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ABSTRACT

Secondary metabolites, bioactive compounds from plants, fungi, and microorgan-
isms, show significant therapeutic potential for neurodegenerative and inflammatory 
diseases. This chapter highlights their mechanisms of action, including antioxidant 
activity, modulation of inflammatory pathways, and neuroprotection, supported by 
preclinical and clinical evidence. Key classes like alkaloids, flavonoids, terpenoids, 
and polyphenols are explored for their neuroprotective and anti-​inflammatory 
properties, alongside phytochemical sources that emphasize their drug discovery 
potential. However, challenges such as limited bioavailability, stability, and toxicity 
hinder their clinical application. Addressing these issues through novel strategies 
could unlock their full potential in modern medicine. This chapter bridges natural 
product chemistry and clinical applications, providing insights to inspire further 
research into secondary metabolites as essential tools for combating complex diseases.

1. INTRODUCTION

Secondary metabolites are a diverse class of bioactive compounds synthesized 
by various organisms, including plants, microorganisms, and certain marine species, 
(Bills & Gloer, 2016) (Jain, Khatana, & Vijayvergia, 2019). While not essential for 
primary metabolic processes, these molecules play critical roles in environmental 
adaptation, biological defense, and interspecies interactions, (Mérillon & Ramawat, 
2020) (Kumar et al., 2023). Specialized metabolic pathways, resulting in a broad 
chemical diversity that includes alkaloids, polyphenols, flavonoids, and terpenoids, 
drive their biosynthesis. These compounds, often specific to particular species or 
families, represent valuable sources for the discovery of novel bioactive molecules, 
(Laadraoui et al., 2018) (Guerriero et al., 2018). Medicinal plants, in particular, 
serve as a major source, while microorganisms and aquatic organisms offer emerging 
opportunities in this field, (Luckner, 2013). The diversity of these natural products 
highlights their potential for uncovering new therapeutic agents, (Yang et al., 2025).

Beyond their ecological roles, secondary metabolites have significant industrial 
relevance, (Azizan et al., 2016). They play a crucial role in pharmaceutical research 
and production due to their ability to modulate biological processes in humans and 
animals, (Bourgaud et al., 2001) (Bafor, 2017). Furthermore, their applications extend 
to other industries, including cosmetics, nutrition, and the manufacturing of industrial 
goods such as dyes, fragrances, flavors, and dietary supplements, (Bermudez-​Torres 
et al., 2013) (Gainche, 2020). This wide range of uses underscores their economic 
and scientific importance.



 

 

62 more pages are available in the full version of this

document, which may be purchased using the "Add to Cart"

button on the publisher's webpage: www.igi-

global.com/chapter/the-therapeutic-role-of-secondary-

metabolites-in-neurodegenerative-and-inflammatory-

diseases-mechanisms-and-potential-applications/380576

Related Content

Innovative Scientific Approaches and Digital Methods for Autism

Identification and Diagnosis
Chaitali Shewale, Priya Shelke, Sandeep Kadam, Pawan Wawageand Shivam

Barkule (2025). Modern Digital Approaches to Care Technologies for Individuals With

Disabilities (pp. 301-310).

www.irma-international.org/chapter/innovative-scientific-approaches-and-digital-methods-for-

autism-identification-and-diagnosis/375263

Nature's Warriors: Terpenes for Management of Prostate Cancer
Devender Singh, Pardeep Kumar Mehla, Bharat Bhushan Bahmani, Anil Kumarand

Hitesh Malhotra (2025). Analyzing Terpenes' Role in Cancer Treatment (pp. 107-

140).

www.irma-international.org/chapter/natures-warriors/372117

Microglial Cells Function in the Central Nervous System: Beyond the

Immune Function
Bilal El-Mansoury, Kamal Smimih, Youssef Ait Hamdan, Ahmed Draoui, Samira

Boulbaroudand Arumugam Radhakrishnan Jayakumar (2024). Physiology and

Function of Glial Cells in Health and Disease (pp. 60-82).

www.irma-international.org/chapter/microglial-cells-function-in-the-central-nervous-

system/335237

Therapeutic Applications of Secondary Metabolites From Cannabis Sativa in

Neurodegenerative Diseases
Hamid Kabdy, Aitbaba Abdelfatah, Azraida Hajar, Jaouhari Yasmina, Oufquir Sara,

Agouram Fatimazahra, El Yazoulia Loubnaand Chait Abderrahman (2026).

Nanoparticles Agents and Secondary Metabolites in Neurodegenerative Diseases

(pp. 235-260).

www.irma-international.org/chapter/therapeutic-applications-of-secondary-metabolites-from-

cannabis-sativa-in-neurodegenerative-diseases/399571

http://www.igi-global.com/chapter/the-therapeutic-role-of-secondary-metabolites-in-neurodegenerative-and-inflammatory-diseases-mechanisms-and-potential-applications/380576
http://www.igi-global.com/chapter/the-therapeutic-role-of-secondary-metabolites-in-neurodegenerative-and-inflammatory-diseases-mechanisms-and-potential-applications/380576
http://www.igi-global.com/chapter/the-therapeutic-role-of-secondary-metabolites-in-neurodegenerative-and-inflammatory-diseases-mechanisms-and-potential-applications/380576
http://www.igi-global.com/chapter/the-therapeutic-role-of-secondary-metabolites-in-neurodegenerative-and-inflammatory-diseases-mechanisms-and-potential-applications/380576
http://www.irma-international.org/chapter/innovative-scientific-approaches-and-digital-methods-for-autism-identification-and-diagnosis/375263
http://www.irma-international.org/chapter/innovative-scientific-approaches-and-digital-methods-for-autism-identification-and-diagnosis/375263
http://www.irma-international.org/chapter/natures-warriors/372117
http://www.irma-international.org/chapter/microglial-cells-function-in-the-central-nervous-system/335237
http://www.irma-international.org/chapter/microglial-cells-function-in-the-central-nervous-system/335237
http://www.irma-international.org/chapter/therapeutic-applications-of-secondary-metabolites-from-cannabis-sativa-in-neurodegenerative-diseases/399571
http://www.irma-international.org/chapter/therapeutic-applications-of-secondary-metabolites-from-cannabis-sativa-in-neurodegenerative-diseases/399571


ADHD and Addiction: A Story of Complex Interaction and Interphase
Tanay Maitiand Aastha Dhingra Hasija (2022). Research Anthology on Pediatric and

Adolescent Medicine (pp. 301-316).

www.irma-international.org/chapter/adhd-and-addiction/298218

http://www.irma-international.org/chapter/adhd-and-addiction/298218

