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DESCRIPTION

The field of drug discovery has evolved dramatically in recent
moving away from traditional onetarget, one-drug
paradigms towards more holistic, systems-based approaches. One

years,

such approach that has gained significant traction is network
pharmacology, a methodology that integrates systems biology
with pharmacology to identify potential drug targets and
mechanisms of action within complex biological networks. This
approach is particularly powerful when applied to natural
products, which have long been recognized as rich sources of
therapeutic agents. In this article, we explore how network
pharmacology is transforming the discovery of natural product
targets and its potential to accelerate drug development.

Network pharmacology: A holistic approach

A systems-based approach network pharmacology is based on
the premise that diseases are not caused by the malfunction of a
single protein or gene but are the result of disruptions within
complex biological networks. These networks include not only
molecular interactions between proteins, lipids, and nucleic
acids but also cellular, tissue, and organ-level processes. Rather
than identifying a single molecular target, network pharmacology
focuses on understanding how multiple targets within these
networks
therapeutic effects like multi-target drug design, focusing on
drugs that interact with multiple targets. Systems biology, using
computational biological
Bioinformatics, to analyse large-scale biological data and predict

can be modulated simultaneously to achieve

tools to  model networks.
drug-target interactions. This method is particularly valuable for
treating complex diseases, such as cancer and neurodegenerative

disorders, where multiple molecular pathways are disrupted.

Natural products: A goldmine for drug discovery

Natural products, derived from plants, fungi, and
microorganisms, have long been a source of therapeutic agents.
Their chemical diversity and ability to interact with multiple
targets make them ideal candidates for network pharmacology-
based drug discovery. Unlike synthetic drugs, which target a

single molecule, natural products often exhibit polypharmacology,

meaning they can affect several molecular pathways at once,
making them particularly effective against complex diseases.

Integrating network pharmacology with natural
product discovery
product

research enhances the drug discovery process. This typically
involves the following steps:

Combining network pharmacology with natural

compounds: High-throughput
screening of natural products to identify potential compounds.

Identification of bioactive

Target prediction and network construction: Computational
tools predict potential targets of the bioactive compounds, which
are then mapped onto biological networks.

Target validation: Experimental techniques, such as biochemical
assays and CRISPR-Cas9 gene editing, confirm the interaction
between the natural product and its targets.

Multi-target mechanism of action: Network pharmacology
assesses how a natural product affects multiple targets and
biological pathways, providing insights into its therapeutic
potential.

Optimization and drug development: By analysing target
interactions, researchers can modify the natural products
chemical structure to improve efficacy, bioavailability, and
reduce toxicity.

Case studies: Natural products in network
pharmacology

Ginseng: Known for its adaptogenic and anti-fatigue properties,
ginseng’s active compounds (ginsenosides) target pathways like

MAPK and PI3K/Akt,

inflammation, which are important for its therapeutic effects.

affecting  oxidative stress and

Resveratrol: This polyphenolic compound, found in red wine
and grapes, has anti-aging and anti-cancer properties. Network
pharmacology has shown that resveratrol targets several proteins
involved in cell cycle regulation, apoptosis, and inflammation,
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making it a potential candidate for treating cancer and
cardiovascular diseases.

CONCLUSION

Network pharmacology is reshaping drug discovery, especially in
the context of natural products. By focusing on multi-target
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actions and integrating complex biological networks, this
approach offers new insights into disease mechanisms and
therapeutic strategies. As technology advances, the fusion of
network pharmacology and natural product research holds great
potential in developing effective therapies for a range of diseases,
ushering in a new era of drug development.
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