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Abstract: Traditional Chinese Medicine (TCM) is characterized by regulating the integrity of the human body and has 
accumulated thousand-year experience in the use of Herb Formula (“Fu-Fang” in Chinese) for managing complicated 
TCM Syndrome (“ZHENG” in Chinese). In recent years, there has been increasing concern about the application of bioin-
formatics and systems biology approaches for deciphering the scientific basis and the systematic features of TCM. Based 
on the new trends in such an interdisciplinary field, which we termed TCM systems bioinformatics (TCMSB), we propose 
for the first time a map of “Phenotype network-Biological network-Herb network” with an attempt to uncover the network 
systems underlying, and identify network biomarkers for, TCM Syndrome and Herb Formula. This multilayer map can 
serve as a start point towards the systematic interpretation of TCM theory and practice, and give promise to bridge the gap 
between the ancient TCM and the coming systems biology-based medicine in both system and molecular levels. Moreo-
ver, TCMSB approaches, which combine the use of computational modeling and experimental studies, may not only help 
catch the traditional features of TCM in view of complex biological systems and lead to the step by step modernization for 
TCM, but may also educe new concept for the future integrative medicine and systems medicine. 

Keywords: Traditional Chinese medicine systems bioinformatics, Map of phenotype network-biological network-herb network, 
network biomarker, TCM syndrome, Herb formula, Systems medicine. 

INTRODUCTION 

 Traditional Chinese medicine (TCM) is a whole medical 
system with its own rich practice over 3000 years. Unlike 
allopathic Western Medicine (WM), TCM can be character-
ized as holistic which emphasizes on regulating the integrity 
of the human body, applies multiple natural therapeutic 
methods to improve health, and holds “ZHENG” (TCM syn-
drome) as the key therapeutical principle and “Fu-Fang”
(Herb Formula, also termed as “Fang Ji”) as the typical 
treatment (Fig. 1A). As one of the main items of Comple-
mentary and Alternative Medicine, the practice of TCM has 
risen dramatically in recent decades [1]. However, the study 
of TCM still encounters serious challenges due to the almost 
irreconcilable differences from the conventional WM [2]. 
TCM uses ZHENG and ZHENG-oriented Fu-Fang treatment 
as the core, whereas conventional WM uses DISEASE and 
DISEASE-oriented treatment as the core. The fundamental 
discrepancy between TCM and WM may root in the incon-
sistency of the holism approach and the reductionist ap-
proach in methodology, as well as the ZHENG concept and 
DISEASE concept in practice. Consequently, there is still the 
lack of appropriate methods for understanding TCM in both 
the systems and molecular levels.  
 On the other hand, along with the “Omics” revolution 
advances in modern life science, bioinformatics and systems 
biology methods attempt to integrate multi-dimensional and 
various types of data and have ushered in a new era of the  
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medical and biological sciences. For example, for uncover-
ing the genotype-phenotype relationship in human disease, 
current systems biology has a tendency to retrieve and model 
the network underlying complex disease ranged from the 
whole human disease [3-5] to a given disease [6, 7]. Thus, 
the coming era of systems biology offers a golden opportu-
nity to uncover the essential principles of biological systems 
and in-depth understanding of system behaviors [8], which 
makes it possible for the future preventive, predictive and 
personalized medicine [9].  
 Since the goals of the systems biology-based medicine 
potentially overlap with the rules held in TCM (Fig. 1A),
whether systems biology can bring TCM and modern medi-
cine together has become an issue of growing concern [10-
13]. The present availability of huge amounts of biological 
data and various computational methods leads to not only the 
explorations of biological topics at the systems level, but 
also the changes from reductionist paradigm to systems 
paradigm [14-16]. Facing the unprecedented opportunities 
and challenges, bioinformatics and systems biology ap-
proaches are expected to open the way to a new convergence 
of TCM and WM in both concept and methodology. Accord-
ingly, researches in such a new interdisciplinary field, here 
we termed as TCM Systems Bioinformatics (TCMSB), are 
emerged and give promise to bridge the gap between TCM, 
an ancient systematic medicine, and the future systems biol-
ogy-based medicine, which is still in its infancy, in system- 
and molecular- levels. Therefore, it is necessary to capture 
the novel concepts and developments in the bioinformatics 
and systems biology approaches for making sense of TCM.  
 Based on the advance of current systems biology and 
TCMSB researches, we further propose a novel map of the 
“Phenotype network-Biological network-Herb network” 
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(PN-BN-HN) (Fig. 1B) and a new concept of “network bio-
marker” (Fig. 2B). In this map, phenotype can be operation-
ally interpreted as the detectable outward manifestations of 
human disorders (such as clinical symptoms and signs of 
DISEASE and TCM ZHENG) or drug effects, and thus 
“Phenotype network” refers to the potential interrelation-
ships among them. “Biological network” refers to genetic, 
regulatory, metabolic, and protein–protein inter-actions 
underlying various phenotypes and drug effects, such as 
those related to DISEASE, TCM ZHENG and Fu-Fang.
“Herb network” refers to the synergistic pair-wise or multi-
component relationship among herb combinations or their 
components derived from TCM Fu-Fang. The systems biol-
ogy studies such as the identification of network biomarkers 
for TCM ZHENG and the network-based studies for TCM 
Fu-Fang are highlighted in the PN-BN-HN map, through 
which we can seek some agreements between Chinese and 
Western Medicine in concept and in methodology. 

UNDERSTANDING TCM FROM BOTH SYSTEMS 
AND MOLECULAR LEVELS 

 The term of “systems biology” is novel but the idea of 
“system” in medicine is centuries-old. TCM searches for 
patterns of disharmony to regain the “Yin-Yang” balance 
and treats the human body as a whole, essentially in a sys-
tematic viewpoint. Bell and Koithan [17] claimed that the 
concepts of networks and nonlinear dynamical complex sys-
tems matched well with the holistic TCM, whereas the re-
ductionistic model matched with the isolated local organ, 
cell, and molecular mechanistic perspectives of conventional 

medicine. Two medical systems can be integrated and some 
common language and conceptual models can be found by 
the growing reliance on complex systems thinking and sys-
tems biology for cancer research [17]. 

 There is evidence that both TCM concept and practice 
may possess of potential biological basis, which is also help-
ful for gaining new insight into the system behavior of a bio-
logical process or disease. For instance, the well known Yin-
Yang principle represents the transfer between opposition 
and interdependence. Several studies demonstrated that cer-
tain molecular behaviors are paralleled to the ancient Yin-
Yang principle. Hunter considered protein kinases and phos-
phatases as the Yin and Yang of protein phosphorylation and 
signaling, where the processes reversibly controlled by pro-
tein phosphorylation require not only a protein kinase but 
also a protein phosphatase [18]. Given the fact that the anti-
oxidant activity and polyphenolic contents of Yin tonic TCM 
herbs are about six times more than that of Yang tonic TCM 
herbs, Ou et al. proposed that the Yin-Yang balance is simi-
lar to antioxidation-oxidation balance with Yin representing 
antioxidation and Yang as oxidation [19]. Lu et al. con-
ceived a “Yin and Yang” model in neurotrophin activity for 
understanding the role of neurotrophins in a wide range of 
cellular processes [20]. Zhang illustrated the paradoxical 
roles and interplay of IFN-  in inflammation and autoim-
mune diseases by the Yin and Yang map, where Yang de-
notes an inflammatory process and the Yin denotes the re-
duction of inflammation and activates a regulatory process 
[21]. 

Fig. (1). A. ZHENG-based traditional Chinese medicine (TCM), DISEASE-based conventional Western Medicine, and the future systems 
biology-based, preventive, predictive and personalized medicine. B. TCMSB attempts to transfer the rich experience of TCM into a proposed 
map of “Phenotype network-Biological network-Herb network”, which shows promise to make traditional Chinese medicine compatible with 
the future systems biology-based medicine. 
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 Despite the new biological extensions of the universal 
concept in TCM, many researches agreed that isolating sin-
gle factor is hardly enough to interpret the molecular basis of 
TCM features [22, 23]. Thus, a major goal of current TCM 
researches is to develop new scientific methodologies for 
testing the traditional features and principles in TCM, such 
as ZHENG and Fu-Fang [12, 13]. To achieve this goal, sys-
tems biology, especially the novel computational and detec-
tion approaches, is urgently required for analysis of large and 
complex datasets and accurate detection of proteins as well 
as metabolites [13]. Although many fundamental problems 
remain unaddressed and enormous challenges will be en-
countered, some of the pilot studies in such a new cross-
discipline have been conducted for elucidating TCM 
ZHENG and Fu-Fang (Table 1), demonstrating that systems 
biology could find applications in managing the complexity 
of TCM.  

PHENOTYPE NETWORK-BIOLOGICAL NET-
WORK: A SYSTEMATIC VIEW FOR DISEASE AS-
SOCIATION AND TCM ZHENG 

 “ZHENG” (TCM syndrome), which has a role compara-
ble to the “DISEASE” in conventional WM, is the therapeu-
tically basic concept in TCM for understanding the disorder 
of the human homeostasis and guiding application of Chi-
nese herbs [24]. ZHENG can be expressed as a certain clini-
cal phenotype profile such as symptom combination. His-
torically, ZHENG is the abstraction from the comprehensive 
analysis of clinical information gained by four diagnostic 

methods, namely observation, listening, questioning and 
pulse feeling. In the recent decades, more and more modern 
medical diagnosis information has been introduced in 
ZHENG so that the ZHENG-related “phenotype” is largely 
extended. A comparative study on the clinical observations 
of WM and TCM in diagnosing a same disease, rheumatoid 
arthritis, reported that both medical systems paid attention to 
disease locations and measurements, while TCM ZHENG 
observation attached more importance to environmental fac-
tors and generally symptoms [25]. Till now, many clinical 
studies are available to investigate the scientific basis for 
various symptom combination of ZHENG. It has shown that 
the non-disease-specific symptom combinations may be as-
sociated with the progress and outcome of patients with 
many diseases such as severe acute respiratory syndrome 
[26], rheumatoid arthritis (RA) [27] and chronic gastritis 
[28]. Moreover, according to the rich experience of “pheno-
type association” in ZHENG, the same disease in WM may 
be diagnosed as different ZHENGs and thus subjected to 
different herb treatments, while different diseases with the 
same ZHENG will share the same herb treatment. For exam-
ple, a classical TCM Fu-Fang named Liu-Wei-Di-Huang pill 
is prescribed to restore Kidney-Yin deficiency syndrome 
(Shen-Yin-Xu ZHENG) that refers to dozens of diseases 
with overlapping clinical features.  
 The ZHENG-based therapeutic principle highlights the 
interrelationships among different diseases, which agrees 
well with the latest idea that most of human diseases are de-
pendent of each other [29]. Recently, a noticeable progress 
for recognizing genotype-phenotype relationship reveals that 

Table 1. Some Network-Based Systems Biology Studies on TCM Syndrome and Fu-Fang 

Subjects Categories References 

Cold syndrome (Cold ZHENG); 
Hot syndrome (Hot ZHENG) 

Li et al. 2007 [33] 
Xiao et al. 2006 [39] 
Yang et al. 2007 [41] 

Kidney-Yang deficiency syndrome (Shen-Yang-Xu 
ZHENG); Kidney deficiency syndrome (Shen-Xu 

ZHENG) 

Shen et al. 2007 [37] 
Qiu et al. 2008 [52] 

Zhou et al. 2007 [40] 

ZHENG (TCM Syn-
drome) 

Blood Stasis syndrome (Xue-Yu ZHENG) Ma et al. 2008 [38] 

Synergistic effect and herb pair analysis Williamson 2001 (Review) [58] 
Patwardhan and Gautam 2005 (Review) [11] 

Adams et al. 2006 [61] 
Li & Wu 2006 (Patent) [69] 

Wang et al. 2008 [62] 
Ung et al. 2007 [59] 

TCM Fu-Fang

Herb target biological network Chen et al. 2006 [51] 
Ehrman et al. 2007 [55] 

Li et al. 2007 [33] 
Li 2007 (Review) [57] 
Yue et al. 2008 [53] 

Cheng et al. 2008 [54] 

PN-BN analysis Lage et al. 2007 [4] 
Wu et al. 2008 [5] 

Selected TCM related PN-
BN-HN studies* 

Drug-BN-phenotype analysis Zhang et al. 2008 [44] 

*PN-BN-HN: Phenotype network-Biological network-Herb network. 
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different diseases sharing similar clinical manifestations 
(phenotypes) may often result from abnormalities in 
functionally related genes (genotypes), for example, 
participating in a common pathway or sharing the same 
functional module [30, 31]. Based on the assumption that 
phenotypically similar diseases may be caused by 
functionally related genes, Lage et al. [4] created a phenome-
interactome network by integrating disease phenotype 
similarity information, known gene-phenotype association 
and human protein-protein interaction network. Wu et al. [5] 
further established a CIPHER method to infer global 
phenotype-genotype association and measure the 
concordance between the human phenotype network and 
underlying biological network. This method can robustly 
uncover causative genes with high accuracy for many 
phenotypes or even the genetically uncharacterized 
phenotypes, explore gene cooperative behavior in complex 
diseases, and produce a draft genetic landscape from 8919 
genes and 1126 phenotypes, which reveals the global 
modular organization of human phenotype–genotype 
relationships (Fig. 2A).
 The systematic exploitation of phenotype relationships 
shifts the “one gene, one disease” paradigm to the “multi-
genes, multi-diseases” view [32]. This new trend may not 
only reach the association of different diseases and then 
facilitate the study of systems biomedicine, but also provide 
ways to better understand the holistic rule held in TCM 
ZHENG. Just as different genes can cause similar diseases, 
the same genes and gene families may contribute to a range 
of different diseases [32], the principle of ZHENG in TCM 
also treat the same disease as different ZHENG while treat 
different diseases as the same ZHENG. Therefore, these 
aspects suggest that ZHENG-related phenotype associations 
and DISEASE-related phenotype relationships both can be 
attributed to the dysfunction of biological networks, and it is 
necessary to figure out the system properties and biological 
mechanisms underlying TCM ZHENG. 

TCM ZHENG RELATED BIOLOGICAL NETWORK 
IN THE CONTEXT OF THE NEURO-ENDOCRINE-
IMMUNE SYSTEM 

 TCM ZHENG takes a holistic view for capturing the dis-
harmonious patterns of patients, with the eight guiding prin-
ciples as Yin and Yang, Exterior and Interior, Cold and Hot, 
and Deficiency and Excess. Here, Cold ZHENG (Cold syn-
drome, resulting from Yin-preponderance or Yang-
deficiency) and Hot ZHENG (Hot syndrome, resulting from 
Yang-preponderance or Yin-deficiency) are signs of the Yin-
Yang imbalance and manifest two distinct symptom profiles 
including, but not limited to, the changes of temperature (See 
[33] for details). Both typical ZHENGs are widely applied in 
the treatment of patients with various inflammation, infec-
tion and immune disorders such as rheumatoid arthritis and 
chronic gastritis. Accordingly, many Chinese herbs are cate-
gorized as either Cold-natured or Hot-natured for restoring 
the corresponding Yin-Yang balance. 
 To understand the biological basis of TCM ZHENG, re-
cent works indicated that the neuro-endocrine-immune (NEI) 
system could be a possible bridge between TCM ZHENG 
and biological systems. NEI acts as a pivot in modulating 
host homeostasis and naturally optimizing health through 

communications among chemical messengers (CMs) such as 
hormone, cytokine and neurotransmitter [34, 35]. Three as-
pects make NEI an ideal context for exploring the molecular 
basis of ZHENG and connecting TCM ZHENG to WM 
DISEASE. First, the NEI system acts as the host homeostasis 
mediator during the course of various physiological and 
pathological processes [34, 35]. Second, patients with differ-
ent ZHENGs such as Hot ZHENG, Yang-deficiency 
ZHENG and Xue-Yu ZHENG (Blood stasis syndrome) are 
found to experience abnormal NEI functions [33, 36-38]. 
Third, NEI represents an existed empirical system in modern 
biomedicine, which has shown the most significant 
modularity in human phenotype-genotype association as well 
[5] (Fig. 2A).
 However, a dilemma faced by current researches on 
ZHENG is the conflict between reductionism methods and 
the holism subject, for example, establishing experimental 
animal models for ZHENG. Since it is difficult to explain the 
complex molecular basis for ZHENG by reductionism 
means, we reason that the systems biology approaches may 
open up the possibility to elucidate such a complex issue. 
The approaches mainly include the computational way to 
build models for ZHENG, make testable predictions, gener-
ate hypothesis for the experimental way, and adjust models 
by comparison with experimental results.  
 With this understanding, Li et al. [33] investigated Cold 
ZHENG and Hot ZHENG in the context of the NEI system 
and identified the network biomarkers for both ZHENGs.  
Using the symptom profiles of Cold ZHENG and Hot 
ZHENG, two types of literature-derived networks (NEI gene 
network and NEI CM network) were constructed for each 
ZHENG. By network analysis and topological comparison, 
interesting patterns were detected: hormones are predomi-
nant in the Cold ZHENG network, immune factors are pre-
dominant in the Hot ZHENG network, and both ZHENG 
networks are connected by neurotransmitters (Fig. 2B).
Moreover, gene and pathway investigation on Cold / Hot 
ZHENG-related diseases validated the distinct ZHENG pat-
terns [33]. Such findings in Cold / Hot ZHENG network are 
partly supported by a following gene expression investiga-
tion of peripheral CD4

+ cell in RA patients with Cold or Hot 
ZHENG [39], and also obtain evidence from a gene expres-
sion study for Kidney-Yang deficiency syndrome (Shen-
Yang-Xu ZHENG) in rat models [37]. Kidney-Yang defi-
ciency syndrome shares a common Yang-deficiency state 
with Cold ZHENG. The later study [37] detected a strong 
positive correlation between Yang-deficiency state and gene 
expressions of hormones as well as neurotransmitters: vari-
ous neurotransmitter genes are significantly down-regulated, 
followed with those of growth and sex hormone related 
genes. Moreover, epimedium flavonids, a Hot-natured herbal 
extract, could not only reverse the expression level of above 
genes, but also significantly up-regulate the gene expression 
of thyroid stimulating hormone. Meanwhile, gene network 
associated with Kidney-Yang deficiency syndrome is also 
addressed by an approach integrating both TCM and modern 
biomedical literature [40]. 
 Recently, Yang et al. [41] identified differentially ex-
pressed genes and gene modules enriched in Cold ZHENG 
and suggested that it might be caused by the physiological 
imbalance and/or the disorder of metabolite processes, which 
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are closely related to NEI function [42]. NEI also partici-
pates in the disorder of Blood stasis syndrome, evidenced by 
a gene expression profile measurements, which found that 
inflammatory reaction and immune response genes and 
pathways were predominant in venous bloods of sixteen pa-
tients with such ZHENG [38]. Thus, recent works of 
ZHENG suggest that the thousand-year-old concept of TCM 
ZHENG may have a network system, e.g. NEI-metabolism 
system, as its molecular basis. For transferring the concep-
tual NEI to the systematic NEI network, a specific database 
named dbNEI [43] is established and a multilayer network 
for drug-NEI-disease is reconstructed [44], which will bene-
fit the further exploration of NEI’s function in both WM and 
TCM.  
 NEI also plays a critical function in genetic-
environmental interactions for complex diseases [45]. In this 
aspect, TCM considers three kinds of conditions, namely 
seasonal, local and the patient’s individual features, to catch 
the complex relationship between human body and natural / 
social environment. The three conditions are closely associ-
ated with ZHENG and something like the novel viewpoint of 
“network medicine” in which biological network, disease 
network and the social network are integrated [29]. For 

evaluating such interactions, Kang et al. provided an entropy 
model to interpret TCM life systems and nicely simulated 
the evolution of life entropies of Cold and Hot individuals 
using a real dataset from North China [46]. For the future 
directions, it is necessary to make quantitative and dynamic 
analysis for ZHENG-related biological network as well as 
human-environmental interactions, which will enable a sys-
temic understanding of TCM ZHENG’s functions and prop-
erties responsible for various disorders. 

HERB NETWORK-PHENOTYPE NETWORK: THE 
COMPLEX RELATIONSHIP BETWEEN TCM FU-
FANG AND ZHENG 

 In practice, TCM makes use of more than 100,000 Fu-
Fang for the tailored and holistic treatment of patients suf-
fering from various ZHENG. Herbs categorized to different 
“nature and flavor properties” are hereby prescribed in the 
manner of herb pairs or Fu-Fang. So far the components and 
their structures in numbers of Chinese herbs have been iden-
tified [47]. Recently a “herbalome” project is launched for 
identifying the components of herbal preparations used as 
medications for centuries in China [48]. New drugs, such as 
Artemisinin and arsenic trioxide, have been successfully 
discovered from the bioactive compounds in TCM using 

Fig. (2). Phenotype network-Biological network relations: a common makeup of DISEASE and TCM ZHENG. A. By correlating phenotype 
network and biological network, the global modular organization of phenotype-genotype relationships is calculated from 8919 genes and 
1126 phenotypes. In such a global phenotype-genotype association, the neurological, immunological and endocrine phenotypes have shown 
the most significant modularity [5]. B. TCM ZHENG is an empirical system expressed as phenotype combination. This figure is shown the 
network biomarkers of Cold / Hot ZHENG in the context of neuro-endocrine-immune system [33].  
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modern technologies of extracting, separating and purifica-
tion. At the same time, researchers found that many herbal 
extracts lose their activities when the extracts are fraction-
ated into individual chemical components [23, 49]. Most 
importantly, a large number of TCM Fu-Fang are mixtures 
of many herbs and serve as ZHENG-oriented prescriptions 
for restoring patients’ Yin-Yang balance (Fig. 3A). The 
“ZHENG-oriented effect” and “action mechanism of com-
plex components” are two greatest challenges existing in 
current researches on TCM Fu-Fang.
 Recently, the systems biology approach including differ-
ent Omics technologies shows the potential to accelerate the 
modernization of TCM and revolutionize natural product 
research [50]. Chen et al. [51] documented a metabonomic 
study for screening the aristolochic acid-induced nephrotox-
icity in rats. They detected that the administration of aris-
tolochic acid from medicinal herb can lead to certain pertur-
bations of the metabolic pathways, such as accelerating ho-
mocysteine formation and the folate cycle, while decreasing 
arachidonic acid biosynthesis, and thus cause lesions of the 
metabolic network. Qiu et al. [52] employed GC-MS-based 
metabolic profiling to investigate the metabolic responses to 
Herba Cistanches intervention in a rat model of the hydro-
cortisone-induced Kidney-deficiency syndrome (Shen-Xu 
ZHENG) and a systemic recovery was detected. By using 
proteomics technology and computer-automated estimation, 
Yue et al. [53] identified a possible network associated with 
the effect of Ganoderic acid D, one of the major components 
in Ganoderma triterpenes, on HeLa human cervical carci-
noma cells. Cheng et al. [54] conducted a DNA microarray 
research as well as Gene set enrichment analysis and net-
work analysis for a Fu-Fang, San-Huang-Xie-Xin-Tang, and 
its herbal components on the gene expression profiles in 
HepG2 cells. Results indicated that this Fu-Fang and its 
components displayed a unique anti-proliferation pattern via 
p53 signaling, p53 activated, and DNA damage signaling 
pathways in HepG2 cells, and most genes were regulated by 
p53. Thus, the Omics technologies and the system response 
analysis make it possible to reveal the action mechanism of 
Fu-Fang. Moreover, Ehrman et al. [55] performed a random 
forest and self-organizing maps analysis for evaluating the 
distribution patterns of 8411 compounds from 240 Chinese 
herbs in relation to the herbal categories of TCM and sug-
gested that ethnopharmacological data could contribute to 
pharmaceutical prospecting from Chinese herbs. 
 For addressing the Fu-Fang and ZHENG relationship, Li 
et al. [33] further conducted an experiment on the basis of 
the Cold ZHENG and Hot ZHENG networks. As shown in 
Fig. (3B), RA can be divided into subcategories of Cold / 
Hot ZHENG and treated by Hot / Cold Fu-Fang respec-
tively, the computational results [33] demonstrated that both 
ZHENG networks are scale-free and the hub nodes are be-
lieved to play a key role in the network. Therefore, the ex-
periment was designed to assess the effects of Cold / Hot Fu-
Fang on the hub nodes in corresponding ZHENG networks 
by using a rat model of collagen-induced arthritis (CIA), the 
widely-used model for RA [56]. Interestingly, experimental 
results showed that the Hot Fu-Fang tends to affect the hub 
nodes in the Cold ZHENG network and the Cold Fu-Fang
tends to affect the hub nodes in the Hot ZHENG network, 
which verified the computational findings of Cold / Hot 
ZHENG-related network and accorded well with the TCM 

therapeutic philosophy of “Warming the Cold and Cooling 
the Hot” for restoring Yin-Yang balance [33]. Therefore, the 
research progresses enable us to hypothesize that the net-
work-based disease or ZHENG is fit for multi-targeted inter-
vention and therapy just like TCM Fu-Fang. And the 
relationship between Fu-Fang and ZHENG, as well as the 
Fu-Fang’s action mechanism could be transferred into a net-
work context [57]. 

SYNERGISTIC EFFECT OF TCM FU-FANG

 There is growing evidence that synergistic combinations 
of compounds can be more effective than the summed effec-
tiveness of the individual agents [49]. TCM Fu-Fang is ca-
pable of systematically controlling of various disorders 
through the synergistic interactions of herb pairs for mutual 
enhancement, assistance, and restraint [11, 58, 59]. Evidence 
is now accumulating [58, 60] to support the occurrence of 
synergistic interactions from components within a single 
herb, especially different herbs in a Fu-Fang. Adams et al.
[61] detected the synergistic, additive and antagonistic inter-
actions between different combinations of six herb extracts 
against the viability of prostate cancer cell lines. By using 
artificial intelligence methods in both datasets of 394 TCM 
herb pairs and 2470 non-TCM herb pairs, a work from Ung 
et al. [59] suggested that traditionally defined herbal proper-
ties of known TCM herb pairs contain features distinguish-
able from those of non-TCM herb pairs consistent with their 
claimed synergistic or modulating combinations. Moreover, 
a Realgar-Indigo naturalis Fu-Fang is found to be effective 
on promyelocytic leukemia via action mechanism of synergy 
among its main components including realgar, Indigo natu-
ralis, and Salvia miltiorrhiza, with tetraarsenic tetrasulfide, 
indirubin, and tanshinone IIA as major active ingredients, 
respectively [62].

 Multicomponent synergy, referring to the combinational 
efficiency is greater than the summed response of each com-
ponent, is a novel strategy to conquer various complex dis-
eases. Take herbs for the treatment of angiogenesis related 
disorders as examples. Certain proangiogenic and antiangio-
genic plant components have been used in TCM for thou-
sands of years, and TCM Fu-Fang is believed to be poten-
tially useful and well tolerated for curing angiogenesis disor-
ders such as rheumatoid arthritis [63]. Li et al. [64] identified 
the suppressive effects of a Cold-natured Fu-Fang, Qing-
Luo-Yin (QLY) extracts, on the angiogenesis of CIA rats, an 
animal model with both NEI dysfunction [65, 66] and angio-
genesis [67]. QLY is composed of four Cold-natured herbs 
and aims to expel the “pathogenetic Hot” for curing Hot 
ZHENG-related RA. Since the ingredients and their interac-
tions in Fu-Fang are very complex, the pharmacological 
effect of Fu-Fang may not be produced by the simple addi-
tion of its components. Considering that substances of QLY 
absorbed into the blood may be bioactive, Li and Wu [68, 
69] identified five bioactive alkaloids from the decoction of 
QLY by simultaneous HPLC (high performance liquid 
chromatography) analysis [68], then a combination of two 
alkaloids were found to in possession of the synergistic ef-
fect of anti-angiogenesis [69] (Fig. 3B). The synergistic ef-
fects produced by TCM Fu-Fang as well as its components 
lead to a question about how the “synergy” emerged. It is 
reasonable to assume that such phenomena may arise from 
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the multi-target effects of Fu-Fang on receptor, enzyme, ion 
channel, signaling pathway, and eventually, DISEASE or 
ZHENG related biological networks. 
HERB NETWORK-BIOLOGICAL NETWORK: MULTI-
TARGET ACTION MECHANISM OF FU-FANG

 Many complex diseases, as well as TCM ZHENG, are 
closely related to the deregulation of biological networks. 
Correspondingly, there is a tendency of treating complex 
disease as the operation of perturbed pathways and networks 
[49]. Csermely et al. [70] also suggested that based on net-
work models, even partial inhibition of a small number of 
targets could be more efficient than the complete inhibition 
of a single target. Thus, the multi-component therapeutics is 
believed to be more suitable to control the network-based 
complex disease or ZHENG, and the rich-experienced TCM 
Fu-Fang could serve as a huge resource of empirical multi-
component treatments and provide fertile ground for current 
systems-based drug development [71, 72]. In the meantime, 
TCM Fu-Fang is also helpful for probing the complex bio-
logical responses to various diseases and producing new 
therapeutic clews in a systematic and resourceful manner. 

 The reductionist approach, one-target, one-drug para-
digm, is hard to realize the network complexity and pathway 

redundancy underlying complex disease or ZHENG. If a 
mechanism targeted by a drug or multi-component therapeu-
tics could be expressed as a network, and all elements of this 
network need to interact for the function of the targeted 
mechanisms, the network efficiency can be employed as a 
measure for drug efficiency [70]. In such a network-based 
systematic analysis paradigm, the first requirement is to de-
fine a network for a targeted pathological process. For ex-
ample, angiogenesis, the process of generating new capillary 
blood vessels, is a key process contributed to various disor-
ders especially solid tumors, vascular and rheumatoid dis-
ease [73]. Several works are performed to uncover the mo-
lecular mechanism and biological pathways associated with 
angiogenesis from a viewpoint of network. Abdollahi et al.
[74] revealed a global network pattern for the “angiogenic 
switch” by connecting known angiogenesis-related genes 
with previously unknown signaling components, and be-
lieved that the angiogenesis network is susceptible to the 
attack of multiple or broad-spectrum inhibitors or to the tar-
geted removal of the identified angiogenic “hub” nodes. Li et
al. [6] reconstructed angiogenesis network using a literature 
mining and microarray analysis approach based on the hy-
pothesis that if a co-cited gene-pair is co-expressed, they 
may be more inclined to interact with each other [6]. By 

Fig. (3). Herb network-Phenotype network relations: the complex relationship between TCM Fu-Fang and ZHENG. A. TCM ZHENG repre-
sents the disharmony of the human body and the “Yin-Yang” balance can be restored by the corresponding Fu-Fang. B. The network-based 
strategy for understanding TCM Fu-Fang. The upper figure denotes the synergistic effect and multi-target action mechanism of Fu-Fang.
Here, DISEASE and ZHENG are liable to be combined in the network level [6, 33], and an alkaloid combination deriving from a Cold Fu-
Fang, Qing-Luo-Yin, has anti-angiogenesis synergistic effect and can regulate both ZHENG and angiogenesis networks [69]. The bottom 
figure shows a case study for elucidating the relationship between Cold / Hot Fu-Fang and corresponding ZHENG [33].  
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comparison between angiogenesis network and TCM 
ZHENG network [33], it is shown that disease or pathologi-
cal process (e.g. angiogenesis) and ZHENG (e.g. Cold / Hot 
ZHENG) can be merged in the network level and their over-
lapping pathways are identified (Fig. 3B), suggesting a mul-
tipathway targeted-therapy for angiogenesis related disorders 
and providing a common base to evaluate the multi-target 
action mechanism of Fu-Fang. On this network basis, QLY 
as well as its synergistic combination is found to be able to 
modulate the overlapping and cross-talk pathways, such as 
MAPK and NF-kB activated by TNF-alpha, the top node in 
ZHENG related network, in a multi-target attack manner [33, 
57]. The multi-target action against network-based DIS-
EASE or ZHENG may account in part for the “emergence” 
of the synergistic effect of TCM Fu-Fang.
 Although current studies only reach a few aspects of 
TCM Fu-Fang in effective substance and in the mechanism 
of action, we can deduce two meaningful consequences. 
Firstly, the network-based approach has potential to make 
sense of the integrated effect of TCM Fu-Fang. Secondly, 
the synergistic effect of Fu-Fang and herbal combinations 
may “emerge” from the network interactions of their effec-
tive targets. With these understandings, the traditional rela-
tion among herbs in Fu-Fang could be transformed into the 
Biological network-targeted synergistic pair-wise or multi-
component relation and an “Herb network” in the PN-BN-
HN map could be eventually formed, which will benefit the 
coming combinational as well as individualized therapies.  

CONCLUSION 

 When traditional Chinese medicine meets systems biol-
ogy in the 21st Century, a new leaf may be turned in the rela-
tionship of ZHENG-based TCM and DISEASE-based WM. 
TCMSB approaches may help catch the traditional features 
and principles especially ZHENG and Fu-Fang of TCM in 
view of complex biological systems. Meanwhile, the rich-
experienced TCM may also provide a cross-reference for the 
development of systems biology-based medicine. On this 
account, we proposed a map of “Phenotype network (includ-
ing phenotype relationship integrated both DISEASE and 
ZHENG)-Biological network-Herb network (derived from 
synergistic or multi-component relation of Fu-Fang)” (Fig.
3B) as a new start point towards the systematic interpretation 
of TCM theory and practice. The multi-dimensional network 
interactions in such a map are expected to be gradually fig-
ured out by the interdisciplinary researches with the combi-
nation and communication of computational modeling and 
experimental studies. Particular emphasis will be continu-
ously placed on the connection of multilayer network fea-
tures as well as the identification of network biomarkers as-
sociated with DISEASE, ZHENG and TCM Fu-Fang (Fig.
1). Hopefully, the integration of both ancient TCM and fu-
ture systems biology-based medicine could be achieved in 
the context of the proposed PN-BN-HN map. Moreover, 
TCMSB approaches show promise to reach the underlying 
complex biological system for TCM and thus help to design 
a tailored diagnosis and treatment for patients in the future, 
lead to the step by step modernization of TCM, and educe 
new concepts in the coming integrative medicine and sys-
tems medicine.  

ACKNOWLEDGEMENTS 

 Thank all team members and collaborators for their par-
ticipation in TCMSB works. This work is supported by the 
863 program of China (No. 2006AA02Z311), the NSFC 
(Nos. 30873464, 90709013 and 60721003), and the National 
TCM Project Application in the 11th Five-Year Period, 
China (No. 2006BAI08B05-05). 

REFERENCES 
[1] Eisenberg DM, Davis RB, Ettner SL, et al. Trends in alternative 

medicine use in the United States, 1990-1997: results of a follow-
up national survey. JAMA 1998; 280: 1569-75. 

[2] Fontanarosa PB, Lundberg GD. Alternative medicine meets sci-
ence. JAMA 1998; 280: 1618-9. 

[3] Goh KI, Cusick ME, Valle D, Childs B, Vidal M, Barabasi AL. 
The human disease network. Proc Natl Acad Sci USA 2007; 104: 
8685-90. 

[4] Lage K, Karlberg EO, Storling ZM, et al. A human phenome-
interactome network of protein complexes implicated in genetic 
disorders. Nat Biotech 2007; 25: 309-16. 

[5] Wu XB, Jiang R, Zhang MQ, Li S. Network-based global inference 
of human disease genes. Mol Syst Biol 2008; 4: 189. 

[6] Li S, Wu L, Zhang Z. Constructing biological networks through 
combined literature mining and microarray analysis: a LMMA ap-
proach. Bioinformatics 2006; 22: 2143-50. 

[7] Xue H, Xian B, Dong D, et al. A modular network model of aging. 
Mol Syst Biol 2007; 3: 147. 

[8] Kitano H. Systems biology: a brief overview. Science 2002; 295: 
1662-4. 

[9] Hoessel R, Leclerc S, Endicott JA, et al. Systems biology and new 
technologies enable predictive and preventative medicine. Science
2004; 306: 640-3. 

[10] Verpoorte R, Choi YH, Kim HK. Ethnopharmacology and systems 
biology: a perfect holistic match. J Ethnopharmacol 2005; 100: 53-
6. 

[11] Patwardhan B, Gautam M. Botanical immunodrugs: scope and 
opportunities. Drug Discov Today 2005; 10: 495-502. 

[12] Qiu J. China plans to modernize traditional medicine. Nature 2007;
446: 590-1. 

[13] Qiu J. Traditional medicine: a culture in the balance. Nature 2007;
448: 126-8. 

[14] Joyce AR, Palsson BØ. The model organism as a system: integrat-
ing 'omics' data sets. Nat Rev Mol Cell Biol 2006; 7: 198-210. 

[15] Palsson B. The challenges of in silico biology. Nat Biotech 2000;
18: 1147-50. 

[16] Barabasi AL, Oltvai ZN. Network biology: understanding the cell's 
functional organization. Nat Rev Genet 2004; 5: 101-13. 

[17] Bell IR, Koithan M. Models for the study of whole systems. Integr 
Cancer Ther 2006; 5: 293-307. 

[18] Hunter T. Protein kinases and phosphatases: The Yin and Yang of 
protein phosphorylation and signaling. Cell 1995; 80: 225-36. 

[19] Ou B, Huang D, Hampsch-Woodill M, Flanagan JA. When east 
meets west: the relationship between yin-yang and antioxidation-
oxidation. FASEB J 2003; 17: 127-9. 

[20] Lu B, Pang PT, Woo NH. The Yin and Yang of neurotrophin ac-
tion. Nat Rev Neurosci 2005; 6: 603-14. 

[21] Zhang J. Yin and yang interplay of IFN-  in inflammation and 
autoimmune disease. J Clin Invest 2007; 117: 871-3. 

[22] Xue T, Roy R. Studying traditional Chinese medicine. Science
2003; 300: 740-1. 

[23] Butcher EC, Berg EL, Kunkel EJ. Systems biology in drug discov-
ery. Nat Biotech 2004; 22: 1253-9. 

[24] Gu CD. The inner classic of the yellow emperor, essential ques-
tions (Chinese name: Huangdi Neijing, Suwen). People's Medical 
Publishing House, Beijing 1956.

[25] Li Y, Li S, Lu AP. Comparative analysis via data mining on the 
clinical features of Western medicine and Chinese medicine in di-
agnosing rheumatoid arthritis. Zhongguo Zhong Xi Yi Jie He Za Zhi
2006; 26: 988-91. 

[26] Li S, Wang R, Zhang Y, et al. Symptom combinations associated 
with outcome and therapeutic effects in a cohort of cases with 
SARS. Am J Chin Med 2006; 34: 937-47. 



196    Current Bioinformatics, 2009, Vol. 4, No. 3 Shao Li 

[27] He Y, Lu A, Lu C, et al. Symptom combinations assessed in tradi-
tional chinese medicine and its predictive role in ACR20 efficacy 
response in rheumatoid arthritis. Am J Chin Med 2008; 36: 675-83. 

[28] Li S, Lu AP, Zhang L, Li YD. Anti-Helicobacter pylori immuno-
globulin G (IgG) and IgA antibody responses and the value of 
clinical presentations in diagnosis of H. pylori infection in patients 
with precancerous lesions. World J Gastroenterol 2003; 9: 755-8. 

[29] Barabási AL. Network medicine--from obesity to the "diseasome". 
N Engl J Med 2007; 357: 404-7. 

[30] Brunner HG, van Driel MA. From syndrome families to functional 
genomics. Nat Rev Genet 2004; 5: 545-51. 

[31] Oti M, Brunner HG. The modular nature of genetic diseases. Clin 
Genet 2007; 71: 1-11. 

[32] Hayden EC. Biological tools revamp disease classification. Nature
2008; 453: 709. 

[33] Li S, Zhang ZQ, Wu LJ, Zhang XG, Li YD, Wang YY. Under-
standing ZHENG in traditional Chinese medicine in the context of 
neuro-endocrine-immune network. IET Syst Biol 2007; 1: 51-60. 

[34] Besedovsky HO, Sorkin E. Network of immune-neuroendocrine 
interactions. Clin Exp Immunol 1977; 27: 1-12. 

[35] Roth J, LeRoith D, Shiloach J, Rosenzweig JL, Lesniak MA, 
Havrankova J. The evolutionary origins of hormones, neuro-
transmitters, and other extracellular chemical messengers: implica-
tions for mammalian biology. N Engl J Med 1982; 306: 523-7. 

[36] Hsu CH, Yu MC, Lee CH, Lee TC, Yang SY. High eosinophil 
cationic protein level in asthamatic patients with "Heat" Zheng. Am 
J Chin Med 2003; 31: 277-83. 

[37] Shen ZY, Huang JH, Chen WH. Comparison of gene expression 
profiles between rats of Shen deficiency syndrome and Shen-yang 
deficiency syndrome differentiated according to therapeutic effi-
cacy of drugs used. Zhongguo Zhong Xi Yi Jie He Za Zhi 2007; 27: 
135-7. 

[38] Ma XJ, Yin HJ, Chen KJ. Investigation of gene expression profiles 
in patients with blood stasis syndrome. Zhong Xi Yi Jie He Xue Bao
2008; 6: 355-60. 

[39] Xiao C, Zhao LH, Lu C, et al. Study on the differential gene ex-
pression of peripheral CD4+ among rheumatoid arthritis patients of 
cold or heat syndrome type with or without rheumatoid factor.
Zhongguo Zhong Xi Yi Jie He Za Zhi 2006; 26: 689-93. 

[40] Zhou X, Liu B, Wu Z, Feng Y. Integrative mining of traditional 
Chinese medicine literature and MEDLINE for functional gene net-
works. Artif Intell Med 2007; 41: 87-104. 

[41] Yang L, Wang M, Wu W, Zhang L. Transcriptome analysis of 
Cold syndrome using microarray. Am J Chin Med 2007; 35: 609-
20. 

[42] Johnson RW, Propes MJ, Shavit Y. Corticosterone modulates be-
havioral and metabolic effects of lipopolysaccharide. Am J Physiol 
1996; 270: R192-8. 

[43] Zhuang Y, Li S, Li Y. dbNEI: a specific database for neuro-
endocrine-immune interactions. Neuro Endocrinol Lett 2006; 27: 
53-9. 

[44] Zhang J, Ma T, Li YD, Li S. dbNEI2.0: building multilayer net-
work for drug-NEI-disease. Bioinformatics 2008; 24: 2409-11.  

[45] Tolle V, Low MJ. Genes, environment, neuroendocrine circuits, 
and energy balance, Drug Discov Today Dis Models 2004; 1: 365-
72. 

[46] Kang GL, Li S, Zhang JF. Entropy-based model for interpreting 
life systems in traditional Chinese medicine. Evid Based Comple-
ment Alternat Med 2008; 5: 273-9. 

[47] Sinha G. Medicine of the masses. Nat Med 2005; 11: 9-10. 
[48] Stone R. Lifting the veil on traditional Chinese medicine. Science

2008; 319: 709-10. 
[49] Keith CT, Borisy AA, Stockwell BR. Multicomponent therapeutics 

for networked systems. Nat Rev Drug Discov 2005; 4: 71-8. 
[50] Wang M, Lamers RJ, Korthout HA, et al. Metabolomics in the 

context of systems biology: bridging traditional Chinese medicine 
and molecular pharmacology. Phytother Res 2005; 19: 173-82. 

[51] Chen M, Su M, Zhao L, et al. Metabonomic study of aristolochic 
acid-induced nephrotoxicity in rats. J Proteome Res 2006; 5: 995-
1002. 

[52] Qiu Y, Chen M, Su M, et al. Metabolic profiling reveals therapeu-
tic effects of Herba Cistanches in an animal model of hydrocorti-
sone-induced 'kidney-deficiency syndrome'. Chin Med 2008; 3: 3. 

[53] Yue QX, Cao ZW, Guan SH, et al. Proteomics characterization of 
the cytotoxicity mechanism of ganoderic acid D and computer-
automated estimation of the possible drug target network. Mol Cell 
Proteomics 2008; 7: 949-61. 

[54] Cheng WY, Wu SL, Hsiang CY, et al. Relationship between San-
Huang-Xie-Xin-Tang and its herbal components on the gene ex-
pression profiles in HepG2 cells. Am J Chin Med 2008; 36: 783-97. 

[55] Ehrman TM, Barlow DJ, Hylands PJ. Phytochemical informatics of 
traditional Chinese medicine and therapeutic relevance. J Chem Inf 
Model 2007; 47: 2316-34. 

[56] Trentham DE, Townes AS, Kang AH. Autoimmunity to type II 
collagen an experimental model of arthritis. J Exp Med 1977; 146: 
857-68. 

[57] Li S. Framework and practice of network-based studies for Chinese 
herbal formula. Zhong Xi Yi Jie He Xue Bao 2007; 5, 489-93. 

[58] Williamson EM. Synergy and other interactions in phytomedicines.
Phytomedicine 2001; 8: 401-9. 

[59] Ung CY, Li H, Cao ZW, Li YX, Chen YZ. Are herb-pairs of tradi-
tional Chinese medicine distinguishable from others? Pattern 
analysis and artificial intelligence classification study of tradition-
ally defined herbal properties. J Ethnopharmacol 2007; 111: 371-7. 

[60] Kan WL, Cho CH, Rudd JA, Lin G. Study of the anti-proliferative 
effects and synergy of phthalides from Angelica sinensis on colon 
cancer cells. J Ethnopharmacol 2008; 120: 36-43. 

[61] Adams LS, Seeram NP, Hardy ML, Carpenter C, Heber D. Analy-
sis of the interactions of botanical extract combinations against the 
viability of prostate cancer cell lines. Evid Based Complement Al-
ternat Med 2006; 3: 117-24. 

[62] Wang L, Zhou GB, Liu P, et al. Dissection of mechanisms of Chi-
nese medicinal formula Realgar-Indigo naturalis as an effective 
treatment for promyelocytic leukemia. Proc Natl Acad Sci USA 
2008; 105: 4826-31. 

[63] Fan TP, Yeh JC, Leung KW, Yue PY, Wong RN. Angiogenesis: 
from plants to blood vessels. Trends Pharmacol Sci 2006; 27: 297-
309. 

[64] Li S, Lu AP, Wang YY, Li YD. Suppressive effects of a Chinese 
herbal medicine Qing-luo-yin extract on the angiogenesis of colla-
gen-induced arthritis in rats. Am J Chin Med 2003; 31: 713-20. 

[65] Li S, Lu AP, Li, B, Wang YY. Circadian rhythms on hypothalamic-
pituitary-adrenal axis hormones and cytokines of collagen induced 
arthritis in rats. J Autoimmun 2004; 22: 277-85. 

[66] Choy EHS, Panayi GS. Cytokine pathways and joint inflammation 
in rheumatoid arthritis. N Engl J Med 2001; 344: 907-16. 

[67] Lu J, Kasama T, Kobayashi K, et al. Vascular endothelial growth 
factor expression and regulation of murine collagen-induced arthri-
tis. J Immunol 2000; 164: 5922-7. 

[68] Wu M, Ma C, Wu Y, Li S. Simultaneous LC analysis of five bioac-
tive alkaloids in an anti-angiogenesis herbal formula, Qing-Luo-
Yin. Chromatographia 2008; 68: 579-85. 

[69] Li S, Wu M. Composition and its use as effective constituent of a 
medicine having anti-angiogenesis synergy effect. China invention 
patent ZL200610114226.X, 2006

[70] Csermely P, Agoston V, Pongor S. The efficiency of multi-target 
drugs: the network approach might help drug design. Trends 
Pharmacol Sci 2005; 26: 178-82. 

[71] Corson TW, Crews CM. Molecular understanding and modern 
application of traditional medicines: triumphs and trials. Cell 2007;
130: 769-74. 

[72] Kitano H. A robustness-based approach to systems-oriented drug 
design. Nat Rev Drug Discov 2007; 6: 202-10. 

[73] Folkman J. Angiogenesis in cancer, vascular, rheumatoid and other 
disease. Nat Med 1995; 1: 27-30. 

[74] Abdollahi A, Schwager C, Kleeff J, et al. Transcriptional network 
governing the angiogenic switch in human pancreatic cancer. Proc 
Natl Acad Sci USA 2007; 104: 12890-5. 

Received: October 20, 2008 Revised: November 16, 2008  Accepted: November 28, 2008 


