Sk 80 4 HEJFL7- 7 M HE it R R P 2 IR 2R
MRS R
[H30-2]

MREAFSMARIZ B (+ B ERENE ., RO FRPEFRHITEERUVRESHRIC K ShE
KIZHEE~NDRKER T A - O PIXE 2 DIGR”

Application of PIXE Analysis for Three Biological Researches: Drug Transport in
Microvascular Endothelial Cells, Boron analysis for neutron capture therapy, and Targeted
Anticancer Drug Delivery Directed by Radiation.

JEH e, U BB R O,
Satoshi Harada #*, Eiko Sakurai ®, Kei Nakai ©
Allwate Medical University, School of Medicine, Department of Radiology
B) Iwaki Meisei University, School of Pharmacology
¢) University of Tsukuba, School of Medicine, Department of Radiation Oncology.

Abstract

With the aim of improving radiotherapy, the micro particle-induced X-ray emission (PIXE) camera has been used to
study: 1) interaction of trace elements with microvascular endothelial cells during drug transport; 2) localization of
4-10B-Borono-2-18F-fluoro-1-phenylalanine (f-BPA) in rat C6 glioma and human glioma U251 cells in vitro during
boron neutron capture therapy (BNCT); and 3) targeted delivery of carboplatin using particles that release their contents
upon radiation.

To study the interaction of trace elements with microvascular endothelial cells during drug transport, the kinetics of Mg,
Al, Fe, Mn, Zn, Cu, and Ni in microvascular endothelial cells in the brains of rats under nicotine stimulation were
observed using the micro PIXE camera. The kinetics of Fe, Ni, Cu, Zn, and Mn were increased by nicotine stimulation;
consequently, a potential role of these trace elements in the induction of super oxide dismutase (SOD) was considered.

To investigate the localization of f-BPA, extracellular and intracellular distributions of f-BPA were compared in rat C6
glioma and human glioma U251 cells. Extracellular f-BPA was assessed by imaging boron distribution using PIXE and
particle-induced gamma-ray emission. Intracellular f-BPA was measured using inductively coupled plasma atomic
emission spectroscopy. As a result, localization of f-BPA was found to be limited to the extracellular region. A new
technique is required to study the transport of f-BPA from the extracellular to intracellular space in glioma cells.

To study the targeted delivery of carboplatin, particles were prepared by polymerizing hyaluronic acid and protamine
electrostatically. These particles were subcutaneously injected around the MM48 tumor in the left hind leg of C3He/N
mice. Subsequently, 10 or 20 Gy of 100-keV X-ray was irradiated. Using the micro PIXE camera, the targeted delivery
of carboplatin was studied by imaging the release of platinum (contained in carboplatin) from the particles upon
radiation. The frequency of carboplatin-releasing particles was expressed as a mean percentage of platinum-releasing
particles in 10 views of the micro PIXE camera within 12x12 pm. As a result, more than 70% of the particles were
found to release carboplatin upon radiation. In combination with the radiation, the released carboplatin attacked the
tumor. Although there was no increase in the antitumor effect, a reduction in adverse effect was observed. Investigation
of methods to increase the antitumor effect of these particles in combination with radiation is underway. I

n conclusion, the findings of these three studies may lead to improved cancer treatment.
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