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Abstract: Objective To establish a chemical constituents-disease target-metabolic signaling pathway network of Cimicifugae
Rhizoma for understanding its mechanism on anti-breast cancer. Methods TCMSP database and PharmMapper were used to obtain
the chemical components and action targets of Cimicifugae Rhizoma. The therapeutic targets of anti-breast cancer were obtained by
intersecting these targets above with those of breast cancer disease. Then, the reverse screening was executed for the potential active
components of Cimicifugae Rhizoma. Indirect targets and protein-targets interaction networks were acquired through the
GeneMANIA database, and key targets were screened through protein-protein interaction. Cytoscape was used to construct the
"medicinal materia-ingredient-target" network diagram, and molecular docking was used to pair up potential active components with
key targets, which confirmed the credibility of early target screening and reverse pharmacophore matching methods. Targets were

imported into DAVID database for GO function enrichment analysis and KEGG pathway analysis, the results were visualized using
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R language and Omishare Tools. Results Tatolly 68 potential active ingredients of Cimicifugae Rhizoma and 48 breast cancer-
related disease targets were obtained, the key targets were ESR1, SRC, and HRAS. A total of 75 GO items were obtained by GO

functional enrichment analysis, including 484 biological processes (BP), and seven cell component (CC) items. KEGG enrichment

analysis yielded 21 pathways. The result of molecular docking suggested that key targets paired well with the potential active

components of Cimicifugae Rhizoma. Conclusion Cimicifugae Rhizoma carried out its therapeutic means in breast cancer treatment

mainly through its behaviors of acting on targets such as ESR1, SRC, HRAS, etc, and regulating pathways in cancer, proteoglycans

in cancer, and estrogen signaling pathway.

Key words: Cimicifugae Rhizoma; breast cancer; network pharmacology; ESR1; SRC; HRAS; pathways in cancer; proteoglycans in

cancer; estrogen signaling pathway
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Table 1 Basic information on active ingredients of Cimicifugae Rhizoma

TS A 5S4 b RR OB/% DL
MOLO011985 12-hydroxylcimigenol-3-O-o-L-arabinopyranoside 12-F2 5 BRI -3-O-o-L-Fil i AA LI BE - 31.89 0.14
MOLO011986 12-hydroxylcimigenol-3-O-a-L-arabinopyranoside_qt  12-¥23EF+ R 17.71 0.38
MOLO011987 15-O-acetylacerinol 15-O- .1 1A T 18.49 0.36
MOLO011991 23-epi-26-deoxyactein_qt 23-3-26-l A TR G B 7T 47.64 0.35
MOLO011992 23-0-acetylcimigenol-3-O-B-D-xylopyranoside 23-0-Z B Tt WK BE-3-O-B-D- ML T A BE 1 21.09 0.31
MOLO011993 23-O-acetylcimigenol-3-O-B-D-xylopyranoside qt 23-0-Z. W5 T RR I 28.81 0.69
MOLO011994 23-O-acetylshengmanol-3-O-a-L-arabinopyranoside 23-0-Z B T R BE-3-O-- L-Bil $7 A 5% 7 21.09 0.31
MOLO011995 23-O-acetylshengmanol-3-O-o-L-arabinopyranoside qt 23-O-Z. P T} FREE 28.81 0.69
MOLO011997 24-O-acetyl-7,8-didehydrocimigenol-33-D-xyloside qt 24-O-Z.Fi%:-7,8-—F2H:THHRES 18.21 0.49
MOLO011998 24-epi-7,8-didehydrocimigenol 24-3%-7, 8- F2 LT RRIEE 17.15 0.40
MOLO011999 24-epi-acerinol 24-F /N RS 31.31 0.42

MOLO012000 24-hydroxy-12-acetoxy-25,26,27-trinorcycloartan-16, 24-435-12-2 5 36-25,26,27-=FFHAE  21.89 0.45

23-dione-3-0-a-L-arabinopyranoside

B5-16,23-Hi-3-O-0- LS R L

MOLO012001 24-hydroxy-12-acetoxy-25,26,27-trinorcycloartan-16, 24-$235-12-Z53E-25,26,27-—FHFIFARTE  29.39 0.79

23-dione-3-0-a-L-arabinopyranoside qt

BE-16,23-

MOLO012002 24-O-acetylcimigenol-3-O-B-D-xylopyranoside 24-0- LBt IR -3-0-B-D- K B 17.74 0.19
MOLO012003 24-O-acetylcimigenol-3-O-3-D-xylopyranoside qt 24-0- 15 T R I 16.63 0.49
MOLO012006 25-O-acetyl-7,8-didehydrocimigenol-3-D-xyloside qt 25-O-Z.BE-7,8-—F2J:TH R 22.43 0.33
MOLO012009 25-0O-acetylcimigenol-3-O-3-D-galactoyranoside qt 25-0- 2. W5 Tt Rk I 19.35 0.32
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MOLO012011 25-O-acetylcimigenol-3-O-p-D-glc-(1-2)-p-D- 25-0- L+ IR BE-B-D- A B 1 30.04 0.32
xylopyranoside qt
MOLO012014 25-O-anhydrocimigenol-3-B-D-xylopyranoside_qt 25-O-Jlit 7K FF BRI 17.65 0.43
MOLO012016 26-deoxyactein_qt 26- it AT+ RIS T 27.90 0.29
MOLO012018 3-keto-24-epi-7 , 8-didehydrocimigenol 3 3 -24-38-7 , 8- — FRFETH KT 23.62 0.40
MOL012021 7,8-didehydro-27-deoxyactein_qt 7,8- B A 27-BL AT R EH T 17.77 0.29
MOL012022 7,8-didehydrocimigenol-3-O-B-D-xyloside 7,8-F2FETFRRIE-3-0-B-D- A K H 17.62 0.15
MOL012023 7,8-didehydrocimigenol 7, 8- A S MR 36.79 0.40
MOL012025 cimiside D_qt FEIFRE D H G 17.87 0.49
MOLO012027 ferulic acid-B-D-glucoside R 28 92 - B- D- 7] 4 BT 2523 0.32
MOLO012029 heracleifolinoside A_qt REMTFRRE A H T 16.41 0.77
MOLO012030 heracleifolinoside B K=mMT+RE B 4231 0.17
MOLO012031 heracleifolinoside B_qt R=EMTFHRRHE B H T 27.16 0.79
MOLO012035 heracleifolinoside D_qt R=MTHRRE D T 17.16 0.57
MOLO012038 heracleifolinoside F K= FHBR F 47.98 0.18
MOLO012039 heracleifolinoside F_qt R=MTERRE F H 70 20.64 0.77
MOLO012040 norkhelloside EIRaNES 31.31 0.84
MOLO012041 norkhelloside qt PR T 37.81 0.16
MOLO012042 acerinol 4 R 29.57 0.42
MOL012044 actein_qt B RHRE 2 T 15.95 0.26
MOLO012046 cimifoetiside A_qt VHRRE A BT 17.35 0.33
MOLO012048 cimifoetiside B_qt Ph R B H T 15.51 0.26
MOLO012050 cimicifugadine qt FHIFRTR EF 0 21.19 0.63
MOLO012051 cimicifugamide T R I Jiiz 22.01 0.73
MOLO012052 tuberosine A P B A 102.67 0.34
MOLO012053 cimicifugic acid FHIRRIR 83.02 0.45
MOL012054 cimicifugoside FHIRREF 20.13 0.36
MOLO012055 cimicifugoside qt FHIREE T 33.84 0.74
MOLO012057 cimicifugoside H-1_qt TR E H-1 8T 17.84 0.40
MOLO012060 cimigenol-3-O-B-D-xylopyranoside T IR % -3-O-B-D- Nt g A B 17.77 0.15
MOLO012062 cimigenol TR 37.19 0.40
MOLO012064 cimilactone A_qt TR B A 17.71 0.68
MOLO012066 cimilactone B_qt FHIFE A E B 18.46 0.68
MOLO012067 cimiside E THEEH E 16.49 0.16
MOLO012068 cimiside E_qt TR E H oo 23.37 0.43
MOL012069 dahurinol A6 F R 17.32 0.60
MOLO012070 demethoxycimicifugamide 2 F SR R T RR 1t fic 19.80 0.71
MOL012073 methylcimicifugoside qt ST IBR Y 1 7T 30.19 0.24
MOL012074 neocimiside FIRE 17.64 0.31
MOL012078 visamminol QN 50.01 0.23
MOLO012080 (20R,24R)-24,25-epoxy-3-8(B-D-xylopyranosyloxy)-9, (20R,24R)-24,25-}%-3-B-(B-D-MLIEAKE 15.47 0.38
19-cyclolanost-7-ene-16,23-dione -9, 19- 32 B J5e-7-J-16, 23- i
MOLO012081 (20R,24R)-24,25-epoxy-34-(B-D-xylopyranosyloxy)- ~ (20R,24R)-24,25-3F5-3-p-(B-D-MLIR AKE 40.10 0.76
9,19-cyclolanost-7-ene-16,23-dione_qt -9, 19- 7 2EF K bt-7-Mi-16,23-
MOLO000131 linoleic acid TR 41.90 0.14
MOL001924 paeoniflorin AjUH 53.87 0.79
MOL001925 paeoniflorin_qt AJPTHH T 68.18 0.40
MOL000359 sitosterol 1 36.91 0.75
MOL004029 visnagin Wi B K 2= 44.25 0.15
MOL000449  stigmasterol CASY 43.83 0.76
MOL000483 (Z)-3-(4-hydroxy-3-methoxy-phenyl)-N-[ 2-(4- (2)-3-(4-F2H-3- A B R HD-N-[2-(4-F2 118.35 0.26
hydroxyphenyl)-ethylJ-acrylamide FRIL)- 2 FE |- TR I I
MOLO007777 stigmasta-5, 22-dien-3-O-B-D-glucopyranoside FHE-5,22- i 3-OB- DAY - 21.32 0.63
MOL000087 p-sitosterol-3-O-glucoside B-73 8 W2 -3-O- T H Bl AF 20.63 0.62
MOL000357 sitogluside P FERE 20.63 0.62
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Table 2 Target information of component action of Ctmtctfugae Rhizoma in treatment of breast cancer

e LA PR I R A PR R
VDR  vitamin D3 receptor 41 B#%| IMPDHI inosine-5'-monophosphate dehydrogenase 1 1 EHZ
HSP90AAI heat shock protein HSP 90-alpha 22 Bl SRC proto-oncogene tyrosine-protein kinase Src 1 HiE
GSTPI1 glutathione S-transferase P 18 HEHARP1I-616- . — I
RXRB  retinoic acid receptor RXR-beta 17 B#| P174 — I
HRAS  GTPase Hras 13 H#f RXRG retinoic acid receptor RXR-gamma — a4
AR androgen receptor 12 H#Z HR  lysine-specific demethylase hairless — I
NR3CI  glucocorticoid receptor 12 B3| RBMI14 RNA-binding protein 14 —  [AkE
PDPKI 3-phosphoinositide-dependent 10 E#z SPOP speckle-type POZ protein — [
protein kinase 1 ZBTB20 zinc finger and BTB domain-containing protein 20
MME  neprilysin 7 E#% NR2C2 nuclear receptor subfamily 2 group C member 2~ —  [a]$%
MMP2 72 kDa type IV collagenase 4 HH RBM39 RNA-binding protein 39 — [
INSR  insulin receptor 3 EH%| NROBI nuclear receptor subfamily 0 group B member 1~ —  [A]4%
FABP7 fatty acid-binding protein, brain 3 HE#| MMELI membrane metallo-endopeptidase-like 1 — I
MMP3  stromelysin-1 3 H#%| ESRI ethylene-responsive transcription factor ESR1 — [
CHEK]I serine/threonine-proteinkinase Chkl 3 Fi#%| NRII3 nuclear receptor subfamily 1 group I member 3 —  [AE
FGFRI1 fibroblast growth factor receptor 1 3 HEi#¥%| NR2E3 photoreceptor-specific nuclear receptor —  [AlkE
MET  hepatocyte growth factor receptor 2 HEH{ GMPR2 GMP reductase 2 —  [AlE
KDR  vascular endothelial growth factor 1 HE#Z ECELI endothelin-converting enzyme-like 1 — (A%
receptor 2 ECEl extent of cell elongation protein 1 —  [AlkE
RARA  retinoic acid receptor alpha | H#Hf PHEX phosphate-regulating neutral endopeptidase PHEX —  [a]4%
ESR2  estrogen receptor beta | B#| GMPR GMP reductase 1 — g%
MMP9 matrix metalloproteinase-9 1 Ef%| RXRA retinoic acid receptor RXR-alpha — %
BMP2  bone morphogenetic protein 2 1 H#¥f KEL kell blood group glycoprotein —  [al
STS  steryl-sulfatase | E#Z| TPTI translationally-controlled tumor protein — FERE
CYPI941 aromatase | H#%| LGALS! galectin-1 — RERE
PGR  progesterone receptor | EH TPII triosephosphate isomerase — fiRE
PIMI  serine/threonine-protein kinasepim-1 1 Ef% CFLI cofilin | (non-muscle) — R
GPI  glucose-6-phosphate isomerase | Ef%| MDH2 malate dehydrogenase — PR
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Table3 Major activity constituents in Cimicifugae Rhizoma
B 4 J oy JEAH
MOLO012011  25-O- LT+ R EF-3-0-B-D- 4 %] 6
FE-(1-2)-B-D-M i A M EF

MOLO012029 K=W-TFEEE A 6

MOLO000483  (Z)-3-(4-F2JE-3-F 4 -5 JE ) -N-
[2-(4-F22R B - 2 B |- TR Tk

MOLO11986 12 F2FETHRIEE-3-O-0- LB R A1 LF

MOL012038 K =M FHJEH F

MOLO012050 T Ak

MOLO012052 55 5 i A

MOLO012070 2= FH 4 T BR 19k fi

MOL000131 ¥ 2

MOLO004029 i K %

MOLO012001 24-$23£-12- 2 Fh & 3£-25,26,27-=%
B IR A B HE-16,23- - -3-0-a-L-
B oz {Fo b

MOLO012006 25-O-ZMt3E-7, 8- F2 JEF+ IR BE-3-p-
D-AR Wl

MOLO012009  25-O-Z.BFHREE-3-O-B-DILIR - FU0EE 4

MOL012025 FHFEE D 4

MOL012039 K= FFJpkiF F 4

MOL012069 b T JFKES 4

B N N - LAY RV, RV, R V) | W

~
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Fig. 2 Network interaction map of targets of Cimicifugae Rhizoma in treatment of breast cancer
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Table 4 Topological parameter analysis of protein-protein interaction
A S BC cc TC B S BC cc TC
ESR1 24 0.193 6 0.589 7 0.2478 |PDPK1 5 0.001 8 0.418 2 0.500 0
SRC 22 0.176 4 0.589 7 0.2682 |STS 5 0.001 6 0.403 5 0.442 9
HRAS 18 0.108 2 0.547 6 0.276 3 |RXRG 4 0.000 0 0.356 6 0.5333
AR 18 0.061 8 05111 0.3079 |MDH2 4 0.0109 03172 0.444 4
HSP90AAL 17 0.172 0 0.528 7 0.2851 |CHEKI1 4 0.000 0 0.422 0 0.572 6
MMP2 14 0.0323 0.484 2 0.378 8 |NRI1I3 4 0.007 3 0.429 9 0.473 2
PGR 13 0.0243 0.484 2 0.373 6 |SPOP 4 0.000 0 0.393 2 0.638 9
KDR 13 0.018 8 0.479 2 0.3891 |GSTP1 4 0.005 6 0.414 4 0.516 7
MMP9 12 0.006 2 0.474 2 04142 |RBM39 4 0.006 0 0.386 6 0.3854
NR3ClI 10 0.0590 0.489 4 0.3657 |NR2E3 4 0.124 6 0.356 6 0.500 0
MET 10 0.002 7 0.464 6 0.4559 |PIM1 3 0.000 0 0.403 5 0.6543
VDR 10 0.0830 0.446 6 0.2714 |IMPDHI1 3 0.0850 0.270 6 0.466 7
BMP2 10 0.0120 0.4554 0.3543 |PHEX 3 0.004 0 03770 0.416 7
RARA 9 0.1511 0.494 6 02991 |GPI 2 0.000 0 0.275 4 0.8333
CYP19A1 9 0.016 5 0.455 4 0.358 0 |LGALSI1 2 0.000 0 03651 0.775 0
RXRA 8 0.058 7 0.446 6 0.2833 |GMPR2 2 0.000 0 0.2150 0.8333
NROB1 7 0.004 6 0.418 2 04138 |GMPR 2 0.000 0 0.2150 0.8333
ESR2 7 0.0116 0.446 6 0.381 0 | ENSG00000266953 2 0.000 0 0.275 4 0.8333
INSR 7 0.007 2 0.438 1 03908 | MME 2 0.000 0 03770 0.770 8
TPI1 6 0.120 5 03740 0.2583 |RBM14 2 0.000 7 0.340 7 0.5455
FGFRI1 6 0.000 2 0.429 9 0.5101 |NR2C2 2 0.000 0 0.3833 0.807 7
MMP3 6 0.0000 0.4259 0.4948 |HR 1 0.000 0 03108 0.000 0
CFL1 6 0.0655 0.4340 0.3871 |TPT1 1 0.000 0 0.273 8 0.000 0
RXRB 5 0.0069 0.368 0 0.4375
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Fig.3 Molecular docking results of Cimicifugae Rhizoma
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