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Study on anti-arteriosclerosis mechanism of ligustrazine and ferulic acid based
on network pharmacology
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Abstract: Objective To investigate and predict the pharmacological mechanism of tetramethylpyrazine (TMP) and ferulic acid (FA)
against arteriosclerosis by the method of network pharmacology. Methods The target genes of tetramethylpyrazine and ferulic acid
were screened by TCMSP, BATMAN-TCM, Swisstargettion and STITCH databases, and the related target proteins of
tetramethylpyrazine and ferulic acid were found by Omim, Genecards and arteriosclerosis, the protein-protein interaction network
was constructed by using STRING database, and the GO and Kegg pathways were enriched by David database. Finally, the results of
network pharmacology were validated by using Autoduck software. Results Totally 47 target sites for the interaction of
tetramethylpyrazine with ferulic acid were selected. Go analysis resulted in 170 BP entries, 29 CC entries and 47 MF entries. Kegg
enrichment analysis revealed that 50 pathways were associated with AS, including Hypoxia inducible factor signaling, arachidonic
acid metabolism, and APLN signaling. VEGFA, TNF, PTGS2, EGFR, Mapk8 and TLR4 were used as targets for docking with
tetramethylpyrazine and ferulic acid respectively. Conclusion Ligustrazine and ferulic acid can inhibit the inflammatory reaction by
regulating multiple signal pathways together through multi-target cooperation, thus achieving the aim of treating AS.

Key words: ligustrazine; ferulic Acid; arteriosclerosis; network pharmacology; macromolecular docking

Z Ik FEAE AL (atherosclerosis, AS) LML ™. AS FIEE 0o LA O 28 B9 K 2 $
PR R T ZOR B A, AT BB AR ZEE L ARSI E ER R JFEZEEE. JIE 2
T RORHLEN e B $ A E T EaFEE WK LM TR AS s i 2, 23 i )|

Y5 HEA: 2021-03-08

EeUE: e m R IEARIIL 4% 9% 4 10 % 42 %5 Bh30 H (2020-JYB-ZDGG-034) 5 [ 5 [ 48Rl 2 3 4 % B 1 H (81803738)

FE—EE: ki, Lo LB T AR B FE U7 o 2057 Tel: 17801085630 E-mail :ylj_07031996@163.com

*HEBEEE: AL, 202, W T A TP ZE R BT BR . Tel: (010084738615 E-mail : dushouying@263.net
AEMSER WL, B2 B 707 In o 2 A BT R . Tel: (01053912123 E-mail : pengyuelee@126.com



© 2556 - 445 F12H 2021128 {;ﬁ-ftﬁzﬁi. Drug Evaluation Research

Vol. 44 No. 12 December 2021

B BIELRR . PUARHT TR )1 E R FIBT 2L IR BT AS
I RCR B 80 B 2, AR AL AT BE 5 OR3P ) Bz 4
P A9 ) A~ 3 UL 40 B A B B AR AR VT T
MAR BUEF 4S5 X Bl =38 20 O T R
9 BT R B 3 L ENE T AS B4R R LSS
BN Z o WOARHIE TR F R 2% 2 3 5 07 08, Ny
TR A 2 G A T T )1 5 s S e 2 G 3 [
1697 AS B AE AL ) BE AT B8 R, SRR
B A B DA S AR, O N R L A K
g CRT BR TR 1125 5% ) i 57 0 I DK & 33 F 42 £
%,
1 MRFEE
L1 IS B S0 EREL 4L = T

53 ) LA “ligustrazine” 1 “ferulic acid” A 2 17 ,
il i PubChem %4 J% (https : //pubchem.ncbi.nlm.nih.
gov/ D FRBUARTR )1 Z B2 MIBT R % 2D 3D 4514 1) sdf 3L
1 J2 H: Pubchem_CID fXH5 Al Canonical SMILES 5 .
LA A5 BN KR 56, 8 1 TCMSP.BATMAN-
TCM (http://bionet. ncpsb.
SwissTargetPrediction Chttp://www. swisstargetpredic
tion.ch/) - STITCH Chttp: //stitch. embl. de/) ¥ 47 J 4%
B N1 &5 v 5 [ SRR T A2 0/ FH#E 2. FI A UniProt
B FE (http : //www.uniprot.org/) ¥ Ft A #E JE [K] 4 Fx
B IE A N “Human” I B 7 20K, 3453 )11 55 e 5
Bo] B I 1) FH OB 545 2. . R Cytoscape 3.7.1 3K
e 2 B - A % [
1.2 ASHEXE R HTHIE

DA “atherosclerosis” A & 2 1A , i@ i P
OMIM (http://omim. org/) . GeneCards Chttp: //www.
genecards. org/) Al Drugbank Chttps: //www. drugbank.
ca/ ) or ZMIG 126 AH 5% (1) AS T AEHE o
1.3 PPIM4ERYMEE

F| | Draw Venny Diagram fE £k £ J7 (http://
bioinformatics.psb.ugent.be/webtools/Venn/) , ¥ )I| &
5% | BT BRI 1 AH Q48 R0 5 AS B3 U A2 2 0 ik H
FLILA A bR, R LA 48 R0 A % A\ STRING £ 4l
J& (http://stringdb. org/cgi/input. pl) , ¥t & ¥ Fl
N “Homo sapiens” fl & 15 % 70 $0>0.4, 315 E A H
HAEFH M ERE.
14 GOMREEENMAMKEGGEREE D

W 155 R A0 B B R VR U7 AS BIAE R R
DAVID % # & (https://david. nciferf. gov/) , #EAT
At 1R R R e B (GO) M B E R
Hr (KEGG) «

org/batman-tcm/)

1.5 Wo-HEa-ESBBMNEaE

o 22 B2 B0 U HOM G BE B AL 2 4 1 KEGG
AR A AE Y8 4 R FH Cytoscape 3.7.1 B4 A4 2
FSC G- A5 T K X 4% 1A
1.6 5FxifE

M ZINC Chttp://zinc. docking. org/) H 4 FE N #%
155 g8 AR R I 1) /)N 73 7 Bio 44 3D &5 44, )\ PDB %5
P& £ Chttps : //www.rcsb.org/) ' %5 FH O [ #E /5 85 1 45
¥, R H PyMOL #4725 B a1 E 45 0 1 K 43 1 e/
TR, 35 N AutoDockTools #3F 47 i & &5 Tl 4b
o2 AR AEC AR HEAT 73 TRk, AT KA A
PE. A H PyMOL AR 73 - o A5 400 56 10k &5 SR
HEAT ATARAL, .

2 R
2.1 JIIEER5MERER $0 = FUN 25 R B Ak 47 -2 =
W

)11 % e 5 f 8 R 1) PubChem_CID | 1% 2
BATMAN-TCM # 5 P&, & 7€ ¥ 1% 2% 1 O Score
cutoff==10, Ff 38 i 1] 5 18 71 F] 28 1% 1) 2D 3D &5 14
H sdf 3 #F & H Canonical SMILES 5 %5 {5 B 7
TCMSP . SwissTargetPrediction STITCH {4 J 71 3%
131 %515 5 R 21 R 1) H ARS8 A, R R Bl A S
VS5 = A R R AT & T R AIRTR ) 25
BB AT 434N BT R R HE A 1304, ool 7 AN o
LR A

H 97 38 HH PR T A A S A A I R E B
A Cytoscape 3.7.1 8 A, 46 5 R 73 - 3 A ) 2% ] (]
Do 28 B 3 168 AN fURI 173 2534,
NEEREO =M, R A O =ML, S
BB 2R, B8 € [ F O )11 55 18 B8 0, € [ TP
N R BRI A BE A, B T Oy 3 R LA
2.2 ASHHXIESRIFIR

I8 1o A5 2R 90 B 1] “atherosclerosis” , 75 OMIM %}
I b 8 H 214 N BE KT, HY Drugbank 40 2 3RS
46 M HE £, 1E Gengeard 04 2 rh 3d i b A7 25007 o
I IR A 2 B v B AT 565 AN HE L PR E R B N
J& B 3AF 6954 AS AR SCHE .

2.3 PPIMEEHIIDELER

R 2. 17T )1 e 5 ] 2R R B S AS B R
Draw Venny Diagram 3 {4 2 fil] 55 B B (B 2) , 3k 15
B 5500 B L[R2 55 47 A

47 MIBAEIR YT AU\ STRING, 153 31 B 47
AT RUR 348 253 14 I PPT X 28 ] (&L 3D, 1% I 4%
Pl I SF 35 15 5 FE (B O 14.8, P 3 R R 2K R A



F44%E F12H 2021F128 ﬁﬁ'fﬁf-ﬂ'i Drug Evaluation Research

Vol. 44 No. 12 December 2021 - 2557 -

. CONDICDKS  GLay

~

1 JISREMRERKMS-EBaMNEE

Fig.1 Composition-target network of ligustrazine and ferulic acid
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Fig.2 Wayne diagram of ligustrazine and ferulic acid-ar-
teriosclerosis targets
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Fig.3 PPI Network for ligustrazine and ferulic acid AS

potential targets
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Table 1 Topological analysis of target (degrees are in top
10) of ligustrazine and ferulic acid in treatment of AS

BT PRI Bt o0 R R R AR

VEGFA 1239130 0.116128 0.807018 0.410084 35
TNF  1.260870 0.082057 0.793 103 0.424242 34
PTGS2 1.326087 0.057633 0.754 098 0.479 570 31
EGFR 1.369565 0.061774 0.730 159 0.431034 29

MAPKS 1.413043 0.041277 0.707 692 0.515670 27
TLR4 1.434783 0.043 154 0.696970 0.520 000 26

MMP9 1434783 0.026 851 0.696970 0.566 154 26
MPO 1478261 0.023683 0.676471 0.557971 24
NOS3  1.500 000 0.035572 0.666 667 0.557312 23

ACE 1521739 0.036767 0.657 143 0.471861 22
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Fig. 4 Analysis of GO function enrichment of AS targets

treated with ligustrazine and ferulic acid
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Fig.6 Component-target-signal pathway network diagram
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Table 2 Results of binding free energy of ligustrazine,

ferulic acid and target protein models

s 4545 H g/ (kJ-mol ™)

VEGFA TNF PTGS2 EGFR MAPK8 TLR4

JIEE ~16.87 -2047 -16.49 -16.95 -13.98 -13.86
fERRE —14.73 -21.35 —-22.65 -22.23 -19.97 -15.32

178 7 AR S v 1 43 S B R T KT, VEGFAE N
VEGF Z & 1 ) — 51, A URE S5 et 18 425 808 ik PR
SR A B A . 7E ASTE U 2+, VEGFAME
HEASBEER [ HE Y. TNF 5 PTGS2 # % & 5 ¥k
1) 4% il JRE ST, TLR4 W0 28 90 J J3 A5 7 5L
BT /E A, TLR4 3 2238 ik 18 5 ABCG1 520 %8 %iE
A AR, EGFRIEM TLR4 G, 25 T B

WO LT A-)I|Z W25 VEGFA ; B-)I| &8 5 TNF; C-)I| %56 5 MAPKS; D-)I| %W 5 PTGS2: E- /1| %2 55 EGFR ; F-)1| % 1% 5 TLR4
yellow dotted line represents hydrogen bond; A-ligustrazine and VEGFA ; B-ligustrazine and TNF; C-ligustrazine and MAPKS; D-ligustrazine and
PTGS2; E-ligustrazine and EGFR ; F-ligustrazine and TLR4
7 JIERERREANS FIHEEN

Fig. 7 Molecular docking model of ligustrazine with target protein
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AR AR A-FT 8% 5 VEGFA ; B-F #2125 TNF ; C-F #1255 MAPKS8; D-fil #1255 PTGS2; E-fi 112 5 EGFR ; F-fil 8% 55 TLR4
yellow dotted line represents hydrogen bond: A-ferulic acid and VEGFA ; B-ferulic acid and TNF; C-ferulic acid and MAPK 8; D-ferulic acid and
PTGS2; E-ferulic acid and EGFR ; F-ferulic acid and TLR4
8 MBEBSHEIEONSFIEEN

Fig. 8 Molecular docking model of ferulic acid with target protein
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