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Natural products from traditional medicine liRgurveda are considered as attractive options in new drug discovery
Traditional poly herbal formulations contain many bioactives and are capable of modulating several disease targets.
Studying complex relationships between the bioactives, targets, diseases and genes is now possible with help of emerging
technique known as network pharmacolobyis article briefly explains present status of drug research and highlights
importance of network pharmacology as a new tool for drug and formulation disdlveagy network pharmacology

has been successfully used to study traditional Chinese medMiiteshelp of Ayurvedic formulationTriphala, this

article demonstrates how pharmacology networks of medicinal plants and their formulations can be constructed and used
to understand putative actions, indications and mechanisms. The emerging technique of network pharmacology can serve
as a valuable tool for scientific understandingwadrveda and natural product drug discovery
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Introduction of anticancer and 75% of anti-infective drugs
_ approved from 1981 to 2002 have natural origins
Natural Product Discovery (Guptaet al., 2005). Many active compounds

Drug research has undergone several transitiondioactives) from traditional medicine sources could
during the last few yearAlthough high throughput ~ S€Tve as good stqrting compounds and scaffolds for
technologies are available, the number of new rational drug design. Most of these compounds are

chemical entities entering in market as drugs has beefart of routinely-used, traditional medicines and hence
reduced. Moreoverthe number of drugs being their tolerance and safety are relatively better known

withdrawn after launching in the markets is increasing. than any other chemical entities that are new for
There seems to be a need to rediscover discoverjluman use.

process (Patwardhan, 201Z[yadition.al knowledge Many experts feel that it would be cheaper and
and natural products can play an important role 0 mqre efficient to study plants described in ancient
overcome present impasse in drug discoveryexts (Holland, 1994). In the past, impressive
(Patwardhan and Mashelk&009). It is estimated g ,ccesses with bioactives from botanicals (medicinal
that over one hundred nematural product-based leads plants) have been reported. Most notably among
are in clinical development (Harve&008) About 60%
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these include quinghaosu and artemisinin from Chinese Panax ginseng has been reported to modulate
medicine. Numerous bioactive molecules have comemultiple targets in type 2 diabetes mellitus (T2DM)
out of theAyurvedic medicines including Rauwolfia and insulin resistance such as insulin receptor
alkaloids for treating hypertension, psoralens for substrate-1, c-Jun NH2-terminal kinase, 5' adenosine
vitiligo, Holarrhena alkaloids for amebiasis, monophosphate-activated protein kinase,
guggulsterons as hypolipidemic agentgjcuna phosphatidylinositol 3-kinase (PI3KM\kt/PKB,
pruriens for Parkinsors disease, piperidines as Thr308, Ser473 and glucose transporter type 4 (GLUT
bioavailability enhancers, baccosides in mental 4). Through these targets it is modulating the uptake
retention, picrosides for hepatic protection, phyllanthins and disposal of glucose in adipocytes (Zheng .,

as antivirals, curcumine for inflammation and 2008).

withanolides as immunomodulators (Patwardbian

al., 2004). We propose that formulations from traditional

systems likédyurveda might be useful in polygenic
New Trends in Drug Discovery lifestyle and chronic disorderé change in the
_ discovery strategy from a single target, new chemical
Normally drug discovery follows the one gene/one entity as a drug to multiple-target, synergistic

tamget/one drug approach, howevarmulti-taget,  formylation discovery has been proposed (Patwardhan
multi-ingredient formulation design may be the smarter 4 4 2015).

approach. Drug discovery need not be confined

always to the discovery of a single moleciieday Emerging Technique
we are dealing with polygenic syndromes and not just

isolated diseases, hence multi-target approaches ard&twork Pharmacology

necessary (Zimmermanet al., 2007). Lifestyle Recently a new technique known as poly-
disorders like obesitgiabetes, cardiovascular diseases pharmacology has emerged which is able to address
and cancers can be managed with multi-targetediye jimjtations with current drug discovery challenges.
approach. Due to the diversity of structures, bOtan'CaIPoly-pharmacologyalso known as network
extracts can deal with mylt_iple targets simultaneously pharmacologyattempts to understand drug action and
and may have synergistic effects. Therefore, thejneractions with multiple targets (Hopkins, 2007). It
development of standardized, synergistic, safe and,ses computational power and computer-based virtual
effective herbal formulations with sufficient scientific high-throughput screening for docking studies to
evidence can offer an economical and better;mrove the efficiency of discovery process. Network
alternative. pharmacology also attempts repurposing existing drug

Advances in omics technologies, computational molecules for different therapeutic conditions.
and systems biology have provided new insights in However these dbrts require some guidance for
identifying multiple target modulations (Gat al., selecting the right type of targets and new scaffolds
2013a). For example, curcumin is reported to regulate®f drug molecules. Integrating systems biology and
multiple targets and cell signaling pathwayeh as network pharmacology can accelerate search for drug
cyclooxygenase-2, tumor necrosis factor (T&)F- targets and help in designing new drugs, which can
epidermal growth factomuman epidermal growth modulate multiple biological targets (Hopkins, 2008;
factor receptor 2, vascular endothelial cell growth Choetal.,, 2012) A concept of ‘network tget has
factorand proteasome: and activate apoptosis, down.’€€n proposed to help design and predict the best
regulate cell survival gene products, up-regulate tumorP0OSsible treatments (Li, 2007; Li et al., 201The
suppressor protein-p53 and cyclin-dependent kinaseeonstructed network system can predict the main
inhibitors showing its potential in the disease conditions &Ctive components, and their corresponding targets,

like cancerdiabetes andlizheimer's disease (Gupta which can be helpful for the therapeutic applications
et al., 2013). of complex formulations of traditional medicine (Shi

etal., 2014).
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The traditional knowledge can play the vital role preliminary study of this emerging technique to explore
in this process of formulation discovery and the potential applications ofyurvedic formulation
repurposing of existing drugs (Ellingsetral ., 2014). Triphala.

Multi ingredient traditional formulations with several

bioactives have putative synergistic activities probably Example

through interaction with multiple target proteins, Ayurvedic Formulation Triphala

diverse genes and regulation of multiple signaling
pathways. Generallyunderstanding such complex
pharmacological mechanisms is difficult. Network
pharmacology technique has been used to understan
mechanisms dffraditional Chinese Medicines (TCM)
(Yanget al., 2012). Synayistic activity of TCM
formulations like Qing-Luo-¥ and Liu-Wei-Di-
Huang pill have been studied using network
pharmacology (Li and Zhang, 2013). Recenthe
molecular mechanisms of TCM herbal formula known
as Guizhi-Shaoyao-Zhimu used in the treatment of
diabetic peripheral neuropathy has been studied with
network pharmacology (Zhao et.a2015).

We have constructed a pharmacology network of
Triphala, which is one of the most popular and widely
gsedAyurvedic formulationsTriphala contain fruits

of three myrobalans Emblica officinalis (EO;
Amalaki) also known a#hyllanthus emblica;
Terminaliabellerica (TB; Vibhitaka) and @& minalia
chebula (TC; Haritaki). Triphala is an efective
medicine to balance all thré&osha. It is used as a
general health promotefor cosmetic purpose to
improve skin and hair quality and for diabetic wound
management. It is considered as a good rejuvenator
Rasayana, which facilitates nourishment to all tissues
or Dhatu.

Many Chinese researchers are now exploring
pharmacological mechanisms of complex botanical
formulations from TCM (Hao and Xiao, 2014; Li et
al., 2012). Cardiovascular disease herb databas

Triphala is the drug of choice for the treatment
of several diseases, especially those of metabolism,
dental and skin conditions and treatment of cancer

(CVDHD) which integrates medicinal plants, natural ?Ballga, 201.0)' Ithas a very good effgct on the heal.th
of heart, skin, eyes and helps delaying degenerative

products, CVD-related target proteins, docking results, hanges, such as cataracts (Gugital., 2010).

diseases and clinical biomarkers has been developea . . . :
riphala can be used as inexpensive and non-toxic

(Gu et al., 2013b). This database is providing a .
. . . natural product for the prevention and treatment of

research platform for bioactives from medicinal . .

. . : ... diseases where vascular endothelial growth factor-
plants Also a chemical botanicals library consisting . S

. . . . > Ainduced angiogenesis is involved (éhal., 2012).
of 389 botanicals having anti-infective and anti- . . L
Recently the beneficial role ofriphala in disease

inflammatory properties has been created (Ding et . L .
al., 2014). The potential of natural products to use asmanagement of proliferative vitreoretinopathy has also
” : P P been reported (Sivasankar et,&015). One of the

lead candidates for multi target cancer therapies ha?(ey ingredients ofriphala isAmalaki. Some studies
been demonstrated experimentally using networkhave already shown the beneficidbef of Amalaki

based multi target computational approach (Luo et . . S
Rasayana in suppressing neurodegeneration in fly

et to ndoratand somplon reaionebipe among bigModels 0f Huntingtoss andAlzheimers diseases
P P 909 bivedi et al., 2012: Dwivedi et al., 2013).

actives, their molecular targets, diseases and
mechanism of action (Bger and lyengar2009; Triphala can givenultiple and diverse actions
Chenget al., 2012; Liet al., 2011). based on its composition, dose, dosage form and
vehicle of administration (Fig. 1). The complex
proportions of bioactives might have synergistic action
and are possibly designed in a particular way in
regulating underlying pathophysiological processes
based on internal milieu. This hypothesis can be studied
with the help of network pharmacolagy

In this way possible mechanisms and rationale
behind putative synergistic actions of traditional
medicines can be understood with help of network
pharmacologySuch studies have not yet been done
on Ayurvedic formulationsWe present here
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Fig. 1: Multidimensional Effects of Triphala. (Reproduced
with permission from Patwardhan B, Mutalik G, Tillu
G 2015. Integrative Approaches for Health. Elsevier)

Methods
Mining Bioactives

The bioactive compounds of the three myrobalans
EO, TB and TC reported in literature were used in
this study The bioactives were retrieved from the
Universal Natural Products Database (UNPD), which
is designed to be a comprehensive resource of natur
products for virtual screening. Presenigomprises

of 229,358 structures. The 3D structures of bioactives,
which are freely accessible and available in the™.sdf
or ‘mol2’ formats (file structures to store spatial data)
were used for the study (Gual., 2013a).

Predicting Targets and Associated Diseases

The ‘.sdf files having structures of bioactives were
submitted to the Binding database or ‘Binding DB’
(Liu et al., 2007) for predicting their target proteins.
Binding DB focuses on interactions of proteins

considered as candidate drug-targets with ligands that

are small drug-like molecules. It predicts targets using
structural similarity to the studied ligands, and scores

the results according to closeness to the ligands, where
1 is the highest valuéVe have selected @ats of
those bioactives with a score ranging from 0.9 to 1.
Binding DB is connected to numerous other databases,
which were used to extract more information regarding
the targets. The protein symbols were pulled out from
UniProt (Bairoch et al., 2005) using the UniProt IDs
given in Binding DB. The targets of the bioactives
were searched for in th€herapeuticTargets
Database (TTD) for their association with any disease
or indication (Zhu et al 2012). The structural similarity
scores of the bioactives can be extrapolated and
assigned to the interactions of the bioactives and their
targets.

Network Construction

A network is made up of nodes, the points of
communication or redistribution and edges, the lines
of communication or relation joining the nodes. The
entities that form the nodes of the networks include:
Triphala and its constituent botanicals (H®, and

TC), the bioactive compounds present in the constituent
botanicals, the targets of the bioactives and the target
related diseases. The networks were constructed
using Cytoscape 3.2.0, a java based open source
software platform for visualizing complex networks
and integrating them with any type of attribute data
(Shannonet al., 2003). The networks link the
formulation to its botanical constituents, from the latter
to their bioactives that in turn link to the targets of the
l?ioactives and finally to diseases associated with the
argets. Duplicate names of the bioactives, owing to
presence of different conformations of the bioactive
entries, were eliminated while constructing networks.
The ‘NetworkAnalyzer tool available in Cytoscape
was used for analyzing the networks.

Results and Discussion

The botanicals offriphala-EO,TB andTC are
reported to contain1b, 30 and 52 bioactives
respectivelyThus Triphala formulation as a whole
contains 174 bioactives. The number of bioactives
having interactions, equal to or greater than 0.9 (high
scoring bioactives), for EQB, TC andTriphala are

38, 13, 22 and 55 respectively
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Analysis of the nodes and edges of the networksthrough 21 targets (Fig. 2B). The TB bioactives with
is given inTable 1.The nodes of networks highest number of interactions include 3-
representing three myrobalans (EO, TB and TC) andmethoxyellagic acid (MOEA), 3, 3’-dimethylellagic
Triphala, their bioactives, tgets of bioactives and acid (DMEA) and EA.
the diseases associated with the targets are noted in
the Table 1.The table also gives bioactives of
botanicals that have maximum interactions with

Network of TC shows that it has 22 high scoring
bioactives, which are involved in 48 diseases through
23 targets (Fig. 2C). The TC bioactives with highest

targets. . ) )
number of interactions include 1, 2, 3, 4, 6-
Table 1: Nodes and edges of EO, TB, TC and Triphala pentagalloylglucose (PGG), 1, 2, 3, 4e6a-O-galloyl-
B-D-glucose (TGG) and  16-digalloyl-B-D-
EO T8 TC Triphala glucopyranoside (DGG)
Bioactives 115 30 52 174 As a composite formulatiofiriphala is involved
High scoring 38 13 22 55 in 78 diseases through 44gats All the 55 bioactives,
Bioactives their targets and their diseases are shown in Fig. 3.
Targets a4 21 23 a4 Triphala bioactives with highest number of interactions
, include KAE, QUE, MOEA, DMEA and EA. Seven
Diseases 8 46 48 8 high scoring bioactives are shared among the three
Bioactive-target 134 64 75 190 botanicals EO, TB and TC. Only one high scoring
interactions bioactive is shared between TB and TC as well as
Highly interactive KAE, MOEA, PGG KAE, QUE, between EO and TB, while TC and EO share two
bioactives QUE, DMEA, TGG MOEA, EA, high scoring bioactives.

EA EA DGG DMEA

The number of tgrets and diseases finiphala
Network of EO shows that it contains 38 high &€ more than that of the individual botanicals, indicating

scoring bioactives, which are involved in 78 diseasesPetter disease coverage of the formulation. The targets
through 44 targets (Fig. 2A). The EO bioactives with @nd diseases dfriphala match with that of EO.
highest number of interactions include Kaempferol However the number of bioactive-get interactions

(KAE), Quercetin (QUE) and Ellagic acid (EA). are 190 forTriphala, which are much higher as
compared to 134 for EO. Thus, there are more

Network of TB shows that it contains 13 high bioactives interacting with the same targets in
scoring bioactives, which are involved in 46 diseasesTriphala. EOTB, TC andTriphala have many tgets

Fig. 2: Pharmacology Networks of A) E. officinalis (EO), B) T. bellerica (TB) and C) T. chebula (TC) which connect bioactives
(yellow ellipses), targets (blue diamonds) and diseases (red triangles)
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Table 2. Targets and bioactives interactions

Tamets Bioactives
EO B TC Triphala

F10 11 5 7 15
SERPINE1 9 3 5 11
RGS7 8 6 7 11
GSTAl 6 3 5 8
CA2 5 2 3 6
BACE1 1 0 7 8

Fig. 3: Pharmacology Network of Triphala connecting three

Table 3: Potential Applications of Network Phar macology

Myrobalans (green squares), Bioactives (yellow
ellipses), Targets (blue diamonds) and Diseases (red
triangles)

Ayurveda

in common such as F10, SERPINE1, RGS7,&ST
and CA2. The reported bioactives from each botanical
andTriphala that are interacting with thesegets
are given inTable 2. It is observed that ¢ats like
BACEL1 are not common to all, but are present in
Triphala. Our analysis indicates tiaphala has more
bioactives interacting with the same targets as
compared to individual botanicale hypothesize that
the bioactives ofriphala have syngistic action in
regulating their tayets We are planning further studies
to test this hypothesis through validation involving
suitable in vitro and in vivo experiments.

Pharmacology

Applications for Drug Discovery

Our network pharmacology analysis indicates that prug Research
classical formulations lik@riphala can have
therapeutic effects against a wide range of complex
diseases, such as cardiovascular diseases, asthma,
arthritis, diabetes and candéollowing this approach,

it is possible to develop pharmacology networks of
manyAyurvedic formulations to know their rationale
and scientific basis. Potential applications of network
pharmacology are given Table 3.

In this report our main objective is to show a

and Development

Biological understanding for use of
Ayurvedic medicine

Understanding the rationale of traditional
formulations

Interpretations of the mechanism of
action ofAyurvedic medicines

Studying safety and &€acy ofAyurvedic
medicines

Possible substitutes for endangered
botanicals

Identifying new leads from natural
products

Understanding the mechanism of action
of drugs

Determining the possible side effects of
drugs

Predicting new indications
Predicting toxicity
Predicting possible drug-drug interactions

Identifying novel drug targets

Reduced cost and time through in silico
evaluation

Precise research questions for clinical
studies

Understanding the signaling pathway of
disease types

Designing experiments based on drugs and
targets

Drug repurposing
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proof of concept to explore potential applications of research oAyurveda and other traditional medicines.
this emeging technique of network pharmacology Systematic analysis of pharmacological networks can
While this technique is very useful, we wish to give newer insights into rationale, indications and
acknowledge some limitations of our preliminary study possible mechanisms of traditional medicines. Such
First, we have relied only on open source/open accessinalysis can also help in the identification of new
databases, which may not have covered all reportedargets and leads to address the present impasse in
bioactives and targets. Second, we have not donelrug discoveryNetwork pharmacology can also open
detailed relationships analysis. a new opportunity for moving towards intelligent
formulation discovery combining strengths of

dat Much rrt\o(;ebwork 'S reglturedl_tg tt).u”d venﬂablet traditional wisdom and modern sciendé hope that
ala, supported by appropriate valldation experiments, , i, researchers will be able to use this emerging

Studies are und.erway to explore. how _SUCh net\'\'orkstechnique of constructing interactive pharmacology
can be useful in drug/formulation discovery and

. e networks ofAyurvedic drugs to know their rationale,
therapeutic management of specific diseases such a8, achanisms and scientific basis

cancer and neurodegenerative diseases.
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Network pharmacology can be a very useful tool to
understand non-lineacomplex relations between

bioactives and underlying pathophysiological
processes. It also provides a scientific platform for
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