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Biological effects of  

Ultrashort pulsed electron beam irradiation  



Mechanisms involved in radiation damage 

and subsequent radiation response 

Sanchez-Cano et al., ACS Nano, 2021 



Experiments on Ultrashort-Pulsed Electron beam irradiation 

Animal Experiments 

10 Wistar rats 

per group  

3.6 MeV energy electron beam 
transverse profile on YAG screen. 

Survival (A), body weight (B) and water 
consumption (C) of control Wistar rats and those 
exposed to irradiation with the different doses 
and pulse repetition rates. 

The dose distribution in the horizontal (A) and vertical (B) 
planes with experimental sample. 

A) Electron beam charge 
measurements in horizontal 
plane at 20 cm (triangles) 
and 40 cm (squares) from 
extraction window. B) 
Normalized beam 
distribution along the 
horizontal axis at target 
position, FLUCA 
simulations. 

The absorbed dose distribution within the biological sample along 
horizontal (A), vertical (B) and longitudinal (C) axis. 

Tsakanova et al, Rad Res, 2021  
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Experiments on Ultrashort-Pulsed Electron beam irradiation 

Animal Experiments 

2 Gy 2 Hz 

6 Wistar rats 

per group  



Experiments on Ultrashort-Pulsed Electron beam irradiation 

Animal Experiments 

Analysis of Bone Marrow Smears 

Cellularity and composition of white blood cells in bone marrow smears 

Percentages of eosinophils, 

basophils and destroyed cells 

Percentages of lymphoid cells Percentages of myelocytes, 

immature and mature neutrophils 

Percentages of monoblasts, 

monocytes and macrophages 

2 Gy 2 Hz 

6 Wistar rats 

per group  

Bone marrow smears 

Pathological 

lymphocytes 

Control bone 

marrow smears 

b) Prominent proliferation of 

myeloid cells; lymphopenia, 

occurrence of destroyed cells 

Pathological 

cell 
Giant 

neutrophil 

c) Increased amount 

of erythroid cells, 

lack of mature 

leucocytes 

Pathological 

neutrophil 

d) Partial recovery of 

leucocyte population. 

Giant neutrophils, with 

basophilic cytoplasm 

e) Partial recovery of 

lymphocyte population 

Pathological 

bilobed 

lymphoblasts  
f) Recovery of 

leucocyte population 

Tsakanova et al., IJMS, 2021  



Experiments on Ultrashort-Pulsed Electron beam irradiation 

Animal Experiments 

Proerythroblasts 

Control lymph 

node smears 

b) Prominent lymphopenia 

arising from destroyed cells 

Pathological binuclear 

macrophages 

c) Lymphopenia 

Increased amount of 

neutrophils 

d) Partial recovery of 

lymphocyte population 

Pathologycal neutrophil 

e) Partial recovery of 

lymphocyte population 

Pathological bilobed 

lymphoblasts 
f) Partial recovery of 

lymphoid population 

Lymph Node Smears 

Tsakanova et al., IJMS, 2021  



Experiments on Ultrashort-Pulsed Electron beam irradiation 

Animal Experiments 

The effect of electron beam exposure on IL-1b and IL-10 levels in the rat plasma samples 

The level of DNA damage in rat spleen, thymus and bone marrow 

Tsakanova et al., IJMS, 2021  



Experiments on Ultrashort-Pulsed Electron beam irradiation 

Animal Experiments 

Characteristics of RBC samples  

Hb amount in single RBC 

Hb concentration in single RBC RBC size 
Tsakanova et al., IJMS, 2022 



Experiments on Ultrashort-Pulsed Electron beam irradiation 

Animal Experiments 

Evidence of hemolysis in peripheral blood samples 

Ghost RBC (arrowed) 

in rat blood smears  

Ghost RBCs and 

RBC membrane  

Hemoglobin levels in plasma samples  Tsakanova et al., IJMS, 2022 



Erythroid cell populations in bone marrow samples 

Basophilic Erythroblasts 

Proerythroblast 

Tsakanova et al., IJMS, 2022 



Experiments on Ultrashort-Pulsed Electron beam irradiation 

Animal Experiments 

Two Photon Imaging of Oxidative Stress in rat living RBCs 

Tsakanova et al., IJMS, 2022 



The effect of electron beam exposure on Antioxidant system of rats 

Experiments on Ultrashort-Pulsed Electron beam irradiation 

Animal Experiments 

Tsakanova et al., IJMS, 2022 



Example of Study Design 

Pre-irradiation preparations 

From several days to several weeks 

Irradiation 

From several hours to several days  

Post-irradiation analyses and procedures 

From several weeks to several months, years 
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LABORATORY OF EXPERIMENTAL BIOLOGY 



Main Molecular Biology Lab 

Cell Culture Lab Animal Surgery Lab 



Cellular level 

Tissue/organ level 

Organismal level  

Experiment Types 

Animals;  
Human blood samples 

| 

Animals 

Primary and secondary cell cultures 

In vivo; ex vivo 

In vitro; ex vivo 

In silico computer simulations 



Long-term multidisciplinary projects: 
  

1) Effect of low-energy ultrashort pulsed laser driven electron beam irradiation on whole body and glioblastoma in rat 

models, which is going in collaboration with the Yerevan State University (Yerevan, Armenia) and DESY (Hamburg, 

Zeuthen, Germany). 
 

2) Effect of ultrashort pulsed electron beam irradiation on bacteria which is going in collaboration with the Yerevan State 

University (Yerevan, Armenia); 
 

3) Radio-enhancing, radioprotective and/or neuroprotective effect of newly synthesized metal compounds on cancer and 

neuronal cell cultures conducted in collaboration with Rostock University (Rostock, Germany) and University California 

San Francisco (San Francisco, CA, USA); 
 

4) Immune system, inflammation and synaptic plasticity in ischemic stroke using patients’ and healthy volunteers’ blood 

DNA and plasma samples to find biomarkers for targeted therapy and individualized medicine by genomics and proteomics 

approaches, as well as using in vivo two-photon approaches in rats, which is going in collaboration with the Aarhus 

University, Department of Biomedicine (Aarhus, Denmark) and Aalborg University (Aalborg, Denmark).  
 

5) Drug discovery study of natural antiaging compounds (pharmacognosy) in rat models and human blood cells in 

collaboration with Broad Institute of MIT and Harvard (Cambridge, MA, USA); 
 

6) Biosimulation studies of the dose distribution of ultrashort pulsed electron beam irradiation within the organism and 

studies of the effects of radiation on molecular structures.   

Laboratory Main Activities 



Our Collaborations 

Meylan, France 

Heidelberg, Germany 

Hamburg, Zeuthen,  
Germany 

San Francisco, USA 

Cambridge, USA 

Center of Organic and 
Pharmaceutical Chemistry,  

Yerevan, Armenia 

Aarhus, Denmark Aalborg, Denmark 

COST Action TD1205 COST Action CA16225 COST Action CA20129 

Institute of Zoology  

Yerevan, Armenia 



Studies at Two-Photon Laser Scanning Microscopy Station 





20 healthy 

volunteers of 

30±9 years old 

Studies at Two-Photon Laser Scanning Microscopy Station 

Treatment with different conditions of oxidative stress 

Tsakanova et al., Biomed Optics Express, 2017  

Initially (before the H2O2 

exposure) crenated RBCs 

3D deconvolution of two-
photon microscopy z-stack 
images of crenated and 
normal cells 

A  B 

Applications 

Antioxidant compounds testing 

Oxidative stress related pathological conditions 
 Diseases 
 Inflammatory processes 
 Aging  
 Effects of different compounds  
 Radiation exposure on the organism, etc. Clinical research 



Two-photon fluorescent imaging of oxidative stress in human 
living RBCs is a valuable and accurate method for the 
determination of aging processes in humans and can be suggested 
as a novel indicator for human aging processes in individual aging. 

Tsakanova et al., Biomed Optics Express, 2020  

Group 

Percentage of living cells (%); M 

± SEM 

Intact RBCs RBCs + H2O2 

Young 100 ± 0.0 99.94 ± 0.036 

Middle Aged 99.91 ± 0.092 99.89 ± 0.096 

Elderly 99.94 ± 0.059 100 ± 0.0 

Studies at Two-Photon Laser Scanning Microscopy Station 

Group Young age group Middle-aged group Elderly group 

Number of participants (n) 15 15 15 

Age range (years) 20 - 40 40 - 60 60 > 

Gender (Male/Female) 8/7 8/7 8/7 



Experiments on human aging 

Studies at Two-Photon Laser Scanning Microscopy Station 

Tsakanova et al, Exp Gerontol,2021 

Group Young age group Middle aged group Elderly group 

Number of participants (n) 20 20 20 

Age range (years) 20-40 40-60 60> 

Gender (Male/Female) 10/10 10/10 10/10 

  Percentage of living cells (%); M ± SEM 

                                      Age Groups 

Treatment groups 

Young 

(n=20) 

Middle aged 

(n=20) 

Elderly 

(n=20) 

Intact RBCs 100 ± 0.000 100 ± 0.000 99.96 ± 0.075 

RBCs + Extract 0.03 µg/mL 100 ± 0.000 100 ± 0.000 100 ± 0.000 

RBCs + Extract 0.04 µg/mL 99.91 ± 0.061 100 ± 0.000 100 ± 0.000 

RBCs + Extract 0.08 µg/mL 99.9 ± 0.078 100 ± 0.000 100 ± 0.000 

RBCs + Extract 0.16 µg/mL 99.9 ± 0.064 100 ± 0.000 100 ± 0.000 

RBCs + H2O2 99.96 ± 0.037 100 ± 0.000 100 ± 0.000 

RBCs + H2O2 + Extract 0.03 µg/mL 100 ± 0.000 100 ± 0.000 100 ± 0.000 

RBCs + H2O2 + Extract 0.04 µg/mL 99.94 ± 0.046 100 ± 0.000 99.95 ± 0.049 

RBCs + H2O2 + Extract 0.08 µg/mL 100 ± 0.000 100 ± 0.000 100 ± 0.000 

RBCs + H2O2 + Extract 0.16 µg/mL 100 ± 0.000 100 ± 0.000 99.94 ± 0.065 

Helix Pomatia snails Animal experiments 

20 Wistar rats 

per group  



The snails albumen gland protein extract can be considered as harmless and 
effective natural antioxidative antiaging agent in prevention of the aging-
related pathological processes associated with oxidative stress.  

Studies at Two-Photon Laser Scanning Microscopy Station 

Tsakanova et all, Exp Gerontol, 2021 



Brain Research in Animals 

Speckle Imaging of blood flow in deep brain 

Neurons 

Astrocytes 

Neurons 

Two-photon imaging of neuronal structures 

Ongoing experiments 

Studies at Two-Photon Laser Scanning Microscopy Station 

Ischemic Stroke 
Brain Cancer – Glioblastoma 
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T H A N K   Y O U   F O R   A T T E N T I O N 



Two-Photon Laser Scanning Microscopy 





Deeper 

penetration 

depth in thick 

Highly scattering 

biological 

specimens  

Two-photon Laser Scanning Microscopy 

34 

Decreased overall 

fluorophore 

photobleaching 

Decreased overall 

fluorophore 

photodamage 

Liifetime studies 

Tissues to reconstruct dynamic processes 

Long-term imaging studies in living cells 



• Diode-pumped Yb:KGW ultrafast oscillator (“t-pulse”, Amplitude 

Systems, France)  

 

• The laser generates a high-repetition-rate (50 MHz) train of ultrashort 

(240 fs) pulses of quasi-monochromatic (~5 nm bandwidth) light at 1030 

nm wavelength. 

 

• The output average power of the oscillator is 1.1 W (energy per pulse 

~22 nJ) which is too high for safe imaging of the samples.  

 

• The power of the excitation is therefore regulated using a PC-controlled 

power attenuation kit placed in the beam path to maintain final power of 

300 mW at the sample. 

Laser Sourse 


