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Accelerated beams for radiobiology setups 

developed at IFIN-HH - 3 MV Tandetron

Si charged particle detector

Dosimetry:

• Ionizing  chamber

• Gafchromic films

• Plastic detectors

• RBS silicon detector

Measured Bragg peak in mylar vs 

GEANT4 simulation

V79, ~1.9 MeV,  ~ 17.5 keV/m



Dosimetry:

• Ionizing  chamber

• Gafchromic films

• Plastic detectors

Measured Bragg peak in plexiglass

vs GEANT4 simulation

Accelerated beams for radiobiology setups 

developed at IFIN-HH – TR 19 cyclotron
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Simulation of the irradiation for a 6-well plate
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Topics covered by research performed on these setups

Ultra-high dose rate irradiation induces senescence and cell cycle arrest of 

B16 Cells - Mihaela Bacalum et al (O-30) 

Proton irradiation induced reactive oxygen species promote apoptosis and 

G2/M-phase arrest in HepG2 cells - Mina Raileanu at al, (P-B-8)

Developing patient-centred strategies to fight cancer with nuclear radiations 

research (EEA grant – DORADIOS: https://www.doradios.dfvm.nipne.ro/)
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Brain specific tumors: i.e. glioblastoma

Brain metastases:

typically, 1-3 intracranial metastases

• lung cancer: > 40% 

• breast cancer: up to 20% 

Therapeutical solutions:

• stereotactic radiosurgery 

• whole brain radiotherapy:

-improves intracranial tumor control

-is not mandatory a survival advantage

-may cause alterations of cognitive 

functions and quality of life (~40% of 

survivers after 12 months)

Brain tumor radiotherapy

(Schneider, et al., Neurosurgery, 80(2017)N7)



Brain tumor radiotherapy

(Greene-Schloesser, et al., Front. Oncol., 2012 00073



3D imaging of brain cells architecture (neurons; brain microvasculature)

Brain tumor radiotherapy



Neurovascular unit – Blood brain barrier



Ionizing radiation effects at brain level

(Wang, et al., Molecules, 25(2020)5719)



To understand the effects exerted by accelerated proton 

beams on brain microvascular endothelial cells

Aim of the study
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Materials and methods

BBB in vitro model:

bEnd.3: mouse brain microvasculature immortalized cells

(cells viewed in transmission microscopy with phase 

contrast)



Cyclotron TR19, energy 1-12 MeV, 
dose rate ~1 Gy/min, dose 1-10 Gy

Materials and methods
Horia Hulubei National Institute for 
Physics and Nuclear Engineering



MTT test Clonogenic test 

Materials and methods - Cytotoxicity



Micronuclei Gamma-h2aX foci

Materials and methods - Genotoxicity
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Materials and methods – Functional changes



Results

➢ Accelerated protons decrease cellular viability
➢ Accelerated protons decrease the fraction of surviving cells
➢ Accelerated protons increase the micronuclei number
➢ Accelerated protons increase the γh2AX foci number
➢ Accelerated protons decrease the cell migration rate
➢ Accelerated protons alter the calcium transients characteristics
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Results - Accelerated protons decrease cellular viability 
(MTT assay)
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Results - Accelerated protons decrease the fraction of surviving cells 
(clonogenic assay)
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Results - Accelerated protons increase the micronuclei number
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Results - Accelerated protons decrease the cell migration rate
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Results - Accelerated protons change the amplitude and the latency of 
the calcium transients
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❑ At low and high LET radiation, the cellular proliferation 

and migration are diminished

Conclusions

❑ There is significant inhibition of the DNA repair correlated 

with increased dose and high LET

❑ There is a nonlinear modification of the ATP-induced 

calcium transient parameters with the dose and LET.



Thank you for 

your attention !


