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Abstract: Cardiovascular diseases (CVDs) are leading causes of death in the world, owing to noticeable 
incidence and mortality. Traditional Chinese Medicine (TCM) SINI Decoction (SND) is used to 
prevent and treat CVDs, which has attracted extensive attention for its moderate and little side effects. 
However, the involved molecular mechanisms are exceedingly complicated and remain unclear. Systems 
pharmacology, as a novel approach that integrates systems biology and pharmacology plays a significant 
role in investigating the molecular mechanism of TCM. In systems pharmacology approach, we use to 
systematically uncover the mechanisms of action in Chinese medicinal formula SND as an effective 
treatment for CVDs, which mainly includes:1) molecular database building; 2) ADME evaluation; 3) 
target-fishing 4) network construction and analysis. The results show that 78 underlying valid ingredients 
and their corresponding 71 direct targets of SND were obtained. And SND take part in cardiomyocyte 
protection, blood pressure regulation, and lipid regulation module in treatment of CVDs by cooperative 
way. Systems pharmacology as an emerging field that investigates the molecular mechanisms of TCM 
through pharmacokinetic evaluation target prediction, and pathway analysis, which will facilitate the 
development of traditional Chinese herbs in modern medicine.
Key words: systems pharmacology, SINI Decoction, Cardiovascular Diseases, molecular mechanisms, 
traditional Chinese herbs.
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INTRODUCTION

The cardiovascular diseases (CVDs) are major 
causes of death universally. In 2012, about 17.5 
million peoples died from CVDs representing about 
31% of all deaths around the world and the death 
rates would be estimated to increase 23.6 million 
by 2030. In recent years, there are many different 
drugs have been used to treat CVDs, mainly 
including antianginal drugs, anti-arrhythmic drugs, 
anti-coagulant medicine, blood-lipid lowering 
drugs, anti-hypertensive agents, beta-blockers, 
calcium blockers, cardiac glycosides, hydragog 
and vasodilator agents (Khand et al. 2000, Shu 
et al. 2018). These drugs are mostly playing vital 
roles in the single-compound and single-target, 
which bring many serious side effects, such as 
postural hyperpiesia, depressed and feeble from 
beta-blockers, sychnosphygmia, headache, facial 
flushing and polyuria from calcium blockers (Russell 
1988, Yatoo et al. 2017). However, the Traditional 
Chinese Medicines (TCMs) have drawn great 
attention in the world because of little side effects 
and playing therapeutic role by multi-compounds 
and multi-targets with have coordination (Su et 
al. 2008, Zhang et al. 2019). The Sini Decoction 
(SND) is one of the most important TCM recipes 
on CVDs which comprises three herbs: Aconiti 
Lateralis Radix Praeparata (ALRP, Chinese name 
Fuzi), Zingiberis Rhizoma (ZR, Chinese name 
Ganjiang), and Glycyrrhizae Radix (GR, Chinese 
name Gancao) at a ratio of 3:2:3(g) (Tan et al. 
2011). The SND has been officially enrolled in the 
Chinese Pharmacopoeia, which has been diffusely 
used in treatment of cardiovascular diseases for 
many years (Peter et al. 2013). The SND has been 
used to be a life-saving drug to treat patients with 
heart failure (HF), myocardial infarction (MI) and 
other serious diseases (Hui and Weikang 2001). 
In the SND, Aconitum carmichaelii, the principal 
herb, Zingiber officinal, an assistant herb, and 
Glycyrrhiza uralensis, as a complement and guide 

herb, work together to get maximal therapeutic 
efficacy with minimal adverse effects (Su et al. 
2000). According to the literature, SND can protect 
against myocardial damage and decreased blood 
pressure and ease the injuries of hyperlipidemia etc., 
which contribute remarkable effects to the survival 
rates of CVD patients (Guo et al. 2008). Regarding 
the underlying mechanisms and interrelated 
biological elements of the SND, there are plentiful 
problems need to be solved imminently: 1) which 
positive elements take part in the administrative 
processes of the SND in the treatment of CVDs? 2) 
Which targets are regulated by the active chemical 
components to achieve the therapeutic goal? 3) 
Which pathologic processes are adjusted by the 
active ingredients and drugs to cure CVDs?. With 
the great development of system pharmacology 
today, there are a lot of useful analytical tools to help 
us understand the complex and whole mechanisms 
of TCM in treating complex diseases (Zhang et al. 
2013). Therefore, in this study, we used a system 
pharmacology method to dissect clearly molecular 
mechanisms of the SND in curing CVDs. The 
Specific research methods can be seen from Figure 
1, firstly, the molecular database was constructed 
and then an in silico ADME system was stuck to 
filter out the active ingredients with beneficial 
pharmacokinetics activity. Next, the direct targets 
of the obtained active compounds are predicted by 
the in silico model weighted ensemble similarity 
(WES). Finally, the four networks were constructed 
to interpret the therapeutic mechanisms of SND for 
CVDs, which including compound-target-function 
network, GO analysis, target-CVDs associated 
disease network and CVDs pathway. The system 
pharmacology method would provide a novel 
and efficient way to deeply dissect the chemical 
and pharmacological basis of SND, which would 
promote the development of TCMs in the treatment 
of complex diseases.
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MATERIALS AND METHODS

In this work, we applied system pharmacology 
methods to reveal the therapeutic effects of SND 
(Fig. 1), which comprise: 1) molecular database 
construction for the 3 drugs in SND; 2) ADME 
system evaluation to filter potential active 
components from the above compound database; 
3) target-fishing of the obtained potential active 
components; 4) network construction and analysis 
to illustrate the underlying molecular mechanisms 
of SND in curing CVDs.

There are 493 chemical components 
in SND were collected from literature and 
database: Traditional Chinese Medicine Systems 
Pharmacology Database (TCMSP, http://lsp.
nwsuaf.edu.cn/tcmsp.php (Ru et al. 2014), TM-MC 
(Kim et al. 2015) and Phytochemical databases of 
Chinese herbal constituents (Ehrman et al. 2007). 
TCMSP include 510 herbal which are registered 
in Chinese pharmacopoeia with more than 33000 
components. It can search the molecular properties, 
structures, TCM ingredients, targets and diseases 
handily. TM-MC database offers information on 
medicinal materials and their chemical compounds 
from chromatography articles in MEDLINE and 
PubMed Central. Phytochemical databases of 
Chinese herbal constituents contain data on known 
chemical constituents of 240 commonly used 
Chinese herbs.

EVALUATION OF ADME 

We applied the ADME (absorption, distribution, 
metabolism, and excretion of drugs) model to filter 
out the potential active compounds with beneficial 
pharmacokinetics characteristics. Most of the 
traditional Chinese medicines are oral preparations. 
Only through the ADME process and reached the 
target organs and target tissues can they exert 
efficacy. ADME predictions could screen out the 
chemicals which play a vital role. The ADME 
system comprise predict oral bioavailability 

(PreOB), predict drug-likeness (PreDL) and predict 
Caco-2 permeability (PreCaco-2) models.

PreOB: OB prescreening is one of the significant 
stages of drugs invention and development, which 
represents the ratio of oral drugs that reaches the 
circulation system with their activity unchanged. 
In this work, a robust in silico model Bioavailable 
1.1 (Xu et al. 2012) was utilized to predict the OB 
value.

PreDL: Drug-likeness is one of the most useful 
factors in absorption, distribution, metabolism, 
and elimination for human body. We developed 
a PreDL model to calculate the DL values by 
evaluating tanimoto similarity between ingredients 
and chemicals in the Drug bank database (Wishart 
et al. 2008).

PreCaco-2: One of the greatest problems for 
orally administered drugs is its passage through the 
intestinal epithelial barrier, which decides the rate 
and proportion of human absorption and ultimately 
influences its bioavailability (Hilgers et al. 1990). In 
this work, molecules were chosen as the bioactive 
ingredients based on standards with OB ≥ 30%, DL 
≥ 0.18, Caco-2≥0.4 for further research.

TARGET FISHING

In this study, we applied a weighted ensemble 
similarity (WES) model to predict direct targets 
of potential active ingredients (Zheng et al. 2015). 
A system-level identification of drug-target direct 
interactions is crucial to drug discovery. A novel 
algorithmtermed weighted ensemble similarity 
(WES) has been developed to identify drug direct 
targets based on a large-scale of 98,327 drug-
target relationships. WES model works well in 
predicting the binding (sensitivity 85%, SEN) and 
the nonbinding (specificity 71%, SPE) patterns. 
The accuracy of WES model achieves 78% and 
the precision obtains 74%, with the area under 
the receiver operating curves (AUC) reach’s 
0.85. And then, the normalized gene names and 
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organisms of these targets (only Homo sapiens)
were obtained from Uniport (http://www.uniprot.
org (Magrane and Consortium 2011)) for further 
analysis. UniProt is used to provide the scientific 
community with a comprehensive, high-quality 
and freely accessible resource of protein sequence 
and functional information.

TARGET FUNCTIONAL ANALYSIS

To validate whether the 71 selected targets indeed 
match for CVDs, we performed a Gene Ontology 
(GO) analysis for their biological process. The 71 
potential targets were mapped to DAVID (http://
david.abcc.ncifcrf.gov (Huang et al. 2007)). Then 

based on the GOBP enrichment data, functional 
annotation clustering analysis was carried out for 
further induction of these biological processes into 
several modules that exert different physiological 
functions. We only selected the terms with P value 
less than 0.01.

NETWORK CONSTRUCTION

Compound-target-function network

A Compound-target-function(C-T-F) network 
was constructed to explicate the multi-target and 
multi-function therapeutic feature of the active 
compounds in treating CVDs. If a protein is 

Figure 1 - Worflow for SND in treating CVDs.
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targeted by a compound, the candidate compound 
and the potential target protein would be linked. 
At the same time, targets exert different biological 
processes were linked to their homologous 
functional modules.

GO enrichment

In this part, the GOBP (biological process) 
enrichment analysis list the top 20 significantly 
enriched GO terms, which show that the majority 
of these targets are strongly associated with 
various biological processes, which mainly 
including positive regulation of vasoconstriction, 
phospholipase C-activating G-protein coupled 
receptor signaling pathway and norepinephrine-
epinephrine vasoconstriction involved in regulation 
of systemic arterial blood pressure. These biological 
processes are all associated with the pathogenesis 
of CVDs. 

Target-disease-category (T-cD) network

To explore potential targets and diseases 
interrelationship, the corresponding diseases were 
extracted from TCMSP and CTD databases (http://
ctdbase.org/ (Mattingly et al. 2006)). Based on the 
target-associated disease information, a Target-
disease-category (T-cD) network was constructed 
by linking target with their relevant diseases. The 
compound-target-function and T-cD networks 
actualize visualization through Cytoscape 3.4.0. In 
the network, the compounds, targets, and diseases 
are represented as nodes, and the interaction 
between two nodes is represented by an edge. 
Besides, degree used to evaluate the importance of 
each node in the networks, which is calculated by 
Network Analysis plugin of Cytoscape (Shannon 
et al. 2003). 

PATHWAY CONSTRUCTIONS 

According to present cognition of CVDs pathology, 
we integrate “CVDs pathway” to investigate how 

targets were influenced by the complex diseases 
through modulating specific pathways. Firstly, 
the obtained target proteins were mapped onto 
KEGG (Ogata et al. 1999) to distribute them to 
several pathways. Next, pathways closely related 
to CVDs were picked out and integrated into a 
“CVDs pathway” based on the pathological and 
clinical data. Then, a nearness analysis was taken 
to find the correlativity between “CVDs pathway” 
proteins and the obtained targets.

RESULTS AND DISCUSSION

ACTIVE COMPONENTS

Compounds conform to the inspect criteria 
and their homologous drugs were taken on the 
Supplementary Material (Table SI). A total 
number of 493 compounds were found in the 
three herbs of SND. With the help of the ADME 
evaluation system, 78 of active compounds with 
OB≥30% DL≥0.18, Caco2≥0.4, were obtained 
and accounting for 15.8% of all ingredients of 
the SND. The most of the 78 active ingredients 
have been proven to that exert vital biological 
activities including nervous system development, 
vasoconstriction, transcription, and blood 
coagulation. For instance, demethylcoclaurine 
(M05, OB=82.54%, DL=0.21, Caco-2=0.63) is 
one of the most effective constituents in ALRP, 
which plays a protective role on cardiovascular 
system by enhancing myocardial contractile force 
and rate. At the same time, it has been reported that 
demethylcoclaurine increased cardiac output and 
myocardial oxygen demand and reduced the blood 
pressure in CVDs (Zhang et al. 2003). Glabridin 
(M46, OB=53.25, DL=0.47, Caco-2=0.97) could 
regulate vascular injury and reduce thermogenesis, 
which is critical to the prevention of atherosclerosis 
(Fuhrman and Aviram, 2001). As can be seen from 
Table SII, β sitosterol (M07, OB=36.91, DL=0.75, 
Caco-2=1.32) a common ingredient of 3 drugs 
in SND, has been demonstrated to significantly 
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decrease serum of hyper lipemia mice TC, LDL-C 
and arterial stiffness index (arteriosclerosis Index), 
which has good preventive effect on hyperlipidemia 
and atherosclerosis in mice (Volger et al. 2001).

TARGETS

Through the methods in 2.3, we obtained 71 
candidate targets for the 78 compounds with 
1670 connections between them (Table II). The 
results are illustrating that most compounds have 
effect on more than one target, indicating various 
pharmacological effects of the active molecules. 

NETWORK CONSTRUCTION AND ANALYSIS

Compound-target-function (C-T-F) network

Figure 2a displays the resultant C-T-F network 
which is consists of 78 compounds, 71 candidate 
targets, and 4 corresponding functional annotations. 
The result displayed an average degree of 22 per 
compounds and 24 per target proteins, respectively. 
The relationships between compounds and targets 
are represented in (Fig. 2b), from those active 
compounds, M07 exhibits the highest number of 
target candidate target interaction (degree = 45), 
followed by M15 (degree = 43), M3 (degree = 
40), M44 (degree = 35) and so forth, this gave 
more knowledge about the multi-target properties 
of ingredients, which is the innate character 
of the action mode of herbal drugs. As for the 
candidate targets, ESR1 (Estrogen receptor, T08) 
shows the highest degree (Degree = 73), with AR 
(Androgen receptor, T09, Degree = 71), PTGS2 
(Prostaglandin G/H synthase 2, T16, Degree = 
69), PPARG (Peroxisome proliferator activated 
receptor gamma, T12, Degree = 68) behind it, 
which indicate the potential therapeutic effect of 
each herb in SND for combating CVDs through 
the adjustment of these relevant proteins. Many 
targets are verified in previous research, such as 
ESR1 (Estrogen receptor), AR (Androgen receptor) 
and PPAR (Peroxisome proliferator activated 

receptor gamma). Human coronary arteries short-
term relaxation effects are mostly influenced by 
the formation of NO, which directly activated by 
estrogen receptor (Mendelsohn and Karas 1994). 
Estrogen with physiological concentrations could 
cause rapid secretion of NO. Thus, the regulation 
of ESR1 by active ingredients such as M10 and 
M12 is essential for cardioprotection. Androgen 
could decrease plasminogen activator and increase 
coagulation inhibitor and fibrinolysis. Thereby, it 
preventing thromboembolic disease and myocardial 
infarction (Tsai et al. 2007). Delton (M2) and 
Neokadsuranic acid B (M4) could activate AR, 
which is playing an important role in reducing risk 
of CVDs (Liu et al. 2003). PPARs has a protective 
effect on the cardiovascular system, which can be 
used to prevent and treat heart failure (Finck 2007). 
Beta-sitosterol (M7) and 7-Methoxy-2-methyl 
isoflavone (M15) serve as regulator of PPARs which 
play a role in avoiding heart failure. The functional 
annotation clustering analysis further summed 
up relevant biological processes into several 
functional modules such as blood coagulation, 
transcription, vasoconstriction and nervous system 
development (P<<0.01). For example, (1) ESR2 
(Estrogen receptor beta) is active in protection 
of vascular injury, especially for coronary artery. 
Clinical data have confirmed that estrogen play 
an important role in anticoagulation because it 
can stimulate the production of prostacyclin and 
nitric oxide and weaken the activation of platelets, 
which belongs to blood coagulation module 
(Mahmoodzadeh et al. 2006). (2) The normal level 
blood pressure is depended on dynamic balance 
between vasodilation and vasoconstriction. If this 
balance was broken, it will disturb the normal 
process of blood fluidity, platelet aggregation, and 
smooth muscle cell proliferation. Evidence has 
suggested the clear effect of PTGS2 (Prostaglandin 
G/H synthase 2) in blood pressure regulation, 
which belongs to the vasoconstriction functional 
module (Wang et al. 1999). (3) The peroxisome 
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Figure 2 - a. Compound-target-function network. A compound and a target are linked if the target protein is hit by corresponding 
compound. Similarly, a target and a functional module are linked if the target is involved in this biological process. Node size is 
proportional to its degree and the letters are node labels. b. Compound-target relationship. A compound and a target are linked 
if the target protein is hit by the corresponding compound. Node size is proportional to its degree and the letters are node labels.
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proliferator-activated receptors (PPARs) are made 
up of three related transcription factors that serve 
to modulate a great number of cellular processes 
that are vital to cardiovascular health and disease 
(Cresci 2008). Numerous pharmacologic studies 
have assessed the effects of specific PPAR agonists 
in clinical trials, which belong to the transcription 
functional module. (4) The 5-hydroxytryptamine 
type-3 (5-HT3) receptor is a cation-selective 
ion channel of the Cys-loop superfamily. 5-HT3 
receptor activation in the central and peripheral 
nervous systems evokes neuronal excitation and 
neurotransmitter release, which belongs to the 
nervous system development functional module 
(Barnes et al. 2009).

GO enrichment analysis

As shown in Fig.3, in the GOBP enrichment 
analysis, we discovered that there are many targets 
are bound up with several CVDs-associated 
biological processes, such as synaptic transmission, 
cholinergic adenylate cyclase-inhibiting, G-protein 
coupled acetylcholine receptor signaling pathway, 
transcription initiation from RNA polymerase II 
promoter, adenylate cyclase-activating adrenergic 
receptor signaling pathway, positive regulation of 
smooth muscle contraction and so forth (P<<0.01), 
which demonstrate the potential therapeutic effect 
of each target for CVDs.

Target-CVDs network

In this part, to show the essence mechanisms 
of the potential target case by case, relevant 
CVDs and their associated targets were built 
onto a target-CVDs (T-D) network. As shown in 
Fig.4, previous research has confirmed that T10 
(ADRB1) and T5 (F2) are closely related to the 
incidence of myocardial infarction (Yilmaz et al. 
2009). Thus, functions of compounds like M15 
and M07 are deemed to be a helpful therapeutic 
plan in myocardial protection from myocardial 

infarction. As one of the main risk factors of CVDs, 
hypertension links with more than 30 targets in this 
T-D network. T06 (KCNH2) plays an important role 
in regulating the excitatory of smooth muscle cells 
by potassium channels (Petkov 2012). Besides, 
T70 (CALM1) is associated with increased risk 
of sudden cardiac death in patients with chronic 
heart failure (Liu et al. 2015). All of the above 
statement demonstrates the multi-target therapeutic 
efficiency of SND in the treatment of CVDs. At the 
same time, owing to CVDs are mutual influences 
exist between different kinds of disease, the shared 
target proteins of them would be the potentially 
valuable targets in the treatment of CVDs from 
an overall view. For example, the adrenal glands 
receptors play an important role in adjusting heart 
rate and myocardial contraction force controlled 
by sympathetic and parasympathetic (Triposkiadis 
et al. 2009). And lots of studies have demonstrated 
that in the process of atherosclerosis, T35 (ADRB2) 
could adjust the diastolic of human heart coronary 
artery (Milano et al. 1994), which is related to 16 
CVDs-associated diseases such as Angina Pectoris, 
Arrhythmias, Cardiac, Bradycardia, Cardiomegaly, 
Cardiomyopathies in T-D network. Besides, T11
（SCN5A） gene encodes the forming subunit of 
the cardiac Na+ channel, which is responsible for the 
rapid depolarization of the cardiac action potential 
and plays a role in the control of the excitation and 
maintenance of the cardiac myocyte excitability 
(Catterall 2000). A large number of studies have 
also confirmed that mutations in SCN5A can lead 
to a variety of fatal familial arrhythmias. Hence, 
the shared target proteins deserve more attention in 
subsequent therapy.

PATHWAY ANALYSIS

According to the present comprehension of CVDs 
pathology, “CVDs pathway” consists of pathways 
which are directly related to CVDs. Those target 
proteins have wondrous functional connection to 
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the proteins linked with CVDs pathway. As shown 
in Fig. 5,   we mainly focused on four representative 
modules to anatomize the underlying therapeutic 
eff ects of SND.

 CARDIOMYOCYte PROteCtION MODUle

A number of experimental evidence suggest that 
cardiomyocyte apoptosis is one of the major 
pathogenic factors in heart diseases leading to heart 
failure (Ganguly et al. 2014). Cardiac hypertrophy 
is an increase in the muscle volume of the ventricle 
due to the enlargement of cardiac cells and is also an 
independent risk factor for cardiovascular diseases 
(Yamamoto et al. 2011). therefore, the protection 
of cardiomyocytes plays a signifi cant role in the 

prevention and treatment of cardiovascular diseases. 
Pathways about cardiomyocyte protection operate 
the function of cardiomyocyte protection through 
the regulation of some certain active components 
on their corresponding target proteins. For example, 
target ERK is marked in cGMP-PKG signaling 
pathway and target PI3K is marked in erbb signaling 
pathway. As shown in Figure 5, target genes be 
marked in the cGMP-PKG signaling pathway are 
detected to connect with the protection of cardiac 
myocytes during hypoxia/reoxygenation (Görbe 
et al. 2007). For instance, M60 (licochalcone A) 
was observed to increase eRK (Mitogen-activated 
protein kinase 1) level, while previous clinical 
research indicated that ERK activation has an eff ect 

Figure 3 - Gene Ontology (GO)analysis of therapy target genes. They-axis shows signifi cantly enriched ‘Biological 
Process’ categories in GO of the target genes, and thex-axis shows the enrichment scores of the seterms(P-
value<<0.01).
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Figure 4 - Target-CVDs associated disease network. Target proteins are linked with their corresponding diseases and those diseases 
are linked with the corresponding disease categories they belong to. The letters are node labels.

on attenuating oxidative stress induced cardiac 
apoptosis (Song et al. 2016). And experimental 
evidence demonstrated that eRK phosphorylation 
mediates sildenafi l-induced myocardial protection 
against ischemia-reperfusion injury in mice (Das et 
al. 2009). Besides, eRBB signaling pathway plays 
an irreplaceable role in regulating cardiomyocyte 
survival and growth, maintaining cardiomyocyte 
integrity and intrinsic properties. For example, 
activation of the NRG1-eRBB4 signaling pathway 
can repair myocardial cells following myocardial 
infarction (liang et al. 2015). 10 molecules were 

observed to act on the PI3K target in the erbb 
signaling pathway. Previous study suggested that 
PI3K target play a key role in cardiomyocyte 
protection on eRBB signal pathway (Barnes et 
al. 2009). When cardiomyocytes were damaged, 
NRG-1 released by endothelial cell could protect 
the cardiomyocytes from apoptosis due to oxidative 
overload or anthracycline through inhibiting the 
release of Cytochrome C and activating apoptotic 
protein-3 (Caspase-3) with the PI3K/Akt signaling 
pathway (Dang et al. 2016). In addition, target 
GSK3B is regulated by 64 molecules in the erbb 
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signaling pathway, which mediate myocardial 
protection by modulation of the mitochondrial 
permeability transition pore complex. As stated 
above, SND may cure cardiovascular disease by 
protecting cardiomyocyte.

BLOOD PRESSURE REGULATION MODULE

Hypertension is a cardiovascular risk factor present 
in over two-thirds of people over age 60 in North 
America; elevated blood pressure correlates 
with increased risk of heart attack, stroke, and 
progression to heart and kidney failure. Maintain 
blood pressure in the normal range is particularly 
important for the prevention and treatment of 
cardiovascular disease. As displayed in Fig.5, 
adrenergic signaling in cardiomyocytes pathway 
plays an important role in regulating blood 
pressure. There are 6 molecules act on target 
ADRA1D (a1-AR) and 4 molecules act on target 
ADRA1A (a1-AR). Previous study suggested that 
target a1-AR activates phospholipase C (PLC) 
through protein Gq/11 and decomposes PIP2 into 
inositol triphosphate (IP3) and dieter (DG) on 
the plasma membrane, which resulting positive 
changes in myocardium and arterial blood pressure 
(de Souza et al. 2015). M15 (7-Methoxy-2-methyl 
isoflavone) were observed to down-regulate the 
target ADRB1 and studies have shown that down-
regulation of ADRB1 in myocardial can reduce 
blood pressure in spontaneously hypertensive rats 
(Gaiyan and Yuan 2016). There are 29 components 
acting on target β2-AR, and experimental evidence 
demonstrated that the haplotype of the ADRB2 
receptor is associated with high diastolic blood 
pressure. Besides, target proteins modulated by 
active components through operating vascular 
smooth muscle contraction pathway involve in 
blood pressure regulation (Qiao et al. 2014). M59
，M61，M62 and M73 were predicted to act 
on KCNMA1 and previous study suggested that 
genetic variation of KCNMA1 potassium channel 

subunits is a risk factor for severe hypertension 
and myocardial infarction. The components which 
regulate the target on the VEGF signaling pathway 
can also inhibit hypertension (Robinson et al. 2010). 
There are 14 drug components acting on the target 
KDR, which regulate blood pressure by modulating 
the expression of nitric oxide synthase (Facemire et 
al. 2009). All these suggested that the regulation of 
targets in blood pressure associate pathway is an 
effective therapeutic mode in treatment of CVDs.

LIPID REGULATION MODULE

Dyslipidemia as a risk factor for atherosclerosis and 
coronary heart disease is well established which is 
defined by abnormal levels of plasma lipoproteins. 
Active lipid therapy can not only improve vascular 
endothelial function, stabilize atherosclerotic 
plaque, delay the process of arteriosclerosis, reduce 
platelet aggregation, but also significantly reduce 
the incidence of acute coronary events and the 
incidence of coronary heart disease and mortality 
(Kassimatis and Goldsmith 2014). As shown in 
Fig.5, target ESR1 is modulated by 173 molecules 
and target ESR2 is regulated by 63 molecules in the 
estrogen pathway. Target ESR1 and target ESR2 
both belong to ER receptor. Previous study showed 
that activation of ER receptor could reduce the risk of 
cardiovascular disease by improving dyslipidemia 
for postmenopausal women (Okamura et al. 2008). 
Besides, target ERK1/2 can be regulated by M60 
(licochalcone a), and previous research suggested 
that inhibition of ERK1/2 can reduce the ApoE 
gene-deficient mice atherosclerotic lesions by 
reversing the transport of cholesterol and inhibiting 
lipid accumulation (Chen et al. 2015). In addition 
to estrogen pathway, SND can also regulate the 
target on PPAR signaling pathway to modulate 
blood lipids, and then treat cardiovascular diseases 
(Duval et al. 2007). Target RXRA is modulated 
by 27 molecules and RXRA polymorphisms in 
the RXRA and NR1I3 genes could influence lipid 
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profile in a Southern Brazilian population (Lima et 
al. 2013). Thus, all above suggest that SND may 
treat cardiovascular disease by regulating the lipid 
regulation module.

CROSS-TALK

Cross-talk is mean to one or more target genes of one 
pathway affect(s) another pathway simultaneously. 
Signaling pathways are not isolated from each other 
but adjusted the common target to perform different 
functions. As shown in Fig.5, there exist two 
typical cross-talks, including PI3K-AKT signaling 
pathway and Calcium signaling path. PI3K-AKT 
signaling pathway is a common bond in cGMP-
PKG signaling pathway, adrenergic signaling 
in cardiomyocytes, estrogen signaling pathway 
and erbb signaling pathway. Target PIK3CG is 
regulated by 10 molecules, which activation of 
target PIK3CG not only protect cardiomyocytes 
but also promote blood vessels diastolic, regulate 
blood pressure. Activation of target PIK3CG can 
regulate lipid metabolism and reduce the risk of 
coronary atherosclerosis as well (Xu and Liu 2013). 
Besides, Calcium signaling pathway is a cross-
talk between cGMP-PKG signaling pathway and 
Estrogen signaling pathway. The main functions 
of Calcium signaling pathway is to regulate blood 
pressure. The Calcium channel blockers block 
calcium influx, reducing intracellular calcium 
levels, causing vascular smooth muscle relaxation, 
which were used to treat hypertensive, angina and 
arrhythmia clinically (Karasawa et al. 1988). There 
are 13 ingredients act on target eNOS and previous 
data show that eNOS is important for controlling 
blood pressure. The fact is reviewed with special 
emphasis on that endogenous nitric oxide can 
buffer blood pressure variability (BPV) in dogs, 
rats and mice (Stauss et al. 2000).

CONCLUSIONS

We applied a systems pharmacology approach by 
integrating the ADME screening, targets fishing, 
network construction, and analysis to dissect 
the underlying mechanisms of action of SND in 
treating of CVDs. The main findings are as follows. 
78 molecules and 71 direct targets were obtained, 
which suggested that a multi-drug-multi-target 
paradigm of SND. These compounds and targets 
might serve to guide the further study of SND. 
The target and C-T-F network analysis together 
display that some vital compounds of SND such 
as demethylcoclaurine, glabridin andβsitosterol 
which may play vital role in treatment of CVDs. 
SND positively aiming for some targets like ESR1, 
AR, and PTGS2 exhibits the therapeutic effects 
against CVDs by modulating blood coagulation, 
transcription, vasoconstriction, and nervous system 
development function. The target-CVDs network 
and CVDs pathway display that SND might exert 
synergistic effect with multi-drug-multi-disease 
interaction in treatment of CVDs. Different 
targets act on the same pathways or multiple 
pathways influenced by the same targets get their 
more chances to affecting the whole equilibrium 
of networks, which make the SND therapy more 
effective. SND exert its excellent efficacy in the 
fighting with CVDs from an overall standpoint 
with the regulation of cardiomyocyte protection 
module, blood pressure regulation module, and 
lipid regulation module. This work provides a novel 
approach for comprehension of the mechanism of 
SND on CVDs from molecular level to pathway 
level. The results are also facilitating the wide 
spread application of traditional medicines in 
modern medicine.
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