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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 2018 fiscal year. The details of the five research projects conducted in fiscal 2018 are described
below.

It has been well known that inhalation of asbestos can be a risk factor of interstitial pneumonia. The relationship
between inhalation of elements and interstitial pneumonias still remains unknown. In this study, we focused on
idiopathic pulmonary fibrosis (IPF) revealed by the histology obtained from video-assisted thoracic lung surgery and
examined the inhaled elements in the lungs by in-air u particle-induced X-ray emission analysis (in-air u PIXE). The
relationship between contents of elements in the lungs and the progression of IPF were analyzed. In-air pP1XE detected
elements such as Mg, Fe, Si, Al, S, P, and Zn in the lungs. Accumulation of inhaled silica/silicates were correlated with
annual declined forced vital capacity, while other elements detected by in-air uPIXE did not show any correlation with
the progression of IPF. Furthermore, high levels of inhaled silica/silicates in the lungs decreased mortality of IPF,
indicating that accumulated silica/silicates in the lungs are possible predictive marker of IPF prognosis. This study
showed that small amounts of inhaled elements in the lungs detected by in-air pPIXE is useful for the analysis of
progression in IPF patients.

Doxorubicin 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 and KG-1. We added doxorubicin of 0 nM, 850 nM in HL-60 and 100uM in KG-1 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 was lower than 0 nM. However, the decrease in K level was not observed in KG-1 and THP-1.

Titanium fluoride (TiF4) is expected for one of the solutions for topical fluoride treatment. The purpose of this study
is to evaluate distribution of fluorine and titanium by various concentration or pH value of TiF4 solutions. Extracted
human teeth were sliced (500 um thickness) longitudinal, coated with wax except for buccal dentin surface. Specimens
were carried out on pH cycling (pH:4.5 and 7.0; simulate oral condition) for 4 or 8w for preparing artificial carious
dentin. During this cycle, specimens were soaked into TiF4 solution for 5 min once every two weeks. After cycling,
calcium, fluorine and titanium distribution were analyzed by an in-air uPIXE/PIGE system. Two different conditions of
solution and cycling periods were used in this study (Exp. 1: 0.1 or 1% TiF4 and 4-week cycle, Exp.2: pH 1, 4, 5, or 6 of
1% TiF4 and 8-week cycle). For Exp.1, fluorine and titanium distribution from dentin surface to 100 um depth were
increased by increasing TiF4 concentration. For Exp.2, higher fluorine distribution on pH 1 and 6 of TiF4 solution were
indicated than that on pH 4 and 5. pH 1 of solution showed the highest Ti distribution among all used pH values.

Minerals, such as F and Ca, can remineralize teeth enamel and dentin. Zn and Cu also have the possibility of
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preventing demineralization of dentin. This study aimed to analyze the mineral uptake to the dentin from our novel
fltuoride-containing ZnO-CuO nanocomposites (ZCF). The nanocomposites comprising Zn, Cu, and Fluorine (ZCF)
was prepared according to the previous and applied on the demineralized dentin surface. Cross-cut dentin specimen
were analysis by PIXE/PIGE system. The F, Zn, and Cu were observed in the dentin surface; however, the mineral
distribution tends to differ by elements. Thus, Fluoride-containing ZnO—-CuO nanocomposites could provide F, Zn, and
Cu to the dentin and have the potential for remineralizations.

The penetration of various ions (Ca, F, Zn, Sr) from bioactive materials into human dentin are investigated using in-air
u PIXE/PIGE system at TIARA. The human dentin surfaces were covered with following dental materials: 1) coating
agent containing ZnF (ZnF), 2) glass ionomer cement (Fuji 7, which is made of glass polyalkenoate cement) (F7), and 3)
F7Ca (The half rate of Sr containing in Fuji7 was replaced by Ca) (F7Ca). Root dentin without materials served as a
control (Co). After 3 months, multi-elemental sequential analysis were performed by measuring concentrations of Ca, F,
Zn and Sr. For evaluation of acid resistance of dentin, the mineral concentrations of all specimens before and after the
demineralization was measured with uCT. ZnF group showed significantly higher Zn concentration in dentin than other
groups. ZnF and the F7Ca groups had significantly less mineral loss than the control group. However, there was no
significant difference in mineral loss among the materials. The PIXE/PIGE system enabled multi-ion sequential
measurements of human dentin. It was conducted that multi-ion such as F, Zn and Ca promoted caries inhibition.

As described above, in two-dimensional analysis of element distribution in tissue, in-air u PIXE has been shown to be
a very effective measuring device for diagnosis, treatment, prognosis prediction of diseases, and new drug development.

Keyword: asbestos, Idiopathic Pulmonary Fibrosis, Silica (Si), acute myelogenous leukemia, anthracycline. titanium
fluoride, fluorine (F), titanium (Ti), zinc (Zn), nanocomposites, mineral uptake, dental materials, Dentin, Caries
inhibition,
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Figure 1. Accumulated silica/silicates in the
lungs decreased annual forced vital capacity
(A) and increased mortality (B) in IPF cases.
Accumulation of silica/silicates (Si/S) in the
lungs significantly correlated with annual
declined forced vital capacity (A).
Accumulated silica/silicates (Si/S) more than
0.11 significantly decreased mortality
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Figure 2. The histogram of AML cells and multiple

myeloma cells.
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Fig. 3 Representative elemental PIXE/PIGE
mapping images of each concentration of TiF4.
Left images show calcium by PIXE. Middle
images show fluorine by PIGE and calcium. Right
images show titanium and calcium. by PIXE.
White dots in the map represent calcium signals.
Green or pink dots in the map represent fluorine or
titanium signals. Superficial surface is at upper side
on each image.
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Fig. 4 Concentration of penetrated fluorine into
dentin at 100um depth area from superficial
surface (ppmxum). Same letters no indicate
significant differences (p>0.05).
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Fig. 5 Concentration of penetrated titanium into
dentin around each material at 100um depth area
from superficial surface (counts/Cu countsxum).
Same letters no indicate significant differences
(p>0.05).
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Fig. 6 Representative elemental PIXE/PIGE
mapping images of pH 1 and 6 of TiF4. Left images
show calcium by PIXE. Middle images show
fluorine by PIGE and calcium. Right images show
titanium and calcium. by PIXE. White dots in the
map represent calcium signals. Green or pink dots in
the map represent fluorine or titanium signals.
Superficial surface is at upper side on each image.
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Fig. 8 Concentration of penetrated titanium into
dentin around each material at 100pum depth area
from superficial surface (counts/Cu countsxpm).
Same letters no indicate significant differences
(p>0.05).

Trxlxoh Tl FE&FOHH
ZnO/CuO-NC(ZCF) D & % % 47\ 16th International
Conference On Nuclear Microprobe Technology and
Applications (2018, Survey, UK) T3HEL T& 7=,
AWFZED HENIRFEIZEA LTI ZCF b DI R T
NDOBFE~DOAT% In-air u PIXEPIGE i£% v
T+ 2FETHD,
5.2 MEEJ5IE

@© FE

AT TIE, HEBAKPRFELZE PREE (&
THIRIE) T, 9 #PBEELED S TH RV S
DR LTz, eI 28 E#RIZE LTI,
AW ZETACHFE IR B 5+ B 2T ZE B P
B OEGEES TIT O (KRBE T H 47 7). ME
& U Chilgdn & bl shisik 2 & bW TR S 5



[H30-1]

FEZHZE L NaF 200 LYESRL L 7= ZCF &2 vz,
@Kk

AWEOER : AE L7 PRHEMWAZHEHAL, & b
KEIH 2 B E R R L ONmE LI 4 38 LTz, Bl

HEAT A X =TT A (AT 4 vF—T TR,

Kerr, USA) THE L7Z(Z&H 1mm), 7 v 7 AT
BAE S AL T e WAR T 13 2 1000 Mt K~ —2 38— 2% A
CHFEE U CHlBC AT FE RS A E e i S
7oo WRIZITC DK (0.2M FL1#% ., 3.0mM CaCl2,
1.8mM KH2PO4, pH4.5, 2% /L RF 2 A F &L
m—ZF R~ U L) B) (T 72 FERE L C IR
RFEOPIKNELZ T > T2, PUKLEL AT > 7214,
oA A FREE K T U4 O IR T 5 A
7= ZCF iR 2 A U=, Bfitk. sURHIR
100% D BEHE T 30 A L=tk A 4 L 7ZREKIC
TBAGH OV AT o T2, BERE., BT E E
D KD S AT ISR R R A I 5 ) e R
(Isomet, Buehler, USA)Z H W THIlr L, E S
300um DK (ER L 72,
TLROIAIRIEDFHM © 2 E TRE L REKIC
FE— LB ETH 7 R & 7
In-air UPIXE/PIGE fi#tfritz VT, BUEHNE D Zn,

Ca

Zn

Cu

Fig 9 Cross-sectional image of dentin by in-air
UPIXE/PIGE system
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