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Abstract: Many compounds can interact with DNA leading to changes of DNA structure as point mutation and bases
excision, which could trigger some metabolic failures, which leads to the changes in DNA structure resulting in cancer.
Oxidation of nucleic acid bases belongs to the one of the mostly occurred type of DNA damaging leading to the above
mentioned phenomena. The investigation of processes of DNA oxidation damage is topical and electrochemical methods
include a versatile and sensitive tool for these purposes. 8-hydroxydeoxyguanosine (8-OHdG) is the most widely accepted
marker of DNA damage. Oxidative damage to DNA by free radicals and exposure to ionizing radiation generate several
other products within the double helix besides mentioned oxidation products of nucleic acid bases. The basic
electrochemical behaviour of nucleic acids bases on various types of carbon electrodes is reviewed. Further, we address
our attention on description of oxidation mechanisms and on detection of the most important products of nucleic bases
oxidation. The miniaturization of detector coupled with some microfluidic devices is suggested and discussed.

The main aim of this review is to report the advantages and features of the electrochemical detection of guanine oxidation

product as 8-OHdG and other similarly produced molecules as markers for DNA damage.

Keywords: Miniaturization, nucleic acid bases, oxidation damage of DNA, voltammetry.

REACTIVE OXYGEN SPECIES

Reactive oxygen species (ROS) are strictly regulated by
compounds with radical scavenging and antioxidant
activities called antioxidants. Disruption of this delicate
balance between reactive oxygen species and their
scavengers leads to the induction of oxidative stress, which
may induce various pathological processes ended by death of
an organism. The oxidative stress is associated with the
ageing processes, carcinogenesis and a number of diseases,
such as Alzheimer's disease, atherosclerosis and Parkinson's
disease [1-4]. Oxidation stress is induced by both free
radicals and compounds of non-radical type (H,O,, ozone,
'0,, HOCI). We can differentiate two basic groups of
radicals inducing oxidative stress as reactive oxygen species
— ROS (HO, H,0,, 102, 0;, ROO, HOy) and as reactive
nitrogen species — RNS (NO', NO») [5]. Thiol and carbon
centred radicals belong to additional possible sources of
oxidative stress [6].
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EFFECT OF ROS ON THE CELLULAR LEVEL

Increased levels of ROS directly damage DNA and can
induce cascade of reactions, which can be terminated by
apoptosis. This cascade has been intensively studied in
numerous types of cells including neuronal ones, as it is shown
in Fig. (1). Depending on the initial stress stimulus, activation of
p53 occurs via various pathways that may intersect with each
other upstream of p53 activation. Amount of this 393-aminoacid
protein is kept at low concentration level by ubiquitin system
degradation in unstressed cells [7, 8]. During cell stress (e.g.
DNA damage induced by UV rays and/or alkylating agents) the
degradation process of protein p53 is blocked and its
intracellular concentration significantly increases. After that, the
protein p53 is posttranslationally modified and subsequently
oligomerized to tetramer, which has high affinity to DNA [9,
10]. Protein p53 is able tc bind onto DNA specifically (by
sequence specific bond) or nonspecifically e.g. via protein C-
terminal domain [11]. Moreover, p53 exerts its deadly function
by transactivation of pro-apoptotic target genes including those
encoding Bax, the BH3-only proteins PUMA and Noxa, which
translocate to mitochondria where they mediate disruption of
the mitochondrial membrane potential and release of apoptotic
factors including cytochrome ¢ and AIF. Many transcriptional
targets such as Peg3/Pwl, Siah-la and SIVA act in a similar
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Fig. (1). Scheme of development of cell death (in neurons) via the p53 protein by influence of metabolic signal or by oxidative damage
(adapted from the [130]). The scheme shows the relationship between pS53 protein and its overexpression in the case of oxidative damage or
in the connection with the induction of other signalling molecules. The overexpressed protein p53 influences expression of gene of Bax, the
BH3-only proteins PUMA and Noxa. Moreover, there are affected Fas or up-regulation of APAF-1 by this protein.

way by interacting with pro-apoptotic members of the Bcl-2
family at the level of mitochondria. In addition, p53 may
promote cell death via transactivation of the death receptor Fas
or up-regulation of APAF-1, which promotes caspase-
dependent apoptosis after formation of the apoptosome with
cytochrome ¢ and caspase-9 (Fig. 1B). In addition to such
transcriptional control of the cell death machinery, p53 can
directly trigger apoptosis after translocation to mitochondria, a
process that can occur in synapses (synaptic apoptosis) and may
involve interactions with Bax or Bel-xL. The origination of
mutations, translational mistakes or subsequent inhibition of
proteosynthesis is the results of these damages.

Free radicals can damage not only DNA but also proteins
and lipids, which are essential components of biomembranes
[12]. Scheme of such damaging is shown in Fig. (2A). A
model for iron misregulation and reactive oxygen species
generation followed by gyrase inhibition and DNA damage
formation is introduced. (a) Gyrase inhibitors (red triangles),
such as norfloxacin and CcdB, target DNA-bound gyrase
(yellow circles). Resulting complex induces double-stranded
breakage and loss of chromosomal supercoiling by
preventing strand rejoining by the gyrase enzyme. (b) Gyrase
poisoning promotes the generation of superoxide anion

radical (O;-.), which (c) oxidatively attacks iron—sulphur
clusters (three-dimensional cube depicts [4Fe—4S] cluster;
iron and sulphur are shown as orange and blue circles,
respectively); sustained superoxide attacks the iron—sulphur-
containing proteins (light blue), which leads to functional
inactivation (dark blue), destabilization and iron leaching. (d)
Repetitious oxidation and repair of clusters, or redox cycling,
promote iron misregulation and may serve to generate a
cytoplasmic pool of 'free' ferrous (Fe*") iron. (e) Ferrous
iron, via the Fenton’s reaction, rapidly catalyses the
formation of deleterious hydroxyl radicals (OH), which
readily damage DNA, lipids and proteins; the Fenton's
reaction can thus take place at the destabilized iron—sulphur
clusters or where free ferrous iron has accumulated. It can be
suggested that reactive oxygen species are generated via an
oxygen-dependent death pathway that amplifies the primary
effect of gyrase inhibition and contributes to cell death
following gyrase poisoning.

OXIDATION OF DNA

Based on the above-mentioned facts that ROS represent
one of the most important sources of oxidative DNA
damage. Study of the oxidative DNA damage is one of
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Fig. (2). (A) Scheme of the effects of oxygen radicals produced during the activity of enzyme gyrase via a cascade of mechanisms including
Fenton's reaction to the final damage of DNA, lipid membranes, or protein through the unforced hydroxyl radical oxidation. Adapted from
the [12]. (B) Representation of sites for attack of nucleophiles within the structure of one-strand DNA (shown by red arrows). (C) Schematic
representation of the formation of two types of oxidation products of guanine. The first one is 8-hydroxyguanine, 2,6 — diamino — 4 oxo -5 -
formamidopyrimidine, which gives the possibility of the opening of the ring.

topical scientific fields with the fact that markers of the
oxidative stress are still looked for. More than 20 various
oxidative modifications of DNA bases have been described
including 8-hydroxyguanine, 8,5’-cyclo-2’-deoxyguanosine,
7,8-dihydro-8-oxoguanine, 2,6 — diamino — 4 oxo — 5 —
formamidopyrimidine, xanthine, hypoxanthine, further
oxidation products of adenine as 7,8-dihydro-8-oxoadenine,
8,5'-cyclo-2'-deoxyadenosine,  2-hydroxyade-nine,  4,6-
diamino-5-formamidopyrimidine, cytosine oxidat-ion
products as 5-hydroxycytosine, 5,6-dihydoxycytosine, uracil,
5-hydroxyuracil, isodialuric acid and alloxan and thymine
derived lesions as thymine glycol, 5-hydroxy-methyluracil,
5-hydroxymethyluracil, S-formyluracil, 5-hydroxy-5-
methylhydantoin and urea [13-15]. During the reaction with
purine bases, hydroxyl radical is added into the position 4, 5,
or 8 (Fig. 2B). Addition into the C8 position of guanine leads
to the formation of 8-hydroxyguanine radical, which can be
subsequently oxidized under formation of 8-hydroxyguanine.
This product may be reduced under the opening the purine
ring and 2,6-diamino-4-hydroxy-5-formaminopyrimidine
formation (Fig. 2C). Structure of adenine is modified by the
same mechanism. From the mentioned oxidative products, 8-
0x0-7,8-dihydro-2'-deoxyguanosine belongs to the promising
ones. Progress in the number of papers containing "8-oxo-
7,8-dihydro-2'-deoxyguanosine (8-OHdG)" in their abstracts,
titles and keywords listed in the Web of Science is from
1991 to 2011 is almost exponential.

Single strand breaks are formed as a result of direct
action of radicals together with the chemical modification of
purine and pyrimidine bases or the phosphate-sugar skeleton
An example of indirect effect is the activation of Ca*-
dependent endonucleases in the nucleus leading to the DNA
fragmentation and generally induction of processes of
programmed cell death/apoptosis. In addition to DNA
damage, nuclear proteins having important structural and
regulatory (e.g. transcription) functions may be damaged.
The protein radicals can subsequently react with nucleic acid
bases generating DNA-protein cross-products. As a result of
DNA damage, the formation of mutations (e.g. GC < AT
transition, GC < TA transversion) occurs with subsequent
translational mistakes in the protein synthesis, which can
lead to inhibiting proteosynthesis. The presence of 8-oxoG
(0) in a DNA chain can cause GC < T(A) transversion as it
is shown in Fig. (3). Formation of DNA-protein cross-
products is involved in the prevention of chromatin
unfolding, its subsequent replication and transcription.
Products of hydroxyl radical attack on thymine base include
formation of thymine glycol, 5-hydroxy-5-methylhydantoin,
5-formyluracil and 5-(hydroxymethyl)uracil. The most
common reaction products with cytosine are cytosine glycol
and 5,6-dihydroxycytosine. Action of hydroxyl radical on
deoxyribose leads to the cleavage of the hydrogen atom and
hydrocarbon radicals (each C with the same preference)
formation. In the presence of O,-. radicals are formed
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Fig. (3). Scheme of the repair of damaged DNA strain by the excision of the DNA base with the participation of BER glycosylase MutM
(OGG1) and DNA glycosylase MUTYH. Modified in accordance with [131]. The presence of 8-0x0G (O) in DNA causes G-to-T
transversions, as illustrated in the central pathway. The human DNA glycosylases OGG1 and MUTYH are involved in excision of bases
from the DNA. OGGI removes 8-0x0G from 8-0x0G " C base pairs, and MUTYH removes A from 8-0x0G * A base pairs, both generating AP
sites in the DNA. The corresponding bacterial enzymes are MutM and MutY. The steps labelled 'repair’ summarize the actions of
Apurinic/apyrimidinic AP endonuclease, deoxyribophosphate lyase, DNA polymerase and DNA ligase. Notably, OGG! also has AP lyase
activity. MutT and its human homologue MTH1 have an important role in preventing the incorporation of 8-0x0G, through hydrolysis of free

8-0x0-dGTP.

peroxyl radicals subsequently undergoing a number of
reactions including disproportionation, elimination of water,
C-C bond cleavage and rearrangements. In the case of low
O,-. concentration intramolecular cyclization occurs and the
final product is 8,5'-cyclopurine-2'-deoxynucleotide. 'O,
reacts mainly with guanine, giving rise to unstable
endoperoxide, which gives raise a number of decomposition
products. The most common final product of this reaction is
8-OHdG [16].

DETERMINATION OF 8-OHdG

8-OHdG as one of the most frequently monitored
derivatives of guanine oxidation is not digested, thus, its
level is not affected by diet and is well determinable.
Therefore, the 8-OHAG levels are considered to be a valid
marker of oxidative DNA damage. This compound can be
determined directly or indirectly in selected biological
matrixes, mainly in the urine [16-22]. From the direct ones,
high performance liquid chromatography (HPLC) with
electrochemical detection (ED) [23, 24] belongs to the most
commonly used method for determination of 8-OHdG. In
addition, new techniques have been introduced into this field

as gas chromatography with mass spectrometry [17, 25],
electrospray ionization mass spectrometry (MS) [26], liquid
chromatography with mass spectrometry [27-30] and
capillary electrophoresis [31-36]. Using a highly sensitive
analytical methods such as HPLC-MS-MS in connection
with solid phase extraction for the determination of 8-OHdG
in human urine we can detect one damage per 10° DNA
nucleotides [37].

Immunohistochemistry are often used as indirect method
for determination of DNA oxidation [38-40]. Interaction of
antibodies, which have low specificity, or DNA reparation
enzyme, is used [39]. Formamidopyrimidine-DNA N-
glycosylase catalyses breaks of the double helix at the places
of 8-OHdG presence. They can be determined using the
Comet assay (single-cell gel electrophoresis) or alkaline
elution analysis [41-43]. Generally, it can be concluded that
results of individual analyses are different (by two or three
orders) based on used method [44]. Such differences may be
caused by inaccuracies of the experiment itself, however, the
isolation technique and especially unwanted oxidation of
DNA during the experiment must be also carefully
considered [45, 46].
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Amounts of 8-OHdG, which can be detected using
different methods expressed by both limits of detection and
quantification, are introduced in Table 1. The table shows
that the sensitivities of methods for the determination of 8-
OHJG are as follows: GC-MS 2471 pM (700 pg 8-OHdG
/ml; ELISA 441 pM (125 pg 8-OHdG /ml); HPLC-MS 3530
pM (1000 pg 8-OHdG /ml); LC-MS-MS 706 pM (200 pg 8-
OHAG /ml), HPLC-ED 353 — 35306 pM (100-10000 pg 8-
OHAG /ml) and HPLC-EC-SPE 46 — 17653 pM (13-5000 pg
8-OHAG /ml). The best sensitivity using the electrochemical
determination has been achieved by LSV method with glassy
carbon electrode coated by multi-walled carbon nanotubes
[47]. This sensitivity is absolutely comparable with results
obtained for HPLC-ED [24]. The lowest limit of detection
expressed as 3 fM (0.85 fg 8-OHdG per ml) has been
achieved using the HPLC with Pt nanocarbon electrode [48].

Table 1. Comparison of Various Methods Used for Detection

of 8-OHdG
Method LD LQ Ref.
CE-ED, carbon fibre 0.5nM 1.6 nM [31]
GCE 8.10"M 26.10"M [117]
DPASV, MWNT 1.10'M 3.10'M [118]
LSV, GCE-MWNT 9nM 30 nM [47]
HPLC, amperometric Au 1.2nM 3.7nM [23]
HPLC MS/MS 0.018 uM 0.056 uyM [25]
HPLC MS/MS 141 pM 282 pM [26]
HPLC, nanocarbon 3nM 9.9nM [24]
HPLC, GCE 72nM 23.8nM [24]
HPLC - ED-SPE 4.59 pM 15.18 pM [72]
ELISA 441 pM 1455 pM [119]
ELISA 035-353nM | 1.16-116.5nM [120]
HPLC-ED 282 pM 931 pM [39]
GC-MS 247nM 2.5nM [121]
LC-MS 3530 pM 11649 pM [122]
LC-MS/MS 0.71 nM 2.34nM [123]
LC-MS/MS 0.01 uM 0.03 uM [124]
LC-MS/MS 0.71 nM 2.34nM [37]
LC-MS/MS 048 nM 1.58 uM [125]
HPLC-ED-SPE 247-74.1pM | 81.5-2445pM | [126,127]
HPLC-ED 04nM 1.32nM [128]
HPLC-ED-SPE 17.7nM 58.4nM [75]
HPLC-ED-SPE 47.1 pM 157 pM [129]
HPLC, Pt nanocarbon 3fM 9.9 fM [48]
SFIA LSV-GCE 17.65 pM 58.25pM [40]

CE-ED - capillary electrophoresis with electrochemical detection, DPASV -
differential pulse anodic stripping voltammetry, ED — with electrochemical detection,
ELISA — enzyme-linked immunoSorbent assay, GC-MS — gas chromatography with
mass spectrometric detection, GCE — glassy carbon electrode, HPLC — high
performance liquid chromatography, LD — limit of detection, LQ — limit of
quantification, LSV — linear sweep voltammetry, MS — mass spectrometry, MWNT —
multi-walled carbon nanotubes, SPE — solid phase extraction, SFIA — segmental flow
injection analysis.

Zitka et al.

Based on the mentioned facts HPLC-ED is excellent
from the point of view of sensitivity and selectivity in the
determination of compounds that can undergo oxidation or
reduction processes, such as bases of nucleic acids or
products of oxidative DNA damage. Thanks to technological
advances, miniaturization and the possibilities in electrodes
modification these methods have become favourable and
beneficial, mainly due to the elimination of noise, lower
detection limit, wider linear range, rapid response and low-
volume measuring cell [49, 50]. Analysis of DNA oxidation
products, i.e. oxidized bases such as 8-OHdG, most
frequently takes place using the chromatographic reverse
phase columns, however, immunoaffinity chromatography
can be used for purification of samples with subsequent
HPLC-ED detection too. Yin et al. used the immunoaffinity
chromatography for purification of samples and subsequent
determination of 8-OHdG in the urine of smokers and non-
smokers [39]. Analysis of the chromatogram of real sample
of patient’s urine, where signal of 8-OHdG is well evident, is
shown in Fig. (4A). For more sensitive electrochemical
detection Samcova ef al. have suggested the special
geometry and arrangement of the electrochemical detector
for 8-OHdG determination. Compared to typical detector,
auxiliary electrode is constituted by Pt tube, which is in the
contact with electrolyte at the one end and at the second end
it is connected with chromatographic column and as a
reference electrode Ag/AgCl is used. Optimal detection
potential of 800 mV was determined voltammetrically (Fig.
4B). Limit of detection was estimated as 0.85 fg/ml (S/N =
3) [33]. HPLC with amperometric detection is applicable
also for samples containing strong interfering agent (uric
acid) under achievement of very promising detection limit of
8-OHdG [51]. On the other hand, separation techniques with
electrochemical detection are still under intense investigation
and represent very promising direction with extensive field
of applications.

STATIONARY ELECTROCHEMICAL ANALYSIS OF
NUCLEIC BASES OXIDATION

Electroactivity of nucleic acids (NA) is well known for
many years. Mercury electrodes are suitable for the study of
molecules originated in oxidative DNA damage. These
electrodes are adapted for studying redox processes,
especially those ongoing on nucleic acids [52-54], whereas
solid electrodes, especially carbon elecirodes, are suitable for
the monitoring the oxidation processes, which are important
for the understanding the processes of oxidation DNA and
generally NA damage. When studying the signal of NA
using the method of cyclic voltammetry (CV), hanging
mercury drop electrode (HMDE) is the working electrode
and Ag/AgCl/3M KCI is the reference electrode. The
reduction signals of cytosine (C) and adenine (A) at the
potential of about -1.45 V and oxidation peak of guanine (G)
at the potential of app 0.3 V are detectable [55-58], as it is
shown in Fig. (5A). Carbon electrodes are the most
commonly used electrodes for studying the oxidation
processes taking place on the nucleic bases and their
nucleotides, respectively nucleosides. Oxidation of purine
bases takes place at lower potentials and significantly
depends on pH [59-61]. Differential pulse voltammetry on
glassy carbon electrode (GCE) was used for studying of the
oxidation of adenine (A), guanine (G), thymine (T) and
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Fig. (4). (A) Chromatogram of real (urine sample) with well-evident signal of 8-OHdG (RT 5.4). The chromatogram was obtained using the
HPLC-ED CoulArray apparatus. (B) Summation hydrodynamic voltammogram (HDV) for the determination of optimal applied potential

(800 mV) using the HPLC-ED CoulArray apparatus.

cytosine (C). Limit of detection lower than 1 pM was
achieved [62]. Similar limit of detection was determined
using square wave voltammetry (SWV) at carbon paste
electrode (CPE). At the neutral pH and Ag/AgCl/3 M KCI as
a reference electrode the signals at 1.00, 1.28, 1.47 and 1.53
V for G, A, T and C were observed [63].

To enhance the sensitivity of the electrochemical
determination of NA the adsorptive stripping technique (AdS)
may be advantageously used. It exploits the strong adsorption
ability of NA to bind onto the electrode surface, mainly onto
HMDE. Stirring enables faster transfer and accumulation of NA
on the surface of HMDE, which leads to an increase in redox or
oxidation signals of the adsorbed NA. Increase the sensitivity by
two orders was achieved in the determination of signal G using
the AdS cyclic voltammetry (CV AdS) [64], respectively.
Application an adsorption technique (AdS) enabled us to obtain
similar sensitivity as by using gel electrophoresis, however,
large sample volume (1 ml) was needed. Due to this fact,
adsorptive transfer stripping technique (AdTS) has been
suggested and developed by Palecek [65]. This technique is
based on the adsorption of (sample volume of 3-5 pl) on the

electrode surface, which is subsequently washed with water
(Fig. 5B). A measurement itself takes place in the pure
electrolyte [65, 66]. The advantage of this method is also in the
removal of interfering substances. Like this way modified DNA
electrode may also be used as an electrochemical biosensor,
which can be used for the study the DNA damaging agents.
Solid electrodes were used in the detection of oxidative DNA
damage as the fragmentation of longer DNA molecules,
releasing the individual bases, etc. Oxidative damage is often
induced by ionizing radiation or free radicals. The resulting
oxidation products are analysed by optical or electrochemical
methods with the preceding separation by capillary
electrophoresis or liquid chromatography. To save time and
costs, electroc-hemical methods that would not require pre-
preparation of a sample are developed. Guanine is the base that
can be easily oxidized and is also the most common reaction site
of both damage and DNA repair. Oxidation peak of guanine at
carbon electrodes is observed in the connection with an effect of
many genotoxic compounds on DNA, such as platinum-based
drugs [59], hydrazine derivatives [67], benzene derivatives [68,
69], and oxides of arsenic and chromium [70].
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Fig. (5). (A) Square wave voltammogram of individual DNA bases (in the concentration of 50 ug/ml). Letters represent individual bases -
Cytosine, Adenine, Thymine and Guanine processed using the Baseline correction (GPES) measured in 0.1 M phosphate buffer (0.1 M
NaH,PO4 + Na,HPO,4) pH 6.00. Initial potential 0 V, end potential 1.4 V, frequency 100 Hz, potential step 1.05mV [57]. (B) Scheme of
adsorptive transfer technique according to [132]. 1) hanging mercury drop electrode (HMDE). 2) accumulation of drop of sample (5-20 pl)
onto HMDE surface. 3) Washing of excess of unaccumulated sample from the surface of the electrode in distilled water. 4) Transfer into
measuring dish — course of the analysis. Method is designated for the lowering of the limits of detection.
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Much better sensitivity is achieved if the DNA damage
leads to the formation of new substances, which is 8-OHdG
in the case of DNA oxidative damage. Oxidation signal of 8-
OHJG is detected at significantly lower potential of 0.4 V
compared to other nucleic acids [47], which is caused by the
presence of hydroxyl (-OH) group. [Os(bipy)3]2+ complex is
able to selectively oxidize 8-OHdG, so, it is possible to
determine it in the presence of guanine in DNA [71].
However, if we consider the concentration of 8-OHdG in
plasma of healthy humans, which is 29.2 + 21.6 nM [72],
LSV voltammetry, which requires no special sample
treatment and is inexpensive and time-saving, is quite
sufficient [47].

8-OHdG signal can be observed on carbon or platinum
electrodes. For the detection of DNA damage by the drug
Adriamycin (doxorubicin) [73], flavonoid quercetin [74] or
chromium [70], the 8-OHDG signal was monitored. Limit of
detection are 5 ng/ml when using the SPE extraction and
carbon paste electrode as the working one [75]. The
possibility of carbon glassy electrodes modification and thus,
achievement better limits of detection and improvement of
the sensitivity of detection belongs to - its most important
advantages. This also makes the sample preparation easier.
Modification of the gold (Au) electrode by monolayers of
thiol-terminated dendrimers with two terminal functional
—NH, and -COOH groups that strongly bind to the amide
bridges enables reduction of the limit of detection to 0.4
pg/ml at the applied potential of 1100 mV. This procedure
makes an analysis faster, and, in addition, eliminates
possible interfering substances. The literature describes the
preparation and use of Pt electrode modified by sputtered
nanocarbon, which was used as a working electrode and
installed in a radial-flow electrochemical cell. Ag/AgCl was
used as a reference electrode and Pt as a working electrode.
Compared to glassy carbon electrode, the nanocarbon-
modified electrode demonstrates excellent reproducibility for
a plenty of biomolecules [48]. These advantages are based
on its homogeneous and stable structure, which consists of
nanocrystalline sp° and sp> carbon hybrids that cause high
electrode activity [48].

PERSPECTIVES OF 8-OhDG DETERMINATION IN
MEDICINE

Recently, the term “personalised medicine” is intensely
discussed not only in medical applications, but also in the
technological sciences. The miniaturization of various
instruments for detection of biologically active substances is
of great interest in relation to various diseases. Moving an
examination device from the catchment area directly into the
general practitioner surgery or directly to the patient shortens
not only the time from sampling to analysis itself, but also
reduces the waiting time for result of test, which is in some
“critical” cases very necessary. For the detection of oxidative
DNA damage, there are also developed methods, which
highly contribute to the possibility of redirecting into the
area of personalized medicine due to their characteristics in
the near future. Point-of-care (POC) genetic diagnostics
critically depends on miniaturization and integration of
sample processing, nucleic acid amplification, and detection
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systems. Polymerase chain reaction (PCR) assays have
extensively applied for the diagnosis of genetic markers of
disease. Microfluidic chips for microPCR with different
materials and designs have been reported. Temperature
cycling systems with varying thermal masses and
conductivities, thermal cycling times, flow-rates, and cross-
sectional areas, have also been developed to reduce the
nucleic acid amplification time [76]. It is essential especially
for two groups of patients.

One group consists of patients who were exposed to the
toxic effect of metals or organic compounds in the
environment. Many experiments in the field of
environmental toxicology deal with the effects of
environmental pollutants on the degree of oxidative damage
of the organism, which can be assessed by numerous
markers including 8-OHdG. A correlation of increased levels
of 8-OHdG levels and environmental pollution has been
evidenced [17, 77]. A group of probands living in Mexico
City, which was exposed to ozone, dust particles, aldehydes,
heavy metals and oxides, showed elevated levels of 8-OHdG
in cells of the nasal respiratory epithelium [78]. Increased
oxidative stress has also been demonstrated in people
working under conditions with an increased occurrence of
volatile organic compounds [79], at which levels of muconic
acid, hippuric acid, mandelic acid, and methyl hippuric acid
as urinary exposure biomarkers for benzene, toluene,
ethylbenzene, and xylene, malondialdehyde and 8-OHdG as
oxidative stress biomarkers were determined in all subjects,
and in children exposed to arsenic, chromium, and nickel
[80], in which levels of 8-OHdG were determined. Much
higher concentrations of 8-OHdG in the urine of people
working in factories for the production of galvanic cells have
been experimentally proved too [81], as well as in the people
living in the environment with elevated levels of arsenic
[82]. Incomplete combustion generates polycyclic aromatic
hydrocarbons, which are important pro-cancerogenes. It was
confirmed that prolonged exposure to increased levels leads
to the increase of 8-OHdG in blood serum and urine [83, 84].
The presence of polyaromatic hydrocarbons has been
demonstrated also in the processing of coke and iron and
thus contributes to higher oxidative stress of workers, who
have an increased presence of 8-OHdG in the urine
compared to control groups [85, 86]. Oxidative stress is
manifested also in other fields of occupational sector, such as
pharmacy. Detection of 8-OHdG using Enzyme-Linked
ImmunoSorbent Assay (ELISA) in urine of people working
as a pharmacy technicians preparing antineoplastic drugs
demonstrated increased levels of this biomarker correlated
with the increased concentrations of 5-fluorouracil in the
working environment [87].

The second group represents patients suffering from
increased oxidative stress in relation to serious illness.
Increased concentrations of 8-OHAG in the urine or blood
correlate with the occurrence of breast cancer [88], prostate
cancer [89], bladder cancer and lung cancer [90], lymphoma
[91], diabetes [4], atherosclerosis [4], chronic hepatitis [82,
92], colitis [90], atopic eczema [93] and others. 8-OHdG is
the major oxidative stress biomarker of diagnostic
procedures analysed in the urine or blood. In the case of
periodontitis patients, saliva was used for analysis [94].
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PERSPECTIVES OF 8- OHdG DETERMINATION
USING MICROFLUIDICS AND MINIATURIZATION
DEVICES

Prabhulkar and Li focused on the application of carbon
fibre electrodes for the detection of 8-OHdG in real time on
the surface of epithelial cell to study the effect of nicotine
contribute to the development of miniaturized analytical
devices [95]. Those electrodes can then be implemented into
the microfluidic system that can be produced using Micro-
Electro-Mechanical Systems technology likewise technology
lab-on-a-chip or biochips. In addition to these direct
approaches, microfluidic immunoassay offers a combination
of simplicity, sensitivity and specificity as well as possibility
of automation and miniaturization [96].

Using of an electrochemical detector for analysis of 8-
OHdG brings an indisputable advantage in the possibility of
a plenty of utilizing of various working electrodes for this
purpose. Using flow injection analysis (FIA) with the
amperometric detector and ruthenium oxide hexacyano-
ferrate-modified electrode, 8-OHdG was determined model
DNA in good agreement with high-performance liquid
chromatographic analysis. The limit of detection was 26.6
fg/ml [97]. It was shown that the repeatability of the
determination of 8-OHdG by FIA-ED with poly(3-
methylthiophene)-modified glassy carbon electrode is very
good with RSD =0.77 % [98].

There is a great research in coupling of miniaturized
detectors with some separation techniques [99]. Para-
magnetic or superparamagnetic particles/beads (MPs)
represent promising tool in this field [100-102]. MPs, which
size is ranging from nm to mm, respond to external magnetic
field and facilitate bioactive molecules binding because of
their affinity for the MPs modified surface made of
biologically components [103-106]. The paramagnetic
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properties of the particles enable us to use magnetic force for
transferring of the beads or for rinsing of nonbinding,
otherwise commonly interfering substances. Among other
advantages of MPs belong easy-to-use, non-laborious
relatively rapid sample preparation without centrifugation
and dialysis compared to conventional purification
techniques. The time needed to get target biomolecule is also
reduced due to of the fact that binding of the biomolecule by
MPs can protect it against physical and biological damage,
e.g. denaturation [107]. The mostly used MPs in biosensors
applications are superparamagnetic nanoparticles composed
of ferrous oxide or ferric oxide [108]. Nanoparticles have a
lot of physico-chemical advantages [109, 110]. Their size
can be adapted to the extension and kind of a biological
sample which is a source of target biomolecules (e.g.
proteins 5-50 nm, viruses 20-450 nm, cells 10-100 pm)
[111-115] and their surface can be modified by numerous
substances including antibodies. 8-OHdG has not necessarily
been detected by electrochemical detector directly. Indirect
detection with 1-naphthol generated after 8-OHdG
immunoseparation using paramagnetic particles from
biological sample has successfully been implemented [40]
and it is shown in Fig. (6A). The electrochemical detection
of formed 1-naphthol subsequently proceeded using the
microfluidic system (Fig. 6B). The advantage of this
arrangement consists in the low usage of sample (10 ul) and
very satisfactory detection limit (Table 1). For the
characterization of the system, number of parameters has
been optimized [40]. Minimal volume of dosed sample in the
electrolyte was tested. Here, already volume of 8 pl led to
the achievement of maximum signal. The influence of the
time of the sample accumulation on the surface of GC
clectrode, namely on the height of the signal was also
investigated. The best values were determined for the 10 s of
accumulation; in addition, longer time of accumulation led to
the shift of signal into more positive values. The change in
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the signal height and course of the cyclic voltammogram at
different scan rates (0.05, 0.1 and 0.15 (V/s)) were analysed
for the characterization system. They were compared with
carlier works, where similar results were obtained [116].
Although the studies focused on the determination of the
oxidative products of DNA using flow analyses are almost
missing, these techniques provide many advantages such as
sensitive detection and excellent repeatability.

ABBREVIATIONS

8-OHdG = 8-Oxo0-7,8-dihydro-2’-deoxyguanosine

AdS = Adsorptive stripping technique

AdTS = Adsorptive transfer stripping technique

CE-ED = Capillary electrophoresis with electrochemical
detection

()Y = Cyclic voltammetry

DPASV = Differential pulse anodic stripping
voltammetry

ED = With electrochemical detection

ELISA = Enzyme-linked immunoSorbent assay

FIA = Flow injection analysis

GC-MS = Gas chromatography with mass spectrometric
detection

GCE = Glassy carbon electrode

HMDE = Hanging mercury drop electrode

HPLC = High performance liquid chromatography

LD = Limit of detection

LQ = Limit of quantification

LSV = Linear sweep voltammetry

MPs = Paramagnetic or superparamagnetic
particles/beads

MS = Mass spectrometry

MWNT = Multi-walled carbon nanotubes

PCR = Polymerase chain reaction

POC = Point-of-care

ROS = Reactive oxygen species

SPE = Solid phase extraction

SFIA = Segmental flow injection analysis

SWV = Square wave voltammetry
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