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Benefits of FLASH radiotherapy
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How do we see ROS?
Spin Traps!

Reactive Oxygen Species 
generated by water radiolysis
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𝛾ℎ𝑖𝑔ℎ 𝑒𝑛𝑒𝑟𝑔𝑦 + 𝑡𝑎𝑟𝑔𝑒𝑡 → 𝛾𝑙𝑜𝑤𝑒𝑟 𝑒𝑛𝑒𝑟𝑔𝑦 + 𝑒− (𝐶𝑜𝑚𝑝𝑡𝑜𝑛 𝑠𝑐𝑎𝑡𝑡𝑒𝑟𝑖𝑛𝑔)

𝑒− + 𝐻2𝑂 → 𝐻∙ +𝐻𝑂−

𝐻∙ + 𝐻2𝑂 → 𝐻𝑂∙ + 𝐻2
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Direct DNA Damage

How do cells see ROS?
DANGER!

What do cells think about ROS? 
Quench them!

Glutathione
Superoxide 
dismutaseCitrate

Antioxidants

Antioxidants &
drugs

Free radicals
Reactive O species

Cell



How can we know what happens in cells? 
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THE PROBLEM(s)

Emwas, A.-H.; Roy, R.; McKay, R.T.; Tenori, L.; Saccenti, E.; Gowda, G.A.N.; Raftery, D.; Alahmari, F.; Jaremko, L.; Jaremko, M.; Wishart, D.S. 
NMR Spectroscopy for Metabolomics Research. Metabolites 2019, 9, 123. https://doi.org/10.3390/metabo9070123



Long-lived states in Nuclear Magnetic Resonance
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This ↑ will decay last
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Pulse sequence

Experiments

Density operator evolution

𝐼𝑥 𝐼 ∙ 𝑆 + ⋯ 𝐿𝐿𝑆3𝑠𝑝𝑖𝑛𝑠
𝑜𝑏𝑠𝑒𝑟𝑣𝑎𝑏𝑙𝑒
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Teleanu, F., Tuță, C., Cucoanes, A., Vasilca, S. & Vasos, P. R. Magnetization Lifetimes 
Prediction and Measurements Using Long-Lived Spin States in Endogenous 
Molecules. Molecules 25, 5495 (2020) 

Methodology
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𝑇𝐿𝐿𝑆
𝐴𝑠𝑛 = 10.7 ± 0.1 𝑠 𝑇𝐿𝐿𝑆

𝐶𝑦𝑠
= 13.1 ± 0.2 𝑠

𝑇𝐿𝐿𝑆
𝑆𝑒𝑟 = 10.0 ± 0.1 𝑠 𝑇𝐿𝐿𝑆

𝑇ℎ𝑟 = 5.1 ± 0.6 𝑠
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Teleanu, F., Tuță, C., Cucoanes, A., Vasilca, S. & Vasos, P. R. Magnetization Lifetimes Prediction and 
Measurements Using Long-Lived Spin States in Endogenous Molecules. Molecules 25, 5495 (2020) 

Results



Work in progress: proteins’ inner dynamics
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𝑅𝑒𝑓𝑓 𝜏𝐶𝑃𝑀𝐺 = 𝑅0 + 𝑘1(1 −
sin 𝛿𝜔 ∗ 𝜏𝐶𝑃𝑀𝐺

𝛿𝜔 ∗ 𝜏𝐶𝑃𝑀𝐺
)

𝐼 𝑡 = 𝐼 0 ∗ 𝑒−𝑅 𝜏𝐶𝑃𝑀𝐺 ∗𝑡
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