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ABSTRACT

Alzheimer’s disease, Parkinson’s disease, and amyotrophic lateral sclerosis 
(ALS) are all neurodegenerative conditions that affect an increasing number of 
senior people. A gradual loss of neurons, impaired motor or cognitive functions, 
and aberrant protein buildup are hallmarks of many disease disorders. In organs 
that require a high level of energy, such as the heart, muscles, brain, or liver, 
mitochondrial dysfunction is a common characteristic of the ageing process. 
Synaptic plasticity and neurotransmitter synthesis all rely on the mitochondria, 
which supply the energy needed for most cellular functions. Due to the brain’s high 
oxygen consumption, inadequate antioxidant defences, and high polyunsaturated 
fat content, it is particularly vulnerable to oxidative stress and damage. To sustain 
neuronal integrity and survival, the necessity of protective mechanisms, such as 
antioxidant defences, cannot be overstated. This comprehensive perspective will 
help to better understand the connection between mitochondrial oxidative stress 
and neurodegenerative disorders.

1. INTRODUCTION
Oxidative stress is simply the elevation of free radicals 
(reactive oxygen species/reactive nitrogen species) found in 
cells that accumulate to higher-than-normal levels. Excessive 
or inappropriate oxidative stress damages cell and tissues, 
specifically, mitochondria, cell membranes, DNA, proteins 
and lipids which leads to irreversible damage to the neurons. 
Biochemical integrity of the brain is vital for normal functioning 
of the central nervous system (CNS). One of the factors 
contributing to cerebral biochemical impairment is a chemical 
process is called oxidative stress. Oxidative stress occurs upon 
excessive free radical production resulting from an insufficiency 
of the counteracting antioxidant response system. The brain 
with its high oxygen consumption &lipid rich content is highly, 
susceptible to oxidative stress. Oxidative stress induced damage 
to brain has a strong potential to negatively impact normal CNS 
functions [1-3]. Oxidative stress has historically been considered 
to be involved mainly in neurodegenerative disorders such as 
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1.1 Role of different reactive oxygen species
Reactive oxygen species (ROS) have long been known to be 
a component of killing response of immune cells to microbial 
invasion. Reactive oxygen species (ROS) is a phrase used 
to describe a number of reactive molecules and free radicals 
derived from molecular oxygen. The production of oxygen 
based on radicals is the bane to all the aerobic species. These 
molecules, produced as by product during the mitochondrial 
electron transport of aerobic respiration or by oxidoreductase 
enzymes &metal catalyzed oxidation have the potential to causes 
a number of deleterious events [4]. ROS have a role in cell 
signaling, including apoptosis, gene expression &activation of 
cell signaling cascades. It should be noted that ROS can serve 
as both intra &intercellular messengers.
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1.2  Reactive Oxygen Species 
Most reactive oxygen species are generated as by product during 
mitochondrial electron transport. ROS are formed as necessary 
in term of metal catalyzed oxidative reaction. The sequential 
reduction of oxygen through the addition of electron leads to the 
formation of a number of ROS including; superoxide, Hydrogen 
peroxide, Hydroxyl radical, Hydroxyl ion& nitric oxide [5, 6]

1.3 Role of different reactive nitrogen species 
RNS are a family of antimicrobial molecules derived from nitric 
oxide (NO) and superoxide (O2) produced via the enzymatic 
activity of inducible nitric oxide synthase (NOSO2) and 
NADPH Oxidase respectively NOSO2 is expressed primarily 
in macrophages after induction by cytokinesis and microbial 
products, notably interferon–gamma (IFN–gamma) and 
lipopolysaccharides (LPS). Reactive nitrogen species act together 
with reactive oxygen species (ROS)to damage cells, causing 
nitrosative stress [7-10]

1.4 Pathogenesis of oxidative stress.  
Chronic inflammatory diseases place a burden on the majority 
of health systems all around the world, essentially due to 
the lack of safe, effective &affordable therapies. Diabetes, 
allergies & chronics obstructive pulmonary diseases are 
classified by the world health organization as specific chronic 
inflammation – mediated diseases. Oxidative stress is caused 
by an overproduction of reactive oxygen species, resulting 
in deleterious effects such as oxidative damage of DNA 
lipids & proteins. It can also lead to the activation of various 
proinflammatory signaling pathways that result in production of 
series of cytokinesis & chemokinesis, growth factor, cell cycle 
regulatory molecules etc [11]. The role oxidative stress in the 
pathophysiology of chronic inflammation mediated diseases. We 
(biochemical or cellular) &or (in vivo studies on inflammation; 
allergies, diabetes, arthritis & joint diseases, cardiovascular, 
renal, neurodegenerative, chronic obstructive, pulmonary & 
gastrointestinal diseases.
Some points include but not limited to follow:
	 •	 General role of oxidative stress in the inflammatory pro-

cess.
	 •	 Cellular production of reactive species in inflammatory 

diseases.
	 •	 Detection of reactive species in inflammatory diseases.
	 •	 Expression/Production/Modulation of inflammation me-

diators triggered by reactive prooxidative species.
	 •	 Strategies to prevent /treat oxidative stress – related inflam-

matory diseases.

1.5  Role of oxidative stress in apoptosis
Apoptosis or programmed cell death, is essential for the normal 
functioning and survival of most multi –cellular organism. The 
morphological and biochemical characteristics of apoptosis, 
however are highly conserved during the evolution. It is 

currently believed that apoptosis can be divided into at least 
three functionally distinct phases, i.e., induction, effectors 
and execution phase. Antioxidants and thiol reductants, 
such as N-acetylcysteine, and overexpression of manganese 
superoxide (MnSOD)can block or delay apoptosis. Bcl-2 an 
endogenously produced proteins, has been shown to prevents 
cells from dying of apoptosis apparently by an  antioxidative 
mechanisms. Taken together ROS and the resulting cellular 
redox change, can be part of signal transduction pathways during 
apoptosis. During mitochondrial dysfunction, several essential 
players of apoptosis, including pro caspases, cytochrome C, 
apoptosis-inducing factors (AIF), and apoptotic protease-
activating factors-1(APAF-1) are releases into the cytosol. The 
multimeric complex formation of cytochrome C, APAF-1 and 
caspase 9 activates downstream caspases leading to apoptotic 
cell death [12, 13]. All the three functional phases of apoptosis 
are under the influence of regulatory controls. Thus, increasing 
evidences provide support that oxidative stress and apoptosis 
are closely linked physiological phenomena and are implicated 
in pathophysiological of some of the chronic diseases including 
AIDS, autoimmunity, cancer, diabetes mellitus, Alzheimer’s and 
Parkinson’s and ischemia of heart and brain.

1.6  Role of oxidative stress in Inflammation 
Oxidative stress occurs due to the imbalance between the 
production of reactive oxygen species (ROS) and the availability 
of antioxidants or radical scavengers. The excess ROS produced 
can either oxidize biomolecules or can structurally modify 
proteins and genes so as to triggers signaling cascade that can 
lead to the onset and progression of inflammatory diseases. ROS 
–induced activation of transcription factors and pro inflammatory 
genes lead to the onset of inflammation. Inflammation causes 
immune cells to secrete various cytokines and chemokines in 
order to recruit various other immune cells to the site of oxidative 
stress/infection. Reflexively, an enhanced ROS generation by 
immune causes oxidative stress and tissues injury [14].

1.7  Role of oxidative stress in mitochondrial dysfunction
Oxidative stress and mitochondrial damage have been implicated 
in the pathogenesis of several neurodegenerative diseases, 
including Alzheimer’s disease, Parkinson’s disease and 
amyotrophic lateral sclerosis. Oxidative stress is characterized by 
the overproduction of reactive oxygen species, which can induce 
mitochondrial respiratory chain, alter membrane permeability, 
and influence Ca2+ homeostasis and mitochondrial defense 
systems. All these changes are implicated in the development 
of these neurodegenerative disease, mediating or amplifying 
neuronal dysfunction and triggering neurodegeneration [15, 16].

1.8 �Oxidative stress in pathogenesis of Parkinson 
Diseases

Current concepts of the pathogenesis of Parkinson’s diseases 
(PD)center on the formation of reactive oxygen species &the 
onset of oxidative stress leading to oxidative damage to substantia 
nigra pars compacta. Extensive postmortem studies have 



MIT International Journal of Pharmaceutical Sciences,  Vol. 7, No. 1, January 2022,  pp. 37–41
ISSN 2394-5338 (Print); 2394-5346 (Online) © MIT Publications

39

1.10  �Role of anxiety in pathogenesis of oxidative stress
High O2 consumption, modest antioxidants defense and a lipid 
rich antioxidant defense and a lipid –rich constitution makes 
the brain highly vulnerable to redox imbalances. Oxidative 
damage in the brain causes nervous system impairment. 
Recently, oxidative stress has also been implicated in depression 
anxiety disorder and highly anxiety levels. The findings which 
established a link between oxidative stress and pathological 
anxiety have inspired a number of other recent studies focusing 
on the link between oxidative status and normal anxiety and also 
on a possible causal relationship between cellular oxidative stress 
and emotional stress [21]

1.11 �Role of depression in pathogenesis of oxidative 
stress

Reactive oxygen species (ROS) have a vital role in cellular 
signaling and in defence against invasive microorganisms. 
Excessive ROS generation and exhaustion of antioxidative 
defence trigger proinflammatory signaling, damaging vital 
macromolecules and inducing cellular apoptosis. The failure 
of cells to maintain redox homeostatis and resultant generation 
of proinflammatory mediators leads to cell necrosis. The brain 
is more vulnerable to oxidative stress (OS) because of its 
higher oxygen consumption, higher lipid, content, and weaker 
antioxidative defence. OS is a main cause of neurodegeneration 
and its involvements in the pathogenesis of major depressive 
disorder (MDD) is unequivocally established. OS and 
proinflammatory signaling have emerged as mainstays in the 
pathogenesis of MDD. Targeting these changes with suitable 
antioxidants could be an effective strategy to treat MDD [22].

1.12 �Role of Amyotrophic lateral sclerosis (ALS) in 
pathogenesis of oxidative stress

Amyotrophic lateral sclerosis (ALS) is characterized by 
progressive loss of motoneurons and degradations of 
neuromuscular junction (NMJ). Consistent with the dying back 
hypothesis of motoneuron degeneration the decline in synaptic 
function initiates from the presynaptic terminals in ALS. 
Oxidative stress is a major contributory factor to ALS pathology 
and affects the presynaptic transmitter releasing machinery. 
Indeed, in ALS mouse models nerve terminals are sensitive 
to reactive oxygen species (ROS) suggesting that oxidative 
species, along with compromised mitochondria Ca2+ amplifies the 
presynaptic decline in NMJ. This initial dysfunction is followed 
by a neurodegeneration induced by inflammatory agents and loss 
of tropic support. To develop effective therapeutic approaches 
against ALS, it is important to identify the mechanisms underlying 
the initial pathological events. Given the role of oxidative stress 
in ALS, targeted antioxidant treatments could be a promising 
therapeutic approach. However, the complex nature of ALS and 
failures of monotherapies suggest that an antioxidant therapy 
should be accompanied by anti-inflammatory intervention to 
enhance the restoration of the redox balance [23,24].

provided evidence to support the involvement of oxidative stress 
in the pathogenesis of PD; in particularly these include alteration 
in brain iron content, impaired mitochondrial function, alteration 
in the antioxidant protective systems (most notably superoxide 
dismutase [SOD] and reduced glutathione [GSH]), and evidence 
of oxidative damage to lipids, proteins, and DNA. Iron can induce 
oxidative stress, and intranigral injections have been shown to 
induce a model of progressive parkinsonism. A loss of GSH is 
associated with incidental Lewy body disease and may represent 
the earliest biochemical marker of nigral cell loss. GSH depletion 
alone may not result in damage to nigral neurons but may increase 
susceptibility to subsequent toxic or free radical exposure. The 
nature of the free radicals’ species responsible for cell death 
in PD remain unknown, but there is evidence of involvement 
of hydroxyl radical (OH, peroxynitrite and nitric oxide) [17, 
18]. Central to many of the process involved in oxidative stress 
and oxidative damage in PD are the actions of monoamine 
oxidase –B(MAO-B). MAO –B is essential for the activation 
of 1-methyl-4-phenyl-1,2,3,6- tetrahydropyridine to 1- methyl-
4-phenylpyridinium ion, for a component of the  enzymatic 
conversion of dopamine to hydrogen peroxide (H2O2),and  for 
the activation of other potential toxins such as isoquinolines  and 
beta carbolines. Thus, the inhibition of MAO-B by drugs such 
as selegiline may protect against activation of some toxins and 
free radicals formed from the MAO-B  oxidation of dopamine .In 
addition , selegiline may act  through a mechanism unrelated to 
MAO-B to increases neurotrophic  factor activity and upregulate 
molecules such as glutathione, SOD, catalase and BCL-2 proteins 
, which protect against oxidant stress and apoptosis [19]

1.9 �Role of Alzheimer Disease in pathogenesis of 
oxidative stress

Cellular changes show that oxidative stress is an event that 
precedes the appearance of the hallmark pathologies of the 
disease, neurofibrillary tangles, and senile plaques, while it is 
still unclear what the initial source of the oxidative stress is in 
Alzheimer disease, it is likely that the process is highly dependent 
on redox –active transition metals such as iron and copper. 
High concentrations of zinc were associated with the memory 
and cognitive regions of the brain, including the neocortex 
and amygdale and hippocampus, which are mostly affected 
in AD pathology. This binding of zinc has a highly ordered 
conformational state of A beta aggregates, Consequently, the 
immunological / inflammatory response to non-soluble A beta 
plaques involves the disruption of zinc homeostatic followed by 
uncontrolled cerebral zinc release, which is typical for oxidative 
stress. Thus, the uncontrolled accumulation of zinc or A beta 
leads to zinc – induced and A beta –mediated oxidative stress 
and cytotoxicity [20] The brain membranes phospholipids are 
composed of polyunsaturated fatty acid, this organ is particularly 
vulnerable to free radical attack. Their double binds allow the 
removal of hydrogen ions and increased lipid peroxidation, which 
is the most prominent feature in which degenerative changes is 
most pronounced in the AD brain.
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1.13 �Role of different cellular enzymes against ROS 
AND RNS

There is a significant evidence that , in living systems, free 
radicals and other reactive oxygen and nitrogen species play 
a double  role, because they can cause oxidative damage  and 
tissue dysfunction and serve as molecular signals activating 
stress responses that are beneficial to both play a major role 
in tissue oxidative damage and dysfunction and provide 
protection against excessive tissue dysfunction through several 
mechanisms, including stimulation of opening of permeability 
transition pores. Until recently, the functional significance of 
ROS sources different from mitochondria has received lesser 
attention. However, besides confirming the mitochondrial role 
in tissue oxidative stress and protection, show interplay between 
mitochondria and other ROS cellular sources, so that activation 
of one can led to activation of other sources. Thus, it is currently 
accepted that in various conditions all cellular sources of ROS 
provide significant contribution to processes that oxidatively 
damage tissues and assure their survival, through mechanisms 
such as autophagy and apoptosis [25, 26].

2. CONCLUSION
During the past 30 years, the role of mitochondria and oxidative 
stress in ageing and neurodegenerative diseases has been 
intensively investigated According to the study’s general 
conclusion, age-related changes in both systems contribute to 
the course of neurodegenerative diseases, if not the initiation of 
these diseases. While mitochondrial failure and oxidative stress 
may be used as early warning signs of ageing problems, it is 
unclear whether they may also be used as therapeutic targets. 
Understanding the involvement of mitochondria and oxidative 
stress in ageing and neurodegeneration could lead to a variety 
of new approaches to enhancing the quality of life for the aged.
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