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Abstract

��Objectives: Systems biology is a novel subject in the 
field of life science that aims at a systems’ level under-
standing of biological systems. Because of the signifi-
cant progress in high-throughput technologies and mo-
lecular biology, systems biology occupies an important 
place in research during the post-genome era.

Methods: The characteristics of systems biology and its 
applicability to traditional medicine research have been 
discussed from three points of view: data and databases, 
network analysis and inference, and modeling and sys-
tems prediction.

Results: The existing databases are mostly associat-
ed with medicinal herbs and their activities, but new 
databases reflecting clinical situations and platforms 
to extract, visualize and analyze data easily need to be 
constructed. Network pharmacology is a key element of 
systems biology, so addressing the multi-component, 
multi-target aspect of pharmacology is important. Stud-
ies of network pharmacology highlight the drug target 
network and network target. Mathematical modeling 
and simulation are just in their infancy, but mathe-
matical modeling of dynamic biological processes is a 
central aspect of systems biology. Computational sim-
ulations allow structured systems and their functional 
properties to be understood and the effects of herbal 

medicines in clinical situations to be predicted.

Conclusion:  Systems biology based on a holistic ap-
proach is a pivotal research methodology for under-
standing the mechanisms of traditional medicine. If 
systems biology is to be incorporated into traditional 
medicine, computational technologies and holistic in-
sights need to be integrated.

1. Introduction

At the turn of the 20th century, a remarkable develop-
ment, which cannot be compared with anything in the 
previous century, has emerged in the field of biology, 
partly because of the completion of the Human Ge-
nome Project which identified three billion chromo-
somes of human deoxyribonucleic acid (DNA). Expec-
tations were that humans might be able to learn the 
secrets and to understand the mechanisms of life and 
death as a result of the knowledge gained from the pro-
ject. A sequence or a function of a gene, however, could 
not explain everything about human beings; therefore, 
interest in the interactions of genes and proteins, the 
physiological functions, and the complex networks in 
living systems has increased [1]. 

Recently, the number of attempts to interpret diverse 
information on complex biological phenomena at the 
systems level has increased because of the develop-
ment of high-throughput technologies and data anal-
ysis methods for processing large amounts of data [2]. 
Omics technologies such as genomics, proteomics, 
metabolomics and transcriptomics have made it pos-
sible to obtain large amounts of information and to un-
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derstand biological phenomena as a whole. Computation-
al studies such as bioinformatics, data mining, machine 
learning, and so on have enabled us to understand and 
predict interactions and patterns of biological systems [1]. 

These recent developments in systematic understanding 
biological phenomena (human physiological functions) 
can be incorporated into systems biology. The emergence 
of systems biology is partly because of the availability of 
huge amounts of quantitative data because of advance-
ments in high-throughput technologies and partly be-
cause of the development of computational methodol-
ogies. Systems biology is a quite new term in the field of 
life sciences, and it focuses on not the living thing itself but 
the emerging properties of the whole network by looking 
at the interactions of the essential factors of organisms [3]. 
Systems biology, therefore, has integrative and multi-scale 
characteristics.

Traditional medicine has mainly been used by Asian 
countries such as Korea, China, and Japan for thousands 
of years to maintain the health of their populations. The 
use of traditional medicine in the world has markedly 
increased over the last decades. Traditional medicine is 
based on clinical experiences acquired over a long time 
and is guided by East Asian traditional philosophy such as 
Yin-yang and five phases which underline the balance of 
the functional system. Traditional medicine also adheres 
to a personalized and holistic approach to describe health 
and disease [4]. 

The viewpoint of systems biology is consistent with the 
holistic perspective of traditional medicine. The concepts 
of systems biology and some aspects of traditional medi-
cine are quite similar. For example, whilst systems biology 
is associated with the integration of the part into the whole, 
holistic approaches of traditional medicine consider the 
body as a whole [5]. Therefore, interest in a systems biology 
approach investigating traditional medicine is greatly in-
creasing, with the main focus being on drug discovery and 
development. In other words, systems biology is becoming 
a cutting edge research field in current drug discovery and 
development. 

In this study, therefore, recent advances in systems biolo-
gy and its applicability to traditional medicine research are 
investigated. The systems biology approach is discussed 
from three points of view: data and databases, network 
analysis and inference, and modeling and systems predic-
tion. Also, the application of systems-biology methodolo-
gies to explain the mechanism of herbal medicine is inves-
tigated.

2. Data and Databases 

These days, the ability to differentiate what information 
is valuable is becoming more important because of the 
flood of data and documents. In particular, as the devel-
opment of high-throughput technologies has made possi-
ble the production of large amounts of data in the field of 
life sciences, the interpretation of those data has become 
more important [6, 7]. Accordingly, the demand for new 
and efficient data mining methods has greatly increased. 
Data mining aims at extracting structured information or 

discovering novel knowledge from a massive amount of 
data. For this reason, one of the most important prereq-
uisites for data mining and systems biology is data availa-
bility. If the amount of data is not sufficient, data research 
should not be undertaken. 

Data mining methods can be conducted by using var-
ious kinds of information obtained from sources such as 
bibliographic literature, experimental data, clinical data, 
etc. In particular, the bibliographic literature on research 
conducted in the field of basic Korean medical sciences 
should be included in data mining by using original texts 
as data sources. In recent research, more complex and 
elaborate analyses have become available due to the use 
of as much data as possible, which is due to the develop-
ment of computational technologies. Because structured 
databases are essential to productive data mining, many 
researchers have focused on the construction of databases 
for traditional medicine. These efforts have resulted in the 
constructions of various databases such as the traditional 
Chinese medical literature analysis and retrieval system 
(TCMLARS) [8], the Korean traditional knowledge portal 
[9], and the knowledge of Oriental medicine web service 
[10], all of which are mainly related to original texts and 
research papers in the field of traditional medicine. More-
over, sources of traditional medicine information for prop-
er data mining and systems biology have been introduced 
recently. Especially, information on herbal medicines, in-
cluding herbal prescriptions, individual herbs, and com-
pounds, could be a very good source for systems biology 
research because such information can provide increased 
knowledge for understanding the underlying mechanisms 
of herbal medicines and for developing drugs. A list of sev-
eral traditional medicine databases for systems biology re-
search is presented in Table 1. 

The traditional Chinese medicine-information database 
(TCM-ID) was developed as a convenient and integrated 
source for information on all aspects of traditional med-
icine. TCM-ID, containing 1,197 prescriptions covering 
1,104 herbs, 9,862 ingredients and 4,111 diseases, provides 
a 3D structure of ingredients and is searchable by prescrip-
tion, medicinal herb or ingredient name [11]. The tradi-
tional Chinese medicines integrated database (TCMID), 
the largest database for traditional medicine, comprises 
six data fields: 46,914 prescriptions, 8,159 herbs, 25,210 
ingredients, 17,521 related targets, and information asso-
ciated with modern medicines including information on 
drugs (6,286) and diseases (3,791) [12]. It provides a virtual 
display of connections between herbs and herbal ingredi-
ents and their targets by means of network-display tools. 
TCM Database@Taiwan has been developed to provide a 
free 3D small molecular structure database for traditional 
medicine [13]. The traditional Chinese medicine systems 
pharmacology (TCMSP) database and analysis platform 
plays a role not only as a data repository but also as a plat-
form for the visualization and analysis of traditional med-
icine on a network level [14]. The Chinese ethnic minori-
ty traditional drugs database (CEMTDD), containing 621 
herbs, 4,060 compounds, 2,163 targets, and 210 diseases, 
displays networks for relations between herbs and diseas-
es as well as between active compounds and active targets 
[15]. The database of medicinal materials and chemical 
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compounds in northeast Asian traditional medicine (TM-
MC), the most recently developed database, has tried to 
overcome the shortcomings of earlier databases, such as 
redundancy of herbs in a system, and contains medicinal 
materials from Korean, Chinese and Japanese pharma-
copoeias [16]. The anticancer herbs database of systems 
pharmacology (CancerHSP) is a specialized database on 
anticancer herbs. This database, which contains antican-
cer activities from 492 cancer cell lines, helps to define the 
molecular mechanisms of anticancer activities [17]. 

Data availability is the first consideration of data mining 
and systems biology because the more data that exist; the 
more the information that can be obtained. The recent-
ly-developed traditional medicine databases contain sev-
eral categories, such as prescriptions, herbs, compounds, 
targets and diseases. Databases are evolving these days. 
Whilst some databases provide herb-related information, 
other databases provide analysis tools to evaluate the re-
lations between information [14]. Recently, specific dis-
ease-related databases have been developed, and these 
specialized databases offer more detailed information 
for understanding the associations between disease- and 

treatment-related factors [17]. 
Nevertheless, existing databases have several drawbacks. 

First, most databases do not state where their information 
came from, which will detract from the reliability of the da-
tabases. Second, some databases include a large amount 
of information but they do not discriminate between syn-
onyms of the same medicinal herb. Last, language barriers 
exist because some databases do not provide multi-lan-
guage platforms. Nevertheless, recent trends are amazing 
in the ways that researchers have overcome the shortcom-
ings of databases and have generated many studies based 
on databases. Overall, databases need to be established to 
allow systems biology to be defined and evaluated.

As traditional medicine has been practiced for thousands 
of years because of its clinical efficacy, new treatment 
methods often arise from clinical situations. Moreover, 
traditional medicine has recently been shown to be very 
effective in treating various chronic diseases such as can-
cer, rheumatoid arthritis, leukemia, and migraine. There-
fore, identifying medical knowledge from clinical data and 
collating quantitative biomarkers could become a signifi-
cant step to bridge the gap between clinical practice and 

Database Description URL Reference

TCM-ID

1,197 prescriptions, 1,104 herbs, 9,862 

ingredients, 12,117 compounds, and 4,111 

diseases

http://bidd.nus.edu.sg/

group/TCMsite/Default.aspx
[11]

TCMID

46,914 prescriptions, 8,159 herbs, 25,210 

ingredients, 6,826 drugs, 17,521 related 

targets, and 3,791 diseases

http://www.megabionet.org/tcmid/ [12]

TCM 

Database@Taiwan
352 herbs, and 37,170 compounds http://tcm.cmu.edu.tw/ [13]

TCMGeneDit
Associated information between TCMs 

and genes, diseases, effects and ingredients
http://tcm.lifescience.ntu.edu.tw [40]

TCMSP
499 herbs, 29,384 ingredients, 3,311 

targets, and 837 associated diseases
http://sm.nwsuaf.edu.cn/lsp/tcmsp.php [14]

TM-MC

536 medicinal materials, 14,492 

compounds, and 24,154 links between 

medicinal materials and compounds

http://informatics.kiom.re.kr/com-

pound/
[16]

CancerHSP

2,349 anticancer herbs, 3,575 anticancer 

ingredients and their molecular structures, 

and ADME parameters

http://lsp.nwsuaf.edu.cn/CancerHSP.php [17]

CEMTDD
621 herbs, 4,060 compounds, 2,163 targets, 

and 210 diseases
http://www.cemtdd.com/index.html [15]

TCM-ID, traditional Chinese medicine information database; TCMID, traditional Chinese medicine integrated database; TCMSP, tradi-
tional Chinese medicine systems pharmacology database and analysis platform; TM-MC, database of medicinal materials and chemical 
compounds in northeast Asian traditional medicine; CancerHSP, anti-cancer herbs database of systems pharmacology; ADME, absorp-
tion, distribution, metabolism, and excretion; CEMTDD, Chinese ethnic minority traditional drugs database.

Table 1 Traditional medicine databases 
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traditional medical theory [18]. Also, platforms to extract, 
visualize and analyze multi-dimensional data easily must 
be built.

3. Network analysis and Inference 

The most active research field in systems biology-based 
traditional medicine studies is the network analysis of the 
relations among herbal prescriptions, individual herbs, 
compounds, targets, and diseases. Systems biology, by 
using computational methods on high-throughput ex-
perimental data, can offer a fast way to achieve the goal 
of identifying the networks by which components interact 
to carry out their regulatory functions. The major technol-
ogies here have become popular tools for understanding 
the network relations between key factors and for discov-
ering drugs. The recent application of forefront technolo-
gies using medicinal herbs and formulae has provided an 
in depth understanding of their targets and ingredients, 
which has facilitated an understanding of their mecha-
nisms and actions. However, because herbal formulae and 
herbs contain a large number of ingredients and their syn-
ergistic and antagonistic effects cannot be easily classified, 
the detailed mechanisms of medicinal herbs and formulae 
still remain unclear. Although complex ingredients and 
complex actions of herbs/herbal prescriptions are unique 
characteristics, they are also ambiguous points that hinder 
our understanding of their actions. However, recent devel-
opments of computational methodologies have allowed 
the analyses of huge amounts of data simultaneously, and 
these data mining technologies hold the limelight as a 
novel approach to the discovery of new drugs. 

Network pharmacology, a key technology of systems bi-
ology, determines how various ingredients interact by 
constructing drug-target-disease networks and analyz-
ing them. It has attracted much attention by researching 
the molecular mechanisms of herbal formulae and herbs 
with complicated targets and diseases. The rise of network 
pharmacology accentuates a paradigm shift from a “sin-
gle-component, single-target” strategy to a “multi-com-
ponent, multi-target” feature. Traditional medicine takes 
an initiating role in the “multi-component, multi-target” 
therapies because hundreds of different components in 
a prescription can cure a disease or even one herb shows 
dynamic effects because of its multiple actions. Therefore, 
explicating the underlying mechanism of a herbal medi-
cine is very difficult because of its complex composition, 
though its efficacy is not in doubt. 

Many network-based computational studies have been 
conducted to find effective components and to detect the 
mechanisms of the actions of herbal prescriptions/herbs 
against many diseases/targets (Table 2). Since the mid-
2000s, interdisciplinary research between network phar-
macology and herbs/herbal prescriptions has been un-
dertaken mainly by the Li Shao group [19-22]. That group 
proposed “network target” theory, which is a disease-spe-
cific bio-molecular network, as a core in the “Herb net-
work (Herbal formula) ─ Biological network (Network 
target) ─ Phenotype network (Disease)” [19]. The close 
relations among those three networks make it possible to 

explain the holistic approach of traditional medicine and 
to provide a new paradigm for drug development. 

The domain of network pharmacology research embrac-
es herbal prescriptions, individual herbs, and compounds. 
The related diseases are also very broad, ranging from 
immunological disorders such as rheumatoid arthritis to 
chronic diseases such as diabetes mellitus to other diseas-
es such as cancer, alcohol-related liver diseases, and mi-
graine headaches. Most explorations have focused on drug 
(herbal prescriptions, herbs, compounds, or ingredients) 
─ target networks [23-26], but some have focused on the 
herb network in herbal prescriptions [20] and the target 
signaling pathway network [27]. Some studies have spot-
lighted pattern identification following a disease and have 
developed a disease-pattern-target network to understand 
the mechanisms of herbal medicines in treating diseases 
[21, 28, 29]. The information gained from the comparisons 
among these networks may provide new knowledge to un-
derstand mechanisms, detect new network targets, and 
propose new combinations of herb/compounds. Overall, 
for the study of network pharmacology, traditional med-
icine theories, omics technologies and bioinformatics 
technologies, including computational mining methods 
and machine learning methods, are combined to interpret 
the mechanisms of herbs/prescriptions-target-diseases 
effectively.

4. Modeling and Systems prediction

The use of mathematical modelling and analysis and pre-
diction of systems has a long history since the first math-
ematical cardiac model developed in the 1960s [30]. For 
several decades since then, various kinds of mathematical 
models have been developed to verify hypotheses and pre-
dict systems. A model is a set of structured assertions that 
state the interactions among entities of a system. The enti-
ties in a model can be various, such as the specific biolog-
ical elements or the specific characteristics of a system. In 
addition, the interactions can be due to various processes 
in a system, such as molecular reactions or the movement 
of a molecule. Changes of entities over time and space 
can be inferred by using a mathematical model. In other 
words, computational models allow us to understand a 
structured system and its functional properties at the sys-
tems level [6].

The in silico simulations in mathematical disease models 
are applicable for cost-effective assessments of drug effi-
cacy and safety, which has made modeling methodologies 
more popular. Since the completion of the genome project 
and the development of high-throughput technologies for 
mass-produced biological data, mathematical modeling 
has become an important tool for drug development [31, 
32]. Advances in systems biology by using computational 
technologies are expected to generate more tools to mine 
information for new theories in drug discovery.

Only a few simulation studies have demonstrated mathe-
matical modeling with herbs and herbal prescriptions (Ta-
ble 3). Paeoniflorin and paeonol extracted from the paeo-
niaceae family were shown in in vivo tests to block several 
ion channel flows in cardiac myocytes [33, 34], but no data 
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Table 2 Selected network pharmacology studies of traditional medicine

Herb/Herbal ingredients/

Herbal prescriptions
Related diseases/Symptoms/ Target Year Reference

Qing-Luo-Yin 

(Hot-Cooling herbal formula)

Wen-Luo-Yin 

(Cold-Warming herbal formula)

Cold- and Hot-syndrome-

related rheumatoid arthritis
2007 [21]

Ganoderic acid D 

(from Ganoderma lucidum)
Cancer 2008 [23]

Rhizoma chuanxiong herb network from 

3,865 collaterals-related herbal formulae
Angiogenesis disorder 2010 [20]

676 compounds Type II diabetes mellitus 2011 [24]
Yishen Juanbi tablet 

(containing the water extracts 

of seven herbs)

Rheumatoid arthritis 2012 [28]

Ligusticum chuanxiong Hort.,

Dalbergia odorifera T. Chen., and 

Corydalis yanhusuo WT Wang	

Cardiovascular disease 2012 [25]

Rhein (from rhubarb)	 Target prediction 2013 [41]
Si-Wu-Tang Target prediction 2013 [42]
Licorice 

(the root of three Glycyrrhiza species)
Target prediction 2013 [26]

Qing-Luo-Yin Rheumatoid arthritis 2014 [22]
Xiao-Chaihu decoction 

Da-Chaihu decoction

Target prediction using addition 

and subtraction theory
2014 [43]

Dan-Shen decoction Coronary heart disease 2014 [29]
Ten herbs (Salvia miltiorrhizae, 

Ginkgo biloba, Ephedrae herba and so on)
Stroke 2014 [27]

Folium eriobotryae Inflammation 2015 [44]

Zhi-Zi-Da-Huang decoction Alcoholic liver disease 2015 [45]

Tianshu formula Migraine 2015 [46]

suggest that those actions can assure cardiaoprotective 
effects. When the effects of paeoniflorin and paeonol are 
simulated in the mathematical cardiac model, both com-
pounds allow the recovery of the cardiac ventricular ac-
tion potential from early after-depolarizations (EADs) [35, 
36]. Interestingly, Shen-Song-Yang-Xin (SSYX), a Chinese 
herbal formula including nine herbs, has been shown to 
block multiple ion channels such as INa, ICaL, Ito, IKs, and IK1 
and to change the duration of the action potential. When 
SSYX treatment was simulated by using an EADs-induced 
cardiac myocyte model, SSYX fully reversed the effect on 
repolarization, showing that SSYX might have cardiopro-
tective effects [37]. These approaches could be the best 
examples for modeling multi-component, multi-action 

therapies using herbal prescriptions. 
The paradigm shift from a “single-component, single-tar-

get” strategy to a “multi-component, multi-target” strat-
egy can be applied in mathematical modelling because a 
simulation shows the comprehensive actions of herbs and 
herbal formulae at the systems level. As stated, experimen-
tal data can be translated into how it will work in a system 
and vice versa. Simulation studies also play an important 
role in connecting links between in vivo/in vitro experi-
ments and clinical studies. For example, in vivo studies 
of SSYX only showed that it inhibited cardiac ion channel 
flows, but simulation studies showed that it might have 
cardiaoprotective effects. Thus, clearly, computational 
simulations are innovative methods for developing drug in 
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Barabasi AL, Gulbahce N, Loscalzo J. Network medi-
cine: a network-based approach to human disease. Nat 

1.

Table 3 Modeling prediction studies of traditional medicine

Herb/Herbal ingredients/

Herbal prescriptions

Related diseases/

Symptoms/Targets
Year Reference

Paeoniflorin
Arrhythmia/

Cardiac ion channels
2013 [35]

Paeonol
Arrhythmia/

Cardiac ion channels
2015 [36]

SSYX 

(containing nine 

medicinal herbs)

Arrhythmia/

Cardiac ion channels
2013 [37]

SSYX, Shen-Song-Yang-Xin.

terms of cost and time savings. 
However, a more widespread integration of modeling and 

experimental programs needs to be developed to under-
stand the biological function of a whole system. Therefore, 
the virtual physiological human (VPH) project was ini-
tiated in 2006. The VPH is intended to provide a unifying 
framework to facilitate integration and prediction, eventu-
ally creating the human body as a single complex system in 
silico. In the future, the VPH is expected to lead to a better 
healthcare system with a more holistic approach to medi-
cine and a preventative approach to diseases [38, 39]. 

Although simulation studies using traditional medicine 
are just an opening stage, their applicability is growing. 
For future studies, developing a systematic computational 
model to predict the complex effects of herbal medicines 
via computational disease models based on traditional 
medicine would be a challenge. Such an approach would 
help us to understand the complicated actions of herbal 
medicines at the systems level.

5. Future prospects

Systems biology has been applied in research on tradi-
tional medicine, especially research on herbal medicines. 
The efficacy of a herbal medicine is considered to be due 
to the combined effects of its various ingredients, the so 
called multi-component effect. Therefore, a systems biol-
ogy approach based on a holistic viewpoint may provide a 
way to understand the mechanisms of herbal medicines, 
which is the reason the systems biology approach is high-
lighted as a meaningful drug development method [31]. 

The systems biology approach to traditional medicine 
has special features that are different from those of previ-
ous research approaches originating from reductionist’s 
aspects [47]. However, not many meaningful outcomes are 
connected to or reflected in clinical situations partly be-
cause the linear and reductive perspectives used in mod-
ern scientific research are not sufficient to reflect the holis-
tic perspectives of traditional medicine. Accordingly, the 
use of a systems biology approach should allow progress 
to be made in understanding the mechanisms of tradi-

tional medicine, though shortcomings, such as the lack of 
databases and computational models, still exist. Therefore, 
much work still needs to be done if the holistic perspec-
tives of traditional medicine and the multiple actions of 
herbal medicines are to be understood through the math-
ematical tools provided by systems biology.

In conclusion, interactions between systems biology 
and traditional medicine are currently taking place. The 
applicability of systems biology to traditional medicine 
depends on establishing the infrastructure to collaborate 
different disciplines, finding better network pharmacology 
methods and mathematical models, and integrating com-
putational technologies into holistic perspectives. Clearly, 
these new mathematical research methodologies will be 
useful and valuable tools for closing the gap between basic 
and clinical sciences and for understanding the link be-
tween Western and traditional medicine.
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