


Fig. 1 Metabolic pathways: an interplay between ROS 
and carbon metabolism [J. He et al, Int. J. Mol. Sci. 2020]
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Metabolites

-a metabolite is an
intermediate or
end product of
metabolism

Metabolism
- sum of all the
biochemical
reactions carried
out by an organism

Metabolic pathways

-a linked series of chemical
reactions occurring within
a cell

Metabolome

- complete set of small
molecule chemicals
found within a biological
sample

Metabolomics

-"systematic study of the
unique chemical fingerprints
that specific cellular processes
leave behind",

Fig. 2 Metabolic pathways [J. He et al, Int. J. Mol. Sci. 2020]
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Fig.5 Metabolomics workflow [Adaptation from NK Sahoo et 
al, Int J Pharm Sci Dev Res, 2020]

Fig. 4 Working steps of metabolomics [NK 
Sahoo et al, Int J Pharm Sci Dev Res, 2020]
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Fig. 3 Sample preparation (glioblastoma cells cultures) in LP47 



Fig. 7 The steps of cellular degradation at the interaction with ionizing radiation 
[Asavei et al., Med. Phys. 2019]
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Table 1. EPR experiments

Nr.crt. Experiment Irradiation source Dose Dose rate Comments

1 PBS+BMPO γ source DRMR 2 Gy, 8 Gy 0,9 Gy/min -

2 PBS+BMPO γ source DRMR 2 Gy, 8 Gy 0,9 Gy/min -

3 Water+BMPO

γ source IRASM 10 Gy 40 Gy/min -

Cyclotron
10 Gy 10 Gy/10 min

I=11.2 pA
10 Gy 10 Gy/30 s

4
RES tubes testing, PBS+BMPO non-

irradiated
- - - -

5 Fenton reacton - - - -

6 Water+BMPO γ source DRMR

10 Gy 100 mGy/s
5% error for the dose;  d = 5 cm from the source; irrad 

time = 100 s

10 Gy 40 mGy/s d = 7,7 cm from the source;  irrad time = 250 s

10 Gy 10 mGy/s d = 15,5 cm from the source;  irrad time = 1000 s

7 Water+BMPO γ source DRMR

20 Gy 86 mGy/s d = 5 cm from the source;  irrad time = 200 s

20 Gy 86 mGy/s d = 5 cm from the source;  irrad time = 500 s

20 Gy 8 mGy/s d = 16 cm from the source;  irrad time = 2000 s

8 Water+BMPO γ source IRASM

10 Gy 610 mGy/s irrad time = 17 s

15 Gy 610 mGy/s irrad time = 25 s

20 Gy 610 mGy/s irrad time = 33 s

30 Gy 610 mGy/s irrad time = 50 s



Fig. 9 Dose rate-dependent EPR signals. Fig. 10 Dose-dependent EPR signals. 

Fig. 8 Comparison between Control (non-irradiated water with BMPO) and irradiated with 20 Gy 
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At a high dose irradiation are produced more free radicals. A smaller free radical concentration is produced at high dose rate.



Fig 12 Comparison for irradiated water with BMPO.
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➢ A decrease of the 
signal is observed 
for the 610 mGy/s,  
that shows that 
fewer free radicals 
are produced.

➢ The BMPO-OH 
adduct could be 
identified.



Fig. 13 Proton NMR spectra of lysate obtained from glioblastoma cells. 9

➢ A series of metabolites was identified based on literature and online-available databases (HMDB, BMRB).



Fig. 14 Proton NMR spectra of glioblasoma before (black) and after (red) irradiation at 10 Gy.
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➢ Spectral intensity changes corresponding to concentrations after irradiation can be spotted
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➢ Spectral intensity changes corresponding to concentrations after irradiation can be spotted in the proton 
NMR spectra of lysate obtained from glioblastoma cells.  

➢ Metabolites were identified using literature and online-available databases (HMDB, BMRB).

➢ The BMPO-OH adduct could be identified.

➢ At a high dose irradiation are produced more free radicals.

➢ A smaller free radical concentration is produced at high dose rate.



➢ New experiments to identify Reactive Oxigen Species – variation of dose rate

➢ New glioblastoma cell cultures

➢ Employ NMR to identify cell metabolites upon irradiation at variable dose rates.

➢ Metabolomic studies
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