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1. Abstract

Background: Myocardial Infarction (MI) is a car-
diovascular disease with a high morbidity and mortality
rate. While MI is currently treated with pharmaceuticals,
there is a need for new treatment options: compound Chi-
nese medicines may have unique advantages for the treat-
ment of MI. Methods: A combination of network phar-
macology and experimental verification is used to identify
the ingredients and mechanism of Compound Longmaining
(CLMN) for treating MI. Network pharmacology combined
with the gene expression omnibus (GEO) chip method is
used to analyze the primary pathway of CLMN for treat-
ing MI, and then molecular docking is used to verify the
affinity of key target proteins in the primary pathway that
bind to active molecules. The major active compounds of
CLMN are screened using the docking score results. The
CIBERSORT algorithm is used to evaluate immune cell in-
filtration in MI, and high performance liquid chromatog-
raphy (HPLC) is used to control the quality of the com-
ponents. Finally, a mouse model is established to verify
the molecular mechanism of CLMN for treating MI us-
ing hematoxlyn eosin (HE) staining and immunohistochem-
istry. Results: By utilizing network pharmacology com-
bined with molecular docking, the mechanism of action of
CLMN for the treatment of MI was found to possibly be
related to the ingredients of puerarin, daidzein, ferulic acid,
chrysin, and galangin. These molecules regulate the NF-
Kappa B signaling pathway and the expression of RELA,
IKBKB, NKBIA, and other targets. The CIBERSORT al-
gorithm and ggplot2 package analysis were used to distin-
guish the immune cells, such as neutrophils, macrophages,
and T cells, that play a key role in the development of
MI. HPLC controlled the quality of the screened medici-
nal ingredients. An immunohistochemical analysis showed
that the TNF-a and TRAF-2 expression levels in MI of the
CLMN-treated mice were decreased, while IkB« was in-
creased. HE staining showed CLMN reduced inflamma-
tion in mouse cardiomyocytes and decreased fibrosis. Con-
clusions: This study showed that CLMN treatment of MI
is a process that involves multi-components, multi-targets
and multi-pathways, and the established multi-index com-
ponent content measurement of the CLMN decoction can
be used for quality control of CLMN.

2. Introduction

Cardiovascular disease is the leading cause of
death among urban and rural residents in China, a trend
that has increased recently [1]. In 2014, there were approx-
imately 290 million patients with cardiovascular disease,
which included 2.5 million myocardial infarction cases. In
the United States, there are approximately 1.5 million cases
of MI annually with a yearly incidence rate of approxi-
mately 600 cases per 100,000 people [2]. Although the

prognosis of MI has been greatly improved, it is still the
primary cause of morbidity and mortality in the world [3].
Therefore, it is important to continue to develop new thera-
peutics based upon the use of novel strategies to understand
the mechanisms involved in MI. Following M1, there is car-
diomyocyte necrosis, the result of ischemia that causes an
inflammatory response. Oxidative stress mediated by in-
flammatory factors damages vascular endothelial cells, and
leads to plaque rupture and hemorrhage [4]. These trigger-
ing events cause serious clinical manifestations.

Traditional Chinese Medicines (TCMs) have the
potential advantage of low toxicity and broad spectrum ac-
tivity to prevent and treat a wide variety of diseases includ-
ing MI. CLMN is composed of the following natural in-
gredients: Pueraria lobata, Dioscoreae nipponica Makino,
Ligusticum wallichii, and propolis. The active molecules
identified in CLMN are flavonoids, puerarin, alkaloids, lac-
tones, phenols, organic acids, steroidal saponins, flavonoids
and terpenes [5]. The CLMN is an in-hospital preparation
developed by Professor Tao Genyu of the affiliated Hospi-
tal of the Shaanxi University of Chinese Medicine. Since
previous studies have confirmed that the CLMN decoction
has a significant therapeutic effect on MI [6], we used net-
work pharmacology combined with a gene expression om-
nibus (GEO) chip analysis and molecular docking to ex-
plore which components, targets, and pathways that are reg-
ulated by CLMN.

Network pharmacology can provide insight into
“component-target-pathways” of drugs and help predict the
correlation between drugs and diseases [7]. The microarray
analysis has been widely used to identify differentially ex-
pressed genes (DEGs) and functional pathways involved in
disease progression. Finally, molecular docking is a tech-
nique used to visualize drug interactions with target pro-
teins [8]. This study explores the possible mechanism of
CLMN for the treatment of myocardial infarction and uses
the CIBERSORT algorithm to evaluate the immune cell in-
filtration in MI from the GEO database. This study also
uses the high performance liquid chromatography (HPLC)
method to establish the quality control of CLMN and con-
duct an animal experiment verification to provide a more
reliable basis for clinical application. The flow chart of the
study is shown in Fig. 1.

3. Materials and methods

3.1 Screening of chemical constituents and acquisition
of targets of CLMN

The Traditional Chinese Medicine Systems
Pharmacology (TCMSP, http://Isp.nwu.edu.cn/tcmsp.php)
database [9] and scientific literature allowed us to identify
the chemical constituents of CLMN and the targets of
four TCMs: p. lobata, D. nipponica Makino, L. wallichii,
and propolis. The oral Bioavailability ((OB) >30%) and
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Fig. 1. A detailed flow chart of the study.

drug-likeness ((DL) >0.18) [10] parameters were used for
screening. The target obtained from the TCMSP database
was imported into the Uniprot (https://www.uniprot.org/)
database [11] and standardized using its official name. The
2D structure of the active components were downloaded
from the PubChem (https://pubchem.ncbi.nlm.nih.gov/)
database [12] and the targets were predicted using the Swiss
Target Prediction (https://www.swisstargetprediction.ch/)
database [13]. The targets obtained from the TCMSP
database and the Swiss Target Prediction database were
merged, and the duplicates were removed, and this resulted
in the chemical component target of CLMN.

3.2 Acquisition of disease targets

In order to obtain gene data related to MI,
we searched GeneCards (https://www.genecards.org/) [14],
Comparative Toxicogenomics Database (http://ctdbase.or
g/http://ctdbase.org/), and the DisGeNET (https:/www.
disgenet.org/) public database using the keyword “My-
ocardial Infarction”. The GSE61145 (GPL6106) and
GSE60993 (GPL6884) gene expression datasets were
downloaded from the GEO (https://www.ncbi.nlm.nlh.gov
/geo/) database [15], and 10 normal samples and seven
preoperative MI samples in GSE61145 were chosen. In
addition, seven normal samples and 17 MI samples in
GSE60993 were collected from the peripheral blood of the
subjects. Using the R language “limma” package [16] on
the analyses and the expression of genes after normaliza-
tion, screening disease DEGs, and map volcano, the screen-
ing conditions were determined to be a p-value < 0.05 and a

| logFC | >0.5 to screen out the DEGs of diseases. Using the
“pheatmap” package [17], the first 20 genes identified by
the most significant up-regulation or down-regulation were
obtained, and the heat maps were drawn.

3.3 Gene mapping

The overlapped genes were deleted from the dis-
ease genes and component target genes obtained from the
multiple databases. The genes that overlapped between
the datasets were obtained using an online Venn analy-
sis tool (https://bioinfogp.cnb.csic.es/tools/venny), and the
common genes were screened by mapping.

3.4 Construction and analysis of the protein-protein
interaction (PPI) network

The target genes of the CLMN components
were introduced into the STRING (https://string-db.org/)
database [18], and the research species was set to “Homo
sapiens”. In the setting, the highest confidence level was
set to 0.9, the free target genes were hidden, and the TSV
format file of the relationship diagram was derived after ob-
taining the target-protein interaction relationship. We im-
ported the Tab Separated Values file into Cytoscape3.7.2
(Donnelly Centre for Cellular and Biomolecular Research,
Toronto, North America, Canada) [19] and adjusted the
color of the nodes according to the degree value, in order
to more intuitively show the important CLMN targets.
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3.5 Construction of the drug active ingredient-core
target network

The target genes of the active components of
CLMN were imported into Cytoscape 3.7.2. The node rep-
resenting the drug active component was set to “source
node”, the node representing the disease target gene was
set to “target node”, and the network attribute was set to
“interaction type” to draw the “drug active ingredient-core
target” network.

3.6 Gene ontology (GO) and Kyoto encylopedia of
genes and genomes (KEGG) enrichment analysis

The core target genes of drug-disease were trans-
formed from Gene Symbol to entrezID, using R language,
and the data was processed using “BiocManager”. We used
the R package clusterProfiler package [20] to perform the
GO and KEGG enrichment analysis on the shared targets,
The GO and KEGG enrichment analysis were obtained un-
der the condition of p < 0.05.

3.7 Molecular docking

The protein structure of the key target was down-
loaded from the Protein Data Bank (PDB, https://www.rc
sh.org/) database [21], and we download the sdf file for the
ligand (active component and positive drug corresponding
to the target) from the Pubchem database. The LibDock tool
of Discovery Studio 4.0 software (Neo Trident Technology
LTD, Beijing, China) was used to dock the key target pro-
tein with its corresponding active component and positive
drug, and the score was analyzed.

3.8 CIBERSORT

Two microarray data sets, GSE61145 and
GSE60993, were downloaded from the GEO database to
screen different infiltrated immune cells, and the CIBER-
SORT algorithm [22] was used to evaluate the immune
cell infiltration in MI. CIBERSORT is an analytical tool
that represents the cellular composition of complex tissues
based on pretreated gene expression profiles. This default
signature matrix of 100 permutations was used in this
algorithm, only data with p values < 0.05 were filtered and
retained for the following analysis. From the CIBERSORT
website (http://CIBERSORT.stanford.edu/) download of
the LM22 gene file, 22 immune cell subgroups were used
to define and analyze the MI peripheral blood expression
data, and CIBERSORT was utilized to express the file p
values and root mean square error count and immune cell
data obtained. The R language ggplot2 package [23] was
used to visualize the results.

3.9 Preparation of the CLMN decoction

The CLMN included four types of medicinal mate-
rials, namely P. lobata, D. nipponica Makino, L. wallichii,
propolis. The P. lobata, D. nipponica Makino, L. wallichii
decoction pieces were purchased from the Baoji Xiangyuan
Traditional Chinese Medicine Decoction Pieces Co., LTD.,

and the propolis was purchased from the Natural Son Peak
Products Co., LTD., Xianyang, Shaanxi Province. The
CLMN decoction was prepared as described previously. A
total of 18 g of P. lobata, 12 g of D. nipponica Makino, 12
g of L. wallichii, and 6 g of propolis was added to14 vol-
umes of water, heated and then boiled twice. The filtrate
was consisted of concentrates of 0.32 g the crude drug/mL
[24].

3.10 Quality control of CLMN

By utilizing the network pharmacology, molecu-
lar docking technology and a literature review, the effec-
tive and high content of the pharmacodynamic components
in the CLMN were determined, and HPLC was used to con-
trol the quality of the effective components.

3.11 Experimental methods

3.11.1 Experimental animals

Male Balbc mice weighing 22-28 g and 10-14
weeks old were purchased fromthe Chengdu Dashuo Ex-
perimental Animal Co., Ltd., Chengdu, China. The exper-
imental animal license number was SYXK (chuan) 2020-
030. The animals were maintained under the standard lab-
oratory temperature and humidity conditions and had free
access to food and water throughout the study. This experi-
ment was approved by the Animal Ethics Committee of the
Shaanxi University of Chinese Medicine.

Sixty mice were randomly divided into six groups:
a sham operation group, a positive control: a Compound
Danshen Dropping Pills (CDDP) group, an MI model
group, and low-dose, medium-dose and high-dose CLMN
groups. The mice in the sham operation group and the MI
model group were given normal saline. The mice in the
CDDP group were given 9.78 g/kg/d, and the mice in the
CLMN groups were given the CLMN decoction at 3.26
g/kg/d (low dose), 6.52 g/kg/d (medium dose) and 13.04
g/kg/d (high dose) for seven days.

3.11.2 The MI mouse model

The MI model was established as described previ-
ously. Briefly, we opened the pericardium and located the
left anterior descending coronary artery and inserted a nee-
dle. Then the coronary artery of the left anterior descending
branch of the left atrium was ligated using a 8/0 monofila-
ment polypropylene suture. This resulted in permanent is-
chemia of the artery below the ligation line. For the sham
group, the needle was inserted into the left anterior descend-
ing branch of the coronary artery without ligation after tho-
racotomy [25, 26].

3.11.3 Tissue collection & HE staining

Following MI, the mice were anesthetized and the
fresh heart tissue was quickly removed and frozen in liquid
nitrogen for the pathological examination. The myocardial
tissue was then fixed in 4% paraformaldehyde and embed-
ded in paraffin. Thereafter, the tissue was cut into 5 um


https://www.rcsb.org/
https://www.rcsb.org/
http://CIBERSORT.stanford.edu/

817

thick sections and stained using hematoxylin-eosin (HE),
and the histopathological examination was performed un-
der a light microscope (OLUMPUS Japan) at 200 magnifi-
cation.

3.11.4 Immunohistochemical analysis

The myocardial tissue was cut into 5 um slices,
placed in xylene, and hydrated with an ethanol gradient
(100%, 95%, 80%, 70%, and pure water). After antigen
repair, the slices were incubated in H,O2 for 15 m in the
dark, and the primary antibody was diluted using 5% bovine
serum albumin (dissolved in phosphate buffering solution).
The slices were incubated at 4 °C overnight. The following
day, the second antibody was added and incubated at room
temperature for 30 min, and then washed with PBS for three
times (5 m each). DAB-H50, was then used until the color
developed. The slices were then incubated in hematoxylin
for 2 m, washed with water, differentiated with hydrochlo-
ric acid and ethanol for 3 s, washed with running water for
15 m, and dehydrated. The expressions of TNF-«, TRAF2
and TkBa were evaluated using quantitative grayscale scan-
ning with a medical image analysis system after taking pic-
tures under a high magnification visual field (400 x).

3.11.5 Statistical analysis

Data was analyzed using SPSS Statistics 26 soft-
ware (IBM Corp., Chicago, IL, USA), and the results are
expressed as means £ SDs. When the variance was homo-
geneous, a one-way analysis of variance was used to an-
alyze the mean between the groups, and a p < 0.05 was
statistically significant.

4. Results

4.1 Collection of the CLMN active ingredients and
targets

In this study, 37 active compounds were collected
from the TCMSP and PubChem databases, including nine
active compounds in P. lobata targeting 506 proteins, four
active compounds in D. nipponica Makino targeting 109
proteins, 12 active compounds in L. wallichii targeted 443
proteins, and 12 active compounds in propolis targeting
1219 proteins. After removing the same target of four
herbs, a total of 572 target proteins of CLMN were obtained.

4.2 Collection of disease targets

Using the Gene Cards, CTD, and DisGeNET
databases in combination, a total of 32,902 MI-related tar-
gets were obtained after the deletion of duplicate and in-
valid targets. A total of 1764 and 1079 significant differ-
ence genes were obtained by analyzing the GSE61145 and
GSE60993 chips, respectively, and the DEGs volcanic map
was drawn. As shown in Fig. 2. We examined the expres-
sion of DEGs from both datasets. Genes that were highly
or lowly expressed in both datasets were retained as DEGs,
resulting in 631 DEGs.

4.3 Screening core targets

There were 572 compositional targets from the
TCMSP and Swiss Target Prediction databases, 32,902 dis-
ease targets from the GeneCards, CTD and DisGeNET
databases, and 631 DEGs from the GEO database that were
imported into an online Venn analysis tool. A total of 52
drug-disease interaction targets were obtained. The results
are shown in Fig. 2C.

4.4 Protein interaction network (PPI) analysis

The 52 targets described above were imported into
the STRING database and were viewed in the network di-
agram “Analysis” of the database. The PPI network con-
sisted of 52 nodes and 37 edges. The average node degree
was 1.42, and the average clustering coefficient was a p-
value < 8.04 x 1077, that indicated that the target genes
had potential interactions. The TSV file data of protein in-
teractions were obtained, and then the data was imported
into the Cytoscape software to construct the protein interac-
tion network diagram, as shown in Fig. 3A. The “Network
Analyzer” tool was used to score the proteins. In the Fig-
ure, the top 6 proteins are represented by a red oval, and
the rest are represented by a blue oval. MAPK1, STAT3,
TIMP2, MMP9, and other proteins with high scores play an
important role in the regulation of the network and are the
key targets of CLMN for the treatment of MI.

4.5 Construction of the “active ingredient-core target”
network

Using the “merge” tool within the Cytoscape3.7.2
software (Donnelly Centre for Cellular and Biomolecular
Research, Toronto, North America, Canada), a network di-
agram for the 37 drug active components and 52 MI targets
was constructed (Fig. 3B). Among them, the ovals of the
different colors were used to represent each active ingre-
dient from different TCMs, and the triangle represents the
disease targets. The network consists of 159 nodes and 125
edges. From the graph, it is apparent that a single active
component corresponds to multiple targets, and one target
can also correspond to multiple active components. Taken
together, CLMN therapy for MI has the characteristics of
possessing multi-components and multi-targets. Using the
Network Analyzer analysis tool, the top components were
galangin, apigenin, phenethyl caffeate, and acacetin, and
the top targets were ALOX5, MMP9, CDK5R1, ARG1 and
BCL2. This result suggested that all may play an important
role in the mechanism of CLMN for the treatment of MI.

4.6 GO and the KEGG enrichment analysis

According to a p < 0.05, the GO and KEGG en-
richment analysis were performed on 52 selected common
targets using R language. It was found that CLMN primar-
ily treated MI through a cellular response to chemical stress,
a response to oxidative stress, regulation of reactive oxy-
gen species metabolic processes, and other aspects in the
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biological process of CLMN. When p < 0.05, a total of 85
KEGG pathways were enriched. After removing the path-
ways not associated with the disease, 16 enrichment path-
ways that may be closely related to CLMN in treating MI
were obtained from the top 50 pathways: the Apoptosis,
Th17 cell differentiation, HIF-1, Necroptosis, NF-Kappa
B, Lipid and atherosclerosis, Fc Epsilon RI, FoxO Signal-
ing pathway, Th1 and Th2 cell differentiation, IL-17, JAK-
STAT, TNF, PI3K-Akt signaling pathway, Fluid shear stress
and atherosclerosis, Toll-like and Nod-like receptor signal-
ing pathway. Among them, Th17 cell differentiation, NF-
Kappa B, Fc Epsilon RI, FoxO, IL-17, JAK-STAT, TNF,
PI3K-Akt, Toll-Like signaling pathway, and Nod-like re-
ceptor signaling pathway are signaling pathways that are re-
lated to the inflammatory response and have been widely re-
ported in the literature. It is not difficult to find that CLMN
may act on the inflammatory pathway to treat MI through

this analysis. Fig. 4 represents a drawing of the GO analy-
sis bubble chart of CLMN (Fig. 4A—C), the KEGG pathway
analysis bar chart of CLMN (Fig. 4D) and the NF-Kappa B
signal pathway map enriched in the first place (Fig. 4E).

4.7 Molecular docking analysis

The docking results are shown in Table 1, and the
interactions between them are shown in Fig. 5. In order to
further illustrate the binding activity between the target pro-
tein and its corresponding compound, in this study, the key
targets RELA, IKBKB, NFKBIA, and their corresponding
compounds in the NF-Kappa B pathway were selected. Dis-
covery Studio 4.0 software (Neo Trident Technology LTD,
Beijing, China) was used for positive drug verification ex-
periments and molecular docking. The higher the binding
activity, the higher the score. The docking scores of the
target protein and its corresponding small molecule com-
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pounds were compared with those of the positive control.
The results showed that the target RELA had good binding
activity with puerarin, ferulic acid, and daidzein. IKBKB
had good binding activity with chrysin and galangin, and
NFKBIA had good binding activity with puerarin. In addi-
tion, the conformation of the combination was stable, indi-
cating that these may be the key components and targets of
CLMN in the treatment of MI.

4.8 Composition of infiltrating immune cells in the
peripheral blood of the GEO expression array data set

The GEO expression array data were used to in-
vestigate the proportion of infiltrated immune cells in the
peripheral blood of MI patients. All of the 41 samples met

the conditions of CIBERSORT (p < 0.05). As shown in
Fig. 6, when myocardial infarction occurred, the body’s
immune inflammatory response was activated, which was
manifested as an increased proportion of neutrophils and
MO macrophages and a decreased proportion of T cells,
CD8, and T cells gamma delta. The infiltration rate of neu-
trophils in the peripheral blood of MI was the highest.

4.9 Quality control analysis

4.9.1 Chromatographic condition

By utilizing network pharmacology screening and

a literature review to obtain the high-content medicinal
ingredients and then according to the “Chinese Pharma-
copoeia” 2020 edition regulations, puerarin, daidzein, 3’-
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Table 1. Docking scores of target proteins with their corresponding compounds and positive controls.

Key target ~ Small molecule ligand  Docking score  Positive for drugs  Docking score
RELA ferulic acid 101.9897 SC-236 105.787
daidzein 98.4975
puerarin 108.584
IKBKA chrysin 102.312 Auranofin 99.9923
galangin 98.5631
NFKBIA puerarin 98.3206 Astaxanthin 101.948
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Fig. 5. Docking results of key target proteins with their corresponding compounds. (A) RELA and puerarin interaction diagram. (B) RELA and ferulic

acid interaction diagram. (C) RELA and daidzein interaction diagram. (D) IKBKB and chrysin interaction diagram. (E) IKBKB and galangin interaction

diagram. (F) NFKBIA and puerarin interaction diagram.

methoxydaidzein in P. lobate, dioscin in D. nipponica
Makino, tetramethylpyrazine and ferulic acid in L. wal-
lichii, and chrysin and galangin in propolis were selected
as quality control standard samples. First, 1 mL of
concentrated CLMN solution was volatized to 5 mL in
methanol to obtain the test solution. puerarin, daidzein, 3’-
methoxydaidzein, dioscin, tetramethylpyrazine, and ferulic
acid, chrysin, and galangin reference substances were ac-
curately weighed and placed in a 25-mL volumetric flask,
dissolved in a solution of phosphoric acid-water:acetonitrile
= 95:5, shaken well, and the volume was fixed to obtain
the mixed reference substance solution. All of the samples
were analyzed on an Agilent column (4.6 x 250 mm) us-
ing the mobile phase (phase A: phosphoric acid and water;
phase B: acetonitrile) by gradient elution (Table 2). The
detection wavelength was 203 nm, the volume flow rate
was 1 mL/min, the column temperature was 30 °C, and the
injection volume was 10 pL. By detecting and comparing
the peak time of the test sample and the standard sample,
the chromatogram of CLMN identified puerarin, daidzein,
3’-methoxydaidzein, dioscin, tetramethylpyrazine, ferulic

Table 2. Gradient elution program.

Time  Phosphoric acid - water/%  Acetonitrile/%
0 95 5
9 93 7
27 90 10
45 87 13
50 85 15
65 76 24
73 65 35
85 49 51
98 49 51
110 35 65
115 95 5
130 95 5

acid, chrysin, and galangin, and established the quality stan-
dard of CLMN. As shown in Fig. 7 [27], the CLMN decoc-
tion contained the above eight compounds.
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Fig. 6. The ratio of 22 immune cell subgroups in the peripheral blood of normal and MI patients. (A) GSE61145 expression array data set. (B)

GSE60993 expression array data set. X axis: each GEO sample; Y axis: the percentage of each type of immune cell.

4.9.2 Investigation of linear REL Ationship

A total of 8 mg of puerarin, 1.6 mg of fer-
ulic acid, 1.6 mg of tetramethylpyrazine, 0.48 mg of 3’-
methoxydaidzein, 0.08 mg of chrysin, 0.16 mg of galangin,
0.16 mg of dioscin, and 1.6 mg of daidzein were accurately
weighed and placed in a 10 mL volumetric flask. Phospho-
ric acid-water: acetonitrile = 95:5 solution standard, was
added to a constant volume, shaken well, and set aside. The
mother liquor 1 was absorbed into 0.5, 0.25, 0.125, 0.0625,
and 2 mL volumetric flasks, and the volume was adjusted
using phosphoric acid-water, acetonitrile = 95:5 solution to
the scale, and then shaken well. Low to high concentrations
of the mixed reference solution were injected into the liquid
chromatograph, and the peak areas were recorded. The x-
coordinate (X) was the concentration, and the y-coordinate
(Y) was the peak area. The regression equation of each ref-
erence is shown in Table 3 below.

4.9.3 Sample content determination

Samples to be tested were collected and deter-
mined according to the method under “4.9.1” to obtain the
content of the effective components of the CLMN. The re-
sults are shown in Table 4 below.

4.10 HE staining results

The results of the HE staining are shown in Fig. 8.
The structure of the cardiomyocytes in the sham opera-
tion group was normal and orderly, with no pathological
changes. However, in the MI model group, the cardiomy-
ocytes were injured and disordered, with a large number of
inflammatory cell infiltrates, and large areas of myocardial
infarction and myocardial fibrosis. With the low dose of
CLMN, more inflammatory cell infiltrates were observed.
However, in the CDDP group, with the middle and high
dose groups of CLMN, inflammation was alleviated, the
area of myocardial infarction was significantly reduced, and
cardiomyocyte fibrosis was inhibited.
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Fig. 7. Quality control of CLMN. (A) mixed reference substance. (B) CLMN fingerprint (No. 2: tetramethylpyrazine; No. 9: puerarin; No. 12:
3’-methoxydaidzein; No. 14: ferulic acid; No. 22: daidzein; No. 24: chrysin; 25: galangin; 27: dioscin).

Fig. 8. The effect of CLMN on the pathomorphology of myocardial tissue in rats (HE, x200). (A) Sham operation group. (B) Model group. (C)
CDDP group. (D) CLMN low dose group. (E) CLMN medium dose group. (F) CLMN high dose group.
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Table 3. Reference regression equation and linear range.

Reference substance Regression equation

R? corRELAtion coefficient

Linear range (ug/mL)

Puerarin Y =0.2017 X-0.8851
Y =1.4085 X-0.3883
Y =0.6873 X-0.1697

Y = 6.5348 X-4.5597

Tetramethylpyrazine
Ferulic acid

3’-methoxydaidzein

Daidzein Y =2.0826 X-0.4641
Chrysin Y =8.1272 X-0.3142
Galangin Y =11.579 X-1.0619
Dioscin Y =4.7049 X-1.6344

R? =0.9999 25~800
R2 =0.9998 5~160
R? =0.9992 5~160
R? =0.9998 3~48

R? =0.9995 5~160
R2 =0.9998 0.25~8
R2 =0.9998 0.5~16
R? =0.9981 0.5~16

Table 4. Content determination result.

Components Content (mg/g)
Puerarin 30.1145
Tetramethylpyrazine 0.1874
Ferulic acid 0.1796
3’-methoxydaidzein 8.1933
Daidzein 1.2249
Chrysin 0.8966
Galangin 0.9688
Dioscin 0.3522

4.11 TNF-«o, TRAF-2 and IkBo proteins in myocardial
infarctions

The results of the immunohistochemical staining
(Fig. 9) showed that compared with the sham group, the ex-
pression of the TNF-« and TRAF-2 proteins were increased
in the model group, while the protein expression level of
IkBa was significantly decreased (p < 0.05). Compared
with model group, in the CDDP group, the middle and high
dose groups of CLMN significantly decreased the expres-
sion of the TNF-a and TRAF-2 proteins and increased the
expression level of the TkBa protein (p < 0.05).

5. Discussion

MI causes an inflammatory response mediated by
cytokines [28], that may decrease myocardial contractile
function and lead to myocardial hypertrophy, fibrosis and
remodeling. The study is essential to repair an infarcted
heart. Therefore, the regulatory mechanism of the in-
flammatory response urgently needs to be clarified, and
its mechanism of action is still under exploration. In this
study, based upon network pharmacology combined with
the GEO chip, 52 core targets of CLMN were screened,
and the results of the docking between the core targets and
active components selected by the molecular docking soft-
ware were stable. An MI mouse model was established,
and the three targets of TNF, TRAF-2, and NFKBIA on
the classical NF-Kappa B inflammatory signaling pathway
were verified using the immunohistochemistry method. We

demonstrated that TNF-a and TRAF-2 were significantly
decreased, and the expression level of the IkBa: (NFKBIA)
protein was significantly increased in the myocardium of
mice treated with CLMN (p < 0.05).

A PPI network analysis showed that MAPK1,
STAT3, MMP9, MAPK14, and other target genes had large
degrees of freedom, and these may be the key targets
of CLMN in the treatment of MI. Target proteins appear
to be related and combine to produce the synergistic ef-
fect of CLMN. MAPKI1 is involved in a variety of cel-
lular processes such as proliferation, differentiation, and
transcriptional regulation [29]. Zhao et al. [30] showed
that berberine down-regulates the p38MAPK-mediated NF-
Kappa signaling pathway, thereby increasing the expres-
sion of inflammatory cytokines. Previous studies have in-
dicated that phosphorylated STAT3 activates the NF-Kappa
B signaling pathway, and the transcription factor, NF-KB,
enters the nucleus from the cytoplasm, thus regulating the
expression of inflammatory cytokines [31]. MMP9 is pri-
marily regulated by the gene transcription level. There are
multiple transcription factor binding sites, such as nuclear
factor NF-KB, in the promoter of the MMP9 gene [32], and
NF-KB can enhance the expression of MMP9, which in turn
plays an important role in the occurrence and development
of coronary heart disease [33]. A large number of stud-
ies have shown that MAPK14 activity plays a crucial role
in the body’s inflammatory response and is closely related
to cardiovascular disease. When MAPK14 is activated, it
initiates an inflammatory cascade, further phosphorylates
the downstream protein kinases and transcription factors,
and then up-regulates the expression of TNF-« and other
inflammatory factors [34]. Based on the above analysis,
STAT3, MMP9, MAPK14, NFKBIA, and other targets may
participate in the anti-inflammatory effect of CLMN by reg-
ulating the NF-Kappa signaling pathway. There are 37
components in CLMN may have therapeutic effects on MI.
Some active components have been screened by network
pharmacology combined with molecular docking technol-
ogy, and puerarin, ferulic acid, daidzein, and others have
been shown to have pharmacological effects against MI.
Ferulic acid can inhibit the expression of E-selectin and P-
selectin in endothelial cells, slightly inhibit the expression
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Fig. 9. Effects of CLMN Pretreatment on the expression of TNF-o, TRAF-2, IkBa protein in Myocardial tissue of mice with MI (Immunohisto-

chemistry, x400) and the changes of TNF-o, TRAF-2, IkBa protein expression in Myocardial tissue of mice.

of VCAM-1, and inhibit the release of vWF in endothelial
cells, thus inhibiting the expression of adhesion molecules
in endothelial cells and exerting an anti-atherosclerosis ef-
fect [35]. Daidzein can resist arrhythmia induced by my-
ocardial ischemia/reperfusion injury and can significantly
reduce the size of a myocardial infarction [36]. The HPLC
analysis results showed that puerarin in the CLMN content
was the highest. puerarin can relieve the inflammatory re-
sponse in the myocardial cells to protect myocardial cells.
In addition, puerarin can promote nitrogen oxide (NO) re-
lease from myocardial cells with vascular active substances,
increase blood flow to the heart’s blood vessels, and avoid
myocardial injury caused by continuous ischemia [37].

The biological process enrichment analysis of
CLMN showed that target-related biological processes
areprimarily involved in the cellular response to chemical
stress, the response to oxidative stress, and the regulation
of reactive oxygen species metabolic process. The enrich-
ment pathway of KEGG suggested the important involve-
ment of Th17 cell differentiation, NF- Kappa B and other
inflammatory signaling pathways, which supports the ob-
servation that the pathogenesis of MI is related to inflam-
mation. TNF-« is considered to be one of the most im-
portant inflammatory cytokines [38]. Mature cardiomy-
ocytes have the ability to produce TNF-« and its proteins
under some stress-related conditions, and TNF-« can di-
rectly affect cardiac function and participate in a variety
of cardiovascular pathological processes [39]. Based on

the results of the analysis using the network pharmacology
in this study and a review of the literature, we speculated
that CLMN might treat MI by regulating the NF-Kappa B
signaling pathway. Hence, we utilized immunohistochem-
istry to determine the expression levels of TNF-a, TRAF2,
and TkBo proteins seven days after modeling and quantified
their expression results according to the gray values. The
NF-Kappa B pathway is the most thoroughly studied signal
transduction pathway in the development of inflammation.
The NF-Kappa B signal pathway is triggered by activated
TNF-a. TNF-« activates NF-KB by binding to the TNF-
R1 receptor and the TNF receptor to the dead zone, TRAF2,
and serine/threonine kinase RIP. In the activated NF-Kappa
B signal pathway, after IkBc is phosphorylated, the nuclear
localization signal on NF-KB is exposed, and NF-KB enters
the nucleus from the cytoplasm and binds to the KB site on
the regulatory gene promoter to induce the transcription of
the target gene. This induces a large number of inflamma-
tory cytokines to participate in the inflammatory response
[40]. IkBa is a key protein in the NF-Kappa B pathway that
is necessary for the activation of NF-KB mediated by TNF-
a. It is the main regulatory inhibitory protein of NF-KB
(p50-p65) in vivo. There is a KB site in the promoter of the
IkBa gene, so its synthesis is also regulated by NF-KB, thus
forming a negative feedback regulation of NF-KB. The re-
sults of the immunohistochemistry showed that the CLMN
decoction significantly decreased the expression of TNF-«
and TRAF2 and increased the expression of the IkBa pro-
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tein. Therefore, the CLMN decoction may primarily target
the NF-Kappa B pathway.

The CIBERSORT algorithm and ggplot2 package
analysis showed that neutrophils, macrophages, T cells,
and other immune cells played a key role in the devel-
opment of MI. Neutrophils play a dual role in the patho-
physic process following MI. In the early stage after MI,
the pro-inflammatory type neutrophils have a strong pro-
inflammatory and pro-injury effect. As time goes by, the
proportion of the anti-inflammatory type increases, par-
ticipating in the “damage repair response” after MI and
playing an anti-inflammatory and anti-injury role [41].
Macrophages are one of the major cell types involved
in the inflammatory response after myocardial infarction,
and they can regulate heart regeneration by triggering the
inflammatory response. Studies have shown that after
heart damage, neonatal mice can selectively expand MHC-
1" CCR2 ™ resident macrophages in the heart to produce a
small inflammatory response, induce angiogenesis and car-
diomyocyte proliferation, and promote heart regeneration.
Adult mice are affected. The damaged heart primarily re-
cruits MHC-I1"9" CCR2 " macrophages that trigger lasting
inflammatory responses and lead to cardiac fibrosis [42].

A certain chemical component of Chinese
medicine cannot reflect the quality of Chinese medicine.
All Chinese medicine acts through a synergistic effect of
multiple components and targets. In this study, the quality
of Chinese medicine was evaluated using the method of
content determination. In this study, we screened eight
potential pharmacodynamic components in the CLMN de-
coction, including puerarin, daidzein, 3’-methoxydaidzein,
dioscin, tetramethylpyrazine, ferulic acid, chrysin, and
galangin. The quality standard of CLMN was established,
and the eight effective components were determined. The
content determination of the multi-index components in
the CLMN decoction established in this experiment can
be used for quality control of the substance reference of
CLMN.

In summary, this study systematically studied the
mechanism of CLMN for the treatment of MI. CLMN may
regulate the NF-Kappa B signaling pathway and the ex-
pression of RELA, IKBKB, NFKBIA, and other targets in
the pathway for treating MI through the active compo-
nents such as puerarin, daidzein, ferulic acid, galangin, and
chrysin. CLMN treatment of MI is a process involving
multiple-components, multiple targets, and multiple path-
ways. This study not only provides a new explanation for
the “multi-component, multi-target, and multi-pathway” ef-
fect of CLMN treatment of MI, but also screens out some
major active compounds of CLMN and establishes the qual-
ity standard of the CLMN decoction. In addition, the
CIBERSORT algorithm was also used to evaluate the im-
mune cell infiltration in M1, and the three targets of TNF-
a, TRAF-2, and NFKBIA on the classic inflammatory path-
way NF-Kappa B pathway were verified. The study demon-

strated that TCM, CLMN in particular, has diverse pharma-
cologically active components, that may act synergistically
to provide treatment for MI.

6. Conclusions

In this study, network pharmacology and experi-
mental validation were combined to explore the potential
mechanism of CLMN in the treatment of MI. CLMN can
effectively decrease the expression of TNF-« and TRAF-2,
as well as increase the expression of IkBa, thereby CLMN
might treat MI by regulating the NF-Kappa B signaling
pathway. This study provides a basis for active ingredients
and further mechanistic research on CLMN in the treatment
of ML
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