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Highlights 

Network pharmacology breaks through the traditional linear research model and coincides with the complexity of 
traditional Chinese medicine, provides technical support and new strategy in the research of traditional Chinese 
medicine. 
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Abstract 

Objective: To study the relationship between traditional Chinese medicine (TCM) research and network pharmacology. 
Methods: Discuss the common features of TCM and network pharmacology through the analysis of the characteristics 
of TCM, the background of network pharmacology, so as better interpretation of TCM and in-depth understanding of 
TCM research and network pharmacology. Results: Multicomponent and multitarget characteristics of TCM as same as 
the study thought of network pharmacology. Network pharmacology breaks through the research model of linear and 
coincides with the complexity of TCM, provides technical support for rational design of TCM formulae, both and a 
new way in the research of TCM. It becomes a new strategy for modern TCM research. Conclusion: Network 
pharmacology is an important breakthrough in TCM research, its research promote modernization and 
internationalization process of TCM conduce to the research and development of TCM and have important 
significance for the integration of Chinese and Western medicine. 
Keywords: Traditional Chinese medicine, Network pharmacology, Multicomponent, Multitarget  
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摘要 

 

目的：探讨中药研究与网络药理学的关系。 

方法：通过分析中医药的特点，网络药理学的背景，探讨中药与网络药理学的共性和个性，从而更

好地解读中医药的现代内涵，使传承与创新结合，深入了解中药研究与网络药理学的关系。 

结果：中药多成分多途径的特征与网络药理学的研究思路存在一定的共性,网络药理学突破传统的线

性研究模式，暗合中药的复杂性，为提高中医药的安全性和合理用药提供了技术支持，为开展中医

药研究提供了新的手段，成为现代中医药研究的新策略。 

结论：网络药理学是中药研究重要突破口，其研究策略促进了中医药的现代化和国际化进程，有助

于中药新药的研究开发，对发展中医药的理论促进中西医药的融合具有重要意义。 

关键词：中药；网络药理学；多成分；多靶点 
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Background 
 
Currently, demand for TCM is increasing around the 
world. Various cultures and civilizations have 
encouraged the large-scale practice of TCM [1-2]. 
Characterized by holistic theory, and a rich experience 
in multicomponent therapeutics, TCM offer bright 
perspectives for treating complex diseases in a 
systematic manner. However, TCM has the 
characteristics of multicomponent and multitarget. 
Therefore, it is still a great challenge to clarify the 
mechanism of TCM under the background of modern 
science [3]. 

With the continuous progress of high-throughput omics 
data, the rapid development of computational methods 
and capabilities, human has entered a new era of 
bio-information. Network pharmacology, network 
medicine has gradually become a popular model of 
research, which has profound impact on drug research 
and new drug discovery [4-6]. Network pharmacology is 
a new discipline based on systematic biology and 
poly-pharmacology, which analyzes the network of 
biological system and chooses special signal nodes for 
drug molecular design of multitarget [7]. The holistic 
philosophy of TCM shares much with the key ideas of 
emerging network pharmacology and network biology, 
and meets the requirements of overcoming complex 
diseases, such as cancer, in a systematic manner. Thus, 
bridging the emerging network science and TCM will 
provide novel methodologies and opportunities for 
discovering bioactive components and biomarkers, 
potentially revealing mechanism of action, and exploring 
the scientific evidence of TCM formulae on the basis of 
complex biological systems. 

 
TCM research from the perspective of modern 
science 
 
TCM has developed over thousands of years and has 
accumulated abundant clinical experience, forming a 
comprehensive and unique medical system.  

Just over 200 years ago, a 21-year-old pharmacist’s 
apprentice named Friedrich Sertürner isolated the first 
pharmacologically active pure compound from a plant: 
morphine from opium produced by cut seed pods of the 
poppy, Papaver somniferum [8]. This initiated an era 
wherein drugs from plants could be purified, studied, and 
administered in precise dosages that did not vary with the 
source or age of the material. Pharmaceutical research 
expanded after the Second World War to include massive 
screening of microorganisms for new antibiotics because 
of the discovery of penicillin. By 1990, about 80% of 
drugs were either natural products or analogs inspired by 
them. Antibiotics (e.g., penicillin, tetracycline, 
erythromycin), antiparasitics (e.g., avermectin), 
antimalarials (e.g., quinine, artemisinin), lipid control 
agents (e.g., lovastatin and analogs), immunosuppressants 
for organ transplants (e.g., cyclosporine, rapamycins) and 

anticancer drugs (e.g., taxol, doxorubicin) revolutionized 
medicine. Life expectancy in much of the world 
lengthened from about 40 years early in the 20th century 
to more than 77 years today. Although the expansion of 
synthetic medicinal chemistry in the 1990s caused the 
proportion of new drugs based on natural products to 
drop to about 50%, 13 natural products derived drugs 
were approved in the United States between 2005 and 
2007, with five of them being the first members of new 
classes [9-10].  

From the data presented, most drugs actually being 
either natural products or directly derived therefrom [11]. 
In the approved drugs, about 60% of the drugs are 
derived directly or indirectly from the natural products 
[12] (Figure 1). 

 
 
 
 
 
 
 
 
 
 
 
 
 

 

 

 

 

 

The complexity of mechanism in TCM 
 
TCM formulae has been verified in clinical practice. It 
has high therapeutic value, and also is a treasure of 
medicine that has developed for several thousands of 
years. According to record of Wushierbingfang in the 
Han Dynasty of China (B.C. 206) and Huangdineijing in 
the Han Dynasty of China (B.C. 475), the total number of 
TCM formulae recorded in various literatures is more 
than 400,000 [13]. it has become major resource for the 
prevention and treatment of complex diseases, 
long-term clinical practice and the development of 
scientific research make people realize that TCM 
formulae plays a therapeutic role through accumulated 
synergy [14, 15].  

Studies have shown that the efficacy of TCM 
formulae depends on the network interaction between 
the material foundation and act mechanisms [16] 
(Figure 2). TCM formulae usually contains hundreds of 
components. Identifying the active components is the 
basis for understanding the mechanisms of the whole 
formulae. Of course, research into a single component, 
such as artemisinin, has achieved great success. 
However, in many cases, the effect of a single 

 

 

Figure 1 Source of small molecule approved drug 
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component is not ideal. The composition of formulae is 
an area of continuous exploration and involves 
accumulated synergy [17].  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

TCM Network Pharmacology is an important 

breakthrough in TCM research 
 
Early research on TCM was limited to single effective 
compounds: the results showed that this approach was 
not the correct one for modernizing TCM. Many 
effective drugs act via modulation of multiple proteins 
rather than single target. Advances in systems biology are 
revealing a phenotypic robustness and a network structure 
that strongly suggests that exquisitely selective 
compounds, compared with multitarget drugs, may 
exhibit lower than desired clinical efficacy [4]. Network 
biology analysis predicts that if in most cases, deletion 
of individual nodes has little effect on disease networks, 
modulating multiple proteins may be required to perturb 
robust phenotypes. Network biology analysis shows 
that, in many cases, disease networks cannot be affected 
by individual nodes. Thus, identification and proof of 
combined nodes in a biological network with 
synergistic effects will produce a desired therapeutic 
outcome [18, 19]. Network pharmacology is new method 
and new strategy based on systematic biology and 
poly-pharmacology [20]. It integrates the network of 
biology and the network of drug, from single target to 
integrate network analysis [21]. Network pharmacology 
helps scientists analyze comprehensively the 
interactions among network parameters and potential 
drugs. It also allows examination of drugs’ 
pharmaceutical effects and molecular mechanisms [22]. 
The holistic philosophy of TCM shares much with the 
key ideas of emerging network pharmacology and 
network biology, and meets the requirements of 
overcoming complex diseases, such as cancer, in a 
systematic manner. So network pharmacology is rapidly 

becoming a cutting-edge research field in current drug 
studies and the next-generation mode of drug research. 
 

Methodologies of TCM network pharmacology 
 
Focusing on multicomponent, multitarget and system 
regulationthe of TCM [23], a set of TCM network 
pharmacology methods were created, we can divided into 
four steps: (1) Identify the active TCM components. (2) 
Identify the target of the active components. (3) Construct 
network of disease-target-drug. (4) Network analysis 
(Figure 3). 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Identify the active TCM components 

One of the great challenges in the modernization of 
TCM is to identify the active TCM components and 
component pairs that produce the therapeutic effects or 
the adverse effects. And which is the basis for 
understanding the mechanisms of the TCM formulae. 
Scientists in the field of TCM and bioinformatics have 
done a great deal of work in the construction of TCM 
informatization, and constructed a large number of TCM 
databases. For example, TCM, 3D-MSDT, TCMID and 
TCM Database@Taiwan et al, the active components of 
TCM can be obtained through querying these databases 
[23-27]. 
 
Identify the target of the active components 

Drug molecules through combining with specific proteins 
or nucleic acid targets, to regulate their biological activity, 
so as doing their work. Therefore, it is an essential step 
to understand the act mechanisms of TCM formulae to 
identify the target affected by the active components of 
TCM. Currently, the bioinformatics methods of 
identifying drug-targets include literature mining, omics 
experiment, calculation and prediction and database 
query [4]. In recent years, a large number of target data 
have been developed, such as DrugBank, TTD, 
STITCH, PDTD and HIT [28-31]. 
 

 
Figure 2 Network interaction between the 

material foundation and act mechanisms 

 

Figure 3 The research route of network 

pharmacology 
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Construct network of disease - target - drug   
Intuitively, the genes and proteins involved in the disease 
should be the target of the disease, but the fact is not so. 
The study group of Barabási constructed and analyzed the 
relationship between gene and disease [32]. It was found 
that a disease is rarely a consequence of an abnormality in 
a single gene [33]. The inherent mechanisms of a disease 
can be characterized with the biomolecular network 
model. Therefore, the identification of disease-related 
genes and the construction of disease-related networks, is 
one of the important element of network pharmacology 
research.  

Information of disease-related gene can be obtained by 
database query and literature mining. The biomolecular 
network for disease-related gene or TCM components can 
be further constructed by the Cytoscape software. Finally, 
through integrating these datasets, a construction strategy 
for a network of a particular disease or TCM syndrome 
was proposed [34]. Various datasets have also been 
integrated to analyze and evaluate the network balance at 
the molecular and signaling pathway levels [35-38].  
 
Network Analysis 

Determining the signal pathway or sub-network regulated 
by the drug is the core of network pharmacology research. 
By making use of the network biology, the signal 
pathway or sub-network regulated by the drug was 
identified and interactions of the target proteins of active 
components were analyzed, which can help us to evaluate 
the effect of TCM on disease network, explore the 
mechanisms of the TCM formulae and syndrome 
relationship [4].  
 
Applications of TCM network pharmacology 
 
Discovery of active TCM components 

Identification of active components and synergistic 
combinations: citing for the intervention of tumor 
angiogenesis as an example, core compatibility network 
are extracted from 3685 TCM formula. And some TCM 
formulae combinations which are of synergistic or 
antagonistic effects have been found in anti-angiogenic 
activities of various components estimated from those 
core compatibility networks [39]. 
 

Understanding the combinatorial rules of TCM 

formulae 

Because many pathological processes are involved in a 
complex disease, and because they can be organized into 
different functional modules in a disease biomolecular 
network, it is reasonable to assume that the 
“Jun-Chen-Zuo-Shi” principle of TCM formulae can be 
explained by the actions of TCM on network-based 
functional modules. Given the ability to predict the target 
profiles of active components in TCM formulae, it is 
possible to reveal the combinatorial rule of 
“Jun-Chen-Zuo-Shi” based on the target interactions on 
the disease molecular network. Moreover, the interactions 
of the target proteins of active components may 

contribute to the “Emergence” of the comprehensive 
effects of TCM formulae [40-41]. Therefore, it is 
promising to interpret the scientific basis and 
combinatorial rules of TCM formulae by the network 
target analysis of active components. By studying the 
characteristics of different combinatorial rules of TCM 
formulae, it is possible to explain the scientific 
connotation of combinatorial rules of TCM formulae 
from a new perspective. 
 
Elucidation of the TCM formulae and syndrome 

relationship 

TCM formulae is different from the individual 
component drug is characterized by the relationship 
between TCM formulae and syndromes. The 
formulae-syndrome relationship can be reflected by the 
rules of the “same treatment for different diseases” and 
“the same disease with different treatments” in TCM. 
Network pharmacology has been applied to explore the 
mechanisms as well as biomarkers of the TCM formulae 
and syndrome relationship, and they greatly facilitate the 
mechanistic interpretation of TCM formulae and 
syndrome. 
 
Rational design and optimization of TCM formulae  

TCM Network pharmacology can provide some feasible 
strategies and recommendations to increase the success 
rate of modern drug discovery as well as TCM network 
pharmacology can also be used to refine the experience 
by identifying and optimizing the synergistic and 
antagonistic combinatorial rules of TCM formulae, which 
in turn benefits combinatorial drug development. 
Therefore, rational design and optimization based on 
TCM network pharmacology is determining the best 
method of designing an optimal TCM formulae of 
multicomponent with a clear understanding of its 
pharmacology and potential drug-related adverse effects. 
In the future, two ways will be further explored as 
follows: (1) quantifying TCM formulae combinations 
with high efficacy and low side effects. (2) making use of 
the characteristics of the combinatorial rules of TCM 
formulae from a network perspective. Then, based on 
them, it is expected to develop a new algorithm for 
network targets suitable for rational design of TCM 
formulae. 
 
Discussion 
 
With continuous development of network pharmacology 
research, research methods will also show varied 
characteristics. The longstanding, successful application 
of TCM formulae makes it clear that phototherapy has 
synergistic effects: these occur when the efficacy of a 
formulae is greater than the summed effects of each 
individual component. Various constituents in a 
formulae may enhance the bioavailability or function on 
several targets instead of one to produce the synergistic 
effects [42-43]. Therefore, new drug development and 
research should first focus on the synergy among the 
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monomer components. Research into the synergistic 
actions of TCM can begin in a higher position, 
effectively standing on the shoulders of giants. One of 
those shoulders is the essence of TCM, the other is 
modern science and technology, such as network 
pharmacology. New drug strategies should be based on 
known effective TCM formulae in TCM. Such formulae 
provide a great many active components for further 
research and reduce many potential side effects. Solid 
basic research should be conducted to identify the active 
components preferably in the same formulae. Then, 
based on all the active components, combinations of two 
or three monomers should be screened out using the 
network pharmacology method. Subsequently, through 
structural modifications and improvements as well as 
adjusting the dosage and proportions of the species used, 
the efficacy of the drug group will be continuously 
improved, side effects will be constantly reduced, such 
that, finally, the optimal synergistic drug combination 
will result. 
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