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Abstract

BACKGROUND

The the therapeutic effects of a combination of Chinese medicines called Baihedihuang
Decoction have been clinically verified, although its molecular targets in breast cancer

related anxiety remain unknown.

AIM
To explore the molecular mechanisms of Baihedihuang decoction for breast cancer

related anxiety treatment.

METHODS

We used the Traditional Chinese Medicine Systems Pharmacology database to screen
the active ingredients and potential targets of Baihedihuang Decoction, and constructed
the "drug-ingredient-target" network map with the help of Cytoscape 3.8 software. Also,
we used Online Mendelian Inheritance in Man, DrugBank and Gencards databases to
collect the disease targets of breast cancer related anxiety, and used the STRING
platform to construct the Protein-protein interaction network. STRING platform was for
protein interaction analysis and Protein-protein interaction network construction;
Metascape platform was for Gene Ontology and Kyoto Encyclopedia of Genes and
Genomes pathway enrichment analysis of key targets; Molecular docking technology

was used to verify the drug component/target disease network.

RESULTS

We screened 16 active ingredients of Baihedihuang Decoction for breast cancer related
anxiety, with 113 target proteins. There are 931 disease targets of breast cancer related
anxiety, and finally 43 key targets and 305 Kyoto Encyclopedia of Genes and Genomes
pathways were generated. The main active ingredients of Baihedihuang Decoction for
breast cancer related anxiety are Verbascoside , B-sitosterol , Stigmasterol , catalpol, etc.

CDK2, TP53, HTR2A, ESR1, efc. are its key targets, and the main involved signaling




pathways may include neuroactive ligand-receptor interaction pathway,
5-hydroxytryptaminergic synapse, P53 signaling pathway, cGMP-PKG signaling
pathway, the cAMP signaling pathway, efc. Finally, molecular docking was performed
by Vina software to validate the key active ingredients in Baihedihuang Decoction with
the selected key action targets. The molecular docking results showed that
Verbascoside , [-sitosterol, Stigmasterol and CDK2 could stably bind and interact
through amino acid residues SER249, ARG260, PRO228, ALA282, SER276, LYS273,
ASN272, etc.

CONCLUSION
Baihedihuang Decoction for breast cancer related anxiety may be multi-level,

multi-target and multi-pathway, providing ideas and basis for further research.
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Core Tip: Baihedihuang decoction has significant effects on breast cancer related
anxiety ; however, its molecular targets in breast cancer related anxiety remain
unknown. We conducted a network pharmacology and molecular docking study to
determine whether Baihedihuang decoction ingredients target molecules and signaling
pathways related to breast cancer related anxiety pathogenesis. The main active
ingredients identified include Verbascoside , B-sitosterol , Stigmasterol , catalpol. Target
genes included CDK2, TP53, HTR2A, ESR1, which are involved in cell cycle, apoptosis,
cell autophagy, blood circulation and other biological processes.Our results confirm

that Baihedihuang decoction can treat breast cancer related anxiety through




multi-component, multi-target, and multi-channel synergy.

INTRODUCTIO

Breast cancer is one of the most common malignant tumors in American women and
one of the main causes of cancer death. According to the statistics of the American
Cancer Association, the prevalence and mortality of breast cancer are rising[1].
Although the treatment of breast cancer has made great progress due to the
development of medicine, surgery, radiotherapy and chemotherapy for breast cancer
still have a series of negative effects on women, affecting their mental state, reducing
their quality of life, and causing irreparable traumatic experiences[2].Some studies have
shown that nearly half of the patients with malignant tumors have anxiety and
depression tendencies [3].The majority of patients with breast cancer are women, and
their likelihood of anxiety and depression is higher than that of other tumors and
patients with breast cancer not only have a relatively high incidence of anxiety and
depression, but also have a high morbidity and mortality rate, and the morbidity and
mortality rate of cancer patients with depression is 19% higher than that of cancer
patients alone [4].Clinical studies have shown that the incidence of depression in
patients before breast cancer diagnosis is about 57%, and the incidence of depression
after breast cancer surgery is about 63%[5],and surgical treatment can effectively
improve the survival rate of patients, but due to the influences of physiological and
psychological factors, postoperative patients are mostly accompanied by different
degrees of depression and anxiety, which is not conducive to the implementation of
postoperative treatment plans and disease recovery, with serious impacts on the
survival quality of patients. This is harmful to the implementation of postoperative
treatment plans and disease recovery, with serious impacts on patients' survival quality
[6, 7]. The pathogenesis of breast cancer related anxiety(BCA) is not clear, but according
to animal experiments, it may involve the neurological, endocrine and immune systems.
Although there are many types of clinical drugs for the treatment of BCA, they have

obvious adverse effects and poor patient compliance. In contrast, Chinese herbal




medicine is effective and safe in the S upporting positive energy and alleviating the
adverse effects of western medical treatment[8],and the role of Chinese herbal medicine
compounds in the treatment of BCA deserves further study.

The clinical treatment of BCA with Baihedihuang Decoction (BD ) is effective, but the
related mechanism of action has been less studied. Network pharmacology is a
powerful research method and it has been used in recent years to study the mechanism
of action of the herbal compounding for diseases, and it also plays a non-negligible role
in the studying the laws of the herbal compounding and guiding the development of
new drugs[9]. In this paper, we will use network pharmacology to investigate the
mechanism of anxiety effect of BD associated with breast cancer from various

perspectives in order to lay the theoretical foundation for subsequent related research.

MATERIALS AND METHODS

Drug and gene data

The the chemical composition of each herbal medicine in BD was searched in the the
Traditional Chinese Medicine Systems Pharmacology database(TCMSP)[10].According
to the principle of pharmacokinetics , the compounds that meet the conditions of Oral
Bioavailability = 30% and Drug-Likeness = 0.18[11]should be screened, and the active
ingredient-related protein targets should be found by the TCMSP. Since the the
chemical composition of Baihe and groundnut was altered accordingly after maceration,
Regaloside B, caffeate, catalpol, and Verbascoside were added as active ingredients by
searching the published relevant literature reports. Then, we standardized the protein
target information in the Uniprot database (http://www.the Uniprot.org) and
searched for their corresponding gene symbols. Finally, we used Cytoscape 3.8.1
software to construct a multi-level interaction of the herbal-compound-target" network
schematic.

Screening of breast cancer-related anxiety targets

By using "breast cancer", "anxiety" as keywords, we searched for targets in the Online

Mendelian Inheritance in Man(OMIM). The disease-related targets in OMIM




(http:/ /www.omim.org), DrugBank (https://go.drugbank.com) and Genecards
(https:/ /www.genecards.org) disease gene databases were searched, and the search
results were finally combined and deleted. Duplicate values were finally obtained for
breast cancer-related anxiety depression targets.

Protein interaction network construction and key target screening

the STRING11.0 Database (https://www.string-db.org) and Cytoscape3.8.1 software
were used to construct a Protein interaction network (PPI') network map of BD-BCA
targets, and then the active ingredient targets of BD and BCA were imported into Biso.
The BCA targets were imported into BisoGenet, and the intersection network of
the PPInetworks was extracted by using the Merge function in Cytoscape, and the
attribute values of each node in the intersection network were analyzed, and the results
were filtered step by step to obtain the key targets.

Pathway enrichment analysis

The screened targets were imported into the Metascape platform
(https:/ /metascape.org) for Gene Ontology (GO) and Kyoto Encyclopedia of Genes
and Genomes (KEGG) pathway analysis. GO mainly describes the specific roles and
functions of the targets, including cellular component and molecular function, and
biological GO mainly illustrates the specific actions and functions of the targets,
including cellular component,molecular functionand biological process;KEGG
illustrates the signaling pathways of BD affecting BCA.

Molecular docking

The PDB database was searched for core genes to perform molecular docking
experiments. The structures of the corresponding proteins were downloaded. PyMOL
(version 2.4.0) software was used to remove water molecules and small ligand
molecules from these receptor macromolecular structures. AutoDockTools (version
1.5.6) software was used to add polar hydrogen ions and set the grid box to determine
the search range of the active pockets of the proteins, which were unknown. To include
as many receptor structures as possible, the size of the active pocket had to be increased

appropriately to improve the docking results. According to the core genes identified,




the drug components that interacted with the core genes were sought in the constructed
drug-disease network. The two-dimensional structures of these small ligand molecules
were downloaded from the PubChem database, and the MM2 calculation tool in
ChemBio3D (version 14.0) software was used to optimize the three-dimensional
structure of the small ligand molecule with the smallest free energy. Vina (version 1.1.2)

software was used to perform the docking work.

RESULTS

A total of 160 the chemical components of BD were retrieved from the the
TCMSP database. After the screening of Oral Bioavailability not less than 30% and
Drug-Likeness not less than 0.18, a total of 9 active ingredients were obtained. Then,
after reviewing the relevant literature for supplementation, 9 active ingredients were
obtained for Baihe and 7 for Dihuang, Please see Table 1.

BD-BCA network construction

By using Cytoscape 3.8.1 software, the network diagram of 16 active ingredients of
BD and their 113 targets after de-weighting was drawn, as shown in figurel.

BCA disease gene screening

By searching OMIM, Drugbank, and Genecards disease databases, 931 BCA targets
were obtained after screening and removing duplicate values. The intersection of drug
targets and disease targets was 42,as shown in figure 2.

The targets were submitted to the STRING11.0 database and Cytoscape3.8.1 software to
obtain the PPI network map of BD for BCA target, as shown in Figure 3. The key targets
were obtained after 2 screenings using BisoGenet to calculate the network topology
characteristic attribute values of the intersection PPI, and the screening process is
shown in Figure 4.

BD-BCA enrichment analysis
Gene enrichment analysis of the above 42 key nodes at the Metascape website included
GO functional analysis, involving Eological process, cellular component, and molecular

function, and KEGG pathway analysis was performed, and the top 20 Log10 (P) values




were selected from the analysis results for visualization. From the results, it can be seen
that the biological processes of BD are mainly the chemical synaptic transmission
process, blood circulation process, cellular response process to organic cyclic
compounds, and the regulation process of postsynaptic membrane potential, as shown
in Figure 5. The functials of relevant targets for BCA are mainly enriched in the
molecular functions of neurotransmitter receptor activity, G protein-coupled amine
receptor activity, G protein-coupled adenosine receptor activity, and actions of relevant
targets for BCA are mainly enriched in the moleculaneuroactive ligand-receptor
interaction pathway, 5-hydroxytryptaminergic synapses, P53 signaling pathway,
cGMP-PKG signaling pathway, and cAMP signaling path way, as shown in Figure 6.
Molecular docking simulation of active ingredients and target genes

CDK2 was selected as the core target in the PPI core network, and Stigmasterol, /3
-sitosterol and Verbascoside were selected as the key compounds based on the BD-BCA
gene target map, and then the screened compounds and CDK2 were molecularly
docked using AutoDock Vina software, and finally visualized using PyMOL software
(Figure 7). The smaller the binding energy, the higher the binding activity and the easier
the ligand binds to the receptor [12, 13], and the results are shown in Table 2.The results
indicate that the core target CDK2 binds better to the key compounds,Stigmasterol, /3
-sitosterol and Verbascoside, and the predictions are relatively reliable.

DISCUSSION

Chinese medicine is an important component of complementary and alternative
therapies and is more widely used in Asian countries. TCM has a diverse composition
and is often useful in the treatment of various complex diseases through various
biological pathways. While modern medicine has limited therapeutic effects and toxic
side effects, studies have shown that TCM is more effective and safer than modern
medicine in the treatment of BCA, its use with modern therapies may also enhance
its efficacy [14]. Therefore, we used network pharmacology and molecular docking to
explore the mechanism of action of BD for BCA to help provide a safer and more

effective treatment option for BCA patients.




BD is a summary of clinical experience over the ages and is the most essential part of
the great treasury of Chinese medicine. The clinical efficacy of BD with addition and
subtraction in the treatment of BCA is remarkable, but the mechanism of action is still
unclear. Hu Huanping et al found that Baihe has a sedative-hypnotic effect, which
shortens the sleep latency in animal models of insomnia [15]. Some experiments and
related studies [16-18]have shown that BD can exert antidepressant effects through
apoptosis and neurotransmitter regulation, and also has some antitumor effects.

In this paper, we screened the active ingredients of BD for the treatment of
BCA through network pharmacology, mainly including Verbascoside, p-sitosterol,
catalpol, efc. It has been shown that sitosterol has antidepressant effects and can act on
the HTR2A target by inhibiting the hyperfunction of 5-HT2A, thus inhibiting the
phospholipase C system to restore the normal level of intracytoplasmic calcium ion
concentration[19].  p-sitosterol has anti-inflammatory and anti-tumor effects
[20].Verbascoside can achieve antidepressant effects by stimulating the expression of
5-HT and DA genes and increasing the content of monoamine neurotransmitters in the
brain [21].Catalpol may inhibit the apoptosis of rat hippocampal astrocytes by
promoting the expression of the Bcl-2 gene and thus inhibit depressive activity[22].

The key targets are CDK2, TP53, HTR2A, the ESR1, etc. The p53 protein encoded by the
TP53 gene regulates cell division and proliferation, and it is one of its important roles
and is also known as an "oncogene"[23]. HTR2A is a common target in the neuroactive
ligand-receptor interaction signaling pathway and 5-hydroxytryptaminergic synapses.
It has been shown [24] that inhibiting the function of 5-HT2A, it can further inhibit the
phospholipase C system, thus restoring the normal level of calcium ion concentration in
the cytoplasm and producing antidepressant effects. CDK2 is closely related to tumor
development, and by selectively inhibiting the activity of CDK2, the concentration of
E2F increases, which in turn leads to cell cycle arrest in the S phase or apoptosis, thus
achieving the therapeutic purpose of tumor treatment[25, 26].It has also been shown

that CDK2 is closely related to the growth of breast cancer cells and can promote




tamoxifen resistance in hormone receptor-positive breast cancer [27].The ER protein
encoded by the ESR1 gene can regulate the metabolic level of estrogen by binding to the
estrogen receptor, which is closely related to the level of female hormones and the
development of breast cancer[28].

According to the KEGG pathway analysis, the main pathways involved in the treatment
of BCA with BD include the 5-hydroxytryptaminergic synaptic pathway, P53 signaling
pathway, cAMP signaling pathway, cGMP-PKG signaling pathway, etc. The
5-hydroxytryptaminergic synaptic pathway is composed of 5-hydroxytryptamine and
various types of 5-hydroxytryptamine receptors on the presynaptic and postsynaptic
membranes distributed in different parts of the brain, which can affect neurotransmitter
releases, such as dopamine and y-aminobutyric acid, and mediate higher brain activities
such as learning, memory, and emotion, and its altered function can cause the
occurrence of affective disorders such as anxiety disorders, depression, and Alzheimer's
disease [29].P53 can regulate tumor development by participating in the regulation of
cell signaling, induction of apoptosis, and autophagic processes. It has been shown that
p53 transcriptionally up-regulates the expression of Bcl-2 family protein BAD when
DNA is damaged[230],while p53 is carried by BAD to the outer mitochondrial
membrane through interaction with BAD, which in turn increases the permeability of
the outer mitochondrial membrane and induces apoptosis [31],which is corroborated
with our derived key target TP53. Adenylate cyclase has a G-protein the S ignaling
coupling signaling function, which catalyzes the hydrolysis of adenosine triphosphate
into cAMP, activates PKA in turn, and phosphorylates a variety of target proteins[32].
One study found that cAMP levels and PKA activity in the hippocampus of depressed
rats were significantly lower than those in normal rats, and cAMP levels and PKA
activity in CUMS depressed rats were significantly higher after administration of
Baihezhiu Decoction [33].Therefore, the cAMP signaling pathway is closely related to
the pathogenesis of depression. cGMP signaling pathway is involved in neuroplasticity,
and its main downstream effector is protein kinase G(PKG) [34].In neuronal cells, the

activation of PKG or increase in cGMP can prevent apoptosis, and the cGMP-PKG




signaling pathway plays an important anti-apoptotic role[35, 36].One study showed
that hippocampal cGMP levels increased after 8 wk of fluoxetine and amitriptyline
treatment, which in turn activated the downstream PKG-dominated cGMP signaling
cascade response to exert antidepressant effects [34], which suggested that BD could act

on the cGMP-PKG signaling pathway to exert antidepressant effects.

CONCLUSION

In the Summary, the active ingredients in BD, such asVerbascoside, p-sitosterol, S
tigmasterol ,mainly act on CDK2, TP53, HTR2A, ESR1 and other key targets, thus
regulating the neuroactive ligand-receptor interaction pathway, 5-hydroxytryptamin
ergic synapse, P53 signaling pathway, cGMP-PKG signaling pathway, cAMP signa
ling pathway, etc, which are involved in cell cycle, apoptosis, cell autophagy, blo
od circulation and other biological processes. It has potential effects on cancer in
hibition, anti-anxiety, efc. In addition, it has been demonstrated that the main acti
ve ingredients of BD can interact with the core targets, which indicates that it ha
s the characteristics of multi-component, multi-target and multi-pathway co-regula
tion. The network pharmacology approach can help to interpret and predict the t
argets of the Chinese medicine compound more graphically and provide new ide
as for the development of new drugs. However, network pharmacology is also li
mited by the available database information and experimental data, and the final
results cannot reflect the whole real cell network without guaranteeing the comp
lete authenticity of the database and experimental results [37];To further study the
treatment of BCAwith BD, relevant clinical studies will be carried out based on
this network pharmacology study, etc, in order to obtain the stronger evidence-ba

sed medical evidence.

ARTICLE HIGHLIGHTS

Research background

The treatment effect of breast cancer related anxiety is not good and the side effects are




obvious. The clinical effect of Baihedihuang decoction is better, but its mechanism is

unknown.

Research motivation
To explore the mechanism of Baihedihuang Decoction in treating breast cancer related

anxiety.

Research objectives
To explore the relationship between drug targets of Baihedihuang Decoction and breast

cancer related anxiety disorders.

Research methods
Network pharmacology and molecular docking technology were mainly used in this

study.

Research results

We screened 16 active ingredients of Baihedihuang Decoction for breast cancer related
anxiety, with 113 target proteins. Finally, molecular docking was performed by Vina
software to validate the key active ingredients in Baihedihuang Decoction with the
selected key action targets. The molecular docking results showed that Verbascoside,
p-sitosterol , Stigmasterol and CDK2 could stably bind and interact through amino acid
residues SER249, ARG260, PRO228, ALA282, SER276, LYS273, ASN272, etc.

Research conclusions

BD can the pathogenesis of BCA with multiple targets.

Research perspectives
The results of this study could serve as a fundamental basis for the further exploration

in the in vitro and in vivo experiments for clinical promotions.
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