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Abstract

In H30-1 project, micro-particle induced X/gamma-ray emission (u-PIXE) analysis using MeV-class proton
microbeams found wider application in various field of medicine by the development of the sample preparation and the
analytical method in the 2019 fiscal year. The details of the four research projects conducted in fiscal 2019 are described
below.

1. Collagen disease is a systemic disease in which connective tissue abnormalities of systemic organs such as the skin,
kidneys, lungs, and lymph nodes are caused by abnormal functions of the immune system. The cause of collagen disease
has not been clarified yet, but it has been suggested that exposure to heavy metals and silica may be the cause of vasculitis
and scleroderma. There is also a report that the concentration of silica in blood is high. Therefore, we performed elemental
analysis of surgically resected lung tissue complicated with collagen-vascular associated lung disease (CVD) by in-air
micro particle induced X-ray emission and compared the accumulated elements in the lungs between control and CVD
patients.

2. Doxorubicin (DXR) is an anthracycline antibiotic with antineoplastic activity and intercalates between base pairs
in the DNA helix. To evaluate influence of the doxorubicin, we analyzed the elemental change in acute myelogenous
leukemia (AML) cell HL-60, KG-1, and THP-1. We added DXR of 0 nM, 850 nM in HL-60, 100uM in KG-1 and 1.4uM
and cultured 24 hours. Compared to multiple myeloma cell, AML cell lines showed higher level of K. The level of K in
HL-60 treated with 850 nM DXR was lower than 0 nM DXR. Similarly, the level of K in THP-1 treated with 1.4pM DXR
was lower than without DXR. However, the decrease in K level was not observed in KG-1

3. The purpose of this study is to assess the effect of ¢ pH of titanium fluoride (TiF4) solution for elements distribution
and demineralization on root dentin surface. 1% TiF4 (pH 1), and 1% TiF4 solution adjusted to pH 4, 5, 6, and 1.35%
sodium fluoride (NaF) solution, which has same fluoride concentration as TiF4, were applied root dentin surface. Then,
each specimen was subjected into pH cycling (pH:4.5-7.0) for 20 weeks. After that, demineralization depth and fluorine
and titanium distribution were evaluated. Low pH TiF4 solution provides lower demineralization depth, or higher fluorine
and titanium distribution into dentin than NaF solution. pH 4, 5, and 6 TiF4 show similar demineralization depth and
fluorine distribution as NaF. This limited study suggested that TiF4 has better ability of inhibition of demineralization than
NaF.

4 . The purpose of this study evaluated the fluorine (F) uptake into the sound dentin surface of the human tooth. Four
extracted human molars were used. The new dentin surface was exposed, and the 300um thickness samples with exposed
surfaces were obtained. All surfaces of the samples, except the new dentin surface, were covered with wax. Hys-Block-
Gel (HS) was applied to the new dentin surface and stored in a phosphate-buffered saline (PBS) solution (pH 7.5) at 37°C
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for 24 hours. Untreated specimens were used as a control. The fluorine and calcium distributions in each specimen were
evaluated using In-air uPIXE/PIGE analysis. HS resulted in significant fluoride uptake in the root surface compare with
control. The gel form fluoride-containing hypersensitivity restraint material is expected as preventive materials of the root

caries and could supply fluorine to the deeper part quickly.

As described above, in two-dimensional analysis of element distribution in tissue, in-air u PIXE has been shown to be
remarkably effective measuring device for elucidating the pathophysiology and diagnosis of diseases, and for developing

new drugs.

Keyword: Asbestos, Idiopathic Pulmonary Fibrosis, Silica, Acute myelogenous leukemia, Anthracycline, Titanium fluoride,
Titanium fluoride, Inhibition of demineralization, Element distribution, Dentin hypersensitivity, Root caries, PIXE/PIGE
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Figure 1. Comparison of accumulated elements in the
lungs between control (n=5) and collagen-vascular
associated lung disease (CVD) (n=5) patients.

A. Rader chart of accumulated elements in the lungs of
control (left) and CVD (right) patients.
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B. Significant elevation of silica/silicates (Si) and zinc
(Zn) in the CVD lungs compared to the control lungs (3%
P<0.05).
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Figure 2. The histogram of AML cells. The Pink color
indicates distribution per cell.
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Figure.3. Lesion depth of each specimen (um). Same
letters no indicate significant differences (p>0.05).

Fig.4 127 v HE OV iABEEZRT, PLEEOMLD
BEL I LA EICE W T v B AL Z 7B, P4, P5,
P6, NaF BEMICITAEEZZRD R0 ~>7, Cont BEN
OB L LERERICVRWT v ERETH -T2,

2019 4FJ L E AFE kR RS

300
= 250

< 200 a a
E a

a 150 a

2

= 100 %

L 50

P1 P4 P5 P6 NaF Cont

Figure .4 Concentration of penetrated fluorine into
dentin at 100um depth area from superficial surface
(ppmxpm). Same letters no indicate significant
differences (p>0.05).
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Figure 5. Concentration of penetrated titanium into
dentin at 100pum depth area from superficial surface
(10* counts/Cu countsxpum). Same letters no indicate
significant differences (p>0.05).
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Figure 6. The F uptake for HS group had
significantly higher value comparing to that for
Control group (p<0.05, t-test).
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