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A higher therapeutic index might be achieved in carbon therapy when used in combination with Minibeam
Radiation Therapy (CMBRT). Nevertheless, the biochemical effects underlying CMBRT are not profoundly
known. This work aims to study the nature of these effects by employing synchrotron-based Fourier Trans-
form Infrared microspectroscopy (SR-FTIRM).
Cancer cell irradiations (LM8 mouse osteosarcoma) were carried out at the GSI (Germany). Broad beam (BB)
and minibeam (MB) irradiations were performed with two mean doses (2 and 8 Gy). SR-FTIRMmeasurements
were held at ALBA synchrotron. Principal Component Analysis (PCA) was used to evaluate spectral modifi-
cations related to proteins, nucleic acids, and lipids.
PCA score plots indicate that the biochemical signatures obtained from the BB-treated cells are closer to con-
trol cells, while CMBRT infrared spectral features clearly differ from BB for both peak and valley MB groups.
The peaks that contribute the most to BB-MB data separation in the PCA score plot are Amide I (1598-1710
cm−1), Amide II (1483-1590 cm−1), Phosphate I (1240 cm−1), and Phosphate III (970 cm−1). Changes in the
amides have been previously related to protein secondary structure modifications, while Phosphate I might
account for cell death, oxidative stress, or DNA backbone modifications. Phosphate III has been related with
deoxyribose damage, backbone single and double strand breaks, and crosslinks. Regarding lipids, changes in
the CH2 and CH3 vibrational modes (3000-2800 cm-1) were detected, which were previously correlated with
changes in the lipid chain length, oxidative stress and membrane alterations. Several differences were also
encountered between MB peak and valley groups. Specifically, in the Amide I and Phosphate II regions, as
well as in the ester vibration mode located at 1740 cm-1.
The above-described changes suggested distinct biochemical effects on irradiated tumor cells, adverting dif-
ferences in the impact of CMBRT against homogeneous radiation.
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