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eases. Within the realm of traditional Chinese medicine (TCM), network pharmacology serves as a
scientific approach to elucidate the compatibility relationships and underlying mechanisms of action
in TCM formulas. It facilitates the identification of potential active ingredients within these formulas, pro-
viding a comprehensive understanding of their holistic and systematic nature, which aligns with the
holistic principles inherent in TCM theory. TCM formulas exhibit complexity due to their multi-
component characteristic, involving diverse targets and pathways. Consequently, investigating their
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molecular mechanism material basis and mechanisms becomes challenging. Network pharmacology has emerged as a valuable
network analysis approach in TCM formula research, leveraging its holistic and systematic advantages. The manuscript
network pharmacology aims to provide an overview of the application of network pharmacology in studying TCM formula com-
systems biology patibility rules and explore future research directions. Specifically, we focus on how network pharmacol-
target prediction ogy aids in interpreting TCM pharmacological theories and understanding formula compositions.
traditional chinese medicine Additionally, we elucidate the process of utilizing network pharmacology to identify active ingredients

within TCM formulas. These findings not only offer novel research models and perspectives for integrat-

ing network pharmacology with TCM theory but also present new methodologies for investigating TCM

formula compatibility. All in all, network pharmacology has become an indispensable and crucial tool in

advancing TCM formula research.

© 2024 Tianjin Press of Chinese Herbal Medicines. Published by ELSEVIER B.V. This is an open access article
under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction

Network pharmacology is an interdisciplinary field that merges
systems biology, bioinformatics, and various other disciplines to
comprehensively analyze the molecular interactions between
drugs and therapeutic targets. This approach offers a systems-
level and holistic perspective, enabling a deeper understanding of
the complex mechanisms underlying drug action (Wang, Wang,
Zheng, & Li, 2021). By revealing the systemic pharmacological
mechanisms of drugs, it guides the development of new drugs
and clinical treatment. Meanwhile, it is also an emerging and orig-
inal discipline for systematic drug research in the era of artificial
intelligence and big data (Li, 2021; Niu, Zhang, Zhang, Yang, & Li,
2021). Utilizing computational methods, network pharmacology
has the capability to predict potential mechanisms of drug action
and explore both the therapeutic effects and adverse reactions
associated with drugs. Presently, there is a broad application of
network pharmacology by scholars in the field of traditional Chi-
nese medicine (TCM) pharmacology and TCM formula compatibil-
ity studies (Zhang & Li, 2015). By constructing the “drug-
ingredient-target” interaction network, network pharmacology
can infer the interaction relationship between the chemical com-
ponents in TCM formulas and disease targets, and predict the key
chemical components and their target functions in the prescrip-
tions (Zuo et al., 2018).

In clinical practice, TCM adheres to various principles regarding
the compatibility of herbal medicines. These principles include
theories such as the “Four Natures and Five Flavors” theory, mutual
coordination, medicinal properties attributed to meridians, drug
antagonism, and drug compatibility (Xiao, 2005). The concept of
“Sovereign-Minister-Assistant-Courier” in TCM formulas is an
important principle in the compatibility of different herbs in a
TCM prescription. It involves the interactions between different
herbs in the TCM prescriptions. Through network pharmacology
and constructing the “drug-ingredient-target” interaction network,
“Sovereign-Minister-Assistant-Courier” can be explained and elab-
orated to a certain extent, and key chemical components and target
functions in TCM formulas can be predicted (Li & Su, 2016).

In addition, network pharmacology can also apply molecular
docking technology to predict the material basis and mechanism
of action of drugs. By constructing a “drug-target-disease” network
and conducting enrichment analysis on this network, it is possible
to systematically explain the biological processes and signaling
pathways involved in the treatment of diseases by the formula,
and thus reveal its mechanism of preventing and treating complex
diseases. Furthermore, network pharmacology can further verify
the predicted results through in vitro and in vivo pharmacological
experiments, greatly improving the efficiency of screening active
ingredients in TCM and providing a prominent role in predicting
new active ingredients in TCM. Therefore, the effective combina-
tion of network pharmacology research mode and TCM theory
has expanded the scientific and effective interpretation framework
of the holistic concept of TCM and provided a new approach for the
study of the pharmacological material basis and molecular mecha-
nism of TCM (Han, Lv, Li, & Jiang, 2019; Zhuang, Cai, & Zhang,
2021).

573

2. Interpretation of compatibility rules of TCM formulas

The principle of compatibility in TCM formula is mainly based
on “medicinal properties”, “seven emotional factors compatibil-
ity”, and “Sovereign-Minister-Assistant-Courier”. Given the intri-
cate nature of the components, pathways, and targets within
TCM formulas, the conventional “single target-single drug”
research model faces challenges when applied to investigate
the compatibility of TCM formulas. However, through the appli-
cation of network pharmacology, the compatibility principles of
herbs in TCM formulas can be effectively explained (Tang et al.,
2023).

Fig. 1 illustrates an example of exploring the compatibility rules
within a herbal formula and the association of gene targets with
diseases using network pharmacology, taking Banxia Xiexin Decoc-
tion as an example. The process demonstrates a brief overview of
how the principles of compatibility within the formula and the cor-
relation with disease-related gene targets can be elucidated. By
utilizing methods such as random walk with restart (RWR) based
scores, it is observed that Pinelliae Rhizoma (Banxia in Chinese), Zin-
giberis Rhizoma (Ganjiang in Chinese), and Coptidis Rhizoma (Huan-
glian in Chinese) exhibit relatively high scores within Banxia
Xiexin Decoction, indicating their strong association with the tar-
get genes. On the other hand, Ginseng Radix et Rhizoma (Renshen
in Chinese) and Jujubae Fructus (Dazao in Chinese) demonstrate a
lower correlation with the disease. In Banxia Xiexin Decoction,
Pinelliae Rhizoma is considered the “Jun” (Sovereign) medicine, Zin-
giberis Rhizoma, Coptidis Rhizoma, and Scutellariae Radix (Huangqin
in Chinese) are the “Chen” (Minister) medicine, Ginseng Radix et
Rhizoma and Jujubae Fructus are the “Zuo” (Assistant) medicine,
and Glycyrrhizae Radix et Rhizoma (Gancao in Chinese) is the “Shi”
(Courier) medicine. The RWR scoring curves for each herb were
used to calculate the AUCC (Area Under the Curve of the Receiver
Operating Characteristic) values, and the AUCC values increased
in the following order: Pinelliae Rhizoma > Zingiberis Rhizoma > Cop-
tidis Rhizoma > Glycyrrhizae Radix et Rhizoma > Scutellariae
Radix > Jujubae Fructus > Ginseng Radix et Rhizoma The results were
consistent with the theoretical expectations, except for Gly-
cyrrhizae Radix et Rhizoma, which showed relatively good
consistency.

2.1. Exploring theory of TCM pharmacology, especially concept of
“medicinal properties”

The concept of “medicinal properties” in TCM refers to a sys-
tematic description of the efficacy, characteristics, and application
rules of TCMs. It includes important aspects such as “four natures
and five flavors”, meridian tropism, ascending and descending,
floating and sinking, toxicity, non-toxicity, etc. The multi-
component and multi-target characteristics of TCMs in the formu-
lation are consistent with the research framework of network
pharmacology. By using network target identification methods,
different molecular groups underlying the medicinal properties
of TCMs can be distinguished, and the molecular basis of the
medicinal properties can be visually demonstrated.
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Banxia Xiexin Decoction
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Fig. 1. Case of network pharmacology analysis of Banxia Xiexin Decoction (Using NP to explore compatibility rules within Banxia Xiexin Decoction and association of gene

targets with diseases).

2.1.1. Four natures and five flavors

Due to the extremely complex and large number of ingredients
contained in each prescription, the application of network pharma-
cology methods can be used to characterize and analyze the chem-
ical and biological properties of the medicinal properties’ theory of
a certain disease-treating prescription. From the micro-level of
ions, molecules, and cells, the theory of TCM properties can be
explained (Lin et al., 2023) and the compatibility rules of TCM for-
mula can be explored. Li Shao proposed the new concept of “net-
work target” from the perspective of the interaction between
drugs and the body, combined with the perspectives of network
pharmacology and systems biology (Li, 2011). Through experi-
ments, they found that the molecular networks of the hot syn-
drome and cold syndrome can distinguish the different biological
effects of hot-type and cold-type formulas (Li, 2009). Chen Jian
and his research team proposed the concept of “property-flavor
network pharmacology” for the first time based on the theory of
TCM properties and flavors (Chen et al,, 2021). They constructed
a network of properties and flavors of TCMs to explore the mech-
anism of Rujin Jiedu Powder in treating viral pneumonia. The team
found that bitter and cold medicines had the most effective ingre-
dients in common, indicating that effective ingredients screened
through network pharmacology can reflect the scientific nature
of the theory of TCM properties and flavors. Han et al. used net-
work pharmacology methods to explore the molecular mecha-
nisms by which typical cold and hot TCM combinations act on
the body. The results showed that the typical cold and hot TCM
groups could be found by this network, which can identify the bio-
logical signal pathways and key molecules involved (Han et al.,
2021). Previous data have shown that some researchers have used
the TCM system pharmacology database and analysis platform to
retrieve and screen targets of TCMs that can raise and float or sink
and settle. The predicted targets from network pharmacology were
confirmed by animal experiments (Zhang et al., 2023).

2.1.2. Ascending and descending, floating and sinking

Li et al. applied pharmacological networks to compare the dif-
ferences in the regulation of the immune-related pathways of
H1N1 influenza by different aromatics, such as Pogostemonis Herba
(Huoxiang in Chinese) and Atractylodis Rhizoma (Cangzhu in Chi-
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nese), which belong to different channels in TCMs (Li et al.,
2016). Their findings indicated that Pogostemonis Herba, which is
classified within the lung channel, might exhibit greater efficacy
in HIN1 influenza treatment compared to Atractylodis Rhizoma,
which does not belong to the lung channel. Wang et al. attempted
to explore the possibility of using network pharmacology to study
the relationship between liver meridian herbs and their therapeu-
tic effects on diseases (Wang, Chen, & Zhao, 2019). The results
revealed a correlation between disease treatment and liver merid-
ian herbs, as determined through network pharmacology analysis.
This finding aligns with the physiological role of the liver meridian
according to TCM theory. Network pharmacology can effectively
conduct research based on the material foundation and molecular
mechanism of TCM properties and flavors, allowing research ques-
tions to be explored from different dimensions. This research
method is helpful for the future development and technical sum-
mary of TCM properties and flavors. We summarized the research
on some typical rising-floating, sinking-descending, cold and hot
TCM and their treatment of diseases, as well as experimental ver-
ification methods using network pharmacology, as shown in Tables
1 and 2.

2.2. Elucidating mechanism of toxicity reactions of TCMs

The toxic effects of TCMs may be exerted through multiple
pathways and targets. Through the method of network pharmacol-
ogy, the toxic reactions of TCM can be sorted out, and the toxic
TCM-target network can be constructed to elucidate the possible
toxic mechanisms in TCMs. This research method provides strong
theoretical support for the safe and effective clinical application
of TCM and can also guide the compatibility process of TCM formu-
las to some extent. Through network pharmacology analysis, a
comprehensive understanding of the toxicity and efficacy mecha-
nisms of drugs can be gained.

2.2.1. Drug-target network analysis

Constructing a network of interactions between drugs and their
target proteins, it involves analyzing the network topology and
associations to identify key target proteins as well as signaling
pathways and biological processes associated with drug medica-
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Table 1
Partial typical rising and sinking TCMs explored and verified by network pharmacology and their related treatment of diseases.
Medicinal TCMs Diseases Verification methods References
properties
Rising Astragali Radix Liver cancer In vitro cell experiment Zhuang, Yao, Hou, Zhang, & Song, 2023
Ephedrae Herba (Mahuang in Chinese) Bronchial asthma In vivo animal Huang et al., 2020; Zhang et al., 2022
experiment
COVID-19 In vivo animal Gao, Song, & Song, 2020
experiment
Bupleuri Radix (Chaihu in Chinese) Depression In vivo animal Li et al., 2022; Li et al., 2021
Puerariae Lobatae Radix (Gegen in Chinese) experiment
Dyslipidemia In vivo animal Lv et al., 2021
experiment
Diabetes In vivo animal Wei, Li, Han, Fu, & Hao, 2022
experiment
Myasthenia gravis In vivo animal Chen et al., 2021
experiment
Liver cancer In vitro cell experiment Zhou et al., 2020
Colon cancer In vitro cell experiment Li, Zhang, Ma, Yang, & Ren, 2022
Platycodonis Radix (Jiegeng in Chinese) Cervical cancer In vivo animal Ma et al., 2022
experiment
Asthma In vitro cell experiment Zhao, Zhao, He, Li, & Cao, 2021
Sinking Descurainiae Semen Bronchial asthma In vivo animal Zhang et al., 2022
Lepidii Semen (Tinglizi in Chinese) experiment
Cardiac fibrosis In vivo animal Wang, Wang, Wang, & Ma, 2022
experiment
Poria (Fuling in Chinese) Gastric cancer In vitro cell experiment Song & Shu, 2022
Nasopharyngeal In vitro cell experiment Wang & Zhu, 2023
carcinoma
Breast cancer In vitro cell experiment Ma et al., 2020; Sun et al., 2022
Achyranthis Bidentatae Radix (Niuxi in Osteoarthritis In vitro cell experiment Chen, Wu, & Zheng, 2020; Lin et al.,
Chinese) 2022
Table 2
Partial typical hot and cold TCMs explored and verified by network pharmacology and their related treatment of diseases.
Medicinal TCMs Diseases Verification methods References
properties
Hot Chuanxiong Rhizoma (Chuanxiong in Cerebral ischemic stroke In vitro cell Bai et al., 2022; Liu et al., 2022
Chinese) experiment
In vivo animal
experiment
Migraine In vivo animal Wang et al., 2022; Zhu, Wu, Wang, Wang, &
experiment Zhang, 2022
Citri Reticulatae Pericarpium (Chenpi in  Hyperlipidemia In vivo animal Zhang, 2022
Chinese) experiment
Chronic obstructive pulmonary In vitro cell Liu et al., 2022; Zhou et al., 2021
disease experiment
Cinnamomi Cortex (Rougui in Chinese)  Depression In vivo animal Ma et al., 2023
experiment
Euodiae Fructus (Wuzhuyu in Chinese) Breast cancer In vitro cell Liu et al.,, 2020
experiment
Gout In vivo animal Ou, Wang, Yang, Wang, & Zhao, 2021
experiment
Insomnia In vivo animal Li et al., 2021
experiment
Nasopharyngeal carcinoma In vitro cell Xu et al., 2022
experiment
Cold Lonicerae Japonicae Flos (Jinyinhua in Acute alcoholic liver injury In vivo animal Liu et al.,, 2021
Chinese) experiment
COVID-19 In vitro cell Li et al., 2022
experiment
Scutellariae Radix Melanoma In vitro cell He et al., 2022
experiment
Oral leukoplakia In vitro cell Hou et al., 2022
experiment
Osteoarthritis In vitro cell Yi et al., 2021
experiment
Anemarrhenae Rhizoma (Zhimu in Inflammation In vitro cell Su, Tan, Lv, & Lei, 2022
Chinese) experiment

tion. This approach demonstrates the potential mechanisms of

drug medication and potential toxicity.

The concept of “network toxicology” was first proposed by the
team of Xiaohui Fan (Fan, Zhao, Jin, Shen, & Liu, 2011). In order
to answer the urgent needs in the field of TCM toxicology and qual-

ity control, Li et al (Li & Ding, 2019) showed the compatibiliy with

the strategy of “network target, multicomponent therapeutics”,
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while forming the hot research field together with network phar-
macology. They discussed the new progress on these blooming
research fields, and their integration potential with network phar-
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macology. Ding et al. explored the possible molecular mechanisms
of the reproductive toxicity of Tripterygium wilfordii Hook.f. (Lei-
gongteng in Chinese) from the perspective of network pharmacol-
ogy and bioinformatics and screened the key targets of its
reproductive toxicity (Ding, Wu, & Liu, 2021). He et al. used data-
base retrieval to identify the targets of cardiac adverse reactions
induced by Aconiti Lateralis Radix Praeparata (Fuzi in Chinese),
and searched the target components of major toxic constituents
in Aconitum carmichaelii Debx. (Wutou in Chinese) through the
GeneCards database (He, Wu, Dong, & Gao, 2019). Then, they used
Cytoscape software to construct a gene-target network associated
with Aconiti Lateralis Radix Praeparata toxicity-induced cardiac
adverse reactions, performed biological process enrichment analy-
sis, and ultimately predicted the mechanism of cardiac toxicity of
Aconiti Lateralis Radix Praeparata. The results showed that the
quantitative structure-activity relationship model had certain
accuracy in predicting the acute toxicity of TCM components.
Other data suggested that the quantitative structure-activity rela-
tionship model could also predict the acute toxicity of aromatic
amines with high accuracy and predictive ability (Li & Liao, 2013).

2.2.2. Network analysis based on systems biology

Integrating principles and methods of systems biology, it
involves analyzing the interaction networks between drugs and
genes, proteins, metabolites, and other entities. By constructing
and analyzing these networks, it is possible to uncover the interac-
tions between drugs and various levels within an organism and
their impact on biological processes. This provides a deeper under-
standing of the mechanisms underlying the toxicity and efficacy of
drugs. Li et al. investigated the hepatotoxicity of Rhei Radix et Rhi-
zoma (Dahuang in Chinese) using a combination of UPLC-Q-TOF/
MS metabolomics and network pharmacology (Li et al., 2021). They
identified potential targets related to the hepatotoxicity of Rhei
Radix et Rhizoma and found that Rhei Radix et Rhizoma may exert
its hepatotoxic effects through the cyclic adenosine monophos-
phate (cAMP) signaling pathway, cholinergic synapses, and modu-
lation of TRP channels involved in inflammation. The dopamine D1
receptor (DRD1) and dopamine D2 receptor (DRD2) were among
the identified targets.

2.2.3. Drug-disease network analysis

The networks consisting of drugs, diseases, and related genes,
proteins, etc., are constructed to analyze the effects of drugs on dis-
eases and their underlying mechanisms. This analysis can reveal
the interaction between drugs and diseases, providing a theoretical
basis for understanding the therapeutic effects and potential toxi-
cities of drugs. Dan et al. retrieved databases and constructed a
compound-target-network of TCM, analyzed their properties and
distribution in meridians, and summarized the rules of anti-
tumor drugs with cardiac toxicity (Dan et al., 2020).

2.2.4. Toxicity prediction and screening

Utilizing known toxicity data and drug chemical features,
machine learning and prediction models are applied to predict
the potential toxicity of drugs. This approach enables early-stage
screening and evaluation of drugs, reducing the risk of toxicity.
In the study of nephrotoxicity using network toxicology, Qiu
et al. constructed a high-throughput in vitro model for evaluating
renal toxicity and predicted the toxicity of a large number of com-
pounds using a quantitative structure-activity relationship (Qiu,
Zhou, & Li, 2017). Zhang et al. applied the network toxicology pre-
diction software Mold2 to calculate molecular descriptors for 7 409
chemical components of TCM and constructed a quantitative
structure-activity relationship model using the random forest algo-
rithm to select the optimal predictive model (Zhang et al., 2014).
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Network pharmacology can analyze and predict the toxic com-
ponents of TCM by constructing network models, screening for
toxic components in toxic TCMs, studying their toxic mechanisms
and compatibility taboos, providing a new approach to the study of
TCM toxicity. This research method provides new technical sup-
port for improving the safety and rational use of TCMs in the study
of the compatibility rules of TCM formulas, and further promotes
the modernization of TCMs (Pelkonen, Xu, & Fan, 2014).

Through the aforementioned methods, network pharmacology
can provide a comprehensive and systematic analysis of drug
effects and toxicities, aid in a scientific understanding of drug
mechanisms, optimize drug development and clinical applications,
and improve drug safety and efficacy.

2.3. Explaining basic principles of composing formula compatibility

In a TCM formula, the “Sovereign” herb represents the main
therapeutic component of the formula and directly treats the pri-
mary disease. Other herbs such as the “Minister”, the “Assistant”,
and the “Courier” have different roles in enhancing the formula’s
efficacy, treating accompanying symptoms, promoting the main
component’s therapeutic effect, and harmonizing the formula.
The different roles and compatibility relationships among these
herbs can further improve the efficacy and safety of the formula,
enabling it to exert a more significant therapeutic effect in clinical
applications (Wei & Wang, 2013). The interpretation of the
“Sovereign-Minister-Assistant-Courier” relationship in TCMs using
network pharmacology can be achieved by collecting data on the
medicinal ingredients and targets related to the “Sovereign-Minis
ter-Assistant-Courier” concept. This data can be obtained from
TCM databases, chemical databases, bioinformatics databases,
and other relevant sources.

Next, the medicinal ingredients of the “Sovereign”, “Minister”,
and “Assistant” herbs are considered nodes in the network model,
and they are connected to their corresponding targets. This net-
work model can be constructed using network analysis tools and
algorithms such as Cytoscape.

Subsequently, network pharmacology methods are applied to
analyze and explore the relationships within the network model.
This includes network topology analysis, module discovery, node
centrality calculation, and functional enrichment analysis, etc.
These analyses uncover the underlying relationships and mecha-
nisms involved in the “Sovereign-Minister-Assistant-Courier” con-
cept of TCMs. Finally, the results of network pharmacology analysis
are interpreted and validated through experimental validation and
literature research. This validation process involves verifying the
biological functions and interactions of key nodes identified in
the network model. Experimental validation can include in vitro
experiments, animal studies, clinical trials, and etc.

Based on the results of network pharmacology analysis, conclu-
sions regarding the “Sovereign-Minister-Assistant-Courier” rela-
tionship in TCMs can be drawn. These conclusions can be applied
to the rational use of TCMs and drug development.

Tao et al. identified 58 bioactive compounds and predicted 32
potential targets associated with cardiovascular diseases in the for-
mula containing Curcumae Radix (Yujin in Chinese) using inte-
grated network analysis (Tao et al.,, 2013). The results indicated
that Curcumae Radix is the main component for preventing cardio-
vascular diseases, and the other three drugs, Gardeniae Fructus
(Zhizi in Chinese), Moschus (Shexiang in Chinese), and Borneolum
Syntheticum (Bingpian in Chinese), can serve as auxiliary drugs to
enhance the efficacy of the main components. Moreover, these
three drugs may act synergistically to effectively prevent and treat
cardiovascular diseases, which is consistent with the principle of
synergistic effects in the TCM formula and is in line with the con-
cept of “Sovereign-Minister-Assistant-Courier” in TCMs. Yang et al.
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clarified the molecular mechanisms of individual herbs and high-
lighted the synergistic effects among herbs in Banxia Xiexin Decoc-
tion, effectively interpreting the traditional theory of “Sovereign-
Minister-Assistant-Courier” in TCM formula from a network per-
spective (Yang et al., 2018). Sheng et al. studied the thrombolytic
capsule formula for treating cardiovascular diseases by using a
rat model of disseminated intravascular coagulation (Sheng et al.,
2014). They identified important cross-targets of the single herbal
medicine in the formula, where multiple active chemical compo-
nents may simultaneously interact with the same target, thus
explaining the compatibility rules of “Sovereign-Minister-Assis
tant-Courier” in the herbal formula. The use of network pharma-
cology allows for a systematic exploration of the interactions
between the constituents of TCMs and their targets, providing
insights into their underlying mechanisms of action. It provides a
scientific basis for the clinical application and rational compatibil-
ity of TCMs.

The research strategy of component-based TCMs based on net-
work pharmacology can effectively study the rationality of the
compatibility of TCM components, as well as the characteristics
of drug interactions between effective components, such as syn-
ergy, addition, antagonism, etc. This is consistent with the theory
of “Dan Xing (single action)”, “Xiang Shi (mutual promotion)”,
“Xiang Xu (mutual restraint)”, “Xiang Wei (mutual avoidance)”,
“Xiang Sha (mutual killing)”, “Xiang Wu (mutual hatred)”, and
“Xiang Fan (mutual opposition)” in TCM formula compatibility.
This strategy can further reveal the compatibility laws of TCM for-
mulas and verify their scientific and rational nature. Modern
research has shown that methods such as target network analysis,
functional annotation analysis, and model construction based on
network pharmacology can reveal the compatibility laws of TCM
formulas. Li et al. demonstrated the importance of network
target-based methods in evaluating synergistic drug combinations
and promoting the development of combination therapy (Li, Zhang,
& Zhang, 2011). They used network-based target screening to iden-
tify the synergistic drug combinations and showed that applying
network pharmacology can discover and explore the rules of for-
mula compatibility. In another study, researchers explored the net-
work pharmacological mechanism of the effective ingredients of
the TCM formula Zuojin Pills for gastric cancer patients. They used

Table 3
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protein-protein interaction and gene ontology and genome analy-
sis combined with previously retrieved data to identify 176 targets
of Coptidis Rhizoma, respectively, with the majority of targets over-
lapping, indicating the possible interaction between these two
herbs during the treatment process (Zhang et al., 2020). Li et al.
constructed a herbal network using 3 865 related formulas, which
effectively explained the TCM pairing and compatibility phenom-
ena, and also discovered new drug pairs with synergistic and
antagonistic effects (Liang, Li, & Li, 2014). Han et al. established a
“compound-target-pathway-disease” network diagram in a study
on Yuanhu Zhitong Dropping Pill, which showed that the monarch
drug, Chuanxiong Rhizoma (Chuanxiong in Chinese), played a major
therapeutic role, and the minister drug, Angelicae Dahuricae Radix
(Baizhi in Chinese), played an auxiliary role in prolonging the effect
of Chuanxiong Rhizoma, consistent with the theory of herbal pairing
and compatibility in TCMs (Han et al., 2016). The author summa-
rized the current research on some TCM formulas and their corre-
sponding diseases using network pharmacology, as well as the
validation methods for the results obtained (Table 3).

The compatibility of TCMs is not the simple sum of the effects of
individual herbs. It also needs to take into account the dosage of
drugs and whether they are appropriate for the symptoms. There-
fore, it is necessary to consider the compatibility rules of the pre-
scription as a whole. Network pharmacology has played an
important auxiliary role in the design of TCM formulas. Through
network pharmacology methods, the targets of TCMs in the for-
mula, active ingredients, pharmacological mechanisms, and com-
patibility rules can be further revealed. Network pharmacology
not only enables the regulation of disease systems under the guid-
ance of TCM theory but also promotes the progress of research on
TCM formulas. Therefore, in the compatibility of TCMs, the overall
compatibility should be emphasized by network pharmacology,
and it should be used as an auxiliary tool to design more rational
TCM formulas.

3. Using network pharmacology to discover active components
in TCMs

By combining multiple database software and network visual-
ization techniques, researchers can construct network models of

Some TCM formulas, corresponding treated diseases, and validation methods for network pharmacology analysis results.

Disease types

TCM formulas

Diseases

Verification methods

References

Respiratory system cisease
Endocrine system disease

Reproductive system disease

Metabolic disease
Central nervous system disease

Circulation system disease

Digestive system disease

Motor system disease

Mai Men Dong Decoction

Bu Yang Huan Wu Decoction
Erchen Decoction

Xihuang Capsules

Chaihu Shugan Powder

Qiangjing Tablets

Chaihu Shugan Powder
MaHuang Fuzi Xixin Decoction
Yiqi Tongmai Fang

Xueshuan Tong Capsules

Pingyang Jianya Fang
Shexiang Xintong Ning Tablets
Huanggqi Jianzhong Decoction
Huanglian Jiedu Decoction

Moluo Dan Pill
Shenxian Decoction
Xianling Gubao Capsules

Pulmonary fibrosis

Diabetes

Olycystic ovarian syndrom
Granulomatous mastitis
Liver-qi stagnation and blood
stasis type psychogenic erectile
dysfunction

Male infertility

Non-alcoholic fatty liver disease
Migraine

Ischemic stroke

Ischemic microvascular
dysfunction in the brain
Hypertension

Coronary disease

Gastric cancer

Liver cancer

Chronic atrophic gastritis
Myasthenia gravis
Osteoporosis

In vitro cell experiment
In vivo animal experiment
In vivo animal experiment
In vivo animal experiment
In vitro cell experiment

In vivo animal experiment
In vivo animal experiment
In vivo animal experiment
In vivo animal experiment
In vivo animal experiment

In vivo animal experiment
In vitro cell experiment
In vivo animal experiment
In vitro cell experiment
In vivo animal experiment
In vitro cell experiment
In vivo animal experiment
In vivo animal experiment

Wang et al., 2022
Liu et al.,, 2023
Cong et al., 2021
Dai & Xie, 2022
Lin et al., 2022

Shen et al., 2022

Lei et al., 2022; Nie et al., 2020
Ge et al., 2022

Chen & Cui, 2022

Wang et al., 2022

Liu, Li, Chen, Wang, & Xiao, 2021
Jia et al., 2021

Li et al., 2022

Huang et al., 2020

Zhou et al., 2022
Zhang et al., 2022
Chai et al., 2022

577



Y. Liu, X. Li, C. Chen et al.

component-target-pathway, and further analyze the relationship
between drugs, targets, and diseases. It can not only effectively
predict the active components of TCM and their corresponding
mechanisms of action, but can also be used in conjunction with
molecular docking technology to virtually screen active compo-
nents that may improve diseases.

By constructing a network relationship diagram of drug-target-
disease, researchers can analyze and predict the various pharmaco-
logical activities of TCMs, and explore their therapeutic mecha-
nisms and potential clinical application values. The advantage of
this method is that it can comprehensively reveal the mechanisms
of action of multiple active ingredients in TCMs, and greatly
shorten the time and cost of new drug development. Furthermore,
network pharmacology has become an important research field in
modern pharmacology. Currently, the general process of network
pharmacology research on the pharmacological effects and mech-
anisms of TCM formulas or single herbs includes the following
steps: collection and screening of active ingredients, prediction of
target genes based on effective ingredients, obtaining correspond-
ing target genes based on disease/phenotype, identifying the inter-
section of disease targets and compound targets, and ultimately
obtaining the targets of action for TCM formulas or single herbs
against a certain disease. Based on this, network construction
and gene enrichment analysis are performed, the flowchart is
shown in Fig. 2.

For example, Liu et al. utilized network pharmacology in combi-
nation with molecular docking and bioinformatics analysis to
investigate the active ingredients and potential pharmacological
mechanisms of Huaihua San (HHS) in treating ulcerative colitis
(UQ) (Liu et al., 2021). The study identified a total of 28 bioactive
components of HHS and 421 HHS-UC related target proteins. Bioin-
formatics analysis indicated that quercetin, hesperetin, and
kaempferol are potential candidate drugs for UC. In another study,

TCMs
( Compounds / Single herb )

Database search
( TCMSP, TCMIP, Drugbank... )
4

e

\—/ N\
" 7 =>
. A

Diseases

Active ingredients

*‘ ( STITCH, SEA, ChEMBL... )
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5

! 5 J
Integrating and building visual analytics for network
| ( GO, KEGG, Cytoscape... ) ]

Network construction and gene enrichment analysis

Comprehension / Exposure
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Zhang et al. employed a comprehensive network pharmacology
approach combined with molecular docking to investigate the
mechanism of action of Salvia miltiorrhiza Bge. in treating diabetic
nephropathy (DN) (Zhang et al., 2021). They identified 66 active
components and 189 target proteins of S. miltiorrhiza. Among
them, 64 targets were found to overlap with DN-related proteins,
revealing the active ingredients and potential molecular therapeu-
tic mechanisms of S. miltiorrhiza in DN. In the analysis of Suanza-
oren Decoction (SZRD) for the treatment of Parkinson’s disease
with a sleep disorder (PDSD), Liu et al. utilized network pharmacol-
ogy tools to predict a total of 135 active ingredients and 41 corre-
sponding target proteins for PDSD treatment (Liu et al., 2021).
These examples strongly demonstrate that network pharmacology
methods can efficiently screen and predict the active ingredients in
TCMs, accelerating the drug discovery process and providing scien-
tific evidence for the clinical application of TCMs.

During the process of discovering effective ingredients in TCMs
by network pharmacology, experimental validation is a critical
step to ensure data accuracy and reliability. While network phar-
macology can infer the active ingredients and mechanisms of
TCM through large-scale data analysis and prediction, experimen-
tal validation is still necessary to verify the predicted results.

Through in vitro cell experiments or in vitro enzyme activity
assays, the interaction between active ingredients in TCMs and
specific targets can be evaluated to determine the activity and effi-
cacy of the TCM components. Zhou et al. employed network phar-
macology and in vitro experiments to elucidate the action and
mechanism of hesperidin against rotavirus (RV) (Zhou, Qian,
Yuan, Yang, & Song, 2023). Through network pharmacology analy-
sis, molecular docking validation, and experimental research, it
was demonstrated that hesperidin not only exhibits anti-RV
biosynthesis activity but also may exert its anti-RV effects through
the modulation of the PI3K/Akt signaling pathway.

Predicting targets of ingredients Acquisition of disease action target groups
' ( NCBI-gene, GeneCards... )
'?"‘.A

Treatment of different diseases
Rules of TCM compounding
Basics of syndromes

New potential targets
o - New potential therapeutic applications
Prediction / Discovery

New potential TCM pairs

Fig. 2. General process of network pharmacology research on TCMs.
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To determine the efficacy and safety of TCMs, animal experi-
ments are conducted by observing the symptoms, physiological
indicators, and histopathological changes in animals. Li et al. aimed
to validate the key mechanisms of Honghua Buji Fang in treating
vitiligo (Li, Xin, Huang, & Zhu, 2023). They established a vitiligo
mice model and conducted network pharmacology studies to pre-
liminarily screen the main active components of Honghua Buji
Fang, such as mosloflavone, and key targets such as IL-6. In the ani-
mal experiment, the expression of inflammatory factors such as IL-
6 in mouse serum was measured to explore the anti-inflammatory
ability of Honghua Buji Fang. The results showed a significant
reduction in inflammation and alleviation of superficial skin hyper-
plasia in the mice after treatment with Honghua Buji Fang, provid-
ing preliminary confirmation of the accuracy and reliability of the
network pharmacology results.

Clinical trials, including safety assessment, efficacy evaluation,
and side effect monitoring, are conducted to validate the clinical
application value of TCMs. Zhang et al. utilized network pharma-
cology to predict the efficacy of Qianliexiao Decoction in the treat-
ment of chronic prostatitis (Zhang et al., 2021). Clinical
randomized non-blind trials were conducted to validate the find-
ings. The results showed that network pharmacology can predict
the corresponding targets of TCM’s action on diseases to a certain
extent. Qianliexiao Decoction demonstrated a significant improve-
ment in clinical symptoms for patients with type IIIA prostatitis
with damp-heat syndrome.

Experimental validation plays a vital role in obtaining pharma-
cological characteristics of active components in TCMs, thereby
enhancing our understanding of their mechanisms and therapeutic
efficacy. This crucial step in network pharmacology research
ensures reliable data support for the pharmacological exploration
of TCMs. Furthermore, experimental validation serves as a valuable
guide and provides evidence for the clinical application and drug
development of TCMs.

3.1. Collection and screening of active ingredients in TCMs

The acquisition of active compounds is the first step in TCMs
network pharmacology research. Commonly used databases for
obtaining active ingredients in TCM include the Traditional Chi-
nese Medicine Systems Pharmacology Database and Analysis Plat-
form (TCMSP, https://tcmsp-e.com/tcmsp.php) (Ru et al., 2014),
the Traditional Chinese Medicine Integrated Pharmacology
Research Platform (TCMIP, https://www.tcmip.cn/ETCM/index.
php/Home/) (Xu et al., 2019) and Traditional Chinese Medicine
integrative database (TCMID, http://www.megabionet.org/tcmid/)
(Huang et al., 2018; Xue et al., 2013) et al.

In exploring the mechanism of the therapeutic effect of the
Fuzi-Yinyanghuo (Epimedii Folium) herb pair on chronic heart fail-
ure, Huang et al. used TCMSP to collect and search for target active
ingredients of Fuzi and Yinyanghuo, and obtained 28 active ingre-
dients of the herb pair (Huang et al, 2021). Xu et al. and his
research team obtained 59 candidate compounds from Zhenwu
Decoction by using the TCMSP platform for network pharmacology
analysis (Xu et al., 2020). Zhang et al. identified a total of 234 com-
pounds in Zuojin Pill by searching for its main active ingredients
using TCMSP (Zhang et al., 2020). In a study on Yigan Kang’s
improvement of insulin resistance, Yu et al. obtained all the effec-
tive components of 12 TCMs contained in Yi Tang Kang through the
TCMSP database, with a total of 438 effective components that met
the screening criteria (Yu et al., 2023). In the study of the identifi-
cation of key drug targets and molecular mechanisms of Curcumae
Rhizoma (Ezhu in Chinese) in the treatment of liver cancer, Zhao
et al. searched and screened the chemical components of roots
and rhizomes of Curcumae Rhizoma in the TCMSP database, and
finally 22 active ingredients were selected (Zhao et al., 2022). In
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exploring the mechanism of action of total flavonoids of Astragali
Radix (Huangqi in Chinese) in treating nephrotic syndrome, Zhang
et al. used the TCMSP and TCMID databases to obtain the main
active ingredients of total flavonoids of Astragali Radix, and
screened out 20 active ingredients (Zhang et al., 2018). The results
showed that 29 active ingredients in total flavonoids of Astragali
Radix acted on 50 targets, involving various biological processes,
molecular functions, and cellular components, which was consis-
tent with the literature reports.

The elucidation of the pharmacologically active substances in
TCM formulas is crucial for investigating their overall efficacy
and mechanisms of action. And it forms the basis and core of
TCM safety and quality control. However, currently, the issue of
homogenization in key component selection is particularly serious
in TCM network pharmacology research. That is, regardless of dif-
ferent diseases, treatment methods, and TCM formulas used, the
same key components such as quercetin, kaempferol, g-sitosterol,
stigmasterol, and schisandrin are always screened out by TCM net-
work pharmacology-related databases (Zeng & Zhou, 2022). The
phenomenon of “homogenization” of the material basis violates
and indirectly denies the holistic concept and dialectical connota-
tion of “treating the same disease with different therapies” or
“treating different diseases with the same therapy” (Wang,
Zhang, Li, Wang, & Li, 2023). Although current research indicates
that network pharmacology research can fit in with the holistic
thinking of TCM (Liu et al,, 2022) due to the limitations of the
TCM database and the lack of rigor in methods, different diseases
and prescriptions always appear in search results with homoge-
nized components as key active ingredients. This is likely to lead
to an overestimation of the pharmacological effects of homoge-
nized components and causes significant uncontrollable errors in
identifying active ingredients, pharmacological effects of TCM, fla-
vor and meridian tropism, toxicity-effect networks, and other fac-
tors (Xu et al, 2019). In summary, although the network
pharmacology research of the “same disease with different treat-
ments” and “different diseases with the same treatment” theories
of TCM is still in its initial stage, network pharmacology methods
have higher screening accuracy and predictive ability than tradi-
tional large-scale screening methods. By constructing a drug-
target-pathway network model, researchers can comprehensively
understand the mechanism of action and potential therapeutic
effects of active ingredients in TCMs. This method can not only
shorten the screening time for drugs, but also reduce experimental
costs and manpower input, and improve research efficiency. It is
worth mentioning that the application of network pharmacology
methods is not limited to TCM research. In modern pharmacology
research, network pharmacology methods have been widely used
in fields such as compound screening, drug efficacy prediction,
and drug reutilization. Therefore, future research will deepen peo-
ple’s understanding and recognition of TCMs in the treatment of
complex diseases. The promotion and application of this method
can not only promote the research of TCMs but also inject new
vitality into the development of modern pharmacology.

3.2. Prediction of targets of active ingredients

Currently, high-throughput screening technology is rapidly
developing, and the amount of pharmacological activity data for
natural product drugs is increasing substantially, mainly collected
by databases such as PubChem (https://pubchem.ncbi.nlm.nih.gov/)
(Kim, Gindulyte, Zhang, Thiessen, & Bolton, 2021; Kim et al., 2022;
Kim et al,, 2021). Network pharmacology can verify the targets
of active ingredients in TCMs through techniques such as
molecular docking, thereby further confirming the biological activ-
ity of these ingredients (Li, 2021). According to different prediction
principles, the techniques and strategies for predicting drug-target
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interactions can be mainly divided into four categories: ligand-
based methods, target-based methods, machine learning methods,
and combined application methods (Table 4). The databases com-
monly used to predict the targets of active ingredients include
STITCH (http://stitch.embl.de/) (Kuhn et al., 2010; Kuhn, von
Mering, Campillos, Jensen, & Bork, 2008; Szklarczyk et al., 2016),
TTD (https://db.idrblab.net/ttd/) (Southan, Sitzmann, & Muresan,
2013; Wang et al., 2020; Yang et al., 2016; Zhou et al., 2022),
SEA (https://sea.bkslab.org/) (Keiser et al., 2007), SwissTargetPre-
diction (http://www.swisstargetprediction.ch/) (Daina, Michielin,
& Zoete, 2019), BATMAN-TCM (http://bionet.ncpsb.org/batman-
tcm/) (Liu et al., 2016) and others. TTD and SEA are ligand-based
methods, by using the principle of chemical similarity search.
Wang et al. used the SEAware 1.7 software to predict absorption,
distribution, metabolism and excretion (ADME) and therapeutic
targets of the chemical constituents of Aquilariae Lignum Resinatum
(Chenxiang in Chinese) essential oil when studying and predicting
the chemical constituents of Aquilariae Lignum Resinatum essential
oil-disease treatment targets (Wang et al., 2019). Jia et al. used net-
work pharmacology to study the target genes of the anti-
angiogenic effect of the TCM formula Chang Fu Kang on colorectal
cancer (Jia,Yang, & Sun, 2020). They searched for colorectal cancer
genes in five databases including TTD, DrugBank, OMIM, GAD, and
PharmGKB, and found 40, 0, 43, 336, and 4 targets, respectively.
After removing duplicate targets, they obtained 339 colorectal can-
cer gene targets.

The prediction principle of SwissTargetPrediction is based on
the similarity of the two-dimensional and three-dimensional
structures of ligands and known compounds, using pharma-
cophore models to obtain the targets of compounds. Zhang et al.
used network pharmacology methods to study the mechanism of
action of Prunellae Spica (Xiakucao in Chinese) in treating breast
cancer, and through STITCH and Swiss Target Prediction, predicted
379 potential targets for 32 active compounds in Prunellae Spica
(Zhang et al., 2020).

The target prediction method based on receptors mainly
involves reverse molecular docking, which predicts the optimal
orientation of ligand-receptor complex formation to form a stable
complex using molecular docking technology and scores the affin-
ity between ligand and receptor based on a scoring function. Xu
et al. conducted large-scale reverse docking experiments and
molecular dynamics simulation experiments on quercetin gly-
coside derivatives and found that TGFBR1 may be one of the poten-
tial protein targets of quercetin glycoside derivatives,
demonstrating its potential as a promising drug for the treatment
of breast cancer metastasis (Xu, Zhang, Wu, Fang, & Zhao, 2022).

Machine learning methods are mainly divided into two types:
supervised learning and unsupervised learning. Unsupervised
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learning refers to the analysis of large samples of data without
any prior knowledge of the categories, to achieve sample classifica-
tion, data analysis, and model construction, such as principal com-
ponent analysis (PCA). Song et al. applied PCA combined with
network pharmacology to explore the mechanism of Xuefu Zhuyu
Decoction in the treatment of chronic heart failure and identified
588 compounds and 913 potential targets (Song, Sun, Wu, &
Wang, 2020). Supervised learning methods mainly include support
vector machine (SVM), random forest (RF), and MT-QSAR (multi-
target quantitative structure-activity relationship) techniques.
When analyzing the regulatory mechanism of baicalein on lung
cancer, Wang et al. used SVM models combined with network
pharmacology and immunoblotting to identify Bcl-2 and ErbB4
as the main targets of baicalein (Wang et al., 2021). Yuan et al. pre-
dicted the targets of 26 chemical components of Ligusticum chuanx-
iong Hort. (Chuanxiong in Chinese) using a RF-based drug-target
interaction model and evaluated the model accuracy using 10-
fold cross-validation, which was well-validated in the literature
(Yuan, Li, Chen, Song, & Wang, 2014). Hu et al. used network phar-
macology, 3D/2D-QSAR, molecular docking, and molecular dynam-
ics simulations to investigate the molecular mechanism of licorice
flavonoids (LCFs) against melanoma (Hu et al., 2022). They success-
fully identified glabridin, naringenin, and glycyrrhetinic acid as the
key active components and TYR as the critical target for the anti-
melanoma effect.

Although chemical similarity search and pharmacophore mod-
els have advantages such as rapidity and efficiency, their predic-
tion accuracy is not high; whereas machine learning methods are
difficult to directly discover the correlation between protein and
ligand, and difficult to achieve quantitative prediction. Therefore,
multiple techniques need to be combined to complement each
other and design the optimal drug-target screening strategy. Tao
et al. used random forest and support vector machine algorithms
to establish a model for predicting potential targets of components
in the compound Yujin Fang (Tao et al., 2013). Olecular docking
software such as Autodock confirms the predicted results of the
algorithm. Based on this, they discovered 58 active components
and 32 potential targets for cardiovascular disease treatment in
the compound Yujin Fang.

Currently, drug designers have developed various computa-
tional methods to assist in predicting potential drug targets. The
analysis of these algorithms and their characteristics are shown
in Table 5. Here, we briefly introduced their characteristics and
examples of their application in predicting the active ingredients
of TCMs.

Drug CIPHER (Zhao, & Li, 2010) is a target prediction tool devel-
oped by the Li Shao research group, which includes three linear
regression models: drug CIPHER-TS, drug CIPHER-CS, and drug

Table 4
Partial drug-target interaction prediction techniques.
Categories Methods Drugs References
Ligand-based SEA Chenxiang essential oil Wang et al., 2019
Peach kernel-safflower Han et al., 2021
TTD Chang Fu Kang Jia, Yang, & Sun, 2020
Qing Fei Yin Wang et al., 2022
Target-based Reverse molecular docking Quercetin Xu, Zhang, Wu, Fang, & Zhao, 2022
Avicularin Duan, Li, Dong, Xu, & Ma, 2019
Machine learning Principal component analysis Xuefu Zhuyu Decoction Song, Sun, Wu, & Wang, 2020
SVM Wogonin Wang et al., 2021
RF Chuanxiong Rhizoma Yuan, Li, Chen, Song, & Wang, 2014
QSAR LCFs Hu et al., 2022

Combined SVM, RF, AutoDOCK
SVM, RF, AutoDOCK
TTD, SEA

SEA, Swiss target prediction, AutoDOCK

Evodiae Fructus

Yu Jin Formula

Glycyrrhizae Radix et Rhizoma
Curcumae Radix, Corn Stigma
Polygoni Cuspidati Rhizoma et Radix

Chen & Han, 2022

Tao et al., 2013

Liu, Wang, Zhou, Wang, & Yang, 2013
Zhang et al., 2022

Shan, Ji, Wu, & Zhao, 2022
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Table 5
Algorithms and features of partial network pharmacology analysis.
Methods Features Applications References
drugCIPHER A network-based algorithm for drug target Drug similarity analysis; Liang, Li, & Li, 2014
prediction, which primarily integrates three linear Drug target prediction;
regression models based on different metrics in a Drug-disease association analysis;
rigorously scientific language. Optimization of drug formula composition
DMIM A distance-based mutual information method for Study of the molecular mechanisms and interaction Li, Zhang, Jiang, Wei, & Zhang, 2010
analyzing drug compatibility relationships in TCM networks of diseases
formulas.
LMMA A combined method of literature mining and Optimization design of traditional TCM formulas; Li, Wu, & Zhang, 2006
microarray analysis is used to construct gene Screening and evaluation of active ingredients in
networks for specific biological systems. TCMs;
Research on the interaction between TCMs and
targets
CIPHER-SC A regression model that integrates protein-protein Optimization design of TCM formulas; Zhang, Chen, & Li, 2022
interactions, disease phenotype similarity, and gene Screening and evaluation of herbal ingredients;
ontology similarity scould predict disease genes. Investigation of interactions between TCMs and
targets
MiIClique Identification of gene sets based on mutual Discovery of new TCM drugs; Zhang, Song, Wang, & Zhang, 2009
information and clique filtering algorithms. Evaluation of pharmacological effects;
Optimization of herbal formulas;
CIPHER-HIT A method for assessing the closeness between two Drug target prediction; Yao, Hao, Li, & Li, 2011
nodes in a phenotype-gene heterogeneity network, Drug screening
which can identify the genetic correspondence of
disease subtypes by labeling genes and phenotypes
in the phenotype-gene network.
ComCIPHER A novel drug-gene-disease relationship Evaluation of pharmacological effects and Zhao, & Li, 2012
collaborative module method, characterized by component screening of TCM formulations;
closely related drugs, diseases, and genes. Evaluation of TCM formulations;
Correlation analysis between TCM formulations and
diseases
PPA-GCN A framework based on graph convolutional neural Analyzing and predicting the pharmacological Lu, Li, & Li, 2022
networks that utilize the co-directionality activity;
information of genes in specific pathways to learn Potential mechanisms of action, and efficacy evalu-
graph topology patterns and gene node features, ation of Chinese herbal formulae
propagate node properties in the network and assist
in the allocation of metabolic pathways.
RWRNET A network correlation algorithm based on node Predicting the interactions between different Liu et al., 2020

random walk that can combine local and global
topological relationships.

components in TCM formulations;

Identifying potential drug targets;

Exploring the mechanisms of action of TCM
formulations

CIPHER-MS. These models utilize therapeutic similarity (TS),
chemical structure similarity (CS), and multiple similarity informa-
tion syntheses (MS), respectively. Liang et al. used a network phar-
macology approach to explore the molecular mechanisms of
Liuwei Dihuang Pills in treating multiple diseases (Liang, Li, & Li,
2014). They used the drug CIPHER software for target prediction
and found that Liuwei Dihuang Pills mainly act on targets such
as PPARG, RARA, CCR2, ESR1, etc. The DMIM method is a
distance-based mutual information method used for analyzing
the compatibility relationships of drugs in TCM formulas. Li et al.
conducted in vitro experiments to measure the activity of strong
connections between herbs and herb pairs extracted by DMIM, to
evaluate the effectiveness of the herbal network (Li, Zhang, Jiang,
Wei, & Zhang, 2010). They took Liuwei Dihuang Pills as an example
and proposed the concept of “synergistic modules” in a cross-herb-
biomolecule-disease multi-layer network, exploring the potential
combination mechanism of the herbal formula. The results showed
that the herbal network constructed using DMIM technology from
3 865 related formulae not only recovered traditionally defined
herb pairs and formulae well, but also generated new anti-
angiogenic herbal ingredients and herbal pairs with synergistic
or antagonistic effects. The TCM Network Pharmacology Analysis
System(Liu et al., 2024) (TCMNPAS, http://54.223.75.62:3838]) is
a network pharmacology analysis platform for TCM developed by
Ming Yang from Longhua Hospital, affiliated with Shanghai Univer-
sity of Traditional Chinese Medicine. It integrates multiple data-
bases such as TCMSP, TCMID, STITCH, KEGG, GeneCard, and
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Uniprot, and can display the mechanism of action of TCM formulas,
target groups, and the network of drug-target-disease correlations
based on model algorithms, multidimensional analysis, and visual-
ization analysis. It is conducive for researchers to conduct network
pharmacology analysis of TCM formulas and their active compo-
nents more conveniently and efficiently.

Given the complexity of the components in TCMs and the lack
of related fundamental research, predicting drug targets in TCM
network pharmacology requires large-scale investigation into drug
mechanisms in terms of prediction and analysis methods, molecu-
lar target mechanisms, and drug interactions, utilizing complex
network models. To form high-quality integrated TCM network
pharmacology data, it is necessary to establish a shared TCM
molecular mechanism data resource platform, combined with
modern drug molecular mechanism data resources.

3.3. Collecting target groups related to corresponding diseases and
integrating them with compound targets

The target group of the disease is often queried using online
databases such as Online Mendelian Inheritance in Man (OMIM,
https://omim.org/) (Hamosh, Scott, Amberger, Bocchini, &
McKusick, 2005), NCBI-gene (https://www.ncbi.nlm.nih.gov/gene)
(Edgar, Domrachev, & Lash, 2002; Piovesan, Caracausi, Antonaros,
Pelleri, & Vitale, 2016) and GeneCards (https://www.genecards.
org/) (Stelzer et al., 2016). After querying the disease targets and
integrating them with the active ingredient targets, the intersec-
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Table 6
Treatment targets of active ingredients-diseases in some natural drugs retrieved using various databases.
Drugs Ingredients Function/diseases  Main databases Number of  Main targets References
targets
Prunellae Spica Quercetin Gastric cancer OMIM, TTD, 15 AKT1, EGFR, Yang et al., 2020
SwissTargetPrediction SRC
Ursolic acid Osteoporosis GeneCards 44 VEGFA, TP53, Zhao et al., 2021
IL6
Chlorogenic acid COVID-19 SwissTargetPrediction 70 IL6, MAPK3, Wang et al., 2022
CASP3
Astragali Radix Isorhamnetin Ischemic nerve DisGeNET, Swiss Target 50 AKT1, IL6, Zhang, Zhang, Liu,
injury Prediction MMP2 Song, & Du, 2023
Astragaloside IV Diabetes OMIM,TTD, 56 AKT1, VEGFA, Yu, Li, Li, & Xu, 2022
retinopathy SwissTargetPrediction, EGFR
GeneCards
7-Methoxy-4-hydroxy Endothelial OMIM, SwissTargetPrediction, 39 ALB, Zhang et al., 2021
isoflavone dysfunction GeneCards, DisGeNET PTGS2,
TNF
Salviae Miltiorrhizae Tanshinone Iy Hepatic fibrosis GeneCards, OMIM 29 CCND1, MMP9,  Shi et al., 2020
Radix et Rhizoma RELA
Scutellariae Radix Baicalin Obesity Swiss Target Prediction, 37 TNF, NFKB1, Wang et al., 2020
GeneCards, SEA SREBF1
Coptidis Rhizoma Berberine Diabetic GeneCards, DisGeNET 67 RELA, MAPK1, Liu et al.,, 2023
nephropathy IL6
COVID-19 GeneCards, DisGeNET 23 CCL2, IL6, Cao et al.,, 2022
STAT3
Hyperuricemia DisGeNET 15 AKT1, IL6, Li et al., 2021
VEGFA
Rhei Radix et Rhizoma Emodin Rheumatoid GeneCards, OMIM, 32 CASP3, PTGS2, Cao, Zeng, & Rong,
arthritis SwissTargetPrediction, DisGeNET MAPK14 2022
Ischemic stroke OMIM 10 CASP3, KDR, Jia et al., 2021
PTGS1
Aloe emodin Colon cancer GeneCards, OMIM 43 HSP90AA1, Jiang, Ding, Mao, You,
JUN, SRC & Ruan, 2021
Piceatannol-3'-0-$-D- Cognitive Swiss Target Prediction, 71 MAPK1, MMP9, Wang et al., 2023
glucopyranoside impairment GeneCards ESR1
Ginseng Radix et Ginsenoside Rh, Polycystic ovarian  GeneCards, OMIM 13 ESR1, CYP19A1, Wang & Hai, 2023
Rhizoma syndrome SRD5A1
Ginsenoside Rg; Radiation Swiss Target Prediction, 25 AKT1, VEGFA, Wang, Dou, Yan, &
enteritis GeneCards HSP90AA1 Gao, 2023
Ginsenoside Rgs Cancer Swiss Target Prediction 100 STAT3, PTAFR, Gao et al.,, 2022
VEGFA
Glycyrrhizae Radix et Glabridin Diabetic GeneCards 40 EGFR, MAPK1, Tan et al., 2022
Rhizoma nephropathy CASP8

tion of the two can be taken to construct a network of TCM
formulas/monomer-effective  ingredient-target  gene-disease
(Table 6).

Liu et al. used GeneCards to search and select target genes for
diabetes and obtained 1 032 targets. They also searched OMIM
and obtained 60 targets (Liu et al.,, 2023). Liu et al. investigated
the mechanism of Shenfu Huang Formula, which has clinical effi-
cacy in treating COVID-19 patients with sepsis syndrome; they
established a target-disease network using PharmGKB, Drugbank,
and TTD databases and found that 46 targets were directly
involved in immune system diseases and nine targets were associ-
ated with inflammation (Liu et al., 2020).

Despite the rapid advancement of network pharmacology, there
persist inherent risks and unresolved issues that need to be
addressed (Luo et al., 2020; Mao & Zhu, 2021; Yuan et al., 2022;
Zeng & Zhou, 2022; Zhang, Mao, Guo, Lin, & Li, 2016).

The first point is that the network pharmacology of TCM mainly
focuses on static theoretical analysis. However, the metabolism in
organisms is a dynamic life process, in which unknown variable
factors have randomness and timeliness. We cannot rely solely
on a single network model to depict the entire process. The second
point is that there is a homogenization phenomenon in the selec-
tion of key components in some network pharmacology studies
of TCMs. In the early network pharmacology analysis, the key com-
ponent results often included multiple TCM ingredients that are
widely present and commonly found, such as adenosine, amino
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acids, etc. However, these substances were mistakenly considered
as crucial components of the formula. It may be caused by the lack
of precision in component screening strategies, different algo-
rithms producing different results, the uneven quality of the infor-
mation included in databases, and limitations in the information
provided by public databases. The third point is that
information-based prediction needs to be combined with practical
application. Currently, in order to make the analysis results more
reliable, it is generally necessary to conduct experiments such as
in vivo or in vitro experiments, and clinical trials to verify the cor-
rectness and reliability of the analysis results. The fourth point is
that information retrieval results are limited. Currently, many
unknown components and disease mechanisms have not yet been
recorded in the database.

From the perspective of the pharmacological characteristics of
drugs, the effects of some drugs are at the macro level, while
others are at the micro level. Therefore, when conducting database
retrieval, conventional parameter settings may lead to the
omission of some micro-level effect drug components, resulting
in a reduction in the completeness and accuracy of the final retrie-
val results.

3.4. Network construction and gene enrichment analysis

Network construction and gene enrichment analysis of TCMs is
a bioinformatics analysis method applied in the field of TCM
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research. This method integrates various information, such as
known TCM compounds, TCM formulas, and protein targets, to
construct a TCM network model, revealing the molecular mecha-
nisms of TCM in treating diseases. In addition, through gene
enrichment analysis, biological processes and pathways in the
TCM network can be further explored, and genes and functional
categories related to TCM treatment can be identified. Network
construction is achieved through mathematical graph theory and
complex network methods, describing drugs, diseases, and targets
as nodes, and relationships between drugs and targets, diseases
and targets as edges. Nodes and edges form complex networks
with multiple entities and levels. Visualization tools such as Cytos-
cape (Doncheva, Morris, Gorodkin, & Jensen, 2019; Shannon et al.,
2003), Pajek (Han & Guo, 2014) and GUESS (Schwarz & Heider,
2019) can be used to integrate complex data and intuitively pre-
sent the relationships between network nodes. Gene enrichment
analysis refers to the functional enrichment analysis and pathway
analysis of target proteins. The most commonly used methods are
based on databases such as GO (Ashburner et al., 2000), KEGG
(Kanehisa & Goto, 2000; Ogata et al., 1999), DAVID (Huang da,
Sherman, & Lempicki, 2009) and STRING (Snel, Lehmann, Bork &
Huynen, 2000; Szklarczyk et al., 2019). It can associate enriched
biological functions and signaling pathways with diseases and
active ingredients and describe the mechanism of TCM in treating
a certain disease along the main line of TCM-active compound-tar
get/pathway-disease.

The significance level obtained through Fisher’s exact test or
hypergeometric test can be utilized in Gene Ontology (GO) and
Kyoto Encyclopedia of Genes and Genomes (KEGG) enrichment
analysis to screen and identify genes or pathways with significant
biological functions. Based on the degree of expression differences
in genes or pathways, we typically use the regulatory factor (Fold
Change) to select genes or pathways that exhibit significant
changes. By analyzing the topological structure and node
connectivity of gene regulatory networks, we utilize gene regula-
tory networks to identify genes with critical regulatory roles.
Additionally, we use disease association to select genes or path-
ways associated with specific diseases or disease-related genes.
By calculating centrality measures such as betweenness centrality
and degree centrality, which reflect the importance of genes or
pathways in a network, topological centrality is considered as a
criterion to select genes or pathways with significant regulatory
roles. The selection of these filtering criteria depends on the
specific research objectives and analysis methods. By considering
disease associations and topological centrality, researchers can
ensure the selection of genes or pathways that are biologically
meaningful and functionally relevant to the study. These criteria
help in focusing on genes or pathways that are directly linked
to diseases or have significant regulatory roles in the network,
providing insights into disease mechanisms and potential thera-
peutic targets.

Zhou et al. retrieved the chemical components of Qingfei Day-
uan Granules from the TCMSP, ETCM, and YATCM databases, and
then used the STRING database to obtain protein-protein interac-
tion (PPI) networks (Zhou, Li, Ai, Wang, & Ba, 2020). Niu et al. con-
structed a molecular biology network for the hot syndrome of
rheumatoid arthritis and a drug target network for the
syndrome-related TCMs (Niu et al., 2012). After retrieving relevant
information from the database, they used the visualization soft-
ware Cytoscape 2.8.2 for visualization processing and presented
it in the form of a network diagram. Li et al. used the GO and KEGG
databases to explore the TCM network analysis of a famous doc-
tor’s formula for treating rheumatoid arthritis and conducted gene
ontology and pathway enrichment analysis on the top 15 com-
monly used herbal targets (Li, Li, Ouyang, & Li, 2015). Zeng et al.
used Cytoscape 3.7.2 software and Network Analyzer tool to per-
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form topological analysis in their study on the mechanism of active
ingredients in Qingfei Paidu Decoction against COVID-19 and con-
structed a network diagram of TCM-compound-disease-target
(Zeng, Tong, & Li, 2020). Gong et al. constructed a PPI network
based on the STRING database to investigate the pharmacological
mechanism of “Huanglian-Ganjiang” on colorectal cancer and con-
ducted network topology analysis and GO and KEGG pathway
enrichment analysis using Cytoscape 3.2.1 software (Gong et al.,
2019). Zhu et al. identified key targets for the effective active ingre-
dients in Hedyotidis Herba (Baihua she She cao in Chinese) that act
on liver and colon cancer by constructing a PPI network of col-
lected targets using the STRING database and performing GO and
KEGG pathway enrichment analysis using DAVID 6.8 database
(Zhu,Sang Ji,Li, & Wu, 2020). Huang et al. investigated the mecha-
nism of Huanglian Jiedu Decoction in treating liver cancer by per-
forming further analysis on the obtained genes using the DAVID
6.8 database and constructing networks of compound-target,
target-pathway, and target-disease using Cytoscape 3.3.0 software
(Huang et al., 2020).

The ultimate goal of network construction technology is to
build a multi-level, highly accurate, dynamic, comprehensive,
and realistic molecular network based on a large amount of exper-
imental data, which reflects the complex interactions between
molecules and drugs in the organism. This lays the foundation
for using various complex molecular network algorithms to mine
important information such as targets (combinations), drugs (com-
binations), key pathways, and so on. In network pharmacology
research, disease networks, drug networks, and molecular interac-
tion networks can reflect the occurrence and development of dis-
eases, the interactions between drugs, and the interactions
between molecules. Therefore, these networks are of great signifi-
cance for clarifying disease mechanisms, explaining drug action
mechanisms, and achieving drug repositioning.

4. Conclusion and prospects

Network pharmacology is in line with the characteristics of the
research ideas of TCM in terms of integrity, systematicity, and
emphasis on effective components. This technology provides data
from a holistic perspective for the scientific explanation of TCM
formula, which helps to systematically study TCM and scientifi-
cally interpret the pharmacological mechanisms and compatibility
relationships of TCM formula, providing new ideas and methods
for the development of TCM.

Network pharmacology can explain the compatibility relation-
ships in TCMs involving restraint and incompatibility relationships
by analyzing the pharmacological characteristics and interactions
of different herbal medicines. The relationships of “restraint” and
“incompatibility” among various herbs in TCM formulations can
be elucidated by constructing drug-target networks, and drug-
drug interaction networks. Integrating predictive research meth-
ods contributes to a deeper understanding of the pharmacological
mechanisms of TCM, guiding the rational dosage and optimizing
the design of TCM formulas.

In summary, network pharmacology can explain the relation-
ships between single herbs, including restraint and incompatibility
relationships, by constructing drug networks, target networks, and
drug-drug interaction networks. This comprehensive research
approach helps to deepen understanding of the pharmacological
mechanisms of herbal medicine and guides its rational application
and the optimization of herbal formulations.

Currently, the use of artificial intelligence (Al) and machine
learning (ML) techniques to predict drug-target interactions is a
fast and efficient method, which can be applied to discover drug
mechanisms, optimize drug design, and accelerate the drug discov-
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ery process. It is based on extensive biological informatics data and
chemical information and involves building prediction models to
forecast the interactions between drugs and targets (Dai, Yu, & Li,
2022; Li, Zhang, & Wang, 2022; Wang, 2019). With the advent of
the big data era, Al technology is being utilized to uncover general
patterns of drug-target interactions from large-scale biomedical
datasets, and some researchers have already achieved notable
results using this technique (Ding, Tang, Guo, & Zou, 2022; You
et al., 2022).

Despite the limitations and shortcomings of current network
pharmacology, it is believed that this discipline, with the integra-
tion of other disciplines such as metabolomics, genomics, and tran-
scriptomics, along with more advanced algorithms and constant
iteration and updates, will lay a solid foundation for the study of
the compatibility law of TCM formulas and the discovery of new
active components in TCMs.

In addition, it will provide new ideas and methods for the pre-
vention and treatment of complicated diseases with TCM formulas,
provide guarantees for the innovative development of TCM, and
promote the modernization and internationalization of TCM.
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