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Investigation on the Mechanism of Salvia miltiorrhiza in the Treatment of Postoperative Abdominal
Adhesion Based on Network Pharmacology and Molecular Docking

LIU Wengin', WU Fuling’, WANG Long’, YANG Qin’, WU Jiangjie’, HOU Lianbing®, TANG Lan®, HOU Chugi’
(1. Dept. of Scientific Research and Educational Management, the Affiliated Foshan Maternity & Child
Healthcare Hospital of Southern Medical University, Guangdong Foshan 528000, China; 2. Dept. of Pharmacy,
Nanfang Hospital, Southern Medical University, Guangzhou 510515, China; 3. School of Pharmaceutical
Sciences, Southern Medical University, Guangzhou 510515, China)

ABSTRACT OBIJECTIVE: To investigate the potential mechanism of Salvia miltiorrhiza in the treatment of postoperative
abdominal adhesion (PAA). METHODS: Active components and target genes of S. miltiorrhiza were retrieved from TCMSP
database, SwissADME database, Perl database, UniProt database and other databases. GeneCards, OMIM and PubMed database
were used to retrieve target genes related to PAA. Venn diagram was drawn by using mapping tool of bioinformatic online database
so as to screen the intersecting targets of active component-PAA. STRING platform was adopted to establish target network related
to active component-PAA and protein-protein interaction (PPI) network of intersecting targets, etc., and to screen hub genes. Gene

ontology (GO) and Kyoto Encyclopedia of Genes and Genomes (KEGG) pathway enrichment were carried out by using R3.6.1

A SEATR < 5 [ SRR 4 v 05 (No.82104505) ; [ 1 software. Using the protein encoded by hub gene as receptor
1SRRI 4 1 Y BIITE (No.2020M682818) ;I 75 45 KL flt 5 1o F and tanshinone II , as ligand, the molecular docking was
FERE AT 5T 3 4551 H (No.2020A 1515110371, No.2020A1515110324) 5 H carried out with AutoDock 1.5.6 tool. RESULTS: A total of 38
Vil B 24 7 Db 2 2020 FECR A LG ] BN ER 25 4 A HE LR F Bl active components of S. miltiorrhiza with high gastrointestinal
(No.2020KTE003)

) . . absorption and their corresponding 72 targets, 755 PAA-related
s RS PRI RS IR R SN . E-mail : liuwen-

target genes were identified. Results of Venn diagram showed

qinl112@163.com
HRAEME T BG5S I R 82 . E-mail: hou- that there were 33 intersecting targets of active components of
chuqi90@163.com S. miltiorrhiza with PAA. Tanshinone II ., dihydrotanshinolac-
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tone and other components may be important nodes of the target network related to active component-PAA. FOS, APP, ACHE,

CASP3 and PTGS2 may be the hub genes in PPl network of intersecting targets. Results of GO enrichment showed that the

intersecting targets were mainly concentrated in adrenergic receptor activity, catecholamine binding, G protein-coupled amine

receptor activity and so on; KEGG pathway enrichment analysis showed that the intersecting targets were mainly enriched in

neuroactive ligand-receptor interaction, cGMP-PKG signaling pathway, endocrine resistance, EGFR-tyrosine kinase inhibitor

resistance and calcium signaling pathway.Molecular docking analysis showed that tanshinone 1II » could form hydrogen bonds with

many amino acid residues such as VAL-580 of proto oncogenes c-Fos, amyloid precursor protein, acetylcholinesterase, caspase 3
and prostaglandin G/H synthase 2. CONCLUSIONS: The active components of S. miltiorrhiza play a role in the treatment of PAA

by directly or indirectly acting on neuroactive ligand-receptor interaction, cGMP-PKG signaling pathway, endocrine resistance,

EGFR-tyrosine kinase inhibitor resistance resistance and calcium signaling pathway.

KEYWORDS Postoperative abdominal adhesion; Salvia miltiorrhiza; Network pharmacology; Molecular docking
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Ik PR 3% R A I PR I 2 22 )l I e 5 T e 22 ] 1) S
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FRIF ™ A AL AL 9 BE 7 5 DL 2 4 Wi 14 i o A AL 2
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F, 8% J5 Al F Perl 04 )% (http - //www.perl.org/) il Uni-
Prot £ #i& /£ (http : //www.uniprot.org/uploadlists/) 35 B #{
SR ORI 22 EE S RIAS B2 0 A0 A
[
1.3 PAAMERERSEERIFE

M| Fl GeneCards %% #% J% (http://www.genecards.
org/) FEL N AE/R AL E M (OMIM, http : /omim.
org/) A PubMed #{ #& /& (https://pubmed.ncbi.nlm.nih.
gov/)ZE 3B , Ll “postoperative abdominal adhesion”
B “PAA” “abdominal adhesion, postoperative” “postopera-
tive peritoneal adhesion” “PAA” ¥ “peritoneal adhesion,
postoperative” A HE A, K2R 5 PAA FHIE I 55 FE A
14 B5r-FRfR 3 B R R ik

FIFHAE W B A e LB AR B T H. (http - //bioin-
formatics.psb.ugent.be/webtools/Venn/) 3 15 4 & (Venn)
I, i PSR 0 HE S L R 5 PAA FHOGHE S LA
P58 AT A5
L5 MEHZESSH

1. A7TUT T A5 58 55 5 A STRING “F- & (https:/
string-db.org ) #4) & £ [1 B4 (PPI) M 4% . K FH Cytoscape
3T B RTAR AR I 5, A 4 T P 4 N A )
2% PAAFFCHE s 2% TGP -PAA R OCHE £ 25 1
28 SCHE P51 PPT R 265 o AE 26 o, 45 15 (degree) T3
TNy B S T, 0 (edge) FH T 387 B0 A0 B i FTHE
MR Z BRI F . F)H Cytoscape 3.7.1 #J CytoHubba
TP RARFE ML R A 2T i, B EEE S
LIS 3 A 5 PR 22 ] 1 O 3R DA B AT 5 A I 2% 1 O
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i AutoDock 1.5.6 43§ %422 T HXF Ve H B35 M il 43
R E AT e b B SRS AE SRR,
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Mol 2.3.2 Ff4 AT WAL e R 43 F- X 25 51 .

2 H£R
2.1 ASEMRS TGRSR

FIH TCMSP %04 e, 7835 8 b 38 25140 T, A 202
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Tab 1 A list of 38 kinds of active components of S.
miltiorrhiza with high gastrointestinal absorp-

tion
N Hz

F5 TOMSP4iS TR E004R) 0B,% DL Cagé@ﬂ@ @ﬁ?{g
1 MOL002222 H#Zh(sugiol) %1028 L4 B
2 MOL002651 &S5 I1.( dehydrotanshinone T,) $6 040 10 &
3 MOLOOTO41 2-FEiNAE-8-HAEAE-3, 4- Bl (2-isopropyl-8- 4086 023 1.3 [

methylphenanthrene-3 4-dione)
4 MOL007045 3(1—%%)1‘723@@]]4(3a-hydr0)\ytamhmone M) 4493 044 0.53 &
5 MOL007049 4-][‘3?E*m(4-methylenemilrirone) 3435 023 125 5
6 MOL007061 I 5 (methylenetanshinquinone) 3707 036 103 5
7 MOLO0T069 %F+5% C(przewaquinone C) 5574040 042 B
8§ MOLO0T077 &4 sclareol) $67 02 084 [
9 MOL007081 15 B(danshenol B) 5795 056 053 &
10 MOL00T08S P4l (salvilenone) 3038 038 146 A
1L MOL007088 K H5MH (cryptotanshinone) 523 040 095 @
12 MOL007094 ﬂ%ﬂ%ﬁﬁ@ﬂﬂ]ﬁg(damhempiroketallactone) 5043 031 0.88 a
13 MOL007098 ﬂﬁﬁg%ﬁﬂ%ﬂ%@ﬂ(denxyneocryptotamhinone) 4940 029 0.85 =
14 MOLO0TI05 FFHBIZARINE (epidanshenspiroketallactone) 6827 031 0.90 "
15 MOLO0TI07 C09092 3607 025 163 B
16 MOLOOTI ST (isotanshinone 1) 99 040 103 A
17 MOLO0T1S /B (manool) 4504 020 18 =
18 MOLOOTIS Afi B (microstegiol) 3061 028 105 A
19 MOLO0TI22 F+5: (miltirone) %76 025 1B B
20 MOL007TI24 HilSH5M I (neocryprotanshinone 1) 3946 023 076 "
21 MOL00TI49 NSC 122421 449 028 18 0B
22 MOL00TIS4 FHBHIT(canshinone T1,) 4989 040 105 A
23 MOLO0T036 5,6-"Faiet-R-1 1. -2 348 377 029 L1 =

4,1(5, 6-dihydroxy-T-isopropyl-1, 1-dimethyl-

2,3-dihydrophenanthren-4-one )
24 MOL007093 J}5 D (danshenxinkum D) 3888 055 0.67 5
25 MOLO07100 —% 5 M (dihydrotanshinlactone) 3868 032 1.26 =
26 MOL007108 ?yﬁ%ﬂéf‘@ﬁ](isocryptmanshi—none) 5498 039 093 &
27 MOLO0TI20 FHBTR Tl (miltionone T1) 703 044 062 &
28 MOL001942 ﬁﬁﬁﬁﬁﬁ?(imimpemmrin) 4546 023 0.97 =
29 MOL00T079 FH5E (tanshinaldehyde) 5247 045 057 S
30 MOL00TION —SfH5H 1 (dihydrotanshinone 1) 4504 036 0.95 B
31 MOLO0TI2I FHBHRBE=JME (mildipolone) 3656 037 050 =]
32 MOLO0TI4S GBI (salviolone) 304 104 5
33 MOLO07IS6 FHBEVI (tanshinone VT) 4564030 048 ]
34 MOLO0160T 1,2,5,6-JEf5M(1,2,5,6-tetrahydrotan- 3875 036 0.9 [

shinone)
35 MOLO07038 BEJEFHST(formyltanshinone) B4 04 054 &
36 MOLO0TI2T I-HIAES,9-Z5-THBH[S,0- AFH0EN-6, 3472 037 050 @&

10, 11- =i (1-methy}-8, 9-dihydro-7H-naphtho

[5,6-glbenzofuran-6, 10, 11-trione)
37 MOLO07I43 SUEHMEZHA T (salvilenone 1) Ny 0B 1B &
38 MOLO07ISS (6S)-6-(RMHE)-1,6-ZHH-8,9-Z5-TH- 6526 045 (.44 A

IR (8, T R IFBERE-10, 11- i { (65)-6-
(hydroxymethyl)-1,6-dimethyl-8,9-dihydro-
TH-naphtho[8, 7-g|benzofuran-10, 11-dione}

LR EE LT A

AC SCHE S5 PP 265 45 5L R 1 245 F 33 419 4,
17450 R (K 5) . Hidp ,FOS A 23 4511, APP A 19
4%il1, ACHE £ 16 4%3i/1, CASP3 HI PTGS2 #44 15 4%/,
ME R Z K 1(ESR1) 5- 72 (Al 371k 3A(HTR3A) \Myc
Jir g 3 DR B 11 (MY C) 5 5 7 5 R G s is 7 3
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Fig 1 Venn diagram of intersecting targets of compo-
nent-disease
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Note: green diamond indicates the targets of active components,

and red square indicates active components
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Fig 2 The potential target network of active compo-

nents
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Fig 3 Target network related to PAA
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Note: green diamond indicates the targets related to PAA, and red

square indicates active components
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Fig4 Target network of active components-PAA
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Fig5 PPI network of intersecting targets

2.6 GOFIKEGGREEESMER

GO W AR E R /R, SR R THE I
HiR 2R Z ARG P (adrenergic receptor activity ) \ JLZS By e 4k
4 (catecholamine binding) . G 5 [ 8 B¢ i 32 A 75 14 (G
protein-coupled amine receptor activity) .RNA & iff 11
B 5% A 45 & (RNA polymerase Il transcription factor
binding ) FI#%3Z A5 4 (nuclear receptor activity )45, L

HEZG 202145 32 5 24 )



AJEE R ik BEEHLLHE ) IR
T LR (0, A YRR BE T i/ )
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Fig 6 Analysis graphs of PPI network of intersecting
targets by CytoHubba
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Tab 2 Closeness centrality, degree centrality, maxi-

CIRABFELLF 71

=2

mum neighborhood component and 3D struc-
tures of hub genes in CytoHubba analysis for
PPI network of intersecting targets

AR B0 R RRAEAME 304ty

FOS 2733333333 23 PA
APP 25.166 666 67 19 19
ACHE ~ 24.000 000 00 16 16
CASP3 23.166 666 67 15 15
PTGS2  23.166 666 67 15 15

7. KEGG il J & £t BB A S 8 H
A5 F PP 2236 PERC AR 32 M B AE H (neuroactive ligand-re-
ceptor interaction) . ¥ @ B8 & ¥ W2 1K #1925 11 L
(cGMP-PKG signaling pathway) . N 3 #HE4T (endocrine
resistance ) . & [ Az 4 R 52 1 1 2 I 410 3 70 1K b
(EGFR tyrosine kinase inhibitor resistance ) Fl1E5 {55 51 [
(calcium signaling pathway) , FEILIE 8.,
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Fig 7 GO enrichment analysis of intersecting targets
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5 PTGS2 |- LEU-22 5 FIE il U5k, 1 ULIEI 9,
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E9 A58 1, SEAEENSFHED L

Fig 9 3D structures of molecular docking of tanshi-
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3 Tt
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SUABEYE RS IGTT PAA R R 8 3%, A1 272z
FEARXEFE S v SR T A 50 B X 2 56 PR i A 2 11 22 [
(AH EAEFHER T T R AL SR .

ABFFE LT e AT ) 38 FhEr 1 il W PR S T
A ARSI A28, ARikiE, 2
() R BTG A3 S T1 R BR S A 5 R 14 21 21
T AT B S PR 0, AR E5 R R, 5L
LIS PE R AR HE , PRS0 T BT 5 B 22 B B0 S 3R R, ]
RERSFSIRYT PAA S B IGVERL 2 . ABFSE 4T
P A LR T PSR T, 5 FOS, APP, ACHE,
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CASP3 .PTGS2 Z [A] AR EAF 7. B s, FH=

i 105 AT A 25 40 ) FOS iy 3535 , T FOS 21+ 2R )7

PAA [ —AE R ™, FOS J& TG 8 1 1 500 —

eI s IR, A S O A s S ) b R 4R AR

R TEME I ZH 2 58 E SN 18], FOS AT 35 M4 A K2

AR R =R Ak A BFSE R /R, FOS 5 MMP9

LR AE IR 5~ 1 2235 8 25 AH OG0, i MMP BT 2

PAATE LAY SCHEEE 11, 3 8 1 PN 25 6 7 AR I T

FHEAR, AW FE BT O R RO PR AR AR

JeE EHLA 3 A B X8 58 SCHE 5 PP [ 2% v (R X £ BE DR kA 7

248 BOR BOR , FOS I IR 3 MR BB ek, W]

HT BB RS 2R YT PAA F RS 2. APP ACHE

CASP3 . PTGS2 )& A5 bR BB H AR, (B HUE 5 1 PAA

FE IR A T RN, 5825 18 AR A B B AH SRk

AW GO &R s, S AL R FHEE A TS

FRRR ARG LW e 4 S G A B I A2 1A

£ RNA R I 5 57455 A% 2 40 1 s KEGG

T B AR AT B, A8 SOHE A T R A T A MR

PR-SZARAH A Y PRRIR 1 T AR 4 2 1 N o3

IR 2 Bz A= K TR 52 A T S R U T R I AN S

FSE g, RIS E N 25 U RS ORI
PAA, T PHZ 02 QT3 i IX S IR AR TR T PAA R AR BF
FEHINT — B IS N 28

AHIFEEREW]  FEZIRIT PAA MITH TR T2 440

TP 2 P24 RS T e B

izl () A T 200 Mk A - 52 URRH B T BRBER

B PR U Y £ PG L N IR R AR KA 2
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