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Abstract

Oxidative stress (OS) OS ) is a major concern that impacts the overall health of chickens in modern
production systems. It is characterized by an imbalance between antioxidant defence mechanisms and
the production of reactive oxygen species (ROS). ROS ). This literature review aims to provide a
comprehensive overview of oxidative stress in poultry production, with an emphasis on its effects on
growth performance, immune responses, and reproductive outcomes. This review highlights the intricate
mechanisms underlying OS and discusses how various factors, including dietary components, genetic
predispositions, and environmental stressors can exacerbate the production of ROS. Additionally, the
impact of oxidative stress on the production performance and physiological systems of poultry is
examined. The study also emphasizes the relationship between oxidative stress and poultry diseases,
highlighting how impaired antioxidant defenses increase bird's susceptibility to infections. The review
assesses the existing approaches to reducing oxidative stress in chickens in response to these challenges.
This includes managing techniques to lower stress in the production environment, antioxidant
supplements, and nutritional interventions. The effectiveness of naturally occurring antioxidants,
including plant extracts, minerals, and vitamins to improve poultry resistance to oxidative damage is also
examined. To improve the antioxidant defenses of poultry under stress conditions, the activation of
cellular homeostatic networks termed vitagenes, such as Nuclear Factor Erythroid 2-Related Factor 2 (
Nrf2 ) is necessary for the synthesis of protective factors that can counteract the increased production of
ROS and RNS. Future studies into novel strategies for managing oxidative stress in chicken production
would build on these research advances and the knowledge gaps identified in this review.
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2-Oxidative Stress in Health and Disease
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Abstract

Oxidative stress, resulting from the excessive intracellular accumulation of reactive oxygen species (ROS),
reactive nitrogen species (RNS), and other free radical species, contributes to the onset and progression
of various diseases, including diabetes, obesity, diabetic nephropathy, diabetic neuropathy, and
neurological diseases, such as Alzheimer's disease (AD), amyotrophic lateral sclerosis (ALS), and
Parkinson's disease (PD). Oxidative stress is also implicated in cardiovascular disease and cancer.
Exacerbated oxidative stress leads to the accelerated formation of advanced glycation end products
(AGEs), a complex mixture of crosslinked proteins and protein modifications. Relatively high levels of AGEs
are generated in diabetes, obesity, AD, and other | neurological diseases. AGEs such as Ne-
carboxymethyllysine (CML) serve as markers for disease progression. AGEs, through interaction with
receptors for advanced glycation end products (RAGE), initiate a cascade of deleterious signaling events
to form inflammatory cytokines, and thereby further exacerbate oxidative stress in a vicious cycle. AGE
inhibitors, AGE breakers, and RAGE inhibitors are therefore potential therapeutic agents for multiple
diseases, including diabetes and AD. The complexity of the AGEs and the lack of well-established
mechanisms for AGE formation are largely responsible for the lack of effective therapeutics targeting
oxidative stress and AGE-related diseases. This review addresses the role of oxidative stress in the
pathogenesis of AGE-related chronic diseases, including diabetes and neurological disorders, and recent
progress in the development of therapeutics based on antioxidants, AGE breakers and RAGE inhibitors.
Furthermore, this review outlines therapeutic strategies based on single-atom nanozymes that attenuate
oxidative stress through the sequestering of reactive oxygen species (ROS) and reactive nitrogen species
(RNS).
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Abstract

Oxidative stress plays a pivotal role in male infertility by impairing sperm function through various
molecular mechanisms. This review explores the impact of excessive reactive oxygen species (ROS) on
spermatozoa, particularly focusing on lipid peroxidation, DNA fragmentation, and protein oxidation.
Lipid peroxidation damages sperm membranes, reducing fluidity and motility. ROS-induced DNA
fragmentation compromises genetic integrity, potentially leading to infertility and adverse offspring
outcomes. Protein oxidation alters key structural proteins, impairing sperm motility and the ability to
fertilize an egg. The primary sources of oxidative stress in sperm include leukocyte activity,
mitochondrial dysfunction, and environmental factors such as smoking and pollution. Despite the
presence of natural antioxidant defenses, spermatozoa are particularly vulnerable due to limited repair
mechanisms. The review highlights the importance of early intervention through antioxidant therapies
and lifestyle changes to mitigate the detrimental effects of oxidative stress on male fertility. Further
research is essential to enhance therapeutic approaches and improve reproductive outcomes.
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Abstract

The liver is an organ that is particularly exposed to reactive oxygen species (ROS), which not only arise
during metabolic functions but also during the biotransformation of xenobiotics. The disruption of redox
balance causes oxidative stress, which affects liver function, modulates inflammatory pathways and
contributes to disease. Thus, oxidative stress is implicated in acute liver injury and in the pathogenesis of
prevalent infectious or metabolic chronic liver diseases such as viral hepatitis B or C, alcoholic fatty liver
disease, non-alcoholic fatty liver disease (NAFLD) and non-alcoholic steatohepatitis (NASH). Moreover,
oxidative stress plays a crucial role in liver disease progression to liver fibrosis, cirrhosis and hepatocellular
carcinoma (HCC). Herein, we provide an overview on the effects of oxidative stress on liver
pathophysiology and the mechanisms by which oxidative stress promotes liver disease.
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Abstract

The global prevalence of diabetes has increased significantly, leading to various complications and a
negative impact on quality of life. Hyperglycemia hyperglycemic-induced oxidative stress (OS) and
inflammation are closely associated with the development and progression of type 2 diabetes mellitus
(T2D) and its complications. This review explores the effect of T2D on target organ damage and potential
treatments to minimize this damage. The paper examines the pathophysiology of T2D, focusing on low-
grade chronic inflammation and OS and on their impact on insulin resistance. The review discusses the
role of inflammation and OS in the development of microvascular and macrovascular complications. The
findings highlight the mechanisms by which inflammatory cytokines, stress kinases, and reactive oxygen
species (ROS) interfere with insulin signaling pathways, leading to impaired glucose metabolism and organ
dysfunction. Lifestyle interventions, including a balanced diet and exercise, can help reduce chronic
inflammation and OS, thereby preventing and controlling T2D and its associated complications.
Additionally, various antioxidants and anti-inflammatory agents show potential in reducing OS and
inflammation. Some anti-diabetic drugs, like pioglitazone, metformin, and glucagon-like peptide-1 (GLP-
1) agonists, may also have anti-inflammatory effects. Further research, including randomized controlled
trials, is needed to evaluate the efficacy of these interventions.image

HighlightsChronic inflammation from poor nutrition, unhealthy lifestyles, and toxin exposure increases
the risk of chronic diseases and diabetes complications. OS, ROS, and inflammation contribute to insulin
resistance and beta-cell dysfunction. A healthy lifestyle, proper weight, regular exercise, and an
antioxidant-rich diet including flavonoids, carotenoids, curcumin, gallic acid, and vitamins can help
prevent OS and ROS, thus preventing diabetes complications. Anti-diabetic medications also play a role in
reducing inflammation. image
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Abstract

Microplastics (MPs) are plastic particles between 0.1 and 5000 mu m in size that have attracted
considerable attention from the scientific community and the general public, as they threaten the
environment. Microplastics contribute to various harmful effects, including lipid peroxidation, DNA
damage, activation of mitogen-activated protein kinase pathways, cell membrane breakages,
mitochondrial dysfunction, lysosomal defects, inflammation, and apoptosis. They affect cells, tissues,
organs, and overall health, potentially contributing to conditions like cancer and cardiovascular disease.
They pose a significant danger due to their widespread occurrence in food. In recent years, information
has emerged indicating that MPs can cause oxidative stress (OS), a known factor in accelerating the aging
of organisms. This comprehensive evaluation exposed notable variability in the reported connection
between MPs and OS. This work aims to provide a critical review of whether the harmfulness of plastic
particles that constitute environmental contaminants may result from OS through a comprehensive
analysis of recent research and existing scientific literature, as well as an assessment of the characteristics
of MPs causing OS. Additionally, the article covers the analytical methodology used in this field. The
conclusions of this review point to the necessity for further research into the effects of MPs on OS.
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Abstract

Mitochondrial dysfunction and oxidative stress are critical factors in the pathogenesis of
neurodegenerative diseases. The complex interplay between these factors exacerbates neuronal damage
and accelerates disease progression. In neurodegenerative diseases, mitochondrial dysfunction impairs
ATP production and promotes the generation of reactive oxygen species (ROS). The accumulation of ROS
further damages mitochondrial DNA, proteins, and lipids, creating a vicious cycle of oxidative stress and
mitochondrial impairment. This review aims to elucidate the mechanisms by which mitochondrial
dysfunction and oxidative stress lead to neurodegeneration, and to highlight potential therapeutic targets
to mitigate their harmful effects.
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Abstract

Lipid peroxidation (LPO) is a biochemical process through which lipids are subjected to a peroxidation
reaction in the presence of free radicals. The process can cause alterations in biological membranes and
the formation of substances harmful to the body that can form aggregates with proteins and nucleic acids.
Malondialdehyde (MDA) and 4-hydroxynonenal (4-HNE) are the main products of LPO. These compounds
have cytotoxic and genotoxic properties and contribute to the pathogenesis of various diseases. This
research focuses on the correlation between LPO and skin diseases. For some skin diseases, such as
psoriasis, vitiligo, and alopecia, LPO products have been shown to have a clear role in the pathogenesis of
the disease. Lipid aldehydic products like MDA and 4-HNE can enhance inflammation by stimulating pro-
inflammatory genes and producing cytokines. Furthermore, these products can stimulate cell death and
increase oxidative stress. For other diseases (atopic dermatitis, urticaria, pemphigus, and melanoma), the
role of LPO is unclear, even if the levels of LPO biomarkers are elevated in proportion to the severity of
the disease. LPO can also be exploited to counteract the proliferation of neoplastic cells. Therefore,
enhancing LPO would play an adjuvant role in the therapy of neoplastic diseases such as melanoma. In
particular, the therapeutic implication resulting from the role of LPO products in the cytotoxicity induced
by photodynamic therapy used for the adjuvant treatment of melanoma could be of interest in the future.
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Abstract

Since the evolution of the aerobic metabolism, reactive oxygen species (ROS) have represented significant
challenges to diverse life forms. In recent decades, increasing knowledge has revealed a dual role for ROS
in cell physiology, showing they serve as a major source of cellular damage while also functioning as
important signaling molecules in various biological processes. Our understanding of ROS homeostasis and
ROS-mediated cellular signaling pathways has presumed that they are ancient and highly conserved
mechanisms shared by most organisms. However, emerging evidence highlights the complexity and
plasticity of ROS signaling, particularly in animals that have evolved in extreme environments. In this
review, we focus on ROS generation, antioxidative systems and the main signaling pathways that are
influenced by ROS. In addition, we discuss ROS's responsive transcription regulation and how it may have
been shaped over the course of evolution.
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Abstract

Oxidative stress and chronic inflammation are important drivers in the pathogenesis and progression of
many chronic diseases, such as cancers of the breast, kidney, lung, and others, autoimmune diseases
(rheumatoid arthritis), cardiovascular diseases (hypertension, atherosclerosis, arrhythmia),
neurodegenerative diseases (Alzheimer's disease, Parkinson's disease, Huntington's disease), mental
disorders (depression, schizophrenia, bipolar disorder), gastrointestinal disorders (inflammatory bowel
disease, colorectal cancer), and other disorders. With the increasing demand for less toxic and more
tolerable therapies, flavonoids have the potential to effectively modulate the responsiveness to
conventional therapy and radiotherapy. Flavonoids are polyphenolic compounds found in fruits,
vegetables, grains, and plant-derived beverages. Six of the twelve structurally different flavonoid
subgroups are of dietary significance and include anthocyanidins (e.g. pelargonidin, cyanidin), flavan-3-
ols (e.g. epicatechin, epigallocatechin), flavonols (e.g. quercetin, kaempferol), flavones (e.g. luteolin,
baicalein), flavanones (e.g. hesperetin, naringenin), and isoflavones (daidzein, genistein). The health
benefits of flavonoids are related to their structural characteristics, such as the number and position of
hydroxyl groups and the presence of C2--C3 double bonds, which predetermine their ability to chelate
metal ions, terminate ROS (e.g. hydroxyl radicals formed by the Fenton reaction), and interact with
biological targets to trigger a biological response. Based on these structural characteristics, flavonoids can
exert both antioxidant or prooxidant properties, modulate the activity of ROS-scavenging enzymes and
the expression and activation of proinflammatory cytokines (e.g., interleukin-1beta (IL-1 beta),
interleukin-6 (IL-6), and tumor necrosis factor-alpha (TNF-alpha)), induce apoptosis and autophagy, and
target key signaling pathways, such as the nuclear factor erythroid 2-related factor 2 (Nrf2) and Bcl-2
family of proteins. This review aims to briefly discuss the mutually interconnected aspects of oxidative
and inflammatory mechanisms, such as lipid peroxidation, protein oxidation, DNA damage, and the
mechanism and resolution of inflammation. The major part of this article discusses the role of flavonoids
in alleviating oxidative stress and inflammation, two common components of many human diseases. The
results of epidemiological studies on flavonoids are also presented.
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Abstract

Gut dysbiosis, resulting from an imbalance in the gut microbiome, can induce excessive production of
reactive oxygen species (ROS), leading to inflammation, DNA damage, activation of the immune system,
and epigenetic alterations of critical genes involved in the metabolic pathways. Gut dysbiosis-induced
inflammation can also disrupt the gut barrier integrity and increase intestinal permeability, which allows
gut-derived toxic products to enter the liver and systemic circulation, further triggering oxidative stress,
inflammation, and epigenetic alterations associated with metabolic diseases. However, specific gut-
derived metabolites, such as short-chain fatty acids (SCFAs), lactate, and vitamins, can modulate oxidative
stress and the immune system through epigenetic mechanisms, thereby improving metabolic function.
Gut microbiota and diet-induced metabolic diseases, such as obesity, insulin resistance, dyslipidemia, and
hypertension, can transfer to the next generation, involving epigenetic mechanisms. In this review, we
will introduce the key epigenetic alterations that, along with gut dysbiosis and ROS, are engaged in
developing metabolic diseases. Finally, we will discuss potential therapeutic interventions such as dietary
modifications, prebiotics, probiotics, postbiotics, and fecal microbiota transplantation, which may reduce
oxidative stress and inflammation associated with metabolic syndrome by altering gut microbiota and
epigenetic alterations. In summary, this review highlights the crucial role of gut microbiota dysbiosis,
oxidative stress, and inflammation in the pathogenesis of metabolic diseases, with a particular focus on
epigenetic alterations (including histone modifications, DNA methylomics, and RNA interference) and
potential interventions that may prevent or improve metabolic diseases.
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Abstract

Mitochondria are the energy production centers in cells and have unique genetic information. Due to the
irreplaceable function of mitochondria, mitochondrial dysfunction often leads to pathological changes.
Mitochondrial dysfunction induces an imbalance between oxidation and antioxidation, mitochondrial
DNA (mtDNA) damage, mitochondrial dynamics dysregulation, and changes in mitophagy. It results in
oxidative stress due to excessive reactive oxygen species (ROS) generation, which contributes to cell
damage and death. Mitochondrial dysfunction can also trigger inflammation through the activation of
damage-associated molecular patterns (DAMPs), inflammasomes and inflammatory cells. Besides,
mitochondrial alterations in the functional regulation, energy metabolism and genetic stability accompany
the aging process, and there has been a lot of evidence suggesting that oxidative stress and inflammation,
both of which are associated with mitochondrial dysfunction, are predisposing factors of aging. Therefore,
this review hypothesizes that mitochondria serve as central hubs regulating oxidative stress,
inflammation, and aging, and their dysfunction contributes to various diseases, including cancers,
cardiovascular diseases, neurodegenerative disorders, metabolic diseases, sepsis, ocular pathologies, liver
diseases, and autoimmune conditions. Moreover, we outline therapies aimed at various mitochondrial
dysfunctions, highlighting their performance in animal models and human trials. Additionally, we focus on
the limitations of mitochondrial therapy in clinical applications, and discuss potential future research
directions for mitochondrial therapy.
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Abstract

Alzheimer's disease's pathophysiology is still a conundrum. Growing number of evidences have elucidated
the involvement of oxidative stress in the pathology of AD rendering it a major target for therapeutic
development. Reactive oxygen species (ROS) generated by altered mitochondrial function, dysregulated
electron transport chain and other sources elevate aggregated A beta and neurofibrillary tangles which
further stimulating the production of ROS. Oxidative stress induced damage to lipids, proteins and DNA
result in neuronal death which leads to AD. In addition, oxidative stress induces apoptosis that is triggered
by the modulation of ERK1/2 and Nrf2 pathway followed by increased GSK-3 beta expression and
decreased PP2A activity. Oxidative stress exaggerates disease condition by interfering with various
signaling pathways like RCAN1, CREB/ERK, Nrf2, PP2A, NF kappa B and PI3K/Akt. Studies have reported
the role of TNF-alpha in oxidative stress stimulation that has been regulated by drugs like etanercept
increasing the level of anti-oxidants. Other drugs like pramipexole, memantine, carvedilol, and melatonin
have been reported to activate CREB/RCAN1 and Nrf2 pathways. In line with this, epigallocatechin gallate
and genistein also target Nrf2 and CREB pathway leading to activation of downstream pathways like ARE
and Keapl1 which ameliorate oxidative stress condition. Donepezil and resveratrol reduce oxidative stress
and activate AMPK pathway along with PP2A activation thus promoting tau dephosphorylation and
neuronal survival. This study describes in detail the role of oxidative stress in AD, major signaling pathways
involving oxidative stress induced AD and drugs under development targeting these pathways which may
aid in therapeutic advances for AD.
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Abstract

Neuroprotection is a proactive approach to safeguarding the nervous system, including the brain, spinal
cord, peripheral nerves, by preventing or limiting damage to nerve cells, other com- ponents. It primarily
defends the central nervous system against injury from acute and progressive neuro- degenerative
disorders. Oxidative stress, an imbalance between the body's natural defense mechanisms and the
generation of reactive oxygen species, is crucial in developing neurological disorders. Due to its high
metabolic rate and oxygen consumption, the brain is particularly vulnerable to oxidative stress. Excessive
ROS damages the essential biomolecules, leading to cellular malfunction and neurodegenera- tion. Several
neurological disorders, including Alzheimer's, Parkinson's, Amyotrophic lateral sclerosis, multiple sclerosis
, ischemic stroke, are associated with oxidative stress. Understanding the impact of oxidative stress in
these conditions is crucial for developing new treatment methods. Researchers are exploring using
antioxidants , other molecules to mitigate oxidative stress, aiming to prevent or slow down the
progression of brain diseases. By understanding the intricate interplay between oxidative stress and
neurological disorders, scientists hope to pave the way for innovative therapeutic and preventive ap-
proaches, ultimately improving individuals' living standards. 2025 The Authors. Published by Elsevier B.V.
on behalf of Chinese Pharmaceutical Association and Institute of Materia Medica, Chinese Academy of
Medical Sciences. This is an open access article wunder the CC BY license
(http://creativecommons.org/licenses/by/4.0/).
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Abstract

Oxygen is crucial for life and acts as the final electron acceptor in mitochondrial energy production. Cells
adapt to varying oxygen levels through intricate response systems. Hypoxia-inducible factors (HIFs),
including HIF-1 alpha and HIF-2 alpha, orchestrate the cellular hypoxic response, activating genes to
increase the oxygen supply and reduce expenditure. Under conditions of excess oxygen and resulting
oxidative stress, nuclear factor erythroid 2-related factor 2 (NRF2) activates hundreds of genes for oxidant
removal and adaptive cell survival. Hypoxia and oxidative stress are core hallmarks of solid tumors and
activated HIFs and NRF2 play pivotal roles in tumor growth and progression. The complex interplay
between hypoxia and oxidative stress within the tumor microenvironment adds another layer of intricacy
to the HIF and NRF2 signaling systems. This review aimed to elucidate the dynamic changes and functions
of the HIF and NRF2 signaling pathways in response to conditions of hypoxia and oxidative stress,
emphasizing their implications within the tumor milieu. Additionally, this review explored the elaborate
interplay between HIFs and NRF2, providing insights into the significance of these interactions for the
development of novel cancer treatment strategies.

In our daily lives, oxygen is vital for survival, but its levels can vary due to environmental shifts or within
our bodies, such as in diseases like heart disease or cancer. However, excess oxygen can also be
detrimental, leading to a condition called oxidative stress. Cells have evolved systems to adapt to these
fluctuating oxygen levels, with key roles played by proteins named hypoxia-inducible factors (HIFs) and
nuclear factor erythroid 2-related factor 2 (NRF2). These factors aid cells' survival by activating different
and overlapping genes that can enhance oxygen supply or shield against damage. This study discovered
that HIFs and NRF2 can occasionally collaborate to aid cancer cells' growth and treatment resistance. The
key discoveries suggest that targeting these pathways could be a novel approach to cancer treatment,
especially in tumors that have adapted to low oxygen conditions.This summary was initially drafted using
artificial intelligence, then revised and fact-checked by the author.
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Abstract

Oxidative stress, characterized by an imbalance favouring oxidants over antioxidants, is a key contributor
to the development of various common diseases. Counteracting these oxidants is considered an effective
strategy to mitigate the levels of oxidative stress in organisms. Numerous studies have indicated an
inverse correlation between the consumption of vegetables and fruits and the risk of chronic diseases,
attributing these health benefits to the presence of antioxidant phytochemicals in these foods.
Phytochemicals, present in a wide range of foods and medicinal plants, play a pivotal role in preventing
and treating chronic diseases induced by oxidative stress by working as antioxidants. These compounds
exhibit potent antioxidant, anti-inflammatory, anti-aging, anticancer, and protective properties against
cardiovascular diseases, diabetes mellitus, obesity, and neurodegenerative conditions. This
comprehensive review delves into the significance of these compounds in averting and managing chronic
diseases, elucidating the key sources of these invaluable elements. Additionally, it provides a summary of
recent advancements in understanding the health benefits associated with antioxidant phytochemicals.
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Abstract

Oxidative stress (OS) is an established hallmark of cancer and neurodegenerative disorders (NDDs), which
contributes to genomic instability and neuronal loss. This review explores the contrasting role of OS in
cancer stem cells (CSCs) and NDDs. Elevated levels of reactive oxygen species (ROS) contribute to genomic
instability and promote tumor initiation and progression in CSCs, while in NDDs such as Alzheimer's and
Parkinson's disease, OS accelerates neuronal death and impairs cellular repair mechanisms. Both
scenarios involve disruption of the delicate balance between pro-oxidant and antioxidant systems, which
leads to chronic oxidative stress. Notably, CSCs and neurons display alterations in redox-sensitive signaling
pathways, including Nrf2 and NF-kappa B, which influence cell survival, proliferation, and differentiation.
Mitochondrial dynamics further illustrate these differences: enhanced function in CSCs supports
adaptability and survival, whereas impairments in neurons heighten vulnerability. Understanding these
common mechanisms of OS-induced redox imbalance may provide insights for developing interventions,
addressing aging hallmarks, and potentially mitigating or preventing both cancer and NDDs.
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Abstract

Plants face various abiotic stresses in their natural environments that trigger the production of reactive
oxygen species (ROS), leading to oxidative stress and potential cellular damage. This comprehensive
review examines the interplay between plant antioxidant defense systems and ROS under abiotic stress
conditions. We discuss the major enzymatic antioxidants, including superoxide dismutase, catalase,
reductases, and peroxidases, as well as non-enzymatic antioxidants, such as ascorbic acid, glutathione,
polyphenols, and flavonoids, which play crucial roles in ROS detoxification. This review elaborates on
different types of ROS, their production sites within plant cells, and their dual role as both damaging
oxidants and key signaling molecules. We discuss how various abiotic stresses-including heat, cold,
drought, flooding, salinity, and heavy metal toxicity-induce oxidative stress and trigger specific antioxidant
responses in plants. Additionally, the mechanisms of ROS generation under these abiotic stress conditions
and the corresponding activation of enzymatic and non-enzymatic scavenging systems are discussed in
detail. This review also discusses recent advances in understanding ROS signaling networks and their
integration with other stress-response pathways. This knowledge provides valuable insights into plant
stress-tolerance mechanisms and suggests potential strategies for developing stress-resistant crops by
enhancing antioxidant defense systems. Moreover, the strategic ROS modulation through priming,
exogenous antioxidants, nanoparticles, or genetic tools can enhance plant resilience. Integrating these
methods with agronomic practices (e.g., irrigation management) offers a sustainable path to climate-
smart agriculture. Our review reveals that ROS accumulation can be detrimental; however, the
coordinated action of various antioxidant systems helps plants maintain redox homeostasis and adapt to
environmental stress.
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Abstract

Oxidative stress (OS) refers to the production of a substantial amount of reactive oxygen species (ROS),
leading to cellular and organ damage. This imbalance between oxidant and antioxidant activity
contributes to various diseases, including cancer, cardiovascular disease, diabetes, and
neurodegenerative conditions. The body's antioxidant system, mediated by various signaling pathways,
includes the AMPK-SIRT1-FOXO pathway. In oxidative stress conditions, AMPK, an energy sensor, activates
SIRT1, which in turn stimulates the FOXO transcription factor. This cascade enhances mitochondrial
function, reduces mitochondrial damage, and mitigates OS-induced cellular injury. This review provides a
comprehensive analysis of the biological roles, regulatory mechanisms, and functions of the AMPK-SIRT1-
FOXO pathway in diseases influenced by OS, offering new insights and methods for understanding OS
pathogenesis and its therapeutic approaches.
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Abstract

Increased production and buildup of reactive oxygen species (ROS) can lead to various health issues,
including metabolic problems, cancers, and neurological conditions. Our bodies counteract ROS with
biological antioxidants such as SOD, CAT, and GPx, which help prevent cellular damage. However, if there
is an imbalance between ROS and these antioxidants, it can result in oxidative stress. This can cause
genetic and epigenetic changes at the molecular level. This review delves into how ROS plays a role in
disorders caused by oxidative stress. We also look at animal models used for researching ROS pathways.
This study offers insights into the mechanism, pathology, epigenetic changes, and animal models to assist
in drug development and disease understanding.
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Abstract

Cerebral ischemia-reperfusion injury (CIRI) refers to a secondary brain injury that occurs when blood
supply is restored to ischemic brain tissue and is one of the leading causes of adult disability and mortality.
Multiple pathological mechanisms are involved in the progression of CIRI, including neuronal oxidative
stress and mitochondrial dysfunction. Isoliquiritigenin (ISL) has been preliminarily reported to have
potential neuroprotective effects on rats subjected to cerebral ischemic insult. However, the protective
mechanisms of ISL have not been elucidated. This study aims to further investigate the effects of ISL-
mediated neuroprotection and elucidate the underlying molecular mechanism. The findings indicate that
ISL treatment significantly alleviated middle cerebral artery occlusion (MCAQ)-induced cerebral infarction,
neurological deficits, histopathological damage, and neuronal apoptosis in mice. In vitro, ISL effectively
mitigated the reduction of cell viability, Na+-K+ATPase, and MnSOD activities, as well as the degree of
DNA damage induced by oxygen-glucose deprivation (OGD) injury in PC12 cells. Mechanistic studies
revealed that administration of ISL evidently improved redox homeostasis and restored mitochondrial
function via inhibiting oxidative stress injury and ameliorating mitochondrial biogenesis, mitochondrial
fusion-fission balance, and mitophagy. Moreover, ISL facilitated the dissociation of Keap1/Nrf2, enhanced
the nuclear transfer of Nrf2, and promoted the binding activity of Nrf2 with ARE. Finally, ISL obviously
inhibited neuronal apoptosis by activating the Nrf2 pathway and ameliorating mitochondrial dysfunction
in mice. Nevertheless, Nrf2 inhibitor brusatol reversed the mitochondrial protective properties and anti-
apoptotic effects of ISL both in vivo and in vitro. Overall, our findings revealed that ISL exhibited a
profound neuroprotective effect on mice following CIRI insult by reducing oxidative stress and
ameliorating mitochondrial dysfunction, which was closely related to the activation of the Nrf2 pathway.
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Abstract

Quercetin, a flavonoid found in vegetables and fruits, has been extensively studied for its health benefits
and disease management. Its role in the prevention of various pathogenesis has been well-documented,
primarily through its ability to inhibit oxidative stress, inflammation, and enhance the endogenous
antioxidant defense mechanisms. Electronic databases such as Google Scholar, Scopus, PubMed, Medline,
and Web of Science were searched for information regarding quercetin and its role in various
pathogeneses. The included literature comprised experimental studies, randomized controlled trials, and
epidemiological studies related to quercetin, while editorials, case analyses, theses, and letters were
excluded. It has been reported to have a wide range of health benefits including hepatoprotective,
antidiabetic, anti-obesity, neuroprotective, cardioprotective, wound healing, antimicrobial, and
immunomodulatory effects, achieved through the modulation of various biological activities. Additionally,
numerous in vitro and in vivo studies have shown that quercetin's efficacies in cancer management
involve inhibiting cell signaling pathways, such as inflammation, cell cycle, and angiogenesis, activating
cell signaling pathways including tumor suppressor genes, and inducing apoptosis. This review aims to
provide a comprehensive understanding of the health benefits of quercetin in various pathogeneses.
Additionally, this review outlines the sources of quercetin, nanoformulations, and its applications in health
management, along with key findings from important clinical trial studies. Limited clinical data regarding
qguercetin's safety and mechanism of action are available. It is important to conduct more clinical trials to
gain a deeper understanding of the disease-preventive potential, mechanisms of action, safety, and
optimal therapeutic dosages. Furthermore, more research based on nanoformulations should be
performed to minimize/overcome the hindrance associated with bioavailability, rapid degradation, and
toxicity.
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Abstract

Reactive oxygen species (ROS) and reactive nitrogen species (RNS) are well recognized for playing a dual
role, since they can be either deleterious or beneficial to biological systems. An imbalance between ROS
production and elimination is termed oxidative stress, a critical factor and common denominator of many
chronic diseases such as cancer, cardiovascular diseases, metabolic diseases, neurological disorders
(Alzheimer's and Parkinson's diseases), and other disorders. To counteract the harmful effects of ROS,
organisms have evolved a complex, three-line antioxidant defense system. The first-line defense
mechanism is the most efficient and involves antioxidant enzymes such as superoxide dismutase (SOD),
catalase (CAT), and glutathione peroxidase (GPx). This line of defense plays an irreplaceable role in the
dismutation of superoxide radicals (02 center dot-) and hydrogen peroxide (H202). The removal of
superoxide radicals by SOD prevents the formation of the much more damaging peroxynitrite ONOO- (02
center dot- + NO center dot -> ONOO-) and maintains the physiologically relevant level of nitric oxide (NO
center dot), an important molecule in neurotransmission, inflammation, and vasodilation. The second-
line antioxidant defense pathway involves exogenous diet-derived small-molecule antioxidants. The third-
line antioxidant defense is ensured by the repair or removal of oxidized proteins and other biomolecules
by a variety of enzyme systems. This review briefly discusses the endogenous (mitochondria, NADPH,
xanthine oxidase (XO), Fenton reaction) and exogenous (e.g., smoking, radiation, drugs, pollution) sources
of ROS (superoxide radical, hydrogen peroxide, hydroxyl radical, peroxyl radical, hypochlorous acid,
peroxynitrite). Attention has been given to the first-line antioxidant defense system provided by SOD,
CAT, and GPx. The chemical and molecular mechanisms of antioxidant enzymes, enzyme-related diseases
(cancer, cardiovascular, lung, metabolic, and neurological diseases), and the role of enzymes (e.g., GPx4)
in cellular processes such as ferroptosis are discussed. Potential therapeutic applications of enzyme
mimics and recent progress in metal-based (copper, iron, cobalt, molybdenum, cerium) and nonmetal
(carbon)-based nanomaterials with enzyme-like activities (nanozymes) are also discussed. Moreover,
attention has been given to the mechanisms of action of low-molecular-weight antioxidants (vitamin C
(ascorbate), vitamin E (alpha-tocopherol), carotenoids (e.g., beta-carotene, lycopene, lutein), flavonoids
(e.g., quercetin, anthocyanins, epicatechin), and glutathione (GSH)), the activation of transcription factors
such as Nrf2, and the protection against chronic diseases. Given that there is a discrepancy between
preclinical and clinical studies, approaches that may result in greater pharmacological and clinical success
of low-molecular-weight antioxidant therapies are also subject to discussion.
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