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Abstract: This study was designed to explore the mechanism of total flavonoids of Astragali Radix (TFA)
in treating nephrotic syndrome through establishing the active components-targets network and protein-protein
interaction (PPI) networks and analyzing the functions and pathways involved in the targets. The main active
ingredients of TFA were obtained by *H NMR and LC-MS, TCMSP and TCMID database. PharmMapper, SEA,
SIB, HOME-NCBI-GENE, GeneCards and OMIM were used to predict and screen the active components of
TFA. The Cytoscape software was used to construct the active components-targets network and protein-protein
interactions network. The relation between the main active ingredients and targets were validated by Systems
Dock Web Site. The GO and KEGG pathways involved in the targets were analyzed by ClueGO software.
The target organ distribution was assigned by the BioGPS database. The results showed that 29 active
components and 50 targets of TFA were screened and predicted. The network results showed that the TFA
were mainly involved in biological processes such as inflammatory reaction process, oxidative stress process,
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apoptosis and autophagy, and played arole in the regulation of AGE-RAGE, PI3K/Akt, VEGF, IL-17 and MAPK

signaling pathways to treat the nephrotic syndrome.

This study reflects the characteristics of multi-components,

multi-targets and multi-pathways of TFA, which provides new ideas and clues for further research on the

mechanism of anti-nephrotic syndrome effects of TFA.

Key words: total flavonoids of Astragali Radix; nephrotic syndrome; network pharmacology; pharmaco-

logical mechanism; molecular docking
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Table1l Chemical constituents and the topological attributes of total flavonoids of Astragali Radix.
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Figure 1 Protein interaction network of total flavonoids of
Astragali Radix. The size and the color of the node represents
the value of the degree, the thickness of the side indicates the
value of the combine score

"Represent the chemical constituents

of TFA by *H NMR and LC-MS; *Represent the chemical constituents of TFA by TCMSP and TCMID database

Number Composition Degree Betweeness OB/% DL
TFAT Calycosin-7-O-4-D-glycoside 20 0.030 817 68 - -
TFA2 Apigenin-hex 21 0.033418 38 - -
TFA3 7,2-Dihydroxy-3',4'-dimethoxy-isoflavan-7,2'-di- O-5-D-glucoside 24 0.037 978 17 - -
TFA4 Calycosin 19 0.016 360 85 47.75 0.24
TFAS Pratensein-7-O--D-glucoside 28 0.056 452 29 - -
TFAE 10-Hydroxy-9-methoxypterocarpan-3- O-4-D-glucoside 19 0.027 192 82 - -
TFAT 6"-O-Acetyl calycosin-7-O-p-D-glycoside 20 0.023 329 57 - -
TFAS Glycyroside 22 0.030 656 15 37.25 0.79
TFA9 Ononin 20 0.035 37544 11.52 0.78
TFA10" 3-Hydroxy-9,10-di methoxypterocarpan-3- O-4-D-glucoside 21 0.022 477 57 - -
TFA11™# 7,2-Dihydroxy-3',4'-dimethoxy-isoflavan-7- O-8-D-glucoside 16 0.015 809 63 16.16 0.86
TFA12™ Calycosin 26 0.051 131 86 47.75 0.24
TFA13 Dihydroxy-dimethoxyisoflavone 19 0.016 586 87 - -
TFA14" 6"-O-Acetyl ononin 25 0.036 401 27 - -
TFA15' Dihydroxy-trimethoxy dihydroisoflavone 30 0.061 953 26 - -
TFA16' 3-Hydroxy-9,10-dimethoxypterocarpan 21 0.026 405 55 - -
TFAL7 7,2'-Dihydroxy-3',4'-dimethoxy-isoflavan 23 0.032 532 35 - -
TFA18" Formononetin 18 0.022 347 14 69.67 0.21
TFA19" 7-Hydroxy-6,4'-dimethoxyisoflavan 23 0.038 222 03 - -
TFA20" (3R)-3-(2-Hydroxy-3,4-dimethoxyphenyl)chroman-7-ol 14 0.040 249 27 67.67 0.26
TFA21# 5'-Hydroxyiso-muronulatol-2',5"-di- O-glucoside 1 0.036 514 41 41.72 0.69
TFA22% 7-O-Methylisomucronulatol 12 0.036 690 85 74.69 0.3
TFA23* 9,10-Dimethoxypterocarpan-3- O-f-D-glucoside 8 0.011 43353 36.74 0.92
TFA 24" Isoflavanone 12 0.045 879 49 109.99 0.3
TEA25* Isomucronulatol-7,2'-di- O-glucosiole 7 0.010033 14 49.28 0.62
TFA26" Isorhamnetin 6 0.006 536 52 49.6 0.31
TRA27* Jaranol 7 0.011 916 39 50.83 0.29
TFA28* Kaempferol 5 0.004 295 97 41.88 0.24
TFA29* Quercetin 7 0.015 167 40 47.75 0.24
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Table2 Information of potential targets and the topological attributes of total flavonoids of Astragali Radix

No. Gene name Protein name UniProt ID Degree Betweenness

1 ACE Angiotensin-converting enzyme P12821 7 0.013999 41

2 ACHE Acetylcholinesterase P22303 24 0.074 162 56

3 ADA Adenosine deaminase P00813 13 0.014 974 62

4 AKT1 RA C-alpha serine/threonine-protein kinase P31749 8 0.017 560 56

5 ALB Serum albumin P02768 15 0.008 759 52

6 ALDH2 Aldehyde dehydrogenase, mitochondrial P05091 5 0.000 869 00

7 ANXAS5 Annexin A5 P08758 0.001 697 63

8 APOA2 Apolipoprotein A-1 P02652 10 0.003 092 04

9 AQP1 Aquaporin-1 P29972 9 0.002 868 61
10 CCNA2 Cyclin-A2 P20248 17 0.011 603 99
11 CD38 ADP-ribosyl cyclase P28907 0.001 958 75
12 DDC Aromatic-L-amino-acid decarboxylase P20711 9 0.013 839 84
13 F2 Prothrombin P00734 20 0.032 690 05
14 FBP1 Fructose-1,6-bisphosphatase 1 P09467 3 0.000 950 00
15 G6PD Glucose-6-phosphatel-dehydrogenase P11413 0.004 196 00
16 GC Vitamin D-binding protein P0O2774 13 0.021 355 00
17 GSR Glutathione reductase, mitochondrial P00390 14 0.012 622 60
18 GSTM1 Glutathione S-transferase Mu 1 P09488 8 0.008 155 00
19 GSTP1 Glutathione Stransferase P P09211 13 0.010 657 50
20 HMGCR 3-Hydroxy-3-methylglutaryl-coenzyme A reductase P04035 0.005 811 70
21 HPRT1 Hypoxanthi ne-guanine phosphoribosyltransferase P00492 2 0.000 247 00
22 HSD11B1 Corticosteroid 11-beta-dehydrogenase isozyme 1 P28845 12 0.005 933 00
23 HSPO0AA1 Heat shock protein HSP 90-alpha P07900 15 0.009 452 50
24 INS Insulin P01308 21 0.039 836 80
25 KDR Kinase insert domain receptor P35968 10 0.004 099 40
26 LCN2 Neutrophil gelatinase-associated lipocalin P80188 0.001 563 40
27 LTA4H Leukotriene A-4 hydrolase P09960 0.001 685 70
28 LYz Lysozyme C P61626 0.000 446 00
29 NAGA Alpha-N-acetylgal actosaminidase P17050 0.000 179 00
30 MAPK14 Mitogen-activated protein kinase 14 Q16539 12 0.005 908 20
31 MIF Macrophage migration inhibitory factor P14174 11 0.004 547 20
32 MMP12 Macrophage metalloel astase P39900 2 0.000 838 00
33 MMP3 Stromelysin-1 P08254 10 0.006 777 20
34 NOS1 Nitric oxide synthase, brain P29475 10 0.015 600 90
35 NOS2 Nitric oxide synthase, inducible P35228 19 0.019 989 60
36 NOS3 Nitric oxide synthase, endothelial P29474 17 0.033 725 50
37 NR3C1 Glucocorticoid receptor P04150 25 0.067 122 32
38 PAH Phenylalanine-4-hydroxylase P0O0439 11 0.011 512 30
39 PARP1 Poly[ADP-ribose] polymerase 1 P09874 1 0.005 384 30
40 PRKCD Protein kinase C deltatype Q05655 6 0.001 222 29
41 PRNP Magjor prion protein P04156 4 0.000 527 00
42 RAC1 Ras-related C3 botulinum toxin substrate 1 P63000 3 0.000 409 00
43 RBP4 Retinol-binding protein 4 P02753 5 0.002 304 95
a4 RELA Transcription factor p65 Q04206 3 0.000 527 00
45 REN Renin P00797 3 0.000 235 00
46 RETN Resistin Q9HD89 7 0.001 496 87
47 RHO Rhodopsin P08100 20 0.041 28312
48 STS Steryl-sulfatase P08842 10 0.003 092 04
49 TNF Tumor necrosis factor PO1375 4 0.000 405 00
50 TTR Transthyretin P02766 20 0.014 016 25
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Figure 2 Potential targets-organ network. The targets-organ
network was built by the potential targets and organ. 50 targets
proteins (blue circular) were connected to 42 organs (red triangle)
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Table3 Molecular docking of five important targets from total flavonoids of Astragali Radix

Target name PDB ID Ingredient Docking score Target name PDB ID Ingredient Docking score
ACHE 3L TFA1 5.426 ACHE 3Ll TFA14 5.363
NR3C1 3BQD TFA1 5.299 NR3C1 3BQD TFA14 7.075
INS 1TYL TFAl 5.792 INS 1TYL TFA14 5.738
RHO 1A62 TFA1 6.972 RHO 1A62 TFA14 5.208
TTR 1GHE TFAl 5.793 TTR 1GHE TFA14 6.251
ACHE 3L TFA2 6.81 ACHE 3Ll TFA17 6.733
NR3C1 3BQD TFA2 6.355 NR3C1 3BQD TFA17 7.013
INS 1TYL TFA2 5.616 INS 1TYL TFA17 6.025
RHO 1A62 TFA2 6.702 RHO 1A62 TFA17 6.552
TTR 1GHE TFA2 6.821 TTR 1GHE TFA17 6.703
ACHE 3LII TFA4 5.337 ACHE 3Ll TFA18 5.271
NR3C1 3BQD TFA4 6.773 NR3C1 3BQD TFA18 8.234
INS 1TYL TFA4 5.602 INS 1TYL TFA18 5.972
RHO 1A62 TFA4 5.278 RHO 1A62 TFA18 5.33
TTR 1GHE TFA4 6.178 TTR 1GHE TFA18 6.21
ACHE 3Ll TFA6 5.335 ACHE 3Ll TFA21 5.354
NR3C1 3BQD TFA6 8.13 NR3C1 3BQD TFA21 8.286
INS 1TYL TFA6 5.585 INS 1TYL TFA21 5.976
RHO 1A62 TFA6 5.272 RHO 1A62 TFA21 5.349
TTR 1GHE TFA6 6.196 TTR 1GHE TFA21 6.259
ACHE 3LII TFA7 5.374 ACHE 3Ll TFA23 5.438
NR3C1 3BQD TFA7 7.038 NR3C1 3BQD TFA23 7.086
INS 1TYL TFA7 5.909 INS 1TYL TFA23 5.685
RHO 1A62 TFA7 5.246 RHO 1A62 TFA23 5.21
TTR 1GHE TFA7 6.171 TTR 1GHE TFA23 6.129
ACHE 3LII TFA8 5.302 ACHE 3Ll TFA25 5.425
NR3C1 3BQD TFA8 7.106 NR3C1 3BQD TFA25 8.353
INS 1TYL TFA8 5.751 INS 1TYL TFA25 6.372
RHO 1A62 TFA8 5.28 RHO 1A62 TFA25 5.378
TTR 1GHE TFA8 6.438 TTR 1GHE TFA25 6.374
ACHE 3L TFA9 5.174 ACHE 3Ll TFA28 6.699
NR3C1 3BQD TFA9 8.11 NR3C1 3BQD TFA28 6.678
INS 1TYL TFA9 6.835 INS 1TYL TFA28 5.636
RHO 1A62 TFA9 6.302 RHO 1A62 TFA28 6.464
TTR 1GHE TFA9 8.172 TTR 1GHE TFA28 6.778
ACHE 3L TFA10 6.993 ACHE 3Ll TFA29 6.662
NR3C1 3BQD TFA10 6.524 NR3C1 3BQD TFA29 6.684
INS 1TYL TFA10 4.784 INS 1TYL TFA29 5.623
RHO 1A62 TFA10 6.79 RHO 1A62 TFA29 6.471
TTR 1GHE TFA10 6.944 TTR 1GHE TFA29 6.715
ACHE 3L TFA11 5.429 ACHE 3Ll Tacrolimus 4.991
NR3C1 3BQD TFA11l 7.086 NR3C1 3BQD Tacrolimus 7.992
INS 1TYL TFAl11l 5714 INS 1TYL Tacrolimus 7.223
RHO 1A62 TFA11 5.284 RHO 1A62 Tacrolimus 6.197
TTR 1GHE TFAl11l 6.237 TTR 1GHE Tacrolimus 8.361
ACHE 3L TFA12 5.395
NR3C1 3BQD TFA12 7.086
INS 1TYL TFA12 5.844
RHO 1A62 TFA12 5231
TTR 1GHE TFA12 6.209
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Figure 8 Distribution of partial targets of total flavonoids of Astragali Radix on the compressed pathway. The blue square represent
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