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Abstract

DNA damage induced by ionizing radiation may ultimately lead to cell death or initiate
cancer cells development. Today it is difficult to estimate what the actual damage to the human
body will be, given the fact that today in the world the number of diagnostic procedures using
radiation and iodine contrast media is increasing, and the existence of a number of factors that can
affect the radiation dose in vivo. At the same time, development of new methods is required, which
can determine in a much shorter time what will be the effect of diagnostic radiation on the DNA
molecule. For these purposes we develop two competitive inhouse methods for automated
quantification of DNA double strand brakes (DDSB) in peripheral blood lymphocytes:
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immunofluorescence determining of γH2AX with stained microscopic slides and determining the
occurrence of DDSB with the flow cytometry. Our initial results shown that computed tomography
(CT) can cause damage in the DNA molecule in the form of DDSB, the existence of linear
dependence with the increase in low and high range of CTDI and the number of γH2AX, and that
iodine contrast media can increase the occurrence of DNA double strand brakes.

Keywords: CT examinations, ICM, immunofluorescence, flow cytometry, DDSB

Introduction

Since their discovery until now, X-rays have been used for many things. In medicine they
are used for diagnostic procedures, interventional radiology and in radiation therapy. Because of
this they represent the largest man-made source of exposure to radiation in humans (Brenner, 2004;
Brenner & Elliston, 2004; Doll & Wakeford, 1997; Fuchs & Sox, 2001; Gilbert, 2001; ICRP, 1991;
United Nations Scientiﬁc Committee on the Effects of Atomic Radiation, 2000). According to
some authors, this medical X-ray exposure account for 14-20% of the total annual exposure
worldwide (Haaga, 2001; Herzog & Rieger, 2004; Nickoloff & Alderson, 2001). Мost of this
medical radiation are due to computed tomography (Berrington & Rieger, 2004; Haaga, 2001;
Nickoloff & Alderson, 2001). It is considered that in Germany the cumulative risk of
approximately 1.5% for carcinomas in people over 75 years of age is due to X-radiation use in
medical purposes (Deinzer et al., 2014). In the United States, about 6000 new cases of carcinoma
occur each year as a result of the application of radiation to medical purposes (Haaga, 2001;
Herzog & Rieger, 2004; Nickoloff & Alderson, 2001; Thomsen & Morcos, 2003). In the UK
application of a radiation dose in medical procedures leads to an increase in the risk of cancer for
1% (Kendall et al., 2006). Children are thought to be even up to 10 times more susceptible than
adults (Rassow et al., 2000; United Nations Scientiﬁc Committee on the Effects of Atomic
Radiation, 2000). It has been long recognized that ionizing radiation (X-rays, ϒ-rays, α-particles,
as well as heavy ions) can lead to the occurrence of various substantial damage of the DNA
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molecule in the form of single-strand breaks, double-strand breaks, as well as base damages
(Berrington & Rieger, 2004). Of greatest interest is the occurrence of double breaks interruptions
in the DNA molecule, which can lead to genetic instability and the occurrence of carcinogenesis
(Kinner et al., 2008). These double DNA breaks are created either due to the direct action of Xrays on DNA and creation of DNA radicals or the creation of radicals due to radiolysis of the water
(Bernard et al., 2013). These radicals react with atoms and molecules in cells and cause singlestrand breaks, double-strand breaks, and base damages, causing an increase in the risk of malignant
disease (Berrington & Rieger, 2004; Joubert et al., 2008).
Most frequently the “Linear No Threshold Theory“ is favored (Wakeford, 2005). Other
theories emphasize the “Hormesis“, meaning the positive effect of low dose radiation on DNA
repair (Doss, 2013). In a number of imaging applications, and especially in computerized
tomography, to better visualize the findings iodine contrast agents are used, because they increase
the contrast of the vessels, structures or liquids. According to some studies, over a year, 8 million
liters of iodine contrast mediums (ICM) are used worldwide (Dusal & Reiner, 2009). Usage of
ICM can lead to an increase in DNA damage (Gould et al., 2016; Grudzenski et al., 2010; Pathe et
al, 2011; Piechowiak et al., 2015), especially if used in concentrations greater than 17.5 mg/mL
(Gould et al., 2016). In vitro studies demonstrated an increase of 25% in the number of DNA
double strand brakes (DDSB) when using ICM, as to those without ICM application (Pathe et al,
2011). However, other investigations indicated that there is no increase in the number of DNA
impairments after the use of ICM (Beels et al., 2012; Deinzer et al., 2014, Grudzenski et al., 2009;
Jost et al., 2009; Joubert et al., 2005; Vandevoorde et al., 2015), or that there is statistically
insignificant increase (Wang et al., 2017). The mechanism by which ICM causes such changes is
not yet known (Joubert et al., 2005). Furthermore, up to now there is no agreement about the
mechanism how x-ray based clinical imaging can cause DNA damage or even mutations. Several
theories about the interaction of ionizing radiation on the DNA exists in the low dose range
(https://en.wikipedia.org/wiki/Linear_no-threshold_model, accessed January 18, 2017).
Today, the measurement of the phosphorylated histone variant of γH2AH is widely used
in the world as a reliable and sensitive marker for measuring the number of DNA double-strand
breaks after the exposure to ionizing radiation (Bells et al., 2009; Beels et al., 2012; Jeggo &
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Lobrich, 2006; Lobrich et al., 2005; Mah et al., 2011; Roch-Lefevre et al., 2010; Rothkamm et al.,
2007; Rothkamm & Horn, 2009; Zhang et al., 2016).
Medical diagnostic procedures involving CT and iodine contrast media are increasing year
by year. This is largely due to the improvement in detector width of the apparatus itself, associated
with the faster rotational time thus enabling greater volume coverage. Some studies indicate that
increasing number of CT scans and radiation doses can be associated with the cancer risks in adults
and particularly in children (Brenner & Hall, 2007), since the computed tomography delivers at
least 100 times more radiation than plain x-rays. In the pediatric radiology community hazards and
long-term effects of ionizing radiation, including cancer induction, are well percepted and are
supported by empirical studies (Mathews et al., 2013).
DNA damage induced by ionizing radiation may ultimately lead to cell death or initiate
cancer cells development. For these reasons, molecular-level thorough understanding of
fundamental mechanisms behind the processes leading to DNA damage may certainly be of
substantial importance in cancer treatment and perhaps even prevention. In most studies, the
effects of diagnostic doses of CT radiation are examined in vitro using the ionizing chambers and
cell cultures. In such circumstances it is difficult to estimate what the actual damage to the human
body will be, given the existence of a number of factors that can affect the radiation dose in vivo.
At the same time, development of new methods is required, which can determine in a much shorter
time what will be the effect of diagnostic radiation on the DNA molecule, compared to the standard
methods. Especially knowing that doses above 50 mGy can triple the risk of occurrence of
leukemia in children (Pearce et al., 2012).
Unfortunately, the examination of γH2AH naturally does not give the information about
the position within the genome where DDSB’s occur. Despite all these efforts the carcinogenic
effected of repeated imaging using modalities utilizing ionizing radiation, like CT, can be
evaluated but not explained. Detection of the appropriate genome areas, which are hit by ionizing
radiation, could be a major step forward in understanding those mechanisms. Due to this, the need
for developing new methods for the automatic determination of DDSB is growing. In order to get
better understanding of mechanisms how radiation acts on DNA leading to DDSB’s; to find the
localization of DDSB’s within the DNA – which will allow us to study and analyze those DNA
*Corresponding author: klimentinatrajkova@gmail.com

6

doi:

Professional paper

parts in detail with molecular biologic and laboratory techniques; to get more insight why e.g.
repeated imaging, utilizing ionizing radiation, increases cancer risk and how this can be prevented;
and since in cancer therapy many cytostatic drugs provide their action by leading DDSB’s more
insights in this process could lead to more personalized therapy plans, thus reducing collateral
damage.
This paper aims to show our initial results on the introduction of two competitive in-house
methods for automated quantification of DDSB’s and generation of a calibration curve – meaning
dose vs. number of DDSB’s, as well as to show the impact of ICM on the number of DDSB.

Material and methods
In vitro irradiation
In our examinations, as samples, we used 50 ml of buffy coat (fraction of an anticoagulated
blood sample that contains most of the white blood cells and platelets following density gradient
centrifugation of the blood, (https://en.wikipedia.org/wiki/Buffy_coat, accessed May 10, 2019)
that contain only leucocytes, from normal healthy blood donors, obtained from the Department of
Blood Group Serology and Transfusion Medicine at the Medical Faculty in Graz. The buffy coat
was first divided in equal aliquots in 10 tubes of 50 ml. From these tubes we form 5 groups of 2
tubes each. The first group of 2 tubes was not irradiated and served as a control. The remaining 4
groups of 2 tubes each were irradiated with different doses according to the pre-prepared protocol.
The range of radiation doses ranged subclinical dose to supraclinical doses (0.88-2153.6 mGy of
Computed

Tomography

Dose

Index)

(https://en.wikipedia.org/wiki/Computed_tomography_dose_index, accessed May 9, 2019). In the
cases when we wanted to examine the effects of ICM on the occurrence of DDSB, into each of the
test tubes of the four examined groups prior to irradiation 200 microliters of Iomerone 300,
containing 61.24% w/v iomeprol equivalent to 30% iodine or 300 mg iodine / mL was added.
Both, doses of irradiation and concentration of iodine contrast media correspond to those that we
use daily in our clinical practice when working with pediatric cases. This quantity corresponds to
the amount that is reach in the organism of pediatric patients immediately after intravenous
administration All samples are irradiated at room temperature in 320-slice CT Scan (Toshiba
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AquilionONE) based on the Roentgen rays, with the following imaging parameters: 80, 100 and
120 kV, mA range of 20-500 and repetition of rotation time from 0.5 to 3.0 sec in order to generate
higher dosage. The dose-length product was calculated as the sum of the products of the CT dose
index (CTDI) and the scan length for each phase.

Lymphocyte separation
After irradiation, all samples were first incubated for 15 minutes at 37 C to allow sufficient
time for DNA damage signaling and activating the mechanisms for repairing DNA damage (RochLefevre, 2010), in order to correct the interruptions in the DNA molecules that can be repaired.
Then we transferred the samples to 4 C to stop the further acting on these DNA repair
mechanisms. Then, each of the vials is diluted with a PBS up to a volume of 30 mL. Afterward
samples were placed on a ficol gradient (Ficoll-PaqueTM PLUS, GE Healthcare) and centrifuged
at 2000 rpm at room temperature without a break. The resulting layer of mononuclear cells was
transferred to a new tube and PBS was added to a 50 mL final volume. The tube is centrifuged at
1300 rpm within 10 minutes. The supernatant is discarded, while the precipitate is resuspended in
PBS to a concentration of 1×107 cells/mL.

Immunofluorescence and microscopy
An amount of 2-106 cells were applied to microscope slides (Super-Frost WEISS, ROTH
Karlsruhe) with a cytospin centrifuge at 500 rpm for 10 minutes. Immediately afterwards, we
performed cell fixation for 10 minutes at room temperature with freshly prepared 4%
Formaldehyde (Sigma-Aldrich) in PBS. Then microscopic slides were washed 3 times in 10
minutes with PBS. Permeabilization and blocking were done in 0.2% Triton X-100 (SigmaAldrich) in PBS on plus 4 C. After peremeabilisation and blocking, the slides were washed 3
times in 10 minutes in 1% BSA (Sigma, Life Science) in PBS. The primary staining with γH2A.X
(Ser139) clone JBW301 (Millipore), diluted 1:1000 in Blocking Solution (1% BSA and PBS) were
done at 4 C overnight in wet chamber. After the primary staining, the antibody was washed 3
times in 10 minutes with 1% BSA in PBS. Secondary staining was performed with Alexa Fluor
488, goat-anti mouse, diluted 1: 2000 in Blocking Solution (1% BSA and PBS) for 1 hour in dark
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in wet chamber. After secondary staining slides were washed 4 times in 10 minutes with PBS on
dark in washing baths covered with aluminum foil. Then, slides were carefully clean from washing
solution without wiping off the cells and dried for 5-10 min. Dried slides were covered with cover
glass coated with FluoroshieldTM with DAPI (Sigma, Life Science). In this way prepared slides
were left to dry for 1 hour in dark at room temperature. After drying, microscopic slides were
sealed with nail polish. The prepared glasses stood at -20 C until their analysis. Analyzes of the
foci were carried out using the Zeiss ObserverZ1 microscope platform equipped with Zeiss filters
sets FS01 (DAPI), FS17 (FITC) and FS20 (CY3) using a 63x objective. Scanning and initial preanalytical image processing was done in ZEN software version 2.3 (Zeiss). Image analysis was
performed in CellProfiler (v.2.2.0 rev ac0529e) to calculate the number of cells and the number of
DDSB that occur per sample.

Flow cytometry
From each of the irradiated test tubes, before starting with the immunohistochemical
staining, we took a sample for performing flow cytometry. Each of the samples was diluted with
PBS until the number of WBC were below 5000 cells/microliter. Flow cytometry was performed
on polystyrene tubes divided into three groups. The first group served as a control and contained
only an irradiated sample and a physiological solution. In the second group of tubes, beside the
irradiated sample, we added a mixture of fluorescently labelled IgG antibodies (marked with FITC,
PC5.5, APC, APC-AF700, APC-AF750 and KrO). In the third group of tubes, beside the irradiated
blood sample, we added a mixture of fluorescently labelled antibodies directed to surface CD
markers for lymphocytes (CD19 PC5.5, CD8 APC, CD4 APC-AF700, CD3 APC-AF750 and
CD45 KrO). After careful mixing, all the tubes were incubated for 15 minutes on ice in the dark.
Following incubation, the test tubes were vortexed and fixed for 15 minutes on ice in the dark with
IntraPrep Reagent 1 (Beckman Coulter). After fixing, in each tube 4 mL of PBS were added and
centrifuged for 5 minutes at 300 g to 4 C. The supernatant was decanted, and the IntraPrep
Reagent 2 (Beckman Coulter) was added to the cells pellet for permeabilization. Permeabilization
of the cells was carried out for 5 minutes on ice in the dark. For intracellular staining, after
permeabilization, in the third group of tubes γH2AX-FITC 1:10 with PBS was added. Intracellular
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staining took place for 2 hours in dark at 4 C. After incubation in all tubes 4 mL of PBS were
added and centrifuged for 5 minutes at 300 g. The supernatant was decanted, and fixative solution
were added (IO Test 3 Fixative Solution, Beckman Coulter). Until measurement, the test tubes
were stored in a refrigerator at 4 C. The analysis was performed using the Navios Flow Cytometer
(Beckman Coulter). For the analysis of the foci, for determining the number of cells, as well as
the number of foci that occur in one sample Kaluza Software Package (Beckman Coulter) was
used. In all tubes, the number of signals (foci) in Th cells, Tc cells and B cells were measured.
The number of foci/100 cells obtained by immunofluorescence staining and flow cytometry
will be used as a starting value in the identification of medical imaging induced DNA double strain
brakes based on mathematical modelling.

Results and Discussion

Our initial results shown that CT can cause damage in the DNA molecule in the form of
DDSB, when compared with control samples that are not irradiated (Figure 1, 2 and 3).
Fig. 1.
Fig. 2.
Fig. 3.
Today in medical institutions around the world thousands of diagnostic procedures using
radiation are performed. It is thought that in recent decades the use of iodine contrast media has
increased by about 800% (Deinzer et al., 2014). But until recently, when using these iodine contrast
agents, only their nephrotoxicity and the ability to cause allergies were taken into account
(Davidson & Erdogan, 2008; Gueant-Rodrigez et al., 2006; Singh & Daftary, 2008).
"Linear no threshold theory" assure us that there is no reliable radiation dose. Research has
indicated the existence of a linear dependence between the increase in radiation dose and the risk
of cancer (National Research Council. 2006. Health Risks from Exposure to Low Levels of
Ionizing Radiation: BEIR VII Phase 2). This risk in children using ICM increases up to 19%. Some
studies have shown that the cumulative risk in children who are subjected to multiple CT
examinations is 6.5% (Johnson et al., 2014), while those who are subjected to heart catheterization
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are even 1 per 1000 (Beels et al., 2009). Our initial results obtained with immunofluorescence, we
established the existence of linear dependence with the increase in low and high range of CTDI
and the number of γH2AX in peripheral lymphocyte (Figure 4 and 5).
Fig. 4.
Fig. 5.
Besides better understanding of the molecular-biological damage and potential cancer
induction, there is the vision that, by means of determining γH2AX, could be a possibility to
approximate the individual radiation sensitivity. Thus, triggering a more aggressive approach to
optimization and stratification of imaging procedures utilizing ionizing radiation, strategies for
“genome protection” as well as stimulating the development and optimization of alternatives. In
addition, many chemotherapeutic drugs induce DNA double strain berakes and such an
approximation could also assist in optimal dose adjustments of chemotherapeutics in pediatric
oncologic patients.
When assessing the effect of ICM, it should always be taken into account, from which
illness the patient is affected, and how this disease affects the occurrence of DDSB. In the literature
there are a variety of data about the potential impact of ICM. However, even if in some of the
papers has been found that ICM can cause some changes in the DNA molecule, the real nature of
those changes is still not fully understood. It is still not known whether this damage is due to direct
damage to the DNA molecule under the influence of radiation, due to the disruption of the
mechanisms for DNA repairing or because of the direct cytotoxicity of ICM (Joubert et al., 2008).
Such damages occur through a sequence of rather complex physicochemical processes. One part
of the research suggests that these changes may be largely due to direct damage under the influence
of radiation, without influencing on DNA repair (Rothkamm & Horn, 2009). X-ray radiation in
medical diagnostic procedures leads to the appearance of the photoelectric effect, i.e.

the

absorption of the energy from the rays results in the emission of electrons from the k-shell of the
atoms. The energy that is generated in this way (Pradhan et al., 2009), can cause damage to the
DNA molecule in two ways. Directly, by damaging covalent and hydrogen chemical bonds in the
DNA molecule or indirectly, by radiolysis of the water from the irradiated place of the organism
to its constituents. Because the radicals created in this way can donate or receive electrons, they
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can enter into complex interactions with surrounding tissues (Fisher-Bellman & Bloomer, 2009).
The chemical number of iodine used in medical diagnostic procedures is 53 and is much larger
than all the same numbers of other elements on which the human body is based. This means that
iodine is much more capable of releasing or receiving electrons compared to surrounding soft
tissues, which would create a greater amount of free radicals. Especially when it is known that the
absorption of energy in the K-edge of iodine is in the domain of the energy value of the photons
used in diagnostic procedures. This increased release or receive of electrons can also potentiate the
Auger effect (Auger, 1975). In this effect, the transition of the electrons from the outer shells into
one of the inner shells occurs. In this process of transition, either a photon is released, with an
energy equivalent to the net difference between the outer and inner shell, or that energy causes the
ejection of electrons out of the outer shell (Pradhan et al., 2009). Both, the photon and the ejection
of electrons from the outer shell, cause the formation of free oxygen radicals capable of causing
DNA damage. According to some authors, oxidative radicals similar to those produced in largedose irradiation may also be induced in patients with prior treatment with H2O2, the conditions
similar to those with oxidative stress (Grudzenski et al, 2010). According to these authors, a certain
level of radiation energy is needed to trigger mechanisms for repairing the DNA molecule, which
means that small radiation doses below 10 mGy are ineffective for such a thing (Grudzenski et al,
2010). Of course, all types of the previously outlined processes may take place in parallel. Due to
the inherently molecular nature of all these processes, they are quantum in nature and their outcome
depends on the topology of molecular potential energy hypersurface details and other inherently
molecular properties. For that reason, a thorough in-depth understanding of DNA damage as a
consequence of its interaction with ionizing radiation (in a direct or indirect manner) has to be
based on molecular quantum mechanics and dynamics.
It seems that other factors and mechanisms may also affect the occurrence of damage to
the DNA molecule in medical diagnostic procedures, without or with using iodine contrast agents.
Proof of this are the most diverse results obtained in in vitro and in vivo studies done for these
purposes. Some studies indicate that the ICM itself, immediately after adding and before any
irradiation, can lead to an increase in baseline values of the DDSB by as much as 90% (Parvez et
al., 1987; Schmid & Bauchinger, 1976; Wang et al., 2017). In trials various types of iodine contrast
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agents have been used. All of this suggests that some of the things that are out of the scope of the
examinations may be included in the mechanism of action of the ICM. For example, the genetic
component, the previous health state of the organism, etc. This can also be influenced by the fact
that, in some patients, ICM can maybe bind to some substances in the body and gain the ability to
enter into the cells and damage the DNA molecule. Especially when it is known that low osmolality
ICM can still cause adverse reactions, vasodilatation and dehydration of the cells (Joubert et al.,
2005). The same can be caused if ICM may cause the formation of new complex compounds in
the body or may result in the excretion of substances that would otherwise not be excreted and
which have the ability to cause damage to the DNA molecule. Of course, the ability of ICM to
induce the occurrence of the DDSB can be influenced by the way of storage and use of the ICM
itself. Incorrect storage and route of administration cause instability in ICM and formation of
iodides, which can lead to damage to DNA molecules (Lobrich et al., 2010). Although most
authors agree that damage to the DNA molecule does not occur when the ICM is added before
irradiation, especially if the iodine concentration is below 17.5 mg per mL of blood (Gould et al.,
2016), there are still studies that have shown that concentrations of 7.5 and 15 mg iodine per mL
of blood can lead to an increase in DDSB by approximately 38% (Xue et al., 1994). Our results
are comparable to these, since we also received a significant increase in the amount of DDSB when
using 7.5 mg iodine per mL of blood (Figure 6). Additionally, a larger number of DNA-DSBs
appeared if ICM was used in concentrations of 30-50 mg per ml of blood. Depending on the type
of study (in vitro or in vivo), as well as the strength of the radiation dose, at this concentration of
iodine contrast agent, the increase in the number of DDSB ranged from 28-110% (Gould et al.,
2016; Grudzenski et al., 2009; Pathe et al., 2011; Piechowiak et al., 2015, Wang et al., 2017). In
addition to increasing the number of DDDS, these iodine contrast concentrations can lead to
chromosome aberrations (Adams et al., 1977; Matsubara et al., 1982) and micronuclei (Dawson et
al., 1988; Norman et al., 1978; Norman et al., 2001). These examined concentrations cover doses
commonly used in medical diagnostic procedures, including doses that are used in heart
catheterization in adults (Marenzi et al., 2009), and even heart catheterization in children, where
the dose is up to 65 mg iodine ml of blood (Gould et al., 2016). The maximum allowable amount
for the use of iodine contrast agent is 80 mg iodine per ml of blood (Deinzer et al., 2014).
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Fig. 6.
The cell corrects DDSB type of damage by means of two mechanisms: non-homologous

end joining (NHEJ) and homologous recombination (HR) (Rothkamm et al., 2003). When the
repair of the DNA damage is complete, loss of γH2AX will occur (Leatherbarrow et al., 2006).
Therefore, the presence of foci and their number directly indicates that there has been no repair of
the DNA molecule. All this for the simple reason because removing of the phosphorylated γH2AX
after repairing the DNA damage is a very complex process that require great coordination and
involve a large number of enzymes. If γH2AX remains for more than 20 hours, indicate that an
irregular or irreversible repair of damaged DNA (Suzuki et al., 2006) has occurred.
All these facts indicate that the assessment of the impact of the radiation effect during
medical diagnostic procedures, in particular CT with or without ICM, cannot be left only to the
dosimetry or dose length product (DLP). The latest data suggests that more efforts should be made
to make an estimate of benefits versus damage, especially when repetitive irradiation is performed
or when CT is used to monitor the effect of therapeutic procedures. Precautions should also be
taken in patients in whom a diagnostic procedure should be repeated in a short amount of time,
and the iodine contrast agent for certain reasons is still in the body. The same applies to patients
receiving therapy that can lead in itself to damage to the DNA molecule (for example radiotherapy,
cytostatic drugs or corticosteroids).
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Fig. 1. γH2AX immunofluorescence staining of a native blood sample (before irradiation).

*Corresponding author: klimentinatrajkova@gmail.com

23

doi:

Professional paper

Fig. 2. γH2AX immunofluorescence staining of a blood sample after CT irradiation with a CTDI
of 88.12 mGy. Bright spots represent foci where DNA double strain breaks occurred.
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Fig. 3. γH2AX immunofluorescence staining of a blood sample after CT irradiation with a CTDI
of 1615.3 mGy. Bright spots represent foci where DNA double strain breaks occurred.
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Fig. 4. Number of DDSB’s in dependence to dose to low doses in CT with correlation of R²=0.96,
CTDI: Computed Tomography Dose Index.
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Fig. 5. Number of DNA double strain breaks in dependence to dose high CTDI range with correlation
R²=0.98, CTDI: Computed Tomography Dose Index.
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Fig. 6. γH2AX immunofluorescence staining of a blood sample with 7.5 mg iodine per mL blood
after CT irradiation. Bright spots represent foci where DNA double strain breaks occurred.
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Клучни зборови: КТ испитувања, ICM, имунофлуоресценција, проточна цитометрија,
DDSB
Оштетувањето на ДНК молекулата предизвикано од јонизирачко зрачење може во
крајна линија да доведе до смрт на клетките или да иницира развој на карцином. Многу е
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тешко да се процени каква ќе биде вистинската штета која ќе се предизвика кај човечкото
тело, имајќи го во предвид фактот дека денес во светот се повеќе се зголемува употребата
на дијагностички методи кои користат зрачење и јодни контрастни средства, како и тоа дека
постојат голем број на фактори кои можат да влијаат на доза на озрачување ин виво. Во
исто време потребено е да се развијат нови методи со кои, за многу пократок временски
период, ќе може да се одреди каков ќе биде ефектот на дијагностичкото зрачење врз ДНК
молекулата. За овие цели ние развивме две компетитивни методи за автоматско
квантифицирање на двојните прекини во ДНК молекулата (DDSB) во лимфоцитите од
периферната крв: имунофлуоресцентно одредување на γH2AX со обоени микроскопски
слајдови и одредување на појава на DDSB со проточна цитометрија. Нашите првични
резултати покажаа дека компјутерската томографија (KT) може да предизвика оштетување
на ДНК молекулата во форма на DDSB, на постоење на линеарна зависност со зголемување
на нискиот и висок опсег на дозниот индекс кај КТ (CTDI) и бројот на γH2AX, како и дека
употребата на јодни контрастни средства доведува до зголемена појава двојни прекини во
ДНК молекулата.
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