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Aim.Our aim is to recommend the appropriate Chinese medicinals in clinical treatment of insomnia, which are suānzăorén (Semen
Ziziphi Spinosae), chuānxiōng (Rhizoma Chuanxiong), fúlíng (Poria), and báisháo (Radix Paeoniae Alba). Method. Based on
network pharmacology, the active molecules and mechanism of these four Chinese medicinals treating insomnia were sought
and analyzed. The components of the four Chinese medicinals with potential activity were collected and screened. Moreover,
the recollected human disease-related targets were correlated through Cytoscape 3.8.2, and the network diagram of drug
component disease targets was drawn. Based on the human protein-protein interaction database, the above network diagram
was imported to establish the protein-protein interaction (PPI) and composite target pathway (C-T-P) networks. After selecting
important information, the pathway analysis was carried out to show the biological process, core target, and core pathway of
insomnia treatment. Result. In this study, 44 active components and 81 drug-disease common targets were obtained; 307 key
targets were found in the PPI network; a core cluster composed of 14 nodes and 50 functional associations was found.
Conclusion. In summary, the four Chinese medicinals’ effective components and main mechanism of in the treatment of
insomnia may be related to their participation in the regulation of endocrine. Compared with the existing network
pharmacological analysis results of SuānZăoRénTāng (Sour Jujube Decoction), which is commonly used in insomnia, they have
similar effects on the immune system and HPA axis, while the focus of the four Chinese medicinals is mainly on endocrine
regulation, and SuānZăoRénTāng (Sour Jujube Decoction) is mainly on anti-inflammatory effect.

1. Introduction

Insomnia, as a standard clinical symptom associated with
neurological or psychological disorders, describes sleep
latency or sleep disturbance, as well as the condition of
subjective poor sleep quality [1]. It is defined as a sleep
disorder that affects daytime dysfunction [2].

At present, there are three main ways to treat insomnia:
cognitive behavior therapy, drug therapy, and traditional

Chinese medicine (TCM) intervention [3]. Among them, cog-
nitive behavioral therapy, including psychotherapy, physical
therapy, and comprehensive therapy, is usually recommended
and highly valued. Of the three cognitive behavioral therapies,
psychotherapy aims to improve patients’ confidence of self-
control over insomnia by improving their improper cognition
and behavior. Physical therapy includes phototherapy and
repeated transcranial stimulation. As for drug therapy, ben-
zodiazepine receptor agonists are often used in clinical
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treatment. However, for drugs such as diazepam, eszopi-
clone, and zolpidem, there are many reports of adverse reac-
tions, lacking sufficient control trials for the long-term
efficacy of their pharmacological effects. In contrast, the
treatment of insomnia by traditional Chinese medicine has
a large number of positive reports, which are also recom-
mended for clinical application in some guidelines, such as
Chinese medicinals or acupuncture. In the clinical guide-
lines for the management of insomnia [3], classic formulas
such as SuānZăoRénTāng (Sour Jujube Decoction), GuīPí-
Wán (Spleen-Restoring Pill), and ĀnShénDìngZhìWán
(Spirit-Mind Calming Pill) are recommended. Chinese
medicinal is more effective in the treatment of insomnia,
and there are fewer reports of negative effects.

This study is based on the in-depth discussion of the
molecular mechanism of TCM formulas and medicinals
for the effective treatment of insomnia. After analyzing
6765 TCM prescriptions for the treatment of insomnia [3],
medicinals were ranked according to their frequency of
prescription. It was found that the ones with the highest
rankings in descending order are suānzăorén (Semen Ziziphi
Spinosae), zhĭqiào (Fructus Aurantii), báizhú (Rhizoma
Atractylodis Macrocephalae), fúlíng (Poria), báisháo (Radix
Paeoniae Alba), chuānxiōng (Rhizoma Chuanxiong), and
zhīmŭ (RhizomaAnemarrhenae). According to the domestic
literature, the most frequently used drugs for insomnia are
suānzăorén (Semen Ziziphi Spinosae), gāncăo (Radix et Rhi-
zoma Glycyrrhizae), yèjiāoténg (Caulis Polygoni Multiflori),
cháihú (Radix Bupleuri), fúlíng (Poria), dāngguī (Radix
Angelicae Sinensis), chuānxiōng (Rhizoma Chuanxiong),
and báisháo (Radix Paeoniae Alba) [4]. It is obvious that
the combination of the above Chinese medicinals is the
derivative of SuānZăoRénTāng (Sour Jujube Decoction),
which plays a role under the guidance of TCM theory. How-
ever, the main components and mechanism of the relevant
combinations are still unknown, making it difficult to make
a direct comparison with SuānZăoRénTāng (Sour Jujube
Decoction). This results in a lack of evidence for clinical
choice. Based on the theory of “sour medicinals boost yin,”
on which SuānZăoRénTāng (Sour Jujube Decoction) is
based, four commonly used Chinese medicinals, namely,
suānzăorén (Semen Ziziphi Spinosae), chuānxiōng (Rhi-
zoma Chuanxiong), fúlíng (Poria), and báisháo (Radix
Paeoniae Alba), were selected in our study. The network
pharmacological flow chart in Figure 1 was to show the
method of this manuscript.

The network pharmacology of Chinese medicinals
provides a new method to study the protective effect of
medicinals during the course of the disease and its possible
mechanisms based on network biology and multidirectional
pharmacology and makes it possible to explore the medical
biological networks and further clarify the human complex
network system. The construction of networks of drug and
drug targets not only provides a prospective framework for
clarifying the relationship between medicinal plants and
diseases but also promotes drug research, development,
and improvement to a certain extent [5].

Therefore, this study is aimed at analyzing the biomedi-
cal targets and mechanism of the four Chinese medicinals

for insomnia treatment by network pharmacology and to
clarify the components and related properties of them to
provide a reference for further pharmacological research
and a new perspective for clinical treatment and drug
research and development.

2. Method

2.1. Screening Medicinals’ Compounds and Gene Targets.
From the platforms of TCMSP [6] (http://lsp.nwu.edu.cn/
tcmsp.php) and PharmMapper [7] (http://www.lilabecust.cn/
pharmmapper/), we searched for all chemical components of
the four Chinese medicinals. The molecular structures were
determined by literature mining and comparison, and the
drug compound database was established after screening.
Extracting the active target proteins of drugs from the UniProt
[8] (https://http://www.uniprot.org/) database, the target
information database was established after processing such
as duplicated data elimination.

Clinically, these four Chinese medicinals are mostly
administered orally. They need to go through absorption
(A), distribution (D), metabolism (M), and excretion (E) to
reach the target cells, tissues, and organs to play their roles.
Oral bioavailability (OB) and drug-likeness index (DL) are
the key parameters of ADME. OB, reflecting drug utilization
of oral administration, is the relative amount and rate of
absorption of drugs into the blood circulation. As it is the
key index to determine the drug characteristic of molecules
with pharmacodynamic effects (i.e., bioactive molecules),
OB ≥ 30% was taken as one of the screening conditions.
DL, a data combing drug compounds and drug database,
can be used not only to evaluate whether a compound is
suitable for drug design but also to indicate the pharmacody-
namic and pharmacokinetic characteristics of drug-like
molecules. A compound with DL ≥ 0:18 (the average value
of the whole similarity) is considered similar to the drugs
in the DrugBank database. Therefore, OB ≥ 30% and DL ≥
0:18 were taken as the filter conditions in this study. The
target compounds of the four Chinese medicinals were pre-
dicted from TCMSP, PharmMapper, and UniProt databases.
Then, preliminary screening was carried out, such as remov-
ing the compounds whose corresponding targets have not
been determined, deleting the repeated targets and diseases,
etc. Then, using GeneCards [9] (https://www.genecards.org/)
platform, the relevant targets of insomnia were predicted.
After processing, association and analysis were made
between these relevant targets and the target compounds of
the four Chinese medicinals for the drug-disease targets, the
basis of later pathway analysis, and topology network
establishment.

2.2. PPI Network Construction. From HPRD [10] (http://
www.hprd.org/), the human protein-protein interaction
database was obtained. And it was imported into Cytoscape
[11] 3.8.2 software for processing to obtain the background
database. Drug-disease common targets were introduced,
and the target gene and its neighbor nodes were selected to
obtain a PPI network. The Network Analyzer tool was
used for the analysis to obtain various network topology

2 BioMed Research International

http://lsp.nwu.edu.cn/tcmsp
http://lsp.nwu.edu.cn/tcmsp
http://www.lilabecust.cn/pharmmapper/
http://www.lilabecust.cn/pharmmapper/
http://www.uniprot.org/
https://www.genecards.org/
http://www.hprd.org/
http://www.hprd.org/


parameters. The research suggests that the node degree value
(degree) [12] stands for the connectivity of nodes in the net-
work. The greater the node degree, the more important the
node is in the network. Therefore, the targets with node
degree above the average value were selected as the key

targets, and the top 10 targets were listed as the key targets
of this study. Using the plug-in of MCODE, modular cluster
analysis of the PPI network was done, and the cluster with
the highest result score was selected as the core cluster to
determine the high connectivity genome.
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Figure 1: Four herbs ((a) fúlíng (Poria), (b) báisháo (Radix Paeoniae Alba), (c) suānzăorén (Semen Ziziphi Spinosae), and (d) chuānxiōng
(Rhizoma Chuanxiong)) of treatment of insomnia network pharmacological flow chart.
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2.3. Pathway Analysis. Metascape [13] platform (https://
metascape.org/gp/indexhtml#/main/step1) containing mul-
tiple databases such as GO and KEGG can enrich biological
pathways and infer protein complex functions. Confirming
the species setting (Homo sapiens), the key targets of the
four Chinese medicinals for insomnia were imported into
the database, and GO enrichment analysis was performed,
including biological process analysis (GO-BP), biological cell
component (GO-CC), and MF. Next, key targets and core
clusters were introduced for analysis of KEGG metabolic
pathway. The signal paths of the top 10-log 10 (P) value
were selected as the core path.

3. Results

3.1. Active Compounds and Targets of TF. A total of 44 active
ingredients were found in the four Chinese medicinals,
including 9 in suānzăorén (Semen Ziziphi Spinosae)—
American tea acid, carotene, wild Jujuboside A, and phytos-
terol; 15 in fúlíng (Poria)—Poria neoacid B, Poria acid A,
and ivy saponin; 7 in chuānxiōng (Rhizoma Chuanxion-
g)—Yang Chuanxiong quinone, Chuanxiong indole, and
Chuanxiong nafurolactone; and 13 in báisháo (Radix
Paeoniae Alba)—paeoniflorin, benzoyl paeoniflorin, and
sitosterol. After processing, the predicted targets of the four
Chinese medicinals were obtained: 213 in suānzăorén
(Semen Ziziphi Spinosae), 31 in fúlíng (Poria), 43 in chuān-
xiōng (Rhizoma Chuanxiong), and 124 in báisháo (Radix
Paeoniae Alba). After deleting the duplicated ones, the aggre-
gate amount of predicted targets was 331.

3.2. Disease Targets and Network. Insomnia-disease targets
were retrieved through GeneCards platform, and 528 disease
targets were obtained. A total of 81 drug-disease common
targets were obtained after the 331 active component targets
of the four Chinese medicinals were intersected with 528 dis-
ease targets. The drug-disease common target PPI network
was derived by Cytoscape software, with 1121 nodes and
6231 action associations, as shown in Figure 2. After further
correlation analysis, 307 key targets in the PPI network are
obtained, which are illustrated in dots in Figure 3.

The top 10 key nodes in the PPI network suggested that
the mechanism of the four Chinese medicinals in the
treatment of insomnia is related to genes such as ESR1,
AKT1, SRC, AR, MAPK1, TP53, NR3C1, CREBBP, and
EP300. A core cluster composed of 14 nodes and 50 func-
tional associations was exported through the plug-in of
MCODE, and the result suggests that these targets play a
key role in PPI network connection, including targets like
gene RET, PTK2, ERBB2, PTPN2, MET, SHC1, PDGFRB,
STAT5B, INSR, PIK3R1, IRS1, CBL, GRB2, and PTPN6, as
shown in Figure 4.

According to the HPRD information, drug-disease tar-
gets and their neighbor targets were introduced to obtain
1121 nodes. The colors from dark orange to light orange
were showing the degree value of nodes in descending order.

Selecting nodes above the average degree value, we got
307 key targets. Among the 307 targets, diamonds are the
top 10 in regard of the degree value, and the others are cir-

cular, of which colors appear from dark green to light green
in descending order.

The 14 circular nodes represent the core cluster, whose
colors appear in green black to azure in descending order
of degree value. And the 50 edges are shown in gray.

3.3. Gene Ontology Enrichment Analysis. The results are
shown in Figures 5(a)–5(c). The results of gene function
enrichment of key targets showed that they were signifi-
cantly enriched in biological processes such as response to
toxic substances, blood circulation, response to lipopolysac-
charides, cellular response to organic cyclic compounds, and
chemical synaptic transmission (chemical synaptic transmis-
sion). In terms of molecular function, nuclear receptor
activity, neurotransmitter receptor activity, and adrenergic
receptor activity were involved. In terms of cellular compo-
nents, association with kinase binding, transcription factor
binding, protein domain specific binding, and protein kinase
activity were indicated.

3.4. KEGG Enrichment Analysis. As shown in Figures 5(d)
and 5(e), the results exported by Metascape were sorted
by -log10 (P) values from large to small, and the top 10
were selected as the core path. It was indicated that the
key targets notably abounded in the AGE-RAGE signal
pathway and cGMP-PKG signal pathway in neuroactive
ligand-receptor interaction, cancer pathways, tuberculosis,
and diabetes complications.

By introducing core clusters for pathway analysis, it was
found that the four Chinese medicinals played a therapeutic
role in the ErbB signal pathway, cancer pathway, EGFR tyro-
sine kinase inhibitor resistance, and insulin signal pathway
to treat insomnia.

4. Discussion

Epidemiological evidence shows that insomnia is not only a
trigger factor for many accidents but also a contributing
factor to human diseases with high incidence rates such as
diabetes, hypertension, and malignant tumors [14]. Further-
more, it is also an early symptom of mental disorders such as
anxiety disorders, depression, and schizophrenia. The survey
shows that on average, one in three adults suffers from sleep
problems [15]. According to different diagnostic criteria,
the prevalence of insomnia in the natural population is
approximately 10%-15%, with an annual incidence rate
of about 5% [16].

Chinese medicinals have been reported to have a good
curative effect and less side effects in the treatment of insom-
nia [17]. Therefore, increasingly in-depth researches have
been done to explore its components and pathways [18].
Combining with network pharmacology, traditional Chinese
medicine transformed into evidence-based medicine from
empirical medicine. Not only can we accelerate the under-
standing and analysis of Chinese medicinals but also can
we explore the potential of Chinese medicinals in the
treatment of multifield diseases. By constructing the phar-
macological network, analyzing the interplay between
biologically active compounds and targets, and further
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determining the key targets, we learned the biological path-
ways related to the treatment of insomnia by the four medic-
inals, which can provide novel directions and view for the
research of TCM formulas [19].

In this study, 44 active components and 81 drug-disease
common targets were obtained; 307 key targets were found
in PPI network; a core cluster composed of 14 nodes and
50 functional associations was found. In addition, gene

Figure 3: The key target network.

Figure 2: The drug-disease network.
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function annotation and signal pathway analysis were car-
ried out on them.

Referring to the node degree value, ESR1, AKT1, SRC,
AR, MAPK1, TP53, etc. were chosen as the key targets.
ESR1 [20] gene encoding proteins regulate many estrogen-
induced gene transcriptions, and these genes play a role
in growth, sexual development, and pregnancy and are
expressed in many non-reproductive tissues. Their encoding
receptors play a key role in breast cancer, endometrial cancer,
and osteoporosis and may be of great significance in promot-
ing angiogenesis, reducing inflammation, and improving adi-
pose tissue function. AKT1 [21] gene may be expressed in the
neuroprotective effect mediated by nerve growth factor and
may also indirectly respond to nutritional and hormone
signals to regulate cell growth and survival. SRC [22] proto-
oncogene may play a role in embryonic development and cell
growth. The activity of its coding protein, tyrosine protein
kinase, can be inhibited by the phosphorylation of c-SRC
kinase. The mutation of this gene may relate to the malignant
progression of colon cancer. MAPK2 [23] also regulates the
levels of insulin and glucose by inhibiting downstream
pathways or DNA expression to produce antitumor activ-
ity. This means that Chinese medicinals comprehensively
promote the immune ability of the body in aspects like
fighting against tumors and regulating the growth and
metabolism of the body by regulating the hypothalamic
pituitary adrenal axis (HPA axis) including estrogen [24]
and androgen [25].

In the KEGG pathway analysis, it was found that the key
targets were significantly abounded in the neuroactive
ligand-receptor interaction, and the core clusters had a
mutual relationship with the ErbB signal pathway. Neuroac-
tive ligand-receptor interaction [26] is a collection of recep-
tors and ligands related to all intracellular and extracellular
signaling pathways on the plasma membrane, and it can
relate to endocrine, physiological rhythm, brain function
regulation, etc. ErbB [27], a collective name for four tyrosine
kinase receptors, relates to cell activities such as prolifera-
tion, differentiation, and apoptosis, and its low expression
promotes neurodegeneration such as multiple sclerosis and
Alzheimer’s disease, while its high expression is associated
with a variety of solid tumors, such as breast cancer and
gastric cancer. ErbB can assist in the treatment of anxiety,
depression, and Alzheimer’s disease to a certain extent
[28]. Through the enrichment analysis of target genes and
pathways, it is also found that some targets and signal path-
ways of the four Chinese medicinals are closely related to
tumor growth and have considerable potential to regulate
the expression of oncogenes. Clinically, it not only can
improve the secondary insomnia of the tumor but also can
improve related tumor symptoms [29]. The target and signal
pathways still need to be confirmed by further experimental
studies in vivo and in vitro.

From the perspective of TCM, the combination of the
four Chinese medicinals of suānzăorén (Semen Ziziphi Spi-
nosae), chuānxiōng (Rhizoma Chuanxiong), fúlíng (Poria),
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Figure 4: The core cluster.
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and báisháo (Radix Paeoniae Alba) is related to SuānZăoR-
énTāng (Sour Jujube Decoction). Yet, compared with Suān-
ZăoRénTāng (Sour Jujube Decoction), the heat-clearing
effect of this combination is weaker, and the yin-enriching
and blood-nourishing effect is stronger. In other word, the
combination of the four Chinese medicinals calms the heart
and mind by regulating liver qi and nourishing liver blood.
From this perspective, it can relate to the premenopausal
syndrome featured by deficient blood and floating yang,
which is in accordance with the dysfunction of HPA axis
and autonomic nerve [30].

Comparison was made between the network pharma-
cology of these four Chinese medicinals and of Suān-
ZăoRénTāng (Sour Jujube Decoction). SuānZăoRénTāng
(Sour Jujube Decoction) contains 139 active components,
among which jujube kernel saponin is one of the core
components, and 1386 targets with 27 significant correlated
diseases [31]. Correlative to biological processes such as cell
cycle, SuānZăoRénTāng (Sour Jujube Decoction) plays an
effect on cell junction tissue paths like regulation of TRP
path, adhesion junction, and vitamin B6 metabolism by
inflammatory mediators. What is more, this formula had
the regulation of ischemic heart disease, psychiatric diseases,
neuropathic pain, and other diseases.

Flavonoids such as quercetin, kaempferol, and 7-meth-
oxy-2-methyl isoflavone account for the largest proportion
and are predicted to be the core components of SuānZăoR-
énTāng (Sour Jujube Decoction). For target and mediation
center degrees above the mean value, estrogen receptor,
calmodulin, androgen receptor, and heat shock protein 90
(HSP90) were associated with more than 70 compounds. It
is suggested that the mechanism of SuānZăoRénTāng (Sour
Jujube Decoction) lies in the multicomponent and multitar-
get interactions and has many potential therapeutic effects
[32]. Studies suggest that flavonoids have antioxidant, anti-
inflammatory, analgesic, and immune-regulating effects
[33]. Due to its complex effects on a variety of receptors
and signal pathways, flavonoids play a role in the central
nervous system. Anti-depression and anti-anxiety, they are
central nervous inhibiting, can treat schizophrenia, protect
the nervous system, relieve pain, improve memory, and
affect neuroendocrine. This is consistent with the mecha-
nism of insomnia and its influencing factors [34–39].

In SuānZăoRénTāng (Sour Jujube Decoction), the main
inflammatory factors related to sleep are tumor necrosis
factor (TNF), interleukin-1 (IL-1), interleukin-2 (IL-2), etc.
These inflammatory factors can promote sleep to a certain
extent, but their high expression level will affect the sleep
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Figure 5: (a) Biological process, (b) molecular function, (c) cellular component, (d) KEGG pathway enrichment analysis of targets, and
(e) KEGG pathway enrichment analysis of the cluster.
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quality [40, 41]. The imbalance of the HPA axis will lead to
depression and insomnia [42], while SuānZăoRénTāng
(Sour Jujube Decoction) can produce an antidepressant
effect. The mechanism for this may be to reduce the perfor-
mance of hippocampal TNF-α and IL-1β to regulate the
function of the immune system, restrain the apoptosis of
hippocampal neurons, and lower brain injury [43]. The
secretion of cytokines related to immune activation is also
closely related to mental diseases [44–46]. In conclusion,
SuānZăoRénTāng (Sour Jujube Decoction) may affect the
immune system by downregulating the expression of
cytokine related pathways to achieve anti-insomnia and
antidepression effects.

The correlation analysis between the conclusion of this
study and SuānZăoRénTāng (Sour Jujube Decoction) shows
that they have similarities in downregulating the expression
of cytokine related pathways, affecting the immune system
and regulating the HPA axis. The combined use of the four
Chinese medicinals in this study is more likely to play a role
in antitumor effect and endocrine regulation, while Suān-
ZăoRénTāng (Sour Jujube Decoction) may be more related
to anti-inflammatory effects and central nervous system reg-
ulation. However, the network method has its own limita-
tions, and there are differences in the analysis of its target
and interaction relationship, so practical research is still
needed to verify the information, such as key nodes.

5. Conclusion

In conclusion, the related use (the combination of the four
Chinese medicinals with other Chinese medicinals) of
suānzăorén (Semen Ziziphi Spinosae), fúlíng (Poria), and
báisháo(Radix Paeoniae Alba) and chuānxiōng (Rhizoma
Chuanxiong) may entail the regulation of the central nervous
system and endocrine system and protection of brain function
and immune system in patients with insomnia. Compared
with SuānZăoRénTāng (Sour Jujube Decoction), these four
Chinese medicinals may be more targeted for insomnia
patients complicated by endocrine disorders such as climac-
teric syndrome and insomnia patients complicated by tumor.

Data Availability

All data and models generated or analyzed during this study
are included in this published article.

Conflicts of Interest

The authors declare no conflicts of interest.

Authors’ Contributions

Qiyue Deng collected materials, wrote the paper, and edited
the images of the article. Libing Huang and Fanjun Yu
helped in organizing the information. Jiahui Lin, Lijuan
Hu, Jing Zhao, and Litao Pan prepared and polished the
manuscript. Yu Kui and Shiheng Wu designed this experi-
ment and cocorrespond to this study. The authors contrib-
uted to the article and approved the submitted version.

Acknowledgments

This work was supported by programs of the National
Natural Science Foundation of China (grant number
81603682), Guangdong Basic and Applied Basic Research
Foundation (grant number 2022A1515012583), and College
Students’ Innovation Entrepreneurship Training Program
of Guangzhou University of Chinese Medicine (grant num-
ber 202010572186).

Supplementary Materials

The 307 and top 10 key targets are saved in table form. The
production source files of Figures 2–4 are shown in S-cys
(Supplementary Materials). (Supplementary Materials)

References

[1] M. de Zambotti, A. Goldstone, I. M. Colrain, and F. C. Baker,
“Insomnia disorder in adolescence: Diagnosis, impact, and
treatment,” Sleep Medicine Reviews, vol. 39, pp. 12–24, 2018.

[2] K. Baoshan, “Pharmacological study of slow wave sleep,” Jour-
nal of Beijing Medical University, vol. 31, no. 3, pp. 204–206,
1999, (in Chinese).

[3] China Sleep Research Association, “Chinese guidelines for the
diagnosis and treatment of insomnia,” Chinese Journal of Med-
icine, vol. 97, no. 24, pp. 1844–1856, 2017, (in Chinese).

[4] Y. Aijun, M. Lin, and Z. Bihua, “Analysis of 6765 prescriptions
of traditional Chinese medicine for insomnia,” Evaluation and
analysis of drug use in Chinese hospitals, vol. 19, no. 10,
pp. 1245-1246 + 1250, 2019, (in Chinese).

[5] J. Wenyi, B. Yiyun, and D. Guangli, “Research progress of
Internet pharmacology of traditional Chinese medicine,”
Information of traditional Chinese medicine, vol. 35, no. 5,
pp. 122–126, 2018, (in Chinese).

[6] F. Cheng, I. A. Kovács, and A. L. Barabási, “Network-based
prediction of drug combinations,” Nature Communications,
vol. 10, no. 1, p. 1197, 2019.

[7] J. Ru, P. Li, J. Wang et al., “TCMSP: a database of systems
pharmacology for drug discovery from herbal medicines,”
Journal of Cheminformatics, vol. 6, no. 1, p. 13, 2014.

[8] X. Liu, S. Ouyang, Y. Biao et al., “PharmMapper server: a web
server for potential drug target identification using pharmaco-
phore mapping approach,” Nucleic Acids Research, vol. 38,
supplement_2, pp. W609–W614, 2010.

[9] “UniProt: the universal protein knowledgebase in 2021,”
Nucleic acids research, vol. 49, no. D1, pp. D480–D489, 2021.

[10] GeneCards – the human gene database, G. Stelzer, R. Rosen
et al., “The GeneCards suite: from gene data mining to disease
genome sequence analyses,” Current protocols in bioinformat-
ics, vol. 54, pp. 1.30.1–1.30.33, 2016.

[11] S. Peri, J. D. Navarro, R. Amanchy et al., “Development of
human protein reference database as an initial platform for
approaching systems biology in humans,” Genome Research,
vol. 13, no. 10, pp. 2363–2371, 2003.

[12] P. Shannon, A. Markiel, O. Ozier et al., “Cytoscape: a soft-
ware environment for integrated models of biomolecular
interaction networks,” Genome Research, vol. 13, no. 11,
pp. 2498–2504, 2003.

[13] Z. H. Liu and X. B. Sun, “Network pharmacology: a new
opportunity for the modernization of traditional Chinese

9BioMed Research International

https://downloads.hindawi.com/journals/bmri/2022/9414262.f1.docx


medicine,” Journal of Pharmacy, vol. 47, no. 6, pp. 696–703,
2012, (in Chinese).

[14] Y. Zhou, B. Zhou, L. Pache et al., “Metascape provides a
biologist-oriented resource for the analysis of systems-level
datasets,” Nature Communications, vol. 10, no. 1, p. 1523,
2019.

[15] K. Baoshan, “Pharmacological study on slow wave sleep,” Jour-
nal of Beijing Medical University, vol. 31, no. 3, pp. 204–206,
1999, (in Chinese).

[16] L. E. Laugsand, L. B. Strand, C. Platou, L. J. Vatten, and
I. Janszky, “Insomnia and the risk of incident heart failure: a
population study,” European heart journal, vol. 35, no. 21,
pp. 1382–1393, 2014.

[17] A. N. Vgontzas, J. Fernandez-Mendoza, D. Liao, and E. O.
Bixler, “Insomnia with objective short sleep duration: the
most biologically severe phenotype of the disorder,” Sleep
medicine reviews, vol. 17, no. 4, pp. 241–254, 2013.

[18] Z. Song, P. Fan, Q. Zhang et al., “Suan-Zao-Ren decoction
for insomnia: a protocol for a systematic review and meta-
analysis,” Medicine (Baltimore), vol. 99, no. 34, article
e21658, 2020.

[19] S. Li and B. Zhang, “Traditional Chinese medicine net-
work pharmacology: theory, methodology and application,”
Chinese Journal of Natural Medicines, vol. 11, no. 2,
pp. 110–120, 2013.

[20] T. T. Luo, Y. Lu, S. K. Yan, X. Xiao, X. L. Rong, and J. Guo,
“Network pharmacology in research of Chinese medicine
formula: methodology, application and prospective,” Chinese
Journal of Integrative Medicine, vol. 26, no. 1, pp. 72–80,
2020.

[21] National Center for Biotechnology Information. PubChem
Gene Summary for Gene 2099, “ESR1 - estrogen receptor 1
(human),” https://pubchem.ncbi.nlm.nih.gov/gene/ESR1/
human. Accessed Oct. 7, 2021.

[22] National Center for Biotechnology Information, “PubChem
Gene Summary for Gene 84335, AKT1S1 - AKT1 substrate 1
(human),” https://pubchem.ncbi.nlm.nih.gov/gene/AKT1S1/
human. Accessed Oct. 7, 2021.

[23] National Center for Biotechnology Information, “PubChem
Gene Summary for NCBI Gene 6714,” 2021, Retrieved May
2, 2021 from https://pubchem.ncbi.nlm.nih.gov/gene/SRC/
human.

[24] National Center for Biotechnology Information, “PubChem
Bioassay Record for AID 323108, Inhibition of MAPK2,
Source: ChEMBL,” 2021, Retrieved May 2, 2021 from https://
pubchem.ncbi.nlm.nih.gov/bioassay/323108.

[25] D. Xu, Y. Luo, X. Gao et al., “Targeted combination of estradiol
and ESR1 regulates chondrocyte proliferation through ERK
signaling pathway,” Journal of Southern Medical University,
vol. 39, no. 2, pp. 134–143, 2019.

[26] M. Lijun and W. Jing, “Research progress of Akt and tumor,”
Foreign medicine (physiology, pathology and clinical volume),
vol. 24, no. 5, pp. 406–409, 2004.

[27] P. Lingzhen, Y. Zhiyong, Z. Chang-ying, C. Chong, and
L. Shao-hua, “Effect of long-term use of diazepam on neuroac-
tive ligand receptor interaction signal pathway,” Journal of
China Pharmaceutical University, vol. 5, pp. 443–446, 2011,
(in Chinese).

[28] E. M. Bublil and Y. Yarden, “The EGF receptor family:
spearheading a merger of signaling and therapeutics,” Current
opinion in cell biology, vol. 19, no. 2, pp. 124–134, 2007.

[29] E. N. Minakawa, K. Wada, and Y. Nagai, “Sleep disturbance as
a potential modifiable risk factor for Alzheimer's disease,”
International Journal of Molecular Sciences, vol. 20, no. 4,
p. 803, 2019.

[30] A. M. Berger, E. E. Matthews, and A. M. Kenkel, “Management
of sleep-wake disturbances comorbid with cancer,” Oncology
(Williston Park, N.Y.), vol. 31, no. 8, pp. 610–617, 2017.

[31] F. Thomson andM. Craighead, “Innovative approaches for the
treatment of depression: targeting the HPA axis,” Neurochem-
ical Research, vol. 33, no. 4, pp. 691–707, 2008.

[32] W. Liu Meng, L. F. Fengzhi, Z. Wei et al., “Comparative study
on the molecular mechanism of Sini powder and Suanzaoren
decoction in the treatment of insomnia based on network
pharmacology,” Journal of Beijing University of traditional
Chinese Medicine, vol. 42, no. 1, p. 44, 2019, (in Chinese).

[33] T. S. KuangZijun, H. Yan, Z. Jinlong et al., “Prediction of effec-
tive components and target pathway analysis of Suanzaoren
decoction in the treatment of insomnia,” Chinese Journal of
traditional Chinese medicine, vol. 33, no. 8, pp. 3585–3590,
2018, (in Chinese).

[34] R. Ma and W. Shengben, “Research progress on pharmacolog-
ical action and mechanism of flavonoids in traditional Chinese
medicine,” China pharmacovigilance, vol. 10, no. 5, pp. 286–
290, 2013, (in Chinese).

[35] M. Zhang, “Research progress on antidepressant effect of fla-
vonoids of traditional Chinese medicine,” Journal of Beihua
University (nature), vol. 16, no. 5, pp. 617–620, 2015, (in
Chinese).

[36] L. V. Yuewei, G. Jianyou, L. Yong et al., “Research progress on
anti-anxiety effect of natural flavonoid monomers. Chinese
journal of traditional,” Chinese Medicine, vol. 41, no. 1,
pp. 38–44, 2016, (in Chinese).

[37] P. J. Quartana, P. H. Finan, G. G. Page, and M. T. Smith,
“Effects of insomnia disorder and knee osteoarthritis on rest-
ing and pain-evoked inflammatory markers,” Brain, behavior,
and immunity, vol. 47, pp. 228–237, 2015.

[38] M. R. Irwin, R. Olmstead, and J. E. Carroll, “Sleep disturbance,
sleep duration, and inflammation: a systematic review and
meta-analysis of cohort studies and experimental sleep depri-
vation,” Biological psychiatry, vol. 80, no. 1, pp. 40–52, 2016.

[39] J. Fernandez-Mendoza, J. H. Baker, A. N. Vgontzas, J. Gaines,
D. Liao, and E. O. Bixler, “Insomnia symptoms with objective
short sleep duration are associated with systemic inflammation
in adolescents,” Brain, behavior, and immunity, vol. 61,
pp. 110–116, 2017.

[40] Z. Haiyan and W. Xiaojie, “Discussion on pharmacological
effects of flavonoids,” Chinese Journal of biochemical drugs,
vol. 37, no. 5, pp. 441–443, 2017, (in Chinese).

[41] J. Gao, Q. Wang, Y. Huang, K. Tang, X. Yang, and Z. Cao, “In
silico study of anti-insomnia mechanism for Suanzaoren pre-
scription,” Frontiers in Pharmacology, vol. 10, no. 10, p. 925,
2019.

[42] X. Niu, B. He, Y. Du et al., “The investigation of immuno-
protective and sedative hypnotic effect of total polysaccha-
ride from Suanzaoren decoction by serum metabonomics
approach,” Journal of Chromatography. B, Analytical Technol-
ogies in the Biomedical and Life Sciences, vol. 1, no. 1086,
pp. 29–37, 2018.

[43] H. Manli and X. Yi, “Research progress of depression and cyto-
kines,” International Journal of Psychiatry, vol. 39, no. 1,
pp. 14–17, 2012, (in Chinese).

10 BioMed Research International

https://pubchem.ncbi.nlm.nih.gov/gene/ESR1/human
https://pubchem.ncbi.nlm.nih.gov/gene/ESR1/human
https://pubchem.ncbi.nlm.nih.gov/gene/AKT1S1/human
https://pubchem.ncbi.nlm.nih.gov/gene/AKT1S1/human
https://pubchem.ncbi.nlm.nih.gov/gene/SRC/human
https://pubchem.ncbi.nlm.nih.gov/gene/SRC/human
https://pubchem.ncbi.nlm.nih.gov/bioassay/323108
https://pubchem.ncbi.nlm.nih.gov/bioassay/323108


[44] L. H. Zhan, Y. J. Dong, K. Yang et al., “Soporific effect of mod-
ified Suanzaoren decoction and its effects on the expression of
CCK-8 and orexin-A,” Evidence-based Complementary and
Alternative Medicine, vol. 2020, Article ID 6984087, 17 pages,
2020.

[45] L. Yongchao, P. Liang,W. Gaohua et al., “Preliminary study on
the relationship between inflammatory factors, cortisol, sero-
tonin and the severity of depression,” International Journal
of Psychiatry, vol. 42, no. 6, pp. 6–9, 2015, (in Chinese).

[46] W. Zhiwei and W. Qingsong, “Serum inflammatory factor
level and NF in PBMC in patients with primary insomnia- κ
changes and significance of B expression and peripheral blood
immune cell count,” Shandong medicine, vol. 55, no. 23, pp. 8–
11, 2015, (in Chinese).

11BioMed Research International


	Biomedical Analytics of Four Chinese Medicinals in Treatment of Insomnia Based on Network Pharmacology
	1. Introduction
	2. Method
	2.1. Screening Medicinals’ Compounds and Gene Targets
	2.2. PPI Network Construction
	2.3. Pathway Analysis

	3. Results
	3.1. Active Compounds and Targets of TF
	3.2. Disease Targets and Network
	3.3. Gene Ontology Enrichment Analysis
	3.4. KEGG Enrichment Analysis

	4. Discussion
	5. Conclusion
	Data Availability
	Conflicts of Interest
	Authors’ Contributions
	Acknowledgments
	Supplementary Materials

