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Introduction
 Nonalcoholic Steatohepatitis (NASH) is a severe form of Nonal-
coholic Fatty Liver Disease (NAFLD) that results from lipid accu-
mulation leading to hepatitis and hepatocellular damage (ballooning) 
[1], it is considered to be an asymptotic form of NAFLD and charac-
terized by hepatic steatosis, inflammation, hepatocellular injury and 
fibrosis of varying degrees. The mechanism of inflammation can help 
us to prevent and reverse the further development of NASH [2]. Ath-
erosclerosis (AS) is a chronic inflammatory cardiovascular disease 
that is harmful to human health, its main pathological feature is that 
the lipid deposition in the coronary artery and accompanied by the 
proliferation of smooth muscle cells and fibrous matrix proliferation, 
which gradually forms atherosclerotic plaques. At the same time, it is 
generally believed that various inflammatory cells and inflammatory 
factors also play an important role in its pathogenesis [3]. Existing 
research shows that pathological changes in NASH are not only asso-
ciated with the liver, but also with an increased risk of cardiovascular 
events; patients with NAFLD have a higher risk of cardiovascular 
events compared with patients without NAFLD, which is the main 
cause of death [4]. The pathogenesis and pathological changes of 
NASH and AS are related to lipid and inflammation. According to the 
theory of “homotherapy for heteropathy” in traditional Chinese medi-
cine, the same treatment method is used for different diseases with the 
same pathogenesis, and the same etiology or pathogenesis in different 
diseases is the key to treatment [5]. In TCM syndrome differentiation 
and treatment, NASH belongs to “hypochondriac pain” and “abdom-
inal mass”, the main pathogenesis of NASH is the endogenous turbid 
dampness, which runs through the whole process of the disease [6]. 
AS can be attributed to “chest discomfort” and “angina pectoris” in 
TCM and its pathogenesis should also be classified as the endoge-
nous turbid dampness, which is considered to be main pathogenesis 
of AS [7]. The classic famous prescription LiYin Decoction originat-
ed from the chapter “Prescription for Treating Phlegm and Fluid” in  
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Abstract
Background: LiYin Decoction (LYD) is a classic Chinese herbal for-
mula most commonly used for the treatment of Nonalcoholic Steato-
hepatitis (NASH) and Atherosclerosis (AS) with homotherapy for het-
eropathy. In order to understand its mechanisms action, this study 
based on the theory of homotherapy for heteropathy used network 
pharmacology and molecular docking approaches to illustrate the 
molecular mechanism and substance basis of LYD for the treatment 
of NASH and AS.

Methods: The active ingredients and their potential targets of LYD 
were obtained and screened from TCMSP database, and the names 
of targets were standardized by the UniProt database. DisGeNET, 
CTD and TTD databases were searched to obtain two disease-relat-
ed targets. A Venn diagram was drawn by online software “Bioinfor-
matics” and acquired common targets, software Cytoscape3.7.2 was 
used to construct and visualize the “LYD ingredients-common tar-
gets” network. The common targets were imported into STRING11.5 
database to construct Protein-Protein Interaction (PPI) network, soft-
ware Cytoscape3.7.2 was used to visualize the results and screen 

out the core network. Metascape database was used to analyze the 
GO and KEGG pathway enrichment results. Finally, the main active 
ingredients were docked with the core targets by using software Aut-
oDockTools1.5.7.

Results: The core active components of LYD are quercetin, kae-
mpferol, naringenin, isorhamnetin and formononetin, and the core 
targets are ESR1, PPARG, ESR2, MAPK14, PIK3CG, MAPK8, 
MAPK3, PRKCA etc. The key targets are mainly enriched in sig-
nificant pathways such as lipid and atherosclerosis, IL-17 signaling 
pathway and so on. Molecular docking verification results indicated 
that most of the core components have strong binding activity to the 
core targets.

Conclusion: This study preliminarily revealed the potential mecha-
nism of multiple ingredients in LYD to treat NASH and AS with homo-
therapy for heteropathy through multiple targets and ways, provided 
theoretical basis for further research on the mechanism of action and 
clinical application of LYD.
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Integrating Chinese and Western Medicine written by Zhang Xichun 
[8], and it is composed of eight herbs including Rhizoma Zingiber-
is(GJ),Cassia Twig(GZ),Atractylodes macrocephala(BZ),Hoelen(-
FL), Radix Paeoniae Alba (BS), Pericarpium Citri Reticulatae (CP), 
Cortex Magnoliae Officinalis (HP) and Glycyrrhiza uralensis Fisch-
(GC),which is used to treat phlegm and fluid retention and is widely 
used in clinic [9]. Therefore, the use of LYD to treat NASH and AS, 
which are mainly characterized by “endogenous turbid dampness”, 
conforms to the theoretical basis of “homotherapy for heteropathy” in 
TCM.Meanwhile, modern pharmacological and clinical studies show 
that the drugs contained in LYD have definite therapeutic effects on 
interfering with NASH and AS [10-13], providing a theoretical basis 
for treating different diseases with the same treatment (Figure 1).

 With the rapid development of biomedical big data and artificial 
intelligence era, network pharmacology has formed a new genera-
tion of research mode characterized by “network” and “system”. It 
explores the relationship between drugs and diseases by building a 
network of “drug components-targets-pathways-diseases”, which is 
in line with the characteristics of “whole” and “treating different dis-
eases with the same treatment” of TCM in treating diseases [14]. In 
this study, the network pharmacology and molecular docking meth-
ods were used to explore the mechanism of LYD in treating NASH 
and AS with homotherapy for heteropathy, and provide reference for 
further clinical research and application.

Materials and Methods
Screening and Target Prediction of Active Components in 
LYD

 The Traditional Chinese Medicine Systems Pharmacology Data-
base and Analysis Platform (TCMSP) was used to obtain the active 
ingredients of GJ, GZ, BZ, FL, BS, CP, HP and GC based on the oral 
bioavailability (OB ≥ 30%) and drug-like (DL ≥ 0.18). The targets of 
the active ingredient were predicted by TCMSP, and then the gene 
symbols were obtained after standardized by UniProt database.

Screening NASH and AS related targets

 NASH and AS related targets were acquired from the DisGeNET, 
Comparative Toxicogenomics Database (CTD) and Therapeutic Tar-
get Database (TTD), and then get disease-related targets after sorting. 
By using online software “Bioinformatics” (https://www.bioinfor-
matics.com.cn) to intersect the targets of LYD and the targets of the 
two diseases and draw the VENN diagram.

Building the PPI network of the intersection target of 
NASH and AS

 Import the obtained LYD-NASH and AS intersection targets into 
Search Tool for the Retrieval of Interacting Genes (String11.5) da-
tabase, select the species as “Homo sapiens”, and set the “minimum 
required interaction score” as 0.900, so as to obtain PPI network rela-
tionship. The results were imported into the Cytoscape 3.7.2 software 
for visualization, and the plug-in Network Analyzer is used to analyze 
the relationship between protein interactions, then the core proteins 
are screened and analyzed.

Construction of “LYD active-ingredients -intersection tar-
gets of NASH and AS” network Cytoscape 3.7.2 software 
was used to build the “drug-active ingredient-disease tar-
gets” network

 by combining the target of LYD active-ingredient with the inter-
section targets of NASH-AS, where node represents the drug ingredi-
ent or disease target, and edge represents the relationship between the 
drug ingredient and disease target. Network Analyzer plug-in in Cy-
toscape 3.7.2 was used to analyze network characteristics, including 
topological parameters such as Degree, Betweenness and Closeness, 
and study the interaction relationship between drug components and 
targets.

Enrichment analysis of the target Function and pathway of 
LYD intervening NASH and AS

 The intersection targets obtained from 2.4 were analyzed by using 
the Metascape (http://metascape.org) database for biological infor-
mation enrichment. The species selection is Homo sapie, including 
KEGG pathway analysis, Biological Process (BP), Molecular Func-
tion (CC) and Molecular Function (MF) of GO analysis. After the 
analysis results were sorted according to the P value and Count value, 
respectively P< 0.01, the top 20 KEGG pathways and GO analysis 
results were selected.

Construction of “LYD active-ingredients -intersection tar-
gets -pathways” network

 Combining the information of drug active component-disease tar-
get in 1.4 and pathway interaction obtained by KEGG enrichment 
analysis in 1.5, using Cytocape3.7.2 to construct “drug compo-
nent-target-pathway” network diagram for visualization processing 
and analyzing the topological parameters of the network, and screen-
ing the main active components and core targets of LYD for inter-
fering NASH and AS according to the topological parameters in the 
network. Combining the drug active component-disease targets in 2.4 
and pathways interaction obtained by KEGG enrichment analysis in 
2.5, using Cytocape3.7.2 to construct “drug component-target-path-
way” network diagram for visualization processing and analyzing the 
topological parameters of the network. Then screening the main ac-
tive components and core targets of LYD for interfering NASH and 
AS according to the topological parameters in the network.

Molecular docking verification

 The main active ingredients of LYD and the core targets of inter-
fering NASH and AS screened in 2.6 were obtained through analysis. 
The names of the active ingredients were searched through PubChem 
database(https://pubchem.ncbi.nlm.nih.gov) and the 3D structure  

Figure 1: Workflow of the study.
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files of compounds were downloaded in pdb format. At the same time, 
the core targets were searched in Uniprot database to obtain Entry 
names, which were imported into PROTEIN DATA BANK(https://
www.rcsb.org) database to search and download the 3D structure files 
of target proteins, which were saved in pdb format. PyMOL was used 
to remove water molecules and small molecular ligands from the tar-
get protein. AutoDockTools-1.5.7 was used to add hydrogen bonds to 
the receptor protein, and the size of the active pocket was determined 
and stored in pdbqt format. After the minimum binding energy of the 
active ingredient ligands were calculated by Chem3D software, the 
format was converted into pdbqt format by AutoDockTools-1.5.7 and 
stored. By using AutoDock Vina for molecular docking operation, the 
active components and targets with better binding activity are select-
ed based on the minimum binding energy (Affinity value of ligand-re-
ceptor). The Affinity score is less than - 5 kcal • mol-1, which means 
that the binding activity is good, and less than - 7kcal • mol-1, which 
means that the ligand-receptor has strong docking activity.

Results
Active components and targets of LYD

 In the TCMSP database, 8 components of BZ,5 components of 
GJ,7 components of GZ, 92 components of GC, 15 components of 
FL,13 components of BS, 9 components of JH and 2 components of 
HP were obtained, including kaempferol, naringenin, beta-sitosterol, 
formononetin, Hedysarimcoumestan B, etc. A total of 236 targets of 
LYD active ingredients were obtained after sorting and deleting du-
plicate values.

Disease-related targets of NASH and AS

 Through searching DisGeNET, CTD and TTD databases, a total 
of 529 NASH-related disease targets were obtained. After sorting 
out the potential targets, 448 targets were finally obtained. Similarly, 
2069 AS-related disease targets were finally obtained. The potential 
targets of these two diseases are intersected to obtain 303 targets. The 
targets of LYD and the disease-related targets of NASH and AS were 
intersected to obtain 56 targets, and the VENN diagram was shown in 
figure 2.

“LYD- the intersection targets of NASH and AS” PPI net-
work

 The 56 targets obtained from 3.2 are used to build PPI network 
through STRING 11.5 database, the species was selected as “Homo 
sapiens”, and the “minimum required interaction score” was set as 
0.900, so as to acquired PPI network relationship. The results are im-
ported into Cytoscape 3.7.2 software for visualization, as shown in 
figure 3. There are 53 nodes and 131 edges in the network, in which 
the nodes represent protein-coding genes, and the lines represent the 
interaction relationship between two genes. The larger the area of the 
nodes is in the network, the degree of connection of the nodes is high-
er. The results showed that IL6, TNF, IL10, TP53, MAPK3, IL4, IL8, 
MAPK14 and ESR1 were the main targets.

“LYD drugs-active ingredients-intersection targets” net-
work

 The “drugs - active ingredients - intersection targets” network 
was built through Cytoscape 3.7.2 software, as shown in figure 4. 
There are 157 nodes, 579 edges, 94 active ingredients (Table 1) and 
56 intersection targets in the network. The blue round rectangle node 
represents the disease target, the purple octagon node represents the 
drug, the pink octagon and the yellow and green diamond nodes 
represent the active ingredient. After the network was analyzed 
through the plug-in Network Analyzer, the higher the degree value 
was, the correlation of the node was greater. The larger the area of 
all nodes was in the network, their degree value was higher. The re-
sults showed that kaempferol (MOL000422), naringin(MOL004328), 
β-sitosterol(MOL000358), Hedysarimcoumestan B(MOL004913), 
formononetin (MOL000392) and kanzonols W (MOL004820) had 
higher degree value, it suggested that these active ingredients might 
be the key ingredient of LYD and played an important role in the 
intervention of NASH and AS. ESR1, AR, PPARG, ESR2, MAPK14, 
DPP4, PIK3CG and other targets have high degree value in the net-
work, which may be the core genes of LYD interfering with NASH 
and AS.

Figure 2: Venn diagram of the targets of the AS, NASH and LiYin De-
coction.

Figure 3: The common targets PPI network.
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Figure 4: “Drugs-active ingredients-intersection targets” network.

(Blue round rectangle node - disease target, purple octagon node - drug, 
pink octagon and the yellow and green diamond nodes - active ingredient.)

Main active ingredients of LYD for intervention of NASH and AS

NAME MOLID INGREDIENT OB(%) DL SOURCE

BZ1 MOL000049
3β-acetoxyatracty-
lone

54.07 0.22 BZ

GJ1 MOL002514 Sexangularetin 62.86 0.3 GJ

GZ1 MOL001736 (-)-taxifolin 60.51 0.27 GZ

GZ2 MOL000073 ent-Epicatechin 48.96 0.24 GZ

GZ3 MOL004576 taxifolin 57.84 0.27 GZ

BS1 MOL001924 paeoniflorin 53.87 0.79 BS

JH1 MOL001040

(2R)-5,7-dihy-
droxy-2-(4-hydroxy-

phenyl)chroman-
4-one

42.36 0.21 JH

JH2 MOL005849 didymin 38.55 0.24 JH

JH3 MOL001798 neohesperidin_qt 71.17 0.27 JH

HP1 MOL005970 Eucalyptol 60.62 0.32 HP

GC1 MOL002311 Glycyrol 90.78 0.67 GC

GC2 MOL004990
7,2’,4’-trihy-

droxy－5-methoxy-3
－arylcoumarin

83.71 0.27 GC

GC3 MOL004904 licopyranocoumarin 80.36 0.65 GC

GC4 MOL004891 shinpterocarpin 80.3 0.73 GC

GC5 MOL005017 Phaseol 78.77 0.58 GC

GC6 MOL004841 Licochalcone B 76.76 0.19 GC

GC7 MOL004810 glyasperin F 75.84 0.54 GC

GC8 MOL001484 Inermine 75.18 0.54 GC

GC9 MOL000500 Vestitol 74.66 0.21 GC

GC10 MOL005007 Glyasperins M 72.67 0.59 GC

GC11 MOL004941
(2R)-7-hydroxy-2-
(4-hydroxyphenyl)
chroman-4-one

71.12 0.18 GC

GC12 MOL004959
1-Methoxyphaseol-
lidin

69.98 0.64 GC

GC13 MOL000392 formononetin 69.67 0.21 GC

GC14 MOL004863

3-(3,4-dihydroxy-
phenyl)-5,7-dihy-
droxy-8-(3-meth -
ylbut-2- enyl)
chromone

66.37 0.41 GC

GC15 MOL004808 glyasperin B 65.22 0.44 GC

GC16 MOL004829 Glepidotin B 64.46 0.34 GC

GC17 MOL004855 Licoricone 63.58 0.47 GC

GC18 MOL004914

1 , 3 - d i h y -
d r o x y - 8 , 9 - d i -
m e t h o x y - 6 - b e n -
z o f u r a n o [ 3 , 2 - c ]
chromenone

62.9 0.53 GC

GC19 MOL004835 Glypallichalcone 61.6 0.19 GC

GC20 MOL004907 Glyzaglabrin 61.07 0.35 GC

GC21 MOL005000 Gancaonin G 60.44 0.39 GC

GC22 MOL004824

(2S)-6-(2 ,4-dihy-
d r o x y p h e n y l ) - 2 -
( 2 - h y d r o x y p r o -
pan-2-yl)-4- me-
t h o x y - 2 , 3 - d i h y -
d r o f u r o [ 3 , 2 - g ]
chromen-7-one

60.25 0.63 GC

GC23 MOL004849

3-(2,4-dihydroxy-
phenyl)-8-(1,1-di-
m e t h y l -
prop-2-enyl)-7-hy-
d r o x y - 5 - m e -
thoxy-coumarin

59.62 0.43 GC

GC24 MOL005003 Licoagrocarpin 58.81 0.58 GC

GC25 MOL004838
8-(6-hydroxy-2-ben-
zofuranyl)-2,2-di-
methyl-5-chromenol

58.44 0.38 GC

GC26 MOL005012 Licoagroisoflavone 57.28 0.49 GC

GC27 MOL005018 Xambioona 54.85 0.87 GC

GC28 MOL005020
dehydroglyasper-
ins C

53.82 0.37 GC

GC29 MOL004993
8-prenylated eriod-
ictyol

53.79 0.4 GC

GC30 MOL004908 Glabridin 53.25 0.47 GC

GC31 MOL004910 Glabranin 52.9 0.31 GC

GC32 MOL004879 Glycyrin 52.61 0.47 GC

GC33 MOL004912 Glabrone 52.51 0.5 GC

GC34 MOL004885 licoisoflavanone 52.47 0.54 GC

GC35 MOL003656 Lupiwighteone 51.64 0.37 GC

GC36 MOL004856 Gancaonin A 51.08 0.4 GC

GC37 MOL000239 Jaranol 50.83 0.29 GC

GC38 MOL004820 kanzonols W 50.48 0.52 GC

GC39 MOL005001 Gancaonin H 50.1 0.78 GC

GC40 MOL005016 Odoratin 49.95 0.3 GC

GC41 MOL000354 isorhamnetin 49.6 0.31 GC

GC42 MOL004848 licochalcone G 49.25 0.32 GC

GC43 MOL002565 Medicarpin 49.22 0.34 GC

GC44 MOL004857 Gancaonin B 48.79 0.45 GC

GC45 MOL004827 Semilicoisoflavone B 48.78 0.55 GC

GC46 MOL004913

1,3-dihydroxy-9-me-
thoxy-6-benzofu -
rano[3,2-c]chrome-
none

48.14 0.43 GC

GC47 MOL000417 Calycosin 47.75 0.24 GC

GC48 MOL004961 Quercetin der. 46.45 0.33 GC

GC49 MOL000098 quercetin 46.43 0.28 GC
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Gene ontology and Kyoto Encyclopedia of Genes and Ge-
nomes enrichment analyses

 By using the Metascape platform to conduct bio-information en-
richment analysis on 56 intersection targets, a total of 157 KEGG 
enrichment and analysis pathways (P<0.01) were obtained, including 
Lipid and atherosclerosis, Pathways in cancer, IL-17 signaling path-
way, Fluid shear stress and atherosclerosis, Alcoholic liver disease, 
Non-alcoholic fatty liver disease and Chemical carcinogenesis - re-
active oxygen species. These are the main signal pathways of LYD in 
treating NASH and AS with homotherapy for heteropathy. According 
to the P value of each enrichment pathway, the top 20 pathways are 
visualized, as shown in figure 5 and table 2.

GC50 MOL004898

( E ) - 3 - [ 3 , 4 - d i h y -
droxy-5-(3-meth -
y l b u t - 2 - e n y l )
phenyl]-1-(2,4- dihy-
droxyphenyl)prop-2-
en-1-one

46.27 0.31 GC

GC51 MOL004911 Glabrene 46.27 0.44 GC

GC52 MOL004974 3’-Methoxyglabridin 46.16 0.57 GC

GC53 MOL004811 Glyasperin C 45.56 0.4 GC

GC54 MOL004949 Isolicoflavonol 45.17 0.42 GC

GC55 MOL004828 Glepidotin A 44.72 0.35 GC

GC56 MOL004948 Isoglycyrol 44.7 0.84 GC

GC57 MOL004866

2-(3,4-dihydroxy-
phenyl)-5,7-dihy-
droxy-6-(3-meth -
ylbut-2- enyl)
chromone

44.15 0.41 GC

GC58 MOL004966
3 ’ - H y -
droxy-4’-O-Methyl-
glabridin

43.71 0.57 GC

GC59 MOL004915 Eurycarpin A 43.28 0.37 GC

GC60 MOL003896
7-Methoxy-2-methyl 
isoflavone

42.56 0.2 GC

GC61 MOL004883 Licoisoflavone 41.61 0.42 GC

GC62 MOL005008
Glycyrrhiza flavo-
nol A

41.28 0.6 GC

GC63 MOL000497 licochalcone a 40.79 0.29 GC

GC64 MOL004980 Inflacoumarin A 39.71 0.33 GC

GC65 MOL004815

( E ) - 1 - ( 2 , 4 - d i h y -
droxyphenyl)-3-(2,2-
dimethylchromen-6-
yl)prop-2- en-1-one

39.62 0.35 GC

GC66 MOL004989
6-prenylated eriod-
ictyol

39.22 0.41 GC

GC67 MOL004884 Licoisoflavone B 38.93 0.55 GC

GC68 MOL004991
7-Ace toxy-2 -me -
thylisoflavone

38.92 0.26 GC

GC69 MOL004957 HMO 38.37 0.21 GC

GC70 MOL004945

(2S)-7-hydroxy-2-
(4-hydroxyphenyl)-
8-(3-methylbut-2- 
enyl)chroman-4-one

36.57 0.32 GC

GC71 MOL004978

2-[(3R)-8,8-dimeth-
y l - 3 , 4 - d i h y d r o -
2H-pyrano[6 ,5- f ]
c h r o m e n - 3 - y l ] - 
5-methoxyphenol

36.21 0.52 GC

GC72 MOL004935 Sigmoidin-B 34.88 0.41 GC

GC73 MOL004882 Licocoumarone 33.21 0.36 GC

GC74 MOL001792 DFV 32.76 0.18 GC

GC75 MOL004988 Kanzonol F 32.47 0.89 GC

GC76 MOL004833 Phaseolinisoflavan 32.01 0.45 GC

GC77 MOL004814 Isotrifoliol 31.94 0.42 GC

GC78 MOL004805

(2S)-2-[4-hydroxy-3-
(3-methylbut-2-enyl)
phenyl]-8,8-dimeth-
yl-2,3-dihydropyra-
no[2,3-f]chromen-
4-one

31.79 0.72 GC

GC79 MOL004864

5 , 7 - d i h y -
droxy-3-(4-methoxy-
phenyl)-8-(3-meth-
ylbut-2- enyl)
chromone

30.49 0.41 GC

GC80 MOL004806 euchrenone 30.29 0.57 GC

A MOL000358 beta-sitosterol 36.91 0.75
GJ, GZ, 
BS, JH

B MOL000422 kaempferol 41.88 0.24 BS, GC

C MOL004328 naringenin 59.29 0.21 JH, GC

D MOL000492 (+)-catechin 54.83 0.24 GZ, BS

Table 1: Main active ingredients of LYD for intervention of NASH and 
AS.

Figure 5: The results of the Kyoto Encyclopedia of Genes and Genomes 
(KEGG) pathway enrichment.

GO Pathway LogP Count Hits

hsa05417
Lipid and 

atheroscle-
rosis

28.54 20

APOB,CD14,CD40LG,MAP-
K14,IL1B,IL6,CXCL8,LBP,LD-
LR,MMP1,MMP9,NFE2L2,OL-

R1,PPARG,PRKCA,MAP-
K3,MAPK8,CCL2,TNF,TP53

hsa05200
Pathways 
in cancer

26.92 24

AR,CDKN1A,NQO1,EG-
FR,ESR1,ESR2,GSTM1,GST-
M2,HIF1A,IFNG,IL4,IL6,CX-
CL8,MMP1,MMP9,NFE2L2,P-
PARD,PPARG,PRKCA,MAP-

K3,MAPK8,PTEN,TGF-
B1,TP53
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 In the results of GO analysis, 1082 biological processes (BP) were 
obtained after screening according to the set P<0.01, including cel-
lular response to lipid, response to hormone, inflammatory response, 
etc; 76 Molecular Function (MF) including signaling receptor regula-
tor activity, receptor ligand activity, cytokine activity, etc; 41 Cellular 
Component (CC) including receptor complex, lysosome, lytic vacu-
ole, etc. According to the Count value, the top 20 enrichment results 
are taken for visualization, as shown in figure 6.

“LYD active-ingredients- intersection targets -pathways” 
network

 By using Cytoscape 3.7.2 to build a network of “drug active-in-
gredients - disease targets – pathways”, and analyze the topological 
parameters of the disease targets and related pathways of LYD acting 
on NASH and AS, so as to obtain the main active ingredients and core 
targets and pathways. As shown in figure 7, the network consists of 
168 nodes and 667 edges. Blue nodes represent disease-related tar-
gets, yellow nodes represent active ingredients of drugs, pink nodes 
represent common active ingredients of drugs, green nodes represent 
signal pathways, and the connecting lines between nodes represent 
the interaction relationship between nodes. The larger the area of 
nodes was in the network, the effect of drugs on disease intervention 
was stronger.

 Cytoscape network analysis showed that the highest degree of the 
active component GC52 (MOL000098: quercetin) was 36,it was pre-
dicted that quercetin was the main component of LYD in the treatment 
of NASH and AS. And the second active component B [the common 
component of BZ and GC (MOL000422: kaempferol)], its degree 
was 24; The active component C (common component of JH and GC) 
named naringenin (MOL004328: naringenin), its degree is 22; The 
degree of active component GC44(MOL000354: isorhamnetin) and 
GC13(MOL000392: formononetin) was 9 and 8 respectively. Specific  

hsa04657
IL-17 

signaling 
pathway

20.73 13

MAPK14,IFNG,IL-
1B,IL4,IL6,CXCL8,CX-

CL10,MMP1,MMP9,MAP-
K3,MAPK8,CCL2,TNF

hsa05418

Fluid shear 
stress and 
atheroscle-

rosis

18.42 13

MAPK14,NQO1,GSTM1,GST-
M2,IFNG,IL1A,IL1B,M-
MP9,NFE2L2,MAPK8,C-

CL2,TNF,TP53

hsa04936
Alcoholic 

liver 
disease

18.3 13

ACACA,CD14,MAPK14,IL-
1B,IL6,CXCL8,LBP,PPA-

RA,MAPK8,SREBF1,TNF,AD-
IPOQ, SIRT1

hsa04932 

Non-al-
coholic 

fatty liver 
disease

17.79 13

MAPK14,IL1A,IL1B,IL6,CX-
CL8,INSR,PPARA,P-

PARG,MAPK8,SREBF1,T-
GFB1,TNF,ADIPOQ

hsa05208

Chemical 
carcino-
genesis 

- reactive 
oxygen 
species

17.37 14

AHR,CAT,MAPK14,CY-
P1A2,NQO1,EGFR,GST-

M1,GSTM2,HIF1A,NFE2L2,-
MAPK3,MAPK8,PTEN,PTPN1

hsa05152
Tubercu-

losis
16.93 13

CD14,MAPK14,CTSD,IF-
NG,IL1A,IL1B,IL6,IL10,LB-

P,MAPK3,MAPK8,TGF-
B1,TNF

hsa04068
FoxO 

signaling 
pathway

16.89 12

CAT,CDKN1A,MAPK14,EG-
FR,IL6,IL10,INSR,MAP-

K3,MAPK8,PTEN,TGFB1,-
SIRT1

hsa04933

AGE-
RAGE 

signaling 
pathway 

indiabetic 
complica-

tions

16.4 11
MAPK14,IL1A,IL1B,IL6,CX-
CL8,PRKCA,MAPK3,MAP-

K8,CCL2,TGFB1,TNF

hsa05142
Chagas 
disease

16.3 11
MAPK14,IFNG,IL1B,IL6,CX-
CL8,IL10,MAPK3,MAPK8,C-

CL2,TGFB1,TNF

hsa04620

Toll-like 
receptor 
signaling 
pathway

16.21 11
CD14,MAPK14,IL1B,IL6,CX-

CL8,CXCL10,LBP,MAP-
K3,MAPK8,SPP1,TNF

hsa05133 Pertussis 15.74 10
CD14,MAPK14,IL1A,IL-

1B,IL6,CXCL8,IL10,MAP-
K3,MAPK8,TNF

hsa05144 Malaria 15.5 9
CD40LG,IFNG,IL1B,IL6,CX-
CL8,IL10,CCL2,TGFB1,TNF

hsa04659
Th17 cell 
differenti-

ation
14.15 10

AHR,MAPK14,HIF1A,IF-
NG,IL1B,IL4,IL6,MAP-

K3,MAPK8,TGFB1

hsa05161 Hepatitis B 14.04 11
CDKN1A,MAPK14,IL6,CX-
CL8,MMP9,PRKCA,MAP-

K3,MAPK8,TGFB1,TNF,TP53

hsa05145
Toxoplas-

mosis
13.99 10

CD40LG,MAPK14,IF-
NG,IL10,LDLR,PIK3CG,MAP-

K3,MAPK8,TGFB1,TNF

hsa05171

Coro-
navirus 

disease - 
COVID-19

13.88 12

MAPK14,EGFR,IL1B,IL6,CX-
CL8,CXCL10,MMP1,PRK-

CA,MAPK3,MAPK8,C-
CL2,TNF

hsa05225
Hepato-
cellular 

carcinoma
13.86 11

CDKN1A,NQO1,EGFR,GST-
M1,GSTM2,NFE2L2,PRK-
CA,MAPK3,PTEN,TGF-

B1,TP53

hsa05140
Leishman-

iasis
13.71 9

MAPK14,IFNG,IL1A,IL-
1B,IL4,IL10,MAPK3,TGF-

B1,TNF

Table 2: Top 20 pathways of KEGG enrichment.

Figure 6: The results of Gene Oncology (GO) analysis.
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network topology parameters were shown in table 3. The connectivity 
of ESR1 in the network was 87, which predicted that ESR1 was the 
main target of LYD in treating NASH and AS. In addition, PPARG, 
AR, ESR2, MAPK14, PIK3CG, MAPK8, MAPK3, PRKCA and TNF 
were also relatively important targets table 4.

Molecular docking results

 The five potential core components were respectively docked 
with 10 core targets (ESR1, PPARG, AR, ESR2, MAPK14, PIK3CG, 
MAPK8, MAPK3 and PRKCA), and 50 receptor-ligand docking re-
sults were obtained. Among 50 sets of receptor-ligand docking results, 
49 sets of docking results had Affinity <-7kcal·mol-1, accounting for 
98%. This indicated that the screened core components had strong 
binding activity with the core targets. The highest docking score was 
naringenin-AR, with Affinity=-10.1kcal·mol -1; The lowest docking 
score was quercetin-TNF, with Affinity=-6.8kcal·mol - 1. The heatmap 
was drawn according to the score of docking results, as shown in Fig-
ure8, and the docking conformation of some compounds were shown 
in figures 8 & 9.

Figure 7: “LYD active-ingredients- intersection targets -pathways” network.

(Blue nodes - disease-related targets, yellow nodes - active ingredients of drugs, pink nodes - common active ingredients of drugs, green nodes - signal 
pathways).

MOLID INGREDIENT Degree BetweennessCentrality ClosenessCentrality

MOL000098 Quercetin 36 0.1171346 0.49137931

MOL000422 Kaempferol 12 0.0147753 0.42964824

MOL004328 Naringenin 11 0.02720369 0.4453125

MOL000354 Isorhamnetin 9 0.02030442 0.4453125

MOL000392 Formononetin 8 0.00856406 0.41911765

Table 3: Network node parameters of core active ingredients of LYD.

Target Degree BetweennessCentrality ClosenessCentrality Target Degree BetweennessCentrality ClosenessCentrality

ESR1 87 0.2667568 0.55519481 PIK3CG 26 0.10323653 0.40909091

PPARG 74 0.16942978 0.5310559 MAPK8 14 0.01176744 0.39041096

AR 72 0.14659936 0.51197605 MAPK3 14 0.02025408 0.39041096

ESR2 58 0.0699745 0.45478723 PRKCA 13 0.01914337 0.38340807

MAPK14 56 0.10365811 0.48033708 TNF 12 0.01527333 0.38513514

Table 4: Network node parameters of the core target of LYD.

Figure 8: The heatmap of molecular docking results.
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Discussion
 In recent years, the prevalence of nonalcoholic steatohepatitis 
(NASH) has been rising and linked to cardiovascular disease, which 
is also the leading cause of death in NASH. NASH shares common 
risk factors with AS, and studies have demonstrated that the key mo-
lecular processes of NASH that drive AS is lipid metabolism (SC5D, 
LCAT, and HMGCR) and inflammation (IL1A) - related specific 
regulators and the development of AS is driven by NASH through 
vascular inflammation (TNFA) - and atherosclerosis signaling (CCL2 
and FDFT1) [15]. It is well known that macrophage infiltration plays 
a central role in atherosclerotic lesions, and similarly activation and 
infiltration of macrophage are the main causes of steatosis during the 
pathogenesis of NASH. Thus, it is possible to consider macrophage 
activation as a common cause of Nash and AS, and some scholars 
have described both diseases as two aspects of a common disease 
[16]. The theory of TCM holds that the main pathogenesis of NASH 
and AS both result from phlegm and fluid, and LYD was created by 
famous physician Zhang Xichun for treating phlegm and fluid, which 
is widely used in clinical practice. According to the common patho-
genesis of TCM, using LYD to treat NASH and AS can give full play 
to characteristics and advantages of Chinese medicine based on “syn-
drome differentiation and treatment” and “homotherapy for heteropa-
thy”. It may achieve more significant therapeutic effects in the clinical 
treatment process.

 In this study, we used network pharmacology method to find that 
quercetin, kaempferol, naringenin, isorhamnetin and formononetin 
in LYD can treat NASH and AS by acting on core targets such as 
ESR1, PPARG, AR, ESR2, MAPK14, PIK3CG, MAPK8, MAPK3 
and PRKCA. Quercetin, a typical flavonol, has the protective effect  

on atherosclerosis. It has been shown that quercetin attenuates the 
progression of atherosclerosis by regulating dendritic cell (DC) ac-
tivation via expression of Dab2 protein [17]. Quercetin can signifi-
cantly reduce serum triglycerides, cholesterol, TNF-α and IL-6 levels, 
reduce the formation of atherosclerotic plaques and protect damaged 
coronary arteries caused by HFD, and has good anti-atherosclerotic 
properties [18,19]. Liver VLDL assembly and fat phagocytosis are the 
main pathways of quercetin against NAFLD through IRE1a/XBP1s 
pathway [20], Hu Y et al. found that quercetin could reduce the ex-
cessive cholesterol accumulation in vivo and in vitro by inhibiting 
the mRNA and protein expression levels of SREBP2 and HMGCR, 
and play a protective role in the treatment of NAFLD [21]. Kaemp-
ferol’s anti-atherosclerosis effect is mainly through regulating gene 
and protein expression of inflammatory molecules [22], the potential 
molecular basis of kaempferol’s anti-atherosclerosis activity has been 
reviewed as antioxidant, anti-inflammatory and cardioprotective ac-
tivity [23]. The result of relevant cellular experimental study showed 
that kaempferol could alleviate OA induced lipid accumulation and 
oxidative stress in HepG2 cells and inhibit expression of peroxisome 
proliferator activated receptors gamma (PPAR γ) is beneficial for 
the treatment of NAFLD [24]. Naringenin can decrease the levels of 
serum Low Density Lipoprotein (LDL) and Triglyceride (TG) and 
increase High-Density Lipoprotein (HDL). It also can inhibit mac-
rophage inflammation, monocyte adhesion and foam cell formation, 
reduce plaque macrophage production while modestly increasing 
smooth muscle cells to enhance arteriosclerosis repair with better an-
ti-atherosclerotic effect [25,26]. Naringenin can inhibit Mitogen-Ac-
tivated Protein Kinase (MAPK), block the anti-inflammatory activity 
of NF-κB, change the pathway of growth factor (TGF-β), prevent the 
differentiation of Hepatic Stellate Cells (HSC) and lead to the de-
crease of collagen synthesis. And it also can play a beneficial role 
in alleviating inflammation and protecting liver in the treatment of 
NAFLD by reducing liver lipid deposition, inducing apoptosis and 
inhibiting oxidative stress reaction [27,28]. Isorhamnetin protects 
against ox-LDL induced endothelial cell injury by inhibiting lec-
tin-like ox-LDL receptor-1 and interfering with ox-LDL mediated 
intracellular signaling pathways (p38MAPK activation, NF kappaB 
nuclear translocation, eNOS expression), and it has the functions of 
anti-atherosclerosis, reducing serum fat, resisting inflammation, re-
sisting oxidation and protecting endothelium. In vitro experiments 
have also shown that isorhamnetin also inhibited CYP activity in liv-
er microsomes to restore liver injury [29]. Relevant pharmacological 
studies have shown that isorhamnetin, as a metabolite of quercetin, 
is a novel antagonist of peroxisome proliferator-activated receptor 
gamma (PPAR gamma), which can inhibit adipocyte differentiation 
and improve hepatic steatosis [30]. Isorhamnetin reduces lipid ac-
cumulation and Triglyceride (TG) content in liver by inhibiting de 
novo adipose-derived pathway in mice, and shows reduction of liv-
er injury markers and collagen deposition in the process of treating 
NASH mice, as well as reduction of expression of related fibrin genes, 
significantly relieving pathological characteristics of NASH [31]. 
Formononetin may significantly attenuate the development of athero-
sclerosis by modulating the interaction between KLF4 and SRA [32], 
it activates peroxisome proliferator activated receptors γ (PPAR gam-
ma) signaling to alleviate endothelial injury induced by bovine LDL 
in HUVECs, which exhibited good anti-inflammatory or antioxidant 
properties in their process, thus providing a rationale for further de-
velopment of potential drugs against atherosclerosis [33]. Wang Y et 
al., found that with the intervention of formononetin, the blockage of 
fat autophagy flux was alleviated through mechanisms such as TFEB  

Figure 9: The results of docking conformation of some compounds.
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mediated lysosome biogenesis and autophagosome lysosome fusion, 
which further induced fat phagocytosis, prevented hepatocyte lipid 
accumulation and improved liver steatosis, providing new evidence 
for the treatment of NAFLD [34].

 LYD mainly intervenes NASH and AS through these core targets 
such as ESR1, PPARG, AR, ESR2, MAPK14, PIK3CG, MAPK8, 
MAPK3, PRKCA and TNF, and most of them participate in the regu-
lation pathways related to anti-oxidative stress, lipid metabolism and 
inflammation. Estrogen receptors (ESR1,ESR2) may be involved in 
the control of osteoblast-like cell differentiation to regulate the cal-
cification of atherosclerotic lesions [35], they are involved in induc-
ing foam cell formation related signal transduction to produce hy-
perkinetic effect and regulate cardiovascular function to protect the 
heart [36,37]. Peroxisome Proliferator-Activated Receptor Gamma 
(PPARG) plays an important role in adipocyte differentiation and lip-
id deposition, potent PPARG antagonists can significantly reduce lip-
id accumulation, and fatty acid-derived molecules can also modulate 
inflammatory responses via PPARG [38,39]. PPARG is also indis-
pensable in fatty acid metabolism and fatty acid storage of liver and 
adipose tissue, and in addition its expression in atherosclerotic lesions 
has been shown to affect gene transcription in vascular endothelial 
cells, smooth muscle cells, monocytes and macrophages [40], PPARG 
agonists suppress inflammatory responses within the vessel wall, in-
hibit migration and proliferation of vascular smooth muscle cells, and 
affect foam cell formation by altering scavenger receptor expression 
[41]. PPARG has a protective effect on hepatic inflammation and fi-
brosis, and rosiglitazone, a PPARG agonist, inhibits TGF-β1/ Smad 
signaling pathway to suppress Hepatic Stellate Cell (HSC) activation 
and alleviate liver fibrosis and inflammation [42] MAPK (MAPK3, 
MAPK8, MAPK14)-related signal transduction reduces the levels of 
TG, TC, LDL, IL-6, IL-1β, TNF-α, increases the level of HDL and 
promotes macrophage apoptosis to improve the stability of athero-
sclerotic plaque [43,44]. Related experimental studies have shown 
that inhibiting the expression of MAPK signaling pathway can not 
only improve the oxidative stress response, lipid accumulation and 
degeneration of NASH mouse liver, but also improve the fibrosis of 
steatosis liver and reduce hepatocyte death [45,46]. According to the 
related signal pathways involved in PIK3CG research, it is known 
that the related pathways mediated by PIK3CG can improve hepatic 
oxidative stress and further inhibit NF- κB-mediated expression of as-
sociated inflammatory, it can also reduce the level of serum lipid, im-
prove intimal hyperplasia, reduce the accumulation of carotid artery 
lipid, regulate cell proliferation and apoptosis to improve atheroscle-
rosis [47,48]. Androgen Receptor (AR) in monocytes/macrophages 
upregulates tumor necrosis factor alpha (TNF-α), which is involved in 
a major inflammatory process of atherosclerosis. AR mediated AMP 
activated protein kinase (AMPK) - acetyl coenzyme (ACC) signaling 
slows the progression of NAFLD by regulating lipogenic process-
es in the liver and hepatocytes [49,50]. Protein kinase C alpha type 
(PRKCA) plays an important role in regulating platelet function and 
arterial thrombotic pathways, and inhibiting PRKCA expression can 
further reduce interleukin 6(IL-6) release and improve inflammatory 
conditions [51,52]. Tumor necrosis factor alpha (TNF-α) can induce 
oxidative stress and inflammatory response in endothelial cells, and 
its related pathway of inducing PRKCA has significant protective ef-
fect in endothelial cells [53].

 Through KEGG and GO analysis, it was found that the treat-
ment of LYD for NASH and AS mainly through lipid metabolism 
and inflammatory response related pathways, in which interleukin  

17(IL-17) signaling pathway could drive cytokines of autoimmune 
and inflammatory diseases, and played a decisive role in promoting 
inflammatory response [54]. Inflammatory cytokines produced by 
IL-17 are key factors in the development of atherosclerosis, and can 
induce vascular endothelial cell senescence by mediating NF-κB/
p53/Rb signaling pathway [55]. In addition, as a proinflammatory 
cytokine, IL-17 can promote hepatocyte apoptosis by mediating the 
ERK1/2/p65 signaling pathway, which exacerbates the progression 
of NASH [56]. FoxO insulin signaling can mediate the inhibitory ef-
fects of insulin or Insulin-like Growth Factor (IGF) on key functions 
of cell metabolism, growth, differentiation, oxidative stress, aging, 
autophagy, and senescence, especially in mechanisms combining he-
patic glucose and lipid metabolism [57]. Zhang L et al., found that 
the increase of cytoplasmic calcium signaling in hepatocyte steatosis 
inhibits autophagy through FoxO signaling pathway, leading to lip-
id accumulation and degeneration of hepatocytes and exacerbating 
the development of NAFLD [58]. In addition, other researchers have 
found that FoxO signaling pathway plays a key role in maintaining 
liver metabolism and cell homeostasis, including maintaining glu-
cose, triglyceride and cholesterol homeostasis, and regulating inflam-
mation and fibrosis. FoxO may help prevent liver fibrosis in NAFLD 
by inhibiting proliferation and differentiation of hepatic stellate cells 
[59]. FoxO can intervene cardiovascular disease by promoting cell 
activation, apoptosis and proliferation, participating in inflammation 
and anti-oxidative stress response, regulating glucose production and 
lipid consumption and other biological processes [60]. Both in vivo 
and in vitro studies demonstrated that knockout of FoxO in myeloid 
cells increased the production of reactive oxygen species, further in-
creased the oxidative stress response and accelerated the development 
of atherosclerosis in mice [61]. The activation of AGE-RAGE signal-
ing pathway can cause sustained oxidative stress in vascular tissues 
and promote calcification of vascular smooth muscle cells (VSMC) 
by activating Nox-1 and reducing SOD-1 expression [62]. Activation 
of Toll-like receptor signaling promotes hepatic steatosis [63], it may 
also provide a signal for the activation of inflammasomes in the rel-
evant organs [64]. Related experimental studies have demonstrated 
that the use of Corilagin can improve the development of atheroscle-
rotic plaques and reduce the release of pro-inflammatory cytokines by 
inhibiting Toll-like receptor signaling pathways in monocytes/mac-
rophages [65]. Pterostilbene can inhibit the secretion of proinflam-
matory cytokines by regulating NF-κB signaling pathway through 
Toll-like receptor signaling, thus playing a role in preventing high-
fat-induced atherosclerosis [66].

 The molecular docking results showed that the 5 active compo-
nents in LYD had good binding activity with 10 core disease targets. 
According to the binding energy value, the groups with Affinity<-7 
kcal·mol-1 accounted for 98% of the 50 receptor-ligand docking 
groups, and the binding sites were all formed into relatively stable 
conformation through hydrogen bonding. This also preliminarily 
verified that LYD in treating NASH and AS with homotherapy for 
heteropathy mainly through these core targets. Through searching the 
relevant literature and combining the analysis of this study, we found 
that combination: quercetin with TNF; kaempferol, isorhamnetin and 
formononetin with PPARG respectively may be the “star combina-
tion” of LYD in intervening NASH and AS. Therefore, the combina-
tion with higher docking score and the main active ingredients and 
core targets in the above combination may play a major role in the 
process of Chinese herbal compound intervention in diseases.
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 In conclusion, this study predicts that multiple active ingredients 
in LYD exert effects such as antioxidant stress response, regulating 
lipid metabolism and inflammatory response to achieve treatment of 
NASH and AS with homotherapy for heteropathy through a multi-tar-
get and multi pathway manner, which provides a theoretical basis and 
research ideas for subsequent clinical and animal experiments. Be-
cause of the limitation of network pharmacology and molecular dock-
ing, the prediction results need to be further verified by experimental 
studies. The results of this study can provide theoretical basis for the 
following experimental studies.
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