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Mechanism of Huachansu Injection in the Treatment of Colorectal Cancer Based on

Network Pharmacology
XU Lingyan' ,YU Tianyi’,SHI Meizhi',CHEN Junjun',XING Tingyu',XU Xiaohong',LIU Ying' ,HAN Yonglong',ZHANG Feng’, JIANG Bo'
(1. Shanghai Jiao Tong University Affiliated Sixth People's Hospital ,Shanghai,China 201306 ; 2. Changzheng Hospital ,Second Military Medical
University , Shanghai , China 200003 )

Abstract: Objective To predict the effective active ingredients of Huachansu Injection and its molecular mechanism in the
treatment of colorectal cancer (CRC) based on the network pharmacology. Methods The active ingredients of Huachansu Injection
were determined by the relevant studies at home and abroad and the PubChem database. The targets of active ingredients were
searched by the SwissTargetPrediction database. The targets of CRC were searched by the GeneCards,TTD and DrugBank databases.
The traditional Chinese medicine (TCM) — active ingredients — disease targets network was constructed by the Cytoscape 3.7.2
software. The protein — protein interaction (PPI) network was constructed and the key targets were extracted by the String platform.
The gene ontology (GO) function analysis and the Kyoto encyclopedia of genes and genomes (KEGG) pathway enrichment analysis
of the key targets were conducted. The molecular docking between the core targets and the main active ingredients was analyzed.
The human colon adenocarcinoma Caco — 2 cells were cultured, and the regulatory effects of 1.0%,0.3% and 0.1% of Huachansu
Injection on the target proteins in CRC cells were investigated by the liquid chromatography tandem mass spectrometry with high
resolution. Results A total of 63 active ingredients of Huachansu Injection acted on 25 CRC targets. Seven key target genes
including signal transdution and activator of transcription 3 (STAT3) , heat shock protein 90a family member 1 (HSP90AA1),
epidermal growth factor receptor (EGFR), kinase insert domain containing receptor (KDR), carbonic anhydrase 9 (CA9), Rho —
associated protein kinase 1 (ROCK1) and cellular — mesenchymal epithelial transition factor (¢ — MET) were involved in the
signaling pathways of CRC such as proteoglycan, EGFR tyrosine kinase inhibitor resistance and non — small cell lung cancer.
Conclusion Huachansu Injection treat CRC through multiple active ingredients,multiple targets and multiple pathways.

Key words: Huachansu Injection;colorectal cancer;chemical active ingredient;network pharmacology
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X (FH Thermo 24 7)) ; UNIVERSAL 32R i &5 78 Uk
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1.2 BiEESHHE

Canonical SMILES %% #4 : PubChem ™ %} (https: //
pubchem. ncbi. nlm. nih. gov/ ).

BT . ?ﬁ‘@}ﬁﬁﬁﬂ)ﬁ%ﬁﬁﬂ?(SwissTargetPrediction,
http: // www. swisstargetprediction. ch /) ; 8 [ 5t 5 4 J2
(UniProt, https : // www. uniprot. org / ) ; £ F it 25 ¥4 K 4
J% (PDB, http: // www. resh. org/ ) 3 3& R (5 & 805 &
(GeneCards, https: // www. genecards. org / ) ; 5 9k # 15,

B % (TTD, http: // db. idrblab. net/ ttd / ) ; Drugbank
B4 2 (https : // go. drugbank. com /) ; AE W) 2445 BB
HAE%E (DAVID 6. 8, https: // david. nciferf. gov /)

BefF AT - B A B EAE R 3P 5 (String,
https: // string — db. org/ ) s A WE B = F 5 (OmicShare,
https: // www. omicshare. com / ) 5 W 2% 43 ¥ J A B 44
[ AT # AL 3K 14 Cytoscape 3.7.2, Venny 2. 1. 0 (https: //
bioinfogp. cnb. csic. es/ tools/ venny / index. html) ] ;
ChemBioOffice 2014 X {1 5 73 ¥ XJ 4 #H 5C # AF (Auto-
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4 o 1% 37 -5 AR 0 R SN E B Caco — 2 41U
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), H 37 C.5%CO, M =46 55 4 ~ 6 d LA, E
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B o €038 5544« 635 4 4 New Objective self — packed Cg
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Tab.1 Information of active compounds in Huachansu Injection

i EL A XA canonical SMILES CAS+H

I bufalin %57 CCI2CCC(CCICCE3C2CCCA(C3(CCCACS = COC( = 0)C = €5)0)C)0 465-21-4

2 cinobufagin R aRA CC(=0)0C1C(C2(CCC3C(C24C104)COCSCI(CCE(C5)0)C)CIC6 = COC( = 0)C = C6 470-37-1

3 desacetyleinobufagin FUBAEEH CC12CCC(CCICCE3C2CCCA(C35C(05)C(CACE = COC( = 0)C = C6)0)C)0 4026-95-3

4 bufotalin #EER CC( = 0)0C1CC2C3CCCACCICCCA(C3CCCA(CICS = COC( = 0)C = C5)C)E)0)0 471-95-4

5 cinobufotalin EY S 1 CC(=0)0CIC(C2(CCC3C(C24CT04)CECS(CI(CCC(C5)0)C)0)C)C6=COC=0)C=06  1108-68-5

6 gamabufotalin BgATR CC12CCC(CCICCE3C2C(CC4(C3(0CCACS = COC( = 0)C = €5)0)C)0)0) 465-11-2

7 desacetylbufotalin *LBEECR CCI2CCC(CCICOC3C2CCCA(C3(CC(CACS = COC( = 0)C=C5)0)0)C)0 465-19-0

8 desacetylcinobufotalin FUmbEECT CCI2CCC(CCT(COC3C2CCCA(CISCI05)CICACE = COC( = 0)C=C6)0)C)0)0 4099-30-3

9 resibufogenin BfARL CCI2CCC(CCICOE3C2CCCA(C35C(05)CEACE = COC( = 0)C =C6)C)0 465-39-4
10 dehydrobufotenine HA%H K CIN+]1(CCC2=CNE3 = C2CT = C(C=C3)0)C 17232-69-8
11 telocinobufagin ZREI CC12CCC(CCT(COC3C2CC04(C(CCCACS = COC( = 0)C = €5)0)C)0)0 41-2-4
12 bufothionine Fopdor CIN+J1(CCC2=CNC3 = €261 = C(C=€3)08( = 0)0)C 475-39-8
13 arenobufagin L ET CCI2CCC(CCICOC3C2C(C( = 0)C4(C3(CCCACS = COC( = 0)C=C5)0)C)0)0 46474 -4

14 bhufarenogin Rk CCI2CCC(CCICEC3C26( = 0)C(C4(C3(CCCACS = COC( = 0)C=C5)0)C)0)0 17008 - 65 - 0
15 marinohufagin hEERH CC12CCC(CCI(COC3CCCEA(CIS(05)CCACE = COC( = 0)C=C6)C)0)0 470-42-8

16 bufotalinin %423 CCI2CCC3C(CI4C(04)CC265 = COC( = 0)C = C5)CCCH(C3(CCC(C6)0)C=0)0 562-21-0

17 cinobufaginol R AHR CC(=0)0CIC(C2(CCC3C(C24CI04)CECSCI(COC(C5)0)C0)CIC6=COC(=0)C=C6 6691 -83-4
18 resibufaginol ek AHR CCI2CCC3C(CI4C(04)CC2C5 = COC( = 0)C = C5)CCCOC3(CCL(C6)0)CO 20087-26-2
19 desacetylcinobufaginol FURAEAHE CCI2CCC3C(C14C(04)C(C2C5 = COC( = 0)C = €5)0)CCCOC3(CCC(C6)0)CO 3984495 -6
20 resibufagin Tesh Ak CCI2CCC3C(C14C(04)CC2C5 = COC = 0)C = C5)CCCOC3(CCC(C6)0)C =0 20987-24-0
21 bufotenine E A CN(C)CCCL=CNC2=CIC=C(C=C2)0 487-93-4
22 bufoviridine by CN(C)CCCT=CNE2 = C1C=C(08(0)(=0)=0)C=(2 16369~ 08~ 7
23 Argentinogenin TR S 45 CC12CCC(CCICCE3C2 = CIC( = 0)C4(C3(CCCACS = COC( = 0)C = €5)0)€)0)0 4236480
4 bufogargarizanine - C BB C 0CCINCC(0)CCINCI=0)C( =0)OCCINCC(0)CCINCT=0)C(0) =0 1052080 -99 -2
25 hufogargarizanine - D ERFHED [H][ceac[c@]([H])(NC( = 0)[C@H](CINC)C( =0)02 1207384 - 68 - 6
26 19~ ox0 - bufalin 19- AR - %47 CCI2CCC3CCT(COC204 = COC( = 0)C = C4)0)CCCSCI(CCL(C5)0)C=0 366004 - 24 -2
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Continued Tab.1 Information of active compounds in Huachansu Injection

i3 EL 4K L4 canonical SMILES CAS%
27 3~ epi - bufalin J-epi-#AR CCI2CCC(CCICCC3C2C004(C3(CCCACS = COC( =0)C=C5)0)C)0 465-20-3
28 - hufarenogin - iR CCI2CCC(CCICCE3C2C( = 0)C(C4(C3(CCC4CS = COC(=0)C =€5)0)C)0)0 17008 - 69 - 4
29 18- hydroxycinobufagin 18- AARERH CC(=0)0[C@H]1[C@H]20[¢@]22[ C@@H]3CC[CO@HJ4C[C@@H](0)C[C@@H](0) 850036 - 58 -7
[Cel4(C)[cen]3ccicel2(C)C@R]IC = Coc(=0)C=Cl
30 128~ hydroxycinobufagin 128- BA RS A [H]cic[cen](0)clce@]2(THDC(THD C(HD C3C(C(THT)C(0)[C M(c [C@H] 39844-93-4
([ce@H](CC(0) = 0)[C@H]S0[Ce@]345)C3 = COC( = 0)C = (3)[Cee’
31 58,128~ dihydroxycinobufagin 56,108- Z B AR EH [H]ciclcen](o)clce@]2([HD)C([HDC(TH)C(C([HDC(0)[C } )[C@H] 1036970 - 13-4
([ceen](cc(0) = 0)[ceH]s0[c@@]345)C3 = COC( = 0)C = C3)[Ce@]12C
32 3-acetyl - gamabufotalin 3-LBA-0EEER CC(=0)0CICCC2(C)C(CEC3C2C(0)CC2(C)C(CCC320)C2 = COC( =0)C = C2)C] 10056 - 25 - 4
33 1la~ hydroxymarinobufagin Na- #AHEE 4 CC120C(0)C3C(CCCA(0)CC(0)CCC34C)CII0CICC2CT = COC( = 0)C=C1 156054 - 83 -0
34 19~ hydroxylbufalin 19- pA%ER CCI2CCC(0)CCICCCIC2CCE2(CO)C(CCC120)C1 =COC( =0)C=C] 39844 - 86 - 5
3519~ ox0 - cinobufotalin 19- 8K - 5T R [Hjcicc(o)cc2(o)c([HDCHDE3C(CH)C([HT)CA(C)CIC(0C(C) = 0)C50C345) 24512-60 -5
(3=00C(=0)C=C3)C12¢=0
36 11a,19 - dihydroxymarinobufagin -~ 11e,19- 22 A 24445 CC12CCC(0)CCI(0)CCCIC2C(0)CC(CO)C(CE30C123)C1 =COC(=0)C =Cl 156054 - 82-9
37 16~ desacetyl - 19 - oxocinobufotalin 16 - % LAEA& - 19 - AREEEC T CCI2CCCIC(CCCA(0)CC(0)CCC34C=0)CI10CIC(0)C2CT =COC(=0)C=Cl 30844 - 88 -7
38 hellebrigenol wRER CCI2CCC3C(CI(CCC2C4 = COC( = 0)C = C4)0)CCLS(C(CCC(C5)0)C0)0 508-79-2
39 hellebrigenin wRERA CCI2CCC3C(CI(CCC2C4 = COC( = 0)C = C4)0)CCCS(C(CCC(C5)0)C=0)0 465-90-7
40 4,9 - anhydro - tetrodotoxin 4,9- BAAREE C(CL(C2C3CALNH + ] = C(NC35C(C10C(C504)(02)0)0)N)0)O 13072- 89 - 4
41 serotonin hitk C1=002=C(C=C10)C( =CN2)CCN 50-67-9
42 5 - methoxy - tryptamine 5-FAA-EK C0CI=CC2=C(C=CIINC=C2CCN 608 -07-1
43 Dufotenidine N-Z94-5- 26K CIN+](C)(C)eceI=CNe2=CIC=C(C=C2)[0 -] 487-91-2
44 pimeloylarginine BB AR C(CCC(=0)C(CCCN = CNIN)(C(=0)0)N)CCC( = 0)C(CCEN = CININ)(C(=0)0)N
45 indole - 3 - acetic - acid il -3 - LR C1=CC=C2C(=C1)e(=CN2)CC(=0)0 87-51-4
46 ethenzamide RLAXFRE CCOCI=CC=CC=CIC(=0)N 938-73-8
47 adalinine ik ceeecereece(=0)Nnect =0)e 175669 - 30 - 4
48 N, V- dibutyl - formamide NN- =T R Ps CCCON(CCee)C=0 1-65-9
49 linoleamide TR (CCCCC = CCC = CCCCOCCCe( = 0N 3999 - 01 -7
50 7a- hydroxycholesterol Ta- BAREEE CC(C)CCCLC@@H](C)[C@H]ICCIC@H]2C3[C@HI(0)C = C4C[Ce@H](0)CCIC@l4(C)  566-26-7
[cen3celce]ine
51 oleic - acid TG CCCOCCOC /€= CACCCECCCe( = 0)0 112-80-1
50 proline [ CICcC(NCI)C(=0)0 147-85-3
53 hypoxanthine g C1=NC2=CINDC(=0)NC=N2 68-94-0
54 xanthine Fogh C1=NC2=C(NI)C(=0)NC( = 0)N2 69-89-6
55 adenine &2 C1=NC2=NC=NC( =CNI)N 73-24-5
56 adenosine W3 C1=NC(=C2C( = N)N(C = N2)C3C(C(C(03)C0)0)0)N 58-61-7
57 thymidine ok CC1=CN(C(=0)NCT =0)C20C(C(02)C0)0 50-89-5
58 guanine fyogoh C1=NC2=CINDC(= 0INC(=N2)N 73-40-5
59 guanosine &% C1=NC2= C(NIC3C(C(C(03)C0)0)0)N = C(NC2= 0)N 118-00-3
60 thymine o) e CCL=CNC(=0)NCI=0 65-71-4
61 riboflavin W (CL=CC2=C(C=CICN(C3=NC( = 0INC(=0)€3=N2)CC(C(C(€0)0)0)0 83-88-5
62 cholesterol fJeB & CC(C)CCCC(C)CICCC2CT(CCC3C2CE = CAC(CCL(C4)0)C)C 57-88-5
63 uridine A3 C1=CN(C(=0)NCI=0)C2C(C(C(02)00)0)0 58-96-8
2.2 MAEHBEERESREZRS TN RIS AP0 AL 978 1>, NI e rh AR ZS L o

i 1o SwissTargetPrediction £ 3 22 71 ) 3

SeA 2 AR i

PG 5. 3L 10 4954~ HiAr  TTD $0d8 /% 194, Drugbank
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scape 3. 7. 2 Al WAL B F 4 il 4B WE 28 1 S W0R T 45 B
FER R 2y - VY - PR RN NS S
VAR PR35 s — A [ R s [630 T A A L
0BRSS (BRI IR 2. 9 e 1k 5 ) BE (R
T 5 BT AR AR/ IR AR 2R SR A0 3 R O3
FrERe L0 ) 26 MAZOIE TR, TRILEE 2.
2.3 MGHBEREES PPI

FH Ui 168 B4 25 A~ 85 F AE String B0 2 % 558 H
AHEAE I, A 8 IR 2 1 4 String 138 Y H

SEEIESRIL . IR
(TTD & DrugBank) (HCSI)

266
(2.48%)

E%ﬁﬁﬁm,(GeneCards)
1 SIERFHREERSER S EEERRERNERE

Fig.1 Venn diagram of targets of active ingredients of Huachansu

Injection and targets of CRC

2 RERFHRMEERENRA - FIERS - RRESWE
Fig.2 TCM - active ingredients — disease targets network of Huachansu Injection against CRC
F2 RIERFHRZOEER S IR

Tab.2 Topological properties of the core active ingredients of Huachansu Injection

E AN ¥y JEAR -3 s R S JEAR -5
¢ — bufarenogin 10 1.409 x 10°* guanosine 8 1.562x 1072
cinobufotalin 9 1.393 x 1072 telocinobufagin 7 6.944 x107°?
desacetylbufotalin 9 1.352x 1072 marinobufagin 7 5.957%x107?
uridine 9 9.267%x 107 argentinogenin 7 7.068 x 10°?
guanine 9 1.291x 1072 hellebrigenin 7 7.668 x 10~?
11, 19 - dihydroxymarinobufagin 9 1.261x 1072 bufoviridine 7 8.942x10°°
16 — desacetyl — 19 — oxocinobufotalin 9 1.261 x 1072 5 — methoxy — tryptamine 6 4.972x107°
cinobufagin 8 1.263x 107 bufalin 6 5.124%x10°?
desacetylcinobufotalin 8 1.107 x 1072 bufotalin 6 4.809x10°*
resibufagin 8 1.003 x 1072 resibufaginol 6 3.931x10°?
bufogargarizanine — C 8 1.239x 1072 19 - oxo — bufalin 6 5.220%x10°?
ethenzamide 8 8.214x 1077 3 — epi — bufalin 6 5.124%x10°°
adenosine 8 1.058 x 1072 pimeloylarginine 6 6.610x10°°
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Fig.3 PPI network of target of Huachansu Injection
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Tab.3 Core targets and their topological parameters of Huachansu

Injection against CRC

RS RE%Y B M RERE
STAT3 signal transduction and activator of transcription 3~ 11 3.81x 107" 7.27x 10"
HSPYOAAT  heat shock protein 90a family member | 9 2.89%x10°" 6.67x10"
EGFR epidermal growth factor receptor 8 1.68x10°" 6.40%x10°!
KDR kinase insert domain containing receptor 7 431x107 6.15x107
CA9 carhonic anhydrase 9 6 8.52x107 5.71x10°!
ROCKI  Rho - associated protein kinase 1 5 3.34x107 5.52x107
¢-MET  cellular - mesenchymal epithelial transition factor 5 3.64x 107 5.52% 10"

ST KA P < 0. 001 i 1 HY GO 2 H 2624, i A9
1 (BP) 223 4, 7 T Ui fig (MF) 24 4~ A L A (CC)
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Fig. 4 Histogram of the second classification of GO function enrichment analysis of targets of Huachansu Injection against CRC
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Fig. 6 Statistical chart of KEGG pathway enrichment number of

targets of Huachansu Injection against CRC
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Fig.7 Bubble diagram of KEGG pathway enrichment analysis of

targets of Huachansu Injection against CRC
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Fig.8 Enrichment of target proteins of Huachansu Injection in the CRC pathway
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Note: Compared with those in the blank control group,P < 0.05.
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Fig. 9 Regulation of Huachansu Injection on the target proteins

in Caco -2 cells
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Fig. 10 3D and 2D diagrams of molecular docking of main active ingredients of Huachansu Injection and key target proteins
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