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Purpose: To study the active components, drug targets and mechanism of Schisandra chinensis (S.chinensis) combined with
coenzyme Q10 (CQ10) in the treatment of heart failure (HF).

Methods: Network pharmacology combined with the gene expression omnibus chip method to analyze the main pathways by which
S.chinensis combined with CQ10 functioned to treat heart failure. Subsequently, the biological activities of the major pathway key
proteins and their corresponding compounds were verified by molecular docking techniques. Finally, the molecular mechanism of
S. chinensis combined with CQ10 for the treatment of heart failure was verified using a rat heart failure model induced by
isoproterenol hydrochloride and using hematoxylin-eosin staining, TUNEL, immunohistochemistry and Western blot.

Results: Network pharmacology combined with experimental validation suggests that the mechanism of action of S.chinensis
combined with CQ10 in the treatment of heart failure may involve CQ10, Citral, Schisandrone, Schisanhenol B, Gomisin O,
Schisandrin C and other components, which may synergistically inhibit the PI3K-AKT signaling pathway and affect the expression
of AKTI, PIK3CG and other targets on this pathway. In addition, S. chinensis combined with CQ10 could effectively improve the
cardiac coefficients of rats with heart failure, reduce the area of myocardial fibrosis and lowered the serum levels of IL-1B and TNF-a
in heart failure rats, as well as reduced cardiac myocyte apoptosis, increased Bcl-2 expression and decreased p-PI3K/PI3K, p-AKT/
AKT, P65 and Bax expression in cardiac tissue. Comparison of the results showed that the combination of S.chinensis and CQ10 was
more effective compared with CQ10 alone, ie, the ability of S.chinensis combined with CQ10 in improving cardiac function, inhibiting
cardiomyocyte apoptosis and reducing inflammatory response lies in the synergistic effect of PI3K/AKT signaling pathway.
Conclusion: The therapeutic effect of S.chinensis combined with CQ10 on heart failure, which may occur through the inhibition of
PI3K/AKT signaling pathway.

Keywords: Schisandra chinensis, coenzyme Q10, network pharmacology, molecular docking, mechanism validation, heart failure

Introduction

Heart failure (HF) is a clinical syndrome of cardiac insufficiency, which occurs due to abnormal structural remodeling of the heart
from various causes.' HF is characterized by the inability of the heart to maintain adequate blood output and represents an
advanced stage in the progression of most cardiovascular diseases. The main clinical manifestations of HF are dyspnea and
fatigue, as well as fluid retention.” HF is associated with high rates of morbidity and mortality,” and in China, the prevalence is as
high as 0.9% and the number of patients has increased to 4.5 million, thus representing a major public health problem.* The current
treatment of HF is still based on western drugs, mainly including vasodilators, angiotensin-converting enzyme inhibitors and [3-
blockers. However, the morbidity and mortality rate of patients with HF remains high.’ Isoprenaline (ISO) is a major adrenergic
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receptor agonist that is widely used to induce heart failure model. Studies have shown that apoptosis plays an important role in
cardiac dysfunction and structural changes in heart failure and is involved in left ventricular remodeling and the subsequent
development of cardiac dysfunction up to symptomatic heart failure, and programmed cell death of cardiomyocytes (apoptosis)
has been identified as an important process in the progression to heart failure.® Currently, clinicians recognize that heart failure is
associated with an inflammatory response characterized by the induction and activation of multiple pleiotropic cytokines and
chemokines, leading to cardiac remodeling and functional deterioration.” Therefore, suppression of the inflammatory response of
the organism as well as anti-apoptosis is an attractive approach to intervene in heart failure. The use of Chinese Medicine in the
treatment of HF has received much attention and research because of its long-lasting effects and few side effects.

Schisandra chinensis (Turcz.) Baill. is the dried, ripe fruit of Schisandra chinensis (S. chinensis), of the family Magnoliaceae.
S. chinensis is a traditional northeastern authentic herb, mainly produced in Heilongjiang, Jilin, and Liaoning provinces, and is
known as Schisandra because of its sweet, sour, and salty skin and pungent, bitter, and salty core.® Numerous experimental studies
have shown that,” ' S.chinensis and its main chemical components schisandrin B, Schisanhenol, Schizandrin C and Schisandrol
A can inhibit myocardial cell apoptosis, reduce myocardial cell inflammatory damage and have a cardioprotective effect.

Coenzyme Q10 (CQ10) is an over-The-counter nutritional supplement and a lipid-soluble molecule. CQ10 as
a facilitator and activator of energy metabolism in cardiomyocytes can effectively improve myocardial energy supply
deficiency and oxidative overstimulation in patients with HF, and activate hibernating or stagnant cardiomyocytes to
subsequently improve cardiac function.'® At the same time, CQ10 acts as an electrical carrier in mitochondria and as
a coenzyme of mitochondrial enzymes, which can promote the conversion of nutrients into energy in mitochondria and
has a significant anti-lipid peroxidation effect. CQ10 can prevent CQ10 myocardial ischemia by inhibiting the reaction of
nitric oxide and peroxide, reducing overall peripheral resistance, improving the ejection function of the heart, and

increasing the relaxation of vascular smooth muscle.'’
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PI3K/Akt is a classical signal transduction pathway, which can directly regulate the expression of Bcl-2/Bax and plays an
important role inregulating cardiomyocyte survival, myocardial remodeling, and inflammation.* It has been shown'®'® that both
CQ10 and S. chinensis mediate their cardioprotective effects through the PI3K/Akt pathway, where CQ10 exerts its pharma-
cological effects by inhibiting p-PI3K/PI3K, p-AKT/AKT targets to protect primary chicken cardiomyocytes. Schisandrin B has
been shown to inhibit the proliferation of cardiac fibroblasts and collagen deposition in neonatal Sprague-Dawley (SD) rats by
inhibiting PI3K and p-AKT targets. It was initially hypothesized that the combination of S. chinensis and CQ10 could exert
a synergistic effect through the PI3K/Akt pathway for treating HF. Therefore, in this study, we sought to explore the efficacy and
mechanism of action of the combination of these two drugs for treating HF and to provide a basis for their clinical application.

Network pharmacology is a discipline that reveals the effects of Chinese Medicine on the regulatory network of an
organism at the systemic level; this systematic and holistic approach to research is consistent with the pluralistic, multi-
effective, and synergistic nature of Chinese Medicine. However, traditional network pharmacology tends to focus on
single herbs or compounds, while neglecting the extraction of functional components with positive effects. As a result,
the basic research on active substances is insufficient and the functional components of Chinese Medicine require further
elucidation.?® To obtain more data, we adopted an integrated research approach combining network and experimental
pharmacology to reveal the efficacy and molecular mechanisms of the functional components of S. chinensis combined
with CQ10 for treating HF, which provides theoretical support for developing novel drugs in the future.

Materials and Methods

Materials and Reagents

S. chinensis was purchased from Zhashui Century Ecological Agriculture Co., Ltd. (number of code 2021622; Shaanxi,
China) CQ10 was purchased from Haoxiang Biotechnology Co., Ltd. (number of code 2021-3-24; China) isoprenaline
(ISO) was purchased from Shanghai Yuanye Biotechnology Co., Ltd (number of code S31064; China).

Screening of Chemical Composition
We conducted a literature review of China’s National Knowledge Infrastructure (CNKI) (https://www.cnki.net/) and Web

of Science (https://www.webofscience.com/wos) and obtained 42 active compounds from S. chinensis.>' > (Table 1)

Acquisition of Chemical Composition Targets
The corresponding CAS numbers of all chemical components were obtained through the chemical source network, and then
through the PubChem (https://pubchem.ncbi.nlm.nih.gov) database to obtain the corresponding 2D structures (Figure 1) and

the Simplified Molecular Input Line Entry System (SMILES). The chemical structures of all compounds were entered into
Swiss Target Prediction (https://www.swiss.target.prediction.ch/) and metaTarFisher (https://metatarget.scbdd.com/home/

index/) databases to predict their potential targets. The targets obtained from the Swiss and meta databases were combined
and duplicate values were removed to yield the chemical composition targets of S. chinensis combined with CQ10.

Acquisition of Disease Targets
The GeneCards (https://www.genecards.org) and OMIM (https://omim.org/) databases were used to screen the disease
targets. After entering “Heart Failure” as the disease name in the search field, targets related to HF were collected and

integrated. The results were output as an Excel spreadsheet and the disease targets were obtained from de-integration
through the median value method. Next, by employing the correlation score method as a multiple screening indicator,
disease indicators were obtained by de-integration.

Acquisition of Differentially Expressed Genes by the Gene Expression Omnibus
(GEO) Chip Method

The targets of differentially expressed genes were obtained from the GEO database. Data were downloaded from
GSE76701 and processed using the online analysis tool GEO 2R. To obtain differentially expressed genes between
heart failure and normal tissues, the criteria for gene screening were P < 0.05 and |logFC| > 0.5. Heat maps were drawn
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Table | 42 Active Compounds of Schisandra chinensis and

Coenzyme QIO

Numbering Name CAS Reference
Number
cQlo Coenzyme QI0 303-98-0 [16]
S.1 Schisandrin 7432-28-2 [20]
S2 Gomisin A 58546-54-6 [18]
S3 Schisanhenol 69,363—14-0 [18]
S4 Schisandrin A 61281-38-7 [17]
S.5 Schisandrin B 61281-37-6 [17]
S.6 Schisandrin C 61301-33-5 [20]
S.7 Schisantherin A 58546-56-8 [19]
S.8 Schisantherin B 58546-55-7 [19]
S.9 Schisantherin C 64938-51-8 [19]
S.10 Schisantherin D 64917-82-4 [19]
S.I1 Schisantherin E 64917-83-5 [19]
S.12 Tigloylgomisin H 66069-55-4 [20]
S.13 Tigloylgomisin P 69176-51-8 [19]
S.14 Angeloylgomisin Q 72561-28-5 [19]
S.I5 Angeloylgomisin H 66056-22-2 [20]
S.1é6 Gomisin F 62956—47-2 [18]
S.17 Gomisin G 62956-48-3 [20]
S.18 Gomisin D 60546—-10-3 [16]
S.19 Gomisin E 72960-21-5 [16]
S.20 Gomisin H 66056-20-0 [18]
S.21 Gomisin | 66280-25-9 [16]
S22 Gomisin N 69176-52-9 [16]
S.23 Gomisin S 119239-49-5 [18]
S.24 Gomisin O 72960-22-6 [19]
S.25 Gomisin U 135095—46-4 [18]
S.26 Cuparene 16,982-00-6 [20]
S27 Citral 5392-40-5 [18]
S.28 Deoxyharringtonine | 36,804-95-2 [20]
S.29 Angeloylgomisin O | 83864-69-1 [20]
S.30 Ethyl linoleate 544-35-4 [20]
S.31 Schisandrone 98,619-25-1 [20]
$.32 Kadsulignan A 122350-74-7 [18]
$.33 Chicanin 78,919-28-5 [20]
S.34 Schisanhenol B 102681-52-7 [20]
S.35 Quercetin 117-39-5 [20]
S.36 Kaempferol 520-18-3 [20]
S.37 Luteolin 491-70-3 [20]
S.38 Apigenin 520-36-5 [20]
S.39 Myricetin 529-44-2 [20]
S.40 y-curcumene 73,694-25-4 [20]
S4l B2-Bisabolene 29,837-09-0 [20]
S42 Longikaurin A 75207-67-9 [19]

using a heat map package in R language, and 710 differentially expressed genes were plotted in volcanoes based on

multiple variations in gene expression in different experimental groups, such as horizontal coordinates and statistical

significance of genomic sequences.
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Cross Analysis of Wayne Drug and Disease Targets
The intersection of drug targets, disease targets, and differential genes was obtained using the online mapping tool (http://
bioinformatics.psb.ugent.be/beg).

Construction and Analysis of the Protein-Protein Interaction (PPl) Network

The intersecting genes were imported into the STRING database, the species was set as humans to obtain the protein
interaction map, and the results were output in the TSV format. The topology of the protein interaction network was
studied with Cytoscape software, and the top ten protein targets were obtained.

Construction of the “Key Component-Core Target” Network

All of the core targets in the PPI network were selected, and the corresponding chemical components were used as key
components to construct the “key component-core target” network using Cytoscape (3.7.2) software, where “nodes”
represent components or targets, and “edges” represent interactions between nodes. The “Analyze Network” tool was
used to analyze the topology of the target network, where the higher the degree value, the greater the role in the network.

Enrichment Analysis of Interselection Targets

The interselection targets were imported into the DAVID database for GO biofunctional enrichment and KEGG pathway
enrichment analyses, where the GO biofunctional enrichment analysis includes three parts of the GO biological process
(BP), GO cellular component (CC), and GO molecular function (MF), to establish possible pathways.

Molecular Docking Validation
The protein structure of the key target was downloaded from the Protein Data Bank (PDB, https://www.rcsb.org/)

database, 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 proteins with their corresponding active ingredients and positive drugs for the
score analysis.

Experimental Methods

Experimental Animals

Healthy male SD rats (n=42), weighing 180-220 g, free of specific pathogens, were purchased from Chengdu Dashuo
Experimental Animal Co., Ltd. according to SCXK (Sichuan) 2020-030 Laboratory Animal License. Throughout the
study, animals were maintained under standard laboratory temperature and humidity conditions, and food and water were
freely available. Animal welfare and experimental procedures were performed in strict accordance with the Guide for the
Care and Use of Laboratory Animals (US National Research Council, 1996). The experiment was approved by the
Animal Ethics Committee of Shaanxi University of Traditional Chinese Medicine (No. SUCMDL20220401007;
Xianyang, China).

Animal Grouping and Intervention

Adaptively feed rats for 7 days and divided into the following seven groups (n=6/group) according to random numbering:
Normal, Model, Positive drug group (Positive), Low dose group (Low), Middle dose group (Middle), High dose group
(High), and single Coenzyme Q10 group (Coenzyme Q10). After grouping, each group of rats was housed once a day in
a separate cage, where the normal group (rats treated with sodium CMA, 10 mL/kg/day, P.O.); the model group (rats
modeled with ISO 5 mg/kg, i.h, sodium CMA treated rats, 10 mL/kg/day, P.O.); the positive drug (rats modeled with ISO
5 mg/kg/day, i.h, rats treated with propranolol, 8.4 mg/kg/day, P.O.); low-dose group (rats modeled with ISO 5 mg/kg/
day, i.h, rats treated with S. chinensis 1.2 g/kg/day and CQ10 15 mg/ kg/day, P.O.); medium-dose group (rats were
modeled with ISO 5 mg/kg/day, i.h, treated with S. chinensis 2.4 g/kg/day and CQ10 15 mg/kg/day, P.O.); high-dose
group (rats were modeled with ISO 5 mg/kg /day, i.h, rats treated with S. chinensis 4.8 g/kg/day and CQ10 15 mg/kg/day,
orally); and coenzyme Q10 group (rats were modeled with ISO 5 mg/kg/day, i.h, rats treated with CQ10 15 mg/kg/day
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dose, P.O.). Subcutaneous injections of ISO for modeling were performed daily, and the groups were treated with dosing
on the same day for a total of 7 days.

Sample Collection

After the last administration intervention, blood was collected from the abdominal aorta of each group of rats after
anesthesia with 40 mg/kg pentobarbital sodium intraperitoneally. The sera were centrifuged at 3500 rpm at 4°C for 20
minutes. The serum was separated and stored in a low-temperature refrigerator at —80°C for future use. Immediately after
blood collection, heart tissue was appropriated, rinsed with saline, and partly fixed in 4% paraformaldehyde solution for
hematoxylin-eosin staining, TUNEL and immunohistochemical, and partly frozen in a —80°C cryofreezer for Western
blotting.

Measurement of the Cardiac Coefficients in Rats

Following the completion of treatment, each group of rats was weighed before sampling, and the hearts were removed
after careful separation of the connective tissue around the heart. After absorbing the residual blood on the surface of the
organ with absorbent paper, the heart was weighed immediately with an analytical balance. The cardiac coefficients was
calculated as follows: cardiac coefficients = (heart weight (mg)/(experimental rat weight (g)). Each group was compared
to the control group and the differences were calculated.

Enzyme-Linked Immunosorbent Assay (ELISA)

In this study, the rat TNF- a (Product No.: MM-0180R1) and IL-1p (Product No.: MM-0047R1) ELISA kit purchased
form Jiangsu Enzyme Immunoassay Industrial Co., Ltd. The concentration of TNF-a and IL-1B in the serum of each
group of rats was detected by ELISA, and a standard curve was drawn according to the instructions of the kit. The serum
cytokine content of each group was detected by an enzyme marker and the absorbance was measured at 450 nm. Among
them, TNF- a Limit of quantitation is 10ng/L-360ng/L, IL-1B Limit of quantitation is 1pg/mL - 40pg/mL.

Hematoxylin-Eosin (HE) Staining

The tissue specimens were fixed with 4% paraformaldehyde for 48 h, dehydrated with gradients of 50%, 70%, 85%, and
95% anhydrous ethanol until the tissues were transparent and then embedded in paraffin, cut into tissue sections of 5 pm
thickness, Tissue sections were unfolded in a water bath at 43°C and dried in a blast oven at 60°C for 2-4 h. After
dewaxing, tissue sections were immersed in graded alcohol and washed in distilled water for a few minutes in water.
Tissue sections were stained with hematoxylin and eosin. After dehydration, tissue sections were sealed with xylene and
changes were observed under a microscope (MD1000).

Terminal Deoxynucleotidyl Transferase-Mediated Deoxy-UTP-Fluorescein Nick End Labeling (TUNEL) Assay
The sections were inactivated with 30% hydrogen peroxide for 10 min at room temperature, before digesting dropwise
with freshly diluted Proteinase K for 10 min at room temperature. Next, labeling buffer was added and the samples were
placed in a wet box, labelled at 37°C for 2 h, and washed three times with TBS for 5 min each. The droplets of closure
solution were incubated at 37°C for 30 min. The biotinylated anti-digoxin antibody was diluted with antibody diluent,
mixed well, and added to the specimen slides, and the samples were incubated for 30 min at 37°C in a wet box and
washed three times with TBS for 5 min each. The slices were added to diluted StreptAvidin—Biotin Complex, allowed to
react at 37°C for 30 min, and washed four times with TBS for 5 min each time. The tissue was uniformly covered with
DAB color development solution, rinsed with tap water, and re-stained with hematoxylin. Finally, the pathological
changes were observed under a microscope.

Immunohistochemistry

The sections were placed in EDTA antigen repair solution, heated in a microwave oven on high for 8 min, naturally
cooled, and then cooled to room temperature after repeated heating before incubating with 5% BSA blocking solution for
30 min at 37°C. Excess liquid was shaken off, primary antibody was added dropwise, and the tissue was incubated at 4°C
overnight. After removal and rewarming at 37°C for 30 min, the tissue was washed thrice with phosphate buffered saline
for 5 min each. Next, polymerized HRP anti-rabbit IgG secondary antibody was added and incubated for 30 min at 37°C.
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The tissues were uniformly covered with DAB chromogenic solution, gradient dehydrated, subjected to transparency,
rinsed with tap water, and re-stained with hematoxylin. Finally, the pathological changes were observed under the
microscope.

Western Blot Analysis

The heart tissue from the above groups was collected, lysed in RIPA buffer, and placed on ice for 5 min. The supernatant
was centrifuged at 12,000 g for 10 min at 4°C in a cryopreserved centrifuge. The supernatant was isolated as a protein
extract. The proteins were separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SDS-PAGE) and
then transferred to polyvinylidene fluoride (PVDF) membranes. The membranes were sealed with 5% skim milk powder
and then incubated with p-PI3K (Affinity, AF3241, China), PI3K (Huabio, ET1608-70, China), P65 (Huabio, ER0815,
China), AKT (Invitrogen, 50599-2-Ig, China), p-AKT (Bioss, bs-0876R, China), Bcl-2 (Bioss, bs-4563R, China), and
Bax (Invitrogen 50599-2-Ig, China) antibodies 4°C for 3 h (slow rotation). The membranes were then washed with Tris
buffered saline + Tween (TBST), and the secondary antibody was diluted 5000 times with TBST and incubated for 30
min at room temperature. The membranes were then washed six times in TBST, uniformly sprayed with electrochemi-
luminescence (ECL) photoluminescence solution, and transferred to a dark box for exposure. The films were scanned and
the optical density was calculated using Gel-Pro analyzer software. The relative expression value of the target gene was
determined using GAPDH as an internal reference (grayscale value of the target gene / internal reference grayscale value
of GAPDH).

Statistical Analysis

Data are expressed as mean + standard error. Statistical differences were determined by one-way ANOVA and Tukey’s
post hoc test using GraphPad Prism 7.0 statistical software. After one-way ANOVA of data from ELISA, immunohis-
tochemistry and WB assays, all data obeyed normal distribution. p<0.05 and p<0.01 were considered to be statistically
significant.

Results and Analysis
Results of the Drug Target Acquisition and Disease Target Acquisition

Information on the 43 chemical components of the active ingredients of S. chinensis and coenzyme Q10 is shown in
Table 1. A total of 1027 predicted targets were obtained after re-integration of the data. Using the Gene Cards and OMIM
databases, 7039 disease targets were searched and 710 differentially expressed genes were obtained between healthy
patients and those with HF using the GEO database. The volcano plot (Figure 2A) and heat map (Figure 2B) show
significant differences between normal body tissues and patient body tissues. Moreover, by combining the drug and
disease targets, 45 core targets were obtained from online Venny diagram (Figure 3A).

Results of Network Construction

In the PPI network diagram, the 45 intersection targets have a relatively tight intersection relationship (Figure 3C). The
network of “key component core targets” shows that Schisandra and Coenzyme 10 can exert anti-cardiac failure effects
through synergy (Figure 3B).

Biofunctional and Pathway Enrichment Analysis Results

GO enrichment and KEGG pathway analyses were performed on 45 core targets using the DAVID database. A total of
104 enrichment results were obtained from GO enrichment analysis, including 73 items of biological process BP
(biological process) (Figure 4A), 15 items of cellular component CC (Figure 4B), and Molecular function (MF) 16
items (Figure 4C). The top 20 entries were selected in BP according to the sorting of count values from largest to
smallest, and CC and MF did not need to be selected. Among the top 20 items, BPs mainly involve response to
xenobiotic stimulus, protein phosphorylation, and response to hypoxia; CCs mainly involve membrane, cell surface, and
extracellular exosome; and MFs mainly involve identical protein binding, protein kinase binding, and macromolecular
complex binding.
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Figure 2 Results of GEO data mining. (A) Volcano map of differential gene expression in heart failure. (B) Heat map of differential gene expression in heart failure.

The results of KEGG pathway analysis involve 24 signaling pathways, and the results are shown in Figure 4D. The
color after the node from red to green indicates the P-value from large to small, respectively; thus, the larger the green
node, the higher the importance of the signaling pathway. The main pathways were those in cancer, lipid and
atherosclerosis, and the PI3K-AKT signaling pathway.

Molecular Docking Results

The molecular docking results are shown in Table 2 and the interaction diagrams are shown in Figure 5. To further
illustrate the binding activity between the target proteins and their corresponding compounds, we selected the key targets
AKTI1, PIK3CG, RELA, CHRM1, CHRM2 and NFKBI1 using Discovery Studio 4.0 software. Positive drug validation
experiments and molecular docking were performed, in which a higher score indicated higher binding activity. Each
group has a corresponding positive group, and the docking scores of each group were compared with those of its
corresponding positive group. The results showed that the that the target AKTI1 had good binding activity with
Schisandrin C, CQ10 and Citral. PIK3CG had good binding activity with Schisandrone, Chicanin and Schisanhenol B,
and NFKB1 had good binding activity with Citral. RELA had good binding activity with Chicanin.CHRM1 had good
binding activity with Gomisin O and Citral. CHRM2 had good binding activity with Citral. In addition, the conformation
of the combination was stable, indicating that these may be the key components and targets of S.chinensis combined with
CQ10 in the treatment of HF.

Comparison of Cardiac Indices in Different Groups of Rats

The effect of S.chisandra combined with coenzyme Q10 on HF was initially assessed by the cardiac coefficients
(Figure 6A). The graphs showed that the cardiac coefficients of the model group was significantly higher than that of
the normal group (P < 0.001, n=6), while the cardiac indices of the positive drug group and different dose groups were
lower than that of the model group with significant differences (p < 0.05, n=6).

Serum Levels of TNF-a and IL-1f3

The serum concentrations of TNF-a and IL-1p were significantly higher in the HF model group compared to the normal
group (P <0.05, n=6). TNF-a and IL-1f were reduced in the positive drug group and the co-administration group as well
as the single CQ10 group compared to the model group, but were higher in the single CQ10 group compared to the co-
administration group. The treatment effect was significant in the co-administration group compared to the single

Drug Design, Development and Therapy 2023:17 https: 947

Dove:


https://www.dovepress.com
https://www.dovepress.com

Wen et al Dove

A

medicine disease

(80.7%)

Tigloylgomisin

Figure 3 Results of network construction. (A) Intersection map of Schisandra chinensis combined coenzyme Q10 target, heart failure target and differential genes. (B)
Results of the “key component core objectives” network. (C) PPl network.

coenzyme Q10 group. The results are shown in Figure 6B and C. (During testing of the kit, each sample was tested twice,
with intra-batch CV values less than 10%)

HE Results

The results of HE staining showed that ISO induced disorderly arrangement of cardiomyocytes. Moreover, compared to

the model group, the disorderly arrangement of cardiomyocytes was reduced in the positive drug group, low, medium,

and high dose groups of S. chinensis combined with CQ10 and CQ10 groups after treatment, as shown in Figure 7A.
The overall structure of myocardial tissue in the normal group was normal, with no sign of degeneration such as

tissue myocardial fiber-sparing edema necrosis. Moreover, the tissue interstitium was not significantly dilated and

congested with blood vessels, and the tissue showed low levels of inflammatory cell infiltration.
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Figure 4 Results of GO and KEGG enrichment analysis. (A) Go-bp inter selection target enrichment analysis; (B) Go CC enrichment analysis was performed for
intermediate selected targets; (C) Go MF enrichment analysis of inter target selection; (D) KEGG enrichment analysis of selected targets.

In the model group, the overall structure of myocardial tissue was abnormal, the arrangement of myocardial fibers

was disordered, and many myocardial fibers were loose, edematous, and necrotic, with high levels of inflammatory cell

infiltration in the necrotic area.

Compared to the model group, the overall structure of myocardial tissue in the low and medium dose groups was

mildly abnormal, the interstitial tissue was slightly vasodilated and congested, and the tissue showed low levels of

inflammatory cell infiltration. The overall structure of the myocardial tissue in the high-dose group and positive drug

group was largely normal; the tissue myocardial fibers were arranged neatly; no myocardial fiber sparing edema necrosis

or other degeneration were observed in the tissue; no obvious vascular dilatation or congestion were found in the tissue

interstitium; and no obvious inflammatory cell infiltration was found.

Table 2 Docking Scores of Target Protein and Its Corresponding Compound

Key Target | Small Molecule Ligand | Docking Score | Positive for Drugs | Docking Score
PIK3CG Schisandrone 113.96 Wortmannin 119.243
Schisanhenol B 101.553
AKTI Schisandrin C 90.471 Pilaralisib 104.369
Citral 79.5161
NFKBI Citral 76.8764 Phosphoserine 79.7888
CHRMI Gomisin O 70.8196 Amoxapine 79.3396
Citral 70.597
CHRM2 Citral 74.0105 Olanzapine 78.8158
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Figure 5 Docking results of key target proteins with their corresponding compounds. (A) PIK3CG and Schisandrone interaction diagram. (B) AKTI and Schisandrin
C interaction diagram. (C) NFKBI and Citral interaction diagram. (D) CHRMI and Gomisin O interaction diagram. (E) CHRM2 and Citral interaction diagram.

TNF-a

a

A B IL-1p

0.005- 60~

Cardiac index
500 -

o
o
=3
&
1

concentration/ (pg/L)
concentration/ (pg/L)

Cardiac Index (mg.g'1)

0.000-

MMM
2%

Figure 6 Effect of Schisandra chinensis combined with coenzyme Q10 on isoproterenol-induced cardiac coefficients and serum TNF-o, IL-1B in rats. (A) Mice cardiac
coefficients measurement results. (B)ELISA detection of IL-1p. (C) the ELISA detection of TNF-o.

Notes: Data are expressed as mean + SD, compared with the normal group **p < 0.05, #p < 0.001, compared with the model group *p < 0.05, ¥p < 0.01, ¥p < 0.001).
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Figure 7 Schisandra chinensis combined with coenzyme Q10 treatment on the pathomorphology of heart tissue in rats with heart failure (HE, x 200), apoptosis (TUNEL, x
200) and Bax, Bcl-2 protein expression (Immunohisto-chemistry, x 200) (A) Results of H&E staining of rat heart tissue. In the figure, the yellow arrows show myocardial
fibers, the red arrows show interstitial blood vessels, and the black arrows show inflammatory cells. (B) Staining results of TUNEL heart tissue. (C) Expression of apoptosis
in TUNEL cells. (D) Immunohistochemical Bax staining results. (E) Immunohistochemical Bcl-2 staining results (F) Expression of Bax/Bcl-2 staining.

Notes: Data are expressed as mean + SD, compared with the normal group **p < 0.001, compared with the model group *p < 0.05, **p < 0.01, ***p < 0.001, compared
with the Coenzyme Q10 group *%p < 0.001).

In the CQ10 group, the overall structure of the myocardial tissue was mildly abnormal, with slight edema of
myocardial fibers, slight enlargement of myocardial fiber gaps, congested and dilated blood vessels in the tissue
interstitium, and a small amount of inflammatory cell infiltration in the tissue (the yellow arrows show myocardial
fibers, the red arrows show interstitial blood vessels, and the black arrows show inflammatory cells, as shown in
Figure 5A).

These results suggest that CQ10 and S. chinensis combined with CQ10 have a protective effect on cardiac function
in vivo, but the therapeutic effect of the CQ10 group was lower than that of the S. chinensis combined with CQ10 group.

TUNEL Results

The apoptosis rate of cardiomyocytes in the model group was significantly higher than that in the normal group (P <
0.001, n=3), and treatment with positive drugs, S. chinensis combined with CQ10 and single CQ10 significantly reduced
the apoptosis rate. The treatment effect was significant in the combined administration group compared to the single
CQ10 group (P < 0.001, n=3) (Figure 7B and C).

Immunohistochemistry Results

Bcl-2 expression was down-regulated and Bax expression was up-regulated in the model group. In the positive drug
group, treatment with S. chinensis combined with CQ10 and the single CQ10 decreased Bax expression (Figure 7D) and
increased Bcl-2 expression (Figure 7E). Using Image-Pro Plus 6.0 software, the same brown color was selected as
a uniform criterion for judging the positivity of all photos, and each photo was analyzed to derive the integrated optical
density (IOD) value of each photo (Figure 7F).
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Western

Blotting Results

Compared to the normal group, the Bcl-2 protein expression level in the rat HF model group was lower than that in the
normal group, and the protein expression of p-PI3K/PI3K, p-AKT/AKT, P65, and Bax was higher than those in the
normal group. Compared to the rat HF model group, the treatment and positive drug groups showed elevated Bcl-2

protein expression and decreased p-PI3K/PI3K, p-AKT/AKT, P65, and Bax protein expression. The effect of S. chinensis
combined with CQ10 on elevating Bel-2 protein expression and decreasing p-PI3K/PI3K, p-AKT/AKT, P65, and Bax
protein expression was more significant compared with the effect of CQ10 alone (Figure 8). This result indicates that

A
p-PI3K
p-AKT

PI3K
P65
AKT
Bcl-2
BAX
GAPDH

Bcl-2/GAPDH

1500

-
(=3
o
o
1

500

expression

— D G- w————

D e —

T S S — - D S—

Fkk

86KDa

56KDa

86KDa
70KDa

56KDa
26KDa

21KDa
36KDa

Bax/GAPDH

p-PIK/PI3K

p-AKT/AKT

e
o
1

1.5

p65/GAPDH

Figure 8 Analysis of the interaction of PI3K-AKT pathway by Western blot. (A)Quantitative protein expression levels of p-PI3K, PI3K, P65, p-AKT, AKT, Bcl-2 and Bax.(B)
The p-PI3K/PI3K ratio in cardiac tissue injury. (C) The ratio of p-AKT/AKT in cardiac tissue injury. (D) Protein expression levels of Bcl-2. (E) Protein expression levels of
Bax. (F) The protein expression level of P65. (G) Protein expression level of p-PI3K, PI3K. (H) Protein expression level of p-AKT, AKT.

Notes: Data are expressed as mean % SD, compared with the normal group *p < 0.01, “#p < 0.001, compared with the model group *p < 0.05, *p < 0.01, *p < 0,001,
compared with the Coenzyme Q10 group %p < 0.05, #¥p < 0.01, ¥p < 0.001).
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Figure 9 The mechanism of Schisandra chinensis combined with coenzyme Q10 inhibiting heart failure through PI3K/AKT signal pathway.

S. chinensis combined with CQ10 and single CQ10 can inhibit the PI3K-AKT pathway, and that the inhibitory power of
S. chinensis combined with CQ10 is more significant.

Mechanism Description

In this study, 42 active ingredients of S. chinensis as well as CQ10 were selected for a network pharmacological study,
and 1027 drug genes, 7039 disease genes, 710 differentially expressed genes, 104 GO functions, and 24 KEGG pathways
were obtained. Molecular docking results showed the mechanism of action of Schisandra chinensis combined with CQ10
for treating heart failure may involve components of CQI10, Citral, Schisandrone, Schisanhenol B, Gomisin O,
Schisandrin C. It was hypothesized that the anti-HF effect might be related to the regulation of PI3K-Akt signaling
pathway. The rat HF model was established using the IOS method, and the rats were treated with the positive drug; low,
medium, and high doses of S. chinensis combined with CQ10; and CQ10 alone. During the experiment, the serum levels
of TNF-a and IL-1f in the rats in each group were detected using ELISA, and the myocardial tissue, myocardial fibers,
and inflammatory cells in the skin lesions of rats were observed using HE staining. Immunohistochemistry was used to
detect the expression of Bcl-2 and Bax in cardiac tissues, TUNEL staining was used to detect the apoptosis rate of
cardiomyocytes, and Western blotting was used to show the protein expression levels of p-AKT/AKT, p-PI3K/PI3K, p65,
BAX, and BCL-2 in cardiac injury. Taken together, our results suggest that the mechanism of action of S. chinensis
combined with CQ10 may occur via a reduction in the inflammatory response by inhibiting the PI3k-AKT pathway and
reducing the secretion of inflammatory factors IL-1B and TNF-a, thereby indicating that S. chinensis combined with
CQI10 has a synergistic effect on the treatment of HF (Figure 9).

Discussion

Due to high readmission rates, morbidity and mortality, HF occupies a large amount of clinical healthcare resources and
has been a hot and difficult research topic in the field of cardiovascular research.* Given the multiple pathological
processes involved in HF, drugs that interfere with cardiac energy metabolism serve as potential therapeutic agents for
HF. In this study, a target network was constructed and analyzed based on 42 active ingredients of S.chinensis and CQ10
obtained from the literature, and multiple drug targets were screened to determine the upstream and downstream target
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proteins of the signal transduction pathway to predict the relevant targets and corresponding mechanisms of action,
indicating that the signal transduction pathway of HF is PI3K/AKT. After that, an animal model of isoproterenol-induced

91518 mono-flavored S,

heart failure was successfully established. Numerous studies in the literature have shown that
chinensis as well as mono-flavored CQ10 can inhibit cardiomyocyte apoptosis and have a protective effect on
cardiomyocytes. Based on this, this paper used S.chinensis in combination with CQ10 confirmed the ameliorative effect
of S.chinensis in combination with CQ10 on isoproterenol-induced heart failure. It further revealed that CQ10, Citral,
Schisandrone, Schisanhenol B, Gomisin O, Schisandrin C et al are important compounds in the treatment of heart failure
with S.chinensis combined with CQ10.

Studies suggest that the mechanism of action in heart failure may be related to local and systemic activation of
inflammatory signaling cascades and apoptosis, the inflammatory response in HF is characterized by the induction
and activation of multiple pleiotropic cytokines and chemokines, leading to cardiac remodeling and functional
deterioration. PI3K/Akt is a classical signal transduction pathway that directly regulates the expression of Bcl-2
and Bax and plays an important role in regulating cardiomyocyte survival, myocardial remodeling and inflamma-
tion. The phosphorylation level of Akt, PI3K, is one of the most important markers of the PI3K/Akt signaling
pathway. Phosphatidylinositol (PI3K) is a cytoplasmic lipid kinase and AKT is a key kinase (serine/threonine
kinase) in the PI3K pathway. AKT activation requires membrane interactions and phosphorylation of serine 473
(AKT-Ser473) and threonine 308Akt (AKT-Thr308). After multiple stimulations, the pH structural domain
interacts with phosphatidylinositol 3,4,5-trisphosphate (PIP3) produced by PI3K, allowing cytoplasmic AKT to
enter the plasma membrane. Then, AKT-PIP3 interaction, induced by conformational changes between the
structural domains is open conformation of AKT, exposing Thr308 and Ser473 subsequently phosphorylated to
phosphatidylinositol-dependent protein kinase, and phosphorylation of Thr308 and Ser473 fully activates AKT,
which is involved in a variety of regulatory cell proliferation and growth through phosphorylation of downstream
kinases.?® Studies have shown that over-activated P-Akt can lead to cardiac hypertrophy, induce Bax gene
expression, promote cardiomyocyte apoptosis, and accelerate the deterioration of cardiac function. Therefore,
inhibition of the inflammatory response of the organism as well as apoptosis may be effective in the treatment
of HF.

This study focuses on the effects of inflammatory factors and cardiomyocyte apoptosis in ISO-induced heart failure
and the mechanisms of drug action. The histopathological changes of the heart were first observed by HE staining as well
as preliminary detection of cardiac coefficients, and the results showed that S.chinensis combined with CQ10 reversed
the pathological changes of the myocardial tissue and the cardiac coefficients were significantly decreased. At the same
time, the inflammatory factors in serum and myocardial cell apoptosis were verified, The results showed that the
expression of inflammatory factors IL-18 and TNF-a in serum was significantly higher in the model group than in the
normal group, and there was a significant decrease in inflammatory factors after the drug administration intervention,
TUNEL analysis showed that the apoptotic rate of cardiomyocytes was higher in the model group than in the normal
group, and the apoptotic cells were significantly reduced after treatment with S.chinensis combined with CQ10 as well as
single flavor CQ10. Next, the expression of Bax, a key apoptotic protein in the PI3K-Akt signaling pathway, and Bcl-2
was analyzed by immunohistochemistry, and the results showed that Bcl-2 expression was downregulated and Bax
expression was upregulated in the model group, and Bcl-2 protein expression was upregulated and Bax protein
expression was downregulated after the drug administration intervention. Finally, Western blotting was performed to
verify, the experimental results which confirmed that p-AKT, p-PI3K, P65 and BAX levels were elevated in the
myocardium of heart failure patients, while Bcl-2 levels were decreased, In addition, treatment with S.chinensis
combined with CQ10 significantly reduced p-AKT, p-PI3K, P65 and BAX levels, increased Bcl-2 levels and improved
cardiac function. Importantly, S.chinensis combined with CQ10 was significantly more effective than CQ10 alone in the
treatment of heart failure.

Research showed”* that CQ10 could protect primary chicken cardiomyocytes during heat stress by upregulat-
ing autophagy and inhibiting the PI3K/Akt/mTOR pathway. Schisandrin B has been shown to inhibit the
proliferation of cardiac fibroblasts and collagen deposition in neonatal Sprague—Dawley (SD) rats by inhibiting
PI3K and p-AKT targets. In this study, we validated the PI3K/Akt signaling pathway related proteins by using S.
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chinensis combined with CQ10 and single flavor CQ10, and found that S.chinensis combined with CQ10 could
downregulate PI3K-AKT inflammatory pathway, inhibit the inflammatory response of cardiomyocytes and reduce
apoptosis with significantly stronger efficacy than the single flavor CQ10 group, indicating that S.chinensis
combined with CQ10 has a synergistic effect on blocking PI3K/AKT pathway. Among them, compounds such
as Coenzyme Q10, Citral, Schisantheri E, and Gomisin S inhibited p-AKT levels; compounds such as Schisantheri
E, Schisantherin D, and Angeloylgomisin H inhibited p-PI3K; and compounds such as Gomisin D, Coenzyme
Q10, and Gomisin E inhibited NF-KB. The results showed that S.chinensis combined with CQ10 had synergistic
effects on improving cardiac function, inhibiting myocardial cell apoptosis, reducing the level of inflammatory
cytokines and regulating PI3K/Akt signal pathway. At the same time, this study also has the following short-
comings: 1. only male rats were used to study the heart failure model 2. only one heart failure model was used,
which would limit the direction of drug treatment 3. the treatment time period was too short 4. Echocardiography
was not used to examine the heart function. The group will focus on these aspects in the follow-up study of heart
failure and correct them to improve the study of drug mechanism of action.

Conclusion

This study confirms the potential of S.chinensis combined with CQ10 intervention for the treatment of heart failure. The
results of the network-based pharmacology combined with mechanistic validation provide new insights to fully elucidate
the effects of S.chinensis combined with CQ10 in the treatment of heart failure. Specifically, S.chinensis combined with
CQI10 reduced the expression of inflammatory factors as well as the rate of apoptosis in cardiomyocytes; therefore,
modulation of PI3K/Akt signaling pathway may be a potential mechanism for the synergistic treatment of heart failure
with S.chinensis combined with CQ10.
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