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This article outlines the
mechanisms and effects of
oxidative stress on disease
onset. Reactive oxidants,
like superoxide anion and
hydrogen peroxide, are
normal byproducts of
cellular metabolism. The antioxidant defense system maintains a delicate equilibrium by neutralizing these oxidants through enzymatic and
non-enzymatic processes. However, when the production of reactive oxidants exceeds the antioxidant capacity, oxidative stress occurs,
causing cellular damage. This damage includes lipid peroxidation, protein oxidation, DNA damage, and mitochondrial dysfunction. These
processes lead to cellular damage, inflammation, and activation of disease-related signaling pathways. Oxidative stress further worsens
tissue damage and promotes chronic diseases by increasing immunological responses and inflammation. The article extensively covers
oxidative stress in various diseases such as cardiovascular diseases, COPD from smoking, aging, gastric ulcers, hepatic failure, diabetes
complications and cancer. Understanding oxidative stress mechanisms and developing effective therapeutic strategies can provide new
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options for disease prevention and treatment.
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INTRODUCTION

Oxidative stress can be described as an imbalance caused by
the inability to effectively eliminate reactive products formed
during cellular metabolism, particularly reactive oxidants.>? This
imbalance leads to an accumulation of free radicals, which have
detrimental effects on intracellular proteins, cellular membranes
through polyunsaturated fatty acid peroxidation, nucleic acids
with base modifications, and chromosomal alterations. These
effects include DNA single-strand and double-strand breaks,
DNA and protein cross-links, as well as damage to cellular
structures and components like polysaccharides and
carbohydrates.® Ultimately, oxidative stress can result in cell
death and degradation of cellular components.*

Another important facet is the activation of signaling pathways
in response to oxidative stress. Cells have evolved intricate
signaling networks to detect and respond to increased reactive
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oxidants levels. The nuclear factor-xB (NF-kB) pathway and
mitogen-activated protein kinases (MAPKSs) are two major
signaling pathways that are commonly activated by oxidative
stress.> These pathways regulate the expression of numerous
genes involved in inflammation, cell survival, apoptosis, and
other cellular processes.®

A fundamental component of aerobic biological activities is
oxygen (O2). However, via univalent reduction of O, roughly 5%
or more of the breathed O is transformed into reactive oxidants
like superoxide (O.™), hydrogen peroxide (H.0,), and hydroxyl
radical (OH).”® Therefore, reactive oxidants represent a constant
threat to cells operating in an aerobic environment.® However,
these insults are successfully neutralized by the cell's extremely
potent antioxidant mechanisms without causing any negative side
effects. When the balance between the production of reactive
oxidants and antioxidant defenses is upset, "oxidative stress"
results, which through a series of actions deregulates cellular
functions and results in a variety of pathological conditions like
metabolic dysfunction in almost all vital organs, cancer, and
premature aging.'%**

Oxidative stress caused by free radicals leads to DNA
oxidation, glycoxidation, and oxidation of membrane
lipoproteins, all of which cause cell death 2. Injury to the tissue
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is eventually the result of several necrotic components, proteases,
and reactive oxidants from injured cells attacking the surrounding
cells. Additionally, it has been noted that tissue damage itself can
result in significant oxidative stress.’*'* Reactive oxidants are
produced as a result of injury brought on by ischemia reperfusion,
heat, trauma, cold, intense exercise, toxins, radiation, or
infection.”

This review article focuses on two main topics: the mechanism
of reactive oxidant formation in respiring cells under aerobic
conditions and the molecular mechanism of reactive oxidant-
mediated diseases, including cardiovascular diseases (chronic
heart failure), chronic obstructive pulmonary disease (COPD)
brought on by smoking, aging, gastric ulcers, liver failure,
diabetes complications, and cancer which have been extensively
studied.

CELLULAR SOURCE OF REACTIVE OXIDANTS
Electron transport chain dependent pathway
The electron transfer mechanism in mitochondria's electron
transport chain (ETC) is linked to the method
by which living things obtain their energy.
Reactive oxidants are created during this
process in small amounts (approximately 5%
of the oxygen inhaled), but they are always
handled by the body's natural antioxidant
system.”® O,", singlet oxygen (*0,), Hz0,,
nitric oxide in free radical form ('NO),
ONOO, and the highly reactive ‘OH are
examples of reactive oxidants. O;", a
moderately stable intermediate, is created
when molecular oxygen undergoes one-
electron reduction. The majority of reactive
oxidants are thought to have O™ as their
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reduction site.?? However, unstable semiquinones may
potentially have a similar function. Complex | generates
superoxide, which is mostly found in the mitochondrial matrix.
The synthesis of O," is not significantly aided by Complex Il and
Complex IV. When mitochondrial respiration is inhibited,
Complex Il (ubiquinol:cytochrome ¢ oxidoreductase) can also
produce a sizable amount of O,". On both sides of the inner
mitochondrial membrane (IMM), which is formed at Complex
11, is located O,".% Following superoxide anion dismutation by
Mn-dependent superoxide dismutase (MnSOD), H.0, is
produced, which can then result in the creation of *OH (Figure 1).
Normal cellular defences against these oxygen radicals include
antioxidant enzymes and lipid-soluble antioxidants like vitamin
E and reduced CoQ.* The mitochondrial outer membrane
enzyme monoamine oxidase (MAO) catalyses the oxidative
deamination of biogenic amines and is a quantitatively large
source of H,0, that contributes to an increase in the steady state
concentrations of reactive species within both the mitochondrial
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precursor.t®1” O, is produced as a result of
electron leakage from the mitochondrial
ETC to molecular oxygen (Figure 1A). An
essential inner membrane multi-protein
complex called Complex | (NADH-
ubiquinone oxidoreductase, C-I) is exposed
to both the matrix and the intermembrane
gap. In a reversible reaction accompanied by
a proton pump that creates transmembrane
potential, it oxidises NADH using coenzyme

Ve
Hypoxanthine + H,0 + O,

Nanthine + 1,0 + 0,

L-Amino acid + H,Q

S

Xanthine oxidase

: : G NOX
» Xanthine + 2H + i}

M- NADP + H «——NADPH + 20,

Xanthi id Oxygenases
Xanthine oxidase 3 . - Cyvi-P450, LO, CO
> Uric acid + 20" + o8 i 0

4& Arginine

Haber Weiss) —NO

reaction

oH ONOO

L-Amino acid
uxidase
0 —— a-Keto acid + NH, +

MAD
@ @l NH, + RCHO <——RCH,NH, + H,0 + 0,

S

Q as an electron acceptor.® There are
conflicting reports on the quantity and
location(s) of reactive oxidants produced in
Complex 1. It might be situated between
flavin and the location where rotenone binds.
The reactive oxidants generating site in
Complex | may also be a complex of half-
reduced NAD radical bound to flavin'®% or
a complex of flavin.? Iron-sulfur centres are
potential candidates because, according to
research by Herrero et al., the complex |
oxygen radical generator may be situated
between the ferricyanide and the ubiquinone
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Figure 1. A Generation of reactive oxidants by ETC dependent pathways
Superoxide (O2") is produced in the mitochondria when molecular oxygen captures

escaped the electron transport chain. The majority of reactive

oxidants are formed from superoxide, which superoxide dismutases (SOD) can

H202. H202 can be changed into hydroxyl radicals (HO") in the

presence of transition metals (like Fe®"), which are produced by aconitase or
cytochrome c. In the presence of GSH, glutathione peroxidase (GPx) can scavenge
H202. In the presence of NADPH, glutathione reductase (GR) converts the oxidised

) back to GSH. B. Generation of reactive oxidants by ETC

independent pathway. Reactive oxidants is also generated by other than ETC. O2™
is formed by NAD(P)H oxidases (NOX), xanthine oxidase and oxygenase like

lipoxygenases (LO) and cycloxygenases (CO). L-amino acid
amine oxidase (MAO) generates H202 by reducing Oz while

catalyzing their respective reactions.
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matrix and cytosol in addition to these toxic electron transport
chain reactions of the inner mitochondrial membrane.®® The
Fenton reaction allows O, and Fe?* to further interact, creating
the extremely reactive and cytotoxic *OH.!® Aconitase is
extremely vulnerable to O,". As a result of O, attacking the
aconitase, iron is released from its Fe-S cluster, serving as the
cell's source of Fe?* 26 (Figure 1A). Cytochrome C, which
releases its iron from its heme moiety in the presence of H,O,
may be a further reliable source of iron.?”

Electron transport chain independent pathway

Alternative than ETC, there are a number of alternative
mechanisms for cells to produce reactive oxidants (Figure 1B). A
combination of enzymes known as phagocyte NADPH oxidase
(Phox) causes phagocytes like neutrophils and macrophages to
purposefully produce reactive oxidants. The oxidase is made up
of the small GTPase RAC, the catalytic component gp91phox
(also known as Nox2), the regulatory subunits p22phox,
p47phox, p40phox, and p67phox, and the regulatory subunit
p47phox.2® The combination of these regulatory subunits and
gp91phox to produce an active complex controls the enzyme's
activity.®® Some Nox2-like flavoproteins are the non-
mitochondrial source of reactive oxidants in non-phagocytes. Six
novel NADPH oxidase enzymes were found by homology
searches in human genome databases: Nox1, Nox3, Nox4, Nox5,
Duox1, and Duox2.23' This enzyme complex produces
superoxide anion by using electrons from intracellular NADPH,
which is then converted into H,O, and other reactive oxidants.*
Xanthine oxidase,®® which catalyses the oxidation of
hypoxanthine to xanthine and eventually to uric acid, is another
source of reactive
oxidants. The A
oxidant is molecular
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mixed-function oxidase system, is present in higher amounts
under a number of physiological and pathological circumstances,
as well as during acute and long-term alcohol use. Additionally,
CYP2EL1 generates potent oxidants such ‘OH when iron catalysts
are present, in addition to producing reactive oxidants like O,
and H,0,.% The mitochondrial enzymes known as monoamine
oxidases (MAOs) catabolize prohypertrophic neurotransmitters
like norepinephrine and serotonin to produce hydrogen peroxide.
MAOs may be crucial in this process since too much reactive
oxidants and catecholamines are critical factors in the
pathophysiology of congestive heart failure.®

ROLE OF OXIDATIVE STRESS IN THE PATHOGENESIS
Cardiovascular diseases

The high prevalence of cardiovascular disease (CVD) seems
to correspond with a widespread global issue of physical
inactivity 37005351. The tidal wave of CVDs is about to hit the
planet. In low- and middle-income nations, it accounts for 10%
of lost DALYS, whereas in high-income countries, it accounts for
18%.%¢ Although the etiology and pathophysiology of CVDs are
complex, unhealthy lifestyles and behaviors along with a
multifactorial complex interaction between environment and
genetic variables are the key risk factors. Increasing evidence
points to the involvement of highly reactive oxygen-derived free
radicals, whether they are endogenous or environmental, in the
development and progression of various CVDs.%"8 Normally, the
various levels of antioxidant defenses are capable of efficiently
containing these free radicals. Oxidative stress is caused when
this process is out of balance, either because too many free
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Figure 2. A. Obstructive sleep apnea/hypopnea syndrome (OSAHS) and the emergence of related diseases and
comorbidities are depicted schematically to highlight the central role that inflammation and oxidative stress play in
these situations. Comorbidities and related illnesses may arise independently or as a result of oxidative stress.
Regardless of the mechanisms that cause these illnesses and comorbidities to arise, once they do, they cause a number
of complex interactions with different transduction pathways that encourage oxidative stress and inflammation. An
increase in oxidative stress causes inflammation to worsen, which in turn makes oxidative stress worse. This vicious
cycle eventually results in cardiovascular morbidity. IH: intermittent hypoxia; SH: sustained hypoxia; NADPH:
reduced nicotinamide adenine dinucleotide phosphate; XOX: xanthine oxidase; NOS: nitric oxide synthase; SA:
sympathetic activation; HTN: hypertension; DM: type 2 diabetes.>® B. Potential oxidative stress targets in relation
to heart failure (HF) at the cellular and subcellular levels. MAPK, mitogen-activated protein kinases; JNK, Jun-
nuclear kinase;PARP-1, poly(ADP-ribose) polymerase-1; MMPs, matrix metalloproteinases; AP-1, activator
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radicals are produced or because not enough are removed by
antioxidants.®*® A number of known risk factors, including
smoking in particular, drinking, diet, pollution, exercise, and
metabolic abnormalities, increase oxidative stress as a result of
excessive free radical activity. These reactive oxidants can then
stimulate the oxidation of proteins as well as low density
lipoprotein  (LDL), cholesterol, and species derived from
cholesterol, which can result in foam cell formation and
atherosclerotic plaques.®® Therefore, it makes sense to assume
that antioxidants will aid in the prevention of CVDs. Although
some new reservations have been expressed, there is evidence
that vitamin C and E have a preventive impact against CVDs by
lowering OS.** Reactive oxidants and antioxidants therefore
have a significant impact on CVDs, including atherosclerosis,
hypertension, myocardial infarction, and stroke.** Figure 2A
illustrates how oxidative stress plays a part in the development of
cardiovascular  repercussions in the obstructive sleep
apnea/hypopnea syndrome (OSAHS).
Heart failure

Heart failure (HF) is a complex clinical illness that may be
caused by any anatomical or functional cardiac condition that
affects the ventricle's capacity to fill with or expel blood *. In
cardiac remodeling and failure, oxidative stress may activate
crucial signaling molecules due to its direct impact on cellular
structure and function (Figure 2B). Myocardial development,
matrix remodeling, and cellular dysfunction are induced by
oxidative stress and entail the activation of numerous
downstream signaling cascades. First, a wide range of
hypertrophic signaling kinases and transcription factors are
activated by reactive oxidants.*® Tyrosine kinase Src, GTP-
binding protein Ras, protein kinase C, mitogen-activated protein
kinases (MAPK), and Jun-nuclear kinase (JNK) are all stimulated
by reactive oxidants. High amounts of H,O, stimulate MAPK,
JNK, p38, and protein kinase B (Akt) kinases to cause apoptosis,
but low levels of H,0, are linked to MAPK activation and protein
synthesis.*” Second, reactive oxidants cause apoptosis, a
significant factor in remodeling and dysfunction, which is
brought on by reactive oxidants' activation of proapoptotic
signaling kinases and damage to DNA and mitochondria. Third,
DNA strand breaks brought on by reactive oxidants trigger the
nuclear enzyme poly (ADP-ribose) polymerase-1 (PARP-1). The
expression of several inflammatory mediators is controlled by
PARP-1, which speeds up the process of cardiac remodeling.
Fourth, MMPs, a group of proteolytic enzymes, can be activated
by reactive oxidants.”® The majority of the time, MMPs are
secreted inert, and they are only activated post-translationally by
reactive oxidants through specific interactions with crucial
cysteines in the propeptide auto inhibitory domain. Nuclear
factor-xB, Ets, and activator protein-1 are further transcription
factors that reactive oxidants activate to promote MMP
production. MMPs are critical in activities like cell migration,
invasion, proliferation, and apoptosis that occur during normal
tissue remodeling. It has been demonstrated that failing hearts
exhibit higher MMP activity.®®%° Additionally, after an
experimental MI, an MMP inhibitor can reduce left ventricular
(LV) dilatation.®® In MMP-2 knockout mice, Hayashidani et al.>
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found a considerable improvement in survival following Ml that
was mostly due to the suppression of early myocardial rupture
and the subsequent development of LV remodeling and failure.
One theory for LV remodeling is the activation of MMPs as a
result of increased reactive oxidants.> This is because MMP can
be activated by reactive oxidants. Through the creation of an
aberrant extracellular milieu with which the myocytes interact,
persistent MMP activation may have an impact on the structural
characteristics of the heart. Dimethylthiourea, an *OH scavenger,
prevented MMP-2 from becoming activated in connection with
the onset of LV remodeling and failure following MI %3, These
data suggest that increased oxidative stress may serve as a trigger
for myocardial MMP activation, which is crucial for the onset
and progression of HF. Last but not least, reactive oxidants
directly affect the activity of contractile fibers by altering the
excitation-contraction coupling proteins. This involves
modifying crucial thiol groups (-SH) on the ryanodine receptor
to increase its open probability, suppressing the L-type calcium
channel, and inhibiting Ca?* absorption through an oxidative
interaction with Ca?* ATPase in the sarcoplasmic reticulum. In
order to develop effective treatment plans for HF, it may be
helpful to regulate oxidative stress in the heart and skeletal
muscle.%®
Cigarette smoke chronic obstructive pulmonary disease
(COPD).

COPD is strongly associated with cigarette smoking, which is
a significant environmental risk factor. Individuals who smoke
cigarettes have a higher prevalence of respiratory symptoms,
lung function abnormalities, and experience a more rapid decline
in forced expiratory volume in 1 second (FEV1). Moreover, the
mortality rate due to COPD is higher among smokers compared
to nonsmokers. However, it is important to note that less than half
of heavy smokers actually develop COPD.*

Cigarette smoke
]

G \ ™)
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Figure 3. Chronic obstructive pulmonary disease (COPD) caused by
smoking. Smoke from cigarettes causes the respiratory tract's
macrophages to generate I1L-8 and LTB4, which are neutrophil
chemotactic factors. The proteases that are then released by these
cells cause emphysema by destroying connective tissue in the lung
parenchyma and by inducing mucus hypersecretion. Growth factors
released by macrophages and epithelial cells may stimulate
fibroblasts. CTG, connective tissue growth factor; COB, chronic
obstructive bronchiolitis.
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Smokers have been found to have lower serum levels of the
antioxidant enzymes GPx, glutathione reductase (GR), and
ECSOD than non-smokers.%® Smokers of all levels - heavy, light,
and passive - have significantly lower erythrocyte SOD and CAT
activities than non-smokers. It has been noted that ambient smoke
has the same negative effects on passive smokers as it does on
active smokers. Quitting smoking enhances tolerance to
oxidative stress and raises plasma levels of certain antioxidant
micronutrients. Numerous studies have shown that giving
antioxidants such vitamins C and E to smokers reduces the lipid
peroxidation markers that are linked to increased smoking.>® The
leading contributor to chronic obstructive pulmonary disease
(COPD) in developed nations is tobacco usage.®® The mechanism
of COPD brought on by cigarette smoke is shown in Figure 3.
Aging

Aging is a intricate biological phenomenon characterized by a
gradual deterioration in the physical capabilities of an organism,
as well as an elevated susceptibility to age-related chronic
ailments, including cardiovascular disorders, cancer, and
neurodegenerative  conditions.®*  The accumulation of
mitochondrial DNA (mtDNA) mutations and the net creation of
reactive oxidants are assumed to be the mechanisms by which
mitochondria accelerate aging.The respiratory chain's 13
polypeptide components are encoded by the circular human
mtDNA, which has 16,569 base pairs. It also contains the rRNAs
and tRNAs required to enable intramitochondrial protein
synthesis.

P66SHC
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»
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Catalase

MRSA

MnSOD | nitochondrion

Figure 4. Role of mitochondria in aging. Oxidative stress and
mitochondrial DNA (mtDNA) mutations may speed up aging. Age-
related somatic mutation accumulation in mtDNA. Age-related
disease is accelerated in transgenic mice by inducing mtDNA
mutations by inhibiting mtDNA POLG's proofreading function. By
lowering membrane potential and reducing the production of reactive
oxygen species (reactive oxidants, red stars), certain mtDNA
mutations may contribute to improved longevity. Increased
expression of the reactive oxidants-scavenging enzymes catalase,
methionine sulfoxide reductase A, or manganese superoxide
dismutase (MnSOD), in mitochondria extends life. The lifetime is
also extended by p66SHC knockout, a protein that encourages the
production of reactive oxidants and mitochondrial death. A protein
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called p66SHC, which encourages the production of reactive
oxidants and mitochondrial apoptosis, is likewise life-extending
when knocked out. With aging, complex 1V (C-1V) and complex V
activities diminish, and complex V activity suppression resulting in
oxidative damage to nuclear DNA, which most likely causes a fall in
gene expression. Inner mitochondrial membrane, or IMM.1°

The majority of the disorders that are known to be brought on
by inherited mtDNA abnormalities affect the brain and muscles,
two areas with high energy needs. One theory is that age-related
somatic mtDNA mutations have a role in the physiological
changes  associated  with aging and  age-related
neurodegeneration.’® Another significant method by which
mitochondria are thought to contribute to aging is the net
generation of reactive oxidants. Both a vast network of
antioxidant defenses and numerous electron carriers with the
capacity to produce reactive oxidants are present in mitochondria
(Figure 4). Reactive oxidants can be produced more than they are
removed from the body as a result of mitochondrial insults,
including oxidative damage itself.> The fact that improving
mitochondrial antioxidant defenses can lengthen life is evidence
for the significance of net mitochondrial reactive oxidants
production to aging. The lifetime of Drosophila is increased by
overexpressing the mitochondrial antioxidant enzymes
methionine sulfoxide reductase and manganese superoxide
dismutase (MnSOD).5*% The Drosophila strains with the
shortest lifespans benefit the most from this tactic, while strains
with lengthy lifespans are unaffected. However, it has recently
been demonstrated that overexpression of CAT that was
experimentally targeted to mitochondria lengthened the lifetime
of a mouse strain that was already long-lived.®® To overexpress
CAT in peroxisomes, nuclei, or mitochondria, the authors of this
study created transgenic mice. With a 20% increase in median
and maximum lifetime, the mitochondrially targeted design
offered the greatest advantage. In isolated cardiac mitochondria,
H,0, production and the oxidative inactivation of aconitase were
decreased. In skeletal muscle, DNA oxidation and the quantity of
mitochondrial deletions were also reduced, and the development
of cataracts, arteriosclerosis, and heart disease was postponed.
Gastric ulcer

Peptic ulcer disease is a prevalent condition, impacting around
1 in 12 individuals in the United States. Roughly 1 in 5 cases of
peptic ulcers are linked to an infection caused by Helicobacter
pylori, while the majority of other cases are attributed to the use
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Figure 5. Schematic representation of the proposed mechanism of
indomethacin (NSAID)-induced gastric ulcer.

2023, 3(2), 587  Page5of11



of nonsteroidal anti-inflammatory drugs (NSAIDs).®® Reactive
oxidants have long been understood to have a part in oxidative
stress and the pathophysiology that follows.®”8 Although it has
been demonstrated that reactive oxidants play a role in the
etiology of gastroduodenal ulcers,%7> much more research needs
to be done.”* The components of the gastroduodenal mucosa
suffer oxidative damage as a result of reactive oxidants.

In addition, the mucosa becomes more vulnerable to oxidative
damage when endogenous antioxidant levels decline.”?™
Reactive oxidant generation is increased in biopsy samples taken
by endoscopy from patients with H. pylori infection. Gerbils with
H. pylori infections also show signs of lipid oxidation in their
stomachs, suggesting that this bacterial infection causes oxidative
damage.” By scavenging reactive oxidants, endogenous
antioxidants such catalase (CAT), SOD, peroxidases, and
sulphydryls (glutathione, cysteine, and methionine) shield the
mucosa from oxidative damage.”®®"> In WRS stress and
ethanol-induced ulcers, mucosal SOD activity decreases.”
Additionally, human ulcerated tissues have decreased total SOD
activity (combined Cu-Zn SOD and MnSOD activity). It has
previously been established that H. pylori infection causes the
formation of reactive oxidants in human antral mucosa.” Both H.
pylori-mediated and non-mediated human stomach ulcers have
demonstrated the critical roles of antioxidant enzymes, neutrophil
infiltration, and reactive oxidants-mediated oxidative damage.”
Reactive oxidants are also produced by cellular ischemia, which
is caused by decreased stomach mucosal blood flow,’®% in
addition to the dysfunction of antioxidant mechanisms.
Nonsteroidal anti-inflammatory medications (NSAID)-induced
stomach ulcers are significantly influenced by mitochondrial
oxidative  stress.’®8  Indomethacin  (NSAID)-induced
mitochondrial oxidative stress, activation of the mitochondrial
route for apoptosis, and the onset of gastropathy are
schematically summarized in Figure 5. The NSAID
indomethacin interacts with the complex | of the electron
transport chain® and causes an electron leakage in the
mitochondria, which produces O,” and reactive oxidants.
Through the oxidation of

: - A
proteins and lipids such

cardiolipin and protein thiol, cal, H,0,

elevated reactive oxidants
cause mitochondrial oxidative
stress (MOS).2%8  Due to
damage caused by reactive . )
oxidants, iron (Fe*") is . "
liberated from the Fe-S cluster

of aconitase and worsens INK

oxidative stress by generating
*OH.®® Figure 5 depicts the
schematic summary of all the
pathogenic mechanisms
underlying indomethacin
(NSAID)-induced
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apoptosis and development of gastropathy. Indomethacin
(NSAID) interacts with the complex | of electron transport chain
8 and results in the leakage of electron in mitochondria leads to
the formation of O,*, which leads to the generation of reactive
oxidants. Increased reactive oxidants develop mitochondrial
oxidative stress (MOS) by oxidizing protein and lipid including
cardiolipin and protein thiol.’*8 Iron (Fe*?) is released from Fe-
S cluster of aconitase due to reactive oxidants-mediated damage
and further aggravates oxidative stress by producing *OH.*® The
MOS causes mitochondrial disease or dysfunction and activates
the pathway in the mitochondria that leads to apoptosis, which is
hazardous for ulcers.

Hepatic failure

Hepatic failure causes around two million deaths each year,
accounting for 4% of all global deaths, which means that
approximately 1 in 25 deaths worldwide, is attributed to this
condition. Among all liver-related deaths, about two-thirds occur
in men.® The oxidant-induced apoptosis of hepatocytes is
thought to be mediated by a number of general mechanisms. The
most straightforward explanation is that excessive oxidant-
induced chemical damage to cellular macromolecules causes
apoptosis to occur. Reactive oxidants may interact with lipids,
proteins, and DNA in oxidative stress, which happens when
cellular oxidant levels are higher than the antioxidant defenses
can handle them. An apoptotic cell death pathway may be
activated by the hepatocyte when it detects a critical level of
cellular damage. Antioxidants' crucial role in hepatocellular
defense against cell death lends credence to this theory. Rat
hepatocytes grown in culture were made sensitive to H;O,
mortality by CAT and glutathione peroxidase inhibition.®
Galactosamine and lipopolysaccharide-induced liver injury
resulted in neutrophil-generated reactive oxidants that similarly
predisposed mice lacking glutathione peroxidase to hepatic cell
death.® Hepatocyte iron, which accelerates the conversion of
H,0, to the more lethal *OH, is one factor other than antioxidant
levels that may further influence the development of oxidative
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Figure 6. A. Oxidant-induced signaling cascades cause transcriptional activation in hepatocytes B.
Schematic presentation of oxidative stress induced mitochondrial pathway of apoptosis in liver of malaria
infected mice. Scavenging of *OH by scavengers and spin trap inhibited the mitochondrial pathway of

inhibition).1
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stress.®® Antioxidant supplementation can be interpreted as proof
that apoptosis is oxidant driven and that death results from direct
cellular injury by reactive oxidants by inhibiting apoptosis from
activator protein-1(APAP)® and bile acids.®® Antioxidants may,
however, change redox-sensitive pro- or antiapoptotic signaling
cascades that control death, which may have an impact on cell
survival. The effects on cell signaling may prevent cell death
without causing direct cellular damage from procedures like lipid
peroxidation, which are actually secondary consequences.

It is believed that the transcriptional control of particular
cellular genes is crucial for the cell to respond to external stimuli
like oxidants. When signaling cascades like the MAPK pathways
are involved, transcriptional activation is typically the result
(Figure 6A). Exogenous H,0, produced by inflammatory cells or
hepatotoxin metabolism, such as the conversion of carbon
tetrachloride (CCls;) by the cytochrome P450 isoform 2E1
(CYP2EL) to the trichloromethyl (-CCl3) free radical, induce
oxidative stress in the hepatocyte. The JNK/AP-1 and NF-kB
pathways are two signaling cascades that are activated by the
resulting oxidative stress in the cell and result in transcriptional
activation. The wupstream kinases MEK4/7 commonly
phosphorylate JNK, which activates it. The transcriptional
activity of c-Jun is increased when activated JNK phosphorylates
it. Specific genes' AP-1 sites are bound by c-Jun hetero, which
dimerizes with other AP-1 family members like c-Fos to activate
transcription. The IkB kinase (IKK) phosphorylation of IkB is the
traditional  activation  mechanism  for NF-kB.  This
phosphorylation sets off IkB ubiquitination, which is followed by
26S proteosome destruction. The nuclear translocation signals of
NF-kB are revealed by kB degradation, enabling it to go there
and activate the transcription of target genes. It is yet unknown
how hepatic oxidative stress triggers the JNK and NF-kB
pathways, as indicated. However, it has been shown that
hepatocyte death brought on by oxidative stress is modulated by
both AP-1 and NF-kB-dependent gene products.®® Hepatic
dysfunction during malaria infection is significantly impacted by
the mitochondrial mechanism of apoptosis generated by
oxidative stress.!**® One of the most significant organs to be
impacted by malaria infection is the liver, and free radicals have
been suggested to play a significant role in the pathophysiology
of the liver.%*%2 Hepatic xanthine oxidase and lipid peroxidation
levels rise during P. berghei infection, suggesting that the liver
produces more oxidative stress.®® Reduced GSH and GR, an
antioxidant defense system, guard cells against free radical
damage. Oxidized glutathione is converted to reduced
glutathione as a result of GR. GSH acts as a sulfhydryl buffer to
shield proteins' -SH groups from reactive oxidants' harmful
effects.® SOD and CAT stand in for the other antioxidant system.
While CAT catalyzes the dissipation of H,O, to water and
oxygen, SOD catalyzes the dismutation of O, to H,0,. The
signaling mechanism of liver apoptosis during malaria infection
is summarized in Figure 6B. Malaria infection increases
oxidative stress in the liver, and oxidative stress causes liver
damage by activating the mitochondrial pathway and inducing
apoptosis (Figure 6B).
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Diabetes complications

Diabetes is a significant global health crisis, and its
management aims to prevent complications resulting from
inadequate control of blood sugar levels. Understanding the
factors that contribute to poor glycemic control is crucial for
implementing appropriate interventions to regulate blood sugar
levels effectively and prevent the development of chronic
complications.® Various metabolic processes, such as the polyol
pathway, prostanoid synthesis, and protein glycation, can lead to
an increased production of free radicals when there is high blood
sugar (hyperglycemia). Moreover, when endothelial cells are
exposed to elevated glucose levels, they generate more O, .%
The detrimental effects of high glucose on endothelial function,
such as impaired relaxation of blood vessels and delayed cell
proliferation, can be reversed by antioxidants in living organisms,
providing further evidence of the involvement of oxidative stress
in the development of these complications. It is proposed that the
varying susceptibility of individuals with diabetes to
microvascular and macrovascular problems may be related to
their endogenous antioxidant levels, thus highlighting the
importance of oxidative stress in diabetic complications . Figure
7 illustrates the role of reactive oxidants and oxidative stress in
the context of diabetic complications.

Chronic
Hyperglycemia

A
AGE formation
Glucose autoxidation
Glucosamine

Free tatty acid Oxidative phosphorylation

-] »

Reactive oxidants

Molecular damage

—

Ozxidative
stress

Altered signaling
pathways

\
Cytokine production;
inflammation

Insulin resistance P cell dysfunctiom

Diabetic complications /

Figure 7. Schematic illustration suggestive of the central role
played by reactive oxidants and oxidative stress in diabetic
complications

Cancer

Cancer is a significant global public health issue and the
second leading cause of death in the United States.®® Research
suggests that chronic inflammation, which involves
communication between myeloid cell-derived reactive oxidants
and tumor necrosis factor alpha (TNF-a)-mediated signaling, can
contribute to the development of cancer.®® It is also known that
prolonged exposure to high levels of reactive oxidants can cause
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DNA damage, and there is a specific mutation signature
associated with oxidative DNA damage known as COSMIC
(Catalogue of Somatic Mutations in Cancer) mutation
signature.’® Studies conducted on mice with deficient reactive
oxidanats scavenging enzymes provide compelling evidence that
reactive oxidants can increase the risk of cancer when antioxidant
defenses are insufficient to counteract oxidative stress. For
example, mice with a complete lack of cytoplasmic Sodl or
partial lack of mitochondrial Sod2 enzymes experience severe
oxidative damage and spontaneously develop cancer.'% Loss of
certain genes encoding H,O,-scavenging enzymes, such as Prdx
and selenium-dependent Gpx enzymes, also predisposes mice to
tumorigenesis. Mice with reduced or absent expression of the
Prdx1 gene exhibit increased oxidative DNA damage and a
higher incidence of various cancers compared to mice with
normal Prdx1 expression as they age.'% In contrast, mice lacking
Prdx2, Prdx4, or Prdx6 genes do not develop cancer
spontaneously.’® Similarly, while Gpx1 and Gpx2 single
knockout mice remain healthy, Gpx1/2 double knockout mice are
prone to developing ileocolitis and subsequent intestinal tumors
dependent on the presence of commensal microflora. Elevated
production of "OH also increases susceptibility to tumorigenesis
by modifying DNA.1% This is consistent with the observation that
patients with iron overload or hemochromatosis have a higher
risk of cancer.1%

Exogenous Sources Endogenous Sources

Inflammation l NADPH oxidase (NOX)
Reactive (Plasma membrane)
g otldants
Radiation Myeloperoxidase
, Oy Lysosome
Chemical and drugs | O "9 @ )
OH O\ 1()? N
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|’ Oxidative Stress |
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Figure 8. Schematic illustration suggestive of the central role played
by reactive oxidants and oxidative stress in cancer 1%, superoxide
dismutases (SOD) reduced glutathione (GSH); oxidised glutathione
(GSSG); myeloperoxidase (MPO); Catalase (CAT); Glutathione
peroxidase (GPx)

However, the susceptibility of mice with ferritin deficiency or
iron-replete ferritin knockout to cancer is not yet known. In cases
of chronic inflammation, levels of peroxynitrite (ONOO") may
substantially increase. When combined with carbon dioxide
(CO;), ONOO" can form nitrosoperoxycarbonate, which
decomposes into CO3™ and ‘NO,, initiating selective oxidation
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and nitration of guanine in DNA. This process leads to the
formation of guanine-thymidine crosslinks, which contribute to
DNA damage.’® Given that an increase in reactive oxidants
levels is associated with a higher risk of tumorigenesis, it can be
inferred that chronic depletion of antioxidant status is similarly
linked to an increased risk. However, fully understanding the role
of glutathione (GSH) in modulating the risk of carcinogenesis is
complicated by the fact that knockout of genes Gclc or Gss is
lethal during embryonic development. On the other hand,
knockout of Geclm has a less significant impact on GSH levels,
reducing them to approximately 15% of wild-type levels in
certain organs and cells.!® Although fibroblasts derived from
Gclm-deficient mice exhibit elevated ROS levels, DNA damage,
and upregulation of Tp53 and p21 genes, these mice do not
spontaneously develop tumors.’”” Fig 8 illustrates the role of
reactive oxidants and oxidative stress in the context of cancer.

DISCUSSION

The article discusses the concept of oxidative stress, which
arises when there is an imbalance between reactive oxidants and
the antioxidant defense system within cells . It explains that
reactive oxidants, such as O,™ and H,O,, are normal byproducts
of cellular metabolism.2® The antioxidant defense system is
responsible for maintaining a delicate equilibrium by neutralizing
these oxidants through enzymatic and non-enzymatic processes
110 However, when the production of reactive oxidants exceeds
the capacity of the antioxidant defense system, oxidative stress
occurs.!! This oxidative stress leads to cellular damage through
various mechanisms, including lipid peroxidation, protein
oxidation, DNA damage, and mitochondrial dysfunction %2,
These processes have detrimental effects on cellular health and
can activate signaling pathways related to disease onset. The
article highlights that oxidative stress plays a significant role in
the development of various diseases. It discusses its involvement
in cardiovascular diseases, chronic obstructive pulmonary
disease (COPD) resulting from smoking, aging-related diseases,
gastric ulcers, hepatic failure, diabetes complications, and cancer.
In each case, oxidative stress contributes to tissue damage,
inflammation, and the activation of disease-related pathways.

The perspective presented in the article emphasizes the
importance of understanding oxidative stress mechanisms and
developing effective therapeutic strategies. By gaining a deeper
understanding of the underlying processes and consequences of
oxidative stress, researchers can explore new options for disease
prevention and treatment. This knowledge can potentially lead to
the development of targeted interventions that aim to restore the
balance between reactive oxidants and the antioxidant defense
system, thereby mitigating cellular damage and preventing the
progression of various diseases.

In terms of future applicability, the insights provided in the
article can serve as a foundation for further research and the
development of therapeutic interventions. By targeting oxidative
stress pathways and developing strategies to enhance the
antioxidant defense system, it may be possible to mitigate the
damaging effects of oxidative stress and improve patient
outcomes across a range of diseases. In a relative analysis, the
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article demonstrates the widespread impact of oxidative stress on
multiple diseases, highlighting its role as a common underlying
factor. By examining various conditions and their association
with oxidative stress, the article underscores the importance of
considering oxidative stress as a potential therapeutic target. The
discussion of the mechanisms and consequences of oxidative
stress provides a comprehensive overview of its implications,
further emphasizing its relevance in disease development and
progression.

CONCLUSION

In conclusion, oxidative stress is an important factor in the
aetiology of many diseases, such as chronic heart failure, diabetes
complications, aging, gastric ulcers, and chronic obstructive
pulmonary disease (COPD) brought on by smoking. Cellular
damage and malfunction in these circumstances are a result of an
imbalance between the generation of reactive oxidants and
antioxidant defense mechanisms. Oxidative stress encourages
inflammation, endothelial dysfunction, and oxidative alteration
of lipids in cardiovascular disorders, which helps to cause and
advance chronic heart failure. Smoking-related oxidative stress
worsens inflammation and impairs lung function in COPD by
causing oxidative damage to lung tissues. Age-related disorders
like hepatic failure and stomach ulcers are influenced by
increased oxidative stress, which is linked to aging. Stomach
ulcers form as a result of oxidative stress damaging the stomach
mucosal barrier. Oxidative stress contributes to liver damage and
dysfunction in hepatic failure. For the creation of specialized
therapeutic approaches, it is essential to comprehend the
processes of oxidative stress in various disorders. The
pathogenesis and course of these diseases may be slowed down
through the use of techniques to lessen oxidative stress and
strengthen antioxidant defense mechanisms. To investigate these
pathways and find new therapeutic strategies, more study is
required.
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