2020 4EJE HE E AT kRS E

[H30-1]

AR~ A~ 0OPIXE DERERICAIC & =732 - JAfK - TS DR

Development of new diagnostic, therapeutic and preventive strategies by clinical application of

in-air micro PIXE

TREHAE#N HEEZ D, Bt O EBER D, [UAE D, ERREEE D, AHBIE LS, ERmi B,
WRETCIE B BHEZ D, FREMESE D MREMNF P, EE=FEE O, [IWHHMA P, [LWERGHECE P, AHARIT P
Kunio Dobashi## | Yasuhiko KogaP), Katsushi Okuyama ©, Yasuhiro Matsuda?, Hiroko Yamamoto®,
Takahiro SatohP), Takeshi Hisada®), Reo Uemura P, Katsuaki Naito ¥, Masahiko Sakurai?, Takashi

Saito D), Mikako Hayashi ¥, Yukimichi Tamaki ©, Naoto YamadaP, Ryohei Yamagata®, Yasuyuki IshiiP

A) Gunma University Graduate School of Health Sciences
B Department of Respiratory Medicine, Gunma University Graduate School of Medicine
© Asahi University School of Dentistry,
DYSchool of Dentistry, Health Sciences University of Hokkaido,
) Graduate School of Dentistry, Osaka University,

) Takasaki Advanced Radiation Research Institute, National Institutes for Quantum and Radiological Science and

Technology

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 2020 fiscal year. The details of the four research projects conducted in fiscal 2020 are described below.
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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. Despite the cause of
collagen disease has not been clarified yet, Previous observational studies have suggested that the exposure to heavy
metals like iron and silica are associated with the development of vasculitis and scleroderma. Further study revealed
that the concentration of silica in blood is higher in patients with scleroderma compared to the healthy blood
samples. 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.

The purpose of this study was to assess the effects of a low concentration (0.1, 0.25, 0.5, 0.75, and 1%) of titanium
fluoride (TiF4) on fluorine and titanium distribution and demineralization of root dentin surfaces with subjecting
8w pH cycling(pH:4.5-7.0). The distribution of elements or demineralization was analyzed by micro-PIXE/PIGE
or polarized microscopy, respectively. Our limited study indicates that 1% of TiF4 showed the lowest lesion depth
among all groups and higher elements distribution than 0.1% or 0.25%. There was no significant difference among
other concentrations on lesion depth and elements distribution except for that 0.1% TiF4 showed lower titanium
value than others. Considering the results of demineralization depth, fluorine and titanium uptake, we speculate
that 0.5% titanium fluoride would be the minimum concentration to be effective for caries prevention.

The purpose of this study is to assess the effect of fluoride varnish containing tricalcium phosphate for acid
resistance of root dentin. Three root sound dentin blocks were obtained from a human tooth. Exposed sound dentin
surfaces were covered with fluoride releasing materials (FRMs); Fluoride varnish containing tricalcium phosphate
(WV), and F Varnish (FV); while dentin without FRMs was served as control (Con). Other sound dentin blocks
were immersed in demineralizing solution (pH5.0, 37°C) for 3days to make demineralized dentine surface and
these demineralized dentine blocks were prepared same as sound dentine treatment. All Specimens were immersed
in saline at 37°C for 1 month. After removing the FRMs, blocks were cut to make a 500um section. Fluoride
concentration and penetration depth were measured using In-air u-PIXE/PIGE analysis. Specimens were then
immersed in demineralizing solution for 3days. Mineral densities of the specimens before and after
demineralization were analyzed by uCT. Mineral loss and demineralized depth were shown no significant
differences between WV and FV both in sound and demineralized dentin, although fluoride concentration in WV
group was less than that in FV group. Fluoride varnish containing tricalcium phosphate was shown to be useful for
caries prevention.

This study evaluated the demineralization prevention and zinc (Zn) uptake into human dentin of dental material
using automatic pH cycling. Each tooth was divided into four specimens. Their dentin surfaces were exposed, and
the other was covered with sticky wax. Each specimen was demineralized in a buffer solution at 37 ‘C for 72
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hours. 0.01% zinc-chloride containing mouthwash (i.e.,

“Listerine”  (Li)) and 1% zinc-chloride and 2% tannic

acid (Zncl) solution were used in this study. Each specimen was stored in each material at 37°C for 24hours. 150pum
sections were prepared from each tooth. Cut surface and half of the exposed area were covered with sticky wax.
The automatic pH-cycling system simulated daily acid challenges in the oral cavity; the pH cycling (pH6.8 - pH4.5)
was carried out for two weeks. The zinc and calcium distributions in the carious lesion in each specimen were
evaluated using the In-air microbeam PIXE/PIGE system. or the evaluation of dentin remineralization, the
difference of Ca concentration covered/uncovered area was compared. The Ca and Zn concentration in dentin was
showed significant differences among the three groups. The lesion difference significant difference among the three
groups. Tannic acid and zinc-containing oral materials to be useful for remineralization of dentin.

Keyword: n -PIXE, Silicon (Si), collagen-vascular associated lung disease (CVD), scleroderma, Titanium fluoride,
inhibition of demineralization, element distribution, PIXE/PAGE analysis, Root caries,
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Figure.l A. Comparlson of aluminum, magnesium,
and silica in the lungs between control (n=8) and collagen-
vascular associated lung disease (CVD) lung (n=8).

B. Typical elemental deposition and radiograph imaging
in control (up) and CVD lung (down).
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Figure 2. S1gn1ﬁcant difference between control and
scleroderma (SSc) lungs in the relative ratio of silica (Si)
to sulfur (S).
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Fig. 1 Lesion depth of each specimen (um). Same
letters no indicate significant differences (p>0.05).
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Fig. 2 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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Fig. 3 Concentration of penetrated titanium into
dentin at 100pm depth area from superficial surface
(10* counts/Cu countsxum). Same letters no indicate
significant differences (p>0.05).
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Fig.2. Mineral loss and demineralized depth in SD and DD
SD:sound dentin, DD:demineralized dentin. Same letters
show no significant differences(p<0.05).
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Figure 1. Ca volume differences (ppm x pm).
Same letters indicate no significant differences (p>0.05).
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	1．はじめに
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