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Abstract

Background and Aims: Lipid peroxidation end products are the major culprit for
inducing chronic diseases in elderly people. Along with the elevated level of lipid
peroxide biomarkers, there is a significant disruption of antioxidants balance, which
combinedly propagate the diseases of elderly people. The aim of the present review
is to bridge the connection of changes in lipid peroxides biomarkers and antioxidants
level with age-associated diseases in elderly people.

Methods: This narrative review was performed following a comprehensive search
for suitable articles in multiple online databases, including PubMed, Google Scholar,
EMBASE, Web of Science, Cochrane Library, and ScienceDirect using selected
search terms. The most appropriate literature was included based on the selection
criteria.

Results: From the review, it is found that many age-related diseases propagated with
an increased level of the end products of lipid peroxide and reduced levels of
antioxidants in elderly people. When the end products of lipid peroxidation increase
in the body, it creates oxidative stress, which ultimately leads to many complicated
diseases, including cancers, cardiovascular and neurogenic diseases, and many other
chronic inflammatory diseases. The oxidative stress induced by peroxidation can be
assessed by different lipid peroxide end products such as malondialdehyde, oxidized
low-density lipoprotein, isoprostanes, neuroprostanes, lipoperoxides, oxysterols
(7-ketocholesterol, 7B-hydroxycholesterol), and many more.

Conclusions: This study definitively answers the correlation between the changes in
lipid peroxides and antioxidants level and age-related diseases. Our narrative article
recommends future investigations for elucidating the mechanisms rigorously to

establish a compact correlation.
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1 | INTRODUCTION

Lipids are fundamental components of cell membranes that regulate
both the function and structure of cells. Oxygen-free radicals
primarily target lipids and are responsible for the many pathological
states of the body." Polyunsaturated fatty acids (PUFAs) (especially
arachidonate) and those incorporated into lipids are the precursors of
lipid peroxides. The concentration of lipid peroxides in our body is
measured by biomarkers; some important lipid peroxidation biomar-
kers are acrolein, 4-hydroxynonenal (4-HNE), malondialdehyde
(MDA), oxidized low-density lipoprotein (LDL), isoprostanes, neuro-
prostanes, lipoperoxides, and oxysterols, including 7-ketocholesterol
(7-KC) and 7B-hydroxycholesterol (78-OHC).>* When the level of
the biomarkers is elevated in the body, it creates many human
diseases, including Alzheimer's disease (AD), cancer, cardiovascular
diseases, immunological deficiency syndromes, and neurogenic
disorders.>¢

To identify the stage and severity of these diseases, some
representatives of lipid peroxide biomarkers levels are used. They
are isoprostanes, neuroprostanes, MDA, 4-HNE, 7-KC, and 7f3-
OHC, and oxidized LDL are identified.>* From various studies,
evidence shows that during the aging process in both humans and
animals model, lipid peroxidation levels increase whereas antiox-
idants levels decrease.”® This disruption of antioxidants and lipid
peroxides balance propagated diabetes and hypertension in elderly
people.® Another heart-related disease is chronic pulmonary
hypertension (PHT) which is caused by different factors, whereas
lipid peroxides have a crucial part in vasoconstriction and
structural remodeling. In PHT, an elevated level of isoprostanes
is found in the patients when compared to healthy people.” Along
with the accumulation of various heart diseases, lipid peroxides
also play a critical function in neurodegenerative disorders.® In
the AD brains, besides protein deposits aggregation as extra-
cellular amyloid B (AB) plaques, evidence shows that reactive
oxygen species (ROS) shows a vital role in the precipitation of
nerve injury.!?

The human brain has a large amount of easily peroxidizable fatty
acids, and thus, it is particularly sensitive to the damage caused by
lipid peroxidation.*?** Lipid peroxidation is also accountable for the
pathophysiology of another neurogenic disorder, Parkinson's disease
(PD). Pathophysiological damage of PD usually starts before the
symptoms appear in the body. After 80% of the dopaminergic
neurons are damaged in the substantia nigra pars compacta (SNpc),
PD symptoms start to appear. At the same time, patients remain
unaware of the diseases. However, the exact etiology of PD is still
obscure. One of the major causes of PD is thought to be the oxidative
stress (OS) of dopaminergic neurons in SNpc. Furthermore, studies
revealed that lipid peroxidation reaction results as a consequence of
OS. Studies found that the plasma MDA levels increased by two
times in the PD patients when compared with the control
population.’* Among the different pathologies of lipid peroxidation
reaction in the human body, cancer is another incident that happens

from lipid peroxidation reaction.*>"*’

Lipid peroxidation was found to be involved in the progression of
colorectal cancer. Generation of lipid peroxidation end products such
as 4-HNE and MDA create proteins cross-linked with DNA. As a
result, damage to DNA and cell membrane occurs. Moreover, the
concentration of MDA and 4-HNE has been demonstrated to
increase significantly following the clinical staging of colorectal
cancer tissue.'® Apart from colorectal cancer, breast, lung, and many
more malignancies are associated with the lipid peroxides elevation in
the body.'? From the above evidence, it is clear that age-associated
diseases are precipitated from increased lipid peroxidation end

products in the body.

2 | LIPID PEROXIDATION REACTION

Trienoic linolenic acid is a common PUFA present in cell membrane
lipids that undergoes autoxidation. Lipid peroxidation reaction usually
consists of three steps: Initiation followed by propagation and
termination reactions. In the initiation step, due to the presence of
strong oxidants, an alkyl free radical (L*) of the PUFA is formed
through the abstraction of a weakly bonded allylic hydrogen.

2.1 | |Initiation
In®*+L-H—L"+In-H

[In, initiator; L-H, fatty acid; L®, alkyl radical]

Later, the alkyl free radical undergoes an addition reaction in the
presence of oxygen that produces another conjugated peroxyl free
radical in the body. This peroxyl radical abstracts another hydrogen
from a second PUFA that generates a hydroperoxide and a different

alkyl free radical.

2.2 | Propagation
O,+L*—>1-00° > L-O0OH +L*

[L-OO0, conjugated peroxyl radical; .-OOH, hydroperoxide]

This cycle is called the propagation reaction phase of peroxida-
tion. Termination of lipid peroxides occurs via the involvement of two

alkyl free radicals, two peroxyl free radicals, or their combinations.>?°

2.3 | Termination
2 1-O0° = 1-O0-00-L = NRP + O,

[NRP, nonradical products]

Lipid peroxides are toxic in nature and may damage most body
cells.” In the reaction process, highly reactive hydroxyl radicals (*OH)
are derived from high-energy sources of irradiation (aqueous
solutions), which then attack and disturb the majority of the biological
molecules, including lipids of the cell membrane. Lipid peroxidation
reaction also involves transition metal ions. When Cu*?, Fe?*, or
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chelates of such ions like Fe?*-ADP are added to isolated biological
membranes or liposomes, peroxidation occurs. The measurement of
lipid peroxidation level is usually carried out by the thiobarbituric acid
(TBA) test, high-performance liquid chromatography (HPLC), gas
(GC-MS), and liquid
chromatography-mass spectrometry (LC-MS).?*?? Among the dif-

chromatography-mass  spectrometry
ferent assays, the batch spectrofluorometric and spectrophotometric
TBA-dependent techniques are the most frequently applied to

determine the extent of lipid peroxidation.??

3 | BIOMARKERS OF LIPID PEROXIDES

In general, lipid peroxides biomarkers are hydroperoxides, hydro-
xides, isoprostanes, neuroprostanes, MDA, 4-HNE conjugated diene,
ethane, pentane, aldehydes, ketones, 7-KC, and 7B-OHC, oxidized
LDL, and so forth.®> Among them, the most common and easily
detectable lipid peroxidation biomarkers are MDA, 4-HNE, 7-KC, and
7B-OHC, and isoprostanes.*?*> 2> From the end products of lipid
peroxides, hydroperoxides are primarily generated from PUFA and
cholesterol. Hydroperoxide products are naturally unstable and
commonly evaluated as hydroxides following reduction reaction.
The second notable peroxidation end products are hydroxides,
readily available in biological specimens. Isoprostanes (IsoP) is a
series of compounds similar to prostaglandins that are generated by
the peroxidation of lipids, mainly arachidonic acids independent of
enzymes such as cyclooxygenase. Arachidonic acid oxidation reaction
yields A2, D2, E2, F2, and J2-IsoPs. From these IsoPs, F2s have been
studied most extensively.”® Thiobarbituric acid reactive substances
(TBARS) and MDA have commonly been considered as classical lipid
peroxidation biomarkers for a long time for their reduced cost and
simple nature. Previous research have demonstrated the proathero-
genic and proinflammatory activities of oxidized LDL (oxLDL). For
that reason, the circulating level of oxLDL has been a cornerstone of
atherosclerosis and cardiovascular disease-related biomarker
analysis.®

The end products of the peroxidation of lipids are simpler to
identify and more accurate compared to the identification of ROS,
RNS (reactive nitrogen species), and related oxidation products.?’
Lipid peroxide products can be identified through the application
of several probes and techniques. The most commonly applied
probes and techniques are chemiluminescence probes, fluores-
cence probes, and electron spin resonance (ESR) spin trapping
method. Again, to detect and identify the complex mixtures,
including IsoPs and NPs, more powerful tools are used. Some of
these tools are matrix-assisted laser desorption and ionization
time-of-flight mass spectrometry or ion-spray mass spectrometry
and electrospray ionization. The oxidation products of linoleates
are detected by the application of GC-MS and HPLC which
provides greater accuracy and sensitivity.?” HPLC is a vital
technique to determine another product of lipid peroxidation,
MDA. This method has advantages in terms of recovery,
specificity, and reproducibility.?®

Open Access

4 | RELATIONSHIP BETWEEN LIPID
PEROXIDE AND DISEASES IN ELDERLY
PEOPLE

According to the accumulating evidence, lipid peroxidation end products
are responsible for the cellular and tissue dysfunction in elderly people
that leads to age-related diseases. Brain, heart, and skeletal tissues are
some kinds of tissues or organs where the turnover of cells is lower or
sometimes absent. As a consequence, a large amount of lipid
peroxidation end products accumulates in these tissues and organs
that primarily act as physiologic mediators. Following the continuous
aggregation of these products, numerous age-associated diseases in the
elderly population progress, including cancers, cardiovascular disorders,
diabetes and related complications, endocrine and metabolic diseases,
neurological disorders, and other oxidative stress-associated condi-
tions.” As a consequence of the peroxidation of membrane phospho-
lipids, cell membrane permeability increase, membrane integrity
decreased, DNA was damaged, and cell death occurred.”® The most
common end products of lipid peroxidation bind with DNA and produce
DNA adducts which are toxic in nature and get accumulated in the liver,
colon, pancreas, white blood cells, and breast in healthy humans that
ultimately result in organ-related disease in the long run?’ 8-
hydroxydeoxyguanosine (8-OHdG) is a well-known biomarker of
oxidative stress-related DNA damage. Lipid peroxides bind with DNA
and produce 8-OHdG. Increased level of 8-OHdG expression in certain
tissues of the body has been found to be associated with several chronic
diseases of the liver.*°

The effect of peroxidation on the cell membrane lipids is even more
harmful, and it hampers the bilayer structure of the membranes and
modifies its characteristic features, for example, membrane permeability,
fluidity, and thickness of lipid bilayer. The increased permeability of the
membrane disrupts the ionic gradients that attenuate the metabolic
system.>’ Acrolein, a carcinogenic pollutant, and lipid peroxidation
product is found ubiquitously in the biological systems as well as in the
environment. Acrolein bound to the protein and altered the structure
and activity of the bounded proteins. Acrolein binds with nucleophiles,
specifically the amino, imidazole, and sulfhydryl group of lysine, cysteine,
and histidine, respectively producing an acrolein-amino acid adduct that
further affects a carbonyl group of the proteins and leads to cell death.*?
In addition to oxidatively modified DNA, lipids, nucleic acids, and
proteins, the disruption of antioxidant balance biomarkers is also
considered for oxidative stress.>® This disrupted balance causes many
human morbidities and mortalities. However, if the dietary or
supplemented antioxidants reduced the oxidative stress-induced
diseases is not clear yet. However, recent studies on antioxidants as a
dietary approach to reduce oxidative stress-induced damage found that
many chronic and degenerative diseases ameliorate, and thus antiox-
idant therapy represents a promising avenue for treatment.>*

The alteration of lipid peroxide products and their involvement
with age-associated diseases are shown in Table 1. From examining
Table 1, we may find that biomarkers of lipid peroxides are involved
in many elderly diseases. Compared to the controls, the patient group
shows an elevated MDA level, oxLDL, and IsoPs in AD, cancers,
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TABLE 1 Change of lipid peroxide biomarkers level in diseases of elderly people
No. of
Biomarkers Value in controls Value in patients patients Age (years) Findings Diseases References
Lipoperoxides 3.65(3.29-3.89) 4.37 (3.85-5.75) 50 <70 T Lipoperoxides Ischemic heart disease [35]
(umol/L)
Lipoperoxides 3.65 (3.29-3.89) 4.37 (3.85-5.75) 50 <70 1 Lipoperoxides Peripheral arterial [35]
(umol/L) disease
Lipid peroxide 1.00+0.12 1.71+0.38 30 59.1+11.7 7 Lipid peroxide Stroke [36]
(mmol/L)
MDA (umol/L) 0.3+0.009 0.4+0.007 80 39.3+0.5 T MDA Diabetes 2 [37]
MDA (umol/L) 2.72+0.13 6.33+0.33 26 50+ T MDA Breast cancer [38]
MDA (umol/L) 2.26+0.14 5.87+0.29 12 N/A T MDA Lung cancer [38]
OxLDL (U/L) 78.8+56.1 288.3+262.3 17 53-70 T OxLDL Breast cancer [39]
MDA (nmol/L) 6.73+2.66 8.7+299 42 49.6+822 1T MDA Ovarian cancer [40]
OxLDL (U/L) 78.8+56.1 367 £524 15 53-70 1 OxLDL Ovarian cancer [39]
IsoPs (pg/g wet tissue) 200 (81-260) 410 (240-880) 19 79+21 T IsoPs Alzheimer's [41]
MDA (nmol/ml) 9.38+5.69 16.11+7.16 62 73.3+6.8 T MDA Alzheimer's [42]
OxLDL (U/L) 40.69 £2.27 120.9+18.4 5 76 T OxLDL Alzheimer's [43]
IsoPs (ng/ml) 0.36 0.68 61 64+6 1T IsoPs Parkinson's [44]
MDA (nmol/ml) 5.1+£1.26 7.48 £1.55 80 57.5+12.1 1T MDA Parkinson's [45]
OXxLDL (ng/ml) 24.7+5.7 347+12.2 45 63.6+13.5 1T OxLDL Parkinson's [46]

Abbreviations: LDL, low-density lipoprotein; MDA, malondialdehyde; OxLDL, oxidized LDL.

8 Controlgroup [l Patient's Group

Lipoperoxides (umol/L)
Lipid peroxide (mmol/L)
MDA (umol/L)

MDA (umol/L)

MDA (umol/L)

OxLDL (U/L)

MDA (nmol/L)

OxLDL (U/L)

IsoPs (pg/g wet tissue)
MDA (nmol/mL)
OXLDL (U/L)

IsoPs (ng/ml)

MDA (nmol/mL)
OxLDL (ng/m)

0% 25% 50% 75%

cardiovascular diseases, metabolic disorders, and PD which is

depicted in Figure 1.

5 | LIPID PEROXIDATION AND
CARDIOVASCULAR DISEASES

Oxidation of lipid molecules is catalyzed by different enzymatic
systems. Various enzymes, in particular, cyclooxygenases (COXs),
cytochrome P450 (CYP) monooxygenases, and lipoxygenases (LOXs)

FIGURE 1 Comparison of lipid peroxide
biomarker levels in elderly patients and healthy
controls.

100%

are responsible for the oxidation of lipids molecule and produces a
large number of potent bioactive metabolites, such as eicosanoids,
docosanoids, and octadecanoid. These metabolites are involved in
several biochemical and signaling pathways.”” Eicosanoids are the
products of PUFAs such as arachidonic, dihomo-y-linolenic, and
eicosapentaenoic acids. They are also the most studied class of
bioactive lipids, which have an important role in inflammation. COXs
enzymes catalyze the conversion of eicosanoids to prostanoids,
which are a subclass consisting of prostacyclins, prostaglandins (PGs),
and thromboxanes (TXs) family. These metabolites are involved in
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inflammation regulation, pain reception, adipogenesis, immune
modulation, vessel tone, permeability control, and platelet aggrega-
tion. In atherosclerotic and ischemic heart disease treatment, the
COX pathway is considered one of the major targets.*®

Metabolites of the LOX isoenzymes mainly regulate vascular
permeability and affect epithelial barrier function. A large member of
the CYP multigene superfamily converts omega-3 and omega-6 fatty
acids into CYP eicosanoids, which are bioactive lipid mediators.*’
CYP enzymes produce different epoxy and/or hydroxy metabolites,
where CYP2C and CYP2J enzymes produce the epoxygenases and
CYP4A and CYP4F produce the hydroxylases of PUFA. Depending on
the type and concentration of these metabolites, numerous
physiological and pathophysiological changes occur. The changes in
CYP eicosanoid products have been correlated with the progression
and development of cardiac hypertrophy, hypertension, inflammatory
disorders, myocardial infarction, and stroke.”® In ischemic brain
injury, oxidative stress has been observed to play a critical role.
Additionally, to the high oxidation level of PUFA in the brain, poor
activity of catalases, glutathione peroxidases, and superoxide
dismutase (SODs) is also observed. Furthermore, increased homo-
cysteine concentration is also found in the brain, which is responsible
for the enhanced oxidative stress leading to acute thrombotic
stroke.>*°* From the above, it is concluded that any complicated
heart diseases are propagated from the elevation of lipid peroxides

molecules and the disruption of antioxidant balance.

6 | LIPID PEROXIDATION AND
NEUROGENIC DISORDERS

The end products of lipid peroxidation are highly associated with
multiple neurogenic disorders such as AD, HD (Huntington's disease),
and PD. Evolving research continues to increase in relation to lipid
peroxidation and neurodegenerative diseases.’” Different parts of
the brain, including the entorhinal and frontal cortex, hippocampus,
and associated brain structures, are involved in the cognition
amygdala, prefrontal cortex, hypothalamus, and other regions of
the brain's emotional behaviors. AD is described by neuron
degeneration in those regions of the brain. It is believed that
abnormal production and aggregation of amyloid B-peptide (AB) is a
pivotal reason in AD propagation.”® A common lipid peroxidation end
product, 4-HNE, is involved in the suppression of AR, which is
demonstrated to be linked with the progression of AD. In contrast,
4-HNE is associated with y-secretase enzyme inhibition, directly
correlated to the synthesis of insoluble AB peptides.®”

a-synuclein is another protein responsible for the aggravation of
PD, and the core function of a-synuclein is mitochondrial function
and formation of synaptic vesicles.’>>® Acrolein, a lipid-peroxidation
product, also modifies the activity of a-synuclein in a dopaminergic
neuronal system that results in mitochondrial dysfunction.”” The
accumulation and modification of these substances are the primary
components of Lewy bodies, mainly found in the substantia nigra and
putamen. These areas in the brain are mainly responsible for learning

Open Access

capacity and motor skills. Dopamine, the major neurotransmitter
associated with controlling motor function, is observed to be
significantly reduced in neurons, leading to neuronal destruction or
death. Apart from the Lewy bodies, mutations in certain genes such
as ubiquitin and parkin carboxyl-terminal hydroxylase could be linked
to disease progression and development.”® It is well proven that
4-HNE and MDA adducts are related to the increased level of Lewy
bodies in the brain stem neurons and neocortical.””*® 4-HNE is
related to the alteration of the dopamine transport pathway.®* These
observations suggest that the loss of dopamine causes PD.°? Apart
from AD and PD, lipid peroxides have a crucial activity in developing

HD and multiple sclerosis.®?¢°

7 | LIPID PEROXIDATION AND CANCER

Accumulating studies have shown that lipid peroxidation end
products, particularly 4-HNE, are also a notable biomarker of
oxidative stress that has been evaluated in different cancer cells.”
Many clinical studies found that an elevated plasma MDA level is
responsible for benign breast disease and malignant breast tumors
compared with controls.®® Lipid peroxidation products have been
involved in both the progression and the development of cancer. The
capacity of end products of lipid peroxides in the DNA damage
mechanisms has been examined in biological systems and solutions.
Previous reports established a relation between clastogenic factors
and lipid peroxidation process in particular biological specimens
which are associated with the chromosomal breakage.®® Clastogenic
factors induce DNA single-strand breaks with high efficiency. MDA is
well known for its ability to cause polymerization and crosslinking of
macromolecules and react with DNA. Generally, peroxidative
degradation products of PUFAs may either initiate the process or
act as a promoter, thus favoring tumor growth.®” The impact of lipid
peroxidation in breast malignancy is unclear; surprisingly, some
studies favor that lipid peroxidation shows the anticarcinogenic
mechanism in breast cancer despite inducing it.°® But there was a
positive association of lung cancer found with lipid peroxidation. As

the stage of lung cancer progressed, lipid peroxides elevated.®”

8 | OXYSTEROLS IN ELDERLY DISEASES

Oxysterols are generally lipid peroxidation products, more specifi-
cally, cholesterol metabolites that are generated via enzymatic or
nonenzymatic (radical) pathways.”® Some of the notable oxysterols
are 7-KC, 7a-hydroxycholesterol (7a-OHC), 7B-OHC, 25-
hydroxycholesterol (25-OHC), 27-hydroxycholesterol (27-OHC),
5a,6a-epoxycholesterol (5a,6a-EC), 5B,6B-epoxycholesterol (5B,6B-
EC), and cholestan-3B,5a,6B-triol, all produced by autoxidation of
cholesterols.”* Oxysterols have been studied extensively for their
role in vascular aging due to a few crucial properties such as
proinflammation, and pro-oxidation.

proapoptosis, Increasing

evidence showed the impact of different oxysterols in the
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age-associated intimal stiffening, endothelial dysfunction, smooth
muscle cell migration, and arterial thickening.”?”>

Elderly diseases such as cardiovascular diseases and neurogenic
disorders (AD, PD) are correlated with an increased level of 7-KC and
7B8-OHC, which cause oxiapoptophagy, one type of cytotoxic
activity.”* 7-KC is one of the most concentrated oxysterols and
unlike cholesterols, it continuously shows cytotoxicity leading to
cardiovascular events such as heart failure. Oxysterols can easily pass
the blood-brain barrier, deposit in brain tissues, and cause neuro-
degenerative disorders, including AD and PD.”” It is proved by the
line of evidence that elevated oxysterols level, particularly 7-KC and
7B8-OHC, or reduced level of 27-OHC, may lead to neuro-
degenerative diseases.”® However, there is a toxicological concern
for a few oxysterols in cholesterol-containing food products (milk,
skimmed milk powder) that require routine analysis. While oxysterols
such as 25-OHC and 27-OHC have shown notable broad-spectrum
antiviral actions, only their toxicologic properties have been
demonstrated so far for radically produced oxysterols when present
excessively in the human body and ingested foods (milk-derived
products like chocolate).”®”” So far, the toxicity of two common
oxysterols, 73-OHC and 7-KC, has been analyzed in the heart, brain,
and gut, showing oxiapoptophagy leading to major elderly diseases,
including cardiovascular disease and cancer, diabetes, and aging.”*

9 | CHANGES IN ANTIOXIDANTS LEVEL
IN ELDERLY DISEASES

Antioxidant molecules are known as free radical scavengers that have
a prominent action in multiple age-dependent diseases. It is already
established that antioxidants prevent many age-related diseases like
AD, coronary heart disease (CHD), cancers, PD, and related chronic
inflammatory diseases.”® Past research has demonstrated that
diabetes patients with a smoking history have a significantly higher
level of lipid peroxides and a significantly lower level of vitamin C and
B-carotene.”? The latest research reports that patients with AD have
significantly reduced levels of vitamin A, C, and E, a and B-carotene,
lutein, lycopene, and uric acid in their plasma.®® Another study
reported that the depletion of the most antioxidant defense enzymes

such as GPx, glutathione S-transferase (GST), and SOD could result in

TABLE 2 Changes of antioxidants level in diseases of elderly people

.51 Venkateshappa et al.®? have

AD or mild cognitive impairmen
found that a significantly reduced level of catalase, GSH, GSH
reductase (GR), GPx, and SOD with increasing age lead to the
development of PD. Kim and co-workers also revealed a significantly
decreased concentration of zinc (Zn) and selenium (Se) in patients
with cancer in comparison to the control population. Serum GPx level
was also reduced in cancer patients than in the controls.?®> The
changes in antioxidants levels in elderly diseases are shown in
Table 2.

It is observed that SOD, GPx" levels are significantly higher in
cancer and neurogenic patients, and the level of GSH is low. An
increased concentration of plasma SOD results from the enhanced
concentration of extracellular SOD and greater activity of SOD is
relative to greater SOD protein.®® In the AD group, SOD level was
found to increase where the melatonin level found decreased,
indicating the disrupted balance between oxidant and antioxidant
systems,®” illustrated in Figure 2.

10 | ANTIOXIDANT THERAPY FOR
AGE-ASSOCIATED DISEASES

Numerous investigations show that antioxidant molecules inhibit the
oxidation process and delay or prevent oxidative stress-induced
diseases such as cancer, cardiovascular diseases, neurogenic dis-
orders, and related chronic diseases responsible for a significant
amount of deaths in today's world. Intake of high vitamin C,
vitamin E, and flavonoids decrease the risk of CHD. Again, intake
of micronutrients, including antioxidants B-carotene, vitamin C and E,
and Se are involved in decreased risk of cancer.® Previous studies
revealed a potential relationship between high intake of a-lipoic acid,
vitamin E, or Se and reduced diabetic neuropathy in patients with
both Type 1 and Type 2 diabetes.®” To prevent or reduce oxidative
stress-dependent diseases, cells maintain a balance in the production
of oxygen radicals and in the removal of them by an antioxidant
defense mechanism. The defensive antioxidants enzymatic molecules
include SOD, GPx, catalase, and GST. Among them, catalase and SOD
reduce hydrogen peroxide and superoxide anion, respectively. Again,
GPx reduces glutathione which ultimately reduces hydrogen

peroxides. GST, on the other hand, causes the metabolism of

Biomarkers Value in control Value in patients No. of patients Age (years) Findings Diseases References
GSH (uM) 1496 + 365 661+276 112 48 +10 l GSH Breast cancer [84]
GSH (nmol/ml) 47.4+£29.7 434+214 62 73.3+6.8 1 GSH Alzheimer's [42]
SOD (U/gHb) 1120+ 50 1510+ 90 27 72.3+65 1 SOD Alzheimer's [85]
SOD (U/ml) 800 + 200 830+ 320 30 59.1+11.7 1T SOD Stroke [36]
Plasma SOD (U/ul) 2580+1170 3680+ 1270 48 64.9+95 1 SOD Parkinson's [86]
GPx*(cells/mm?) 282 (201-417) 515 (306-750) 4 65.5+8.6 1 GPx* Parkinson's [87]

Abbreviation: SOD, superoxide dismutase.
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FIGURE 2 Comparison of antioxidant levels

in elderly patients and healthy controls. 3000

6000

4000

2000

GSH (uM)

xenobiotic compounds by the formation of GSH conjugates with
them.”®

11 | METHODOLOGY

This narrative review was performed following a comprehensive search
for suitable articles in multiple online databases, including PubMed
(https://pubmed.nchi.nim.nih.gov/), Google Scholar (http://scholar.
google.com/), EMBASE (https://www.embase.com/), Web of Science
(https://mijl.clarivate.com/), Cochrane Library (https://www.
cochranelibrary.com/), and ScienceDirect (https://www.sciencedirect.
com/). We have applied the following search terms either alone or in
combination: “lipid peroxidation,” “antioxidants,” “age-related dis-

» o«

eases,

n o«

oxidation,” “polyunsaturated fatty acid,” “lipid peroxide and
elderly disease,” “lipid peroxide and cardiovascular disease,” “lipid

poly-

n o«

peroxide and neurogenic disorders,” “lipid peroxide and cancer,
unsaturated fatty acid,” and “biomarkers of lipid peroxides.”

We have included the articles that discussed (a) the lipid
peroxidation mechanism, (b) the role of lipid peroxides in elderly
diseases, cardiovascular diseases, neurogenic disorders, and cancer,
(c) the role of antioxidants in elderly diseases, and (d) antioxidant
therapy in age-related diseases. Besides, some articles were excluded
in our study for being (a) letter to editor, (b) commentaries, or (c) not
providing enough data to be included. For the statistical analyses, we
have applied IBM SPSS software package (version 25).

12 | CONCLUSION AND FUTURE
PERSPECTIVES

Lipid peroxidation products are highly reactive compounds that can
modify macromolecules, including nucleic acids, phospholipids,
leading to lipoxidation. Lipid peroxidation end products induce
oxidative stress and altered antioxidant levels play a vital role in
the progression of age-associated diseases. Lipid peroxidation
products have been associated with cardiac hypertrophy, contractile
dysfunction apoptosis, and thus, playing a role in heart failure. The

Open Access
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lipid peroxidation biomarkers have been observed to be associated
with several neurogenic disorders, including AD, PD, HD, and
amyotrophic lateral sclerosis.

In the field of age-associated diseases, the association of lipid
peroxidation products with these diseases will continuously be
investigated. Imbalanced metabolism of energy, altered levels of
antioxidants, and dysfunction of mitochondria have been observed in
several neurogenic diseases leading to oxidative stress, progressive
memory loss, and physical impairments. 4-HNE plays an essential
pathological role in cancer and macromolecular adducts of 4-HNE
found in the mitochondria are correlated with the development of
cancer through the modulation of mitochondrial function. Oxysterols
such as 7-KC and 7B-OHC were also found to be correlated with the
pathogenesis of cardiovascular diseases, cancers, AD, PD, and aging.
Antioxidant therapies have been considered a promising strategy to
treat oxidative stress-induced diseases lowering lipid peroxide
product levels. From the studies' analysis, it is well understood that
increased concentration of lipid peroxide products and decreased
concentration of antioxidants are associated with elderly diseases.

Although many questions related to age-related disorders and
lipid peroxides or antioxidants are yet to be elucidated, it is apparent
that an imbalance in lipid peroxide end products or antioxidants has
an imperative function in maintaining the aging process. Besides,
particular lipids and lipid-related biomarkers have been reported to
enhance or diminish in an age-associated manner. Future research
should aim to elucidate the underlying mechanisms targeting lifespan
alteration in different model organisms. This would lead to discover-
ing molecular targets and possible treatments that could be used for
elongating the human lifespan. Antioxidant supplements can com-
pensate for the reduced level of antioxidants and lower lipid peroxide
end-product levels to prevent chronic diseases and ultimately act as a
therapy to aid elderly conditions. However, further studies are
necessary to consider antioxidant therapy for chronic inflammatory

age-related diseases.

AUTHOR CONTRIBUTIONS
Conceptualization: Md. Mamun Or Rashid and Mohammad Safiqul
Islam. Writing—original draft: Julfikar Ali and Md. Abdul Aziz. Formal


https://pubmed.ncbi.nlm.nih.gov/
http://scholar.google.com/
http://scholar.google.com/
https://www.embase.com/
https://mjl.clarivate.com/
https://www.cochranelibrary.com/
https://www.cochranelibrary.com/
https://www.sciencedirect.com/
https://www.sciencedirect.com/

8 of 10 _Health Science Reports
WILEY P

ALI ET AL

OpenAccess

analysis: Mohammad Anwarul Basher. Writing—review and editing: Md.
Abdul Aziz, Julfikar Ali, and Mohammad Safiqul Islam. All authors
have read and approved the final version of the manuscript. The
corresponding author had full access to all the data in this study and
takes complete responsibility for the integrity of the data and the
accuracy of the data analysis.

ACKNOWLEDGMENT
The authors are thankful to the Department of Pharmacy, Noakhali

Science and Technology University.

CONFLICTS OF INTEREST

The authors declare no conflicts of interest.

DATA AVAILABILITY STATEMENT
The data that support the findings of this study are available on
request from the corresponding author.

TRANSPARENCY STATEMENT

The corresponding author affirms that this manuscript is an honest,
accurate, and transparent account of the study being reported; that
no important aspects of the study have been omitted; and that any
discrepancies from the study as planned (and, if relevant, registered)

have been explained.

ORCID

Mohammad Safiqul Islam http://orcid.org/0000-0003-4924-5319

REFERENCES

1. Yin H, Xu L, Porter NA. Free radical lipid peroxidation: mechanisms
and analysis. Chem Rev. 2011;111(10):5944-5972.

2. Anderson EJ, Katunga LA, Willis MS. Mitochondria as a source and
target of lipid peroxidation products in healthy and diseased heart.
Clin Exp Pharmacol Physiol. 2012;39(2):179-193.

3. Niki E. Biomarkers of lipid peroxidation in clinical material. Biochim
Biophys Acta. 2014;1840(2):809-817.

4. Zarrouk A, Debbabi M, Bezine M, et al. Lipid biomarkers in
Alzheimer's disease. Curr Alzheimer Res. 2018;15(4):303-312.

5. Halliwell B, Chirico S. Lipid peroxidation: its mechanism, measure-
ment, and significance. Am J Clin Nutr. 1993;57(5 Suppl):7155-725S.

6. Ramana KV, Srivastava S, Singhal SS. Lipid peroxidation products in
human health and disease 2019. Oxid Med Cell Longev. 2019;2019:
7147235.

7. Negre-Salvayre A, Auge N, Ayala V, et al. Pathological aspects of
lipid peroxidation. Free Radic Res. 2010;44(10):1125-1171.

8. Akila VP, Harishchandra H, D'souza V, D'souza B. Age related
changes in lipid peroxidation and antioxidants in elderly people.
Indian J Clin Biochem. 2007;22(1):131-134.

9. Cracowski JL, Cracowski C, Bessard G, et al. Increased lipid
peroxidation in patients with pulmonary hypertension. Am J Respir
Crit Care Med. 2001;164(6):1038-1042.

10. Sultana R, Perluigi M, Butterfield DA. Lipid peroxidation triggers
neurodegeneration: a redox proteomics view into the Alzheimer's
disease brain. Free Radic Biol Med. 2013;62:157-169.

11. Markesbery WR. Oxidative stress hypothesis in Alzheimer's disease.
Free Radic Biol Med. 1997;23(1):134-147.

12. Floyd RA. Antioxidants, oxidative stress, and degenerative neuro-
logical disorders. Proc Soc Exp Biol Med. 1999;222(3):236-245.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

Pratico D. Alzheimer's disease and oxygen radicals: new insights.
Biochem Pharmacol. 2002;63(4):563-567.

Sharma A, Kaur P, Kumar B, Prabhakar S, Gill KD. Plasma lipid
peroxidation and antioxidant status of Parkinson's disease patients
in the Indian population. Parkinsonism Relat Disord. 2008;14(1):
52-57.

Hu W, Feng Z, Eveleigh J, et al. The major lipid peroxidation product,
trans-4-hydroxy-2-nonenal, preferentially forms DNA adducts at
codon 249 of human p53 gene, a unique mutational hotspot in
hepatocellular carcinoma. Carcinogenesis. 2002;23(11):1781-1789.
Gago-Dominguez M, Castelao JE, Yuan JM, Ross RK, Yu MC. Lipid
peroxidation: a novel and unifying concept of the etiology of renal
cell carcinoma (United States). Cancer Causes Control. 2002;13(3):
287-293.

Sander CS, Hamm F, Elsner P, Thiele JJ. Oxidative stress in malignant
melanoma and non-melanoma skin cancer. Br J Dermatol. 2003;
148(5):913-922.

Skrzydlewska E, Sulkowski S, Koda M, Zalewski B, Kanczuga-Koda L,
Sulkowska M. Lipid peroxidation and antioxidant status in colorectal
cancer. World J Gastroenterol. 2005;11(3):403-406.

Gonencg A, Erten D, Aslan S, Akinci M, Simsek B, Torun M. Lipid
peroxidation and antioxidant status in blood and tissue of malignant
breast tumor and benign breast disease. Cell Biol Int. 2006;30(4):
376-380.

Girotti AW. Mechanisms of lipid peroxidation. J Free Radic Biol Med.
1985;1(2):87-95.

Gutteridge JM, Halliwell B. The measurement and mechanism of
lipid peroxidation in biological systems. Trends Biochem Sci. 1990;
15(4):129-135.

Tsikas D. Assessment of lipid peroxidation by measuring malondial-
dehyde (MDA) and relatives in biological samples: analytical and
biological challenges. Anal Biochem. 2017;524:13-30.

Grotto D, Maria LS, Valentini J, et al. Importance of the lipid
peroxidation biomarkers and methodological aspects for malondial-
dehyde quantification. Quim Nova. 2009;32(1):169-174.

Poli G, Biasi F, Leonarduzzi G. 4-Hydroxynonenal-protein adducts: a
reliable biomarker of lipid oxidation in liver diseases. Mol Aspects
Med. 2008;29(1-2):67-71.

Janicka M, Kot-Wasik A, Kot J, Namiesnik J. Isoprostanes-
biomarkers of lipid peroxidation: their utility in evaluating oxidative
stress and analysis. Int J Mol Sci. 2010;11(11):4631-4659.

Pratico D, Lawson JA, Rokach J, FitzGerald GA. The isoprostanes in
biology and medicine. Trends Endocrinol Metab. 2001;12(6):243-247.
Yoshida Y, Umeno A, Shichiri M. Lipid peroxidation biomarkers for
evaluating oxidative stress and assessing antioxidant capacity in
vivo. J Clin Biochem Nutr. 2013;52(1):9-16.

Szczepanska M, Kozlik J, Skrzypczak J, Mikotajczyk M. Oxidative
stress may be a piece in the endometriosis puzzle. Fertil Steril. 2003;
79(6):1288-1293.

Marnett LJ. Oxy radicals, lipid peroxidation and DNA damage.
Toxicology. 2002;181-182:219-222.

Seki S, Kitada T, Yamada T, Sakaguchi H, Nakatani K, Wakasa K. In
situ detection of lipid peroxidation and oxidative DNA damage in
non-alcoholic fatty liver diseases. J Hepatol. 2002;37(1):56-62.
Wong-Ekkabut J, Xu Z, Triampo W, Tang IM, Tieleman DP,
Monticelli L. Effect of lipid peroxidation on the properties of lipid
bilayers: a molecular dynamics study. Biophys J. 2007;93(12):
4225-4236.

Pocernich CB, Cardin AL, Racine CL, Lauderback CM, Butterfield DA.
Glutathione elevation and its protective role in acrolein-induced
protein damage in synaptosomal membranes: relevance to brain lipid
peroxidation in neurodegenerative disease. Neurochem Int. 2001;
39(2):141-149.

Lichtenberg D, Pinchuk |. Oxidative stress, the term and the concept.
Biochem Biophys Res Commun. 2015;461(3):441-444.


http://orcid.org/0000-0003-4924-5319

ALl ET AL : 9 of 10
Health Science Reports ope,.Amss_Wl LEY

34. Shinde A, Ganu J, Naik P. Effect of free radicals & antioxidants on 55. Chinta SJ, Mallajosyula JK, Rane A, Andersen JK. Mitochondrial a-
oxidative stress: a review. J Dent Allied Sci. 2012;1(2):63-66. synuclein accumulation impairs complex | function in dopaminergic

35. Pirinccioglu AG, Gokalp D, Pirinccioglu M, Kizil G, Kizil M. neurons and results in increased mitophagy in vivo. Neurosci Lett.
Malondialdehyde (MDA) and protein carbonyl (PCO) levels as 2010;486(3):235-239.
biomarkers of oxidative stress in subjects with familial hyper- 56. Bonini NM, Giasson BI. Snaring the function of alpha-synuclein. Cell.
cholesterolemia. Clin Biochem. 2010;43(15):1220-1224. 2005;123(3):359-361.

36. El Kossi MM, Zakhary MM. Oxidative stress in the context of acute 57. Shamoto-Nagai M, Maruyama W, Hashizume Y, et al. In parkinso-
cerebrovascular stroke. Stroke. 2000;31(8):1889-1892. nian substantia nigra, alpha-synuclein is modified by acrolein, a lipid-

37. Soliman GZ. Blood lipid peroxidation (superoxide dismutase, peroxidation product, and accumulates in the dopamine neurons
malondialdehyde, glutathione) levels in Egyptian type 2 diabetic with inhibition of proteasome activity. J Neural Transm. 2007;
patients. Singapore Med J. 2008;49(2):129-136. 114(12):1559-1567.

38. Goneng A, Ozkan Y, Torun M, Simsek B. Plasma malondialdehyde 58. Lim KL. Ubiquitin-proteasome system dysfunction in Parkinson's
(MDA levels in breast and lung cancer patients. J Clin Pharm Ther. disease: current evidence and controversies. Expert Rev Proteomics.
2001;26(2):141-144. 2007;4(6):769-781.

39. Delimaris I, Faviou E, Antonakos G, Stathopoulou E, Zachari A, 59. Zarkovic K. 4-Hydroxynonenal and neurodegenerative diseases. Mol
Dionyssiou-Asteriou A. Oxidized LDL, serum oxidizability and serum Aspects Med. 2003;24(4-5):293-303.
lipid levels in patients with breast or ovarian cancer. Clin Biochem. 60. Dalfo E, Ferrer I. Early alpha-synuclein lipoxidation in neocortex in
2007;40(15):1129-1134. Lewy body diseases. Neurobiol Aging. 2008;29(3):408-417.

40. DidZiapetriené J, Bublevi¢ J, Smailyté G, Kazbariené B, Stukas R. 61. Morel P, Tallineau C, Pontcharraud R, Piriou A, Huguet F. Effects of
Significance of blood serum catalase activity and malondialdehyde 4-hydroxynonenal, a lipid peroxidation product, on dopamine
level for survival prognosis of ovarian cancer patients. Medicina. transport and Na+/K+ ATPase in rat striatal synaptosomes.
2014;50(4):204-208. Neurochem Int. 1998;33(6):531-540.

41. Pratico D, Lee V MY, Trojanowski JQ, Rokach J, Fitzgerald GA. 62. Wang P, Xie K, Wang C, Bi J. Oxidative stress induced by lipid
Increased F2-isoprostanes in Alzheimer's disease: evidence for peroxidation is related with inflammation of demyelination and
enhanced lipid peroxidation in vivo. FASEB J. 1998;12(15): neurodegeneration in multiple sclerosis. Eur Neurol. 2014;72(3-4):
1777-1783. 249-254,

42. Aybek H, Ercan F, Aslan D, Sahiner T. Determination of malondial- 63. Klepac N, Relja M, Klepac R, Hec¢imovi¢ S, Babi¢ T, Trkulja V.
dehyde, reduced glutathione levels and APOE4 allele frequency in Oxidative stress parameters in plasma of Huntington's disease
late-onset Alzheimer's disease in Denizli, Turkey. Clin Biochem. 2007; patients, asymptomatic Huntington's disease gene carriers and
40(3-4):172-176. healthy subjects: a cross-sectional study. J Neurol. 2007;254(12):

43. Kassner SS, Bonaterra GA, Kaiser E, et al. Novel systemic markers 1676-1683.
for patients with Alzheimer's disease?—a pilot study. Curr Alzheimer 64. Barrera G. Oxidative stress and lipid peroxidation products in cancer
Res. 2008;5(4):358-366. progression and therapy. ISRN Oncol. 2012;2012:137289.

44, Seet RC, Lee CY, Lim EC, et al. Oxidative damage in Parkinson's 65. Sener DE, Géneng A, Akinci M, Torun M. Lipid peroxidation and total
disease: measurement using accurate biomarkers. Free Radic Biol antioxidant status in patients with breast cancer. Cell Biochem Funct.
Med. 2010;48(4):560-566. 2007;25(4):377-382.

45, Sanyal J, Bandyopadhyay SK, Banerjee TK, et al. Plasma levels of 66. Cheeseman KH. Mechanisms and effects of lipid peroxidation. Mol
lipid peroxides in patients with Parkinson's disease. Eur Rev Med Aspects Med. 1993;14(3):191-197.

Pharmacol Sci. 2009;13(2):129-132. 67. Dargel R. Lipid peroxidation—a common pathogenetic mechanism?

46. Andican G, Konukoglu D, Bozluolcay M, Bayilkem K, Firtiina S, Exp Toxicol Pathol. 1992;44(4):169-181.

Burcak G. Plasma oxidative and inflammatory markers in patients 68. Gago-Dominguez M, Jiang X, Castelao JE. Lipid peroxidation,
with idiopathic Parkinson's disease. Acta Neurol Belg. 2012;112(2): oxidative stress genes and dietary factors in breast cancer
155-159. protection: a hypothesis. Breast Cancer Res. 2007;9(1):201.

47. Massey KA, Nicolaou A. Lipidomics of oxidized polyunsaturated 69. Esme H, Cemek M, Sezer M, et al. High levels of oxidative stress in
fatty acids. Free Radic Biol Med. 2013;59(100):45-55. patients with advanced lung cancer. Respirology. 2008;13(1):112-116.

48. Mitchell JA, Kirkby NS. Eicosanoids, prostacyclin and cyclo- 70. Mutemberezi V, Guillemot-Legris O, Muccioli GG. Oxysterols: from
oxygenase in the cardiovascular system. Br J Pharmacol. 2019; cholesterol metabolites to key mediators. Prog Lipid Res. 2016;64:
176(8):1038-1050. 152-169.

49. Jamieson KL, Endo T, Darwesh AM, Samokhvalov V, Seubert JM. 71. Canzoneri F, Leoni V, Rosso G, Risso D, Menta R, Poli G. Oxysterols
Cytochrome P450-derived eicosanoids and heart function. as reliable markers of quality and safety in cholesterol containing
Pharmacol Ther. 2017;179:47-83. food ingredients and products. Front Nutr. 2022;9:853460.

50. Westphal C, Konkel A, Schunck WH. Cytochrome p450 enzymes in 72. Gargiulo S, Gamba P, Testa G, Leonarduzzi G, Poli G. The role of
the bioactivation of polyunsaturated fatty acids and their role in oxysterols in vascular ageing. J Physiol. 2016;594(8):2095-2113.
cardiovascular disease. Adv Exp Med Biol. 2015;851:151-187. 73. Zarrouk A, Vejux A, Mackrill J, et al. Involvement of oxysterols in

51. Polidori MC, Frei B, Cherubini A, et al. Increased plasma levels of age-related diseases and ageing processes. Ageing Res Rev. 2014;18:
lipid hydroperoxides in patients with ischemic stroke. Free Radic Biol 148-162.

Med. 1998;25(4-5):561-567. 74. Nury T, Yammine A, Ghzaiel |, et al. Attenuation of 7-

52. Reed TT. Lipid peroxidation and neurodegenerative disease. Free ketocholesterol- and 7B-hydroxycholesterol-induced oxiapopto-
Radic Biol Med. 2011;51(7):1302-1319. phagy by nutrients, synthetic molecules and oils: potential for the

53. Mattson MP. Pathways towards and away from Alzheimer's disease. prevention of age-related diseases. Ageing Res Rev. 2021;68:
Nature. 2004;430(7000):631-639. 101324.

54. Arimon M, Takeda S, Post KL, Svirsky S, Hyman BT, Berezovska O. 75. Anderson A, Campo A, Fulton E, Corwin A, Jerome WG,

Oxidative stress and lipid peroxidation are upstream of amyloid
pathology. Neurobiol Dis. 2015;84:109-119.

O'Connor MS. 7-Ketocholesterol in disease and aging. Redox Biol.
2020;29:101380.



10 of 10 WI LEy_HeaIth Science Reports

76.
77.
78.

79.
80.
81.

82.

83.

ALI ET AL

OpenAccess

Poli G, Leoni V, Biasi F, Canzoneri F, Risso D, Menta R.
Oxysterols: from redox bench to industry. Redox Biol. 2022;49:
102220.

Lembo D, Cagno V, Civra A, Poli G. Oxysterols: an emerging class
of broad spectrum antiviral effectors. Mol Asp Med. 2016;49:
23-30.

Saeed SA, Urfy MZS, Ali TM, Khimani FW, Gilani AH. Anti-
oxidants: their role in health and disease. Int J Pharmacol. 2005;
1(3):226-233.

Singh RB, Ghosh S, Niaz MA, et al. Dietary intake, plasma levels of
antioxidant vitamins, and oxidative stress in relation to coronary
artery disease in elderly subjects. Am J Cardiol. 1995;76(17):
1233-1238.

Mullan K, Cardwell CR, McGuinness B, Woodside JV, McKay GJ.
Plasma antioxidant status in patients with Alzheimer's disease and
cognitively intact elderly: a meta-analysis of case-control studies.
J Alzheimers Dis. 2018;62(1):305-317.

Padurariu M, Ciobica A, Hritcu L, Stoica B, Bild W, Stefanescu C.
Changes of some oxidative stress markers in the serum of patients
with mild cognitive impairment and Alzheimer's disease. Neurosci
Lett. 2010;469(1):6-10.

Venkateshappa C, Harish G, Mythri RB, Mahadevan A, Bharath MM,
Shankar SK. Increased oxidative damage and decreased antioxidant
function in aging human substantia nigra compared to striatum:
implications for Parkinson's disease. Neurochem Res. 2012;37(2):
358-369.

Kim SY, Kim JW, Ko YS, Koo JE, Chung HY, Lee-Kim YC. Changes in
lipid peroxidation and antioxidant trace elements in serum of women
with cervical intraepithelial neoplasia and invasive cancer. Nutr
Cancer. 2003;47(2):126-130.

84.

85.

86.

87.

88.

89.

90.

Yeh CC, Hou MF, Wu SH, et al. A study of glutathione status in the
blood and tissues of patients with breast cancer. Cell Biochem Funct.
2006;24(6):555-559.

Ozcankaya R, Delibas N. Malondialdehyde, superoxide dismutase,
melatonin, iron, copper, and zinc blood concentrations in patients with
Alzheimer's disease: cross-sectional study. Croat Med J. 2002;43(1):
28-32.

lhara Y, Chuda M, Kuroda S, Hayabara T. Hydroxyl radical and
superoxide dismutase in blood of patients with Parkinson's disease:
relationship to clinical data. J Neurol Sci. 1999;170(2):90-95.
Damier P, Hirsch EC, Zhang P, Agid Y, Javoy-Agid F. Glutathione
peroxidase, glial cells and Parkinson's disease. Neuroscience. 1993;
52(1):1-6.

Willcox JK, Ash SL, Catignani GL. Antioxidants and prevention of
chronic disease. Crit Rev Food Sci Nutr. 2004;44(4):275-295.
Ziegler RG, Mayne ST, Swanson CA. Nutrition and lung cancer.
Cancer Causes Control. 1996;7(1):157-177.

Cejas P, Casado E, Belda-Iniesta C, et al. Implications of oxidative
stress and cell membrane lipid peroxidation in human cancer (Spain).
Cancer Causes Control. 2004;15(7):707-719.

How to cite this article: Ali J, Aziz MA, Rashid MMO, Basher
MA, Islam MS. Propagation of age-related diseases due to the
changes of lipid peroxide and antioxidant levels in elderly
people: a narrative review. Health Sci Rep. 2022;5:€650.
doi:10.1002/hsr2.650


https://doi.org/10.1002/hsr2.650

	Outline placeholder
	ACKNOWLEDGMENT




