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JINR’s radiation sources for radiobiological studies

U-400M cyclotron: heavy ions Nuclotron: heavy ions 0.3-1 GeV/u (H — Kr)
50 MeV/u (Li-Ne)
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Phasotron:
medlcal proton beam 170 MeV



New beamline for radiation biology - 2023

Collimator

Beam scanning system

Dipole magnet

From Nuclotron Vacuum pipe

To BM@N
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lon, E (MeV/n) | LET (keV/um)

12¢, 500 9,7

12¢, 800 8,2

20Ne, 500 27,2
20Ne, 800 23,1
40Ar, 500 92,2
40Ar, 800 78,3
6Fe, 500 182,5
6Fe, 800 155,0
84Kr, 500 358,7
84Kr, 800 305,1




U-400M ACCELERATOR

COMPLEX FHthmlm
Beams (examples)
lon lon Output
energies | intensity
[MeV/A] [pps]
6Lj 46 5x1013
. 7L 35 6x1013
Commissioned: 1991
Modernized: 1996 1B 32 3x1013
Reconstruction: 2020-2022 120 47 2x1013
15N 50 1x1013
180 33 1x1013
20Ne 53 2x1012
329 53 1x1012
40Ar 40 1x1012
84Kr 27 2x1010
132X e 25 1x10°

“Genome” facility



aboratory of Radiation Biology, JINR

Department of Radiation Biology
and Physiology:

0 Molecular Radiobiology Sector;

o Radiation Cytology Sector;

o Radiation Physiology Sector;

o Radiation Neurochemistry Sector;
o Mathematical Modeling Sector;

o Radiation Genetics Group.
Department of Radiation Research:

o Group for Modeling of lonizing
Radiation Interaction with Matter:

a Group for Studying Radiation
Fields of JINR’s Basic Facilities and
Environment.

“»*Astrobiology Sector

Total staff 1s about 100 people
3 Academicians

9 Doctors of Sciences,

12 Candidates of Sciences

LRB personnel age distribution

49%

m>60
m 35-60
<35



Education

L RB education cof N\ . JINR
programs and tf; Unwéeé"s;ltl':%
trainings at JINR [
University Centre

 Radiation protection and dosimetry

» Geant4-based computer modelling

 Study of DNA repair using
Immunocytochemistry

« Cytogenetics using mFISH

« Genetic instability

* Animal behavioral experiments




Relative biological effectiveness of charged particles

Radiation-induced mutagenesis

Radiation risk in deep space

JINR since 1959

JINR since 1959
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Radiation therapy of cancer
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1. Radiation Neuroscience

New concept of radiation risk for deep space flights:
Damage to the central nervous system (CNS)

- Paradigm
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Radiation Neuroscience



1.1 Invivo experiments

A complex of equipment for the study of behavioral reactions and functional

Telemetry Cap
and Battery
@

disorders of the central nervous system of animals

Receiver Antenna EEG Signal EEG Signal
and Amplifier

Behavior test systems

Electrophysiology studies

CT and fMRI tools are envisaged in near future ...



Worldwide unique experiments with monkeys

The monkeys were preliminary trained to
solve logical tasks with computer. The effect of
exposure by 500 MeV/u 2C ions at 1 Gy dose
consisted in significant inhibiting cognitive
activity of the monkeys.

Later on unique experiment was performed
with irradiation of 2 GeV/u "8Kr ions.
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Automated computer system for the simulation
of operator activity during the flight

Collaboration: ; ,
RAS Institute of Biomedical Problems, ,; ? @5
RAS Institute of Medical Primatology, "o o

RAS Institute of Higher Nervous Activityand

Neurophysiology, B e

M.V. Lomonosov Moscow State University :
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1.2 Mechanisms of radiation damage at the molecular,
cellular and tissue level

Visualization of
different types of
nerve cells in rat
hippocampal slices

* Induction and repair of DNA
damage, genomics
- In neural cells (in vitro)
- In brain structures (in vivo)
visualization of DNA damage e Proteome and Iipidome *
in hippocampal cell culture i i .
e Suppression of neurogenesis | o °
Amount of neurons with destructive . . _‘
changes on lhzgg:ed§r1agir irradiation at The rOIe Of gllal Ce”S. A
. T demyelination
neuroinflammation
carcinogenesis
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Amount of neurons,%
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Source: Bertram G. Katzung, Anthony J. Trevor: Basic & Clinical Pharmacology, 13th Ed.

Control ¥ 12C

A link between radiation and neurodegenerative diseases?
Alzhetmer, Parkinson, Epilepsy ... The relationship between radiation and aging?



2. Clinical Radiobiology

Principles of radiation therapy of cancer

Conformal irradiation

|||||||||||||||||||||

254 MeV/u carbon ions |
300 MeV/u carbon ions

135 MeV protons
3k /\

18 MV photons

relative dose

o 2 4 6 8 10 12 % 16 18 20
depth in water lcml

Formation of lethal DNA
damage (double strand breaks)
In tumor cells

Research strategy:

Interference in

genetic regulatory networks
of irradiated cells with
modifiers



2.1 Damage visualization and Biodosimetry

Immunofluorescence microscopy
Multicolor FISH

A B 5 min 1h 4h 24 h 96 h
1 2 2 yH2AX/53BP1
DNA damage in rat y-rays foci clusters
hippocampus cells SomplExity
1 hour after exposure E—
to 78Kr ion tracks v
Borom B 3 foci
60 2 > 2 M 4 foci
« W 5 foci
Z S0 0 6 foci
% ol Neon " W 7 foci
=y ST Al [ 8 foci
£ 307 .
& 50 lons with similar LET (~130 keV/mkm) generate foci
2 clusters of different complexity
§ 10
® 0 Studies of clustered DNA double strand break
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Number of YH2AX/53BP1 foci complexity and repair pathways

in clusters



2.2 Radiomodifiers for hadron therapy

increasing of biological effectiveness of proton radiation by special drugs

* Induction of DNA damage in
human glioblastoma U87 tumor
cells (in vitro experiments)

--- with modifiers
*~  without modifiers

Amount of YH2AX/53BP1
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* Preclinical animal study with
transplanted melanoma tumor
cells in mice (in vivo experiments)

Control
Death at day 30

Protons 10 Gy

Irradiation

Survivors

PG

AraC +
Protons 10 Gy
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Time after transplantation of tumor cells, day



3. Mathematical Modeling in Radiobiology

Energy Monte Carlo radiation

deposition in transport
tracks,

direct
molecular 6\ A GEANT4
damage
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Molecular dynamics

Radiation NAMQHD},
chemistry,

diffusion, AMBER

indirect

rréolecular Dynamical systems:
R ODE and PDE

Computational
neuroscience:
biological
neural networks
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Monte Carlo Simulations

3.1

DNA

neuron” - new radiobiology

application of Geant4/Geant4
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3D model of the rat hippocampus
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Mathematical modeling of radiation-induced neurogenesis impairment
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3.2 Genetic and molecular mechanisms of neurodegenerative diseases

DNA damage
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Multiscale simulation

approach

NMDA synaptic receptor

e Monte Carlo simulations ]

¢ Bioinformatics

e Molecular dynamics

¢ Biochemical kinetics

¢ Neural networks
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Suggested opportunities for the

cooperation
@ Particle therapy of tumors ® Radiation risks
Combined Therapy Radiation Neuroscience
- pharmaceuticals, transgene - mechanisms of brain disorders
systems, nanoparticles - radiation risks for astronauts
- targeted drug delivery - side effects of particle therapy

e Mathematical modeling
Multi-scale modeling approaches

Contacts: bugay@jinr.ru
LRB website: http://Irb.jinr.ru/index.php/en
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