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Mechanisms involved in radiation damage
and subsequent radiation response
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Experiments on Ultrashort-Pulsed Electron beam Irradiation

Animal Experiments

The dose distribution in the horizontal (A) and vertical (B)
planes with experimental sample.
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Experiments on Ultrashort-Pulsed Electron beam irradiation

Animal Experiments
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Experiments on Ultrashort-Pulsed Electron beam Irradiation

Tsakanova et al., IJMS, 2021
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Experiments on Ultrashort-Pulsed Electron beam irradiation

Animal Experiments

Lymph Node Smears
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Experiments on Ultrashort-Pulsed Electron beam Irradiation

Tsakanova et al., I/MS, 2021

Animal Experiments

The effect of electron beam exposure on IL-1b and IL-10 levels in the rat plasma samples
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Experiments on Ultrashort-Pulsed Electron beam Irradiation

Animal Experiments

Characteristics of RBC samples

Hb amount in single RBC
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Experiments on Ultrashort-Pulsed Electron beam irradiation

Animal Experiments

Evidence of hemolysis in peripheral blood samples

Ghost RBC (arrowed) Ghost RBCs and

in rat blood smears RBC membrane

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



Erythroid cell populations in bone marrow samples

Basophilic Erythroblasts
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Experiments on Ultrashort-Pulsed Electron beam Irradiation

Two Photon Imaging of Oxidative Stress in rat living RBCs

Animal Experiments
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Experiments on Ultrashort-Pulsed Electron beam Irradiation

Animal Experiments

The effect of electron beam exposure on Antioxidant system of rats
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Example of Study Design
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Cell Culture Lab Animal Surgery Lab

Main Molecular Biology Lab




Experiment Types

Animals;
Human blood samples

Primary and secondary cell cultures




Laboratory Main Activities

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.
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Studies at Two-Photon Laser Scanning Microscopy Station







Studies at Two-Photon Laser Scanning Microscopy Station
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Studies at Two-Photon Laser Scanning Microscopy Station
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Studies at Two-Photon Laser Scanning Microscopy Station
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Studies at Two-Photon Laser Scanning Microscopy Station
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Studies at Two-Photon Laser Scanning Microscopy Station

Ongoing experiments

Brain Research in Animals

Neurons

Neurons

Speckle Imaging of blood flow in deep brain

Astrocytes

Two-photon imaging of neuronal structures

Ischemic Stroke
Brain Cancer — Glioblastoma
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One photon excitation
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Two-photon Laser Scanning Microscopy
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Long-term imaging studies in living cells

Tissues to reconstruct dynamic processes
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Laser Sourse

Diode-pumped Yh: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.




