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Abstract: Objective To explore the molecular mechanism of Astragali Radix in the treatment of nephrotic syndrome (NS) by the
network pharmacology. Methods The main active ingredients of Astragali Radix were obtained through TCMSP and literature
search. PharmMapper, Gene Cards and CoolGeN were used to predict and screen the targets of Astragali Radix. The protein interaction
network was constructed using the String database and Cytoscape software. The relation between the main active ingredients and
targets was validated by Systems Dock Web Site. The GO and KEGG pathways involved in the targets were analyzed by DAVID. The
ingredients-targets-pathways-diseases network was constructed by Cytoscape software. Results The results showed that 25 active
components and 47 targets of Astragali Radix were involved. The network results showed that the process of oxidative stress, podocyte
apoptosis, lipid metabolism were mainly involved, which played a role in the treatment of nephrotic syndrome by adjusting the Ras,
Rapl, MAPK, PI3K-Akt, AGE-RAGE and other signal pathways. Conclusion This research method initially revealed that the active
ingredients of flavonoids and saponins in Astragali Radix are the material basis for the treatment of NS. Its mechanism of action
involved anti-oxidative stress, anti-apoptosis and regulation of lipid metabolism.
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Table 1 Chemical information of main compounds in Astragali Radix

H's EY AT 3 B OB/% DL AlgP FEAE
1 R I (astragaloside 111) 785.09 31.83 0.10 -0.35 22
2 HAEBERF L (hederagenin) 414.79 36.91 0.75 8.08 22
3 FICEH 1 (astragaloside 1D 869.17 46.79 0.11 0.41 22
4 R 11 (astragaloside I1) 827.13 46.06 0.13 0.03 21
5 Cl1 462.49 36.74 0.92 0.74 17
6 R (astragaloside IV) 785.09 22.50 0.15 —-0.35 16
7 R (folic acid) 441.45 68.96 0.71 0.01 13
8 C2 428.82 36.23 0.78 8.54 13
9 FMZEHR (isorhamnetin) 316.28 49.60 0.31 1.76 11
10 EH3EH8 (betaine) 117.17 40.92 0.01 —-2.04 10
11 C3 642.67 41.72 0.69 -0.95 9
12 HE-FEE (jaranol) 314.31 50.83 0.29 2.09 6
13 TF&mE (mairin) 456.78 55.38 0.78 6.52 6
14 isomucronulatol-7,2'-di-O-glucosiole 626.67 49.28 0.62 —0.68 6
15 BEIEXUME (bifendate) 418.38 31.10 0.67 2.56 5
16 3,9-di-O-methylnissolin 314.36 53.74 0.48 5
17 M7 & (quercetin) 302.25 46.43 0.28 1.50 5
18 I ZW (kaempferol) 286.25 41.88 0.24 1.77 5
19 7-0O-methylisomucronulatol 316.38 74.69 0.30 3.38 5

20 EEEF A (calycosin) 284.28 47.75 0.24 232 5

21 C4 300.33 64.26 0.42 2.64 4

22 C5 314.31 39.05 0.48 3.11 4

23 C6 302.35 67.67 0.26 3.13 2

24 AR HW (isoflavanone) 316.33 109.99 0.30 2.42 2

25 JUTER{E R (formononetin) 268.28 69.67 0.21 2.58 2

C1-9,10-dimethoxypterocarpan-3-O-B-D-glucoside; C2-(35,85,95,10R,13R,14S,17R)-10,13-dimethyl-17-[(2R,5S)-5-propan-2-yloctan-2-yl]-2,3,4,7,8.9,
11,12,14,15,16,17-dodecahydro-1H-cyclopenta [a] phenanthren-3-ol; C3-5-hydroxyiso-muronulatol-2',5"-di-O-glucoside; C4-(6aR,11aR)-9,10-dimethoxy-
6a,11a-dihydro-6 H-benzofurano [3,2-c] chromen-3-ol; C5-1,7-dihydroxy-3,9-dimethoxy pterocarpene; C6-(3R)-3-(2-hydroxy-3,4-dimethoxyphenyl)

chroman-7-ol
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Table 2 Potential targets of Astragali Radix for treatment of nephrotic syndrome
Y5 UniProt B s UniProt B Ui UniProt Ege
1 P12821 ACE 17 P09211 GSTP1 33 P08254 MMP3
2 P31751 AKT2 18 P04035 HMGCR 34 P14780 MMP9
3 P02768 ALB 19 P00492 HPRT1 35 P35228 NOS2
4 P08758 ANXAS 20 PO1112 HRAS 36 P04150 NR3C1
5 P02652 APOA2 21 P28845 HSD11B1 37 P08235 NR3C2
6 P56817 BACEl 22 P05019 IGF1 38 P63000 RAC1
7 Q07817 BCL2L1 23 P60568 IL2 39 P02753 RBP4
8 P09871 CIS 24 P06213 INSR 40 P00797 REN
9 P29466 CASP1 25 P35968 KDR 41 P16581 SELE
10 P42574 CASP3 26 P80188 LCN2 42 P01009 SERPINA1
11 P13501 CCL5 27 P17931 LGALS3 43 P12931 SRC
12 P60953 P60953 28 P61626 LYZ 44 P08842 STS
13 P00734 F2 29 Q16539 MAPK14 45 P02766 TTR
14 P02774 GC 30 P08473 MME 46 P11473 VDR
15 P07359 GP1BA 31 P03956 MMP1 47 P43403 ZAP70
16 P09488 GSTM1 32 P08253 MMP2
& HIEEME R . LSRR combine score, T2k
M i combine score fHB A . Feh A AT 5 BIEA MG
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Fig. 1 Interaction network of potential targets of Astragali

Radix for treatment of nephrotic syndrome
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Table 3 Molecular docking of five important targets from Astragali Radix
5 PDB ID D% docking score 5 PDB ID 5%y docking score
ALB IBKE  astragaloside III 6.401 ALB IBKE  astragaloside IV 8.383
IGF1 1IMX  astragaloside III 5.504 IGF1 1IMX  astragaloside IV 5.662
L2 IM48  astragaloside III 5.280 L2 IM48  astragaloside IV 6.309
MMP9 1TV astragaloside 111 5.335 MMP9 1TV astragaloside IV 5.491
SRC 104R  astragaloside III 5.548 SRC 104R  astragaloside IV 6.400
ALB IBKE  hederagenin 7.994 ALB IBKE  folic acid 3.946
IGF1 IIMX  hederagenin 5.033 IGF1 1IMX  folic acid 3.036
L2 IM48  hederagenin 5.462 L2 1M48  folic acid 3.331
MMP9 1TV hederagenin 4.988 MMP9 1TV folic acid 3.037
SRC 104R  hederagenin 5711 SRC 104R  folic acid 3.506
ALB IBKE  astragaloside | 8.176 ALB IBKE C2 8.017
IGF1 IIMX  astragaloside | 5.361 IGF1 IIMX C2 5.138
1IL2 1M48 astragaloside | 6.440 L2 1M48 C2 5.383
MMP9 1TV astragaloside I 5.367 MMP9 1TV C2 4.980
SRC 104R  astragaloside | 7.778 SRC 104R C2 5.584
ALB IBKE  astragaloside II 8.324 ALB IBKE  isorhamnetin 4.246
IGF1 IIMX  astragaloside II 5.629 IGF1 IIMX  isorhamnetin 3.385
L2 IM48  astragaloside 11 6.308 L2 IM48  isorhamnetin 3.358
MMP9 1TV astragaloside II 5.404 MMP9 1TV isorhamnetin 3.154
SRC 104R  astragaloside II 7.585 SRC 104R  isorhamnetin 3.785
ALB IBKE ClI 6.240 ALB IBKE  Tacrolimus 8.325
IGF1 1IMX Cl 5.681 IGF1 1IMX  Tacrolimus 5.368
L2 IM48  ClI 5.546 L2 IM48  Tacrolimus 6.624
MMP9 1TV C1 5.563 MMP9 1TV Tacrolimus 5.320
SRC 104R Cl 5.504 SRC 104R Tacrolimus 7.820

P, ABFFTIEEL 2 ANFT 73 m A O B R 4R
-2 (IL2) FEFeEEAR-9 (MMPY) 5K
HROCEE R B B (astragaloside V) FIBHPEZY
Tacrolimus AT 73 F X504, 2R IE 2. 451 8
7Ny P FRIBA M 24 Tacrolimus 55 IL2 Al MMP9
TRy, BET4E L2 F1 MMP9 FIRSREL A
(3.98 A1 4.84), BIUNEEHH 5 MMPY 5 4 Mai&
B, WO B, HE KR E S5 HMEXTIEZ
Tacrolimus ] docking score {H 321 »
2.5 EETHEEFNIEEL AT
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ETE ARG TT s AL BT A o
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P S FESE A2 7 T . M 4E R 4 B,
FIEIHIT NS T K Ras (5 58 Rapl 15518
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2.6 FHEC-EMERY-1ER S8 - m Mg
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PRI . ZMNZA 59 N CURE 1 A4M2
Py 25 ANERAT 20 ANEE S, 12 Z5EEE AT 1 AN505)
1203 451 (B 5). b v 2B SRR 2RI
i SR AR Y. AT AR S T
T ARRIEE . DB EAER R R FEIEML
At PR R ), FEAE RO 1 B 5 2 AR PR s 2
B2, BT SRR, HOR/ NS FEE ARG,
T REOARGR B P R K, 456K 1 T FIII Ak
S PEE AT, ST (astragaloside 1. 11, TI1L V),
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Fig. 2 Docking analysis of astragaloside IV and Tacrolimus binding to IL2 and MMP9
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Fig. 3 Biological function analysis of potential targets of Astragali Radix for treatment of nephrotic syndrome
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Fig. 4 Enrich KEGG pathways analysis of potential targets of Astragali Radix for treatment of nephrotic syndrome
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Fig. 6 Target of Astragali Radix in nephrotic syndrome pathway
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