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Abstract

Background: 8-Hydroxy-2-deoxyguanosine is a biomarker of oxidative stress, released from damaged
DNA due to disease processes and chemical exposure. Several studies targeted the levels of this
biomarker to evaluate the detrimental effects on the level of genetic material.

Materials and Methods: Keywords, such as: 8-Hydroxy-2-deoxyguanosine, 8-OHdG,oxidative stress,
were searched in many search engines to review 8-Hydroxy-2-deoxyguanosine levels in most of the
available studies in order to clarify the degree of DNA damage in various pathological conditions by
determining the level of the above mentioned biomarker.

Results: in most of the reviewed studies, such as: neurodegenerative disorders, malignant conditions,
diabetes mellitus, among other inflammatory processes, the concentrations of 8-Hydroxy-2-
deoxyguanosine were higher than in control groups. Surprisingly, the few studies conducted on
alcoholics showed a decline in the levels of this biomarker compared to non-alcohol drinkers.
Conclusion: 8-Hydroxy-2-deoxyguanosine is one of the vital DNA damage indicators which needs to
be given more attention in terms of seeking the harmful oxidative burden on human genetic material for
providing more robust measures to early detection such harms before progressing to severe and
irreversible health problems.

Keywords: DNA damage, diseases and pathological conditions, 8-hydroxy-2-deoxyguanosine

Introduction

The 8-hydroxy-2-deoxyguanosine (8-OHdG) is widely used as a marker to measure the level
of oxidative stress in a cell leading to the formation of so-called DNA oxidation (Chao et al.,
2021; Gholinezhad et al., 2020) [21. 431,

/N ~ NH
HO —< | k
N NZ NH:2

HO

OH H
Fig 1: Structure of 8-OHdG (Graile et al., 2020) 591,

Oxygen radical is, in fact, a molecule named hydroxyl radical that is a major reactive oxygen
species that interacts with the nucleobases of the DNA as was studied earlier by Valavanidis
et al. (2009). The guanine of aforementioned nucleobases is the most histolyzing, leading to
the generation of 8-OHdG.
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Figure 1. The relation of the 8-OHdG at a higher position
with chronic respiratory diseases deemed as COPD got
proved (Di Minno et al., 2016; Neofytou and Tzortzaki,
2012) 2 %1 Smoking, aging and exposure to different
physical, chemical and biological factors can also lead to an
augment of 8-OhdG levels (Abusoglu et al., 2014; Sakano et
al., 2009) [ 1091,

The concept of oxidative stress indicates the situation when
neutralizing the overabundance of ROS's by the glutathione
system is less efficient than ROS formation. These the
process of membrane disintegrate and initiate lipid, protein
and DNA harms ends the life of the cell (Du et al. 2012;
Khatri et al. 2013) B¢, First of all, ROS most often occurs
from oxygen, it may be the case of superoxide (02), the
hydroxide (OH) or peroxyl rad. Enzymes like (ROO), and
(H20;) are part of the respiratory system of the bacteria.
Meantime, free radicals when getting neutralized, expel
toxins and harmful molecules from your body in the form of
ROSs (Herzog et al., 2009) 59, Oxidative stress, also known
as the enhancement of the potency of ROSs over
antioxidants, takes place when antioxidants are oxidative
and become weaker with age. Thus this arouses free radicals
to have a windfall profit as a result, and they deprive our
cells and tissues of oxygen and nutrients essential for
cellular integrity (Elsaesser and Howard 2012; Fu et al.,
2014; Dijurisic et al., 2015) [36.42.34],

Oxidative stress is considered to be one of the most dramatic
of all these effects and it is leading to DNA damage. The
process of the modern biological detection of DNA
oxidation is often done with biomarkers (Brown et al., 201)
(131 8-OHdG is the most abundant nuclear predicate of
oxidation of nucleic acid molecular biomarkers which
makes it stand out among the bunch of other options. Graille
and associates (2020a) presented the birth of 8-OHdG in
1984. Their research study showed a free radicals study.

The main focus of this review is the use of 8-OHdG, the
helper factor of genetic material, to pinpoint oxidative stress
state as the beginning path of illnesses like cancer, aging,
and more.

Chapter One

Review of Literature

Definition of 8-Hydroxy-2-Deoxyguanosine

Oxidative  product of the DNA, 8-hydroxy-2-
deoxyguanosine (8-OHdG), otherwise One of the most
widely studied and abundant oxidated adducts (Osaka and
Nasirzadeh, 2021; Urbaniak et al., 2020) [ %91 is 8-hydroxy-
2-deoxyguanosine (Here GAC mutagenicity which is of the
mutationly G to T is induced by it. The group of the major
organic radical heterogeneous atoms listed as -OH, singlet
oxygen, and peroxide and peroxynitrite which has also
earlier been called 8-OHdG belong to the group of the
organic radical ROS. Furthermore, Fenton chemistry also
results in the creation of another free radical, the superoxide,
that can further react to 8-OHdG under the influence of
sunlight. 8-OHdG, produced either in nuclear or
mitochondrial DNA, is the most indicative product in the
determination of BP conception (Urbaniak et al., 2020;
Omari Shekaftik and Nasirzadeh, 2021) 49 %81,

8-OHdG formation is so fast and is quite common even in
low reactive oxygen species environments; on the other
hand, 8-OHdG repair is slow and hardly visible under
normal cellular oxidative conditions. Meanwhile, at present,
most techniques for detecting 8-OHdAG depend on the use of
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antibodies which comprise histo chemical assays, DNA
isolation and quantification on 8-OHdG DNA and
measurements of 8-OHdG in tissues and bodily fluids. The
advent and utilization of the antibody method has not only
resulted in the fastening of the research on 8-OHdG but also
been useful in the identification of a variety of lesions in
DNA that have been linked to 8-OHdG. Besides point
mutations, 8-OHdG seems to relatively err on the side of
failure to disturb the DNA helix rather than double-strand
breakage and the loss of one or multiple bases. This explains
why the oxidative stress markers especially 8-OHdG which
are highly proliferated in non-dividing tissues like brain
where they seem to be widely used in gene transcription
Besides the usual products of the lipid peroxidation, the
range of pro-inflammatory mediators like the cytokines,
interferon and tumor necrosis factor-alpha can unblock the
expression of the 8-OHdG. Studies are ongoing to establish
if 8-OHAG has any disease implications. The number of
studies agree that an increase in 8-OHdG immune reactivity
is generally associated with cancer tissues. The variation in
the 8-OHdAG levels is believed to be associated with a
positive or a negative prognosis of non-small cell lung
carcinomas. Aside from that, the increased levels of 8-
OHDG have also been determined in some genetic disorders
which are hereditary (Graille et al., 2020; Urbaniak et al.,
2020) [48.49],

An average life of a radical free forms anywhere from 10ns
approaches 10min. However, there have arisen persistent
radicals which can linger and exert significant damage.
Concentration of the free radicals has become a major issue
as it leads to the reason for genesis of different type of
diseases. Free radicals are used in all living cells through
which they can work as antioxidants or inhibit the function
the form of prooxidants. These are, however, true that we
are all under siege of the "arsenal” that is free radicals but
still in the end, life depends on these fighting. Oscillation
species has a prominent role in the inflammation which
according to what has been mentioned in the literature
(Canakei et al., 2005) [81,

An oxidative or reductive profile is a result of action of
reactive oxygen species as well as the level of antioxidants,
and consequently the preservation of health is akin to a
servo mechanism that controls the organism's health.
Disease states usually involve an overproduction of ROS
species and then they exceeding of the antioxidant defenses
(The blevel of the ROS species is higher than that of the
production of antioxidants) as a result of an excess of
defensive mechanisms against oxidativestress (Muthuraj et
al., 2021) B,

And thus, in more than hundred diseases including
periodontal illness which is induced by cyclic oxidant stress
because oxidative stress can break down the proteins, lipids,
and DNA, people are exposed to the damage (Canakgi et al.,
2009) 071,

Significance of 8-Hydroxy-2-Deoxyguanosine

In addition to cell signaling, apoptosis and gene expression
other biological reactions get affected through the oxidative
stress and the impacts are very much evident. The ROS
system interaction is a way of antioxidant defense which
helps to fight oxidation in case of higher quantity can lead to
a permanent damage. Living organisms produce two
primary forms of reactive oxygen species (ROS): This are
going to be homolysis of O2-¢ form OHe. Although the
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ROS, which restrict the system inside the cell wreck the
existing macromolecules including proteins, membrane
lipids and DNA, are the main reasons lead to cell death.
Furthermore, the Haber—Bosch reaction can be carried
across cellular level wherewith there exists the odds that it
may lead to oxidative stress. This mechanism can be
described as the catalytic interaction between H202 and Fe

https://www.biochemistryjournal.net

ions that ends with production of reactive ROS: i.e., O2¢ and
OHe. The ionisation is the same, except in this case, the
ferric ions are produced in the last stage by reduction of
ferrous ions in the first one. This is all about the effect of not
iron but is really iron. Fenton reelection is subsequent,
which in turn is followed by the Fenton reagent. (as
represented by Figure 1.3; McCord, 1987) [#7],

(?;
=4

Fenton Reaction

0, + Fe3*»> Fe?* + 0,
Fe?* + H,0, = Fe3* + OH™ + OH-
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Fig 2: (a, b) "Hydroxyl radical and formation of its scavengers and their involvement in health and disease" (Goriuc et al., 2024) [47],

With 8-OHdG enough can be found in human liquids, etc.
There is a consideration about the reliability of the test-kit
that is based on the level of oxidative DNA damage of the
assay because of its precision and similarity to the original.
Guanine of course, is the nitrogenous base a bit weaker
again the oxidative potential equally as the other three DNA
bases. Yet, that was partly prevailed by the counter reactions
of the others reactive groups. Guanine oxidation causes
transversions (Always fills the gap of guanine-thymine or
guanine-adenine pairing) therefore gene mutation occurs as
a result and dangerous outcomes arise. In this regard,
guanine strands and junctions presented to such oxidative
process will become the most vulnerable ones to be the
targets of halide oxidation, alkylation and other violent
reactions that will eventually lead to the most frequent DNA
defects. Human bodies have 24 hours cycle which means
that they have high and low time, and during the low period
of time, bodies are more vulnerable to any irregularities
which might appear in different organs that may cause their
malfunction, resulting in severe consequences that humans
may die from (Jena and Mishra, 2012) 671,

The human mitochondrial DNA is made up of 16569 base
pairs formed if two stranded DNA. MtDNA dispersed
nucleic acid and the number of copies per mitochondrion is
different each time from 2 to 10. The construction of this
13-genes is borrowed from the genome that encodes
oxidative phosphorylation mitochondrial respiration. In
addition, this gene includes two ribosomal RNA genes and
the number tRNA genes is required for the mitochondrial
DNA transcription. In addition, you need to be aware that
this mitochondrion are all over the cell and are ranging from

a couple of hundred and a couple of thousands. ROS
conglomerate a sequence of reactions consecutively and
these reactions are generated at a particular place near inner
mitochondrial membranes. Human mtDNA (mitochondrial
DNA) wrapping blockade of the histone molecule and
features a direct DNA-membrane interface. So, mtDNA is
the exact idea that shows the rate of the replication is faster
than any of the nuclear DNA since there is no DNA repair
systems nor any DNA correction mechanisms that are
functionally properly.

However, as a result of recent research the mtDNA
abnormalities are shown to originate at molecular level and
may be seen at DNA deletions or point mutations stage
resulting into wide spectrum of pathological disorders such
as degenerative diseases or aging. It is an example when "5
bp delection™ has a tendency to recur again and again among
various organs like that of aged people (Ganakgi et al.,
2009; Mustafa et al., 2020) [7: %01,

Hydroxy-2-Deoxyguanosine in Pathology

Nowadays 8-OHdG which is a relative important indicator
proposing the DNA bulldozing process is highly linked with
the cases of cancers, neurological diseases, poor periodontal
conditions and inflammatory chronic conditions. Apart from
this, excessive oxidative stress has been reported in many
disorders like inflammatory bowel disease and T2DM, and
it is a creating or contributing factor for ascription of
inflammation (Canakgi et al., 2009; Chapple and Mathews,
2007; Takane et al., 2005; Rai et al., 2008) [17:22 135, 101]
Principally, (Elucidating this) meta-analysis study has
projected that CVD patients (Particularly) have higher 8-
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OHdG levels than the control group. A study has also shown
that the concentration of the 8-OHdG did not depend upon
any of the CVD risk factors like diabetes, hyperlipidemia, or
body mass index (Di Minno et al., 2016) %1, Recent studies
have documented that 8-hydroxy-2'-deoxyguanosine (8-
OHdG) levels rise as endpoint of clinical outcomes of
stroke. Besides the participation with these 8-OHdG level
which is the indicator of the plaque that has a relationship
with the stroke relapse in patients is also observed
(Korkmaz et al., 2018) 3l 1t is usually a consequence of
both oxidation and inflammation are found together in
CKD. Occasionally, these two diseases coexisting each
other can be an extra detrimental factor to a Kkidney.
Mortality Risk Index does not work probably since it does
not depend on glomerular filtration rate estimation. One of
the most important advantages is that it is not necessary to
check the inflammatory component here (Dai et al., 2019)
[27]

In terms of neurodegenerative disorders, 8-OHdG show a
potency for the purpose of diagnosing Alzheimer disease via
serum. Such uniqueness of this factor is ideal for
differentiating people on the basis of the treatment choices
they make because it revealed the same increasing trend
(Korkmaz et al., 2018) [,

Besides, the HD affected have a high 8-OHdG level in
dorsolateral prefrontal cortex as well as blood and white
blood cell fractions (Long et al., 2012) 811,

Many investigations have shown that there is a larger
concentration of 8-OHdG in the substantia nigra in cases of
PD patients than healthy subjects have did. It was also noted
that more peripheral regions such as the caudate nucleus and
others also registered a higher level of this type of DNA
damage. The dendritic cells have been noticed to be a main
contributor as to how different types of neuro degeneration
occur under different circumstances while it has also been
noted that the lymphyc users and other organs may also play
significant roles in the progression of this disease. In brief,
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those cells could undergo upturned 8-OHdG synthase
activities (Gmitterova et al., 2009) [°1,

In addition to that, there is established an undebated
connection between high 8-OHdG concentration and genetic
defects, the phenotype of which is the signs of
carcinogenesis. The set link among the oxidative DNA
damage products, the 8-OHdG serous ovarian cancer stage
at advanced age, and insufficient intake of antioxidants at
this age group to reduce the increased chances is clearly
established by the meta-analytical literature. A different
study says that the activation of oxidative stress is the main
factor that leads to the creation of colon cancer (CRC). Due
to relatively high 8-OHdG urine levels correlated with CRC
risk at an earlier time, the fluid biomarker worked
functionally to serve the concern detection and assessment
in Indels of CRC, which partially obscured by Guo et al.
(2016) B2 for further evaluation. This is just another
evidence that 8-Ohdg even at elevated level cannot
necessarily reflect a cancer because cancer cannot be
defined by higher 8-OHdg. The tumour tissue antioxidant
activity was lowered and it might be that the 8-OHdG is
their predictors of a poor prognoses (Qing et al., 2019) 1001,

Hydroxy-2-Deoxyguanosine and Diabetes Mellitus

When the blood glucose levels are chronically in high levels
and such health conditions can be related to the
development of the oxidative stress (Szendroedi et al., 2011)
341 Water itself is acted upon in the H202, OHe, and 02—
metabolic processes, which is one of the sources of the
secondary products. Among cellular content, mitochondria
(Mainly producers of reactive oxygen species or ROS),
peroxisomes (involved in fatty acid breakdown), and the
Cytochrome P450 system (find their use in the mixed-
functional oxidation system), play a pivotal role in the
oxidative stress process and are constantly growing up ROS
(Halliwell and Gutteridge, 2015) 581,
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Increase in hyperglycemia leads to ROS levels that
significantly rise, it occurs interactions that degrade cellular
balance and leads to cell lesions due to the molecular
disruption (Canakgi et al., 2009) 261,

Reactive oxygen species (ROS) generation taking place in
oxyhemoglobin effecting glucose transporter 4 translocation
from intracellular compartments therefore increasing the
blood glucose level (Ding et al., 2021; Leguisamo et al.,
2012) B3 78 The cell loses homeostatic balance in
hyperglycemia, as the overproduction of reactive oxygen
species (ROS) results in the ROS-catalyzed oxidative
breakdown of glucose. Such process which further continues
in turn boost production of advanced glycosylation end
products (AGEs) in T2D patients. The major factors
contributing to the restoration of two rainforests i.e.
transparency of the process and balance of water resources
played remarkable roles on the global level (Kowaltowski et
al., 2009) 74,

The other influenced program will affect the disruption of
OXPHOS process as well as the decline of NADH
oxidoreductase activity. It would be par for the course to
mention the insulin resistance (Cojocaru et al., 2023) [?51,

It is the oxidative damage that plays a key role and has been
explored by many researches (Cai and Kang, 2001) [*31. This
damage leads to diabetic complications, which result in a lot
of deaths. The existence of increased DNA and protein
oxidation, together with lipid, provides the correlated data
which could be translated into the living humans with the
observation of consequence of oxidative stress and its
involving with diabetes induced problems.

Concerning oxidative alterations the nucleus and
mitochondrial DNA are principally the region to be affected
(Cooke et al., 2002) 28, Guanine (Which is the main
nitrogenous base commonly known as purines and
pyrimidines) is highly prone to getting damaged by several
types of carcinogens. Oxidative stress is nothing but product
run due to introduction of hydroxyl group at eighth position
of guanine base which results in the generation of 8-OHdG
as the only end product. The transport of an OH adduct from
8-oxodeoxyguanosine to 8-OHdG is specifically linked to a
higher frequency of indices of damage in cytomicrobial
DNA degradation. With the help of the 8-OHdG and the
4977bp mtDNA deletion described by Suzuki et al., stress
assessment is reported as more useful and meaningful for
the patients with diabetes (Suzuki et al., 1999) [331,

The Laboratory methods for the detection of serum/urinary
8-OHdG level are various and it varies from protein-specific
to enzyme-linked immunosorbent assay, greatDi drug to
Immunofluorescence to other baseline protein-, peptide-
based techniques such as by high-performance liquid
chromatography  or  liquid  chromatography  mass
spectrometry.

There is a chance for patients suffering from the
complications of T2DM to show such problems as a sharp
increase in 8-OHdG concentration when compared to
healthy individuals without this diagnosis. Besides, 8-OH
dG in urine is known to be the best local marker of the
oxidative stress-related damages leading to human diseases.
In Performing analysis, Negishi et al. found in his research,
2001 HbAlc was linearly opposed to 8-OHdG excreted in
urine over a period of 24 hours. This research by Leinonen
et al., gave the fact that the 24 hours urine excretion value
among diabetics was equal to those of the control volunteers
(Leinonen et al., 1997) 71,
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8-hydroxy-2-deoxyguanosine and Smoking

Cancers caused by lungs occupy the top spot globally in
terms cancer incidence for the past few years. They also
carry the highest associated deaths due to the cancer-related
disease worldwide (Ferlay et al., 2014) [ In cigarette
smoking (CS), lung cancer (LC) may be characterized as
one of its important etiologic factors (Ferlay et al., 2014)
[0l Notwithstanding the fact CSS affects the manner
through which it contributes to the development of lung
cancer is mysterious. Smoking has already become a main
factor that is known to contribute to the oxidative stress,
which is then followed by DNA damage and mutations of
the genes implicating tumors in the line. These parameters
seem to be of great significance in the onset of cancer (An et
al., 2019) b1,

An interaction of reactive oxygen and nitrogen species
causes DNA damage which nucleotide 8-hydroxy-2-deoxy
guanosine (8-OHdG) is a result. The compound is a very
specific biomarker for oxidative stress. In addition to the
aging process, 8-OHdG level also can be positively related
with some diseases such as cancer, diabetes, and
hypertension (David et al., 2007) 281,

It is a common knowledge that oxidative stress due to
smoking plays a role in the incidence of p53 mutations
(Gibbons et al., 2014) 1. The restricted mutant p53 mode
to facilitate DNA repair was considered to play a role in the
development of cancer.

The process of accumulation of carboxyhemoglobin, which
is a consequence of smoking, significantly reduces the
function of hemoglobin to transport oxygen, poisons with
hypoxia, which, as a result, leads to a hypoxic state.
Subsequently, this is able to suppress the production of
reactive oxygen species (ROS) and meanwhile decrease 8-
hydroxy-2-deoxyguanosine (8- OHdG) expression (Archer
etal., 1993) [,

This correlation between smoking and low levels estrogens
can be explained by the fact that smoking leads to
antioxidant enzymes overproduction due to the oxidative
stress. The smoking-ROS-8-OHdG axis of the NSCLC
(Non-small cell lung cancer) is emerging as a complex
modulatory system, with ROS, antioxidant enzymes status,
and hypoxia of tumor microenvironment being involved (An
etal., 2019) B,

A study conducted by An et al. in 2019 proved that, among
all the unhealthy habits, smoking is the prime contributing
factor to high level of oxidative stress. Nevertheless, no link
between the components of which smoking constitute and
an up-regulation of 8-OHdG was detected in the research.
This may signify that the pattern of at 8-OHdG expression
in cancer is much more sophisticated and could get the
functional status of antioxidant enzymes and/or the hypoxic
environment of cancer into consideration. We found out that
immune histochemical staining expression of p53 had some
association with smoking status of patients.

In the assessment of the effects of smoking on the plasma
antioxidant  defenses and  urinary  8-hydroxy-2-
deoxyguanosine, Metta along with his colleagues conducted
a study on heart disease patients with ischemic heart disease
as the subjects. The study indicated the seriousness of
oxidative stress through a significant negative correlation
between serum 8-OHdG and TAS, which are indicative of
oxidative stress. The urinary 8-OHdG being used as a super
sensitive marker could in turn, help us to located damaged
DNA in smokers.

~130~


https://www.biochemistryjournal.net/

International Journal of Clinical Biology and Biochemistry

8-Hydroxy-2-Deoxyguanosine and Alcohol Drinkers

The results of research have shown that ethanol is involved
in oxidative stress of the liver; rats that consumed ethanol
showed high level of lipid peroxidation in their liver (Koch
et al., 1991; Uysal et al., 1989) ™% 500 In this regard,
cognitive impairment is among the visible symptoms
reported (Rouach et al., 1987) [0 as are DNA
segmentation in liver cells (Rajasinghe et al., 1990) [102,
decreased vitamins A and E levels (Nordmann, 1987; Hagen
et al., 1989) 7531 and low levels of glutathione observed in
Further, another study from 1997 published by Thome et al.
reported an increase in the hydroxyl radical levels in the
peripheral blood of the human individuals after taking
alcohol. It can be mentioned that after exposure of ethanol
ROS production occurs and such mechanisms are was
proposed how ROS generation happens during ethanol
exposure (Bondy, 1992) ['4. As reactive oxygen species
(ROS) have been implicated in the progression of e CHD as
well as cancer, it is accordingly postulated that they have a
role in escalating both conditions (Floyd, 1990) 4,

The paper by Bianchini in 2001 ! investigated the alcohol
intake and it is an indicator of 8-oxodGuo level. This
comparison was carried out at the individual level, utilizing
the study centre comparison, and the center level, altering
comparison of mean oxidative DNA with the alcohol intake
between the four study centers. The research findings
revealed to be a negative association between 8-oxodGuo
and the volume of overall alcohol consumption at the
individual level, especially among women who reported
regular alcohol intake. Furthermore, he found a parallel
between the degree of DNA damages of oxidative kind,
which is consequences of alcool ingestion a could be
established by the amount of 8-oxodGuo in
lymphocytes. Besides that, alcohol use in average scale had
negative relevance with amounts of 8-oxodGuo of people
can be seen in all four populations of the study. However,
the curious relationship of alcohol consumption on
decreasing DNA damage by free radicals does not
correspond to the type of beverage that one consumes
(Bianchini, 2001) &,
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8-Hydroxy-2-Deoxyguanosine in Cardiovascular
Diseases

The CVD risk factors consist of a set of variables with the
diabetes type 2, hypertension, smoking behavior,
overweight, and dyslipidemia taking the lead role. The ROS
formation, as well as its physiological correction function,
and its involvement in numerous diseases like heart attacks,
is an important issue (Brea et al., 2012) 4, Physiologically,
the ROS is being destroyed normally by the antioxidant
system. Nevertheless this situation can be seen as a
precarious equilibrium since the concentration of ROS
exceedingly could cause oxidative damage to proteins, lipids
and DNA (Sies, 1991) [3U DNA injury is usually
encountered with the removal of system as oxidation
metabolites are directly excreted to the urine (Shigenaga et
al., 1989) (141,

The diuretic effect and oxidative stress induced by the
alcohol leads to increase of the urine levels of the oxidized
metabolites, which causes a higher risk of development of
various pathological diseases (Evans et al., 2004) 8, The
rise of their 8-OHdG test level was noticed in a work done
by Serdar in 2012 to people understand diabetic
patients. Consequently, the research by Rosello-Lleti et al.
(2012) [ demonstrated that hypertension patients could be
at a higher risk of developing oxidative stress, since they
had to deal with higher oxidative stress markers - 8-OHdG.
Unlike what already has been reported in the scientific
publications that there is a substantive connection between
DNA damage and atherosclerosis formation (Maria Grazia
Andreassi et al., 2003; Ross, 1999) [8 1081 the direct cause
of the damage in the development and formation of the
illness remains a puzzle. Consequently, it’s still necessary
for more innovative and extensive research programs to
discover. In 2016, a systematic review of available literature
from Di Minno et al. was conducted to find the relation
between the 8-OHdG level and cardiovascular disease. We
separated the acquired data into four groups that covered
four kinds of vascular diseases (Coronary artery disease,
stroke, peripheral arterial disease, carotid stenosis), the
method and design of studies. Data were presented in a
tabular form as allegedly shown in the table 1.1

Table 1: "stratification of the analysis according to different vascular diseases (coronary artery disease, stroke, peripheral artery disease, and
carotid atherosclerosis) (a), different techniques (b), and samples (c) used for 8-ohdg measurement" (Di Minno et al., 2016) 291,

No. of . . Test for subgroup
studies No. of patients Effect size differences
(A) Different types of cardiovascular disease
COrOdﬂggﬁsae”ery 7 |351 Cases 404 Controls| SMD: 1.24; 95% CI: 0.47 to 2.01, p< 0.002, 1% 95%, p< 0.00001 | »2 0.75, p=0.39
Noncoronary artery | ;| 459 cases 702 controls| SMD: 0.83: 95% Cl: 0.33 to 1.34, p=0.001, 1% 91%, p<0.0001
diseases?
(B) Different techniques for 8-OHdG measurement
ELISA 11 |545 Cases 909 Controls| SMD: 1.09; 95% CI: 0.60 to 1.58, p< 0.0001, 1% 93%, p< 0.00001| %% 0.16, p=0.69
GC/LC-MS 3 |265 Cases 197 Controls| SMD: 0.86; 95% CI: —0.15 to 1.87, p=0.09, 1% 95%, p< 0.00001 GC/LC-MS
(C) Different study design
Case—control studies| 5 |325 Cases 360 Controls|SMD: 1.00; 95% CI: —0.30 to 1.71, p=0.005, 1% 94%, p< 0.00001| %% 0.02, p=0.90
Prospective studies 9 |485 Cases 746 Controls|SMD: 1.06; 95% CI: 0.48 to 1.65, p =0.0004, 1% 94%, p< 0.00001

Including three studies on stroke, two on carotid
atherosclerosis, and two on peripheral artery disease. 95%
Cl, 95% confidence interval; SMD, standard mean
difference.

8-Hydroxy-2'-deoxyguanosine and Primary Open-Angle
Glaucoma: Glaucoma is a kind of degenerative disorder

among the nervous systems and always leads to permanent
loss of ageing. It results from the process of receding and
dying of retinal ganglian cells (RMCs) and damaging the
optic nerve. Glaucoma is a multifactorial problem that has
different causes like high IOP (Intraocular pressure) and
other functions of the eye. Oxidative stress which is induced
via free radicals could be amongst the pathways that start
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the intrinsic apoptotic death track (Nita and Grzybowski,
2016) [*®1, Based on the existing knowledge, oxidative stress
is regarded as the main culprit of the molecular damage at
the anterior segment of the eye which is also known as the
anterior chamber. Through the destruction of the tissues, this
leads to an increased intraocular pressure (IOP) which could
lead to the development of glaucoma (Nita and Grzybowski,
2016) (%81,

Primary open-angle glaucoma (POAG) is an age-related
disease, which manifests in the form of the TM disorder.
The TM’s malfunctioning is of a critical role in the
development of POAG. Carried out researches on lives
organisms such as human creatures showed noticeably high
ratio of oxidative DNA damage in TM cells of patients who
have been diagnosed with glaucoma (lzzotti et al., 2003)
162 Furthermore, there was a considerable co-relation
between the rise in the intraocular pressure (IOP) and visual
field impairment which was directly subjective to the extent
of oxidative DNA damage observed in the trabecular
meshwork network (TM) cells (Sacca, 2005) [1081,

Kondkar et al., 2020 "2 performed a case-control study to
determine whether system oxidative stress and DNA

https://www.biochemistryjournal.net

damage that play a role in primary open-angle glaucoma
(POAG) was the reason for the disease. We investigated the
relationship between 8-OHdG levels from plasma, a sign of
oxidative DNA damage, and the POAG or its association
clinical features. In order to quantify the risk for POAG with
different markers of oxidative stress levels (8-OHdG), the
cases and controls that were not divided into the quartiles
were grouped in the same way. This division allowed for the
identification of two specific values: The beadplate (0.0118
ng/mL) which is at least 25% of the population (lower 25
percentile); and the boss bead (0.2660 ng/ml), which is at
the most 75% of the population (upper 75" percentile). The
participants were placed into various groups (I, I, and IlI)
according to the application of aforementioned threshold
values (1.10 ng/mg and 1.75 ng/mg). The distribution study
indicated that the worse picture got as the 8-OHdG elevation
was getting higher (x2 =8.58, df= Moreover, an individual
with levels below the first quartile (=below 11. 18 ng/mL),
within the interquartile range (25"—75™ percentile), or above
the third quartile (75" percentile) had a considerably
elevated risk of primary open-angle glaucoma (POAG).

Table 2: "Plasma levels of 8-hydroxy-2'-deoxyguanosine and the risk of primary open-angle glaucoma (Kondkar et al., 2020) [72,

8-OHdG cutoff ng/mL | Controlsno. (%) | POAG no. (%) | Odds ratio (95% confidence interval) [ P< value?
By quartiles
<11.18 17 (33.3) 6 (12.0) Reference —
11.18-26.60 19 (26.6) 30 (60.0) 447 (149 13.35) 0.005
>26.60 9 (40.0) 14 (28.0) 4.40 (1.26—15.41) 0.017
By ROC curve
<14.80 24 (53.3) 11 (22.0) Reference
>14.80 21 (46.6) 39 (78.0) 405 (1.66—9.86) 0.002

Note. 2Pearson’s Chi? test; first quartile (<25™ percentile); interquartile (25""-75" percentile); third quartile (>75™ percentile). Overall
Chi2=8.58, df=2, 8-OHdG, 8-hydroxy-2'-deoxyguanosine; POAG, primary open-angle glaucoma; ROC, receiver operator characteristic.

8-Hydroxy-2’-Deoxyguanosine and Mental Ilinesses
During the last few years, approximately 970 million people
have been touched by mental health worldwide (James et
al., 2018) 4, The true number of severe mental disorders
cases reported is 282 for schizophrenia, 594 for bipolar
disorder, and 3,627 in a hundred of thousands for depression
(According to Rehm and Shield, 2019) [2%1,

The disease conditions, which appear to be significant
causes of disability burden were schizophrenia, accounting
for 2. Bipolar disorder constitutes 8%, while schizophrenia
is stipulated as 1. 4% suicide, of which 11% is attributable
to depression. 8%.

Nevertheless, that applying the scientific techniques to study
psychiatric conditions is like rediscovering a black box for
the majority of us, who have not yet found the answers to
how these disorders work. A somehow alarming number of
new data are being produced suggesting that the arousal of
excessive oxidation is one of the major mechanisms that in
the end lead to mental disorders. The brain is the lipid-rich
organ that consumes the most oxygen compared to the other
organs in the body. While the brain is too rich in NAD (P)
H, only a small amount of oxygen in the brain is used to
produce approximately 4.5 times more NADPH than in the
other organs in the body, thus, making it vulnerable to
glutathione metabolism via producing ROS. Besides, the
brain which contains of certain level of antioxidant ability
by the side of iron and copper is also known for making
reducing agents thus same as the neurotransmitter which

function at a lower level of antioxidant (Halliwell, 2006; Ng
et al., 2008; Smaga et al., 2015) [58.95.132],

In the pathogenesis of mental disorders, a failure of the
antioxidative protection system is assumed, which is
accompanied by decreased levels of antioxidants and an
antioxidant enzyme deficit (Salim, 2014) %, Furthermore,
an increase of the oxidative stress parameters markers found
in cases of mental illnesses enhances the role oxidative
stress plays in the mental illnesses onset (Brown et al.,
2014; Liu et al., 2015) 1380 A study done in 2014 showed
that the level of oxidant in the brain and the periphery
tissues of a patient were significantly higher than that of an
antioxidant during cerebral ischemia/reperfusion. To a long
extent, oxidative damage is associated with mental illness.
the defects in the DNA repair have family history also share
the responsibility with environment clues. The outcome of
these induced errors is a gradual accumulation of DNA
damage eventually leading to neurons malfunctions both in
the structure as well as in the functions.

As well, Christensen et al. (2018) 1 revealed a significant
link between the levels of 8-oxodG in the urine and the
cerebrospinal fluid of the dead who had severe mental
disorders. This indicates that the type of oxidative DNA
damage was the most predominant form of oxidative
damage in these individuals.

8-Hydroxy-2-Deoxyguanosine in Cancer
MDA levels, 8-OHdG and also antioxidant defense enzymes
can be easily monitored, and thus have great diagnostic
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significance in the cancerology. Oxidative stress and low
antioxidant levels, which are often found already before
anticancer treatment begins, are known to be typical
characteristics of many cancer patients (Sharma et al., in
2007) %31 On the other hand, the redox state also plays a
fundamental role in predicting of cancer therapy and risk
and can be a great deal favorable intervention to patients
through proper treatment procedure. Current main treatment
modalities depends on the development of medications that
increase the release of reactive oxygen species (ROS) and
cause the cell death of the cancer cells. Total harmless in
this method was very often caused the development of some
side effects in these healthy tissues. However, the authors of
the paper by lvanova, et al (2014) 61, contrast this state
with the cancer cells, which display constantly undervalued
ROS and high reductive neutralization potential. This
polarity of redox states is what the scientists exploit to
create powerful drugs and anti-canceric therapies leading to
the regulation of redox signaling (Jelic et al., 2021) [65,

Mechanisms of carcinogenesis caused by reactive
Oxygen species

Protracted inflammation may initiate oxidative damage
leading to the preneoplastic condition (Guina et al., 2015)
31, Suppressing inappropriate cycling of ROS/reactive
nitrogen species (RNS) in cells with chronic inflammation
positively affects the removal of the activated immunes
cells, resulting in the abortion of the escalation of the
dysregulated processes, and finally, in the bankruptcy of the
preneoplastic state. In the event of ROS/RNS production
that surpasses the antioxidant capacity of the human body’s
defense system, cellular damage may become irreversible
and lead to stimulation of lipids, nucleic acids, and
proteins. Data can be on the level of the DNA, and if this
damage happens, it may cause genetic or/and epigenetic
modifications that disrupt the oncogenes and tumor
suppressor genes. The causal link between oxidative stress
and chronic inflammation is high, and if these mechanisms
are not removed, it could start the changes to the
genes/epigenetic that will be ranked as the disease inducing
pathology (Murata et al., 2012) [ However, there are
many studies that can be referred to, so that it has been
clearly demonstrated that oxidative stress affects many
signaling pathways linked to cell growth (Klaunig et al.,
2009) [,

The epidermal growth factor receptor signaling route is,
however, one of the relevant pathways negatively affected
by oxidative "stress." Three of the key signaling proteins,
Ford factor 2 related nuclear origin, RAS/RAF kinases, the
mitogen activated protein kinases ERK1/2, and MEK are
inhibited by the oxidative stress. Furthermore, a variety of
signaling proteins including phosphatidylinositol 3 kinase,
phospholipase and protein kinase C are also impaired by
oxid (Huo et al., 2014; J Korbecki et al., 2013) [60.63],
Moreover, ROS govern the down-regulation of p53
suppressor gene that is effective in the process of
apoptosis. Oxidative stress that is induced by the organizm’s
cells change the genes, proliferation, and cells life. It is one
of the fundamental issues that has not only the potential for
formation of tumors, but also the progress of cancer
(Matsuzawa and Ichijo, 2008; Barrera, 2012) [85 81,

8-hidroxy-2-deoxyguanosine in different types of cancer

There will be a marked increase of 8 OHdG levels in
pagents of cancer of gastric as a result. The 8-OHdG levels
of CAG patients and GC patients were analyzed and then we
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used the control group to compare. From the biomarker
data, it was observable that the levels were high in both
CAG and GC patients as well as in the control groups. In the
next place, the transcription level of MnSOD was also
evidently elevated in the GC group compared to the tole
group. Measurement of ESR/SOD and 8 hydroxy-2-
deoxyguanosine for this effect in the increased levels of
patients with CAG will be done.

A study showed that 80OHdG could be used as a predictive
marker in epithelial ovarian cancer. Among such
individuals, higher concentrations of 8 OHdG were directly
consistent with a lower survival rate for ovarian cancer
patients that are commonly associated with traditional
markers of a poor prognosis and those with a serous
histology. The level of 8 OHdG which was a marker of
oxidative damage rose significantly in the Stages Il and 1V
group of cancers as compared to the group in which the
ovarian tumour was still localised. That 8 OHdG were seen
in areas of high grade papillary serous carcinomas is indeed
very impressive, however, they were not found in any low
grade papillary serous carcinomas or cystadenoma.
Therefore, it follows a particularly poorer optimal outcome
with regard to overall survival and progression free survival.
Oxidative stress is associated with colorectal cancer as such
evaluation of oxidative stress and antioxidants is pertinent to
the therapeutic and preventive management of colorectal
cancer (Chang et al., 2008) 129,

Another experimental data indicated, the patients group had
higher concentration of 8 OHdG in comparison with control
group, but the oxidative defense enzymes such as SOD,
CAT, and GSH-Px was most remarkably down-regulated.
Also, the research done by Marakala et al. (2012) [#4 points
out the smaller amount of 8 OHdG and the higher activity of
GPx was found in both cancer of the stomach and colon.
However, the activity of SOD was more than control group
in case of both cancers. Besides that, the increased
superoxide dismutase (SOD) activity was positively
correlated with the concentration of cancer antigen 15 3 (CA
15 3). This is a common marker that presents predictive
values for the group of gastric cancer patients' prognosis.
The DNA damage due to ROS is regarded as a carcinogenic
factor. Therefore, the finding of lower 8-OHdG level and
antioxidant activity suggests that patients with stomach and
colon cancer have impaired pathway to repair the damage
(Dincer et al., 2007) 521,

Since the average level of 8 OHdG has been measured in
three cohorts of persons suffering from colorectal cancer,
here are the adenoma, early-stage cancer, and advanced-
stage cancer. It was noted that 8 OHdG level was
significantly higher in adenoma and early-stage cancer
which suggests that this marker is a possible risk factor for
colorectal adenoma and early cancer. Researching advanced
cancer patients did not show the increased content of 8
OHdG; this might be because such patients have not fully
met their caloric intake need or had nutritional problems at
this stage of the disease (Sato et al., 2010) (111,

A mismatch in redox was seen in the patients suffering from
head and neck cancer. The enhancement of ROS and 8-
OHdG levels, as well as the decreased TAC and GSH level,
proves that their involvement in the development of HNC/
throat cancer cannot be underestimated (Khandelwal et al.,
2012) (681,

The purpose of the study was to evaluate the usefulness of 8
OHdG as a biomarker for oxidative stress in cancer of the
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oesophagus. The 8 OHdG concentration in tumorous areas
was considerably greater than in normal epithelial tissue
(Kubo et al., 2013) [7¢],

8-Hydroxy-2-Deoxyguanosine in Other Diseases
Alongside the 3 major diseases of the cancer,
neurodegenerative and cardiovascular type, the 8-OHdG is
also linked to the diabetes mellitus, the inflammatory and
the autoimmune diseases. In their paper, Shibutani and
group (2010) reported that 8-OHdG levels in blood of
patients with diabetes were markedly higher than those
without the disease. Moreover they were difficult also
performed immunohistochemistry to mark 8-OHdG in their
kidney biopsies aspirations (Graille et al., 2020; Urbaniak et
al., 2020) [48.49],

The expression of 8-OHdG in the glomerulus of diabetic
patients turned out to be much higher than in non-diabetic
individuals. Moreover, the depth of the 8-OHdG staining
was quite linearly related to the clinical data of the patients.
The obtained data suggest that the measured 8-OHdG may
play a useful role in evaluating the severity and progress of
diabetes mellitus as well as its complications, among which
diabetic nephropathy is probably the most recent one.
Furthermore, 8-OHdG has also been linked to the
inflammatory conditions including Crohn's disease.

In his studies of Bizzaro, it was observed that 8-OHdG
blood plasma levels in Crohn's disease patients were
significantly higher compared with those of rheumatoid
arthritis patients and ones with no such health problem
(Krzystek-Korpacka et al., 2020) 3, The subject of the
study are the oxidative DNA damage caused by the
precarious oxygen species, which are suspected of the
disease expansion. Similarly, they implied that the 8-OHdG
levels determination might be a good tool for assessing the
extent of inflammation this persistent disorder may have on
a patient’s health. Additionally, 8-OHdG has demonstrated
potential as an autoantigen in two significant systemic
autoimmune diseases: lupus erythematosus of the systemic
lupus (SLE) and the systemic sclerosis (SSc).

According to Luo et al. (2008) research it was suggested
that serum from patients having lupus or scleroderma could
differently bind to the 8-OHdG complex. Despair of
antigen-antibody complexes ensured that the Ku 86, Ku 70,
and PARP-1 proteins other than 8-OHdG were also
manipulated. However, it may also trigger an
immunological reaction because of which some of the
identical autoantibodies can originate among those patients
affected by this condition. Furthermore, this clears our
perceptions concerning the route carrying oxidative DNA
damage in autoimmune problems, and opens doors for
additional intervention or treatment measures

Conclusion

8-OHdG has now become very useful by showing its
multiple roles as a diagnostic marker of oxidative DNA
damage that is associated with many ailments including
neurodegenerative disorders, cancers, diabetes as well as
inflammatory processes or periodontal diseases. Oxidative
stress biomarkers like 8-hydroxy-2'-deoxyguanosine [(8-
OHdG)] which is produced when DNA gets damaged by
reactive oxygen and nitrogen species. 8-OHdG is the
biomarker that attaches humans aging and a range of
diseases, e.g., cancer, diabetes, and hypertension.

https://www.biochemistryjournal.net

While the tests collectively demonstrate how the oxidative
stress, biomarkers, and complications of diabetes are likely
to be related, they offer a peek into future possible
diagnostic and treatment options. When the blood glucose is
in a state of high level in T2DM, the result is oxidative
stress, and as the ROS gets produced, it causes cellular
disruption. It is this oxidative damage which, occurring in
the vast majority of tissues, is regarded as diabetes
complication’s cause.

We are able to state that in the meantime oxidative DNA
damage was rather a common thing in schizophrenic and
bipolar subjects but in depressive disorder it did not show
any significant effect. An especially great coincidence of
deoxyguanosine and mental illness implied the prospect of
using this biosignal 8-OHdG or 8-oxodG as biomarker in
measurements of oxidation of DNA and oxidative stress.
Furthermore, there was a diminished relationship between
level of alcohol intake and the oxidative DNA damage,
where 8-oxodGuo was used as a marker of oxidative DNA
damage in lymphocytes. Amazingly, the low-level intake in
alcoholics was associated with alleviation of oxidative DNA
damage independently of beverage classified in either the
wine "type" or "others".

Also on the basis of the studies mentioned in this review, it
would appear that 8-OHdG levels in DNA from leukocytes
should not be regarded as a sensitive marker of exposure to
tobacco smoking.

Assessment of oxidative stress and augmentation of the
antioxidant defense system may be important for the
treatment and prevention of carcinogenesis. In general,
levels of antioxidative enzymes are mostly lower in cancer
patients, while 8-OHdG and MDA are higher.
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