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Abstract
Background: Tianxiangdan capsule (TXD), developed in our hospital, has been clinically used in the treatment of coronary
heart disease angina pectoris. This study aimed at evaluating the mechanisms of TXD against myocardial ischemia and to
provide evidence for its subsequent clinical application.

METHODS: Active components and mechanisms of action of TXD against myocardial ischemia were predicted and analyzed
by network pharmacology and molecular docking. The oxidative damage model was established using H2O2, which caused
myocardial cell damage. The MTT assay was used to evaluate cell viability, Hoechst33342 staining, while cleaved caspase-3
immuno�uorescence staining was used to determine cell apoptosis. Fluorescent probe method detected ROS and intracellular
Ca2+, while spectrophotometry was used to measure SOD, MDA, and NO levels in myocardial cells. Western blotting was used
to detect the expression levels of ESR1, PI3K, AKT, and eNOS in cells.

RESULTS: It was found that TXD plays a protective role in myocardial ischemia through the estrogen pathway, and its main
active components were iso�avones. The TXD drug-containing plasma exhibited increased cell survival rates and suppressed
MDA levels, elevated SOD and NO levels, and signi�cantly suppressed ROS levels as well as intracellular Ca2+ levels.
Moreover, the TXD drug-containing plasma pretreated cells had signi�cantly suppressed PI3K and AKT expression levels, as
well as elevated ESR1 and eNOS expression levels.

Conclusion: TXD may exhibit estrogen-like effects, through the estrogen pathway enhances cardiomyocytes' antioxidant
capacities, and improves oxidative stress injury as well as cell apoptosis. 

1. Background
Myocardial ischemia, is a pathological state that is characterized by reduced cardiac blood �ow, resulting in reduced oxygen
supply, abnormal myocardial energy metabolism, and inability to support heart functions [1]. In China, the prevalence of
myocardial ischemia has been on the rise [2]. It is a common and frequent disease among the middle-aged and the elderly, and
has also been reported to affect the young in recent years [3]. Myocardial ischemia is associated with various etiologies,
including decreased aortic blood supply, coronary artery occlusion, blood viscosity changes [4], and myocardial lesions.
Coronary atherosclerosis is the most etiology [5], followed by in�ammation. Angina pectoris, the most common myocardial
ischemia syndrome, can be alleviated by drug therapies, interventional therapies, and surgical treatments that are all aimed at
reducing angina attacks, myocardial infarction, and coronary progression atherosclerosis. Myocardial ischemia is a
signi�cant public health concern in China. Traditional Chinese medicine (TCM) has excellent therapeutic effects and has
become an important treatment modality in the treatment of myocardial ischemia.

Due to the unique geographical environment, diet, and living habits, high incidence rates of coronary heart disease have been
reported in Xinjiang. TXD is a hospital preparation developed at The fourth Clinical Medical College of Xinjiang Medical
University. In 2015, through completed TXD preclinical study obtained the clinical approval of Category 6.1 new drugs of
Traditional Chinese Medicine (Certi�cate no. 2015L03185, Xinjiang, China). TXD is composed of four Chinese medicinal
materials: Salvia miltiorrhiza, Rhodiola rosea, Dalbergia odorifera and Ziziphora clinopodioides Lam. Studies have con�rmed
that tanshinones and phenolic acids in Salvia miltiorrhiza can dilate coronary arteries and improve microcirculation [6].
Salidroside, tyrosol and �avonoids in Rhodiola rosea improve vascular endothelium dysfunction and promote mitochondrial
biosynthesis [7]. Essential oils and some �avonoids are the main active components of Dalbergia odorifera and Ziziphora
clinopodioides Lam. These compounds can increase the activity of antioxidant enzymes and inhibit thrombosis. All the four
medicinal compounds exert signi�cant therapeutic effects on myocardial ischemia. TXD has been shown to reduce the
degree of microthrombosis in rats with coronary microcirculation disorder [8]. Moreover, it has anti-in�ammatory properties
that inhibit in�ammatory responses [9]. Preclinical pharmacodynamic data of TXD shows that it can signi�cantly improve
coronary �ow, increase cardiac output in dogs with myocardial ischemia, and reduce myocardial ischemia. Inhibition of
thoracic aorta contraction in vitro improved blood rheology in rat models of blood stasis [10]. Study on the mechanisms of
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anti-myocardial ischemic action of TXD have been sporadic and super�cial, lacking in systematic in-depth evaluations. Its
active ingredients and mechanisms of action are not precise, which has greatly limited its development and clinical use.
Therefore, it is important to elucidate on the mechanisms of TXD in myocardial ischemia in order to provide a scienti�c basis
for its clinical application.

Network pharmacology elucidates on the interactions between drugs and organisms from the perspectives of system biology
and biological network's balance [11]. Key nodes (targets) in the drug-target network are extracted through network analysis
and combined with the public and professional databases, including genes, proteins, and signaling pathways. Furthermore,
the signal pathway information involved in the target guides the evaluation of drug e�cacy and mechanism of action [12]. The
characteristics of TCM are embodied in the overall dialectical treatment of complex diseases using TCM compounds, which
can, synergistically adjust human body imbalances and disorders. TCM compounds coincide with network pharmacology,
both of which are based on multi-component, multi-target studies. Recently, there has been an increase in the study of TCM
compounds using network pharmacology technology in China. Therefore, network pharmacology should be used to identify
critical nodes and functional modules in the network to comprehensively and systematically study the mechanisms of action
of TXD.

In this study, network pharmacology and molecular docking methods were used to predict the anti-myocardial ischemia
mechanisms TXD's as well as its active components. Study �ndings were further veri�ed through in vitro experiments. First,
TXD compounds were identi�ed and retrieved through searches in public databases literature mining, and through ADME
screening of compounds [13–14]. Public databases were used to obtain the genes associated with TXD active components and
myocardial ischemia, as well as the overlapping genes. Moreover, further analyses of the interrelationships between
overlapping genes were performed. Secondly, through comprehensive analysis of the predicted results, probable mechanisms
of TXD's anti-myocardial ischemia were deduced. Third, Molecular docking of proteins and screened compounds was
performed to identify the main active components. Finally, in vitro analysis was performed to verify the network
pharmacology prediction results.

2. Materials And Methods
Tianxiangdan Capsule was obtained from The fourth Clinical Medical College of Xinjiang Medical University (#20190901).
Fetal Bovine Serum and Pancreatin were purchased from Gibco, USA. D-Hanks buffer was purchased from Boster, China;
Collagenase II was purchased from Worthing-BioChem, USA; MTT and DMSO were purchased from MP Biomedicals, USA;
DMEM/High Glucose was bought from HyClone, USA; Hydrogen peroxide was purchased from Tianjin Hongyan Chemical
Reagent Factory, China; β-estradiol and DAPI were purchased from Sigma, USA; Superoxide dismutase (SOD),
malondialdehyde (MDA), and nitric oxide (NO) kit were purchased from Beyotime, China; Hoechst 33342, Reactive oxygen
species assay kit, Triton X-100, and Fluo-3/AM were purchased from Solarbio, China; anti-ESR1 (Boster), cleaved caspase-3,
anti-beta actin, anti-PI3K, anti-AKT, anti-eNOS, anti-rabbit IgG (HRP-linked antibody) were purchased from Cell Signaling
Technology; anti-alpha Smooth Muscle Actin and FITC antibodies against Mouse IgG H&L (Alexa Fluor 488) were purchased
from Abcam, UK. Inverted microscope, Enzyme standard instrument (Olympus, Japan); Western Blot Full set (Bio-Rad, USA);
Flow cytometer (BD, USA); and Laser confocal microscope (Nikon, Japan).

2.1 Preliminary prediction of network pharmacology

2.1.1 Ingredients Database Construction AND ADME Screening
Tianxiangdan is composed of Salvia miltiorrhiza, Dalbergia odorifera, Rhodiola rosea, and Ziziphora clinopodioides Lam. The
compound data for Salvia miltiorrhiza and Dalbergia odorifera were obtained from the TCMSP database
(http://tcmspw.com/tcmsp.php) [15], whereas the compound data for Ziziphora clinopodioides Lam and herbs Rhodiola rosea
were mined from the CNKI (https://www.cnki.net/), WAN FANG (http://www.wanfangdata.com.cn/) and Baidu academic
(http://xueshu.baidu.com/) databases. Moreover, the compounds were identi�ed in PubChem
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(https://pubchem.ncbi.nlm.nih.gov/) [16] through compound name or structure. According to ADME prediction and Lipinski's
Rule of Five [17–18], oral bioavailability (OB), drug similarity (DL), molecular weight (MW), Alogp, Hacc, and Hdon values were
used to �lter the compounds. Compounds that meet the set parameter values (OB ≥ 30%, DL ≥ 0.18, MW ≤ 500, Alogp ≤ 5,
Hdon ≤ 5, and Hacc ≤ 10) were used for subsequent processes.

2.1.2 Establishment of a database for the screened components and
disease target genes
The CAS, InChIKey, Pubchem Cid information regarding the screened ingredients were retrieved from the TCMSP database.
The information obtained was input in the Pubchem database to obtain the Canonical SMILES of the compounds. The
SMILES for each compound were entered into the Swiss Target Prediction database (http://www.swisstargetprediction.ch/)
[19], and the list of predicted target genes corresponding to the compound were obtained. Using the DisGeNET database
(https://www.disgenet.org/) [20–21], the disease name “myocardial ischemia” was used to obtain the information about its
target genes. Overlapping genes between the target genes of the screened compounds and target genes of myocardial
ischemia were analyzed using the OmicShare tools (https://www.omicshare.com/), a free online platform for data analysis.

2.1.3 Construction of networks of overlapping genes
Interaction parameters among overlapping genes were obtained from the STRING database: functional protein association
networks (https://string-db.org/) [22–23], interactive relationships were visually analyzed using the Cytoscape 3.6.0 software.

2.1.4 Pathway enrichment analysis for the overlapping genes
Pathway enrichment analysis of the overlapping genes was done using the STRING database, DAVID database
(https://david.ncifcrf.gov/) [24], and Metascape database (http://metascape.org/) [25]. A bubble diagram of the KEGG pathway
drawn by the OmicShare tools, and the anti-myocardial ischemia pathway and mechanism of action for TXD were determined
based on the prediction and comprehensive analysis of multiple databases.

2.2 Molecular Docking
Structures of protein receptors (ESR1, HSPA1A, HSPA2, MMP2, MMP9, PIK3CA, PIK3CB, and PIK3CD) were obtained from the
RCSB database (http://www.rcsb.org) [26]. Structures of the ligands that regulate eight genes in the estrogen pathway were
obtained from the ZINC database (http://zinc.docking.org). The Pymol 2.3.0 [27] software was used to remove water
molecules from the protein receptors and to obtain a simple protein structure. AutodockTools1.5.6 [28] was used to add
hydrogen atoms and electric charges to the ligand molecules and to quantify the number of rotatable bonds. After the
addition of hydrogen atoms to each protein receptor, Gasteiger charge and non-polar hydrogen were calculated, and saved as
PDBQT �les for later use. Semi �exible docking was performed using Autodock vina 1.1.2 [29] to determine the coordinates
and size of vina molecular docking. To enhance calculation accuracy, parameter exhaustiveness was set at 20. Unless
otherwise speci�ed, default values were used for all parameters. Optimal conformation with the lowest docking binding
energy was selected for the docking binding mode analysis, and results were drawn using Pymol 2.3.0 software.

2.3 HPLC-MS/HPLC analysis
Quantitative HPLC-MS/HPLC analysis was performed using the Waters UPLC Xevo T Q-S micro/Waters e2695 HPLC system
(Waters Corporation, Milford, MA, USA).

Separation was performed on an ACQUITY UPLC Atlantis T3 column (100 mm×2.1 mm) at 40°C with a �ow rate of 0.3
mL/min. The Mobile phase was a mixture of acetonitrile (A) and 0.1% formic acid-water (B). The injection volume was 3 µL.
The quasi-molecular ions [M − H]− and [M + H]+ were selected as precursor ions and subjected to target-MS/MS analyses. Q-
TOF acquisition parameters were as follows: drying gas (N2) �ow rate, 800 L/h; drying gas temperature, 450 ℃; collision
energy (CE) was set at 20–40 V; while the mass range was recorded from m/z 100 to 800.
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The other two main TXD components (Tyrosol and Pulegone) were separated on an Aglient ZORBAX C18 column (250mm ×
4.6mm) at 25°C with a �ow rate of 1.0 mL/min. Based on the initial conditions of the experiment, the Tyrosol mobile phase
was acetonitrile-water (10:90), while the detection wavelength was 252 nm. The mobile phase of Pulegone was methanol-
water (80:20), while the detection wavelength was 275 nm. For each sample, 10 µL were injected into a liquid chromatograph
for characterization.

2.4 In vitro validation
Pharmacodynamic tests were performed to verify the mechanisms of action of TXD on myocardial ischemia that has been
predicted by network pharmacology. This was achieved using the H2O2-induced oxidative damage model of primary
myocardial cells.

2.4.1 Experiments animals
Eighty SPF SD rats (250 ± 20 g), aged two months, half male and half female, were purchased from the Experimental Animal
Center of Xinjiang Medical University in China (Certi�cate no. SCXK (Xinjiang) 20190003) and raised following the standards
approved by the Experimental Animal Ethics Committee of Xinjiang Medical University. Animals were kept at 20–25 ℃, and at
a relative humidity of 55–65% and fed on standard diet and water. Thirty Suckling SD rats (1-3D), both male and female, were
also purchased from the Experimental Animal Center of Xinjiang Medical University. Ethical approval doe the use of animal
models in this study was obtained from the Animal Experiment Ethics Committee of Xinjiang Medical University (Xinjiang,
China).

The eighty SD rats were acclimatized for one week. Based on the random number table, rats were labeled and divided into
four groups (20 in each group). Based on the surface area of human and rat bodies, the rats received 6.3 times the dose of
healthy human adults. The received dosage was 0.378 g/kg/d, twice a day for three consecutive days. On the evening of the
third day, rats were fasted overnight and only provided drinking water. Starting from the morning of the fourth day, rats were
received a day'dosage. Rats in the control group were treated similarly, except that they were given physiological saline.
Surgical anesthetization was performed 1h after the last drug administration, and blood was collected from the abdominal
aorta of rats. The collected drug-containing plasma and blank plasma were stored at room temperature for 30 min, after
which they were centrifuged at 4 ℃ for 3000 r/min for 10 min. Plasma samples obtained from the same group were pooled
into a 15 mL centrifuge tube and inactivated at 56 ℃ for 30 min. Then, samples were �ltered using a 0.22 µm �lter and stored
at -80 ℃ for later use.

2.4.2 Cell culture and drug treatment
Whole bodies of 30 1–3 day-old SD suckling rats were wiped with alcohol, their breasts were surgically cut open to expose
and excise their hearts. Blood around the hearts were washed off using pre-cooled D-Hanks liquid. Then, the hearts were
trimmed with scissors and forceps, leaving as much of the ventricle as possible. Then, the tissue was cut into a �ower shape
and washed in a D-Hanks buffer solution. Tissues were put in a centrifuge tube containing 30 mL 0.025% trypsin and
digested overnight in a 4℃ refrigerator placed on a shaking table. The next morning, the liquid in the centrifuge tube was
discarded, and 0.6 mg/ml collagenase II was added and digested six times in a water bath at 37 ℃, 5 min each time. The
digested cell suspension was collected and centrifuged at 1000 r/min for 5 min. The centrifuged cells were resuspended in
DMEM/High Glucose solution supplemented with 10% FBS and 1% penicillin-streptomycin and inoculated on the culture dish.
Cells were puri�ed by differential adherent method for 2 h at 37 ℃ and 5% CO2, and then cultured for later use. Animals were
randomly allocated into 7 groups: i. Control group; ii. Oxidative damage model group; iii. Blank plasma group (Bp); iv. The 5%
drug-containing plasma group (5% Dp); v. The 10% drug-containing plasma group (10% Dp); vi. The 15% drug-containing
plasma group (15% Dp); and vii. The E2 group. When primary myocardial cells reached 80% con�uence, blank plasma, TXD
drug-containing plasma, and E2 were added and incubated for 24 h, followed by treatment with 100µmol/L H2O2 for 2 h.

2.4.3 Purity identi�cation by Immuno�uorescence
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After separation and digestion, the cell suspension was inoculated into a 35 mm laser confocal culture dish. When the
adherent growth showed good condition for 72 h, the cells were rinsed three times using PBS for 5 min each time. Cells were
�xed in 4% paraformaldehyde at room temperature for 40 min. After washing, 0.3% Triton X-100 working �uid was added to
the culture dish to permeate the cells, and incubated at 37 ℃ for 30 min. Next, 5% BSA was added to seal the cells for 1 h at
37 ℃. The Anti-alpha Smooth Muscle Actin Antibody (1:500) was then added to the cells after which the dish was
refrigerated on a shaker overnight at 4°C. On the morning of the next day, cells were incubated at room temperature for 30 min
and washed three times using PBS for 5 min each time. The FITC antibody to Mouse IgG H&L (Alexa Fluor 488) (1:500) was
added to the cells and the dish was incubated at 37 ℃ in the dark for 1 h, then rinsed three times using PBS for 5 min each
time. The DAPI working solution (1 µg/ml) was added to stain the cells for 10 min, followed by washing three times using
PBS for 5 min each time. Expression levels of α-Actin were observed at 488 nm excitation wavelength.

2.4.4 Cell viability assay
Cell viability was determined through the MTT assay. Myocardial cell suspensions (100 µL ) were inoculated in a 96 well plate
at a density of 1×106/well, and cultured for 3 days. Cells were treated in groups when they were in good condition. Then, the
original medium was discarded, and replaced with 100 µL of DMEM/High Glucose solution medium and 10 µL MTT (5
mg/ml) following by 4 h of culture. The medium was carefully sucked out and 150 µL DMSO was added to each well, then
shaken for 10 min. Samples absorbance were measured at 490 nm with an Enzyme standard instrument. Cell viability was
determined using the following formula: Cell viability (%) = (drug group - blank group)/(normal group - blank group) × 100%.

2.4.5 Hoechst 33342 staining
Cardiomyocytes were inoculated in a 6 well plate coated with polylysine-coated cover glasses at a density of 1×106/well, and
cultured for 3 days. Cells were treated in groups when they were in good condition. After treatment, they were washed three
times using PBS and �xed in 4% paraformaldehyde at room temperature for 20 min. Cells were stained with 10 mg/mL
Hoechst 33342 at 37°C for 10 min and washed three times using PBS. Next, cover glasses were obtained and placed on
microslides, after which they were sealed with glycerin. Cell apoptotic morphologies were observed under a �uorescence
microscope. Normal cells had oval nuclei with homogeneous chromatin. The nuclei of apoptotic cells exhibited a shrunk
morphology, their chromatin were aggregated, and apoptotic bodies were formed.

2.4.6 Immuno�uorescence staining of cleaved caspase-3 cells
Cardiomyocytes were seeded in a 35 mm laser confocal dish coated with polylysine at a density of 1×106/well, and cultured
for 3 days. Cells were treated in groups when they were in good condition. After treatment, they were washed three times using
PBS and �xed in 4% paraformaldehyde at room temperature for 20 min, after which they were permeated with 0.5%Triton X-
100 for 15 min. Next, goat serum was added, sealed for 30 min, and washed three times using PBS. Cells were incubated with
cleaved caspase-3 antibody (1:400) at 4°C overnight after which they were washed three times using PBS. Next, they were
incubated with a secondary antibody (FITC) at room temperature for 2 h, then subjected to PI staining for 10 min.
Fluorescence intensity of cardiomyocytes was imaged by LSCM. Cells showing green �uorescence represented cleaved
caspase-3 expression, red �uorescence represented cardiac myocytes in the �eld of view, and cell apoptosis was determined
using the formula: Cell apoptosis rate = (green �uorescent cell number/red �uorescent cell number) ×100%.

2.4.7 Measurement of intracellular ROS levels
Cardiomyocytes were inoculated in a 35 mm laser confocal dish and 6 well plate at a density of 1×106/well, and cultured for 3
days. Cells were treated in groups when they were in good condition. After treatment, they were washed three times using PBS,
incubated with DCF-HA in a 37°C incubator for 30 min, and washed three times using PBS. Fluorescence intensity of DCF-HA
was imaged by LSCM. Cells in a 6 well plate were digested with trypsin, and the mean �uorescence density of DCF was
measured by �ow cytometry.

2.4.8 Detection of Intracellular (Ca2+)
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Cardiomyocytes were cultured in a 35 mm laser confocal dish at a density of 1×106/well, and incubated for 3 days. Cells were
treated in groups when they were in good condition. After treatment, they were washed three times using D-Hanks buffer
solution three times, after which Fluo-3/AM (5 µmol/L) was added and further incubated at 37°C for 40 min. Next, cells were
washed with D-Hanks buffer solution and �uorescence intensity of Ca2+ evaluated by LSCM.

2.4.9 Determination of SOD, MDA, and NO levels in myocardial cells
Cardiomyocytes were inoculated in a 6 well plate at a density of 1×106/well and cultured for 3 days. Cells were treated in
groups when they were in good condition. After treatment, they were collected and washed three times using 4°C PBS. Then,
cells were lysed using the cell lysis buffer and centrifuged at 4°C. Cell supernatants were collected and used in the
measurement of SOD, MDA, and NO levels in myocardial cells following kit instructions.

2.4.10 Western Blotting analysis
Cardiomyocytes were inoculated in a 6 well plate at a density of 1×106/well, and cultured for 3 days. Cells were treated in
groups when they were in good condition. After treatment, they were washed using PBS and treated with the RIPA cell lysis
buffer containing PMSF for 30 min on ice. After lysis, samples were centrifuged, and the supernatant was used to measure
protein concentrations using the BCA quantitative protein kit. Equal amounts of protein samples were separated by SDS-PAGE
and transferred onto the PVDF membranes. Membranes were blocked with 5% skim milk powder at room temperature for 1 h.
The membranes were incubated with primary antibodies: β-actin (1:1000), ESR1 (1:500), PI3K (1:1000), AKT (1:1000), eNOS
(1:1000) overnight at 4 ℃. Then, membranes were washed three times using Tris Buffered Saline Tween (TBST) and
incubated with a HRP-conjugated secondary antibody for 1 h at room temperature in a shaker. Then, protein bands were
detected using enhanced chemiluminescence (ECL kit) and quanti�ed by Image J analysis software. β-actin was used as the
internal control.

2.5 Statistical analysis
Data were analyzed using the SPSS 21.0 statistical software. Measurement data are expressed as the mean ± standard
deviation (SD). One-way ANOVA was used for comparisons among groups. p < 0.05 was set as the threshold for statistical
signi�cance, and all the experiments were conducted three times.

3. Result

3.1 Potential active ingredients in TXD
Compound of Salvia miltiorrhiza and Dalbergia odorifera were searched in the TCMSP database, while the compound of
Rhodiola rosea and Ziziphora clinopodioides Lam were searched through literature mining. Based on the ADME prediction
and Lipinski's Rule of Five selection, 51 species of Salvia miltiorrhiza, 31 species of Dalbergia odorifera, 13 species of
Rhodiola rosea, and 23 species of Ziziphora clinopodioides Lam were obtained (Table 1–4; Fig. 1).
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Table 1
4 A list of TXD compounds considered for network analysis after ADME screening.

Salvia miltiorrhiza

Mol ID Molecule Name Mol ID Molecule Name

MOL000006 luteolin MOL007098 deoxyneocryptotanshinone

MOL001601 1,2,5,6-tetrahydrotanshinone MOL007101 dihydrotanshinone

MOL001942 isoimperatorin MOL007108 isocryptotanshi-none

MOL002222 sugiol MOL007111 Isotanshinone II

MOL002651 Dehydrotanshinone II A MOL007118 microstegiol

MOL007036 5,6-dihydroxy-7-isopropyl-1,1-
dimethyl-2,3-dihydrophenanthren-
4-one

MOL007119 miltionone 

MOL007041 2-isopropyl-8-
methylphenanthrene-3,4-dione

MOL007120 miltionone 

MOL007045 3α-hydroxytanshinone a MOL007121 Miltipolone

MOL007048 (E)-3-[2-(3,4-dihydroxyphenyl)-7-
hydroxy-benzofuran-4-yl]acrylic
acid

MOL007122 miltirone

MOL007049 4-methylenemiltirone MOL007124 neocryptotanshinone ii

MOL007050 2-(4-hydroxy-3-methoxyphenyl)-5-
(3-hydroxypropyl)-7-methoxy-3-
benzofurancarboxaldehyde

MOL007125 neocryptotanshinone

MOL007058 formyltanshinone MOL007127 1-methyl-8,9-dihydro-7H-naphtho[5,6-
g]benzofuran-6,10,11-trione

MOL007059 3-beta-
Hydroxymethyllenetanshiquinone

MOL007132 (2R)-3-(3,4-dihydroxyphenyl)-2-[(Z)-3-(3,4-
dihydroxyphenyl)acryloyl]oxy-propionic
acid

MOL007061 Methylenetanshinquinone MOL007140 (Z)-3-[2-[(E)-2-(3,4-
dihydroxyphenyl)vinyl]-3,4-dihydroxy-
phenyl]acrylic acid

MOL007063 przewalskin a MOL-7141 salvianolic acid g

MOL007064 przewalskin b MOL007143 salvilenone 

MOL007068 przewaquinone B MOL007145 salviolone

MOL007069 przewaquinone c MOL007149 NSC 122421

MOL007070 (6S,7R)-6,7-dihydroxy-1,6-
dimethyl-8,9-dihydro-7H-
naphtho[8,7-g]benzofuran-10,11-
dione

MOL007150 (6S)-6-hydroxy-1-methyl-6-methylol-8,9-
dihydro-7H-naphtho[8,7-g]benzofuran-
10,11-quinone

Mol ID Molecule Name Mol ID Molecule Name

MOL007074 salvianolic acid b MOL007151 Tanshindiol B

MOL007077 sclareol MOL007152 Przewaquinone E

MOL007081 Danshenol B MOL007154 tanshinone iia
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Salvia miltiorrhiza

MOL007082 Danshenol A MOL007155 (6S)-6-(hydroxymethyl)-1,6-dimethyl-8,9-
dihydro-7H-naphtho[8,7-g]benzofuran-
10,11-dione

MOL007085 Salvilenone MOL007156 tanshinone 

MOL007088 cryptotanshinone MOL007157 tanshinone i

MOL007093 dan-shexinkum d    

Dalbergia odorifera

Mol ID Molecule Name Mol ID Molecule Name

MOL000228 (2R)-7-hydroxy-5-methoxy-2-phenylchroman-4-
one

MOL002962 (3S)-7-hydroxy-3-(2,3,4-
trimethoxyphenyl)chroman-4-one

MOL000380 (6aR,11aR)-9,10-dimethoxy-6a,11a-dihydro-6H-
benzofurano[3,2-c]chromen-3-ol

MOL002966 Dalbergin

MOL000392 formononetin MOL002973 Bowdichione

MOL001040 (2R)-5,7-dihydroxy-2-(4-
hydroxyphenyl)chroman-4-one

MOL002975 butin

MOL001792 DFV MOL002981 Duartin

MOL002565 Medicarpin MOL002989 4-Hydroxyhomopterocarpin

MOL002914 Eriodyctiol MOL002990 (6aR,11aR)-3,9,10-trimethoxy-6a,11a-
dihydro-6H-benzofurano[3,2-
c]chromen-4-ol

MOL002938 (3R)-4'-Methoxy-2',3,7-trihydroxyiso�avanone MOL002991 (6aR,11aR)-3,9-dimethoxy-6a,11a-
dihydro-6H-benzofurano[3,2-
c]chromene-4,10-diol

MOL002939 (3R)-5'-Methoxyvestitol MOL002996 odoricarpin

MOL002940 (3R)-3-(2,3-dihydroxy-4-methoxyphenyl)-7-
hydroxychroman-4-one

MOL002997 3-(2-hydroxy-3,4-dimethoxyphenyl)-2H-
chromen-7-ol

MOL002941 (3R)-3-(2,3-dihydroxy-4-
methoxyphenyl)chroman-7,8-diol

MOL002999 Sativanone

MOL002950 (3R)-7,2',3'-trihydroxy-4-methoxyiso�avan MOL003000 Stevein

MOL002957 9-O-Methylcoumestrol MOL003001 Vestitone

MOL002958 3'-Hydroxymelanettin MOL003002 violanone

MOL002959 3'-Methoxydaidzein MOL003003 Xenognosin B

MOL002961 (-)-Vestitol    

Rhodiola rosea

MOL ID Molecule name MOL ID Molecule name

MOL000513 Gallic acid MOL000359 β-sitosterol

MOL002929 salidroside MOL002823 Herbacetin

MOL002930 Tyrosol MOL000073 (+)-Epicatechin

MOL000492 Catechin MOL002083 Tricin
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Salvia miltiorrhiza

MOL001002 Ellagic acid MOL000098 quercetin

MOL000422 kaempferol MOL001506 Squalene

MOL010129 kaempferol-7-O- -L-rhamnoside    

Ziziphora clinopodioides Lam

MOL ID Molecule name MOL ID Molecule name

MOL011848 Piperitone MOL000437 quercetin 3-O-β-D-
glucopyranoside

MOL001972 Pulegone MOL000006 Luteolin

MOL011872 (+)-Menthone MOL001790 Linarin

MOL000905 ()-beta-pinene MOL005093 Diosmin

MOL000671 ()-Menthol MOL005573 Genkwanin

MOL007496 isopulegone MOL000263 Oleanolic acid

MOL007330 (-)-Menthol MOL000359 β-sitosterol

MOL001689 Acacetin MOL004718 α-spinasterol

MOL000008 Apigenin MOL011865 Rosmarinic acid

MOL003044 Chrysoeriol MOL002714 Baicalein

MOL000422 kaempferol MOL004564 Kaempferide

MOL000098 quercetin    

3.2 Target genes associated with myocardial ischemia
Using the DisGenet database, 448 myocardial ischemia target genes were obtained. The venn diagram software on the
Omicshare platform was used to map the target genes of the TXD active ingredients with the target genes of myocardial
ischemia. After mapping, 29 overlapping genes (SLC5A1; TYMP; CES3; HSPA9; PIK3CA; HSPA5; PIK3CB; PDE4B; MAPK14;
HSPA2; STAT3; HSPA1A; PIK3CD; KDR; ALDH2; KIT; MIF; ADORA1; ERBB2; AKR1B1; PTGS2; ESR1; MMP2; MMP9; LPA; PLG;
LDLR; MPO; CD38) were obtained (Fig. 2) and used for subsequent analyses.

3.3 Construction of networks using overlapping genes
Twenty-nine overlapping genes were input into the STRING database for network interaction analysis, and the relationships
among the genes analyzed. Twenty six genes exhibited relatively close interaction relationships, including 29 nodes and 91
edges, with an average node degree of 6.28, an average local clustering coe�cient of 0.574, and a PPI enrichment p-value < 
1.0e−16. Moreover, the interactions between SLC5A1, CES3, and ADORA1 participating genes were found to be less. These
results were obtained using Cytoscape software for the visualization of complex networks (Fig. 3). Genes in the network
exhibited signi�cant interactions, an indication that TXD 's anti-myocardial ischemia effect was directly correlated with these
genes.

3.4 Pathway enrichment analysis of overlapping genes
The 29 overlapping genes were input into Metascape, STRING, and DAVID databases. Pathway enrichment was performed
using different databases to improve predictived reliability. Estrogen signaling pathway activation was consistently high
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among the three databases. Metascape database results were found to signi�cant (Fig. 4), supporting the focus on estrogen's
effect on cardiovascular events. The bubble diagram of top 20 enriched pathways made using the Omicshare platform is
shown in Fig. 5. With reference to previous literature, we found that gender differences [30–31] and age differences [32] are
associated with increased risk of cardiovascular diseases.

Moreover, the protective effect of estrogen on cardiovascular diseases has been reported in several studies [33–34]. Therefore,
TXD is also suggested to play a cardio-protective role through the estrogen signaling pathway. Based on the predicted
estrogen signaling pathway that is associated with TXD against myocardial ischemia, eight essential genes that are enriched
in this pathway were obtained, that is, estrogen receptor ESR1, heat shock protein HSP group (HSPA2, HSPA1A), matrix
metalloproteinase MMPS group (MMP9, MMP2), and phosphatidylinositol-3-hydroxyl kinase PI3K group (PIK3CA, PIK3CB,
and PIK3CD). A total of 38 compounds associated with the eight genes were extracted from the TXD composition database
(Table 3). The Cytoscape software was used to visualize the compound-gene-pathway interaction diagram, which clearly
showed the corresponding relationships (Fig. 6).
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Table 3
Gene-compounds linked to the estrogen pathway.

No. Gene Compound No. Gene Compound

1 ESR1 sugiol 28 MMP2 luteolin

2 ESR1 (E)-3-[2-(3,4-dihydroxyphenyl)-7-
hydroxy-benzofuran-4-yl]acrylic acid

29 MMP2 przewalskin a

3 ESR1 Miltipolone 30 MMP2 (2R)-3-(3,4-dihydroxyphenyl)-2-[(Z)-3-(3,4-
dihydroxyphenyl)acryloyl]oxy-propionic acid

4 ESR1 salviolone 31 MMP2 quercetin

5 ESR1 NSC 122421 32 MMP2 luteolin

6 ESR1 (2R)-7-hydroxy-5-methoxy-2-
phenylchroman-4-one

33 MMP2 Rosmarinic acid

7 ESR1 formononetin 34 MMP2 quercetin

8 ESR1 (2R)-5,7-dihydroxy-2-(4-
hydroxyphenyl)chroman-4-one

35 MMP9 luteolin

9 ESR1 DFV 36 MMP9 przewalskin a

10 ESR1 Medicarpin 37 MMP9 (2R)-3-(3,4-dihydroxyphenyl)-2-[(Z)-3-(3,4-
dihydroxyphenyl)acryloyl]oxy-propionic acid

11 ESR1 (3R)-4'-Methoxy-2',3,7-
trihydroxyiso�avanone

38 MMP9 luteolin

12 ESR1 (3R)-3-(2,3-dihydroxy-4-
methoxyphenyl)-7-hydroxychroman-4-
one

39 MMP9 Rosmarinic acid

13 ESR1 9-O-Methylcoumestrol 40 HSPA1A (E)-3-[2-(3,4-dihydroxyphenyl)-7-hydroxy-
benzofuran-4-yl]acrylic acid

14 ESR1 3'-Methoxydaidzein 41 HSPA2 (E)-3-[2-(3,4-dihydroxyphenyl)-7-hydroxy-
benzofuran-4-yl]acrylic acid

15 ESR1 (-)-Vestitol 42 PIK3CA 3-beta-Hydroxymethyllenetanshiquinone

16 ESR1 (3S)-7-hydroxy-3-(2,3,4-
trimethoxyphenyl)chroman-4-one

43 PIK3CA dan-shexinkum d

17 ESR1 Dalbergin 44 PIK3CA Isotanshinone II

18 ESR1 butin 45 PIK3CA (6S)-6-(hydroxymethyl)-1,6-dimethyl-8,9-
dihydro-7H-naphtho[8,7-g]benzofuran-10,11-
dione

19 ESR1 Sativanone 46 PIK3CB 3-beta-Hydroxymethyllenetanshiquinone

20 ESR1 Stevein 47 PIK3CB dan-shexinkum d

21 ESR1 Vestitone 48 PIK3CB Isotanshinone II

22 ESR1 ()-Menthol 49 PIK3CB (6S)-6-(hydroxymethyl)-1,6-dimethyl-8,9-
dihydro-7H-naphtho[8,7-g]benzofuran-10,11-
dione

23 ESR1 (-)-Menthol 50 PIK3CD 3-beta-Hydroxymethyllenetanshiquinone

24 ESR1 Apigenin 51 PIK3CD dan-shexinkum d

25 ESR1 Chrysoeriol 52 PIK3CD Isotanshinone II
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No. Gene Compound No. Gene Compound

26 ESR1 Genkwanin 53 PIK3CD (6S)-6-(hydroxymethyl)-1,6-dimethyl-8,9-
dihydro-7H-naphtho[8,7-g]benzofuran-10,11-
dione

27 ESR1 β-sitosterol      

3.5 Molecular docking of compound - protein interactions on the
estrogen pathway
Molecular docking was used to elucidate the binding ability of genes and compounds in the estrogen pathway, and the top 15
results were obtained based on the binding energy score (Table 4). Structural analysis of the �rst 15 butt ligand compounds
revealed that most compounds were �avones and iso�avones. Molecular docking results showed that, compared to the other
genes that bound to compounds, HSPA2 was the most stable, and the most stable binding was to 3'-Methoxydaidzein (Fig. 7).
Interactions between 3'-Methoxydaidzein and HSPA2 formed two hydrogen bonds in the Glu176 and Asp202 positions of the
A chain. Besides, hydrophobic contacts formed between 3'-Methoxydaidzein and surrounding residues (Val372, Gly13, Lys72,
Tyr16, Thr38, ASP369, Asp11, and Val340) signi�cantly promoted the interactions between 3'-Methoxydaidzein and HSPA2.

Table 4
Top 15 compounds ranked in terms of binding energy score after molecular docking.

Receptor
name

Ligand name scores(kcal/moL) type Component source

HSPA2 3'-
Methoxydaidzein

-9.5 iso�avanones Dalbergia odorifera

HSPA2 Chrysoeriol -9.3 �avonoids Ziziphora clinopodioides Lam

HSPA2 luteolin -9.2 �avonoids Ziziphora clinopodioides Lam;Salvia
miltiorrhiza

HSPA2 (-)-Vestitol -9 iso�avanones Dalbergia odorifera

ESR1 formononetin -8.9 iso�avanones Dalbergia odorifera

MMP2 Apigenin -8.8 �avonoids Ziziphora clinopodioides Lam

HSPA2 formononetin -8.7 iso�avanones Dalbergia odorifera

PIK3CA sugiol -8.5 quinones Salvia miltiorrhiza

ESR1 Genkwanin -8.3 �avonoids Ziziphora clinopodioides Lam

PIK3CA quercetin -8.2 �avonoids Rhodiola rosea;Ziziphora clinopodioides
Lam

PIK3CA luteolin -8.1 �avonoids Ziziphora clinopodioides Lam;Salvia
miltiorrhiza

MMP2 formononetin -8.1 iso�avanones Dalbergia odorifera

MMP2 3'-
Methoxydaidzein

-8.1 iso�avanones Dalbergia odorifera

HSPA1A Chrysoeriol -8 �avonoids Ziziphora clinopodioides Lam

MMP9 Miltipolone -7.9 diterpenoids Salvia miltiorrhiza

3.6 Chemical compounds in Tianxiangdan Capsule
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Through high-performance liquid chromatography, six chemical constituents were identi�ed in the TXD. In the HPLC-MS [M + 
H]+ model, two components were identi�ed: Tanshinone IIA (observed m/z:295.22, RT:6.19), and Cryptotanshinone (observed
m/z:297.22, RT:5.39). In the HPLC-MS [M-H]− model, another two components were identi�ed: Salvianolic acid B (observed
m/z:717.29, RT:3.37), and Salidroside (observed m/z:299.16, RT:1.70) (Fig. 8A). Separation by HPLC gave two other main
components in the TXD: Tyrosol (252 nm, RT:8.021), and Pulegone (275 nm, RT:3.631) (Fig. 8B).

3.7 In vitro experiments

3.7.1 Puri�cation and identi�cation of primary myocardial cell by
Immuno�uorescence
Primary myocardial cells cultured for three days were identi�ed by immuno�uorescence. This method can detect myocardial
cell expression. After the LSCM 488nm laser, DAPI staining �uid combined with the cell nucleus after ultraviolet excitation
appeared oval or spherical with a blue �uorescence. Myocardial cell aggregation �uorescence revealed complete
morphological structures, with the cells being distributed in actin �laments and interwoven into a mesh (Fig. 9). Cells
expressing both blue and green �uorescence were positive. The number of cells expressing the blue �uorescence were
denoted as the total number of cells, from which the proportion of positive cells was calculated. The purity of primary
myocardial cells cultured by this method was higher than 95% .

3.7.2 Effects of TXD drug-containing plasma and E2 on the activity and apoptosis of H 2 O 2 -induced myocardial cells

The oxidative injury model was established to evaluate the effects of TXD drug-containing plasma and E2 on
cardiomyocytes. Myocardial cells were treated with different concentrations of H2O2, TXD drug-containing plasma, and E2,
and cell viability was measured through the MTT assay. Compared to the control group, H2O2-induced cell injury resulted in a
signi�cant decrease in cell viability (Fig. 10A, B) (p < 0.05). We found that after the concentration of H2O2 was 100 µmol/L
and cultured cell for 2 h, the survival rate of cells was reduced to 50–60%, the degree of cell damage was moderate, and the
method had good reproducibility. Therefore, 100 µmol/L H2O2 cultured cell for 2 h as the oxidative injury model method
established in this study. In contrast, the survival rate of cells treated with the TXD drug-containing plasma was improved
(Fig. 10C). Besides, the 10− 8mol/L E2 treated cells also exhibited an improved cell survival rate (Fig. 10D). The TXD drug-
containing plasma and E2 treated cells exhibited a protective effect on H2O2-induced injured myocardial cells.

Hoechst 33342 staining revealed that after H2O2 treatment, cells exhibited morphological features associated with apoptosis
(Fig. 11B, shown by the arrow), including nuclear contraction, nuclear chromatin condensation, and apoptotic body formation.
Compared to the control group, immuno�uorescence staining of cleaved caspase-3 revealed that the model group was
signi�cantly increased after H2O2 treatment (p < 0.05)(Fig. 12). However, in the TXD drug-containing plasma group and E2
group, there was a signi�cant reduction apoptosis. Therefore, TXD drug-containing plasma and E2 can improve oxidatively
damaged myocardial cells and enhance viability.

3.7.3 Effects of TXD drug-containing plasma and E2 on the level of ROS in H 2 O 2 -induced myocardial cells

After H2O2 treatment, oxidative damage occurred in cells, ROS level in cardiomyocytes was signi�cantly elevated. In this
study, a DCFH-DA �uorescent probe was used to detect the effects of TXD drug-containing plasma and E2 on the level of ROS
in myocardial cells after oxidative damage. Experimental results showed that compared to the model group, the TXD drug-
containing plasma group and E2 group signi�cantly reduced the �uorescence intensity of DCF in myocardial cells after H2O2

treatment (Fig. 13) (p < 0.05). These �ndings imply that TXD drug-containing plasma and E2 inhibited the production of ROS
in myocardial cells after oxidative stress injury.
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3.7.4 Effects of TXD drug-containing plasma and E2 on Ca2+ in H2O2-
induced myocardial cells
Ca2+ overload causes a high amount of Ca2+ �ow, affecting intracellular signal transduction, and eventually leading to
irreversible cardiomyocyte damage. The �uorescence intensity of the model group was signi�cantly higher than that of the
control group (p < 0.05). Besides, compared to the model group, there was a decrease in intracellular Ca2+ �uorescence
intensity in the TXD drug-containing plasma group and E2 group (Fig. 14) (p < 0.05).

3.7.5 Effects of TXD drug-containing plasma and E2 on SOD, MDA, and NO in H2O2-induced myocardial cells

After H2O2 treatment, SOD and NO levels in the myocardial cells were suppressed, while MDA level was elevated (p < 0.05).
Pretreatment with TXD drug-containing plasma group and E2 group enhanced SOD and NO levels in myocardial cells
following oxidative damage and suppressed MDA level (p < 0.05)(Fig. 15). These results suggest that TXD drug-containing
plasma and E2 can improve endogenous antioxidant capacities of myocardial cells, inhibit the production of oxygen free
radicals, and reduce lipid peroxidation damage.

3.7.6 Effects of TXD drug-containing plasma and E2 on the estrogen
pathway
In order to verify the anti-myocardial ischemia effect of TXD through the regulation of estrogen signaling pathway, western
blotting was performed on the related proteins in the estrogen pathway analyzed by KEGG online (https://www.kegg.jp/kegg-
bin/show_pathway?map04915). Focus was on the effect of TXD-containing plasma and E2 on the expression levels of ESR1,
PI3K, AKT, and eNOS in myocardial cells after oxidative injury.

Compared to the control group, protein levels of ESR1 and eNOS in the model group were signi�cantly decreased, while
protein levels in the TXD drug-containing plasma group and E2 group were signi�cantly elevated (p < 0.05). Compare with the
control group, protein levels of PI3K and AKT in the model group were signi�cantly elevated. In contrast, protein levels of PI3K
and AKT in the TXD drug-containing plasma group and E2 group were signi�cantly decreased (Fig. 16) (p < 0.05).

4. Discussion
When myocardial injury occurs, oxidative stress, cell apoptosis, Ca2+ overload, and other conditions result in irreversible
damage to myocardial cells [35]. Myocardial ischemic injury is a complex phenomenon associated with several independent
etiologies, such as genetic factors, obesity, environmental factors, and gender factors. Clinical studies have found that the
incidence of cardiovascular diseases in males is signi�cantly higher than that in females, and there is no signi�cant
difference between the incidence of cardiovascular diseases in postmenopausal females and males [36]. Low estrogen levels
and postmenopausal women are at higher risk of cardiovascular disease than normal women [37]. The gender differences in
cardiovascular disease presentation are consistent with the network pharmacological prediction of the TXD against
myocardial ischemia, which focuses our study on the mechanism of the TXD's anti-myocardial ischemia action on the
estrogen signaling pathway. The molecular docking results of the TXD active components and genes on the estrogen
pathway showed that the complex formed after the docking of iso�avones was the most stable, which suggested that the
active components of the TXD against myocardial ischemia were iso�avones.

Cell death occurs after ischemic injury, resulting in an energy crisis in cells, swelling, and rupture of organelles, which is then
followed by cell apoptosis that is characterized by chromatin concentration and caspase activation. Caspases are central
regulators of apoptosis, and a member of this family (Caspase-3) is the critical mediator of neuronal cells apoptosis [38]. After
Caspase-3 activation, apoptosis cannot be prevented. Activation of the apoptotic pathway and an imbalance in cell survival
factors determine cell survival and death, and oxidative stress is the main stimulus that triggers apoptosis and death of
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necrotic cardiomyocytes. Oxidative stress also disrupts intracellular signals associated with ROS generation and activates
apoptotic regulatory proteins to mediate a series of cellular responses causing increased rates of apoptosis [39]. After H2O2-
induced cell injury, cell apoptosis rate and ROS level in the model group were signi�cantly elevated. In contrast, TXD drug-
containing plasma and E2 pretreatment group signi�cantly suppressed cell apoptosis rate and ROS level. The results show
that the TXD drug-containing plasma enhanced the activity of cardiomyocytes, improved the morphology of apoptosis, and
reduced the rate of apoptosis and intracellular ROS levels against H2O2-induced oxidative stress injury.

Regardless of external or internal factors, Ca2+ accumulate following damage to myocardial cells. Intracellular Ca2+ is a
crucial second messenger for excitation-contraction and excitation-transcriptional coupling of coronary smooth muscles, and
regulates the proliferation, migration, and calci�cation of coronary smooth muscles [40]. Moreover, Ca2+ induces intercellular
decoupling during myocardial ischemia, which marks the transition from reversible ischemic injury to irreversible ischemic
injury. This leads to excessive intracellular and mitochondrial Ca2+ level, which causes cell contracture, protein lysis, and
mitochondrial failure, and ultimately to necrosis or apoptotic death [41]. The �uorescence intensity of Ca2+ in the model group
was signi�cantly increased, while that of TXD drug-containing plasma and E2 pretreated cells was signi�cantly decreased.
The results revealed that TXD drug-containing plasma suppressed intracellular Ca2+ levels reduced oxidative stress damage
to cells.

SOD plays an essential role in oxidation balance in the body. It catalyzes the reaction involved in reducing cell damage
attributed to free radicals [42]. MDA is one of the lipid peroxidation products used to measure oxidative stress in vivo [43]. NO is
a signi�cant regulatory factor in the cardiovascular system that protects cardiomyocytes by regulating downstream protein
cascade reactions [44]. We found that SOD content and NO level in the model group were suppressed, while MDA level was
elevated. After TXD drug-containing plasma and E2 pretreatment, SOD content and NO level were found to be elevated, and
MDA content was greatly suppressed. Therefore, TXD drug-containing plasma has antioxidant capacities and improves NO
bioavailability.

The role of the estrogen signaling pathway is to activate related receptors and produce physiological effects. There are three
cardiac estrogen receptors; ESR1, ESR2, and GPER1 [45]. ESR1 plays a more critical role in cardiovascular maintenance than
ESR2 [46]. Estrogen regulates vascular function, in�ammation, metabolism, and myocardial cell survival. It also mediates
related effects in the cardiovascular system by activating estrogen receptors, altering gene transcription in the nucleus, and by
activating kinase signal transduction in the cytoplasm. Besides, estrogen can also change the expression or activity of ion
channels, contractile proteins, and ROS production to participate in the regulation of complex diseases. Studies have shown
that women who use postmenopausal hormone replacement therapy are less predisposed to cardiovascular diseases when
compared to women not using the therapy [47]. Hormonal therapy can be used for cardiovascular disease management [48],
however, hormonal therapy alone is not ideal and even causes risks to the human body [49]. Besides, reducing the risk of
cardiovascular diseases, phytoestrogens in alternative therapies do not cause adverse effects on the cardiovascular system
[50]. E2 has been shown to regulate the PI3K/Akt signaling pathway by activating ESR1, thus affecting the expression level of
sub-factors and increasing microvascular permeability [51]. In this study, the ESR1 level was signi�cantly elevated in the TXD
drug-containing plasma and E2 groups compared to the model group. This suggests that the TXD drug-containing plasma
may activate the ESR1 receptor. Estrogen receptor blockers were not added in cell experiments due to the adverse effects of
multi-drug acts on cell growth. The arrangement of estrogen receptor blockers is more reasonable in the later animal
experimental model. Combined with the previous molecular docking results, the main components with strong binding ability
in TXD are iso�avones. This implying that TXD iso�avone active ingredients may exhibit estrogen-like effects, which can
activate estrogen receptors, thus directly regulating the estrogen signaling pathway to resist myocardial ischemic.

PI3K is a phosphatidylinositol kinase composed of the regulatory subunit P85 and the catalytic subunit P110. PI3K plays a
key role in Akt, activating signaling cascades involved in cell growth, survival, effort, movement, and morphology. In cells, AKT
is the main effector target gene downstream of the PI3K/Akt signaling pathway. It affects many different signal substrates,
thus signi�cantly impacting on cell growth, cell cycle, and metabolism. Activation of the PI3K/Akt signaling pathway



Page 17/27

regulates cell apoptosis, angiogenesis, and endothelial cell growth [52]. The TXD drug-containing plasma protects myocardial
cells by inhibiting activation of the PI3K/Akt signaling pathway in H2O2-induced damaged cardiac cells. When the PI3K/Akt
signaling pathway is inhibited, it affects cell apoptosis by regulating the expression of the subordinate target protein eNOS
and improves cellular injury following oxidative stress. eNOS is one of the many downstream targets of AKT and plays an
important role in NO production and NO-mediated angiogenesis. Activation of the PI3K/Akt/eNOS pathway leads to the
continuous production of NO, which is important in angiogenesis. We found that, compared to the model group, eNOS
expression level in myocardial cells was elevated, PI3K and AKT expression levels in myocardial cells were signi�cantly
suppressed after TXD drug-containing plasma and E2 pretreatment. These results imply that TXD drug-containing plasma
and E2 reduced oxidative stress induced myocardial cell injury by regulating the PI3K/Akt/eNOS protein expression levels.
Therefore, TXD iso�avone active ingredients may exhibit estrogen-like effects, activates the ESR1 receptor, and plays a
therapeutic role in myocardial ischemia through the estrogen signaling pathways.

5. Conclusions
In conclusion, a network of TXD's anti-myocardial ischemia model is constructed in this study using network pharmacology
from multi-components, multi-targets, and multi-pathways. It is shown that TXD exerts its anti-myocardial ischemic effect
through the estrogen pathway. Besides, this study provides new reference and Clinical application basis for further exploration
on the role of the TXD against myocardial ischemia.
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Figure 1

Schematic diagram of ADME screening of TXD active ingredients.

Figure 2

Venn diagram of target genes and myocardial ischemia target genes of four medicinal compounds in TXD: a total of 29
overlapping genes.

Figure 3

Network diagram of the interactions between overlapping genes
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Figure 4

Enrichment histogram of overlapping genes, colored by p-values.

Figure 5

The predicted bubble plots of the �rst 20 signaling pathways associated with myocardial ischemia.
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Figure 6

A network of gene-compound interactions in the estrogen pathway.
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Figure 7

Molecular docking of 3'-Methoxydaidzein and HSPA2. (A) The three-dimensional docking structure of 3'-Methoxydaidzein and
HSPA2. (B) The interaction between 3'-Methoxydaidzein and HSPA2's A chain. (C) Two-dimensional interaction between 3'-
Methoxydaidzein and HSPA2. (D) The hydrophobic contact surface between 3'-Methoxydaidzein and HSPA2.

Figure 8

Chemical component analysis of Tianxiangdan Capsule. The six chemical constituents were identi�ed in Tianxiangdan
Capsule using HPLC-MS/HPLC. (A) In the HPLC-MS [M+H]+ model, two components are identi�ed: 1. Tanshinone IIA; 2.
Cryptotanshinone; In the HPLC-MS [M-H]− model, another two components are identi�ed: 3. Salvianolic acid B; 4. Salidroside;
(B) After separation by HPLC, two other main components were found: 5. Tyrosol; 6. Pulegone.

Figure 9

Immuno�uorescence purity identi�cation of cardiomyocytes. FITC and DAPI �uorescence were imaged by LSCM (×400). (A)
Blue �uorescence after DAPI staining. (B) Speci�c binding of FITC-labeled antibody to actin of cardiomyocytes presented
green �uorescence. (C) Merge of the two �uoresces.
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Figure 10

Model establishment of oxidative damage and effects of TXD drug-containing plasma and E2 on myocardial cells. (A) The
effect of different concentrations of H2O2 on the viability of cardiomyocytes. (B) In�uence of different culture time on cell
viability at a concentration of 100 μmol/L. (C) Simple effects and intervention effects of TXD drug-containing plasma on
myocardial cells. (D) Simple effects and intervention effects of different concentrations of E2 on cardiomyocytes. Statistical
signi�cance: *p <0.05 compared to the control group; #p <0.05 compared to the model group.

Figure 11

Hoechst 33342 staining revealed the effects of TXD drug-containing plasma and E2 on H2O2-induced myocardial cell
damage. Apoptotic morphologies of myocardial cells were evaluated by �uorescence microscopy (×100). (A) Control group;
(B) Model group; (C) Bp group; (D) 5% Dp group; (E) 10% Dp group; (F)15% Dp group; (G) E2 group.

Figure 12

Immuno�uorescence staining of cleaved caspase-3 cells to evaluate the effects of TXD drug-containing plasma and E2
treatment on myocardial apoptosis. Groups are the same as Fig. 11, cells were observed by LSCM (×100), cleaved caspase-3
positive cells were labeled with green �uorescence, and the nuclei were labeled with red �uorescence. Statistical signi�cance:
*p <0.05 compared to the control group; #p <0.05 compared to the model group.
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Figure 13

TXD drug-containing plasma and E2 inhibits the production of ROS in H2O2-induced myocardial cells. A: Fluorescence
intensity of cell DCF was observed by LSCM (×100), a: Control group; b: Model group; c: Bp group; d: 5% Dp group; e: 10% Dp
group; f:15% Dp group; g: E2 group. B: Fluorescence intensity of DCF in cardiomyocytes as measured by �ow cytometry. C:
Histogram of the �uorescence intensity of DCF in different experimental groups. Statistical signi�cance: *p <0.05 compared
to the control group; #p <0.05 compared to the model group.

Figure 14

Ca2+ �uorescence of cardiomyocytes was detected by Fluo-3/AM probe. Intracellular Ca2+ �uorescence intensity was
evaluated by LSCM (×200). (A) Control group; (B) Model group; (C) Bp group; (D) 5% Dp group; (E) 10% Dp group; (F) 15% Dp
group; (G) E2 group. Statistical signi�cance: *p <0.05 compared to the control group; #p <0.05 compared to the model group.

Figure 15

Effect of TXD drug-containing plasma and E2 on SOD, MDA and NO content in H2O2-induced myocardial cells. Statistical
signi�cance: *p <0.05 compared to the control group; #p <0.05 compared to the model group.
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Figure 16

Effects of TXD drug-containing plasma and E2 on proteins in estrogen pathway of ESR1, PI3K, AKT, and eNOS expression.
Statistical signi�cance: *p <0.05 compared to the control group; #p <0.05 compared to the model group.


