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Abstract

With the aim of improving radiotherapy, the micro-particle-induced X-ray emission (PIXE) camera has been used to
study the following: 1) interaction between trace elements and brain microvascular endothelial cells (BMECs) during
drug transport associated with the drugs chlorpheniramine (CP), fexofenadine (Fex), nicotine (N), and/or antihistamine
(HA); 2) feasibility of micro-PIXE camera application for boron neutron capture therapy (BNCT); and 3) targeted
delivery of carboplatin using particles that release their contents on radiation.

To study the interaction between trace elements and BMECs during drug transport, the kinetics of Mg, Al, Fe, Mn, Zn,
Cu, and Ni in BMECs of rats under administration of CP, Fex, N, and/or HA was observed using the micro-PIXE camera.
The kinetics of Fe, Ni, Cu, Zn, and Mn were increased by N stimulation. The uptake of N by BMECs seemed to be
increased by Fex under Zn and S.

To investigate the feasibility of using the micro-PIXE camera for BNCT, imaging of intracellular and extracellular
sodium mercaptoundecahydro-closo-dodecaborate in human glioma U251 cells was performed in vitro. Micro-PIXE
imaging successfully showed boron distribution in U251 cell. Moreover, count rate of PIXE strongly correlated with the
intracellular boron concentration measured using inductively coupled plasma atomic emission spectroscopy.

To confirm the targeted delivery of carboplatin in a MM46 tumor model, which was observed in the study of 2019, the
MM48 tumor model was added in the 2019 study. The nanoparticles were prepared by spraying a mixture of hyaluronic
acid and alginate, supplemented with carboplatin, on a solution of CaCl, and FeCl, through a 0.8-m pore stainless mesh
filter. Nanoparticles (1 x 10'°) were injected intravenously. The intravenously injected nanoparticles accumulated around
MM46 and MM48 tumors. Maximum accumulations were observed 9 hours after injection in MM46 and MM48 tumors.
Subsequently, radiation of 10—40 Gy was administered. The accumulated nanoparticles released carboplatin and
gelatinized their outer shells, which prolonged the intra-tumor concentration of carboplatin and increased the antitumor
effect via a synergistic effect with radiation in MM46 and MM48 tumors. The localization of carboplatin by
nanoparticles significantly reduced the adverse effects of the

anticancer drug in the MM46 and MM48 tumor models.
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MM46 tumor MM48 tumor
body weight loss fuzzy hair dead body weight loss fuzzy hair dead
10 Gy 0.4=+0.2 0.6+0.2 0.0+0.0 0.6+0.2 0.8+0.2 0.0+0.0
20 Gy 0.8+0.2 1.8+0.2 0.0+0.0 1.0%0.0 2.0+0.0 0.0+0.0
30 Gy 1.2+0.3 24+0.2 0.0+0.0 1.0+0.3 22+02 0.0+0.0
40 Gy 1.6+0.6 3.0+04 0.0+0.0 1.4+05 28+03 0.0+0.0
Unencapsulated carboplatin only 3.6+0.2 42+0.2 26+04 3.4+0.2 44+0.2 24+0.2
10Gy + Unencapsulated Carboplatin 44+04 5.0=+0.0 3.2+0.5 42+0.3 5.0%+0.0 3.0+0.6
20Gy + Unencapsulated Carboplatin 44+04 50=%0.0 3.8+0.5 40+04 5.0%0.0 3.6+0.5
30Gy + Unencapsulated Carboplatin 44+0.2 5.0=%0.0 3.8+0.3 42+0.3 5.0%+0.0 3.6+0.5
40Gy + Unencapsulated Carboplatin 48+0.2 5.0%0.0 4.0+0.3 46+04 5.0%0.0 3.8+0.3
Encapsulated Carboplatin 0.0+0.0 0.6+0.2 0.0+0.0 0.0+0.0 04+0.2 0.0+0.0
10 Gy + Encapsulated Carboplatin 1.2+0.2 1.6+04 0.0+0.0 1.4+0.2 1.8+04 0.0+=0.0
20 Gy + Encapsulated Carboplatin 1.2+03 2.0+0.6 0.0+=0.0 1.4+0.2 2.2+05 0.0+=0.0
30 Gy + Encapsulated Carboplatin 1.8%+05 3.0*+04 0.0+=0.0 1.6+04 2.8+03 0.0+0.0
40 Gy + Encapsulated Carboplatin 2.2+05 34+0.2 0.0+0.0 20+05 3.2+0.2 0.0+0.0
(Table-1)
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