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Abstract - Oxidative stress and chronic inflammation are central contributors to the pathogenesis of numerous diseases,
including cancer, cardiovascular disorders, neurodegenerative conditions, and metabolic syndromes. Indian medicinal
plants have long been employed in traditional medicine to manage inflammatory and oxidative stress–related disorders.
This review critically examines published in vitro and in vivo studies reporting the redox-regulatory and anti-inflammatory
effects of Indian medicinal plants and their bioactive constituents. Evidence indicates that plant-derived phytochemicals
such as flavonoids, phenolic acids, terpenoids, and alkaloids modulate key molecular pathways involved in oxidative
stress and inflammation, including reactive oxygen species scavenging, NF-κB inhibition, MAPK regulation, and cytokine
suppression. The review highlights mechanistic insights derived from experimental models and discusses the therapeutic
relevance of these findings in the context of disease prevention and management. Overall, this article underscores
the potential of Indian medicinal plants as multi-target modulators of redox and inflammatory pathways and supports
their integration into modern pharmacological research.
Keywords: Indian medicinal plants; antioxidants; anti-inflammatory; oxidative stress; polyphenols; cytokine modulation;
herbal therapeutics.

Redox and Inflammatory Pathway Modulation by
Indian Medicinal Plants: In Vitro and In Vivo Evidence

Introduction

Oxidative stress and inflammation are interlinked biological
processes that play a pivotal role in the initiation and
progression of a wide range of chronic diseases. Excessive
production of reactive oxygen and nitrogen species disrupts
cellular redox homeostasis, leading to lipid peroxidation,
protein modification, DNA damage, and activation of
inflammatory signaling cascades. Persistent activation of
inflammatory pathways further amplifies oxidative stress,
creating a self-perpetuating cycle that contributes to tissue
damage and disease progression.

Indian medicinal plants, extensively documented in

Dr. Sangeeta Ahirwar*

*Professor (Home Science) Govt. Home Science PG Lead College, Narmadapuram (M.P.) INDIA

traditional medical systems such as Ayurveda, Siddha, and
Unani, have been used for centuries to treat inflammatory
disorders, infections, and chronic ailments. Modern
scientific investigations have increasingly validated these
traditional claims, revealing that many plant-derived
bioactive compounds exert their effects by modulating redox
balance and inflammatory signaling pathways.
Phytochemicals including flavonoids, phenolic acids,
terpenoids, and alkaloids have been shown to target key
molecular regulators such as nuclear factor kappa B (NF-
κB), mitogen-activated protein kinases (MAPKs),
cyclooxygenase (COX), and pro-inflammatory cytokines.

This review aims to synthesize available in vitro and in
vivo evidence on the redox-modulating and anti-
inflammatory properties of Indian medicinal plants. By
focusing on molecular mechanisms and experimental
outcomes, the article seeks to provide a comprehensive
understanding of how plant-derived compounds influence
oxidative and inflammatory pathways and to highlight their
potential therapeutic relevance in disease management.
Methods:
Literature Search Strategy: A comprehensive literature
search was conducted to identify relevant studies reporting
the redox-regulatory and anti-inflammatory effects of Indian
medicinal plants. Major scientific databases, including
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PubMed, Scopus, Web of Science, and ScienceDirect, were
systematically searched. Keywords and Boolean operators
used included combinations of “Indian medicinal plants,”
“oxidative stress,” “inflammation,” “redox signaling,” “NF-
κB,” “MAPK,” “antioxidant,” “anti-inflammatory,” “in vitro,”
and “in vivo.” Only peer-reviewed articles published in
English were considered for inclusion.
Inclusion Criteria: Studies were included if they:
1. Investigated Indian medicinal plants or plant-derived

bioactive compounds
2. Reported antioxidant, redox-modulating, or anti-

inflammatory activity
3. Provided mechanistic insights into oxidative stress or

inflammatory pathways
4. Included in vitro, in vivo, or combined experimental

evidence
Exclusion Criteria: Studies were excluded if they:
1. Did not involve redox or inflammatory mechanisms
2. Focused exclusively on synthetic compounds
3. Were conference abstracts, editorials, or non-peer-

reviewed sources
4. Lacked mechanistic or biological relevance
Study Selection and Data Extraction: Titles and abstracts
were initially screened for relevance, followed by full-text
evaluation of eligible studies. Extracted data included plant
species, major bioactive compounds, experimental models
used, targeted redox or inflammatory pathways, and
reported biological outcomes. The collected information was
synthesized qualitatively to identify consistent mechanistic
patterns across studies.

Results: Oxidative stress arises from an imbalance
between reactive oxygen species (ROS) generation and
antioxidant defenses, leading to cellular damage. Extensive
evidence indicates that Indian medicinal plants exert
significant redox-modulating effects through
phytochemicals such as flavonoids, phenolic acids,
terpenoids, and alkaloids. These compounds directly
scavenge free radicals, enhance endogenous antioxidant
enzymes (SOD, CAT, GPx), elevate glutathione levels,
activate Nrf2-mediated antioxidant signaling, and protect

mitochondrial function, thereby restoring redox
homeostasis.

Chronic inflammation contributes to the progression
of numerous diseases, and Indian medicinal plants
demonstrate potent anti-inflammatory activity by targeting
key molecular pathways. Bioactive plant compounds
suppress NF-κB activation, modulate MAPK signaling
(ERK, JNK, p38), inhibit pro-inflammatory enzymes (COX,
LOX, iNOS), and reduce cytokine production (TNF-α, IL-
1β, IL-6), while in some cases enhancing anti-inflammatory
mediators. Importantly, many plants simultaneously regulate
oxidative stress and inflammation, disrupting their
pathological crosstalk.

Both in vitro and in vivo studies support these
mechanisms. In vitro models provide mechanistic insights
into antioxidant and anti-inflammatory actions, while in vivo
studies confirm physiological relevance, including reduced
oxidative damage and inflammatory markers. Although
translational challenges remain, the combined evidence
underscores the potential of Indian medicinal plants as
multi-target modulators of redox balance and inflammation,
supporting their traditional use and therapeutic relevance..
Discussion: The present review highlights the significant
role of Indian medicinal plants in modulating redox balance
and inflammatory signaling, two closely interconnected
processes that underpin the pathogenesis of numerous
chronic diseases. Evidence from in vitro and in vivo studies
consistently demonstrates that plant-derived bioactive
compounds act through multiple molecular targets, enabling
broad-spectrum therapeutic effects rather than single-
pathway inhibition.

A key observation across reviewed studies is the ability
of phytochemicals such as flavonoids, phenolic acids,
terpenoids, and alkaloids to restore redox homeostasis by
both direct and indirect mechanisms. Direct scavenging of
reactive oxygen species is complemented by activation of
endogenous antioxidant systems, particularly through Nrf2-
mediated signaling. This dual mode of action provides
sustained cellular protection against oxidative injury and
prevents redox-driven activation of inflammatory pathways.
Inflammatory modulation by Indian medicinal plants is
primarily mediated through suppression of NF-êB and
MAPK signaling cascades, resulting in decreased
production of pro-inflammatory cytokines and enzymes. The
simultaneous regulation of oxidative stress and
inflammation disrupts the pathological feedback loop that
perpetuates tissue damage in chronic inflammatory
conditions. Such multi-target regulation aligns well with
traditional medicinal concepts and provides a scientific
rationale for the efficacy of herbal formulations.

Despite promising experimental evidence, variability
in plant sources, extraction methods, and experimental
models remains a challenge. Differences in bioavailability
and metabolism further complicate translation from
experimental models to clinical settings. Nonetheless, the



Naveen Shodh Sansar (An International Refereed/ Peer Review Naveen Shodh Sansar (An International Refereed/ Peer Review Naveen Shodh Sansar (An International Refereed/ Peer Review Naveen Shodh Sansar (An International Refereed/ Peer Review Naveen Shodh Sansar (An International Refereed/ Peer Review Multidisciplinary Multidisciplinary Multidisciplinary Multidisciplinary Multidisciplinary Research Journal)Research Journal)Research Journal)Research Journal)Research Journal)
RNI No.- MPHIN/2013/60638, ISSN 2320-8767, E- ISSN 2394-3793, Scientific Journal Impact Factor (SJIF)- 8.054,

October to December 2025, E-Journal, Vol. I, Issue LII (52), ISO 9001:2015 - E2024049304 (QMS)

409Pagewww.nssresearchjournal.com

cumulative evidence strongly supports the therapeutic
relevance of Indian medicinal plants as redox and
inflammatory modulators and emphasizes the need for
standardized methodologies and integrative research
approaches.
Conclusion: This review provides a comprehensive
overview of the redox-modulating and anti-inflammatory
properties of Indian medicinal plants, supported by
extensive in vitro and in vivo evidence. Plant-derived
phytochemicals effectively regulate oxidative stress and
inflammatory pathways through coordinated modulation of
antioxidant defenses, transcription factors, cytokines, and
signaling cascades. The multi-target nature of these effects
underscores the therapeutic potential of medicinal plants
in managing oxidative stress– and inflammation-related
disorders. Future research integrating advanced molecular
techniques, standardized experimental designs, and clinical
validation will be essential to translate these findings into
effective and safe therapeutic interventions.
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