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Abstract

Network pharmacology as a “green approach”, predicting metabolite behaviours chemically and biologically and guid-
ing biological experimental design, is a new strategy aiming to uncover the mechanism of action of natural products
as drug candidates. It provides a powerful way to identify novel mechanisms of natural products with potential thera-
peutic effects. This approach has emerged as a powerful tool to overcome the limitations of traditional methods, such
as the ability to predict the adverse effects of a drug and the likelihood of failure during clinical trials, by applying
systems biology principles to the field of pharmacology. This method combines the multi-omics dataset, computer
modeling, and chemical biology so as to reveal pharmaceutical actions and guide drug discovery. Therefore,
computer-aided drug design combined with network pharmacology can be viewed as a novel in silico screening ap-
proach to drug discovery, by utilising chemoinformatics, bioinformatics, structure biology, and chemical biology. This
strategy includes target-based virtual screening - molecular docking, ligand similarity-based virtual screening, and
inverse screening (Inver-dock), providing a powerful tool for target identification of drug candidates, multitarget dis-
covery, and natural bioactive product profiling. It can also be used for selectivity profiling of drugs, drug repositioning,
safety profiling, and metabolism profiling prediction (ADMET).
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Network pharmacology is a predictive tool that uti-
lizes computational methods to predict botanicals’
chemical behavior and biological targets, thereby
informing experimental lab activities [1]. This
green approach combines network biology princi-
ples with pharmacology to uncover the natural
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products’ mechanism of action (MOA) as potential
drug candidates. By integrating multi-omics da-
tasets, computer modeling, chemical biology, and
computing chemistry, network pharmacology pro-
vides insights into the pharmaceutical actions of
botanicals and guides drug discovery. Computer-
aided drug design is a key component of network
pharmacology, involving computational techniques
such as molecular docking, ligand similarity-based
virtual screening, and inverse screening. These
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methods aid target identification, multitarget dis-
covery, and the profiling of natural bioactive prod-
ucts. By utilizing computer-based predictions, re-
searchers can prioritize and select botanicals for
further investigation, thereby reducing the time, cost,
and environmental impact of traditional experi-
mental approaches. Traditional drug discovery and
development processes often involve extensive la-
boratory experiments, which can be resource-
intensive and time-consuming. In contrast, net-
work pharmacology allows for the virtual screening
and prediction of botanicals’ chemical behavior
and biological targets, thereby reducing the need
for large-scale experimental testing [2,3]. This ap-
proach minimizes using laboratory resources,
such as chemicals, reagents, and laboratory ani-
mals, leading to a more environmentally friendly
and sustainable research process.

Moreover, network pharmacology enables re-
searchers to explore a wide range of botanicals
and their potential therapeutic effects without re-
quiring extensive laboratory experiments. By uti-
lizing computational models and databases, re-
searchers can analyse and predict the pharmaco-
logical properties of botanicals, including their
chemical behavior and potential biological targets.
This approach allows for the identification of prom-
ising candidates for further experimental valida-
tion, reducing the number of unnecessary experi-
ments and minimizing the overall environmental
impact of the research process. In addition, net-
work pharmacology can contribute to developing
more sustainable and eco-friendly drug discovery
strategies. By providing insights into the MOA and
the potential therapeutic effects of botanicals, this
approach can guide the selection and optimization
of drug candidates with reduced toxicity and ad-
verse effects. This can help develop safer and more
environmentally friendly drugs, minimizing the
negative impact on human health and the environ-
ment [4]. Network pharmacology adds value to ex-
perimental work by providing a predictive tool to
inform and guide experimental lab activities. By in-
tegrating computational predictions with experi-
mental validation, network pharmacology enhances
drug discovery and development efficiency and suc-
cess rate. Therefore, it serves as a green approach
by reducing the reliance on extensive experi-
mental testing and contributing to more sustaina-
ble research practices.

In addition, combining artificial intelligence (Al)
and network pharmacology can also help elucidate
the MOA of herbs or compounds used in treating
diseases [5]. For example, graph neural networks
can predict potential targets and infer the relation-
ships between compounds and targets. At the
same time, network pharmacology can provide in-
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formation on the known targets and pathways as-
sociated with a disease. Combining these ap-
proaches makes identifying new targets and path-
ways involved in the disease condition and poten-
tial interactions between different compounds and
targets possible. This can lead to the discovery of
new drugs or the repurposing of existing drugs or
therapies to treat the disease. This approach can
help to reduce the time and cost associated with
traditional therapy discovery methods. Generative
adversarial networks are one of the most promis-
ing generative Al algorithms for generating new
molecules with desired properties, such as high
potency and low toxicity in recent years, which can
significantly accelerate the therapy discovery pro-
cess by developing potential candidates for testing
and reducing the time and cost associated with tra-
ditional methods [6]. The framework based on an
integrative strategy of network pharmacology to in-
vestigate pharmacological mechanisms is shown
in the following steps: (i) pharmacokinetic param-
eters (ADMET, drug-likeness, etc.) and drug tar-
gets (PharmMapper, TargetNet, SwissPredicition,
SEA, efc.) are predicted for the analysis, (ii) tar-
gets related to different diseases are selected
from public gene databases (GEO, GeneCards,
DisGeNET, efc.), (iii) the intersected gene list is
obtained by overlapping drug targets and diseases
targets, (iv) the mechanism of action analysis is
performed using Metascape, STRING, and
Cytoscape, and (v) the critical targets of medicinal
herbs treating diseases are validated by molecular
docking, molecular dynamics, and in vitro and in
vivo experiments.
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