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Abstract: 

In present time an individual’s life is not only going through social competence but 

working stress is also prevalent. A compromised and processed diet and mental stress is 

responsible of changes at biological and cellular levels. Free radicals are generated which 

because of their unstable nature can react unpredictably. Reactive oxygen species are free 

radical of oxygen and bring about a stressful condition at cellular and organ level termed as 

oxidative stress.  Almost all prevalent diseases have been associated with oxidative stress like 

obesity, cancer, metabolic disorders, diabetes etc. When oxidative stress approaches the central 

nervous system, it causes neurodegenerative disorder. Here in this review article, we have 

discussed basal cause of oxidative stress, its relation to mitochondrial dysfunction, its 

transmission via blood brain barrier and causal factor of neurodegeneration. At last various 

therapeutic preventive mechanisms have also been discussed and concluded that antioxidant 

both in natural forms and supplementary medicine can be helpful to prevent neurodegenerative 

problems.  
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Introduction to oxidative stress 

Life has changed vastly for people in current era as they are more inclined towards a 

faster and stress full life. Great economic changes, sociocultural status management and 

lifestyle comparisons have led to compromise the nutritional quality of the food and 

consumption of high ultra-processed products1. We live in an uncertain society with continual 

change with excessive stress and these characteristics are reflected in the approaches to health 
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systems, leading to challenging consequences in the form of development of Oxidative stress, 

associated with the current prevalence of chronic metabolic diseases2. 

 Oxidative stress was initially reported in 1956 by Dr. Harman, who firstly describe 

ageing as a process characterised by the progressive decline of cellular function and oxidative 

stress theory for the conditions under which cells age and die3. In recent decades, research 

about oxidative stress and its association with various metabolic disorders is proliferating such 

as Neurodegenerative diseases4, obesity5, diabetes6, cardiovascular diseases7, and cancer8. This 

may be considered an indicative pattern of the change in intake guidelines, regarding foods 

such as those high in simple carbohydrates and in saturated fatty acids1. Food consumption 

guidelines play very significant role in improving levels of systemic pro-oxidants and 

inflammatory mediators, which result in neuroinflammatory reactions in the central nervous 

system9. 

Neurodegenerative disease  

Neurodegenerative diseases are basically progressive brain conditions that are caused 

by nerve cell damage leading to memory loss, movement problems, and other symptoms. It 

forms a diverse group that generally have any point of damage in the nervous10. Research shows 

that, in 2021, more than 3 billion people worldwide were living with a neurological condition 

and The World Health Organization (WHO) contributed to the analysis of the Global Burden 

of Disease, Injuries, and Risk Factor Study (GBD) 2021 data11. Neurological disorders are 

concern for all people from globally and irrespective of sex, scholastic level and financial 

status. The WHO encourages that neurological treatment be combined into basic health 

procedure12, 13. 

Neurodegenerative diseases share a common ground with other health problems such 

as diabetes, cardiovascular disease and obesity etc. Oxidative Stress is an important causative 

factor in the development of several metabolic disease14 and various research are being 

performed for a clear picture of the connection between redox potential of the cell and nervous 

system injury15. Answer to question are being searched like what impact oxidative stress holds 

on nervous system? If neurogenerative diseases can be triggered by systemic oxidative stress. 

In this review article we tend to discuss effects and mechanisms of systemic oxidative stress 

derived neurodegeneration, its role a potential inducer of neurogenerative diseases with the 

help of available literature. 

Role of mitochondrial dysfunction in systemic oxidative stress 

Oxygen inhaled for respiration is used by cell in oxidative-reductive reactions to obtain 

energy and metabolites essential for cell’s growth and development16. These oxidative-
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reductive reactions are part of cellular respiration and take place in mitochondrion where 

nutrients are metabolized for energy production17. Mitochondria usually utilizes 95 to 98% of 

O2 for oxidative processes. Remaining O2 gets reactive with water molecules to produce 

hydrogen peroxide (H2O2) and free radicals called reactive oxygen species18.  There several 

factors affecting production of reactive oxygen species like diet, lifestyle etc. Carbohydrate and 

saturated fatty acids concentration correlates increase pro-oxidant elements. Increased 

intracellular glucose concentration leads to a high substrate conc. for oxidative metabolic 

enzymes and ultimately initial enzymes velocity increases maximum19. This causes decline in 

physiological utilization of oxygen and availability of free oxygen for reactive oxygen species 

production increases with decrease in oxidative phosphorylation16, 18. These disruption in 

mitochondrial function is termed as mitochondrial dysfunction20. 

Mitochondrial dysfunction is considered main triggering factor to oxidative stress. 

Reactive oxygen species and free radicals are unstable atoms with an unpaired electron, 

characterised by gaining electrons from stable molecules, such as proteins, lipids and nucleic 

acids21. Reactive atomic species are produced as part of routine physiological processes and 

have vital roles in cell signalling, gene transcription and immune response22 but still free radical 

overproduction, is associated with oxidative damage of cellular structures23. Reactive oxygen 

species aggregation in matrix induces oxidation of membrane lipids and proteins, which further 

contributes to mitochondrial dysfunction18. 

Oxidative stress prevalence may lead to a chronic state and may spread to other body 

parts. Reactive oxygen species and reactive nitrogen species in blood are proficient of 

triggering proinflammatory and oxidative processes in organs such as liver24, kidney25, 

enterocyte26, endocrine glands14, encephalon27.  

Impact of Oxidative stress Blood-Brain barrier 

Blood Brain Barrier is a physical obstacle located between blood vessels and brain 

tissues, which selectively permits the passage of molecules, and its permeability can be 

modified by different stimuli28. Nervous system protects itself from the pro-oxidants in blood 

via the Blood Brain Barrier29. Distribution of pro-oxidant composites in the blood and 

inflammatory processes initiation compromises CNS functions via distinct communication 

channels, such as the vagus nerve, the choroid plexus and the Blood Brain Barrier30. Oxidative 

stress causes a chronic oxidative background leading to epigenetic changes of the 

neurovascular unit that result in alteration of the Blood brain barrier function29.  

Blood brain barrier possess significant ion channels and transporters, tight junction 

proteins and cell adhesion molecules, which restrain paracellular permeability and 
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pinocytosis28. As additional protection, endothelial cells of the Blood brain barrier display a 

high antioxidant activity with reduced glutathione, glutathione peroxidase, glutathione 

reductase and catalase, compared to rest of the brain for the reduction in damage caused by 

Reactive oxygen species and free radical29. But antioxidant activity is not as efficient in chronic 

oxidation environment31, sugar and saturated fatty acids being most widely noticed factors32, 

33. Reactive oxygen species overrun impacts the Blood brain barrier penetrability by a variety 

of processes which includes the alteration of junction proteins34 for example Occludin 

oligomers, bound together by covalent disulfide bonds, are sensitive to reactive oxygen species 

oxidation35 and any changes in their structure leads to reduction in binding capacity, which 

affects the paracellular diffusion of molecule to the brain36. 

Cells display a resistance mechanism against the oxidative stress called adaptive 

response37. Cells initiate expression of genes for antioxidant enzymes in oxidative stressed 

condition and activates the transcription factor Nrf2, which inhibits genes of enzymes involved 

in the reactive oxygen species production, such as NADPH oxidase, anti-inflammatory 

mediators etc38. Though the CNS itself has additional protective mechanism against the 

Oxidative stress29, but the widespread and persistent oxidative environment may lead to the 

decline in adaptive response21. Lower genes expression involved in the NVU integrity, causes 

a hypometabolic state that influences the oxidative processes of the cells that make Blood brain 

barrier The triggered mitochondrial dysfunction accounts for cellular injury that results in 

endothelial cell necrosis and loss of Blood brain barrier integrity33. 

Oxidative stress and Neurodegeneration 

Nervous system comprises of an intricate, particularly organised network of neurons 

and glial cells. The brain makes its principal constituent, whose cognitive process involves the 

involvement of neurons, main functional units of the CNS that have the capacity to transfer 

information quickly and efficiently via electrical or chemical signals known as action 

potentials39. Anatomically, they are composed of a cell body, its known as dendrites and a 

longer extension known as axon40. Neurons have high mitochondrial activity and high oxygen 

consumption and thus a crucial point for increased reactive oxygen species production, its 

accumulation and induced damage41. Glial cells do not have synaptic contacts but function for 

Maintaining the ionic medium, Modulation of the nerve signals propagation, Modulation of the 

synaptic action by neurotransmitters and maintenance of neural development in case of 

neuronal lesion42. These with NVU are responsible for the Blood brain barrier integrity and 

metabolism, by reacting to nerve tissue injury43. 



 

© Association of Academic Researchers and Faculties (AARF) 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories. 

 

Page | 59  

Normally these are in resting stage but in response to nervous system injury, the 

microglia becomes polarised and trigger mechanisms that promote neurotoxic activities, 

including the reactive oxygen species overproduction, RNS, chemokines and proinflammatory 

cytokines and the process is called microgliosis, which include not only an increase in number 

but also a complex cascade of physiological acute inflammation responses44.  

A hyper state of oxidative stress, systemic reactive oxygen species propagation and 

Blood brain barrier interference, causes a enduring microgliosis that promotes a chronic state 

of inflammation and activation of the microglia lasts until it leads to an imbalance in the 

inflammatory response, ultimately generating a neuroinflammation cycle and tissue damage42. 

Neuroinflammation is a reactive state of the immunological component of the central nervous 

system45. The reason for triggering neuroinflammation can be Physical injury such as trauma, 

Biological such as infections and Chemical, which induces reactive oxygen species production, 

free radical, and RNS, present in the Oxidative stress17. 

In response to microglial activation, proinflammatory molecules facilitate the reaction 

at the injured site like IL1β induces the expression of the inducible nitric oxide synthase gene 

(iNOS), accountable for triggering the nitric oxide discharge on glial cells and cause nitrosative 

stress and an exacerbated reactive nitrogen species production in the chronic 

neuroinflammatory response upsurges the oxidation of membrane lipids44. 

 Astrogliosis also increases the number and size of the fibrillary acid protein of the glia, 

protein cytoskeleton that causes to hypertrophy and hyperplasia of astrocytes. Active astrocytes 

produce pro and anti-inflammatory cytokines for expression of the gene cyclooxygenase–2 

(COX-2) enzymes e iNOS, as well as higher reactive nitrogen species production. Thus, 

neuroinflammatory reaction, triggered by reactive oxygen species and free radical, contributes 

to oxidative stress in the central nervous system and help generation of a continuous state 

between neuroinflammation and chronic oxidative stress42. 

Oxidative stress performs a significant role in the neuronal activation death 

mechanisms, associated in the several studies of neurodegenerative diseases47. Continuous 

oxidative stress activates the genes involved in the recovery and cell death for example one of 

the most reviewed is the FOXO transcription factors which has a prominent role in oxidative 

stress-induced neuronal cell death and promotes neuronal apoptosis in response to oxidative 

stress via inducing the expression of pro-apoptotic downstream genes including Bim and FasL 

48.  

Similarly, aggravated intracellular reactive oxygen species production and DNA 

damage activates the expression of the p53 gene, activating the Bcl2 pro-apoptotic protein 



 

© Association of Academic Researchers and Faculties (AARF) 
A Monthly Double-Blind Peer Reviewed Refereed Open Access International e-Journal - Included in the International Serial Directories. 

 

Page | 60  

family ultimately leading to release of cytochrome C that forms a complex with apoptotic 

protease activating factor 1 (Apaf-1) that result is the 9 caspase activation, execution of the cell 

death process, as well as changes in the plasma membrane like blistering and phosphatidyl-

serine exposure on the cell that culminates in the condensation and nuclear chromatin 

fragmentation49, 50. Additionally increase in reactive oxygen species concentrations in the 

neuron, induces a quick upsurge in intracellular Ca+2, from extracellular spaces, after the 

rupture of the membrane and from endoplasmic reticulum, because of cytochrome C 

translocation from the mitochondrial outer membrane to the cytosol, triggering cell death 

signals50.  

Disruption of Blood brain barrier is another process responsible for cell death, which 

dispels the reactive oxygen species transit and proinflammatory cytokines to nervous system. 

Disruption and microgliosis increases the inflammation moderator’s production i. e. reactive 

oxygen species and reactive nitrogen species causing cell death signs, by recognising the FAS 

receptor or cell death receptor and TNF receptor 1, activating the necroptotic pathway which 

are also connected to the neurodegenerative diseases pathogenesis51.  

Neurons have almost negligible regeneration capacity compared to other cells and 

apoptotic pathway is strictly constrained, to let neurons to persist during the life of the 

individual52. For the particular reason its protection from any damaging force is necessary to 

protect from any degeneration. 

Preventive approach 

In recent decades there has been advances in the field of medical and biotechnology 

sciences and our nutrition challenges have readdressed following the new pattern. At present 

the implementation of a food habit is being done with the bioactive compounds in them and 

whose biological reactions have shown beneficial effects on the Oxidative stress biochemical-

metabolic alterations53. Compounds that can manifest reactive oxygen species are termed as 

antioxidants and These use to mitigate the Oxidative stress and is complementary in the 

modulation of the oxidative environment. An antioxidant is any component present at low 

concentrations with respect to those of an oxidisable substrate, retards or inhibits the oxidation 

of the substrate54. Currently, very impactful role of antioxidants is anticipated as 

neuroprotective agents in neurodegenerative diseases. Various Polyphenols such as quercetin, 

catechin and resveratrol have shown neuroprotective role in several animal models with 

neurological disorder55 and epidemiological research sustain the probable polyphenols’ use in 

the diet, for better neuronal health56. The anticipated mechanisms include the blocking of 
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enzymes that produce free radical, metals chelation and neutralising reactive oxygen species, 

anti-inflammatory effects and microglia inhibition recruitment57.  

Various fruits, vegetable and beverages such as tea, red wine, cocoa and coffee are the 

most prevalent sources of polyphenols56. Their neuroprotective functions are concurrent across 

the potential to guard neurons against lesions induced by neurotoxins and the ability to restrain 

neuroinflammation and the capacity to promote memory, learning and cognitive function58. 

Contemporary evidence suggest that food polyphenols favourable impact involves their ability 

to decrease Oxidative stress signalling and modulation of gene expression of antioxidant 

enzymes, neurotrophic factors and cytoprotective protein59. Caffeine60, Ginkgo biloba61, α-

tocoferol62 and curcumin63 have also been displayed for important and protective activities and 

suggest their potential use in the neurodegenerative diseases’ treatment. The medicinal 

approaches based on the potential antioxidant and anti-inflammatory effect of food are 

beneficial for modulating the oxidative conditions and mitigating Oxidative stress alterations 

and inflammation64. 

Conclusion 

Oxidative stress is a condition induced by lifestyle disturbance and some medicinal 

impacts and is revocable mechanism. its complexity and severeness can lead to further systemic 

disturbances of various organs such as neurodegeneration.  for the neurodegenerative diseases 

prevention early detection of oxidative stress is best to dealt with. Dietary antioxidants are 

important to comprehend the biochemical and metabolic modifications generated by the 

Oxidative stress. Thus, healthy diet with lots of polyphenols is key point in fighting oxidative 

stress. In more thar moderate cases antioxidants can be taken as medicinal supplements. Further 

mechanisms are being searched not only for handling of oxidative stress but also 

neurodegeneration caused. 
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