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£T AGE-RAGE(S S BEER W REFKER . IR SIEREL. Sl iEMHEcERs. &
B EERHRF A RS AR E RN LRES, SERERERISTNF. TP53. ESR1FZK L 5 B A 555
GEAENE . BOEE S SR R RIS B BN TNF (-7.359 kcal/mol). TP53 (-6.776 kcal/mol).
ESR1 (-5.9275 kcal/mol), 5L KX 4SR5 AN TNF (-7.0805 kcal/mol). TP53 (-6.167
kcal/mol). ESR1 (-5.8935kcal/mol). %i: XREFFEHR T HEARREIZHEL. ZERHBEERK
TEERE. XERIAEERIEARP AR T H R KRR T FRITER.

XA
HEK, SHEWE, MEHES, 5738, ERVH

Exploring the Mechanism of Action of
Traditional Chinese Medicine Astragalus
membranaceus in Treating Colorectal
Cancer Based on Network Pharmacology
and Molecular Docking

Ruirui Niu*, Chunmei Zhang
EIEE .

SCESIH: AHk, KA. BTGS2 AR ) 1R B Th 2 S IR YT 45 B R BOPE FAMLAI 0] IR ES 2t e,
2026, 16(4): 342-356. DOI: 10.12677/acm.2026.1641257


https://www.hanspub.org/journal/acm
https://doi.org/10.12677/acm.2026.1641257
https://doi.org/10.12677/acm.2026.1641257
https://www.hanspub.org/

FHd . SKRARME

School of Clinical Medicine, Dali University, Dali Yunnan

Received: February 28, 2026; accepted: March 23, 2026; published: March 31, 2026

Abstract

Objective: To systematically explore the potential multi-target mechanism of Astragalus membra-
naceus (AM) in treating Colorectal Cancer (CRC) based on network pharmacology and molecular dock-
ing. Methods: Targets of AM were obtained from TCMSP, and CRC-related targets from GenCards and
OMIM. A PPI network was constructed via STRING, followed by GO and KEGG enrichment analyses
using R language. Molecular docking was performed with AutoDock Vina. Results: 131 common tar-
gets of AM and CRC were identified. PPI analysis showed TNF, TP53, and ESR1 as core nodes. GO anal-
ysis revealed involvement in response to xenobiotic stimulus, membrane raft, and transcription fac-
tor binding to DNA. KEGG analysis highlighted enrichment in AGE-RAGE signaling in diabetic compli-
cations, lipid and atherosclerosis, and prostate cancer pathways. Quercetin and kaempferol, the main
components of AM, exhibited strong binding to core targets: quercetin-TNF (-7.359 kcal/mol), querce-
tin-TP53 (-6.776 kcal/mol), quercetin-ESR1 (-5.9275 kcal /mol); kaempferol-TNF (-7.0805 kcal/mol),
kaempferol-TP53 (-6.167 kcal/mol), kaempferol-ESR1 (-5.8935 kcal/mol). Conclusion: AM may treat
CRC via multi-target, multi-pathway synergy, providing new evidence for its clinical use and poten-
tial therapeutic targets.
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1. 518

45 H )W (Colorectal Cancer, CRC) 2 4= 3Ryt [l 4 & i WL IS VE IR 2 —, R ZEFNFE T 2 367 5 e
FEHEATRERT A, T A AR AR [1]. B AT, CRC MIRKIAIT EZ R UFANE, HHLMLIT.
BT AR AR YT A REEIRTT R A g . o, WEERIRITIERE . SR B RS CRC IR YT S A
Al B ) fA 2] . B TS (Astragalus membranaceus, AM) 28 AM TR . FEHISIN, & AT
BH. AEEFRILGPER . rIARORIT AR 5@ AMR 5 R IE . IR IESE, AM ISR, B4
WL, WL SRR M BRI BT | AT 1), E RO
&, XF CRC MIAIT A RL[3]. FH AM HAGRGR M S e i35 A 5 i Ry EH, AM AT DU E M2 Elg2n
JRLFRTRR AL, el il B 2 45 5 W B B A 4l g ARG S SR T RIS . R T U
PE[4]. REGVFZAHKIRIECLIEN T AM 1 LLAYT CRC, (H 2L BARIEFAMNLHITIA IR A, 15751
—HETT. 2% 25 2 2% (Network Pharmacology) /2 1 AR M 1) — T TR % 8, HAZ O AR S R 25 1
PRFHHIE R I B R E A5 B T — N, — e — MR S o, @i
290 - SRS - B - IR B EAE 4, DR G AR A A T o) o 24 0 0 0 DX 268 P TR LA
[6]. $RTfT, 23 X4 (Molecular Docking) £z A N BEAE M 5T 7K SFARALL 2540 /N 73— 5 A W K403 m 22 T 1)
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MEAER, BAFH Gt SHaEtE, &M% 253 S T 25 S 0 S B S0 I F B [7]. H5 M 4% 253
FHO TR S, TR IR 2R AE RINLE 004 S0 5T K [8] . ITAER, I FH 28 2 38 240 3
TR AR R AM J897 CRC B EME AN AR C AR Z, Hlin, FREANMPT0], A
Swisstarget. TTD. Drugbank & Disgenet ¥4 e J2 0 #2544 AutoDock Tolls 5 AHT 5545 FH 58 4 A 7] %
P EAN AR I, B2 HEIRYT CRC BIVE ML T Be 5 08 IR I AORE 7 1Y) AGE-RAGE 15 51 |

JE 5 S BkoR AR SR IE B A OC, AWFFIE T DL BB TSR I SHOE R AN . ABE T AR T AM
WRZ, (HAHT IR TR W2 2 H R o 7 5, IR GIR T AM 89T CRC ITEEIERNLE . &
J, FATE TN AM FITELEAE SRS, JE5 CRC MG st TG, ik H IR MR SR A Bl S, @
S 5 - 2 AU BAE (PP M4 . 3R 4T B2 A4 (GO) 5 i # L IR 5 2 DR 4H B4 5 (KEGG) i it
BEST, NRGEHHER AM 15625 5HZ0AEWF BRI CEE 58K . &a, RS PR
IGAUE AM 52088 2 B &5 A Re ). ARTFLETEN AM JRIT CRC 1IFEFINLHIFR ALE S WL, JF
I PRI 25 BB 2 R 5 B A 58 f U RH 24

2. BRISH%E
2.1. AM HEREE IR

TCMSP % 4f J (https://old.tcmsp-e.com) A& — AN K 2 (1) 3R B 25 W) AH oG (5 B M 304 1 . i@l A\
“Huangqi” #2= H A A 805 M7y, Rl 57k O A ZE 20 R FH £ (OB) > 30%, 2524 (DL) >0.18 X £k
29U AT IR . SREUHH DCHE 5, - H UniProt %4 P2 (https://www.uniprot.org )T AR EAL, Gi— NE
RN, FREWFN “Homo sapiens” , &L E5135] AM FITEEAE FHE 5 46

2.2. CRC tHx%E = 3R EY

L “Colorectal Cancers” Jyo8iinl, 78 LA NBw s B hik 17402 . GenCards ¥ % (https://www.gene-
cards.org/): £ %5 CRC FHOCHIEE , {R B AHOCHEVF 23 1T 2000 ()3 BRI 9 42 i« OMIM #5458 /% (Online
Mendelian Inheritance in Man, https://omim.org/): 2 CLEAfi 5 CRC i 4% 5 Il 5 2 6 WL AH 5% ) 3 Rl 3
520 1. G FF LA ERTEEORE E AR IR A, B CRC AHOGHE Ri4R .

2.3. 1) - KR A FH R MEAE

¥ 2.1 FIRER AM BRI SES 2.2 AR CRC FMFE S EFR A R 1EE (4.4.3)44] Veen
K, U ISR S, BISN AM Y897 CRC [R5 1E S B RE 5 .

2.4. W - &K% - BLS - R LMK E R

SR B 5 o 2 3L [F R R BT R AM B R8s SRS ARG SO SN Cytoscape 3.9.1 B f
HEAT M, Hrh 2592 “Huanggi” » %N “Colorectal Cancers” , #irHi 2 - Bohi — Bt — 3 [F1#E A
W25 1

2.5. PPl MEME SO R IFE

% 2.3 AR SL[E A 25 5 N STRING (https://cn.string-db.org/, version 12.0) 1, &4 & Homo sapiens,
P B B ER A2 H 40 H(Minimum required interaction score) % k- 0.900, Beuek X 24 sy il k. W4 3RA5
[ TSV 4% X PIAH EAE %R 5\ Cytoscape 3.9.1 B F4IEE PPI (25 18] i 5 , F1IFH Cytoscape (1) NetworkAn-
alyzer JgifHF 15 2% Hh AN 55 1 2B (Degree) « /40 O 4 (Betweenness Centrality) Fl2230 #1404 (Closeness
Centrality) 5 4h b 2% VAFE(E (Degree) KT FrA 19 s FEAE FP AL P A5 (1715 RUE SORAZOEE R
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2.6. GO I1gE5 KEGG BRE&E ST

AR R #A-A11 clusterProfiler. dplyr 1 ggplot2 41, % PPI F£% i) 85 i 3E4T T GO Dt
KEGG il &£ 1. EHEMIIEEERE R E NP <0.05, HiRKIZEQHE) <1, %GO i
BE MR LY AR (BP). AL (CC)FI 7T I RE(MF) 2 AT 10 2626 H, X KEGG @& 73 #7 HU AT
30 2% S P i A, o AT AT R OR

2.7. SrFXHEWIE

56, M PubChem %d 22 35 UM Bz 2 A0 1L 25 (1) = 4k 4544, F£14 F] AutoDock Tools #FHEATINE
115 Gasteiger Hifaf« W€ W] Je S S AT AL, AR N pdbat k%0, %, M Protein Data Bank (PDB)
HHiE FE (https://www.resb.orgl) T #ii% G4 mi B IR R AR G5 1), SREGEARHE R = 70 HE 2 X 5 N 8 B i) s TR R
PE. FIAH PyMOL ¥t LB B85 K 7+ JEEEAR X TC k&, BJS7E AutoDock Tools HidE4T
IREFT 5 Gasteiger Hifif, [FIAELRAE N pdbgt #4530, X2 #2144 A AutoDock Vina BAF5E . X2 /%
BT (Grid Box) iy HL 5K/, AR R BC A AE B e VAR TR A B AT BT, DA IR 58 A 7 55 1 X 3
Exhaustiveness % & N 8. 454 fE(Binding Affinity) TPtk & faEtE, HADBIRE L S E,
W, 45ARE < 5.0 keal/mol #AAH B MAE AT 5, KA PyMOL {0} it & 5t i 5 i %
BT AT, DAl mi/KAH B S5 DG 4 T IafE FH T

3. &R
3.1. AM B BHHRE S BITEE

HEN TCMSP #¥5 %, 25%)4 FR(Herb name)¥i N\ “Huangqi” # &5 3t 87 MG %uk sy, B
EORAEVIFIHE >30%. 261 >0.18 ik, 53] AM A &8s 3 20 4~ L& 1.

Table 1. Active ingredients of AM
= 1AM HBRR S

Mol ID Molecule Name OB (%) DL
MOL000211 Mairin 55.38  0.78
MOL000239 Jaranol 50.83 0.29
MOL000296 hederagenin 36.91 0.75
woLonsy  (SJSSSIRISUS IR 0L et 1 (GRS Saom 2y rn 2} 5505 o7
MOL000354 isorhamnetin 49.6 0.31
MOL000371 3,9-di-O-methylnissolin 53.74  0.48
MOL000374 5'-hydroxyiso-muronulatol-2',5'-di-O-glucoside 4172  0.69
MOL000378 7-O-methylisomucronulatol 74.69 0.3
MOL000379 9,10-dimethoxypterocarpan-3-0-&-D-glucoside 36.74  0.92
MOL000380 (6aR,11aR)-9,10-dimethoxy-6a,11a-dihydro-6H-benzofurano[3,2-c]chromen-3-ol 64.26  0.42
MOL000387 Bifendate 311 0.67
MOL000392 formononetin 69.67 0.21
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MOL000398 isoflavanone 109.99 0.3
MOLO000417 Calycosin 4775 024
MOL000422 kaempferol 4188 0.24
MOL000433 FA 68.96 0.71
MOL000438 (3R)-3-(2-hydroxy-3,4-dimethoxyphenyl)chroman-7-ol 67.67 0.26
MOL000439 isomucronulatol-7,2'-di-O-glucosiole 49.28 0.62
MOL000442 1,7-Dihydroxy-3,9-dimethoxy pterocarpene 39.05 0.48
MOL000098 quercetin 46.43  0.28

3.2. XEMEAMAMIFIES Venn B4

B TCMSP ZE504 ZE TN kA5 AM V(AR S8 A 33 210 4~. M GenCards. OMIM 25559 5 ds
FESREL CRC AHICHE 55 2374 A~ PR B I N 5ol 250058 55 55 #E 5T UAZ 45, 2241 Venn (] 1), 3K
4 131 M LEE I HE A, XS S A N2 AM VAT CRC T8 75 S HE 15 .

Huangqi

ColorectalCansg

Figure 1. Venn diagram of the common targets of AM and CRC
1. AM 5 CRC #[E{EF#E= Venn

3.3. B - &R - S - HEHR SR ERiaE

FIH Cytoscape 3.9.1 #AF S ANFHK S, Ml 24 - i - Bisyr - JLAHE SRR N2 1], 2
J& “Huangqi” , %A “Colorectal Cancers” , JBEA R/ i e 2 AL 258y, 259 R0 3 [R] S K]
L1314~ il 2.
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Figure 2. Drug-disease-component-common target network diagram
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3.4. AM {ER$ER 5 CRC HRiREERAI PPI Mg E

NRVT AM BT CRC A% CoAE FILHE], BATTE et 1 AEIRIRIEE U PPIS% . Wil 3 i, 1%
ML 2 A R S R AR HEL. Jorf, #00 TP53. AKTL. JUN S5k Ao T R4 45 1Y) rhCa B EL
ARRANERSE, $JORIZEE AL AM BIEF 2T M2 AT REIRE SR EE XA M . 1% PPIMNZ
N J BT A 4T R R D RE = SR T B0 T kAl

PN
He &

MMpi MET KDR CIRF1 op
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Figure 3. Protein-protein interaction network of AM targets in the treatment of CRC
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3.5. GO IgE5 KEGG BRE&E 1T

N R G WO S A TRE, BATHAT T GO FI KEGG Jl#k & £ 0 HT. GO &4/ irdh R (1
A)ER, IXUEE N E EET 24 BP. CC Ml MF. 7 BP H1, # i =B Kok SR il s v (response
to xenobiotic stimulus). 115 5 18 £ 1) 1% (regulation of apoptotic signaling pathway)~ X 2 B K i 73111
J ¥ (response to molecule of bacterial origin)%. 7E CC J5ifi, #4553 &4 T f54(membrane raft). &7
1 (membrane microdomain). £2 %R/ 75 2 R & 1 2 A ) (Serine/threonine protein kinase complex)%%. 7£
MF I, =2 E 4T DNA 4565 3¢ K 1454 (DNA-binding transcription factor binding). RNA A& 11
5 DNA 454 % 55 R 145 & (RNA polymerase 11-specific DNA-binding transcription factor binding). 7=
FREE (NS 4 (Ubiquitin-like protein ligase binding)4s . X #6545 LB AM 7] fE il i R 40 s 54
SRR e 5 2 ALK R DR . KEGG @S & £ R (K 5)K W, AM MBS RE s
BT 2% 5RIERERBEYMKIE T Hrb, BRI RAET T AGE-RAGE 15 51 % (AGE-
RAGE signaling pathway in diabetic complications). H& i 5z ik s #:t{k.(Lipid and atherosclerosis). . AL
% (Hepatitis B)55i % 1) & EFEHE oV R E . X—45 8 58R, AM JRYTT CRC HIHLHI AT §E# & AGE-RAGE
S0 RIS 5 10 B BN IR A M AR K S 3G 5, I ELIE I R e B A DG B0 8 B[R] R T R A
55 L N
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regulation of apoptotic signaling pathway -
epithelial cell proliferation -

response to oxygen levels -

response to molecule of bacterial origin
response to lipopolysaccharide -
response to decreased oxygen levels -
response to steroid hormone -

response to hypoxia -

response to oxidative stress -

dg

membrane raft -

membrane microdomain -

protein kinase complex -

serine/threonine protein kinase complex -

cyclin-dependent protein kinase holoenzyme complex -
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pvalue

4.0e-07
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1.6e-06
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Figure 4. GO functional enrichment analysis. (a) Histogram of GO enrichment analysis; (b) Subnetwork of related genes in
the top five BP terms; (c) Subnetwork of related genes in the top five CC terms; (d) Subnetwork of related genes in the top

five MF terms
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Figure 5. KEGG pathway enrichment analysis. (a) Bubble chart of KEGG enrichment analysis; (b) Sankey-Bubble chart
showing the top five KEGG enriched pathways
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3.6. SFIHEWIE

NIGAE AM 5% 08 S 2 A EE G 6 S, AT AM A i Wk 35 R o i i AN B AT T 0 T
YR TE . SR (18 6. & 7 M 20 4 3)EoR, M B R AL AR S P i A DR R FIYRE R K
ghty, Hhgh 4R (Binding Energy){X T 5.0 kcal/mol (118, KL ARE, BAEEMEE L. Hh, 5
Witz 2R R0 245 B3 79 TNF (=7.359 keal/mol). TP53 (—6.776 keal/mol). ESR1 (—5.9275 kcal/mol), 5l
Zy A2 45 43 51 9 TNF (—7.0805 kcal/mol). TP53 (—6.167 kcal/mol). ESR1 (—5.8935 kcal/mol)Z&4E £
RIS GRS ) o X — G R FAENY) 2 A FEUE S [ 28 24 P2 TN AR T S, IR SR A
FIRESE AM ELIEAE FH (99 155l

Table 2. Molecular docking results of core targets with quercetin

T2 BRI EMR RS TIHRER

Vina AutoDock
Target PDB ID Average
Affinity (kcal/mol) Binding-energy

TNF 90JO —7.758 —6.96 —7.359

TP53 8SVH —6.592 —6.96 —6.776
ESR1 7TR62 —8.215 -3.64 —5.9275
IL6 TNXZ —5.893 —4.95 —5.4215
JUN 9C66 —6.155 -3.31 —4.7325
AKT1 TMYX -4.707 —4.54 —4.6235
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Figure 6. Molecular docking model of core targets with quercetin

6. HLEE R SR FE 5 FXHEER

TP53-kaempferol

AKT1-kaempferol

TNF-kaempferol
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Figure 7. Molecular docking model of core targets with kaempferol
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Table 3. Molecular docking results of core targets with kaempferol
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Vina AutoDock
Target PDB ID Average
Affinity (kcal/mol) Binding-energy

TNF 90JO -9.221 —4.94 —7.0805

TP53 8SVH —7.814 —4.52 —6.167

ESR1 7TR62 —8.237 —3.55 —5.8935

IL6 TNXZ —6.289 —4.85 —5.5695

AKT1 TMYX —6.693 -4.15 —5.4215

JUN 9C66 —6.223 —4.34 —5.2815
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4. W1ig

DL BeBEAE X CRC MR FEA ISk R, CRC MR K IGTT 7k QAW sia~, HAEBL
M5 ZMERA K, Wik, WESIM. BRSSP RRAE[10]. AT A 1BIT CRC MR
2490, R RGBT FIFEAR N, (HRR 2 BE R PEHECE L, FEkzE, Frbla
T RIFIINT CRC #2420 ELEIWE R /NG Z5M[11] . HHIEZGLEDEE CRC B3 HARREIR . S S #0
HURS S T EA HERIT, BHAPZIRIT CRC fER AR — 2 MA[12]. AW 7HE T M4 253
L TAERR, R E AM TEERCY . ERIEE DU AE SR, SR EYT CRC IE AL
i, AJEEREZGTT CRC FIAM S HLHI A 254 A 2552 b F J10 30 .

AW LD AM 7] LS 2 88 45 23842097 CRC. B4k, FA1iEid KEGG &40 #r & I Z BT % f1
SHUE R 5Nk REREAL A S B R AT LS 3 CRC. Jung 25 AWTFT R II[13], J&Gs 2 R 48 i s d ok
L PR (1 DS S 2 3, T A A LY R R A\ 2 S8 CRC I mifa N, Pt LA 2 B 48 993 5 T e T 5
CRC k4. R CRC [ AL 2 R &1, {22 FHE 22 I I8 R AE AR b i P vh R E .« M
KM T A WIHA 5 T LA 30 CRC R AR, PRIkl e P45 S5 a0 . 2R 4EMBee B IR R AR 2 28
K ZALETIB CRC HrAEH B [14][15]. HIR, KEGG & #0125 £/ AGE-RAGE 15 5Bk, Li
NI FERBA[16], NGRL RefE 3| FLAME AN RUNX2 [1RIAKF, ] AGE-RAGE {5511 .
NGR1 it fEWE I 1 RUNX2, #Ei Nl GPX4. FIH1 (&K, i COX2. ACSL4. PTGS2 fil
NOX1 ZEERIET HHICER A MRIB KT, Rk RN Fe IR RAE LIS, Be& T EFL IV 40 i
PIRAE . (H2 HATRT AGE-RAGE {55l % 41 33 CRC IR A& RIW FANA R, /Rt — 2t
o BJa, AWFFUED S FAERDL, AM nlggET TNF. TP53 fil ESR1 Z5# f5iA77 CRC. 7F Ye S5 A
PIBEFEH R I[17], ESRL FRIAMEN L~ B CRC 4 Bhiky7 HA T AE Wb £ IR A R, ESRL 1)
N5 CRC 4H i & b A7 U PE G SR A O, T ESRL _E 1 54k 7 SUBME FRCHI oG . Kk, AM AT L
it 52 ESRL ¥AY7 CRC. TP53 J& — M CHE M4 dE R, FORBIEHUK % CRC #1415 40%~50%. Wang
HNED18], AM TEIRYT CRC 2, @il P2 AR, BR—NERMIIREMS: O
FE ARG SE: 24 DNA SZ40iF, TP53 44 41 i BH v T4 & JA 1 G1 #, PHAEHEN S B, A=z
PRNpRiIETE; @ 155 DNA #f5: TP53 Ja3h DNA EEHLE], LN G ; @ feidtdifmeit: x+1
DNA i ME 240 H, TP53 1] G Ht NZWIRES; @ FH M T 24 DNA 45 HE N, TP53
Al A SN AR T, TERRA A, T TNF 2R oA h s 2 M, ZHANG 28 NIAF 78k
P4 TNF 52000 2R gs A0, TNF 5 Sl gases, BfE TNF 5 T 408, EWRg A 28R40
M5 e ZH B TNF 20k 456, Sd% RG0S, MIiEsT CRC [19]. HHETXK T AM 697 CRC 1IN
RAGPLERE T, KA NG BTN B . RE CHI IR AM T Rgil T TNF 8¢ PISK/AKT il
PERAEVER], AHIX LS50 22 BT SCERHED ,  *fE DARA E TN AL s 1) L Se M o ACHIE FE AR S i [0 245 24 B 2 i e
LR RS, 3E— PR 7 P RHERAIE T H A GiE T, HF HATH R T AM BIR%, HERR TR 2
MR AR 2, HiEWHE B 7 AM 7EI697 45 CRC A i B R Lt 5 2 FHLH . RV AHE SR BUS 7 &
BRI, ARANAAAE— LR PR 2, RS BN G R TR P SRR IR . LR, AR 2B
J7EME DL 56 4 I B2 WA A 9 (R B2 2 AR AR

SE K
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