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ABSTRACT

Reactive oxygen species (ROS) are crucial forimmune defense and cellular signaling,
but their overproduction can damage cells and contribute to diseases. Understanding
this duality is essential for developing ROS-based therapies. Future treatments
might target specific ROS types or their production mechanisms, offering promise
for conditions like neurodegeneration, cardiovascular diseases, and certain cancers.
Controlled ROS generation could enable targeted cancer cell killing or specific
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signaling pathway activation. ROS-based biomarkers could aid in early disease
diagnosis and treatment monitoring. However, challenges include the complexity
of ROS biology, lack of sensitive detection tools, and difficulties in translating re-
search to clinical settings. Advanced techniques for precise ROS measurement and
visualization are needed, along with ethical considerations to ensure safety and
efficacy. Collaborative efforts are vital to unlock the potential of ROS research for
novel therapeutic approaches.

INTRODUCTION

Reactive oxygen species (ROS) are molecules with oxygen atoms that are reactive
chemically. They play a dual role in cellular health and disease. On one hand, ROS
are essential for normal cellular functions, including cell signaling and immune
responses. On the other hand, excessive ROS generation can cause oxidative stress,
which can harm lipids, proteins, and DNA in cells. It is assumed that ROS-mediated
cellular signaling pathways and ROS homeostasis are old, highly conserved systems
that are shared by the majority of organisms. On the other hand, new research em-
phasizes how intricate and adaptable ROS signaling is, especially in creatures that
have evolved in harsh settings, (Hong et al., 2024).

The possibility for creating new therapeutic approaches makes ROS biology
research important for the future. Clinical consequences of targeting ROS can be
substantial, particularly in the therapy of cancer. Elevated reactive oxygen species
(ROS) disrupt cellular equilibrium and are associated with the initiation and pro-
gression of several malignancies. Dysregulation of ROS-related signaling pathways
can lead to the development of cancer's hallmarks, including unregulated cell
proliferation, defective DNA repair systems, and cell death avoidance?. It is now
essential to research treatment strategies aimed at controlling ROS levels. These
tactics include redox-modulating medications, antioxidant-based treatments, and
procedures that restore normalcy to cells damaged by oxidative stress. Researchers
aim to improve the effectiveness of cancer treatments by reestablishing the redox
balance and reducing oxidative damage, (Igbal et al., 2024).

However, there are obstacles associated with ROS biology translational poten-
tial. Because of ROS's dual roles, toxicity, and bioavailability, antioxidant-based
therapy has limits. Detailed investigation and clinical validation are required to
provide customized treatments that accurately target the impact of oxidative stress
on the start and spread of cancer. Furthermore, there is additional work to be done
in order to understand the complex mechanisms underlying pathways associated to
ROS. Despite these obstacles, there is considerable potential for preventing different
forms of cancer by comprehending ROS's function in carcinogenesis and creating
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