Engineering energy-harvesting multicomponent nanoscintillators
for enhanced cancer radiotherapy
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Multicomponent nanomaterials consisting of dense scintillating particles functionalized by or embedding optically active conjugated photosensitizers (PSs) for cytotoxic reactive oxygen species (ROS) have been proposed in the last decade as coadjuvant agents for radiotherapy of cancer. [1] They have been designed to make scintillation-activated sensitizers for the production of the singlet oxygen ROS species in an aqueous environment under exposure to ionizing radiations. The use of this X-rays activated photodynamic therapy (X-PDT) allows to exploit the PDT also in deep tissues. However, a detailed understanding of the global energy partitioning process occurring during the scintillation is missing, in particular regarding the role of the non-radiative energy transfer between the nanoscintillator and the conjugated moieties which is usually considered crucial for the activation of PSs and therefore pivotal to enhance the therapeutic effect. We investigate this mechanism in a series of PS-functionalized scintillating magnesium silicate nanotubes where the non-radiative energy transfer yield has been tuned by control of the intermolecular distance between the nanotube and the conjugated system. The obtained results indicate that non-radiative energy transfer has a negligible effect on the singlet oxygen sensitization efficiency. [2] Therefore, we propose an engineered X-PDT system based on the biocompatible nanotube, as dense radiosensitizer, decorated with a double layer of Rhodamine B (RB) molecules, one of the more effective PS available. In such a way we realized a highly efficient energy-harvesting network of PS around the nanotube which allows to capture the lower energy electrons escaping from the dense core upon primary and secondary interactions under X-rays, as well as efficiently catch the ionized charges diffusing in the aqueous medium during thermalization. This particular design allows to enhance the radiosensitization effect of singlet oxygen ROS production by more than one order of magnitude with respect to the previously obtained systems and to the parent single layer functionalized nanotubes, as well as an improved global cytotoxicity. These findings open the way to the development of different architectures for breakthrough radiotherapy coadjutants to be tested in clinics.
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