 3A4 Wik B 2 1l A% 1

DRD1 P21728  Z B D, Zik R L, I, m, IV

DRD2 Pl4416  Z UL D,Z Mk BT 1

EGFR P00533  REHERKHFZHE iz %

ESR1 P03372 MM E Z iK1 FRA% 3,9-di-O-methylnissolin,7-O-methylisomucronulatol,C 1, JilFAR/EZ B R

FGF2 P09038 LT 4EAN A K H 2 R D, I,V

FOS PO1100  J5JE 3k A c-Fos i iz %

GSTM1 P09488 At Ik S-F% Bl Mu 1 L0 NIIE N )

GSTP1 P09211 AW Ik S-#% B il P 0% SNIIE: )

HIF1A Q16665 MRAFEFHF-1a i iz 2%

HPSE QIY251 LTk &K it WERIF L, 0,1,V

HSP90AA1 P07900  HYRTTHE I 90aA, WERE T, LIV

HSPB1 P04792 KT B, ik e 2%

HTR2A Q9P2Q9 5-F (A Z 1k 2A B |

ICAM1 P05362  Afi i [l F B 43+ 1 Bk e 3l A5

IL-6 P05231  F141M4 %K -6 LS

LGALS3 P17931  PRLAERESE K3 WERHF LI,V

LGALS9 000182 LFLBisEHEE-9 IR |

MYC PO1106  Myc J54 3t A 2 1 ik e R

NOS3 P29474 —HALA L3 i 2 2%

NQO1 P15559 i Jit 250 il Al /R AL 1 308 D 1 ik Bz %

PARPI P09874 ZERR MR AN MWL R

PGR P06401  ZPfi 22 A T AW AR R AT, C2, IR

PLAU PO0749 R ikt 189 2T 7% it J5E 8T 59 ik e R

PONI P27169  IfiL i Xt S it /5% B Tk il 1 ik e R

PPARG P37231 ALY B ARSI WG Ay Bl 22, 7-0-methylisomucronulatol, J| M4 4E 2, T SR, L 2,02

PRKCA P17252 I Co Y ik e R

PRSS1 P07477  BAEFIRE B 1 HRFEE, 52 ZE,3,9-di-O-methylnissolin , 7-O-methylisomucronulatol , C1 , i

PARAER BRI MR LA, C3
PTAFR P25105 It /MK I Ak PR 7 27 WERHE T,
PTGSI P23219 %R G/H AR 1 ERER EAREBIOC, B RZER  BRWES, RS L2, T8, e
B, 3,9-di-O-methylnissolin, 7-O-methylisomucronulatol, C 1,4 Ji 2% , 111 25 [}

RBI1 POG400 {08 19 5 - 240 ity AH G 2 1 i %

SELE P16581 E-#kfE#x i ESNIES )

STAT3 P40763 fE5H S 5 FHOGHET 3 R, I,V

VCAMI P19320 il 40 o 8k B 4K A 1 ik 2 L As Ty

VDR Q6SZ90 4k % D 2k R, I

VEGFA P15692 M NE/ERKE T A MR w1, 0,1,V
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B HEANB, R, 5 Z & s £
25 G 1 R 1Y degree T, TG IR MUER L R 2
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g5 4 3 2 xF N K 4 {5 B AT A, IL-6, VEGFA,
PTGS1, PRSS1, PPARG, PGR, LGALS3, HPSE,
FGF2,ESR1,DRDI 1] fig & 8 €6 J7 IgAN W 1E H
2.4 FHPPIMZE R K 4 Bk 49 A3 [a) 48 51
fii A STRING 11.0 H#E17 K% , 14 1 PPT W 2% &1, 22
Cytoscape 3.7.1 ) MCODE 1 : 5 25 43 #r , i %
PPI W 4% 56 2 [ v A A% 00 05, o 45 SR R W8 3R 7
IgAN 2o B Ay 2B B g 2 1 L 400 ) 30 2R
WS, b OCH B E R IL-6, A S
36485 R A A EAE T, $8 R 1280 B AR S I 2%
R N EENEN .

2.5 0N Tne KO E R AT K 49 A4 L R A
ZRIBEFIBITE, 155 841 GO & H , B P /MY
201 GO E A HLH AR, WE 1, Bl
LT R b R R A R R A A R 2 AR
Sh A AN A B AT SRR W A R 4 A SR R
T PR3 P 200 L T I SR P K T T R A 1Y
BRI BCHE 2 SR AT . KEGG i % 5 4 4L 35 15 88 4kl
%, B P e /NS AT 20 4~ KEGG 18 & 46 4% B 4 1l
KL, WK 2. 450 &k B K PI3BK/AKt (R 5 i i
HIF-1 15 538 [ , 1 309 0% 3 1k 2 oK 7= 40 /g 309 % 3£k
LR 77 W) % 1K (AGE/RAGE) {5 5 18 B% 45 , 6 W] i 1€
T P B 43 T 38 B 4R 2 A B R B IR T IgAN 11
PERL

2.6 i AT X PI3SK/AKY/pS3 15 5 18 B AH ¢ 8 1
KWy m & 3,4 0 A BRI Y p-PI3K/PI3K
HRF MR TIE®H(P<0.01), 8 K & R EH
i) p-PI3K/PI3K {H % 35 & T 45 AU 21 (P<0.01) ; B 7Y
21 p-Akt/Akt i B A F 1IE % 41 (P<0.05) , ¥ £ H
T AR E 419 p-Akt/Akt {8 B 5 5 TR 40 (P<
0.05,P<0.01) ;#2111 p53 2 A X 36k B 5K
FIEH A (P<0.01), # A & AR B4 pS3 &
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Fig. 1 GO enrichment analysis of targets of active ingredients in

Astragali Radix against IgAN
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Fig. 2 KEGG pathway analysis of targets of active ingredients in

Astragali Radix against IgAN
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T H 9 B 5n B B 4] I 25 158, 5 Western blot 4
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