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Primary missions of the ELI-ALPS 

* to make a wide range of ultrashort light sources accessible to the 

international scientific community.  Laser driven secondary sources emitting 

coherent extreme-ultraviolet (XUV) and X-ray radiation confined in 

attosecond pulses is a major research initiative of the infrastructure;  

 

* to contribute to the necessary scientific and technological developments 

required for high peak intensity and high power lasers; 

 

* to produce high-brightness, high repetition rate, extremely ultrashort 

laser-based electron, proton, ion pulses for biomedical research.   



Biomedical Application group  

at ELI-ALPS 

Head of the Scientific Application Division:  

 Péter Dombi (physicist) 

 

Group leader: Katalin Hideghéty 

       (radiation oncologist) 

 

and the group:  

 Róbert Polanek     (medical physicist, physical background) 

 Emilia Rita Szabó     (biologist, zebrafish experiments) 

 Bettina Ughy     (chemist, cell culture experiments) 

 Zoltán Szabó     (biologist, molecular examinations) 

 Tünde Tőkés     (biologist, rodent experiments) 



Our aims are to develop appropriate dosimetry system and to validate 

preclinical models for Relative Biological Effectivity (RBE) investigation on 

laser driven particle beams.  

 

After the establishment of an accurate control and monitoring of the delivered 

radiation dose, * cancer and normal cell lines, 

           * zebrafish embryos, 

           * and rodents  

will be exposed to escalated doses of accelerator based photons, electrons, 

protons, carbon ions, photon-neutron mixed beam of a nuclear research 

reactor and laser driven very high energy electron-, and hadron beam.  

Aims of our group 



Laser-electron 

beam  

Laser-proton/ion 

beam 

Laser-photon beam  Conventional ionizing 

radiation sources 

FACILITY DESIGN, RADIATION PROTECTION, TRANSPORT and POSITIONING of the 

BIOLOGICAL OBJECTS,  DOSIMETRY and DOSE CALCULATION 

In vitro and in vivo  

biological systems 

Tumor/healthy 

tissue reaction  

Dose escalation Fractionation 

In vitro and in vivo  

biological systems 

In vitro and in vivo  

biological systems 

In vitro and in vivo  

biological systems 

Evaluation of morphological, functional, cellular and 

molecular changes, and comparison of these biological effects. 

Aims of our group 



* in vitro models: 

cancer and normal cell lines:  

- in monolayer cell cultures,  

- co-cultures, 

- 3D cell cultures 

 

Validation of zebrafish model:  

  -   cell cultures – viability tests, 

- rodents – functional organ specific effects 

- reproducibility 

Development of experimental models 

* in vivo models: 

- zebrafish embryos, 

- and rodents  



60cobalt machine 1, 266 MeV gamma 

  

Technique of tissue culture irradiation 

with conventional sources  

2 PMMA 

layers 

linear accelerator 6 MeV photons 

20 x 20 cm 

 A-P and P-A  

fields 
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Cell and tissue cultures 



Zebrafish in research 

Zebrafish (Danio rerio): 

- 2.5 cm to 6 cm long,  

- in larval stages it is transparent,  

- adult: stripes run along the length of the body and look blue in colour, 

- males are slender and torpedo-shaped usually with a pink or yellow tinge, 

- females tend to be less pink than the males and are fatter due to the eggs they carry, 

- research fields: radiobiology, leukemia, pancreatic cancer, hepatocellular 

carcinoma, blood coagulation, heart failure, congenital heart and kidney defects, acute 

inflammation, retinal damage, teratology,  

toxicological- and pharmacological investigations. 

http://carnivoraforum.com/ 

http://www.thehindu.com/ 



* short life cycle and generation time, 

* good reproduction captivity, 

* external fertilization, 

* optically transparency, 

* rapid embryonic development, 

* the complete genome sequence of the zebrafish was published in 2013, 

* genetical manipulation resulted in the fluorescent Glofish type,  

* they have exceptional extremity-, heart muscle-, optic nerve- and spinal   

   cord-regeneration ability.  

Zebrafish as a rising star  

in animal models 

biol1020-2012-2.blogspot.com 

www.imb.uq.edu.au 



Irradiation of zebrafish embryos 

Wild type zebrafish embrios (24 hpf) are irradiated 

with conventional photons at 5 Gy, 10 Gy, 15 Gy, 

and 20 Gy doses, and with reactor/cyclotron 

neutron-photon mixed beam at 1-8 Gy doses. 

(RBE=LD50ph/LD50n) 

. 

- 



End points of zebrafish 

embryos experiments 

Detection of malformation and survival 

 Control  5 Gy 

 10 Gy  15 Gy  20 Gy 



Macroscopic morphological abnormalities of 

the zebrafish embryos  



Microscopic lesions and DNA-damage 

of the zebrafish embryos  

Control After 10 Gy 

2. double strand breaks (DSBs): γH2AX staining 

1. single strand breaks (SSBs): Comet assay 

Detection of DNA-damage: 



L-alpha glycerylphosphorylcholine 

(GPC)  

Control 

GPC 

RT 

GPC + RT 

- deacilated derivative of phosphatidylcholine, 

- phospholipid precursor,  

- water-soluble, 

- protective in stroke and in transient ischemic    

  attack, 

- anti-inflammatory effects, 

- ROS scavenger. 

Polar head group (choline) Apolar tail group (fatty acids)  



Inflammatory reactions of the  

zebrafish embryos  

Tissue interleukin-1β levels Tissue NFκB levels 



Acute project: Our aim was to examine the therapeutic effects of GPC after 

hippocampus irradiation-induced acute peripheral inflammatory reactions, 

 

Chronic project: and to characterize the chronic histological and functional 

consequences of partial rat brain irradiation and to determine the effects of GPC. 

Irradiation 
Cell membrane, DNA damage, oedema, free radicals 

formation, chronic side-effects (tissue atrophy and fibrosis). 

Irradiation-

induced 

fibrosis 

minutes hours days weeks months years 

TGFβ activation 

Realization of DNS 

impairment 

(repair/mis-repair) 

Irradiation-

induced apoptosis 
Mitotic cell death 

Continuous citokine cascade 

Excessive 

ECM and 

collagen 

deposit 

Vascular damage 

Tissue hypoxia ROS/RNS imbalance 

Focal brain irradiation in rat models 

Figure based on: Søren M. Bentzen, Nature Reviews Cancer 6, 702-713, 2006. 



Anaesthesia: i.p. chloral-hydrate 

Positioning: special bunk-bed 

Source: 1,26 MeV energy Cobalt  

Dose: 40 Gy  (2x20Gy) 

Irradiation: 10 mm diameter collimator, homogen irradiation of hippocampus 

(at both hemispheres) 

Acute project: Methods 
„Peripheral inflammatory activation after hippocampus irradiation in the rat” 



Time (minutes) 
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(n=6) 

Irradiated + 

GPC 

(n=6) 

Irradiated 

(n=6) 

0 30 210 
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 preparation 
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0 30 130 310 

Irradiation 

Sampling   

GPC 

0 30 130 310 

Anaesthesia, 

 preparation 

Anaesthesia, 

 preparation 

Observation period 

Observation period 

Sampling 

Sampling  

Irradiation 

GPC treatment: 

intravenously 50 mg/ttkg,  

directly before the irradiation 

Animals: 18 SD male rats  

Biochemical examinations: 

From liver biopsy: measurement of ATP level (luciferase-assay)                                                                                               

From plasma: determinations of histamine, TNF-α, IL-1β, IL-6 and IL-10 levels 

(ELISA) 

Acute project: Experimental protocol 
„Peripheral inflammatory activation after hippocampus irradiation in the rat” 



Statistics: Between groups: Kruskal-Wallis and Dunn-test 

(Median, 25th and 75th percentiles) *p < 0.05 vs Control group, #p < 0.05 vs Irradiated group. 

Acute project: Results 
„Peripheral inflammatory activation after hippocampus irradiation in the rat” 



Acute project: Summary 
„Peripheral inflammatory activation after hippocampus irradiation in the rat” 

* There are significant production of pro- and anti-inflammatory cytokines (TNF-α, 

IL-6, IL-10) after 40 Gy hippocampal irradiation in the brain.  

 

* Therefore the BBB opens and the inflammatory cytokines appear in the peripheral 

circulation.  

At the same time, 

i.v. GPC treatment prevents: 

 - the ATP depletion, 

 - the elevation of the histamine and the pro- inflammatory cytokine (TNF-α  

   and IL-6) levels,  

 - increase the anti-inflammatory cytokine (IL-10) level 

The exogen GPC has anti-inflammatory effect and provide protection 

against the irradiation-induced brain inflammation caused biochemical 

consequences.  



Anaesthesia: i.p. chloral-hydrate 

Positioning: special bunk-bed 

Source: 6 MeV energy Siemens linear accelerator  

Dose: 40 Gy   

Irradiation: 10 mm diameter collimator, homogen irradiation of 

hippocampus (at one hemisphere) 

Chronic project: Methods  
„Radio-neuroprotective effect of L-alpha-glycerylphosphorylcholine in 

experimental rat model” 



Time  

Control 

(n=6) 

Irradiated + 

GPC 

(n=6) 

Irradiated 

(n=6) 

0’ 15’ Day 120 

Anaesthesia, 

 preparation 

Observation period 

0’ 15’ 35’ Day 120 

Irradiation 

Sampling   

GPC 

0’ 15’ 35’ Day 120 

Anaesthesia, 

 preparation 

Anaesthesia, 

 preparation 

Observation period 

Observation period 

Sampling 

Sampling  

Irradiation 

Continuous GPC-treatment  

(on every second day) 

GPC treatment: intragastric tube 50 mg/ttkg, on every second day for 

120 days 

  

Chronic project: Experimental protocol  
„Radio-neuroprotective effect of L-alpha-glycerylphosphorylcholine in 

experimental rat model” 



Chronic project: Results 
„Radio-neuroprotective effect of L-alpha-glycerylphosphorylcholine in 

experimental rat model” 
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Statistics: Kruskal-Wallis, Fisher’s PLSD (mean ± S.E.M.)  *p<0.05 vs Control group, #p<0.05 vs Irradiated group. 



Chronic project: Summary 
„Radio-neuroprotective effect of L-alpha-glycerylphosphorylcholine in 

experimental rat model” 

The morphological changes in the irradiated brain tissue (significant macrophage 

accumulation, the levels of the reactive gliosis, calcification and demyelination) 

were reversed by the 4-month oral GPC treatment.  

Significant functional and morphological changes were observed four 

months after 40 Gy single dose brain irradiation. GPC supplementation 

provided significant protection against cognitive disturbances and cellular 

damages. 

Control Irradiated Irradiated 

+ GPC 



Ongoing mouse experiments 

Anaesthesia: i.p. chloral-hydrate 

Positioning: at one side  

Source: 6 MeV energy Siemens linear accelerator  

Dose: 40 Gy   

Irradiation: 5 mm diameter collimator 



ONCOTHERAPY 
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THANK YOU 
FOR YOUR 
ATTENTION! 

The ELI-ALPS project (GOP-1.1.1-12/B-2012-000, GINOP-2.3.6-15-2015-00001) is 

supported by the European Union and co-financed by the European Regional Development Fund.  

Tunde.Tokes@eli-alps.hu 


