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ROLE OF MITOCHONDRIAL DNA AND MITOCHONDRIAL FUNCTIONS 
IN THE DEVELOPMENT OF THE RADIATION-INDUCED RESPONSE OF THE 

ORGANISM
S.A. Abdullaev 1,2, S.I. Glukhov 2, D.V. Saleeva 1, E.V. Evdokimovskii 2

1 State Research Center - Burnasyan Federal Medical Biophysical Center of Federal 
Medical Biological Agency, Moscow, 123098, Russia

2 Institute of theoretica and Experimental Biophysics of RAS, Pushchino, 142290, 
Russia, e-mail: saabdullaev@gmail.com
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prolongs survival rate in mice and causes increased urinary excretion of cell-free DNA in X-
irradiated rats. // Mutation Research - Genetic Toxicology and Environmental Mutagenesis, 
2018. V. 831. P. 13-18.
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of melatonin in tissues with different proliferative activity. // Antioxidants, 2021. 10. 1885.
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DYNAMICS OF PROLIFERATIVE ACTIVITY AND LEVEL OF 
MICRONUCLEI IN MICE BONE MARROW CELLS IN THE ACUTE RADIATION

PERIOD
O. Aksenenko, A. Suslenkova, E. Shchurova, N.Veyalkina

Institute of Radiobiology of NAS of Belarus, Gomel, Belarus
E-mail: suslenkova.alina@gmail.com

Summary. The effect of a single total X-ray irradiation on the dynamics of 
proliferative activity and the level of cells with micronuclei in the bone marrow of C57Bl/6 
mice in the acute post-radiation period was studied. X-ray radiation of high power at a dose of 
3 Gy does not cause the death of animals, but affects the state of hematopoietic cells in the 
bone marrow of mice. The effects observed on the first and third days after irradiation 
decrease their severity by the seventh day.

Keywords: X-ray irradiation, cytometry, micronuclei, proliferative activity
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INDUCTION OF CYTOGENETIC DAMAGES IN BONE MARROW CELLS 
UNDER IRRADIATION OF MICE WITH LOW AND THERAPEUTIC DOSES OF 

PROTONS AND CARBON IONS
T.A. Belyakova1, O. M. Rozanova2, E. N. Smirnova2, N. S. Strelnikova1,

A.G. Vasilyeva3

1 Branch “Physical-Technical Center” of P.N. Lebedev Physical Institute of RAS, 
Protvino, Russia

2 Institute of Theoretical and Experimental Biophysics of RAS, Pushchino, Russia
3 Institute for High Energy Physics named by A.A. Logunov of National Research Centre 

“Kurchatov Institute”, Protvino, Russia
e-mail: belyakovatanya@mail.ru

Summary. The effect of exposure to protons and accelerated carbon ions at low and 
medium doses on the level of cytogenetic damage in bone marrow cells depending on LET 
was studied in experiments on SHK mice. The results of experiments show that the RBE for 
protons up to the Bragg peak was 0.9, and at the peak – 1.15. The RBE for carbon ions up to 
the peak was 0.9, and in the 10 mm Bragg peak, the value was in the range of 1.1–1.7; for the 
30 mm Bragg peak, it was 1–1.3. The highest RBE value was obtained in the region of low 
doses when mice were irradiated at the 10 mm Bragg peak. 

Key words: carbon ions, proton, Bragg peak, RBE, LET, micronucleus, mice
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COMPARISON OF THE BIOLOGICAL ACTION OF TRITIUM IN THE 
FORM OF FREE TRITIUM WATER AND EXTERNAL -IRRADIATION. TRITIUM 

HALF-LIFE FROM THE BODY AND CALCULATION OF ABSORBED DOSES
L. G. Bondareva

Federal Scientific Centre of Hygiene named after F.F. Erisman, Mytischi, Russia
e-mail: lydiabondareva@gmail.com

Summary. In experiments on rats, we studied the fundamental possibility of 
incorporation from HTR into tissue DNA, which is a consequence of the metabolic pathways 
of hydrogen in the body. It was found that the impact of NTO with a single or long-term 
administration of it leads to a greater structural and functional damage to the genetic 

-radiation. Organ half-
lives and absorbed doses were calculated.

Keywords -radiation, DNA, rats

3

-

- –

–
–

-
-

-
( ,

23



 
 

-
-

-

4 4

1/2
– – – 4,15; – 3,79; 

– – 3,65.

- - -

-

12,8-
50 -

-
-

-
-

137Cs
-

- -

- –
– –

–

- -

-

24



 
 

- 137Cs

1/2 1/2 

-

-

:
1. Alloni D., Cutaia C., Mariotti L. et. al. Radiat. Res. 2014. Vol. 182. P. 322–

330.
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RADIATION MUTAGENESIS AND ACCELERATED HEAVY IONS 
A.V. Boreyko

Radiation Biology Laboratory of the Joint Institute for Nuclear Research, Dubna, Russia 
e-mail: albor@jinr.ru

Summary. An analysis of the results of experimental studies of the mutagenic effect of 
ionizing radiation with different physical characteristics on bacteria and mammalian cells has 
been carried out. It has been shown that monoenergetic beams of accelerated heavy ions are 
an effective tool for establishing the mechanisms for formation of gene and structural 
mutations in cells with different genotypes.

Key words: gene and structural mutations, accelerated heavy ions, DNA damage.
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MATHEMATICAL MODELING OF INDUCTION AND REPAIR OF DNA DAMAGE 

UNDER EXPOSURE TO RADIATIONS WITH DIFFERENT PHYSICAL 
CHARACTERISTICS 

A.N. Bugay, M. Batmunkh, L. Bayarchimeg, M.A. Vasilyeva, E.B. Dushanov, 
A.Yu. Parkhomenko

 
Joint Institute for Nuclear Research, Dubna, Russia 

e-mail: bugay@jinr.ru 
Summary. A hierarchy of mathematical models has been developed to calculate the formation 
and repair of DNA lesions, primarily double-strand breaks, under the action of ionizing 
radiation with different linear energy transfer on normal and tumor cells in mammals and 
humans. 

Key words: DNA lesions, DNA repair, mathematical models 
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DNA DAMAGE AND CYTOGENETIC EFFECTS OF SECONDARY 
RADIATION PRODUCED WHEN PROTONS PASSAGE THROUGH A CONCRETE 

STRUCTURE
T.M. Bychkova 1,2, O.V. Nikitenko 1,2, T.M. Trubchenkova2, N.Yu. Vorobieva2,

A.G. Molokanov3, A.N. Osipov2, A.A. Ivanov 1,2,3

1State Scientific Center of the Russian Federation - Institute of Biomedical Problems 
of the Russian Academy of Sciences, Moscow, Russia

2Federal Medical Biophysical Center named after N.N. A.I. Burnazyan FMBA of 
Russia, Moscow, Russia

3Joint Institute for Nuclear Research, Dubna, Russia
e-mail: taisiabichkova@mail.ru

Summary. In experiments performed at the JINR Phasotron, a radiobiological 
evaluation of the efficiency of protons with an energy of 650-660 MeV after passing through 
a concrete structure 20, 40 and 80 cm thick was carried out. The dose-effect dependences 
were studied in doses from 0,02 to 25 Gy. The vital status of irradiated animals was 
characterized 24 hours after exposure to radiation. The presence of cytogenetic effects and 
molecular damage to DNA indicates the mutagenic and carcinogenic effects of secondary 
radiation.

Key words: chromosomal aberrations, double-strand DNA breaks; mouse splenocytes; 
protons; secondary ionizing radiation
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stanislav.vasilyev@medgenetics.ru

EPIGENETIC FACTORS IN THE REPAIR OF DNA DOUBLE HELIX BREAKS
S.A.Vasilyev

Research Institute of Medical Genetics, 
Tomsk National Research Medical Center of RAS, Tomsk, Russia

stanislav.vasilyev@medgenetics.ru

Abstract. Due to its organization, DNA is a stable molecule with a great potential for 
repairing most damage due to the presence of a second strand. Breaks in both DNA strands 
represent the most serious damage to its structure with dangerous consequences for the cell 
and therefore require a large number of regulatory mechanisms aimed at their detection and 
repair. Among such mechanisms, epigenetic mechanisms associated with DNA methylation 
and histone modifications play an important role. In addition, interindividual variability in 
epigenetic markers is associated with the individual sensitivity of cells and organisms to the 
effects of mutagens, including ionizing radiation. Consideration of such mechanisms and 
markers is the purpose of this study.

Keywords: genome stability, DNA repair, epigenetics, DNA methylation, histone 
modifications 
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POTENTIAL MECHANISMS OF ANTIAPOPTIC EFFECT OF ALFA1-
ADRENERGIC AGONISTS UNDER EXPOSURE TO IONIZING RADIATION

M.V. Vasin 1, I.B. Ushakov 2
1 Russian Medical Academy of Continuing Professional Education of the Ministry of Health 

of Russia, Moscow, Russia
2 State Scientific Center - Burnazyan Federal Medical Biophysical Center FMBA of Russia, 

Moscow, Russia
e-mail: vv4sin80@yandex.ru

Summary Radiation apoptosis makes a significant contribution to thanatogenesis in 
acute radiation sickness and in local radiation damage of tissues in the practice of 
radiotherapy of cancer patients. Alpha1-adrenergic agonists can stabilize mitochondrial 
homeostasis when exposed to radiation, thereby reducing the likelihood of radiation apoptosis 
of cells and maintaining optimal tissue functioning through expression of sirtuin 1, NAMPT 
and PGC-

Keywords: radiation apoptosis, alpha1-adrenergic agonists, sirtuin 1, NAMPT, PGC-
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GENETIC AND EPIGENETIC MECHANISMS FOR ADAPTIVE RESPONSE OF 
SCOTT PINE TO CHRONIC RADIATION EXPOSURE 

Geras’kin S.A., Bitarishvili S.V., Bondarenko V.S., Bondarenko E.V., Vasiliev D.V.
Russian Institute of Radiology and Agroecology, Obninsk, Russia

e-mail: stgeraskin@gmail.com 

Summary. The report presents the main results of long-term observations on Scots pine 
populations in different radioecological situations and climatic zones. From the data presented 
it follows that chronic radiation exposure can be considered as an ecological factor capable of 
destabilizing the temporal dynamics, changing the genetic and epigenetic structure of 
populations, and modifying their hormonal status.

Key words: Scots pine, chronic exposure, methylation, gene expression, 
phytohormones, epigenetics
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ANALISIS OF MITOCHONDRIAL DNA IN RODENTS FROM EASTERN URALS 
RADIOACTIVE TRACE ZONE

E.B. Grigorkina1, S.B. Rakitin1, G.V. Olenev1

1Institute of Plant and Animal Ecology, Ural Branch, Russian Academy of Sciences,
Yekaterinburg, 620144 Russia grigorkina@ipae.uran.ru

Summary. Firstly polymorphism of gene cytochrome b’ fragment of mitochondrial 
DNA in rodents inhabiting EURT zone was analyzed. More high indices of genetic diversity 
in both samples from EURT zone and background territory (9.5 kms) as compared with 
reference one (220 kms) was found. Nucleotide diversity and average number of pair 
distinctions between haplotypes were greatest in specimens from contiguous site. Conclusion: 
observable effects are radio induced and transferred by migrants on adjacent territories. 

Key words: mitochondrial DNA, rodents, EURT, migration
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2. Baker  R.J., Dickins B.,Wickliffe J.K. et al. Elevated mitochondrial genome variation after 
50 generations of radiation exposure in a wild rodent // Evolutionary Applications. 2017. V. 

3. Molchanova I., Mikhailovskaya L., Antonov K. et al. Current assessment of integrated 
content of long-lived radionuclides in soils of the head part of the East Ural Radioactive Trace  
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4. Rakitin S.B., Grigorkina E.B., Olenev G.V. Analysis of microsatellite DNA in rodents from 
Eastern Urals radioactive trace zone and contiguous territories. Russ. J. Genet. 2016. V. 52. 

5. Malinovsky G.P., Yarmoshenko I.V., Starichenko V.I. et al. Assessment of radiation 
exposure of murine rodents at the EURT territories // Central European Journal of Biology. 
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6. Sources effects and risks of ionizing radiation. UNSCEAR 2008 Report to General 
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7. Grigorkina E.B., Olenev G.V. Migrations of rodents in the zone of local radioactive 
contamination at different phases of population dynamics and their consequences // Biology 
Bulletin. 2018. V. 45. N. 1. P doi: 10.1134/S1062359018010041
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INDUCTION OF GENE AND COMPLEX MUTATIONS BY GAMMA-RAYS AND 
ACCELERATED NITROGEN IONS IN HAPLOID EUKARYOTIC CELLS

N. I. Zhuchkina, N. V. Shvaneva, N. A. Koltovaya
Joint Institute for Nuclear Research, Joliot-Curie 6, 141980 Dubna, Russia

gem_nadin@bk.ru

Summary. A study of the patterns of induction of gene mutations showed that the 
frequency of mutations depended on LET. The RBE of mutagenic effect from LET for 
frameshift mutations and direct mutations was a curve with a local maximum of about 100 

accelerated heavy ions. Heavy ions caused deletions and complex mutations more effectively.
Keywords: -rays, heavy ions, point and complex mutations, yeast Saccharomyces 

cerevisiae.
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BCL2, PRKDC, CHOP, CDH2, BECLIN1, SLUG.

MOLECULAR AND CELLULAR REGULARITIES OF COMBINED ACTION OF 
PROTONS AND CARBON IONS ON BREAST CANCER STEM CELLS 

IN CELL CULTURES IN VITRO
Zamulaeva I.A.1,2, Matchuk O.N.1,2, Yakimova A.O.1, Koryakin S.N.1,3, Pikalov V.A.4,

S.A. Ivanov 1,5

1 A. Tsyb Medical Radiological Research Center - Branch of the National Medical Research 
Radiological Center of the Ministry of Health of the Russian Federation, Obninsk, Russia

2 Joint Institute for Nuclear Research, Dubna, Russia
3 Obninsk Institute for Nuclear Power Engineering - Brunch of the National Research Nuclear 

University MEPHI, Obninsk, Russia
4 Institute of High Energy Physics Named by A.A. Logunov of National Research Centre 

“Kurchatov Institute”, Protvino, Russia
5 RUDN University, Moscow, Russia

Summary. The effects of combined action of protons and 12C6+ ions on pool of cancer 
stem cells (CSCs) depend on molecular subtype of breast cancer. The best result in terms of 
reducing the CSC absolute number was obtained in case of successive irradiation with carbon 
ions, then with protons with their equal contribution to the total equieffective dose. For
luminal subtype, the dependence of postradiation number of CSCs on the expression of genes 
BCL2, PRKDC, CHOP, CDH2, BECLIN1, SLUG was shown.

Keywords: breast cancer, cancer stem cells, gene expression, protons, carbon ions
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CHANGES IN VARIOUS PARTS OF THE CEREBRAL CORTEX UNDER THE 
ACTION OF IONIZING RADIATION

V.N. Ilyicheva1, I.B. Ushakov2

1GBOU HPE "Voronezh State Medical Academy named after N. N. Burdenko" Ministry of 
Health and Social Development of Russia, Voronezh, Russia

e-mail: veravgma@yandex.ru
2State Scientific Center – A.I. Burnazyan Federal Medical Biophysical Center of the FMBA 

of Russia, Moscow, Russia
Summary. As a result of the experiment conducted on male rats after a total single irradiation 
at a dose of 0.1 Gy, the dependence of changes in karyometric parameters, the activity of 
redox enzymes, DNA content on the phylogenetic age of the bark and time after exposure was 
revealed.
Keywords: small doses of radiation exposure, brain, nuclear DNA
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STUDY OF POLYMORPHISM OF GENES 
OF EPIGENETIC REGULATION OF THE GENOME IN WORKERS 

EXPOSED TO LONG-TERM RADIATION EXPOSURE
D.S. Isubakova1, O.S. Tsymbal1, N.V. Litviakov1, 2,

M.Yu. Tsyplenkova1, I.V. Milto1, 3, R.M. Takhauov1, 3

1Seversk Biophysical Research Center, Seversk, Russia
2Tomsk Cancer Research Institute, Tomsk, Russia
3Siberian State Medical University, Tomsk, Russia

Summary. The results of studying the relationship of single-nucleotide polymorphisms 
of genes of epigenetic regulation of the genome with an increased frequency of cytogenetic 
disorders in the blood lymphocytes of workers of the ionizing radiation facility exposed to 
prolonged radiation exposure at doses of 100-500 mSv. The association of rs7590760 of the 
DNMT3A gene with a high frequency of dicentric and ring chromosomes in blood 
lymphocytes has been established. All other types of cytogenetic disorders showed no 
statistical significance.

Key words: ionizing radiation, chromosomal aberrations, single nucleotide 
polymorphism, DNMT3A.
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Ki-67 IN THE DIAGNOSIS OF POST-RADIATION BONE MARROW 
HEMATOPOIESIS RECOVERY

Kvacheva Yu.E.
State Research Center - Burnasyan Federal Medical Biophysical Center of Federal Medical 

Biological Agency, Moscow, Russia
e-mail: fmbc@fmbamail.ru

Summary: Autopsy bone marrow specimens of persons who died from acute radiation 
sickness as a result of the Chernobyl NPP accident were examined with the use of 
immunohistochemical (monoclonal antibodies to the Ki-67 antigen) and routine techniques. It 
has been shown that investigation of immunophenotypic markers of myelokaryocyte cell 
proliferation is practically significant, which is determined by a significant expansion of 
diagnostic capabilities to characterize the most important parameter of the post-radiation bone 
marrow hematopoiesis recovery – the size of the proliferative pool.

Key words: Ki-67, cell proliferation, acute radiation sickness, bone marrow, 
immunohistochemistry
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STUDY OF THE ERYTHROCYTE GENOME INSTABILITY IN IRRADIATED BY
IONIZING RADIATION AND NON-IRRADIATED ANIMALS KEPT IN CONTACT

I.N. Kogarko 1, V.V. Petushkova1,  B.S. Kogarko 1 1, O.V. Ktitorova 1,
I.I. Ganeev 1, N.S. Kuzmina 2, E.I. Selivanova,3

1 N.N. Semyonov Federal Research Center for Chemical Physics, RAS, Moscow;
2 Vavilov Institute of General Genetics, RAS, Moscow;

3 A. Tsyb MRRC, Obninsk
-mail: vladapetushkova@yandex.ru

Summary.Mice peripheral blood erythrocytes with micronucleus were studied, indicating 
changes in the structure of erythrocyte DNA under the influence of ionizing radiation.
Irradiated and unirradiated animals were kept together in the same cage. It was shown that in 
irradiated mice there is a statistically significant decrease in the number of erythrocytes with 
micronucleus – a radiation-induced "rescue effect". In unirradiated bystander mice, a 
tendency to increase erythrocytes with micronucleus was shown - a radiation-induced 
"bystander effect". The revealed changes in erythrocytes in unirradiated animals are an 
indicator of the instability of the cell genome and suggest a violation in the structure of 
erythrocyte DNA. 
Keywords: genome instability, micronucleus test, radiation-induced "bystander effect", 
radiation-induced "rescue effect"
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CYTOMIC ANALYSIS OF NASAL AND BUCCAL EPITHELIAL CELLS IN 
PREVENTIVE EXAMINATION OF DIFFERENT POPULATION GROUPS
M.F.Konyashkina1, E.K.Krivtsova1, A.G.Kedrova2, G.V.Kravchenko2, Greyan2,

Yu.S.Konstantinova2

1 Federal State Budgetary Institution “Centre for Strategic Planning and Management of 
Biomedical Health Risks” of the Federal Medical Biological Agency, Moscow, Russia

2 Federal Service for Surveillance in Healthcare The Ministry of Public Health and Social
Development Government of the Russian Federation of the Federal Medical Biological 

Agency, Moscow, Russia
e-mail: MKonyashkina@cspmz.ru

Summary. Cytomic analysis of nasal epithelial cells of 46 men aged 35-62 years was 
carried out. The average values of cytogenetic and cytostatic indicators are consistent with the 
average population values established earlier both by other authors and in their own studies. 
Significant correlations of the frequencies of genotoxic and cytotoxic effects of epithelial cells 
with the data of clinical blood analysis were revealed. A proposal was made to take into 
account the new indicator "release of chromatin of the nucleus in nasal epithelial cells" as a 
marker of inflammation in humans during preventive examinations.

Keywords: nasal epithelial cells, cytomic analysis, indicators of genome instability 
effects, micronuclei, chromatin condensation, lysis, pyknosis, caryrexis, apoptosis.
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LACTOFERRIN REDUCES THE NEGATIVE EFFECTS OF RADIATION DAMAGE 
IN THE BRAIN

Kopaeva M.Yu.1, Cherepov A.B.1,2, Zarayskaya I.Yu.3
1 National Research Center “Kurchatov Institute”, Moscow, Russia

2 Institute of General Pathology and Pathophysiology, Moscow, Russia
3 Research Institute of Normal Physiology Named after P.K. Anokhin, Moscow, Russia

e-mail: m.kopaeva@mail.ru

Summary. We studied the effects of human lactoferrin (Lf) on the cells of the 
hippocampal dentate gyrus of young adult male C57BL/6 mice after acute gamma irradiation 
of the head (7.5 Gy). The appearance of TUNEL+-cells in the subgranular zone 6 hours after 
irradiation was accompanied by a decrease in the number of Ki-67- and DCX-
immunoreactive cells. Administration of Lf to irradiated animals allowed to reduce the 
number of TUNEL+-cells (by 77%), increase the number of surviving proliferating cells and 
immature neurons.

Key words: human lactoferrin, acute gamma irradiation of the head, dentate gyrus of 
the hippocampus, DNA, cellular proliferation, TUNEL
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LETHAL DAMAGE FORMATION IN TUMOR MAMMALIAN CELLS 
FOLLOWING COMBINED EXPOSURE TO PROTONS AND HIGH LET 

RADIATIONS
E. V. Koryakina, M. V. Troshina, V. I. Potetnya, S. N. Koryakin, 

V. O. Saburov, A. N. Solovev, A. A. Lychagin
A. Tsyb Medical Radiological Research Centre – branch of the National Medical Research 
Radiological Centre of the Ministry of Health of the Russian Federation, Obninsk, Russia

e-mail: ek-koryakina@mrrc.obninsk.ru

Summary. The efficiency of sequential irradiation with protons (95-105 MeV) in 
combination with fast neutrons (14.5 MeV), or carbon ions (400 MeV/n), or heavy recoils 
formed by fast neutrons in the absence of secondary charged particles equilibrium is 
investigated. The dependence of tumor cell death (B14-150, fibrosarcoma) on the sequence of 
irradiation, the time between exposures and the dose contributions to the total dose is shown 
for each irradiation scheme.

Key words: combined irradiation, tumor cells survival, protons, neutrons, carbon ions
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STRUCTURAL DISORDERS AND HPRT-MUTAGENESIS AFTER EXPOSURE TO 
IONIZING RADIATION WITH DIFFERENT PHYSICAL CHARACTERISTICS

I.V. Koshlan1,2, N.A. Koshlan1,  P. Bláha1, J.V. Melnikova1,, D.V. Petrova1,
R.D.Govorun, I.V. Smirnova1

1Laboratory of Radiation Biology, Joint Institute for Nuclear Research, Dubna, Moscow 
Region, Russia

2Dubna State University, Dubna, Moscow Region, Russia
e-mail: koshlan@jinr.ru

Summary. Resume. In experiments conducted on the cells of the Chinese hamster line 
V79, the mutagenic effect of heavy charged particles was investigated. HPRT mutagenesis, 
chromosomal aberrations and structural disorders of the gene in spontaneous and irradiated 
cells were analyzed for a long time of expression (up to 45 days) after exposure to radiation 
with different physical characteristics. The maximum yield of mutant clones was observed at 
different expression times depending on the characteristics of ionizing radiation. In the tested 
range of LPE emissions, the position of the maximum yield of the mutant fraction shifted 
towards an increase in the expression time at higher LPE. In the long term after irradiation, 
the level of mutagenesis decreased even below the spontaneous level. Chromosomal 
aberrations throughout the entire study period (up to 45 days) gradually decreased to the 
control level. Radiation-induced mutants with 11B ions showed an increase in the proportion 
of deletion mutants with an increase in the radiation dose (up to ~70%). In spontaneous 
mutants, deletion samples were no more than 10% of the total number of samples studied.

Keywords: V79 hamster cells, HPRT mutagenesis, irradiation, accelerated heavy ions, 
genomic instability, LET, chromosomal aberrations
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SURVIVAL AND VARIATIONS IN DNA DAMAGES IN BLOOD LEUKOCYTES OF
INDIVIDUAL MICE AT DIFFERENT TIMES AFTER EXPOSURE TO CARBON 

IONS OR X-RAY
E.A. Kuznetsova1, O.M. Rozanova1, E.N. Smirnova1, S.I. Glukhov1, T.V. Sirota1,

T.A. Belyakova2 and N.P. Sirota1

1Institute of Theoretical and Experimental Biophysics, Russian Academy of Sciences,
Pushchino, Moscow Region, 142290 Russia

2Physical-Technical Center of Lebedev Physical Institute, Russian Academy of Sciences,
Protvino, Moscow Region, 142281 Russia

e-mail: kuzglu@rambler.ru

Summary. The study of the biological effects of photons and accelerated particles on 
living organisms is associated with solving problems of cosmobiology and medicine. 
Outbreed mice were irradiated with accelerated carbon ions (450 MeV/nucleon) at the Bragg
peak or X-rays at a dose of 6.5 Gy. Survival was determined, as well as the levels of DNA 
damage by the comet assay (%TDNA) in blood leukocytes a day before and after 1–23 days 
for 12 -irradiated mice and after 1–28 days for mice irradiated with X-rays. We found a 
greater damaging effect of carbon ions compared to X-ray photons by both criteria, as well as 
significant variations in %TDNA in individual animals, which, apparently, can cause 
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individual differences in the development of genome instability in the long term. It can be 
assumed that the higher %TDNA of leukocytes in 12C-irradiated mice, its greater range, and 
the asynchrony of changes in individuals in the post-irradiation period are associated with the 
occurrence of clustered DNA damage, mitochondrial dysfunction, and are also due to genetic 
and epigenetic factors. The revealed differences in individual laboratory animals require 
further study in order to improve animal models in the light of the development of 
personalized biomedicine.

Keywords: comet assay, X-ray irradiation, accelerated carbon ions, DNA damage in 
leukocytes, individual animals
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DNA-BINDING RADIOPROTECTORS AND MECHANISM OF THEIR ACTION
P. N. Lobachevsky

Joint institute for nuclear research, Dubna, Russia
Summary. The well-known fluorescent DNA dye bis-benzimidazole Hoechst 33342 

and a number of its analogues, which are DNA minor groove binders, exhibit radioprotective 
properties. These properties were demonstrated in studies with cell culture and in various 
animal models. In experiments at the molecular level, it was found that the protective effect of 
these compounds is mediated by the DNA bound ligand. It is assumed that radioprotector acts 
as an electron donor for the repair of oxidative damage to DNA.

Key words: radioprotector, DNA ligand, DNA damage
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THREE-COLOR FISH PAINTING: PARTICIPATION OF INDIVIDUAL 
CHROMOSOMES IN RADIATION-INDUCED TRANSLOCATIONS

E.E. Lomonosova1, V.Yu. Nugis1, M.G. Kozlova1, V.A. Nikitina1,
G.P. Snigiryova2, I.A. Galstyan1

1 State Research Center – Burnasyan Federal Medical Biophysical Center of FMBA of 
Russia, Moscow, Russia

2 Burdenko National Medical Research Center of Neurosurgery of the Ministry of Healthcare 
of the Russian Federation, Moscow, Russia

e-mail: mrs.lomonosova@gmail.com; nugisvju@list.ru

Summary. The relative participation of different FISH painting chromosomes in 
radiation-induced translocations with counterstained chromosomes was studied. Two sets of 
three color DNA probes were used for pairs of whole chromosomes {1, 4, 12} and {2, 3, 8}. 
The material was lymphocyte cultures of in vitro irradiated blood of healthy donors and the 
patient's blood in the long-term period after accidental radiation exposure. It was concluded 
that the process is directly proportional to the amount of DNA contained in the chromosomes.

Key words: gamma-irradiation, translocations, three-color FISH method, DNA probes.
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ASSESSMENT OF DOUBLE-STRAND DNA BREAKS AFTER IRRADIATION 
WITH ULTRASHORT PULSES OF ELECTRON BEAMS IN HUMAN CANCER                      

AND NORMAL CELLS
A.T. Manukyan 1,2,*, N. S. Babayan 1,2, R.M. Grigoryan 2, N.K. Sarkisyan 1, B.A. Grigoryan 3,

R.M. Aroutiounian 1,2

1Institute of Molecular Biology of NAS, Hasratyan 7, 0014, Yerevan, Armenia
2Yerevan State University, Alex Manoogian 1, 0025, Yerevan, Armenia

3CANDLE Synchrotron Research Institute, Acharyan 31, 0040, Yerevan, Armenia
*e-mail: alisa.manukyan1@ysu.am

Summary. Accelerated electrons are one of the main sources of ionizing radiation 
currently used in radiation therapy of tumors. The main goal of our study was the analysis of 
the
human cells.

Keywords: laser-driven accelerators; AREAL; ultrashort pulsed electron beam; DNA 
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TARGETED DRUG DELIVERY STRATEGY
Melnikova A.A.1, Kirkin R.S.1, Komarova L.N.1

1 Obninsk Institute for Nuclear Power Engineering, Obninsk, Russia
e-mail: angelik_melnikova@mail.ru

Summary. In recent years, the strategy of using nanostructured containers for targeted 
drug delivery has captured the attention of researchers in the field of biology and medicine. 
Modification of the surface of polyethylenimine (PEI) and (2-aminoethyl)-3-
aminopropyltrimethoxysilane (DAMO-P) nanoparticles allows direct interaction with cancer 
cells and effective penetration into its microenvironment compared to traditional delivery 
systems.

Keywords: nanomaterials, mesoporous silicon, functionalization of nanoparticles, 
DAMO-P, PEI. 
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PARP 1 PROTEIN AND METHODS OF INHIBITION
Melnikova A.A.1, Kirkin R.S.1, Komarova L.N.1

1 Obninsk Institute for Nuclear Power Engineering, Obninsk, Russia
e-mail: angelik_melnikova@mail.ru

Summary. PARP1 is a key enzyme regulating carcinogenic changes in the cell, it is 
considered as an important molecular target for antitumor drugs being developed, and PARP1 
inhibitors are considered promising antitumor agents. In the course of the study, the design of 
the miRNA sequence against PARP1, which does not affect other genes, was carried out.

Keywords: PARP1, targeted therapy of tumor diseases, inhibition of PARP 1, 
antitumor drugs.
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TO STUDY OF MODIFYING EFFECTS OF CHEMICAL AND PHYSICAL 
FACTORS ACCORDING TO CYTOGENETIC CRITERIA IN RAT BONE 

MARROW CELLS
Nagiba V.I., Varganova I.A., Patochka G.L. Russian Federal Nuclear Center - All-

Russian Research Institute of Experimental Physics (RFNC-VNIIEF), Sarov, Russia
e-mail: nagiba@orb2.vniief.ru

Summary. In a series of experiments, the modifying effects of a low-intensity pulsed 
magnetic field (NMF) with a frequency of 100 Hz were studied when acting on laboratory 
animals previously exposed to electromagnetic radiation (EMR) with a frequency of 1 MHz 
and cyclophosphamide (CF). It is shown that the NMR of the specified parameters has a 
modifying effect, expressed in a decrease in the level of chromosomal aberrations induced by 
the action of EMR and CF in bone marrow cells. NMP of the specified parameters suppresses 
the proliferative activity of the bone marrow of animals.

Key words: low-intensity pulsed magnetic field, electromagnetic radiation, 
cyclophosphamide, mutagenesis, chromosomal aberrations, proliferation, DNA.
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CHANGES IN THE NEUROCYTES OF THE STRIOPALLIDAR SYSTEM 
UNDER THE ACTION OF IONIZING RADIATION

Nasonova N.A., Sokolov D.A., Kvaratskhelia A.G.
N.N. Burdenko Russian State Medical University of the Ministry of Health of Russia, 

Voronezh, Russia
Summary. As a result of the experiment conducted on 186 sexually mature mongrel 

male rats after exposure to a single irradiation with gamma quanta (60Co) at a dose of 0.5 
Gy, it was found that this dose causes adaptive (compensatory-adaptive) changes in the 
early and long-term periods of the radiation period.These changes consisted in the 
expansion of the volume of physiological variability of neurocytes within the minimum 
and maximum values of the biological norm, reflecting different levels of functional 
activity of cells and not exceeding the limits of physiological destruction and developing 
hypo-, normal- and hyperchromic types. The revealed changes in the tinctorial properties 
of neurocytes indicated slight fluctuations in the values of nuclear DNA.
Keywords: small doses of radiation exposure, brain, nuclear DNA
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CHARACTERISTIC OF THE RESPONSES OF CULTURED NEURAL STEM 
CELLS TO GAMMA-NEUTRON RADIATION

Posypanova G.A1., Osipov A.A.2, Zhirnik A.S.1, Semochkina Yu.P1.
1NRC “Kurchatov Institute”, Moscow, Russia

2N.N. Semenov FRC Chemical Physics, Moscow, Russia
e-mail: galinapo@gmail.com 

Summary. Cultivated neural stem cells (NSCs) were irradiated in a collimated beam of 
neutrons and gamma rays from the IR-8 reactor. The proliferative activity of NSCs, the 
mechanisms of death, the formation and repair of DNA double-strand breaks, and the ability 
to differentiate have been studied. A dose-dependent decrease in the proliferative activity of 
NSCs correlated with a decrease in the level of Ki67. DNA DSB repair proceeded slowly and 
was not completed 24 h after irradiation.

Key words: neural stem cells, differentiation, neutrons, radiosensitivity, DNA double-
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LONG-TERM EXPRESSION OF PRO- AND ANTI-INFLAMMATORY CYTOKINE 
-IRRADIATION OF 

MICE AT LOW DOSES
A. V. Rodina1, O. V. Vysotskaya1, I. V. Cheshigin1, A. S. Zhirnik1, E. Y. Moskaleva1

1NRC Kurchatov Institute, Moscow, Moscow, Russia, e-mail: moskalevaey@mail.ru

Summary. -irradiation of mice at a dose of 0.5 Gy but not at 0,05 Gy 
after 2 months led to a decrease in the number of resting microglia and an increase in the 
proportion of activated ones. The expression - -6 genes in the 
hippocampus was increased, indicating the development of neuroinflammation. The state of 
microglia in irradiated mice after 1 year did not differ from the control. Neither after 2 months 
nor after 1 year were there any impairment of spatial memory, but in a year at a dose of 0.5 
Gy, the ability of mice to learn was reduced.

Key words: microglia, brain, hippocampus, gene expression, pro-inflammatory 
cytokines, neuroinflammation, gamma-neutron radiation
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ON THE USE OF CHLOROPHYLLIN TO PROTECT DNA WHEN EXPOSED TO 
IONIZING RADIATION
L.A. Romodin, M.A. Ignatov

State Research Center – Burnasyan Federal Medical Biophysical Center of Federal Medical 
Agency, Moscow, Russia
e-mail: rla2904@mail.ru

Summary. This work is devoted to the use of chlorophyllin, a water-soluble derivative 
of the green plant pigment chlorophyll, to protect the genetic apparatus from the effects of 
ionizing radiation. The paper provides information on the fact that chlorophyllin is most 
effective in tissues consisting of rapidly dividing cells, since during division the nuclear 
membrane disintegrates, through which this substance does not pass in a resting cell.

Key words: ionizing radiation, radioprotector, chlorophyllin, comet assay,
lymphocytes
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LOW DOSES OF RADIATION AND COMPONENTS OF SOME PLANTS AS A NEW 
APPROACH TO REDUCE RADIO-INDUCED DNA DAMAGE

D.V. Saleeva1, N.F. Raeva1, G.D. Zasukhina1,2

1State Research Center - Burnasyan Federal Medical Biophysical Center of Federal 
Medical Biological Agency, Moscow, 123098, Russia

2The Vavilov Institute of General Genetics of Russian Academy of Sciences, Moscow, 
119991, Russia

e-mail: dasha_saleeva@inbox.ru

Summary. In the experiment, molecular genetic parameters in various organs of mice 
were studied after 4-fold irradiation in low doses (75 mGy). It was shown that oncogenes 
were mainly activated in malignant tissues (Lewis sarcoma), whereas in normal tissues (bone 
marrow, thymus and spleen), the activity of oncosuppressors that inhibit the growth of tumor 
cells prevailed. The obtained data show the protective effect of low doses of radiation in
normal tissues and its absence in malignant cells.

Keywords: low doses of radiation, oncogenes, oncosuppressors, malignant neoplasms, 
thymoquinone.
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IMPACT OF ACCELERATED CARBON IONS ON LIVING CELLS 
AND NUCLEOIDS OF THE SAME CELLS

N.P Sirota1, V.A.Pikalov2, E.N.Smirnova1, O.M.Rozanova1, T.A.Belyakova3

1 Institute of Theoretical and Experimental Biophysics, Russian Academy of Sciences, 
Pushchino, Russia

2 A.A. Logunov National Research Center “Kurchatov Institute”, Protvino, Russia
3 Physical-Technical Center of the Physical Institute, P.N. Lebedeva, Protvino, Russia

e-mail: sirota@iteb.ru

Summary.Primary structural damage in DNA was assessed after irradiation with 
accelerated carbon ions with energy of 450 MeV/nucleon in a narrow Bragg peak. Both 
cells and nucleotides of the same cells were exposed to radiation. The mRNA 
expression of a number of genes in AKE and EMPT cells irradiated in vivo was 
studied. Irradiation of living cells led to a significant increase in the level of damage in 
the primary DNA structure at all doses studied, compared with nucleoids irradiated at 
the same doses
Keywords: accelerated carbon ions, nucleoids, AEC, EMPT, narrow Bragg peak
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INFLUENCE OF HIGH DOSES OF PROTONS ON EHRLICH ASCITOUS 
CARCINOMA CELLS UNDER EX VIVO IRRADIATION ON THE INDUCTION OF 

SOLID TUMORS IN MICE
N.S. Strelnikova1, O.M. Rozanova2, E.N. Smirnova2, T.A. Belyakova1, A.V. Smirnov1,

A.E. Shemyakov1

1 Branch “Physical Technical Center”, P.N. Lebedev Physical Institute of the 
Russian Academy of Sciences, Protvino, Russian Federation

2Institute of Theoretical and Experimental Biophysics of the Russian Academy of 
Sciences, Pushchino, Russian Federation

e-mail: strelnikova.ns@lebedev.ru

The patterns of induction of the solid form of Ehrlich's ascitic carcinoma (EAC) in 
mice were studied in the short and long-term periods after inoculation of ascitic cells 
irradiated ex vivo with high doses of protons. The growth rate of solid tumors after inoculation 
of irradiated cells ex vivo coincided with the growth of tumors in the control group. The 
frequency of tumor induction in mice transplanted with EAC cells was dose-dependent and 
decreased from 80% to 0% with increasing dose. 

Keywords: Ehrlich ascites carcinoma, protons, ex vivo, tumor growth, mice
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STUDY THE RELATIONSHIP OF SINGLE-NUCLEOTIDE POLYMORPHISMS 
OF AUTOPHAGY GENES WITH AN INCREASED FREQUENCY OF 

CHROMOSOMAL ABERRATIONS IN BLOOD LYMPHOCYTES OF EMPLOYEES 
OF THE IONIZING RADIATION FACILITY
R.M. Takhauov1, 3, D.S. Isubakova1, O.S. Tsymbal1,
N.V. Litviakov1, 2, M.Yu. Tsyplenkova1, I.V. Milto1, 3
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Summary. The results of studying the relationship of single-nucleotide polymorphisms 
of autophagy genes with an increased frequency of cytogenetic disorders in the blood 
lymphocytes of workers of the ionizing radiation facility exposed to prolonged radiation 
exposure at doses of 100-500 mSv are presented. The association of single-nucleotide 
polymorphism rs2897554 of the AGT10 gene with a high frequency of dicentric 
chromosomes in blood lymphocytes was established, all other types of cytogenetic disorders 
did not show statistical significance.

Key words: ionizing radiation; chromosomal aberrations; single nucleotide 
polymorphism.

116



 
 

–

-48
[2].

–

-
500

- -500

QIAamp DNA Blood mini Kit (Qiagen
- CytoScan™ HD Array

(Affymetrix

Statistica 8.0 (StatSoft

n < –
Court lab HW calculator Excel.

– p < 0,05). 

-
164

– 181,50
– 151,22-289,36 .

-

4
–

207,81 – 150,80-332,74
n = 77). 

1 ATG10 rs2897554

117



 
 

ATG10
( [3-
6]. 

ATG10 rs2897554 
chr5:81980422 (GRCh38.p

ATG10
ATG10 rs2897554

ATG10 rs2897554,

-
rs2897554 

-500

1. -

117.
2. Alessio N. et al. Low dose radiation induced senescence of human 

mesenchymal stromal cells and impaired the autophagy process // Oncotarget. 2015. Vol. 6. 
10. P. 8155–8166. DOI: 10.18632/oncotarget.2692.

3. White E. The role for autophagy in cancer // J Clin Invest. 2015. Vol. 125.
No. 1. pp. 42-46. DOI: 10.1172/JCI73941.

4. Jo Y.K. et al. Increased expression of ATG10 in colorectal cancer is associated 
with lymphovascular invasion and lymph node metastasis // PLoS One. 2012. Vol. 7. No. 12. 
P. e52705. DOI: 10.1371/journal.pone.0052705. 

5. Xie K. et al. Role of ATG10 expression quantitative trait loci in non-small cell 
lung cancer survival // Int J Cancer. 2016. Vol. 139. No. 7. pp. 1564-1573. DOI:
10.1002/ijc.30205. 

6. Li F. et al. ATG10 overexpression is related to the dismal prognosis and 
promotes the growth and migration of hepatocellular carcinoma cells via cyclin B1/CDK1 and 
CDK2 // Am J Cancer Res. 2023. Vol. 13. No. 4. pp. 1188-1208.

7. Levine B., Kroemer G. Autophagy in the pathogenesis of disease // Cell. 2008.
Vol. 132. No. 1. pp. 27-42. DOI: 10.1016/j.cell.2007.12.018. 

118



 
 

-

e-mail: igor.khvostunov@gmail.com

.

COMPARATIVE ASSESSMENT OF SIDE RADIATION EFFECT DURING 
THERAPY OF CANCER PATIENTS USING VARIOUS 

RADIOPHARMACEUTICALS
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Summary. By means of a cytogenetic examination of cancer patients, a comparative 
assessment of the side radiation effects of four different radiopharmaceuticals (RFLP) was 
performed. The analysis of the increase in induced chromosomal aberrations in blood 
lymphocytes after the administration of RFLP is shown to be promising as an assessment of 
this effect. The continuation of such studies when choosing different types of RFLP will 
provide an opportunity to obtain a comparative assessment of their safety and effectiveness in 
order to further improve the criteria for prescribing radionuclide therapy.

Key words: radionuclide therapy, radiopharmaceutical, side effects of radiation, 
cytogenetic examination, blood lymphocytes.
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TRANSFER OF CHARGE AND QUANTUM INFORMATION IN DNA 
UNDER THE ACTION OF IONIZING RADIATION
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Summary. The paper describes the processes of charge transfer in biomolecules, such 
as DNA, as well as in proteins and RNA, arising from the action of ionizing radiation. The 
study was carried out on the basis of the polar approach and the Schrödinger equation with a 
dissipative right-hand side. The nature of the dynamics of polaronic states of a charged 
particle migrating along the DNA chain, is analyzed. Quantum correlations between the 
structural elements of a macromolecular chain are investigated, taking into account its main 
system parameters and the influence of ambient temperature.

Key words: biomolecules, polaron, quantum correlations
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DNA REPAIR AND CLONOGENIC ACTIVITY OF MCF-7 MAMMOSPHERE 
CELLS AFTER GAMMA-NEUTRON IRRADIATION

V. G. Shuvatova, D. A. Shaposhnikova
NRC Kurchatov Institute, Moscow, Russia

e-mail: Shuvatova_VG@nrcki.ru

Summary. -irradiation on the repair of DNA double-strand breaks by 
-7

-Irradiation dose-dependently reduces the clonogenic 
activity of irradiated cells, and of mammosphere cells that survived by the 5th day after 

-Irradiation at a dose of 2 Gy induces the formation of a higher level of DNA 
double-strand breaks and their slower repair than -irradiation at the same dose.

Key words: cancer stem cells, MCF-7 mammospheres, gamma-neutron irradiation,
radiosensitivity, clonogenic activity, DNA double-strand breaks, H2AX
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EFFECTS OF PROTON AND -IRRADIATION ON CANCER STEM CELL 
POPULATION AND GENE EXPRESSION IN B16 MOUSE MELANOMA MODEL 

IN VIVO
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Summary. Differences in the effects of proto -) radiation on the primary 
tumor focus were demonstrated at the molecular and cellular levels using the B16 mouse 
melanoma model in vivo. It has been shown that one of the reasons that determine the less 
pronounced clinical response of tumor to photon therapy compared to proton therapy may be  
activation of epithelial- -
irradiation and the absence of these effects when using protons. 

Key words: gene expression, B16 melanoma -radiation, cancer 
stem cells, epithelial-mesenchymal transition
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