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Abstract: Background: Atherosclerosis (AS) is one of the leading causes of cardiovascular
diseases. The traditional China herb pairs such as Huanglian-Gualou, Honghua-Taoren, and
Suhexiang-Bingpian showed therapeutic effects on AS by clearing heat and resolving phlegm,
invigorating blood and removing blood stasis, as well as aromatic resuscitation, respectively.
However, the common and specific mechanisms of these pairs against the same disease are
elusive. Objective: This study aimed to explore the molecular mechanisms of 3 herb pairs treat-
ing AS by network pharmacology, molecular modeling and mechanism experiments. Methods:
The components and their corresponding targets of 3 herb pairs, as well as AS-related targets,
were collected from multiple databases and literature. Then the protein-protein interaction
network was built to identify the key components and targets associated with AS. The pathway
enrichment analysis using KEGG was carried out for analyzing the common mechanisms of
3 herb pairs against AS. Finally, the binding modes of the key components and targets were
analyzed by molecular docking and molecular dynamic simulation. Results: The PPI network
indicated that the common targets of 3 herb pairs focused on four pathways, including regulated
vascular shear stress, TNF, ARE-RAGE, and IL-17 pathways. The molecular docking analysis
indicated that the key component quercetin showed highest docking score with PTGS2 in
comparison to other targets. Molecular dynamics simulations revealed that quercetin stably
anchored to the active pocket of PTGS2 by forming hydrogen bonds with Thr175, Asn351,
and Trp356. Conclusion: The molecular mechanism of Huanglian-Gualou, Honghua-Taoren,
and Suhexiang-Bingpian against AS was preliminarily expounded, and we wish to provide a
theoretical instruction for clinical treatment of AS.

Keywords: atherosclerosis, network pharmacology, molecular docking, molecular dynamics

1 Introduction

Atherosclerosis (AS) is one of the main inducing factors for cardiovascular diseases, includ-
ing myocardial infarction, heart failure, and stroke. AS also leads to the formation of lipid
plaques in the intima of large and medium arteries, accompanied by chronic inflammation. The
pathogenesis of AS is complicated, involving abnormal lipid metabolism, inflammatory cell infil-
tration, uncontrolled immunity, and proliferation of vascular smooth muscle cells (VSMC) [1-3].
Statins are often used to control blood lipid levels in patients for delaying the progression of
AS. However, long-term use of statins may cause myocardial function damage [4]. Compared
with synthetic drugs, traditional Chinese medicine (TCM) has better biological activities and
lower toxicity for treating AS through multiple ways [5]. For example, Huanglian-Gualou and
Honghua-Taoren pairs show therapeutic effects on AS by clearing heat and resolving phlegm,
invigorating blood and removing blood stasis, respectively. Suhexiang-Bingpian exerts aromatic
resuscitation effects against AS.

“Same disease with different treatments” is an essential theory for syndrome differentiation
in TCM, which means multiple components of herb or herb pairs exert the synergetic effects
against the same disease. For AS, the alkaloids in Huanglian and the triterpenoids in Gualou
showed anti-hyperlipidemic and anti-inflammatory activities against AS, respectively (Table
1) [6,7]. Gualou peel extract reduced the expression of vascular endothelial cell adhesion factor
ICAM-1, and inhibited the transformation of monocytes into foam cells [8]. Similarly, the
flavonoids and aromatic glycosides in Honghua-Taoren interfered with the process of AS by
anticoagulation, inhibiting foam cells formation and proliferation of VSMCs [9, 10]. In contrast,
the main components of Suhexiang-Bingpian are volatile oils, which inhibited inflammatory
factors and reduce blood viscosity. Therefore, having a better understanding of the molecular
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mechanisms of the herb pairs (Huanglian-Gualou, Honghua-Taoren, and Suhexiang-Bingpian)
that drive therapeutic effects is of great clinic interest.

Table 1 Effects, formula, and main components of 3 herb pairs

Herb pair Effect Formula Main components
Huanglian-Gualou Clearing heat and resolving phlegm XiaoxianXiong Decoction  Alkaloids, triterpenoids
Honghua-Taoren Invigorating blood and removing blood stasis ~ XueFuzhuyu Decoction Flavonoids, aromatic glycosides.
Suhexiang-Bingpian = Aromatic resuscitation Guanxin suhe Pills Volatile oils

In this study, a “component-target-pathway” network was built for explaining the therapeutic
mechanism of these 3 drug pairs by network pharmacology, and the binding between the hub
components and the key targets were analyzed by molecular docking and molecular dynamic
simulation. Based on these results, we preliminarily expounded the molecular mechanism of
Huanglian-Gualou, Honghua-Taoren, and Suhexiang-Bingpian against AS.

2 Materials and methods

2.1 Collection of active components of 3 herb pairs and AS-related
targets

The components and their corresponding targets of six herbs, including alkaloids, triter-
penoids, flavonoids, aromatic glycosides, and volatile oils, were retrieved from the TCMSP
database (https://old.tcmsp-e.com/tcmsp.php) [11], using “Rhizoma Coptidis (Huanglian)”,
“Trichosanthes Kirilowii Maxim (Gualou)”, “Carthami Flos (Honghua)”, “Persicae Semen
(Taoren) ”and “Borneolum Syntheticum (Bingpian)” as keywords. Also, the references [12—
17] were retrieved to supplement the active components of these 6 herbs. The targets of
these components were collected from TCMSP, and predicted using SwissTargetPrediction
(http://www.swisstargetprediction.ch) [18] and SEA (https://sea.bkslab.org) [19]. The targets
for each component were merged, and the duplicates were removed.The AS-related targets were
obtained from OMIM (https://omim.org), DisGeNet (https://www.disgenet.org), and GeneCards
(https://www.genecards.org/) using the keyword “AS” [20-22]. After removing the duplicate
targets, the remaining ones were used for subsequent study.

2.2 Construction of component-target and protein-protein inter-
action (PPI) network

The parameters including degree centrality (DC), betweenness centrality (BC), and closeness
centrality (CC) are important features for identifying the hub nodes in the network. In this
study, a “component-target” network was constructed by Cytoscape 3.8.0 [23], and the degree
centrality (DC) was calculated for analyzing the number of targets that each component binds
to.Moreover, the intersection of AS-related and the component-related targets of 3 pairs were
selected, and one PPI network was constructed by STRING v11.0 (https://cn.string-db.org) [24]
with Homo sapiens. After removing the orphaned targets, the targets with confidence scores
greater than 0.4 were retained. The targets with more than the median values of three topological
features (DC, BC and CC) were considered as the hub targets.

2.3 Kyoto Encyclopedia of genes and genomes (KEGG) enrich-
ment analysis

KEGG (http://www.kegg.jp/) pathway enrichment analysis was performed to analyze the
common and specific mechanisms of 3 herb pairs against AS (p < 0.01).

2.4 Molecular docking

The Surflex-dock module in SYBYL-X 2.1.1 [25] was used to analyze the binding modes
between the key components and the targets. The components were optimized using the
Tripos force field and Gasteiger-Huckel charges. The crystal structures of four hub targets
associated with common mechanisms of 3 herb pairs, including PTGS2 (PDB ID: 4RS0) [26],
EGFR (PDB ID: 3P0OZ) [27], CASP3 (PDB ID: 3DEK) [28], PPARG (PDB ID: 2Q59) [29],
were downloaded from the RCSB PDB database (https://www.pdbus.org/). The proteins were
pretreated by removing the water molecules, adding hydrogens and charges. The binding site of
every target was defined as the pocket of the ligand in the protein, and other parameters required
for docking adopted the default values.

2.5 Molecular dynamics simulation

The MD simulation of quercetin and PTGS2 was performed on Gromacs 5.1.4 [30]. The
target and the ligand were parameterized with amber99sb-ildnff [31] in Gromacs and GAFF
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force field in AMBER 14 [32], respectively. The solvation of the system was constructed
with the TIP3P water molecules in a cubic box, and the ions were added to neutralize the
system. During MD simulation, the system converged to a minimum energy level using the
steepest descent method of 50,000 steps and <10.0 kJ/mol force. Furthermore, one equilibration
simulation under constant volume (NVT) using velocity rescaling [33] was conducted with 100
ps, followed by 100 ps with constant pressure (NPT) equilibration using Parrinello-Rahman
barostat [34]. Finally, a routine MD simulation for 100 ns was performed without any restraints.
Root mean square deviation (RMSD) and root mean square fluctuation (RMSF) of the trajectory
were calculated using Gromacs tools. The representative conformation using the GROMOS
clustering algorithm was obtained from the dynamically equilibrated MD trajectory.

2.6 Cell culture and determination of NO production

Murine macrophage RAW 264.7 cells were purchased from Cell Bank of the Chinese
Academy of Sciences, Shanghai. Then the cells were maintained in RPMI-1640 medium
(GIBCO-Life Technologies) with 10% fetal bovine serum (FBS, ExCell Bio). Lipopolysaccha-
ride (LPS) and quercetin was purchased from Solarbio Company, Ltd, and Shanghai Aladdin
Reagent Company, Ltd, respectively.

RAW 264.7 cells (5 * 10 cells/well) were seeded in 96-well for 24 h. The cells were
pre-incubated with quercetin (12.5, 25 and 50 uM, respectively) for 2 h and were then induced
with LPS (1 pg/ml) for 24 h. The culture supernatant reacts with Griess reagent for 10 min.
Finally, NO production was determined by measuring absorbance at 540 nm using a microplate
reader.

3 Results and discussion
3.1 Analysis of PPI network

120 components, including 28 alkaloids in Huanglian and 27 terpenoids in Gualou, 20
flavonoids in Honghua and 11 aromatic glycosides in Taoren, as well as 34 volatile oils in
Suhexiang and Bingpian, were collected from the TCMSP database and relevant literature (Table
2). 744 nonredundant targets associated with Huanglian-Gualou, 658 for Honghua-Taoren and
716 for Suhexiang-Bingpian pairs were obtained using TCMSP, SwissTargetPrediction, and
SEA databases, respectively (Table 3). Three herb pairs share 98 common targets, which is more
than the amount of the unique targets of Huanglian-Gualou (62), Honghua-Taoren (65), and
Suhexiang-Bingpian (50). The molecular mechanism of “Same disease with different treatments”
were preliminarily proofed by major common targets of 3 herb pairs.

Table 2  Active components of herb pairs

No. Active components CAS Source

MOL1 berberine 2086-83-1 Huanglian
MOL2 berberrubine 17388-19-1 Huanglian
MOL3 Coptisine 3486-66-6 Huanglian
MOL4 palmatine 3486-67-7 Huanglian
MOLS5 epiberberine 6873-09-2 Huanglian
MOL6 columbamine 3621-36-1 Huanglian
MOL7 Jatrorrhizine 3621-38-3 Huanglian
MOLS groenlandicine 38691-95-1 Huanglian
MOL9 Oxyberberine 549-21-3 Huanglian
MOL10 8-Oxoepiberberine 19716-60-0 Huanglian
MOLI11 8-Oxycoptisine 19716-61-1 Huanglian
MOLI12 8-Oxyberberrubine 29580-82-3 Huanglian
MOLI13 sanguinarine 2447-54-3 Huanglian
MOL14 Norsanguinarine 522-30-5 Huanglian
MOLI15 Oxysanguinarine 548-30-1 Huanglian
MOL16 Worenine 38763-29-0 Huanglian
MOL17 (R)-Canadine 2086-96-6 Huanglian
MOL18 (S)-Canadine 5096-57-1 Huanglian
MOLI19 magnoflorine 2141-09-5 Huanglian
MOL20 Chilenine 71700-15-7 Huanglian
MOL21 [1,3]Dioxolo[4,5-g]isoquinolin-5(6H)-one ~ 24188-76-9 Huanglian
MOL22 Noroxyhydrastinine 21796-14-5 Huanglian
MOL23 Corydaldine 493-49-2 Huanglian
MOL24 Thalifoline 21796-15-6 Huanglian
MOL25 ethyl 5-oxoprolinate 66183-71-9 Huanglian
MOL26 Methyl 5-hydroxypyridine-2-carboxylate 30766-12-2 Huanglian
MOL27 Indole-3-carboxaldehyde 487-89-8 Huanglian
MOL28 Choline 62-49-7 Huanglian
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MOL29 Karounidiol 118117-31-0  Gualou
MOL30 7-Oxodihydrokarounidiol 143183-47-5  Gualou
MOL31 Multiflorenol 2270-62-4 Gualou
MOL32 Isomultiflorenol 24462-48-4 Gualou
MOL33 Bryonolol 39765-50-9 Gualou
MOL34 Bryonolic acid 24480-44-2 Gualou
MOL35 Cyclokirilodiol 188725-44-2  Gualou
MOL36 Isocyclokirilodiol 188725-45-3  Gualou
MOL37 Cucurbitadienol 35012-08-9 Gualou
MOL38 7-Ox0-10c-cucurbitadienol 155914-81-1  Gualou
MOL39 Arvenin I 65247-27-0 Gualou
MOLA40 Cucurbitacin ITa 58546-34-2 Gualou
MOL41 Cucurbitacin B 6199-67-3 Gualou
MOL42 3-Epi-Isocucurbitacin B 89647-62-1 Gualou
MOLA43 Isocucurbitacin B 17278-28-3 Gualou
MOL44 Dihydrocucurbitacin B 13201-14-4 Gualou
MOLA45 Cucurbitacin D 3877-86-9 Gualou
MOL46 Isocucurbitacin D 68422-20-8 Gualou
MOLA47 23,24-Dihydrocucurbitacin D 55903-92-9 Gualou
MOLA48 23,24-Dihydrocucurbitacin E 28973-67-3 Gualou
MOL49 (6R)-Dehydrovomifoliol 39763-38-7 Gualou
MOLS50 Darutigenol 5940-00-1 Gualou
MOLS51 [3-Sitosterol 83-46-5 Gualou
MOLS52 Campesterol 474-62-4 Gualou
MOLS53 Daucosterol 474-58-8 Gualou
MOL54 a-Spinasterol 481-18-5 Gualou
MOLS55 Stigmasterol 83-48-7 Gualou
MOLS56 Carthamin 36338-96-2 Honghua
MOLS57 Hydroxysafflor Yellow A 78281-02-4 Honghua
MOLS58 quercetin 117-39-5 Honghua
MOL59 Isoquercetin 482-35-9 Honghua
MOL60 Quercimeritrin 491-50-9 Honghua
MOLG61 Quercetin 3,7-diglucoside 6892-74-6 Honghua
MOL62 Nicotiflorin 17650-84-9 Honghua
MOL63 Sophoraflavonoloside 19895-95-5 Honghua
MOL64 Apigenin 520-36-5 Honghua
MOL65 Scutellarein 529-53-3 Honghua
MOL66 Rutin 153-18-4 Honghua
MOL67 Kaempferol 520-18-3 Honghua
MOL68 6-Hydroxykaempferol 4324-55-4 Honghua
MOL69 Acacetin 480-44-4 Honghua
MOL70 Kaempferol 7-O-glucoside 16290-07-6 Honghua
MOL71 Luteolin 491-70-3 Honghua
MOL72 Isorhamnetin 480-19-3 Honghua
MOL73 Umbelliferone 93-35-6 Honghua
MOL74 Daphnoretin 2034-69-7 Honghua
MOL75 Myricetin 529-44-2 Honghua
MOL76 Benzyl gentiobioside 56775-64-5 Taoren
MOL77 Amygdalin 29883-15-6 Taoren
MOL78 Vanilloloside 74950-96-2 Taoren
MOL79 Androsin 531-28-2 Taoren
MOLZS0 Prunasin 99-18-3 Taoren
MOLS1 Sambunigrin 99-19-4 Taoren
MOLS2 (R)-Mandelamide 24008-62-6 Taoren
MOLS3 Benzyl B-D-Glucopyranoside 4304-12-5 Taoren
MOL3g4 1-O-(4-Coumaroyl)-3-D-glucose 7139-64-2 Taoren
MOLS85 Grandidentatin 15732-48-6 Taoren
MOLS86 Salireposide 16955-55-8 Taoren
MOLS87 Cinnamic acid 140-10-3 Suhexiang
MOLSS8 Benzoic acid 65-85-0 Suhexiang
MOL389 Benzyl benzoate 120-51-4 Suhexiang
MOL90 Cinnamyl acetate 103-54-8 Suhexiang
MOLO91 Methyl cinnamate 103-26-4 Suhexiang
MOL92 Cinnamein 103-41-3 Suhexiang
MOL93 Benzaldehyde 100-52-7 Suhexiang
MOL9%4 Benzyl acetate 140-11-4 Suhexiang
MOL95 3-Phenylpropanal 104-53-0 Suhexiang
MOL96 Propyl cinnamate 7778-83-8 Suhexiang
MOL97 Cinnamyl cinnamate 122-69-0 Suhexiang
MOL98 Propyl phenylacetate 4606-15-9 Suhexiang
MOL99 vanillin 121-33-5 Suhexiang
MOL100  Cinnamaldehyde 14371-10-9 Suhexiang
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MOL101  Bornyl cinnamate 2 41755-67-3 Suhexiang
MOL102  3-Phenylpropionic acid 501-52-0 Suhexiang
MOL103  3-Phenyl-1-propanol 122-97-4 Suhexiang
MOL104  Cinnamyl alcohol 104-54-1 Suhexiang
MOL105  (-)-a-Pinene 7785-26-4 Bingpian
MOL106  (+)-a-Pinene 7785-70-8 Bingpian
MOL107  1,8-Cineole 470-82-6 Bingpian
MOL108  (-)-Isoborneol 124-76-5 Bingpian
MOL109  (+)-Isoborneol 16725-71-6 Bingpian
MOL110  (+)-Camphene 5794-03-6 Bingpian
MOLI111  (+)-alpha-Phellandrene 2243-33-6 Bingpian
MOL112  (-)-Borneol 464-45-9 Bingpian
MOL113  (+)-Borneol 464-43-7 Bingpian
MOL114  (+)-alpha-Terpineol 7785-53-7 Bingpian
MOLI115  (+)-Limonene 5989-27-5 Bingpian
MOLI116  (+)-3-Carene 498-15-7 Bingpian
MOL117  (-)-Camphor 464-48-2 Bingpian
MOL118  (+)-Camphor 464-49-3 Bingpian
MOLI119  j-Terpineol 138-87-4 Bingpian
MOLI120  (+)-a-Thujene 563-34-8 Bingpian

Table 3 Related targets of three herb pairs

Huanglian- Honghua- Suhexing- Huanglian- Honghua- Suhexing-

Gualou Taoren Bingpian Gualou Taoren Bingpian
HTR2B CA13 PTGS1 SLC18A2 PDK3 DRD2
BCHE HK2 PTGS2 GSTPI ERCC5 CNR2
ADRA2C CXCL12 MAOB GSTM2 SLC16A3 GPR55
ADRA2B CA4 MAOA QTRT!I FEN1 PIK3CB
CHRM1 CASA LYZ CSNK1G1 NR4A2 PIK3CA
ACHE ALDHI1B1 MGAM CHRNA2 RCEIl CDK5
SIGMARI ALDHIA2 F3 RBBP9 LRP6 MAPK14
CYP2D6 AKRI1B10 HCAR2 NDUFA4 HNF4A MAPKI11
SAEI1 SLC5A2 AKRIBI1 PDEIA MDHI1 AURKA
CDC42 CA7 TLR4 FKBPIA KLK7 TMIGD3
RPS6KB1 CA3 CA2 EDNRA CASB PPP1CA
AURKA CA6 CAl DPP4 TAS1R1 HTR6
DHFR YARSI ESR2 RADS2 COMT PDGFRB
RAC1 PTGS1 CA6 AGTR2 RADS51 KDR
AURKB AR SLC16A1 PDEIB ABL1 OPRD1
CYP11B2 PPARG CA7 PTGDR2 SENP7 OPRK1
GRIAL PTGS2 CAl4 RXRB NRAS TNKS
HTR3A HSP90AA1 CA9 PRKCG P2RY 14 STAT3
GABRB3 PIK3CG CAS5B HRH2 PCNA HCRTR2
GABRG2 NCOA2 CASA HTRI1D CASP7 KLK8
GABRA5S DPP4 CA12 HTRS5A PTGES KLK4
IKBKB AKRI1B1 CA4 PRKDC NUF2 TGM1
CHEK2 PRSS1 CA3 NEK2 ADCY2 USP4
MAP2K1 TOP2A TRPA1 HAO2 CSNK2A2 SLC7AS
HPGD F2 ALOX5 CHRNA4 CSNK2B KLK2
PPIA KCNH2 MMP9 EGFR MAPK14 KLK3
SLCI1A3 SCNS5A MMPI PTPRCAP CCNA2 TGM2
TBXASI1 F10 MMP2 TH PYGM F13Al1
MAPKAPK2 ADRB2 PTPNI TSPO GRIA2 USP5
PRF1 MMP3 AKRICl1 RBP4 OLR1 TGM6
PARP2 PRKACA AKRIB10 GSK3B ERN1 EPOR
PIK3CD F7 CAPN2 PPP5C NFKB1 PREP
PIK3CB NOS3 CAPN1 PPARG TCF4 SLCIAS
PIK3CG RXRA IDO1 CCKBR SHBG YARSI
ABL1 ACHE RNPEP ALOX12 CAMK2A KCNA2
CHRM4 GABRALI DAO RORC SLC22A3 KYNU
KIT MAOB EGFR PREP ADRA2B CASP1
LCK RELA NROB2 FAP LTA4H CELALI
SRC EGFR GPR183 CASP3 PDGFRB G6PC
CHEK1 AKTI1 SENP2 PGR FLT4 BMP1
TYMS VEGFA CYPIBI DBF4 TEK ANPEP
PTGS2 CCND1 RCOR3 ADAMTSS MAP3KS KLKS
JAK2 BCL2 PAM PDGFRA EPHB4 GRIN2B
CDK2 BCL2L1 CHRNAL10 CCR3 FGR CASP10
CDK4 FOS CHRNA9 FFARI LYN PPIB
BCAT2 CDKNIA NFE2L2 TAS2R31 MB CASP3
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EPHB4 EIF6 ESRI SLC47A1 RNASEH]1 PTGER1
TRPC6 BAX RHOA CASP8 DAO CTSS
ICAM1 CASP9 SENP1 CASP1 GSR CYSLTRI
SELE PLAU MYOC RELA PTK2B AMPD3
ALOXSAP MMP2 NFKB1 NFKBIA IDO1 CASP9
MAOB MMP9 HDACS8 CMALl METAP2 KCNALI
MAPK14 MAPK1 AKRIC3 CTSG ALDHS5A1 SLC16A3
ROCK2 IL10 CES2 FYN ABAT RCOR1
LIMK1 EGF HDAC1 YES1 KCNA3 PPIG
SCN4A RB1 ABCG2 GLII NDUFABI MME
PIM1 TNF PTGER3 NT5E NDUFAF1 SGMS2
PFKFB3 JUN TTR MMP13 NDUFAL1 ACE2
F3 IL6 PTGER2 CA4 NDUFA2 SPPL2A
PARP10 CDKN2A CXCL12 MPO NDUFA3 P2RX1
HSDI17B1 AHSA1 PTGER4 NISCH NDUFAS KLK1
MET CASP3 CES1 KAT2B NDUFA6 LAP3
CSFIR TP53 HDAC7 KDM5C NDUFA7 CAPNSI1
RPS27 ELK1 CYPI1Al PTPRC NDUFA8 FKBP1A
MAPKS NFKBIA HDAC2 KDM4B NDUFA9 GRM3
HCRTR2 POR HDAC9 ATIC NDUFA10 LGMN
EPHX2 ODC1 DPYD PKN2 NDUFAL1l ADCYAPIRI
ZAP70 XDH RBBP9 CA13 NDUFA12 SLC1A1
LYN CASP8 HDACI11 FPR1 NDUFA13 FFAR1
TEK TOP1 HDAC6 KDM4C NDUFBI1 CTSV
TRPMS RAF1 TRPM2 CNR2 NDUFB2 TABI1
PTPNI SOD1 HDACS GRM4 NDUFB3 DPP7
HSD17B2 PRKCA CHAT PASK NDUFB4 KDMI1A
CYPI11BI MMPI FOS PKIA NDUFBS5 CTRC
FLT3 HIF1A LPAR2 PDE4B NDUFB6 CASP4
NTRK1 STAT1 JUN CES1 NDUFB7 PTPN2
HSDI11B1 RUNXITI STAT1 CES2 NDUFBS8 NAT1
MKNK1 HERCS5 TNFRSFIA | NOTUM NDUFB9 HTT
CDC25B CDK1 GRIK2 TRPA1 NDUFB10 ADORA1
NOS2 HSPAS5 HDAC4 TNKS NDUFBI11 TERT
PTGSI ERBB2 LPAR3 ST14 NDUFCl1 MGLL
KCNH2 ACACA SLCI12A2 GAPDH NDUFC2 NOS2
ESR1 HMOX1 NROB1 TYMP NDUFAF2 MCL1
AR CYP3A4 HDAC10 AKRI1A1 NDUFAF3 ADH4
SCN5A CYP1A2 AKR1C4 AKRI1B10 NDUFAF4 TACRI1
F10 CAV1 CYP26B1 TYK2 NDUFS1 TPO
NOS3 MYC HSPE1 PRMT3 NDUFS2 MPO
RXRA F3 HSPDI DPPS8 NDUFS3 CHRM4
ADRB2 GJA1 DBH KDM4A NDUFS4 CHRNA4
HSP90AAL CYPIA1 LTB4R PLAU NDUFS5 CHRMS
PRKACA ICAMI SENP7 PNMT NDUFS6 CHRNA7
PRSS1 IL1B NQO1 HMOX1 NDUFS7 PARP1
NCOA2 CCL2 GLO1 PLA2G10 NDUFS8 SLC5A7
PDE10A SELE DHFR MAPKAPKS NDUFVI1 PLK1
CALM1 VCAM1 RELA RPS6KA4 NDUFV2 CACNA2D1
CYPI1B1 PTGER3 TLR9 RPS6KAS NDUFV3 SRD5A1
CYPIA2 CXCL8 PTPNI11 ELANE MT-ND1 SIGMARI
RGS17 PRKCB GNB1 PTP4A3 MT-ND2 SLC18A2
TOP2B BIRCS GNG2 MALT1 MT-ND3 CBS
NROBI1 DUOX2 PTPRF EIF2AK1 MT-ND4L FDPS
P2RX7 HSPB1 SLCI2A5 CSNK1G2 MT-ND5 DAGLA
CA2 TGFB1 GRIK1 CSNKI1Al MT-ND6 AOC3
GABRALI SULTIEI TBXASI1 CYP27Al1 NDUFA4L2  MIF
GABRA2 MGAM SENP6 TRPM2 NDUFA4 ALDH2
AKRIBI IL2 GRM4 S100B MT-ND4 ERAP2
SLC9A1 NR1I2 HDAC3 FADS1 XPO1 TASIR1
DRD1 CYPI1BI1 APP PLG DNM2 CASP5
PLK1 CCNB1 KCNQ3 ITGA2B KCNMA1 MAPKI1
PLK3 PLAT HSPA1A VEGFA STS PSMBI1
PLK2 THBD HTRIE LDHA PIM2 FLT3
CFD SERPINEl1  TAARI SHBG RET PLG
DYRKIA COLI1A1 PIM2 SLC6AS GCGR MPI
MAPK10 IFNG ADHIB ALDHS5ALI WEE1 C1S
PGK1 ALOXS ADHIC ABAT MTOR CCR1
MCHRI1 PTEN ADHIA QDPR PIK3CD PDE3A
MAPK9 IL1A PLA2G2E CXCL12 PIK3CB PDE4A
NAAA MPO PRSS3 HCN4 PIK3CA PDE2A
ALDH2 NCF1 CHRM3 EP300 PDK1 PDE11A
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TTK HAS2 GABRA2 NFE2L2 ASF1A CCRS
LTA4H GSTP1 RXRA NFKBI1 EZR PDE7B
ABCG2 NFE2L2 GABRAL GLOl1 PDPK1 THRB
ADORA3 NQO1 NCOA2 FOS FNTA PIN4
CLK4 PARP1 CA13 CISD1 MMP14 CACNAID
RAF1 AHR SRD5A2 DAGLA VCP FAAH
MSTIR PSMD3 P4HAL MMP12 DYRKIA PPMIB
BMP4 SLC2A4 AKRI1C2 DUSP1 ADORA2B CDC25A
CYPI1Al COL3Al1 TAS2R14 IDH1 CLK1 CXCRS5
CDK8 CXCL11 CPA3 TLR9 CLK3 GRM6
MDM2 CXCL2 HCAR3 PLEC DYRK2 S1PR4
TGM2 DCAF5 LPARS REN ROCK1 TRPV1
GRM5 NRI1I3 KCNKO9 CNR1 DRD1 F2R
GRM1 CHEK?2 HIF1IAN TDP2 MMPS8 PFKFB3
GCK INSR TPMT PLA2G2C PNP TRPM8
MTOR CLDN4 CYCS PIN4 TYMS GABRA3
CTSS PPARA RARB CAD MAP2K1 ALOXSAP
HSP90AB1 PPARD KDM3A HDACI11 PIM3 SREBF2
PRKCB HSF1 KCNN4 PPM1B SGK1 PTAFR
MKNK?2 CRP FOLH1 HDAC10 ROCK2 HCRTRI1
TGFBR2 CXCL10 RARG NR1DI LIMK1 RGS4
SIRT2 CHUK KDM2A NPEPPS CDC42BPA  YWHAG
PDK1 SPP1 PLA2G4B GLB1 TNK2 ADRA2B
ATR RUNX2 KDM5C TASIR1 DMPK ADRAIA
IKBKE RASSF1 PARP10 HSPA1A NEK1 ADORA2A
KDMS5B E2F1 RXRB P4AHTM PDE4B CDK1
TRPV1 E2F2 RARA NNMT HDAC6 ADORA2B
TBK1 ACP3 CTRBI P4HAL1 HDACS8 FNTA
SCD CTSD KDM4A MB HDAC1 QPCT
FGFR3 IGFBP3 KDM4E FUT7 CDC25A PIM1
CLKl1 IGF2 KDM4C ALPL CDC25B GLPIR
DYRK2 CD40LG MEP1B GABRA4 ADAM17 P2RY10
KARS IRF1 EPHX1 GABRAG6 ALPL GPR174
MARKI1 ERBB3 PARPI15 KDM3A FLT1 DNPEP
PDGFRB PON1 HMGBI CELALI FGFR1 GPR34
FPR2 DIO1 CXCL8 LOXL2 CASP6 RPS27
PIM3 PCOLCE CTBP2 KIF20A APOBEC3G CREBI
FLT4 NPEPPS RXRG CFTR SMADI1 GLS
DRD4 NKX3-1 CTSG AHR FYN SCN2A
JAK1 RASAI DDO DPYD STAT3 TAFIL
TUBB GSTM1 KDMS5B CYP2A6 TH CYP2D6
SLC22A3 GSTM2 LPARI RNASEH1 CD36 KLK6
CYPI19A1 NOX4 FUT7 TNFRSF1A JAK1 AOC2
CD38 AVPR2 SLC6A7 GABRBI1 PCK1 FUCAL1
NR3C2 MAOA FEN1 HTRIE PROC BAZ2B
PARP1 IGFIR MITF TDO2 CDCP1 GABRB2
IMPDH2 FLT3 KMO ITGB7 ATP1A1 WRN
ROCK1 CYP19A1 SLC22A6 NUAKI1 SSTR5 ACE
XBP1 CA2 GSTAL PSMD14 SSTR2 S1PRS
ADORA2A PIM1 KDM2B RADSI1 SSTR4 PRNP
PIM2 AURKB FTO TPO SSTR1 RORA
AGPAT2 DRD4 KLF5 CCR1 SSTR3 CACNAII
SIRT3 ADORAL1 SLC15A1 BBOX1 FUCAL1 SLC22A1
SIRT1 GLO1 CPA1 SLC5A7 SI LDHB
GRKS5 PIK3R1 KDMS5A NRIH3 FOLH1 PTGES
FLT1 ADORA2A  SLC22A8 VDR HKI1 PPARD
MAP4K4 DAPK1 KCNK3 GLRAI HPRT1 NPEPPS
EPHA2 PYGL ERCCS NR1I3 MMP7 PPID
RPS6KA3 CAl RPS6KB2 SREBF2 TREH TMEM97
AXL GSK3B KDM4D CYP17A1 PTAFR S1PR3
NQO2 SRC FABP4 CYP51Al1 ADA NOX1
DRD3 PTK2 NR4A1 HMGCR SQLE LOXL2
FGFR1 HSD17B2 KDM4B NR3Cl1 CDA RADS1
STAT3 KDR FABP3 NPCIL1 MGMT NMBR
UBA2 MMP13 GFER IGFIR IGF2R ALPG
F7 ALOX15 NR1H4 ALK SLC28A2 PLAA
NCOAL1 ABCClI TDP2 GC SLC5A11 STK17B
BACELl PLK1 HNF4A CDS81 MANBA QDPR
NR1I2 CAIl2 P4AHTM HSD11B2 SELP ODC1
KCNMAI1 PKNI1 SENPS PTPN2 SELL KCNBI1
PRKABI1 CAl4 LIGI POLB P2RY6 DNM1
BMPRI1A CA9 KIF11 PRKCH ADK DHCR7
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ACVRLI CSNK2A1 RCEI PTPNI11 GBA2 IGF2R
BMPR2 ALOX12 HKDCl1 SERPINAG6 UGCG HSD17B3
BMPRI1B MET PTPsigma RORA P2RY4 TRPMS
ACVR1 NEK?2 SLC7A11 FNTA HSPAS8 NQO2
MIF CXCRI1 DHODH PTPN6 CD69 SHBG
RET CAMK2B RNASEH1 FDFT1 P2RY2 DUSP3
MMP9 ALK GABRB1 FABP1 GAPDH RAF1
MMP1 ABCBI1 GPR139 FABP4 PDCD4 CISD1
MCLL1 NEK6 APAF1 FABP3 GBA CAMK2A
WEEI PLA2GIB SLC6A1 FABPS CAPNSI NOX4
CHRNA7 BACELl PLAUR PPARD P2RX1 SLC22A3
PAK4 AXL ACP3 PTPRF NAALAD2 ALOX12
MMP3 ABCG2 NSD2 PLA2GI1B NEU4 KCNMA1
MMP2 NUAKI1 ATIC ACP1 GAA CCND3
TUBBI1 AKRIC2 HAO1 SRD5A2 MAN2BI PSMD14
DHCR?7 AKRIC1 MLYCD TERT HEXB EBP
DRD5 AKRI1C3 CTDSP1 PDE4D HEXA CHEKI1
ESR2 AKRI1C4 BHMT IL6 LYPLA2 PTPN6
CCNA2 AKRI1ALI APEX]1 G6PD LYPLAI ALPI
TOP2A GPR35 KDM6B SRD5A1 GLA ALOX15
CDK3 MAPT GLRA3 ATP12A TDP1 IRF3
PLK4 KDMA4E ERNI1 TACR1 SLC5A7 NFKBIA
PHLPP2 MYLK CSNK2A2 TNF TUBBI1 TRPV4
BRAF SYK PHGDH PPARA CREBBP TXNRDI1
MMP8 APEXI1 LTA4H SLCI10A2 OGA IFNBI1
STAT6 PTPRS PIN1 ADAM17 PDF ACP1
CLK2 ESR2 ACMSD GPBARI GLBI POLB
DYRKI1B MPG ATG4B PRKCA PDE4C MDM2
PSEN2 SLC22A12 CMA1 RASGRP3 TNFRSFIA  PABPCI1
OGT CDK5 PTPRC MC4R KLKS5 HRHI1
MMP26 CCNB3 ESRRG CXCR3 PLAA RORC
MMP15 ARG1 PLA2G2D INCENP CHIA RORB
MMP16 CDK6 NCOR1 IL6ST MCHRI1 CHRNBI
TCF4 CDK2 HSP90AAL PYGL SRD5A1 CHRNA3
CHRM3 TYR PLCG1 PYGM GRK1 CEL
ADRAIB HSDI17B1 ENPEP HRH1 EPHX2 AVPR2
ADRAID ESRRA NR4A2 CRYAB AHCY NR1H3
DRD2 APP FABPS SQLE TYMP IKBKE
F2 TTR UCHL1 TOP1 TK1 NRI1H2
PIK3CA MMPI12 L3MBTL3 HIF1A MAPK10 SLC18A3
TGFBR1 CD38 PRMT6 IL1B DTYMK MMP12
CDC7 TNKS2 RPA1 PLCG1 KDM4C SAE1
GAK TNKS RBP4 USP7 PIN1 C5AR1
CLK3 TERT CDC25B PIN1 AOC3 PGGTI1B
SCN9A ELAVL3 ESRRB CYP24Al ADRAIA ICAM1
EIF2AK3 CYP2C8 EPHX2 POLAL ACPP VCAMI1
CBFB ELAVL1 PAXS LTB4R GDA MC4R
ITK CCR4 DUSP22 PTGER2 HTR3A DNMT3A
CDK9 CYP2C9 NEU3 PTGER1 KYNU ECEl
ALOXS BRAF CYP2C19 NR1H4 ACER2 CPB2
MAPK3 P4HB PLEC PTGER4 CPA3 DPP4
ALDH3A1 CBS PLA2GIB SLC22A6 CERT1 DPEP1
MAPK1 CREBI TYR GPRS55 SLC7AS FFAR4
PTGES ANTXR2 ELANE GPR18 CES2 HMGCR
BACE2 PGF APOBEC3A | CALCRL SLCI5A1 PTGFR
CSNK1D AMY1A HPGDS AKRI1C3 CPNI1 GPR17
IRAK4 ST6GALI1 P2RX4 TACR2 CES1 ASAHI1
TRHR CBR1 CARMI1 HPGDS SCN4A MMP10
ILK ACP1 CYP1A2 MMP7 KCNN4 PLA2G4A
CA7 KCND3 PTPN7 PGGTI1B SLC18A2 GABRQ
CTSK SNCA CCR6 GBA SLC22A6 CNOT7
GSK3A NMUR?2 CHRM1 NRIH2 TRPMS8 MMP8
CAl4 RPS6KA3 ADRBI SHH PARP10 NAALAD2
CPT1A ALPI SLC6A3 UGT2B7 GLS SLC13A5
ALDHI1ALI GSTO1 ADRB2 MSRI1 SLC1Al GGH
ABCBI1 QDPR SLC6A4 EBP PADI1 FAAH2
RPS6KALI GRK6 PKIA PRKCZ PADI3 THRA
ATP4B ESR1 TYMS PTGIR GPR139 MMP3
FASN ADRA2C CRHR1 F2R C3AR1 OXER1
GPR84 NQO2 F2 ITGAL PAM SLCO2A1
ABCC4 ADRA2A PRSS1 PRKCQ SLC1A2 MMELI1
ABCCI PDESA PLA2G7 RASGRPI ANPEP LPL
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BRD7 SLC29A1 PRKCD MDM4 SLC7A11 ERAPI
ODC1 SLC28A3 CYP11B1 PTGFR DBH LY9%6
SLC22A2 SLC5A1 CXCR2 MPEG1 SLCI1A3 GNPAT
SIRTS CD22 PLA2G2A GLUL CPA1 DLG4
EDNRB FGF1 CYP2A6 AVPR2 PLAUR GSR
ACVR2B B4GALT1 ADRA2A AVPRIA PABPCl1 SLC6A11
PDESA HRAS ADRA2C OXTR PADI4 MMP13
PRKCE FGF2 ALDH3A1 ATP2A1 GRM3 TBXA2R
MGLL SLC5A4 GABRB3 PPP1CC ADRBI CDC25C
LIPG ERAPI CYP17A1 PPP2CA SLC6A3 LTB4R2
ERNI1 LGALS9 SQLE PPP2R5SA LYZ PHF8
CTSD ALDH2 RAPGEF4 JUN CTRBI CD69
PI4KB ADORA3 GRM5 PCSK7 PTPN2 BCL2A1
PI4KA AMY2A GABRG2 S1PR3 YARS SIRT5
HDAC6 LGALS4 PIK3CD S1PR1 GGH CASP7
OPRM1 LGALS8 CCRS SLC5A2 CASP2 SCN5A
OPRD1 GJB2 CIR SLC5A1 P2RX4 PARP3
OPRK1 LGALS3 P2RX7 GLRA2 UMPS NCEH1
ACACB MAG METAPI LGALS9 SLC37A4 HRH2
IDO1 LGALS7 GABRAS L2 RXRG NPPA
LRRK2 LGALS1 NPY5R BCL2 PRKCD S1PR1
ATP4A HPSE CTSK CCNB1 MGLL ITGA4
ERBB2 CALM1 CTSL PAX8 HCAR2 FCER2
FAAH CDK4 CTSB PTGER3 CHRNA2 ITGB1
JAK3 EEF1E1 TDO2 PTGDR PLCG2
TRPC3 MDM2 CYP11B2 SLC29A1 EGLN1
PDE3A BAD TYMP SF3B3 ADA
PDE7A MCLI1 AR SORD ADAMTSS
XDH CCND2 LIPE TYRO3 NCOR2
SLC6A2 L4 LRRK2 CCNT1 GGPS1
SLC6A3 IKBKG EGLN3 P2RX3 CYSLTR2
ASF1A XIAP NAAA MERTK LNPEP
CDK5 CYCS HTR2A LIMK2 CYP2C9
DYRK3 CFLAR HTR2C CRHR1 MMP14
PTK6 AAGAB HRH3 MAP3K14 FDFT1
NEK1 INS HRH4 GRB2 GABBR2
DNM1 FCER2 KIF20A MME PTGDR2
HSDI17B3 IL13 CYP19A1 AKT2 S1PR2
HDAC1 MS4A2 CHRM2 AKT1 SLC1A2
APP PSME3 CNRI1 AKT3 GABBRI
THRA G6PC MAPKS PRKDI1 CYP26A1
THRB APC MAPKI10 HDAC4 METAP2
ESRRA TRPM2 DAPK3 EZH2 PLA2GS
ESRRB SLC5AS JAK3 MAP3KI11 SELL
ALOX15 FXYD2 JAK2 MAP3K9 SHH
CAPNI1 ALGS KCNH2 MAP3K10 EBPL
CXCR2 CFTR JAK1 TTL HEXA
CAIl2 PFKFB3 ALPL PRKCD ELOB
CA9 LCK CDK2 ADCY1 ELOC
GRK6 NAEI1 FGFR1 PDE3B KCNH3
DCK TBXASI1 DCTPP1 IMPDHI1 GRINI
BAD BCHE CDC7 PDE2A CYP2J2
CYP2C19 HTR2C HMOX1 PHLPP1 SPHK1
CYP3A4 PLG SELE PSEN1 CXCR3
COPS5 CYP2CI19 CTSH CCKAR TDP1
STAMBP HSD17B3 HSD11B1 TTPA NOS3
CAl CDKS5R1 PTK2B GSTOl CHRNA2
PDPKI1 PDE4D GCGR PDCD4 PRODH
KIF11 MIF TNKS2 CDC25C CYP51A1
CDK1 ESRRB HTR2B IARS NRI1I3
STS POLI PDE4B GSR GPBARI
NAMPT POLH PDE7A PLA2G2A UGT2B7
CDK?7 TNNCI CACNAI1B F2RL1 POLALI
CDC25A TNNI3 GRIK3 BRD4 NPCIL1
CASB TNNT2 SLC9A2 BRD2 G6PD
CASA SMAD3 PPARG ATP1A1 NR3Cl1
KDR HSPATA SLC37A4 KMTSA CHRNG
CCNE2 NLRP3 SLC6AS AOC3 CHRND
SYK CAT PPARA PTAFR F10
CCNEL1 HMGCR KCNA3 LANCL2 CALMI
CCNB3 C5AR1 ALDHIA1 CDC42BPA IGHG1
ADORA2B ITGB2 MTNRI1B DHCR24 GABRAG6
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VCAMI TBXA2R SLC6A2 SLC10A1 ADRAIB
DUSP3 NOS2 MAPT NPCl1 NR3C2
HRH3 HSP90AB!1  FABPI CDC45 TRPV3
GRK2 PGR PPMEI1 FGF2 ATPI12A
ADK CHRM1 GFPT1 CD4 CD81
QPCT GABRA2 ABCB1 ST3GAL1 PGR
NPY5R SLC6A2 TUBBI1 ABCBI1 SCD
GLRA3 CHRM2 BCHE EPHA7 NCOA1
NR4A2 ADRAIB IKBKG EPHAS SERPINA6
TAS2R14 IKBKB FABP2 EPHAS VDR
CHRMS MAPKS TOP2A EPHB3
HTR2A PPP3CA NLRP1 EPHA4
HTR2C SLPI ATP6VIBI1 EPHAI1
SLC6A4 GNB1 CYP27A1 EPHBI1
ADRAITA GNG2 CYP24Al EPHAG6
CHRM2 PTPN1 BACELl EPHB2
HTR7 PTPN9 ACHE EPHB6
HTRIA PTPN6 KCNK2 CYP27B1
HCRTR1 PTPN22 NLRP3 ENPP2
ADRB3 PTPN13 IMPDH2 EPHA3
ADRBI1 PTPRG IMPDHI GBA2
TBXA2R DUSP22 HTRSA GABRA3
MAOA NCOAL1 MTNRIA BAX
MTNRIB CHEKI1 PARP14 CASP9
CHRNB4 PDE3A KLKB1 TGFB1
CHRNA3 FASN PLAU PON1
KCNN3 FASLG PDGFRA MAP2
CHRNB2 KIT MET FGF1
KCNNI1 OPRD1 VCP UGCG
KCNN2 PLA2G2A ADORA3 ADHIC
MTNRIA SIGMARI PDEI10A LYZ
PPPICA KCNAS TSPO PRSS3
CTSL CDK9 GRM1 TYR
HTR6 CDKS8 PDESA SLCO1B1
ADRA2A EEF1Al EP300 ST6GALL
BTK EEF1A2 SNCA BCL2L1
ADORAL1 PDK4 GRM2 IGHG1
HTRIB TAS2R31 HTRIA CTRBI1

In addition, 1446 AS-related targets were obtained by OMIM, Genecards, and DisGenet,
and the PPI networks based on the intersection of component-related targets and AS-related
targets were constructed through STRING (Figure 1). The PPI network of AS-related targets
and common targets of components identified 4 hub targets with degree > 50, including PTGS2,
EGFR, CASP3, and PPARG. PTGS2 (Prostaglandin Endoperoxide Synthase 2, degree = 61)
expression induced inflammatory response, and PTGS2 inhibition downregulated the expression
of MMPs in macrophages, thus stabilizing atherosclerotic plaque [35]. Flavonoids in Honghua-
Taoren, such as quercetin, effectively inhibited PTGS2 for controlling the inflammatory response
[36]. EGFR (Epidermal growth factor receptor, degree = 57) inhibition significantly reduced
T cell infiltration in the AS process [37], and alkaloids in Huanglian-Gualou reduced the
proliferation and migration of VSMCs induced by EGFR [38]. CASP3 (Caspase-3, degree=55) is
expressed as an apoptotic protease in atherosclerotic plaques [39], and oxyberberine inhibited the
expression of pro-apoptotic protein CASP3 [40]. Moreover, PPARG (Peroxisome proliferator-
activated receptor gamma, degree =50) affected lipid metabolism in macrophage foam cells and
induced inflammatory response associated with AS [41]. Triterpenoids in Huanglian-Gualou
promoted M2 polarization of macrophages for alleviating AS by activating PPARG signal [42].

In addition, we identified 56 hub targets by analyzing the relationship of the AS-related
and unique component-related targets. In the Huanglian-Gualou PPI network, MAPK3 has
highest degree (degree = 21). Alkaloids and triterpenoids haved been reported to downregulate
the expression of the downstream target MMPO by interacting with MAPK3, and significantly
reduced the thickness of carotid intima in mice fed with high cholesterol diet [43]. Oxyber-
berine reduced the expression of AGEs and RAGE, and regulated the downstream MAPK
signal pathway,inhibiting the expression of pro-apoptotic protein CASP3 [40]. Therefore, we
hypothesised that the Huanglian-Gualou pair showed clearing heat and resolving phlegm against
AS by modulating the MAPK and AGE-RAGE pathways.

In the Honghua-Taoren PPI network, INS and CCL2 exhibit highest degrees (degree = 41 for
INS and 34 for CCL2). Flavonoids and aromatic glycosides inhibited the expression of CCL2
in endothelial cells, thereby reducing the lipid infiltration of monocytes [44]. Glycosides also
regulated blood lipid levels by inhibiting NF-<B activation, which prevented the transcriptional
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Figure 1 PPI network of disease and component-related targets. AS-related targets with common

targets for 3 herb pairs (A), unique targets of Huanglian-Gualou (B), Honghua-Taoren (C)
as well as Suhexiang-Bingpian (D). The large and red node indicates the node has a high
degree value, and the small and blue node manifests the opposite.

expression of PTGS2 and inflammatory factors [45]. Quercetin in Honghua-Taoren has been
verfied to alleviate the inflammatory response and endothelial dysfunction caused by insulin
resistance [46].

TLR4 is most important in the Suhexiang-Bingpian PPI network (degree = 12). Volatile
oils with aromatic resuscitation can improve blood circulation and reduce platelet aggregation
[47,48]. In view of molecular mechanism against AS, volatile oils inhibited TLR4 for reducing
the secretion of inflammatory factor PTGS2, and improved the stability of atherosclerotic
plaques [49]. Moreover, monoterpenoids in Bingpian also downregulated the expression of
TLR4 and p-p65 of NF-xB in vascular endothelial cells for the treatment of AS [50].

3.2 KEGG analysis

Pathway enrichment through KEGG analysis was performed for identifying the common and
unique mechanisms of the 3 herb pairs, respectively (Figure 2). The common targets of 3 herb
pairs mainly interfered with AS process through five pathways, including fluid shear stress and
AS, TNF, AGE-RAGE, IL-17, and apoptosis.

The TNF signaling pathway plays a vital role in regulating inflammation, cell proliferation,
and cell death [51]. Activation of TNF receptor induced the degradation of inhibitory protein
IKB, leading to chronic inflammation caused by disordered NF-xB transcription [52,53]. The
components of 3 herb pairs showed important therapeutic effects on AS by regulating the TNF
pathway. Oxyberberine in Huanglian downregulated the levels of inflammatory factors TNF-c,
IL-6, and IL-17 by inhibiting the NF-xB pathway [54]. 8-Sitosterol in Gualou and quercetin in
Honghua increased the autophagy of macrophages, and inhibited the foaming of macrophages
induced by ox-LDL [55, 56]. Aromatic esters and monoterpenoids in Suhexiang-Bingpian
inhibited the LPS-induced inflammatory effect of macrophages [57]. Consistent with previous
analysis based on the targets, Huanglian-Gualou, Honghua-Taoren, and Suhexiang-Bingpian
reversed the endothelial injury mainly through anti-inflammatory and anti-endothelial cell
apoptosis.
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Figure 2 Enriched KEGG pathway of common targets (A), and unique targets from Huanglian-Gualou
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(B), Honghua-Taoren (C) as well as Suhexiang-Bingpian (D)

3.3 Analysis of the key component-related targets

Two components relevant to most hub targets for each herb were considered as key com-
ponents against AS. Then twelve components for six herbs and their corresponding targets
were used to construct a herb-key component-target network (Figure 3). The results showed
that flavonoids, including quercetin and apigenin,bind to 232 targets (degree = 232), followed
by aryl esters (degree = 147) and triterpenoids, including cinnamein, 3-phenylpropionic acid,
[-sitosterol and 7-oxo-10a-cucurbitadienol (degree = 97, Table 4).

Table 4 Degree of key components

Key components DC Source
Quercetin 135 Honghua
Apigenin 97 Honghua
3-Phenylpropionic acid 80 Suhexiang
Cinnamein 67 Suhexiang
[3-Sitosterol 52 Gualou
7-Oxo0-10c-cucurbitadienol 45 Gualou
Oxyberberine 44 Huanglian
(R)-Canadine 42 Huanglian
Benzyl B-D-Glucopyranoside 31 Taoren
(+)-a-Terpineol 31 Bingpian
Prunasin 21 Taoren
(+)-Borneol 16 Bingpian

Molecular docking was performed for investigating the binding of 12 key components and
top four key targets (PTGS2, EGFR, CASP3, and PPARG). The docking results indicated
thatflavonoids, triterpenoids and aromatic glycosides showed good binding abilities with proin-
flammatory cytokine PTGS2. But volatile oils had poor performance due to their low molecular
weights without effectively occupying the active pocket (Figure 4A). Quercetin exhibited best
score with proinflammatory cytokine PTGS2 (docking score = 7.82), which is consistent with
PTGS inhibition by quercetin for the treatment of AS [58,59].
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Figure 3 The herb-key component-target Network. Cyan circular, pink diamond and orange rectangu-
lar nodes represent herb, key components, and their corresponding targets, respectively.
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Figure 4 Quercetin negatively regulated NO production in LPS-stimulated RAW264.7 cells
by inteacting with PTGS2. . (A) Heatmap of molecular docking scores between 12
key components and 4 hub targets. Red indicates a high docking score, and blue
does the opposite. (B) The effects of quercetin on NO production of RAW264.7. All
data are shown as means + SD; ##p < 0.01 vs control, and **p<0.01 vs model.
(C) Molecular dynamics (MD) simulation of quercetin and PTGS2. RMSD (red)
and RMSF (black) values of PTGS2 are calculated from the backbone after least
squares fit to backbone. (D) The representative conformation of quercetin bound to
PTGS2. The ligand and the target are shown in green and blue sticks, respectively.
Hydrogen bonds are shown as cyan dashed lines with labeled distance.
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3.4 Molecular dynamics simulation of quercetin bound to PTGS2

Zhu et al. reported that NO produced by eNOS reduced the infiltration of inflammatory cells,
the expression of chemokines and adhesion factors against AS under normal conditions [60].
In contrast to excessive NO and ROS catalyzed by iNOS caused oxidative stress damage
of endothelial cells in inflammatory environment, finally leading to impairment of vascular
endothelial function [61]. Consistent with the results of previous studies, we found that quercetin
obviously inhibited the release of NO in a dose-dependent manner in LPS-induced macrophages
in comparison with the model group (Figure 4B). These results mentioned above verfied that
quercetin showed effects on AS by targeting PTGS2. However, the molecular mechanism of
ligand-protein binding needs further exploration.

One 100 ns MD simulation was carried out for investigating the stable binding-state of
quercetin and PTGS2. The RMSD value of the system showed a stable equilibrium after 27 ns,
and the RMSF plot indicated an average atomic fluctuation <0.15 nm for amino acid residues,
verifying the conformational stability of ligand-protein complex (Figure 4C). The representative
conformation (frame-59200) characterizing 52.3 % conformations in MD clustering analysis
with a cutoff of 0.1 nm (Figure 4C) indicated that quertin formed a hydrogen bond network with
key residues Thr175, Asn351, and Trp356 of PTGS2 (Figure 4D), which enhanced the stability
of the binding between the ligand and the target.

4 Conclusion

In this study, a herb-component-target network was constructed based on 3 herb pairs against
AS. Their common mechanism for AS is associated with the inflammatory targets PTGS2, EGFR,
CASP3, and PPARG, explaining the molecular mechanism of “Same disease with different
treatments”. Through cell and modeling experiments, we verified the anti-inflammatory activity
of the key component quercetin, and its binding with PTGS2. We wish that our study can
provide an theoretical instruction for clinic application of multiple TCMs for the treatment of

AS.

Abbreviations
TCM Traditional Chinese Medicine
AS Atherosclerosis
PPI Protein-Protein Interaction
SD Standard Deviation

VSMC  Vascular Smooth Muscle cells

PTGS2  Prostaglandin-endoperoxide synthase 2

EGFR Epidermal Growth Factor Receptor

CASP3  Caspase-3

PPARG  Peroxisome Proliferative Activated Receptor Gamma

DC Degree Centrality
LPS Lipopolysaccharide
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