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Oxidative stress biomarkers in a living cell

Abstract

Living systems are so often exposed to different types of environmental factors leading to
the development of stress. Stress is known to exert an adverse impact on the immune system
making it weak and susceptible to various diseases. Though the free radicals are produced
during the normal metabolism, a delicate balance is maintained between the production
level and utilization or removal. With the exposure of living systems to any unfavorable
environmental or clinical factors, an imbalance develops between the levels of oxidative
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and antioxidative species, which leads to the onset of oxidative stress, which is responsible

for the occurrence of several severe diseases. Antioxidants are molecules both endogenous
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and exogenous in nature which neutralize free radicals and save the living system from
any damage. In this article, we have summarized in brief an updated account of oxidative
stress, factors responsible for it, markers to detect oxidative stress and strategies to restore

the cells’ vitality to near normal.
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Introduction

The biomarkers are vital clinical tools used for early diagnosis of
any disease and its organ specific location. According to the National
Institute of Health, a biomarker is a characteristic parameter that is
objectively measured as an indicator of normal biologic processes,
pathogenic processes, or pharmacologic responses to a therapeutic
intervention.! These indicators are determined in the biological fluids
like cerebral and spinal fluids, blood, saliva, nasal and vaginal swabs,
urine, and tissues.” These days, the biomarkers are being very precisely
evaluated by employing various diagnostic tools such as proteomics,
transcriptomics, metabolomics, and lipidomics.? Also, under the lab
conditions for acute and sub-acute toxicity tests, the biomarkers can be
helpful in the prediction of a specific type of toxicants or xenobiotics
duration of exposure, and persistence.*® The list of biomarkers may
include biomolecules (glutathione, creatinine, hemoglobin, albumin,
uric acid)-, enzymes (transaminases and phosphatases in case of
hepatic and cardiovascular diseases; SOD, CAT, GST for oxidative
stress), hormones (HCG hormone in pregnancy detection), and
antibodies in ELISA, nasal and vaginal swabs for viral/microbial tests
for possibility of any pathogenic infections.

The present book chapter illustrates physical, chemical, and
behavioural stress mediated over production of free radicals causing
varied aberrations in the human health. The excess free radicals result
into the development of oxidative stress. This article presents an
updated account of the oxidative stress and the role of enzymatic and
non-enzymatic antioxidants in maintaining the balance in the redox
systems in the body.

Reactive oxidative species (ROS) generation as a
principal factor for oxidative stress

The reactive oxygen species (ROS) are normally produced
by the ongoing metabolic activities of a living cell for energy and
cell survival. NADPH produced or involved in the metabolism is a
cofactor necessary to keep cells in a reduced state. It also protects
the cell from excessive ROS. Oxidative stress is the major cause of
diseases as it significantly reduces the immunity of an individual.

The stress can be of any type like heat shock, genotoxic, nutrient,
and oxidative stress, etc. Sometimes stresses also develop due to an
imbalance in body homeostasis (endogenous) or due to exposure to
environmental factors (exogenous).

The exposure to the stress conditions modulates the functions of
mitochondrial cytochrome P450 systems resulting in the formation of
superoxides, which induce lipid peroxidation, oxidations of proteins,
etc. The superoxides are formed due to the incomplete reduction
of oxygen to water in the electron transport chain (ETC) and are
the main precursors for ROS production. They disturb the reduced
state of the cell and hence its normal functions.” The excessive
production of ROS in a living cell may also be due to certain
endogenous factors like improper functioning of defense mechanisms
or antioxidants, improper utilization of ROS, or elimination by
the scavenging system.®® Exogenous environmental factors like
aerosols, UV radiations, heavy metals, microplastics, pesticides,
high temperature may cause an increase in ROS production.'® The
ROS may cause irreversible damage to DNA (single/ double strands
break, mismatch-/-excision of nucleotides-/-base, cell membrane
disruption/membrane permeability, early aging, infertility in males
due to oxidation of purine base Guanine.'"'> ROS can also cause
cancer by irreversible activation of cell cycle inhibitors, suppression
of tumor suppressor genes p53, Rb genes, and finally cell death.
The development of neurodegenerative diseases like Alzheimer’s,
dementia, and Parkinson’s; the cardiovascular diseases due to clogged
arteries, inflammations, pulmonary, diabetes, etc. as well as cataracts
and many more may occur due to the increased level of oxidative
stress. It has been proved that increased oxidative stress also causes
the progression and development of HIV, and chronic pancreatitis.'>!*

However, ROS is not always bad fora cell. It helps in the recruitment
of leukocytes at the injured cell or tissue and helps in repair. In a
recent review, it has been shown to help in memory formation and
storage.'>!® The ROS formed during exercise improves tissue growth
and antioxidants production. It is important in cellular signaling,
maintaining homeostasis, and different cellular functions.'”'® Nano-
encapsulated antioxidants prevent antioxidants from endogenous
factors of the gut."”

Xenobiotics metabolism

Normally 2 phases of xenobiotic metabolism are involved in
the detoxification-/- biotransformation of any toxicant/xenobiotics
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to remove from the body. In some cases, 3™ phase of xenobiotic
metabolism is also involved. Utilizing a battery of specific enzymes,
these metabolic phases help transform the hydrophobic compounds to
hydrophilic resulting in their removal from the system. The phase 1
reactions are mainly catalyzed by cytochrome P-450 mixed function
oxidases in the smooth endoplasmic reticulum of the liver. It either
adds oxygen or removes hydrogen from the toxicants making it
hydrophilic. Phase 1 metabolism also includes biochemical reactions
such as hydroxylation, transamination, epoxidation, racemization, and
isomerization, etc. Phase 2 metabolism involves the biotransformation
of those xenobiotics, which are not removed by Phase 1. Phase 2
biotransformation reactions involve conjugation reactions. A polar
conjugate such as glucuronic acids-/glycine-/sulphate/-GSH is
enzymatically added to the xenobiotics. The carboxyl, hydroxyl,
amino, and thiol groups of Phase 1 metabolite-/-xenobiotics interact
to make a polar conjugate. These conjugates cannot cross the lipids
barriers and hence are removed. In Phase 3, the ABC transporters use
ATP to remove some hydrophobic anions of the xenobiotics of Phase
2, which are further metabolized and excreted out.?

Common factors that aid in oxidative stress and its
prevention

Individuals, who are obese, take processed foods, smokers,
alcoholics, exposed to toxicants or ionizing radiation, and mines
workers are often highly susceptible to oxidative stress diseases. The
presence of excess adipocytes (fat storing cells) in obese produce
inflammatory substances may enhance ROS production in the body.
The most common home remedies and lifestyle changes to reduce
stress include eating salads, and fresh foods, regular exercise, walks,
drinking plenty of water, quitting smoking, avoiding exposure to
toxicants, and meditation.

The vitamins (E, A, C), flavonoids, and glutathione act as normal
antioxidants (free radical scavengers).?' "> They donate an electron to
a free radical and to the ROS thereby neutralizing their adverse effects
by preventing lipid peroxidation or DNA damage etc. The colored
fruits (apples, blue-berries, citrus fruits) and vegetables (lentils,
broccoli, and spinach) are very rich sources of antioxidants. Spices
like turmeric cumin, clove, ginger, oregano, cinnamon; nuts, seeds,
and dried fruits also contain plenty of antioxidants.?**

Some common antioxidative enzymes and non-
enzymatic antioxidative biomolecules

Superoxide dismutase

The SOD (EC 1.15.1.1) present in the cytoplasm, mitochondria,
and extracellular fluid, protects the cell from superoxides. SOD
catalyzes the conversion of superoxide to hydrogen peroxides. SOD
has manganese in its active site. H,O, production in excess is very
dangerous for cells as it may cause lipid peroxidation and ROS
generation. This H,O, is converted to water and oxygen by the action
of catalase present in peroxisomes. Increased levels of SOD are seen in
chronic periodontitis and cancer.?® %" In lichen planus, an autoimmune
disease, elevated levels of SOD and decreased level of catalase
leading to increased H,0, in the cell has been reported.”® Mutation in
SOD1 or its over-expression is associated with the disease of neurons,
and inactivation to hepatocellular carcinoma, whereas its decreased
activity is linked to different types of pulmonary diseases.?3! Its
anti-inflammatory action helps in the treatment of colitis-, and bowel
diseases.*

Glutathione peroxidase

The glutathione peroxidase (GPx) (EC 1.11.1.9) catalyzes the
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oxidation of glutathione with H,O, It reduces lipids hydroperoxides
(R,0,) to alcohols (ROH) and H,O, to water.”® Its deficiency is
associated with diabetic neuropathy, vitiligo, and multiple sclerosis.’*3

2GSH + H,0,— GS-SG + 2H,0
2GSH + R,0,— GSSG + 2ROH(R:H, alkyl)
Peroxiredoxins

The peroxiredoxins (Prx) (EC 1.11.1.15) catalyzes the reduction of
H,0,, alkyl hydroperoxides, and alkyl nitrites in the nucleus, cytosol,
and mitochondria.* Prx are the abundant proteins of red blood cells as

hemoglobin. Thioredoxins (Trx) can be glutathiones.

Reduced Prx + H,0,— oxidized Prx + 2H,0

Oxidized Prx + reduced Trx — reduced Prx+ oxidized Trx
Glutathione reductase

The glutathione reductase (GR) (EC 1.8.1.7) or Glutathione—
disulphide Reductase (GSR) catalyzes the conversion of GSSG to
GSH. The reaction uses NADPH and FAD as cofactors. Its activity
is monitored by NADPH consumption and its conversion to NADP.?’
It is inhibited by flavonoids.*® The ratio of GSSG to GSH can give
us the exact status of a cell in terms of oxidative stress. It is a phase
II enzyme of detoxification reactions. Amide linkage in glutathione
protects it from hydrolysis by peptidases.* Inactive form of GSR or
its deficiency is found in cataract patients. As eye cells have deficient
catalase, so H,0, gets accumulated causing oxidative damage to the
eye and development of the cataract.”’ Its deficiency causes lysis
of RBCs, hyperbilirubinemia and anemia due to the nonfunctional
pentose phosphate pathway and increased oxidative stress.*! It is
associated with neutrophils’ outburst and release of free radicals to
kill the pathogen.*

NADPH + GSSG + H,0 — 2 GSH + NADP'+ OH™!
GS -SG +NADPH+ H"— 2 GSH + NADP*
Glutathione-S-transferases (GSTx)

The glutathione-S-transferases (GSTx: EC 2.5.1.18) biotransform
the toxicants into peroxidized forms which become more water
soluble, thereby allowing them to be removed by transporters. The
reduced glutathione acts as a nucleophile and attacks electrophilic
carbon, sulphur, or nitrogen of non-polar (hydrophobic) toxicants,
thereby preventing interactions with cellular proteins and nucleic
acids.®* The reduced intracellular oxidative stress was found to
be associated with increased GSTs after insulin administration in
diabetics, whereas glucagon results in increased oxidative stress and
low GSTx.* Increased GSTx is associated with liver/ kidney failures
or viral infections.*

Catalase

Catalase (EC 1.11.1.6) protects the cell from oxidative damage
by ROS. It converts millions of H,O, formed in a cell to water and
oxygen per second.*’ Toxins like formaldehyde, phenols, and alcohols
are oxidized by H,O,. It is present in peroxisomes and cytosol of red
blood cells.

H,0,+ H,R - 2H,0 + R

Copper deficiency reduces its activity in the heart and liver.®
Persons deficient in catalase are more prone to obesity and type 2
diabetes.”? It interferes with melanin synthesis and so low levels of
catalase result in greying of hair because of H,O, accumulation in hair
follicles.”
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Aldehyde oxidase: The aldehyde oxidase (AO, EC:1.2.3.1) is mainly
present in the liver and is involved in catalyzing phase 1 xenobiotic
metabolism reactions. It works as an oxido-reductase catalysing the
oxidation of aromatic aldehydes to carboxylic acids, hydroxylation
of immune suppressive drugs, oxidation of cytochrome P450 and
nitrogen containing heterocyclic compounds to lactams, and reduction
of NO and NS bonds. It requires FAD and molybdenum as cofactors.
Due to its broad substrate specificity, AO oxidizes xenobiotics in liver
and hepatic clearance.>

RCHO + H,0 + O,=— RCOO™ + H,0,+ H*
Glutathione

Glutathione (GSH), a non-enzymatic antioxidant, is present in a
reduced state in the cytosol and other organelles of a living cell. In
stressed or diseased conditions, it gets oxidized. In a cell, it exists
in 2 different states: reduced (GSH) and oxidized (GSSG). These
different forms of glutathione help in quenching free radicals thereby
protecting the cell conditions and maintaining its vitality.>

Vitamin E (Tocopherol)

It is one of fat-soluble vitamin obtained from diet, among which
a tocopherol has antioxidant property. It inhibits lipid peroxidation
in membranes, erythrocyte and ROS production. It prevents
disease atherosclerosis by decreases the synthesis of prostaglandin
(thromboxane) involved in platelet clumping.®® The proposed
mechanism of vitamin E (alpha-tocopherol)-mediated low-density
lipoprotein lipid peroxidation adapted from Chan et al.’’

ROO-+a —-TOH — ROOH +a —-TO -
a—-TO-+CoQl0H2 — a—TOH + Co QH -
Co QH-— CoQ
ROO -+a TO-— non radical products
a-TO+RH (PUFA)— a —TOH + R -(alkyl radical)
R-+02 — ROO-( peroxyl radical of PUFA)

Vitamin C (Ascorbic acid)

Itisanessential cofactor for a ketoglutarate dependent dioxygenases
like prolyl hydroxylases involved in regulation of genes of cancer,
energy metabolism, and apoptosis.®™ This gene in turn is controlled
by transcription factor hypoxia induced factor-1 (HIF-1) and vitamin
C. Vitamin C availability inhibits the pathway of transcription of
HIF. Vitamin C also regulates the function of endothelial nitric oxide
synthase by recycling its cofactor tetrahydrobiopterin involved in
blood pressure.

Vitamin A (Retinol)

It is a fat-soluble vitamin, essential for vision. It combines with
opsin to form rhodopsin necessary for low light and colour vision.*
Its role has been seen in protection of several diseases of heart, eyes,
tumors etc.*

Phytochemicals

These are by-products of plants involved in protection from
ultraviolet radiations and platelets aggression. They protect us from
cancers, neurodegenerative diseases, cardiovascular, osteoporosis
etc. The phenol groups in them acts as an electrophile to form stable
phenoxy radicals which disrupts ROS formation.®!
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Uric acid: it acts as an antioxidant only in plasma but in cell acts
as prooxidant and initiation of several diseases due to oxidative
stress like hypertension, visceral obesity, insulin resistance,
dyslipidemia, diabetes type I, kidney disease, and cardiovascular,
and cerebrovascular events. High concentrations of urate in plasma
scavenge hydroxyl, peroxyl radicals.®

Melatonin: It is an endogenous hormone secreted from pineal gland.
It is synthesized from amino acid tryptophan. Being amphiphilic it
enhances the ETC thus reduces electron leakage. As an antioxidant
it reduces lipid peroxidation and damage to DNA. It is involved
in protection of neurodegenerative diseases like Parkinson’s,
Alzheimers.*

Bilirubin

It acts as antioxidant, but due to its low concentration in nano
Moles, can’t completely neutralize ROS which is present in milli
Moles. High levels of it are neurotoxic but optimum levels are

beneficial. Gilbert syndrome, ischemic heart diseases are all due to
elevated levels of bilirubin.*¢3

Albumin

The antioxidant property of human serum albumin relies on the
presence of amino acid lysine in its structure. This lysine has high
affinity for bilirubin, and their conjugation inhibits lipid peroxidation
acting as an indirect antioxidant.®*’ Its presence in blood prevents
leakage of fluids out of the blood vessels.

Ceruloplasmin

It is an o globulin, copper containing ferroxidase that neutralizes
the toxicity of ferric ions and converting them to ferrous ions. After
this oxidation iron can bind to transferrin. It acts as an antioxidant
because of copper which acts as an electron donor and acceptor in iron
metabolism. Any mutation or defect in ceruloplasmin leads to iron
overload, diabetes mellitus and neurodegenerative diseases.*

Ferritin

It acts as an antioxidant by removing the iron when iron overload
exists. It acts as a ferroxidase and can take up to 4500 of ferric form
of iron in aerobic condition without external oxidase. Its deficiency
causes Cooley’s Anemia.®’

Transferrin

It binds to circulating iron which otherwise have taken part in
redox reactions. Hence protecting us from ROS formed in free iron
overload conditions.”

Lactoferrin

It is a reversible iron binding milk protein imparting in reducing
iron overload, ROS, and associated diseases. Excess iron also helps in
growth of pathogens.”

Myoglobin

It is a globular oxygen binding protein produced by myofibrils
in skeletal muscle and heart. It acts as a peroxidase (cytochrome C
peroxidase) by detoxifying endogenous hydrogen peroxide.” Table 1
presents a summary of some common enzymatic and non-enzymatic
antioxidants.
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Table I Common enzymatic and non-enzymatic antioxidants and their functions
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Enzymatic antioxidants

Functions

Non-enzymatic
antioxidants

Functions

Super Oxide Dismutase

Glutathione reductase

Glutathione transferase

Catalase

Peroxiredoxins

Oxidases

Metalloenzyme providing defense against
ROS

Maintains the supply of reduced
glutathione

Detoxify xenobiotics by Glutathione

Provides protection from damage by
peroxides

Regulates peroxides levels in cells

Carry out the oxidation of CO and
CN bonds in oxygen and reduced to
hydrogen peroxide

Vitamin E (Tocopherol)
Vitamin C (Ascorbic acid)
Vitamin A (Retinol)

Phytochemicals (polyphenols/
Polyamines)

Glutathione

Hydroxy! cinnamic acids

Scavenge loose/free electrons that can
damage cells

Helps in protecting and keeping cells healthy

Important for vision, immune cells, growth
and reproduction

Scavenge toxic radicals generated after
oxidative stress/anti-inflammatory, activates
autophagy

Promotes detoxification of endogenous and
xenobiotics compounds

Anti (inflammatory, oxidant, microbial,
collagenase, aging)

Glutathione peroxidase Reduces hydrogen peroxide to water Uric acid Stimulates type 2 immune responses
PONI helps in drug metabolism, Hormone produced by brain in dark,
Paraxonase cardiovascular and neurodegenerative Melatonin regulates energy metabolism and glucose
diseases homeostasis
It maintains the reduced environment waste product of erythrocyte degradation
Thioredoxin (Trx) of the cell by NADPH by converting Bilirubin P O eryerocy grac ’
. . ; - and protect against cardiovascular disease
thioredoxin reductase to thioredoxin
Aldehyde oxidase Helps in phase | xenobiotic metabolism  Albumin .Mam ant|OX|dant.|n blood. It chelates metal
ions and free radicals
Ceruloplasmin/ Ferritin/ Acts as antioxidant in decreasing iron
Transferrin/ Lactoferrin overload
Myoglobin Oxygen %md iron binding proteins in skeletal
and cardiac muscles
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suppresses doxorubicin-induced cardiotoxicity through inhibition of
drpl-mediated maladaptive mitochondrial fission. Pharmacol Res.
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DNA damage in semen and blood of fertile and infertile men. Plos one.
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been shown to cause cellular damage at the membrane, nucleus, punctatus. Open J Pathol Toxicol Res. 2021;1(1).
and DNA levels causing the emergence of cardio-vascular, hepatic,
renal, neuronal, and immunological disorders. Oxidative stress affects 5
cellular physiology and induces cancer. The rapid and early detection
of biomarkers of oxidative stress help understand the metabolic
state of the body and disease prognosis, thereby helping the affected 6
individual to start timely treatment. systems. Int J Biol Med Res. 2010;1(3):90-104.
7
Acknowledgements
The authors are thankful to the University of Allahabad for
providing facilities to carry out the present work. AG is grateful to 8
UGC-New Delhi for financial support in the form of a fellowship.
Conflicts of interest ?
Authors declare that there are no conflicts of interest. 10
Funding
None. 11.
References
1. Atkinson AJ, Colburn WA, DeGruttola VG. et al. Biomarkers and 2020;157:104846.
surrogate endpoints: preferred definitions and conceptual framework. 12.
Clinical Pharmacology and Therapeutics. 2001;69(3):89-95.
2. McGill M, Woolbright BL, Weemhoff JL, et al. Mechanistic biomarkers 2013;8(7):e68490.
in liver diseases. Biomarkers in Liver Disease. 2017;71-97. 13.

Sharma B. Oxidative stress in HIV patients receiving antiretroviral
therapy. Curr HIV Res. 2014;12(1):13-21.

Citation: Gupta A, Sharma B. Oxidative stress biomarkers in a living cell. MOJ Toxicol. 2023;7(1):38-43. DOI: 10.15406/mojt.2023.07.00176


https://doi.org/10.15406/mojt.2023.07.00176
https://pubmed.ncbi.nlm.nih.gov/11240971/
https://pubmed.ncbi.nlm.nih.gov/11240971/
https://pubmed.ncbi.nlm.nih.gov/11240971/
https://link.springer.com/referenceworkentry/10.1007/978-94-007-7675-3_5
https://link.springer.com/referenceworkentry/10.1007/978-94-007-7675-3_5
https://pubmed.ncbi.nlm.nih.gov/23209913/
https://pubmed.ncbi.nlm.nih.gov/23209913/
https://pubmed.ncbi.nlm.nih.gov/23209913/
https://irispublishers.com/ojptr/fulltext/acute-chronic-toxicity-of-lindane-in-channa-punctatus.ID.000501.php
https://irispublishers.com/ojptr/fulltext/acute-chronic-toxicity-of-lindane-in-channa-punctatus.ID.000501.php
https://pubmed.ncbi.nlm.nih.gov/30524824/
https://pubmed.ncbi.nlm.nih.gov/30524824/
https://pubmed.ncbi.nlm.nih.gov/30524824/
https://pubmed.ncbi.nlm.nih.gov/15909857/
https://pubmed.ncbi.nlm.nih.gov/15909857/
https://pubmed.ncbi.nlm.nih.gov/15909857/
https://pubmed.ncbi.nlm.nih.gov/12616644/
https://pubmed.ncbi.nlm.nih.gov/12616644/
https://pubmed.ncbi.nlm.nih.gov/33918542/
https://pubmed.ncbi.nlm.nih.gov/33918542/
https://pubmed.ncbi.nlm.nih.gov/30594548/
https://pubmed.ncbi.nlm.nih.gov/30594548/
https://pubmed.ncbi.nlm.nih.gov/30594548/
https://pubmed.ncbi.nlm.nih.gov/32339784/
https://pubmed.ncbi.nlm.nih.gov/32339784/
https://pubmed.ncbi.nlm.nih.gov/32339784/
https://pubmed.ncbi.nlm.nih.gov/32339784/
https://pubmed.ncbi.nlm.nih.gov/23874641/
https://pubmed.ncbi.nlm.nih.gov/23874641/
https://pubmed.ncbi.nlm.nih.gov/23874641/
https://pubmed.ncbi.nlm.nih.gov/24694264/
https://pubmed.ncbi.nlm.nih.gov/24694264/

Oxidative stress biomarkers in a living cell

14.

15.

20.

21.

22.

23.

24.

25.

26.

217.

28.

29.

30.

31.

32.

33.

Singh S, Sharma B. Oxidative stress in chronic pancreatitis. Oxidative
Stress and Antioxidant Protection. 2016;339-346.

Massaad CA, Klann E. Reactive oxygen species in the regulation of
synaptic plasticity and memory. Antioxidants & Redox Signaling.
2011;14(10):2013-2054.

. Beckhauser TF, Francis-Oliveira J, De Pasquale R. Reactive Oxygen

Species: Physiological and Physiopathological Effects on Synaptic
Plasticity. Journal of Experimental Neuroscience. 2016;10(Suppl 1):23—
48.

. Finkel T, Holbrook NJ. Oxidants, oxidative stress and the biology of

ageing. Nature. 2000;408:239-247.

. Bhattacharyya A, Chattopadhyay R, Mitra S, et al. Oxidative stress: an

essential factor in the pathogenesis of gastrointestinal mucosal diseases.
Physiol Rev. 2014;94:329-354.

. Watal G, Watal A, Rai PK, Rai DK, Sharma G, Sharma B. Biomedical

applications of nano-antioxidant. Methods Mol Biol. 2013;1028:147—
151.

Commandeur JN, Stijntjes GJ, Vermeulen NP. Enzymes and transport
systems involved in the formation and disposition of glutathione
S-conjugates. Role in bioactivation and detoxication mechanisms of
xenobiotics. Pharmacol Rev. 1995;47(2):271-330.

Murr C, Schroecksnadel K,Winkler C, et al. Antioxidants may increase
the probability of developing allergic diseases and asthma. Med
Hypotheses. 2005;64:973-977.

Hanukoglu 1. Antioxidant protective mechanisms against reactive
oxygen species (ROS) generated by mitochondrial P450 systems in
steroidogenic cells. Drug Metabolism Reviews. 2006;38(1-2):171-196.

Ologundudu F. Antioxidant enzymes and non-enzymatic antioxidants as
defense mechanism of salinity stress in cowpea (Vigna unguiculata L.
Walp)—Ife brown and Ife bpc. Bull Natl Res Cent. 2021;45:152.

Karadogan B, Beyaz S, Gelincik A, et al. Evaluation of oxidative stress
biomarkers and antioxidant parameters in allergic asthma patients with
different level of asthma control. Journal of Asthma. 2021;1-15.

Saez GT, Estan Capell N. Antioxidant Enzymes. In: Schwab M, editor.
Encyclopedia of Cancer. Berlin, Heidelberg: Springer; 2021.

Aziz AS, Kalekar MG, Benjamin T, et al. Chronic periodontitis and
oxidative stress—a biochemical study. /ndian J Dent Sci. 2012;4:22-26.

Tanaka T, Tanaka M, Tanaka T. Oral carcinogenesis and oral cancer
chemoprevention: a review. Patholog Res Int. 2011;2011:431246.

Aly DG, Shahin RS. Oxidative stress in lichen planus. Acta
Dermatovenerol Alp Pannonica Adriat. 2010;19:3—11.

Milani P, Gagliardi S, Cova E, Cereda C. SOD1 Transcriptional and
Posttranscriptional Regulation and Its Potential Implications in ALS.
Neurol Res Int. 2011:458427.

Muller FL, Song W, Liu Y, et al. Absence of CuZn superoxide
dismutase leads to elevated oxidative stress and acceleration of age-
dependent skeletal muscle atrophy. Free Radical Biology & Medicine.
2006;40(11):1993-2004.

Ganguly K, Depner M, Fattman C, et al. Superoxide dismutase
3, extracellular (SOD3) variants and lung function. Physiological
Genomics. 2009;37(3):260-267.

Segui J, Gironella M, Sans M, et al. Superoxide dismutase ameliorates
TNBS-induced colitis by reducing oxidative stress, adhesion molecule
expression, and leukocyte recruitment into the inflamed intestine.
Journal of Leukocyte Biology. 2004;76(3):537-544.

Bhabak KP, Mugesh G. Functional mimics of glutathione peroxidase:
bioinspired synthetic antioxidants. Accounts of Chemical Research.
2010;43(11):1408-1419.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

Copyright:
©2023 Guptaetal. 42

Zedan H, Abdel Motaleb AA, Kassem NM, et al. Low glutathione
peroxidase activity levels in patients with vitiligo. Journal of Cutaneous
Medicine and Surgery. 2015;19(2):144-148.

Socha K, Kochanowicz J, Karpinska E, et al. Dietary habits and
selenium, glutathione peroxidase and total antioxidant status in the
serum of patients with relapsing-remitting multiple sclerosis. Nutrition
Journal. 2014;13:62.

Rhee Sue Goo, Kil In Sup. Multiple functions and regulation of
mammalian peroxiredoxins. annual review of biochemistry. 2017;86:
749-775.

Smith IK, Vierheller TL, Thorne CA. Assay of glutathione reductase
in crude tissue homogenates using 5,5’-dithiobis (2-nitrobenzoic acid).
Anal Biochem. 1988;175(2):408—413.

Elliott AJ, Scheiber SA, Thomas C, et al. Inhibition of glutathione
reductase by flavonoids. A structure-activity study. Biochem Pharmacol.
1992;44(8):1603-1608.

Guoyao Wu, Yun Zhong Fang, Sheng Yang, et al. Glutathione
Metabolism and its Implications for Health. Journal of Nutrition.
2004;134(3):489-492.

Roos D, Weening RS, Voetman AA, et al. Protection of phagocytic
leukocytes by endogenous glutathione: studies in a family with
glutathione reductase deficiency. Blood. 1979;53(5):851-866.

Champe PC, Harvey RA, Ferrier DR. Biochemistry. 4" ed. USA:
Lippincott Williams and Wilkins; 2008.

Gergely P, Grossman C, Niland B, et al. Mitochondrial hyperpolarization
and ATP depletion in patients with systemic lupus erythematosus.
Arthritis Rheum. 2002;46(1):175-190.

Townsend DM, Tew KD, Tapiero H. The importance of glutathione in
human disease. Biomed Pharmacother. 2003;57:145-55.

Josephy PD. Genetic variations in human glutathione transferase
enzymes: significance for pharmacology and toxicology. Human
Genomics Proteomics. 2010:876940.

Hayes JD, Flanagan JU, Jowsey IR. Glutathione transferases. Annu Rev
Pharmacol Toxicol. 2005;45:51-88.

Franco R, Schoneveld OJ, Pappa A, et al. The central role of glutathione
in the pathophysiology of human diseases. Archi Physiol Biochem.
2007;113(4-5):234-258.

Loguercio C, Caporaso N, Tuccillo C, et al. Alpha-glutathione
transferases in HCV-related chronic hepatitis: a new predictive index of
response to interferon therapy? J Hepatol. 1998;28(3):390-395.

Sundberg AG, Appelkvist EL, et al. Urinary pi-class glutathione
transferase as an indicator of tubular damage in the human kidney.
Nephron. 1994;67(3):308-316.

Chelikani P, Fita I, Loewen PC. Diversity of structures and properties
among catalases. Cell Mol Life Sci. 2004;61(2):192-208.

Hordyjewska A, Popiotek £, Kocot J. The many “faces” of copper in
medicine and treatment. Biometals. 2014;27(4):611-621.

Heit C, Marshall S, Singh S, et al. Catalase deletion promotes prediabetic
phenotype in mice. Free Radic Biol Med. 2017;103:48-56.

Goth L, Nagy T. Acatalasemia and diabetes mellitus. Archiv Biochemi
Biophys. 2012;525(2):195-200.

Wood JM, Decker H, Hartmann H, et al. Senile hair graying: H,O,-
mediated oxidative stress affects human hair color by blunting
methionine sulfoxide repair. FASEB J. 2009;23(7):2065-2075.

Garattini E, Terao M. The role of aldehyde oxidase in drug metabolism.
Expert Opinion on Drug Metabolism & Toxicology. 2012;8(4):487-503.

Gupta A, Singh S, Jamal F, et al. Synergistic effects of glutathione and
Vitamin E on ROS mediated ethanol toxicity in isolated rat hepatocytes.
Asian J Biochem. 2011;6:347-356.

Citation: Gupta A, Sharma B. Oxidative stress biomarkers in a living cell. MOJ Toxicol. 2023;7(1):38-43. DOI: 10.15406/mojt.2023.07.00176


https://doi.org/10.15406/mojt.2023.07.00176
https://pubmed.ncbi.nlm.nih.gov/21902596/
https://pubmed.ncbi.nlm.nih.gov/21902596/
https://pubmed.ncbi.nlm.nih.gov/20649473/
https://pubmed.ncbi.nlm.nih.gov/20649473/
https://pubmed.ncbi.nlm.nih.gov/20649473/
https://pubmed.ncbi.nlm.nih.gov/27625575/
https://pubmed.ncbi.nlm.nih.gov/27625575/
https://pubmed.ncbi.nlm.nih.gov/27625575/
https://pubmed.ncbi.nlm.nih.gov/27625575/
https://pubmed.ncbi.nlm.nih.gov/11089981/
https://pubmed.ncbi.nlm.nih.gov/11089981/
https://pubmed.ncbi.nlm.nih.gov/24692350/
https://pubmed.ncbi.nlm.nih.gov/24692350/
https://pubmed.ncbi.nlm.nih.gov/24692350/
https://pubmed.ncbi.nlm.nih.gov/23740118/
https://pubmed.ncbi.nlm.nih.gov/23740118/
https://pubmed.ncbi.nlm.nih.gov/23740118/
https://pubmed.ncbi.nlm.nih.gov/7568330/
https://pubmed.ncbi.nlm.nih.gov/7568330/
https://pubmed.ncbi.nlm.nih.gov/7568330/
https://pubmed.ncbi.nlm.nih.gov/7568330/
https://pubmed.ncbi.nlm.nih.gov/15780494/
https://pubmed.ncbi.nlm.nih.gov/15780494/
https://pubmed.ncbi.nlm.nih.gov/15780494/
https://pubmed.ncbi.nlm.nih.gov/16684656/
https://pubmed.ncbi.nlm.nih.gov/16684656/
https://pubmed.ncbi.nlm.nih.gov/16684656/
https://bnrc.springeropen.com/articles/10.1186/s42269-021-00615-w
https://bnrc.springeropen.com/articles/10.1186/s42269-021-00615-w
https://bnrc.springeropen.com/articles/10.1186/s42269-021-00615-w
https://pubmed.ncbi.nlm.nih.gov/33380228/
https://pubmed.ncbi.nlm.nih.gov/33380228/
https://pubmed.ncbi.nlm.nih.gov/33380228/
https://pubmed.ncbi.nlm.nih.gov/20372767/
https://pubmed.ncbi.nlm.nih.gov/20372767/
https://pubmed.ncbi.nlm.nih.gov/21603028/
https://pubmed.ncbi.nlm.nih.gov/21603028/
https://pubmed.ncbi.nlm.nih.gov/21603028/
https://pubmed.ncbi.nlm.nih.gov/16716900/
https://pubmed.ncbi.nlm.nih.gov/16716900/
https://pubmed.ncbi.nlm.nih.gov/16716900/
https://pubmed.ncbi.nlm.nih.gov/16716900/
https://pubmed.ncbi.nlm.nih.gov/19318538/
https://pubmed.ncbi.nlm.nih.gov/19318538/
https://pubmed.ncbi.nlm.nih.gov/19318538/
https://jlb.onlinelibrary.wiley.com/doi/full/10.1189/jlb.0304196
https://jlb.onlinelibrary.wiley.com/doi/full/10.1189/jlb.0304196
https://jlb.onlinelibrary.wiley.com/doi/full/10.1189/jlb.0304196
https://jlb.onlinelibrary.wiley.com/doi/full/10.1189/jlb.0304196
https://pubmed.ncbi.nlm.nih.gov/20690615/
https://pubmed.ncbi.nlm.nih.gov/20690615/
https://pubmed.ncbi.nlm.nih.gov/20690615/
https://pubmed.ncbi.nlm.nih.gov/25775636/
https://pubmed.ncbi.nlm.nih.gov/25775636/
https://pubmed.ncbi.nlm.nih.gov/25775636/
https://pubmed.ncbi.nlm.nih.gov/24943732/
https://pubmed.ncbi.nlm.nih.gov/24943732/
https://pubmed.ncbi.nlm.nih.gov/24943732/
https://pubmed.ncbi.nlm.nih.gov/24943732/
https://pubmed.ncbi.nlm.nih.gov/28226215/
https://pubmed.ncbi.nlm.nih.gov/28226215/
https://pubmed.ncbi.nlm.nih.gov/28226215/
https://oa.mg/work/10.1016/0003-2697(88)90564-7
https://oa.mg/work/10.1016/0003-2697(88)90564-7
https://oa.mg/work/10.1016/0003-2697(88)90564-7
https://pubmed.ncbi.nlm.nih.gov/1329770/
https://pubmed.ncbi.nlm.nih.gov/1329770/
https://pubmed.ncbi.nlm.nih.gov/1329770/
https://pubmed.ncbi.nlm.nih.gov/14988435/
https://pubmed.ncbi.nlm.nih.gov/14988435/
https://pubmed.ncbi.nlm.nih.gov/14988435/
https://pubmed.ncbi.nlm.nih.gov/435643/
https://pubmed.ncbi.nlm.nih.gov/435643/
https://pubmed.ncbi.nlm.nih.gov/435643/
https://pubmed.ncbi.nlm.nih.gov/11817589/
https://pubmed.ncbi.nlm.nih.gov/11817589/
https://pubmed.ncbi.nlm.nih.gov/11817589/
https://pubmed.ncbi.nlm.nih.gov/12818476/
https://pubmed.ncbi.nlm.nih.gov/12818476/
https://pubmed.ncbi.nlm.nih.gov/20981235/
https://pubmed.ncbi.nlm.nih.gov/20981235/
https://pubmed.ncbi.nlm.nih.gov/20981235/
https://pubmed.ncbi.nlm.nih.gov/15822171/
https://pubmed.ncbi.nlm.nih.gov/15822171/
https://pubmed.ncbi.nlm.nih.gov/18158646/
https://pubmed.ncbi.nlm.nih.gov/18158646/
https://pubmed.ncbi.nlm.nih.gov/18158646/
https://pubmed.ncbi.nlm.nih.gov/9551675/
https://pubmed.ncbi.nlm.nih.gov/9551675/
https://pubmed.ncbi.nlm.nih.gov/9551675/
https://pubmed.ncbi.nlm.nih.gov/7936021/
https://pubmed.ncbi.nlm.nih.gov/7936021/
https://pubmed.ncbi.nlm.nih.gov/7936021/
https://pubmed.ncbi.nlm.nih.gov/14745498/
https://pubmed.ncbi.nlm.nih.gov/14745498/
https://pubmed.ncbi.nlm.nih.gov/24748564/
https://pubmed.ncbi.nlm.nih.gov/24748564/
https://pubmed.ncbi.nlm.nih.gov/27939935/
https://pubmed.ncbi.nlm.nih.gov/27939935/
https://pubmed.ncbi.nlm.nih.gov/22365890/
https://pubmed.ncbi.nlm.nih.gov/22365890/
https://pubmed.ncbi.nlm.nih.gov/19237503/
https://pubmed.ncbi.nlm.nih.gov/19237503/
https://pubmed.ncbi.nlm.nih.gov/19237503/
https://pubmed.ncbi.nlm.nih.gov/22335465/
https://pubmed.ncbi.nlm.nih.gov/22335465/
https://scialert.net/fulltext/?doi=ajb.2011.347.356
https://scialert.net/fulltext/?doi=ajb.2011.347.356
https://scialert.net/fulltext/?doi=ajb.2011.347.356

Oxidative stress biomarkers in a living cell

57.

58.

59.

60.

61.

62.

63.

64.

. Rizvi S, Raza ST, Ahmed F, et al. The role of vitamin e in human health
and some diseases. Sultan Qaboos Univ Med J. 2014;14(2):e157—e165.

Chan AC, Wagner M, Kennedy C, et al. Vitamin E up-regulates
phospholipase A2, arachidonic acid release and cyclooxygenasin
endothelial cells. Aktuel Erndhrungsmed. 1998;23:1-8.

Traber MG, Stevens JF. Vitamins C and E: beneficial effects from a
mechanistic perspective. Free Radic Biol Med. 2011;51(5):1000-1013.

Palace VP, Khaper N, Qin Q, et al. Antioxidant potentials of vitamin A
and carotenoids and their relevance to heart disease. Free Radic Biol
Med. 1999;26(5-6):746-761.

Wolf G. The discovery of the visual function of vitamin A. J Nutri.
2001;131(6):1647-1650.

Pandey KB, Rizvi SI. Plant polyphenols as dietary antioxidants in
human health and disease. Oxid Med Cell Longev. 2009;2(5):270-258.

Sautin Y'Y, Johnson RJ. Uric acid: the oxidant-antioxidant paradox.
Nucleosides Nucleotides Nucleic Acids. 2008;27(6):608—619.

Anwar MJ, Muhammad BY, Bader AA, et al. An insight into the
scientific background and future perspectives for the potential uses of
melatonin. Egypt J Basic Appl Sci. 2015;2:139-152.

I Rigato, JD Ostrow, C Tiribelli. Bilirubin and the risk of common non-
hepatic diseases. Trends Mol Med. 2005;11:277-283.

65.

66.

67.

68.

69.

70.

71.

72.

Copyright:
©2023 Guptaetal. 43

TW Sedlak, SH Snyder, Bilirubin benefits: cellular protection by a
biliverdin reductase antioxidant cycle. Pediatrics. 2004;113:1776—1782.

Taverna M, Marie AL, Mira JP, et al. Specific antioxidant properties of
human serum albumin. Ann Intensive Care. 2013;3(1):4.

Neuzil J, Stocker R. Free and albumin-bound bilirubin are efficient
co-antioxidants for a-tocopherol, inhibiting plasma and low density
lipoprotein lipid peroxidation. J Biol Chem. 1994;269:16712-16719.

Wiggins JE, Goyal M, Wharram BL, et al. Antioxidant ceruloplasmin is
expressed by glomerular parietal epithelial cells and secreted into urine
in association with glomerular aging and high-calorie diet. J Am Soc
Nephrol. 2006;17(5):1382-1387.

Theil EC. Ferritin iron minerals are chelator targets, antioxidants, and
coated, dietary iron. Ann N Y Acad Sci. 2010;1202:197-204.

Mannino MH, Patel RS, Eccardt AM, et al. Myoglobin as a versatile
peroxidase: Implications for a more important role for vertebrate striated
muscle in antioxidant defense. Comp Biochem Physiol B Biochem Mol
Biol. 2019;234:9-17.

van Campenhout A, van Campenhout CM, Lagrou AR, et al. Transferrin
modifications and lipid peroxidation: implications in diabetes mellitus.
Free Radic Res. 2003;37(10):1069-1077.

Kowalczyk P, Kaczynska K, Kleczkowska P, et al. The Lactoferrin
Phenomenon-A Miracle Molecule. Molecules. 2022;27(9):2941.

Citation: Gupta A, Sharma B. Oxidative stress biomarkers in a living cell. MOJ Toxicol. 2023;7(1):38-43. DOI: 10.15406/mojt.2023.07.00176


https://doi.org/10.15406/mojt.2023.07.00176
https://pubmed.ncbi.nlm.nih.gov/24790736/
https://pubmed.ncbi.nlm.nih.gov/24790736/
https://pubmed.ncbi.nlm.nih.gov/9879666/
https://pubmed.ncbi.nlm.nih.gov/9879666/
https://pubmed.ncbi.nlm.nih.gov/9879666/
https://pubmed.ncbi.nlm.nih.gov/21664268/
https://pubmed.ncbi.nlm.nih.gov/21664268/
https://pubmed.ncbi.nlm.nih.gov/10218665/
https://pubmed.ncbi.nlm.nih.gov/10218665/
https://pubmed.ncbi.nlm.nih.gov/10218665/
https://pubmed.ncbi.nlm.nih.gov/11385047/
https://pubmed.ncbi.nlm.nih.gov/11385047/
https://pubmed.ncbi.nlm.nih.gov/20716914/
https://pubmed.ncbi.nlm.nih.gov/20716914/
https://pubmed.ncbi.nlm.nih.gov/18600514/
https://pubmed.ncbi.nlm.nih.gov/18600514/
https://www.sciencedirect.com/science/article/pii/S2314808X15000354
https://www.sciencedirect.com/science/article/pii/S2314808X15000354
https://www.sciencedirect.com/science/article/pii/S2314808X15000354
https://pubmed.ncbi.nlm.nih.gov/15949769/
https://pubmed.ncbi.nlm.nih.gov/15949769/
https://pubmed.ncbi.nlm.nih.gov/15173506/
https://pubmed.ncbi.nlm.nih.gov/15173506/
https://pubmed.ncbi.nlm.nih.gov/23414610/
https://pubmed.ncbi.nlm.nih.gov/23414610/
https://pubmed.ncbi.nlm.nih.gov/8206992/
https://pubmed.ncbi.nlm.nih.gov/8206992/
https://pubmed.ncbi.nlm.nih.gov/8206992/
https://pubmed.ncbi.nlm.nih.gov/16597684/
https://pubmed.ncbi.nlm.nih.gov/16597684/
https://pubmed.ncbi.nlm.nih.gov/16597684/
https://pubmed.ncbi.nlm.nih.gov/16597684/
https://pubmed.ncbi.nlm.nih.gov/20712793/
https://pubmed.ncbi.nlm.nih.gov/20712793/
https://pubmed.ncbi.nlm.nih.gov/31051268/
https://pubmed.ncbi.nlm.nih.gov/31051268/
https://pubmed.ncbi.nlm.nih.gov/31051268/
https://pubmed.ncbi.nlm.nih.gov/31051268/
https://pubmed.ncbi.nlm.nih.gov/14703796/
https://pubmed.ncbi.nlm.nih.gov/14703796/
https://pubmed.ncbi.nlm.nih.gov/14703796/
https://pubmed.ncbi.nlm.nih.gov/35566292/
https://pubmed.ncbi.nlm.nih.gov/35566292/

	Title
	Abstract
	Keywords
	Abbreviations
	Introduction
	Reactive oxidative species (ROS) generation as a principal factor for oxidative stress 
	Xenobiotics metabolism  
	Common factors that aid in oxidative stress and its prevention  
	Some common antioxidative enzymes and non-enzymatic antioxidative biomolecules 

	Conclusion  
	Acknowledgements
	Conflicts of interest 
	Funding
	References
	Table 1 

