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The aim-of the investigation was to-assess the availability of ozone to induce DNA damage in individual cells when analyzing them using
the Comet assay.

Materials and Methods. Experimental studies were performed on whole blood leukocytes of white non-linear intact male rats (n=16)
weighing 250+25 g.-Two-series of experiments were made to induce DNA damage in leukocytes. During the first series the samples were
exposed to-gamma-radiation, and during the second series the slides were treated with ozonized phosphate buffer saline. Further the cells were
exposed-to cytolysis followed by DNA denaturation, electrophoresis, neutralization, DNA being stained with a SYBR GREEN |. Comet visualization

(fluorescent-microscopy) and scoring were performed.

Results. The new version of the Comet assay was developed. Ozone concentration, 900 pg/L, in ozone-oxygen mixture, and the exposure
time for 10 min on the cells on a microscope slides were found to be optimal for detection of DNA damage and its analysis. In addition, ozone
application enables to minimize the drawbacks and limitations of gamma-radiation source.
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The Comet assay enables to determine the level
of DNA damage and repair in single, non-dividing
nucleated cells. The technique was first developed by
Ostling and Johansson, Swedish researchers, in 1984
[1, 2]. Currently, thousands of researches are devoted
to the method applied in basic studies, and just dozens
of them concern its usage in clinical medicine [1, 3—-26]
(Figure 1).

There are some reports informing an increased
damage level of DNA in peripheral blood leukocytes
is found in such diseases as coronary heart disease,
diabetes mellitus (type 2), obesity and malignancies
[22-26].

There are data reported on determining the basal
level of DNA damage in peripheral blood lymphocytes
in breast cancer and oropharyngeal cancer, and a
variety of solid tumors after radiation, chemotherapy,
chemoradiation and after surgical removal of the
tumor by mastectomy and quadrantectomy [27-30].
The studies have demonstrated the high level of DNA
damage, which the authors consider to be a serious risk
factor of cancer recurrence.

Taube et al. [31] in their literature review concerned
with the criteria of a new method used for cancer
detection maintain that any new diagnostic technique
must pass three main tests before it is approved for
routine usage in clinical practice. Firstly, it must be well
established and reproducible; secondly, the clinical
applicability of a technique must be proved (i.e. with
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the use of this method a correct diagnosis is should be
made resulting in patient’s health improvement); and,
thirdly, the medical community must be convinced in the
necessity for the technique use and the advantages it
exhibits.

According to European scientists [32, 33], the Comet
assay due to its availability can be used in clinical
practice: 50—100 single nucleated cells are sufficient
to analyze the DNA damage and repair. Moreover, and
not least, the technique is actually an instant diagnostic
test: the test results can be obtained within a few hours.
However, despite the advantages, the Comet assay
nowadays is still not used as a standard analytical
approach in clinical laboratories. And one of the
reasons is the presence of some technical difficulties,
which prevent from well within-assay reproducibility
[32, 33].

Currently, researchers induce DNA damage in
individual cells on slides by X-ray and gamma-radiation
[1, 4, 34-37]. To provide the approach, a number
of technical requirements should be satisfied; the
requirements limiting a wide applicability of the Comet
assay in practical medicine [38].

In a special issue of Oxford journal “Mutagenesis”
Andrew R. Collins, Professor of Norwegian University of
Fundamental Medicine, calls for scientists to report the
data on the development and updating the technique,
and its application in relatively new or unstudied fields of
researches [39].
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Figure 1. The main directions of the application of Comet assay in biomedical research

The abovementioned determines the relevance of
the search of a new method modification to induce DNA
damages in individual cells using the Comet assay.

The aim of the investigation was to assess the
availability of ozone to induce DNA damage in individual
cells to analyze them using the Comet assay.

Materials and Methods. Experimental studies were
performed on whole blood leukocytes of 16 white non-
linear intact male rats weighing 250+25 g.

The work was performed in accordance with ethical
principles established by European Convention for the
Protection of Vertebrata used for Experimental and other
Scientific Purposes (the Convention was passed in
Strasburg, March, 18, 1986, adopted in Strasburg, June,
15, 2006) and approved by Ethics Committee of Nizhny
Novgorod State Medical Academy.

The blood (20 pl) was drawn via sublingual vein and
mixed with 500 pl of 0.5% low-melt-point agarose. Final
leukocyte concentration in the solution was 500,000 cells/
ml. Such hemodilution is optimal for the comets under
study to be equally spaced in field of vision on the slide.
Further, the slides with individual cells in agarose gel
we prepared. The slide was applied by the layer of 1%
high-melting agarose, and dried at room temperature for
better adhesion of the following layers applied [9, 40].
The suspension of cells mixed with 500 pl of 0.5% low-
melt-point agarose was applied onto solidified layer of
1% high-melting agarose (2 drops per the glass), and
covered with cover slips, 24x24 mm in size. Thus, on
each glass there were 2 slides with immobilized cells in
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the agarose layer. Then, after the solidification of slides
for 4-5 min at room temperature, the cover slips were
removed for further manipulations with the cells in the
agarose layer.

Two series of experiments were carried out according
to the original scheme shown in Figure 2 for the induc-
tion of DNA damage in leukocytes on the slides.

The main procedures of slide treatment: lysis of cells
in agarose gel composition (1 h), DNA denaturation,
electrophoresis (pH>13), neutralization, and DNA
staining with a SYBR GREEN | were carried out as
described in the paper [4]. After staining the images of
comets were photographed, mainly, in the central part of
the slides, where the comets were arranged in the same
plane.

The photographs were taken with a digital camera
model DS series DS-Fi2 (Nikon Corporation, Japan)
connected to a direct microscope Nikon Eclipse Ni-U
(Nikon Corporation, Japan). The received images
were processed with specialized software Comet.exe
developed by Stepanov for recording and analyzing
displays [41]. The 68 slides on 34 glasses were
prepared in experiment totally. The 100 comets from
glass have been analyzed, and average value for each
experimental point was calculated. For DNA damage
degree assessment we used the parameter of %TDNA,
the percentage of DNA in the tail of the comet[1].
Unexposed cells served as control. The data were
analyzed using software packages of Microsoft Excel
2010 and AtteStat.
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Figure 2. The scheme of induction of DNA damage in leukocytes on the slides at one of the stages
of the Comet assay. PBS: phosphate buffer saline; OPBS: ozonized PBS

Results and Discussion. The exposure of ionizing

radiation to cells is known to be divided into

and indirect. In the first instance, radiation interacts

directly with the cell components particularly
and its damage disrupts the normal function

the cell or causes its death. In case of the indirect
effect, the radiation interacts with water molecules,
which constitute about 80% of the cell that leads to its
radiation the radiolysis of water. This process results

in the formation of free radicals particularly the
reactive hydroxyl radical OH® that has some
cytotoxic activity [42, 43].

Ozone reacts with the double bonds of the

genous bases of nucleic acids, forming ozonides that

ultimately lead to the formation of single- or d

strand breaks in spirals [44, 45]. In water solution, the
spontaneous decomposition of ozone and its reaction
with the hydroxyl ions OH- which is formed in the water
due to the dissociation of some part of its molecules.

Hydroxyl ion easily and quickly reacts with

following rather complex multi-step mechanism with the
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formation of free radicals OH* and OH,’ [46]. OH* radicals
in turn react with deoxyribose, being part of the nucleic
acids, and this interaction underlies the mutagenic
activity of hydroxyl radicals. Besides, hydroxyl radicals
react with purine and pyrimidine bases of nucleic acids.
It can lead to disruption of complementary bases in
the DNA chain and ultimately cause cell mutation or
death [44].

Thus, the mechanism of action of the ionizing radiation
and ozone on cell DNA is similar: in both cases there is
an oxidative stress providing some excessive production
of the hydroxyl radical OH".

The features in the morphology of comets are detected
after the exposure causing DNA damage.

The nucleoids of unexposed cells have spherical
form with a luminous “halo” around the core part. “Halo”
is DNA loops attached to the proteins of nuclear matrix
[47] (Figure 3). The comets obtained after exposure to
ozone in the ozone-oxygen mixture at the concentration
900 pg/L for 5 min on the cells in the slides had short
tail containing some different DNA fragments (Figure 4).
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Figure 3. The photomicrograph of the cell nucleoid without
exposure (% TDNA=0.9); x200

T
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Figure 4. The photomicrograph of the cell nucleoid after
exposure with ozone 900 pg/L for 5 min (% TDNA=4.6); x200.
The arrow indicates the comet head, and the tail length is
marked by a curly bracket

Figure 5. The photomicrograph of the cell nucleoid after
exposure with ozone 900 pg/L for 10 min (% TDNA=12.6);
x200. The arrow indicates the comet head, and the tail length is
marked by a curly bracket
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Figure 6. The photomicrograph of the cell nucleoid after
exposure with gamma-radiation at the dosage 3 Gy
(%TDNA=12.4); x200

The cell nucleoids after exposure with ozone at the
same concentration, 900 pg/L, but for 10 min, had the
well-defined long tail (Figure 5). The Figures 3 and 4
are processed using the function Auto built in the
microscope. It allows adjusting the brightness of the
image to provide the best color reproduction object.

The comparison of photomicrographs of nucleoids of
cells obtained after the effect (See Figure 5) and gamma-
radiation at a dose of 3 Gy (Figure 6) showed Comet
assay to have similar long and well-defined tails in both
methods of induced DNA damage.

The analysis of the distribution of sample data
according to Kolmogorov—Smirnov criterion showed
the absence of differences of a normal distribution.
Therefore, parametric Student t-test with Bonferonni
correction for multiple comparisons were used later. The
analysis of the results of the investigations didn’t reveal
any significant differences of average values of the
level induced DNA damage in whole blood leukocytes
after exposure with ozone at various concentrations in
ozone-oxygen mixture: 200, 400 and 900 pg/L for 5 min
(Figure 7). However, the level of induced DNA damage
in blood leukocytes after exposure with ozone at the
concentration of 900 pg/L for 10 min was significantly
higher than the DNA damage resulted from ozone
exposure at all three concentrations for 5 min, and at
the concentrations of 200 and 400 pg/L for 10 min.

The comparison of mean levels of induced DNA
damage in whole blood leukocytes after exposure with
ozone in ozone-oxygen mixture at the concentration of
900 pg/L for 10 min (%TDNA=12.4+1.3) and after the
action of gamma-radiation %°Co at the dosage 3 Gy
(%TDNA 12.5+0.4), were not detected significant
differences (Figure 8).

Thus, the substitution of gamma-radiation for
ozonation to detect DNA damage and repair helps to
remove methodological difficulties restricting a wide use
of the Comet assay in practical medicine.
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Figure 7. The dependence of the average value of the level induced DNA damage in leukocytes of whole blood of rats on the
exposure time with different concentrations of ozone in the ozone-oxygen mixture to the cells in the slides
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DNA damage in leukocytes of whole blood cells
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Conclusion. A new version of the Comet assay
technique has been developed. The effect of ozone on
cells on slides, when ozone concentration in ozone-
oxygen mixture is 900 pg/L and exposure time is 10 min,
seems to be an optimal to apply the technique to detect
and study DNA damage. The proposed approach
enables us to avoid the drawbacks of traditional gamma-
radiation usage.
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